| DREFACE

I the swmer o 1355, simen 1% was evidant thet invegien 9% the Japznese
Acue islends was irpivent, *hs ¥, 3, faval Technicsl Mission e Jupan wes
e5tablishod to evalunta the coemplitinents of the Jepances it vawl technol-
C&F #hd related fields, of rrinery inmportenes to tee object of the mizeicy
was the sosulsition of tye REXW amcunt of infommstion in Ws shortast possi-
e tine arter e CAMLry was oteved. Hegh dor's delsy =laved additicnal
JaDanese epuliment eé dosument s 0 Te-destrofed rud wmade 1t edeler for xoy
Jagmness povainnse] o Heeppery, With thiz in mind, the firet -:i‘.l'l:.r,}' Inte
Jar=n by cisston FErsmel wag mado wrdy in E"-a-p'l:e:.ter, mnd e zotivities oF
vhe migat o wape highly Jmeentrated cvor the pexs Iew months, terminating

finslly iy Deoizber,

olpe of whe WMENy pheses of the Jeranese teamical war effort in wiaich _
isaion nvesiigaters wers Intorestec wed the progron :ﬁrected_tward'obt&in—,
diig dlguid tysig Irom sonl mag SLHST ECuroes, The dansnese a7y autached
tranendous irnorionag o rosearth in this dircoticg » LA in 1S4 socropi- o
mAtaly 20200 roransy s ineludivg ahont L00 Teahiniczlly tenined '-='=:Eqi_rlel,' wele
Spluyed et dhe wipsi Kavel Tael Depot at Ofunz, whars SVEIy katvn Thous of
fuel @nd luleigent tecinolopy wes being vestignted, Hescarol and develcp-
Rt work involving cotl drogt and ipdireet eosl-hydrogenaticr troscases wng
alze belrg carvied auit in Suck places &5 the metituts of Mol Tecnology ot
the Ivperisl University of Ayore, the Impsriel fuel Rogenrch Metitube of tkg :
Deparimant of Carireres sng Tidnstry, the Bokielido Symthetic Petroleun Co.,
Ing,, =nd the Tokyo Institute of Thysical Chouicel Befstrch., The rolatian of
o mperdie] @i Research fnstitute to 2 Jepenose esmany GorTesponds rather
clozely to that ot the Baresu vf Mitea in the Urited Ctates.. In. coul hydyoa, .
Bation investigentima c@mducted there, qarhasis wes pleced m aseays and
Tundarantal studics ralfipr then produetice, It waB Szid that over.n hundred ..
J2¥enose o0atE had been so studied, : = :

43 Jopen ie iremely deMotent 5o petroleur, 1t i3 pot mrprielng o

diecover that “raanlzed oifort led pee sXpeaded to obbain liguid fuels from
SOUrees that would cthepylse SPEGEr fantestic. In atbempts to HupplLanent
thedir supplies o woter fuel, 8o necessary to ihe Yroseouticn of nechepized
Worfare, the JEDanase investigeted The polentdalitisz of fich acures wateriala
98 rengs pesle, rubben ; 23 pine needles sad situdied the hydrcgenaticn- of.- .
BCal nope Sxtneively then wny othaep uatien sxeept Gemmeny, Theip rewards |
"I liess eiTirts, however, wers monges, Although plants Fop Ereducing sy~
Ristic 11guid fuels TOre. emetimcted end operated, thelr output £€11 dladda
Erously shont 0r the magndtude Lecersaly Lo suppors the JALERESE 1011 tary ¢
Rechine, . Mexitp Producticn wes abtained i 104l s for wnich the total syne-
Hetic e Sitput vwag reported zs 3 055,000 bexrels, dividsd arong the verious
Processes ag followa; hydrégenation (of tore and other o0llg) = 3,780 varrels;
Fiﬂ&}larhf['rﬂpsch Preoess = LU0 250 bapeela J st Iow-torperatape czrbenidation =

5970 barrele, : L
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Te provide ac insight into JULENSSs reseerch meihods und to determine
the directicn taken by simthovie fusl rozearch in dapen boin hefore ard due-
Img World War I, mission invest lgators obtsined z nunber of Tapers &kd
repcrie from the organisetions lizted 2hove, Trzss papers . &F which ths
followirg iz gxemolary, have been transiated end carefuily sxamins=d, For
Dany reszons, lhe Yonzlish trapslatisne west be regerded with roservations,
The conversgiom of Jepansss text to its d¥nglish siulvilent i= complicataed by
2rtrame lapguage Aifficultiss: in WLy cases, words do oo exist In the cpe
languz s for ideas exprosged dn the oclhsr, The task was compliceted furthe-
by & laok of Tamilierity witk ths field of synthetic liguid fuels on the Esrt
of zope of the franslators, In 2dditicr, I must be emphasiced that many of
ihe discussicnz to be feumd in “herce rapere wers based on theorics whiczh, at
thet time were accepted as valif by most of the selentiPic world, tat which
fave since been dlscarded im the light of subsegusnt experinental evideres,
Deznlte +he geconpEnying quelit'icatioez, 3% 12 felt thot thcse TEpers arg
instrumcntza]l dn establiching an apprecintion of Japan=sse resecorch efforts in
the £i:14 of synthetdic ligquid fucls, -

