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ERRATA X-38(N)-7

"Japanese Fuels and Lubricants, Article 7 - | .
Progress in the Synthesis of Liquid Fuels from

Coal™, - Index No, X-38(N)=-"7,

Insert following after éecond paragraph:

"Information abtained from the Imperial Fuel
Institute indicated that the design capacity,

or intended capacity, of the AGOCET plant was
50,000 metric tons of Moil" Per year. On the
basis of the size of the converter given by
SHONO, it appears that the figure of 20,000

tons of oil brocessed per year would apply to

a single converter at the AGOCHI plant™. = .

ﬁn the sixth line of fifth'paragraph under "Plant

* Development™, delete "by thermo - syphon action"”,

In third line of eighth paragraph chénge "pan
mill" to "ball mill", N

Delete text commencing "This repreSents --- "agnd
ending” -~- hydrogenation of coal”, Substitute
therefor:

"MIYAMA was unable to, ‘give aceurate figures
Oor product distribution for the FUSHUN plant®,
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SUMMARY -

- MISCELLANEGUS TARGETS

JLPLNESZ FUELS AND LUBRICANTS - ARTICLE 7
PROGRESS IN THE SYNTHESIS OF LIQUID FUELS FROL COAL

! . Impelled by the lack of petroleum resources, Japan made a determined
.effort tocdevelop an industry for converting coal into oil. Paralleling the
‘program in Germany, emphasis was placed on three primery coal conversion pro-
‘cesses: ligh pressure hydrogenatiom, the Fischer-Tropsch Synthesis, and low-
temperdture cerbonization. z

g Although the Japenese Nevy initieted research on coal hydrogenation
'in 1925, only two commercisl-scale coal hydrogenation plants were installed in
the Japenese Empire. These plents were based on the Japanese Navy's 2C0-A%-
‘mosphere process with modificetions by the respective opereting compenies. The
.actual production of oil from coal wes insignificent, since one plaat, &t
'AGOCHI, Korea, never achieved continuous operation, and the other, at FUSHIN,
‘Manchuria; operated only intermittently. Visits to -these plants by The U. So
‘Naval Technical Mission to Japan were not feesible in view of the uasettled
‘military condltions in those areas. . :

; .The Fischer-Tropsch industry in Jiapan was based primarily on Buhw-
‘chemie patents purchased by the MITSUI interests in 1936. Only three plants
.ever prodiced oil and the actual output of each wes well below design capacity.
‘Two of these plants opereted at normal presisure and utilized a cobalt catalyst,
‘while the other operated at middle pressure and used both cabalt and irou ca-

' telysts. ' The iron catalysts were the product of Japanese resesrch, the mEu-
“facturing. deteils of which ere fully described herein.

o . The most importent source of liquid fuels from coal was the low-tem-

i perature carbonizetion process. Most of tlie instellations were Lurgi or Kop- -
.pers ovens, and all evidence indiceted that no coal carbonization process of
 Japanese design was successfully operated. i =

L ' The-Japanese "Seven-Year Plan" called for production of 2,000,000
"kiloliters of liquid fuels from coal by 1943. Actuel production in the pesek
.year, 1944, wes only 113,000 kiloliters. <he plan was a failure due to stop-
.page of foreign machinery imports by the war, diversion of criticeal meterials

i during the war, snd technicsl difficulties encountered with the cosal hydro-
‘genation ;and the Fischer-Tropsch processes. As a mgtter of interest, the out--
i put of oil from shale &t ¥USHUN, until 1944, exceeded the combined output from
. all cosal conversion processes. :

NTT.L.X-36 (1) -7
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. REFERENCES

Location of Target.

First Naval Fuel Depot, OFUNA. =
Third Neval Fuel Depot, TOKUYAMA., ‘

"Army Fuel Research Institute, FUCHU.

.Kyoto Imperial University, KYOTO.

" 'Imperial Fuel Research Instltute, KAWAGUCHI, Saitama Pref.

 TBIKOKU NENRYO KOGYO K.K., TOKYO:

~Miike Synthetic 0il Co., OMUTA. 4

NISSAN EKITAI NENRYO K.K., Wakematsu Works, WAKANATSU.
TEIKOKU NENRYO KOGYO Ube Works, UBE. !

n

Japanese Personnel Interviewed: §‘ : , ) -

] ;S. KOMATSU, Phe. D., Civilian Advisor to the Department of Fuel Re-
‘ search, First Naval Fuel Depot, OFUNA, (formerly Professor of
Bio~Chemistry at Kyoto Imperial University).
, K. MITSUI, Ph. D., Engineering Commander Japanese Navy, First Naval
S - C Fuel D?pot OFUNA, (key resaarch man oxn coal hydrogenation re-
: : search).
-A. NAKEI, Engineering Lieutenant- Commander, Japanese Navy, First:
: Naval Fuel Depot, OFUNA, (key research man. on the Fischer-
g Tropsch Process). '
I+ WATANABE, Engineering Rear-Adniral, Japanese Navy, Supsarintendent
E Lo of the Third Naval Fuel Depot, TOXKUYAMA.
) Ges KITA, Ph. D., Retired Professor of the Institute of Physical and
g S Chemical Research, at the Kyoto Imperial University, (pioneered-
resesrch on the Fischer-Tropsch Process in Japen; especially
g development of iron chtalysts).
8. KOD&MA, Ph. D., Professor in the Institute of Physicsl and Chem~
L ical kesearch at the Kyoto Imperial University (is now actzvely
{ in charge of fischer-Tropscll research at the University).
Y. BAN, Director of the Imperial Fuel Research Instltute, (has been
L e associated with the Institute for 25 years, is competent, and
v L thoroughly familiar with Japanese coal resourcses and problems
f : . of utilization).
~.Te MIYATA, Technical Director of TEIKOKU NENRYO KOGYO K.K., TCKY®,
: (formerly with Manchurien Cliemical Industries Co. at DAIREN, .
working on ammonia synthesis, then became Genersal Manager of the
: ‘£ ccal hydrogenation plant at FUSHUN from 1937-1942 prior to pre-
L o sent essignment).
i "No SHONO, Assistant to Chief ngineer of TEIKOKU VENRYO KOGYO K.ZX.,
e TOKYO, (formerly Chief Engineer with the Toho Kagaku Kogyo Go.
i at NAGOYA up to 1944, especially familiser with hydro-cracking)..
"' N. NAKAHARA, President of the Toa Nenryo (0il) Co., (especially fa=-
= miliar with cetalytic cracking development in Japan).
P, MITSUI, President of the Miike Synthetic 0il Co., (& Dartmouth
©  graduste and closely related to the development of the plant at
MIIKE3 primerily a bu31nessman, and not highly informed tecanl-
. cally).
. M. TAKEI, Head of the Chemical Dopartment of the Miike Synthetic 011
" Co., (a graduete chemist, well informed on details of the
L Fischer-Tropsch Process at. IOIKE).
' 'N. YAMADA, Director of the Nissen Ekital Nenryo Plant at WaKALaT,
o unusually well-informed on the technical details of % he lowa

- - temperature process employed &t this plant). continued-

| 5
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UMOPO, Director of the: Ube. Works of the TEIKOKU NENRYO KOGYOQ K.K.,
5 @1 {(well-informed technlcally omn. the operations of this plant).

In addltlon Lo the key personnel listed above,5a nuzher of other plznt execu-

tives and regesrch assistants were 1ntervieded and are listed in the enclo-
sures contalned in this report... : :

'_Referenced Jupanese Reportu. -

"Technlcal,Notes on Research Jork, urmy Fiel Research Instltute,
;. FUCHU." :
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" INTRODUCTION

i

oo " Recognizing her critical leck of! an adeguuate domestic or & dependable
i foreign. source of petroleum, Japan hes intensively endeavored to overcore this
- deficiency by developing an industry for conversion of extensive reserves dof
. low grade: cotls into oil. Three processes for converting coal into oil hewe
i been studied and expanded to industrial scafe operation:

1. High-Pressure Hydrogenation.
= 2,  Flscher-Tropsch Synthesis.
LA 3.  Low-Temperature Carbonization.
| This report summarizes the findings of “the Petroleum Section of the
. U, 8o Navial Technical Lission to Japan relative to reseerch and industrial de-
" velopmentis on the above processes. 4L general nistory of the synthetic fuels
i program in JTapan is alsofpresented, : '

i ‘ | . ‘
v ‘To obtain’this\information, important Japanese oil research institu-
i tions were inspected, including the Naval Research Laboratory at O0FU{s, the

¢ Army Fuel! Research Institute at FUCEU, theiImperial Fuel Research Institute at
i KAWAGUCHT;, and the laboratories of Professar KITL at the  Imperiel University,
+ KYOTO. Typical commwerciul scale installations visited were the Fischer-Tropsch
' plant: et MIIKE, the low-temperature carbonization works et WiKLMATSU and the

- low temperature carbonlzation and high pressure oil hydrogenation units at UBE

; ! Semi-commercial coal hydrogenatiéniunitssat OFUN:: and KaidsGUCEI were
' also inspected. Interviews were held with reprecentatives of TEIXKOKU NEKRYO
- KOGY0, K.K., (Imperial. Fuel Industries Co.), a government agency established

;tO'prcmoﬁgidevelopmenttoﬂ,the synthetlic liquid fuel industry in Japen.

i _ Particular attention was devoted:to evelustion of the Tresesrch car-
tried on at: the First Naval Fuel Depot, OfUN4. Detailed research reports: of the
twork omn coal conversion were prepared (in lnglish) by techniecel personnel of
~the Depotiand are submitted as Enclosures (B)1 to (B)25, inclusive. Since the
. original reseerch reports,. drewings and doc¢uments had been burnmed in tugust,
©1945, it was necessery to recall Japenece personnel to reassemble tais infor- -
.mation ‘from laboratory notebooks snd miccelilaneous: records. ' ' ,

g ; It is recognized that the deta secured do not completely cover Ja-
upan's:prdgram with respect to the producticn of oils from cosl. However, it
‘is belleved that there is sufficient material to pernit at least a Tough ap-
.braisal of the extent and nature of her syrthetic fuel developrents. '
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THE REPORT

Part I - HISTORY

' Research on coal conversion was begun in Japan. as early as 1921 by the Imperial
: Fuel Research Institute, which at that time initiated studies on low-tempera~-

| ture cartionization of Japanese coals. The: Japanese Navy, in 1925, started le-
. boratory: studies at TOKUYANA on hlgh-preSQLre hydrogenction and low-vempera-

I ture. carbtonization. This work was stimulated by the fact that units of the

‘. fleet were then in process of converting from coal to liquid bunker fuels.  In
- 1986, Dr. 0Giia, of the Tokuyama Naval Resgerch Laboretory, visited the I. G.

. Farbenindustries 4. G. at LEUNA, taking with him samples of Fushur and Jspa-.
nese coals for hydrogenation tests. Upon his return, work on the hydrogenation

. process was intensified, and in 1930, the Jjecision was mede to build the first

- semi-commercial cosl hydrogenation unit in Japan. This unit, of seven tons per

. day paste: throughput capacity, was completsd in 1932, and experimeris were con-

 tinued sat: TOKUYAlA until 1939, when the unit was transferred to OFUNA.

In 1828 the South Menchurien Reilway Co. started experiments on cosl hydrcgena-

“tion in thelr Central Research Laboratory at DAIREN, Manchuria.

~In 1951, the Imperial Fuel Research Instltute et KAMAGDCHI also began research
©on. high—;ressure hydrogenation of coal, and in 1934 constructed a simplified
' pllot pleat of 3-5 tons per day paste cherze capascity. The work, however, ap-:

- parently:did not play an importent part in industrial development of the pro-
CO8So : i

' The informetion obtained by NavTechJap 1ndicates that only two commerelal-scale
. coal hydrogenation plents were ever installed in the Jepanese Empire. In 1936,
' the South: Manchurian Railway Co. begen construction of a unit of about 10,000

i tons per:yesar coal charge capscity at FUSHUN, Manchuria, which wes Jointly de- -

" signed by the Navy and the South Manchurian Railway Cos In 1937, the Korean

' Nitrogen Fertilizer Co. began construction: of ‘a plent at AGOCHI, Korea, with a
coal charge capacity of 20,000 tons per yeer. This plant was also based cn the
Navy process, but with modificatlons, especially in reactor design, which Te-

i flected the experience of the parent company in ammonia synthesis.

: Both these plants commenced operations in 1939. Apparently the Agochi plent

. was never: able to schieve continuous operstion on coal, due to excessive coking
"and to plugging difficulties. Experimentsiwere tontinued on hydrogenation of -
- low-temperature tar and coal until 1942, waen the plant was converted to methsa-

' nol syntbesis. The Fushun plant is reported to heve been somewhat more success-.

" ful, although many process esnd design changes on which the Navy ané the Seouth

. Manchurian Railway Co. cooperated, were required. From 1940 to 1942 the plant
- was alternately operated on coal and hydraeracking of low-temperature tear and

‘ in July, 1942, was completely converted ta hydrocrazcking of low-temperature ter
- and petrolsum oils for production of avietion gasoline.

In the-m2antime other 'zgencies, impetient with delays in developmeat of the
Japenese: coal hydrogenation process, attempted negotiations with Germeny. In
1957, th2: Ogura 0il Co. reached a price agireement with I. G. Parbeaindustr-ies
for licenslng rights to the Bergius Process. However, the Japeness Navy pre-
vented coxpletion of the deal, apparently:on the basis thet development o a
satisfactory Jupsnese process was imminent. The Japanese Army, on the other
hend, coatinued negotiations with the Cernian Government until 1945, but i3 is
reported.nhat no ectual technical data wexe secured.

ﬁ Beginningz in 1939, the Japanese Army in 1ﬁs extensive laboretories: at FU CHU,
conductei resesarch on hydrocracklng v&rious oils for production of ayiation

5- | 9
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gasoline, and constructed kerosene hydrocracknng units in its refineries sat
TWAKUNI and: SEIHEIGAI. There is no indication, however, that the Army inves-
tigated the::high~-pressure hydrogenation of coal.

. Although a number of oil hydrocracking units were successfully opersated fer
production of aviation gasoline, the production of liquid fuels by the high
pressure hydrogenation of coal in the Japanese Empire was negligible.

Research on the Fischer~Tropsch Process for synth951s of oil from carbon mono-
- xide and hydrcgen was pioneered in Japan by Professor G. KITA at the Institute
of Physical 'end Chemical Research at the Imperlal University, KYOTO. This
waork was started in 1927, one year after the appearance of Franz Fischer's
first paperion the subject, and wes centered primerily on development of cneap
iron catalyuts for use in both normal end middle-pressure gynthesis.

(The ImperlaJ ‘Fuel Research Institute at KANAGUCPI also conducted Tesearch from
1953 to 1940, especially on nickel substitute catalysts, but made no signifi-
cant contrihutions to the industry. Professor MATSUBARA, at the Tokyo Imperi-
al University, elso worked on cetalysts for this process end developed a na-
tural iron catalyst in 1943-44, Iron catalysts from both Tokyo and Kboto Uni-
versities were tested on plant scale at the Takikawa ‘middle pressure Iischer-.
Tropsch *VHnt. :

In 1936 tha Litsui interests purchased: rlvhto to the Flscher—Tronsch Process
from Ruhrchemie, and in the same year, commenced construction of a normsl-
pressure cobalt plant at MIIKE, near OMUTA. This plant was designed to have
an: output ctmacity of 30,000 tons of crude product per ye&xr. Operaticnal dif-
ficulties wexe encountered end actual production was substantlally less than
this figure. Two other Fischer-Tropsch plents were built in Japan under the
joint manegement of MITSUI and TEIKOKU NENRYO! K.K. One of these was the mid-
dle pressure’ plent at TAKIKAWA, employinhg both cobalt and iron catelysts,
which steartéd operstions in December, 1542; the othe:r was & normal pressure
plant at. AMAGASAKT, embloying a cobalt catelyst, which stearted in September,
1943. Two Gther plants in Menchuria, one at CJHIELIN and the other at CHINCP(
were undeéer construction at the end of the war.

The Mitsui interests, at their laboratory in TOKYO, conducted some recearch,
especially an iron catalysts and the manufecture of lubricating oils end che-
micals'from: Fischer-Tropsch liquids. The Army and Navy slso conducted a small
amount of research on the process, but mede no significent contributiens to

j:the technolegy.

'The most successTul method for production of o0il from coel in Jepsan, with re-
spect to volume and cost of production, was low-~temperature cerbonizstion.
~Although studies of the process were started in 1921 by the Imperiel Fusl Rer
search Instatute, difficulties of marketing the semi-coke prevented ary sub-
stantial development of the industry under peace-time conditions.

{n 1936, the Japanese Government established a petroleum substitutes rolicy es
au war measure, which included indemnities for losses suffered in the rroductior
of such fuels. With the establishment of this pollcy, the low-temper:ture cer-
bonizatlon Jndustry expanded rapldly.

In Jenuarys; . 1938 the Imperial Fuel Industrlev Co. (TEIKOKU NZMRYO KOGY0'K.XK.)
was established under the Japanese "Seven Ye&ar Plan" for synt wetic oil develop-~
ment. Under ' this plan, annusl production of 1,000,000 k1 each of synthetic -

. gdsoline ané:fuel oil wes to be achieved by 1943 (See En¢losure I). TEIKOKU
NENRYO K.K. was authorized to finance synthetlc 0il enterprises and tc manu-
fecture and:$ell synthetlo oils. Compunies engeging in synthetic oil produc-
tion were ezempted from income, import, and profit taxes, end were given sub-.

.51 ies basedon oil output. "~ In 1942, however, subsidies were eliminated and

. the government purchased all oil from the synthetlc o0il conpanies &t Iavorable
flxed prlcen.

T
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| Under thei "Seven Year Plan," the synthetic oil industry was to be developed to
i ineXude: 1.0 high-pressure coal hydrogenation units, esch of 100,000 X1 per year

' 011 output capacity, 11 Fischer-Tropsch units, esch of 50,000 k1l per yeer ca-

paelty, eid 66 low-temperature carbonization units, each charging 100,C00 tons
I per year:of coal. The actual plants comstructed in the empire, end.their out-
- puts during the war years, are given in Table I, which is based on dats. sup- .

?éplied by TEIKOKU NENRYO K.K. It will be rioted that the pesk annusl output of
twoll fromtall coal conversion processes. amounted to only 114,000 kl compared
. with thei2,000,000 k1 called for in the plan. This performance wes due rainly

" to (1) the effect of the Moral Embargo and declaration of the European War in
£ 1939 whi¢li stopped. shipment of equipment from the United States and Germeny,

'{2) the'curtailment in the plant construction progrem in Japan, affer the at-

. tack on Pearl Harbor; due to diversion of ‘critical materials for more pressing
i military requirements, and (3) the operating difficulties and low outputs from

s The ‘exact position of Japanese Universities in coal hydrogenation research

© both Fischer-Tropsch. and coal~-hydrogenation plants.

o Part II|
" HIGH PRESSURE HYDROGENATTON

“A. DIRECT HYDROGENATION OF COAL

l. . Genersal Remarks. Studies' on the! direet. hydrogenetion of coal in Ja-
- pan:began ts early es 1925, at the Japanese Naval Research Laboratory at
TOKUYLMA (Encelosure (A)). The first experiments were cerried out in
small. high pressure autocleves for assay purposes, thut is, to qualita-
tively determine the sultability of conal to liguefaction by hydrogsnation,
In 11926, Shimbara and Oyama coals were sent to Gernany for confirratory
assey and for study in a small continuous plant at LEUNA.
The Japanese: were. attracted to c¢oal hydrogenation as a possible source of
‘1iquid fuels because of their extremely poor position with respect to na-
tive petroleum. They had acquired some knowledge of low-temperature car-
bonization (Enclosure (1)) and of the;potential usefulness of low-tempera-
turetar as a petroleum substitute. However, the maximum tar yield was
only: about 10 per cent by weight of the coal, and nany Japanese low-grade
coals ylelded only 6-8 per cent. Furthermors, there was no ready market
for: the semi-coke, the weight of which was 65 per cent or more of the
weight of the: coal. Coal hydrogenation, on the other hand, of'fered the-
possibility of developing a commercial precess for complete conversion of
coall to oil. :

Coall. hydrogenation has probably been studied more thoroughly in Japar, at
lesst on laboratory. scale, than in any octher country in the world, except
Germany. There sre records of nearly:two hundred hydrogenation assay
tests, including ninety tests on coals from Manchuria and China (Enclosure
(B)EZS, and more: than one hundred tests on coals from Japsen proper (En-
closure (E)). :

The:; Petroleum Section of NavTechJep Interviewed research personnel and. in-
spected coal hydrogenetion equipment &t the First Naval Fuel Depot; CFUNA,
end:at the Imperial Fuel Research Institute, KAWAGUCHI. Both organiza-
tioris have done work on laboratory and semi-plant scale.

‘No: industrial research laborastories investigating this subject were in-
spected. One such laboratory, under Japanese control, known to exist, is
the:South Manchurian Railway's Central Research Laborstory at DaIREN. In
this: laboratory much of the: explorstory and development work was done:
which culminated in erection of the cdal hydrogenation plant ut FUSHLN, "

Manchuria..

is riot known. The Meiji College of T2chnology near wWaKilaTSU, Kyushu, is
selé. to have feacilities for this type of work. The Twperial University &t
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KYOTO lias been active in Fischer-Tropsck investigsations, but did no work
on hydrogenation. The Imperial University st TOKYO is known to have sup-
ported: fuel research, but the nature of this work has not been ascertained.

2.

Cbalﬁﬂydrogenatiéh:Work of the Japeﬁese Navy

a,  Laboratory work.. The Japanese Navy's interest in coal hydroge-
nation was motivated by the desire and need to establish a dependa-
bile source of liquid fuels for the fleet. Therefore, considerstion
was glven to all coals within, or controlled by, Japan. Lssays were
made in the Tokuyama laboratories on both Japanese and continental-

‘Agiatic cosls. However, in view of the direct co-operation between
tlie Navy and the South Manchurian Railway Co., much of the Navy's

earlier laboratory work was concentrated on developing a liquefsc-
tion process baged on Fushun (Oyame coal (Enclosure (F)). Autoclave
stiudies on the effect of cetalyst (Enclosure (B)5), reaction tempers-
ture (B)6), hydrogen pressure (Enclosure (B)7), time of contact (En-
cliosure (B)8), viscosity of vehicle: (Znclosure (B)4), and to scme
extent, the size of coal particles (Enclosure (B)3), comprised the
nucleus of the early coal hydrogenstion work. '

Tﬁe moét important results of theseéexperimsnts were:

(1) 2Zine chloride was found to be the most effectiwe cetalyst,
although later, (Enclosure (B)18), a mixture of ferric oxide,
sulfur, end stannous hydroxide; was chosen es the standard ca-
talyst. : : °

(2) Reaction temperatures neé? 420°C were found to be the
highest practicable without engountering excessive coke and gas
formation. ,

(3) At pressures below 200 aﬂmospheres, excesgive coke Lorma-
tion occurred and liquefaction was incomplete.

-(4) Véhicle viscosity was without effect on the hydrogengtion:

reactions, . : ”

(5) About one hour minimum contact time under conditicns des—
crived in (1), (2), and (3) was required for complete liquefac-
tion. . - i ‘

Pﬁysical,properties of coal pastes @adé with Fushun coal, were siso
measured to assist in. the design of plant equipment (Enclosure (B)13h

Relatively few records were found reglating to work on the fundamen-
tal aspects of coal hydrogenation. Work of this nature wkich was
dcne, comprised studieg on the hydrogenation of simple compounds
(Enclosures (B)1, (B)2, (B)l4), the effectiveness of relatively pure
ccmpounds when used as vehicles (Enclosure (B)l2), the behavior of
ccel substence and humus (Enclosure (B)10), and cechanism studies
(Fnclosure (B)16). Although results and conclusions of this wark
are of general sclentiflc interest,  they contrivuted little to the

practical aspects of process development.

One of- the most valuable contributions of this lsborstory to the
general fund of knowledge concerning coal hydrogenation wes an exten-
sive survey of the properties of Chinese and Manchurian cosls (En-
closure (B)22). Fifty coals from North China and forty from Menchu-

. ria were assayed. Only a few experiments were reported on coals fram

Japen proper; Korea, and Formosa (EZnclosure (B)1l).

'
i
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I”General conclusions were:

(1) The .codis of North China (mostly calking varietwes) were
- .found to be more suitable for high—temperature coking than for
hyd;ogenation. .

(2) Most coals of Manchuria hydrogeuated readlly. Similerly
those tested from Japan, Korea, and !ormosa Were suitable for
hydrogenation. :

‘A 1list of titles of reports in Japanese . relating to coal hydrogen&-

. tion work at the Nevy's research: laboratories will be found in Lp-

. 'pendix C. These documents heve been forwarded throubh ATIS to the
Washington Doeument Genter.

Se Semi-Plent 0peration. Erection of a semi-commercial scale plant, the
first in Jepen, began in 1930 at TOKUYAMA. Construction wes c ompleted eand
preliminary operation began about 1922. : The plant comprised & 51ngle con-
verier liquid-phase system, with a throughput of about 7 tons of paste

- (3-%5.5.tons-of coal) per day. 4An eleetric hydrogen preheeter was enclosed
.in %he converter (Enclosure (B)17, Figure 1) otherwise the hydrogenetion
gystem was conventional. Equipment for stripping volatile liquid hydro-
carbons from the converter exit gases: was provided, in order that hydro-
gen .recirculation could be effected. ' Process hydrogen was furnished b
eIe«trolysis of water in a Knowles generator, with a capacity of 20C m
perhour. Heavy oll, contalning the-ash .and unliquefied ‘constituents of
the: coal, was withdrawn through a manually controlled valve. Lttempts to
maintain continuous: discharge with this system proved troublesome. Seclids

. wers, separated from the heavy oil by ‘centrifuging.

No written records were available for pllot plant operation between lagse
and: 1938, but Japanese personnel estimeted that during this period, the
- uni’s was actually on stream about. one-thlrd of the time. - T

'EncLosure (B)17 summarizes data obtained in. 1658-39 during a Tive-dsy Tun
-on ‘Oyama coal and a one day rum on Nelbuchl coel from SAKHALIN. It was
-admitted that difficulties were experienced in these rums in the separa-
~ tion: of .solids from heavy oil by c¢entrifuging, and in the noan-uniform
distribution of hydrogen and paste in the reector. It was also stated
~ that erosion of the heavy oil discharge mechanism wes severe, and that.
. the leack of- flow control 1nstrumentﬁtion made it difficult to maintain
uniform operafing conditlons.

Res;lts of the hydrogenatlon test on Oyama coal ‘are of partlcular inter-

est because of 'its relatlonship to tke full scale operaulcn al, the South

Manchurian Reilway Co. - plant at FUSHUN. Oyams coal is mined at FUSEUN

and has been described (Enclosure {F)) a8 ?a very high guality brown coel

approaching bituminous". - An analysis: of the coal used in this test Is

given in Tabie II. - . . . : oy
. o It

4. ' Coal Hydrogenation et the Imperial Fuel Research Instituse. Both

" laboratory and semi-plant-scate hydrogenation. of cotl were stidied by

this organization from about 1931 to 1940. The purpose of the Work was to

carry to .full demonstration scale, & process for lique action of JTespaneses

coals. - This work was domne without direct co-operetion a1th the Nevy or

any industrlal group.

In all,. over a hundred coals (ZnOTOSure (E)) Jéae nydrogenated in-small
eautoclave tests showing, in general, that prcctlcallv all Japansse COnlS
are.sultable for hydrogenatlon. Three-of the more suitable coals wer
further studied in a.smsll semi-conmercial plcnt h:iving a throughput ca-
pacity of 3 to- 5 tons paste (1.5 to £.5.tons of coal) per dey. This
pleat comprised e double converter liguid-phase system (Znclosurs (E),

i3
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Figure 2). 1t possessed simplified design features intended t o insure
meximum. operebility rather than to serveies a means for studying engineer-
~ing prcblems connected with economicel operetion of a high-pressvre plant.

For this reason, its operation, although: reported to te reesonsbly suc-

cessful,. contributed 1little to the development of .commercial hydrogzenation

in Japen. It did, bowever, furnish information of genersl interest on the
. behavicur of Japanese cosals upon hydrogeasation.

5.

Inﬁustrial-Scale“Coal Hydrogenati°ﬁ;

8. .- The South Menchurian Railway Gb. Plant at FUSHUN, lenchuria.

.Thé construction of this plant was undertaken in 1956 {zZnclosure

(F')), about 10 years after experimentetion on cosl hydrogenetion be-
gen on an extensive scale at the Navy's Research Lsboratory at TO-~
KUYAMA and the South Menchurian Reilway's Central Resesrch Labora~
toxry at DAIREN. » :

:Oéhstruction was cbmpleted and preliminary‘operation begén in 1938.

As: a matter of interest, the reactors were rade in Japan, and it: was
stated that there wes no cooperetion with foreign engineers in de-
signing any of the equipment. Originslly, the plant comprised a 1i-

quid-phase single converter system of essentially conventional de-

sign, at least with respect to material flow. Lste in 1939, a se-
cend. ligquid-phase reactor was added, and eerly in 1940, a vapor-phase
reaction systep wes installed. Between this time and July 1942,
operation elternated between liqulds-phase coal hydrogenation and
vepor-phase treatment of frections from low-temperature tar or

- from coal hydrogenation. From 1942 until the end of the war, at the

direction of the Japanese Navy, the:plant was completely converted
te: hydrocracking of gas o0il and kerpsene for production of gesoline.

Fer coal;hydrogenation, operating conditions were 200 atmospheres
and 430°¢ ir the liquid-phase step, with a throughput of 4 tons of
Peste per hour. Ratio of coal to vehiele wus 2 to 3 by weight. 1In

" the vapor-phase step, the input wes: 40 k1 per day, at 200 atmospherss

pressure and temperatures of 430°C and 440°C in the first and second
steges respectively. The yield of gasoline obtained by combining

. 1liguid and vapor-phese operstion was about 35% of the weight of ceoal

chearged. . : ‘

Iti was not possible to visit this plant and no original operating
records were located. T. MIYAlMA, Téchnical Director of the plant
frem 1937 to 1942, advised that no particular mechanicel operating
difficulties had been encountered. 'N. SHONO, Assistant Technical
Direector of TEIKOKU NZNRYO, stated that opersting difficulties .haed
been encountered, but he could give no specific informstion. Dr. He.
EUITNOTO, of the First Naval.Fuel Depot at OFUNA, recalled that pro-
duction. schedules were irregular beiween 1939 and 1942, but that st
the end of this period, & reasonably successful process had been
evolved. '

The nominal throughput was sbout 10,000 tons of Oyema cosl per year,
according to MIYAMA. He also stated that the approximete total oil
output of the plant from 1939 to the present was 15,000 tons, most
ofi:whieh was heevy oil from liquid-phase hydrogenetion of coal.

Beth MIYAMA and SHONO maintained that, although the Fushun plant. was
lsrge enough to be considered of industrial scale, it had always besn
cconsidered an experimentel venture rather than a production unit.
Hcwever, it seems probable, that . under the severe stress of Japan's
need for oil during the wer, it would have operated continuously. at

- reted capaclty if the coal hydrogenation process had been successful.

14
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~be" The Plant at Agochi, Korea. Information secured on this instal-
* lation was meeger. Interrogaticn of N. SHONO of TEIKOKU NENRYO: re-
" vealed that 1t was installed about the same time as the Ifushun plant
. end the design capacity weas &bout 20,000 tons of coal per year, Dr.
‘" K. MITSUI of the Navy's First Fuel Depot at OFUNi, receall.ed the no-
" minal production as 10,000 k1 of heavy oil per year by liguid-phase
' hydrogenation. of Agochi brown coal.

‘Information obtainsd on the operation of this plant indicated that it
. wag not able to function as a coal hydrogenation unit, and that dur-
~ ing the war, it was finally converted to methanol synthesis. SHONO
- 'stated that the plant contained 2 converters, 160 centimeters in
diameter and 13 meters long, znd: that, when operated zs a coal hydro-
genation unit, there was severe overheating in the reaction zone, re-

= - sulting in excessive coking. He; also recalled that the converter

walls were said to be too thin to withstand the design operating
"~ pressure (200-250 atmospheres). ,

. All evidence indicated that the Pushun and Agochi works were the only
commercial-scale coal-hydrogenation plants installed in the Japenese i
Empire. Thelr failure to meintein overeation, together with the fact
that no other plants were built, is interpreted to mean that Japan

»did not have, a perfected process. Since these plants could not be

~inspected, in view of the military situation prevailing in Manchuris
and Korea at the time of this investigation, the actual progress
made in the development of these plants has not been ascertained.

In securing the information for this report, it has been revealed
that Japan, in her acute need for o0il, plunged into industrial coal
. hydrogenation without acquiring an adequate beckground of sxperience
. with the intermediate-scale equipment. It has also been revealed
~that materials, particulerly heat-resistant alloy steels, were not
avallable for the construction of suitable equipment, and that menu~
. facturing fecilities did not exist for rabriceting reaction vessels
of proper size. ’ : : ’

HYDROGENATION OF TAR

1. < Research at the First Navel Puel Depot, OFUNA. As a wer measure,

the utIIIzdtion of high and low-tempe:rature tar as raw meteriasl for avia-
tion. gasoline production was considered an attractive possibility by the
Japapese Navy. High-pressure vapor-phase hydrogenetion or "hydroeracking®

" of tar fractions over fixed catalysts was the method chosen for investi-. .

gation. In this process, the molecular weight of the-hydrocarbons in the
charge stock is reduced, and@ the phenols are destroyed.

At the Navy's laboratories, both autoclave and small continuous plant ex-
periments were conducted, which resuliied in the development of a tentetive
process . (NavTechJap Report "Jepanese Fuels and Lubricants, irticle 2 -
Naval Reseerch on Aviation Gasoline,":Index No. X-38(N)-2, Enclosure (B)
16, 'Parts I and II). The throughput of the continuous unit was 4 to 5

.liters-of liquid per hour and the amount of catalyst, 8 to 10 liters.

During this investigation, the field of single component catalysts was re-
ther thoroughly cavered. Molybdenum tri-sulfide, either alone, or mixed
with acid elay was found to be the most favorable catalyst. It induced
the highest hydrogen absorption with the lowest gas loss and best yilelds
of gsesoline. ‘ S ' .

The process was operated in two stages without inter-stage product con-

densation. Typical results obtained on processing high and low-tempera-
ture: tars are presented in Table IV. ' ’
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L 2e Commercial Developments. Eight. oil-hydrocracking‘plants were report-
" “ed to heve been instalfed in the'Japanese Empire. Three of these plents,
T Were instelled specifically for the processing of low-temperature tar, &nd
-+ ~the remalning five for- processing petrolsum kerosene snd gas oil. In
¢« addition, the cosl’ hydrogenation. plents at FUSHUN and nGOUhI were: both
" .operated at times &s hydroerescking.plants. A tabulation of known hydro-
“erdcking plants is given in NavTechJap Report "JTapsnese Fuels and Lubri-
cants, Article 2," Index No. X-38(N)-2. The low-temperature tar-hydro-
. cracking plants were the TEIKOKU NENRYO plant at UBE, the TOHO KAGAXKU
O plant at: NAGOYA, ahd the NIFPON YUKA plant at KAWASAKI. Of these, the
| Nagoy& plunt was converted to the “hydrocrecking of petroleum oils end the
Ube plant wes not completed prior to the: -end of the war. No data were
‘evailable on the ‘Kawasaki plent. ; '

o . Part ITI
FISCHER-TROPSCH SYNTHESIS

ke GENERAL REMARKS

Janan 'has maintained interest in the Flscher;Tropsch synthesis since shortly:

- ef'ter the announcement of" its discovery in. 1926 Like direct coal hydrogena-
tion, this process offers the possibility of es entially coxplete conversion of
coal. to liquid fuel. qucher-Tropbch resechh work in Japsn wWss pioneered by
Prof. KITsa, of the Kyoto Imperiel University. It wes later undertaken by the
Irperisl Fuel Resesrch Institute, the Tokyo Imperiasl University, and by others,
- natably, the: ¥itsul Bussan Co., which in 19365 cbtained licensing rights to the .
Ruiirchemie patents in Japan.

Just prlor to the war, the Navy conducted a few laborectory experiments zt the

" First Naval Fuel Depot at OFUNa. During the war, teclinologists at the Army

© Fuel Resecrch Institute at FUCI'U carried on pllot pleant exgerirents on the use
of an’ 1ron cata*yst whiich was developed lﬁ KITA'S laboretories «t KYOTO.

since Japan haS no resources of the, expensive: cobilt, much emphssis in Jepunese
research has: been pleced on substituting iron or nickel. Although none of this

- efTort has Yeen more thsan moderately successful, au iron catblyst developed at
"KYOTO has been used in & Fischer-~Tropsch plant at TAKIXAWA, liokkaido. This
plant and two others, one at OMUTA (Iriike Works) and the other at AMAGASAKT,
were the only Fischer-Tropsch units reported to have been completed and opersa-
ted in Japan,. Two more nlants were under construction in Manchuria.

Ths Petroleum Seotion of NavTechJap hes inspected equwpnent and interviewed
personnel: at:the Miike plant, the Kyoto ImperLal University, the First Naval
Fusl Depot et OFUNA, and the Imperial Fuel Research Institute at KAWASUCHI.
Inforration was also obtained from personnel of TEIKOKU IWENRYO end the ippon
J11zo Seklyu Co., who nhnaued the plants at MIIKE, AMAGASAXT and THAKIKAN A

B.. LABORATORY RESEARCH

B Research at the First Naveal Fuel Deoot OFUliA. Little work wes done
.on the Fischer-Tropscn Process at the First Naval Fuel Depot. TwWo Teports
were obtained relating to studies on iron-oxide catalysts (znclosurss
{(B)20 znd (B)21) and one concerning the reduction of cobult catalysts
(Enclosure (B)19). *The work on reductioa of.the cobult catelyst is of in-

©  terest, since it concerns the behavior of fixed catalysts of the type er-
*ployed in Germeny.

2e Research st the Imperial Fuel Research Instltute. Ixperimentel work
on both laboratery ond semi-comnercial nlant scele wue carcied on «t this
1nst1tutlcn from 19332 until 1940, with the intention of develoring & cox-
‘plete full-scale process (Znclosure (%})., This work was zbendoned in
194C when the Miike plant begsn operation. Because ol the high cost and
difficulty of obtaining cobalt, studies on the cibstitution ol nickel were
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intensively conducted. Yields. above 100 grems totel liquid product per

_cubic meter. of synthesis gas were obtained in laboratory tests, but the
"life. of the best catalysts was apparently .limited to about & month. 1In

the semi-commercial plant, only a few days ectivity could be obtained.
Iron: catalysts were not investigated.

. The Institute's largest scale of operation wus an lntermediate pressure

plant with & catalyst charge capscity: of about 3/4 cubic meter (Znclosure
(E)).. It wes designed to produce about. 200 kg/day of total liquid pro-
duct. from 100 cublc meters per hour of synthesis gas at a gauge pressure:

of five atmospheres. The system comprised a single-pass down-flow cylin-

dricel converter, with & product recovery system consisting of-air and
water-cooled condensers and a prescsure-type oll serubber. Converter tem-

': perature contrpl was effected by an intricate system of vertical tubes

placed inside the converter shell, through which, water wes circulated in

.@ closed system conteining an external condenser. The catalyst was packed

in the interstices between the tubes.-

Actuel synthesis gas throughput and oil production in this plant never
exceeded 30% of design capacity, One of the best runs ylelded about 65kg
of erude liguid product in 30 mS/hr, using a catalyst whose active con-

. stituent was a mixture of 80% nickel and 20% cobalt. This yield corres-

ponded to 85 grams per cubic meter of pure synthesls gas. The poor per-
formance of this plant was attributed to poor catalyst activity and in-
adequate temperature control of the converter.

3. :Research at Kvoto Imperial University. The work st KYOTO is un-
doubtealy Japan's most Ilmportant contiribution to the field of the Fischer-
Tropsch synthesis. BExperiments began in 1927 under Prof. G. KITa, with
no .objeets in the beginni?§ other than to study the scientific aspects of

" the problem (Enclosure (D

In 1937, work was'stérted on iron catalyéts for use &t normal atmospheric

. pressure end it was continued through the war, the objective being to de-

velop & substitute for cobalt. From 1937 to 1941, atmospheric pressure
experiments were made in a semi-commexrcial pilot plant, whose throughput
was 100 cublic meters of synthesis gas per hour. At the request of the
Japenese Army, this plant was transferred to the Army Fuel Research Insti-
tutée: at FUCHU in 1942. ' v * .

Although extensive work has béen done at KYOTO to develop &n iron catalyst
for the atmospheric pressure synthesis, no catelysts yet discovered have
proved equal to the conventional cobelt type. On the other hend, opera-
tion: at intermediate pressures (10-15. atmospheres) was found to have &
faverable influence on the performance of iron catelysts. Under these
conditions, one of KITA'S best preparations produced about 120 gr/m3 in
laberatory tests (refer to Table IV, Enclosure (D)). A catalyst of this
type was manufectured at KYOTO for full-scale tests et ToKIKaWA. KITA

end his associates declared thet six months*®* life would be expected from
this: catalyste. :

4, . Reseerch et the srmy Fuel Researzh Institute. 4 brief inspection of

the Fuchu laboratory was made by the Petroleum Section of NavTechdap on
12 January 1946. It was ascertained that {ests had been made there with
a pilot plant, formerly at KYOTO, of 100 m /hr gas throughput capacity

usirg a natursl iron_ore catalyst at normal pressure. The yleld was re-

ported to be 73 gm/m , obtained at an'operating temperature of 250°C.

This catalyst was discovered by Prof. MATSUBARA of the Tokyo Imperial

‘University (Znclosure (AD)). Prof. KIT: and his associastes at KYOTQ salsc

contributed their tixe and laborztory facilities for develo:mentel studies
on this csastalyst prior to the trial 1a the Fuchu pilot plant. The cata-
lyst consists mainly of & natursl iroa ore, sometires designuted ochre of
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; "yellow mud", obtained from NIWASAKA, ?ukushima Prefecturs, and also
- oceurring elsewhere in Japan., X-ray studies of this materlel indicated
it to huve the crystel structure of alpha (Fe203.H20).

_C.. PLANT DEVELOPMENT

_ Acdording to information obtained, only five IMscher-Tropsch plant installations
. wel'e ever placed under comstruction in the Japunese Bmpire.  Three were com-
plated end put on streem, namely, the Miike and Amegasaki orks in HONSHU, end
 the Takikewa plant in HOKKAIDO. Two others in Manchuria, one at CHIZLIN and

" the other at CHINCHU, were under construction at the end of the war.

" The Miike Works was the-only Fischer plant visited. Some information on the

" other installations was supplied by ¥r. SOGaBE of the Nippon Jinzo Sekiyu Co.,

" andl Mr. N, SHONO of TEIKOKU NENRYO. The Amagussaki plant had 24 double-tube

" Rulirchemle-type converters and utilized a cobalt catslyst at atmospheric pres-

" gure. The Takikawa plant had 36 double-tube Ruhrchemle converters, 52 single-

tube Ruhrchemie converters, end 4 of & Japanese design, in which internal cool-

“ ing tubes, carrying circulated water, were arrenged "in a cylindrical converter

“shell. 4All operations at TiKIKA#sA were at 10 atmospheres pressure, &nd both

" iron and cobalt catalysts were employed. Both the precipitated iron catalyst
developed by Prof. KITh, and the naturel ironicatalyst of Prof. NATSUBaRA heave

" beon utilized in this plant. ) ;

These installations, as shown in Table I, failed to produce in sccordance with
“design figures. It is significant, however, that the Takikews plent did ranage
to' maintain ‘production using Japant®s only contribution to the Fischer-Tropsch
process, namely-the iren catalyst.

The Miike plent utilized the atmospheric pressure synthesis as licensed by

" Mitsul Bussan Co. from Ruhrchemie in 1936. Construction on the plant begen in
November, 1936, end oil production started in:May, 1940. Nost of the .equip-
meint was furnished by the Koppers Co. of Germany (Enclosure (G)). :

Thi catalyst wes licensed as pert of the Ruhrshemie contract and consisted of

" eobalt, thoria, magnesia and kieselguhr, in tihe respective weight proportions
21,2 : 1.2 3 2.4 ; 75.2. About 4.5 metric toas of catalyst, containing one ton
of; cobalt, wes charged to each converter. The converters were the well known
»fin and -tube" type, with water at about l5kg/cm3 static pressure circulating
by thermo-siphon ection through the tubes and:an external cooling system. The
“‘catalyst was packed between the fins, outsideithe tubes. ’

Tha plent wes operated as & two-stage system, comprising 30 converters in the
first stage and 18 in the second, with total product recovery between stages.
Eizht additional converters were held in reserve or were "off-stream”. The
syatem was designed to operate at a gas throughput of 1,060 m3/hr per converter,
corresponding tg an 'N.T.P. space velocity of about 75. The actual throughput
.was ebout 750 mY/hr. o , oo '

- The synthesis was effected at 180-200°C, using a synthesis gas of nominsal com-
pcsition 2Hy ¢ 1:'CO, made by blending water gas with re-formed coke oven gas.

_The design yield was 116 grams.per cubic meter of inlet gas, whereas the ac-
tual yield was 70-85. gm. o A ' . ) :

i

The plent produced gasol (liquified propane end butane), motor gasoline, die-
sel fuel, and several grades of paraffin wax. 4 plant to manufacture lubrica-
ting oil by AlCl3 polymerization of paraffin 'was under construction at the end
of the war.: Design capsacity of the synthesis .plant was 30,0C0 metric tons of
crude product .per year, but actual production: during the pgak year (1943) weas

ohly lG;OOOQtons. Low production was sald tc be due prircarily to:

18
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. (a) . Low produetion of synthesis gas, caused by generator difficulties.

. The coke from Miike coal, used in gas: generaticn, has a low melting point
ash, and a high sulfur content, necessitating a low operating temperature.
This, in turn, resulted in production of & gus high in inerts, and also &
substantial reduction of the gas yleld per ton- of coke.

(b) Poor catalyst act1v1ty.
(c) Leakage of the’ water tubes in the converter.

.(d) Variation of gynthesis gas compoaition. i )
.The synthesis gas generating system_consisted-of 5 Koppers water-gss generators
{and & re-forming plant, also designed and constructed by Koppers. The latter

" comprisedi two sets of Cowpers stoves and auxiliary equipment. PFor de-sulfuriz-
ing the gases, the Klonne system was employed, comprising separete units for

: removing inorganic and organic sulfur. Thils system employed Luxmuasse sodiume
carbonate: mixtures as the de-sulfurizing sgent. The purified gas contained
“gbout 0.004 g of total sulfur per cubic meter. C )

. 'The’ catalyst life was about 120 days, requwring five mctivations, at intervals
~i0of 20 days.. The plant conteined complete fecilities for the nenufacture of new
"~ catalysts, eand the recovery of cobalt end thorium from spent cetalysts. Faci-
:1lities were also provided for reéducing new catalysts outside the converters,
rand. storing the reduced product until regquired for plant service.

As previously stated, the Miike plant began operation in 1940. Steady produc-

“tion was'maintained, but at a rate far below deslgn capscity, until the gas
{generator 'system was damaged by bombing in August, 1945. Even at reduced pro-
‘duction rate, however, this plant was Japan s wost successlful PFischer-Tropsch
. plant, as;: is .shown by the production figures of Table I.

fPropertles of crude products from the Liike snd Ta&ikbwa plants are presented
rin Te&ble V, and those of finished products from Miike in Table VI, This in- .
 formation: was obtained from TEIKOKU NENRYOﬁin TOKYO. These date should be
%com ared with the values in Table III, Enciosure (G). The high olefin content
i the Takikawa product, (Table V), is chalscteristic of the %ischer-Tropsch
;process when using an iron catalyst. The low-octeane and high«cetane values of
‘the Miike ;products {Table VI) are typical of the Fischer-Tropsch process em-
f’ploying the conventional Ruhrchemie cobalt: catalyst.

Part. IV
COAL CARBONIZATION

‘4. GENERAL REMARKS

i;The study of lowatemperature carbonization of coal in Japan began as esrly as
11921, being a part of the general program at the Imperial Puel Resesrch Insti-
“tute for investigating the economicel utilization of Japensse coals (Enclosure
- (E)). Tke Institute has maintained a leading position in the endeevor to es-

~ tablish & successful carbonization industry as part of Japan's normal economy.
- The objective of this research has changed from time to time. Early work em-

i phasized the possibility of utilizing the semi-coke from low-tempereture car-

. bonizaticn as a domestic fuel, but this product hes never been accepted by the
. Japanese.peorle, who prefer charcoal. In central and southern Japen, chercosl
+is used slmost exclusively in the rurel districts, and in most towns of less

' than 50,00C population. Mr. Y. BAN, present Director of the Institute, states
! that everi in the larger cities, a large proportion of the domestic fuel con-

i sumed is charcoal. For example, it is estimated that 40% of the homes in

; TOKYO use:-no other fuel.
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Tha tar- fron,IOWhtemperature carbonizaxion is‘a yalueble raw materiale As one
of ite industridl possibllities, it is an attractive substitute for petroleun
‘aga’ source of gasoline and fuel oil. Japan, having limited natural petroleum
resources, has been acutely aware of ‘this possibility for many years. As an
outcome of tlie war, ons& of her most important sources of oil has been lost,
nsmely, the lean shales of FUSHUN. This circumstance will undoubtedly stimu-
late furthenr research on carbonization of native coals in the immediate future.

‘No: attempt was made to study Japan's low=temp9ratUre carbonization indlustry and
rasearch in & comprehensive menner, but in the course of pursulng field activi-
ties, direct; contact was made with a number of industrial installations and re-
search institutions related to this fisld. Japenese technical personnel agsso-
‘eciated therewith lLave been interrogated and, in addition, some technical and
statistical information has been obtained regarding csrbonization instiallations
in areas not: visited. ‘The information so obtained forms the basis for this i
report. . .

Bé COAL CARBONIZATION RESEARCH

1. Rusearch Activities of the Im erial Fuel Rosearch Institute. The
utilization of the low-Tenk non-caking bituminous coals and brown coals,
with which Japan is plentifully supplied, has always donstituted one of
the country s more important problems. - , "

At the Institute) low-temperature carbonizafion has always been ¢onsider-
ed an atvtractive and loglcal approach toi the problem of utilization of

. “‘such e¢osls, and a continuous progrem of research has been carried on

. selong this 11no (Enclosure (Eg L .

The tar is the most valuable product obtained from coal carbonization,
but is produced only in yields of six to: ten per cent, by weight, of coal
_ charged, wheress, the seml-coke usually amounts to s;*ty-five pe1r cent or
more- of’ the’ charge. “Tar alone, therefore, cannot carry the cost of pro-
"cess. Table III of’ Enclosure {E) presen*w data on tar yields from typi-
cal Japanese coale. ' . )

The Institute has contributed much general information on the carboniza-
tion characteristics of Japenese coals, but no specific commerclal process
.or- equipment hés evolved from this work. Its technologlsts are cerrying
~out investigations on both laboratory and assay plent scale, the latter
comprising a system of :six extornallymheated verticel retorts arranged in
parallel, and having a total throughput of six tons of coal per day (3Zn~ .
closure (E), Figures 4 and 5). This system was designed at t he Institute
and hes been in operation, with some modifications, since 1921.

Since the end of the war, interest has revived at the Institute in promot-

" -ing the use of low-temperature carbonization semi-coke as a domestic fuel,
and in perticular,-the "coalite" obtained from brown coal. If a sstisfzc-

. tory product cen be obtained, &and commercial -exploitetion reelized, the
tar may become an important source of liguid fuels for Japan's puace—t*m@
sconomy. Already it has been determined: that "coalite" from brovn coal
has sai;isfactory ignition: and combustlon: properties and can be produced at
sbout one half the coat of charcoal. Howevsr, &ll samples as yet prepared
burn with a slight, but obJectionable odor, which wou]d prevent their

: ready ncceptance.

CBe Curbonization Researoh at- the Army Fuel Research Institute., The
Army. Fuel Research Institute, at FUCHU‘ Anvestigated the pertormence of a
simplifled low-temperature carbonizationlretort internally heated, suit-

L able for installation -at mine sites. The project was strlctly a aartima
v measure, intended to increase Jepen's supply of low-temperature tar for
¢ use in liquid fuel production.

o | 20
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To economize on steel, brick was employed for constructing the experimen-

tal unit, except for criticel supporting members. The charge to this Tre-

£ tort was 300kg, and -the time of carbonization about 10 hours. It was re-

i portied that this equipment wes adspteble either to cesking or non-ceking

‘- charge stocks. Results were said to be favorable to the extant that
larga-scale expansion wes eontempleted.

VTargyielGS‘from several coals tested were as follows:

UbﬂI’i coal...-.......lo-lz% (On weight Qf ch&rge)
Minemi-Nayoshi.......1l0-14% (on weight of charge)
: : Toban Tekahagl..eesse....6% {(on weight of charge)
1 8 Takasaki Pe@te..ceeo.....5.5(0n weight of charge)

* 3. . Carbonization Research at_the Neval _Research Iaboretogz TOKUY!LA.
# . The Naval Research Leboratory at TOAUPAMA installed Thyssen and Davidison
i retmrting systems in 1925. Carbonization work was carried on until about
J 193z, when it was abendoned. The:results of some of this work have beer
obtained in the form of printed documents not yet translated,: except for
titles. A list of these documents, which were forwarded via ATIS to the"
Wastington Document Center is contained in Enclosure (C).

EvG. IND[BTRIAL COAL. CARBONIZATI ON

1. ; General Remarks. Because the tar produced cowld not carry the cost
L cf the process, and no dependable market hed been found for the semi-coke,
"t industrial coael carbonization did not comprise an important phase of
f Japan's peece-time economy. Howsever,. under the stimulus of government
subsidies, this industry expanded rapidly in recent years, the object be-
ing to increese the available supply of tar for use as a source of metor
gasmline and heavy fusl o0il?

.

MOtcm grede gasoline can be obtained from the ter by simple djstillatlon, .
and ‘it was planned to produce eviation grades by hydrocracking, sultatle
midéle and heavy fractions {refer to Part II, Section B, thils report).
Although the hydroeracking progrem materialized only to a limited extent,
o . the menufacture of liquid fuels by simple distillstion of low-tempersture
i tar constituted & far greater share of Japan's war production than bhigh-
%reesure)coal hydrogenation and the Fischer-Tropsch synthesis combined
Tah‘le I 3 X

) From information obtained it eppears that growth of the coal cerbonizs- ‘
. tionindustry began about 1934, with the building of the Chisso Plant at
‘ UBE.' From that time until the present, at least 12 plants have gone into
opexation throughout the Japanece Emplre, mnd 3 more were under construc-
tion at the end of the wsr, according tc information obtained from Xr. K.
SHONO, of TEIKOKU NENRYO. Miscelleneous technicel information concerning
the<e plants is presented in Table Vil. .

The Lurgi system is preferred in Japan. According ‘to Mr. BAN, of the
Impemial Fuel Research Institute, no Japanese cerbonization system hes .
been successful. The Tokyo Gas Co. type plents, installed at the Nagoye
- &and Yokohema works (Table VII), were the only references found &s to ths
P commmrcial use of Japanese equipment. The retort of this system, accord-
ing .to Mr. SHONO, comprises a horizontal rotating steel drum, externslly
heated. It is provided with a rotating internal scraping device:to pre-
vent:accumuletion of partially cerbonized coal on the walls. Six retorts
congtitute a production unit. The design throughput of each retort is
2.5 metric tons of coal per day. Excsssive damage from overheating was
suffered, both in the retort vessel and the sereping device, end the
plants were abandoned about 1943. - The couls charged to these plants pos-
5 sessod some caking properties, which,: accordlng to Mr. SHONO, contrituted
i to the operating difficulties experleuced. :
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The Ube;;Kawasaki, Wakamgtsu,hAgochi,'anleagoya plants were originally
built %o supply tar for hydroeracking. Gdasoline menufacture by this me-

+“thod was: never actually realized, commercially, to a significant extent,

therefors, the liquid fuel production figures for these plants (Table I)

. represent‘processing of low-temperature t&r by conventional distillation

methods.:

No inforamation other than production figures was obtained concerning the
plants &b AGOCHI, CHIELIN, KAWASAKT, NAIBUCHI, NATHORO, HIRAGISHI, TAKI-

- KAWA, MURORAN, EIAN end the Chisso works at UBE. These data were obtained
* through TEIKOKU NENRYO. ' L : :

e ggéiﬁékamatsu Plant. Both the Wakamatsu and Ube plants were inspect-
ed. The carbonization plant at WAKAMATSU was based on the Lurgi patents
(Enclosure (H)). German engineers assisted in the construction and ac-

' "ceptance, tests of the first units, which were completed in 1941, and pro-

duction of gasoline, fuel oil and semi-coke begen immediately. The ori-
ginal plan included instellation of a research pilot plent for hydro-

ﬁﬂcracking‘tar oils, and reasction vessels were ordered from the Krupp Corp.

‘ in Germany. Deliveries on these vessels and other equipment required

g were never made, however. :

' This plaht was one of Japan's most imporfgnt producers of liquid fuels

from coel, according to information obtained, (Refer to Table I). Ex-

i pansion of its carbonizetion and refiningi!facilitlies corntinued, end

steady production was meintained until the installation was disabled by a
fire-bomb raid in August, 1945. It was stated that the tar yleld actually
attained was about 90% of the figure predicted by the Fischer-Hempel assay

%-test, namely, about ten per cént, by weight, of the coal. The coal
. cherged was a non-ceking or weakly-caking bituminous variety from the

nearby Orio district. Personnel interviewed stated that no operating
difficulties woréjencountered, but that actusl retort throughput v eried

?“somewhat*with the propertiez of the coal charged.

3. The Ube Plent. The Ube plent was also en imbortant producer of 1i-
‘quid fuels during the war, &s shown by the production figures of Table I.

. At the time this plant was founded, in 1939, it was plenned to install

# facilities for an annual production of 40;000 k1l of gasoline. This output

was to be obtained from Ube brown coal, by combining low-temperature car-
bonizaticn with hydrocracking of the light tar oil. Synthetic ammonia and
methanol were also to be manufactured (Enclosure (T)). ‘

Construction of the plant began in 1941. The hydrocrecking plant, which
was never completed, was designed on the basis of the Navy's resserch at
the First Naval Fuel Depot. (Refer to Part II, this report, emnd to
NavTechJap report "Jepenese Fuels and Lubricants, Article 2," Index No.
X-38(N)~2, Enclosure (B)16, Perts I and II). Two Koppers carbonization
units, each having & throughput capecity of 300 metric tons of coel per
day were completed in February, 1942, and operation began &t once. These
units maintained production until the plant was severely dameged in bomb-
ing raids of July and August, 1945. Of the ten 300-ton Lurgi retcrts
originally planned, four were completed and in operatiocn, and the remain-

' ing six;were under construction when the plant was disabled by bomb da-

mege.
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Table 11
ANALYSIS OF QYANs: COAL

Heating

 Proximate - Velue Ultimate

Voletile
Matter

Fixe

cal/gr | © H 0
c. ,

Adh

46.4 7,200

7.0 4l.l

: - Table III
RESULTS OF HYDROGENATION QF OYAMA: COAL

'

Gatalyst.........s.....ZnClg (amouht uBed not Specified)t
Operating bemPErature.e.esceesseesueegescvasessss 41590
AVET 828 PreSBUIS.cecsscsscscvsssosicasessssss200 kzg/ome
Fresh hydrogen input.eeeceeceececsed.-185 mo/hr (N.T.P,)
Rate of hydrogen recirculation.....l,000 m®/hr (N.T.P.)
PaSte® InpuUbsseseccseseccsesscssosnscocanssssses282 kg/hr
Ratio (vehicle/co8l)ececscessssscsissscssosssscosesed/2

Hg oconsumption (wt% Of C08l)esscesnsassssncscsnnsss?.97

RESTRICTED

Wt%.of 00&1 liquified-c....o-.wv'.H.-o..........
Yield of oil, wt% of total oil:
oil boiling below 18000'..O0':‘l.°..‘.OIQ..QG‘.QCl.S
Middle 0il, boiling 180-280%Cisueeracescsscssssadl

ves77.9

Table IV
GH AND LOW-TEMPERATURE TAHS

‘Heavy o0il, boiling above 2800(C...cieeveeseersssaBd3

HYDROGENATION OF HI

Creosote 01l

from: ligh-Temp.

