IRRFLCH

In the summor of lQhE, when 1% wazs ovident that Invaplon of thoe Japaness
Bere d2lands wag Irminent, tke U, 3, Naval Teohnical Mizeion to Jasan wes
established to svalieis 4ho fccompliskmenta of the Japemess in paval Lechnel-
cgy =nd roclated Fields, oOF mrimary impovdance to the objest of ths miazion
wia the aeguisition of the mawimm ammmt of information in the shoriegt
Poesibls time after 4 sountry was sntered. Zach davis delay alicwsd addi-
tionagl Jaraneze sinimert snd doenments to he deatroyed end made it caslep
for key Japansss perzornel to dizappeoar; With shia in mind, the first entry
inte Japsn by miagion perecnnel wog made esrly in Seplenber , and the aptivi-
tisa of the missien wers highly concentrated over the next fow montdha, ter-
mlnating finaily in Jecerber,

Onz of the meny pl=ses of the dapapess fachaical war effort in whig
misalon investigetors were interested wes the Irogrem dirscted towerd ob-
teining liguid fuels from cozl apd gther scurees, The Javensse navy
attached tremendous iwportance to rozearch in this dirscbion, and in 1545,
approzivately 3,200 norsons, including about 100 techmically trnincd per-
©3tmnel, were employed eb the First Kaval el Tepot ay orina, vhers every
¥ncun phage of fusl and lubricant teeknology was besing inveatioated,
Reagarch and develommsnt work involving both direst and indirvect mead.
hydvrogenstion Jwroczases alz2o waa belng cerried oud in sich blaces ma the
Tnstitute of el Technoiogy at the Tmperinl University of Eyote, the
Iperial Fuel Resserch Instituts of the Depevtmedt of Comesar oo and ITnduatry,
the Forimido Synthetic Petroleum €a., Inc., end the Tolyo Ins$itute of
Fhyeizal Chemical Rezearch, 'Me relgticn of the Tmperial Frel Research
Irstitute to the Janenese scopomy corveaponds rather closely 4o that of
ihe Borcau of Minsg in ‘i Unitsd Statoe. In cozl-hirdrogonation investign-
iloms omdusted thers, smphasis waa Dlaced upen nssaye and furdemontal
Btudiea rather “han rrodoction, T4 was sadd that over a hundred Japansge
ccalz had been 3o stuiied,

A8 Jepan is axtremely deficient 1n poirolenm resouwress, it 1o not sur-
mieing to diszover thas orzanized offort had beon mada ta obtain liquid
fuels from sourees that would otherwise appesr Tentaatic. | In attemptz to
Supntement their euppiies oFf moatoe Tnel, eo nacessary to the mregsesution of
Bz chanized werfere . the Japanooe laveatisated the sotentialitiss of such
g0ures matorisle as “racse pecls, rulbor, and plre needies and studled the
bydrogenation of coel Bore eXtenalvely then any other ration sxcent Germany,
Their rewardg for heas CClorts, however, were moager, Although plarts for
Hrodusing synthess e Iiguid fusle were sonstrusied apd crsrated, thoir ontput
fe1l Tienstroncly ehoart of ke Mugnituds recessary Lo suppord the J8 TE e
W litary machins, Maximum rodustion was ettalned tn 154k, fer which the
total Fearly gynthatip-fusl cutput waz roported as 255,000 berrela, divided
AMeng the varioos FOCLRESY in fhe following mesmer: myfrogenation (of tars
- 8nd othey cilz) = 5,720 barrsla; Fischer Tropech procesa e 149,250 barvsls;
And low-temperatirc carbenization = 999,570 tarrels, : '
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To provide an insight inte Japanese rezsereh methods end +o determing .
the dirggticog teken by Frathedi; fusl Teseereh ir Japap both hefors ang
during World Wep 1T, misaien investigabors obtzined & puvber or Fapsrs and
reports from Ghe oraanizetions 1istead ahova, Thega PERETE, of which thg
following s sxemnlary, heve boop Tranalates ang carefully szamined, Fop
ALY redscna, the Eogiisy Wanelations must ng regardsd with reservaticpa,
The comveraicn of Javareas toxs +o ite Englich sduivalent 15 cornltieatad
by extreme Aenguage A3TFinul+ias ; in Dany cases, worda de not €£ist in the
e language for ldege cItreased in the oo, The tesk wasg eimpll matpd
Tarther by g lagi ar Toamitasitn itk the field o ginthietic 1iguie Tuels
oy the nord of some of tha ranelatore, I idition, it myas he Brohaaizag
vhat mery o2 4he didcuzsicne 4o he Tound in thess Dapsra wore bassd cp
theoriss which, ag et ime, wore accedted na valig by most of the seien.
tifia werld, but whigh have 2inge been dizcardsd in the gzt of BubasLenG
eXperiventel evidange, Deanite +ths Asclpenying qw:;li:":‘_gations, it s felt
that thess FELsTE zre inah:-umental_iﬂ estatliching an Lpdrseietion of
JapEnage Tessarch effoprts in the fisld of eyrthistic iomie fuely,

