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FRAFALE

Yo tha summen o 19&5, when 17 wme evident that irwvesicn of the Japenesa home
islends wes imminent, <hs U, S, Naval Techricel Missios <o Japan was eatablizhed o
evaluate the sccowplistments of “ha Jepamese fn oaval technology azd related Piglds,
Of prizary ioporiacee to the wission was the acjuisition of the maximum amount of
izformetion iz the shortest possible time af-sr the couztry wes entered, Tach dayts
geley would heve =liowed additismal JapEnese eduirnerd and documents to be deetroyed
ani would have mede it sasier for ey Japanese poraonzel te dizsppear. With this In
ming, the 7ivet exiry inmto Japen by minsion DETEShTal scourred sarly in Septedbsr,
aod The activities o the miszsjon were highly zczeaniratsd over the next few months,
termiveting in Decomber 1Ghs,

One of the many phases of the Japanese toechnical war effort v which Tission
lrvestigeators were intercerted wes tha progran direcied toverd obtalnirg Idiquisd fuels
from coal c-d other gources. The depanese mavy attacked trenendous iTporience bo
resenrch ji thin dirgction, snd, in lghi, srcroxinately 3,200 peracns, ineludine
‘wbont L0C dechnioally trei-ad peTzonmgl, were employed st the First Faval Tuel Detat
gt Cfuca, whers avery knowm rhases of fuel acd lutricant ‘eclnolowy wme being ‘nves-
tizated. Hosearch a-3 devrslopwent work Involving both direct and inditect zoal-hy-
drogenstion processas alss was oeizg carrled out in suek places =8 the Instituse of
Frel Tecranlogy at the Iwperial University of Eywts, the Imperial Fuel Fessarch In-
Fhitate of the Neparipent of Cormerce und Industry, the Eoklaido Bmnthetic Petrolevm
Co., Ing,, and ihe Tokyo Institute of “hysical Chamdisal Fogearch, "The relation of
the Imperial Tiel Rssearch Imstituia to +he JEpANSSE @couowy corpesTonds rather
¢leaely to that af the Suresu of Minss 4in ihe Tnitod Flates. In coal -hydrogenat ion
mvestigalions condzcted thers, emshasis wos vlaced oz azzeys and feodamental studies
rather than on preductien, Tt was said Lhat over a hundred Jepansss coals has boem
50 studied,

A% Japan 15 extrewmely deficient ‘nm ceirolei reapurzss, it i= met surprising o
Usvaver that orgemized offort hed beem expenied o obiaiz Ilguild Tugls from sources
that wwuld otherwiss apTRar Tuntastic, In atterpis to supplement <heir supplies of
Aoy Pzel, 20 nenessary to the crosecution of mechsnfzod warfare, the Japanese ina-
Tartlgated the Totentialitiss of such soures malerinls as oranca reels, rubber, exd
Fina hesdles, and studied e hydrogeration of ecosl more extenzlvely than any olher
. PAtiom except Gerzsny zxd Great Britain., Their resmrdg for ikese efforts, howevor,
. .ere masaor, Alibougs vlants for rroducing symthetic Ligwid fuels were cometructed
! Bperated, thelir curmirt fell disastrously short of the magnitude naceszary to
. S0TzOrt ine Fepsrcse military mechine, Muzimm rreductisn was attained in 1945 waen
< thg total Fearly synthetic-fuel sutput was reported as 1,085,000 barrela, dlvided
SMONMg the wvarioua prccessed gs follows:  Uypdrogenation (of ters apd other Djlsj,
3,7ho barrels; Wischer-tropsch rrocsss, 143,890 tarrels; end Tow=tenperaiure
“rbenizstion, 899,970 barvela,
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V¢ provide mn ingight smto Japancse ressarch methods and tc determine the
divection takan by gyothetic -fugl resgarch in Japen both befors and during Worls
War IY, mizaion investigmatcre ohtained & numher of Tapers arg reports from the
argenizations listed ebove, These ERDeETa, of whickh the following 1s sxenplary,
bavs besn transisted and examined carefully, For many refscne, the Englizh
tranalations ppat Be regarded with reaervationz, The BAATLrEiom of Japanese
tert fo g English 9Quivalant is complicated by extrens language difficultiea;
In many CES8E, words do not exist in the ene langrage far ideqs BIprecned in
the other, The task wag pomy:-licated furthap by & 1eck pr familiarity on the BaTt
of gome of the translators with the field of E¥zthetic I9uid fiels, In a&ditiun,
1% must pe Stmhagirad thgt En)y of the discussions to b8 found in these Papers
Were based upon thearies which at that time were accerted ag wmlig Yy zost or
the acientiris world ut which heve Since been discarded it the Iight of oubge.
Auent experimerts] e7ldsnce, Dezspite the foregoing Qualifications, it Is felr
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POREWOED