Tar.

Xiddle 0il
from Low-Temp.
Tar.

Catalyss

MoS3

Reaction Temp. - 1lst stage, °C

420

MoS3

350

Reaction Temp. - 2nd stage, °9C

470

Reactlon Pressure, atm.

~ 200

Space Valocity (liquid)

Aviation.uasoline;

Ce5 - 0.8

Yie2ld, % by volume

:Ca 25

chane No., Clear -

79

g2

Ocﬁane-No., 0.1% T.E.L.
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(‘ l[ Table V
PROPERTIES OF CRUDE FISCEER-TROPSCE PRODUCTS FROK
MTIKE AND TAKIKAwA PLANTS
Grude Condensed Light Product
Product hdsorbed on (}_l:xar_(lc::a_}_1
Plant MIIKE | TAKIKAWA NIIKR . TaKIKaWA
Cetalyst .Co . Fe Co Fo
Operating,j Pressure, atm. 1 10 1 10
I.B.P. 131% | 1259 390¢ 350¢
Vol. distilled: | 5% 155 162 48 . 50
' 104 164 177 53 55°
20% 200 200 62 . &4
30% 214 229 71 7=
40% 227 253 80 79
50% 240 276 92 &6
60% 257 309 103 : 92
704 284 347 115 105 |
- |80% 315 360 139 115
1 90% 337 - 158 !_ 132
97% 348 .- 173 -
"E.P. 373 - 195 182
Paraffins 93-96% - 88.1% 88-90% 63.1%
lolefins 4- 7% 11.9% 10-12% 53.9%
;Iodine V’é}.ue - - 13 - 92.9
lsp. or. 0.768 | . 0.761 0.593 3. 661
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Table VI | h
PROPERTIES OF PRODUCTS FROM MIIKE PLANT

i

’ Motor ;
Product: Gasoline Gas 0i1 B 1 Gas 0il1 B 2
Sp. Gre 0.7081 . 0.770 0.780
1.B.P.. . 350¢ 1430¢ 16396
Vol. aistilled | 5% 0 i 192
'10% 53 195 | 216
20% 62 215 - 226 .
o B0 | m 225 235 1
40% - | 8L . 234 248
-50% 92 242 260 |
604 - | 103 ' jfasz , u_gegdf::_
v 708 116 ) 275 322!
80% | 129 292 341
90% 143 . 301 . ‘:556" R
o5% | 154 320 - 362 -'_j
E.P. | 183 . o .
Octane No. (C.F.Re 40 - -
‘Motor Method) - Lo
Vapor?éressure, kg/em® | 0.8 ' é - -
g Getanq}No. . - f 75 -
Flash Point ' o 569C  87%
Fréeziﬁg Poiﬁt . ' . -40¢ -1ec

Tyl
t
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SUMMARY OF RESEARCH ON THE CONVERSION
L OF COAL TO OIL AT THE

FIRST NAVAL FUEI; DEPOT, OFUNA.

by
CHEM. ENG. COMDR. IR. K. MITSUI

' R : Prepared for and Reviewéd with Author by
; o ’ the U. S. Naval ‘_'.I‘echnica'l Mission to Japan.
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51. ~ INTRODUCTION : , : ;

rThe produotion of ¢il by low-temperature carbonization of coal had been studied
in Japan since 1925, However, since this process gives only 10 wt. % yleld of
o1l which contains 30 wt.% of tar acids, the Japanese Navy initiated studies on
increa31ng the yield of o0il, reducing ccke formation and de-oxygenating th*s
oil, partjcularly for use as bunker fuel.,

In the meantlme, the original Bergius process had been considered as applicable
‘'under Japanese conditions, and tests on Japanese coals (Shinbara and Oyama
icoal) were-'made with an _autoclave and continuous pilot plant atg Rhejnau,
‘Germeny i1 '1926. The Japanese Naval Fuel Depot decided to study this process
‘particularly .for conversion of coal to oil, ! since it gives a range of products
(gasoline, tar acids,. boiler fuel, and pitch), whereas the Fischer-?ronsch syn-
thesis gives only motor gasoline, Enclosnres (B)11 and (B)20. .
A number of research studies concerning the'above processes were conducted at
ithe Japanese Naval Fuel Depot at TOKUYAMA. : Autoclave studies on the hydrogena-
,tion of coal were started early in 1925. In 1930, it was decided to build a
large semi-commercial scale pilot plant to treat 7 tons of paste (oil/cosl=
'6/4 or 5/5) per day.” Studies in this plant, at TOKUYAMA were made from 1932 to
1939, and, in 1940 the plant was transferred to.the First Naval Fuel Depot at
{OFUNA. If:. was the first large semi-commercial plant for hydrogenation of coal
‘constructéd in Japan. This plant was also used for studying the hydrocracking
;of tars and oils. ' '

In this work many obstacles, such as non-Ln*form dierlbution of paste in the
ireactlion Phamber, corrosion of metals, and separabion of produced oll free frozx
unreacted coal and ash, were surmounted,

EII. HYDROGLNATIOW OF COAL

A, General

At first the reactions of cheuically pure substances were studied, inclu-
-ding: phenol, benzens, naphthalene, anthracene, coal substance and humus,
which; waere distributed 1n low and hlgh-tamperature tars and coal hydroge-
nation oils. f

Simple hydrogenation progressed only in the presence. of a favorable cata-
lyst, solvent, and high pressure hydrcgen, but in practical operations,

the reaction was always followed by hydrocracking. Tnclosures (23)1, (B)2,
(B)10, (B)14, and {B)16, Hence, it was essential to explore the condltlons
of reaction under which cracking and hydrogenatlon proceeded slmultaneous—
ly.

S
| ‘

A large numbei of ﬁatalysts and solvents were, studied to increase the
yield of o0il by decreasing the formation of gas and coke. Enclosures {(B)5,
(B)9. (B)12, (B)13, (3)14, (B)15, and (B)18 ,

B. Reaction Conditions _

Reacpion temperature, pressure, and time are important factors in the con-

version of coals, tars, and olls. These factors vary widely ancordlng to
the actlvity of catalyst. f

. In general the amaller the ratio of oharge stock to hydrogen and the
higher the reaction temperature, the greater the coke and gas formation,
At hydrogen pressures below 200 kg/cm<, the hydrogenation of coal was not
only incomplete, but a part of the hydrogenated product was converted te

F
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coke and gas. For continuous operation, a 200 kg/cm2 hydrogen pressure
and a 400-410°C reaction temperature were found to be favorable conditions
for coai hydrogenation. Enclosures (B)6 {B)7, and (B}17.

The effect of time at the reaction tempezature was also investigated in
the autoclave tests, and it was found that most of the changes, {reduction
of benzene insoluble substance, increase of tctal oil, benzene scluble
substance, and low boiling oils took place during the first hour., The
reaction proceeded more slowly durlng the, second hour, the hydrogen con-
centration decreased, and the formation of coke began to take place. For"
continuous operatlon, the most faverable sPace velocity was 1.5-1.0.
Enclosures (8)8, (B)lo, and (B)13. i ‘

C. Gahalvst Studles

At the beginning of this work, very little authoritative wori had been

.. done on: the effect of catalyst. Initially Fep05 was scudied ‘as a catalyst
for the“hydrogenation of coal. Enclosure (3)5.

In. the vourse of these experiments, it wes found that c¢oal treated with

; 1% of a: :ZnClo solution gave good results, Since then, a number of eXpoeri-

ments wnth the Zn012 catalyst were made.; Enclosures (3)10, and (3)18.

A ZnCl catalyst was understood to promote both dehydration and hydro-
crackiag, and consequently it is favorable for the hydrogenation of coal
and tar; In the autoclave test, the most suitable conditions for this
catalysi were proved to be 200 kg/cm2 of ‘hydrogen pressure, a 4L00PC reac-
tion temperature and 1 hour of reaction time. When this catalyst was
employed: in the commercial plant, however, troubles were encountered due
to corrosion of metallic surfaces and the formation of NH;C1.

Stannic ‘oxide was a good catalyst, but stannous chloride was much supsriu

T or.l Enclosure (B)18,

Salphurfwas found to exert great influence on the catalytic activity of
some substances. It was thought advisablie to ensure the presence of a
certain:amount of free hydrogen sulphide Since Varge stated that hydrogen-
sulphidn; in the presence of M033 or ws romoted the hydrogenation
reaction: (Brennstoff-Chemie 9,277 (l ? The catalytic activity of

"iron, especially, was enhanced by additlcn of sulphur, At the present

time, the commercial catalyst used for hydregenation of coal is a mixture

'~ of ferric oxide and sulphur or a mixture of ferric oxide, stannic oxide,

and sulphur.

The catulyst used commercially for hydrooracxlng of tars and oils is =
MosS3 or a mlxture of MOOJ, J1203, and acld clay.

D, MaLerlal Balance

Typical: ylelds for hydrogenation of Oyama coal, using Pep03 and sulphur
catalys, are given in Table I(A) Enclo=ure (B)17.

E. Secondary Hx@rogenatlon

lypical ylelds for secondary hydrogenat:on of oil from Oyame coal, and
also for: ‘hydrocracking of high and low-temperature tars using MoO:; y Nis0
and 801d clay catalyst, are given in Table II{A). (Ses Article 230f this
serles, Enclosure (B)16 )
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F, Aviatiop ‘Gasoline Properties

The: properties of hydrocracked aviation gasoline made from various kind
of charge stock are given in Table I1%(A). (A standard natural straight
_run.aviation gasoline is also 1ncluded as a reference.) Enclosure {B)1s.

Hydrocracked aviation gasolines prepared from coal and tars are nearly
‘the same as natural straight run gasoline, but the oil prepared from high-
emperature coal tar is rich in aromatic content. :

G. Gommercial Applications

The preceeding experiments showed that commercial development was possi- =
ble only with government assistance, Then the Chosen Nitrogen. Fertilizer
Company (AGOCHI, Korea) and the South Manchurian Railway Company (FUSHUN,
Manchuria) d331gned and constructed the large-scale coal hydrogenation
plants based on the Naval Fuel Depot's process. These two plants wers
the :only commercial coal hydrogenation plants. installed in the Japanese
Empire. Enclosures (B)21, (B)22, and: (B)23. .

For the production of aviation zasollne from tars and oils, three large-

scale: commercial hydrocracking plantsiwere constructed at the Second and

Third Naval Fuel Depots (YOKKAICHI and TOKUYAMA) and Toho Chemical Indus-
. tries; Company (NAGOYA), and the constiuction of five more plants was

undexrtaken., (NAIBUCHI in Saghalin, UBE and YAHATA in Honshu, KITSURIN.

and SH*HEIGAI in Manchuria); but they'were not completed at the close of
- the war, : : ’

I

III FISCHER-TROPSCH SYNTHESIS ~ f

This process was licensed from Germany by Mitsui Bussan Company and construc-
'tion of a. 30,000 kl/year plant at MIIKE, Kyushu was started in 1938, Opera-
'ting difficulties were encountered, however and successful operations were
inot: obtained until about 1942. The First kaval Fuel Depot started studies on
‘the catalysts for this process in June 1940, but stopped in October 1943,

‘after the: process had been successfully operated at MIIKE., Enclosures (B)l9,
(B)Zo, and. (B)21. . C

Table I(A)
'MATERIAL BALANCE SHEET FOR THE. PEIMARY HYDROGENATION OF COAL

f.Reaction Conditions i

Reaction Temp. (9C) 4io 410 420° 420

’ Reaction Press.’ (kg/om?) 200 200 200 200
! | Space Velocity of Paste 0.88 1.21 1.32 1.65

"|viela of Products (wt.% or paste)

’ 2 | water - 0. | 13.6 9.5 9.1

Gas and Loss 5.b 43 6.1 7.0

v { Light 0il (below 300°C)* 23.8 18.1 17.9 15.4

i R - I N il

j jl Heavy 0il (above 300°C)*¥* ) 52.6 53.2 58,0 55.5

‘ | | Solid Residue i ‘ 8.2 10.8 8.5 8.1 | ¢
: i

| i

* Charge stock for secondary hydrogenation of coal.
** Recycle oil for preparatlon of paste.
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v . Table II(A) .
| TYPICAL YIELDS|
e ] Oyama Coalf Ube Showa
Charge Stocks ' . Hydrogen (il | Low-Temp. Tar | High-Temp. Tar
Density- (259C) / 0.951 = |  0.974 0.977
50 Vol., % Point (°C) 23 255 254
;lninne p.é;;ut (oc) 23.5 26.5
J Ré'gction Conditions _
Reaction "emp. (°c) . 400 400 ‘ 430
;React'ion Press., (kg/om® 200 | 200 200
| 'iSpace Vel@)éity v 0.5 0.5 . 0.5
Yi;'eld of Pr.:in;_ducts (wt,% of c.s.) ” ’ ‘ _
Total 0115_ ’ 95.2 | | 92.2 - 99.0
Aviation Qésoline ) 23.4 | 50.1 | 18.6
H2 Consumption_ - o " Lol . 4.6 : : 6.:;
. o Table ITI(A)
PROPERTIES OQF HYDROCRAGKED AVIATION GASOLIN®
) Oyama Ube Showa - Yabass*
Chiarge Stock ' Coal Low Temp. Tar High Temp. Tar Str, Ran
“IDensity (20/4°C) ' 0.727 0.756 0.776 0.743
Vapor Piéss. (kg/em?) | 0.53 o.54f 0.56 0.24
! cé)mppnents (Wl. %) ,; ' i
i:irOmatiqé; 19,61 , 25.6 31.2 8.0
| Napnthenss 42.4 49,6 | - 622 35.0
? Paraffins 37.6 23.3 11.0 56.4
’O—ijgtane Vall_lf"e" : o i , .
|clear 1 N 73.7 73.51 79.0 65.7
| |With 0.1 wt.% Lead 90.8 sg.8. 91.5 86.0
* Prepared from Yabase crudse oi]' in AKITA Prefectui‘e.
j i < I '
i
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THE THERMNAL CRACEKING OFxPHENOL.

UNDER HIGHA'P‘RE'S'SURE HYDROGEN

Reference NavTechJep Document No‘L ND 26-0008.6 ATIS No., 4579

i

by

RAVAL ENGIWEER
T. OGAWA

Research Period:. 1928-1929

. Translation Prepared by Chem. Sng. Lt. Cmdr. X. MITSUI .  °
ané Reviewed with him by the U. S, Naval Technlcal Mission to Japan.
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o
SUMMARY:

Phenol was heated to h50 500°C under high pressure of hy-
[ drogen, and a_.20- 60% yield of benzene was obtained,

The conversion of phenol to benzene was proved to be a
simple dehydration reaction which was prompted by increas-
ing temperature and reaction time. -

P T, IN‘I’RODUCTIOI\T

. This investigation of the thermal cracklng of phenol in the presence of high
- pressure. hydrogen, was related to the utilization of high and low-temperature

tars as paste olls in the hydrogenation of coal, particularly to determine
the necessity for specifications on tarry acids and asPhaltenes conteiped in
such taro. :

L Up to tth time, many studies had been maoe on the thermal cracking or hydro-
. genation of phenol in the presence of various catalysts, but little work had

been done. on the conversion in the presence of high pressure hydrogen in the
absence of catalysts.

k Therefore this 1nvestigat10n wag particulerly conoerned with conversion of

phenol wader the latter conditions.

. The key research persounel working on the progect were:

Navel Eng. . T, OGAWA
Naval Assist. Eng.g I. TAKAHASHI

TII. DETAITIED DESCRIPTION

A,  Preparation of Sample

Comnercial phenol was heated 2-3 hours with lead oxide, and distilled
to yleld a pure meterial with boiling p01nt 180° c, and melting point,
4198 )

In these experiments 100 grams of the sample were put into a 2 liter
rotating-type autoclave, and the alir was displaced by hydrogen. Hydro-
gen pressure was increased to 100 atunospheres and the autoclave was heat-
ed to the desired reaction temperatune.

B. Experiment I - ' ; ' " C .

No change of pressure was observed after the sample was heated 2 hours
at .a tempereture of 475° C, and according to the ansalysis, nothing but
hydrogen -was found:in the gas in the autoclave after the reection.

The total quuid product (96.2gm) was fractionated into the following
cuts:

Vi&'bel‘ R R R T N IR A S S I ST AP B N S A A SN Y S Y

"3..
75-23°C Fraction chrevesssesrssseasssecsnce fa
160~ 185 C FPECLION crveeseseioscesssacancas 79,

BEE
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Only & ‘trace of residue over 200°C was obtained. go crystalline
materials were present in this residue. The 75-83"C cut was redistilled,
_and the: physical properties of each fraction determined, with the
following results shown in Teble I(B)l. -

Fraction 2 (in Table I(B)1l) was treated with a 50-50 mixed acid (H2S0,,
and HNO;7). - Examination of -the physical constants of the nitrated
product’showed thet it was practically pure nitrobenzene. It was,
therefore, concluded that Fraction 2 was: chiefly composed of benzene.

Fraction 1 was investigated by the same ﬁethod and it was found that it
consisted largely of benzene and & small amount of lower boiling com-
pounds.: ’ ' !

- ; »
A largébpart of the 160-185°C reaction product was composed of crystals
with 4L0°C mp, insoluble in NaOH solution; and which was proved to be
phenol by the color reaction with FeCl;.:

Co Eiperiment IT

When the: autoclave wes heated three hours at 500°C, the pressure de-
_creased. slightly, the difference of the pressure before and after reac-
tion amounting to 10 atmospheres (S.T.P.).

The gas: remaining in the eautoclave after reaction contained 95.7¢ hy-
~drogen end L4.¥ (n-1.2) saturated hydrocarbons. From these results, the
quantity of hydrogen converted into resaction product was calculated to
be 1.2 mol percent of the original Hp, and that, converted into gaseous
hydrocerbons wes 0.45 mol percent. The liquid product (84 gm) wes frac-
tionated as follows: : ‘ i

50-16080 Fraction eeeeeeeereenesccscosnsces 39,
160-190°C Fraction .c.ceecesccecnscccccenes 3hs

A . RESL1AUE seveecescccsscesscesasssssscesasees O
WALED v eeeccsscccosssesassssssiacssserasnncs o

The 50w160°C Praction was redistilled and the specific gravity and the
refractive index of each cut was measured as shown in Table II(B)1.

By physicel constents, it was concluded that fraction 1 (in Table II(B)l)
was chiefly composed of benzene, but, to:meke sure, 2cc of this cut were
treated with 10% fuming sulphuric acid and a residug.of 0.85cc was oR—
tained. The physical properties of thisiresidue, 4 ? of 0.754 and N]; of
1.41L, were similar to cyclopentane or methyl-cyclopentane.

Fraction 2 was confirmed to be largely benzene by converting it to
nitrobenzene. T i : . '

The léQ-l90°C fraction was. also treated by the methods of the previous
- experinient  and it was found to be mainly' unchanged phenol. :

D. . Experiment IIT N

_The auboclave was heated for five hours at 500°C, end the decrease of
pressure amounted to 14 atmospheres. The gas remaining in the autoclave
after the reaction, consisted of 94 .0% hydrogen and 6.0% (n=1,2) sa-
turated hydrocarbons. From these results, the quantity of converted hy-
drogen: into reaction products; wvas calculated to be 1.8 mol percent of
original hydrogen, and that, converted into gaseous hydrocarbons was 0.6
mol pewcent. The liquid product (86 gm)i was fractionated into the
following cuts: . ' :

12
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65=-85°C FrBCLIOR vecoceeronsssocscncsscensss 43.9 am
85"179°C Fr&p'bion ooocoouc'f..ﬂ".on:o.o...*t'ny l.5 am
179-19501"1‘30131011 oo.-¢7.oov:oouoon-oooaoo-oo-. 26.6 an
Residue:.....-.—...'.»...o-....:..-....-f..-....... T].‘,a.ce

° watel‘ o.'lc-'oonoooo.-..t..roo‘-ovno0-.¢c~-ooo. 9.

The. 65-85°C fraction was redistilled and the specific gravity snd re-
fractive index of each fraction were measured &s shown in Table III(B)1.

Fraction 1 (1.5cc) was treated with fuming sﬂphuri.c eacid and 0.9cc of
residue was obtained with &) of 0,764 and Ny’ of 1.417. By comparison
witE previous results, it was concluded that™ fraction 2 was mainly
benzene. Similerly, it was concluded that the 179-195°C fractian was:
pherol, ! P o

"L IIT. CONCLUSIONS |
The xesﬁ'j;i;'s: of these experiments are summarized in Table IV(B)l.

. When pherncl was heated two hours at 475°C with high pressure hydrogen, 20%

. was dissociated. Since no compounds such a8 diphenyl, diphenyl-ether were

. found in!the reaction products, the reaction may be carried out according to
. the following equation: . .o ' -
P P G6H'50E‘r- Hy— CgHg + Hp0

" This dehydration proceeded three times as fast at 500°¢, and gaseous saturated
. hydrocarhonus -were - produced: although the quantity was small.

' The yielil.of benzene was higher when the time of reaction was longer, end it

' is clear from the analysis of the reactiori products that benzene was chiaflly

! obtalned: by the above reaction. ;

. The thermnal conversion of phenol -to benzerie under the normal pressure has

| been explained as: due to phenol being first changed to sther, and then dis-
- I sociating: to phenol and benzene. . But 'in this case, undsr high preasure oX
* hydrogen) the reaction mechenism was probebly only a simple dehydration
reaction.. - :

In the e}i'geziment’ carried out at 100 &tmogipheres of hydrogen pressure, apd
' 5000¢, & small amount of compounds with propertiea corresponding to cyclo~-

| hexene and methyl cyclopentene, was obtalned. This result showed that crack-

;. ing and ‘hydrogenation of the benzene ring occurred under high pressure and
. temperature: conditions. The production of methane in the reaction 2l1so
proved evidence that the before-mentioned reaction took place.

Table T(B)1
. PHYSICAL PROPERTIES OF: 75°G-83°C FRACTION

Fract'ior:cf{ B.2.(°C) | Yield(em) | Sp. Gravity{259/49C) | Refractive :Endex(n%5)

1 76-79

1 2.0 0.8427 1.4713
2 79-81 L.5" 0.8504 - ‘ 1.LE92
3 Residue . 0.5 e g -
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Table II(B)
PHYSICAL PROPERTIES OF 500( -160°C FRACTION

RESTRICTED

100 a1,m05pheres were used,

42

F#action E&P.(OC) Yield}gm) Specific:Gmavity Refrac%ive Indez(nﬁg)
! S . \ : :
1 '58-75 2.0 0.8117 (15°/14°¢) 1.4596
2 .75-85 30.7 | 0.8556 (25?/4%) 1.4860
3 -~ 85-180 0.4 e -
| Pable ITI(B)L
: PHYSICAL PROPERTIES OF 6500 85°C FRACTION
Firaction B.P.(°C) Yield(gm) Specific Gravity Refractive Index
L ; 0,0 15
1 o 65-75 1.6 0.7984 (15°/4°C) 1.4k50 (o)
2 75-85 40.0 0.861,0 (25°/1°C) 1.4902 (n25)
pable IV(B)1 |
THERMOCRACKING OF PHENOL
Ezperiment React, Prod.
Condition* {mol/mol phenol)
Fxp. No. |Temp. | Time |Pressure Drop |Hp Absorption | CH, |H0 |C C,H.OH
1 - : (GG) (hr) {atmospheres) (mol ) L|72 686 | O6"s
1 £75'- 2 - - - {o.15] 0.1 | 0.8
2 500 |3 10 1.2 0.5 [0k | 0.4 | 0.4
3 500 | 5 14 1;8 0.6 (0.6 | 0.5 0.3
*For alil experiments, 100 gm samples anq an- 1nitial pressure -
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_heavy oily substances,. such as coal-tars or petroleum.

. constants, as shown in Table I(B)Z.

o
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&

SUMMARY |

. Nephthalene, anthracene, phenol, &a-naphthol and b-naphthecil
were heated at 450-500°C.in the presence of a small amount
o calcium gnloride and hydrogen pressure of 70-80 atmose
.pheres at.0 C, The chemical comrosition and physicel
‘properties of the reaction products were examined with the
' following results:

‘(1) Naphthalene: When naphthalene was heated at 500°C for
5 hours in the presence of calcium-chloride with hydrogen
' . pressure of 80 atmospheres at 0°C, 60% of it was cracked,
;and the liquid reaction product consisted of benzene, and
.1ts homologues, and the gaseous reaction:product consisted
of methane (30 parts) and ethane (70 parts).

{2) Anthracene: This substance . was cracked under the
same conditions and was converted; into 16% of gaseous
hydrocarbons conteining methane and ethane, and 74% of
‘1iquid hydrocarbons, conteining 47% naphthalene and its
derivatives, 27% benzene and its homologues, and 10%
rdlanthracene. P ' :

« (3) Phenol: At 5009C, phenol weis decomposed into 30%
benzene, 11% water and 2 small amount of di-phenyl, di-
. phenyl-ether and diphenol. The gaseous substances con- .
:sisted of methane and ethane.

{(4) Naphthol: When a-naphthol was heated at 4SOQC with =
2 hydrogen pressure of 80 atmosphieres at.0°C, most of it
. was. liquefied, The products consiisted of benzene homo-
' logues, naphthalene, tetralin, unreacted naphthol, &and
‘water, - :

‘b-Naphthol was cracked under the:seme conditions and its
~1iquid product was very similar to that rrom a-naphthol.

I. INTROTCUCTION

It is known that aromatic. compounds are converted into lower aromatic compoundés
b cracking in the presence. of hydrogen and & nickel catalyst, It was cor-
sidered <hat further lnvestigations along:these lines -would be of importance

. from the: standpoint of developing & theory for production of gasoline from

In earliisr work on .the cracking of aromatic compounds, the catalysts used
were limited to reduced metals or metallic oxides. Calcium chloride wes
used in the. present study, because it was:known to be an excellent: catalyst
for catalytic cracking of petroleum oils.. '

Xey research personnel working on project.wers: Chem. Eng. S. YAMAGUCHI and
Chemo En‘g., Assist. Go F‘UJII- f )

IT. DETAILED DESCRIPTION

The nephthalene,. anthracene, phenol, and @~, b-naphthol used in these
experiments were proved to be fairly pure; on the basis of their physical

. In these:experiments, a weighed. sample was introduced into ar autocleve, 2né
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- after replacing the. air by hydrogen, the precsure of the hydrogen was raised
to the: required value. The autoclave was eleictrically heated to the regquired
temperature: and was mechanically shaken .during the reaction period. Changes:

'of‘temnerature and pressure during the reaction wers. recorded every ton
minutes. After the reaction the appsratus wes cooled, the volume of zas
remeining wils measured, and the chemical composition and physical properties:
of’ the: reactiion products were examined carefully.

A, __phthalene

When naphthalene (100gm) was heated for 6 hours with 10% of calcium
chloride: at. 500°C with initiasl hydrogen rressure of 71 atm. at 0°C, a
fall ofi'll atm. wes observed (see Figurs l(B)z).

E' The: gas: i the autoclave was. composed of 85 9% of Hg, 10.3% of Czﬂs,
. 4.,6% of;CHy, and 0.2% of CpHop.

The: resction product (67gm) in the. autoclave consisted of liquid and’
solid substances, which were separated byyfiltration.

The: solid amounted to 10gm and wes found 'to be naphthalens, for, after
purification by reerystallization from alcohol 1t melted at 8166 and
the: picrate at 1519C.. .

Thefliqnidiproduct {65gm) was distilled o#er metallic sodium at 759.5mm
and sepérated into six fractions with the: physicel constants as shown
in Table: II(B)2.

Fractions 1 and 2 2, on the basis of their physical,constants appetred
to ve benzene and toluene respectively. The composition of the former
was contiirmed by converting it to nitrobenzene and then reducing it to
’aniline, and the latter by oxidation withi potassium permﬁnganate Al
benzoic:acid (m.p. 121°C),

Fractiou a,and 4 were supposed, from,their physical constants, to be a
mixture: of o—xylene,and ethyl benzene.

; Fraction 5, consisting of naphthalene, Xylene, and ethyl benzene, was
v treated wlth pleric acid in aleoholic solution to separate naphthsilens.

The pilcrates, separated from volatile hydrocarbons by distillation under-
reduced. pressure, 8emounted to 4.8gm, from which pure naphthalene was
1solated with a yield of 1.2 gm.

The: mixtiure of hydrocarbons.segaratea fnon naphthale g weighed 3.6gm, and
with its boiling point 124-145VC, refractive index n 1.4981, and
density dgS=0.8695, the ratio of Xylene _te ethyl benzene was estimated
at - 7’5}

Fractlon 3 was composed of naphthalene &s: shown by the physical prOpert’es
and alsd by the proPerties of the picrate

B. Anthracene P

Anthracene (100gm) was heated at S00°C for 6 hours with lOgm of celcium -
chloride..and hydrogen ressure of B84 atm. at 0°C, The drop in pressure
was 17.6 atm. at 0 Refer to Figure 9(B)z)

The gaseous product was composed of 89. l%.of Hp, 3.2% of CHy, 7.6% of
CoHg end 0. 1% of CpHaopne (Refer to rivure 2(E)25
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om the reaction products, 10gm of soLid and 74gm cof liguid (QEU=- cE4,
%5 1.584) were 1isolated. :l ’
The liquid reaction products (70gm) were fractionated at 758. Emm.over'
metallic sodium as shown in Table III(3)2. :

The f;actions 1 and 2 were identified from their physical and chemical
prOperties as benzene and toluene reﬂpmctively.

The fractions 3 and 4 were also assumed to be mixtures of Xyleme and
ethyl benzene on the basis of their physical constants, Frections £ &8nd .
6, contained 14.9gm of crystals which had a m.p. of 780C, and were
confirmed to be naphthalene trom the melting point and. combustion inelysis
of the substance purified by crystallization from alcohol.

Found: C, 93.62%; H, 6.29%

calc. ‘
for

CyoHg: 93.75% L 25%

-
The liquid portiom (ng) remaining was supposed to contain alkyl-
naphtialenes, and from it a-methyl naphthalene was isolated, by crys-
tallization from hot aleocholic solution, in the form of a yellow CTVS=
talliae ricrate melting at 116-116.50C! in yield of 3.7an. -

Fractlons 7 and 8, both were viscous llquida containing some so0lid sub-
stances, and were assumed to be mixtures of alkyl naphthalenes. The
i1solation of pure substances from the: iiquids by the formetion of
picrates was tried, but only red picraiie melting at 161-172°9C was
isoliated.

Lastly, there was a solid re31due which wes practically insoluble in
alcohol, ether and benzene, and showed a melting point of 2¢2-243°C
After purification by crystallization from ether solution.

These properties agreed with those of dianthracene prepared by Graebe
and Lieberman, end by Ordendorff and Cameron. .

' . Combustion analysis gave the following results:

Found: c, od .85%; H, 5.41%.

Calc. '

- Tor , ‘

014310 H 94 ,38% © Do 61%
Cs ?henol'

PhenoL (L00gm) was heated at 500°C for '5 hours with lOgm of calcium
chloride and hydrogen pressure of 75 atm. at 09C, The fall in pressure
was 12 atm. at 09C (Refer to Figure 3(B)2).

The gaseous product wass composed of 91, 4% of Hg, 7.5% of C,Hzn4s, 0.4%
of Cylpn, 0.7% of CO and 0:2% of COz. ’ '

From the reaction products 77.5gm of quuid (n25—-1.u32 az5=0.952)
and lD 7gm-of water were isolated.

The liquid reaction product was subjectied to fractionel distillatiorn
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as shown :in Teble IV(B)2.

'Fractions: 1, 2 and 3 were identlfied as benzene from their physical
constants-_and fractions 5 and 6 were assmned to be unreacted phencl
-and various kinds. of di-phenols,

o,

i

substance, 72gm (nf

Naphthols _

1. ’pé-naphﬁhol When a-paphthol wasvheated at 450°C with 10% of
calcium chloride and hydrogen pressur:s c¢f 80 atm, et 0°C, a pressure
drop; of 19 atm. was. observed. (Figure 4(B)2).

The c¢ompound was decomposed into 1-2% gas, 91% oily substance, and
the balance water. ,

The | gas in the autoclave was composed of 97.8% of H,, 1.0% of
¢ H'nﬁz’ 0.4% of CpHgn, 0.3% of CO and 0.4% of Coz.”

The oily substance (a§° = 1,021, n§°-1.594) was treated with 10%

of NaOH solution and separated into acidic and neutral fracticns.

The ‘former was found to be unreacted .naphthol, for, after purification

by recrystallizatiog from alcghol, itimelted at 970C, The latter
-1,585, 4z°=1. 016), was distilled under

atmospheric and reduced pressures and: separated into six fractions

with: physic&l constants as shown in Table v(B)=2,

Fraction 1 was believed, from its physlcal constants, toc be a,

* benzene derivative. The crystals in fractions 2 and 3 (m.p. 81°¢

and m,.p.. of its picrate is 151°C) were assumed to be naphthalene.

" The liguid substance in fraction 2 (lagm) was treated with picric

acid (9gm) in alechollc solution in order to separete naphthalene,
The plcrate, separated from the volatile hydrocsrbons by dis-
tilletion undexr reduced pressure;, amounted to 7. ng, and with its
boiling point 196-202° C, refractive index nﬁ =1.5363, density
425=0,9650 and combustion analysis (Ci=91.04%, H=8. 94% Calec. for
CfoHy2 being C=90,91%, H=9,09%), this was confirmed to be

tetrglin. The residual portion (4gm) of yellowish crystals separated
from ‘tetralin was presumed to be naphthalene.

The- crystals segarated from fractions 4 and 5 by recrystallization
(m.p. 181.5-182°C) were found to be b,b-dinaphthyl, for, its picrate
melted at 184,2-184.6°C and combustion analysis was:

- Actuals c, 94 09% H, 6.00%
Calc, for Cogllyg 94 50% 5.50%

'Theisolution from which b,b-naphthyl had been separated was

asstmed to be a mixture of di-naphthyl, di-paphthyl-ether and di- -
tetra-hydro-naphthyl-ether from its distillation (125-1300C at 2mm)
and. .combustion anaylsis, ¢=88.1%, H=7.1l% and 0=4.8%.

2. % b-Naphthol. The cracking of b-naphthol was performed under .

the ‘seme conditions and the compounds; was decomposed into 2,5%
gaseous hydrocarbons (Hp =94,9%, CpHgpn.p =4.2%, CC=1.4%) and the
balance, liquid hydrocerbons, {Refer to Figure 5(B)2)..

The ‘latter was examined similarly to the a-nephthol case, and
ana“vt cal results are as Tollows:

48

B



RESTRICTED

ITI. SONCLUSIONS

" ENCLOSURE: ()2

X-38(N)-7

By comparison of these results with preévious work, it is evident that the
thermal conversion of arometic compounds in the presence of high pressure
hydrogen was accelerated by the presence of calcium chloride, and the rate
of conversion into lower hydrccarbons was about the same as when metallic
or metallic oxide catalysts are used, : .

Table I(B)z

PHYSIGAL-COFSTALTS ‘OF COMPOUNDS USED

. ‘B.P.(;OC) M.F, (°C)
Naphthalene 214-218(761mm) a
Anthracens li 216 -
' Phenol 179-180/(764m) a1
" a-naphthol ' 97,5
B-naphthol 106
Table Ii(B)Z X
PHYSICAL CONSTANIS:CF FEaGTIONS
Fraction B.P, Yielgd Zv al% Remarks
b : (SG) (em) °D- D
1 75-20 4.5 | 1.497 | 0.269 | Benzene
2 90-120 13.1 | 1.496 | 0.867 | Toluene
3 120-140 0.1 | 1,495 | 0.865 | Ethyl-Benzene
4 140-155 3.0 | 1,499 | 0.671 | 5-Xylene
5 185-200 4.8 | 1581 | c.916 | )
6 200-220 26.5 | so1ta

a9
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‘ vac'rxom'zggglgFI%}.g}?on PRODUCTS
_:Fracftion 1(3615)" | Y:{.Z:.lt)i nﬁsz_fz ‘ dis Remarks

X - | 75-80 | 6.0 | 1.490 | 0.858 | Benzene
= 90-120 | 13.5 | 1.495 | 0.862 | Toluene
3 120-140 1.5 1,497 | 0.866 | Rthyl-Benzene
4 140-200 3.2 | 1.528) | 0.895 | o-Xylene
5 200-220 | 8.7 ,

8 220-240 | 15,5 | LiquiQd with naphthalene crystals
7 ' 240-270 13.5 | |

gt 270-325 5.0 | Resin with crystals
9 Residue | 5.1 |

Table IV(B)2
FRACTIONATION OF PHENOL REACTION PRODUCT .
[resen (55 e | %

10 70=79,5 4 10.8 1.484 0.852
g | 79.5-80 19.5 | - 1l.494 0.c69|
3  go-81 =1 1.0 1.496 2 0,870
42;7 81-175 .
5i 175-182 | a1.0  |crystals

~ 6 § (120-154) at 2mm 2.1 R'esinfms matter
7 Residue 7 3.1 s
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Table V(B)2
FRACTIONATION OF a—NAPHTHOL REACTION FROLUCT

IFraction | B,P, . | mela | 435 425
o (Sci | lem) - 4
B 180-200 ) | 21 | 1.5806 | 0,9305
boan 200-220 1 50.0 1.5607 0.9821
- (120) at 2.5mm 1 0.5 Crystal

e (120-200) at 2.5mm | 6.5 |

( . ; Resin with crystals
-3 (200-240) at 2.5mm 7.5 o
) 6 Residue. ,3 5.4

Table VI(B)Z
FRACTIONATION OF b-NAFHTHOL REACTION PRODUCT

Acidic Substance: 19,5% (mostly unreacted B-naphthol)

Fraction : B.P. (758mm) (°C) Yield (gm)
X . : 270-277. - | . 2.5
2 277-280: 14.5
3 ) 280 ' 2.5

Neutral substance: 63.5% of b-naphthol

Fraction B.P, Yield nkS 325 Renarks
o (°c) (gm) ﬁ 3 4 ,
1 ’ 132-190 - 0.5 [1.5260 Benzene-derivative
2 190-208 27.5 |1.5517| 0.9731 | Naphthaleme 28+
= { Tetralin 72
3 . | 208-215 15.3 | :
2 - White crystal Naphthalene
‘4, (60-2120) | 3.8 _ : -
2.5mm :
5 (120-200) | 5.4 ‘ Crystal, 8,B-Dinaphtyl
i 2,5mm. | , ‘Resin with v
. Crystals
& {200~-240) 13.8 : Resinous matter*
. 2.5mm i
7 Residue 3.4

* Mlxture of B; y~Dinaphthyl, tetra-hydro-dinaphthyl ether and
dinaphthyl ether.
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To determine the influence exerteéd by the size of. the coal ‘
'on coal hydrogenation, Fushun coel was crushed to two size v
ranges, below 20 mesh and below 60 mesh, and tested on an
‘autoclave scale. It wes establizhed that the size of the
‘coal charge had no -influence on the quantity or quality of
Qbhe oil .produced.

DETA[LED DESCRIPTION

A. Test Apparatus and Procedures |

¢

-The apparatus used in these experiments was a rotating type auboclave
(refsr to Figure 1(B)3). It was made from Mo-Ni-Cr steel and its volume
was u.h 1it, - , l ‘
Twenby steel balls (dia. 20mm and weight 27 gms) were put into the aubo-‘
clave to assist in agitation. After introducing the cil sample and balls,
air was displaced by-hydrogen and the. 'pressure was then raised to the
required amount. The-temperature and: pressure of the autoclave were mea-
sured every five minutes. When the reaction period was over, the gas fire
vwas turned off, but rotation was continued until the temperature dropped

to 150°C. The autoclave was allowed 10 stand for one day, and the prese
sure and temperature were recorded before releasing the hydrogen, After
‘the zas had. been released, the products were removed, put into a flask,

and called "Crude oill 'A'“ . i ) .

The residue sticking to the autoclave and balls was washed with about

X IOOgms of benzene, and the solution wns called "Crude oil *'B'",

Gas samples were analyzed by Hempel' (method Gas volumes wers corrected
to standard conditions (00C, 1/atm)-.

Crude 0il "A" was distilled in a column with an ‘ice-cooled condenser. The
oil was .cut at 180°C, and the. volume and weight of the oil and water mea-
surefl., The solid residue was washed vwith benzene until the benzene was
colorless. The residue was weighed and the benzene solution was added to
the i benzene soluble part of crude oil: "B" ,

The water content of Crude oil "B" was determined by Deanstark's distilla-
tioni method. The residue was separated by filtration and washed with
benzene. The benzene soluble part of crude oil "B" was added to the ben- - s
zene: soluble part from crude oil "A", ‘and the insoluble part from crude T
oil "B“ was added to the 1nsoluble part from crude oil "a",

The‘benzene and a small amount of lignt oil boiling below 18000 werg re-
moved‘by distillation and discarded. :The product boiling below 180 C was
blended with the oil obtained from crude 011 A",

The benzene insoluble residues obtained frcm erude 011 "A" and "B" were
dried ‘at 80°C and reduced pressure tc. remove benzene, and then cooled end
‘weished. ‘A portion of this residue was used for de%ermination of benzen=s
solubles ‘by Soxhlet's extraction apparatue and ancther portion was used

- for determinatlon of asn content. - ‘ C o F

B. PrOpertles of Feed Stocks

gropertles of the Fusnun coal used inﬁthese experiments are given below:

e

P
Yoo oo
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O
i

Proximste Analysis (wt %) ' 7 -

it ’ “‘ N - A ‘Water..............f.-..... 5 5

Vbletlle matter... ceeas Ll l
ceve bk

v‘Ash.‘.Q.'I......'l-‘:él‘..... 7’0

Fixed Carbon......

Lichter's coefficieﬁt..... 6.0

N fr, PR Elementary Analysis (wt %)

Carbon........‘.5-.;....!" 79 3

HyATo&OR.cevcoesss ceees 6.2
ceeee. 12,9

quygen;,;......E..
Nitrogeh..........2;...... 1.3
 SULPNUT. eennenaensoecanes 0.3

- §;eve,Test?(wt %)

. EN-' ?g‘ _ below 20 mesh  below 60 mesh

20-60 mesh . ‘ L Th -
60-120 mesh | 17 4
| . 120-200 mesh - ' % P 39
I : ff. Below 200 mésh and less ? 5 20 ‘

‘The paste oil was low-temperature tar oll made in a Davidson Retort
I operating on Shinbara coal, (30% of oil ‘had been removed by topping).

Ferric oxide, commercial grade, was used as catalyst., Hydrogen of 99%
purity;was‘secured from the Hodogaya Chem. Co.

These%iﬁems were mixed'in the followingfproportionsﬁ
;f : A COBLurucsnanrenesioennsss 100gns
i = Tar........xu....ﬁ..}..... 50gms

|

Ferric oxide..k..J......... 5gms

Hydrogen.................. l9gms(;00 atm at 0°C)

G.  Experimental Results _ :
:Experimental results are sﬁmmarized in %able I{B)3.
TIIL coNCLUSIONS ;
# was concluded that the size of coal charged ~within the range investigated,

I

X

had no- inflience on the yields or propertles of products from coal hydrogena- -
tlon on autoclave scale, v
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- : ! Table I(B)3
; E}CPE'RDA'ENTAL:G'RE‘SULTS -

r » ' . B mgr E]mrbor
1 _ P 12 | 15. | % 3
| s120 ‘82 Coa1 tmesny o -1 | @20 | ‘@0 -| o
i e N - ) : 45Q= | 460-
i | | Pemctién memperatuze (90) |5d0 500 | ss0 785 1“5

‘ Experiiﬁant?al_- Iniginif.pﬁggugé__'(gg/cm?)_ 1()0 |- 100 | 101 ‘98 97|

% Conditions |pressure Drop (kgfom?) - | 27 26| 11 [ 18 . 10

i o Prendating Time (hr-mip) [12-10. | 1-50° 255 [2-10 | 1-55 l N

, |Reaction Timé (hr-min). . =30 | 3-0 10 | 1-0 1-0
e ~ | Gas . ] © 155.9 | 55.1 [41.8 [28.7 | 46.1
‘ | veter 12.5 |10 {110 [13.7 | 10.0

Yield of:

otz - o - leaa | es.z |7sa T|78.7 §79.s)’ :
Products(gm) !

Residwe, . = .. ..~ - [25.3 |20.5 [23.9 [25.6 |28.6
Totall o pssa [154.8 [151.8 46,7 [164.2

NPT T PR 1706 ] 0.6 | 1.3 0.6 -| 5.5
:' ’ | caflzn - |- s ’
02 - - - =
i co 2.3 2.0 4.5 ) _
[H Gas - . :
! B2 12.5 13.9 1} 16.5]: ‘
Analysis(gm) | - . I .
coHant2 : 25.7 12.7 18.0
i oy N Y - - -
: E Total 518 1287 | 46.1
No, of C of Sat, Hydro- 1.5 1.0 1.4
carbon ..
. , Crude 0il ™A 83.0
B R Yield of . .
| Y : Crude. 0il "B" 27.0 0
[ Crude 01llgm) N
Vi - | Total 110.0
A Crude Oil "A" i 1.0 ‘
Yield.of i |- Lo T
i ‘ ( ) | Cmade 041 "B" -
! watexr(gn)’ L R R
: : S -0 | Total 11Y.0.
; St = - - i B
i i ‘| Below 180°C 7.8 .
. 180-230% - ‘8.5
5 Fraotional - '2_3@?280"6-. 1173 | -
Dieti_.}:ie_n)}io'h; -280-360%C" . 19.9
by -~ ... | Pitch and Loss - 21.0 -

Total TheS5

| cruaa o11 vaw

Yield of
S Crude Gil "B"
Residue(gm)

;; Total 27.0 | 21,00 }24.5 ! 26,0 | 30.5
| > Soluble in Benzens . 1?0.7 0.5 0.6 0.4.. 1 1.9]:
Lo i Analysis of | Organic Residue 16.8 | 12.1 }12.0 ]13.7 18.2
": .

1 Rosidue(gn) |Ash 9.5 | 9.4 | 119 119

! | Totar , 27.0 | 21,0 245 1260 ! 30.5] :
i j B o ;
- " 39
r - gl
[ i
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ENCLOSURE (p)a

SUMMARY -

fAntoclave studies were made to dﬂtermine the effect of -
.the viscosity of paste o0il on tha hydrogenation of Fushun -
i coal. ‘ . .

ﬂThe results of these experiments®indicated that variatiou
iin viscosity of the paste oil- had no appreciable effect on -
{the hydrogenation.

Experimenbs were conducted in‘an autoclave, A detailed description of the

procBdures is given in report No.3 of {"Studies omn the Hydrogenation of =

Pishun coal, sieved to 60 mesh or -below, was used. The paste oils were
ned from the low-temperature carbonization of Shinbare coal 1n a Dav1de- :
ype retort. . , j

al

‘Two runs were made, one using total tar and one using heavy tar mads by top-

Exper

ping 30% of the 1light 6il from the total tar.'
sPropartleg/of these oil are given in Table;I(B)A.-“
?Th%-autociaye charge was éomposed as f&lloﬁs: .
| i Coal -7 100/grams N
| : Tar = °  50/grams’ ) |
? _ F;203'” o 5/grams (commercial grade)
Hydrogen .~ 19/grams (100 - atm. at S.6) (99. 5% puriby)

imen,al resilts are summarized in TabJe II(B)4 and Table III(B)L.

jII;f concuusxons

It 1s
sity,
‘yield

conﬁluded from these tests that the variations in boiling range, visno-l
ete,; of the two paste oil fractions, had no significant effezt on the
or- quality of the produc ts from hydrogenation of Fushun coal.

‘1

- - - 63 | ' ~
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. Table I(B)4&
PROPERTIES OF PASTE; OILS

C Crude Tar ~ Heavy Tar
Specific Gravity (_2o°c.)' - 0.99 ~ 1.02
Tiash Point (°0) o 63 121
Vi=cosity Rd No 1 at 30 G (sec) 93 1180
}v1<;coslty at. L0°C (sec) . 6k _.' 358
potdity (WL.H) TR 36
Inslustrial Analyses (wt. %)

: !-:Ha,rter 1.5 -
Diirt ‘ ‘ 6.5 0.5 7
Light oil2: so°c) 27 6
Heavy Oil (2 j0- 360°c) o 49 61 .

- | piteh | Y22 32

Ultimate Analyses (wt %) )
Carbon 83.9 85.4
Hydrogen 9.3 9.5
Oxygen ( 6.0 . <z'..2.
N;itrcgen | 0.6 0.7
Sulphur 0.2 0.2

| cal. Value 9.700 9.760
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4 Table II(B)4 i
TEST CONDITIONS AND PRODUCTS
Ryn Numher
5 9
; [Reaction: Condition )

Paste 0il ' .Crude Tar =~ - Héaby Tar
React, Temp. {°C) ' . 480 o 480

Initiai_Pressure—(atm) C : ' ; 102 ‘ 97

Pressure Drop (atm) - .19 i 10

React. Time (hr-min) N : ’ 1120 ’ 1-0 L

éiYield of ' Products o
1leas S e Y e
| [Water .- - 1201 10.0
AOil_ o i 83.3 : — 7§.5.
Residue: - - | 2.8 28.6
| frotar 159.5 U 1642
[Gas Analyses = ' Yo1.%4 | (gm) L jgiééﬁ iégi
{eo, 7 ‘ 042 | 0.8 1.2 | 5.5

CnEzn | ) 0 - 0.6 | 1.6
I — Y T T
co 2.0 | 4.8 : 1k | o4l
H, 8645 |l4.6 3..0 | 16.5
CnHpnb2 7.7 |19.4 8.3 | 18.0|
N, : 2.6 - 3.9 | -

.

“tgarbon Number of S.H.C, 2.0 - ‘ 1.4 - -
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) =

LB 3 ' 7 Table 111(3)4
\ e i YIELD AND PROPERTIES OF OTL PRODUCED

,i' . ,f R - . ,,{ Run Numbexr .
; I 5 ; 9
frield of Produced 011 (gm)‘A .

| lcruge 011 maw L - 94,0 | ' 57.0

Crude Ol "B" . 262 . 6L

Total 011 o . 120.2 ? ' © . 11841

'Yiglddqf Water

Jeron crude 011 nAh‘(gm) | T12.1 | 10.0

T ‘ ' e 420 t (vol.®) 429 | (vol.%)
'FProperties of ‘Produced 0il.| Yield(gm){ - 20- }Tar acid | Yield 20 | rar acid

‘ -180%¢ . . ] lhdk 0.844 || 13.0 6.7 | 0.744 8.0
180-230°C . . | . 8.5- | o.os2 | -35.0 | 6u5|o.928| m.0
[230-220%. ., | 16.i | o.950] - 14.310.963 | 32.0
280-360°C . - | 18.6 - | 0.977| 26.0 | 22.4]|1.044] 16.0

1 piteh o lrgse ] rasol o - ) 277l -
© . |ota Y - - 76| - -
Yiald of Residue (gm) '

, SolubleviﬁgBenzeng.‘;" e 0.7° i { 1.9

|organtc Residue L 136 182

Ash - a B I | 1044

lretal . N T 30.5

& . s

i
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SUMMARY!

i "Autoclave experiments were made to determine the effect

.of ferric oxide as a catalyst in the high-pressure hydro-
" ‘genation of coal. The results indicated that the yield

i of o0il was increased, and the solid residue decreased
'g'when ferric ozide was used.,

1. DETAILED DESCRIPTION o :

i ?h? test apparatus and procedure were the same as aaseribed in Eanclosure
(B by

{ Fushun coal sized below 20 mesh and heavy 0il msde by topping 30% of the
i 1ilght oil from the low-temperature tar from Shinbara coal, were used as

- charge suocks. : . )
i.Ferric oxlde, commercial grade was used as a catalyst, and hydrogen of
L 99% purity was employed.

éiThese materials were mixed inthe following proportions.

Coal ~100grams
Tar ’ 50grams
" Ferric oxide S5grams
Hydrogen 19grams (lOOatm at 0°¢).

;Experimental results are summarized in the tables below. "

Some warer should be produced by the reduction of Fez(03, but the difference
is hnot epparent from this“table. It is not understood why this is so.

. Although. some ‘@ifference of yield was caused .by the reaction temperature,
4in genexal. when Fe203 was used, the yield of oil product was greater.

II. CONCLUSIONS

When Fe‘03 was used in the hlgh-pressureéhydrogenation of coal, tne consump-
i tiom of hydrogen, the volume of saturated hydrocarbons in thne produced gas
‘and the yield of oil were greater than when Fez03 was not present.

When no' F9203 was used, s0lid substances often stuck to the inside of the
autoclave and a large percentage of organic residue was contalnad in the
solld r651due. ;

It was concluded that Fe203 nad 8 favorable offect on the hydrogenation of .
coal. :

69
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Table I(B)5
'REACTICN GONDITIONS .ND YIELD OF PRODUCTS
Ruﬁ Nﬁmber ;? |28 | 27 | 61- .65¥ - 62 66 | 6L i3
Rea.ct condltlons. : ‘ | )

‘ uabalyst o Fe203| Nome| Fep03| FepOy Nome | Nome | Fej0y Fepls

vaSaCt .Temp.(°C) 430456 - 1. k50455 470480

| Iﬁltial Press. | 99 | 98 | 10 1000 | 100 | 100 | 100 100

. {atm) - - : o ‘ o .

: Pr:essure Drop. 17 12 19 20! 10 12 21 ih
~ latm) - : e ' T - ‘
'}}ghéiiéhé“%lgé- 1-0 '; 1-30| 1-45 140 | 1-40 | 1-40 | 1-45 1-56f
Reaction Tize 20| 2-10]| 1-0 | 1-0, 1-0 | 1-0 | 1-0 1-0

| _{hr) (N _— - ' '
Yield of Products (gm):

Gd$ : }f ' 35.2] 22.8|  35.5 35;? 30.6 | 29.4 | 38.1 39.4
Water: -~ - 15.0} © 10.0| 14.0° 7 14.8] 15.44 10.3 | 16.3| 13.0
osn | 76.0] 71.6| 88.9 | s0.5| 67.8] 67.3| 68.9| 62.0
Irestave | 22:4] 40.5] 29.8 | 30.0| 518 47.3 | 37.0| 36.7
‘| Tobal © {148.6] 144.9|168.0 |160.5 | 165.6 |154.6 |160.3 | 151.1
. ‘Table II(B)5 '
,Gas ANALYSES (VOL. %)
Rﬁn Numberiﬁi | 28 27 61 65 62 66 | 64 | 13
" Coy R RN 0.3 0.5 | 0.2 v.2| v.8
} cn Hazn :f: ' ° 0.1 ~ 0.1 1 o U4
o 'A 1.6 1.6] 0.3 0.2 0.5 | 0.3] 0.2 | -1.0
& co ngf; 0.8 0.4 0.6 u.§ 0.6 .3 0.6 V.8
 Hp 3 82.5 | 89.7 | 85.5 84.4 | 88.5 | 89.2 | 82.4 | 8L.7
2 cnﬁznfz;; : 9.8 | 2.9 | 12.5 | 11.2 7.9 | 5.5 169 | 7.7
f Np .,if " 4.9 | 5.01 0.5 3.3 1.9 | 46| 0.8 | 4.6
I 1.4 1 1.2 T4 1.0 1.5| 1.3 1.8
& - 70 ] "
i |
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Table ITI(H)5
YIELDS OF CRUDE OII AND WATER.

i a

Run Nigber 28 27 61 &5 62 66 " 13

Yield of Crude
0idl {gm)

Crude 0il "A" |117.5 | 65.0 | 84.0 | 105.0 | 53.0| 40.0| 108.0| 5.0

crude 011 "B | * [57.1| 48.5 | zo.3 | s2.0 5.2 * 5e .7

= — - S —

Total : * 122.7 | 132.5 | 125.3 | 135.0 | 125.21 122.2 {111.7

Yleld of Water
tgm)

Crude. 0il mA" 13.0 | 10.0-{ 11.5 | 13.5 13.0 5.5 14.5 i3no

[ 'Crude":Oil wpn » 2.0 |Trace 2.5- 113 2.4 ). 4.8 1.8

rotal | 15.0 ['10.0| 14.0 | 14.8 | 15.4| 10.3| 16.3 | 13.0

i

*Part of sample lost.

Lo L  Table IV(E)5

: o DISTILLATION OF TOTAL OIL (gm)

{Run Number - 28 | 27 | -61 "bs‘ 62 66 6L 13
|* -1800¢ 11.0 | 6.8 8.9 | 11.5 | 6.5 3.6 | 12.3 | 5.7

180-2300C 6.5 | 3.7 i ~ ) 5.6
230-2804C 15.7 | 13.4 | 80.0 | 69.0 | 59.0 | 64.0 | 56.1 | Llu.l
i1 280-3600c 17.2 | 22.5 , . -1 16.6

Piteh 23.7 | 25.0 ; [ Y I el 17,2

Total . . 7h.1 | 71.4 | 88.9 80.5 | 65.5| 67.6 | 68.4 | 59.2

*Part of sample lost in distillation’
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Table V(B)5
- YIELD OF RESIDUE AND ITS PROFEKTIES

be

|Run Number | 28 | 27 | e1 65 62 | 66 | 64 13 |
- |vie1a of Residue | | i : |
AL . | :
Crude 0i1 "A" | 19.0] 11.2 | 8.8 |. 18.0 8.1 | 3.4 | 18.3 | 39.5

{Cruge 011 "B". | 5.3 |-29.5 | 20.8 | 12.0 | 44.4 | 43.9 | 19.2
Cqmotal | 2.3 | 40,7 29.6 | 30.0 | 52.5 [ 47.3 | 37.5 | 39.5

Properties of
Residue, (gn)

" {soluble inm i 1.9 0.2 | oo 07 | 0.5 2.8
‘Benzene . | : : .

[organtec Residue | 11.0 | 32.4 | 17.5 | 17.8 | 43.4 | 39.0 | 21.9 | 29.6
ffasn P na | e | 12,1 | 12.2 8. | 8.3 |15.1 | 7.1

72




(S

RESTRICTED : : X-38(N)-1

it

"ENCLOSURE (B) 6

%gE FFECT . OF REACTTI ON TEME ERATURE

O N THE HYDROGE NATION OF COAL

‘Reference NavTechdJap Document No.t?ND 26-0008.12 ATIS No. 4579

. sz;
NAVAL ENG. T. OGAWA
NAVAL ASST, ENG. I[. TAKABASHT

Research Period: 1928-1929

. Prepared for and Reviewed with Authers by
the U. S. Naval Technical Mission to Japan.

December 1945



xgzira(N);v

Teble = I(B)6

Téble II(B)E

Teble III(B)6
Table Iv(B)é
‘Téhle ViB)6
meble VI(B)6
Teble VII(B)6

O RESTRICTED

Mmmmsméf

- LIST OF TABLES
A¥D ILLISTRATIONS -

Reaction Conditions and Yieldfof Products cecesevccacae
Gas Analyses (Volume %) eeetsioccesasncesataeccaenonnns

Yield'and Distillation of Crude Oil (&) weeievecseeses

Yield of Solid Residus (gm) .ﬁ................;;....... P

Reaction Condltions and Yield: of Products ececescsssecone
Gas .Analyse“ (volme /0) 'ucoo;:oh'o-'oaocco.-oonooc-..o.