DITRCTUCTION

The repid development of transporiaticon facilitiss iy Japen focused the
attention of Lhis country on the nogzibility of convert Ing the sxizting cozl
rescurces {of whish ther:s wez an atmdsnce ) inic ligmid faels, for whick there
WakB 8 corstantly drcreasing demand, Trevious wosk ha? indicaled thkeil this
cenld be sccomplished by vollizing cne of two procssses - the Bergius process,
in which high temmeraturss ans high pressures ware employed to effcot direst
Mgusfaction of 4he ceel, and the Fischer-Tropech Frecocss, v which an dndi-
rect liguefaction of ceoal wen rocomplisked by the produstion ef liguidl hydre-
cerbons from hydrogen-carbon moencxide mivtizrez, This report deseribos some
ovestigetions into the letter process, which was first dsveloped by Fischer
and hiz sollseguzs i the Ceml Iaboratory in Muklheim, Germony, i 1923, By
1032, these invesiisators had achieved & Gl-percond theoreticn? yizla {152 @],
of ligu'd hylreearbona per cubie, meler of PHo:IN0 synthesis gea) By us Ing &
precipitated Co-Thl, catelyst,d/ At the sams tips (1332), T, Efte of Kyote
Iuperial Univers ity and Massrs, ‘Fulimara end Tevnzoks obtaspes ths ml, a2
gasuli_l}e {C5+) per cubic meter of eymthelie g8 by using & 0o0-Cu-Th-ll pete-
13?51:,1" Thiz report is & desoription of the ezperimeatal results subseguantly
obteined at ths Tusl Resoerch Irstituie, Fawazuchi Civy, Baltam, up o 1935,

EXFER TMZHTAT

ATparetus

The'appe.ratus used in laborstory-zezle stidics of the Fischﬁr@r{:rps-:h
eynibesis is shoun Fchematieally in figws 1, Hynthesils mms wua storsd in

3/ Flacher, F,, =rd Eoch, H., { Recont Dovelcoments o Cobait Cetalyats for
the Spnthesis of Hydroearbins ]! Brennatorr Chem,, vol, 13, Fo, L,
Februery 15, 1932, pt, 61-68,° ,

EL_;" Fuj imore,, Eenji; and Tsuncokm, chursc, | Synthesis of Evdrocarbems frdm
Carton ¥onoxide and Brdrozer at Atmosvherie Prezsure ;i:T_Ij ¥ GJowr, Zoo,
Cham, Tnd, Jayen, wol, 35, 1932, 5. 1002 supplemental Tinding pp, k15-
L1683 Sci, Pavers Inst. Phys. Chem, Eeesurch {Toh:-.m)), vol, 22, 1933,

FL. 293-201, ' :
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the 10-liter bottles, A ond B; by oroper’ mEnirylation of the stopcocks, e
bottle could be £illad with g8 while gas from the other bottls was belnz uvsed,
Fnthesle gds leaving 4he suorags bottlse wms mIntzined at & cegetent Talooity
and wes paseed through & purification trainm where orygen was elinmirated by
peenage through a 2olution of rrrogalicl {1":3 Tolloved by 2 bed of red-hot
copper (B); water vARpOr ard carbon diczids were removed by passage tMrough

calcizn chloride () and notazeium drexide solution (¢),  After pass ng
threugh @ ranomeisr {H), the oas was redried over caleium chloride (1) and
entered the reaction tiha (K}, a crystallins guartz tube 2 em, T.Z, snd 60
o, 1omg, heated externelly by an glectris urpage, The. temperstnre of the
furnece midwey betwesn the ends w25 obtained either with platicunipiat inym-
rhodinm thermacouples or with thermometers corrected at the tin end neaphiia-
lene points, The i} and wetenr preduced. were condarsed *n the burette T, and
the uncondensed products wers adsorbed dn two U-tubes (M; omly eme shown cen-
taining activated charcoal, . The volume or. the Tus produced was weasursd by 5
gacneter, and the contraction wes computed from thiz value ond the volume of
gas &% the same conditicps passed to the resctor from atcrags bettles 4 and
3, CoTrection of theee calezlations for the UxFEen snd other imperities
removed by vhe purifTiecatisn train wEE un-neces'sar:;, bevauze the exnthaesis gas
wag rroduced from sarefully :rified mterials apd gensrally eontained less
than 0.2 percent of <hess contaminants,

Sotiples of aymthesis gas and the product geses were withdrews at eutlets
Joznd W, respectively, for sralysis, n &dﬁition, %o obtain en inzight inte
the quentitaiive relstichahing of the synthesis, the product FASES Were Ano-
lyzed by means of a Mapieid gEs-extracting bettle placed after the FAE sope,
In aralyzing +the produet 24z sanples, & Hempel gas-analysis apparatus wes
vaed; carbon dioxids wms aboorbed by petessium hydroxids soluticn, unsaturated
bydroszerbons by Tuming aulfuric sc i1, and carben miénoride ty en ameonia scln-
tien of cuprous chlorids, The hydrogen comtent -me Somputed by measuring the
derreasa Iy valym fellowing combustion cver Falladized asbestes; the guant ity
of aaturated szecus bydrocarbeme was measured by determining thke smounis of
bydrogen ana tarban Cioxide produced by combnstiom,

