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Page "18"
Page 256

Page -280, -

; ained 't :Imperie -3
nstitute-. - ndicated that the design éa; aoity,,
or- 47i¥ended: capacity,.of the: AGOCE; plant “was’
50,000 metric. tons of "oil™ j per year. ' On -the
‘basis of =4k *$1ze of the’ coﬁverter given by
SHONO ;443 ars. that the- rigur&mf -2075000
tens~ﬁf~qﬁ.processed per year would: apply Zte
a single_ converter at the AGOCHI plant"

In the sixth 1line or fifth paragraph underf "Plant

Development" del‘ete "by thermo - syphon aotion"

- .—‘-w

’In third line of eighth paragrapn ehange pan

mill” to "ball mill®

Delete text oommancing "This renr ents '<-~ "and
ending” —pm-. hydrogenation of coal"”, .Substitute -

'thereroi" ”

”LL'IYAMA was: ‘unable to, give ‘atgurate figures.
- or -prodanct distributrion for the FUSEUN pisent .




18 February 1946

_Chief; of Na.val Operations. S

Subject. L Ta.rget.Report - Japanese Puela and . Lubricants, Article 7 -
’x s * ; Progress im;he Syntheais of I.’f uid Fuela«from Coal.

: «/ﬁ"..

'; ¥ = Sub,ject repott, covering theaeynthead.s of od.l outl:l.ned by
"‘Ta.rgef.s x~09, :X=10, and x-38 of Faecicle x-1’ of reference (a) s is
: subuﬁ.t.ted herewith. 5 )

‘;,\ e -

2. 'me :lnvest.igation of the. ta.rget and the target report v
.meze accempliahed by Comdrr. G. L. Neely, USNR, Lt. Comdr. C.; S.- Goddin,
’lBTﬂl,:Iieut. W. Ho Millet, USNR, Mr. C. O. Hawk, T —hnica.l Represent.—

ative frem*t.he U.S. Bureau of lﬁ.nee, and Ens. E. R. Dalbey, USNR;>as'~ -

1nterpreter a.nd ,.t.ransht.or.

This DOGOHENT s i
UEBLASSIHED

F‘;g
{'H

.y



“X-38(N)-7

PROGRESS IN THE SYNTHE'SIS
OF LIQUID FUELS FROM COAL

“INTELLIGENCE TARGETS JAPAN" (DNI) OF 4 SEPT. 1945-
FASCICLE X-1, TARGETS X109, X-10, AND X-38(N)

* THIS BOBERENT s e W30
DEGLASSIFIED

FEBRUARY 1946

U.S. NAVAL TECHNICAL MISSION TO JAPAN



ANTS: = ‘ARTICLE 7. .
ID FUELS FROM COAL.

Lo olaE o Tmpelled by ‘the lack of petroléum résources, Jepan: made a determined
veffort: 'to develop- an-industry:for converting-coal into oil.” Paralleling the .
| program: in-Germeny, emphasig wes placed on three primery.coaliconversion!prow
eesses: -high. pressuré hydrogenation,. the Fischer-Tropsch. Synthesis, and low-’
‘temperature cerbonization. -. - R R A R A S BT AR / R
RS A s . e o L [ E - v Do i s . .
v2iv#. Although: the: Japanese Nevy.initiated ressarch on coal: hydrogenation.
in 1925, only two-comrercial-scele coal. hydrogenstion plents were.installed.in
the ‘Japanese. Empire.- . These .plants. ‘Were based-on the: Jepanese Navy' U 200CALS:: -
.. mosphere process: with modificeations ‘by.the ‘respective opereting companies. The
ectual production of oil.from coal wes Insignificant, since one planti &t =
" AGOCHIL, Korea, never achieved ¢ontinuous pperation, and.the other, at FUSHUN, .
‘Manohuria,..operated only. intermittently. " Visits to .these.plents by Tha U/ S.
. Navel Technioal Mission to Japen were nc eesible in view-of™the unsettldd '
il itary -conditions..in those areas,. - : B R X e IS D

N~

o goi 7, The, Flgohér~Tropsch. industry. in-Japen: was based primarily’ on” Ruhr- ..
chemie patents- purchesed -by the XITSUI intérests in 1936. Only three plants

- ever-produced -0il. and the actual. output:-of -eich: wes well .below .design capacity.
Two of-these plants opertted at dormal pres ure ‘and utilized a cobalt catalyst,
while thé _other operated et middle pressure-and used both cobalt-and iron ca--
talysts. The iron catalysts were the product of Japanese research, the menu-’
‘Taoturing details of which are fully described ‘herein. . - .

. . ¢ The most. important source of liquid. fuels from ccal was the low-tem-
perature carbonjzetion process. .‘Lost of -the instmllations werq Lurgl or Kop-
‘pers ovens;—dnd all evidence indiceted that, no.coal carbonization process of;-
Jepanese des¥gn: was ‘successfully operated, ' : . S :

- . The Japanese "Seven-Year Plan" called for production of 2,000,000
kiloliters of liquid fuels from coal by 1943, . Actusl production in the peek.
yoar, 1944, was only 113,000 kiloliters. The plan was a fallure due to stop-
page of foreigrn machinery -iriports by the war, diversion of critical materials.
during the war, and tochnlocvl-uifficulties enocountsred with .the. cosl hydxro-.
genation and the Pischer-Troproh processes. As a zaptter of intorosty, the out-
put: of oil from shalo at FUSHUN, until 1944, oxceeded tho combinod output frox
all coal oconversion processes, : o R '

TS BubuRras Bock o flubiens

~DECLASSIFIED-

KTT.L, x-38(1)-7
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Part IIT . Pigcher-Tropsch Synthosis’
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(cfl»mt of. Tipanass. RePOFEs. on. Comver
Firgt: Naval -Fuel Depot,',vOFUNA,.
thi Wash:!,ngton :Document;Centers.

: Resep.roh on ‘th Fisoher—Tropsch ‘Process. daf the Mto Imperi
Universitx vou

Rese.er ~Aotiv1ties o.t theu'Imp
Institute _at KAWAGIIBHI :




X 38(N)-

) £ Fue 'Depot, 'OFUNA

' 6“ aval FuelDepot,: TOKUYAW«
Army’ Fuel: ‘Reeearhh Institute, FUGHU
Kyoto: Imperial’ ‘University;’ "KYOTO. ; ,
‘Imperi-ﬁ“ﬂ'ﬁ‘él"Rese’“’H‘Insﬁ.tufe ,- KKWAGUGHI A
*TEIKOKU -NENRYO -KOGYO, - K. K., TOKYO. - ..
Mi1k6 Synthetici011-Co., OMUTA.: . : o
NISSAN. EKITAI NENRYO. K.K.,. Walféihatsu Norks, WAKAMATSU.
TEIKOKU NENRYO ;KOGYO Ube \Yorks, UBE. v

Sa:l.tentePref ;

