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'taining to rasearch onthe
“KITA" and sta:tr ‘at-the. Kyoto

. Imperial! University.“
representativeg hr

CLProge ‘S KODAMA "In charge of Fischer-Tropsch
ASST'- Prof—.- ‘K.- TARAMA BANES

fhe. de ails of the work at KYO'I'O are- described in detail in various publica-
tions (mostly in German), copies of-which were secured.  This report sarves-
" only to outline the scope 0of the work and to present oertain signiricant

. points covered ‘ia the mterviews. i

1;.‘ ms'ronrorwom: e -

Work on'the risohor-Tropsoh syntheais under Pror. KI'I‘A at the Institute of
Physical and Chemical Research was started in 1927, one year after publica-
tionhoril?ranz Fischer's rirst paper 1n Brennstort chemie ‘on - "Die &-dol"

Synthesia” i .

' The work was be trmn a pnrely soiax;tirio view-voint and the rirat. papers
. were-published in 1929 by Mr. S. KODAMA, Prof. KITA's first assistant. The
- . early work was concerned primerily with testing various types of catalysts
“and investigation of operation variables, in amall laboratory-scale glass
apparatus at. noml pressu.re. Work on alloy oatalyscs was started—in 1934.

* In 1937 work was st.arted an n-on oatalysts for use at normal presauro. This
~work continued through the war with a view toward developing a satisfactory
substitute for cobalt in existing plants. During the period 1937-194l,
studies were made in a semi-commercial normal psauure pilot plant at the
Institute, with a charge capacity of about 100m’/hr of water gas. At thé .
request of the Japansse Army this plant was transferred in 1942 to the Army
ruailgoaearoh Institute at FUCHU tor use in the testing of natural iron
oat ats.

In 1939 work was started on the middle praaaure synthesis (10-15 atm), with
speoial emphasis on the use of uon'outal.{uu. All worx at middle ssure
at the University was done in asmall, single tube apparatus, oonta about
40c6.0f catalyst, and with synthosis u charge capaoity of about 4 liters
_por hour (atm. press. and m».). }3 ot .plant tests on the middle pressure
synthesis were made in a small, 1 . unit constructed ad RUMOX, Hokkaido,
by the MITSUI interests. A tun-uua ruotox- was installed in the 'munn
Yischer-Tropsoh plant in 194}, to test iron cntnlyata. and it was planned to
install an additional 15 sets. .

In 1944 ‘studles were made at KYOTO on the natural iron catalyst discovered dy
. Prof, MATSUBARA at th c rom Izperial University. Tests wore made at both
nornl and middle and studies were mado on additives to ulpx-on the
sffeotiveness of ¢ !.- onu 8. ,

During the por!od 1935-19).5. studios wore also made of the appuenuon of the
¥isohsr-Tropsoh prinoi for produouon of propanes md dutanes for use in
aviation gasoline syn -h. :

" Theoretiocal investigations- on the rlum:-ho{nh reaction meohanisa, lnomxu
X-ray studies, wers ocarried on during the od 1937=43.
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- It was stated 10 :¢at " supe 40+
‘ ‘catalyst;had been.developed.. . Activity ‘equa
‘on:laporatory-test, ‘scale.witha.nickel cata

This catalyst, however, was.very ‘sensitive o traces::
in preparation-of: same,: the wash had: to very care
-the optinum:alkali: .content. - . . - o Dl

of./alkall (Na2C03):and!
fully..controlled:ito: ‘obtain
' In 1937, after. rights to use and prepare ‘the  Germen:'cobalt ‘catalyst
seoured by 'the MITSUI:interests, work at. KYOTO was: oonoentrated on:ithe:: .
development of a cheap iron catalyst: as. a 'substitute.for- ‘cobdlt-in normal-l
pressure-synthesis. . Many. catalysts. were tested,: and. ‘are-:degoribed: in' datall: .
in the.several publications listed in:-Part:A. of: Appendix. 1. - Itiwds: found:that
boric: acid: was. an, effective; additive. for ironicatalysts,and:that- the:most: - .
effective catalyst developed for:normal:pressure ‘operation‘had: the:follon
compositions. .. - o LR S T s