ABSTEADT

Harting on & smei1 sonle . the sguinment fop Erocessing synthesgig gasg
to Derm liguia hydrocarbong was axzanded to hendls 100 5, fhr, Tpig reactor
Was Bugezsafully deaigned anqg conﬂtr'ucteli, and 2 baziz fer Tutureg dealsm
metheds yag ostnhlighed, Becanas, Eowever, thie Werk was carpzed out Lnia B chs]
elpiripat basig, 24 15 Teit that g more Thorough thedratine] Etudy ahould g
MAads in an efTort to ifeoreasze +the ' ficlengy of tha pro_c-:—;sé » BFErticularly :n
the duvelopmeant of 8 aimpleps convarhge,

ACERCHT ETGMEITS

It is a ploaswre to Zetmovisdorn the Tollowing contritudions +p this
Work: ¥, Miraty Tor pstalyat meraration: 1y, Fowraln fop #ater-gae
Hroduztion: ¥, Twegs 8nd H, Shirazghi For hydrogen jﬂi:-oriuc:tion; H, Mutzuda
Tor gam Mrifdeation; g, IvIa.tsumnura, T, Umernva, ¥, Takozoks:, K, Taware,,
. Tarams, v, o, E, Ivamote, J, RKiamizw, ang n, Mizuteni for SXperimental,
work,

Filoanedad gog techmieal g22izstance was received frem Heog main offics of
ihs Zunitaue og, s Lid., the Bumiton Chemiggl Bnginearing Corp., the Sumttame
Mining Corp,, and Cherioa]l Industrieg s Ltd, Phe authora arp S2hacially dn. .
dobted to ¥, Tougemi ang v, Yagi Ter Farticularly valuable tecknical heln,

For the construgting op the ¥ater-cooled CEnVertsT, thanka apg given to
the Kewasnli Lesvy Eoud pmenty Manufa'cturing Co.  Techmieal edvice wan suprlied
by K. Cota ang 8. Tanaia,

Por contipns] assistance ang thetiresarant towarg construction of the
100-m,3 fhr, converisr, gipoers thanke are due Frofessor Matsunaga of Qsnls
Inperial Univeralty, -

We &:.lst:l"&c}ﬂ'mwladg& the 2zaistenge rendered by ths following: &, TEWMeokn
(Telkoky Fgel Co.); 5. I i, T. Esmeno, M, Takeyama, v, lashiro, M, Zenko,
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M, Nakmgewa, and G, Kemopl (Hokkeide Synthetie Fuel Co.); K, Berikawa, M,
lmemura, S, Ssnto, and M, Takeda (Manchuriss Syathetic Fuel Co.); M, Fukuda -
{(student at the University of Xyoto); and to X, Keeai, ¢, Makai, K, Ichilnwa,
T, Mitsui, M, Hakayams ¥, Fishibeyashi, v, Takezzmi, end T, Yane (Fuel Chem-
istry Section, University of Eyoto), The Pperations were also cenigteq by

the Army Fuel Tnatstute and tk: fuperisal Fuel Enterprisers Corp. Much eredis
is due tu Profeseor Ki4s Gen-itan For tke Planning atage, : :