The syntheals of hydracarbone from sarbon momcxide and bhydroger in t3e Tresencs
of cobalt ecatalysts is well knowe, Tn time of internatis-al EMETERTCF, however, ooa
valt wes guite difficult o obtein in Japan, and the substitution of some othor’ m .
terisl 25 a euitable catalyut wae luperative. Readily evaileble for this purpose
was nickel, and the effect of substituting tbhla metal fer eobalt, either In whole
or in part, Iz described in this paper.

Although 1ron was foimd o ke B very effective catalyst for the sgmthesis of
petroleun hydrocarbone, 1te gubstitutilon for cobalt hed been dilseonteged Trevicusly
by the belisf that ironm catelyste were acscelsted with & short catalyat life, Thet
this waa not necessarily trus was demonstrated by the Hokkeifo Synthetis Fetroleun
Co, in conjmetlon with the Eita Taberstory of tte Eysto Imperial niversity inm ex-
periments describad In thiz report. & 100-3ay operation was carried out BURCESE -
fully by using ean iron catelyet end recirculating the gages under Ereszure. The
1iguid rydroearbon product cbtained in such an operation wme & valvable raw matarial
for supplementing the manufacture of top-grade lubricating oils ,» Bud the gaecl from
the synthesls was highly zatisfectory az a Lydrooerbon raw materisl for the tradue -
tien of izo-octane. )

HINPOCAREON SYNTHESTE WITH NICEEL CATATYSTES

(BJECT

To determinge the potentieilitiss of nickel 83 & aubstltuts foar cotelt in sate -
lrets fPor {Lhe synthesie of hydrocartons from carbon monczide mnd hydrosen

ERETLES

The maximm oll yields obtained in bench-scals squipment were mn followms:

TUeing 100120180 kaolin200 dletomcesus earth cetelyst, & mximm yield of
133.8 em.3/0,3 of pure CO+21; was obtained from ane pass of tha feed ZAE. With a
nickel:cobalt mixed satalyet (N1:0o = 3:7) heving the composition OO L+ ) :BMat s
STHOm 1280 diatomceoue earth, & maximm of 172.2 ca.df,3 of pure L0423, was obtaipned,

EXPSHIMENTAY, PRCCEDNGEYR

Fure Hickel Cetalysts

Exzeriments were performed with & nickel catalyst by using a Tapgrt_if from the
Flacher lahermtories 2 & basis for prevaraticn wethods and for determining the rcoia-
Lyat, eorpasition, At fivat, to acquire expsrierce In the treparaticn of this cATA -
lyst, ezperiments were performed along lines identical with thoze of Fischer. o4l
7-¢lds of spproximately 120.0 cm.3/m.< were chtained. In subsequent stalyst pree -
rationg ; the compoeitio® and experimewial comditicms were varied 1r an attemps to_
Frepares g nickel catalyst producing the higheat 01l Field possible,

——

3/ Flacher, ¥., Roelen, 0,, ard Felsst, W, EPresant Teclmical Pagition of the
Benzire 3yntheaid] : Ges. Athandl, Eenntzis Kohls, wol. 11, 193k, pp, S01-514.
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Effect of Weials Quzvenk