4z will Ba shown later, the synthasis of hydrecarbens frem carbon mraex ide
“od hydregsn is very senaitive to teaporature; hence, particylarly close stten-
Tim waz Afrepted to the temperature distribution within the converter, The
heating clemen® used in thi=s equipuent congisted of = Hickrome ceil 50 cm,
long, M crder to study the, temperature distribution In the cemverter, heating
¥&5 coptinued until the center of tha converter wes mainizined at o constant
tempsraiure of 200° C. Terperaturs readings wsre then taken et intervale of
2 om, from the center, The constant iemperature secticn wzs found to Lie
- Within X o, on emch side of the center; &t = point 12 zH. from the cepter the
terperciure was lower by 3% ¢, & large amount of catalysi could not te placed
B this §-em, sone or constant converter wemperature, however, because a thick
lager of catalvst mmkes s mifern cstalyst temperaiure very @iffieuit to chtain;
" ecause the hydrocorbén symthesis iz violsntly exothermis, & thick lever of -
. "Rtalyst favors the formtion of loesl hot snote in tha eatalyst bed. Eence,
'+ the experirents to e descrived, the catalyst was spread over a distance af
= em, cn each eide of the center of the ccoverter, The temperaturs st the
C®hter of the converter was assured to be the average resctiog tevporetyra
¥ith & pessible-devietion oF +3% 0, :
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Hethod of Yield Determipetion

The oil and water preses copdented in burstte T wers mtually eaturatey 3
and contaired dizsolyad CFEan -conteining compounds such as nlzohols, aGetone
and radty acids prcduced by sscondery resctions, The volures of the oil apg *
weter plases wers neasursd directly in the burette, which wus graduated in.
urits of Q,1 ml, Approeximately 109 liters of synthesiz eas wers uscd i tach
SEPErimens; thus, en error of 0,02 ml, ir reedinz the bureits arourted Lo oply,
sbout 0.2 ml, when caloulsted orn the buzis of a cubic r=ter of synthesis gag,.

¥Yolatile oroducts , waich wers adsorbed in the two Elzez U-tubes contein. :
ing activeted charcesl, wsre recovered by revaporizing with superheatecd Shenp
at 2000 "to 2309 ¢, The recovery apperztus- is shown in Figure 2, ITr this - -
rrocedure, efopeock § wasz First cloasd, and the U-tubss were hestsd to 2009 14
250° ', in cottonaeed oil, Stopcock © was then cpened, ard superheated gteam
Wanh injzoted, fAir-free stean iz nsgossary in order to revent loss of pro-
duect,] Ths disiillate vERSrs were passed throuzk the weter-cocl=q :cnienasr,,
5, and veoilected in recsiver 7. The roreiver wes a 1 fto 20 @, burette,
grzduated to read in 0,1 ml, . with & stopcosk bottom, The cil flaated in the
Upper pard of the buretie, and the excass water wes siphoned oud of 2 eide |
tute atteched to the lowsr pert of the burstte,

2ynthes=is das

The carbom manoxide in ths eynthesis gas was produced by dripping formic
acld into Eulfuric msid that ked been hested to 150° to 130° ¢, The Trodact |
wis washed with potassium kydrexzide solution 4o remevs corbon dioxide, Com- 3
mercisnl pressurized hydrogen was used aftor riflcation by Fotass fum permans
ganate and peotzssium hydroxide solution, : : '

Catalyais

_ Hicke) ond cohbalt catelyets were first prepered from imported Merck oar
‘Ezhiteum reapgénts ; but subseguent catelysts prepared from indigenous reagents
produced by Ezxto, Eenishi, apd Tekeda showed almost ng Aifferonce in activity.
The purs native rroductz, such az those lieied below, were chiefly used in
thezs sxveriments, ! :

Niekel nitrate Kablbeur preduct, ¥ato product {geranteed)
Cobtelt nitrate Eahlbsum product, Kato product {gueranteed)
Therivm nitrete Korishi {pure) product
Uranium nitrats Eato product (guaranteed)
Manganese ritrate | Eahlbaum oroduct
8ilver nizrzte Eenishi {pure) product

- Copper nitrata Ksto product (mueranteed) '

Salus such =5 mugenese nibrete and copper nitrate, which are sxtremsly
bygroscopie, wsre dissolvaed and used zs standerd solutions, Teo improve "its
thermal condustivity, the catalyst wes smeersi on gmall Pregrents of copper
or iron mauze hetore cherging inio the rFeactlon tube, 4= carrisrs, two or
three typos of distomscecus earth found 1 different localitise were employad
after dissolving ocut their iren Impuritiez with sirong citric acid, washing
with hot water until noutrel, ead drying =t about 1209 O .
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FYIROCAREON YIRLD AB A FURCTICN OF OFERAT TG FARIABLES

*he yleld of gasoline (Cn+ hydrccarbons) s affzclied by the féllowing
operating varisbles: (1) vearticn temperature, {2) zs velocity, and (3}
comps itim. of the synthesis pas, Posulis of exreriments 4o dstormine the |
effecta of these variablss are described belmr, : :

- ] e

i18cts of the Rescticn Temoeraturs

: The formaticn of = 'I:ara'ffin gerigs of hyldrecerbons frem OO0 and Hz may ba
repregented by the following equstisns: ' ' oo '

€O + 3By = CHy + B0 + 59.8 _ma,l

WO + 3/, = Colg + 2H0 + 305,5. kc‘al_.
300 4+ ;fitg = Cqyfy + 3_320 + 1525 1{:&1..
500+ 1By = Cglyy + 530 + 249.5 feal,
8C0 + 1',rh"é ;cazr_lg + 81,0 + Bk 5_:&1.