THTRODICTT O

Tt 12 well Yneva that the developmeant gf a naw redction cn s laboratary
gcale dosa not by any meang guirantee ity auccsseful tIvlication In op Indug-
trial-gozls operation. As a matter of feot, the hietory of Industrial chem.
Iatry comtaine Mmsreny examplea of whers much e tire and srford WETS oomn-
sumed Iip developing & ceriein resgtion to 8 comiercial gszals thap Wers oomsumed
in iim dlscovery, The AifTicrltias Prgsittterad 1n aceomniishing this tremai-
Lion uauelly £all inte iwo Seneral clzzses, namely, (1} the selection or o . -
guitabhle sonatrustdon aderial o withstand the COrrosive effootz of the Bith-
stances to be uzed in the Irocesa, and (2) the design end fahrication of .
sultable equipnent +a cRErry omt the Pardlcular resction g g oolimereial meale,
Thess probplsme SERerally can be eolved by congtrusting an eimerimental pilok
plant whers such shemioal End mechanical diFfionliteg can oe anticipated and
where Impertans design_data_pan te chtainsd, -

Fcrtunately, in the zymthezis of hydroearbons oo great woblem exipts
In the choles o matarials, but #hg dezign of the fluiment meopentn BNy
CUffiouities, THe deaign_cf oulmment for the cherical wocsag indusiry
conetitates one of tag nest ilpcrtans devarirents in the science of chemipal,
énginesring. This bropeh o Sclence, Lowever, Yaa nod devaeleopod as ot o m
loval whora slich design nmay be achieved Faccesafully golely by the use of
eneil and PADEr.  (Ons »gamon for this may b= the inadequacy of +he acbunl
theordes on which the saisnes o ohemteal fnglnsering ia Exrently based.
Eowever, it soamg Trobable that neoonplets Imowledge of the actual valugs
Tor censtants, gush as ths Heat eonductivity ena elesbicity of conmtrustion
matorials, khea heen g greater chatagly,

In cinducking the pilct-plant.az;erim&nta o tre hydroemrbon aynthesig
8t Eroto Imperigl Uhivarsity, & S-yeep Frogram wes plamed to culminate in .
Okerations om 8 acals remregsntative of at of ad setusl induatrial plant,
This nize was thought 50 bo & pilet PIznt one-tenth the size off that fo e
nsed Industrialiy, or ops that would handie 1qg m3Mr. of gas, e object-
ives of the SXDerimental program werg wropesed s Follows: '

%« TD UG Az many theoretical celewlations cx Lo3mible 1o the
demlgn of the Pilot plane,

2. To dovive the mogt Becurate figures poswible. by lebhoratory
fethods for =717 SXhErimontn] diata, evey 1f they snomear ta
e of dubious valus, _ : -

3+ To cnlerge Zeadually the seale of the cquipment emnloysd 4o
ERRroach SoEereial-gnals operation,

I
o]

W

[

-3 -



In the opinion of e author, the above criveriz should te arkdlied o

ell pilot-plent eiperimerta, Mush time » lehor, and Sion2y have been wasied
In Japar co pflot-plant sxperinents becsuze guch g Frogrem waz noet folimea,
o colras, depending on tha +ime end Nensy ayailahls tnd, pevhepe, on ths
Mowledge o the gels viste invelved, rigld adherencs e suck = mattern magy
not be poazitls, Tt 4ia pelieved, cowever, thet the gaecoesz of the prograpn
2l Eycto, which was complsted 1n 3-1/2 ysars instesd of 4he anticipetod s,
was sirongly dspondent dn this Irogoarm,  Im the #inzl SEpangion of whe

T

't

1

s

¥,

eCliziment to a tircughrut of 100 m.Sg‘}]r. s 4t waz not even Lecaseary b meloa %
8 preliminery tost of fhs equlunent. - Ledtual operati & wole condusted

Imrediately aftor constructicn wae comzledod: coptimzoyg cperetions swers

cerried mat for 2 vecks wite ho sigmificant Aifrion] s gt any tims,
; =2 - . b :

i

Siuee 1927, ewsanaive EvVadies Hmve beern condurted o cetalyats Por the
gintherls of peirolemm hyfrocarvens frem cerbon monoxids sng h7drozen
fFiacher%Eer&nh rocess} in the leborsiories of Professer Kita o Eroto