Aluming - OES0E Dby e

Frazler's atapdaeqg satelyst - 10091 :P0Mn 1108105 ;100 Zievslghc - vEe prejered
firat by weing FalCs-mrocipiietion inatend of Fanllq<precizitatian, Tezts of taje
C8LRLFEE {eXonr ot [TL-R, II7-C, 74, and V-5, tEvle 1) wodnced o Lax Imam rielq
af 1214 w3/, 3 {¥-T). hia is ¢onpereble Bz the averuge yield of 127 end fm, 3
fchlevad = s po gobar latorutoriss by AE e I'I‘E*-__:ulf?-'i-‘-*-117?0':iI-'if-'E;'-'i'-'ﬂ‘T'-Er'I

=t e raxd SUOIR Ll srnerimonts, the conermtrelbion of nicksl iz the aataiyst
¥ag Adjusted the metnl! conosnies Liom foamd in Lhe Industrial Germer achals CELTAL-
lrat. kot IR, twice wz ook kienslahr, based on nicks] oonient, was used I Lhy
catealyat; Iracipitatios was perpied cat with Baa00-, whick waz khar Leed im el1 aith.
CEONRL ohlalyst mrewiration:, The reswi o2 gl¥en in exmorizants Y.0, 7=Li,
TII-C, end VITID (fapie 1), ilzagh ke srvinests oonditions vers sircler e
t‘:oga Ereviously used, fhe muxizpem Filelt Iz theac sxzorivents weo only 112,35
RS, 3 -Neicaling {let an croezsive kisgelonbr content lowers {he of] ¥ield,
In an altiemct <o Find = Elnericr cetnlyat Lring thic nmeount of kienalgﬂu-, Tha of-
Tooy of suppss Futing agza Eaolnd/ For AlsD: waw aindod, Juco anslyrsis, the haalog
uzed waz fomd g, conls 3T poveent, of #1203, 20d an snount of £Aslin eruivalong
to 190G percant of niclel wns 2ddsd, thersty mmint: ~t-rg the original i thlzly ratic,
The reaulting DEEIEIM 5] yeld of I28.% en 2 /m,3 shenm in SZierimonia V94 ¥I-5,
VITL-% and Aoy = (teble 1}, w=e GSRpETabie Go the crlginel Fiaghep-t T2 catelyat
contiining 100 mercont kleselgir. fcling on e L=poth by 'I'ﬂ'it-iu-‘-‘ﬂéf wiich z1ated
that the adait!pe of manmaneas lowens the cakulyat rodoott o temporatur'eJ Bamslae ol
thin kﬂvlit~cf:1tﬁ.izli:;q sutzlysl were redupss st Lopg® o, instead of L30% ¢, Th: ra-
gult: £r0 ghowm g SERETmAuLE JV-RT, XTT-L, and XY-D' (t2tls “iv A ommxlmm yIold
af 132,85 ap 3 AELE wEs chinined. dw Loo? ¢, wee ApRroTiiistolys dhe smwe lsrporetme
at which -4 WEE customary 4 rolios cotalt cEL‘;‘,&j__}";—_‘-‘l’.ﬂ, this experinsnt wes slenifi-
cant In vegers iy th induatrial mrovaration of nicke: cEWmiyzizs dn whick tre preater
reduct’on e DeTa e At laumed a2 ap chatesle 1+ fkn sungiimbion of riclel fop
aubsls,