" Fe+ 25%0u.+ 2% Mu + 125%: Kieselguhr.+ 15m3no3-g-q3$xzco“3
Expermnbsshmdthatﬂiﬂﬂ;ﬂ)gprwt;& the- adsor 4oh

dsorpt of & < Dy
whereas alkali promoted:adsorption.of.carbon.monoxidess - The:yproduct: rrom-a
high alknli catalyst was also less-saturated than.from:a high:aocid. catalyst.®
The effects: were:almost.independent, so-that.when'H - was:addedctota &
catalyst,: alkali .would: also be added: to: inicrease:tlhie- dsorption-of-ocarbon-:-
mongxide. It was found that for middle. pressure synthesis, -the . use- orf'a;B?& B
was,aotually: barmful,. apparentiyidue.4otover-adsorption of -hydrogen: as:res t
of the higher: partial pressure.-. T .
After the natural catalyst was disoovered,. Kyoto. University'undertook,-at the: -
request of Tokyo University, tests on this catalyst.‘at:both*normal:and-middle-*
pressures. .The patural catalyst utilized was:a base:yellow-earth: or-ochre:’
-obtained: form NIWASAKA, in FUKUSHIMA Prefeoturs;:betwean: TOKYOand-SENRDAX, -
-and from oertain other-areas in.Japan,:. A typical:analysis{%)>is:as followns" "

lbio:\fo:......ég.g -
w on.1Loss . ol
’30 ‘..........6‘;87.“.
Unde iesverBod

100,0. .. .
X-ray-diffreotion.analysis of this materiai:indiated:the’orystal -formito'de’
alpba Fe;03°H20. .The ore-also:probabdly.gontained -some 8102-and’ P Al
“rhe best natural earth Dormal pressire oAtalyst tested at KYOTOTMAY'thé
rollowing oomposition: - - ‘ Wl E e
Ookre + 1§ Cu -+ 1% HyB03 4+ 662000y

A comparisca of .ge .af - the .moTe: promising: nOrmal-pressure -oatalysts
given in Table I(D), nmmumxmvmﬁy“mu-wm
made in small 1abOrutory glass apparatus,: Ouounomeh_mn.




"oase of. ; th a 00.32 ratio or 2:1 -
- "used, oatalyst ;.ife was’ very ahort due. to carbon poisoning of -the aurraoe.
7 When, sak wit;h higher, hydrogen content. was used, the .‘I.ire was longer, but I
yield' were ower as. compared '1th co'ﬁalt catalyat.. :

. I(D) are. aumarized'f" 1101'. lant’ teata on miscellaneous catalysts.

” The’ normal’ pressure_catalyst,, l‘e-l— 25%. 1+ 2% Mn. 3} 125% kieselgthr -+ 2

- % K3C03,, was_also; tedted in a fullscale: roaulﬁor at: the Miike, Synthetic 31
:Co., .bub results were, unsa.tiaraotory, since only. 225°G Teaction chamber
temperaturo oould’ be roaohod \vhoroaa the minunmm for this oatalyst was 2350¢C,

,Data oxL uot plant. tests 1n norml pressure units at OWTA are oontained in

-pnblicationa 1isted in' Part B. of Appondix I.

IV. II‘DDI.S PEBSSUEB GA'I‘ALYST S'I'U'DES

Inoreasine the reaotion prossnre grently tnvora the u-on cabalyat. nnd vork
within recent years has been concentrated on a st.udy or- various: catalyata

and ‘suitable. operating conditions for the ao-ocalled-middle pressure- ayntheuia.
In Tabdle IV(D) laboratory. data are summarized whioch. show.the effeot of-
iporeasing pressure, (and also the effeot of inorsasing X>C03 content), on:an
- 4ron-copper-kieselghur base catalyst. It is noted tbat opti.mm yields are
obtained in the range of 10-15 atm., and with &% K2C03 content.

In Tadble 1I(D) laboratory data are n\nnarizod oonmrins variocus middle prounro
oatalysts.

A utal:at of the oonpouuon Yo -st’cu +125% kieselguhr + l.-6$ was

manufactured in the:200 litre/day. catalyst-manufacturing. at for a s at.

- TAKIXAWA. later it was found. that the addition of magnesium iooreased oil

. yioldl, uﬂ it was stated that the best middle pressure oaulyac doveloped to
te ‘has the ocqpouuon. :

Te +25$0u +5’ Vg + 125& k!.oulsuhr +6$ &2003.