5
Imperisl Mmivers: &y, fmong the supcessinl catelyats discovares WRE Cohe %
certalining iren &5 the mainp conatitoent, RBench-pgale Atudlsa of the Fischer. -
Trozach syanthesiz meds with cobals catalyats wore bogun In 1930 in a wator- T

cGoled rescter at a thronghipnt of & cutlc moters of aynthsais gas ey hewr,
. the sucesszefri completicn of these dtudies in the #a]t of 3039 1ed $o
cmtrect Tor the desim and construction of a Plot plant 10 accomcaate =
srnthesis-pre throughput of ‘100 pubic BSLeTS per howr, e wepk to bo cop-
Picted by July 1650, on July 17, 190, experimented Sferatlons werc bemun
in thiz pitot vlent., o eonbinuous apsration, szysrimert Ho, 17, waz stortzd
“n Auguet 3 and comdinued For 19 BAYE; & deteiled foseriztion o 4he EXDari-
Zent I8 given in tnin report. 0o the basis of thegs rezults, the Hokkaido i
Bimthetic Fusi Co., Lid., propesed the decion end construet:on of 3 eomperaisl.” -
Zctle pleit %o acemmodate A tarcughout of 1,000 subig Eetors of zygthesis gas
Per lcur, Becousme of the =oute ehicttage of cchals, howevel, theas plans R '
Whieh called for the ngs of cobalt catalyets ; YOT'e demporasily ecendoncd, and
intenzive rosedrgh on irog o2talyEts was hogun in the 100 Levfhr, Gomverter,

Exzonalve studies of 4wom catelystes at the Fiis .lahmratuhy Ehewod that
151 ce. of 2iquid peedsets conld be obfaired from 1 eunie meter of & l-to.l
MEiure of 00 2o 2o, & ¥ield that capered Tavarsbly with cepmli catalyata,
£Lithough & short 31Fs was anticipated frw iroe catalystz, Inboratory teots
demonetrated that 14 wog Posaible to cxziend the erfactive 2ifs sonslderatblsy
In several vays s EEGRZ Bhem hy lewraring the rezolion Somporeturs end by using
8 hydrcgen-rich synthenism £33, Fnotgh ircn vetalyet was Irerarad . therefoes 3
to allow operaticn on a Pilot-plant Boele, . The experimsnt coviring this work
(Ffo. 18) sxterdsd fram Gotober 1Y Yo November 4 s 1540, 80d the mctuni 1ife of
the catalyet was found +o te even grsater than that precicted by laboratory
teata, :

TMEIRTANT ASTEQTS OF FLANT IESToT

The oguipent conrrising 1o pilot plant far the syntheeis oF Irdroearhons
oensiets of memy unita, sush =& the deeulfurizer, the COnverder, thng condeansst,
the activated charco=l aksorber, and others, Lut the mosi Important, and the
most diffenit In 1is design, 419 the sonvorter in which +hs catalytin recedions
ke place, 'The Ereatsr part of the £ ollowing discusaion iz devoted, thera-
fore, to the comv rtar, R
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Sproducing and tha i the tempermtire of the catalyzs bed ag g vhole must he

< malntained at o ccnstant wmive wity Little op png Tluctiatiog, dcecording to

caleulstions redas In thig l&boratory, the hest Prefuced by the hydrocarbog

" gmthesis sing 1 oubic negen 2f ns containing pare “arbon moroxide ung

. hydroge veaches 150 wggy, 1 ihe rezction ig condizoted adiab.etT:iu::aul'l_;:J
e cedelyat hed FAF reach temperatures Qvor 1,004% o, This oebvicusly oap-

“rot be tolerated, ag the catslystes found e D2 efrentivs in the Smthasig op

Chydrecarbonzg have Proved 4o he extromely Benaitive tp te:nper&.tura_: 4 variz-

s tion of more than 2o Te In the cavalyss temermtnpe Troddecod Wdosirahie

. Fesulis, Thus, for each Catalyst used in +he hydrocarton Symthesis, thep

‘exists ap optimum tenreratire, 4 51ight dograsms in this ferperature wil]

- BEUEE an immsdiate decrease ip the resciion veloeity with the formatiop ot

srmaller amounts op h:,-‘dmcarbsns; Sumilarly, g 81ight incresse n this opttmig

o temparatiure will tend to rroduce a large amamt of methane nna cther mmeems

Ry i 28 Iiguig roeducts ape Tormed, Thera-

T 15 of utmegt Impertange 4o arronge +o

remove the heat or Maction and +g mintein the cotalyut beq Hithin the pg-

Squired fempersture limita, Eventually thig Frotlem can te reduced o one

= ool heat trenster. . )