Japanese Personnel Interviewerl. cml il
B KOMLTSU, Ph. Doy Civilian Advieor to the Departnient of Fuel Re= .
; search, First, Naval - Fuel Depot, OFUNA, {formerly Proressor of
*~Bio<Chemigtry at: Kyoto. Imperial. University). B
MITSUI, h./D.s Engineering Commander Jepanese Navy, "First: Nevel
- Fuel: Dspo‘;. OFUNA, Akey researotf men on ooal hydrogenetion re-
: searoh ST S
'}IAICSI,s ‘Engineering I.ieutenent-%mander, Japanese Navy, i‘iret
~‘,'Nsvu1 gu;} nepot):, OFUNAr—(key research man’cn t.he Fischer-
o 00885 ) e
: I.‘V&T E, ”Engineering Rear-Admirel Japaneae Navy. SuperintendenL
7 -t1of the Third Naval Fuel Depot,: TOKUYALA . >
G.-KITA; Ph./D., Retired Professor of the Ina‘ﬁitute or Phyaieal— end
- Chemfcgl Research, at the Kyoto Imperiel University, (pioneered’
‘' resesprgch on:the Figcher-Tropsch ‘Process in :I’opun. especially
‘davelopment - of .iron chtalysts). -
8. KOD:ik; P, D., Professor in: the Inatitute of Phyeicul and Chem- .
-+ 4cal }teseurch ot the Kyoto. ImperiaLUniveraity {18 now:actively
- - in ohé.l‘s&.o sorer-Tropsch. resesrch at-the Jmiveraity).
Y. Bé-h, q&bector of: the. Imperial Fuel Regearch’ Instltuta, {bas beer
assoclated wrfhvthe Institute for 25 years,- is .compotent, and
_‘thoroughly femilier with :rapuneae cou‘i rosources™ '~ and: problm
-of ‘iti1fzation).
-Ts VIYATA, Tochnioal Direotor of TSIKOKU HENAYO K0gYO K.K., 'L‘OKYO.
Sformerly with Manchurian Chomical Industries Co, at DAIREN,
working on omoniu synthesis, then becaze Gencrul Manager or the .
coal hydrogenation plant at. Fystu trom. 1937-194& prior to pro-
sont assignment). (2

-H.,&%o. Assistant to Chief xnﬁineer of -TEIKOKU LEZHRYO- KOGXO K.X.,

i KYO, . (formerly Chiof Engineer with the Toho Kegaku Kogyo 0o.

.. 8% NAGOYA up to 1944, ospeoially familicr with bydro-orooking).

N. xu.num Progidont of the Toc Nearyo (0il) Cov, (0specially fa-
unumt:n prtalytic orpsoking developzent in Jopan). *

T« 3I78UI, Prosident 6 the Liike 8Synthotlo;0iX Co., (o Dortmouth
-Eradutts-and eloulg related 1o, ‘the . Ga¥sloprant .o -the.plant &t .
LIIKE priwily .Y uulnum. o.nd not hlghly inromd taochnie

Joallyle
». Tm, nend of the’ chmou nrtmt. of the uike 8ynt.houo [
Co., (& graducte chonist,. we inforzed on detnne of the

/ ¥eooher- opsoh Process ot JIIXE).
He TAHADA, Dirootor of the Nissen Zkital l(epry lmt at .l.m..mu,
< ./ unusually well=-informed on the technicel detuils of the low=-
" temperature process suployed st this plent). O eontinued

5






oghiizing/her: critical ldek’ of 'a’nf'dtieqz_x'_gﬁe’,dom_esi;;c-91" a’ depehdable.
of ‘petroleum, ‘Jepen: hes intensively: endeavorfd to overcorme!this™
3¢ -developing -en:industry :I‘or}éonvgrsﬁ__iég;j‘_o;‘ne:gtew'siver_reserv_es;‘;'of o
oW grede co&kgs 'into oily: Three-processes. forconverting c al’ into ‘oil- have
been~studied ¢id expanded to.industrial- scele operation:” " - T R

=1 7 "High-Pressure Hydrogefigbloh.

24 - Filscher~Tropsch Synthesis.:’

. 3e i Low-Temperature Carbonization.”
... - Thisrer sa8."the' | L] atroleum-Seotion—of--the-
‘Ue 8s; Naval ‘Technical 2kission 'to Japan relative to .res ¢h and industrial dé-=
-velopments' on':the abovg processes. . A generdl hi_ai;_ai;ggg?vt phe thetic rg&s
Progrem-inJapen As- aldo: presented, .. .. p T T LR DA

Saionot--To lobtAln ,tbfs‘. inroma,t_ion,‘._importt;ﬁt Japanese 0il .research. institu-
tions were.inspectedy ¥ncluding bhe Neavel Research. Laborstory at OFWia, the 4
Army Fusl Research :Institute-at FUCED, the Icperial Fuel Reseurch Institute &
EAVAGUCHI, ‘and the‘leboratorles of, Professor KIT. at 'the Irperiel University,
EYOTO. . -‘Fypicul :comxercial soede ifatallations visited were the Pischer-Tropsch;
plent .at MIIKE, the;low-temperatire parbonizction works' et WiKAMATSU end the Y
low température carbomfzation knd high pregsure.oil. hydrogenstion«ynits at usx.i

R Smi-chmorqial coal hydrogenction units ‘at QFUNa and KLIAGUCET were.
also inspacted. ‘Interviews were held with reprecentatives of TEIKOKU NENRYO
X0GYO, K.K., (Imperial Fuel Industries Co.), a governxent agency established -
to prorote development of the synthetic liquid fuel industry in Jopan.

: . ' Particulur attention was devoted to evaluction of“the research .car<
Tied on at the First Naval Fuol ‘Depot,.O8UNi.  Detailed research reports .of the
-wofk ‘on poal conversion were propered- (in ish) by technioel personnel .of:
the Depot and are submitted as. Enclosures (B)1 to (B)25, inclusive. Since the
original research reports, driwings und.docurents hod been burned in Auiuae. :
1945, it was nocerscry to rocell Jopanore personnel to reassemble this infor-
. 'uf.‘iofxv fron laboratory notebooks and mizcollaneous records. I -
’ LR . ¥ N L i

' It is recognized thut the "data sooured do not completely cover Jo-
an's program with respeot to. the produstion of oils.from soal. However, it
;4s-bolieved that thore is suffioient material to permit at loast a rough -ap~
praisal -of t.hlc oxtont and nuture 'of her synthotic fuel developmenta. S
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& 1n31§32 e i“ nts Were- cons
LY OFUNAY

and'*'ze
e wtrmrer‘ie&«

xper;meﬂts’tbﬂ Go&l Hvdrégena~'

In: 19287 the South. L.nnqmmian Railwdy Couihti ;D vty
-‘ he l-!hno urias

tioniin: their: centra].‘ﬁeaearch Laboratoryff

] FiResearch Instit;x
‘o hiéﬁ-%resma ‘hydroidhation of ;008

Pllot; plant of /3-5 .tons. {per-day; paste" chak

pargntly did nat ' pley iah,.glmportant part in:
cess.

a'ho information” obtainéd by NavTechJeap . indiﬁe&emﬂ;at Py

‘toal . hydrogenation Plants. were- ever +Anstal ng&d {n' mr; ap’gne isﬁpire o‘LIn 193 v
The”South Menchurimn Railwdy Co.’ began‘oo

:ons per._year: ooalﬁoha:rgé oapaoity ‘at FUSE <X
igned-by the, Navy 'and’the, South nanohurian Raumay&dé
Nitrogqn-}extiuzer Coy. begeh, construotion: gf*'a fpl.

'coal charge capacity. of; 20,006¢tons pex; yeax;. »- ¥ baae,é_i‘ﬂ’é‘m the
XNavy process, but, with modit.!cggibns. sspecially i
Tlected .the: experience of theiparent opmpanyy 1m 1 )

‘Both"thqse plants comoncec(?bperati r‘!.ml?;w.‘o aneptl-thedAzgbchy pl’ L
was-pever-&ble to.gahlave- continuoiis wieratian ‘oo gzul u to -Gxoess \ze 6 ng
-dand. Y pluggtns air, 1culc;ed. . Experfreants werc*s on§~ hyd!\ogen Lok’
-1oWate ‘ Yand coal,until 1942, ‘'wnen .the plant uaa conirenpdi.; nqtu
gol nyna cun. o Fushun - plunt 18 repartod St ht.vo beon toyauooenm

tprodess and .design_ gliangds”dh’ Whic A>the-Soth
Lancnuuan auwuy Co. “cooperated,’ ?orh roglired,

“& i ‘ 3 mt y
vas alter tolg perntod on ooal ‘it hylrocrucung"n‘ : tﬁarp wd
ia Yuy .atelyiconvertedito hydroorcdki thistutp  tor
‘and. pen-olcm: o "produstion of. aj .ation guolﬁno.