Thorsa- ecmobed Sadms

HiM:Tho. ratelyata {uecd by Tounesiz eni Talimwe] wore dker wiudied 4y using
B OOLpOuilisy oo SOV, 200 1 $ Tk 1200 Moselguhr., Erperiments VII-B, V1I~¢', 313, IX-K
and TZ-£4 (tarle 1} showed & meximm o1 Fleld of 1729 om.3fu.? end preovad 4o eflective-
Neds of thorss g 4 wratoter,  Ssonusoo therie 13 SXrTeEngive, 'rlrjﬁu'sver, & miztrs of 1
Zarecani; thorila sl 100 Lerzant, kwclin was 'trier:, "nuL thn rezulits wern m'ﬂatis:"act:r;r
(tarls L, sxperimeqrs a-f =rd Feo), -hereaming the amount of mEnprrose Lo 20 percent
Iroduces t4y Taawlda shown - tehls 2, oxperizarhs £TT-g and FIZ+1; 8 rerimsm aii
Fieid of 1og L om.3 fm. 3 van op brined, The life of a cetelyat conteining this eddi-
tional ampugt O BEDsase shouls zot be greatly dacroasaes by lowering e peduction
temveraturs 45 400G 0., ane, iT p wipkel catelrst 1z found to he lndusirielly praqgs’-

cable, 4hip SERA0EItTon oy be worthy of conzlderatson,

rats

L/ Fiacter, F., and Moyen, E., [Enrluemce of Condizions of Frezaration Titon the k-
Ticicner o o Flekel-Mengar sae Alumimyr Catelz=t] : gas, Abhandl, Eerpi-<s

L) it Vol 11 T153y Lo shmoshs )

2,." '1'aur_eu2m, ., mns o fAneea, ¥, E,‘[ﬂ:'_:_lfﬂ::":-.&*ﬁ =¥ Gaacline by Reduciien of ool .

JhpEnens Prtent mq, 126,280, Jups 1%, 1334, Apnz. Ape. 5, 1093,

&f Tautoum, g Cotelyeta for Svnthesis o Gazolizg] : Jow, Fusl Soa, Je pay
Tol. 18, 1837, ppr5ogg)
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The ostelrets found to be the mopt sPPsgiivo cre:

(2) In the I'Ii-Iﬂir_-RlEEJE grovz, 100 NI:20Mn:100 dmolis 200 Hes=lguhr.
ML yield = 133,58 em.3 /M3 of synthenis S,

(B} In the Ni-tn-Tal0: group, 10041 :2080:1ThGs 1100 keolin 200 klsmalautr,
011 Fleid = 1294 = 2/m.3 of symtheals gsa,

Tae ztove cotalysts ars not mly eirong Aand aciive » But the metal oonstltu-
enta are cheap {thoris 3n {E) 1= eEpgnsive, bt orly I nercent 1a added) : mora=-
cver, the largs amcunl of kacolin and dietcmececus enrth contelired v fhase cata-
lyste reavlts in a low ds=elty anf allows & lerge recctor o bo enked wiin oo
efficlent cuiulyet contalring only a2 emeld amsunt of motsl. Tresme two catalysts
Were adopted, therefore, 23 stapdard micksl catelysis,

Effect of Hadustion Tsmperaiure

Tac effect of reduction temperature wes ptediocd by using the two best ocate-
irate contedining 20 pewcent mangsnezs and 15 parcent menmpaness, rozpspiively -
namely, 10081 :20Mo 100 d=oldn ;200 kieselguhr and LG0T 15M0 312 (200 kisanlgube,
The rezulis sbewn 1a experiments VYI-i, VI-B, ZI1-D, azxd X¥-2' {turle 2) ndiceis
thet medustlon ot YOOV C. 1z bedter with = manganzee content of 20 percent, Wnsm
the Mangenese contant iz docresaed +a L5 peraent, na ahown - experimsnta XT-B a-d
£5-D, & rsiuction fempsratucs of 450% 0, 1o required; redustlen et ingD C. modicen
oo gil formatlon it largs enounts of xstkans {77 moreent of thke taill mms),

The ninfmm apomt of mngsmese ot is effective in iowering the reduciiom tom-
perature, therefore, is 20 porcent, bused o- the nickel gontont,

Effeet of Using Ac’d-washod Distomaceous Eprth

Theqries very =z to khe Bulifelllity ¢Ff weing nilric scld-wazhad dintomenantn
garth io caialyaty, To nlndy ite effect in nicke]l catelysta, tosils were made with
1000 :20Mn ;100 Faslin (200 kiozelashr satalyat Trepared frim toth acid-wazhed end an-
weshed diatomacecus esrth, ks rezpits in tella 3 ohew that vmwmabed dlatomsceons
sarth 1g defindtely inferlor to the weeked, At reducticn temperatires of Lsa® and
hO0% 0., ths yleld 1s decreszed tc ans-%aif or one-thivd by woe of unwashod earth.