Are chiefly hept-

_ s In the dezign o1 3 fenvertep, 1

The beedin relationship For ths transfer of heat iz wwia hewn. . I the
©Ccoeling surface ares is revresenfed by "A" enad the heat transter coefficient
I8 " yhen the ATerage Lemperatnrn AifPeyence s A" then e amount of
heat that ¥ill flow in = unit of time Will ha g

q - K df'_ _{Il tl'
Whare g simrle w413

SEESrates the coplipg pedlum Propm
heat-trensrorn coefficient

the heet source, the
Y K, my bhe dorineg BB

Iy 18 the film ceerr the ymil contalning the hes+
L Bource In +hia CaE®, 2 gZ&3), and whe e By i3 ihe Filp cosfl'ictont on +he

e 8ide o he wall contsining the conlin {liquid} medinm; _° remressnts the
2 thickyeng of ths Sorarmving wall, ang i

is 1tg thermat con{lu-ztivity.

ivient enn the 8ide nrF

8 A, L Codburnd/ on ghe e11p coefTicient
Mgsed thratigh o fube 131300 with catalyst are vory ip-
i inforration dsccureges BNF Elugo=ssiiyl
henpotisgl comeldemtions aleme, TWithap witer op
be uzed as coclants, g because ng method {5 knewm Pop Somputing
218 25T coslllgients fop thess substances when they are used in ap ST ratys
o eomplicated shepe, 1% waa HeCeCasRIY Yo Aetéwmite sxpeimens
reling surfacn e

nNez2lly the apen
! ! qUired psr unit wltime o catalygd, 4 Tirsy, Smthegisg
VA8 carpiag oyt iR an epvaradis inig ¥hich 100 1, of gz weq Ttroduced per houp,
ET” be poblished, T
3/ Coltuim, 4, p

*» Ind. g, Chem,, w1, 23, 1931, p. o,
Hose



From conzideration of Wravicts results, the eXperimental zcals woo g,.*a.duall;,-
enlerged, und the tyma af coolant snd the distribution of the cooling pipeg
Wire varied o ohisir the dete Ascetsary for swhaesquent exreEnaicn, A d—ei‘-ﬂiljeq
degorizxdion of the savorters studied Follows i wabls 1 limis the Tymes of
Sonvoriers invoatignted. :

TARTE 1. - Typee of eMTertera inventigeted in nilot-
ang zyntheats of hydrccarbony har
fizchen =Uronackh wroness

: : : — —
Hourly man ! o | Btz -
Tiow rete | Tvie of hoat remeval erloyrad | teeting coiploted

L e 2R 2ued
o003, L....., i Mot cil cutsise of cataivat tucsa, Tuly iz RONY
Wwed L do. ey 13, 1230
3D eiaias [ Bot 611 iasida whos, catalyet outsids, fomar 13, 1638
0= ..., dn, Il'i-::r-rem'se-r 13 ) 2538
£ 13, seaens | Hot watcr inaijn tubsg, ehtelyat cuteias, (Esnlenbeap e, 125y
CC w2, da, [Tudy 15, 30hd

A

ANTES -CATAT V3T COUVERTER {100 1, JHRL) UsTH OIL AS COCLANT

Yesoriation op &g pment,

ia)

L

Terec COLVErletn, sach ditfering in *_'tal;fst-'»'clur.a:cc::-limg—arma ratio,
WRre scnetmicted, Thrgs tubes, FREEZAZINg inamidg diametovy op 25 mm,, I%T -
Ay, N4 55 mm, |, were esmeh ¥illed with logs om.” of gololzyat, 4 s Plow
of 100 3, v, wae ther paszad through esoh tyupe While Mod 0il wae clrealated
mround the ftubes ag g co0ling medium, b The Formavicn of aoinet ofl was
tren correlistad with the tempsratore Cliforence botween the CUOLINZ mMagiyg
and tre gatalyet,

L]