In tho tine fothor. noids, izpatient with: ‘deloys-in: dovolom W Q..
afiégo. cdul - waros n’i‘ﬁ* Procens, attenpted :nogotiativng: with, (s &h

19 7," the, Ogur. noh “ﬁ puoo uardmnt. nch g, 'Fard

for g u:&o; - UB: PTOCIRE L Ji’m 2

vented ‘co:plouon of ‘therdeal’,’ nppnrunu.y ¥'the- buza tht aenlb t.

satiafaotory: Jupsnono Proobes wee irzinont.:

hand tinuod negotiutio .the Gors ,gbo e o foch: u'g ih“
aQa u 0 san’-Joverpment - unt
nyox"nd CRAL 80 . :ﬁm hg\siﬁ data wore ,.,mx“ 9&#.

Beglonl B 1939, :the J ¢ dIEY “1n-1t0 oxXtenkives nbdrhor
ooadno&«é«uuoﬁ ou:hydrogradling verious oilp. z'or‘m:-'odu oian’or’ aviduﬂv‘
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TUAKONY, end BHINETCAT
tigated. theMii

ghepressures

Velspment: of. o
; s’v’n’&lig'si‘s';'

Tne Tmperdal’ Fuel:
1933°td 1940, 08

‘al.University,”£lso workd
tiral "iron: catalysti.i

versitics Were tgstE?
Arepsch rvant s

In Y936,: the ity 2 R
from Ruhrchemie, /an

aFoytput “dapseity’ 0
tinultfps’:w.e.rer.enw N$s;
tiis: Llgures' . Two qulige?

‘ed iz
méde no:s

g T

compenaed co

e

o, prssaue plant et TaKTKALL, Soypl
which {Atarged: operatidna’ Ln-Déoex
! J‘f&m& ”’aéuq )

er;” 19424 the ‘other was a normal .presaurs-

#lan : 1 iploy3ngTa kobalt oatplyst, which sterted in Septegber,:.

2‘9&3 Two othel' pimg' 4N ¥ ch %%y, 000 &t _cHixI.nr;andfr.the ‘Other at cﬁu,

¥ore @I4r oanst TioLIqn 'at thb A" oF the war,

2k b B O s L R . . L

13 121‘.‘#&[’!%1}(:1‘93&5.;&1; their lsbbratory 4n:TOKYO, ‘conducted scme:résasrch,
8pochelly ‘on iron-catulysts dnd the manufecture of ‘lubricating oile’and %

migalSron ‘Pigotier-Tropsch 1iquids, - Thé Avey’ end. Navy-also conducted a sealli
a.md_hﬁg\;\ot research on the. process,-butikade 10 algnificant asntr{bdutions to
tho¥soknology.

- Tho most, successful xethod for prodyotfon of ollifroz coal in Jepdn, with re-
+ 8pect tg volume and coat of production, was lowatemperature oerbonization. .
tAlthough studies of the .procass were started in-192l by the Ixperial Fuel Re-
search Institute, Q4iffigqulties of rarketing the Jeni-ooke prevented any sub-
stantiol devglopment of the ‘indugtxfy under pno'o_—_‘&gng,;pquitim.‘

In'1936; the Jepunese Governsent eptablished a_petroleun substitutéipolicy as
2 wor-tessure, whiok inoluded indemnities for losses suffersd in the production
of suoh fuels. With tho ostablishment of this poliov: the low-temporsture car-
‘bonization -indust;y oxpunded rapidly.

ZxIn‘vdﬁu' s+ 1938, the Izmperial.Puel Indiatries’So. {TEIXOXU KEIRYO X00YO X.K.).
‘was ostablished under the Juophnese "Seven Yosr Plan® for synthotsc oil develop-
‘Bant,y. -Unger this-plen,- ennuel -produstivn-of-X, 000 000- “opoi” ol synthetis
Quoizno and fuel oll wes to bo schieved by 1043 (See Enclocure I).  TEIKOXU
HINRYD K.K. was authorized to Cinance synthotio o1 enterprises and to.Eanu-

faoture and sell :aynthetic oils. Coxpanies g in syathotio ol produc-
“tion were ecxezpted from income, ore, snd profit taxes, and were given sudw
‘sldies bused on ol output. In 1942, howavor, subsidies wero oliminated and .

. gm ovo{mnt purchesed ull oil from the synthetioc: oil oompenies st mx'.
- £ixed pr 003, . - - : Do e e A

io



tion progrem in' Tapant-ipfter the
iof‘eritical ‘materiels for mord pressing
ating diffisultide: @nd - low ‘outputs. from™’

énetion: plants.i~::

n-the ‘direct hydrogenztion .of cour in Ja- -
;pénTbegan-esearly as 1 "8t the-Japanese. Naval Regearch Leboratory ‘at:’
 PORUYAEL - ( Bi¢losure . (i) J. i 7The: Tirst.:experiments. were:cerried ‘out: in U
rsmell.high’pregsure ; autocleves: oz\-;:’aaag-purpaaaa; thut Le; .to qualita--,
t&veg etermine i‘"th‘e;;qmgbili\g of ‘coalto-lkquefaction. by hydrogenutdon.
Inil “Shi ra:and Oyens’ cools: wers 'sent’ %o Germany for'confirmatory . .
: : 1 ell -dontinuous plent @t LEWN&, o v - o

SEYITs)

5192

The:Jupanese were &t d:t0 0oal hydrogenation as. a possible source of
’.qud.‘;tugls}‘hg'ggusa_‘ of ‘thedr extremely poor position with respoect to - na=- .
“tive.petroleum.’ They had acgiiired some-knovledge, of low-temperature: car- -
-bonization: (Enolosure :(£)) and ‘of-the potential usefulness: of low-tempera-
-ture..tar as e petroleum substitute. . However, the maximum tar -yield was
:‘rénlaﬁabo'ut 10 per cent by weight of the: opal, end pany Japanese low-grode
00 ‘yielded only 6-8 per cent. Furthermare, there was no réudy merket:
‘Lor the ‘semi-coke, the Weight : of which was 65 ‘poer cent or more of the
weight .of the coal. -Coal -hydrogenation, on the other Lupd, offerad the
~P°:§1¥ili§{ [of -developing a-corm¥rcial precess for complets Qonversion of
ooal to oil. = — o PR s + 830

ttracte

. " .

‘Coal hydrogefiation hus probably been -studied ‘moré thoroughly in Japén, at

deast on laboratory scale, than in any other country-in the ‘world, except
+  There are records of nesrly two hundred hydrogenation ass

teats, including ninety tosts on oosls fror Manchuria &nd:China {fnclosure

.(B)ge).-a and more than one hundred tests on coals frox Japsun proper (En-

;oloag&ro__v(x)). e e e e T

- The Petroleum Seotion of NavreohJep Interviewed researoh personnel and in-
‘spected. aoal hyuﬁonnuon equipment ot the First llaval Fusl Depot, OFUNA,
:and-at-the Imperisl Fusl Research Inoatitute, KAYAGUCHI. Both orgeniza.-
tions have done work-on ladoratory -and.sexi-plant scale.,

¥o industrial resoarch laborutories investigating thid aubjest. were in-
: A SC0Ne-suck-ladoratory; under Teponeso control, known to exiast, is

: .8outh. Nanochurien Railway¥s Central Rosoaroh Leborutory at DAIREN, Inm
‘this laboretory muoh of the explorutory and developzent 'work wes done
~which culrinatod in erection af the ooal hydrogenstion .plant at FUSHUN, -

hurlas :
The eXaot position.of Japanese
%106 dnouns . The: Kol treors

. s Univeraities in ooal hydrogoaation reséarch
T nown. - The: K¢ 'ﬁ: of Tachnology nesr WAXALATSU, Kyushu, is
said to have fgollities for type of work. . The Izperial Qntverquy at

3



X3y

ydRSgenatlon 1‘1' or k.