Distillation Test of Total OlJ (gm) cecesessosssaascesce

- N
¢

i

i

It 5

i

i

" :

74

Page
Page
Page

Page

Page
Page

77
77
78
78
79
80

80



it

RESTRICIED - . X-38(N)-7

i

I
K
i
M
i

ENCLOSURE (B)6

- SUMKAR:

R

. These experiments were carried nut to investigate the

¢« effect of temperature on the priperties and yields of .

i1 1iquid products prepared by high-pressure. hydrogenation,.

. .and to determipe the most - suitahle range of temperature
. for the reaction. FUSHUN coal was used in these

e experiments and-the following rusults were obtained.

. (1) Paste oil when reacted in. the presence of Fe,0 L

o and high—pressure hydrogen, showed a considerable éoZ. T

© version-.and the .extent of this vonversion varied accord- .

S ing’ to the. reaction temperature.-u . :

_;f(2) The most affective temperature range was between 4L200C .
" and 480°C, . The reaction was incomplete below these temp- L

. ..eratures, and large amounts of voke—like substances were S

% formed above these temperatures.w

#:{(3) The maximum yield of liquid product when FUSHUN coal T,
i (moisture ¢ontent. 5.5%) was used, was 53%, {61% on a : : o
/ molsture and ash—free coal basis) under the above—mentioned
:¥3ccnditions. ) i

V(L) The maximum yield of liquid product was obtained at a
.reaction temperature of 4200C. Increase of temperasture
: beyond .this resulted in secondary decomposition rsactions |
-reflected hy decrease in yield., S L =

I, DE'.EAILE.’D DESCRIPTION '

"

;bAa ‘Tests on Coal and Paste Oil

' The apparatus and procedure used wern the same as described 1n report
No. 3 on "Studles .on the Hydrcgepatiom of Coal." (Ses Figure- 1(376),
The' following materials were cherged to the autoclave:

ih; Coal. FUSHUN coal pulveri ed to below 20 mesh end -
G maintained at constant moisture content.

s L Paste 0il: Low-temperaturn tar produced from SHINBARD o
3 - coal by Davidson retort, fitom:.which light oil (30% of ‘

totalj had bsen topred. 5
‘Ferric Oxide and Hydrogen: Fez03 was a comnercial
grade, and hydrogen was of 99% purity.

In the first series of experimenns the above materials were used in the
fol lowing proportions:

Coal . 100 grams i : oo e
Tar 50 grams - ; 8 L
5 grams R v ) ;

Hygrogen 100 atm, (Initial pressure at 0°C corresponding ' ty
to about 19 grams by weight) . :

Experimentel results are summarized Ln Tables I(B)6 through IV(B)é.
B.‘l Tests on Paste 01l Only g

In ‘the next series of experiments, tosts were made on the hydrogenation
of paste oil only. The charge stocke were mixed in the following
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proportdon;:

Tar: = - 100 grams i
5,05 . .10 grams - -
(I Hyérggen'JIOO ata. - (Initiel preseure at o°c
: , : corresponding about 19 granu by weight)

The experimentel results aré summarized ln Tables V(BJ6 through.__i’.II.LBJ&

CONCLUS’ONS S o "':I-' : ' ig ' : ‘ .

A. It wae shown that at a reection temperature of 390°G~ .the aprearance
of the crude oil product did not diffeér :from the original oil, evolution:

‘of gas was very low, and much coal remained unreacted. The coal, houever,

was changed to benzene soluble state duang the reaction.

B. At uzo°c déhydration of the coal" was almost completed. No'increese
or decrease or produced water occurred’ above this temperature. B

G. The ‘0i1-.yleld reached a maximum at u20°c amounting to 61.4% of ash-
and moieture-free coel after correcting ror uhe coanversion of the paete
Oil- : 3;‘;!5 . :

D. Above 42000 the viscosity of the c~ude oil decreesed, while the oil
yield - decreased end gas production 1ncreaeed.

E. At 5oo°c, the’ crude oil product had' ‘V¥8ry low viecoeity and orgenic
residues with increasing content of benzone insolubles began to eeperate,
while the yleld diminished to 38.2% of moieture-and ash-free coel

F, The experimentel data showed that eeoondary decomposition .of liquid
and solide took place at tne higher reection temperatures.
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. Table I{B)6
REACTION CONDITIONS AN) YIELD CF FRCDUCTS

Run Number ' 34 | R6 n 63 15 72

ljééacvt‘ion'- G’onditi-oﬁq : ‘ N _
| Reaction Temp. (°C) | 390 :~@2o' 440 | 460 | 480 | 500
5?,Ipitia1 Press. (atm.) | 103 100. | 102 | 102 | 101 100
| Pressure Drop (atm.) | .9 | 16 | 2 | 25 | 25 | =2

" Tige of Preheating g
s -~ (hr-min) | 21—,10.. Z?-Oﬁ 1-50 1-50 1-55 | 1-40

' Time of __R,ééction‘" L ‘ . '
L . \(hr-min) 1-0 1-0 1-0 1-0 -0y 1-0

Yield “of Pro&;;cts {gm) i
Gas ' | | 290 33.2 | 33.9 | 41.8 | 40.6|
§;§Watef ' . '_ 14.3 i?.l 14.7_ 17.5| 11.0 | 16.5
E?:°$i | R | 760 éaféf 89.1 | 84.0 | 75.1 | 73.9
© Solid Residue " 60.0 | 27.5 | 25.2 | 25.0 | 23.9 | 20.0

. Totel  |174.7 172.2 |162.2 |160.4 |151.8 |[151.0(

Table'ji(s)é
i , GAS ANALYSESE&VOLUME %)
| Fun Number | 34 | 26 | {70 | - 63 15 | 72
B 0.6 oh | 0.3 | 0.2 0.4 0.3

|CuBon 0.1 0.2 | 0.1 : 0.1
0 = 0.1 0.6 Qb.7 . 0. 1.2 | 0.7
|, 98.5 | 92.6 86.6 85.1 83.6 82.4 |
(iHoni2 0.7 6.2 | 12.3 | 1.3 | Lu.9 | 16.5
Total ~  [100.0 _|100.0 1db.o 100.0 | 100.0 1100.0 |

No. of C, 1 1.3 1.2 1.2 | 1.5 | 1.3
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. Run Ntmber

3

_ 26

n

63

15

o {Yield of | Crude 011
| cruge on nan

Crude 011 ngn

Total

1154 .0

{154.0

1237

116 o

13 0
'129 0 -

119.0

75

126.5

83.0
27.0
110.0

93.0
17.4
110.4

. -1£o°c
180-230°C
‘:230-290°c?
13280-39090'

‘?Distillation Test

“76.0j

| 76.0

' 10.0
6.5
15.,

" 25.0
' 38.0

94.9

N

11.6
16.8
17.7

215
;§1.5
- 89.1

12.8

5.9.

22.1

. 26'0 !

 83.8

7.8
8.5
17.3
19.9
21.0
The5

14.1
7.5
15.1
17.7
19.0
7344 |-

Table IV(BJ6

YIELD OF- SOLID RESIDUE

(gm)

Run Number

34

26"

71

> 63

15

Ash
Total:

|Soluble in Benzene

”,Orgaﬁib:ReSidue~r

46,7

60,0

3.7
4.3
13.2
31.2

13.5
11.7
és,z

062

12.9
12.1

25.2-

0.6
12.0
11.9
24.5

0.5
12.1
7.9
20.5

Vihi
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e “Table V(B)6 N ]
REACTICK CONDITIONS AND YIELD OF PRODUCTS

‘Run Mumber 'u. 29 23 | 1a |
Reaét16n~Cond1tions:' O 4 B
’ Reaction Temp. (°C) . | 420 | 4k0 | 460 | 480 | 500

'Initial Press. (atm.) . | 1c2 | 101 | 100 | 100 | 101

'Pressure Drop (atm.) . 6 55,_. 7 10 | ik

N I
i

|  I'Tine of Preheating (hr-min) | 2-15 |2-10 |=2-15 | 2-55 | 2-30
". | Time of Reaction (hrrmin) 1-¢ [1-0 | 1-0 1-0. | 1-0

Yigld?of Products (gm) i : »
Gas | ‘218 |23 | 25.3 | 38 | 33.0
;?ater' R 5@@ 2.5 | 3.2 1.0 2.1
ibil‘ L 8958 90.3 | 88.2 | 86.3 | 80.9

- S011d Residue 1062 6.7 | 7.5 | 1.0% | 1.5%
limotar 1126.9 '22 9. 1123.2 [121.9 [117.5

*Runa Number 14 and 74, 5 grams of F6203 ‘ L
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| , - L. . Table VI(B)6
A i1 . GAS ANALYSES (VOLUME %)

{Run: Nomber 21 29

.

CO2:
CpHap
co,

Hj,

Total

' °ﬁﬁ§n+z

:Nb. of: c.

0.2
:97;7‘
< X
100.0

0.1
- 0.1
0.5
975
1.8
100.0

23 | .

\ fOJb
0.4

Q5;h

3.8

100.0-

0.6

l.li
0w
90,7
] 7.2
.100.0

0.2

0.1}
0.4
88.3
11.0.
100.0

fl;O

Table VII(B)6
DISTILLnTION TEST OF TOTAT OIL (gm)

1.6

1.0

Run;Nn@ber>

Raw: Crude: Tar

2L

5T

L

—IBQ?Q?\

180-2300C
230-2809C.
280-3609¢

Piteh.
Total

5.8
19.7
C4l.2.
33,3
lOO;Ci

23

35.0
26.1

3.2
24,0

89,8

5.4
8.8
25.0
31.3
19.7

11,5

27.0
1423

| 88.2.

“géfs.

10.0
24.0
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SUMMIRY

The effect of hydrogen pressure on the hydrogenation of
Fushun Oyama coal was studied; using low-temperature tar
es Paste 0il and a ferric oxicdie catalyst. It was showa
that at leasst 200 atmospheresiof presgsure was nesded far

 "the hydrogenstion reaction to proceed smoothly. At pras-

. gures- lower than 200 atmospheres the hydrogenstion of -
coal was not only incomplete, but a part of the hydrogsna-
ted product was converted to coka and gas.

I. IWERODUCTIDN

o it
it

i : o
The-re&ction.pressure is aa important fautor in the hydrogenation of coal. Up .
to the time of this study, many experimsiits hed been made on this subject, and
it was concluded that, in general, the hiigher thg pressure, the higher the
yleld or oil.end the lower the solld resjdue.

In,this study the hydrogenation of Eushun Oyama coal.was investigated at dif- -
ferent aydrogen pressures and.with,other reaction conditions constant (reaa-
tion.tanperature, 4550C, rvreaction time, 1% hour). ,

II. DEEAILED DESGRIETION

B

The test: apparatus and procedure were thﬂ same &3 described in previous reporcs
of .this serles. The followlng reed.stocks were used:

Coél Fushun Oyama coal crushed to under 20 mesh size.

‘Tab: : Light oil fraction fromShinbara low-temperature tar ohaainad
: : " by Davidson Retort and 50% topped.

cacalyst ¢ Perric oxide

Hz_v\ : Obtained from electrolyais of water, purity above’ 99 5%,

These materials were used in the following amounts: coal 100 grams= tar, 49

grams; ferric ozide, 5 grams. The Hy prussure was varled on.each -run as shown
in. Table I(B)7. :

The reaotion pressurerwas ‘the only. varlahle in these runs and other conditions
were kept as constant as possible. Expe:rimental conditions and results asre as
shown 1o Table II(B}7. . ! :

III. CONCLESIONS

The higher the hydrogen,pressure, the graater the yield of oil products asnd
the smaller the coke formation. From ths results of the gas analysis, it was
found that decreasing hydrogen pressure resulted in more saturated hydrocarbon
gases being formed: and more of the hydrogzen being converted inte gas than into
1iquid .and solid products, as shown by the following Table IV(B)7. "

Thus, higher pressure of hydrogen resulted_in more complete hydrogenstion of
coal, and reduced gas formation ‘and. secondary cracking of produced oll.

K

il
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= ~ Table I(B)7
HYDROGEN REACTION PRI_?SSURES
-hun Number
‘ 76 | 47 307 308
; Reaction Press. (atm.) 205 - 225 200 175
: Weilght of Hjp (em.) 1.8 18,3 15.4 »~13.0
Hy/coal (wt. %§m 13.8 }18.3 : 15.4 13:0
i L o Table II(B)7
S o COAL HYDROGENATION EJCPERIMENTAL RESULTS
) : Run Number
o ' | 76 L7 | 307 | 308
Reaction Conditions (auvm.) i | 250 225 200 175
Voo - Reaction Temperatucre (0C) .| | 455 455 455 455
Reaction . Initial Pressure (atm.) 101 93.5 79 - 66
Conditions; Pressure Drop (atm. ) 19 17 17 16
L T Reaction Time (hr.-min.)  |1-0 1-0 1-0 1-0
| Preheating Time (hr.-min.) | [2.15 | 1-55 | 2-45 | 2.55
I oo Gas ' 33.6 | 36.6 | 35.7 | 34.3
Reaction - H50. 17.4 | 16.9 -} 16.8 15.8
Products Oil 85.9 | 79.2 60.8 | 59,3
isa. ), Residue- 24.9 | 27.4 | 40.0 | 41.3
. ‘, o2 0.2 [ 0.5 0.7 0.6
: o C Hn 0.2 0.1 . 0.2 0.3
Gas Analy-. | cB 0.7 | 0.5 0.7 0.8
s#is (vol.%) Hy gg.8 | 88.3 70.8 80.6
| : CpHop.o 10.1 | 10.6 | 8.6 | 17.7
i n lt 3 1-7 1. 3 - la 5
| X1soec {12, | 12.8 | 18.7 | 1s.5
Distillation 180~.230¢C 6.8 7.7 +16.1 2 13.2
¢f 011 (wt.%) | 230~36000 42.0 | 42.1. | 30.8 | 4k.2
5 i Pitch ( 38.8 | 37.4 24.4 26.1
Ahalysis-ofr Benzene Soluble 0.2 0.1 5.4 5.6
Solid Resi: Organic So0lid Residue 12.0-| 15.1 27.4 28.7
due (gm.) Ash_ - 4] 2.9 | 12.3 12.6 12,54
: Table LII(B)7
ABSORFTION OF HYDBOGEN
: Run Nuamber
| | 76 L7 307 308
Heaction Pressure (atm.) ' 250 225 200 175
Hydrogen -Adsorption Total (gm.) i 5.5 5.1 5.8 4.3
Hydrogen in: Hydrocarbon Gas (gm.). 3.7 | 4.3 5.1 4.9
‘Hp in Absorbed in Liquid and Solid (gm.) 1 1.8 0.8 0.7 0.6

84




RESTRICTED

L ENCLOSURE (B) 8

i

i

EFFECT OF°REACTION TIME

ON THE HYDROGENATION OF COAL

- R by |

NAVAL ENGINEER
T, OGAWA

Research Period:£ 1929 - 1930

" Prepared for and Reviéwed‘with author by-
' the U. S. Naval Technical Mission to: Japan.. i

December£1945

85 .

X-38(N)-7



:;:»X'-g;-:a(N)-'r

"

¢ i
i !
i v

it
i
i

1

ENCLOSURE (B)8::

LIST OF TABLES
A4ND ILLUSTRATIONS

86

i
'

i TableI(B)S. Effect of ReactiOﬁ Time ;oo...oa-;%.. .ooo.o’.__ooo'o 0ceeeecses e s Page 88

RESTRICTED



.
i

Eycmsmi (BI8

I SUMMARY o : “

Studies.were made: on the. effect.uf varying ‘reaction timo

on the: hydrogenation of Oyama goal, holding reaction

‘i conditions constant at L559C, hydrogen pressure at 100 -

iy atmospheres: and using Fe30 as ‘& catalyst. It was found
' that under these conditions, the optimum reaction time

was: l°hour.

4
i
i

I. IN’J‘RODUGTION

In the.throganation of coal,  reaction time is an importan* factox, particu-

Yarly firom the standpoint of commercial. rlant design. Although many reports
had previously been made on this subject, accurate conclusions could not be
drawn,. siince the: experiments had not been made under comparable canditions.:
This study was limited. to the investigation of the effect of reaction time:
only, hnldlng,other variables constant. .
Kef‘research.personnel waorking on,project wera,N&val ‘Bng. T. OGAWA and -
Naval assiat. Eng. I. TAKAHASHI. :

II. ° E"AII.ED DESCRIPTION S

The autoclave and test procedures wers the same 28 described in roport Na. 3
of thiszseries.

SawpleS»wenewas fullows, {same as 1n report No. 3):
il Coal .
i Tar

Fushun Oyeme coal, ' sized to under 20 mash.‘

30% topped light oil.fraction from Shinbara low~tenpen-
ature tar made ln & Davidson type retort.

Ferric oxide (commercial gradey

Prepsred by electrclysis, purity above 99. ﬁ&

= e e»

C&talyst
Hy

.y so

These.cumponents were mixed in the following,amounts. coal, 100 g:ams; uér,
40 grama* F32°3s 5 grams; and Hy, 19 grane,

Runs weﬂe mede for reaction times of 0 minutes, 30 minutes, l howr, 3 hours,
ang 5 ‘hijurs end the other reactlon conditions were held as canstant as
possible.v Results of the several runs are summerized in Table I(H)S

IIT. GONGLUSIONS |

From.thw preceding experiments, it was nmted that & part of the coal.was

,hydrogenated during the period of heatin@ to reaction temperature, and the

hydrogenation.was well underway after 30 mlnutes. After one hour, the re-
action was complete and the yield of 1liouid products reached a mamimum. With
increaslng,reactlon time: the yield of liquid decreased and the formation af -
gas increased due tu secondary thermal craeking,

87
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o Table I(B)&
e - i EHEWOFMMWKWTRE

< : §m _Run: Number .
h a8 | 500 76 | w3 | 4 B

Reaetu.Time‘(hrwmin) 3 0-Qp -2 0~-30-7f 1-Q. . | 3-0- [5-0
Rescty Tenip.: {°C) = 7 L55. .| 455 -1 455 | L55.- 1455
Initial Pressure (atm.) -95: ] -100..] 101 99 98
Préasure: Drap (atm.)- . 8 «f 21t 19 | 23 - 23 }
Prshe&ting"TimB (hremin) 1" 1=30 1-30., 1n55-' 1-25  1-25
— s e .- —-———-—— —— e, = .- ——.‘-1\*‘ e
-29.3. | 33.5 3) 6: ,33.8, 40,51 .
13.7:.f 17.8 l?-h'.;l7.a.=l7;55,

X 845.9 | 79.2 |74.1
24,9 ). 22.1 {25.0

&
L]
(o)
SN
o
s o

-

» * o o
BIVTWE O

Evos
® 3 o

e

[
Uil oy~
g

0.6
0.3 |- 0
1.3 |=2
2.8 123
;j 2 lOo - 6- 8.8 12
= 1.3 1. 1.3 1.2 1.
_ 3 A , i 12,3 1'10.6 | 11,2 {12.0
+180~+2300C: : 3.7. 5.8 5.8 6.4 1.7.2
230-=3600C; - | 60.3 | 602 | 36-0 | 3.0 |32.7
i Pitchr* * » .‘; ' * 33.3 27.0 j22.1 L
: ' E Benzene,Soluhla o : 0.2 . 0.1
) Anaiyseu of Benzene Insolnhle : 40.t 1 15.2 1:12.0 | 9.5 |12.4
Res‘.duer’ (sai)a:*{Asn ‘ 12.7 | 13.9 | 12.9 | 12.6 112.6
L ;% S
I
88~
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SUMMARY,

" This investigation was made to determine properties of

" products, and the effect of different catalysts on the
" hydrogenation of low-temperature: tar from FUSHUN coal.

. The low temperature tar was hydrogenated.with and with-
.out catalysts, and. the following: significant results

" were -obtalned: g ,

(1) When no catalyst was used, optimum conditions ware.
| 'established as follows: ; '

Temperatutre 4,500C °

Pressure 2450 atm.
Time - * 2 hr

ffIn this case, many acidie, basic; and asphaltic sub-
., stances included in tne raw tar were not removed by
- hydrogengtion. s 5

L #{2) In the case of catalytic hydrogenation, seversl

: i ‘different catalysts were investigated and molybdenum

— . sulphide was fcund to be the most effective. Asphaltenes,

i and acldic and basic substances were catalytically
-reduced to neutral hydrocarbon oils by using MoO3 or Mo3S+3.

I.: INTRCDUCTION

fLow’tempéiature carbonization oil cannot bs used directly for motor fuel owing
. to the high content of acidic, basic and asphaltic substances.

EThbse-expériments were started in 1936, an& continued until March 1937, to
. investigate the hydrogenation of low-temperature tar as a process for making
satisfactory mctor fuel. §

. II. DETAILED DESCRIPTION

.g A, JTest.Apparatus.and Procedure

A'roﬁafing type autoclave of 2.4 literé capacity was used in these
experiments. = ' i

300. grams of low-temperature tar were charged and, after displacing air
¥ by hydrogen, the pressure was increased to 100 kg/cm<. About 2!hours
3 was allowed for heating and the autoclave was held at thz reaction temp-
‘ erature for 1 hcur. After cooling, the products were remcved and
analyzed. . !

The’ééseous product was anslyzed by Heﬁpel's method.

A.parﬁjof the 1liquid rroduct includiné solid substances such as ccke,
ash - gnd catalyst, was filtered, and the properties of the filtered cil
wereﬁqetermined. i g '

S Benzene was added to the other portionfcf the liquid preduct, (including
L solid matter), and moisture and benzend-insolubls substances were
determined. . : , o

B. .ﬁExperimental Results

9
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1}‘ The properties of the low-temperature tar used as feed stock
‘are given below: - :
{;“' R dh, h..ooo.---.-—o-oéoao-o.ca-voo--.. 10019 o

Benzene-insoluble (wt B) ceriiinnnaennns 2.3
Asph&ltenes (wt %) &o--o@.o.oo-oo.uco.ooz7.3
Distillation (wt %) :

-lSOOC o.--o-oo--.}-.oo-.n.oo--u-o 006
180-23000 o.-..'----uiooo..o}uouu-uoo 2-2
230‘28000 ..o;o--oco.g.o.o.w-oco--anoléoz
280-360°c .Q-..0.'..li......l;.l'.'bl.37l3

AbO?e 360°c ..I.....‘l..l............ﬁ..hB.Z
Loss ....... ‘

6---.-..-..&o-ooc-o-tocc.o. °.5

2;; "Tests withcut a catalyst.

The effects of temperature and time on hydrogenation, in the
absence of a catalyst, were investigated ang the results are
tebulated in Tables I{B)9 and IT(B)q. -

The hydrogen consumed ang centent of unsaturated hydrocarbons in
the.gas increased with increasing temperature, but the yield of
liquld product decreased. The content of acidic substances
renained rractically constant above 4250C., >

Itfﬁas ccncluded that the optimum rehétion conditicns were sg
follows: ) = :
TR Temperature: ........45090/ ‘
i : Pressure: ........250 kg/cm? at reaction temperature
‘ Time: ........ 2 hours
3. Tests with catalysts, .

Thé,fbllowing catalysts were used ana the experimenta}l results
are given in Tables III(B)9 and IV(B}9.

Catalysts: (1) Fea03 Commercial grade

i (2) Nio Nickel nitrate was ignited at 3000¢
L (3) Al504 Freshly precipitated aluminum hydrozide
T ' was dried at 1500, .

: (4) Moo Ammonium ‘molybdate was ignited at 350G,

i (5). Mos The precipitate from the neutrelization

of ammonium-thic-molybdate solution with )
ail. HpSC, was washed and dried af 150°¢c,

(6) cos Freshly preeipitated by HyS end washed
and dried at 1159g,
(7) Al1C14 Commercial grade
g {8) ZnC15 Commercia; grade -

. In all cases; yield of the reaction g}cduct was almost constant. It

was difficult tec conclude that the aimbunt of wgter formed was
dependent on the acldic. substances in: the raw tar, since water might
be rroduced by the reduction of the catalyst in scme cases.

The properties of the liquid prcduct were affected by the type of
catalyst used. Acidic and basic subsfances were converted into
neutral oils by using Moo3 as a catalyst. The yield of light oil
was better using NoS3 thah with Nio, GesS, AlCl3 and ZnCl,.
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III. CONCLUSICNS o : -

1. When no cstalyst was used, the opt‘imum corditions for moter
fuel producticn by hydrogenetion of low-tgmperature tar were

'+ determined as: reaction temperature, h5086; pressure, 250 kg/cm2;
and time, 2 hecurs. :

- Asthaltene content was lovsred %o 3-4%, but the content of acidic
substances was not reduced in those exreriments.

: ’ T2 When a catalyst was used, the yield of liquid product was

. ‘almost constent in all cases, but the prcperties of the liquid
. -were .affected by the catalyst used. MoO3 or MoS3 catalyst appeared
. to be the most suitable for production o% high y%elds of 1light

;"oil, in which a1l acidic, basic, and asphsltic cempounds hsd been
. -reduced tc neutral cil. :

i

Table I(B)9
EXPERIMENTAL CONDITIONS AND YIEID OF PRODUCTS. (NO CATAIYST)

oun o, (TS oo | Tempy \Fimg | Prens, Doge B2 Ozt | S e e by | e | T | BT
1 | 100 400 2 7.0 1.1 4.3 £9.9 7.2 | 0.4 17.4
2 100 425 | 2 10.0 1.8 5.9 €9.6 8.1 |- 0.5 14.8
3 - 200 450 |1 2,0 2,0 - Bk 83.5 6.1 | L5 18.4
4 . 1200 450 |2 150 | 2.1 109 | 8.2 6.1 | 1.0 3.4
] s 50 450 |2 4.0 2.1 13.5 63.5 5.7 |37.0 L.2
6 g . 100 415 1 20.0 he? | ~ 22,7 60,7 7.3 | 5.8 34
7 100 | 500 1. 2.0 Lo 23,7 58,2 7.1 | 4.0 4.2

Table 3I(B)9
PROPERTIES OF OIL PRODUCT. (NO CATALYST)

Constituent RE Distillation (vol, %)
run oo | 38/85 1253108 | (vere 9 Romraty | T D. |velow 180% | 180°0~230% | 230%-280%C | 280%-360° |above 67T
1 |20c008 | 29 4 67 | e 5.0 7.0 17.0 e 2.5
2 |ogsss | 22 2 % | 61 6.4 12.3 2.7 17.7 35.5
3 |owose | 26 3 n 68 10.3 18,2 23.6 25,1 27.0
4 o048 | 23 3 T 52 16.7 18.3 23.9 25.1 9.5
5 0:..98347. 25 A 71 50 20;8 - 26.4 22.7 19.1 20,9
6 loomo | 24 5 71 50 26,1 26,7 20,0 17,7 16.3
7 loom | 25 6 69 38 288 | 257 | 201 18.8 . 152
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, ‘ Table III(B)9
"EXPERIESNTAL CONDITIONS ARG YIELD OF FRODUCT

§

man o | S{ETEN | TR [T | Taraly e | 2 G |00 TR [t [ €8 [ R
4 100 ;| | 2 15 none 21 | 109 83.2 6.1 | 1o | 34
kB 00 . |40 | 2 19 Fea0y 29 | o9u | s2.8 6.6 | 5.3 0.5
K 00 450 | 2 29 N10 3.2 | 6.5 845 9.0 4.5 | trece
1 00 40 | 2.1 15 a0, L 26 | 110 .2 6.0 | 6.2 0.9
xi . 200 450 | 2 38 o003 49 9.7 81.8 9.2 4.9 0,0
12| wo | o450 | 2 38 No03 4k | s 80.0 | 1.4 | 4.3 | 0.0
I w . |0 | 2 27 CoS 3.4 | 79 | 81 | 9.2 | 4.2 0.7
A 00 0 | 450 | 2 24 |awy | 3.2 | 9.3 82.2 4.2 | 1.9 0ud
15 200 - 50 L2 b2 Loy 2.8 | 7.9 |-8.u4 5.4 7.5 0.2
Table IV(B)9
FROFERTIES OF OIL PRODUCT
| Constituet (vol. %) Distillation Property (vol. %)
' Ex.-i’ No. ?gs’% acidic | basic | meutrel | I. D. | below 180G 3180°G~230°C 230%~230% | 280%~360%C | 350°C~4
i 0.9468 | 23 3 % 52 1.0 - | 1wa 23.4 25.3 20,6
| 09466 | 2. | 5 7 58 22 | 174 25.4 25.4 19.0
9 | o.9us| 16 2 g2 | 38 %6 | 9.5 23.1 26.9 12,5
10 | 0.9393: 20 4 % 48 B4 212 22,9 252 | 16,5
i1 |oss7 | o o [0 |4 | =5 | 180 2.9 2.3 6.7
i2 | osse? | o o | 100 68 N4 | 208 “231 | 207 2.5
13 | oo 18 |3 79 58 153 - | 19.8 23.3 27.4 12,8
% | oo | 18 | 2 81 29 64 [ 195 24,5 255 4.0
5 | oowms | 1 3 7 4 1.0 | 182 20.8 25 | 168
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- SUMMARY

To obtain oil of good quality from the hydrogenation of

coal, the: reaction must be carried on at a favorable low

temperature since thermal cracking and polymerization .

occur at higher temperatures. This can be achieved by

;. using a catalyst to activate thbﬁreactant (coal),

I. - INTRODUCTION:

* I

In Japar; KOMATSU and SUMIKMOTO*, had studies the hydrogenation of coal compo-

; nents, namely, resinous coal substance and unchanged: vegetable substance. The
. most important component. in coal is "coal substance™ and studies on the hydro-
- genation:of it are of particular interesti E

This;invéstigation was. centered on the hydrogenation of coal substance from-
Fushun Oyama coal and of pure humus derived from cane sugar, using nickel oxide
and‘zinc:chloridp.as catalysts, Ty . ‘

. II, DETAILED DESCRIPTION : 1
A,f” Raw Materials

S 1. Coal .substance waS'prepared from Fushun QOyama coal accordiag to
. the: method described by Francis and Wheeler**. The. yield and: proper-.
' tles of coal substance were-as follows::

"

Tield (wh,% Of Oyama GOAL)deesevvesserenannesnn..., 85.98%
Analysis: {(wt.% of coal subsitance)

. 20!.1.(-..&..co-m..om.-o.cv..-.n..ol..u“-.-.v4.50%

5 OTganic SUbSBANCE...viivanaensesannsannnnnn,, B86.65%

= o . T s B e ereritaeann cea.. 9.85%
v Elementary Analysis (wt.% of coal substance)

- C.,......»........":-....,.,.;... .......... teeseecanns, 62,81

R T I A

P i e, 4L.89

A

DT T 07

0 (A1fference)usseeencioneereeennnonsoonnnnns 27.25
C/H ratio....coevus.. feresseescrtrtascanceiiaan 12,0

- Humus, prepared from pure‘céne sugar by steaming under presasure,
! was: a black. brownish powder’and.;ts.yield and properties: ware.as

o follows:*¥* A . =

' Yield' (Whe OF CANE SUGAT)ekesceerannnesnnenernes. 12.20
Gontent.Of'HQQ--e.......:.y,......;...4‘.;.. ----- e 6475

Elementary Analysis: (wt.% of' humus)
f‘..mc.'o.l...--.lc.ﬂ;.o-hoool.-m¢ oooooo s s e s e 66.10
; R T &}-1o¢oo-'.nn..¢-¢o-o-;p.u-o.o. ..... LI R S Y s e LQLS
I - A L T D 29.42
Lo ¢ C/H‘ratio......J......@.,....m. ............... . 12.0

Q_B; Catalysat: ZnClz(commerciai.grade) -
: ' : Niz03(Prepared from nitrate- by bprecipitation method)

i

b
i
b
i
t
i

T e MRS Y et . e e o o —— . -y — - — e. em o s e -

xS, KQUATSU.and M, SUMIMOTO: Bull. Chem. Soc. Japan 261 (1935)..
** W, Francis and R. V. Wheeler: :J.. Chem. Soc. 2967 (1928). '
**¥-C. TANAKA and. S.. KOMATSU: Sexagent of Prof. Y. 0SAKAZ=-
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Am!” Hydrogen: Prepared By electrolysis of water;‘

B. TéStiApbaratus:and,Erocedures

1 Apshakihg!type:autociave:or 600cc:capacity was used in these experiments.

50 gramszof’coél,substance'or humus and 2,5 grams (5 Wt.%) of catalyst

' werezused‘as&charge&in_these-ex?eriments.; Initial hydrogen pressure was

. was one -hour, .

100 kg/cn® (standard conditions and the period at reaction temperature

| After the reaction period was completed,. ﬂhaking'waszconttnued'until

i temperature dropped to 100°C, After cooliing overnight, the g8Ss was re-

¢ leased, 'the Iiquid reaction product was: diivided into three parts, and the
- amounts of water;‘benzene-soluble-(Bitumeﬁ), and benzene insoluble sub-

f-stance*wereedétermined;

EXPERTMENTAL RESULTS

?A. Coalfsubstance

I - : )

1. ' The absorption;of‘hydrogen:by coal substance, as shown ir
Flgure 1(B)10 was- very sTow at 200-3009C, At 300-3509C the atsorp-
tion. rate Increased, but at 350-4000C: it decreased and abave 400°9C
it increased again. * i N v
QEronfthis=exgeriment; it appeared that: hydrogen,absurption4up to
3009¢ was:mainly“dUe:tO‘saturation:otfdouble bonds: and carbaonyl rTa-
dicals and alsa, that:the~rapid,hydrogen,ahsorption periad fram 300-
3500E7wa3'dueet0‘saturat;on;of benzene nuclei,in:polycyclics; It
appeared that the ZnCly catalyst was less active in bromaoting these:
reacilions than Nip0i. The distributicn of oxygen radicals in coal
has Been reported by W. Fuchs as shown in Table I(E)IQ. .

" 2%, i'The relation between yield of pr:ﬁuct and reaction temperature -
ig gliven in ‘Figure 2(18)I10. The composition of reaction gases is
given in Table II(B)Io. .

It willl’ te noted that the cracking-of‘oxygen_compounds, indicated by
higﬁJproduction.of'Cog_and‘CO,’reached;a maximum at 3509C. ZFommation
ot lﬁght-hydrocarbonvgases=began at 4000C, probably the result of
cracgmng'of’aromatic-hydrocarbons; This phenomenon was canfirmed by
i study of‘the:bitumsn.content, vhich began to be produced at 33c9c,
reached 50% at 430°C ang then began toidecrease (refer to Figure
3(B)y10Y), - Benzene insoluble substances: began to decrease suddenly at
330€C: and finally. dropped to 13% at. 4300C (refer to Table III(E)1Q
- and Figure 2(B)10). Coo
From Table IIL(B)1l@ it is noted that hydrogen content Increased gra-
Ldualiy?from_20000'to‘350005 and abave 3909C began to decrease, where-
as the carbon content varied inversely.

3. The most important PTroblem in the hiydrogenation of coal is o
Témovs oxygen from the coal substance. | Data on the coaversion af
oxygem;intc’coz, CO and Hp0, cbtained in this study and reperted for
the Iow-temperfture carbonization of cgal,**** gpg givea in Table
Y}B)ipésogg:the hydrogenation of coal substance, a maximum was reach-
ed at. 3 Se ' i : .

REEE G SUMIMOTO:  The Repart of the Naval Fuel Depot:, 100 (1945)
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Thiis: phenomenon was quite different firem the deoxidation reactions
in low-temperature carbonization. The oxygen contents of bitumen
and: benzene insolubles produced from co=1 substance by catalytic
hydrogenation are given in Table IV(B)}.O - The content is smaller in
the case of ZnCl, than for Niz0, and in this respect ZnCl, is better
than N1203 as a catalyst for hy rogerat;on of coal substance.

N .

Humus i

l. " The oxygen in humus was mainly contained in carbonyl, hydroxyl,
and; ether groups and accordingly, corisumption of hydrogen was less
than for coal substance, in which the oxygen was mainly in carbonyl
fonn.

2, . The deoxidatlon rate of coal substance was graater than that

for ‘humus up to 350°C, but, at 390°C, was less (refar to Table V(B&lO).
This was due to hlgh saturatlon of benzene nuclei in humus at 39¢YC

and over. ; .

3. | Analyses of bitumen and benzene 1nsoluble substancse are vlven‘
in Table VI(B)lO.

Q

.Abs r Rion of Ha/) .re coal (Wt)

200 250 300 — 350 %0 " 50
Re}d%M Temperature (%)
Figure 1(83)10
Hy ABSORPTION CURVE OF COAL SUBSTANCE (Nig03)

¢
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or Bénzene lnso[ub;@e
sor ‘ Substance |
7ot

for . . iy

. Soluble

Bitumens

Reaction produc’t (wt %)

W i Iof .
LTI o s Water

200 250 - 300 350 %00 50 .

Reaction Tenpemiuyf.;- O
L , Figure 2(B)10 | .
RELATION:BETWEEN YIELD OF PRODUCTS AND TEMPERATURE (N1203)

{0

Yield of Bitumen >
——o--o— Moleculer Weight :

30

10

A

0

Molecular Weiqht

B YY)

30

a0f

- i
Q el 4 - _//:

200 250 Je0 e 400 450

* Bitumen / pure cnl (wt ';)

i B!
Reaction Te_mpem‘t-.re (‘c)
. Figue 3(B)10 |
YIELD OF BITUMEN AND ITS MOLECULAR WEIGHT
(COAL SUBSTANCE) (Nig03)
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Table III(B)lO :
ANALYSIS OF RENZENE INSOLUBL? SUBbTANCE*

Table IV(B)IO

! fl OXYGEN CONTINT IN HYDROGENATED COAL SUBSTANCE
o Wr.% OF MATERIAL

ﬁeactton Yiéld Carbon Hydro en Oxygen

Temp. {OC) (wt.%) twt.%)e | o (wth) (wt.5)

200 " 84 T 68 3,2 22,6

330 ° T4 s 49 11.7

1 350 56 80 5.4 11.8
1 390 37 80 5.2 9.7
| 430 13 88: 5.1 7.6
1 450 18 90 4.6 6.2

* Nig03

Catalyst Miz04 2aC1,
Maserial ‘ ! !
React:,. Temp(°C) Bitumen | 3B.Insob.Sul. Bitumen | B.Insob.Sub. .
300 o 20.2 - 18.4 b
350 . 10.8 11.8 8.9 8.2
;390 9.9 9.7 12,2 9.9
450 - 14.3 6.2 11.4 e
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EXPERIMENTS ON TARIOUS GCOALS

PRODUCED IN JAPAN

{Reference NavTechJap Document No. ND 26-0008.17 ATIS No. 4579

i

by .

NAVAL LIEUT. COMDR., T. SUZUKI
NAVAL ASSIST. ENG. 'I. TAKaHASHI

Research Period: 1936-1937

Prepared for and Revieved with Authors by
the U, S: Naval Technic¢al Mission to Japan

December 1945
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. SUMMARY

. High pressure hydrogenation testq were made on coals from
; . NAIBUCHI (Saghalien), BIBAI and URYU (Hokkaido), IWAKT
e ~(Fukushima), KITOMO (YEmagata), MOKUSAN, ZUIHQO, TANISHO
e ;'and NANSHO (Formosa), and AGOCHI: (Kbrees and the results
*are presented below.- i

’I. INTRDDUCTION ]

In previous reports, the effect of changing reaction conditions on the hydro-:
‘genation' of Oyama coal were investigated. In this report various kinds of

< icoals were:liquefied under the same conditions and the yields and qualities
‘of the. oiLs were compared with those of Oyama coal.

§11. DETA[LED DESCRIPTION

A rotating “autoclave with a caepacity of 2. L liters was used. The charge to
the autoclave consisted of 150 grams of cogl {crushed finer than 60 mesh)
‘together with 5 % by wt. of ZnClz catalyst. The initial pressure of electro-
~lytic hydrogen was 100 atmospheres. The autoclave was hsated to the reac-
‘tion temperature at a rate of 2,75°/min, and was maintained at that tempera-
ture for 1l.hour, |

Analyses of the coals used are given in TatleI(B)ll and bhe experimsntal reo-
su1ts are: summarized in Table II(B)ll.{

,III CONCLUSIONS

il. Naibuchi coals were 11quefied mech easier than Gyama coal and
;gasoline content of produced oils: was good.

2.  Bibai coals were liguefied easier then Oyama coal and the gaso-
line content of produced oiles was: also good.

%3. In the case of Uryu coz2l, a higher reaction tenperatore was re-
quired than for Oyama ¢oal and the produced oil was more viscous and
‘had ‘a lower content of gasoline. @

‘4o Iwakl and Kitomo coals had hlgh ash contents and required higher
reaction temperatures.

S In the case of Mokusan #3 mine coal and Zuiho coal, the reaction
‘temperatures wers lower and the ylelds of oil were higher than for
‘Oyams. Although Taisho and Mokusan #1 mine coals required slightly
‘higher- temperatures, the rates of’ liqnefaction and the quslities of .
;the produced oils were good.

“¢Nansho coal was more difficult to liquefy than the others..

?6; " The rate of liguefaction and the quality of the produced oil
‘from Agochi coal were almost the 3ame as for Oyama coal.
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L : SUOURY

B i

Partially hydrogenate polycycl:l.o compounds, such as
i tetralin, were tested ana found to bo suitsblg Componsnts
S ,g;@zror cosl hydrogenation past’oihp. ‘ ;

! o g i

i INTRODUCTIOR o ,

LIn experilinental. wOrk, coal is usually hydrogenated in an ﬁutoclave: by heef-

- ing coaliipowder with & catalyst under high| pressure 0of hydrogen. However,

. in industirial operations, a coal praste is .employed in order to promote the

- hy@rogen«tion action and to facilitate handling. The present experiments,
therefore; were undertaken to test the relative effectivenese of several

- compoundsi 'as paste oils in coal hydrogenation.

‘II. IETAJLED DESCRIPTION |

| ?mr. ecmpéﬁnda used as paste oils in these .4§xperimants were tetraliz;, doceiin
fnapht.halq;’y,'. and ¢yolohsxane, 4 ' ‘ _

‘These compounds, Xcept naphtbalend, were Jrepared from Baphthalens end ben-
(Zone by Lydrogenation. | v

Oyama cea.Lof the following properties was iused:

. l “t‘i"..--...........--.;..-..5.5‘

e e AL LT TIPP PPN N XX .
 Volatile Metter............1.1 ¢4 )
| " Fixzed Carbcn.........r..‘i;..v..l.é.g. % )
b c...73.z$
to Beoreentiiniiionennain 5.7 8
o-.‘......’.....f..........f?...lz.O;p
R TIPSR SIS R
: s..-07a$ - !

N . »Water............”.“..,...,_52..,..5,5g
B Aak..;-..-.........."..-....'..i..,.'].o %
_.-Reainy...;,:.,.‘.,,.,‘.....';é..'B.k %

cm S\flbatanea..........;'%"&d.s %

Vegetable Matter............3.6 &

Hz g
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A 025 ce autoclave was used in these experimeats, and the following Teaction
‘cond%tions are listed below. ZnCly, was used as a catalyst (3-5 % by wt. of
coul :

BxXp. (I) 50 grams of the coal were heateu at 48000 for 2 hours under
60 atmospheres of nitrogen. .o

Exp. (II) A mixture of 50 grams of the :oal and 50 grams of the solvent
was trested at. 480°C for 2 hours under 60 atmospneres of nitroger.

| Exp. (III) A mixture of 50 grams of the coal and 50 grams of the .
R solvent ‘wes heated at 48000 for 3 nours under 92 atmospheres of hydrogen.,

Exp. (IV) 50 grams of tetralin were heated at 4L800C for 2 hours under
60 atmospheres of hydrogen. :
After cooling the reaction vessel the volume and composition or the gas, and
the solubility of the reaction product in benzene was determined. _The re-
sults ‘of thei: experiments are: shown in Table I(B)12. cL

Tm= benzene ! soluble substance in the hydrogenated coul, ‘when tetralin: was
'used as a sd¢lvent, was distilled under 3.3mm of pressure to 30000. The
,residual pitch had the following analysis.

@ ® 9 8 008000 808086000680 904%
.l..ll...;DOOQCUOOCI...l67%

--..-..-..--....-..-....i'Ov.l %

.cnotal'vloooooaoooo-o-‘2 0 % e

o 2 wu {m G

(DY GIffL) ceveeeesse.ai 0.8 %
Ash co-o-.oeo.n-occo.---c"l 3 %
Volatile Mhtter cessscae 59 9%

I Fixed Carbon cessceccccs 38 2%

. 50 grams of the pitch ware hydrogenated in ani autoclave at, 4500C for 3 hours
under 92 atmospheres hydrogen with and without a catalyst. The reaction
products were treated in the Samé manner as in the prev1ous experiments, and

;the resultszare shown in Table. II(B)l2. - 4 :

' The piteh 1n<the coal hydrogenation products was easily hydrogenated w1thn
out catalysta ”

©

III. GONCLU%IONS o i

Under the emrerimental conditions, ‘coal was appreciably soluble in tetralin,

- and" its. golubility decreased in order of decailin, cyclohexane and naphthalsne.
When coal was hydrogenated’ ‘with these compounds, under high temperature and

- high pressure of hydrogen, the yield of hydrogenated ;1iquid from the coal

* paralleled: tihe solubility in these solvents. [ The presence of partially hydro~
genated polycylic compounds, such aSvtetralln, -in paste 013 would have a
beneficlal effect on the hydrogenation of coal.

1
i
I i

i
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Table I(B)12 :
VARIOUS PASTE OIL GOMPONENTS

i

X-38(N5-7

HEXpS
i Now. -

‘Solvent

Pressure
Increase:
(atm)

Gas

Used

. Produced Gas

Composition

C02+30

Hp

CnHzni2

N2

.Benzene Solu-i

bility.(¥t.%

:0f origzinal

011)

L H
;" None

" Nephthalene

Téﬁraiin !

12

i Na

3.6
3.2;
2.0

006:
1.9
0.1

8.0
0.3 .9h.6

0.9 94:1

87.8

22
C L8

IT

Dezalin

Cy:lohexane

17
21

2 2|7 =

2.0

1.3 | 3
1-9‘ 3

61.8
6Ly

46
1.3

31.
24

2.4 |

'Liquefiedf’

wt. %

IiT

Naphthalene“

Tetiralin

Decalin

Cyc<lohexane

=y
n

5.7
2.1f

3.0
1.5

31.2 |3
o5 | 2
55.0 | 3
73.1 | 1

2.1
0.7
9.6
9.2

T
83.3
73.5
67.2

Iv -

Tetralin
(silone)

e om

1l 83.3 |1

6.7

insoluble I g8s from pure coal)

*Liguefied Wt. % = Pure coal-(benzens

Table II(B)12
HYDROGENATION OF PITCH

Pure ‘Coal

Catalyst;

Pressure Drop.

{atm)

Gas Composition

C024C0

Hz

CnHon+o

Benzene
Insoluble
(gm)

Liquefied
(wt. %)

None

31
34

33

0.6
0.5
0.4

75.9:
71.0;;
78.0:

18.7
26.6
18.8

5.5
3.0

75-8
75-5
73.0

Fe203:f”

7.0
I
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| ENCLOSURE (B)13  °
| WL SUMMARY

- To asslst in the design and operation of Bergius coal hydro-
. genation plants, the viscosity, heat conductivity, heat
: v propagating ratio, density, spsecific heat, and electricel -
= " conductivity of coal pastes ani hydrogenated oil product
- i were determined. ' | =

I. DETAILED DESCRIPTION
A;ﬁ Description ef Samples '

Eﬁéhun~0§ama coal was crushed. to 12b mesh and thoroughly mixed in a tube
: mill with heavy oil from hydrogenatiocn of Oyama coal.. The propertiss of  «
1 - ‘the coal and the resulting paste are shown below. ) :

i ' Composition of FUIEQQ:QZEEE_EEQE

Water ('ﬂt %) oo|£.-.ont 505
Volatile-matter:i..... 41l.4
Carbon ..eeeeneniesees 484
Ash .n.-na-.o.-@.:no..o. 7-0

Composition of the Paste

T .  Water (wt %) ... 2.3
' ’ Coal ccoco.-;;---hl..s‘

L B;ﬁ Description of Test Proceduresiggg Results ‘ R

: T Viscosities at atmospheric and 200 atmospheres of pressure

..~ were measured in a falling ball viscosimeter, made of 18-8 Cr-Ni
steel, 24.,90mm inner dlameter, 'snd one meter in length (refer to

. Figure 1(B)13). A steel ball (7.93ma in dlameter) was released by

.~ means of handle "B", and the raite of fall was measured by an
electrical indicator at ”D"™ . Viscosities of the paste and the
heavy oil-determined by this apparatus are shown in Figwres 2(B)13
and 3(B)13. . “ i

:'1 '~
The relation between the viscosity of the paste and its:coal content
is shown in Figure 4(B)13. In this case, & MacMichel's viscosimeter
. was used, , . o

,jfThe:device'shown in figure 5(B)i3, was inserted within the épp&ratus
- shown in Figure 1(B)13, and viscosities at 200 atmospheres of

pressure and high temperatures were measured. _
: . In Figure 5(B)13, "B" is a cylinder 20mm in diameter ané S88mm in -
v i depth, and "C" 1s & capillary (l.5mm in diameter and 10Cmm in- ‘
© . length) . An electromagnet is set outside of the tube and: the iron
: . cylinaer "A" s closing the openlng to the capillary, can be.lifted
' for a definice time. The viscosity was calculated from the quantity
.. of the liquid that flowed through-the capillary per unit time.

9, | co e
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- By this method, the viscosity of the paste, free from:lafger‘par-

ticles of solid matter which might plug the viscosimeter, was
meaépred,(refer to Table I{B)13). P

2. Heas Conductiﬁ%t§. Heat conductiﬁity vwas; measured in the
apparatus shown Aigure 6{(B)13. B ,

The temperature at the. points "A" "B* and "C" were melasured with
coprer~constanton thermocouples (0.lmn in dismeter) which were
atteched by means of tin foil circles; 20mm in diemeter. The
thickness of the sample was measured with a micrometer. The results

are shown in Table II(B)13.

3. 'Heat Propagating Ratio. The apparatus used for measuring. the
heat: propagating ratio is shown in Figure 7(B)13. The paste was
putiin "A" and maintained at a constant temperature. Ice water was
put:in "C" (separated from "A" by copper plate "B"}, and vigorously
stirred. : i :

Immédiatelycthe temperature of the pééte at a distance of 1l.7%cm
fror: the copper plate was measured.

Theﬁheat'propagating~ratio, d, was ca;eulated using the following

SX .
2 [VaiE —x2 o
- B- Tfo eIdr

0

o

_wheire "@" 1s the temperature of a pofnt at a distance "X" within

a splid which is infinite in the direction perpendicular to a
plane held at a temperature of 0°C. .

:Thé{temperature variance and the heaﬁ propagating ratio (o} in the
cass X = 1.75cm are shown in Table IXI(B)13.

Thé%heat propagatingfratio of the paste was found to be 0.000979
em</zec at 159C. : % :

L. Density. The densities of the paste, produced oil, and Fushua-
Oyame coal are shown in Table Iv(B)1l3.

5. Specific Heat. The results of Qpecific:heat determination in
an'ice calorimeter are shown in Table V(B)13.

6. Electrical Conductiviﬁi. Two copper rLlates (3.4 x 5.7cm)HWere
set: parallel in the medium, and the électrical conductivity of
paste was determined (refer to Figure 8(B)13).

1
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TablexI(B)IB
VISCOSITY OF THE PASTE IN THE REACTION CHAMBER

Viscosity (Poise) .

Temp.{°C)
At Atm. Press At- 200 Atm,
’ 40 680
. : 50 ‘ 155
‘ B 60 50 -
Lo N 80 9.1
: 200 0.:18

300 0.043 0.075

350 § 0.043

400 § 0.028

i 450 i 0.018

. ‘ ' Table II(B)13
HEAT CONDUCTIVITY AT 15°C

Sample, Paste | Paste Paste | Heavy | Produced
10% water 20% water | 0il 011
Heat conductivity :

(Keal./m hr.oC) [0.142 | o. 163 0.186 | 0.124 | 0.114

N

(See page 122 for Table IIT(B)13.)

Table TV(B)13
" DENSITY
! Produced 0il

Samples |Paste 1 - ~ Coal
’ 225 i 225-250 250-280

Density af®| 1.15 |0.8955 | 0.9373 | 0.9u2 | 1.25

Table V(B)13
SPECIFIC HEAT

Produced 0Oil

Sample Paste | Coal
C -224°¢ |225-250 | 250-280

Sp. heat{cal/gm) | 0.348 | 0.491| 0.489 0.471 10.299

rzj
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> Table III(B) 1: )

HEAT PROPAGATING RATI() OF PASTE

: Temp. at X = 17.5mni|g4which 1s calculated
Time past {sec).|The initial temp. from, equation (1)
~ ) (21,7°C) is assumed’
’ . (cm‘a/seo) -
0 1.000
60 1.000
120
160 0.997 0.00107
240 0.991 0.00092
300 0.977 0.00097
360 0,964 0.00097
520 0.948 0.00096
L,80 0.936 0.00093
540 0.913 0.00097
600 B 0.897 0.00056
660 - 0.880 0.00096
720 0.866 0,00095
780 0.847 0.00096
840 0.832 0.00095
900 0.816 0.00097
960 0.802 0.00096
1020 0.787 0.00097
1080 0.773 0.00098
1140 0.763 0.00096
1200 0.749 0,00097
1260 0.735 0.00098
1320 0.72L ; 0.00098
1380 ‘ 0.71L 1 '0.00097
Q 0.703 " 0.00097
1500 .0.695 0.00097
1560 0.68k ; 0.00097
1620 0.673 f 0.00098
1680 B 0.665 . 0.00098"
1740 0.658 i 0.00098
1800 0.650 | 0.00098
1860 0.639 : 0.00099
1920 0.633 i 0.00098
1980 0.62 g 0.00097 -
2040 0.618 : 0.00098
2100 0.610 | 0.00098 -
2160. 0.604 i 0.00098
2229 0.597 t 0.00099
2280 0.591 ; 0.00098
2340 0.585 ¥ 2 0.00099
24,00 0.500 B 0.00098:
2L40 0.573 0.00098:
2520 0.587 0.00089. -
2580 0.562 0.00099
2640 0.558 0.00098:
2700 - - 0.552 0.00099
2760 0.547 0.00099:
2820 “ 0.542 0.00098
2880 0.538 0.00098:
2940 0.534 0.00098:
3000 0.529 0.00098&
3300 0.508 0.00098
3600 0.489 : 0.00098
3900 . 0.47L 0.00099
4,200 0oL 5¢ 5 0.00099
4,500 0. : 0.0005¢
4,800. 04429 i 0.00100
51Q0: 0.417 : 0.00100
54,00 0.407 B 0.00099
5700 0.396 i 0.00100
6000 0.38L : 0.00102
: mean 0.000979

RESTRICTED
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- SUMMARY

am———

'The object of these studies was o investigate the
‘eatalytic hydrogenation of mixtures of aromatic

‘“‘compounds to- obtain a better understanding of coal tar
. hydrogenation reactions. The following results were
- .obtained: . : ;

(1) High pressure hydrogenation of anthracene
over a nickel catalyst was accelerated by mixing
with benzene, whereas, conversion of the latter
was retarded. T : ' |

(2) The effeect of cyclo-hexane on the hydro-
genation of anthracene was similar to that of
benzena. - 3 ) .

| I.° INTRODUCTION

E:These stﬁdies‘on the hydrogenation of mixtures of aromatic compounds, espe-

A,

K3

{

s
i

i eclally bonzene and anthracene, which are two important components of coal tar,
. were madie from January, 1940 ‘to ‘June, 1941. .

" IT. DETPATLED DESCRIPTION

I

Feed Stocks

1. Anthracene. An extra-pure cchmercial'anthracege was sreated with

‘a¢id clay and recrystallized with alcohol and benzZene. The melting
point of the final product was 214-216°C. ,

2, Benzene, A fraction of an eitra-pure commaercial benzene, bolling
.at 79,500, was washed with 80% concentrated sulphuric aclid and 104

‘ concentrated caustic soda solution, The fraction of this refined
‘distillate boiling from 80°C. t0'80.3°C. was further washed with a
:solution of mercuric oxide andisulphuric acid, then with 10% caustic
" soda solution and distilled water®, dried with calcium chloride, re-
:distilled and dehydrated over met:allic sedium. -Properties were as

(i 2nllows: 5 | ~

o
§
!

. Boiling point ...i.j...........;.. 80,2°C. o
. Density (20/4) weieerseeoenesees 0.8793
:~Refrac;ive index ﬁnzg)...,.l.... 1.4986

-3, Cyclo-hexane. The product of refined benzene, hydrogenated at
 2000C, over a nickel catalyst, was washed with 98% concentrated

. sulphuric acid, 10% concentratedcaustic soda solution, and distil-
. led water, dried with calcium chloride, redistilled and dehydrated
" @ver metallic sodium. Properties were as follows:

Boiling point ie...cecev... 80.59C.
Density (20/4) ieeeveeensess 0,7780
Refractive index (nzg)..... 1.4230

4. Hydrogen. ‘Hydrogen gas was ﬁroduced by electrolysis'of water
with a purity over 99.5%. 5 .

129
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5. (Cetalyst. An extra-pure metallic nickel wes dissolved ig com-
centrated nitric acid and, after filiering off impurities, this
solution wes diluted and neutralized with ammonia. The precipitated -
niciesl hydroxide was washed with distilled water, dried and pomdered.
This catalyst was oxydized and reduced at 280-290°C, before using.

B. ‘Aggiiratus. A shsking type autodlaveﬁiwas used with the followling
ra . b _ )

charactoriaties:
ﬁ; Inper volume ....ceeescecsce 625 C.C.
Meterial Ovooo.oooooooooo.o.-Ni’cr-steel.
Heating *esevesccnsscensssse Qutaide, electric.
Frequency of vibration ..... 60~70/min.

ﬁ‘C. Expérimental Procedure

The'auttbleve, including the sample and catalyst, was pressured with .

hydrogen:to the 100 atmospheres, and heatsd to the required temperature at
a rate of 20C/min. g .

: Afteiwhqlding 8t the reaction temperature for cme hour, heating was

5 stogped;;but the shaking was continued until the temperature fell below

', 200°C. After cooling for one dsy, the pressure and the temperature were

i, measured and the gas was releiased. The liquid product was separated by .
. distillation into a benzene~cyclohexane cut end an anthracene-hydroanthra-
. cene cut, The benzene yield was determined by the density and the re-

| fractive index of ‘the first cut. o

! The iatfﬁj cut was enalyzed by recryatallizﬁtion with slecohol and esch

& compound: was determined by appearance, melting point, properties of pi-
. orate end ultimate enalysis, . i .

. D. mgﬁ enation of Benzene

It 1s'well known, that the reduction of benzene to cyclolezane in the pre-
sence of reduced nickel catalyst sterts at' 70°C. snd is accelerated by
increased temperature, up to  3000C. Over 300°C., cyclohexane is dehydro-
-goenated &gain to benzene. I :

[ :

i The authoi hydrogenated benzene at several temperatures under high pres-

. sure hydrogen in the presence of reduced n;okel catalyst and obteined the

. ylelds summarized in Table I(B)14..