The Doy dlagrans of the IToeens ag it was CErriad ocub in this teol is
BhoW im Tigore 1, The Ernthzeis gse used waz firat peesoq trcugh a figy
Leter (1), whore 1ta velamo was zeceired, £ollowing which it was pegacg
trcug s delydrater (EJ, vhere 1tz wmtar comient was reitved, Tha drige
B2 o fhin himdted 4g Ehnromimass]r rescuicn temperatire in & mrchaatar
{3}, frar wvaiek 1% was sent into the converter (L), oo Ircducte ang +he
bnreacted guens were led io 2 cooicr (5), whers +ho Cil Iraction o Lt
Bvelr kigh bl ling peing (Diesc1 cil) and +he WELEY Weprs armdenscd and
acliscted (€], The velatile “ll trodoet end the gnpecns fraciZong suzh as
FURALD 224 butone, whiick €24 n9t condsna: in the sooler s WEre ihsn sdoorbod
in metivotad charaenl trace (7}, g romeining sas wap Mrsad fhrough the
wolh teat rater (8} befome it waz reloascd, 4 constent terneretiics was Eain.
tained in fhe converter in the Tollowing remmer: e caclent oil atored in

[

iditerta ¥ote; This Tigare T8 given ag 1,000 @ 3 0 1
Citer's notetr Sare g Cerman “Innsr-catal.es coverter,”  Fefor {o
Bursau of Minsg Inf. Oivg, 7557, The Evaluation of Convseteara For
Sxothermic sng Apdcthcymt s Uetelytic Besotiong Uoouiring wiithin Har-ow
Tomparatirs Lim]te s B Gustay Wirth ; ENRIsted and revisog [
Graze erd H, J, Eandirer, '

t
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inngr-catalyst converter,

Figuire 3. = 35.7-mm. {.0.



- 5E-mm, 1.]. inner-catalyst converter.

Figqure 1,



- {9) was sen% into s mrehsating spparatus (1l) by pump (10), The oil,
heeted to the desired temperatnre, was then pessed through the coverter
(k), after which it was collectsd 'n tenk {12) end returned to 4he ghtorege
tank (9],

The velatile ol frastion adecrbed on e activated carton wms sfripped

- et with supérheated ztesm, Aziliary squirment included the stesm Loller
. “ {133, the stean Fupsrieater (I4), ths cocling eguizment for ths decharged
“ Tyelatile oil and aiedm (15), ond the esllesting ten (15},
Crose sectiorz of the romverters used in this test are illnatrated in
Plgures 2, 3, and I, which show readaelvely, that Pour 25m z,D, catelyat
; tubee, two 33,7-mm; ILD, catalyet tobss, and ors S55-mme I.%, cataliyat fubs
twere sontained in the conwerters, Tn =1l ihrae cases, epproximatsly 1,000
Chem,d of cetalyan was ueed, Erscial attention was devetsd 4o chtaining the
o maximme voasikls valocily of the cooling oil znd to sliminsting dezd srsces
In the flrw of sooling mediog, Befrle nletes were distributed throunsho:
Lo Hhe comvericr to promote orcugh mlving of the ceoling medivm and +hus
~ heintain a moximan therme? oondietivity %o the sooling oil,

Catelvat

The catalyat smolared hed the Tollewing compeaition: 100 Co- J2.5
0 CurZ.5 Th:l.235 U:125 diztamzeesss earth. In laboreicry e¥ooriments w2ling
. thls catalyst,f/ an o:l sield of 100 to 120 cm. 3/, 3 of synthsein Caa was
obtedned, The cooling cil wes hold =a nesr to 205% ¢, sz pomsihls.
Sythesiy gan speesd of chne part 00 4o T parka dn was used. The results
Of theas tests ore curmarised in tabic £

TABYE &, - Svrmars of rssulis shialned with ingep-
zEtalyet copverton uSIng het cil 28 &
ecpling mediim

(Frew rete of &5,:100 gas = 100 1, /hr.)

- A T - . i
©oIngide Mezime . tenperstors dis ference betwesn

Glamneter cocling medimm snd catalyst, O, Catalyat
of catelyes [ | AT E¥andaen, 013 yield, officiency,

o Boe, mm, At stert conditHone o 3/, 3 cm.3 /o, 3
85 3 3 5% 170
33.7 L& 14 78 101,
22 135 23 gt oz

dynthesis Overzticn
sun . After sedustion of “he cetalyet in the SS-ma. T.D, catalyst tubs, the

< bamperetire of the ctoling oil wea raiesd tc nsarly the rropoged aymtheais
. Pempersturs of 2050 0, on iritizting e