_Test. dun on. m- cnulnt. m also; glnn in: Tadle. n(m. The_opinien. m&
advanced that, under: opcnt. ~oonditions of 15 ata. ssure, 220-24000,.
resotion temperature and ;:}:'su with 82:00 ratio of lzi yields oqual
=%0-those-ofsoobalt- mld»-ho' hermore, &- catnnt lite-of-6--
months should be . eoxpscted, oompared nth 2 months for s oodalt catalyst. If.
was predicted that this porrorunu ocould be realized on coxaerolal soble.

The ‘only natural’ ‘tron oxide uulyu “tosted at middle pressure at KYOTO is

shown Ln Table II(D), . This canc catalyst was aleo msnufactured by the Japansse

Arny Tusl Researoh. Institute at FUCHU, for use in full scale tests at TAKIKAWA,
~ It was believed mt further improvement could be made by study of new
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"'A. Precipitated Iron Catalysts - Middle -Pressure .
" The roilowins'tprb‘oavduré'*lwé’sihsed’1‘_6r'.—px-‘e:;":‘a'ragﬁon—,ofi}‘é»'-'c"at'éiya’atf-ofvthé e
composition Pe+ :25%-Cu—125% kieselguhr 4~ 6% k,c04.--This cdtalyst was.
iganurga%:\'xr,ed at-‘the Kyoto Imperial University.for ,.‘_rall"‘ oale testing at. .

_‘Metallic iron (10 kg) and ‘copper (2.5 kg) in-the ‘form of ‘plates about 5-10-
inohes square, were dissolved in the theoretical quantity ‘of 52% commer- -
cial nitric - acid, Electrolytic' grades of iron and copper were used, &l- -
though it was stated that ordinary mild'steel ocould be utilized.:~ A stain-
less steel ‘vessel 70cm in diameter and 80cm high, equipped with a stirrer,
“-was used.. Temperature was maintained at’ 50-70°C by external water cool-
ing.” The solution was removed to a stainless steel precipitation vessel, -
1 meter x 1 meter (capacity 750 1it); equipped with a 60 RPM stirrer. -
12.5 kg of kieselguhr were added. . The dleselguhr was obtained from the
Island of OKI in the Japan Sea, and was a natural kieselguhr graded by wa-~
ter sedimentation. This particular material had been: standardized on at .
KYOTO since:1939 for use in all catalyst work.’ No further treatment was-':
given to the kieselguhr prior to use, - o S e MR e

_While maintaining stirring, 20% Na,CO, was added in 10 minutes until a pH
of 7.8 was reached. The NazC03 solution wus made by dissolving commeroial
grade Na-CO5 in oity water, cohtaining some chlorine. (It was stated that
distmei ter 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
stesl lines, to a cast iron filter press equipped with thirty 24~inoh’
plates and cotton filter cloth. The filtering required a period of about
gﬁ; hour, and the filter cake was washed with city water for a period of
hours. -

“The cake was removed by hand and trapsferred to a l,3m x 1l.3a. enamel
lined oylindriocal wash vessel. 1l.5m’ of water was added and the mixture
stirred for ons hour, at rooa temperature, with a high speod movabdble
stirrer to make a slurry. The slurry was again transferred with the dle-
phrega pump to the filter press, and the filter cake washed 5-6 hours with
oity water at rooa temperature uatil the pH of the wash water dropped: to
7.0=7.1. The cake was then transferred to a dough mixer coataining two
rotating spiral-type knives in a horizontal trough about l.5m. long. A
saturated solution of X>C03 (containing 0.6 kg of xw added and
kneading oontinued for two hours. 7The mix was then srred to enamel-
1ined trays about 5om x 80oa'x 50cm, and placed in-x-oliroulating-hot-eir -
type drier maintained at 5090, After five hours the half-dried ocatalyst
B3 .Te00¥ed 204 m ed by hand shrough 99 . wipre sqreen containing 20
mesh per 1 « The preased material-was osd again in the darier
and held at 90°C for five hours, The dried ca was sifted over 20-
nbsh copper soresh to remove £ines, and the final -material was packaged
in wooden boxes or stesl drums for SRIPMeRS. . . e

The ;rooodnrc .to.r u.etlnt.lxuuu_‘ dduomugnnulne wes to

P .