= The energtes litberated in these reactims were calculated, on the basis
of ‘Francia '?,f thernodynamic valuzs, {0 be 28 Tollowe: ' :

& S Tl { E=0)
cH, -.52-,-83134' +80.37 | g3 |
Colg -3h, 60 101,50 - 51:»5
C3Hg -133, _;aL-d. + 181,15 T _: e |
'r:hH1 o | -176, G20 +-'2hq.8 T . gfa '
'_ T5ys -216, 700 + 300,U5 T - LLa
65'515 -338,:}110 +. h’f?ﬁh T _ L-:«__l;

oL, A0 general, chamical reamstione met in the diresticn in which'the liberated
o Snargy, AF, decreazes; that ig, the mors negutive the ‘vslue &P, the greater
& the Aséree 6 which the veaction will be cempleted. By comsidering the values

- Listed above, % is evident that the lower the velue of T [remction tempera -
e in ebsalute unita), the mare, the reacticms nre FTaversd Prom left to right,
¥ ® Semperature at AFS0, that 18, the Lemperuiure "at which the direction of

= t,h_e reacuicn shiftz frep right to loft, dacresses as the bhigher mesbera of the
¥ BEriee are formes, s, the lighicr, zazecus hydracarbons are stable st
fi‘-irly'high 'tu:rnperatures} tut the hesw ier, 1iguwid hydrccarbans are setable only
&t Iow terperaturesz, AveordIngly, the formeticn of liguid h}rﬂ_.r‘vac&rbcns {Cﬁ-l-_]

&/ Francis, 4, 'ﬁ';,"Thé' Free Anarzies, of fome Hpdrotarbons!  Ind.. Eng., Chem.,,
vol, R0, Yo, 3, March 1928, o, 2728, '
by .5 _



fa-limived to temperatures below LUBC g, Hwever, the rate of reaction
increases with insressiag temperature, ani &lthough the effeot of temporatyp, *
o the profustion of liguid hytrocarbopes 'is Glsadventapsous, especially iy the =
case of a reaction thet procesds 6 cnly & skall degres, it 45 acmetimes Reogy -
sery to increase the temperaiirs to obtain o Fractlical reactica rete, ‘Desiy.
onatIng the rate of reaction of cerbor monoxide as B andl ‘the perceniags trang. :
Tormed drto liguid hydrocarbons as L, 2t ie evidant that the yield of Ba50lins
will be governsd by the preoduct of Rod wich e given synthesie zas. Tn view
of the fact that incressing the reaction temporeiurs tends to beth increage
and decressé the yield of liguid hydrocerbors by two Jifferant affacts, a
Falue of F shonld he expasteld &t which the velue Exl iz & max immm, 1?‘isz:her,§;’Ir
in his report, succeeded in lewering the reacticn Temperature to 220% €, wity
a cebalt catalyst but conmidered 2769 ¢, as ths rost sultatls, Brdley apgd
Washi/ estebliahed the mest practicable tempsraturs fer "JC"Cu-AlEG3 cata Ivay;
e 28500 to 2000 0 zpd 443 not ackhowlodge reaciions below 2300 2,7 Smit
placed 275° ', =5 the most Eppropricte for QooOp-Mo catalysts, snd Kc-ﬂ.ams,._/
daelaneted 250‘3 C, as that bept suiting Co-Ou-Th cevalysve, VWherees Saaaithl,@f
and Lorl apd J’unglingﬁcl&imed “ket the hizher hWdrocarboms were Troduced at
higher reaction temperatures, Fischer sal Kochl® astablisked i their study
°f nicksl 2nd cobalt catalysts that the most suitahle terperature for the
preduction of liguid kydrocartonz wes shomt 20090 T4 and that; ae the tompers-
turs increased, the formation of =esscus ydrocarbons and carber dioxide was
inereased and that of Fignid hydrocartons decreased, Helarobe, Morikawe, and
Tzawsl3/ used weight celoulations to theorize on the effecis of pesct ion tem-
rerature upon the 1iguid hydrosarten yield,

A

&/ Fischer, T, ant Tropssn; H., [The Syithesis of Hydrocarbone at Ordinary
Pressures from the Gaszificotion Peodncis of Ccal]: Bremmstoft Chem,,
vol, 7, o, 7, April 1, 1925, pp. 97-1oh,

1,/ brdley, &4,, and Mesh, L. W,, & Centribution to Cur Inowizdge of the Cata-
Yyste Used In the Synthesis of Highor Hydrocerbons from Watsr e
Jour, Sec, Chem, Ind, {Trenssctions), vol, W7, Aug. 10, 1928, vy, Pag-223, |

8/ smith, b, F,, Lavis, 4, D., and Reynclds, D, &,, Synihssis of Higker Hydre- -
cartons from Weier Gas, I: Ind, Ene, Chem,, vol, 20, ¥Wo, 5, May 1928, 3
. Wo2-bal, 1

3/ Xodama, Shinjira, [Eynﬁhesis of Hydrocarbers fron Cerben Monoxide end
Hydrogen at Atnostheric Fressure, III, Prsperatiom of Liguid Brirooar-
bonz with a Cobalt-Copper-Thor is, Catelyet] ¢ Jour, Sos, Chem, Ind,
ggp&n 5‘;01, 32, 1929, . 959; supplemertsal binding (4n Germen}, pp,

3-2d6, . ; .