’ } {_’W k. The Tapahes8s N ;
o - 1iotivated- by ‘the:desire and ‘nesd to’
~ble"ource of ‘1iquid fuels for the flest. “Therefore;". idera :
‘was . given:to all coals:within,  or controlled by, Jepan., ‘Asseys -wers
made in the Tokuyama laboratories on both'-Tapanese: and continental- :
zhgiatic nos ~Ho T5-in-view-of -the-direct-co-operation betweon -
-the Nevy .add the—Squth Manchurien Reilweyl!Co., ‘much ‘of . the Newvy's .- .
earlier leboratory .work was concentrated. ol developing & Iique BC= "
~tlon process based on Fughun .(Oyema.coal (. .c'losure».,é}:"),-i < <Autocleve -
studies ‘on the effeaqt of ‘cetalyst’(Enclosure (B )5}; ;,é‘aqtibn'temnerdi
‘ture. (B)6), hydrogen presiure” (Enclesure (B)7), tiy §"of contact (En-’
.closure /(B)8),. viscosity. of. vehicle (#nclosure (B)4), dnd to some.” -
. extenty ' the size of-coal partidles (Enclosure (B)3), comprised the

R4

. fucleus of the e_q;fly;goal_;;hy‘;d:ogengtipum

Themast .'gﬁditﬁﬁ%'r.fe'sdlte,of' these _e:é;;gi':_ln‘iegts-‘v}léxjé;. .

L (1) zine: chJ:oride was found f_d{ be t‘ﬁ’é:méat""effé'ctiv_e',‘ atalyst,
+.‘although later, (Enclogure (B)1B), a mixture of ferric oxide, -
- sulfur, and tstannpurgﬁ_droxide 'was chosen es ‘the standard ca-.

- telyst.s RS SR o
" (2) " Reaction temperatures near '4300g- were found o be the ..
lgighesz Jpracticable withogp;gpcountering excegsive .cokerdnd gas
“formation. . ... . . A LT

R R

[ : R A e T R
-{3). At pressures below 200 a&mp,s'pherea, excessive coke forma-
tion occurred and liquefeotion Wés incomplete.. = - - . ..
(4). Vehicle viscosity was without effect on the hydrogenation
reactions. . need : ST N :
{5)  .About ong! ',o;zr einicum coh'ta’ct..ﬂne under. conditions desg-
_oribed inm (1))'_y’~ 2), and (3) was requixed for complete liquefaoc-
t . e i Sonoie 404 ‘ P -

: 4ion S :},:, s \“‘,..} . o :

Physloal properties of ‘coul pustos madb*with Fushun coul, were also
rmeusured to aasist in the design of pluat equipcent (Bnclosure (B)13)

Rolatively x‘o'w‘reoo'rd.z were found relating to work op the fundagen-~ .
" tol aspocts of coul hydrogonstfon. Work:-pf this nuture which was
done, comprised studios on the hydrogoration of simple conmpounds
(&nologures (B)l, (B)2, (BJ14), the effootivenons .of relatively pure-
conpounds “when ysed uc vohicles (Encloaure (B)12),. the behavior of
conl substance.&nd hurus:-(Znolosure (B)10), and rechunisz studies
(Znclosure {(B)16). ilthough rosults tnd oconclusions of this work .
aro of gonoral sclontifioc interest, thoy contrivuted little to tho .
pructical uspects of process davelopzent. i o e

.

Ono of the oot valusble contridytions of this labérutory to the
&onoral fund of ‘knowledge congerning coal hydrogonation’ srae un exten-
2ive purvoey of,the propsrties of Chinese and Manchurian cosls (Ea-
eloagure (B)zz).. nn{ 118 frof North China and forty. from Menchue
ria wore agsayed.. Only ow’ oxporizonts worae reported on ooals from
Japan proper, Kores, end Pormosa (Znolosure (Bjll). e

12
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.or.Manohuria hydrogenated reedily {myLarly -
4 Yormosa were: sultable for

es¢-relating t ydrogena-'
: boMtoﬁe&MlljeToden Ap-_.

sration. : E‘.reotion af é semi—oomercial scale 1ant the
7én in 1930 at TOKUYAMA. ~Construction wes completed end
preliminary operef.‘ on’begen -pbout :1932. : - The ‘plant .comprised a single con~ -
_verter liquld-phease’ system,- with ‘& throughput - 6f ‘aboft 7 tons-of paste. .
- (3=3,5-tons -of cosal) per dey.. .An.electric hydrogon preheater waes enclosed.
vinithe:converter. (Enclosure (B)l’?, Fgure:1) otherwise the hydrogenation :
.‘system.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 wag. furnished by-
-‘electrglysis. of water-in a Knowles . generator, with -a capacity.of 200
‘per -hour..:: Heavy oll, containing ‘the-ashand unliquefied constituents. of
sthe ooal, was withdrawn through e ‘manually ocontrolled. valve,-. Att.empta to
"maintain continuous discharge with-this system proved troublesome. Solide_
were seperated rrom the"ﬁ'eavy oil‘iby.—centrituging. \~' L

Ko_writt‘en reoérds were aved.lable tor pi;ob plant operation bety,een 1932 R
"end’ 1938;- but’ Jepanese personnel.estimated .that during: this poriod. the
/unit’ was. actually on etream ebout one—third ot _the f.ime v L
‘
'mmloeure (B)l? eumarizee data obcained in 1938-39 during a tive-dey.run
* on’ Oyema. coal and a one’ day run on Naibuchi cgoel from SAKHALIN. It was
" admitted that difficulties wers experienoed in these runs in the separa-
tion of solids from heavy oil. by ‘¢entrifuging, and in the non-uniform
distribution of hydrogen and paste in the-recctor. It was ‘also stated
that erosion of the heavy oil discharge ‘mechanlsw wes sovere, and that
the laok %f flow control mstrmntetion zade it. uirrioult to maintain’
un.irom 3perafing oona.itions.

‘Results of. the- hydrogenution toet on Oya.x::a coal nre of purticular 1ncer-
est because of its relationship to the full scale operation at tho South
* ¥anchurian Railway Co. plant ot FUSHON. Oyema‘coal is minod at. PUSHR
‘and.has been desoribed.(Enclosure (P}) as “a ver{ high Quality ‘brown conlr
-appronching bituminous™. An ona.lyeie of tho con uned in this tost ie
given in Tabla II. -

4., Cosl Rydrogenation ¢t the eriul Puol Rouoareh Innututo. Both
laboratory and, seml-pleant-sccye %Eg TEIon ol ooa woro studloed by
this orgnniznt.ion from about 1931 to:1940. The purpoma of ‘tha work was to
carry to full -demonsirition scale, 8 process for lxguorsotion of Jopanose
ocals. - This work wus dono without dirquﬁo_q_-_qport.t on with tho lavy or
“eny” Ind’uﬁ.rld group. .