" The content of saturated hydrocarbons in the produced ges was 2,54, The
. change of reaction velocity with temperature, 85 indicated by chapge of

. pressure with time, dp/dt, was as shown in Table II(B)14. _(Also refer to
Figures 1(B)14 through 3(B)1l4.) i

;E. szrdéenation of Anthracene f

iDr. ¥DKOTA'reported, that by hydrogenation?of anthracene, the dihydro-

recompound was produced first, and this compound changed, on one ‘hand,
idirectly to the perhydro-compound and, on uvhe other hand, the tetrahydro-
jcompound’Woctahydro—compound, and finally to the perhydro-compound:

200°C | 300°%
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_ Thefaﬁthéf hydrogenated anthracene .in the;presencegpf reduced nickel

‘catslyst under high pressure and the results are summarized in Table
IIX(B)lk. : i

.k At 180920006 s small amount of tetrashydro-compound was produced. Above

i 217°C; the melting temperature of this compound, the hydrogenstion wes

5 accelorated and the tetrahydro-compound: wes hydrogenated to. octa- or
perhydro~compounds. : ]

) The maximum rates of pressure change were as shown in Table IV(B)lk. (Also

) refer.to Figures 2(B)ls and 3(B)14.) :

F. Hydfogenation of a Mixture of Benzere and anthracene

D 1,;3 Hydrogenation of a mixture of 1 part benzene and 1 pert anthra-
: . cene. 2 :

Lo Atié temperature of 140°C, the réacﬁion-of a mixture of 1 part bem~
’ zeine; and 1 part anthracene began at 70°C after 35 minmutes, and dp/dn
r?aghe? the maximum value of 1 kg/min after 1 hour (refer to Figure
1(3)14). o

Afiér this, only a slow reaction occurred. This showéd, that for tie
first hour, cnly the hydrogenation of benzene took place and after one
‘hoar, anthracene was converted. i

L Atia reaction temperature of 2000C, the maximum value of dp/dt, 0.7
i kg/min, was reached after one hour. | Afterwards, a slow reactlon took
0o place and the value of dp/dt was 0.3 kg/min after 1 hr. 45 min., and :
0.5 kg/min after 2 hrs. 20 min. (refer to Figure 2(B)14). This indi- ;
' : cated, that after -1 hr. 45 min., the hydrogenation of anthracene be-
o | gan. . o : :

i At & reaction temperature of 260°C,fthe maximum point dp/dt at 1 hour
il was 'due to the hydrogenation of beniene and the maximum of 3.6 kg/min
atil hr. 45 min. was due to hydrogenation of the anthracene. .

The: amount of cyclohexane produced by hgdrogenation of benzene de-
creased from 7%, at 80°C, to 2%, at!140°C, and afterwards, increesed
to! 34%, at 230°C. On the contrary, the hydrogenation of anthracene
was much accelerated; the reaction began at 100°C, and 12.5% pf tetra-
hydro-compounds was produced at 1409¢, (the temperature giving minimum
i amount of cyclohexans), and at 180°C, half of the anthracene was con=
v verted:. The conversion was much improved over the hydrogenation of
i anthracene alone, and the lowering of reaction temperature, equivaient
to: about 60°C, resulted from the addition of the benzene. It is in-
i teresting to note that the hydrogenation of benzens began at 2009C, at
i which temperature the conversion of anthracene was 95%. Refer to
Pables V(B)14 and VI(B)l4 and Figure 4(B)li. - "

Iﬁ@is'congluded from these results @hat the following held true:
L A, Benzene was‘first hydrpgeﬁated at. temperatures below 1009C.

i i b In the range of temperature.froﬁthOOC to 2000C, the hydro-
i . genation of benzene was reterd2d, and the hydrogenatiop of.an-
© “thracene was accelerated. :

i
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‘ ¢. Over 200°C, benzene was;freed from restraint of the enthra-
4~ cené and was converted to- cyclohexene. At these temperatures,
howaver, dehydrogenetion of cyclohexane also took place and the
benzene-cyclohexane equilibrium concentration rstio was about
1:1, : : :

2, Hyarogenation of g mixture of , l part of benzene and 2 parts an-
thzecene' o

The results of hydrogenation tests on a mixture of 1 part benzene
&nd 2 parts anthracene are given in Taeble VII(B)l4 and Pigures
J(Bglh through 3(B)l4. The hydrogenation of asnthracene begen at
C and its conversion wes 50% at 200°C and 100% st 230°C. The
conversion of benzene was higher than in the preceding experiinent,

" gmounting to 24% at 80°C, and ‘it did not increase until the hydro~
' gonation of enthracene was completed. This experiment also showed,

t.hat the hydrogenation of anthracene was accelerated by the presence
of benzene and the hydrogenation of benzene took place after the
Iormer reaction was finished. -

hlgrogenation of a Mixture of Anthrecene and Cyclohexane

The suthor hydrogenated a mixtuge of equal perts of anthracene and cyclo-
hexare at temperatures of 180°C, 200°C: and 230°C., The results, summe-
rized:; in Table VIIX(B)1l4, showsd that the hydrogenation of anthracene

in tkis mixture was similar to its reaction in a-mixture with benzene,
No conversion3or cyclohexane was observed.

From these results it was concluded, that the effects of benzene and
cyclohexane on the throgenation of enthracene was Jimilar.

CONCIUSIONS

‘The rollowing conclusions were drawn with regard to the high-pressure hydro-
genation of ?enzene and anthracene. in the presence of a reduced nickel catslyst:

]. " The. hydrogenetion of enthrecene was accelerﬂted by the existence
¢l benzene, and the hydrogenation of the latter wes retarded, taking
p}ace—after the hydrogenation of enthracene was completed

40 The: effect of. cyclohexane on the hydrogenation of anthracene. wias
gimilar to that of benzene. i i
?; The results are of eignificance in connection with the hydro-
senation of mixtures of sromatic compounds, such as coal-tar, snd
they give a suggestion as to methols for controlling resctiong.
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Table I{B)1lL
HYDROGENATION OF BENZENE

‘Reaction temp. Yisld of cyclohexane
140 ' 50 wt 9%
200% 100 wt %
260% oL wt %

Table II(B)ih

RELATIONSHIP BETWEEN REACTION RATEVAND,TIME {BENZENE )

?Max; value of dp.dt. Reactién temp . Reaction time.-
1.k kg/min 140°C 1 hr. 20 min
3.1 ke/nmin 200°C 1 hr. 15 min
1.4 keg/min 260% 1 hr. 50 min
Table IIT(3)L
HYDROGENATTON OF ANTHRACENE
React. GonverSion Amouﬁt of hédrogenated product- {% by‘wt.f
?85%’ (%) Dihydro |Tetrahydro Octahydro |Perhydro
Compd. (Compd. Compd. Ccmpd.
1&@?‘ 5.1 o | isa 0 0
2000 10.6 o || do.6 0 0
2300 100. 0 0 86.8 13.2
260° 100. 0 0 76.3 23.7

Table IV(B] lh
RFLATIONSHIP BETWEEN REACTION HATE AND TIME (ANTHRACANE)

e

' |Max. value of dp/dt.,.

~ React. ‘temp.

Time of progress

0.3 kg/min

i

200°C

55 min.

1.4 ks/min

260°¢

115 min

i
i
1
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‘®able V(B)lk:
HYDROGENATION OF MIXTURE OF
BENZENE AND ANTHRACENE (1:1)

RESTRICTED

e
0
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Conversion: Yield of Products from x;nthrscena(.ﬁbth)

of

Authraeene Dihydro |Tetrahydro|Oeiahydro
. Cempd. Compd, (‘ompd.

Perhydro
Compd.

Conversion

of
Penzene (% vy we)

80

0

6.8

100

AN 0 © 0 1 o
0.6 0 0.6 5

2.9

120 -

6.8 - o | 6.8

3.4

140

12,5 - a 12.5

2.1

1160

2.“

180

Jou6a7 3.1 L3.6

OO0 |0 jlo|oO

3.9

200

0

0

0

39.3 2.0 | 37.3 0
0

0

95,0 15.4 79.6

8.0

230

1m0 o 0 87.3

12.7

33.5

1260

100 -0 o 844

16.6

49.9

300

100 | 0 -|* 0 .| 64.1

35.9

50.8

Table VI(B)l.a.

PROPER"'IES OF GAS PRODUCED BY HYDROGENATION OF

MIXTURE OF BENZENE' AND AN'FHRACENE (1:1)

Resction Temp. | Yield($)

; (OC) . CpHop o CphBan+t2

230 0.3

0

260 | 0.6 | 3.

3

1.3

300 - 0.4 g 2.

0

1.8
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Table VII(E)1L ' ‘
HYDROGENATION OF NIXTURE OF
BENZENE AND ANTHRACENE (1:2)

;ﬁeaction |Conversion |Yield of Products frclfm Anthracene(%byWt Conversion
: ?Eg?- . Anthgzcena, Dihydro TetrahydrOIOctdhydro Perhydro|Benzense ?; by Wt)
1 L % Cempd. Compd. | Comp&. | Compd.
80 |, O . 0 o | o o 24,.0
‘100 ‘| o 0 0 o 0 30.6
120 f o 0 0 o 0 24,3
wo | o 0 0.4 0 0 23.8
160 | 6.0 0 6.0 o 0 26.5
180 | 7.7 2.5 5.2 ! 0 0 28.9
200 | 52.9 4.9 38.0. | o o 32.9
230 | 100 | 88 | 64.2 | 22.8 be2 5044
260 | 100 0 0 78.0 22.0 86.7
300 | 100 0 o | 627 | 37.3 86.4

] i ‘Table vzn(s)u : | :
i . HYDROGENATION OF A MIXTURE OF '
| ANTHRACENE AND CYCLOHEXANE (1: 1)

‘ 3;;:;“”- c‘onv:;sion { Yield of Proéitxots from_ Anthracene (% i)y wt) \
. Anthreacene Dihydro | Tetrahydro | Octahydro | Periydro
(%) o Compd. Compd. Compd, Conmpd.
1603 _ 32.8 0 1 32.8 0 0
200 100 . 3.8 87.1 9.1 0
230" 100 - © 0 0 82.6 | 97.4

1 : )
*No conversion of eyclohexane
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SUMMARY

The tar from the South Manchurian_Railway Co. coal hyaroge-
'nation works at FUSHUN was investigated to determine the
‘properties and composition of its!light oil (boiling up te
220°C) and heavy oil (boiline 220-280°C).

The crude tar contained 20-30% of phenolic subqtances which
‘were mostly in the fractions boiling from 165 to 24,50C,

:The chemical constituents in the neutral oils.irom the light
and beavy oils were as shown in Table I(B)1s

Aviation gasalines were prepared by two methods from the
.neutral light oil; (1) by distillatlon and (2) by hydrogena-
~tion and distillation. g

Th@ properties of these two aviation gasolines were as shcwn
in Table II(B)1l5. ‘

ﬂhe gasoline made by hydrogenation of the neutral oil was
fer superior to that obtained by[etraight distlllation.

A number of pure hydrocarbons vere identified in the crude
.tar, acldic fractlons of the cruda tar and aviation gasoline
from hydrogenated oil. ; .

=
A

The present investigation was made to. detenmine {1) the quality ot gasollne
obtained by hydrogenation of coal, esnd (2)i to obtain data on hydrocarbon

;.compositjon which might be ussful in improving_the process.

II. DETAILED DESCRIFPTION

éjThe work vias started in 1939 and completed in 1940. The key research*parsonw
‘nel were Comdr, T. YOKOTA and Nav, Eng. K. MITSUI. i )

A, ‘Crude Tar and Neutral 0il.”

The crude hydrogenated tar was obtained from the South Manchurian Raii-
way LO. plant at FUSHUN. At this plant, O0YaMa coal was hydrogenated
over an Fes03 catalyst at 410°C and 209 atmospheres. -This tar had a
deep brownisg color, which gradually bzcame darker on standing in air.
Some golid matter was held in suspensian. The crude tar_and neutral oil
_obtained by dephenolating the crude tar with 10% caustic soda selution,
were. distilled and Lhe results are givan in Tabls III(B)1l5.

It cen be seen iroi the table that the; &Cldlc 0il 'is contained in the
fractions boillng above 200°C.

[N

B, Light and Heavy Q0ils From Crude Ter.

Light and heavy oil fractlons, obtained by fractionstion of the crude tar
were . gnalyzed for hydrocarbon compositlon by.the usuwal methoas, and the
resulta are given in Table IV(B)15. K

C. Neutral Oil From Crude Tar

-Neutral oil rrom crude tar was dried WLth anhydrous sodium *ulyhate,
distilled carefully, and the oomposition and property ot each fraction

i
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determined. The results are given in Tatle V(B}15.

The'iighter neutral 0il fractions were rich in nsphthenic compounds,
whereas“the heavier fractions were rich in arombtlcs.

Next, these fractions were studied to detErmine naphthenic and aromatic
compounds present, and various compounds were lsolated. The amount of
these compounds present was not determlnadv" The results are showan below,

Fraction. . Comppunos Isolated In Neutral gil.

Benzene . Methyl-cynlopenthane.
Toluene, Cyclchexane, Methyl-cyclohexeane.
i , o,mn,p--Xylenes. i
i . Mes1tylene ; .
o Tetralin, Dl-hydro-naphthalene.
"Naphthalene, Hydro-nuphthalene (?).
a, b—AMethylnaphthanenos.
a, b--NethylnaphthaJenes.
S v o by b'-Dlmethylnaphthalene.
10 j; C b b'-Dimetnylnaphthalene.

O O~IO\NE W

D. Acidie components in crude tar j

Crude tar was fractionated into 21 cuts, ;and the phenolic content ol each
.fraction was determined by treatment with 10% NaOH. The results are
"shown . in Table VI(B)15. i

The acidic components were mostly contained are in the fractions boiling
from 165=-245°C, ;

To confirm this, the caustic-solublse fra‘tlon obteined in the preparation
of neutral oil was treated with 10% HC1l %o produce free acidic oil. The
acidic ‘01l was fractioneted as follows:

Fraction ; Vol. %

i.p. -2159C ) ; ) 21 .
215-225 @ 33 .
225-235 £ 19

. 235-2L5 . i 12
S 2L5=255 : : 8
1 - 255-265 i | b
1 265-275 H '; o &

The above fractions were each redlstilled and the resulting cuts recom-

bined to give close boliling range fractions. From ultimate analyses ané
molequdr weight determinations, the components were identified as shown
‘below. . . :

ff Fraction Eg Congtituent
i, 195-20000 : :
§ ~ 200-205 : ' ' g o,m,p,-Cresols: C7H90
L 206-215 | -
o 21h-221 i Xylenols: CgH3jj0 -«
i 221-228 ; :
S 230-240 , - - Phenols:  GCgHj 20

. 240-245 © Phenols: CgH30

245-248 , :
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E,  Aviation Gasoline

i ‘1. An aviation gasoline was prespared from neutral light oilby
P i distillation and final treatment with 10% caustic soda solution.
’ . i The properties of the gasoline are given in Figure 1(B)15 and listed
'below. . - : T
i Unsaturates ...cceeceecscocecsscnessnse 5e3
o Aromatics ..ceecececenrareccanencenas 24.2
Naphthenes .eeeeeecscecssevscsscnanss 393 "
C Paraffins cececeescecacesosccscnssaas 312 _—
Sulphur (Wt %) ceeocscesosenssncscass 0.15 K
OCLANG NO: ceveoiccccsssccsosnnansnncce 09
Clear with 0.1% 1684 .sevececcncnsccosss 82

"1 2, An aviation gasoline was_glso prepsred from neutral gas o0oil
~ . {(boiling range of 200-230°, 15 = 0.879), which was hydrogensted -
. over N120 » MoO3 clay catalys 3 {(wt. ratio of 1:2:3), at L509C under

. 270 atm, gressure of hydrogen and S, V. of about 2. The yield of

. hydrogenated oil was 88% by weight.

. The hydrogenated oil (44-2630C) was fractionated and the results
i; :compared with the original gas oil .sample (Table VII(B)15.

i : ‘" Aviation gasoline with properties shown below was prepared with a
L : + yield of 264 by fractionation of the hydrogenated oil.

Density (RO/L ©C) weevevcescessoes 0.7348
S0l1id Point (9C) ...ticcdifeccscccenns =50
Vapor Press (kg/cm2) ...ieeeecacaees 0,427
Gummy Matter (mg/100¢C) fvevesesvaaeses bab
Sulphuric Acid Absorpticn (%) ......c. 0.5
5 : ¢ Content of C. (Wt %) ceciccccsccsceos 86404 °
i o Content of H. {Wt %) eeieoccecescesas 13.87
. Content of S (Wb %) eceiecsseescsnass 0.01
Engler Distillation (Vol. %)
T.BoPuD euvenennrannsenens ‘vee 51.00¢
lo% s eeev 000 ssevs s s s OR e 6’&.500
s 20% eeeevcncssscscassecasacese 71.0°C

.. The hydrogehated aviation gasoline was fractionated into 8 cuts, and
‘the octane number of each cut determined (Table VIII(B)1l5).

g o E’The hydrogenated aviation gasoline was closely fractionated in a
L i podbialnisk still, and the following compounds were isolated fram

" each’ cub.
Fraction (°C) | Compound
4 IJP. = 30 n-Butane, iso-Pentane, n-Pentane.
’ 45 - 50 n-Pentane, Cycloptane, Neohexane, 2-Methyl-
pentane. :
70 - 75 - n-Hexane, Methyl«wcyclo-pentane, Benzene,
. Cyclo-hexane. 3
: : 75 - 81 2,2-Dimethyl-pentiane, Benzene, Cyclohexanse.
| s ‘ 2,4-Dimethyl-pentane, 3,3-Dimethyl-pentans.
: 198 - 101 - n-Heptane. ;

101 - 111 Toluene ;

= B
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‘Tal prepared by the hydrogenation of coal, wae obtained in vield of 77 %
It consisted of 26% acidic, ‘4% basic and unsaturated, and 67%

ast-free. coal.

" neutral substances.

,contained inithe crude light oil fraction.

_‘The crude heavy oil, used for making. paste w1t
’,280 C, was composed “of 28% paraffins and 36% aromdtics.

The neutral part of the tar was composed of 31% paraffins,
15% naphthenes and 54% aromatic compounds.

T@e acidic compounds were mostly

coal, -which boiled from 220 to

The aviation gasoline. derived from the hydrogenated neutral lignt oii, shoned
annoctane value of 90 with 0.1% lead.

. Table I(B)15
COMPOSITION OF OILS

_ Aromatics

ﬁgphthenes

Paraffins

| Lizht

Neutral 01l

43

S

Neutral 0il

0

Heavy

Table 11 B)15

I COMPOSITION AND OCTANE NUMBER OF THE GASOLINES

I Componént v ? Yetane Value

: 3 . Aromatics Naphthenes faré?fins Clear 0.1% Lead
[|lleutral 0il - 24 39 31 69 82
{Distillation L

gggigiinggid 14 38 4,8 73.8. 90.5
; -
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Table IIL(B)15

DISTILLATION OF CRUDETAR AND NEUTRAL OIL

~x.3au~1).7

‘Eng.].ei*;? Distillation

Crude Tar (A):Z

Neutr&l 0%l (B)

. - 105°C

0.1 Vol.%

1‘35 —_115

0.2

0.2

115 — 125 _

0.4 Vol.%
0.6 '

0.2

Ooh

125 = 135

0.7

. 0.‘5

0.2

135 —L1L5

0.7

" 0.1

145 =155

0.8
1.1 i

1.0

0.1

155 ~ 165

L.k

1.5

-0.1

185 ~ 175

2.3 Q.

2.0 .

0.3

175 ~ 185

3.5

2.7

0.8

1&;:5 —~ 195

5.0

3.5

1.5v

195 ~ 205

7.6

4.9

2.7'

205 = 215

11.0

7.3

3.7

215 ~ 225

-14.0

8.10-

50[0

25 - 235

16.2

11.7

3.5

235 ~ 245

* 1905

13.8

5.7

245 = 255

" 22.8

17.5

5.3

- 255 e 265

27.8

22.3

5.5

265 s 275

32.3

2.5

P

275 ~ 285

37.2

28.5

8.3

285 o 295

32,0

2"5 ~300

35.0
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Table VI(B)15
PHENOLIC CONTENT OF CRUDE T&R FRACTIONS

Fraction

Yield.
(Vol.%)

i1 Phenolic Content.

(Vol. %)

- ...7500
75-85
85-95
95-105

105-115

115-125

125=135
135=145

145-155 |

155-165

165-175 .

175-185

185-195

195-205

.205-215

215-225

225-235,

235-2L5

245-255

255=265

265-275

n
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.
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- Table VIZ(B)15 .
COMPARISON OF CHARGE AND HYDROGENATED PRODUCT

Boiling:
Point (OC)

Neutral

ol.%) 0il (%)

60
70
- 80
90 -
100 -

1120 |
- 130
140
150
160
170

180 -
190
200
210
220
230
= 2,0
250
260

110

Gas 011 CV

*® & & 8 »
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97.0

‘Hydrogenated
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s ‘Table VIII(B)L5
OCTANE NUMBER OF HYDROGENATED AVIATION GASOLINE CUTS

;:Fraction (oc) ‘ Octane Number

Clear |  With 0.1% Lead

Lo I 1.p.- 60 78.2 ; 101.3
1 1 60~ 70 72 .4 g - 92.1
- 1 70- 80 73.9 .. 91.4
L 1 8o0- 90 73.1 - 89.6
i . ; 906-100 _69.2 - 86.3
A 4 100-110 72.1 : 87.7
I 110-120 - 68.8 i 85.4

120-130 £3.5 ; 8l.5"

A D 30% | |
L E ) . , ‘b(ﬁa ) . ) } . Wi

L 50% : é
3 i 0% B
B f 70% - 110
} = 3 . - 8()0/0 . .llb-.

oo : 90% " . 1135.0
- - Dry pt. - 1775

E; o é o - . Components (Vol.%)

“ i

I C gsaturates
b tAromatics Pl
Nephthenes . i3
‘fParaffines P

c1ear{ b

E Octéne Nuamber :
S C.1% Leaded 91

. - 146
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' I. DETALED DESCRIPTION

ENCLOSTRE '(B) 36

I

STMMARY

These experiments were made in & specially designed auto- =
clave to study in more detail the chemical changes occuring

' during the hydrogsnation of coel, On the basis of experi-

1 mental results, conclusions are drawn as ©o the reaction -

" mechanism, . : '

A, Apparatus

The:;autoclave used for thess experimeénts was: an electricelly-heated
rotating type made of V 2 A-steel, with a capacity of 2.4 liters. Twmo
thermocouples were used, oue Of which served to measure the inner tenp-
erature of the @utoclave, and the other te measure the wall temperature
of ‘the autoclave as shown in Figure 1{B)ls.

Both temperatures were measured on a: recording pyrometer. Twenty steel
balls, with a diasmeter of 20mm, were put in the autoclave to agitete the
contents, The autoclave was rotated within en electric heater at ths
rata of 42 RPM. L

0

_B. Sample

Fushun Oyama coal, with the propertias given below and in Table III{B)15
was.used for these experiments. After crushing to below 60 mesh, it was
stored in a constant humidifier (using CaClp solution, 1.30 sp. gr.).
150; grams of coal were used in each eixperiment 2nd S% (by wt) of ZnClgs

catalyst was added. The hydrogen w&r prepered by slectrolysis.

Proximate Analysis.gof Coal {(wt %)
"' watel‘ .-“l.-ccbuoooo-o. 5;5 “ : Ash ‘O.o"ou-o‘-.looooo 7.0
" 'Volatile Matter...... 41.1 . Calorific velue

: . (c8l/8) eeveveves. 7,200
Fixad Carbon sesesses 46.4 . . ‘ :

oy Test. Frocedure

After the sample and steel balls were put in the autoclave, eir waes dis-
.placed and hydrogen was &dded to the:.desired pressure. The temperatures
‘were recorded every minute by-the pyrometer and ths pressure mes measured
every five minutes. The heating rate of the autoclave was controlled to
2.759C/min. * When the inner temperatire reached ths desired level, :
heating was. stopped and the upper half of the electric heater was re-
moved.  The ratation of the sutoclave; was continued until the outer ’

- temperature had dropped to 1009C, Accordingly, the outer temperature

showed & smooth curve, but the inner temperature showed the change due
to 1reaction heat. After cooling, the gas was released and the reaction
products: were taken out. The small emount of products remaining in the.
aytoclave were weshed:out with benzere. The greater part of the liquid
and;:s01id. products was topped at 180CC and the weter 8nd oil distilled
ove: were measured. After cooling the distilletion residue was separated
into: two pertions; benzene soluble ard inscoluble. The benzene soluble
por:ion, after distilling off benzene, was fractionated in an Engler.
flask, The portion insoluble in benzere was vacuum dried for several
hours, until benzene was removed completely, and was weighed. The gas
was:;:analyzed by Hempel'’s method. .
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- D.  Experimental results

-

E&ch;e#périmSnt

was carried out using the same starting conditions and

the sgne heating rate, but different maiimum inner temperatures of 1009C,
2009C;;73009¢, 3259C, 350°C, 3600C, 3800C. 4250C and 4509C. The '
experimental results are given in Table.I(B)16 and Table II(B}16 and a
typicalitempérature-pressure curve {s shown by Figure 2{B3)}16. .

Analysis. of the solid matter remaining,in the autoclave for experiments
below 300°C are shown. in Table III(B)16. D :

ResulﬂS:pf analyses of the o0il produced: are given in Table IV(B)1l6.

A"plotﬁshowing»proﬁuqtion;of'gas.constiﬁuspts,is given by Figure 3(B}l6.

Gnﬁzn,g‘ showed the greatest change, fiﬁsﬁ appearing at 390°C and incres-
‘'sing rapi

£1aly: The

waste gas at 4500C immer temperature was passed

s throngﬁ;actiye charcoal and the gaseous;hydrocarbons: absorbed were
t fractipnated in a Podbielniak apparatus. The results are given below

Q?L"'.f"°"'

Géﬁ"f";i;:'f
The date in Tables

i © Analysis: of Light Hydrocaﬂbons-(vol %)
oo {4500 Reaction Temperqture)

ev o e s e 2 a0 0 o.cfou-o-o-oo..ocon 58.9
Cereeesdestatetaitaeietareeseranaae. 18,0

s?-.'....-..-.c'-v-...‘?.o-;:t--i_..-..---..’- 15.1

C.'l‘;'»-.‘.'.'.,...'...‘.;..’»,,'....-.......cj..;.......;....... 8.0
ki : .

ITI(B)16 and IV(B)l6 were plottea in Figure 4(B)1é.

AS;shoﬁn;by=Eigure”h(B)16;if,the main cchponent of thg sample coal is
CpHpOx;: the:substance having a composition of C=73.2, H=5.7, 0=12.0 is
cﬁanggdiby>the hydrogenation and heat decomposition into unsaturated

' hydrocarbons having: a composition CpHom.x. Until about 3400C, the H/C
' in Figure: 4(B)16 shows little change from the original coal, but betwsen

340 and 390°C, the

As shqﬁn on Figure
slowly until 3400C,
slowed’ down again, -

oil formation reactigps began and continued to 45008,

4(B)16 deoxygenationfétarted at about 1200C, »rocezded
become very rapid between 340 and 400°C, and tnen
Figure 3(B)16 indicates that below 340°C the. deoxy-

genation occurred by the eliminatioh of COp. It is presumed tha! the. Clp

was grﬁﬁuded’whengc
vege

00H groups in the resinous matter, and the uncharged

atile matter in: the coal were decomposed by heat. The formubiou oOf

CO above. 340°C- indicated that deoxygenution next occured due to break

down: :of:: ketones, al

dehydes and cyelie bindings, and the molecular weiszht

- decreased rapldly due to collapse of the iizher molecules. Further, the

‘existence of the mo
that -the deoxygzgenat
- perature. It can, b
in the:product, ‘tha
CH, and; slow incres
dedompesition.of th
- GO0z to methane.. -

re -stable oxygen bonds was indicated from the fact
ion did rot progress so rapidly at the higher tem-
e presumed, from the sxistence of the phenolic oil
t the OH'radical is most stable. The Fformstion of
se of CO and COp at higher temperaturs indicated the
e  cycelic compounds, -and the hydrogenation of CQ and
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IT. CCNCLUSIONS

I From the preceding, it is: concluded thset the decomposition of
« . COOH groups starts at abomt 1209C, .us indicsted by formation -of

b 302. On the basis of water -forpetion and the -temperabure -gradients,
it71s kmown that the hydrogenation began at about 250°C. At this
temperature, the coal powder began sticking to the wall of the
autoclave, and indicating forma.ion of a boundary oil film.
deoxygenation become vigorous, a great deal of watcr was formsd, and
CO began to appear from 340-350°C due to the decompositiem of ketones

aldehydes and cyclie bound oxyigen compounds. ;
At }90°C the H/C-ratio changed from that of coal to that of oil.

From the fact that the molecular weight desressed rapidly from:
above 2000 to about 500 £t 390+400°C. it is concluded that the
molecules collapsed due to deoxyzenation of the polyecyolic ceme
pounds. It is presumed that tue sudden rise or temperature from

. about 375 to 3900C was the resnlt of the violent evolution of heat
due- to the deoxygenation. Another rise from about 390 to 43090 was .
probably due to the heat of resction from the cracking of hydro-
aromatic hydrocarbons. v '

Table I(B)15
4L, RESULTS

sax, o () Fressuro (ata) o produst )
Toner | ‘Outer | Initdal | Pinal | Decrease | Appeararee | P N |

| ‘ | [wster content | Solid atter. | Solubls ‘- Bercame
190 120 100 100 Original form IR T
200 28 100 00 Original form b6 B9 -
300 Y30 100 99 1 Ordginal, form 8.0 ~ 9.0 =
= = o | % 5_ | Piton 2tk ~sa | w5 | 1]
3% | 3% 100 88 12 | Piteh Lil 1 ows | s | 3
360 ) 100 79.5 20.5 | ‘Pitch like S | e 1 e
380 a2 100 | 7202 27.8 | Low fluidity S5z | 199 | s
425 Laso | 100 70 30 | mghrmscity | 26 | a3 | s}
40 | a0 100 e 32 | Vory high flulatty| 123 w3 | w3
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TABLE II(B)16
L ANALYSIS OF GAS (VCL %)
| ax.. Inner:
| Temp. '(°c)_§; Gas Analysis
’ €0y " CnHpp O | H Cnfiane2 n
1 100 0.2’ 0 o | 99.6 0 0
4 200 0,2 0 0 997 0 0
| 300 | o.3 0 0.2 99.5 0 0
| 35 1 |, 03 0.3 0.3 9.0 0 0
350 0.3 Ouk 0.3 97.0 | 2.0 1.0
o0 0.4 0.6 0.4 95.9 . 2.3 1.3
1 30 | 05 0.6 0.5 9.6 3.2 1.3
5 425 0.5 0.7 - 0.6 91.3 5.9 1.3
450 - 0.7 0.7 0.6 90,2 6.2 L7
Table: III(B)ls
ULTIMATE ANALYSIS OF SOLID RESIDUE: (8)
1 .. Inner 'Iemp( c) c H N S 0 RS
| Original Coal 732 5.7 1.2 0.5 12,0 0,933 |
| 1000¢. 73.2 5.8 L2 0.5 1.9 0,950
2009¢ 73.1 5.8. 1.2 0.5 1.7 0.951
300%" 73.2 5.9 1.2 0.5 1.6 0.967
Table IV(B)1Si
ANALYSTS OF TOTAL OLL. PRODUCED
- [uax; Taner 5 Ultimate Analysis. (wt %) Calorific - Sp.. grs Molecular Veight
. ’Ibmp (°c) ; . Value (20/1 °g)! . Using
i i ] (C&l/w) i
o : i Diphsnyl | Benzane
¢l H 0 N s /e
" 1350 a1l | 85 63 | .09 0.2. PSS 9178 1.1088 522 163
1360 8s5.8: 8.6 k.6 0.9 0.1 1i20 9253 1.0952 K67 | 38
380 86.7; 8.7 3.7 0.8 0.1 1i20 9612 1.0534 3L 2,
425 87,51 8.9 2.8 0.7 0.1 122 9636 1,0136 252 22
1. Uso: ar.8! 6.9 2.6 0.6 0.1 1i22 9643 0.9770 223 13
154
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SUMMARY

. Three to three and one-half tons%per day of OYAMA!céal and

¢ NAEBUCHI coal were treated in the semi-commercial hydroge-

! n?t}on pilot plent, and the results were as shown in Table -
-~ I(B)17. ‘ = .

i In previous. experiments, the hydrogenation of brown coal had been studled in -
. an. autoclave and in a small continous pilot plant with a charge capacity of
5 kg of paste per hour.

?‘To obtain data for design and operation of industrial plants, the present
. experimerits in a semi-commercial scale unit were undertaken at TOKUYaMA during
! the perind from August 1938 to October 1939.

. II. DETAILED DESCRIPTION

{ A process Tlow sneet of the ssmi-caunorcial coal.- nyarogenation unit used lIn
. these experiments 1s given in Plate I(B)l”. Photograph3 of this uait are also.
j enclosed.

§'Coal wasi.erushed to 20-60 mesh, washed with 3% ZnCl, solution, and ground to
150 meshiin a tube mill. The powder was then made %n

© mill, by:mixing with heavy recycle -0il (in the ratio 2:3) from the bottom of
. the hlgh-temperature separator tower,

te a paste, in the tube

éﬁThe paste was. heated to 130°C in a heat-ezchanger, to 250°C with hydrogen in
- the. pre-heater, and then brought to the final reaction temperature by- 1nternal
. elecstric: heaters in the reactien tower.

', The reacuion rixture was agitated with remirculated hydrogen. The reaction
' products: were separated in the high-tempsrature separator into ligat oil and
' gas fromi:top, and heavy oil from the bottcm. The latter was separated from
i solia substances by centrifuge, and was racycled to the pmste mili.

% Coal and: paste used in these experiments kad the analysis ahown in Table

II(B)17. The reactlon. product from the top of the high-temperaturs separasor

?‘was composed of gas, tar, and water, and the bottom was a mixture of tar and
. solid matter, the latter consisting of unchanged coal and ash. Experimenial
- results are summarized in Table III(B)17.

L oIII. CON(LUSIONS

F OYAMA coal from the South Manchuria Railway Co., and NAEBUCHI coal, from the
! SAKHALIN: Artificial 0i1 Co., were hydrogenated at 410°C umnder 200 sg/cm of

hydrogen' in the presence of a ZnClp cata]yst

Five. daya of continuous smooth operation were made on OYAaMA cosal, and one day

; on NAEBUUHI and fairly good yields of oil were obtailned, as ;ollows

. OYAMA (wt.%) NAEBUCHI (wt jg
‘Liquid yield from coal- - 7749 7

7.0
. Hydrogen consumed for coal * 7.9% : 7.4
Yield of light oil (below 180°C) . 3.0 4.0
“Y¥ield of middle oil (180-2800C) - L0.0 40.0
'Yield of heavy oil (above 280°C) - 53,0 52.0
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: Dirficultieu wore. aacountared during operation in uaiform nixing of pusto
with hydrogen in t&e resation tower, and centrifugal separantioa of ths solid
residue rrou the liquid. product of the bottum tar.,

Tabls I(B)L?

RESULE& oF SEMI-COEMERGI@L HYDROGENATION

OF -
OYAMA AND NAEBUCHI
: OYAHA EAEBUCEL
j} L Liquefied (wt %) 779 77.0
L ;f' “consumed / pure coal{wt.%) 7497 7.4
o yieid (kg/day) 20l 226
3 Table II(B)17
X - ARALYSIS OF GOAL: AND. PASTE
: i "A” ﬂB‘-
Coal OYAUA HAEBUCH]
Compesition (wt. %) Water 5.5 6.1
i i S - Ash - 7.0 11.5
B ke Fixed Carbon I 38.1
: T Volatile Matter 41.1 bh.3
éCilqiificﬁ?hluﬁitﬁal) 7200 6814
Elementar snalysis c 73.7 77.19
)] H 5. 6.2l
i 0 (by dirf.) 12,0 14.85
8 0.5 0.37
N 1.2 1.38
- : , H/€ ratic 0.92 0.98
EPaste‘Gmﬁbbaition Carbon 39.2 42,7
S (weB) Ash 2.1 2.5
| 011 51.9 52.3
i il Water 6.8 2-5
011 Used In Paste | Below 280°C 16,0
I {wt: %) 280 - 320 18.5
(Distillatfbn,Test)- Above 320 63.9
1. . Water 0.7
Presh Hydrngen
i {vol. %] 002 0.0 0.1
0.4 1.4
93.7 91.8.
- amm, b | o
it 2n4¢ . .
' nH 2 1.0 1.0

i
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Table 111(3)17
EXPERIMEhTAf'RESULTS

"Aﬂ ﬂBn

Conditions . Length of Run (ha.) 120 28
v | Average Reaction Tesmg. 415%¢ Ligec
Average Pressure (Kg,cm?) 200 . 200
Fresh Hp (m3/nr) 185 162
Circulated Hp (mﬂ/hr) 1000 1000
Paste (kg/hr) : 282 A4 265
Total Paste (kg) i 33,840 7,461
Temp. of High-Temp.: Separator o
: Top 365°C 336°¢
i Bottom § ' 375°¢ 341
Yields of Product from Top (kg), 15,825 '
Prodtets . Tar 15,825 2,960
e Water 3,884 490
‘ g Product from Bottom - (kg) i}
o © Tar | 16,753 - 3,800
g Water ) J 67 23
Solid Residue : 1,908 380
Gas Anslysis €0, : N 0.5 0.4
(voi.%) co : 1.3 . 2.6
. E ; 81.0 79.1 .
C 2n7 o 1.2 l.O
- CpH2p42 P 10.2 10.8
n g 8 1l.2 1.6
Properties of
Light 0il | Density a3f 0.937 0.924
- ‘ Distillation Tests
. I.B.P. 830¢ 78°¢
‘ ~ below 180°C (wt %) . 6.6 9.6
' 180 - 280 ‘ 50.0 4L8.3
L 280 - 320 19.9 18.6
. above 320 2L.5 21.9
o Water - 1.0 1.3
Properties of.| Water C.4 0.6 |
Heavy ‘04l Solid 9.G 10,0 !
i Distillation Tests |
below 220°C (wt %) 0.7 2.0
220 - 280 5.2 6.4
280 - 320 10.1 13.6
above 320 74.3 67.1

o 61
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COAL WASHER

Figure.2(B)17
TUBE WILL FOR PREPARING PASTE
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Figure 3(B)17
CONTROLLING PLATFORM
INCLUDING HIGH-PRESSURE

CHARGING PUMP

Figure 4(B)17
REACTION CHAMBER OF
COAL HYDROGENATION:







RESTRICTED ‘ Ak ENCLOSURE (B) 7 \ - : X-38(N)-7

, — « | FG. 1. |
t ‘ PLATE e : ‘ e e e S Pl T T T T T T T T L T T A p e e I SRR
! FLOW GHART OF SEMI COMMERGIAL GOAL - S . :

T e e HYDRO - GENGTION PILOT PLANT T , _

{THE Ist, NAVAL FUEL DEPOT) : . -

Recyele oil : = - - ) : . n sidual gl cycle oll

CYCLE STORAGE

HiGH TEMPERATURE

TESSURE S e ——| — Betdi ge

FLOW CHART OF SEMI~
COMMERCIAL COAL HYDRO-
GENATION PILOT PLANT

\TOR 0O |E;
STEAM HEAT - / A 200 Y Jem? — . ti%"f;/if--‘ 10w PRESSURE & l
= SEACTION CHABER, CONDENSER Fom—m : Jo Resipye_. | OlL STORAGE. :
PRESSURE ) Gi e F00Rpn . . ] Fress. 30 /]
PASTE PUM Seee” (e ‘ ) 1
Press. 200 rymt 485 Ty~ kS o T HEAT coit. ¢| HIGHPRESSURE |
" P o| lnuideda, 20 [0 _SEPARATOR X
j @ Oulside 4 ! : Frexsure 200K340" H )
AL GE USHER e %&E h o% | ) , Tewp. 50°C . i
! ) > i ’ﬁ‘m - ! O SToRE| g :
~ .o N ZONE g . .
§ = [ mmore | ! ’ b
1,0 E Height des | [3X4 1 < p— I T Mi ' :
1 i:: 2 [ ) T v 3 P | RESIDUAL OIL ) !
X 1 - | SYORMNGE
st readne I‘i‘] el SOORNGE L Thelst Naval Fuel Depot
N 1 - (+]1§ ct and Gas Py : ] f 3 5
! - . ' NTRIFUGE . Staminld,  Stean oud-let.
U S L) | ’ i Prepared
- > : iepared for L
S chni
e fow Prosuer | 1 U '\lavalT_e_ a
o sToRanE io" Japan:
- " L o B . el = " it B .
. B . . e B : e u S . ) : . ) ‘ ‘ : : Date | Drawn by
. e . ) - ! “ ’ ’ ; - R ' ) S ' I S R - R : e " |8 oee | o
7 - o ) . : S - : : . o ‘ 1945 K Sone
4 - . : z ) : SR, - o
" W - = i — - B - o "
! ' o PN - _ . LTI Ll oy . = - — U = . z — k




- ENCrOSURE By

B

OX3R(N)T

PLATE II(®)I7
= CROSS SECTION OF REACTION CHAMBER GOF 07 = :
) ; _ TYPE EXPERIMENTAL APPARATUS 0
. (TOKUYAMA NAVAL FUEL DEPOT)
- - 5000 : ] d
r 400 —— ] o : . ‘ === 400
4500 o
f—'—"-
( : 1 . .
\ )
G ! ;
e ) JT
2 : : 4200 —--—
B - |V S i} . S R e S . -
o -
g 13% 3 $5 veut
&= = I g & I NF
& /500 306 . . I [ :
y ‘» \‘
4 100(Piteh=50—— 5
- )  zhed” Stpinless Steel Pipe )
L . T tas - R T = e - 1:!“ e
, ——3900
, 2a% 30 Steel Pipe
= = \:L‘ " ) ' 4 . y
W i ) ]
, = . a R .
,,,,, 4 . ‘ I - 4 ) . ' \ .
| TOKUYANMA NAVAL FUFL DEPOT & "
‘ MEMW ] \ ' It
~;, : ‘ : .
W ' . ) 'v ‘
I




'RESTRICTED

ENCLOSURE (B) 18

STUDIES ON  CATALYSTS

'FOR COAL HYDROGENATION

CHEM. LIBUT. COMIR. K. MITSUIL:
CHEM. ENGINEER B. OKADA

Research Periodi 1937 - 1939

Prepared for and Reviewed with Authors by
the U. S. Naval Techiic¢al Mission to Japan °

Decemli)er 1945:

lesi

X.38(N)-7



X-38(N)-7 RESTRICYED

ENCLOSTRE ()28

e ’ LIST OF TABLES
o " AND ILLUSTRATIONS

B Tah'le I(B)l{t G&t&lyats f!‘.ﬂ' coal mog@n&tion' ."nouon--oocnoon..-- Pa‘;e 170

i 2
: "
|

= 3

{ =
i
o = :
= ti '3
I I g
I i
i |
i i
I i
" i}
i B (
iy :
i
: : .
i :
; I :
i ! H 5
| . :
i : B
} 166
A o i
it i . o
i i -
i o =
Bt




i a su

'RESTRICTED o : . ‘ T X-38(N)-T

EWC'LOSURE; (B)18

SUMMARY

The catalyst used in the Bergius process, as applied to
the hydrogenation of Japanese brown coals, was investi-
gated and a mixed catalyst of the composition Fez03 : S :
Sn(OH) (100 17 : 1) was found to be the most sultable
for the purpose.

I. IN“RODUCTION

1 The catulyst employed in- the Bergius process a% the Naval: Fuel Depot was
. 2ZnCl,.H,0, but owing to difficulties in supply, this investigation for finding
?tahle catalyst composed of cheaper substitute materials was undertaken,
i This project was started in 19LO and completed in 1943.

II. DWTAILED DESCRIPTION

A.%i

Materials Used

ﬁi 1. Coal Brown coal from the’ Agochi distrlct ‘Korea, wias ground to

powdeT of 60 mesh, and showed the following oomposition

 WaBOTi.e.ieeieenneeenss 15.5% Cavernrerneennennnener. 68.23%
ASHutseeeienennnnnnnnss 8.2%-{ Heuveronnooenensonannns To35%
Vale ceneenennnneneneens 4366 Seeerriarennisencnneees 0.73%
FeCuovvernoesasoennnsees 32.7% f " Nuseosasonssessesneenns 1,568

| X T A
2, Tar The tar, used to make the paste, was that fraotipn o de-

phenolated low temperature tar boiling from 270° to 320°. The dephe-
nolated tar was prepared by washing with 10% caustic soda solution.

d'BBOQI.O....‘..Q:O.ICPCOI.:‘i.‘..‘....ll--.l-.“.'..‘.l0-70-0011l037
-Benzeﬁe-Insol}...........Q.;.............;;”....

Composition

S T R N NN - N4

Hevoosonirssaossassosasssiionesssossvessisesannsanasranes 8.55%
P B R cieses. 0.85%
T L T T T O N 0 4
N SR o T -

D;étiilation'éesh

 I.B.P.(90°)

90-270% 1+ e tet ettt et eaaanans b3
270"300 ...D.IOOQQ".."s’::“’.‘-'.'.l.-‘."‘..‘;o.'o‘s.o.-. ll-l%
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300-350% ¢ e seeenneceeeieteenieeeieeaaseiraeaaneoneaans 31.0F

.350-.....;.-.‘.....-...-....-..ff....-.......---.-.....-m. 52-2%

} 3. . Hydrogen Hydrogen, of 95% purﬂty was obtained by electrolysils
' of ‘water, ' N

”44' Catalyst The following cataly;ts were: tested.
; " a  zn€1,.3Hz0, :
L & é;;:b; Mo?3, NayMo04, MoO3 wit& C, Hp{Mo03(C204) (Hp0) HpO,
Lo " e. 8n(Cy0,),.3H0, Sn(C,0,),-3H20, Sn(CaHp02)2.2H20,
| a. Sn(C,Hp0p) 4+ 2Hp0, SnClp.2H20, SnCl,, Sn(0H)2, Sn(O0H),».
8. Sn(Cl7H35002)1,, v |
£. NayMo0,/SnCl, (4 : 1), Moo3/3nc12(4 : 1)
g. Pey03, Fe(C20,)5.2020, Fep(C20,)3.2H 0,
h. Fey(C20,)3.2H0/NH,C1{10 ; 1), Fe(0204)2.2HZO/NHLCl(lO 1},
i. Fe(S0,), TFe,y(S0,);, FeS, j
Jo.  Feg0y/S(4 : 1), Fey04/S(10 : 1), Fey05/Sn(0H)5(100 = 1], -
k. Fe Stearate Soap/Sn(0H) 2 !100 ;‘l), Fe203/S/Sn(OEDZ(100:
- 17:1), . f
1. Z(C50,)5.30,0, Zn(CyH304)2.3H;0, Z0(CaHs03) 5. IE,0/NH,CL
- (10:1), - ; "
f;].m. Pb(CzH;0,) ,.3H 0, Db(02H302)2.3H20/NHZ01(10 : 1).
3“  The catalysts were prepared from thé metallic chloride or nitrate b g

-precipitation and mixing of the comoonents. They were dried at 110-C
and powdered.

77 B. '_pg ratus

Ef A cast:lron cylindrical autoclave of 2, L:litres capacity was used. It was
. |~ equipped with a thermometer and manometer, and was hested externally by
electric resistance, and mounted to rotate horizontally.

c. Procedures

A pasterwas made by mixing oill and coal in the welght ratlio of 1 : 1.

o In each experiment IEOgms of the paste and 4.5gms of tho cataly.t to be
tested ‘were put into the autoclave, and nydrogen was introduced from a
.cyllnder to produce 100 atmospheres of pressure at 0°C. The autoclave

. was hegted at a rate of 2°C/min, to the required temperature and kept at
this tempelature for one bour. The changes in pressure during the reac-
tion.wére observed at intervals of five minutes. When the reaction was
finished, the volume and the density of ‘the gas in the apparatus were mea=-
sured end the chemical compositions of" the gas, llquio and, solid reaction

i68
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pro&ucts-were determined by the usuaﬁ mephodé.

__gerimental Results

Experimental results are summarized 1n Table I(B)18. The data are pre-
sented ‘only for the most promising of the catalysts.

- IIT. CONGLUSIONS

. The simpLe catalysts which gave the best results were, ZnCiZZHZO, Mo0 3,
s Sn(OH)Z, and Sn(OH) 5. ,

;. The mixed catalyst w?ich may be recommendad in any respect was Fep03 : S :

. sn(0H)2(100 : ; This catalyst was suitable for commercial uSage and

- was bettar than Zn012.2H20, previously usad commercially due to a higher yield
of tar aand no. corrosion difficulties. The cost of this mixed catalyst is :
slightly higher than ZnCl2.2H20 due to tin content. It was prepared by mixing
commercial grade ferric oxide (prepared by precipitation of Fe(OH)3 and subse-
quent calcining), commercial grade sulphui and Sn{OH); in the weight ratio of
100 : 17 : 1. The Sn{OH)2 was prepared by precipitation from a. 1 N solution’
of SnCl, with 10% NaOH, and drying in an aven at 110°C. This catalyst was used
at the ®ishun S.M.R. coal hydrogenation plant on the basis of these experimeats
and satisfactcry results were obtained.

i

v
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PARY I
AGCTIVATION or COBATLT

CATALYST BY EYDROGENATION
S by -
ENG. LT. CMDR. ‘A. NAKAI

Research Period:é 1940-1941

EﬂE&MBI

L Experiments were made to detexmine the best conditions for
. activation of the Standard Fischer-Tropsch-cobalt catalyst ’
-i;;employed for synthesls of 011 fxom water gas.

.. The results ‘disclosed that activation by hydrogen g£as was
i "excellent for Co-Mg0O-ThO,-Kieselguhr catalyst (100:8:3:200
by weight), under conditIons of 375-380°C, over 2500 gas.

! .space velocity and 1 1/2-2 hours; reaction time. It was

.. shown, for this case that about '50% of the cobalt in the
reduced catayst was in metallic state, and the catalytic
J‘activity was alsc strongest in this instance.»

'E,It was also founa that when the above catalyst was used for

“the synthesis of 0il at normal pressure and 175-3%0°C,. a
&S contraction of 85% and a yteld of over léCec: of 011
{ep. &r. about 0.75) for each cubic meter of pure water gas
(E2.00 =.2:1 in volume ratio), wure obtained.

I. INTRODUCTION ' ' i

i F. Fischer & H. Koch* reported that in the case of a Co-ThO —Kieselguhr {(100:
i 18:150) catalyst, reduction with hydrogen gas occurs only siightly at' 300°C,
¢ and the most suitable temperature is 350°C with & reaction time of 4-5 hours.
i No research data had been repoirted on the; activation of the Co-Mg0-ThO2-Kie-
. .gelgubr ‘catalyst in which magnesia replaced part of the rare thoria. In these
i experiments the effects of the reduction period and hydrogen gas. velocity, in
the temperature range of 375-380°C, on acaivatlon of the latter catalyst were
studied.; .

' II. DETAILED DESCRIPTION

‘A.?ﬁ Testgjpparatus and Procedure

Figure 1(B)19 shows the test apparatus used. The contact oven, which

wasg the chief part of this apparatus. consisted of an aluminium block (9an
in ‘dlameter and 500mm in length) elevtrically heated, and through it,.
reaction tubes were placed in parallul

......_._;_.-..__._.._._._.__._._...._......‘__.......__.‘.._______._.........,

'% * Brennstoff=Chemie 13, 67 (1932)

, 173 : -




X3 S RESTRICTED.

Q

ENCLOSURE (Bj1g:

Pure water ges, free from sulphur compouhds,fwas made by blending electro-
lytie hydrogen with carbon monixide produced from formic acid and concen=-
¢ trated sulphuric acid. . - . e :

i~ To make' the cobalt catalyst, 61.7 gm of Co(NO3),°6H30,12.7 gm of lig(NO Joe
ik 6H§0 and 0.78 gm of‘Th(HO3) *4H>0 wsre diBsolvea i 250cc of distilleds -
i water, and mixed by stirrlné with 350cc ¢f a solution containing 33.6 gn
- of NayC03-25 gm of Kieselguhr were next added, and the solution was fil-
: .. tered. :The precipitate was washed with 1500cec.of distilled water, dried
1 and madé into tablets l1-3mm in diesmeter. ' This catalysti had the approxi-:
. mate composition of Co-MgO-ThO,-Kieselguhr  100:8:3:200 {by weight), the
metals leing mainly carbonates. o : :

3

- “About 4Oco of catalyst (corresponding to 4 gm of cobalt as metal) were
intreduced into the glass tube. After reduction with hydrogen, water gas
was passed through at a velocity of 4 1lit/hr (corresponding to -a &£as space

.~ veloeity of 100) and a temperature of 375-380°C. _ %

B. Experimental Results ;

l,. The 1hfluence of reauction conditions, (varying hydrogen gas
velocity and reduction time, but using a constant total volume of
hyﬂrogen) on catalytic activity is shown in Table I(B)19.

E&éﬁfthe data it is noted that the cﬁtalyst which was reduceé in
- thei shortest time, showed the'strongsst activity.

2.%;‘The influence of reduction timéion the catalytic activity,

when the space velocity was held constant at 3750, is shown in
Tap;e.II(B 19. . ;

vFrEﬁ these data it is noted that*theioptimum reduction period for
. 3750 8V is 1 1/2-2 hours. y

BG?:'The inflnence of hydrogen gas vélocity on the catalytic ac- .
tivity is showa in Table II1(B)19. n this experiment, the reduc-
tion time was held constant at 1 1/2 hours. :

i rf&ﬁ;these data, it ié indicated thaﬁ the optimum hydrogen gas space
: - velocity was 3750-2500 for a reduction period of 1 1/2 hours,

4. It was clear that the catalyst yprepared. by precipitation
achieved its activity for oil synthesis only after suitable treatment
witi hydrogen. To determine the o timum-degres of rsduction the
folllowing apperatus was devised. (See Figure 2(B)19).

Bot;ie WBF and the glass tube to‘3-wéy cock ™3™ were filled with ;

,watgf from "F"., "A" was an Erlemmeycr flask (about 100ce¢}, in which

L aboit 2 grams of reduced catelyst hadi been placed, aveiding e:tposure
(i to ailr, J

Lo

édgen‘gas was introduced at cock ﬁbf and air displaced fron flask
s The nitrogen- gas pressure in thpgappargtus was brought tio at-

.“moéﬁﬁeric pressure. . , B

iite sulphuric acid (1:1) was dripped into "A" from.the burette
B%%:3 Hydrggen gas was evolved from the metallic cobalt and cargog
dioxide gas from the carbonate mixtures. Both gases flowed to "B
through "e" and the water in "B" was drawn off to "C" through cock
"g"”,. ' To complate the reactions, the flask was heated gently, and

N 21 It i . 1

fi
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_;then cooled to room.temperature. The 'pressure in the gpparatus was
“hrought to atmospherio and the volume of water which flowed into"C"
jwas measured. °

Next, gases in "A"™ ayere- displaced'lnto "B" by adding waterr from "D%,
-the gases in "B" were analyzed, and the amounts of CC2 and Ho gen~
~erated from 1 gram of reduced catalyst were calculated. RIxperimen-
tal results for the catalysts uescribed in Table II(B)19 are given

“in Table Iv(B)19. -

f

b ' ;In ‘the case of the most effectivexcatalvst 1 1/2 hours roduction
: ~bime, 1 gram contained 0.3234 grams of cobalt by actual analysis. =
" {Therefore, the maximum hydrogen evolution from 1 gram of catalyst :
zwas, : ,

N , 22,400 x 2 29A,_ 123 (cc)

fBut the actual h;d;ogen gas evolution was only 58 7 cc. Thersfore,
the reductlon degree was, : v

L %%;1 X 100 —-48 0 (%)

;;It 13 apparent that tae erfectiva state of the cobalt catalyst did
-not contain only highly reduced oobalt metal but lower oxides of
) oobalt were also present.

Table I(B)19
INFLUENGE OF REDUCTIQN- CONDITION ON CATALYTIC ACTIVITY

'Temp.:oﬁ'SynthGSIS (o¢)

Réduction

¥gyV  Space Vol.
R.T. Reduct Time

~ |remp. br syntnesis(oc) | 176 | 185 | 190 | 195 | 200 |Conditionms*
. |{Time oﬁfSynthesis(hr) 8% | 62 | 6 | 8 | 9

~ |cas Purity (%) | 9. | 96.0 | 98.4 | 97.8 |98.2

= |ces Compositlon(Hg c0) | 2.03 | 2.09 | 2.02 | 1.97 | 1.97

I Averag@\Yield (1) 114.9 | 164.5 | 149.3 118.6 | 83.0 |V 1520,

! L : B N : , | R.T.{1 1T
.ot Synﬁhesis 0i1 (2) 103.5 | 160.2 | 155.6 | 124.8 | 91.5 |sSv |3750,
ﬁ s T . ' ) : R.T.|2 hr

| co/m3 (3) | 127.0 | 135.0 | 121.1 | 106.5 !'77.4 |sSv_|2500,
] - ‘ . ' R.T.|3 br
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i INFLUENCE OF REDUCTION ' TIME ON CATALYTIC'ACTIVITY
f Temp. of Synthnasis (oc} - R
: R R . _ { Reduction
Lo 5 1175 | 180 185 | 190 195 | Conditions*
:Tiﬁg o£§8ynt@pSis(hr) “  7 9 6 lf 7% 8
Gas Purdty(®) - | 95.k | 97.% 95.4 | 97.8 | 97 5. :

“Gas: Composition(H2:00). 2.13 | 1.06 2.00 | 1.98 | 2.02
¥ T " o02.01 1z4.2| 149.7| 151.7 | 136.0|RiT. =1 br

average . (1) |(86.2) | (87.0) | (86. 21 | (83.7) | (83.3)

lrield Of - (2) ,‘ :102.0 130.5 165.4) 160.5 125.0 | R.T. = 14 nr)
‘,jﬂlthasia Oil (86.5) | (88. 5) | (87. 0! (87.0) | (84.0) :

t ' 105.9 | 135.9 | 162.9 | 158.5 | 1247} R.T. = 2 hr
eo/md . 03) 870k | (87.4) | (86.8) | (86.8) }(82.6) L

' (Gas contrace . 9l.h' 118.4 127N% o1n | 118.2 | R.T 5=3hr

(tlon, vol #) - (W) |(75.4 |(8L.b) | (7k.2) (75.2) | (75.6)

%y = 3750 | o

'  pable III{B)19
INFLUENGE OF HYDROGEN: GAS VELOGITY ON CATALYTIC ACTIVITY

; ' L . Temp. Of Synhhesls (°c)
L g o " B Reduction X
o s 180 | 185 | 190 | 195 Conditions*
Time of Syikhgsia(hr)» - I L 6% 6 7 o
' Gas Purity(®) T o3.9 | 96.6 | 97.5 .| 96.9 | 98.4 5
das Composiition(Hy:c0) | 2.15 | 1.88 2.05 | 2.07 | 2.01 |
] 5 1 113.8 | 124.7 | 151.8 | 148.5 | sy =3750
| (1) 1 (ge27) [(87.9) |(87.9) | (86.7) ..
I Ly | ro7.0 | 116.8 | 197 1,8.5 | 138.0 | SV =2500
f o (86.2) |(86.9) |(87.3) | (86.1) |(85.5)

(3) | 100.4 | 102.8 107.7 | 120.5 | 115.9 | SV = 1250
(88.0) |(82.1) |(83:1) (85.2 }(85.2)

() | 87.2 | 100.7 | 101.3 | 115.9 | SV ==250
4 (70.3) {(75.3) L (82.1) |(85.2)

*R,T. = 1.5 bx,
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Table IV(B) ‘
GASES EVOLVED FROM REDUGED CATALYST

- H : qas holder

i

! | Reduction | Wt. of Cobalt | cc of Gas Evolved | .
A Time (hr) " 'in 1 gram From:l gm Red. Cat.| Reduction

. : Reduced Cat, — ' of Cobalt

- ) Coz Ha (%)

v 1l d '

1 1.5 0.3234 : 1.0 58.7 L8

;j o2 . 0.3196 : Lo | 747 62

i I R T 0.8108 © 0.8 | 82.3 70 |

| SR

‘A active cavbon. absoybi
tube

Ci:codk: .
O : contact oven

Z2,

' 'ﬁf~}*/-/“*,'{{/'£/ll/llllllll/,,,,/

WAl Zirryy ), 5T s 0y,

;, / ‘ 4 'I////////////)’[I},');,")j

1ex alass tubes .
Pyx; 3 (h{ﬂ.t‘d’“d‘on)

{3.5 mm LD. % 500 mm

.