Nizkel-Cobnlt Mized Cataivaia

b .-'

Cengideratlom of tho work o Tsu-l:EuL‘_”H and Teuneoks and MurateS/ and the resulis
of mevicun sxperiments with nilcks? cetalrate suggentsd thet inreetigetion of niekel:
ochalt mizsd caitalysts may be rrofitatle, fLoecordingly, the fellow!ng etudles were
made,

1/ Teuteuwsi, 8., [Symthetic Gasoline from Darben Mengzide and Hyrdrogen| : Jour,
Fuel Soe., Japan, vel. 1L, 1935, pp, 110-115,

&/ Taunecks, 5., emd Murata, T,, [Zropertles of Fickel snd Cchalt and ths Influsnoe
of the Ad3ition of Copger Lo e Frecipiisted ¥ickel-Cobalt Datalyste]
Jour. Bac, Daom, Ind., Jagsn, vol, b1, Supol, Binddng, 1935, pp, 52-54,

k279 -6 -
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EXfest of Matels Lo sant:

Mickel:0obazt Hatin = 7:3

Cofalvystia sonbaining mangeess, - The Jirst mixed sefalyet investizted conlaineg fx
8 nicksl;coball ratic of T:35 in E_.EDH.POE':-.JJ]'.D?L af 100 Hi+o) :'-'_'SJJ'J_"_:l'I'hDE:lGO Eaalin:pg o
Heeolaunr; 1+ wag redaced at L20% o, and wes operated at o reasting warsreture of
195% 0, Thig lowor redietion temperaturs waa Dosaltls hecauny of whs prean-oe of e
balt. A= mahowm i- eRpsrlmeniz Iv-a, Lin2, ZV-C, mnd I¥-D of tanle 4, fhe rearis ch-
tained witk this fomTouition were good; s yisld of T2 3wl i ogp Hrmtneals gas yms
obtainsd in ezrarinert L2, The mnxt Irsperation, containing 3 ercomt thomie LN
2o reolin, mve good reswits (experiment EVLIT-0' ), mut, sz he Indugirini-goals
rezar=tios of o uniforg catalzet of this ConneA tion Tromtssd e he diffi-:mlt, 25
riE of kxolit wern added, fe SLOWR in experimonts T1E-d mpg LE-C {tasle 4), *hig
calelyzt ol only gave ezonllons gsullhs but slgs rsteinad A ueifoen e-liciency,

To athempts g dogreanse kg raduction t&mparatws:J the M guneas content wag 1p-
crezgad from 15 perzemt in 22 parcont, mnd the amnints o kasiin and thordin ware VAarlisd,
Redvotlar wen cermizi out at 510 ¢., and thg resullE given in taple L DAY D8 H D
izei ag followg Cor TUHE 3000 20k eatal-rata.

{2} The eptimun sorceniration of keolin dis apepe =5 perts of zeolin, Egual
PRrta of (Nit(c} nnd kuplin ig WAree ihen no kacin a: e11,

’ A

fB} Tha Frezenoe of thoris [g eseential, but en luarswae 45 3 peErcent from
3 vsiua of 1 argemt ghowed oy owoglighd edvante=gs,

O Fnsy resillte wera olta{ced with g caZelyat of thq 'f-::u]ic}rin. CTpas L tilar -
4
TOE : 30 SIA00125 knolin:B00 kleanlgunr, an oIl Fleld of 131,5
om, 3 L8 @ms was obteined {eXperiment o A