In all, mr e hundretl coals (Enclosure (b)) were hydr -.oneted in szall
autoolave tosts showing, in general, that prictically Jopanene coals
“are suiteble for hydrogenution. Thrée of the more- sultadble coals were
furthor studiod in @ smoll somi-cozzareiol plunt riving o throughput ca-
paoity of 3 to.d tons gnetc (1.8 to 2.5 tons of ¢oal) per day. ‘This
plant ao:prlua o double convarter 1iguid-phase systen {Znolosure m.

P,
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+Constrnction: wes "completed. Ppreliminary n ‘be, -

'_’:_’L:E-’-a'_mptter, of-interegt; t.h,ej%égitorapwaxep Jal a?,w L Was

stated.that. there wes 3o ‘cobperetioi; with fordigh’ neers in de- .~

- signing any-of 'the ,_.5eg;;gﬁman;,or‘iginmy:'.wié' ‘plemt,‘comprised a:1i-

* quid-phase .single- converter: system.of: essentially. sonventional’ de-
‘8ign, &t least. with respect’to material:flow.: :Yate $n.1939, a 1T

# aopdTliguid-phage reector was ;adled, : end. eerly 11 1940, 8 ;vapor-phase "

 reaction-system wes instelled. . ;Betwéen this’tire.and July1942; - ’
operation alternated: between: liqi&l‘sl,-ph‘a_se(;“poal hydrogenation. and
vepor-phase treatment, of fractions. from. Yoy-temperature -tar or . ...
from goel hydrogenation.’ -Prom 1942 untiXithe end:.of the . wax,:at the
-&irectlon of theiJapanese Nevy, the-plent{¥as ‘omplstely converted -
to hydrocrackingiof-gag ol _gd’keros_ane‘.‘n B q«,lup‘tipﬁ“dr_*g{aonne;

opera
ade’:

a2t e | Lo 2 s

- ’ i . "'-r-""'l“":‘?l Z rn ".":' N F 5 N AR s e Sty
Por coal hydrogenktiod,, ophx‘iﬁ%‘ﬂ'&'mqnditf s were 200 utmosphexes:,
and 430°C ‘in -the"}guid-phaseigsdp, with a-throughput of 4.tons of
paste. per henr. - Ratio® of-cadl-'th wehicléd.wis 2 'to 3 by weight. In
‘the vapor-phase step,.'‘the input-wes 40 k1 per. lay, at 200 atzospheres
- pressure ‘and terperatlires of 430°C and 440°C in the rirst and second .
.8togas reapectively.. -The yield: of, gasoline obtained: by combining -.
“1iquid und vopor-phese operstion was sbout 354 of the.waeight of coal’
-charged.. ~ . o : w A .'_»,:"C'ﬂf‘;ff’. o :
- It was not possible to visit this plant andvyo original oparatq.ng
: records were located. T. MIYAla, Technioal Director of the plant-.
from 1937 to 1942, odvised that no partioular mechanical operatimg—
diffioulties hod besn encountered. IN. SHONO, Assistant Techniocsl - -
Direotor of THIKOKU NJURYO, stated that operat dirficultioes had *
been.encountered, but he ocould give no specific - ormation. - Dre He
ng'nmo. of the First Naval Fusl Depot at OFUNA, recalled that pro-
- dugtion schedules wore irregular betwoen 1939:and 1042, but that &t |
th:l eng. of this period, s reasonsbly successful jiroosss had been'
svolved, - . - . - .

a2 -

. . -, oo DL TR T
The nominal throughput wes about"10,000 tons of Oyama no::."wqm,
:uoow:?‘it‘o‘fmm; ~-He also stated that the spproxizate totel odd -
output the plant ' from 1939 to-the present was-15,000 tons, most’

of which was hecvy o1l from 1iquid-phase hydrogenstion of coml.

et

- - A ; : e
Both XIYALA ond SHONO maintained that, although the Pushun plant wes
largo onough to bo considered of industrial scale, it hod s-boen

: considered sa sxporimental venture rathex thin « 'production-unit,: ™. -
Howsver, it soems prodbadle, that under tho.»overe atress of Jepanis.
need for oil during the wer, it would have oporatsd continuously.dt
retéd cspuoity 1t the- eoul bydrogesction process -hed ho’on‘lngoqg_!tul‘.;

14
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- of gasol

St

on.as
inally:

Aggithe wer, it was finally:¢onverted to methanol synthesis.
gtated ‘that the:plant contained 2 converters,’ 160 centimete

hydrogenetion 'ynit, and that dur~ -
. SHONO -,
An.

dlameter and_13 meters long; -and that,when operated e o’ coal hydros -

‘genation ‘unit, there:wes severs

overheating in the reasction zone, re-

'sulting ‘in-éxcessive coking.' He also recelled that .the ‘converter
‘walls were sald to-be “too thin to withstand the desIgn operating
. préssure- (200-250 -atmospheres), ! 1 B T RO

All éVidéno‘e ‘indicated .that ,t,hé Euslfdiz ;md Aéﬁéh’i works .ﬁgi‘é .tﬁe ','_Only,

'.oommercihl‘-sc'ale"c‘o‘a.l-ghyjdrog‘enétion Plants ingtalled in the:Japanese. .

‘Ewpire. ' Their failure to maintain operetion,’ together with. the feaot

;that tio-other. plents were built, :is interpreted ‘to mean that ‘Jepen-
;4id not have a-perfected processs ,Since. thege plants could-mot be .-
inspeocted,’ in view of the military situation preveiling in Manchuria

- and: ‘Korea: at “the tinme of this investigation, the actual ‘Progress." .
‘made ‘in the development of these plauts has nothpeen ascertained, -

In securing the information:for

this report;- fi‘i'fﬂha“siielémimaled 5

that ‘Japan, in her-acute need ‘for oil, plunged ‘into industrigl coal )

3

‘hydrogenation- without-‘acquiring en edequate background of experience’
with the- intermediate-scale equipment. It has also been:revealed
"that nmaterials, pearticulerly heet-resistant alloy steels, were not

availsble for the‘construction of suitable .ea_‘wm:, and that renu-

fTacturing fzZoilities did not exist for fabricitiig Teaction yessels,

-of proper size.

* HYDROOZNATION 02 TAR

1, Research at the First Naval Fuel Depot, OFUNA. As a WET :measure,

the utIXIz&tTon of ,high and Iow-texperature ter -as raw material for avic-

tion gesoline production was considered an attractive possibility dy the -
Jopanese Navy. High-pressure vapor-phase hydrogenation or "hydroéracking”
of tar frections over fixed catalysts was the method chosen for investi--

gation. 1In-this process, the molecular weight of the hydrocarbons in the

charge stook.is reduced, und the phenols are destroyed, o

At the Navy's loboratories, both autoolave end szall continuous plont ex-
poriments wore oondustoed, which resulted in tho dovolopzont of a tentative

process (NavTeohJep Report “Japanose
Noval Rescsrch on Aviation Gasolipe,
16, Parts I and'II). The throughput

‘Fuols und Ludricants, .irtiocle 2 -
* Index No, X~-38(N)-2, Enclosure (B) .
of the continuous unit wes 4 to 5 .

1itors of 114413 per hour and the amount of ocatalyst,' 8 to 10 liters.

‘During 't:!ih‘rinvut‘lanuon'. tho field of Yoi & oomponeat bntglyar.a ™as. ro-
-ther -thor ‘oovered,” Molyddenum tri-sulfide, olthor alode, or mixed

with coid was found to be .tho zost fuvorablo catalyst. It induced’
the Mgt hydrogen sbsorption with tho lowest gos loss and Veat yields
. 8. - = T e .~ B . ’ N

The Process was operated in two nng

densation. ‘Typloal results odtains
ture tars are presonted in Tablse-IY.

s

o8 without intor-stage produst con-
on prodessing high ond low-tempera-
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o o o PERH TIT

. - FISCHZR-TROPSCH ‘SYNTHESTH:
;.A.-';;. cmmx. REMARKS

a5 e

ropsch synthesis sincg aho;{; .'