)

Residual gas

Figure 1(B)?19
CATALYST TESTING APPARATUS
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| PART II
STUDIES ON IRON CATALYST

o

byl
CHEN. ENG. LT, CMDR. A, NAKAI

r
|t . h S
! . SEESS

‘Research Ferfod: 1941-1942
SUMMARY.

Experiments were made to investigate the effectiveness

of 1ron catalysts for synthesis of oil from water gas at -
normal pressure. ' Detailed date: on these experiments aras
not now available, but the sigrificant rasults were as
folliows: ‘ :

1. The catalyst Fe-Gu-ThOQ-Mgo-Kieselguhr-KacO3
(100:20:4:20:175-200:4), prepared by precipitatidnm,
was satisfactory at lower reaction temperatures, i.e.,
235-2400¢, : . ’

2. Thorium and magnesium'ﬁere very éffoctive promo-
ters and served to lower the required reaction tempera-~
ture. : .

3. For the purpose of activating the catalyst, it
was better to circulate water gas rapidly at the re-
action temperature. i

L. The yleld of synthetic. oil with this iron catalyst
was 61.6 gm/m3 of water gas (H,:00=6:4 by volume) at
2359¢, g

G

I,  INTRODUCTION

. Many repsrts have been made concerning thé use of iron catalysts for synthesis
- of oil from water gas. TSUNODA, MURATA ard MAKINO* succeeded in odtaining
.. 83cc of synthetic oll per cublc meter of viater gas (Hp:CO 1l:l) at 257°C using

the catalyst Fe-Cu-Kieselguhr-K»C0, (100:25:125:2, by weight). Later they**
obtainedia yield of 88ce or oil using the catalyst Fe-Cu—Mn-Kieselguhr-chO3

+ (100:25::2:125:2), and concluded that mangenese was effective.as a promoter.

: They confirmed, too, that magnesia was useful as a promnter, but oxides of
-uranium and thorium, and especially chromium and aluminium, were poisonous.

Geneéall?, it was believad that for 1ron-¢atalyst,* addition of copper was

.. absolutely necessary,** and that alkalies were very effective as promoters.

* TSUNEOKA' and his co-workersi found a new catalyst, consisting of the above-

. mentloned. catalyst plus boric acid (corresponding to 20% iron content) which

| gave a Yy
- at. 240°C..

‘sld of 95cc of liquid products per cubic meter water gas-{H2:C0=2:1)

. me e M . e e e e e o e e e = e . R = e e o e e mm e T S = e - ee = e . e o

*J.' of Tech. Chem. Japan, 42 (1939) 202
*¥Tbid. 209 ' '
ifLect. of Kyoto Chem. Research Inst. 10 (1939) 2.
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 However, the requlred reaction temperature was high for commercial usage, and
. méreover, boriec acid is not manufactured on & large scale in Japen. The fol-
lcwing experiments were made primarily to find a catalyst without such weak

'

:gpcu.ntq as. U1ese. B v i !

Iif‘. DESCRIZTION

. The test apparatus was the same as described in Part I of "Studies on Fischer=

Tropsch Synthesis". Catalysts were prepared by precipitation from nitrate mix-
itures. and spdium carbonate .solutions similar te the procedure for cobalt

- ceétalyst asidescribed in Part I, except that the sodium or potassium carbonate

“wss added after washing of the precipitates and before drying.

The following series of expariments were made.
: ; 1. The influence of metals or meuallio oxides on the catalytic ac-
L tivity of the catalyst Fe-Cu-hieseLguhr-Na2003 (100:20:200:4) wes in-
; : vestigated.

i Mn, “Cr,-2n, ThO, 2 % Aly 03 and MgO were tested as promoters, and’
S it was observed tha hO Mgo and: Al 03 were offective in lowering
e g 8 reaction temperature, but Mn and Cv were poisonous.

2“ The influence of metals or meballic oxides on the catalytic
effect of the catalyst Fe-cu-ThO2—Kieselguhr-Na2003 (100 20:4:200:4)
was investigated. ‘

Mn, ér, Zn, 0 and MgO were tesued as promoters, ard it was ob-
served that Mgs or Aly0, was effecbive, espacially the forzer.

3, Studies were made to determiné the effect of varying thorla and
magnesia contents on Fe-Cu-TnO2-MgD-Kieselguhr-Nach3 oatalyst.

ﬂhoz and Mgo were varied over the range of 4 to 30 wt. % (of iron)
and“a catalyst of the composition LOO 20:4:20:200:4 gave the best
results. ‘

b. 4 study wus made of the effecb of the types of alkalies used,
snd it was concludet fthat, sodium carbonate was the best tc use in
tne precipitation step, but 4 % of potassium carbonate was the best
alkali promoter for the above-mentloned iron catalyst.

14

5. The amount of Kieselguhr in standard iron catalyst Fe-Cu-ThO_-

Ng0-Kieselguhr-K;C03 was varied  from 125 to 300 % of iron by weignt,
and it was found that the best conbent wds 175-200

T

'-6. - The primary activation of the iron catalyst ‘is accomplished by
. reduction with water gas. Experiments were made to investigate the
‘¢f'fect of the rate of circulation (increased gas velocity) on rate
of sctivation. The advantage of rapid circulation in decreasing re-

duction time is shown by Table V(B)l9.

a /.‘ After the -activation, as- described in the preceedl garagraph,
i 8. 'single-stage coaversion test was made using water gas {B;:C0-6 :4.)
z ' at 2359C, atmospheric pressuve, and gas velocity of hl/hr. ‘40ce of

it S the catalyst Fe-Cu-ThOz-MgO-KieseLguhr-K 003 {100:20:4:20:200:4)

i " were used. The average yleld of liquid hydrocarbons was 61.6 gm/m3
feed gas over a- 50 hour reaction psriod.

oo “180
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' Table v(B)19 : L
CoE ‘ L EFFECT OF CIRCULATION ON VOLUME % DECREASE OF . 7
Lol i WATER GAS USED IN ACTIVATION OF STANDARD IRON CATALYST - .

¥§i§°fﬁﬁ? | 6 8 12 | 16 :;s 22 2, | 26 | Remarks :

No Circu- g - .| gas vel.
lation i | _ 1§.6 21,7 %é.s 30.1 | 32.5 32.5; A1/t ’

" {circu- i o i .
. 4.7 31.3 37.4 | 41,0 42.2 L5,2 L5.2 45.2 circulated
- |ration 1t X . gas vel..
: : | . i 201/hr.

O S 181
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| FART III
STUDIES ON LIQUID PHASE SYNTHESIS
’ "WITH IRON CATALYST

A by -
CHEM. ENG. LT. CMDE. A, NAKAI

Research Period: 1942-1943

SUMMARY

/ :
. Experiments were made to investigate the activity of iron
. catalysts in liquid phase synthesis of oil from water gas.

Significant results were as,foi;ows:

“1.. TFe-Cu catalysts, conthining small amounts of al=-
kali, had a strong oil synthesis asctivity, at tempera-
tures under 2500C. i

2. A similar catalyst, but containing nc alkali,
showed weaker activity for: oil synthesis, but strong
hydrogenating power at 250527000. -

3. The catalysts, Fe-Cu-Ca0, were prepared by pre-
cipitation from nitrate mixtures with an excess of
sodium hydroxide. The catalysts Fe-CaO (100:100-150)
and Fe-Ca0O-Cu (100:100-15(C:25) could be made into
very hard tablets, and were suitable for ligquid phase
synthesis at 260-27000, ard pressure 10 kg/em2. The:
catalysts Fe-C&0(100:10)ard Fe-Ca0-Cu{100:10:25) had
better activity than the sfore-mentioned, but binders
were required to make satisfactory tablets.

I.  INTRODUCTION |
Research:on the synthesis of hydrocarboné from water gas was made chiefly
for vapor-phase reaction conditionms, which resuilted in some difficulties in
removingz reaction heat in a large-scale spparatus. Reaction chambers of
tubular desigzu were used for controlling reaction temperature, dbut these
chambers. were expensive to construct and difficult to maintain. o

A new,:éimpler method for removing reaction heat was proposed by the I. G. "
Co. in Germany, which was based on the circulation of synthetle oil through
the regction system. 2

F. Fischer and H. Pichler experimented with 1iquid phase synthesis using
an ironicatalyst suspended in water under 10-40 atmospheres of prassure
and 200-2500C., but their results were unsuccessful.

\. The following experiments were made to dgtermine a more suitable catalyst
for the:liquid phase synthesis. ‘

Iag

il
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II, DETAILED DESCRIPTION

Thé cataiyst, containing 4 gm of irom, was mixed in a two-litsr rotary

s zuboclave with 200ce of Fischer~-Tropsch synthetic oil, (iodine number of

8.83). Water gas was charged into the autoclave, to an initial pressure

‘of 10 atmospheres at 159C. The autoclave was heated electricelly to the

repuired reaction temperatures, held for the desired time, and then ccoled
toi.room temperature. The pressure drop was measured and the residual gas
and oil analyzed. ' . ‘ E -

ITI. EXPERIMENTAL RESULTS

A. Esxperiments-with Fe-Cu-KpCO3 Catalyst

,Catalyéhs.were prepared by precipitatingéfrom iron and copper nitrate
solutions with an excess (about 20% of theoretical) of sodium car-

i 7 ) N
; bonate ‘solution. This procedure was similar to that used for ancirom -
| catalyg;, described in Pary II of this emnclosure.

Experimental data on these catalysts, summarized in Teble I(B)19 show
that, (1) the catalyst Fe-Cu-K2C03 showed activity for oil synthesis

at temperatures under 250°C, but variation of KyCO04 content had little
influerce on this actiyity, {2) the catalyst Fe-Cu” (containing no
alkali), showed lower synthesis activity: than the former, but possessed
hydrogenating power at\250-27ooc. a

L w ; i
B. Experiments with Fe-CaO and Fe-CaG-Cu Catalyst.

These catalysts were prepared by precipitating from nitrate mixtures
with a:large excess (about 100% of the theoretical amount) of sodium
hydroxide solution, and the precipitate was washed with 1/20 X
sodium;hydroxide. ‘

Data on these cabvalysts, given in Tables VII(B)19, and VIII(B)19, show
that, (1) the catalyst Fe~-Ca0 was active: at a reaction temperature of
260-2709C,, and its activity was better with lower Ca0 content, (2) the
catalyst Fe-Ca0-Cu was more reactive than the former at lower tenpera-
tures end’ the Ca0 content had less influence on the synthesis activity,
i < (3)-the.catalyst with high- Ca0O content was very hard and made excellent
tablsta : : ]

&

i o
1 ¢

IV. CONCLUSIONS )

Tﬁ# best caﬁélyst for the liquid phase reactibn appeared to be Fe:Cal:Cn
(lQO:lSO:ZSﬁ; The emount and quality of oll:formed in these experiments was

ndét determined, and it would be necessary to perform experiments on a larger

 ,ccntinous7pilot plant scale to establish the economic attractiveness of this

- DIrocess.

IR

R N ) . ' " i
411 work on;Fischer-Tropsch-synthesis was stcpped in 1943.: The work covered

in: these thrée sections of "Studies on the Fischer-Tropsch Synthesis" :

represents all of the wark done by the Naval»Research Department on develon- o

ment of the:process. ; [
: L

! il
! I

184 ‘ o




RESTRICTED A X-38(N).7

ENCLOSURE::(B) 19 )
Table VI(B)L9
| EXPERTMENTS WITH Fe-Cu AND Fe:Cu K2C03 CATALYSTS

g | Final* | Synthesis, | Synthesis | Contraction | Iodine

. Catalyst Press. (Temp. ©C)" | (Time;hr) (Vol. 2) | Value,

= 1" kg/em? i After

5 : Reaction
No Citalyst Used 10 | 230-285 5.5 0 54, 11x%

o .. i\ i S —
Fe—ég;Catalyst Ratios Ny '

100125 b2 | 2u8-270 5.5 58 8. &

1 100:25 6.8 220-250 L, 2 48.56
Fe—uu—K €03 Catalyst A ‘ v
: X tio . : :

1100525:2 : 6.0 220-250 4 40 42,80

. 100:25:4 1 6 220-250 45 39 TR

. 1100:25:6 6.1 220-250 S 39 L5.43

| 100:25:6 6.1 | 20270 1 | - 4 39 | u5.98

" 100:25:8 6 | 220263 Lo 39 - | smer |

100:25:25 - 6.2 218-252 L 38 1‘8.65” s

10025125 6.0 240-270 I 40 £9.07

100225350 8.3 | 223-25 4 27 48.61

. ¥#In all cases 1n1t1al pressure was 10 kg/mn ‘ ‘ -
" #tPartial cracking occurred “n
#Synthesms and hydrogenation occurved

185:
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: o Table VII(B)lO
| EXPERTMENTS WLTH Fe-Ca() CATALYST
‘ Final* i
'Catalyst " Press. Synthesis Temp. :‘Synthesis Time Contraction
(Fe-CmD)  kg/cm? (oc) g (ar) (Vol. %)
10035 3 270 2 55
100 10: L8 260 2 - 52
100:20: k.2 270 2 58
1003100 5.0 270 2 50
100:100 | 7.2 260 2 28
100:150. | 6.0 270 2 4
100:150 | 7.0 - 260 2 30
100:200 | 6.0, 270 2 b0
1 100:200. | 7.0 260. il 2 30
' ﬁxn-gll‘cases;initial pressure wasélo kg/em? T
Table VIII(B)19
EXPERIMENTS WITH Fo-Ca0-Cu CATALYST
it | Final* é% '
Cataiyst | Press.. | Synthesis Temp. ‘| Synthesis Time Contraction
(Fe=Cil0-~Cu) kg/cm® (eC) ' i {hr) ' (vol, %)
100:10:5 | ka3 260 | 2 570
100:10:10 | 4.0 260 | 2 60
100:10:25 | 3.7 260 | 2 63
100:100:25 | 4.8 260. 2 52
1005150525 | 4.0 260 2 60,
100:200:25 | ko2 260 2 56 |

*In all cases. initial prossure waa 10 kg/cm?

186
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STUDIES ON COAL

. B by
| CHEM. ENG. LIEUT. ' C. M. KUMAMOTO

I . " Research Perfodi 1940-1942

Prepared for and Refiewéd with Author by -
the U. S. Naval Technical Mission to Japan

December i945
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SUMMARY

! This work wag-carried out to 1nvestigete the nature of-

7 coal in MANCHUKUO and in North: China. About 50 kinds cof

i the North China coal and 40 of;the Manchukuo coal were in-
vestigated. '

Test results showed that the"North China coal was suits-
ble for high temperature carbonization, whereas, the
Manchukuo coal was better for low-temperature cerboniza-
tion or liquefaction by hydrogenation.

I. INTRODUGTION 7 W : j \

This work was begun in April, 1940. About 90 kinds of coal were investigated. -
It was: desired to study, in detail the chemical factors affecting caking pro- =
perties of typical coals, but this projent was ordered to stop in May, 1942. T

The key research personnel working on the proJect were Eng. Cmdr. Dr. M.
HAGIHARA and Eng. Lt.- Cmdr. M, KUMAMOTO. :

i }

A;;j‘Description of Test Methods f 7 o _L;

1. Proximate Analysis. Mbisﬁure, volatile matt=r, ash, and rixed
carbon were measured by the stundard British method.

‘l ‘
2., Ultimate Analysis. After grinding and drying the ecoal at 105 -
L 5°c 'the content of carbon-and:! hydrogen were determined by combus- E
P tion. Nitrogen was determined: by KJeldahls' method, and sulphur by
- .the Eschka method. The gross ealorific value vias measured by the
i bomb method. .

3. Hydro enation Test. 300 grams of coal (sized through to 60 mesh)
and 15 grams of Clp were put'into an autoclave of 2.5 liters vo-
lume. After replacing the _air by hydrogen gas, the hydrogen pressure
was increased to 100 kg/cm? (no oil used). The autoclave was heated
gredually and 3 hours were required to raise the temperature to 420

i After one hour at this temperatura, the pressure was released

i and the hydrogenated product removed. - The moisture and benzene-solu-

' ble material in the reactant were measured., The yield of-liquid and
. “the reactivity were caléulated: by the following formulae:

A - % Yield of liquid m.total liquid product{wt)
; 1deal coal{wt)

X100

(The 1deal coal is defined as. che volatile matter pius fixed carbon
contained in the cos&l.)

o B= % Reactivity = ideal coal-(residue-ash) - ’ A 'g
B ) ] Ideal coal X 100 ’ L

{The residue is the material remainlng after removal of moisture and -
benzol soluble material from the product.)

4. Carbonization Test. The Qray-King method was used.

5. -High-temperature Carbonization Test. The Lessing method was
used. i ’

189,




X-38(N)-7 RESTRICTED ~

ENCLOSURE- (B)20

. 6., Caking Properties. Caking properties were determined by the
usual observation of the residue from the volatile matter tess, and
also-from the high-temperature carbonization test. It was desired to
study the chemical factoIs affecting caking properties, especially.

oxygen‘content of typicel coals, bu’ this project was abandoned.
.l

‘ITI. EXPERINENTAL RESULTS

: Eﬁperimentax,results are’summarized in Tableéi(B)zo and Taoie II{B)20.

IV, CONCLUSTONS
K Aﬂparentiy-the Manchukuo coal;has'more'waterfand 1ess fixed carbon than the

- North China; coal.. Most Manchukuo coal is a florm of brown coal, but the North
Cliina coal is bituminous. /| : !

' P%acticailj?all of the: North China coal is sﬁitable for high-temperature car-
bpnization‘;ancompared with only 16% of thegManchukuo coal.

_The averagé{yield of liquid by hydrogenationgof Manchukuo coal is 64.1%, and of

the North China coal is 41.9%. The Manchuku coal is better suited for hydro-

genation on:low-temperature»carbonization.

!
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TESTS .ON MANGHUKUG COAL

i
i
;

=i

ENCLOSURE: B)zo0

Table IJ(B)z20

A-38(N)-7

Proximste Analysis (%) Ultimete inalysis (3) 'Hydzefam-. Ior Tam.
. : tion:{g) Caking Carbenisation (%)

i Vol.U. | Fix.C. | Ash | Ratio c| wlin]|s|o A ] coalite | B | Gas

5.7 | 0.8 | 3.7 10.37 | Te6 | 7:3 '3 | 0.3 | 184 | 49.4. [ 87.1] nome 523 | T [ 183
Sincheng i+ | 13.6 | 37:7 | 4he9 | 38 139 [ 759 s 1.2} 0.6 | 268 | 59.7 | 9L.5| nmme 7.2 | LLS | 0.5

I : . A * caking

; {NGE | 15.9 | 354 | 39.8 |89 |1.12 | 71| 5iz ['1.1] 2.3 [15.2| 66 | 88.2 nomm | 702 1.0 | 12
: i 5 caidng |
Padogo N i ;

No:2 | .I | 35.8 40.0 |10.I | 111 | 76.% | 4.7 | L3 | L.7 | 16.1.| 68.6 | 9L.6| nomm &7.1 8.0 | 12.9
Taiping 10.8 | 36.2 h9.4 | 3.6 | 1.36 78.3 | 6.2 1 0.9 [ 1.4 | 13.3 | 81.3 | 92.5] ncme L LG | G.8
. ) : caking

1.0} 3530 | stez | 95 (125 | 77.9 | b2 |12 ] 0.9 | 15.8 | 5.5 | 92.4] moom 5.3 e | 10.5
! i caking
1.9 | 39.6%| L9 |66 .08 | 77.4] 3.9 | 10| 2.9 | wed | €9.1 | 89.8] reme 9.5 |1.2] 6L

Noiz | 15.1| 381 | 43.2 | 5.6 1.13 | 76.8| 5.1 | 0.9 | L4 | 15.8 | Gh.a 91.6| nooe L5 el s

Cot ; caking .

Wb | KoL |, 424 | 6.2 {206 | 76.3| 56 ]0.9] L4 | 15.6 ] 65.2 | 91.5] nom 65.6 |13} &z
. ; : caling

w3 [ 7.2 365 | 524 | 9.9 (143 | 8ol 6. 1.2 0.2 | 6.7| 4.9 | 80.4| caking | %3 | .5 .2 |

Kol | 21| 33.7 | 4.7 |19.5 | 2.3z | s2.0] 57 2| 06 9.5| 65.9| 8L.2] cakirg |  78.6 | 1.0 ! 6.1
Peipiao - : =

No.& 2.2 33.8 Ly |19.4 | 1.33 84.7} 5.7 |:L.2] 0.4 | 8.0 67.3 |.80.2] caking 75.1 4| a2

¥oi6 | 20| 357 | 50.3 [12.0 |10 | e6.8] 5.8 L2 03| 64| 65.8] 83| caking | 71 | 14 | &5

wa.l| 93| 362 | 462 |83 [127 | w0 55| L2[ 08 [ 18,3 682 | 9.2| moa | 7 | &5TiE

Fa.2 [ 9.h| 36,2 451 §9.3 |12 | 77.90 5.2 2.0 1.5 | 12.9 | 63.0 | 7.0 mom é8.3 | 1.1 | 1Lé

B N 'f caicing i
Kol 7 1.2 | 30.7 40.4 |17 [ 131 | 75.8 | 5.7 |'L.O [ 0.5 | 17.0 | 65.1 | 83.0| rome 75.4 33 6.3
i ' by caxing : i

— e : - T 4
Talcheng | No.2' | 10.5 | 41.5 | 41.6 | 6.4 |1.00 | 75.6 5.9 |"L5| 0.7 | 17.3 | €4.1 | 91.1| nomm 6.3 1.3 %A
| i e

Bo.3'| 1.0 [ 3.3 | 35.6 [17.7 | 1.00 | 78.8|. 6.2 | 2.4 | 0.7 | 12.6 | 70.8 ] 6971 noma a9 | 5.2, ik

No.l.{ 7.5 28.6 | 39.1 |23.8 |1.37 | 77.3| 4.9 | €t | 0.6 | 15.7 ] 67.0 | 82.1| nomm ot | 8§ - 17.6]

I . b i :
o : ! B ealeiny . i

Noi2 6.7 | 31.0 37.5 (248 {121 | 79.3| 6.1 | 1.2] 0.7 | 1.7} 78.1| €2.3| ncne fe2z | g1 Te

i ! H : caicing !

Y

193



Lo i
4 .

X-38(N)-T . o » 'RESTRICTED

ENCLOSURE (B0

g : Table II(B)20 (cont'd)
|  TESTS ON MANCHUEUO COAL

' =

, i Proximate Analysis (%) i Hydrogona- _ Low Temp. .
i 2 - = Uitimate Analgais (%) tion (%) | Cekinz Gar>mnisation (%17
& b Fuel - l - Property T
Cosl Fleld Mciat. | Vol | Fix.C. | Asu | Ratdo| C | H | & |8 0 A 8 oalite | Tar | Gas
i wor | 220 | 48.3 | 125 |17.2) 026 | 721 | 63 | 1.7 | 0.2 119.6 | 58.2 § 86.11 none 60.8 . | 10.3 | 112
“ ' Co caking ‘
(ide | Ne.z| .7 | 47.3 | 153 {13.7 | v3e | 7.0 63 20.7 | 50.5 | 92.0] none 50.0 2.5 | 10.1
“Kasi) T caiding
. - ¢ — R - B T C S Rt e tienl Bl B T
wo.3| m.0 | 46.7 | 213 | 9.0| 046 | 70.0| 6.3 [ 0.2 | 23 |23.3 | L8.7 | 92.6; nooe 61.7 1.z | 13.8
L : ,::; } caking :
Biyong R 1X- I N 8.9 130.2 | 0.21 | 70.0| 8.0 .4 | 0.4 |20.2 | 72.7 | 83.4] nome. 62.7 3.2 2.5
; e h : eeliing Y
oz | 1.4 |15.6 | 0.37 | 72.0 | 7.0 | 1.6 | 0.2 [19.1 | 67.0 | 87.8] nome 57.4 1B.5 | 14.8
X © caking
oo | 131 [3.9] 055 | 7.5 ] 6.6 | 1.9 | 0.3 |19.8 | 59.0 | e8.7 mome® | 5.8 | 12.2 | 1La
‘ caking
k.5 25.9. |10.1 | 0.58 | 69.3 | 5.7 [1.8 |i0.2 {22.8 66.9 | 93.8| none 58.7 12.8 1 11.2
. ; cakirg ‘
32.8 | 32.2 |16.3 | 0.98 | 70.5| 5.0 |1.0 {03 |23.3 | 53.8 | 77.3| none 65.5 9.3 | 1.5
; caking .
30.4 39.2 |14.0 | 1.29 | 7611} 5.1 ;LY 0.7 [170 | 72.8 | 95.4} none 69.4 12.1| 5.8
H caXing
283 | so.n |20.0] 13 | 75.7| 5.5 | 1.0 |16 |16.6 [ 627 | 77.7| nore 79.5 3.2} 5.7
; : ‘1 caking
© inea| ‘w05 | 33.5.] 43.1 {129 | Lzy | 79.3 5.1 |12 Yo.5 [13.9 | 69.6 | 88.3] none 72.5 1.1} 10.3
‘- N A cakirg |-
80.2] G5 | 32.0 | 39.5 |16.8] 1.3 | 78.2| 6.2 |1.0 [ 0.5 |11 | T4 914y none 7.7 | U.B| 531
i o = : o , saking
¥o.3 33.6 | 42.3 [16.87] 1.25 | 79.1 ) 5.0 | 1.1 |04 |kt | 72.1 | 88.0| nome 75.2 8.91 &5
) } cakirg | © . _
: sour| 1.8 | 20.2 | 52.8 |25.2 | 2.6 | &.0| 5.9 |1.1 [i0.6 | 8.k | 541 | 58.2) none 85.5 5.0} 7.2§
s e ' 1 caling
b Ho.2| 1.0 a.z 62.0" 115.8 | 2.92 | 86.8 | 5.7 11.2 |jo.7 | 5.0 66.0 | 64-6| none 8. | 55 7.2
lishang 0 b ). faKine ‘ |
No.3| 1.5 | 19.9 | 642 {2 | 3.22 | 883 ] 5.5 |1.0 110.7 | b5 48.6 | 52.5| nons 87.6 6.5 6.0
No.& . ¢0.3 |18.8 1 2.98 | 88.3'} 5.1 1.1 {{0.7 | 48| 41.3 | 60.0} nome 85.9 6.1 7.9
i ' : caxirg |
Nol| :.2.7 | 306 | s3.5 |13.2) 175 | 8.4 5.7 (0.9 ‘o2 | 9.8 67.2 | 85.1] none 8.5 7.51 7.6}
. .. N Lo : caking .
5.6 |11.2{ 1.48 | 83.2] 5.3 | 0.9} 0.2 | 10:k| 6.8 3.7 mone 75.7 1 12,8 8.7
S ot calcing. ' e
; ] 5 i
s2.6 |1.0] 156 | 83.3° 5.3 (0.8 0.8 1031 66.8 | 5.7 none .6 | 10.90 9.4
i . : i !
N i o : j 1
No.r| 2.9y 36.5 | 423 |31 130 | 82.5% 6.1 0.7 f0.2 110.5] 66.0 8.6 none 75.7 | w8 7.7
i : ! i : G = - caking H
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SUMMARY |

Astudy was made.of: the suitabﬂlity of the distillation
products of shaly coal tar forguse as boiler fuels. Ths2
distillate boiling between 200: C and 3500C i§ suitable
for this purpose. The yield of this product is sbout
52.9% (by weight) and the physical propertles are as.
follows:

Sp. er. (25/4) cevenienaai.. O, 9813
Flash point Meesesseiinsisaanas 3h 3°C

Freezing point .....4............. 7°C

Viscoclty at 309G,
sec. (Redwwod No. ll seecaseeses 64,3

In this work some interesting facts were discovered
Unexpected boiling occurs v1olently at: 34060¢C, distillation
temperature, and the phenomenon*is due to the alkali-
soluble metter. Also when the ‘distillate of the tar is

- ‘mlxed with oil, such &s petroleum, shale oil, and soys

Co
i

bean oil, & deposit will be seen. Such a deposit is due
to oleflne hydrocarbons, meinlyi di-olefines. Acid

o materlials tend. to prevent this deposition.

IN"RODUCTION &

X-38(N)-7"

Studies’ on.the carbonization of shalw coal were underway at this station,

¢ and it was desired to utilize the tarry product formed during this

process.

This work was undertaken in an|attempt to»find a product which would be

suitable for use as a boiler fuel.

('l')

The prolect was started in January, 1945 and was not completed. -

A fuel having a freezing point below

1500 and forming no deposits when mixed with other fuels was desired.

I [

The key

personnel that worked on progject: were Chem. Eng. Lt. Cmdr. M. KUMiMOTO arnd
Chemn. Eng. Lt. F HOSING.

. II.

AILED DESCRIPTION

\

o
H

B..;l

| Test Aggaratus :

‘% l(B

8

Test Procedure

W&w test agparatus for determinins ane decomposition of tar is shoun in

Ahout 315 grams of shaly coal tar samples were rractionated and the

measured.

.temperatures of the o0il and the vapor were observed.

uﬁthod. ] A

: igher temperatures, gases were avolved and the gas yoluge was
The  determination of paraffin was carried out by Holde's

Ecr observatlon of deposits which owcurred hy mixing wihh,other fuels,
ttieé boiler fuel from this tar was mixed with others in various ratios

ard; kept standing in the open air for 13 days.

mlxture, a deposit could be seen at: the bottom of the vessel.

>
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'ﬁiC. Exﬁéfimental“Results '

' When the shaly coal was dry-distilled, crude tar was obtained with a

12 to 4% yield, based on charging stock. The differences of yleld were
due 5o veériation 'in the amount of ash in shaly coal. The crude tar has
i the folluwing properties: g e '

i
Y il

ﬁ Sp. gr. (20/20) ceeeveneceaaea. 14136
; Water » T 6.0
' Solid matter included | 1.35 %

' 10% NaOH soluble | 32.5 %

- Ash : 0.19 %

Flash point s 99.00C

Freezing point H 11.00¢

Viscocity at 500C i 124
@ec) (Redwood No. 1) : ;

§Decomposﬁﬁioﬁ'temperature is determined bﬁ‘means of meesuring the gas
"‘yolume evolved during distillation. TheSﬁ date are shown in Table I{B)21

' end Figure 2(B)2l.

| Phe decomposition temperature is about 2400C, and the amount of gas
i evolved iincreases with increasing temperature. It is iateresting that

! an unexpected boiling occurs at 3460C, distillation temperature. There-
. i fore, itiis necessary to distill in vacuo in order to prevent decomposi-
. tion, and;to keep the distillation below 1400C, for the purpose of
safety. i/ Such unexpected boiling is due to the alkali-soluble matter.
+This is jcnown because in the distillation:of tarry acid, the same
' phenomendn is observed, but does not occur if the 0il has had sufficient

- 'alkall washing.

" An inveéﬁigation'was made of the resultiné freezing point and depoSitién
i which ocurred-when mixed with other fuels such as retroleum, soya’ bean
' 0il, andishale oil. : -

' Grude shily coal tar was distilled'and 100C fractionations over 2000C
.. - i were obtained.. For each fraction, we determined the above properties.
i The results are recorded in Table II(B)214 :

. Paraffiniwaxes which have the most effection freezing point begin to
! -appear in the 250° to 2600C fractiion, and'the amount increases with
I increasing temperature. .Therefore, to remove the peraffin waxes
i commercially, distillation must be carried out in 2 steps; the first
. step 1s:2000C to 2700C and the second step 2700 to 34,0°C. Acidic
. materials, 10% NaOH soluble, are, for the most pert, included in the
. fraction beXow 2700C. = .

f Several boller fuels were prepared and thﬁir properties are given in
| Table IIT(B)21. - ' | -
; If the a:idic material is removed, the fréezing point will be raised.
' For exagple, in the case of alkali-washed oil, the freezing point :is
. +25%C and the freezing point of untreated oil is +70C. ) ;

" Results.6f mixing the 2000C - 34L0°C untreated distillation products.
with other oils are tabulated in Table IV, (B)2l. , - .

- i ‘Bince nlﬁdepdsits were observed when the;bilihad been washed with 80%
: B?SO , €nd ‘since alkali washing did not materially effect the formation
) d%poﬁgt,‘it can be concluded that deposition is due to the presence -

198
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or.bleflnes in the oil. ﬁ .

b
'Thus, to obtain as much boiler fuel as possible, it is necessary to
‘disq1ll the tar, and the boiling ranpe of 200°C to 340°C is suitable. -

Thelprepared ‘boiler fuel has the following properties-

Yield . cseveesevscanios ere 5209%
s Sp. Bro (R3/k) eeevveeneons. 0.9813
o ‘ Red. No.‘1 ;
Vis, at 300C, seC. .i.cevses 6443
Flash point .ieeeceeionsee 34e30C
Freezing polnt w..ccvicceeeees 79C
ASh . point ..ceveveecivesees 0.00C
107 NaOH—SOluble ..I)"ﬂ!.l. 32 00'

D., Summary of Data 7 d

A tar-distiller must be concerned with dlstlllation of tar for the
preparatlon of b01ler fuel and the distillate between 2000C ‘and 3400C
should be used for this purpose. The yield is about 52,5%.

'In regard to the distribution of paruffin waxes and acidic matter,
paraffin waxes begin to appear in the 250°C to 260°C fraction and the

- amount increases.with increasing temperature. However, acidic matter is

'rfor the most part included in the lower fractions.

At 346°c distillation temperature, au unexpected boiling occurs which
1s thought to be due to the alkali-suluble material,

A deposit which is thought to be due to olefines, and mainly di-olefina

- -hydrocarbons, occurs when the oil from tar is mixed with other fuels =

' such & s petroleum, shale oil, or soya bean oil. This deposit may be
prevented by treating the dlstllled oil with 10% HaS0y .

. IiT. comd:.ﬁs:ons _ ‘ o

H i

; As & result of this experiment the decomposition temperature of shaly ccal tar

| was determined, the distribution of paraffin waxes and acidic materials was in-

B vestigated, as ’well as the influence of olefine and acidic materiel on the de-
position. ‘ i _ - -
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DETERMINATION OF THE DECOMFOSITION OF TAR

pressure.

Table II(B)Z]

Time T2 Ty ;c Distillate (co) Gas (cc)
0.00 20 i
A9 40
20 60
28 80
- 53 ‘100 _
1.03 110 ‘100 I.D.
-~ 16 120 100 12
.24 140 103 15
29 160 103 16
133 180 103 17
38 . 200 103 —
L6 220 103 19 .
.57 240 103 - b
2,04 260 164 20
- 8 255 = 195 27
9 260 203 30
Ll 270 215 L
19+ 290~ 230 65 2
26 310 243 : . 88 —
32 - 330 350 i - ' 108 .9
35 335 254 i 127 26
36 340. 257 | 136 39.0
39 350 370 141 95,5
40 -352 - 276 i 145 “110
Ll 358 280 I I 151 134
L3 363 285 160 172
. Repiarks: T2 = 01l temperature (°C)
e - T1 = Distillation temperature (ec)

atomospheric

DISTRIBUTION OoF PARAFFIN WAXES :ND AGID MATERIALS

200

| Boilingzkange» %¢  Yield (%) 10% NaQH Soluble(%) | Paraffin Vax (%)

b - I1.D.=200 -3.71 32,0

- 200-210 3.17 P39

i 210-220 2.88 i 38

{ - 220-230 L.55 137.5

L 230240 3.81 i34..0

v . 240250 3,76 5,7

I 2504260 3.62 131.0 0.75

i 260~270 boOk 26,5 1.32

R 270280, 1.50 i —

it . 280-290 0.69 i L.55

i 299-300 244 3 7.6

i ~ 300-310 2.13 24,0 9.59

¥ 310=-320 2.41 i 13.78

| 320-330 . 8.27 i 17.21
330-3a0 12,57 i 20.15
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Table III(B)21
PROPERTIES OF PREPARED OILS

, ,Oil.» : Preparation(°C) ' Properties
T 5;’First stc-;p Second step Sp. gr.25/4) Freezing pt. (C) Viscosity(sec)
i B T " . ] : Redwood Fo. I
la | ¥ 200-340 untrested 0.9707 A 64,3
| s 200-270 270-340 | -
- Alkali treated | untreated 0.9667: 25 « 6447
c.| 200-270 | 270-3:0 ; "
' Alkall treated |4lkali-treated : c
| , _ae:zied | 0,9510 +2 : 43.3
Ip 1 200-270 untrested 09645 | below -16 , 43.2
i éoouzvo 270-340 s B
1R vntreated dewaxed 0,9655 -2
: , - e -
i Ai
¢ i
o
it Table IV(B)2]
- EFFECT OF MIXING 200-340%C: OIL WITH VARIQUS OTHER OILS
I Deposition on Mixiqg with
. Treatment Petroleum 0il ‘Soya bean oil Shale 9il
iNone Depos;t ;%Dei)osit : Deposit )
| 8o% HzS0, | No Deposit ‘No Deposit | No Deposit
P 10% HpS0;, | No Deposit | No Deposit Trace -
E |- 10% weom Deposit ‘Deposit « Deposit
201
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Figure 1(B)21)

i TEST APPARATUS FOR DETERMINING THE DECOMPOSITION TEMPERATIRE

T4y = Thermometer for distijjllation temp.

) T9 = Thermometer for oil temp.
‘. ’ R4 = Receiver for disfilla?jte
R9 = Gas holder ‘

Ci,C?_ Condenser .
H ' Heater ;
.
! 6o
M ‘50 ,
i 4ol | : )
30} ) )
20} '
of
106} ‘ ce
ol
. sob I _
a0l |
o . 30pc ¢ o
. ok N .
e
: 0 100 200 300
Temperaturis 161
o . Figure 2(B)21 , ,
_ GAS VOLUME EVOLVED AT DIFFERENT TEMPERATURES o
I 202
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STUDIES ON_ A SIMPLIFIED APPARATUS

FOR CARBONIZATION OF SHALY COAL

i i ) by
CHEM. ENG. LIEUT, R. SUSUKI

¢

Research Period: 1944-1945

Prepared for and Reviewed with Auther by
the U. S. HNaval Technical Mission to Japan

'Decembef 1945
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I . SUM{ARY

. A simplified apparatus for carbonization of shaly coal
° was studied with the object of obtaining bunker fuel Irom
its product, tar. After preliminary tests.orn pilot-plant
scale, a Plant was designed with a carbonization capacity
., Of about 30 T/day of shaly coal. This plant consisted ¢f
- four blagt-furnace type carbonization retorts, each having’
- about 2m” inner volume and equipped with tubular condenser,
.+ exhauster and packed columns. In March, 1945, a test plant
.~ was operated contlnuously for 20 days, and sbout 12 tons
of tar were produced (about 2% of shaly coal). From these
tests it was determined that ths ash content of shaly ccal
should be less than 65% and the:size should be greater than
50mm. Construction of 200 of tae 30 T/day plants was started
~ in March, 1945. Forty plants are located at FUKUOKA (Fourth
. Naval Fuel Depot) and the balanwe are located at varlous mines
in KYUSHU. About 80 plunts were finished by the end of the
- war., - . . :

i
-3

I. INTRODUCTION »
A History of Progect ﬁ o ,

In: December, lShh orders came to s,udy this project. -After funaamental
experiments on 1. 8 T/day>and 7 T/day pilot plants, a treating apparatus
of ‘about 30 T/day charge capacity was designed.

The following points were speclfioally reqnested for this preject:
‘ 1l. Minimum usage of critical materials.
Ease:of operation.

3. High capacity. :
Ira Mass production of apparatus beginning in March, l9h5.

B Keg;Research Personnel be_;gg__n Project

Chem. Eng. Lieut. R. SUSUKI
Chem. Eng, Sub Lisut.. R KAWASHIMA

II. DE'I.'AILED DESCRIPTION

A;E Apgaratus end Procedures f ‘ : o

ﬂ Tha general layout of the plant is ‘llustrated in Figure l(B)22. This-

plant was designed to minimize cracking by removing quickly, by suction
. fan, tar which is produced by the carbonization of low calorific-value,

hizh ash-coritent shaly coal. The raw coel is fed into the charge hopper
and travels slowly downwards. The.retort is heated by the gas generatsd
from the fixed carbon remaining in the shaly coal after it has passad
thirough the carbonization zone. Thus, in this retort, the sensible heat
ofithe gas in emploged directly in Iaising the tmnperature of the shaly
coal up to 700°-800' It flows upward through the retort, counter
current-to the coal, darrying along volatile mattor evolved from the
coul during distillation. -

AN

Tho temperatures employed in this retort are:

; 1. Temperature of hot gas leaviing retort, 2000-28000.
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ég Temperature of carbonization zone, 300°-808°C. -
3@ Temperature of combustion zono, 800°-1,100%C,

s

The - construction materials raquired for bhe complete plant are:

" T . Iron and 31’;901.......6 8 tons-
h Fire bricks.oo.onomooj 500 ea.
Pire mortafeseeces
Cement.............,.5.0 tons

This plant can be cong: ructed in about l5 daysa.

B. §§;m ;ggntal Results |
ﬂ:Material and Heat Balanco (Based on_ 20 dazs average resg; s).,

»;lai Mhterial balanoe (yields per ton of shely coal).

> Shaly coal...1.00 tons
Mr........‘ﬂli;‘ss tcns

Total  2.88 tons

Tu...l’.......'0.'.0.')22‘ tons
ish.uoeoo..-oo0‘0.-..0.‘.’75 tons
Condensed water.....0.1l0 tons
~Non-condensed gas...l1l.90 tons
Lossqoooo...-.-.-uoa()oll tons

i Total 5238 tons
. .b, Heat balance (Basis: 1100 kg! of shaly coal)

doput . . @ K cals calq Pefcenq
{f Shaly ¢oal (gfoss cal. value)..;.  265, 000 99,6
' Water Vapor in air {gross cal. value) '960 0.4
Total } 265,960 100.0
: Putput g K cals Percent
I .4 Tap (gross cal. VAlUE) cevoeroocsan 17 000 “boly
. . Ash (gross cal. valud)..csecescsas 76,500 28.8
L' Flue gas (gross cal. value).......lk9 000 . 56,0
+. . -(Non-condensed gas) g
= " \ Ta.r (SenSible heat).on-.o'ooooooo. l?o O.Qh
1 1& ASh (Sensible heat)o'oomonn'.-a.oo‘ 6,025 2.27
"~ .. Flue gas (sensible heau).......... 1,710 0.64
oo (Non-condensed gas) \
-+ ¢ Steam in Flue gas (sensible heab) . 235 C.09
i Condensed Water (sensible heatl... 5,070 2.13
Heat injcooling water..ecee.cc..iae 2,070 0.78
Heat loss of radiatioRecescccceiiee 7,580 . 2,85

Total . 265,960 100.0%
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" 2. Phyafcal and Chemiéal Properties of Feed stock and Froducts:
' a., Fesed Stock (Shaly coal from‘hth Naval ¥uel Depot, FUKUOEA).

Prdximate Analgsisf(%ﬂrjgs charged)

N . ' e MOiBture..;...,.....Q.......n.. 1030 N

' i : - Vbl&tile m&tter..-..é.....-..-.22;03 & . !
. Fixed c&Ibon........}-.....w-..15.05 '

Ash.......-.........}..........61-62'

. - Total. 100.00
Gross Calorific valﬁe, 2,650 X cal/kg.
b. Products. . '

? - ij Properties of the tar afe discussed in a subsequent report
L - by Chem., Eng. -Lt. Cmdr. M. KUMAMOTO. “

"Proximate Analzsisﬁof Agh sﬁz
Moisture..".....ﬂ...;_;ibi.l'0.5‘9
Volatile Matter..eecicoeses 2,71
Fixed carbONecesecceiiocces 6437
: Ash‘.ool..‘.......’.Q."é.".’90.33
I i o , Total . 100.00

Gross calorific_valﬁe, 817 Kleals/ks.

Orsai Analysis of Non-Condensed Flue Gas
0020....‘.:?‘.".......8.1
oz...iﬂaoa?o¢¥oof.wooo?.l
Czﬁkonvooo;.oofnoa;oo¢0.bh
CG-o.o-ooo$uoooo}io...0.2
Hzaoln.n.-éo-uoooo-’m-203
CHboouctn.?.-.-.-a...-éoh

N2oouaoao-é-soo-.nmoo75¢5

- Gross calorific value 700 K cals/m’.
Condensed water was not analysed.

3. @perating Diffliculties. .

&\ a. When the particle size cistribution of shaly coal varies

i over -a large range (e.g. from powder to 200mm dia.) or ash
i g content of the coal 1s more than 65%, ash accumulates in the
i T bottom of. the retort, and, in this hand-discherged retort,. the,
Lo - formation of bad clinkers occurs.

. . L " | :

b. Smell size coal, less than 55mm in diameter and. especially '
: I gé%hrgontent of powder, caused bad distribution of blasg in thg
£ o ort. i
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L -;; t. The tar loss from the chimnéy,uas about 7-9 gm/m3 of g
ITI. GONGIUSIONS - ‘
: A, In spite of the-diff1Cult1es mentionéd above, maess production of this

type plant was begun by the Imperial Navy in March, 1945, in order to -
quickly;producertar for the fleet. , i )

B. The: physical and chemical propartiesﬁof shaly coals were differen%
_at every coal mine, So the design details of this apperatus (especially
the retort structure), were left up ths ‘the engineers-of each coal mine.

= T CHENEY oy oi pexa)
) oD JOPPER
El . W it
‘ - % . ; R -
2 ‘
$ ; ! - ; .
3 & S £ : plume =2 X
~y P2
H [
1 o i A
} ! &Mﬂ ;
e b e
¥ -
P ‘72"‘1‘709’!'— 1835——1 zqao——»—-——l [
: T _ ;
§ i 2
™. \.F
/]
) L
Q.5 /-
e .
Y N
P’/A 9
.'\ .:E
‘///T 1% 4 Conditions:
N Feed & disckarge 3%
k A Paring eyorghmr
Tl : Carbonigation temp. 306%-20°C
it T i ; Press.drop of card. ,ue 2~5%cné
i = Tar ‘ 600 Yo
= 1 operalsrs Gmer
Ttem PacKed celumn | Exhaus ter Coglar Hyd-aulic main | [Gas Tnp|Gas ittty | press.
! Bamboo Rasctigy Turbo—fan |Tubilar 2005 Drum cled [ (T UE-WE)
. ] Riny packed | QL 50%"WG |26 (4 =2000) g < o
Description a2t random 47"%’:1 Gas-pipe xd4 @ISO-z +o 2~-5
30 ff’fﬂ el Cooliny Swface @u-50] 35 |50
M 2
: o.5%° pacxed 21,44 @55_40 Ciss a0
| % Tar rewrwid] 5,-.25% 50% “ 15 % ] 5% @50.35 0.5 50~e75

Figure 1(3)221%

“SIMPLIFIED CARBONIZATION APPARA’I?US FORV SHALY COAL
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ENCLOSURE. [B) 23

SULiARY

“A S$tudy was made of the extraction of Fushun coal with

./ bagi¢ oll obtained from shale oil. It was found that this
= basic oil was an effective solvent and 77% of the coal was
‘" dissolved by L~-stage extraction at atmospheric prsssure,
:'By extracting under hydrogen pressure, the amount of coal
.'dissolved was increased. By distilling off basic oil

. from the final solution, an ashless coal can be nrecipated
'?which is suitable for carbon eleotrodes.

I INTRODUCTION ; . q ) ' ‘
‘In April, 1940, orders wers given to study thls project. After expariments on
;laboratory scale, a pilot plant of 10 litei¥s/hr capacity was desigied and ’
‘constructed, but was not operated because the basic oil could not bz obtained
tfrom MANCHUKUO in 1944. A flow sheet of the pllot plant is given ia Plate I
-{B)23. Na‘large-scale plants using this procass have bean built.

ﬁThe key rslearch personnel working on the project wers Cnem.;nng. Lt. M.
jMOCHIZUKI and Chem. Eng. Lt. Cmdr, M, KUMAMOTO :

‘II. DETAILED DESCRIPTION

A. 5;§Bgratus and Procedure

i i} “
A rdtating-type autoclave of 5 liters capacity was used for this pro-
Ject. The coal was ground and sized tio pass a 60 mesh screen., Basic oil
produced at FUSHUN was used as a solvent .

One part {by weight) of dried coal anc three parts »f oil were mized %o a ~
pasts in the autodlave. _,

After air in the autoclave was replacad by hydrogen, the pressire. of y-
drogen was raised to 100 kg/cm?, The rotating autoclave was haated gra-
dually and held at the desired reacticon temperature for the required $ime.
After cooling and releasing the pressure, the products were removeé from
the :autoclave and filtered through a glass filter. The residu2 of filtra-
tion:was washed, first with pyridine vntil the filtraste was colorless,

and \then with benzene until the odor of pyridine disappeared,

The\hashed residue was then dried and“wéignedn The percentage of extrac-
tion was calculated by the following formula-

Percentage {weight of eamnle eoay) - {weight of.rasidus)
L of - X 100
Extraction ® . welght ofsample coal

. B, Experimental Reqults

The propertieq of ‘Fushun coal and *he ba<ic okl obtained from shale oil

are given in Tables I(B)23 and II(B)}23, The basic 1il was obtained by
caustic neutralization of the sludge f'rom scid treatment of shale oil,
This oil was rich 1n quinoline ana related compound s,

The effect of temperatnre, time, and pressure on ths extractioa were in-
v?s?igated and the regults are given In Tables ITI{2)23, IV{E)23 and
V(B 23. g : -
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It was- found that the extraction of coal is possible under atmospherie
pressul's ‘at boiling temperature -of the solvent. . Consequently, further
.. experiments were made to investigate extraction of coal at atmospheric
S pressure. The basic oil was fractionated into several cuts,

At rirat the extracticn of coal was carried out with the lowest bteiling
solvent fraction, then the residue was extracted with the next higher
boiline .range fraction, and so on. i
Experimental results are shown in Table NI(B)ZB for 4-step extraction and
in Tablie VII(B)23 for 3-step extraction.. Both series of extractions were
carried -out under atmOSpheric pressure with no hydrogen present.

ixﬁi. CONCLU.TONS

l. The infiuence of temperature, bime and hydrogen pressure on the

fvsolvent extraction was investigated and it was found that the temperature
]effect vwas the most significant. Optimum eomiitions for extractiog in presence
5”of nydrogen were found to be 1l-2 hours, 350- LOO C and 50-100 kg/cm<,

i 23? Extraction of the coal in the presence of hydrogen under pressure

. increased the percentage of coal dissolved. This is believed to be due to the

peptization’'of the coal being facilitated as a result of slight hydrogenation.

“Up to 89% of the coal was dissolved under 100 atm. of hydrogen pressure, where-
. as:at atmospheric pressure, using 4-stags extraction, a 77% extraction was
»obbained i :

vQE

3., The solution of basic oill and dissolved coal was not considered

:fae a source cf boiler fuel due to scarcity and poisonous neture of the solvent.

By distilling off the basic oil, an ashless coal can be obtained which. is
sultable fer manufacture of carhon electrodee.

Table I(B)23
ANALYSIS OF FUSHUN COAL

i? _Preximete Analysis (%) Ultimate Analysis (%)
E; | Moist , 4L.16 | ¢C j‘ 73.7
Ef Vol. M. °~  47.52 | H | 6.6
. “Fix. C. 41,67 | 5 0.7
é; | asn , " 6.65 | N | 1.7
0 0 17.3

214




| RESTRIC]

! l

[ :

Y

qiie

Table II(B)23

\ENCLOSURE i(B) 23

DISTILLATION OF BASIC SHALE OIL

801%%3% Range Yield Remarks
B | @ |
From I.P. to 200 .2 | "Distillation avove
|From 1.2, %0 225 g | 2509C was
From I.P. to 250 14 ghade under vacuum of
|From I.P. to 275 26 10mm Hg"
From I,P. to 300 42 ;;Distillation 'bempérgtuies
From I.P. to 325 60 ;%ere corrected to aﬁmos-
From I.P. to 350 85 | pheric pressute. '
Table IIL(B)23
EFFECT OF TEMPERATURE*
_| Reaction wPercenﬁage Final )
Temp. Extract Pressure
(oc) (%) (kg/en?)
250 8.0 99.8
300 21.3 99.4
350 87.1 98.6
400 88.5 91.3
450 68.2 83.7

* Sample in each case contained 11l5gm

. coal, 310gm solvent, and was react-
ed for 2 hours under an initial i
pressure of 100 kg/cm<.
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Table IV(B)23 | Table VIERIE
WFWECT OF ~ PRESSURE* , BFFECT CF s
Initlal PreSQure Percentage ’Reactionf | T=rcentzg® Tinal
g w1th of BExtract Time of Ext;eet :e 3158
: (kg/em ? (wt.%) (pr) 1 (wt.d
B ! . £5.58 ‘ 9.4
0 67-7 .2(‘ _/_} 2 _ 1 G
L300 83.3 1 o 84.5 99.0
. 50 88,1 2 85.4 98.3
4 g d
80 89.0 Lo 78.0 9.8 |
i 100 87.0 § ‘
s * Samples in sach ca3e eantaeined

i

_ * ‘Sample in ea
: 1100gm coali,
‘was reacted fo

ch case contained
300gm .solvent and
r 2 -hours under

‘a react1on temperature of

-105gnm ‘coal,
- reacted under-a
350°C with 1
of 100 kg/cm

301gm sclvent.

and was

tamerature of
Bifiz‘l o)

sressure (H 2}

216
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350 C. ‘L =
L ;
5 L Table VI(B)23
i 4-STEP EXTRACTION*
» - ! -
! N Solvent i f
N Matter - : Reacti | percentage
Step Esntracted Volume Boiling Range Temp i of Bxtract|
¥ {en) {ce) (°C) : 1) _% fwt, %)
1 1,00 2000 I.D. to 250 230 7.5
2 235 1012 250 to 300 280 11.9
3 213 1065 300 to 35@ 330 23.0
_obA 1119 342 350 to 400 380 15,9
f ' ' ? | Totel ! 7744
. Table V%I(B)2%
! 3-STEP & RACTIO”*
. 1 Y
: i Solvent : !
; . “Matter i .| Reaction.: ?ersentage\
'] step ’Extracted Volume Boiling ‘Rengs Temp. | of 3xtrsct
| X {gm) {ce) (ec) eey. fwt %)
L " 'wfl ' e : — !
Jla 400 - 2000 230 ‘to 280 250 114
o2 203 745 280 to 330 300 13,3
o3 214 592 330 to 360 350 27,0
e [ T ]
1 Total 31,7 |
| * In each case, reaction ﬁime nour.
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. 'LIST OF JAPANESE REPORTS

o

ON CONVERSION OF COAL TO0 O0IL

FIRST NAVAL FUEL DEPOT, OFUNA

;;Z(Forwar‘ded through ATIS to the W§Shington Document Center)
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ATIS No. for all Documenvs Listed Below is 4579

NavTe3shJap No. : Title | ' Author

X-38(N)-7

Yeari

ND26-0008.1  The Manufacture of Industrial
i Hydrogen. : L H. FUJIMOTO

ND26-0008.2  Thermal Cracking-of Diphenyl
Ether and Diphenyl Oxide in =&
B High Pressure Hydrogen Atmos- ‘
v phere. . . T. OGAWA

'ND26-0008, 3 Dehydrstion of Diphenyléne
s Oxide-in a High Pressure Hydro-. T. OGA¥A
gen Atmosphere. : I. TAKAHASHI .

ND26-0008.4  Thermal Decomposition of a-and
S b-Dinaphthylene Oxide in a High.
Pressure Hydrogen Atmosphere. T. OGAWA

ND26-0008.5 Thermal Decomposition of Tetra-
: i .. hydro.Diphenylene Oxide :im a ‘
. High Pressure H2 Atmosphere. ‘ T. OGAWA

' ND26-0008.6  Thermal Decomposition ofl Phenol
B in a High Pressure Hydrogen T. OGAWA
§ Atmosphere._ i © I. TAKAHASHI
 ND26-0008.7  Thermal Changes of Arometic
: : Gompounds: under High Pressure : S. YAMAGUCHT
o - Hydrogen. ‘ G. FUJII
ND26-0008.8  Preparation of Hydrogen by © T, NAMIKAWA
' s Cracking of Methans. ; M. YAMANOTO
ND26-0008.9 - Hydrogenation of Coal. ' T. YOKOTA

‘ND26-0008.10 Liquid Fuel in Germany, .
. Especially the Hydrogenation of
0 Brown Coal. _ K. ANDO

- ND26-0008.11 Studies on,Coal hydrovenatlon.
- I. Influence of the size of
"Paste.
II. Influence of V130031uy on
= Paste.
ITI. Activity of'Ferric Oxide as T. OGAWA

- ND26~Q0008.12 Studies on Coal Hydrogenatlon,
oy IV. Influence of Reaction
Temperature.
V. Inflnence of Reaction'
. Pressurs.
VI. Influence of Reacticn Time. T. OGAWA

VIiT. Influence of Heating T. TAKAHASHT

Velocities on Coal.

221

- a Catalyst. : T. TAKAHASHT

12--29

2#-2_3l‘
12-3-31
30-5-31
30-5-31
30-5-31

17-2+33

535

10-11-35

27-4:-36
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Thermal Treating of Coal Tartln
High Pressure- Hydrogen Atmosahere

Hydrogenation of Coal in EnvLand
and Germany-.

Catalytic Hydrogsnation of Authra-

cene.
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I mmonur"rxon

This report summarizes technical 1nformation pertaining to researrh on the

. Fischer-Tropsch process carried on by Prof. G. KITA and staff at he Kyoto °
;' Imperiail University. The following Japanese personnel were interviewed by

: representatives of the Petroleum Section of NavTechJap auring the period.
15=17" Junuary 1946: - :

: Prof. G. KITA - Retired :
Prof. S. KODAMA -~ In charge of Fischer-Tropsch
Asst. Prof. K. TARAMA ; : !

The. details of the work at KYOTO are described in detail in various publicao
tions (mostly in German), copies of which were secured. This report serves
only toioutline the scope of the work and'to present certain qiganicant
points Povered in the interviews. .

II. HIGTORY OF WORK

" Work on: the Fischer-Tropsch synthesis under Prof. KITA at the Institute of

. Physical and Chemical Research was started in 1927, cne year. after publica-.

i tion of Franz Fischer's first paper in Brwnnstoff Chemie on '"Die Erdol™
Synthesis"

' The work was begun from a pnrely sciantific view-point and the rirst papers
! were- puhlished in 1929 by Mr. S. KODAMA, Prof. KITA's first assistant. The
early wcrk was concerned primarily with tosting various types of catalysts
and investigation of operation variables, in small laboratory-scale glass

apparatus at normal pressure. WOrk on aliioy catalysts was started in 1934.

i work continued through the war with a view toward developing a satisfactory .