10/ smith, b, F., Bswk, C, 0,, and Reynolde, D, &,, Synthesie of Higher Eydro-
cerbeons from Weter Gos IT: Tnd, Eng, Ckem,, wal, 20, Ne, 12, Decenber
1920, ©p, 1341-1343, - _ '

i/ Berl, E;, end Jungling, E,, {&mthesis of Higher Bydrocsrbens from Weter
Ges at Atmosvherie Pressure: Ztschr. angev, Chem., val, 13, 1930,

, PR, B3Selho, A

E/ Flgeher, ., oma Meger, E,, | The Arplice®ility of Fiekel Catalysts +o the

Hydrocarben Symthesie|:  Brempstors Chem,, val, 12, Wo, 12 June 15,
- 193}, pp.o285-232, 0 7 o :

Ef‘ﬁ-.’atana‘be, Si, Morikaee, K,, and Igewe, 8,, [The Syniheais of Bydrocerbkens
by Catalytic Reducticn of Carbon Monowide at Atmospheric: Fressure II.
The Eifect of Terpereturs on the Synthesisj: Jouf, Soz. Chem, Ind,
Jeran, wol, 37, 193k, 1. 891; supplemertsl birding, pp, 355-389,
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PERCENT, BASED ON CO SYNTHESIS GAS
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Figure 3.- Effect of reaction temperature

on hydrocorbon synthesis.
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Bxpetrimentel Mathoda anl Easulig

The ceinlyst used wes 100 CorIn ot 35_05:1(3'0 di&tor:acgcus garth, cor-
responcing 4o 3 am, Coi 72,0 Liters of syothesis gas wag zz0d at 4 gas velocity
of 6,0 1,/br, at each of the five reactiem tenperatyras employed, nanely, 280°,
1190°, 2009, 210°, ang 2200 ¢, Table 1 chows the yield of ligquid products end
the resuylts of the snalyess of the product gases for g 30-liter roduct -zas
zamnle, : . '

From the apalyses of the S¥ninesis zas ang orejrat
scotraction, the rereentape distprilutio vy
carbon nenoxide, and’ mazecus s
caloulated bazed cn the carton
betwzen the sum of these three
serbon Eencxide thet haq teen ¢
wrated fydrosarbens (0pH, ) 11 within the experimental
2rror of the determinatiom and, therefore, wms not consilered 1n the calenld-
o tloems, The reeuldts of these caloulations are 1isted “in table 2 ana plotted
. . graphically in fizires 3 angd 4, -

gas tnd from the -as
CErbon ameng the capben dioxide,
Aturcted hydrocarbona im the Iroduct gas was

menoiide I the avmthesis gas, The diflference
Talugs and 100 woe taXen =g the rercentage of

nverted to gageline, The fore=tion of unsa®-
w3 80 fmall as to 50

A surpary of the ahove Sx=rinental results shows that:
{L} ™he ratio of cerron monoxide

conversion to mydrosen cohvers icn
Inersazed wiith jmoresge Irr. Lemperaturs, o - ’

(B) oo the tasis of carben monoxide jn the synthesis fa8; the percentags
. of carbon momoxide converted to perbon dicxide. and the rercentnge convertad to
x ggsequs seturiteqd Edrozarbens nereazéd with incressing tenpereivrs; the Ler-
* centape of carben m

moxide converted to mmsolins began to increase at 1800 g,
and paesed through s maxinem betwsen 2109 pnq oage C,

_ (C) onthe bagis of carbon monoxide pos
monoxide converted te cerbom dicxide hecrease
- AI0o C., where 1t Increased rapidly; the nere

wratzd hydrocsrbons decressed Wwith increase in terperature ard showved a mini-
T mum value at ebout 2190 C.: conversel

¥, the,p_ercentage convertsd to gasclipe
- Meresszea rrogressively frem 2R30° o, apg regched 4 maximum st 2106 o vy decress-
g rapidly ta opoo C.

cted," the percemtage of carbon
4 greduslly with temperature to
entags converted to gasedus aat-
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Alihough the rete of reaction beiwesn carbon monmoxide aond hydrogen wea a

b weximum at 2209 0, the maximm ¥'eld of gascline was obimined a3 2107 2., the
resuli: of an scccleretion *n the oroduction of carbon Aisxzide =pa gazcoug edt-
urated hydrcearbens beyond 2109 ¢, This 78 evident from ingrection of Figure
l;, whizh showe thet +the prodvction of ghudous hydrocartone decrsaced Frem 1807
t2 2057 €., at which poirt it mereszed, Eowewer, the value ™ has boen
defimed mz the nuwber of carbon atoms in the sVerage sesfeols Mkirocarbon pro-
duet, 2nd tabls 1 shows thet this valya desreczad continuously with Incressing
temperaiure, suggosting that the produoction of ffecas hydroczrboms should
fnereaze comiicucuzly withk increasing temperature instzad of first decreasing

in the menrer shown in Tigure 4. The ceuse of thie initinl decroase ey 1is
in the Peiiowing theory, .