J'apan has maintained 1nterest in th : I

after  the announcemen‘t. of its discosry in'i192 Like direct goal ogends:,
“tion, this process offers the, D bility of escentially complete oohvaaion‘ of
-codal to liquid Tuel.' ,I'ischer, T%T Tsrgih% Jreseurch work:in Japan;,wss pioneered. by -
-Prof, -KITi, of the Kyoto Imperial~ rersity, It .1etet] undertaken by, the'
-Icperial Fusl: Resecrch: ‘Institite; the’ ‘Tokyo. Iiper ~,,UnIvers1ty, end. by others;.
notebly, ‘the-Mitsul Bussen Co., Which 1n{1936 b'caj,nedviicensing ziehts %o the’
~Ruhrcluanﬁ.s pntents in J’upnn.‘. B

~’Just prior to the wa.r, . » \ 5 sxper.ments‘ o h
 First” Reval Fuel Depot .at: “OSURAW T During technolobists &t the: -&x:x:y«. ,\
: Fusl. Resecrch Institute at FOCIU carried"on pilot plen experixr.snts ‘on:. the: uge
' Axon _eatalyst whick” was ' develo eb,vin KITA'S. lubor orié's' Y. KY

Oy L <

Since :rapan haa no resou.rces of’ the exp‘enaive oobclt. nmoh nﬁphasis in: .Tapuneae.-
' research hes been pleced on aubatituung iron or niokel. .Althopgk.,nona .of this
efrort .hus been more thun moderately successful, -an “dront ctralystt developed at
KYOTO has been used in & Fiecher-Tropsch plant at meiMAr»I{p 14 do.- ', .This , .
Plant and two others,-one at OMUTA ‘(4ike Works) and the other - at - [
_were the only Fischer~-Tropsch units reportod.to have been oox:pl;eted and opera-
ted in .Tnpnn. .Two more plants Aero under. conatruotion in Kanohurtans. . - -7

inw

The . Potrolem: Seotion  of I\uv'reo!:hp hos’ itmpeoted equ‘px:ont und‘int rvie-ed
porsonnel &t -the Miike plent, the Kyoto: Imperial Up.ivor:ity.d:ho Firgt Naval
,2uél Dopot ot OFUMA, .and the Imperigl ruel Resoarch Institute ut . KAWASUCII. ..
Inforration wue also obteoinod from personnol:.of TEIKOKU NENRYO'c &nd the mppon
Jinzo Soldyu Co,y Who. n.t\nnged -the plnnta at um. MW;ASAII an TAXIKANA.

B. " LABORATORY RESEARCH ,

1. ' Resesarch ut the Fggt Hetad %;' Egg&, MA‘- Little. work wu done
on the Fleokor-Tropac 00088 a4t rst -Nuvoal Fael Depot. w0 reparts
ware obtuned rolnune to sttdios on ‘irop-oxide outalysts (Enclos oa' .
B)20-und- (3)21)- and-one’ concarhing -the roduction of oébalt catalys
lholonuro (B)19)v""Tho wgrk; on reduotion of the cobult catalyst ig 9 1n-
torost, since ¥ conoorx;a ;tho bo‘wrior ot nxod enenlyaf.- of thc t;uf
rpra?oc in ce‘n‘.any P 7

. ae _at t.ho erisl Fue Rocuroh natitute, mxmneu work .
on both labors or{ and SOkl =00BTerc piunb roule wee garried on ot this.
_institution frox 1933 unti) 1940, with :hc inteontion of dovelopi )u oon-
plote full-gcele ocooa (moloam {£)}): This work was sbandoned’in -
240 when the Mil uf ant h;(m operution. Beoauge of the hizk cost and .
diffioulty of obtuluing cobuls, studxec on tha eabsuwtlohic ‘plokel wera,
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lénzers -and a.
was effectéd:
e [eonverter: 'shell; through' which
; #oean' external “condenser
e pubes, o T

tuel sy 13 gasithroughput 5_'3_,1@ 011 production.in.this plent-never' s’
exceeded 30%. of. des: sn-;_qapqc_i?yﬁ- ;One of  the best runs ylelded about '66kg.
.0f: crude.lig oroduct An- 30: md/hr, using. a ‘catalyst whose active con~ ' ;
Abituent. was“a mixture}of Bpﬂ'nil;cke_]_... and; 20%:cobalt. - This yield corres- .
‘ponded :t0. 85_-granms pex \cubic. meter of. pure synthesi¥® gasi ..The ‘poor.per~ '
Lormance-of ‘this- plant;\wvas-;attributed to poor-catalyst: ectivity and in-
‘%gé‘qn,te' ‘temperaturercontrol of the converter, o e T

< . Resesroch ‘at . perial Wniversst ~.The. work at KYOTO is .un=-." ‘.
oul JapAn’s most. importanticontribution to.the rield of the:Fischer-
Tropsch'-synthesis,: "Experiments hegan:in 1927 under Prof.:G. EITA, with - .
no-¥¥jecta in the]béginnih‘?-_qt.per than to. study .the scientific. aspects of
the: problem (Enclosure (D)), ' 't Co e T L T

AU . . Sed ‘e - B

SRR L S s R RS R T

In 1937, work was started on i:d_o‘l' catalyste for.use at normal -atmospherioc
pressure &nd it'was continued through:the.wsr, the objective being to de-
velop a su,bg:itute for cobalt. ; From 1937 to! 1941, atcospheric pressiure-
experiments-were made in a semi-commercial pi}.‘of"‘plant.‘ whosge throughput

.was.100 cubic.zeters of synthesis gas’ per hour.' At the request-of, ;the - .

- Jepaness Army, this plant’ was. transferred to-the.Army Fuel Reseurch Insti-

* tute a¥-FUCHU in 1942. ; se e . e

i

SR P

e e L Lot Lt . ", . . R . - - -
Although extensive work has beeh -done at XYOTO to.develop an iron catalyst
Tor the-atmospheric pressure synthesis, no catalysts yet discovered- haks— ..
proved equal-to -the. conventionhl. cobalt type. On the other hand,- opera- -
tion .at intermediate pressures (10-15 atrzospheres) was found to have a
favorable influenco on ‘the performance of iron catalysts. Under these
_conditions, one of KITA'S beat preparations produced about 120 ex/n3 in
laboratory tests. (refer.to Tablo IV, Enclosure (D)). A catalyst of this

» type was canufacturad™at KYOTO for fiill-scale tests 6t Tal A. KITA
-and’'his assooiutos deolarod that six months' 1ifo would bo oxpected fram
this oatalyst. ’ . R B B : T

4 WMW & .brief. inspastion of .
the Pushu luboratory was rade by the Potroleux Bootion of HavTechJep on
“12-January-1946. It weae ascortained that tosts had been made thero with
spllot plung, forwarly ot XYOTO,.of 100 =U/hr gas throughput. capapity ...
~Malng @ natural iron ore catalyst ut norzal pressure. The:yield was re-
ported to bo 73 gm/=%, obtuined «t an opersting temperature of .250°C.
This catalyst wue dlocovared dy Prof. MATSUDARA of the Tolkyo Imperial .
Univarsity. (Snolosure (D)). Prof. KIT~-cud his ossooiutos ut XYOTO aloo
contridbuted their tizo and labpritory fuoilities for develo:montal studies
on this cstulyst prior to the triul in the Fuohu Dilot plent. The oata-
lyst consists nainly of a Jnnturr.l iron ore, ponetines dosiznuted ochré of:
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,lth’ g
pleted and put on atream, namely,‘—‘bhe m1k.9
the Taldka Llant- in HOKKAIDO. Two' otheréA
Q;he other‘{ CH y