B substitu&e for cobalt in existing plants.. During the period 1937-1941, ‘
studies ‘were made in a semi-commercial normal psessure pilot plant at thes

Institute, with a charge capacity of about 100m”/hr of water gas. At the

I"request of the Japanese Army this plant was: transferred in 1942 to the Army

:: Fuel Research Institute at FUCHU for use in the testing of natural iron

a catalysts. ;

y In l937fwofk was started an iron catalysts for use at pormal pressure. This

¢ In 1939 work was started on the middle prcssure synthesis (10-15 atm), with

4 special: ‘émphasis on the use of iron catalysts. All work at middle pressure

i aft the University was done in small, single tube apparatus, containing about
. LOcc of catalyst, and with synthesis gas charge capacity of about 4 liters

" -per hour: (atm. press. and temp.). %lot ‘plant tests on the middle pressure:

synthesis were made in a small, 10 m /hr.;unit constructed ab RUMOI, Hokkeido,

by the NITSUI interests. A full scale reactor was installed in the Takikawa
Fischer-Tropsch plant in 1943, to test iron catalysts, and it was planned to
“install: an additional 15 sets. _

oIn 19440 studies were made at KYOTO on the natural iron catalyst discovered by
- i Prof, MATSHBARA -at. the Tokyo Imperial- Univnrsity. Tests were made at both

* i normal and middle pressure, .and studies were made on additives to improve the
: effectiveness of this catalyst.

_ During the period l938-l9h5, studies were. also made of the application of the
i Fischer-Tropsch principle for production of propanes and butanes for use in
i aviation gasoline synthesis.

Theoretical investigations on the rischer Tropsoh reactlon mechanism, including
s lkray studies, were- carried on during the pariod 1937-43.

229'; |
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‘Forfﬁhe futur§ it was plenned to continue studies on reaction mechanism, and
- glso to develop an iron catalyst for middle pressure which vould permit
‘operation at ‘temperatures lower than required with present iron catalysts.

TIT. NORMAL TRESSURE CATALYST STUDIES -

Itghas stateﬂ>that no catalyst superilor to”theéconventional cobalt-thoriunm
catalyst hadibeen developed. Activity equal to that of cobalt was obtained
'on;laboratory:test scale with a nickel catalys$ of the composition:

Ni +158Mn + 3% ThO, + 125% Kleselguhr

‘Thiis catalysit, however, was very sensitive to traces of alkali (Na2CQ3) and
- in preparation of same, the wash had to very carefully controlled to obtain
thé optinum alkall content. i ' o
. Ini 1937, after rights to use and prepare the German cobalt catalyst had been
‘sedured by the MITSUI interests, work at KYOT( was concentrated or the
development of a cheap iron catalyst as a substitute for cobalt in normal
prossure synthesis. Many catalysis were tested, and are desoribed in detail
in' the several publications listed in Part A of Appendix l. It was found that
. boric acid was an effective additive for iron catalysts, and that the most
effective catalyst developed for normal pressure operation had the followlng
_composition:: ' . 8
‘ Fe +' 25%Cu + 2% Mn + 125% Kieselguhr -+ 15%33303-+ 3%K2C01
. Experiments ;showed thet the H3BOj3 promoted the adsorption of eative hydrogen,
whereas aslkeali promoted adsorption of carbon monoxide. The product from a
‘high alkalil catalyst was alsc less saturated ‘than from a high acid catalyst..
The effects were almost independent, soO that when HyBOj was added to a
catalyst, alltall would also be added to increase tge adsorption of carbon
mcnoxide. - (D was Tound that for middle pressure synthesis, the use of H3BO i
was actually: harmful, apparently due to over-adsorption of hydrogen as result
of the higher partial pressure. :

i coe N : o
After the'nutural.catalyst was discovered, Kyoto University undertook, -at the
reéquest of 'Tokyo University, tests on this cetalyst at both normal and middle
pressures. The patural catalyst utilized was a base yellow eartk or oQchre
ohtained form NIWASAKA, in FUKUSHIMA Prefecturs, between TOKYO and SENDAIX,
and from certain other areas in Japan. A typicel analysis(%) is as follows:

MOiStUrS.eceoassrs Qoby
Ignition Lo8S...20.7
Fezo ..00070000061‘.8
Undefermined «-- 3.1

- 5 ' 100.0

: i;ray‘diffiaction analysis of this material }ndicatad the crystal form to be
dlphaAFeZO§“ﬂQO.- The ore also probably contained gome 510, and CaCO3.

The best netural earth normal pressure catalyst tested at KYOTO had the
.- following composition: f - »

" gohre + 1% Cu + 1% H3B03 + 6% KGO
‘Aécomparisén of several of the more promisiﬁé normal pressure catalysts is
given in Table I(D). 'In the case of the Kyoto Laboratory, the tests were
~made in small laboratory glass apparatus. (iasoline was the material absorbed

230
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{ on silicﬁigeler by a-dry-ice condenser, ﬁnd kerosene wes the prodﬁct fron
' the wategicondenser. i g R

. From this table it is noted -that the best natural catalyst gave a yield of
| 86 gm/m3, which was lower than results of ithe best synthetic iron catalyst,
. (98-102 zm/m3,) which 13 turn was lower tlhan results of the bnest cobalt

' catalysts, 151-158 gm/m?, It was stated tha%, at normal pressure, the

| synthesis reactions were as follows for iron end cobalt catalysts.

. Catelyst. ﬁ Reaction
| Iron . 2,00 + Hp —»CH, + C02
Cobalt HC0 +-2§2—» Cﬁz 4 Hz0

- In the case of iron catalysts, however, wlien gas with a CO:Hp ratio of 2:1

. was used, catalyst life.was very short du¢ to carbon poisoning of the surface.
i When gas with higher hydrogen content was used, the life was longer, but .

. ylelds were lower as compared with cobalticatalyst. c

i In Table III(D) are summarized pilot planfi tests on miscellaneous catalysts.
! The normal pressure catalyst, Fe+ 25% + 2% Mh 1 125% kieselgihr + 20% HqBOa

‘4% K;C05, was also tested in a fullscale reactor at the Miike Synthetic 0il”

. Co., bubiresults were unsatisfactory since only 2259C reaction chamber

~ “temperature could be reached whereas the minumum for this catalyst was 235°C.
. Data on’pilot plant tests in normsal pressure units at OMUTA are contained in

| publications listed in Part E. of Appendi$ I. .

IV. MIDDIE PRESSURE CATALYST STUDIES

Increasing the reaction pressure greatly tdvors the iron catalyst, and work
within recent years has been concentrated on a study of' various catalysts'

and suitable operating conditions for the so-called middle pressure syathesis.
In Table: IV(D) laboratory data are summarized which show the effect of -
inereasing. pressure, {and also the effect:of inereasing K3CO3 content), on an
iron-corper-kieselghur base catalyst. It;is noted that optimum yields are
obtained - in the range of 10-15 atm., and with 6% K3CO3 content. )

In Table IL{D) laboratory data are summarized comparing various middle pressure
catalystas. “ i e

© A catalyst of the composition Fe +*25%Cu :+125% kieselguhr + 4-6% K,CO3 was

¢ ‘manufactured in the 200 litre/day catalyst-manufacturing plant for tests at

. -TAKTKAWA:. * later it was found that the addition of magnesium increased oil

. yields, 'and it was stated that the best mjddle pressure catalyst developed tao .
date hasi the compesition:. - i o

"~ Fe t+25%Cu +5% Mg + 125% kieselguhr + 6% K2003.

Test: datia on this catalyst are also given in Table II{D). The opinion was

L advance§{thatg'under operating conditiocns: of 15 atm. pressure, 220-240¢C,

. resctioll temperature and synthesis ges with H2:CO0 retio of 1:l, yields equal
' to-thoseé of cobalt would be obtained. Furthermore, a catalyst-life of 6

. _months should be expected; compared with 2 months for a cobalt catalyst. It

was predicted that this performance could be realized on commercial scle.

The onlj  natural iron oxide catalyst tested at middle pressure et KYOTO is
shown in Teble II(D). This sdme egatalyst was also manufactured by the Japsnese
- Army Fuel Research Institute at FUCHU,  for use in Tull scale tests at TAXKTKAWA.
o It was believed that further imprpvement_Could be made by study of new ’

i
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pﬁomoters‘f6r>the na?ural catalyst,“especiall& in the direction of increasing

capper content. .
f Iﬁfpart B.ofdAppendix Iis a list of the papérs obtained firom the University
- 'rela.ing tojresearch on middle pressure synthesis. ,

V. CATALYST PREPARATION ‘
. A. Prucipitated Iron Catalysts - Middle Pressure

,%ﬁ The foilowiﬁg procedure was used for prébaration of & catalyst of the

: composition Fe+ 25% Cu -+ 125% kieselguhr + 6% k,003. This catalyst was
‘manufactured at the Kyoto Imperial University for fall scale testing at
TAKTKAWA. , ) i .

! . Metallie iron (10 kg) and copper (2.5 kg) in the form of plates about 5-10
inches.square, were dissolved in the theoretical quaniity of 52% commer-
cial nitric acid. Electrolytic grades cf iron and copper were used, al-

. though it was stated that ordinary mild steel could bz utilized. A stailn-
I . less sii¢el vessel 70cm in -diameter and &0cm higa, equipped with a stirrer,
. was uséd. Temperature was meintained ati 50-70°C by external water cool-

. ing. ‘fhe solution was removed to a stalnless steel precipltation vessel,
1 metei> x i meter (capacity 750 1it), equlpped with a 60 RPM stirrer.

12.5 kiz:of Kieselguhr were added. The diieselguhr was obtalned firrom the
Island of OKI in the.Japan Sea, and was a natural kieselguhr graded by we- -
ter seiimentation. This particular materiel had been standardized on a®
KYOTO since 1939 for use in a1l catalyst work. No further treatment was
given %o the kieselguhr prior to use, .

! While maintaining stirring, 20% NaoCO vias added in 10 miputes until a pH °
i of 7:8!was reached. The NayCO3 solution was nade by 4issolving commercial
I, grade NasCO4 in city water, cohtaining some chlorine. (It was stated that
i distillé&,water might be more desirable, but the supply was limited at ‘the
' University.) Stirring was continued for 30 minutes at room temperature;
: ' then the solution was pumped with-a diaphragm pump through 18-8 stainless
= steel {lines, tc a cast iron filter press equipped with thirty 24-inch |
.~ platesiand: cotton filter cloth. The filtering required & period of about
"" one hour, and the filter cake was washed with city water for a period of
-7 hours. IR s
| The cake was removed by hand and tragsferred to a 1.3m x l.3m. enamel
¥ 11lned cylindrical wash vessel. 1l.5m” o water wes added and the mixture
:  stirred for one hour, at room temperatuire, with e high speed movaeble
stirrer to make a slurry. The slurry was again transferred with the dla-
phragm’ pump to the filter press, and the filter cake washed 5-6 hours with
city water at room tempersture until the pH of the wash water dropped to
7.0-7.1. The cake was then transferredito a dough mixer contalnlng two
. rotating spiral-type knives in a horizontal trough about 1l.5m. long. A 7
"I~ saturated solution of K;CO3 (containing 0.6 kg of K5C03) was added and
kneading continued for two” hours. The inix was then trgnsferred‘to enamel-
1ined itrays about Som x 80cm x 50cm, and placed in a circuleting hot-air
type drier maintained at 90°C. After filve hours the half-dried’ catalyst
- was reémoved and pressed by hand through, copper wire soreen containing 20
i 'mesh per lipear inch. The pressed matérrial was placed again in the driler
v and held at'90°C for five hours. The dried catalyst was sifted over 20-
_mesh ¢opper screen to remove fines, and the final materlal was packaged
in wocéden boxes or .steel drums for shipneat. ;

gl ]
IAES

mthe pﬁécedure for activating the middlegpressure catalyst wus to

i oo ‘ . ' L !
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1ntroduce the catalyst into the reactor and reduce with the regular

" synthesis gas at 2509C and normal preissure for a period of 24: hours.
Theia the temperature was decreased to 180°C, requiring about 10 hours,
and the pressure raised to the’ operating level. The temperature was
then raised to the required reaction hamperature, 220G, in about 30
hou“s.

A mnre effective catalyst developed for middle pressure synthesis had
,the follwoing composition:

Fe+ 25% Cu+ 5% Mg *’]25% kieselguhr-r 6% KpC03
This eatalyst is prepared by an ideniical procedure as described above
excspt that Mg0, MgCO5 or MgNOj3 is added to the cupric and ferric nitrate
solution in the solution vesse Although 5% of Mg is added im this.

step, the actual content in the fina] catalyst is lees than this due to
,incamplete precipitation.

B4 ikﬂnunxl_lrnn_catalysz Migdle Enessure;
~The best natural catalyst had the fol lowing composition:
‘ " ochre 4 0.5% Cu +o 5%Mn-\—6eaxgco3

Y

For preparation of this catalyst, OCHRE, a natural iron ore, was obtained
from NIWASAKA, Fukushima Prefecture,: ‘between TOKYC And SENDAI. Tke . ,
ochre was washed at the mining plant iprior to delivery. Chemically - -
pure grades of Cu(NO3)2 and Mn(NO3)2:in concentrated solutions were o
added in the required amounts; then K2003 in concentrated solution was
added in the required amount and the masSkneaded. In the Army method
used at FUCHU, the knegded mass was pressed through 20 mesh screen and
_dried pzior to shipment. At XYOTO, more dilute solutions were used te
= permit easier and more thorough kneading. The moist mass was then
partially dried, pressed through 20-mesh screen, and dried as described
above. o

. Iron Catalysts - Normal Pressurei

The procedure is similar to that desvrlbed above for either precipitated
or natural catalysts, except that H3BO3 in the required amount is added
with the saturated K2003 solution,

I. MISCELLANEOUS

In connection with the use of irom catalysts, it was found necessary to remowze

all forms of sulphur, although their sensltivity was lower than that of

. cobalt at normal pressure, and even less at middle pressure., Halogens ere
‘also definitely poisonous to this catalyst and lead, tin, and phosphorous may

. also be harmful. Gases such as oxygen, carbon dloxide and nitrogen are not

harmful;' ' ) : -

In connectlon with the synthesis of iso-o02 tane, considerable work was dous

on the preparation of gaseous hydrocarbons from carpon monoxide ard hydrogen.
It was stated that a process had been developed whereby, by usingta catalyst o
of the comnosition, .

i Fe + 25% Cu + 125% kieselguhr -+ 3% KpC03

s [

and operating at 15 atm, 275-280°C, and with a CO:Hp ratio of 1:1, ahou$ 44%
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of the synthésis gas could be converted intoflight hydrocarbons containing
50% of -propanes and 20% of butaines. Refer to Part D of Appendix I for a
list of publications obtained relating to work on this project,

i N i ; i
Ii. Appendix II is giver a list of patents relating to the Fischer-Tropsch

. synthesis obtained by Professor KITA and staff at the KYOTO Imperial
- Oriversity. . B i
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Table IV(D)
EFFECT CF PRESSURE AND ALKALI CONTENT ON 0IL YIELD*
FROM Fe -+ 25% Cu -+ 125% KIESELGUHR BASE GATALYST

'f?cg' i;;:;é-;ng::80-22:P Composition of Reactior: Gas “ ’ Reaczizidnggnata g/wS
dg %“iop  § sump- Heavy Gaso- | Kero-|Paras- | Total.:
S ik B % % géggé Cog| HC {CO | Hg |GHy, HO|line |aene | fin | Iiquia
— — + »
5 | 21.9 |o.90 |5.0| 0.4 |37.5[s0.9(3.4 12.8“29.4 7.2| 5.8 | 6.1 19.2

an s '| 20.0 |o.87 |6.2] 0.6 |36.2|38.7]a.8 13.8&45.6 10.7| 8.2 [ 10.0 | 29.9

- 'ézs 10 | 3s.0 fo.e7 [7.0] 0.7 [zs.0]av.2]5.5(14.7)a1.0]15.4 | 13.4 | s2.8 9.0

e 15 | 35.0 lo.75 [5.8] 0.7 |37.5[3s.6]5.114.9is8.8{12.9 [14.2 | 51.8 78.8 |

20 | 32.9 {0.72 |4.7| 0.5 |39.1]36.8(4.9|14.854.6/10.7 [15.0 | 30.5 56.2
f'{:rv 3 | 19.1 |1.e4f v.6| 0.5 |33.0/42.0 2.6|11.5ll12.2 9.7 | 4.1 | 132 26.9
- 8 | 2.2 |1.48]12.0| 0.6 |29.2[41.2[5.4[12.6]le5.8]18.4| 6.7 | 27.0 52.1
o 10 | se.1 |1.53|z1.3] 6.0 [17.9{38.0 6.0 15.8[/40.2|20.4 | 15.8 | 58.4 94.6
| 15 .| ®7.5 |1.30|20.9] 1.0 {21.2]57.0]s.7|15.252.0l81.0 |17.0 | e6.0 | 10s.8
W | om0 | .33.4 |1.12{12.9] 0.8 {30.8{37.3|3.6]14.4f63.7[17.1 |15.4| 58.8 90.3
; 1 | ;

U s ] 2e.8 |1.26] 9.1) 0.3 |ss.7[ar.s|z.510.0) 7.3} 4a | 56 | 8.3 | 193
?ﬁ 4 ss.2 {1.42|15.2| 0.4 [27.7]41.8]2.6]|14.2010.0{ 7.1 | 5.1 | 42.6 548
ées 10 || 47.5 [1.47]20.2] 0.7 1e.3(40.3(¢.4/18.1]18.6{12.3 | 8,7 | 76.9 97.9
i 15 | s4.6 [1.49]|27.8] 1.1 | 6.8(30.0(5.5|20.3}|32.3|15.1 {s0.0 | 74.0 119.1
I 20 -} se.9 J1.m|26.0| 1.2 [11.6{33.8]5.0/20.6/45.1|15.1 |30.2 | e1.5 | 11s.8
f‘ 5| 25.2 |1.10] 6.0| 0.2 |7.7|a1.8[2.0|12.5] 7.5] 5.1 | 05 | 3.5 7.1
] . 8 /| 89.1 |1.20| 8.3{ 0.3 |3s.ela1.1{2.5{23.4)22.7] 5:8 | 2.5 | 15.9 20.2
?é;w 10 | 22.3 1.15| 8.1} 0.3 |34.7]40.8}2.7|15.6/16.4| 5.4 | 5.5 | 36.4 45.8
; 15 .| 47.2 [|1.41]23.5 o.é 15.9|57.4[4.8]17.6{33.7]13.5 | 15.4 | 77.2 106.8

‘20 || 51.6 [1.28|24.%| 0.9 |15.7{34.5|4.8]19.456.2]16.8 | 29.9 | eB.4 114.8
Avg. feea‘ﬁaa anaiys;s: 0.2] 0.0 }43.5[45.1 i.@ 9.4

= Eana are averase far one weeka oparation at each reactioa pressurs.

Heaction conditlona

Catalyst cessvecsnons veessses 40CO
Temperature ceeescocs soees 210°C
G&S nc‘l oo..o-ooocona-o'.oo- L lit/hr
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APPENDIX I u

- LIST OF DCCUMENTS (JAPANESE AND GERMAN) ON FISCEER-TROPSCH -
RESEARCH OBTAINED AT KYOTO! IMPERIAL UNIVERSITY

(Forwarded Through ATIS to Washington Document Center)

. A, On the Studies of Gasoline Synthesis from CO and E; Under Normal
: Pressure. (ATIS No. 4597) :

§ ugiTecthp. . Paper No. §ubj§g§ | Author Date®

Note: ~ ND26-0026.1 is one volume
’ . comprising the following 31
papers. f

ND26-0026.1 1, Research for catalysis by
> Heating Curve Method. Part A. S. KODANA 1937 .

ND26-0026.1 2. | Research for catalysis by -
- _ ' Heating Curve Method. Part B. S. KODAMA 1937
 ND26-0026.1 3.  Formation of Liquid Hydro-
. " carbons by Co, bu and Thorie
: Catalysts. ; S. KODANA 1937

§ ND26-0026.1 L. Effect of Berylium oxide, ,
E Magnesium Oxide Zinc Oxide and )
Cadmium on Co and Cu Catalysts. S. KODANA 1937

ND26-0026.1 | 5.  Effect of Titanlum Oxide,
: e L Zirconium Oxids and Selenium
: o : Oxide on Co & Cu Catalysts. S. KODA¥A 1937
ND26-0026.1 6.  On the Formation of Hydro-
‘ ¥ carbons by Fe Catalyst. S. KODANA 1937
. ND26-0026.1 7. Effect of Alkall on Fe-Cu S. KODANA
(A Catalyst. | : K. FUJINURA 1937
- ND26-0026.1 8. On the Fe-Cu Catalyst. K. FUJINORA 1937
 ND26-0026.1 - 9.  On the Co-Cu-Mg0 Catalyst. K. FUJIMURA 1937
; ND26-0026.1 104 Effect of Promo3ors on
| . . , N Co-Cu-Mg0 Catalyst. K. FUJINURA 1937
| ND26-0026.1 11.  On the Synthesis of | |
; oo . Petroleum by Catalytic
Reduction of CO ;at Ordinary
% Fressure. . i B. FUJIMURA 1937
‘ 3 ND26-0026.1 - 12, On the Synthesii of Petro- '
; i . leum by Catalytic Reduction T. TSUNEOKA
' : of Co at Ordinary Pressure. E.FUJIMURA 1937
* ND26-0026.1 13.  Study on Ni Catalyst

Part A. T. TSUNEOKA ~ 1937
*Institute of Physical and Chemical Hesearch Journal
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NayTechlap No: Zaper No.

!

NDR6-0026.1 | 1.

ND2%?6-0026.1 15,
_ﬁDE;(),-OOZGr.l | 16.
| ,ﬁnzi.26§oog6.1 17.
| I\TD22:6-0026.1 18.
ND%&6-0026.1 19.
ND%§6°¢026.1 - 20.
MZ6-0026.1 . 21,

ND26-0026.1 22.

ND26-0026.1" 23.
NDR6-002661: 2k
| NIR6-0026.1 25.

NIfngé-OOZé.liﬁ” 26.

NIR6-0026.1 27

N26-0026 1; 28.
© NDR6-0026.1. 29.

\,

. Study on the Effecs of | .
Reaction Tube Diamster and T. TSUNEOKA '

'RESTR!C¥ED

ENCLOSURE (D) |

Subject .f Author

Studay on Ni Catalysﬁ;

Part B. : T. TSUNEOKA

Study on Ni Catalyst.

Part C. z ‘K. FUJIMURA

Study on Ni Catalyst.

Part D : T. TSUNEOKA
General Propeties and. K. FUJIMURA
Composition of Produdits. T. TSUNEOKA
© Effect of Sulphur Com- 'K. FUJIMORA

pounds on Ni Catalysts. T. TSUNEOKA
- ; K. KAWAMITSI

Ratio of Hp and Co in Raw K. FUJIMURA
Gas. T. TSUNEOKA

Effect of Np, methane, CO2

in Raw Gas. ; T. TSUNEOKA
Relation Between Ra& Gas
Composition and Reagtion
Temperature and Degree of

Saturation of Gasollne. T. TSUNEOKA
Possibility of use of alloy T. TSUNEOKA

Study on Extraction and

‘Washing of Alloy Capalyst. T. TSUNEOKA

Effect of Grain Size,
Treating by Hy and Oxidation

Comditions of Alloy: Cetalyst. T. TSUNEOKA

General Properties and Com- '
position of Synthetizad T. TSUNEOKA
Petroleum by Alloy Qgtalyst. Y. HURATA

Synthesis Reaction and Gas T. TSUNEOKA
Contracpionl : : Y. MURATA

)

‘Study on Series of ‘Ni-Co T. TSUNEOKA

and_Co Alloy Catalysts. M. MURATA

Study on Series of ‘Ni

Alloy Catalysts. T. TSUNEOKA
i M. MURATA

‘

Catalyst Layer Length. Y. MURATA

*Instifute of Physical and Chemical Reseﬁrch Journal
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NavTecthg No. Paper No. Subjecﬁ% ' Author Datie*
ND26-0026 1  30.  Effect of Amowat of  T. TSUNEOK& "
' Catalyst on Reaction. M. MURATA * . 1937
ND26-OQ26.1 31. . Effect of Flow Rate of - Y. MURATA
' Gas on Reaction. S. ISIKAWA
) | T. TSUNEOKA 1937 .
ND26-0026.2 32. Study on Comstruction
Material of Reuction
L Chamber. . . T. TSUNEOKA 1937
ND26-0026..3 33.  Study on Constiuction
: Material of Reuotion )
_ : Chamber. " _ . T. TSUNEOKA 1937
, o : Ji
ND26-0026.3 33. Relation.betweon Freespace

Volume in Reaction:Chamber
and Reaction Rate; Effect of T. TSUNEOKA
Packing Mhtoriul with Catalyst. Y. MURATA 1937

ND26-Odéé.b 34. Analytical Tesf; of Alloy
e ‘Catalysts. 5 T. TSUNEOKA: 1337
ND26—0626.5 35, Fine Structure of Alloy T. TSUNEOKA .
, i Catalyst. o R. KURODA . 1937
ND26-0Q26.6 36. Relation Bgtweén Activity of . :
- Catalyst its Hysteresis of T. TSUNEOKA
T High Temperatu*e Treatment . R. KUKOKA 1937
ND26-0Q26.7 37. Study on Space; Velocity of
e Gas. . : T. TSUNEOKA
: ~ 4 J. NISHIO 1938
ND26-0026.8 38.  Condition of Svnthesis and
a i Unsaturation of Product. T. TSUNEOKA
I v ) Y. MURATA - 1938
"? 'ND26-0026.9 39. Superiority obei-Co Cata- ) -
I ¢ ‘ 1yst Prepared by Precipita- T. TSUNEOKA .
NDR6-0026.10 40.  Effect of Mixture Retio  T. TSUNEOKA
. t i Y. MURATA 1938
. NDR6-0026.11 4l.  On the Activation of |
b : e Catalyst by Air Slow Oxida- :
o i tion's i I. KATAYAMA '
o A ’; Y. MURATA 1938

ND26-0026.12 ° L2. Study of Purification of
I ) Raw Gas for Gasioline
; i . Synthesis. Part A.
i " L _ - Elimination of‘'organic
L S . Sulphur Compounds at Low T. TSUNEOKA
i : Temperature. ; #. FUNASAKA 1938

{ ) : kInstltute of Physical and Chemicsl Research Journal
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'ggﬁTech332 ﬁ§} Paper No. Sub ject - f Author Date®
ND:16-0026.131 ~ 43.  Study of Purification of . ; _
S R Raw ‘Gas for Gasoline T. TSUNEQEA :
i Synthesis. Part B.:- W. FUNASAKA 11938
L o . Elimination of Orgaaic Sulphur
: f? o Compounds at High Tamperature.
b NDﬁépQOZG-lii blyo Elimination of Orgaaic W. FUNASAKA
Ch o . Sulphur by Lux Mass: - I. KATAYAMA - 1939
| ND26-0026.15 45.  Eliminaticn of Organic W. FUNASAKA
f : 8 . Sulphur Compounds: by I. KATAYAMA 1939
; a Synthetic Fixing Reagent.
ND26=0026.16; 46.  Proparation of New Fe- :
I v - 7 Catalyst and its ouper- T. TSUNEOKA '
S S 1 7
. ND26-0026.17 47" Influence: of COmpoaition ,
S L . of: Raw Gas 1in Use of Fe * T.. TSUNEOKA
I 4 : .- Catalyst. i Y. MURATA 1939
| ND26-0026.1& 48.  Effeot of Adding Amount of :
Sk o Cu and Alkali on Fei T. TSUNEOCKA .
} o Catalysts. 1 - Y. MURATA 1939 o~
| ND26-0026.11 49,  Effect of Metal and| Metal '

Oxide Promotors and Precipita-

S S : - tion Reagents on Fe-Cu—Alk&li . TSUNEOKA
x I : o Catalysts. B . Y. MURATA 1939
" ND26-0026.2¢i . 50.  Elimination of Organic “ i
AP . _?i -~ Sulphur Compounds from T
L b 7 Water Gaa. i = W. FUNASAKA 1940
' ;ND26-00°6 ZTA 51. On a Inteusive Fixing 1
. i " Reagent of Sulphur ‘which
K R can Purify Water Gas at
I © 200-250°C. | ¥. FUNASAKA 1940
' ND26-0026.3% '52. . Influence of Raw Material, |
S s Cerrier and Alkali om Fe- :
I R : Catalyst; and Effeot of Y. MURATA
oo o Packing Mhterials.;; S. MAKINO 1940
 NI26-0026.2 53.  Effect of Aluminium, Ag .
o e and Other Promotors on Fe . S. MAKINO
; - " Catalyst. N K. KOIDE 1940
| NT26-0026.21) 5k Influence of CO2 on.§ . Y. MJRATA_
RN Catalyst. B T. YAMADA 1939
NIZ6-0026.25 = 55.  Influence of Np, CHy,
o Op and Ammenia Ges: '{n Raw. Y. MUBATA °
Gas on Fe Catalyst. T. YAMADA 1939
Niize-ao'ozé.z«éf 56.  Distiliation Analysiis of ’

Synthetic Gasoline. (1) S. KODAMA 1938

- ¥ Inatitute of Physical and Ghemical Rasearoh Journal
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NavTechdgp No. Papsr lo'.
ND26-0026 .27 57.
| ND26-0076.28 . 58.
o ND26-0036.28 59.
| ND26~0026.29 60,
. 'ND26-0026.30 61.
; NDR26-0026.30 62,
| ND26-0026.30 63,
| ND26-00%6.31 blpe
65-
| ND26-0026.31 - 66.
ND26-0026.32 68.

L B. -

ENCLOSURS (D)

Subjéd’t

‘Promotors on Fe-Cu
. Catalysts.

Effect of Cu on Fe
Catalyst i

Promotion Effeéb.of Borioc
Acid on Fe-cu thalyst:

Effect of Cu on:Fe

i

Reaction Temparature and
Durability. :

Durability of Fe Catalyst
and Gomposition of Rew Gas.

- Fe Catalyst- and Raw Gompo-

sltion. J

On the Preparation of Fe
Catalyst by Precipitation.

On the Reduction of Fe
Catalyst by Hp and Thermal
Treatment. A1

On the Raductio& of Fe

Catalyst. i

Distillation Analysis of
Synthetic Gasol;ne.

(;;'Is No. hsﬁ)

Navrechsg;p- No. Paper No.
. ND26-0027.1 1.
 NDR6-0027:2 2.

Subjecb ‘ .

On the Cat&lytiﬂ Reaction
of CO and H2 Under High
Pressure. _

"On the Peculiarity of

Synthesis of Petroleum
Under Pressure-especially
Durability of Gatalyst.
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Author

Y.

Y.

Y.
BI.

“Y.

M.

Y.
Ell

Y.

Y.
Y.

Y.

Sl
¥.
M.

hru
E L]

Y.
!I.

RURATA
TAZUKT

MURATA
YASUDA

MURATA
YASUDA

MURATA
YASHIRO

MURATA

TOSHIQKA

MURATA
YOSHIOKA

MURATA
SAITO

MURATA

NAKAGAWA

MURATA
TASHIRO

MURATA
UMEMIRA

T N g
TAZUKI

Inves gation of Synthesis of Petrolaum.Under Middla Pressure.

Author

" E.

Y.
D.

S.
S.
I.
S.
S.
K.

-*Institute of Physical and Chemical Fesearcih Journal

TAHARA
SAWADA
KOMTYAMA

KODAMA

TAHARA . | .
FURUSHIMA

ISODA
KOQMASAWA
KIMURA

R-38(N)-7

Datgf‘
1540

1940
1940
194G

1940

1949

1940

- 1941

A C-TA

1941

1941

Journal

J. Soc.
ch‘m -

l9hl

ibid.
1942
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‘NaiTechJup No. EPaper No. Subject | Author Journal
ND26-0027.2 ' ' .3. - Effect of Reaction-temp-  S. KODAMA S
A i v erature and Alkali Content S. TAHARA ibiad.
i for Fe-Cu-Mn-Boric Acid - I. FUKUSHIMA 1942
v Catalyst. : -S. ISODA ' :
; i S. KOMAZANA
: o . K. KIMURA _ :
ND26-0027.2 | 4.  Effect of Alkali, Boric  S. KODAMA )
v it - Acid, Cu, Kieselguhi’ s 3. TAWARA -tbid.
~Content for Iron Catalyst I. FUKUSHIMA 1942
- - S. ISODA -
I ' S. KOMASAWA
; i K. XKIMURA
~NDﬁ6-0027.35f : 5 Investigation on Teéh- . S. KODAMA- Confer- -
: i - nical Use of Iron Cetalyst S, TAHARA enze of
for Synthesis of Peliroleum. Y. HONG Syathetic
: i . . Petroleum.
| . ) 1943.
C.' Physico-Chemioal Investigation of Gasoline Synthesis. {ATIS No. 4599) .
LS ITechiap No. Paper: No. Subject | Author Journal
. ND6-0028.1 ' 1. - Activated Adsorption of S. KODAMA T. Soc.
i o : Haz, CO, CO2 and Hzo by K. TARAMA Chem. Ind.
e _Cobalt. B - S. MATSUMURA Japan ~
. H . T [ . ° b B 5 .19[#0.
| ND16-0028.1 2. - Activated Adsorption of
S : Hp, €O, CO2 and Hz0 by
I o Iron. : S. MATSUMORA 1940
 ND26-0028.1 1 3. Activated Adsorption and
o T Mechanism of Gasolirne .
i o = Synthesis Reacticn,I S. MATSUMORA ‘ 1940
 ND26—0028.2~i: 4. - - Adsorption Velocity of , ,
a ( ‘ Hy by Cobalt. | 5. MATSUMDRA 1951
ND£6-0028.3 | 5.  Adsorption Velocity of 'S. KODAMA
; i S - Hp by Co-Kieselguhr Catalystb.MATSUMDRA ~ ‘
_ ’ , T. ANDO 1941 ‘
. NDZ6~0028,3" 6. Adsorption Velbcity of v
j ‘ iy Hy by Co-Th-Kieselguhr .
o i Catalyst. it T. ANDO 1941
ND26-0028.4 7.  Adsorption Velocity of S. KODAMA
, : i Hy by Iron. S. MATSUMURA ¢
_ _ : K. TARAMA 1942
NDz6-0028.4 - 8.  Adsorption Velocity of S. KODAMA
: o e _ Hy by Fe-Kieselguhr S. MATSUMURA N
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P 11 ¥g0 or Us03: K. FUJIMURA
_ catalyst. :
| 108560 | 1933,Apr. ,5 | 1934, |Manufacture of gasoline |Normal Pressure | K. PUJIMURA
.. | Jun, |by reduction of CO. Ni-catalyst: 3. TSUNEOEA
15- utilization of
inpure N1
v ¥ ] (Cu < 0.5%).
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‘| 134861 | 1937, 8ep., | 1940, |Manufacture of hydro Adisbatic synthe- | G. KITA -
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_ IR 7 5o : T. FUJITA
'142939. | 1936, Aug. , | 1941, |Manufacture of synthsatio Low activity G. KITh, 9.KUDAXA,
124 Apr.,| Iiquid fuel. : : catalyst near T. FUJITA,
1z inlet of resasc- Y. mm.u.
i . tion cheambeyr. ’
143373. ‘1’29;3'7,001:. s 1941,]| 011 synthesis by 1roi;‘L Normel pressure, | G. K[TA, [
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E ction by reaction
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144803 '1941,| 011 synthesis rrom cla Reduction by G. KITA,
Aug., ,| and Hz. . : high speed gas Y. MIIRATA
1 : flow, save of
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144921 1959 Oct., -} 1941, Liquid fuel synthesi7— Device of inser- 3. KODALIA .
88 Aug.,| ing reaction chamber. tion of cooling G. HASHIMOTO
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IR Jun.., hydrocarbon. il of hydrogen S. KODAA
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16 ‘i| Hp rich’ reduc- |Y. KURATA
i Bt 2 ) - i} tion gas.
| 1s5e08 | 1943, | Activation of o1l || [ Activation of' |G. KITA
o Mer., | synthetie catelyst. - | catalyst by S. KODAMA
18, . il preliminery Y. LURATA
) ’ . ‘i { heat treatmen.t.
| 158987 | 1941.005., | 1943, | HEyardoerbon synthesis | Middle pressure|S. EODLL
Co -3 , Jun., | from CO and Hp. Pe-catalyst, H. TAHARA {
{ 10 - more alkalil than Y. MUBATA
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SUMMARY

(

i This report records end summarizes technioal date on the Imperial Puel Research-

Institute, at Kawasguchi, Seitama Prefectwre, Japam, by the Petroleum Section

E of NavTeohTap during the perlod 16-28 January 1946.

The Inqtitute is en egency of the Japanese Department of Commerce and Industry,

. sngeged almost totally in research on the: subject of utilization of coel sub-

stances :native to the Japenese home islands. Its fleld of activity embraces
studies :on the production of both liquid and solid Suels from coals. Specifi-
cally, low temperature carbonization, coel hydrogenation ard the Fischer-
Tropsch Synthesls have been the principal. media of approach to the production

i of such fuels.

The Institute has operated & six-retor* carbonizacion assay plant since 1921.

¢ This installation has a throughput cepacity of 6 Jons per day. Ncn-coking bi-
" .tuminous: coals of Japan have been thorouglily studied in this plant. At pre-

i sent, lnterest is centered upon the carbonization of brown coals found princi-
. pally in Gentral Honshu. i

' The Fisoher-Tropsch plent was operated frum early in 1938 to 1940 this work

! being discontinued when the MITSUI interests began full scale Dlant operation
' at MIIKE.  The Institute's plant never, atf:eined more than 30% of design capa-
i eity, which weas 200kg of totel crude oil product per day. Failure was partly

due to poor cetalysts, and partly to faulty ani cumbersome converter design.
The eoal hydrogenation plant was operated! between 1936 and 1940, being &ben-
operations. .The Institute's plant had a throughput of 3 to S tons of paste

‘. per day,: representing 1.5 to 2.5 tons of coal input. It was operated cnly as

a liquidiphase unit, hence produced mainly heavy oil. When Jepanese high-

; volatile:ilow rank bituminous coals were processed in thiz plent at 200 atmos-
‘. pheres pressure, 80% or more liquefaction was obtminei.

t A.though this plant apperently operated e. rated capacity and with relatively
' little difficulty, no outstanding process: or equipment developments were at-

tained &g e result of its operation. This was ,yartly due to over-simplifice-

. bion iniits design and partly to fallure to incorporate the vapor phase step.

 yrom 1944 unvil the end of the war, the Institute was under the administrative

supervision of the newly formed Departmenu of War Production, which abolished
the' Deperiment of Commerce and Industry. (At the end of hostilities, prewar
status wes regained. The war program of the Institute directly concerned. with

{ military activities comprised seven projents, none of which were reduced to.

commerciel practice.
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‘The' following personnel of the Imperial Fuel Fesearch Institute were interro-

‘gated and supplied verbal information or submitted written documents from which
"this report was complled. ,

"

Mr, Y. BAN Director of the Institute. ,
Mr; T. SHIMURA Assistent Director and Supervisor of the
S . Fischer-Tropsch Grdupe.

Mr, M. KUROKAWA Supervisor of the (loel Hydrogenation Group..

Mr, N. SAITO Supervisor of the Qarbonization Group. .

II LOCATT O’ AND GENERAL DESCRIPTION

 Thé Imperial Fuel Research Institute (Nenryo-Kenkyushe), of the Japanese De-

pertment of Jommerce and Industry, is located in the town of EAWAGUCHI, Saitama

Prefecture, Jonshu, KAWAGUCHI 1s situated jusit north of TOKYO, from which it

1sseparated by the ARAKAWA-River. The Institiute covers an area of 483,624
square feet, &ll of which is guite level, hence completely utilizeble for
bulilding construction. In this area are a total of more then forty buildings,
of which about fifteen are totally devoted to laboratory and pilot plant opera-

tions end eduinistration. Total building floor space, that is, lsboratories

. plus shops, warehouses, service buildings, etc¢., amounts to more than 180,000
" gqiiare feet.: Pilot plents end some laboratoriies are housed in sheet iron

- gtructures; the administration building and some laboratories are concrete.

- Figure l(ES?ﬁs a layout plan. of the grounds and buildings. :

han G 5

3

 II. HISTORICAL

The Instituce: was founded In 1921,- and at that, time was under the jurisdiction
of! the Department of Commerce and Forestry. About 1923, this Department was
reorganized and divided to form the Departmenf;s of Commerce and Industry, end
Agriculture end Forestry. The Institute betame part of the Department of Com-
meirce &nd Industry, and so remained until 1944, when the Department was placed
under militery administrative supervision aend:igiven the neme Department of War
Production, as nearly as the new title could be tramslated. At the end of the

weir militery supervision ceassd, and the pre-wer neme and status were regained.

v, GENERAE DESCRIPTION OF ACTIVITIES

i, A. Normel Activities |
At the ‘time of its organizetion, the field of investigation assigned to
the Institute was to study and promote pirocesses for the economicel uti-
lization of coal substances native to the Jepanese home islends. These
comprise mainly low rank and low grade bituminous cosls, brown ccals end
lignite:, _ Their chemicel nature is, thersfore, such that they are not
"attractive to most industrial consumers.: Research activities were later

extendeﬁ to include utilization of netural gas and petroleum.

Coal studies most intensively pursued haye related to complete gesifica~
ﬁm,mwmmuﬁuewwmn%MmaMwmmmmnmhmmnufuu
naces. . Before the war, the Instltute's ‘technologists were active in
studyirg the direct gasificetion of coal'in one step. They claim credit
for developing processes now used in commercial plants serving TCEKYQ,
YOKOHAMA, and KOBE. A continuous progran of coal carbonization has been
carrieéion, aiming toward the production. of an acceptable substitute for
charcosl for domestic heating and cookinz. Institute technologists be-
. lieve that general acceptance of low temperature semi-coke or meoalite”
. from brown coal would practically revolutionize the Japanese home fuel
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] sitﬁetion. In the rural districts and towns of moderate size {i.e., less

‘ Resﬁltscof this work are summarized Ln Section IX. e i

_B. : WAR ACTIVITIES

thean. 50,000 population) in central and southern Japen, wood and wood chdr-
coal: ‘are universally used for both heating and cooking; also a large pro--
portiion of the people in the larger cities use charcosl exclusively. In
TOKYO, for example, it is estimated that about 40 per cent of the homes
use 1no fuel other than charcoal.  Successful aspplication of low tempers-
ture carbonization to this merket would salso make availsble -large quanti-
tiesi:of low temperature tar, which is particularly valuable in Jspan as

a pﬂtroleum substitute.

Because of Japan's poor position with respect to naturel petroleum, the .
Institute has conducted research on synthetie liquid fuel production from
coal: by the Bergius and Fischer-Tropsch process since 1931 and 1933, re-

‘spectively. However, no industrial process or equipment applications

have evolved from this work, and experimentation has a dwindled sinece
1940: Present personnel state that the Jepasnese goverament has withdrawn

‘support of these projects because of the pressing need for work in more
‘diract utilizetion of Jepanese coals during the reconstruction period.”

Studles on the utilizsastion of Japanese raw materia]s other than coal, gss,
and. petroleum have been very limited.. The Institute is in no wasy connect-
ed with the metallurgical or mineral industries. A small smount of work

is done on agricultursal wastes {such as straw and chaff), and forestry

-products, particulerly iun problems dealing with obteining liquid fuels

from.such sourcese.

,A contlnuous program of coel assay i< carried on for the benefit of bath

pubile interests and the industries. S8imilarly, coal ssmpling, coal

.drepslng, studles of coke properties, cosl combustlon tests, Ler treat-

meni; and the like are continuous protlems. No fundamental reseerch is
done which is not directly connected with fuel problems.

: !

Preqenﬁ personnel state that throughcut the war the msjor part: of the
Institute's work continued to be along the lines o2 fuel production for
civilien or normel industrizal use. & few specific war projects were .
assigned when the military group was in control (1944-1945), the general
subject titles of which are the follcwing.

2 1° Hydrogenation of Daido GoaJ.

e Low-Temperature Carbonization of Coely Shale.A

B Carbonization of Pine Wood.:

- Preparation of Aviation Gasoline from Pine Root 011.
" 5. Catalytic Cracking of Low—Temperature;Tar.

1B, Synthesis of Tripteanse.

HoTe Explosive Combustion of Coe& Dust..

vC. ‘?ROPOSED FUTURE ACTIVITIES

As in outcome of the war, Japan has Jost her most valusble coal fields of .
former days, that is, in Korea, Mancluria, and Chinea. She has also lost
a fairly important source of oil in the poor quality shale deposits of
FUSHUN. These circumstsnces are citéd as evidence of the necessity for
conzentrating to a greeter degree than in the past on extending: the 'ields
of 1tilization of native Japsanese coals and related materisls.
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T PRBSEN'J‘ PERSONNEL ORGANIZATION - |

| Total personne'I now numbers 121, which is considered the normal compleent.
The employees are classified as follows:

Director...."......'.'..-.'..‘.I‘.. mOY Bm
Assistant Director eeececececeses Mr. To SHIMURA
Mech&nical Eﬂginﬁel‘s .l“.’ll.}..ll..l'.hﬂ.'n'. 2 H 0
i Physicists e0cecsseasessrncsensinsssrasssenes T 1
I . ,’ Research Chemists ooococo-oo-.oocvc.o.ot-oo0.018
Assistants ...."“...-’..“Q..."......ﬂ‘.."25
clerks ...‘......‘..-.Q.‘....'i....".‘.'...’.. 3

Leborers and Operators- .......................70

‘.The laborer classirication 1ncludes skilled es well as unskilled workers.

During the. 1ime when the Institute was under the control of the Army and Navy,
-personnel was increased to 166, classified as follows.

,l
; ) Dire(}tor .Q.Aﬁ.llll..l.’...'l..llﬁlioil m‘ﬂ Yt Bbm
H Assistant Direetor @scccseninesesann Ml‘. SHIMURA

" Research Chemists & Engineers ceesccescccaeses2d

Assistants ....;.....................;........38
E: H clerks ...Ol.....‘........'0.."0.'.’0..'0.'.' 3
;I _. Laborers ‘..............I...l'U...Ol.’..n.’2.'98

The annual budget for a normal yesr 1s 500, 000 yen, of;which 200,000 yen is
paid out in:saleries. The average wage of the professional man is 3,000 yen -
per year, the assistant 2,000 yen, and the l&borer 5 yen per day. Salaries -

. *heve recentily been 1nereased by 10%, this increease being granted to offset pre-
aF sant currency inflation. The Institute is finenced entirely by government
ands, administered by the Departmsnt of COmmerce and Industry.

V},. GOA.'L H‘{ZDROGENATION ‘PROCESS i

A Laboratory Work: : f

; The first experiments on direct coal hycrogenation begun in 1931. The
. prineipal object of this work was to stiidy in a comprshensive mauner the
. hydrogenation of Japenese coals, the results of such experimentation to
ve applied to development- ‘of a commercls&ly-feasible synthetic liquid-fael
'process. The statistical technical information: obtained on the behavior of:
< i the. vanrious coals was to be mede availatle for generai distribution to
“1i  those interested in deyvelopment of industrial hydrogenation. It was. con-
e sidered the duty of the government to prov1de such informaetion_for the
i industiy. This work was cerried on as & contlinuous project until about
- the last two years of the war, and has involved a very large numher of
tests using high pressure- autoclaves with charging cepacities from liver-
to aboab liters. j

‘More’ specifica_ly, the purpose of these investigatlons mﬁy be ouulined
thus: ;v ) .

u

L To study a wide varlety of Japanese coals with respect: to thelr:
su*tability for liquéfaction by direct hydrogenation. Over 100 coels
have been assayed, . ’

To study the effect- of catalysts on_ the liquefaction reactions.

To study the kinetics of depo1ymer1 atlon-hydrogenation reactlons.
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; 4. To study hydrogenation of the complex separable éonstituents of
. coél. ) ! . . "

C B To study vapor phase hydrogenation of products obtajned by pri-
- mary liquefaction or dry distillation of coal..

Results of this work have been prepared for distribution in the form of
ectnical papers and bulletins, some have also been published in tecknical

jouznals. Copies of all these bulletins (written in Japanese, were .cb-

tained, but not translated except foritheir titles, which are as 1’ollc»ws‘

lo The Hydrogenation of Phenols, Part I. .
- Studies on the Liquefaction; of Coal, Part II. (Test Resuwlts of
Japanese Coals) \
;’5» - The Hydrogenation of Low—Temperature Tar.
JBIT: 7 The Hydrogenation of Heavy Oils. -
19 The Hydrogenation of Phenols, Part II. (On the Preparation of
e Hydrocarbons from Low-Temperature Tar icids).
i Be Studies on the- Liquefaction; of Coal; Part III.
i #"7. The Preparation of Benzol from High—Temperature Tar by ‘Hydroge-
i ° 'nation.
8o 8tudies on the Liquefaction;of Coal, Part V. (Action of Ceata-
lysts on the Coal Paste) ‘

(ATIS and ND numbers for these publlcatlons will be found in Appendix
¢ I of this report). ,

The:materi&l contained in these bulletins is of genersal technjcal and
scientific interest, and so has bearing on the broad subject, of coal hy-
drogenation, but cannot be said’ to bel the basis for any specilic process,
or jmprovements applicable. to any specific process.

;According Xo. the present personnsl, the most important general conclusionSf
obtnlned from this work are:.

S I . :
ﬁfl, Préctically all coals of the Japanese islands were found sulta-
“.ble for hydrogenation. In general, Hokkaido and Sakhalin coals are
. more easily llquefled than those, of the central end southern regions -
4 of Japan. v :5 S

572. The action of: catalysts on;boal hydrogenation is two fold:

8. Acceleration of the reactions of depolymerizetion-hydroge-
nation. Catalysts effective for this purpose are oxides and '
sulfides of tin, lead, and nickel.

i be. Acceleration of hydrocracking reactions. Catalysts suiva-
i ble for this purpose are oxildes~and sulfides of molybdenum,

i zine, iron, ard copper. Halides capable of acting &s a source
of hydrogen halide at elevated temperatures are also extremely
erfective hydrocracking catalysts.

Se Mz.xtures of hydrocracking catalys‘bs (such as MoO3z) with alumine
‘gel or with halides (such as NH4Cl) were more effective than sither
‘used slone. The alumina gel is said to catalyze decomposition of
‘asphaltic bodies. Depolymsrization catalysts (such as Sn0 or Puo),
.when mixed with halides {such as| NH4Cl or CHI3), were lihewise nore
. effective. than either component alone._
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Be SemJ.—Plant Work

In 1954 “the Institute began the cperation of a seml—pilot-plant scale

liquid-phase coal hydrogenation plant, ciapsble of treating 5 to S tons of
peste per day. Usual practice was to us¢ paste in which the ratio of coal -
to vehlcle was 1l:1, hence the amount of toal treated was 1.5 to 2.5 tons.
per day. The: product was heavy oll whlch, in a complete hydrogenation
plant, would have been split into two pairts, one going to the vapor phase
step, and the other (after separation of,solid matter), To vehicle storage
for pasbe naking. o w

The entire hydrogenation system except: the hydrogen compressor was designed
and built by the Kobe Iren Works. The operating steff consisted of 1 re-
seerch chemist (group leader}), 3 assistants, 5 operators, 2 analysts, 1
producer gas operator, and 1 hydrogen plant operator. . ,

As & matter of record,/this 1s Japan's second hydrogenation piant with Te-
spect to age. The oldest is the one buiLt at TOKUYANA.and 1ater moved to
OFUNA. .

The object of experimentation with thils plant was to compare plant and lea-

‘boratory results on the hydrogenating characteristlics of a few representa-
tive Japanese coals which gave good liquefaction yields in laboratory
'tests, 'land also to determine whether Japanese-engineered and -Japanese-

’\
built plent equipment could be made to seérve in this particular high pres-
sure field.- ‘ {

;$1anned, if satisfactory performagcu was obtalined, tg continue ex-

,panding‘the scele of operation to a demonstretion piant of commercial sizs,

This plant was operated for a total of aoout 5000 hours bétween 1934 and.
1940. Its operation was discontinued when full scale plents begen running

-.at FUSHUN and ALGOCHI. There seemsd to be no immediate need for further

pllot plant experimsntation by the government.

The flow diagram of the plant is shown in Figure 2{E). Process hydrogen -
was menufectured by electrolysis of wate:r in a small Enowles generatoxr
having/a cepecity of 16 md per hour. Low pressure hydrogen storage con-
sisted of a gasholder system of 115,000 cu. ft. total capacity. '~ ballast
vessel 0T 110 liters free volume was plaued betwsen the compressor and the
hydrogenation system. Producer gas made: in a Karpely generstor was used.

. for all'process heat not farnlshed by electrical resistance.

Paste making was a batch operetion, enouyh belng made &t one time for one
day's throughput (3 tons). Cosal prepalablon equipment consisted of a jaw
crusheriand a pan mill. There was no drving equipment. A screw-type con-

‘'veyer transported the pulverized coal (minus 200 mesh) to the paste mixers,

"

which: were elevated so that their bottom:ioutlets were about 6 Ieet Irom
the floor. .Paste mixing and storage squipment consisted of 2 open top
cylindnical vessels with conical bottoms; fabricated from steel pleate.

They were heated by internal steam coils)and provided with vertically

mounted motor-driven propeller type stirrers. The paste injector consisted
of twoisingle-acting hydraulically operated rsciprocating piston tyre units
in parsllel, with.veriable speed stroke. Paste fesd to the injsctor was
by gravity. |

The hydrogenation system consisted of anjindirect gas-fired tubuler paste
preheater, two converters in series, elestrically heated hydrogern prehéster,
a geparetor-cooliing system and & gas scrubbing unit. NMaterials c¢f con-~
struction and significant dimensidns of this equipment will be fcund or
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Pigure 2(E}. . The converters and paste preheater were enclosed in bricke
work: housings, through which pass the hot gases from the combustion cham-
ber:! in order to maintain proper operating temperature. The eatire hydro-
genation system was housed inside the plant building. Protection was pro-
vidsd for the valve operators in the:form of a 9 inch thick re-enforced
consrete wall (with small glass windows) which separated the oressure ves-
sels: from the control room. Valve wlieels were fixad to this well in the
operating room, and were connected tu the velve stems by means of a shaft

and gear arrangement. § .

Heary product dis¢harge was manual and intermittent. The heary oil was
separated from solid matter as completely as vossible: by grevity in the
first high pressure- separator, the remainder of the oil being removed by

a dlstillation-carbonization operaticm. Light product carried through the
separators by the exlt gases was reccvered in the oil scrubbing system,
emp.loying a creosote oil fraction (beiling range 230-3000C) ag the ahsorb-.
ing: agent. This unit operated at atmospheric pressure. The iight oil was
‘recovered by distillation. :

There wes very little instrumentation in the plant. A4ll flow: controls and
proiluet discherge controls were manuelly operated. There were no mechani-
cal.safety devices on moving machinery except for open-type safety vulves
on the hydrogen compressors. Likewise, the only enclosed motor was on the
hydrogen compressor. g ) .

The:.converters and preheater were designed to operate at 200 atmospherss.
The: remainder of the plant festured extra-heavy-duty equipment,, particu-~
larly valves, piping, and the paste injector. Such over-design resulted.
‘in r'easonably infrequent replacement.of the barts receiving most wear.
However,. i1t was admitted that heavy o0il discharge valves suffered severe
erosion, requiring ch e of the working parts ebout every twc weeks.
-Thesie: valves were falrly wide-angle needle type, with stellite: needle: tip -
and-stainless steel seats. There hadibeen no failure of preheater tubes,
but these were changed from time to time because: of rusting due to long
periods of idleness. ,
Other: features, which simplified. operation and thus: added to reliebility
of performence, were incorporated into the plant. The most importent of
these, from the engineering standpoint were: - :

v 1. Omission of heat exchangevf&om the paste injeotion system.

f 2, Direct condensation of vapots from converter gases, without heat
;. .eXxghangs. ; .

f;5. Direct preheating of process hydrogen.

‘74. Omission of the step of recirculating part of the hydrogen to

. brocess after psrtiel stripping Qf the exit gases under pressure,

5. ’Ubekof electrolytic hydrogeﬁ for process..
It = s

The ;only operdting difficulty admitted by the staff, aside from the inade-
quacy of instrumentation, was the heavy oil discharge valve fallure pre-
viously mentioned. 4 o

Experimentation'was confined to hydroéenation‘of,threerJapanase coals which
laboratory tests hed indicated to be most suitable for liquefaction, and
consisted in:. . .

257



VII.

FISCHER-TROPSCH PROCESS

A-38(N)-7 ' ,_ o ,  RESTRICTED

EXCLOSURE (E)

1;' One month running on.Iriyama,céal from central HONSHU, & coal
lxingwin,rankzbetween lignite and sub-bituminous.

2{?; Two months on Harutofi, & low-rank high-volatile bituminous
coel from HOKKAIDO. 4

5;3 Two months on: Kawakami, & low-irank high-volatilé bituminous
cogl from SAKHALIN. : ,

This work led to the following general cSnclusions:

1., The three ccals tested were réﬁdily hydrogenatéd in the plant at
200 stmospheres pressure. -

2;: Coals containing as much &s'lo% ash presented a serious velve
problem in discherging heavy product. -

3;? Zine chloride wes found to be a superior catelyst for hydroge-
nating low-rank coals. There was no mention of corrosion of HCl.

;-454 Jepanese pressure equipment and machinery showed no particular
* weakness -in performance at 20C etmospheres. : ‘

5;1 No specific improvements of vaiue to the coal hydrogenstion ine-
dustry were developed, either’with_respect to procesg or equipment.

The oniy publication on the operation of this plant is a short paper in.

. the "Journal of the Soclety of Chemicel Industry, Jepan®", Volume 44 No.l10,
dated 1941, entitled "On the Eydrogenatﬁon of Coal by Semi-Techmical Scale

Plant™,

The data of Table I(E) were-submitted aé & typical record of operating Te-

sultse:

'

A. Laeboretory Work

Leboratory experiments on the synthesis of hydrocarbons by the Fischer-
Tropsch: process were begun in 193%. The purpose of the work wes to pro-
vide Jepan with a source of liquid hydrocarbon fuels from raw materials
availeble within the 1imits of Jepan proper. It wes the goal of the In-
stitute to develop and promote the full scale exploitation of a complete
system of synthetlc petroleum manufactwre by this method, ,with particular
emphasis placed on catalyst development, converter design, end possibly
gas generation. :

The key men in the orgenization was Dr..:S. TSUTSUET, who rerained at the

Institute from 1933 to 1939. Accordingi to present persounnel, he personal-

ly cexrried out all the more jmportant work concerning catalyst rreperstion,
catalyst testing, and evaluation of results. When he left the organizée-
tion In 1939, he took with him all notes and other records concerning bis
work,. leaving nothing to guide his successors in continuetion of the pra-
gram. While at the Institute, he prepsred one bulletin describing his work
up t0::1954 or 1935+ This publicetion has not been translated, except for
its tiitle, which is "The Synthesis of Gasoline (Part I)". (The ATIS and
ND nurber of this document will be found in Appendix I of this report).

"From the résults discussed in this publication; end from the stutements of

present personnel, the substitution of nickel for cobalt was the object of
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much of TSUTSUMI's research. The reason for this was the high cost of
cobalt. Good yields were obtained from nickel catalysts over short periods.
“of 4ime, i.e., well sbove 100 grams per cubic meter of gas indut, buq the
catalysts could not be maintained in an active condition for Longer than
about a month. Even during this shont period they required two high-
temperature activations. This perrormance is not suited to a commercial
provess. : ‘

TSUTSUMI also conducted extensive experimentation on the promoter eflect
of catalytic materisls such as cxidesi of urenium, thorium apnd uranium on
nickel and cobalt cetalysts. His results led to the conclusion that: ’
thorium end uranium are most effectivie for this purpose. Miscellaneous
research included studies on the effect of changing the ratio of Hg <o CO
in the synthesis gas, the effect of c¢hanging the llnear gas velocity ~
through the catalyst, the effectiveneass of various bulking agents, and
studles on the effect of changing the amount: of quking agent. He did no
WOrk on iron catalysts. .

The's° experiments were performed at emmosphe ic pressure, using an elsc-

tricelly-heated single tube converter, 20mm inside diameter and 00cm.1ong.'.

_There is no record of experiments at. intermedlate oressures, although soms,
work of this.kind was done.