The carbldic carbon profuced hy resctiep 0 carbm monoxide with the cat-
alyst ig hy@rces=nmted to such Yree radicals as CH-, CHg, ard {H,, which, at
about 1209 C,, nolynevize very glowly, The ormation of 1iguid hrirocartons,
therefore, is small end is acecmpanied by a relatively larse formation of low-
-oslecular-wsight amseous Iytrocarbons, Az the terparature iz increased from
1809 te 210 &, the rate o polymerizetion of the free radicels Incresses so
that mors 2iquid hpdrocarhons erae prodused et ths exzpsqss of the low-moleculay -
weight products, Hewsver, the distritution of Tree radicals produced by the
- bydvegenation of carbide.alss depends on the reaction femperaturs. Thos s At
- . .y large amounte of CH- apd CH, 2re produced with smell amomnts of

bH,. dceaune the polymerizetion rete is zlow, thesc free radicals ape com-
-bifled weinly in the form of gaseous hydrocerbens of Ca+. Very littls methene

iz formed, At higher temperatures, CH, is produced zlona with EIZE}— and CHa;
the structure of the CH, radiecal fakes"the chencez of polymerizhtion veby )
mieh smaller tRen in the case of II‘JL% and DH- radicals, apd Thus, et ths higher

tetpereturey » considerable metiane iz produced, An 2he polymerization rate is
y more liguid Mydrocarbeons sre formed from

reater at the higzher temoeratures
IH- &nd CHe redicels, sccoriingly, the averceoe wolacaler we ight of the gaszecus
. Froducts is less ai hicher temperatures thar at lower wemperatures, Thus,

from 120% t5 210° C.,, ome har iks aoperently Incompztible cases of +he walge
of "'n" decreasing az the productien of liguid hydrocartons inerecses and the
»Predistion of grescus hydrocarbons decrescos, '

It has beer shown previcusly thet from therncdjnamic consid@erationa ths
Trodustion of liguid hydrocarbons 15 faveorsd by decress ing terperatures, The
iDparent ancwals rogarding The increass In zasclire production cheerved with
TEreRaing tempsrature *n Tigurs 4 way bo resolved by recalling that therme-
draamic consideraticns arc based upon the asgumption that each remction attains
B £ theoretical cquilibrium, vwhoreas, under actual cxperimental coenditions,
- MActicn equilibrium was not resched =t tow terperatures, At temperatures
'--ba}_.;,—,f 21a” ., tke spced at which the resciiom srppromches its theoretieal |
- PMiiThrivm {5 auite slow, '
It Z= recognized, of Course, that cn the btasis of this experipental evi-
: dence alone it is not possible 4o deternine the wmximin posaible molecnlar
';_-“‘Eizht of the lignid hydrocarbon preduct nor the cract optimmm tenmeratyrs at
“hloh 2 ray te cbtained, It my he .5&3516 however, that the cptimum tempors -
bure iz certainly nct o the ordep oF 2807 O, where the sroed of reactiom is

Low
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From thess considerations 3t mey he ﬁ;-s'-*:iblu to r'etmazile the ap rent
Aifferences between the oninicnzs & Smiths ‘/ ani Berl and ngl‘[ng, 135 Whe
said that high-mﬂl&c@r-weight krdrcearbons yere Tavored Ly Eigh tewsrﬂtures

and that o7 Fischer; 15/ 4 s23d That hig ~Malecndar e Inkt hwdrossrecne Wopy

Tavored by Low tempamtures, if thsme dpvagt igators were roferzing to diffep. -

ent tempersture ranges, Thus, if Fischar's "oy” LOTDETATURE tmg 2109 o 220 -

€. ond correspandsd ta ihe "high" Leporature of Smith apd Barl end r_-'unglin'g,
“he results of these invastipetors ore Corratibls Fischer considered L resc.
tic: temreraturs Srrabomt 200¢ ¢, ag belpr the ops imnm, 23 coararel o the
opLimmn tempersture op =307 0 v Seleeted by Smith apd Bzrl ang sungling, In

viow of the provious -dis:-._".ussion, this Affferonce Iy originete ’n 4w ﬂ'if‘fereﬂt
- . R - Iy =
ta5le comniderat fons, This, wher the resei<on EXes place at "high" tenpers -

“aredE of ahowt 250° O, the pate oo reasticn 2 hizk and tne uant iy of
FEems hyirocarbons produces iz great, Tun, with tine, becalze of ihe Aenog .
ticn of free norben £, ths ca-‘_a.lg.-'st, the ectivity of ths cotalyst ig f_—:if'.—'if]_?_‘:;s,lllvj.-
ﬂ.im'in:‘-.ehed, Wwith a sorrestonding decresze in hyiragenaticn of carbide tg £
Trea radicaiz,” 3 hawev&r, Lhe rate of the polymerization s the Treo ragq_
cele Thet ere presepi is srest at theg hizh tsrr.-perature, 8CLI1 parafPinz ep
tiguid bwirocarbons o hizh boiling reinte are wrodueed i docordance with
The visw point of mwith 21 Ber] and inrigli'_n;;. '