LH a flow of gynireszis &z, however, the
7/ . Eycto Imperint University, Chemibal Besesron Inztitute Leciire Serica
o ¥o. 8, 1338, p. 11.
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temperature oF g catalyat had uddenly ircrpaged il at 3ho, 50 Co, it
WEE eVigend +thmi Mintenange of 5 songstant tempersfure 15 the catalyat b
wWea imposzibla with this tipas of coeration, I'Iov::rrth.elSSﬂ, e Eyitthesiy |
WEZ continuod gy lowering the temperatire 4 whick the cotling il wag Lre.
haedsd, trereby nomy rolling the incrogae in temyorature o tha ceiglives hag i
Control was g3gnn fecilitated gg the catelirzt besome Geactivatad end OVClveg
less ang legs hzat o Teactloyn, but, svon aftgy 30 hours o Cpereticn, a
tomperatgre differsnae of 23%.0, was Gheerved., Thg gii Yield wes oply o
40 percont of that. Obsainsd 2p the laboratory, and 14 yvay concludsd that,
8 converter of thesg dluengions, the coeling awrfece wag not eufficiant
remre effectival;y the heat edyced by the symthosig rezoticna,

Siiioe Lnfayvorat le Teaits werg Obealned i the 3haT =, 1.5, cttalpas
tihes, Altheuss » WY covefuliy controlling the Preheating tokperatire of the';
coCling o1, 1t pas Foseible o continue ihe “peration, the woduot “1l pieidis
WRE AnPErdes, .

On the cthesr hand, tie resuliq Abtsined witk g 25-re. I.D, catalyat
fuhoa wops VEry aocd, hronghons the anerEticn, appmcxim&tely 13} I:EGUI‘E, The o
calalystocoolant temMDera ture differencs remsined Within 39 ¢, ang no diffi.’
cultyr wms fhcountered ip amtr-ﬂlling the TEMpOrafie of’ the cEtelrst ped,
Furthermors » the product 2y ¥ield fron g cogf'*mous 12-dnz perice wag
AURETior to that cbtained in the l&hc&’atory._ These resulte irdizate #het-
for erfective relioval of the kest of Teastlion in the Lyiracarbog 33111‘.}1651'5,
2 rindtnim cowling surfass equivalens 4o thet o' 2 S LI, cetelyat fishe
1o nucﬂﬁzﬂ.r‘“‘r.

IWER -CAAL YR CONVENETR (10 5.3 /Be.) USTIR OT1 A8 coonmm

The equipment Uged in thie Zet-un was 106 times the capacity of that
used iy the Wevimis BrEperiments, Tt W¥hE conEtructad eng YPerated fop fhe
follwing IBaEcny

{e) Up %o tnig time, mynthesig 858 campozed mly of Fare hydmcgen apg
e aarbon moncxide rerarad Prom formt o a¢ld, was used, Erogrensiay +3
lerger LuUAnities of fopa €58 r2ouived the nes of weter pna 32 from oghs,
Tt thewrarorg hec&me_necﬁssa.r;r e eonetruet B Abparstus +p TEnOVEe wndssipahle
feed-grg centard manta augh gg hydrogan Bulfide ang UPEERIC pulfides,

(b)  Althougy 2 IO tho oravigus tricnting VIROTIMENY, & cooling pupracs
Siulvalert 4o the 25-mm, I,7, catalyst fube wag indicated to be SUTIgieny,.
the shoet engih of 4. catalysd tnke (500 mm, ) Mrecluded en- definits Jaci.
flonz. It yas CbEeryed that, crared 4o the amount op heet carriea qep By
The - cocling niz through the walls of the CETELYSS Bive) 8 gpest amount of heoat 1§
2lzo wag CArricd aymy theough e upper end 2oyer Parts of the metalret tope PR &
and thiz asgigtog congiderahlsy in-eoeling the catalyat bad, It was becessary, ..
thers?ore » B0 Zotermine whethor p ceeling supfags eAuivelont 4o g £53-mm, I,p,
tute weonlg continug tg he EW'Ticiont when the catalyst bad length was ineroaged -
beyord 500 g, . : R - C :

8/ See footmots I,
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Figure 5. ~ Flow diagram (!0 m, 3/hr. inner-catalyst converter).