L
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'I‘hie oatalyst 1s prepared by an 1dentioa.l procedure as desorihei above N
exoept that Mg0,  MgCO4 or MgNO is" added to the cupric and ferric nitrate
‘golution in.the solution vesse ~Although 5% of Mg is added in this
- 8tep, ~the ‘actual content. in ‘the tﬁal ce.telyst 13 less tha.n this due to
inoomplete precipitation.;, i

' Natural Tron Catalyat - Wiaa1e Prasisures
ﬂ.'he best nat\.u-al catalyst. ‘had . tha rolluring composition-

OOhre +O 5$ Cu +0 5%- un -\-6$ KgCO;

Ior preparation of this catalyst, OCHRE; a nntuxal iron ore. was obtained‘ .
.from NIWASAKA, rukuahma Prerecture, between TOKYO And SENDAT.
oghre was vashed at the

R%ent prior to delivery. Chemioally )
pure grades of Cu(NOS)z and Hn( J2 in concentrated solutions were .
.added in the regquired amounts; then E2C03 in concentrated solution was -
.added in the required amount and the -masskneaded. In the Army method
‘used at FUCHU, the kneaded mass was pressed through 20 mesh soreen and
dried prior to shipment. At KYQTO, more dilute solutions were used to
permit easier and more thorough'kneading. The moist mass was then

per'otially dried, pressed through 20-mesh soreen, and dried as described
above,

C. Iron Catalysts - Normal Pressure

The procedure is amm to that described above for either precipituted

or natural catalysts, except that H3B0O3 in ths required amount is added
with the saturated xzc03 -olution.

. I. MISCRLLANEOUS .

In conneotion with the use of iron catalysts, it was found necessary to remowe
al)l forms of sulphur, although their sensitivity was lower than that of

" oobalt at normal pressure, and even leas at middle prossure. Halogens are
also dofinitely poisonous to this catalyst and lead, tin, and phosphorous may
also be N mue mch ag oxygen, oubon d!.oxido und nitroson aro not

D —— - = =

In ou:neouon with . the synthuh of iso-octene, conaidoeradble work was dono
“on-tho preparation of ‘gasecus hydrocarbons Irom: carbol zonoxide-and nyirogen.
It wao stated that a process had beon developed whereby, by using a catalyst
of the conpouuou.

N YT pe e 25% Cu ¥ 1258 klonelguhr + )% KaCO0y

L'?“_"”“f“,‘,“%” 15.-u.rz7s-“zao°o, and with o CO1Hy ratfo of 1l:l, about &4i%
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| K300 Preas. | - Gas

Reaction Profusts
o it Gom Lo [rear
I s {zv.5]40.9|s.4|22. 80 25.4] 5.9
(] 29.0 o.e7f6.2| 0.6-|36.28[88.7(¢.5]15.6f4s.6{10.7 | 0.2
=% 10 54.0 {0.87 |7.0] 0.7 |st.s|s7.2[5.5]24.70a1.0]23.¢ | 15.4-] -
18 3s.0 {0.75 |5.8] 0.7 |%m.3|ss.6]s.3 14.3]53.812.9 | 14.1: 78..
20 32.9 fo.72 [¢.7] 0.5 |30.1}se.8c.9 ;‘g,;l;{.,q 10.7:15.0:} 30.5- se.2
19.2" |1.64] 9.6] 0.5.]53.0)s2.9]2.5 nlsﬂ:ﬁ.‘z 9.7| 41| 1320 | 269
z6.2 11.48|12.9] 0.6 29.2}0.2]3.4]|12.6f23.8]18.4 | -6.7:} 27.0 s2.1
48 10 .-} :368.1 1.53!:1.3:\;0.9, 17.9]38.0|6.0 u:elto‘.s 20.4'[18.8:}-88.4 | 94.6
: is 57.5 |1.50|20.9] 2.0 {m.z{sv.0l¢c 7 is:‘xlsx.o x.9 |17.9}) 66,0 | - 105.8
20 3.4 |1.12]22.9] 0.8 |30.8]%7.5]s.¢] 14.4865.7}17.1 13.4 | 69.8 90.3
s | 8.8 |1.26] 9.1] 0.5 |ss.7|a.se.5|1m0f 7.5} 4.a | 5.6} 0.5 9.3
] 55.3 |1.42)15.3| 0.4 {s7.7|@.el2.0114.2030,0] 7.1 | 8.1 | 4.6 54.8
s | 10 41.56 |1.47|20.2] 0.7 |16.3{e0.5]¢.4|28.2f18.8]28.5 | 6,7 | 70.9 97.9
1 54.6 f1.40]27.5] 1.1 | 6.8|39.0(5.3}20.5)32.5]15.1 | 50.0 | 74.0 119.1
20 54.9 [1.:]z6.9} 1.2 1.0 ss.8ls.9/20.6)es.2]25.1 [ 302 | w5 115.68
3 5.2 |1.20] 6.0] 0.2 |r.7]a.s]e.2 12.38 7.5} 3.1 0.5 | S.8 7.1
. .1 [1.30] 8.3] 0.3 |ss.c]a.1]s.5]13.4f2s.9] s.8] 55| 23,0 20.3
o | 10 | a3 Jaas) eif 0.3 |se.9]e0.0aiv|23:0r0.4] 5.6 | 3.5 | 564 8.8
185 o8 [1.43[83.5] 0.0 Jas.e[m.e}s.0{29.0153.7]18.5 [15.¢ | 79.2 106.8
20 | si.6 [1.8]as.9] 0.9 [18.7]3¢.3 n-lnclua 1.0 [20.9 [ 68.4 | 124.0
Avg. foed gas analysie: | o.3] 0.0 es.8lesa xol o;l : —