1

B. Semi-Plant Work

I

Expprlments began on & semi-plant. sccle in 1956. As a matter of record
this: was the yeer in which the MITSUI interests purchesed the rights to
-expiloit the. Ruhrchemie Flscher-Tropsch process in Japan. It is claimed
thaf; the Japanese license was limited to operation at atmospheric' prus- |
sure, hence thé Institute concentrated upon developing a process, operat-
ing at pressures sbove atmospheric. .Specificslly, S atmospheres gauge
pressure was arbitrarily chosen for experlmentatlon.

The first converter wes & failure, ccnsistlng merely of a tube 30cm in
diaimeter and about 2 meters long, without provision for removing the heat
geneérated by the highly exothermic hydrocarbon synthesis. In 1938,. opera-
;tion began on a plant which had been provided with a converter of more
appliopriate design with respect tc heat-control characteristics. Tempera-
ture control was effected by circulating water through a systh of narrow.
tubes in parallel, the cetelyst being packed in the interstices between the

‘ tubhs. Design production capacity wes 200 kg totel crude oil product per

day, to be obtained from a throughput: of 100 normal cubic meters of syn-
thesnls gas per hour with an Hp:C0 ratlo of 2:1.. The catalysts were com-
posed mainly of nickel. Actual compcsition of.the catalyst reported most
effpoetive was (in parts by weight) ' : Co : Cr : Kieselguhr as 40:20:10.
5:150. The catalyst charge was said to be one cublc meter bulk volume but
-actual calculation indiceted 3/4 cubic meter to be more nearly correct.
0il/'production never exceeded 30% of design capsacivy, accord1ng to the
records offered &as representstive of ‘best opersting prectice. Throughput
was: 1ikeW1=e sbout 30% of the design figure. :

Per]ormance of catalysts was unsatlsfectory with regard to their useful
life; although while active, yields es high e&s 118cc (78 gm) of pentane
and”heavier hydrocarbons per cubic meter. of synthesis gas were obtained.
_The:longest total period of useful .ctivity observed was sboul; a weel,

" this: being obtained only by reactivatica with hydrogen on the third and
f£ifih days. This type of catalyst hed been maintained in en sctive condi-
tion in laboratorv tests for sbout a month, The explanetion given for the
short;r ‘life 1n the plant was sulfur poisonlng. Spent catalysts were not
reworked. ' :
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v This plant was operated intermittently frum early in 1938 until near the
< end of 1940. During this time, no changesi were made in the plant equip-
. ment. Opjerations ceased when the Mitsui plant at MIIKE began running.
This action was explained as partly due ta belief that the Miike plant

. was praciically certain of success; and partly because it was realized
that modification of the Institute's converter design to-give bettsr tem-
perature control would introduce considereble additional expense in its
fabrication, and partly because of the uncatisractory life of the cata-
lysts, ‘ i

i 4., H

During the time the plant was active, it vias estimated*that 12 runs of
from 1 t0: 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 refjning of the crude oil product
., or on engine performance of Fischer-Tropsoh fractions frem any source.

A flow, sheet of the. plant is shown in Plate I(E). The converter was of
i the single-pass downflow type, designed to operate at 10 atmospheres gauge
pressure,; but actually operated at 5 atmosipheres. It consisted essential-
- ly of a Steel cylindrical shell 1l16cm in diameter and 150cm long, inside
which were placed, longitudinally, 860 small steel tubes described as %
inch "ges: pipe*. The shell was provided viith one integral and one re-
. movable head, the latter being at the top. The tubes were connected in
" parallel by meens of an intricate welded header system at top and bottom
. with pipe: connections passing to the outside through removable packing-
i glapd coanections in the heads. The entil'e pipe assembly could be re-
¢ moved and again set in place for the operatlons of charging and dlscharg-
fa ing catalyst.

v Hot watel, at substantially the temperature of the synthesis (180-200°C),
¢ was mechanically circulated 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
i the tubes; which were spaced 35mm between:centers. This design is essen-
i tially the reverse of the American;Downs converter,

The- product recovery system comprised-

l.;¥ An air-cooled pressure recelver, 1mmedidtely following the con-
verter, in which water and the heavier hydrocarbon products were
collected

2.33 A water-cooled ‘shell and= tube-tvpe pressure condenser to collect
paxt of the lighter reaction products.

3.;& A batch-type packed tower pressure scrubber employing a creosote
0il fraction boiling in the range 230-300°C for the final stripping
of- light products from the gases.:

. ’ L.,f A continuous steam distlllatlon tower and condensing unit,
) opereting at atmospheric pressure, for stripolng 11ght product oil
from wash oil, .

Exact records of catalyst preparation was not available, ZFrom memory,
present personnel recalled that all catalysts used in the plant consisted
principally of nickel, and the one giving the best results had the approxi-
mate weight composition Ni:Co:Cr:Kieselguhr as 40:10:7.5:50., 1In preparing
this catalyst, nitrates of nickel, cobalt; and chromium were dissolved in
hot distilled water in the proper ratio to give a final product of the
desired: compositionr, the proper amount ofkieselguhr added, then, with
agitatlcn of the solutlon the metals were pr901p1tated by addition of a
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.. hot solution of potassium carbonate slightly in excess of the stoichio-
netric requirement. The precipitate was washed with hot distilled water
until no alkalinity was detecteble with phenolphthalein indicator. The
slurry was then filtered, dried, and the product pelleted. Pellet size
was, 7mm in dlemeter and 2.5mm thick at ‘the edge. Pellet faces were con-
vexX. . Temperatures, time schedules, andl ‘solution comcentrations during
these operatlons could not be recalled.

Catalysts were all prepared in the laboratory, using glass and stoneware
apperatus for the precipitation redctions. Approximately a month was con-
sumed in meking a catelyst, requiring the services of 8 persons, working
g hours daily.

S+ In coudltloning for the synthesis, the catalyst was reduced at atmwosphsrie
. pressure in the converter, with hydrogen. Bayonet-type elgctric hesters,
inserted in sheaths extending from top to bottom inside the converter,
supplied the heat required-to attain thke reduction temperesture of 3500C.

The rasduction schedule was described as Tollows: Hydrogen was passed

over fihe catalyst while, at the same time, the temperature wes increas=d
from atmospheric to 3509C, over a 20-hour period. ter 10 hours at 350° c,
the tsmperature was decreased, over an:8-hour period, to 180- 190°cC. Syn-
thesis gas was then substituted for Hg, and proper operating pressure and
flow rate attained at once to start tha synthesis.

The method for preparing gas for the synthesis consisted in blending blue
water gas with electrolytic hydrogen. The blue gas generator was & small
unit which was operated intermittently,; gas being prepered and stored in

& 30,000 cu. ft. gassholder. Similserly; Hg was’ stored in a 10,000 cu. ft.
holder. The two were mixed, &s required, in another 10,000 cu. ft. holder.
There:was no storege of compressed gas:excsept an accumulator, about 20
inches I. D. and 42 inches long, immediately following the compressor. All
the plant operation wsas carried out W1th & synthesis ges of the approxi-
mate nomposition Hg:CO as 2:1. ; .

BecauSe of the sensitivity of the synth631s catalyst to sulfur p01soning,
an elaborate but unconventional system!for sulfur removal was adopted.
Following the blue gas generator was a.conventional dry iron-oxide box
(to rsmove all but traces of HpzS), from which the gas passed directly %o

- the water gas holder. .Organic sulfur removel occurred after blending and
corpression. for the synthesis. ZFor thjs step, the gas was passad through
a gysitem of five cylindrical steel tubes 30cm in diameter and 2m high,
filled with random-packed rectangular pieces of copper gauze (1l0em x 2%¢m,
about. 10 mesh) coated with a mixture ofl 90% Ni and 10% Cu. The amount of
Ni-Cu:mixture in each vessel was about.l5 kg. This mixture was prepared
by précipitation from the nitrates witl sodium csrbonate, end was pasted
on thé gauze while still wet. It was Conditioned for use by reduction in
the' dssulfurizers with hydrogen at 35000. The tempersature of ojeration
for desulfurization was 200-250 C. .

The ftwe units containing the desulfur121ng agent were arranged so thasz
only four were used at any given time, one comprising the first stace and
the other three, the second. , The fiftk was a lirst-stege spare. A brick-
- work Jiousing enclosed the unlts, egxcept: for about 6-8 inches at the top
. and bottom. The housing also served ag a combustion furnace chamber, in
whlch‘stoksr coal was burned o0 supply:heet to meintain the rsquired opera-
ting temperature. -Once fouled, the Ni- Cu mixture could not be regenerated.

The anount of  sulfur 'in the gas enterlrg this unit could not be ascertained.
but it. wes stated that with an active, fresh charge, the sulfur conten?’,
after. pass1ng throlgh this system, was about 0.02 grain/me.

,"-!"—
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i The synthesis plant was without instrumentation to control pressure, gas
flow, or recovery operations. Temperatire control in the converter was
essentially automatic through the action of the condenser in the water

The’data of Table II(E) was submitted aa Operating results of ore of the
best runs. 5

V[II LOW;TEMPERATURE CARBONIZATION

Ever since its organization 1n"1921, ‘the Institute has oarried on a continucus
. program of coal-carbonization studies. The 'tar has always been recognized as
tlie most important product of the process, bat tar production alone cannot
- carry the expense. It was, therefore, necessary to give attention to the pro-
“"diction of & seml-coke end product which would have a ready sale. The coke

. comprises 65% or more: of the weight- of the coel charged S

Tne most attractive potential market for the coke was as & substitute for char=-
coal as & domestic heating and cooking fuel.: Although its characteristics are
excellent for burning in domestic furnaces, it was not Tfound applicahle to the
braziers used in Japanese homes, because of high ignition temperature. It is
not.usable for metallurigical purposes, and too expensive for boiler:uss,
therefore, ‘& dependable market was never found. Rather recently, sone progiess
. hias been reported in blending it with coal for coke making. During the war, it
' was planned to use it to some extent for making water gas and hydrogen as Traw
vmeterials ior synthetic 1iquid fuel processes.

Carbonization studies at the Institute were carried out both on test-tube scale
and in an. essay plant having a throughput capacity of about 6 tons per day. A
£low sheet.of the plant is shown in Figure Z?E) and a draviing of the retorts in
Flgzure 3(EY The retort system, which-was designed at the Institute, comprised
6: verticalichambers of rectangular cross section, the carbonizing sections of
wnich are constructed of’ fireclay tile, externally heated by combustion of pro-
ducer gas or gas from low-temperature carbonization. Carbonizing teuperaturs
1s 500°¢C;, bhe skin temperature on the outer wall of the retort being 700°C.

.The retort‘ .are connected in parallel with the recovery system for ‘gases and
distilled products, which comprises a water cooler, a Pelouze tar extractor, a
- Hurdle ammonia secrubber, a gas meter, and gasholder. In %1is manner, if ail 6

retorts are;operated simultaneously, total coke and gas production are averaged
as though 6:separate tests had been made. Coal is intermittently fed by nand
and coke’ iﬂ carried away continuously by a conveyor.

Three bullotins relating to the carbonizatien work, have Dbeen prepared for dis-
tribution, the: titles belng as. follows: : .
1. "Japenese Coals as Raw Materials for Low-Temperature Carbonization®”
(out of print).
2. ""Report of the Experiment on the low-Temperature Carbonization of
Coal™..
3 "The Experiment of the .Continuous System for the Low-Temperature
' - Carbonization of Coal".
i -(ATIS!'and <ND numbers of the last two of these publicutions are gziven in
i Appendix I of this report). v .

The carboni vation group is nowAempna51z1ng the utilization of biown coal., The
full extenti to which this may develop cannoti yet be estimated, but it is
trongly contended that use must be found for Japan's brown coal the reserve
of which i#i'estimated at 500.000.000 metxnic tons. The denosits ars located
principally in nortneestern ‘and central HON:HD. This substance rescamoies
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American: lignite more than it does the brawn coal of Germany. It has a low

calorific: value, and because of its structure and composition weathers rather

severely: L ' ‘ :

At preséht, tar from brown coal carbonizabion 1s visualized as a petroleum sub-

. stitute,; and the carbonization residue asja substitute for charcoal. It has
already been found possible to make a "coalite" with ressonably satisfactiory .
ignition characteristics, at about half the price of charcoal. However, the
product ‘so far obtained emits a slight but objectionable odor on cambustion.

The data?of Tablé IIT(E) were submitted éé repreééntative:yields of tar and
gas by low-temperature carbonization of typical Japanese coals,

IX. SUNMARY OF REPORTS DESCRIBING WAR ACFIVITIES

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

.. Seven reports were submitted to NawTechJab as covering the completie war pro-

©. gram of 'the Institute. All except one of the investigatlions described in these
| reportsihad its beginning in 1944, The exception is the hydrogenation of Daido
¢ coal, -which was studied in about 1941, The reports are in Japanese, but with

! gach wasiisubmitted an English summary. JFollowing is a digest of t{he' summaries,
amplifieid in some instances by interrogation of Inatitute personnel. (ATIS

and ND rumbers will be found in Appendix II of this report).

A.i_"H&drogenation of Tatung (Daido)?Cog;ﬁL,Qy M, KDJROKAWA and S. ANDQ.

The: purpose of this investigation was 4o determine the suitability of this
coél .as the raw material for establishing a coal hydrogenation plant in
China. The Institute's 3-ton-per-day pilot plant was used for the liquid-
phesde hydrogenation and a 5-liter high-pressure batch-type rotating auto-
elave for the vapor phase, . i :

The experiment comprised three parts:

RN W Coal was hydrogenated in the liquid phase to heavy oil.
2. Heavy oil from (1) was batch-hydrogenated as the first cycle of
< .~ the vapor stage. i .
3. 011 heavier than gascline from (2) was batch-hydrogenated as
" the second cycle of the vapor stage..

Operating conditions in the liquid phase were 200 atmospheres pressurs, a
- 41C9C operatirg temperature, with a catalyst consisting of SnClz, equiva-
" lent; to 1%, by weight, of the paste., Conditions in the vapo: phase were
240 atmospheres pressure, a 460°C operating temperature, 1 hour of cone
tact, and a catalyst consisti of 10 parts MoO3 to 1 part of sulfus,
added in an amount equal to 10%, by weight, of the.oill charge.

'QThé:overall results are given in Table IV(E).

Itlﬂas concluded that the maximum gaéoline production from this coal uould, 

be about 35% of the weight of the coal, with a total liquefaction of 60%
of!the coal. !
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B. - "The Low-Temperature Cérbonizatienﬁof Coaly Shale” by N. SAITO

The obiject of this project was to build' and operate e lcw-temperature car-
bonization plant to treat 20 tonsg, per day, of coaly shale, such as is
found :in the western part of HOKKAIDO aad in parts of HONSHU and XYUSHU.
The product distilled from the shale was to serve as a petroleurm substi-
tute for production of aviation gasolina, The plant was built and preli-
minary: operation began August 10, 1945, but was stopped with the cessation
of hostilities. i

C. "The Carbonization of Pine Wood", by N. SAITO

The purpose of this problem was to study the low-temperature carbonization
of pilne wood, as a source of tar for coaversion to -gesoline. A tar yield
of 10%, by weight, of the wood charge was obtained in laboratory experi-
ments. ~However, when the experiment wa3 repeated in the Imnstitute's 6~
retort:pilot plant, the yield was only 4.38%. The work was not continued
long enough to determine whether the ladoratory yield could be achieved

. in plant practice. i

D. U%The Preﬁaration?of Aviation Gasoline from Japanese Pine Root 0L1",
y I, A : . :

= When the gasoline fraction from pine-root oil was subjected to catalytic
; vapor phase treatment at 400-5000C, using as catalysts such substances as
| Japanese acid clay, activated acid clay;, Kanuma earth and yellow earth,
: summing: tendency was. corrected and a fuel with high octane value was ob=
tained. However, the vapor pressure of the product was low, so it was
usable: only as blending stock. s .

Treatment of both the gasoline fractioniand the higher boiling components
of pine: root oil at higher temperatures resulted not only in the produc-
tion of lower-boiling constituents, butialso in excessive decomposition.
It was: concluded that there is 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 a3 they are formed, although their
instantansous concentration is small., !

E. "The Catalytic Cracking of Low-Temperature Tar”, by M. KUROKAVA,
- RUASAORR, and K. SUEA%ARA, L :

A fraction from low-temperature-tar, boiling in the range 200-300°C, was
solvent-extracted with phenol containing 20% water. The raffinate was
used as: a charging stock for catalytic oracking, using pelleted commercial
activated clay as the catalyst. :

' The content of gasoline in the cracked distillate was found to increéée
with increasing temperature, but the yield on charging stock decreased
above::550°C, ‘ v

F. TIhe Synthesis of Triptane”, by M. KATSUNO

Chemidélly pure trimethyl butane was préﬁéred in the laboratory to inves-
tigate. its properties. It was synthesized in the following manner:

Pinacdline and methylmagnesium bromide ﬁere subjected to the Grignard rs-

action, and the alcohol thus produced dehydrated to 2 + 3 + 3 msthylbutsne
-1, which was hydrogenated to 2, 2, 3~-tiimethylbutans. ' =
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A3 ﬁhe;industrial method of preparatibn, alkylation of isobutane and pro-
pylene was proposed. Only a few preliminary exporiments were carried out,
using phosphoric acid and AlCl3 as catalysts. The problem was disconti-
.nued’ before the products could”be examined. - :

G.  "™Ine Explosive Combustion of Coal Dust in Air", by T. INATOME

The ultimate object of this investigétion was the development of explosives
whosie ingredients are powdered coal and air. Three series of preliminary
experiments were performed in the laboratory.

1. Inside a 19mm I,D. & silica; tube was compressed a hollow cylin-
-drical plug of coal dust. - The hole through the plug was émm in die-

i meter, the length of the plug, 55mm. The silica tube, containirg the

" coal dust was suddenly introduced into a tube furnace heated to 800-
:1000°C, and oxygen was passed through the hole in the plug. Carbvo-

‘" pization, combustion of volatile matter, and combustion of fixed car-

. 'bon oecurred in the order mentioned, and at a rate which was slow o
--and irregular, because of the slow rate ofi heating of the pellet.

i 2, A tube containing the hollow plug described above was placed in

a cold zone (below 100°C) outside the tuve furnace, but coaxial witk

i 1t and near enough to the hot zone to be strongly affected by the ¢
"padiation from it. Oxygen was passed through the hole in the plug,

as before. In this experiment, radiation from the hot zone caused

“ignition of the plug at the end nearest the furnace, and combustion

proceeded until the plug was consumed, but -the reaction rate was slow.

o

Co3, If oxygen and coal dust were mixed in the stoichimetric propor-
. tions for complete combustion before passing into the tube furnacs,
- .the rate pf reaction was ~f the crder of the speed of an explosion.

i
- i , : : i
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‘ Table I(E)
HYDROGENATION OF HARUI'ORI COAL
IN THE SEMI-PLANT

‘Type. of Goa1. High volatile bituminous.

Proximste Analysis- (%)

” }  Moisture 0....;0.2...'.0.-;.00;'0...000-.00.0lt.--l. ?-LL

ASh .'..0.......0.0.0....0.0....l......'.lll..l.o‘.l 1ﬁ¢3

l‘;l vclatile Matter ﬂ.......l...'..'.ﬂ......‘..'......'Q L;Z.56
‘l Fixed carbon ..O;.C.l...'......0'......CIC.C..C.I.‘. 33.7

Ultimato Analysis {Dry Basis): (%)

Ash 05 6 00000068V 0CR 00600 ESSL2000P0080000CIIGELIDVITGECEST llkno'z

C l....'...."‘.....lC...O.Q'O....l.......l...I.....>62‘59

H‘o.luacoaninooo-oonoocooocooo.nuuc.otoooo-ooo..--oc A087
0 .ooc.-oo.-ooo.o.o.o--o-o-co.'o-n-o--un--oou--aa--- 7.23
' B S'ovoon--.o-c.o.ooo--o-oo-ooo.ooonoo.u-o...m-‘o.‘-oo 0-‘2
N’o...-.--....o-o......O‘.......O.n..n'..Inh-.oc-u-l 1.07

Heatinp Vhlue 6250 cal/gm

Weight- ratio coal: vehlcle essesecsasscesccescnnesnns 121
catalyst 'l‘....l.ﬂ.b..'..l.......l.'l..0'!0. NiCKel 01bide
Mte Of paste lnput .....‘.........‘l'...‘.n. .8 157 K‘;/hr
Hydrogen iNDUD ..sevevencrcesancerranss 146 m2/hr (N.T.P.)
- Mean reaction: temperatura ...i..eciciitessiosasaaass 4100C°
Mean reactlon pressure ...cceceesscsssecee. 200 atmospheres
Duration Of Ul .cseeesessscecvscsscacsesse abOUL 2 months
?egree of coal 11quefaction seeeeciesssassencsansaes B0.2%
Heavy oil production veesssnsisesacas 788.3 kg/metric ton
paste 60,08% dis-

; tilling up to 3000¢C)

2I..ight 0il production..eecssessse 39.9 kg/motric ton paste
3Volatile oil production ... ee 2k,6 kg/metric ton paste
LResidue .......Q.I..O......l._.'.'81 Skg/metrlc ton pflste
GBY seceecsevecesensssscsorsasnnss 27.8 kg/metric ton paste
Loss ....ao.o..-.'-0-..0..00.;30! 48 0 kg/mﬁtric ton pﬂste
Hp consumed ..cecececccasesocsioss 10,1 kg/metrlc ton paste

Note e

(1) Heevy oil : product boiling ebove 200° oG
(2) Light il s product. b01ling up=to 200°C, condansed

by eir: end water cooling in recovery

&. L o . eaulgment preceding oil scrubbing

v i (3) Volutile oil : low hoi ing product by oil scrubbing of
%\ , . exit gmses

\ {(4) Residue s unliquefied carbonaceous meterial anpd

l\ o ‘ ash -
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Table II(E)
PESULTS OF TEST RUN OF
FISCHER-TROPSCH. SEMI-PLANT

Catialyst s.coveseescanseesseesss NL:Co:Cr:Kieselguhr, 40:10:7.5:150
Working pressure D A g2uge -
T“ipemtm ‘........."I...II.‘.’-I..‘....DOOU.CCO.I.‘...ﬁ.... 1959
vo]:f i'nlet ga.s .‘.C.'.'i'.‘."..IQ...V;‘...Q.'-.C.L.l‘..'...Q. g’31m
mlaticn_ or m QI.......O'....'.-0..‘:‘..I.........l.ﬁ.'.l...‘ Eo'hrs
Average rate Of 283 FIOW c.eeeceocceinnocnnccoocncerann.. 31 m3/hp
0il yleld from condensera ..... 61.82 lit. (sp. gr. 0.7583 (209C)Cle-
R : , finey 5%(vol.? ”
0il: yield from scrubber ....... 28.04 lit. (a?. 8r. 0.7248 {20 C)0i1-
: L _ ) fines 2%({vol. ) .
Total 011 yie d DO....O.;....'..D.Q."‘i‘.‘-'.v’\-'-.'.‘-.l.'ll. 89.87 lit.
--Total yleld/m’ inlet gas ..... 117.5ca {inlet gas corracted
B , “  for compenents other tnan H.
. S and $0)
Tot’al “at“r Q..I.I..O.;..'.......I..Ij...'..........0.‘!.‘. 161.12 it'
; %I; exit Sas Q0.0.".0....;"OI.'-....f;i..lu.l.l.O'..'..‘..I.. 298m i
Contraction .;.".l."l..'.....'Dl.'.&l‘O(...0‘0'..‘!.‘...'...‘.0-.:. 68% -
‘Gas: Analysis” . 4 '

- Inlet Gas ; . Exit Gas
co, 2.670% | 12.0%

‘€0 . 27.4 . 10.0
H . 54,6 19.5
CH[, . 0.7 i ‘ " 12.3‘
N, 14,7 T 46.2
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Table III (E)
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Type
Coal

ﬁroximate Ang;ysis

s HZO

Ash

Yol.

i
|

Fixed

vMatﬁer c

Heating
Value
(Cal/gm)

Tar Yield*

Horonai -

. Non-coking
.. bituminous

Jo4l

10.94

40 77

45,33

. 1,035

15,38

EOKinoyama%f
[ "~} bituminous

| Sub

10.79

14.03

49@93

25.95

5,622

7.78

?1damo

!\ Brown Coal’

27.67

14.71

34,70

22,92

3,667

'4.00

th

Name
i o:

Tar 2ualyseis’

(wt %)

‘Coal

¢ Acid

" Phenols

Bases

Neutrdi
oil

Ether
Insol- -
uble

.SD.GE,

© Heating

Talue
(cal/em)

| Horonal

2,53

18,18

3.33.

75.39 -

0.57

0.9656

»249

priﬁoyama

510,92 ’

19.49

1.85

66.93

0.81

0.9668

9,398

Tiise |

20.85

0.34

53.23 ¢

14.12

0.9811

8.730

éKidomo.

Neme
el
‘Coal .

Gas
Yield

- L (m2/f

Metric
Tom j

’Anaﬁysis of Gas

Tillumi-
nanss

%2

co Hy

CH,,

:

Eﬁbrohai

700

6.1

307

1.1

8.9

21.0

48.6

10.4

Okinoyama}:

1,070

21.3

3.8

0.8

10.2

21,2

38.6

hel

;Kidamo

726

3.3

1.2

15.8

1.2

11.2

24.3

L5

* On basis of goal charged;kwt %)
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Table IV(E)

HYDROGENATION OF DAIDO COAL

X-38(N)-7

Input (kg}

0

Product (kg)

1st Stage

Coal . 1,000

H, C 2.4

Heavy 0il

Light 01l
Light Hydrocarbons

" | 1st cyecle

| 2na Stage’

Heavy 611 550 N
- 31.4

2

Middle 01l
Refined Gasoline
Light Hydrocarbons

2nd Sﬁége

2nd Cycle

' Middle O0i1 11

2.3
6ok

Middle 0il
Refined Gasoline

Light Hydrocarbons .

18.4

269
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' i ' . APPENDIX I ' ,. .
%?‘I I ‘ JAPANESE DOCUMENTS ’ L e

Bulletins of the Imperial Fuél Research Institute
Related to Synthetic Fuel Inivestigatilon, Forwarded
Through - ATIS to the Washington Document Center

. NavTechZip ' |

mﬁo, ATIS No. | Title and Author :

@26-0023;1 ‘ 4594 Studies ‘on the Liqueftiotion of Coal (Part V)~
i (Action of Catalysts on the Coal Paste) by
(. M. KUROKAWA. ,
‘ smzé..oozf-i;;z 4594 The Prepfa‘ration of Benzol from High Temperz.

v v ' ture Tar by Hydrogenatlon, by T. NIIMUBA, )

H. NOMUEA and N, TAKASE.

| ND26-0023. 3 4594 " Studies on the Liquefaction of Coal (Part
Vi IV} (The Preparstion of Hydrogen by the
Water Gas Reaction) by M. KURCKAVIA and E, -

ND26-002_’14‘;4 S 4594 - Studies on the Liquefaction of Coal (Part

- ‘ i i III) (Test Results by Various Catalysts) by

e | M. KUROKAWA, K. HIROTA, K, FUJIVARA and

. _ S. ASACEA. = . |

ND26-002fi$5 4594 : The Hydrbgenation of Phenols (Paxt II) (Om

i ‘ the Preparation of Hydrocarbons from Love

o o . Temperature Tar Acids) by A. ANDO. :

v ND26~002ﬁi¥5 ‘ | 4594 " The Hydrogenation of Heavy 0ils, by S.° ANDO.
ND26-0027,7 4594 The Hydr;:genatiqix of Laqw-Temperature Tar,

e _ by ‘S. ANDO. o .

unzs_oozfi;,s ) 4594, Studies’ _;an the Liquefaction of Coal (Part II)

: R ‘ (Test Results of Japanese Coals) by S. UCHIDA. ,,
| ND26-0023.9 4594 _ Hydrogenation of Phenols (Part I) by S, AKDO.
 ND26-0027.10 4594 Studies on the Liquefaction of Coal (Part I)

: G (Recovery of Hydrogen from Waste Gases) by

, , K. TAKENAKA.

 ND26-0024,1 4595 -+  The Experiment on the Tully Gas Manufacture,

I by Y. BAN, R. KOMURA end N. SAITO. .
‘ E,ND26—0024‘;».‘2 ) 4595 The Syntflesis of Gasoline (Part I) by

SR . S. TSUTSIMI.

B i ) . ‘ - N . : .

,ND26..0021,.'.,3~ 4595 The Preparation of Water Gas from Methane,

: s - - by S, TSUTSUMI.

'ND26$0025§;1“ 4596  The Expefi'iment on the Low~Temperature Car- - i

LT . bonization of Coal, by Y. BAN, N. SAITO ang

: i} S. ISHIKAWA. f

" ND26-0025,2 4596 The Experiment on the Continuous System of

P L ht the Low-Temperature Carbonization of Coal,

;’ i by Y. BAIf, N, SAITO and R, KOMURA.

| | 273 o - o
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p . JAPANESE DOCUMENTS |

Reports on War Activities of 1.he Imperial Fuel

i Research Institute Forwarded Through ATIS to the
) g; Washington Documen'l. Center

Ne vTechJ ap « , !E
Dc»cument ﬁo. ATIS No, ’ Title and Author

; NI:)26-0923.1§I‘, " 594 The Gatalytic Cracking of Low Temperuture

- Tar. By K.: SUGAR&WA.

NI26-0023.12) . 459 ' Tne Hyarogeration of Tatusg (Daido) Goal

By M. KU'ROKAWA and S ANDO.

Nli_)26-0025.3§§:, . 5% The Low—Tempera.tu.re Carbonization of Goa.ly
: Shale. By N « SAITOL

Nl)zé-oozs.u 4596 The Carboni‘.ation of-’ Pine Wood. By N. SAITO.

. m’)ze__.-oozl-

 ND26-0022

N'J)26-0020 ‘ , 4591 ' The Prepara1 ion of Aviation Gasoline from

Japanese ?1119 Root 0il. By T. AHEKIYA.v

4592 The Explosi.ve Combustion of Coal Dust Puel.
By T. INATOME.

4593 The Synthesis of Triptame. By M. KATSUNO.
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L Railway Co.'s coal hydrogenation plent ati FUSHUN, Manchuria, obtained by the
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i

I. INTRODUCTION

This rejport records and summarizes technibal data on the South Manchurian

Petrolevm Section of NavTechJaf on 11 and 17 January, 1946. In this report,
‘South Esnohurian Rallway “Co. 11 be designatad by the aboreviation S.M.R.

This plant was not inspected by NavTechJap personnel, since NavTec :hJap's re-
quest, via official channels, to visit the Fushun plant was disspproved in -
view of the unsettled military conditions prevailing in that area. The infor-
mation presented was obtained by interview in TOKYO with Mr. T. MIYAMA, who
was Technical Director of the Fushun plant from 1937 tc 1942, and is now
rosiding in TOKYO as Technicsal Director of Telikoku Nenryo (Teinen). Ho has

" been connected with Teinen since 1942.

The material in this report is based on Mr. MIYAMA's memory, and on memoranda
from his personal notes. He stated that he no longer had any official ‘records
of Fushun, since those in his possession nere burned when his home in TOEYO

. was destroyed in a fire-bomb raid.

II. TORY

~,

Intenslvo experimentation directed toward establishing the Fushan coal hydro-
genation. plant began about 1928. At that. itime, an informal oo-operative
agroement; was made betwsen S.M.R. and the Japanese Imperial Navy's laboratory
at TOKUYAMA, to the effect that both. ors&nizations would shsre research data
cn coal ‘hydrogenation, with erection of a full-scale plant at FUSEUR as the

i goal. 8.M,R.'s work was done at the Company's Central Research Lsboratory at

DTAREN, under the direction of Dr. R. ABE who later became assistant to ur.
MIYAMA 8t FUSHUN. . i

i co-operation on ‘this undertaking presumably continued throughout uhﬂt nay be

termed, the development period, which|end®d in 1936. At that time, definite
commitments were mede toward erection of a plant, the design of which would
combine the best features of the Navy's research and the work at DATREN. The
Navy stipulated that all machinery and process equipment must be made in Japam. °
Accordingly, pressure vessels for converters and separators were crdered from
the Kure: Navy Yard. The largest of these: vessels, which were to becoms the
converters, were 7.3 meters long by 95cm Inside dlameter. It is of interest’
that these vessels, according to Mr. MIYAIA, were the largest of this typs
which could be made in Japam at that time. Neither annealing furnaces nor

" ingots were available for the manufaeture of larger pisces,

i The !ushun plant was: erected between l936,and 1939. The Navy-type converter,
- which was to be 7.3 meters long and equipped with & prcpeller-type stirrer,
i was not ‘installed because of objections offered by S.M.R. technical advisers.

In its plice, two of the 7.3 meter vessels were jJoined end-to-end by bolting,
thus doubling the size, The Navy catalysb (ZnClz) was likewiss rejected in

) favor of S.M.R.'s precipitated FeS.

& The plant comprised a single conyerter, liquid-phase systom, designed to run m

Oyama cosl. Preliminsry operation began in April, 1939. In November of that

! year, a second converter was added. ILiquid phase hydrcgenastion was continued

until February, 1940, when the addition of a sepsrate vapor phase reactor

. aystem (installed et the direction of the Navy) was completed. [rom this time
" until July, 1942, the plant operating schedule was divided between liquid-phese
¢ coal hydrogenation and vapor-phase hydrogenation of fractions from low-

7 temperature tar and from-the liquid-phese 'coal process. TFrom July, 1942 until

the end of the war, coal hydrogenation was3 sbandoned, at the direction of the
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‘Nav'y, and ful_l attention was given o tne manuracture of aviation gasolime by
hycroorackim; or gas oil ‘and kerosene. ;

;Thz oushput eapacity of the 11quid phase plant waa about 10, 000 metric tons

of :icoal: per jfear. Mr. MIYAMA estimates that a-total ef- abont 15,000 matiia
3tmns of product ‘was made duiing the entire periiod of the plant's operation,
. the greeter part of whioh was heavy oll, a pr:l.mary produot from the u«;uid—
phmae operat Lon.

© T3 DESCRIPTION OF PLANT AND PROCESS.
B m';uid Phase Systen

Plate r(r) 1s a flow diagram of the uquid phese system for coal hydro-
genation, This diagram was prepared by Mr. MIYAMA and his aaseeiates
for. Ne.vTeehJap. - v :
: :'Ehe cower‘cer originally -proposed by tho Navy was not used, Th;L's eon-
verter wa.s to be 7.3 m long, with an I.l. of 950m and a free ¥olume of
4e5 m?,. Its outslde dlameter could not . be ascertained. It was o be
providad with a propeller-type stirring device, designed to rotate at
200 r.p.m. Each preopeller was to have two blades, and there was to be
.= .plteh. reversal between adjacent propellenrs. The supporting shaft was to
. pass tarough both converter heads, whicli were %o bs equipped with exter-
- ! . . nal pasking-glamds. Results at TOKITIAMIL indieated that agitatioa, sueh’
don ‘*as%woul.d be. proviéed( by this device, would 1ncrease throughput by about

i.. The ’couxmioal gtarf of S.M.R. foresaw a serious leakage probloa wash .
i every t:ype of packing gland suggested; the staff also belleved the eon-
i ' verter size should be doubled. Accordingly, the converter which was

: installed had no stirring apparatus,. and the desired size was obtained

i by-boltimg together two of the short seqtions end-to-smd at the bedy

A rlanges. uaterial of 0onstruetion of the eonverters sould nst bs deter-
S ,mined. ﬁi .

'S.M.R. technologists also objeoted to ths use of the ZaCly c:calyst
resommenied by the Navy. Thelr own exporiences indicatad that the use
‘of this eatalyst would result in severe corrosion of asquipment. They
‘also bslieved zine to be too expemsive i‘or this purpose, sinee the smount
-requirad was 1% of the welght ef the coal prosessed, and recovery frem -
the repidue was not esonomically feasiblies They had found a less expen~

. 8ive eatalyst, precipitated FesS, to be otfeotive at the same eonsentra-

" tion employed for zinc. It was agreed (o use the S.M.R. catalyst, and
Mr, MTYAMA stated tha%, to his- !mowledga, no other catalyst was sver .
employad in the liquid-phaseé plant, As a matter of rscerd, it was alse
‘atated: ‘that no ferm or iron oxide was fcmnd to be as- @rreotive a3 ru-roua
smid‘so ' ' a o

The sy‘st,am for hydrogen manu;facture comprised a blue water gas gmerat(rr,

sulfur: purification equipment, & water gas shift plant, and a earboa

- dloxids removal system. The gas generalior used high-temperature eoks an

- o raw material, producing a gas having the approximate somposition Ha, 504;
. CO, 4Of; 00p, -5¥; Np, 5%, The desulfurizer consisted of a convemt onal

dry iron-ox de box. Although this provided ne means for organie sulfur

‘removal, Mr, MIYAMA stated that, after the wgter shift and secrubbing,

the tatal sulfur eontent was about Q. 02
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The | sxhift catalyst comprised a mixture of 95% Fe and 5% Cr, prepared by
precipitation from a solution of ferrous and chromic sulfates. This

“-eatalyst operated at 5,0°C. Mr. MIYAMA could hot racall the gpace

velacity of reactants over the cat&lys.., or whether a bulking ageut or

““oarrier was used in its preparation. | Carbon dioxide was removed by a

water wash at 12 atmospheres of preseu.re.

: Oh,yema wes the only coal processed during the period of Hr. lﬂm'e con.

nectlon with the plant. ‘He c¢ould not recall the analysis of ihés coal,
but stated that it 1is & pit mine product from FUSHUN, containing about
4L2% - volatile matter and averaging 8-104 ash. He described it &s "a very
high: quality brown coal, approaching bituminous."” Possibly it would be
classified as sub-bituminous. _An’ analysis of Ohyama coal, obtained frem.
other sources, 1s presented in Table I(E)

The prelimina:cy steps of coal preparltion consisted in grindimg the coal
to 4 mesh and smaller in a roll crusher, after which, de-ashing wag ef-
fected in a Dyster system. Ash was therehy reduced to 3-4% ir the mate~
rial charsed to the hydrogenetion ple.ut. ‘ )

Paete preparation was operated as & contmuous process. The vehicls com-~
sisted of about 74 low-temperature tar and 93% heavy oil from coal hydro-
genation and was stored at 809C for fiéedimg to the tube mill mixer. Ceal
and catalyst were fed to the mill in ‘the wet condition. . The coel wes

charged as the 4 mesh material from the orusher, and, during the mixing
operation, was ground to about 200 me:sh.v

For m.aking a_hypothetical 250-ton batch of paste the Tfollowing materiale

would be required (metriec tons-dry ba; sie)

Coal Oeoc.o‘ovtoocoooc-eo.ov;o--oeec-e.o-qa-anooo 10'0
m temperatlu'e t&l‘ .‘..'I..00.&.0.’00.0.‘000..0.0. ]0
Heavy oil from coal hydrogenation cecsecssssesees 125

'Catalyst .o.....".......lt.‘looooo-.oo-oo..eoe-oo..l- "1

Water (adhering to coal amd: catalyst) evesesescros 14
i 250,

According to Mr. MIYAMA's verbal statoment, paste imput to the eonverter
was 60 tons per day. This i3 not in agreement with the materisl flow as
indicated on Plate I(F), which shows mormalr" input to be 4 tons per hour
or 96 tons per day. It should also be noted that only ome comvertsr is

" shown 'on the flow shest, whereas Mr, MIYAMA had stated that two werse in

operation after 1939.

'Bydrogenation conditions for the ﬁqu’[d-phase system were 200 atmosphsres

pressure and 430°C, The only serious operating difficulty admitted was
severe erosion of the vatve throttling the discharge of hsavy oil, com~-
taining ‘ash,’ from the high temperature separator. A serviceabls arrange-

“ment,: requiring. ohange about once in 1’wo months, was found to be a valve

with needle tip and-seet made of tungiten carbide. The stem of this
valve was rotated continnously at about 60 T,p.m.

B. Vapor-Phase _rzstem

Figure 1(F) is a flow diagram of the plant modified to operate on vapor-

8
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phase hydrogemation:; This system was designed to process about 40 kl of
iiquid yer day at 200 atmospheres pressure over a fixed catalyst. Two
conyerters were in serles 3 the reaction temperature of the first being
430°C end the sewend, 440YC. The preferred catalyst was a pelleted

. mixture of 40% MoS3 and 60% acid clay. Cherging stock to the vapor-phase
| plant wus either a”fraction from low-temperature tar, boiling between
180° amdl 2,0°C, or a fraction of similar bolling range obtained from
liguid-phase coal hydrogenation. The operating plan for coal hydrogena-
tion worlk, after installation of the vapor-phase unit, was to run the
liquid-!)hase plant 3 months, storing the product, then shut down and op-
erate 1} months on vaper phass, using the stered product as charging stock.
. The overall yleld of products obtained from 250 tons of paste, by com-

} binii);g liquid and vapor-phase operation, was said to be as follewn (mstric
© ¢ tone)s : b "

szation 338011113 g-.ooouoooca.;ooaooon 2209 1:l=17elb
; P‘Otor s“allne eesseacsrcsccce sceces 2201 1:1:17.7
N 5 (}’1‘83018 mphenol ®eocsoarvoesecesscrevssnssnBP 3.2
C : Gas°l (c +c ) .....'...0..'.Ql‘é"l..’la.!@...9" 3.5
! . Piteh coie (from centrifuge cecsoeesscscecssvees 20,0
residue, contalins 50% ash) | - ' -
: Recyol. 011 0‘00--0-0.o.ootacooc;oao.cooc’"--o.-ooo 60-0
: , ( Reeiduﬁl (heavy) oil c-ooaooooi;ol‘ioclnn..o".oo 6510*
’ Co ;:: G‘as &nd 10;58 ooo.o-n-.o-cooo-ooi;-ocatecn--ooe Remainder

_*Returneél to paste making.

* This re‘{:}resehts about 35% by weight, conversion of ccal to gasoline, in
terms of raw coal charged. - Co :

It was maintained by Mr. MIYAMA that, although the Fushun plant was of

full scale commercial size, with nominal capacity for proceasing about
10,000 inetric tons of coal per 'year, it liad been regarded as an experimen-
tal plant. An experimental operating program mey, therefore, partly ex-
plaein the low total production, which he estimated to be 15,000 mstric
tons. Most of this product was the heavy oil.obtained from the ligquid-
phase hydrogenation of coal. ’ ' ‘ :

‘zable I(F).

i 2 .
. ANALYSIS OF OYAMA COAL
’ Proxiiné.te L . Ultimate -
'Hz0 | Ash. | volatile | Fixed | Heatingi| ¢ | H o S K
. Mattber Cc value | . ‘
5.5 | 7.0 T 4Ll 46.6 | 7200 | 73.7 5.7 [12.0 | 0.5 | 1.2
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SUMMARY

. : This report records and summarlzes technlcal data on the Miike. Syn-
. v : thetic 0il Company at OMUTA, Xjyushu, obtained by the Petroleum Sec-
tion of NavTechJap during the period 3-9 October 1945..

I © The: Miike plant utilizes the. conventlonal low—pressure Fischer—

i - . Tropsch process, with cobalt-thorium catalyst, for production of
oil from Miike coal. The: process was llcensed from Ruhrchemie: and
most equipmsnt was vonstructed :by the Koppers Co.

" A The plant: produces gasol (liquefied propane -and butane), motor gas—
: 4+ oline, diesel fuel, and several grades of paraffin wax. All prod-

: : 0 duets were: distrlbuted to the Army, Navy or civil government. A
: plant to’ produce: Xubricating oil by. aluminum chlorlde polymerxzaflon
of paraffln 0il, -was under- conbtructlon. ) ,

;Plant capaclty was rated at 30,000 metric tons oi total synthetic
product: per year, but actual D”oductlon during the peak year 1343
was: only 16,000 tons. This was primarily due to decreased- proiuc-
tion of svnthes*s gas, the result of" water gas generator opersting
iifficulties with the high sul: ur, low.mslting point ash Miike co<e.
The: low production was also due to & low yield -of oil per unit of
synth931s gas, apparently aue LO low catalyst activity.

The plant .suffered no serious damage from air raids, but due T vwo
.explosive -bomb hits, one on the main coks conveyor and. one.on the
main synthesis gas line at ths;desulfurization unit,. ths entirs
plant had been shut down 51ncel7 August 1945, ; o

Details on history, ownership und organization of the concern, pro-
cess. flow sheets, plant layout, product quality and output are cre-

. sented herewith. Also attachéed s e documents vertaininz to reseerch
work on synthetic lubricating oil, crackiag of pine root oil, and
iron synthesis catalyst, and ouples ol original conrespvndeuc wich
German firms.
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I.' INTRODUCTIION !

.T.h?a Miike Synthetic 0il Company is located 1nz§t'he city of CMUTA, Fukuoka Pre-.
felsture, Kyushu, Japan. The center of the plant is located approximately at
13439-01' -15" N, 1300-27v-50"- E. ' i

Tha following Japanese persomnel were.interviawed and assisted in supplying
-+ the information presented herewith: o
- Mr. Takanaga MITSUT, President -

Mr. Masac TaKEI, Head of Chemical Dept.

Mr. Heima NAGAHAMA, Head of Mechanicel Dept.

_IT. HISTORY, AND ORGANIZATION

i
§
i
i

v p'd’nstructiort of the plant was started in November 1936 by & special ccnstruc-

© tion department in the Mitsul Mining Company.. 01l production was started in

- May -1940. . With- separation of the chemical dapartment from the Mitsui Min-

' ing Company, the plant was transferred in April, 1941, to the newly estab- =

. lished Mitsui Chemical Industrial Company. In October 1943, the Independent .

- . Milke Synthetic 0il Co. was founded by the joint "interests of Mitsui snd the
TETKOKU NENEYC KDGYO (Imperiak Fuel Industry) Corpereation, with = capitali-
zation of 50,000,000 Yen. In October 194k, the following firms were amalga-
msted to. form the NIPPON JINZO SEKIYU (Synthetic 0il) Co., Ltd., with.a
capitalization ‘of 150,000,000 Yen: S :

 The Migie Synthetic 0il Co. (Capital 50,000,000 Yen)
. The Hokkeido Synthetic 0il Co. (Capital,; 70,000,000 Yan)
‘ The Amsgasakl Synthetlc Gi1 Co. (Cagital‘, 30,000,000 Yen)

~ Of the totall capitvalization, Mitsul has about 20% and the Imperiel Fuel In-
... dustrial-Cui'p., an amount greater than 50%. Headquarters of the NIFFON
Synthetic 0%l Co. are located in TOKYO at 6, Nishi-Ginza, Kycbashiku. This
psrent concern was established to manufacture and refine synthetic fuel and
ii??s derivatives.  The top menagement of this concern 1s as follows:

f B
: i
i

Chairmen~af Board . Mre. Yoéihi MISIIUKU
Président - - ‘Mr. Taksnaga MITSUI
Managing Director . Mr. Mastumi YAMAGUCHET .
Directors Nr. Ryc MITSUT

Mr. Tosiski MATSUMOTO
Mr., Toshiteda KII
T Mr. Masiana KAWAGUCHI
o . Mr. Heime NAGAHAMA
i Mr. Ryaichi NISHIKAWA
R ) Mr. Takashi EGUCHI
. Mr. Masigo TAKEI
' . Mr. Rokurc MIKI
b e ‘ ~ Mr.”Shuji NISHITERU
: ’ : Mr. Masejiro UCHIDA .
P i = ' Mr, Guunji ITICHI =

+ ' Inspectors " Mr. Kafieyoshi SAKAI

T Mr. Tagesuke OKAMOTQ
I - Mr. Norito HIRASAWA
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' The following outlines the personnel organization of the Synthetic 0il Flant
st Miike:: ,, |

: “ |
: President T Mr. T. MITSUIL ‘
—Mechanical Division | Mr. H. HAGAHAMA, Chief

a. Machlnery Dept. Mr. I. HIDAKA
" b. Building & Repair Dept. Mr. X. SAIGQ
; g c. Planning Dept. Mr. T. MIYAMAYE.
v o - d..,Electrical Dept. Mr. Y. KUBOTA:
i . it S.. Orderly Dept. Mr T. UCHIDA =

Chemical Diviston Mr. M. TAKEI, Chier

: a. Gas Dept, Mr. A. VALAGAME

; il b. Synthetic Dept. Mr. M. SHIBUYA

L L : €. Refining Dept. Mr, M, ANDO

; s d. Catalyst Mfg. Dept. Mr. S. KOJIMA

e. Research Analytical Dept. Mr, NAKATIMA

I

Business Division Mr. J.‘KONDO

BE © Ba Accounting Dept .Hr. Jd. ACKI - -
Lo b. Sales Purch. Dept.! Mr., AWAZU : ‘ .
. ¢. General Dept. Mr,.: M, HIRASEIMA

} L = d. Persoanel Dept. Mr. M. YOSHITAKE

b g ~ @, Labor Nelfare Dept Mr. H., KAKURA

i /The total number of employees ab Miike 1slapproximately 1400 and the average
daily wmge of plant "laborers is 23 Yen.

)

III DEiGRIPTIDN OF PROCESS ; S
,”f General :

i

The: Mlike Synthetlc 0il Co. operates a conventional loubpres.ure
Fiﬂvher-Tropsch process, utilizing a cobalt-thorium catalyst. Synthetic
_gas, with H2:C0 ratio meintained at 2: 1, is obtained by blenciing water
' gaq‘and re~formed coke oven gas. Coke oven gas, and coke for the ammer =

coal in Koppers ovens. Org&nlc and inorganic sulphur are removed from
théi'synthesis gas by use of the iron oxide catalyst, "Luxamasise™. Cat-

= alygts for sulphur removdal and oll synthesis ars manufacturem in a cat-
alsst plant on the facdtory grounds. | The synthesis reaction is carried

" oniin low-pressure reactors of conventlonal Rubhrchemie design. The
heavier synthesis o0il is separated by direct condensation with water,

» ané lighter componenis are picked by adsorption on activated, carbon,

. Distillation of these products ylelds liquefied pzopane»butane motor
gasoline, diesel fuel, and paraffin wax, An outline of the over-al]
process flow is given in Plate I(G).. :

B.;}"oke Oven Plant o ﬁé ; E

Tho ceKe oven plant was designed, azd ‘the equipment manufactured, by
" the Koppers Co. The plandt consists 'of two batteries of 25 ovens each,
and. wdas designed to handle 750 tons of Miike coal per day. Aictually,
on"y about 650 tons per day are chargeé due to the limited coke demsnd
of ‘the .water gas generators. ) -
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. lWater Gas Plant

Zranalyses of Miike coal and cokei

I 1
The ccke:oven by-products

ENCLOSURE (G)

i

Coal X:3
8.1% 7.8%
12,4 19.5
L0.6 210
2.h . 2.2
LTl 7845
10600C 1060°C
28 |

above!| 50mm

above: i 4O0mm .

above: 25mm
above: l15mm

i
i

. i
<> it =

The water gas plant consists of rive Kdppers

éﬁ ; ratedi capacity of 100 tons of coke per day.

. with
"‘was.reéduced to 1l.5ma,

i

"g‘.
B
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i . carbcn in the ash (about 15%) &

, As.a resu
. synthesls gas amounted to only 600,000 m

No . uitusual design_ feature

below§l5mm-

In actual. practil
e on stream, {ue to opera
ity of coke than was ‘expected.
jvere corrosion;
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: 3 plant contains conventional equipment for pro-
! ducticn of coal tar and crude benzol, -which are shipped to the neighbor-
: ing Miilke Dyestuffs Works, and also ammonium sulphate, which is marketed.

Coke oven gas 1is charged to the Koppers: gas reé=

The coke

_Kopper:s producer gas uanits, yielding abput L00 .23/day, vhich is used for

ni is

generators, each with a
The plant “was designed to
operate with four genersators on stream; and one on standby, proiucing
441,000 m3/day -of water gas. ce, it was usually possi-
30} ting difficulties re-
The high sul-
for example,

Considerable opgrating time also was lost due to

i

i

=

288 |
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design optimum
the rejection 0
‘actual! gas pro
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- 5 - . . N : . . N T g

duction

sary to reduce the
to 1100°C, resuli-
f considerable tnburaed
was only about
th the expected 1335. The
erdperature in the reaction zonealso resulted in a lower contenkt
n the water gas and a higher content .of ‘inerts, especially COz.
b réstricted the amount of re-formed gas o
i whichicould be mixed and. still maintain a Hp:
: 1t of these difficulties, pr

£ high hydrogen content
CO ratio of 2:1 in the
oduction of total
d with design maxi- *©

s or-modificstions appeared te be incorporated in
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i

D. a Gas Re-forming Plant : j

The igas re-formlng ‘plant was d631gned and the equipment constructed, by
the’ Yoppers Cos There.are two sets of Gowpers stoves und auxiliary
eoulpment Design- capaclty ‘of the plant is 456,000 m /day In practice,
a mixture of coke oven gas, residual,gas fron the synthesis, ‘and CO2 %
obtained from the -neighboring Oriental High Pressure -Plant, are re-formed
.~ with steam. The CO, is added to increase the percentage of CO in re-
- rorned gas tg compensate for the reduced percentage of Cg in the water
' - gas;. gual re-formed gas production is about 360,000 m’/day, of which,
i _60 000 ut /day is sent to the OrlentaL High Pressure Plant. :

3 Water gas and re-formed gas are blenued to maintain a Hz:CO ratio of
" approximately 2:1. In_practice, about 300,000 m3/day -of water gas are
- blended with 300,000 m3/day of cracked gas, ylelding a synthes1s gas
L mlxture ot the follOwing composition

i{ Actual* Koppers:Design

8 ‘Hy 558 . 60% q
- Cc0 - - - 27,3 30

‘ CO2 7o 2 { . _ 5

e, N2 : Y S

i S ' lOQ.O/oﬁg' . - 10 %

‘Ef“‘Desulfurization ST ﬁ

The Klonne desulfurization system is: emploved ard consists of a "gross-
reinigung" section .for removal of inorganic sulfur, and a "felnrelnlvung
section to handle organjic sulfur. Raw -synthesls gas contains approxi-
mately 6-10 gm/m3 of total sulfur. sifter "grossreinigung", the sulfur
content is reduced to 0.l gm/m3 ~and’after "feinreinigung", to & mg/n .

The inorganlc removal system con31st3 of two banks: of L, ‘towers each.
Onei tower. in each series is ordinarily down for regeneration, FEach
tower is filled with 600 tons of catalyst, distributed over 16 trays,
.whlch has: the following c:ompos:.tu.on.,I

Iron Oxide (Aso Oda) . . fgs%‘ . .
-Sode’lAsh ; 5% - ' : o

. The;: catalyst is manufactured in the Milke plant, btut. is apparently fot
-as efficlent 8s the German "Luxmassev, reguiring an appreciab;y longsr
© tire to. regensrate. To shorten the regeneratlon time, some air is
- added continuously to the. synthesis zas feed., The: catalyst is replaced
' after its sulfur content has risen tD h5% by welght.

i .After 1eav1ng the inorganic purlfler>, the gas is passed. through a two-
i stage: organic sulfur removal plant. iThe gas is heated to 28C9C, and
passed through 4 towers .in series, each fllled with catalyst of the
fo]lowing conmposition, :
Iron Oxide (4so Od&) . 75%
Soda Ash - "25%

Spant catalyst is regenerated by alr blbwing. A process flow chart for:
* the:desulfurization secticn is given|Figure 1(G). ' :

il

Y]
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F.. Ofl Synthesis |

Oilnsfﬁthesis is carried on in reactionichambers of Rubrchemie design..

The resction oceurs. at 3-5 1bs/in? and 180-2000C. Originally, 40 re-

. i -actorsiwere installed, butsthis: number was increased to 56, of which

oo 30 aregiused in the first reaction stage; 18 in the second stage, and

i i 8 off<stream, Eack chamber consists of)550 closely-spaced vertical

steel iplates; -arranged. perpendicular toia large bundle off water cooling

- tubes,; 630 in number. Aboubt 4% tons oficatalyst is contained id the

. apace;batween the plates,. on the: outside of the: tubes. A process flow
_chart 'for the syntliesls section is.giveﬁ,in‘Plate III(G)."

The yield expected .from the two-stage: reacvion, according to the. Koppers

- i . designjcalculations, was 116 grams of total product per cubic meter of

5 : synthesis gas, The actual yleld is substentially belaw this, amounting
i to,70%85'gm/m3;. ReeBons given for thisilower yleld were, that the syn-

. thesisi gas composition:suffeérs considerable variation and has a higher ™

. content: of inerts than: design, the catalyst actlvity is lower, (possibly

. - due: to!the fact that the hydrogen used ror reactivation is not rure

v  enoughl)i, and also, thet water tube leakage reduced the capacity. It is:

; also conceivable that Japanese catalystimanufacturing technique is not
on a par with that of the Germans. = | : _ ,

.The catalyst 1s: replaced about every 12 days, however, every 2C days,
activity ig-increase&.by passing hydrogen gas over it at a rate of"
800-1000: m?/hr, at a temperature of 205:-2109G, for 24 hours. The opera-
tion is stopped when exit geses contain!less than 1% of methane. -The
‘schedule of treatment is as follows: : '

S Treatment Reaction Temp. Days
= Start  Stap '
. Fresh Catalyst . 1809C 1990Cc | 0-20
: 28 180 190 - 21=40
= 2: 183 v -193 41-60
3 185 195 61-80
& 187 200 81-100
5 - 190 - 200 . 101-120

.The. pracedure for replacing old catalyst is as follows: Synthesis gas

 is displaced with COz. The temperaturejof the catalyst chamber is mainm-

. . tained’ at 170-1809C, and the. catalyst 1s washed with 35 kls of wash oil

' (boiling: range 180-220°C). The wash perisd-is 15-17 hours. Aftier wask-~
e lie: temperature of the chamber is raised to 205-210°C, and the cat-

dis dried with. hydrogen gas., Temperature is dropped graduslly:to

: O¢” and hydrogen is displaced with CO5. The chamber is opened and the.

- gpent:catalyst discharged into a receiwing vessel at the bottom: of the

. .chambemrr. Fresh reduced catalyst is then introduced. DBoth dischargisng

S and. chiarging opersetions are econducted In a current of CO2, to protect

S the cetalyst from oxidstion. Fresh cat?lyst is: brought on streem at a

i tempeliature of 1800C. Lo .

N % _ i;l.RecovériL' " o i

| The heavier oil is recovered from the reactlon exit gas by direct con-

¥ " densatifion with water, and then, by passage through charcoal adsurbers

“to redover the lighter gasoline componenfis. Two recavery stages are
emplojed, one after the first synthestsi stege and: the other after the
seconcl stage. Each recovery stage .consists of a packed condenser,
tower, wherein reaction gases are passed counter-current in direct .coan-
tact with cold, recirculated water. Ol condensed by this operation is
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i

geparated and sent to the distillastion plant, The overhead gas from
thea condenser tower is pessed through an sbsorber containing about 15

. tons of activated cerbon., The exit :gas from the first absozpt;on,stegea
is.sent to the second synthesis stage, and the exit gas frcm the second

: abqorption,stageA("rest" gas), 1s recycled to the gas re-former uait,

i or -utilized as fuel gas. The light hydrocarbons absorbed on the cerbon

L aré periodically stripped off with steam, condensed, and sent to a

' "gasol" storege tank, i :

; The Taw gasol;is compressed to- h-5kg/cm? and pessed into a packed ah-

E sorber tower, counter-current to circulated oil. The lean exit gas is

gent to fuel, and the rich absorber o0il is charged to a stabilizer, ‘ 5

.where finished gasol is taken overhead. This product consists mainly of

butanes and iIs marketed in steel bottles for use as motor fuel. Since

t & capacity of the absorption plant; {3 500 m3/hr, and-oply about 3600
/day are recelived from.the synthetic plant, the absorption plant is

only operated. about 6 7 hours per dey.