As indiocuied by tahle 1, the optimm temperaturs for uhodyet ion of zaze-
iline fC5+,'.l e 2107 + 59 G, The exivcme temperature-sena:‘t_ivity of the resp.
tion 1848 result of thz poop thovmu I condustivity of the catzlyed | The
utilizatien in the catalyst of g carrier of diatomecsgus “aTth, & poor cendyuce
tor of heat, nakes trapemizsion of the heet of reseiin {an éxtremel}r grant
elue} ortsids the cataiyils system very A3 Ticnlt, I eddition, boozuse of
-locsl Bupirhecting et the paint opf actf.vatic-n, whe flishtest amems of heat
from external sources caysas 4 Trenowenal incresce In the tompersture 27 the
catalyat,  (This shows thel the activity of the setalyet fs extremely high,
reauiring only & eml1l aotiveticy ey, ) :

f=oty o2 .‘t-l':e Ga.8 Veloni ¥

+
el
—tt,

At A zivem tempers oy » 204 using a given Quant ity of catalyet, iks
cxtent of reectioe of carboe MOnCXiGe ard hrdrozen tends 10 incresze with
decresas In veleoity af thel fas [ incrossc {n coataet time}, T rete of
rolymerigetion of the OH-, CH,, ang UH; radicels wrodnees fram the carben
monezide apd hmlrcgen e tncreased, hoveter, to o ereller. deores than that g
wiich hpdrogen is adied L0 form neckenes therefora, as ths velocliy of the gag
ig decreased, the mEthane -predun Snp reection ig accalﬁrate-ﬂ,_ani, when this
value iz large comparycd o the Igeresse g the extent of rstotion botwesn pape

Ten monaxicde and h?ﬂ_rogen, the izld o 1iguid hyvdreserbons. iz reduced, Henee Py

A0 oTUimem pas veleoo Ity 1= %o be Xpecied In the production oF Liguid ro-.
carbons, Fischer apd Trv:psch,z!i op suitztly ncraazing the gas velecity,

Tound Lhat 4t wos possibls te mrevent the mechEne v ady; Ing vomcticn almest
entirely and stated that ar optimm g28 veloctiy i tha rrafuztion of Liguia

1/ Nerk citad in fortpotag 11, ©, &,

15/ Wark cited in Foctrote 12, p, A,

36/ Work cited in’ reatnote 13, ». &,

L7/ %ork citea ip Footnote

hork - 10 -

R

SOTm

LT W




100

S0 l
|

80 tontructinn[?{,}

RN

o
=T
D
)
2
Z 70 Ce+
> ly___ﬂoﬂ———\,;\ \
E 60 X : ‘J\? 1
o i \ /CJ
© 50 B .
z 3 N
o 40 ! :
; e
L
< 30 : Pa B
o
5 20
(-
8 gaeit ¢y -C
i 10 = | “+=—4 —
?—J(— co
) R 2 {}
20 3.4 60 75 10.0

GAS VELOCITY, LITERS PER HOUR

Figure 5.~ Effect of synthesis gas velocity on
hydrocarbon synthesis,



PERCENT, BASED ON O REACTED

00

T T
]
e
E%L\g}

20—

|

|

l
ok b

]

LT T
60 1 . E—
o | |
v - ]/ | |
o - |

|
20 et —_—
.OT\%W
O?‘ﬁh f h__%_ﬁﬂ?“‘EL*LT“*~ﬂ-~o

2.0 3.4 &.0 75 10.0
GAS VELOCITY, LITERS PER HOUR

Figure 6. —Effect of $ynthesis gos velocity on
hydrocarbon synthesis



- Incressed shove 2,0 1.‘j'hr

nydroearboss should exist, KodarnX/ obteined eimilar résulis, whereas

¥ omithd3/ declared tiet, with decrease In thHe mlmxty of the g,e.El the yield

of 1iguid hydrocarbona mcreased

Experimemtal H&thcds and Hesﬁl‘cs

Five velocities of £eéd pas, narmely, 2,0, 3.k, 6,0, 7.5, and’ 10,0 1,_/‘]:1-'.,

1. - were uzed in sxperimsnts with 100 Corld Cu:l2 36,1100 diatomcecus earth
: 3

satzlyst, corresponding o 3 zm, of zobalt end & resction temperature of £10°

"¢, Tn each case, 72,0 liters of synthesls ges wes ugsd, excert in ike experi-

ment involving a velc»city of :2,0 1, /ir., in which 36,0 1, of o5 was used,
The Fields of gasclins (C +]) c.rﬂ water and tha gae contractlon were meaoured,
and the product mises froa half the initial quantity of faﬂfi ga5 Wore anﬂlyzpﬂ

- ths results sre shown in tabls 3.