KIBND:T.

On-the’Studies’.of -Gasoline ynthesis from: CO- andwnz Under Normal
rgasure TIS:No. 4597) o

-Author, : Date‘ ‘

mé-oozé 1 15— one volnms
oomprising the" following 31
papers. L

; Researoh ror oatalysia by

;,ND26-0026 1 . o
, ;  Heating Curve Method. Part A. S. KODAMA 1937

: ND26-0026 1 ( " 2. . Research” ror oatalysis by - R
S Heuting Curve’ Mothod. Part B. S. EODAMA 1937

. nne6-9026.1"» R ', Formation of Liguia Hydro- ,

R A A -qarbons by Co, and 'l'horia : o
Pl AT Catalysts, .= . 'S, KODAMA ~ 1937
ND26-0026.1 - ° " k. "Effeot/ot Beryliun oadn-, L '
sl T s MsgnesiumOxide ‘Zine Oxide and .

o o Cadmium on Co ana Cu Catalysts. S. KODAMA 1937
ND26-0026.1 . = 5. Effect of Titanium Oxide, ‘
: Ziroonium Oxide and Selenium’
o o Oxide on Co & Cu Catalysts. S. KODAMA ~ 1937

ND26-0026.1 6. On the Pormation of Hydro-

‘ carboms by Fe Catalyst. : S. KODAMA 1937
ND26-0026.1 7.  Effect of Alkali.on Pe-Cu - S. KODAMA

. Catalyst. K. FUSDOIRA 1937

| ND26-0026.1 "8 On the Ye-Cu Catalyst. * K. JUIDMIRA 1937
ND26-0026.1 9.  On the Co-Cu-Mg0_ Catalyst. K. FUSTORA 1937
RD26-0026.1 " 10.  Effect of Promotors on

o , Co-Cu-Mg0 Catalyst. E. TUTIMORA 1937
ND26-0026.1 “'11.°  On the Synthesis of :

Petroleun by Catalytio . :
Reduotion of GO st Ordlury .
Pressure,” K. YUJIMORA 1937

m6-ooz6 b On the Synthesis of Petro- . . .
e suz by Catalytic Boduction T, TSUMEOYA -~ - -
3 . or Oo at Ordinary Fressure. K.JUJIMORA 1937
ND26-0026,1  1). . Study on Ni Catalyst. ;
" . B S Pt e T ‘ T. T9UMROXA 19

*Institute of Physical and Chemical Resesrch Journal
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ND26-0026.1
ND26-0026.1
| ND26-0026.1 - Study on NE. Catalyst‘
e . Part D "
ND26-0026.1 17. General Propet:las "and K. FUJIMURA ~ .-
: ; ) COmposition of. Produots. . TSUNEOEKA - - 1937 -
ND26-0026 .1 18..  Effect of. Sulphur Gom~ =~ ‘K. FUJIMURA B
‘ s ’ ) pounds on Ni Ce.talysts._, . T. TSUONBOEKA = .. ;
‘ ) /i E. EAWAMITSI -~ 1937
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