Prig Miike %lorks ‘was' the only, D “yisd : {onon't
other, installatignsawas-—supplied by ¥r. SOGABE’ of the N;.m;on Finzo: ‘Sskiyu’ 00. i
-and. Mry: N.-SHONO oft: ‘TEIKORU" NENRYO. " The:imwdgeseki’ plant had 24 double-tube
Ru.hrchemie-type eonverters ‘and’-utilized- a-cobalt:- oatalyst a} -atmospheric pres-
‘sure.. The Takikawa plant had 36 double~tube Ruhrochemie;’ ‘converters, 32 single-
tube. Ruhrchemlie converters, end 4 -of a Japayese: design, ‘in which internel cool-
ing: tubes. csarrying-ciroulated water, -were érranged dAn & oylindriocal:-converter -
~shell. ' 411 operations at TAKIKA{A were at . 10 atmosphergs pressure,” &nd both-
iron»and oobalt—oatalysts we dr employed. “~Both-the precipitated d1ron” oatalyst
developed by Prof. KITh, &n the natural iron ohtalyst .of~Prof.~ LATSUBARA have‘
bem utilized 1n this ?lant. -

'I‘hese 1natallationa. uk shown in Table I, ra.iled‘ to prcduoe Iﬁ'accordance w:l.th
design figures. It is.signifiocant, however, . that the Takikewa plent ‘di4 menege
to maintain ptoduotion using Jdpen'a on..’:y oont.ribution to the nscner-'rropsoh

procesa, nunely ,the 1ron oatalyat. j:;'-

'l'he uike plapt util.tzed the’ atmospherio pressure synthasis es J.ioenaed by s
Jiltsul Bussan Co, from Buhrohemie in 1936. .- Construdtidmion the plant begen in
November, 1933, and oil produotion cgtarted in ¥ay, 1940. - Most-of the- oquip-
_ment waa rurniahed by the moppers of Germany tmlosure (0)).‘ -

The oatulyst. was liconaed as part ot t.he Rubrchemie contract and conaisted of-
oobalt., thoria, mbﬁnoala and kKieselguhr, in ‘the respsctive weight roporti.ons
212 : 1e2 ¢t 2.4 1575.2. .About 4.5 retric tons of oatelyst, cont ng one ton
:0f .oodalt, wWaus ohargod to''each converter. 6 donverters were the well lknown
"fin and tube” type, with water at about 15 o? statio pressure ocirdulating
by themo-aiphon -aotion through the tubes ahd an externel oooling systm. The
catalyat was packed betwoen t.ho fins, outaide the ‘tubes. _ .

The plant wus o;erutod{ua a two—atego syaeen; oom;prising 30 convertera in thq

. first atofe and 18 in the secoond, with total product recovery botween alages‘.

" Eight additional converters wero held in reserve or werse "orr-atrom" -The
syster was duxgnod to operate at o .gaj throughput of 1, 000 x3/hr per converter,
oorreaponding us an l\.T.P. lpaoo voloo!.t.y ot ahout 75. 'rhe notual t.hrou;hput
wn edbout 7%

. -3 ;

0} —
‘nxe synthuh wus orreotod at 180-800° 0. uuns a synthesis gas. or nqninul oon-
position 2Hp : 1 CO, made by blonding water Zos wisk he-Lforzed coke oven gos.-

Tho design yilold wus 116 pm pér oubi.o_ neor or ‘Inlot. 303, vdzoroua tho sc-
tual yxo 4 Jaz 70-8% m. - - _

Tha_ 31MMWMM‘LWM)rwm—3mImO, -4l @m—-
86l fusl, and geverol grodes of paraffin wax. ' A plant to monufacture lubrica-
tiong ol by & polymerization of-paraffin-wes under construotion at the end
of tho war., Design capuoity of the synthesis plent wag 30,0C0 metric tons of
3irude produst ped your, but wotuml production during. the ponk ‘yoar (1943) "R
mly 16,000 tona. x.av produnuon wap said to bo duo pr:wuy to:



lerating . system conslsted. of;. Kp'pg_ars ‘water-gas:generators
.and; a.re~formiy &nt, also.designed-and: constructed. by Koppérs.: - The Latter:
compiised; tWo sets:.of : Cowpers stoves: end: auxiliery: equipment, : ‘For de-sulfuriz-
‘Ang: the geses, ‘the Klonne systei was: smployed; compiising separets’ units for: -

removing inorganic ‘and ‘organic’ sulfur..This-system employed Luxmasse sodium-
carbonate mixtures as the de-sulfurizing sgent. The purified gas contained. :. ..
#bout 0.004 g of total sulfur per: cubic meter S e e

The catalyst iife’ wds: about 1 ddys; Tediriring five activations, at.intervals-
.of ‘20"-days. - The plent contained oomplete fcoilities for the mepufucture. of -new
‘catelysts;, and ‘the recovery of .cobalt and.-thorium.from spent catalysts. - Faci- -

1it{es were:elso:proviged for reducing new catalysts .outeilde the. converters,. - .

‘and; storing the Feduceéd: product until Tequiréd-ter plant service. PR U
As previously stated, the Miike plant.began operation in 1940.  Steedy produc-
tion was:maintained, but at & rate far below. design cepacity,:until the gas -~
‘generator system w4s' daméged by bombing in-August, 1945. 'Even’ at reduced. pro-
duction rate, however, this:plant was Japan's xost successful Fischer<Tropsch
‘Plant,. as. ig. shown-by:the-produstion figures of Table I. et E

~Froperties of crude products from the Miike &nd Taxikewa plants are prosented
in Table V, and those-of  finished products from Miike in Table VI. This in-
formation was obtuined from TEZIKOKU NEXRYO in TOKYO. .These date should be .
corpared with- the values' in Table III, Enclosure (G). The high olefin content
~ of the Taldkewa product, (Table V), is charucteristic of the. ischer-Tropsch
- process when using an irom catalyst. The low-ootetne and high-cetons values of
the Miike products (Table V1) are typical of the Fischer-Tropsch process en-
.ploying the conventional Rubrohemie cobalt catalyst. -

© v ,Part IV .
COAL CARBONIZATION -
A . GENERAL REMARKS

The study of low-temperature cerbonizetion of ocoal in Japan began as oarly es
1921, boing o part of the gonorol progras at the Imperial Fuml. Ressorch Insti-
tute for investigiting the eoonomical . utilization of J’qzmu' coals. (Znglosure
(E)). The Institute has maintained a leading position in the endeavor to os-
tablish a suscessful carbonization industry as part of Jepan's normol egonoxy.
Tho obJootive of this resoarch haz ohanged froc time to tire. Early work em-
hosized the-possibility of utilizing the sami-coke froz low-texmperaturoe car-
onization &8 o domestic fuel, but this produgt hes nover beoon acoepted by the
Jopanose m}g,,:ﬁg rafer charooel..  In.centrel. snd.southern.Japan,. chaTcosl
$o used t exolus veliyk-ln the rural distriots, and in xoot towns of less
than 80,000 populution., . » Yo BAN, .present, Direotor of tho Instituto, states
that oveh h'thculnrscr oities, « large proportion of .tho dorestic fuol con-.
-aumed is charcoal: : For exsmple,-it is estinated thct 40% of tHe hoxas in
TOKYO use no other fuel. : RS S e
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X=38(N)-7:

‘The ter-Lro
iofite ind

activi
andre-

Te Sh- i ;e /comprehensive  manner, \l:: - 41
. tles; ‘direct:contact iwas: mada with' i '}:Rﬁmbpr » ius;
;search: institutions related to this’ifield. .Jipenese
.dlated therewlth: have:been-interrogated and, ih*add:
% I, has- been obteined -regerdil

The 1 ; > obtaln

- statistical Anformati:
in" ereas-not:-visited

; .-utiJ._'iznt.ton"o the low-renk non-caking bituminous oogngg' yand’ bri
“With which Jepan is plentifully supplied, has.always cofist

the ‘country's more importent problemss .