From analyses of the s}uth-a:;is and product gases and from the ges comtrac-
tion, the percentnzs distributicon of carton among the cerbon dicxide, carben
mmoxide, and masecus satursted hydrocartons contained In the I:a*u::-:'l.m,t gas
{bazed upon. tke carbon memoxide in the synthzeis gas) was obtained, Pubtract-

: ing the sum of these thres valuee Srom 100 yielded the. percéntape of carbon
Y memoxide converted to gasoline, These results are shown In takle Ei

The dats ziven in table 4 are plotted 1n fig,urea 5 and G, These results
ehow that: -

{A:I The rate of reacticn between carben mmoxide end hydropsn increaged

.7 with decrease in mas velosity, the lurgest valus being et the smellest flow
o rate nsed, 2,0 1,/hr.; the degree of camversisn of carten monoxide in the

gmikesis mus fo carbom dicxide ond mezeous saturated Nydrocarbons increased
with degreass in veleosity, . :

(B) The degres of couveraicn of ceérbon monoxide ¢o cerbem diozide based
o carbon momoxwide reacied ipcressed with decresse in velscity, The degree of
¢rmversion to gascous satureted hydroearbeons decreesed 22 the gas velocliy
., Showed e minimm value at 6,0 ],,ﬁhr., ‘end increassd
%gnin &5 the velpelty was raiced to 7,5 and 10.0 l,fhr. ' :

{C} ;‘"he ¥i=1ld of maeciine per cubic mfer of synthesis mas was approxl-

mtely the saps at velocitiss from 3.4 4o 6,0 1,/hr, ard decreased graduelly

With gither inerease or desresse ir velocity.

E_Kaiam Shiruj_rn. Jour, &ic¢, Chem. Ind, Japa.n wol, 32, 1989, ». 362,
{Eeferenue sould not be lesated,) )

S 187 wopx citedl in footncte O,
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Piscussicn

Iz (C) abeve, €12 yield of g250line based on the carbom mopowide fn e
szmtheals gas was chzerved e ‘nersase 55 the zzs velecdivy was dscressed from
11, ;’hr._ ;3 Irmm 5.0 40 2.4 1./, » Aowsver, the yizld wms arrroximdely con-
stant, and, as the gas velocity was Cecreased 8till further, fhe gsagling
yicld dzcreased. This affect 43 a reanlt of ap incresse in preduction of sar-
bon dloxides and gaseous hytrocarbens, which at 3 1, fv, resches about Zhe
sane value ws ths Incrense in the feofal convorsion ; wherszs, at a gea velooity
of 2.0 1./ar. the production of saroon dioxide snd pgrsecus hydrceardons 1o
ipcrezsed to an even grestar degree, Comversely, s5 the 23 velagity is
ineressed beyond & 1. /ke., although the rroduction of carbon dioxide and
gadzous hrdrocayboms iz reduced, the exient of pesciicn between carbem mon-
cxlds =i hydrogen 1s reduced to an even greater extent, and tho yield of
gazoling decresses with incresse in gas weloaity.

AS the aas velocity is Imcreassd beyon g 2 1,/Mr., the dogrec of conver-
slon of sarbon monoxids to gasecus srfurated hydrecarbons decreases and Tass5es
threuzh & minimum valne ot 6,0 1. /hr. Simulianecusly, the value {n} of the
avorage nunber of carben atems in the magecus saturatad hyiroearton molscules
Incréages with incresse in E28 velocity. Comparisem of these results with
these obtained in studies of the rencticn temreretine sbow that when the zas
velocity iz high » effects are producsd simdlsr io those at terperztures below
ey elel sonversely, when the velosity is Iow, chemges ocour in the product ion
of carbon dicxide ond zaserues safurated hydrocarbenas with changes in the walie
(2} of the Ismtter simiiar to thase observed at torreratures atbove 2100,

Thzze resnlts sugmest that the +ime required for the hydrosenetion ef
.bH" _pr, end CE, radiscals to such grgeous hydrocartons cs methene snd ethane
is mich larger *Ben +he +ing reduired for their polymerizationm. Thus, the
varietion of [n) with gas velocity my e explained on e Tellowing baszis:
When -the gas volocity iz low (2.0-3.% 1./ur.), not only iz the production of
methone by secondary reactions enhanced, but, in 524:i%ion 4o the yroduction of
CH- and 03, radicals, = large quantity of CH. is  nrodiccd. The voluc (n} is
stell, thereforc, because 2y 15 hydrsgeneted ts suck smsequs hydrocarbons as
Beihohe and sthene. 4% high mas wloc 1tice, UH- end 0N, cre Trofuccd 2lmost |
srelugively, and, beceuss the contact time ig) short, most of the OE- ard CHp
raldicsds ero tronsformed Irto gaseeus bydrccarbons Irsztsad of pol};mriz-in!g
Turther to farm Yiguid bydrocerbons . HBenze, (n) becomes grester in value .

To eliminate long centzct times ard the aitendsnt izrge produsticn of
Parbop dioxids apd gessous satureted hjr&rccarhons, the relative zrea Frecented
by the catzlyat layers mmst be decyssscd, This smy be accomplished by snlarp-
g the cross seetion of the rescticn tube, thereby ‘nereazing the volume of
Binthesis gas contacting the watalyst znd decresging the comtact time, This
8180 ssrvos to maintnin the original CU3E, retio, devintion from which, By
™action I the First tart of e raactor, iz deleterions to the desired ronc-
ton in the later porticm of the reacter, '
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