Figure 6. - Organic sul fur remover (10 m.3fhr. inner-catalyst converter),
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Figure 9. - Equigment lacated on down-
stream side at [0 cobic meter par hour
inner-catalyst convertar,

Figure 10, ~ Lament Baller.



{c) Finally, in pr-epariﬁg Tor the eventua] desafgm ang conefruetion of
COMMETciaY —seonly SQuliment, it wagm n

SUeIEETY to denie and build on a 51a11
acele (at leegst “nce) such WtE a3 the cooler ang Active cherecgl abrerber,
.. Tha Flow dizgran for the 8ynithesla op hydrosarbons in this umit i Ehovn in

- Plgurse 5,

Descrintion oF Equiprent

Tha consiruction of tig CrEenie erlinr remopap 15 showm in Tigure &, .
£9d ¥mE papgeq throug: g Fire Tilled wity
luxmesse ang tontaining 10 pereant sach of Nalg sng Cu{0R}y end resteq ex-
termally to 200%.ogpo C. by ges firing, In Incustry, apgami, sulfur ig
usuelly removed py Prelieating the gag 1o 2800%.250% "as Pasaing 14 over thg
vrifying sgent, ternal beating of the PiTring agent,. 1teelf, ig net
COEMSCL:.  Whers leow maag Flows {zuch as 10 m. 3/or, ) Tave 15 Folved, howevep s the

1A reheating Arnot be relieg ubon
T Sy .However, initinl Attemntis to heat the
TEW Ay by Einply pesaing rouzh an oxternelly keates wylingz;i el cintainer
T133ed with the rifying egeny wErs Wnatecessiyl, becnurs e heat nondep.
tivity of 4 grennl sy FrEying azent wag TELY 1ow, snd nnt form Zeeting of
the Wess oY extornsl Plving waxm gitrerely diffipnis, When Zeating g ing-
creased to yolze the tarpers furg o the  immes bartion of thy arar

Milar raters -
zla, the apies f8chiong of thg Eramiler meag bacars overheated, ang a redction
Va2 nifiated thet ulbinately oduced methars Fram CO and Ha. Moreover

thig “eaction, baing STothermsa,

rapidly Ingresseg tia teMperative of EHats)
i created the Frob lam Df'ﬂt‘l'l"t‘.’."l&lliﬂg this
Ling the 286Nt 10 the deairsa terperatyre, Fow
W oin Tigure 6 Yed designed $o Cenirel the tempep.
nt ang mEintain i+ Lnifoym, - g

Eolig granies, omee sterted, an
. LIETATUTe rige and of o

thege TEREMI, the umit sh
afure of Lhe Iridying egpg

. A5 shovn in figmres T ang B, ihe construetion or the loner-cate)pgy E:mn-_
verter with g Eroughput g city of 10 M3/, e tdoatical In mrinaiple o
that of the mit of 100 1./1:3;

_ “Te cabaoigy; i.s., the catalyat ia containsd in-
8ide the tubeg » ¥Whrreas the sutad Thig

e of the tubey ie cooled wizg eil,
SHIVETrter wae constracted with three banle op. fubes, censisting of 1o7 tubes
of 5/8 inch I.m, fapprcximﬂtelf 15 mm b ok fubes o l-ineh I.D, (o5 wmm, )
and 3% tubsa o 1-34hineh 7,1, (31 rm, : Teapectively, g, Synthesia gag
. FAB poesed shreugh the wptg in the directien of increasing tupe Wienstcr fop
© thg TollCiring veasong- {3} A6 the COVertsr becomom lerger tme coaling
) Furface ratio Erotided by g 5=y, I.D, tuhs APEN raman & lght bs insuf‘ficiant;
(2) the fUrrent eynthesis theDI*;LQF indicates e highly excthermic reasticon neep
the MNtrance of 4Hs effalyrat chabﬂ:'er, Er that a 26 cooling apfsag 3t thi= :
~ Deint 1g desirable, 2nd {3} py Ti1ling smch bamk inﬁspandﬁntly, Ble efTect of
L CR0ling surfaes cold bo studica; BeTfls fletes wese Uzed to Incroges the
:-'_"_D?Lth Travslga ard ths Yelozidy of the ccoling nil end o minimig,.

_ d5ad apzeg, _

. Figig g o1g & rhotogragh of g SIMMMent o bhe Arvmslrean sids o the .

Converten, : ' ]
3/ To pe Publigkeq, .
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