At -the Institute, low-temperature carbonization has q’eqya'been consider-!
ed an_attractive. and .logical approash to.the:problem’ :{ jutilization.of..

' such coals, and a oontinuous program of Tressarch has:} vén cerried on’
.along this line (E;ﬁélo“anro“(x Yoo oy LT
-The ter 1s the most;valusble product. cbtained from coal!eapbonization, .
‘but 1s produoced ohly in yields of six _to-ten .per dent, by ni@hﬁ. of ' ceal-
Sharged, wheress, the semi-ocoke usually emounts to ~five per qent or

o hor&o: the charge. :'Tar alone, 'therefore, cannot o {the cost of-pro- -
‘cess. ' Table III of jEnclosure (E) presents date on tér-yields from typi--
cal Japaness coals.’' ST O

P AT - R, - R « .- - B ix . R -,',"

The Institute has contributed mush general 1ntorma§,‘iozi{'on the carboniza-
tion characteristios of Japanese ooals,. but. no spepific conmercial process
.or equipment hes ovolved from this work. Its.teohnologists are carrying

. out~investigations on both laboratory -and assay plent scale, the latter: )
-oomprising a aystem of six externally-heated vertical retorts arranged in
parallel, and having a total throughput of six tond of coal per day :(En- -
olosure ix), Figures 4 end S). 8 system was do,igned at the Institute

. and has been 1n operation, with some modifioations, sinmce 192%. . .

8ince the eud of the war, interest has revived at the Institute in promot-
ing .the use of lowitexperature carbonizetion semi-ocoke as a.domestin fusl,

. and in partioular,.the “ooalite" obteined frozm brown coml:-:If a satisfac-
tory produst can be obtained, and commercéial explgitetion-redlized; the

. tar may beoome an important’ sowros of l1iquid fuels for Japan's peoaoe=time
socnoay. - Already it has been determined that “ooalite" from brown cosl /
has satisfaotory ignition and.oombustion proparties and.oan ‘be produced st
about one ‘half the opet of charcoal. ‘However, all sexples @s.yst prepared .
burn with a slight, but ob{dotiowlo odor, which would prevent their
ready acoeptance. . e s : RN ; O

on R ro

% YO B . |3
Arzy Fuel xesearch Insti ¢, at yUCHU, investigated the persormancs of a
sizplified low-temperature csrdonization retort, utmuiz heatédd, - suit-
able for installation at mino sites. The p{rojoot. was ‘striotly a wartice
mesaure, intonded to inorecse Jepan's supply of low-temperature tar for
use in iiqu,xd fuel produoticn. . . ' R T
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. *gtg} oﬁn tapt phede. of) |
e 8 dtimilisiof government -
7.in’ rocent years, the’ object be-

ror use as ® aource ot motor

[Tppents:} eace-tim eog rex,;
. subsidlel; -this 1n5\:§§r e::p:s’_= i rg

“ing. td-inoresse ‘the: vai%lable :
,'. gwoim and heavy i oll.']

the; ‘tar by aixnple distil.latioxi; :

ana 4t was - planned to produce aviatybn gxq 85’ by hydrocrecking’ suiteble -

., middle and heaVy frdotions’ (refer -tq Pars Sectlon B, this yeport). .-

A.Ityough the: hydrohrankins program. terq.alized only . to a limited. utent,

' the[manufacture 9f :1iquid Tuels by sfimple distillstion: of-low-temperature

tarlo@titutma far greater shure’ gx‘ ‘JApan' g} war production’ than high-.
iy

pregsura.coal \kyqrosenaubn und the aoﬂer—i‘ropsch aynthes%s oomblnod
&Tubloil). k.

, .

o ¢ 1.romauon obtaiined, d.t appeur hat. growth ot bbe ooal onrbonizu-A

l bn ,nmuau-z began dbout 11934,. with, ld..‘l.ns of ‘the Chisso Plant at

at- t.ine until the preaep,t, onac 12 planty have gone into

erh\zion tlfrougho t . the Jepanere &:pu'o, #nd- 3 .more wereiunder construc-

thn .ead’ of}. the war, aocording to hfornation .pdbtelned frot Ax. N.

;b TEIKQKY NENHYO.. Kiscell e‘tﬁgnioal intomtion concernlng
I EPES pru?ntqd‘ in Teble: I. o A M~ :

e ]

System is hrererrea ih T Pea. Aooo}dlug to) kx. BAN, ‘of ‘the . .-
&ol RegZoarah "Inctitute, /so Japandse cuboniint}.on systen hes |
saful.} Tho Taiyo Gaa $a\ ‘type plyts, tnstalled at.thd Heqoyn
(Table Vi), wuere the otly reforences found ag, t6 jthe
tﬁ, nn of J’opanozo equipmantd. /The, rotort of thia: symston,|'spqoras
q
o\ to.}.n,‘ 8110!!0, c:;:rﬁmc a _horizofijel rbtating atqel dru=, expberaelly
héncod. “Xty 48 provided ‘rotutilk internul scraping’. dovxoo to pro-
_pat qumgintxoa of par an .enrbon¥zed coanl on tho walls.' 81X rotorts
constitite’ u praoduction-uait. | The Aedigs throughput of daoch rotors do
Pu b chtdie: tonmot coal por dey. . Ixcesglve danegu [ros overhesting arn’
Toxr . bor. tht »Lort anox una, ¥he soroping device, and the
plants ¢op0d . obdut Tho  ¢cbulk. chtrsed to these plants pos-
sosoed m ot n&pro ertivy,” which, oording to Lr. gilono, Oon&ributqd
to theoperatisg witie e:é;mrmno 4.
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Ta.ble III

RE'SUI..TS OF BIDROGR‘IATION OF GYAMA COAL ;

x_caf.alyat.......'.'....- .
A ‘Operating temperature‘

I{reeh hydrogen input. decunedes
a3 Rate ‘of hydrogen ‘Teoiroulation.
. Paste input.....,..uo-......'
IRatlo (vehicie/gaal)eessonss
-{Hg .consumption . {Wt% of coal)<eass Xy
LJWet% of coal liquiried..........“.sn.
Yield of. o), wt% of totdl oll: -

‘ 'Middle oil, boiling .180-280%C.cees rsvecacessasecd

011 boiling below. 1eo°o...........’...............sf

- Heavy oil, bqiling above 28000..................53

gble
HYDR%.N;\TIOXI OF HIGI: AND LGF-TEL'I’MURE TARS .

TR
N > Tar. o Tar. - -
'Catalyae - e xo:_;a' 1'983——
E Reast{on Temp: - hi stege,. ‘?o ! ‘— 420 '330 .
{Resstion: 'rqp. - 2nd stage, °o 470 - 430
nuouoa Prnluro. atz, zoo 200 "-““,'
Spaco Velddity (liquid) 0.8 ~ 0.8 0.8 .
Avistion Ussolipe:r - - .- i ‘
Yield, £ by volune " Ca 28 - Ca 50
'O0otane No., Clear 9 o 'j"f'&u': -
Octese Ho., 0.1 T.K.L. ST T T TTaeds
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