H;f; 0il Distlllatlon ' j . ' ;

i Thes condenSed oil from the synthetld'plent is charged to a pipe still
oo of Wilke design, and separated into'a light benzine overhead cut, which
P ig charged to the gasoline stabilization plant, diesel oil fIactione,
i andi’ a paraffin oll fractlon. i : \

v Condensed light gasollne, from the activated carbon units ané from the

| coridensed oil distillation plant, is charged to a Wilke stabilization
column, wherein stebilized motor gasoline is produced, together witk

- a gasol overhead which .is mixed with; the product from the gasiol abscorber. .

x No chemical treatment is given to either the gasol, gasoline, or diesel
oi]n ; . ‘

At

1. . Paraffin Plant

The paraffin plant was installed to recover peraffin from the catalyst
wagh oil. The plant produces recovered wash oil, diesel oil, and
thzee grades of wax. i

o J.%f Catalyst Manufacturing Plant

Coniplete facilities are installed for manufacture of fresh synthesis
catalyst, and for the recovery of cobalt and thorium from spent cate- - 2
lyst, All cobalt used in the manufacture wes obtained before the wsr
from Katanga, Africa, via Ruhrchemle. Thorium was obtained from U. S.
N sources. No supplies of these metals have been shipped to Japan sircce
v ., the: start of the war. Design capacity of the plant is hz touns of non-
i : recuced catalyst per day. Normal production, however, is abcut 3 tons
i per day, Facilities for reduc1ng the catalyst are avallable, end re-
Lo duced catalyst is shipped in closed metal containers in 1 atamosphere
Lo of 00p., Mr, MITSUI advised that this plant was the ouly cobalt manu- "
i facturing unit in Japan. It was stated that no innovations or deper-

turies from the original Ruhrchemie manufacturlng technique had- been
1nfroduced in this plant. :

A flow chart for the catalyst manufacturlng plant is given in Flate IV(G).
]

0 Further details on the plant layout are given in qetall draw:ngs llsted

i in. Appendix'IV.
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K. Miscellaneous :

Plans were purchased in 1939 from the Universal 01l Products Co. for a
Dubbs-Kogasin cracking unit and a non-selective gas polymerization uait,

. Comstruction work had not yet started on the polvmerdzation unit. iiork

was in progress on the cracking unit, but was ‘being held up due Lo lack

; of furasce tubes and hot oil pumps. This unit was stated to have a capa-

' city of 2kls per hour. At che direction of the goverament, it was
plannel to utilize the cracking unit to lightly crack paraffin oil to

. make charge stock for an AlClj lubricating oil plant. '

‘tion riéactors and clay filtration units: In the polymerization section
it was planned to mix 3-5% of AlCly with the cracked paraffin oil and re-
‘act at 60-90°C for 8-12 hours. Thé reaction mix was to be drawn off,
settled, filtered through activated clay, and vacuum distilled. It is -

. understood that the NIPPON 0il Co. near YOKOHAMA has & similar process in

‘production. -

. T

L. . l?_lan‘b L&gou‘t

i [H ~ ]

Plate V(G) gives the layout of the erntire plant, showing location of all

.major units and buildings., Also indicatied on this layout, is the bomb

demage: suffered during three air raids on the plant. The plant was not

{ seriously damaged as a result of these 1aids, although the rupturing of

_ the main synthesis gas line at the "feinreinigung"” plant and also the

mein belt conveyor af the coke plant due to explosive bomb hits on 7
August, 1945, resulted in complete stoppage of oil production. The dam-
age was still being repaired at the time of this inspection. -

N

///

IV. PRODUCTION

 "The plant ﬁroduction capadity, according to Koppers deslgn culculations, vas
©oes follows: F : :

] | . Basis Vol. of S thesié Annuall Production
i H , Gas - (mgaiayi @ Total Product™
Design Maximum 900,000 . 38,100 met. tons
! Design Normal 770,000 ; 32,600

"Bated" Capacity g 30,000

" Aztual prodhction was, considerably less thanﬁthis, due to the lower voldﬁe and

- qoality of-synthesis gas produced. Low synthesis gas production was a result

vf operating difficulties in the water-ges plant caused by a poorer quality of
Miike coke than was expected. The conversioa-df gas to oil, in the synthesis
step, was elso much lower than expected. '

. &etual anntﬁl,production figures are given in Table I(G) end IZ(G). It will

be noted tbat the peak monthly production rate, in March 1944, was about 15C0
tons, corresponding to an annual production of 18,000 tons, Actual production
for the peek year of 1943 was roughly 16,00Q§tons.

v‘ﬁﬁring,theiﬁeiiod 1943=-45, inclusive, about:éﬁ% of the motor gasoline outéut
‘went to thé Army end the remainder went to the Civil Government. Abcut 18% of

the diesel oil went to the Army and the balance to the Navy.
Ah inventoﬁ&'of products in storage at the Miike Plant as of 8 October 1945,
follows: : g ) ,

Wit bt i
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Stock ‘ Amount

i: . MOtOI‘ GaSOllne -u.o--....t.‘.l'n.o.- L} O Kl
o e Diesel 0il
: ' i Light No. 1 ceeeececeaienanceeses 13 k1
s Light Noe 3 teevecececisceesses 110.8 k1
Hoavy. Oil .iiiecstvensiosesssess 85.8 K1
r "' Paraffin Oil ..l..."....;l".l.. h587 9Kl "
oo = i Solid Paraffin ..ceeeeessieccesvss 7.0 tons
Paraffin 0il was being accumulated in storage to serve as feed stock for the
lubricatlng cil plant under constructlon. ’

V. QHALITY OF PRODUCTS

Actual inspections of the several types of products made at Miike aregiven
in Table III(G). These inspections are well in line with Fischer-Tropsca
cobalt icatalyst data reported from other sources., In addition to the pro-
ducts! listed Miike produced paraffin wa: in the follow1ng gradeS'

Paraffin No. L Melting point higher than 5000
. Pararffin No. 6 Melting p01nt higher than 60
Paraffin Ne. 8 Meltlng p01nt higher than 70

'Samples of all Miike products and catalysts were obtaired and shlpped to the
Ordnance. Investigating Laboratory, Indian Head, Md., for forwardiang to tze
Naval Research Laboratory, Anacostia, Md; NavTechJap serial numbars assigned
to this: shipment are JE-26-0001 to 0006 ,nclu51ve.

VI. REaEARCH WORK -

I

The Miike plant has only a small research group contalninglrive psople,

Most attention was devoted to the study of plant operating problems. Soma2
basic rgsearch work on oil synthesis was carried on at the Meguro Laboratory
in TOKYJ. At Miike, most attention was concentrated on a pilot plant study
of lubricating oil production, by AlGls3 polymerization of lightly cracked
paraffin’oil, and the production of gaSoline from pine root oil., Investiga-
‘tion of ‘the latter process was undertaken upon orders from the Army.

Documenbs pertaining to these projects, ' together with miscellaneous repoxrts
from Mlike and other laboratories, were obtained and are listed in Appendix
II{(G). . Several papers on iron synthesis catalyst and studies of paraffin
ox1dat10n products are of special 1ntere=t

ViI. PATENTS

Appendl: I contains a list of all Japaneee patents held by the Miike Company.’
Copies of the same were not available at Miike.

VIIL N}:.(zOTIATIONS WITH GERMANS ’

Selected quleS of correspondence between Mitsui Bussan, (Mitsui Trading Co.)
and German firms during the years 1936- 37 together with an index and ab-
stract of the same, were obtained and are listed in Appendix III. Correspon-
' dence for other years is held inm the Tokyo Company Headquarters, This cor-
i respondénce mainly concerns licensing’ agreements with Ruhrchemie, and ne- .
gotlations with Heinrich Koppers, regardlng design and construction of eguip-
ment.
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Table I(G)
i ACTUAL FRODUCTION FIGURES
i Junae-Dec. . i : Jan,-July
A I | 1040 1941 | 1942 | 1943 1944 1945
' (Coal charge_ﬁ'i (toms) 136,706 227,179 2_98,203 234,807 - | 218,781 | 101,913
.Hater Gas (1000 m3)m . 23,745 24,368 '52,793 86,628 | 78,4718 | 26,143
| Gracked Gas: (1000 m3) 17,685  |104,411 | 78,926 103,503 | 82,617 | 33,877
‘Synthesis Gas (1000 n3) 29,444  |103,670 |1%,123 |198,024 (163,890 | 57,370
Synthetic 011 (k1) NEER 7,787 | 10,063 | 15,258 | 1,323 | 3,0M
No. of Ghanjbsrs Operated 2,036 5,625 . »?6,231 13,170 9,077 2,532
No. of Working Days - 204, 322 | 293 350 293 91
Table II(G)
T . ACTUAL PRODUCTION OF FINISHED PRODUCTS
3 April-Dec, ) Jan.~-July )
I L 1940-1942 1942 | 1943 194 1945
" |uotor Gasoline (k1) 5,556 6,73 | w,2 | 5,98 | 1,03
| 1dight l?tiesel 0il (k1) - 3,T2 2,.559@1\ 3,815 3,472 | 662
Diesel Oil (k1) - 313 16
. Liquef:ibd Petroleum : | i :
;o Gases (tons) : 128 278 468 22% 48
' | Paraffin 01l (k1) 204 1,366 | 1,817 | 1,086 119
Paraffin Wex (tons) | . e [ s 0
‘ Ammonii.m Sulphate (tons) . 1,708 1,856§ 1,749 l,iéZY. 235
) Carbon:Black (tons) o 959 946 i
Coke ('g.};ns) 152,859 150,811.% 155,997 |138,32L | 35,132
 [rar (toms) | msm | 13,38 | 12,635 | 12,812 | 3,39
294
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- ) APPENDIX I
; o LIST OF PATENTS

Ly i o

Patents Held by Miike Synthetic 0il Co.

PatenﬁVNo. : Title and Invensor
,1285550 "The Preparation of Sulfuﬁ Purifief of Gas" by Y.NIKAIDO
133 888' _ ) : .
139,>63 "Thermostat Apparatus in Gas Resction Cmamber Using Caﬁalyst"
by : S KOIZUMI
157, 995 "Synthetic 0il Apparatus™ by Y. NIKAIDO
161,055 "Liquefied Gas Charging Meithod" by H. YANAI
163,776 . "Ireatment Pre;iminary to Fractionel Rectification
_ of Hydrocarbons" by H. YANAI -
287,8&0 "A New De31gn for Catalyst Tube of Gas Reaction Chamber™
- by . T. KII

Patents Pending in Showa 18 (l9h3)

;1 3,299f "The Preparation of Gas for 0il Synthesis™ Unknown
i ll,iOZ» "Double Distlllatlon Apparatus® by H.YANAI
12 h06 "sbsorption Pipette for Gas Analysis"™ by M. YASUDA
13, 312 "Method of Grease Making from Oxidized Products of Paraffin
(12 JuLy 'h3) k Hydrocarbons" by KIYOHISA
lh,i86 "t"Method . of Soap Making by Odeatlon of ‘Paraffin Hydrocarbons"
b by KIYOHISA :
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~ APPENDIX II
, LIST OF RESEARCH DOCUMENT'S OBTAINED
. o FROM MIIKE SYNTHETIC OIL CO.
" ) i It ! :
g , ATIS No. L4587 -
. NevTechia ‘Zi ' Title :
-~ Document ﬁb;_ LUBRICATING OILS : Date
‘ ﬁDZé—OOlé.I Report concerning synthetic oil produced 9 November 1939
S v o ‘ fromnGishin coal. f :
Nb26-0016;2 ,Descripgion of lubricatingioil plant in- no date
j N cluding flow chart. ,
ﬁDZG-OOlé.jA The process Oof manufacturing grease from 2L July 1943

oxidation products of pareffin hydrocarbons.

ﬁDZé-OOlé,# - (copy-df‘above)

Stability of lubricating oils produced by ' 15 November

ND26-0016.5
. . polymerization of olefins, » ‘ " 1943
;ﬁD26-0016;§ .. ‘Report on attempt to impr&ve the synthetic 3 August i9h5

polymerized 0il, whose index of viscosity
is too low for use in airgraft engines, by
mqking a cut at the lower boiling point.

;ND26—0016;7 ' Gomparison of properties:bf various lubri-  April 1937
; S cating oils. : 5 :

END26-0016§8 Research on polymerizatioh of synthetic no dste
; £ . lubricating oils using AJpl3 catalyst. '

END2650016;9 Research on the menufacture of olefins Dby 15 October 1%3
1 0 ~ normal pressure crac%ingé e

pND26—0916;10 Pranslation into Japénesé of final Fischer pno date
Nt S Method contract. : ; _

| i ‘ ATTS No. 4538
. e : \ | CATALYSTS

;ND26~0011;1 Study on lowering of reaétion temperature of December 1939

gasoline synthesis using iron catalyst.

ks régND26-00l?52 Data -on iron catalysts. : B June 1944

E;ND26«001713 Report on raw iron cata &sts used in the December 1938
Bk e : producpiop of syntheﬁicfgasoline. 7
"L NDR6-0017 oLk Report on synthesis caﬁéiyst production at March 1942

Holten. 1 B

298




/ RESTRICTED

NavTeahIaﬁ
ooumsn 0,

| nnzé-aola,

 ND26-0018;2

 ND26-0019.1

ND26-0019.2

| ND26~0019»3

* ND26-0019.,4

‘.ND26-001§;5

T

ND26~0019 6

‘.ND26-0019.7

ND26- lQ 8

‘END26-0Q1959

. ND26-0019,10

' ND26-0019,11

i

| ND26-0019:12.
 ND26-0019.13

ENCLOSURE . (G)

ATIS No. 4589 :

_Title
. PINE O

it

."Report ofslaboratory and' pilot plant results
in processing pine root oil for production

of aviation gasoline.
(copy of above) |
ATIS No, u59§
'MISCELLANEOUS

_Results of cracking a mixture of coke oven

gas and rest gas (containing C02).

Research on alkylization of synthetic gaso-
line produced with an iron catalyst (or
gasoline producea by cracking).'

A dlscussion of metal-organic compcounds,
chiefly Al, Zn, Fe, salts of fatty acids.
(TN: ?ompounds formed durlng Fischer pro-
cess, ‘

"Research on Antioxidants of Gasoline" by
K. MORIKAWA.

Desulfurization and oxidatlon with inor-
ganic desulfurlzation agent.

Studies in the use of rest gas as the re-

‘duction gas in the hydrogen generator in

the Iron Contact Process.
Analysis of Munchurian cbal.

Heat decomposition of coke oven gas with
Cowper equipnment. ,

- Tabies of fuel specifications.

Specifications for fuels used by Army and
Navwy.

The process of manufacturlng soap by oxida-
tion of paraffin. hydrocarbons.

{copy of above) .

{copy -of above)

X-38(N)-7

« Date

1945

October 1942

February 1945

- December 1937

1944

February 1943
June 1943

no {late
Decembér 1942

May 1944

no {late

August 1943
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NavTechJap

‘ Document Nb.

'

ND26-0019,:15

ND26-0019:16
ND26-0019:17

ND26~0019,18
'ND26-0019.19

RESTRICTED

ENCLOSURE () . | .

ATIS No. h5§b

Fitle | - ) ,
mgcﬁmm::ous | ~ Date

The process of manufactuzing grease .from July: 1943

'ﬂoxidation products of paxaffin.

Comparison of two batterres- one operahed
on producer gas and one aperated on coal

gas.

Marech 1941

)

Research (011 Synthetic Plant) Octover 1945

‘The Manufacture of Catal&st. October 1945

The Fischer Method of peﬁroleum synthesia. Julf 1938

Paraffin with high melting point from - April 1943

synthesis ‘process.

G

Y
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‘NavmechJaﬁ
ocumen No,

NDZé—OOOb l

‘ND26-0004.2

ND26-0004;3

' ND26-0004's4;

ND26-00045

| ND26-0004.7

' ND26-0004:8

[
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| ND26-0004.6

| ND26-0004.9 -

“ND26-0004.10

ND26-0004,11

1

EﬂuLOSUREﬁ(G)i

APPENDIX III

LIST OF SELECTED CORRESPONDENCE BETWEEN
GERMANY

AND MITSUT; BUSSAN
ATIS No. 4575

Descrigtioé

Telegrams from Deutsche Bussan advising on
progress of negotiations: for Fischer pro-
cess, interest of:other countries in the
process, development of ischer plants in
Germany, etc. J) .

Confirmetion by Mitsui Bussan Co. of tele~

gram received from Deutsnhe Bussan. (Con-
text in 1) K .
Confirmetion by Mitsui Bissan Co. of tele~
gram received from Deutsvne Bussan. (Con-

text in 1)

‘Confirmation by Mitsui Bﬁssan Co. of tele-

gram received from Deutsche Bussan regard-
ing negotiations for genﬂral license for
Fischer process,

Telegram from Essen annoﬁncing signing of
contract for Fischer prouess and. giving
various details.

Deutsche Bussan Purchase:iReport on license
for Fischer process made! to the account of
the Mitsui Bussan Co. Ltd.

Letter regaraing proposed contract for Fi-
scher process sent from Ruhrchemie to

Deutsche Dussan. contalns power 0of attornay
"~ for Mitsul Bussan Co's agent in Germany, and

Proposed contraet.

IH

Confirmation of telegram;'sent by Deutsche

Bussan describing new Fischer water gas unit.

'2/28/36

Telegram from Berlin repxesentative recom--
mending second payment:'ai Fischer process
investigated and thought to.be & success in
Japan. : )

Telegram to Berlin representative regarding
proposed Hokkaido Fischeir
personnel for' the nsw se. up.

Telegram from Berlin rep:esentative recom-
mending contract for exclusive license for
Fischer process in view »f its undoubted
success ln Japan and so that Mitsul will

‘be in strong position to control proposed.

new combine,
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ENCLOSURE (G)

ATIS No, L575
Desgrigtiog

Letter from Heinrich Koppers to Deutsche -
Bussan regarding tests on.dJapanese coal %o
be used in production of synthetic gas, and
a proposal to build ben21ne syntnesis plant
for them.

Letier frbm Heinrich Kopperb to Deutsche
Bussan clarifying their prcposal to supply
diagrems, bluseprints, and technical infopre
mation for the construction of a benzine

"synthesis plant for the Japanese.

Letter from Fried. Krupp tc Deutsche Bussan
regarding offer to deliver works blue prints
and. provide a foreman for the construction
of contact ovens for a Flscher Benzine Syn-
thesis Plant..

Letter from Kfupp deflningiterms under which

a foreman will be sent to Japan to supervise
building of contact ovens.’

Talegram from Deutsche Bus¢an regardlng re-.
port on comparison of Germen plants observed
and agreement ci Krupp to send an engineer

* to0 supervise construciton- cf contact ovens.

Letter from Heinrich Koppers to Deutsche

Bussan regarding their offer to contract for'
the building of the synthetie plant. .

Letter from Gutehoffnungshutte to Deutsche
Bussan regarding offer to supply certain -
machines®and tools for construction of con-
tact ovens for Fischer Ben21ne &ynthesis
Plant .

Letter from Ruhrchemie to Deutsche Bussan
giving list of material sent

Contract hetween hitsul‘Bugsan and Ruhr-
chemie for the:Fischer Prodess..

Proposed option contract between Ruhrchemie
and Mitsul Bussan regarding the use of the
Schmieroel Process, also final copy of con-
tract regarding Schmieroel Process.

Spec1f1cat10ns of Catalyst Fabrlck Design.

culatioua ‘of benzine synthesis by the
Fischer-Tropsch method for Mitsul Bussan,

a
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ND25-0004.25

 ND26-0004.26
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ND26-0001 .28

ND26-00k. 29

ND26-0004 + 30

'ND26-0004. 31

< Portion of telegram (sender and addressee

ENCLOSUHE (6)

ATIS No.: h575

Descrigtion :
i "Date

‘Letter from Vergasungs-Industrie to Deutsche 9/15/37
Bussan concerning the production of synthe- .

sis gas from Fushun coal for the petrol syn-

thesis according to the Fischer-Tropsch me-

thod. Letter contains offer to construct

synthesis gas plant.

Telegram from Berlin répresentative to 12/31/37

' Mitsul Bussan regardlng shipment of various

equipment .
Telegram from Mitsui -Bussan to Berlin re- 12/31/37
questing that certaln drawings be sent,

Letter from Deutsche Bussan to Mitsui Bussan l/5/38
regarding progress of negotlatlons for get-

ting patent rights for produning synthetic

fatty acid.

Letter from admlnlstratlve head of Miike Fac-9/27/h5
tory to main office requesting return ot

certain documents in onrder to have complete

file for ‘Allied inspection.

Portion of telegram (sonder and addressee
not given) regarding advisability of ine
vesting in new companyiin Japan to manufac-
turs anhydrous alcohol jwith the Scholler
petent. Telegram of the 29th states
Scholler better than Bergins Tor manufaeture
of alcohol. .

7/25-29/%

no date
not given) regarding information on the .
Fischer process and terms of agent's authori-
‘zation for prepayment.:

vReport on the meeting of the German Society 9/28/°
ifor 0il Investigation held in Berlin. Re-

port consists of notes_on talks given at

the meeting concerning: methods to increase-
German mineral oil production; outline of

Germen industriael and sconomical policy in
respect-to motor fuel production and consumnp-

- tlang difficulties and:advantages of the

Fischer Hydrogenation Trocess.
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APPENDIX IV

LLDT OF MISCELLANEOUS DETAIL DRAWINGS OBTAINED FROM
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ATIS No. 4586 i
Subject

Flow Sheet or Fischer—Tropscn Benzine Syn-
thetice" Process. E

General Arrangement.
Coke Oven for Synthetic Plent?

Flow Sheet orf HQSOA.'Mother'ﬁiquor and
Ammonia Plant i

Flow Sheet of Tar Plant,

Flow Sheet 0f Benzol Absorptién and -Crude
Benzol Distillation Plant,

General Arrangement of By—Procuct Plant
General Arrangement of Droducer Gas Plant,

Arrangement for Producer Gas Generator of
Producer Plant, .

Arrangement or Apparatus of Water Gas Plant,

Gas Producer Washer and Ignltlon uhamber
Arrangement, : .

General Arrangement of Cracklnp Flant,

800 ¢>Revolving Gas Piping rrom Torbo
Blower to Grob Reiniger, |

' Arrangement of Organic Desulphdrizing
: Apparatus. ‘ .

' General Arrangement of npparatus of Organic
e De~Sulphurizing Plant, , .

.General Arrangement of Synt:esis Plant

EL Construotion of New Type Contacn Furnace 5f
%7vSynthesis Plant

i Flow Sheet of Condensatlon Plant.

Layout 0f a Benzine. Absorption Plant of the
N l

- Carbo Union Process (Sheet 1)
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ATIS No. 4586
Subjecﬁ - e

(Sheet 4) - i
Distillation Plant. |
Arrangement of Pararfij Purifying Apparatus. .
Arrangement of Lubricaﬁt Plant. " N
General Flow Sheet of xtension Plap of
> Catalyst Plant. J
General Arrangement of Apparatus for Extem~ .
sion of Catalyst Plant.
Flow Sheet of Reductioa Plant of Catalyser.
Machine Arrangement of the Reduction Plant®
of Catalyst. :
General Arrangement of@Luxemass Plant.
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ENCLOSURE (8)

I.  INTRODUCTION

The Wakamatsu low-temperature coal carbonization plant, of the NISSAY EKITAT
NENRYQ K. X., was inspected by the Petroleum Section of the U, S. Navel Techni-
. ecal Mission to Japan, during the pericd 24-25 October, 1945, This report re-
. cords and summarizes the technical information obtained during this visit.
Japanese personnel connected with the plant, who assisted in supplying this

informatiion, were as follows:

Mr. N. YAMADA  Director of Plant.

Mr, S, KUNII Head of Carbonization and
Refining Departments.
Mr. T, FUJIO Head of Mechanical Dept.

i

. ; Mr. T. MONDEN Officei Manager. .
II. HISTORY AND ORGANIZATION

. The company was founded on 25 February 1939, with an initial capitalization of
10,000,000 Yen, and construction was staried on a plant at WAKAMATSU, to pro-
duce oil; from coal mined nearby in the Orio district of NORTH KYUSHU. The
design of the low-temperature carbonization plant was based on the patants of .
" the Lurgi-Gesellschaft, Frankfurt-am-Main. Complete licensing rights for this .
.\ process ‘had been purchased by the Teikoku.: Nenryo Co., Ltd., who in turn, sub-

i licensed: to the Nissan Ekitai Nenryo Company. The first units of the Walkamatsa
i plant were completed in March 1941, and consisted of.a Lurgi low-temperature

., retort of 300 tons/day coal charge capacity plus tvar separating and light oil

., distilling equipment. Producfion of gasoline, fuel oil:-and semi-coke was -

. started. ' Additional refining equipment, including tar distillation, light oil
. treating, and de-waxing units, were completed by the middle of 1942, and from

© that time on, the plant produced motor gasioline, diesel 0il, fuel oil, piteh,
semi-coke;(coalite? and raw wax. ‘ g ‘ ,

: . X o i ,
i Three German engineers frém Lurgi-Gesellschaft assisted in the construction and =
acceptance tests of the first.units., Mr. Finkbsiner arrived in September, 1940,

- Mr. Erb in December, 1940 and Mr. Bruggemen in March, 1941. All tAree departed
. in June, 1941, ’ S

' In September, 1941, the Japanese Governmerist ordered an extension of the piant,

" . end work was started on the construction of three additional low-temperature

@ retorts plus auxiliary equipment. For this extension, the capitalilzation of

i the company was increased to 15,000,000 Yen on 22 Decembsr 1941, and-a speeial

 "accomodntion" loar of 15,000,000 Yen additional was obtained from the Teikoku.
. Nenryo Company. The first additional unit; was completed in May, 1943, the
second -in:.May,. 1944, and the third in November, 1944. 1In connection with this
extension, the company also undertook installation of additional tar distilling
and dewaiing units, also gasoline and phenol distillation equipment;, This
equipment; was still in the process of construction in October, ‘194%. To finance
v this construction, the capitalization was increased, on 15 Novembe:n 1944, to:
. 25,000,000 Yen, - , " g ‘ .

i Thevplanﬁ,@aintaingd steady production with two or three units cont:inuously on
i Stream until the fire-bomb raid of 8 August 1945. Although damage was rela-

o tively light, destruction of the central tar oil pumping room neceéssitated a

. shut down of the entire plant., It was anticipated that production would be
;' Started dgain in November, although the supply of coal wias becoming critical
. due to labor difficulties at the minss. § i '

; e i : :

‘;:In:the ihitial establishment of the compaﬁy, it was planned to install a piiot
- plant fox'the hydrogenation of tar oils, and reaction vessels had teen ordered
EErrom the;Krugp Corp. in Germany. These vessels were not delivered and other

309 .

1
1
7|
i
i




i A%iayout.nwut

isgiven byiPlate IV(H).

_lubricatingioil manufacture.

i i i
i : Ly i B

X-38(N)-T - " ~ RESTRICTED

tol g o ENCLOSURE (#)!

itbmsfreQuirSdawere never ordered, due to incieasing difficulties in grocuring

" constructionimaterials. i

This main officés of the company;aré located in POKYO, and at. present, of the

© tobal -capitalization of 25,000,000 Yen (20,000,000 paid up), the Teikoku Nenryo

Company ownsii50 per cent and. the balance is largely held by the Nippon Kogyo
Cco,, Ltd. (Nippon Mining Co.) The top management of Nissan Ekitai Nenryo Co.
is as follous: ;

v : L President: Mr, M; FURUKAWA
f ' Directors: Mr. J. TANAKA

i S Mr. N. YAMADA
o SR - Mr, E, SUZUKI

f S ~ Mr, T. YAWMADA

; S . Mr. S. UCHIDA
T Inspectors: Mr. S. NATSUBORI

My, E. KUMADA

Counsellors:  Mr. M. FUJITA-
- % . Mr. M. TAKASHIMA

x>

| The?ménageméﬁt of the Wakametsu plant is as ﬁollows:

Mr, N, YAMADA : Plant Director o
ST Mr. S. KUNIX Head of Low-Temp. Carb, and
I ‘ B : Tar 0il Refining.Depts.

SR s Mr, T. FUJIL Head of Mechanical Dept.

ir, T. MOWDEN . Office Menager

- Béfore the éndAof the waf, the plant had a td@al of about 700 employees.

" ‘The Nissan,?kitai Nenryo Company has no other plants in or outside of Japan.

'IJI. DESCRIPTION OF PROCESS - - | .

for’theHWakamaﬁsu Plant is givedéby Plate I(H), and an over-all

,f}pwﬂdiagragmis given by Plate II(H).

The coal_chhrged to the low-temperature carbohization units is obtained from

mines: in .the. Orio.district, and was stated’ tc be a coal with low sulphur con-
teént .(0,5%)} poor-coking qualities, and well suited for gasification,: A flow

- 'sheet: of the: Lurgi-design lowntemperaturewcaxmonization plant is given by
. Plate III(H). Coal is conveyed to the coal bunkers at the .top of the: retort

and passes downward through the drying zone at about 2500C-and the carboniza.

. tion zone as:6009C, - The coke (coalite) is ccoled by cold circulated Tuel gas,

iritroduced at the bottom of the retort, Heat for carbonization and drying 1is

VL‘SQpplied by circulating gas from each of these zones through external "ver-
- brennungsofan®s™, Hot carbonization gas, withirawn from the top of the car-

bénization wzone, is -passed successively throtgh the pre-cooler, Cotirell pre-
cipitator, coolers, and gasollne. absorber. £ flow diagram for the lazter unit

= i .

. b . b N -7 \i ;: . .
© Tar from the: pre-cooler and Cottrerl is Sent to batch tar stills (total charge
-, capacity 10:; tons oil per 2J, hours) and fractionated .into pitch and heavy oil.

The heavy oil is dewaxed by cooling to -59C and filtering. The dewaxed oil is
uped- either:;in bunker-or semi-diesel fuels, and the raw wax is sold for use in.

i i ~
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Both the: crude middle oil from the coolersland gasoline ftrom the zbsorption
plant are washed with 10% caustic, to remove phenols and cresols, which zre re-
covered ‘and sold. The neutral middle oili can be used in diesel o0il or frac-
tiopated: for production of solvent naphthas, The caustic washed gasoline ir
treated with 60° Be, sulphuric acid, thenjwith 4% caustic, and firally washed

. -with water. .

\

IV.. PRODUCTION . .

Capacity: of each of the four Lurgi retorts is 300 tons of coal pen 24 hours. .
Table I(H) summarizes actual quantities of coal chargec during the period from
the start of operations on 16 April 1941,:to 8 August 1945, when production
was storped as the result of a fire-bomb raid on ‘that date. The consumptien
of NaOH and HoS0, is given by Table II(H). Actual output of products is given
by Table III(H). The yield of oil obtained is about 90% of that shown by.the
Fischer-Hempel carbonization test. No major operating difficulties were
encountered, although sctual retort throughputs varied with the coking proper-
ties of the coal., . o .

TypicaltiDSpeétions on the several produdbs are given in Table IV(H). No
significant difference existed between design and actual product yields and cqua-.

lity. 4 :

il

=

In general; the plant appeared to be well;ﬁanaged, and the maintensnce of equip-
ment was good. : R

V. RESEARGH AND DEVELOPMENT

The resecarch department was very small, consisting of only three chemists plus
assistarts, and it was primarily concerned with tests necessary in contrelling
plant operations. The following Japanese; patents regarding low-temperature
carbonization are held by the companys: C o -

w

Patent No-. Date of Patent  Inventor Title of Patent

No. 67634 25 Feb., 1926 0. Hubman Process of drying fuels and
‘ B ; its equipment. .

A
v

No. 7361 28 $épt.,1927 G. Munschel  Prosess of drying fuels and
e S its equipment. :
f No. 8293 4 Nov., 1929 0. Hubﬁan Ed@ipmont for low-temparature

A _ ) ; carbonization of fuels by in-
Lo _ : ‘ ternal heating.
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Table I(H)
ACTUAL GOAL CHARGED TO WAKAXATSU PLANT

‘ ‘ Metric Tons

1941

1942

1943

1945

Tan.

7,162

10, 220

20,794

jfab.

7,015

3,620

liar.

7,669

L 7,78w

————

14 »801

19,602]|"

jipr‘.

2,978

6,656

ll;lC?

20,149

lay

7,781

108

8,017

13,427

fumo

9,906

8,219

13,690

16,693

18,441

uy |

7,662

10,602

18,612

17,956

11,308

hug.

6,815

8,957

17,817

18,388

2,138

siept.

7,457

19,569

15,390

17,536

0

Clate.

6,849 .

-8,148

10,831

18,454

0

Nov.

6,740

5,404

10,4653

19,102

7,221

9,073

18,019

22,010

Tatall

59,409-

88,579

139,610

211,976

120,444
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Teble II(E)
ACTUAL CONSUMPTION OF

ROXIDE AND SULPHURIC ACID
(Metric tons)

1943

1944

NaOH

HZ'SO4

NaOH?

B_SO

2

4

X-38(N)-1

Jan.

3 |

4

Sept.

Feb. - - 56 | 83 g 19 ‘
| Mar. - - 76 100 24 io29 ﬂ
ADT. - - a1 | =2 29 290§ -
Ney - - 27 44 28 44
June - - 40 72 28 5.
July - - 33 57 44 54
Aug. - - 39 ¢ 71 6 w |
- - 41 75 0

Octe.

37

64

43

72

o |o

Nov.

40

66"

20

.
Dec. 30. 44 21 35 - -
| Toter | 107 e | ae0 | e97 | 183 27%
li

3|3'§
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Table III(H) |
ACTUAL PRODUCTION AT WAKAMATSU PLANT

Semi-cokes | Gasoline | Fuel oil
(tons), (k1) (k1)
Apre. -1,856 0 286
Mey 4,740 0 717
June 3,721 . 31 836
July 4,814 1139 700
1941| Aug. 4,496 1145 758
Sept. | 4,792 1151 769
oct. © 4,318 1115 607
Nov. 4,246 : 107 566
Dec. 4,549 168 754
Total | 97,532 . 856 5,773
: Jean. 4,513 i 132 645
; Feb., 4,420 : 132 934
B Mer. 4,832 148 701
S ApT. 3,919 141 626
(It . May 68 ¢ 68
: 1942| June - 5,178 © 148 753
: \ July 6,892 1197 992
V Aug. - 5,822 16l 824
; Septs - 6,220 168 862
: oct. 5,294 1134 738
' Nov. ~Z,518 . 85 505
| Dec. 5,898 . 125 909
i Total 56,574 1,531 8,557

Note: Semi-diesel, pitch, and crude wax were not

produced. -

3i4



RESTRICTED X-38(N)-7

ENCLOSURE, ()

o Table ITI(H) (cont'd)
ACTUAL PRODUCTION AT WAKAMATSU PLANT*

Semi-cokes Gasoline sémi,-diesel Fusel o0il Pitch Crude wax
(tons) (k1) (X1} (K1) (tons) {tons) -
Jan. 6,419 126 - 968 - -
Feb. ) 2,285 42 - 327 - -
Mar. 4,859 i 86 - 736 - -
Apr. 7,030 137 - 1,173 - -
Mey © 6,936 154 - 1,076 -7 -
1 Tune 9,326 16l - 1,385 - -
1943 | ‘Tuly 11,997 150 - 1,749 - -
Auge. 11,458 157 - 1,708 - -
Sept. 10,556 341 - ;- : 2,529 -
Oct. 7,268 . 191 507 1,010 147 -
Nov. 6,721 143 ] 172 -~ 897 101 18
Dec. | 7,711 209 - 78 ’ 530 28 8
‘Total 92,566 ‘1,897 755 1 12,878 276 24
 Semi-cokes | Gasoline | Semi- Fuel 0il | Piteh Cresol | Crude
. Diesel wex
(tons) (k1) . (k1) (K1) {tons) | (tons) (tons)
‘dJan. 9,486 73 ad 1,152 40 75 7
‘Feb. . 10,307 8l 0 1,059 35 - 25 (8]
Mer. | 10,378 160 ‘ 187 1,078 10 23 0
(ApTa 9,923 ¢ 182 983 0 14 ]
May’ 12,290 89 170 1,607 0 18 0
: . June " 10,753 152 170 1,307 0 17 0 -
1944 | ,.0uly 11,517 . 553 . 259 1,378 0. 25 (o]
. .} Aug. 11,867 1 272 : 200 1,429 o] 37 C
 Sept. 11,301 372 .69 1,610 0 56 0
:0cte. 10,985 272 281 1,471 - 0 - 69 0
‘Nov. 11,371 g 8 1,490 57 0 o]
:Dec. 15,560 150 180 1,717 60 -0 0
‘Total 135.728 2,249 1 N 8!)9 16,279 202 359 ?
“Jan. 12,796 131 51 1,847 43 0 C
Eeb. - 9,090 123 58 1 1,246 8 7 0
‘Mer. |7 - 12,087 176 413 1,301 20 G 12
} GApr. = 12,399 124 456 1,433 - 70 22 C 24
1945 | May - 8,229 0 414 679 25 0 0
’ June ’ 11,340 ’ 104 256 1,195 102 o} ]
LTuly 6,915 204 350 . 410 - 95 0 0
[Aug. 1,303 87 32 79 33 0 ]
,'Sept. 0 0 0 0 o] .Q 0
“1::0ct. 0 0 0 0 - o] o} 0
rTotal 74,129 949 2,038 8,190 396 29 36
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Table IV(H)
PROPERTIES OF FRODUCTS )
! Liquid Puels (°¢)

Semi-dieself Fuel 0Ol1 Motor - |
oil g Gasoline

N Ty Dew point 76 98 . 72
[ iR 5% . 222 t 238 108
e 10% . ?33 256 114
i 20% 248 293 126
: E 30% : 257 332 .- 135
i o 40% 270 - 349 142
| Distillatilon 506 . 282 370 151
_ i 60% , : 372 160
. 70% : - 318 : : 168
.- B0% ' © 350 '3 : 179
- 90% o \ 194
97% : 216

i Actdic oil (%) 19.0 36.5
. Compositini Basic oil (%) 2.0 0.5
i -1t Neutral® oil (%) ©79.0 63.0
‘Red.. Visci (50°C secs) : 6 174 -
Flash Polit (°C)." R RER:' A . 118

| specific Gravity  0.941 | 0.967 795
L (15°C) (50°¢) (15°¢c)|

Solidifying Point (°C) 13 31

Spent. Ign. Point (°%C) . - 285

i
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Table IV(H)?(Cont.)
PROPERTIES OF PRODUCTS

Pitek -
S0lidifying roiftec.eeiecennnnnn. above 150°C

Volatile MABEOTeeresvmroceerssnsacnn 54860

Fil(.ed GarbDH........- ;i-no..-oa.on-noncc“.BB}’Oi

ASHueteeernneeneennesionsennnnnanssn.e0e26%

Cresols -
i Distillation
Dew point i 76°C :
o 5% g 199 (Hy0 3.8%)
: L1046 | 205
i 20% ; 207
" 30% r 209
L0% i 211
50% S 215
707 i 225
907 : 4 268

coks
Volatile matter,....,.f................9.4%
fFixedwcarbon,.........é.......;.......67.5%
Asn...................f...............zz.s%
Sulfur................é................O.A%
" CALOTATLC VALUC.ssssseierssensss 6,000 Cals

Melting roint Of 4Sheeiveeseeneeesa.1,500°C
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‘I'. GENERAL DESCRIPTION

o

‘The Japanese Government bsgan consideration of a liquid fuel policy in 1923,
but little was done until 1933 when a practical liquid fuel progrem was estab-
lished.  With regard to synthetic oil in this program, it was decided to aid
and develop the low-tempsrature coal carbonization industry, and to increase
the: production of shale oil at FUSHUN “in Manchuria.

In l93h, the Government established sub51d1es for low-temperature carboniza- i
tion of icoal, but this industry still did not become active. In July, 1936, -
the government established a new program, to be made effective in 1937. -In

this policy they: included the following items concerning -synthetic oil, intend-

ed to assist the petroleum substitutes fuel industry: v

l.¢: Jnstitution of laws and regulations to encourage the petroleum subs-
titutes 1ndustry.f . j

‘2; Institution of payments for los;es in coal-licuefaction, Fischer-
: Tropsch synthesis, and low-temperature carbonization of coal’ 1ndustries.,

: '3.‘5 Carrying into effect any other measures to aid security. and promo-a
: tion of this- industry.

A seven-year eynthetlc 0il plan was drafted to incorporate these items
and: the Synthetic 0il Production Industry Law and Imperial Fuel Develor-

. ment Company Iaw were instituted in August, 1937 to accomplish this plan.
.The: Synthetic 0il Production Industry Law was enforced from January, 1938
and the Imperial Fueél Development Company Law from September, 1937.

¢ IX. SEVEN-YEAR PLAN FOR SYNTHETIC OIL f ; )
i This plan was drafted to produce annually;1,000,000 kiloliters each of gaeo-
line &ndifuel oil .from synthetic oil by 1943 in Japan and Manchuria. The
quantltles produced were expected to supply half of the civilian demands in
. 1943, and, of this amount, 500,000 kilolibers were expécted to be produced in
.- Manchuria, Manufacturing processes were,: (1) direct coal liquefaction, (2)
i Frseher-Tropsch Synthesis and (3) low-temperature carbonization of coal. Raw
- materials were coal, lignite, and natural: gas. The program of plant erection .
i was. as follows:. 10 anits for hydrogenation of cosl {capacity of each unit,
100,000 kiloliters per year), 11 Fiacher-Tropsch units (capacity of each unit
500,000 kilolliters per year), and 66. low-;iemperature carbonlzation units .
"I (capacity of each unit, 100,000 tons of edal per year). The total recuirement
i of fundsiwas expected to be 750,000,000 yen, distributed as follows: 360,000,
© 000 yen :for hydrogepation, 121, 000 300 yen for PFischer-Tropsch 115,500, 000 yen
. Tfor louhtemperature carbonizatlon, and fox the expense of coal fleld develop-
i ments, 15 yen per ton of output., 50,000,000 yen of the 750,000,000 had
I already been invested in plants of this tvpe.

‘III. SYNI‘HETIC OIL PRODUCTION INDUSTRY LAW

This law ‘was enforced since January, 1938 in Japan ;proper,-Korea, Sakhalin
. and’ Formosa. The main object of this liaw 'was to protect and help the eynthe-
h tic oil industry to become flrmly establizhed as guickly as possible.

N At first,kthe plants to which ‘this law wae applied were as fcllows: (1) Hydro-~
{ genation:plants, whose raw materials wereicoal, lignite, and tar, and whosze

.. producing capacities were over 10,000 kllollters per year. {2) Fetroleum

© . © synthesis, (Fiseher-Tropsch) plants, whose:! produ01ng ‘capacities were over 10,-
- ;. 000 Kilollters per year. ,
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13) Lowatemperature carbonization plants, processing either coal or 1lignite,
and: which processed more than 100,000 tons of coal per year. In 1941 the
government abolished this limit for raw materials and products and amended its
_ poliey so as' to include any plant which produced fuel oil, lubricants or aay

crude o0il whose main components were hydrocarbons, from any raw materials
except natural petroleum. All plants were included which had a capacifty of
moxre than 1, 000 kiloliters per year production or aviation gasoline blending
stock and lubricsnts. For any other oil products the minimum caepacity remain-
ed at 10, 000 kiloliters per year.

'Thsse companles were to be exempted from income tax, profit tax, local tax,
-and import duty for necessary machines or appliiances. The privilege of apply-
ing the landiexpropriation law for plant erection was given to these companies.
At first, this law provided that the government would deliver a bonus for
synthetic oil produced, but in 1942 this practiice was abolished. From that
time onward, the government substitutsa the policy of establishing prices
which insured manufacturers of synthetic products a tair profit only.

'IV IMPERIAL FUEL DEVELO?MENT COMPAdY LAW

Thjs law was passed in Augustd, 1937, and went. into effect in September.- It
wag revised in 1940, 1941, snd 1942, The Imperial Fuel Development Company,
 Itd. was established in. January, 1938 to adminiltsr this law, some of whose
provisions were as follows:

i - Art. l. . The Imperial Fuel Dsvelopment Qompany 8ball make it their ob-
i ject to trsnsact all business which will promoto synthetic oil pro-_
duction. n

Art. 2;s~ The Imperial Fuel Development Qonpany shall have a cnpibalima-
tion of 100,000,000 yen, half of which is supplied by the goverm-
ment. The oompany can increase theicapitalization when approved by
the: government. (Capitalization: was increased to 250,000,000 ycm ay
the end of the war.)

- Art; 10. The presideat and vioe-president shall be appointed by’th.
. govsrnmsnt and their tenm of office shall be five years.

Art. 12. The Imperial Fuel Development (ompsny shall finance symthetis
oil enterprises. They may manufacture or sell synthetic oils, .tc., .
or manage other business necessary lor promoting systhetic 0il pro-
duction, when permitted by the govsrnment.

ﬁ Art. 13. The Imperial Fuel Development bonpany can issue debontures ap-
y : to .an amount equal to five times thuir paid-up capital,

Art. 15. The government guarantees the veturn of the face value of shares
“ snd the payment-of interest. g

Art, 20. The Government supervises the husiness of the Imperial Fuel
Development Company. - _ s

Art. 30. The Impsrial TFuel Devslopment bompany shall not ‘be obliged to
pay dividends on shares hela by the government unless the amount of
their annual profit reaches six per cent of the value of pald-up
Bhares not held by the government. '‘Should the annual prorit of the
Inperial Fuel .Development Company failﬁto reach four per cent of the
velue of paid-up shares (exéluding zovernment holdinge) in the firat
tiree years of their existence, and:sixz per cent in the following
seven years, the governmant shall subsidize the difference 8o that

iy

322




i Resmcreo . | X-3B(N)-7
i |
: ENCLOSURE: (I)

- ﬁividends may reach the above-montloned percentage.

Art 32, The Imperial Fuel Developmont Company shall be axempted from

corporation and business taxation in the first vear or their exis-
tence and in the following ten years. N

i}

2 GOVERNMENT SUBSIDIES

|
In Table-I(I), the column headed "Estimated Sdbsidy" refers to the amount ef
money the government estimated would be paid aut in subsidies if the proposed
. gynthetic fuel program produced in accerdsnce with expectations. The coiumn
. headed "4ctual Amount Fald" is self-explauatory. Ten yen per ton of tar wss
- paid in Japan proper, and two yen per ton of coal processed in akhalin., This
B agreement continued in effect until 1937.7 . :
At the end of each year, after the Synthetic 0il Production Law went into ef-
. fect in 1938, the government determined tlie amount paid out in subsidies to
synthetic oil manufecturers in Japan proper. In Table II(I), all synthetic
0il produced hes been divided into 2 categories (1) gasoline end (2} all other
.. synthetic products combined. The unit of_production to which the subsidy g
" applies is not specified. : i
" The praccica of subsidizing production wai sbolished 1a 1942 when the govern-
- ment initiated the licy or rixing‘the pirices of synthetic oil prouuets. . At
-\ these trixed prices (whlch included 'suitable profit), the Sekiyu Kyohan Com-
" pany, Ltd. bought the products from synthotic oil companias asnd pooled then
. with natural petroleum products bought from refining companies. The purehase
. price was based on production cost. The production cost of synthetic oil and
: ggg(frice at which the pooled material was distributed is presented in Tabdble

The annual Government susidies paid throw;h the Imperial Fual Development Com-
. pany were as follows (yen):

JE 1937 R R R R R I NI SR R I A I R RO A I B A ) ®ecossvscmen 11}8,09‘}
T 1938 tiiiicenvocascancccacsscsssasssassaccassscanns 578,387
1' 1939 .c-oo.-.o.-.e-.0.....0...'..-..o..-tt.no.... l 938,000
'  lgho oo-..-.-.o-ooo--ocouo---oo.oc.co.o-o-o---oo. 2 625 057
S;»lghl @ 290 S 0 P OO P VPOUT S S ENBLIE OSSO OPOERIUSEOROEROIOITVYTEES k’086’°52
“19k2 O WOO B GO OI GO OO L PRI CS T OO ETHS PTG eSS L050'650
3& l9k3 c-otl....o..-oo-......o..uooon-coc-oo-oo-Qo. 7,‘97 335
: l9hk ..lo.‘l&-...l.ﬂ'l..-.‘............IC...O...n 519 288

1 vi. CONSTRDCTION AND FRODUCTION

4 Im l937,,when the government began the seven year synthetic oil plan, there
were five plants in operation, one on shale o0il, and four on low-teamperature
carbonization. Three plants were under construction in Japan and Manchuria,
two of these being for coal hydrogenation, and one for the Fischer-Tropsch
i synthesis. The next year, 1938, six additional plants were placed under coo-
. struction, and in 1939, six more. The seven-year plan for synthetic oil did
not progress successfully, however. At the end of 1940, the goverasent
planned to limit the synthetic oll expansion program to plants alroady estab-
¢ Adished. : EHcowever, after 1941, progress in ereotion was very alow hesause of
. -material. shortnges and therefore production of syantbetic oil could mot =wust
© the government objective. In"1942, Japan obtained petroleum fron $ae Eaat
Indies, ‘but the government declared that the aynthetic oil industsy denuld b .
continued under the same policy and completed as rapidly es. possibie. M- e
¢ tually,.erection of plants was very slow asd production wes vory ieell. Thuis,
+ the Jape.nese synthetlc oil production m not sudcessful at the end of the
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*;‘wAr. Almost no aviation gasoline was produced from synthetic oil. Production
since 1937 wias as follows (K1 -’lubricant from rubber is not 1ncluded)

l§37 cesecseccscnnnces 4,950 excludes Korea & Manchuria
1938 ticececnsnanneese 7,400 excludes Korea & Manchuria
1939 tiveiiennneaeses 17,934 excludes Korea & Manchurie

1940 seeeeeesaceensss 33,254 ; excludes Manchuria
I veeeerieneneees 52,056 i excludes Manchuria
L942 ceveeersccssenas 75,984 : excludes Manchuria
1943 ceeecececncnans 106 146 3 : excludes Manchuria
A0hly cheeeedieaesnas 113, 1166 : excludes Manchuria
AOLS e eiieeeseeeees 29,351 p excludes lanchuria

. Ini 1945, seven synthetic oil plants in Japan were bombed, three of which re-
celved heavy damage. All seven plants ceased production and had not been able
to resume operation by the end of the war. After the war, productlon of syn-
‘thetic oil vas limited by ﬂoal shortages.

) :1945, the' government abolished tha synthetic oil produc*fon indus-
" try. law and,declared- that they would not help such an expensive industry in
.. the future. ' The government decided that the Ube Works and Takikawa Works would

"‘in the future produce sulfate of ammonia with synthetic oil produced as a by-

- praduct. Two plants, the: Milke: Works and ‘the! Wakamatsu Works, would produce
. ., syathetic oil only. The present oil capacity of these plants is as shown in
Table IV(I) . A

f '

I
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: Table I(I)
GOVERNMENT SUBSIDIES (YEN)

Estimated . f Actual Amount Paid
Subsidy .

i 1934 . 449,500 i ,

i 1935 . 505,300 : 165,556
. L 11936 552,000 i - 287,092
s S 1937 517, 300 ’ 455,102

; i
i

Table II(I)
SYNTHETIC OIL PRODUCED -(YEN)

Process fi .Gasoline Other 01l
{ ydrogenation f? ‘ ' L u

1 l1938 Fischer-Tropsch

Low<Temp. Carbonization 43.88 17.20

i?§1939 Fischer-Tropsch i 66,00 |  47.00

Hydrogenation § 77 .00 34,00
Low-Temp. Carbonlzation 47.00 18.00

e B Hydrogenation : ‘? 72.00 24,00
AR L 11940 Fischer-Tropsch 60.00 50.00
Ly : Low-Temp. Carbonization 39.00 13.00

R Hydrogenation . j 72,00 24,00 ) :
11941 Fischer-Tropsch - 60,00 50,00 a
Low-Temp. Carbonization 39.00 13.00 ‘

G
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Tnble III([)
PRODUCTION COSTS & RETAIL
PRICE OF SYNTHETIC OIL

L : Production Cost Official
Type of Product Process of Synthetic 01l Retall Prices
i L ) (Yen/k1) (Yen/k1)
Aviatidﬁ Gasoline?r Hydro, goo INRR
Motor G&sol;ne 400 307
Gas 011 A =1l | Hydro & 230 152}
Gas Oi%,A - 2 L,T.C. 220 141}
Gas 011'B - 1) _ 340 » 177)
Gas 011'B - 2 Flacher 330 167 »
Gas 0i1 B - 3 pech . 320 157 }
Semi-dfesel 041) | | o g 180 | 88,
Bunker Fuel 011 Sheve 100 BAJ .
" Table IV(I)

~ SYNTHETIC OIL CAPACITIES

Name of Company . Process Capacity
. : : kg/year
i Z*Eiikéﬁl' Nippen Jinzo Sekiyu f Fischer-Tropsch 13,000
i}. - Vakematsu | Nissan Bkitai Nenryo | L.T.C, 21,000
1 Takikdwa | -~ Nippon Jinzo Sekiyu i Fischer-Tropsch 14, ) 000*
| ~Chisso. . Ube Kosan : L.T.C. 10,000
. wanisbi }-.” Nippon Selitetsu N L.T.C. 1,500
‘Ube - : Telkoku Nenryo Kogyo | L.T.C. .__o**
i Total e | 59,500

? ' ?fﬂcapacity will decrease to 6,000 kl/year when sulphate of ammonia
L 'is produced.

'**f'After one year, plants shall be cestablished and shall have capa-
nvcity 15,000 kiloliters per year.‘

S
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I.  INTRODUCTION
This report records and summarizes technlcal information obtained by the

Petroleum Section of NavTechJap during an inspectlon of the Ube Works of
Teikoku :Nenryo K. K. on 28 October 1945. i The following Jaspanese personnel

. were *nﬂfrviewea and assisted in supplying the information presented herewith:

| TI. HISTORY AND ORCANIZATION

Mr. K. IWAMOTO, Plant Msnager

Mr. ITO, Head of General Affairs Dept.
Mr." UWABA, Head of Production Dept.

Mr. IKI,-Gas Enginser

Mr. TAWARDA, Business Manager

| The Ube Vorks waes founded in August, 1939, with s capitaslizetion of 50,000,000
. yen 1nveqted by the Teikoku Nenryo and the Ube Kosan E. K., and wss called the
 Ube Yuka Kogyo K. K.~ (Ube Synthetic 0il Co.]. ~In October, 1944, the company
. was taken over by Teikoku Nenryo and designated as its Dai-Ichi gé%%osho ‘

. k1.

- ————————

. (First Plant). At the outset, It was planned to produce annually

. of gesoline by low-temperature carbonlzation of Ube brown cosl snd by hydro-

genation''of the light tar oil, and also synthetic ‘ammonis.

'3,Construction of the Koppers low—temparatura ovens was started in Februsry,

1942, together with suxiliary cosl handling end oil recovery and refining

apparatuma In October, 1941, the declsion: was made to instell ten Lurgi re-
torts to produce 90,000 kl. tar, per year of low tempereture and tie first of
these was completed in Cctober, 1943.

: Construction of a plant to make lubricating oil from rubber was stsrted in i

f February, 1943, snd operstion began in October of the seme year. The methanol

'j_plant wes also sterved .in 1943. -

ZfThe plant suffered very severe  damage in four bombing rsids July Zud, 15th,
. 23rd end ‘August 5th, 1945, which stopped operations comp1etely. Prior to

" these ralids, two Koppers ovens and four Lurgil ovens were opereting; but six’

- Lurgl ovens, the hydrogen manufecturing plent, the oil hydrogenation plant,
' the ammonia synthesis unit, and the methanol plant had not yet beer completed.

; In spite: ‘of the extensive desmage, plans were belng lsid to repair end convert
i the plsnt. .to manufecture synthetic ammonia to the extent of 150,000 tons per
| year. . j

: The tot&l number of plent employees before the bombing was 350 steff offi-

* cials and 1,200 workmen.

¢

- IIT. DESCRIPTION OF PLANT EQHIPMENT

oA layout ‘map of the Ube Works, which also shows the extent of air raid derage
. is glven by Plate I(J) and an over-all process flowsheet by Figure 1(J}. Ero-
. cess flovisheets for the Koppers low-tempereture carbonization ovens and oil
' recovery:system, the methanol plant, and the oil hydrogenstion unit are given
by Plates II(J), III(J), end IV(J), respectively. Date relative to the de-

¢

5 signers and constructors of the seversl units are summerized in Tatle I{J}.

A The procqss, utilized for manufacturing lubricating olls from rubber was as
. follows:  Shredded netural rubber was mixed with calcined natural clay frem
" Sendsl Province, snd with light oil recyclad from the process, in the follow-

1ng proportions~

¢
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Rubber................i...lOO kg
ClBY.scesoscescssecnssensasl00 kg
Light Oil.c.eeveavecnenssaes230 k1

Thﬁs mix waé&chargéd to batch retorts 6 meterﬁ long and 2 meters in dilemeter,

~.and heated by direct firing and steam coils for s period of 24 hours to 300°C

maitimum, The mix was filtered to remove clay.and sludge, and batch-distilled

“toiproduce light oil and machine oil of the desired viscosity.

IV% PRODUCTION OUTPUT AND QUALITY

Data on ‘actusl throughputs at the Ube Works, for the period April, 1944-June,
1945, are summsrized in Teble II(J). Data for other years was not available,

'dug to destruction of records by fire.

g

| Dypicel inspections of refined products afe given in Table ITI(J).

!

1

Table I(J)
DATA ON EQUIPMENT AT UBE WORKS

i Unit ! " Designer Constructor Catalyst
Koj:pers Ovens :f Y Heinrich Koppers, A. U. ! Kubota, I. W.

: H . i Mitsubishi Kakoki, K. K.

V Lusgi Ovens -, Lurgi, A. U. = | Hitachi Kosea K. K.

Ol Hydrogenatior. - ' Third Naval Fuel.Depot, : R ' \

i} n TOKUYAMA . Kobe Gaiko, K. K. avy Ofuna
Hyirogen Manufacture T Kobe Seiko, K. K. | Kobe Gaiko, K. K.
Lﬁ}i%ica_ting 0il from Rubber Toa Nenryo, K. K. 2 Hitachi Keosen, K. K. »
Ub:e Hethanol synl;ihje_asis N Teikoku Nenryo, K. K. .~ Osaka, K. K. Navy Ofuna
Aminonia- Synthesis’ Lo ! Nebuhara Fauser

st
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Table II(J)
ACTUAL PRODUCTION, - UBE WORKS

¥

: i : 7 : i April, 1944 April, 1945
; . ¢ ! Maroh, 1945 June, 1945

Coﬁl Charged Koppers 4 178,93C tons
I ; Lurgi | 143,090 tons
| T , + Total - | » 322,020 tons

Pféducts “< | . Motor Gasoline 2831 k1 1 543
T Light 011 423 K 186 &
Heavy 011 No. 1 | | 207 kl 1157-
K ‘ Heavy Oil No. 2 | 13825 k1 2920
3 I Mschine 0il 11720 K1 16

&

(o

FIE|E|E

Motor 011 (5! 3

E

Total 20,006 ki 4,825

I ) S Cresols . 598 tons 89 tons

: Table III(J) . _
! ©©_ -TYPICAL INSPECTION OF REFINED PRODUCTS N
b B UBE WORKS - JUNE, 1945

Motor Gasoline Light 081 | -
Sp. Gravity(atd .81 €.910 :

- : L 6u% 4 2315
| 102 ~ 95%
50% T 1% 253°
90% . 205% . 28,%
97% - : 223° -
| FeP L « ; . 3109
Sui%u:'(wt %) | 0.9 '

<t
T

Distillation
(oG)

Resction ) neutral

Ignition point 1 ; A 78%

Apfgarance . I yelloﬁish-reé
Bkt end clear

i . i
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