Cetalrats contairins ezl tm, = A oualrat wes pexf Frepared aim®lar to +the Ger-
ben e, ezosph that (G0md :3000) waz eubstituted for Trs copali, This catelysi, eon-
baining ’,r'GI-Fi:BGGD:E-I-igCI:E'I'hD;:EUC' Kisselovhr (experiments v -C end EXIV-D, 'tabl.srlp},
F123d=d 1£0.5 op,3 of i oper mitia metep ol aynthan’s 822, the resuliz Lsing carpura-
oie to those coiained with gatelysts contedining me-gavess, The effect of Yaolic pop-
cenfration wez atudicd ny 3Cding 50 and 100 prrts of lmolig ber 103 rerts of (Hi+0aq),
With o 1C0(Fi+00) ;50 Eaglin miztars, results wewe oltuined aimtlar +g tkazs prodisad
in $he slzencs o knoltr {eXDeriments TTv-a end XXIV-C end D, teble Ly,

Nickel:Donels Detic = 5.5

Catalyets comiaipina CESEINGES. - After reductlon gt Loo® ¢, : 1 refresantetive
cemzonltion - 5&61:50[5.::15‘*1’1:3'?:10; 200 Keselaihr - wee Crarhind, tah the bighest o237
¥ieli oblained waa 1473 cm.3fm.3 ol gymthesis 8. The additipg gp Eanlin did rpet
IFove edvaciapeons s 2y Farther atuiy off Thia type of satelrak fezrarimente ZTT-me
and INI-D¢) mey be drsirahls,

Cetalysts CODMAIN'NZ wEsmegium, - feain of 2 zetalyst, bavizg the camposition
5DI‘T1:5OJD:81*;F}D:5T}JDQ:EDO kiezelpthr save expellent Tesilis, and, es can e agen Irom
exTeriments XEvo0 mnd LD, mlike atmiigs citalyais coitaining mangunege ita egd:-
tlon of 50 varts of Baslin per 209 oF (F1+00) increrassq the oil yisid to 182.p
em, 3.3 of Peeg ama,
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NigkeX:Dobolt atio = a3

tatalyetn conteining meagnupium, - Becauss of e wnreoining rasults coboingd
with mangensas-conteining ceBlyats beving = Filo retio of 715, enly mepmssiim-qon.

talning catalysis were studlsd st = Fl:lo retiz of 3:7, The resalts fram BXpeT imant,

PR
RELL-AT, ZATTI-OV, YITIT-B', =nd TELIT-D' ars sacwn in ssble b, Good rezulia were
chtaized Roth with =nd withzus kaalin, A compedition of 30FI 7000 EMaD :5This (200
kisgelquhr ylelded a meximm of I77,2 enm? of oll ver puple moter of Toed ged and
Ircved o be ths best., The sdditieon of Imglin 4o this comecalilon, Acwever [3JOHi:
7000 8Me0 157000 :25 keelin 200 Elssslgtir), resuilisd in 3 mazime oll ;eld of 1678
er.2/m2 end would be a mors desirable porposition fndeseially,

SrrmEry
TacAa tecte migeess taat the most roa’ai~g catelyzta ara:
{4) With & Ni:Co ratio = 7:3, & comrposition of 100{N:i+0e) : 15Mn 1 3TED ;2

k2olin 200 xieselguny,
0i1 yield = 16h.h em 3 /.3 oo feed gas,

=
-

(B} With & ¥1:00 rasip = 5:5, & compoattion o 100{Wi+Ca) 18205 Ths 50
molin P00 Klsselgi:,
221 Fisld = 162.0 em.3 /3 of faed goo,

() With & Ni:0z ratio = 3:7, 2 composltden of 1G0{FI+o) :8MgDs5Tho: 125
Iolln 200 Klasslgahr,
0l Fleld = 187,82 m.3/Mm.3 of fezd wrs,

Iffast of Using Acld-washed Dictarscacus Ferik

In delermining the offest of asili-wachied diniomaceoun anrth on catalyat wotie-
57, the efficiensy of tho wuenlng metisd baocmss tmportant, and 14 ia soretimas
A1fTienlt to ¢onclnda whether 2 sortein reavlt was dun o the effesf of washing e
glatomeseous e=rbbh or whether ks waskinge virosedure wam inadequate,

Acoordingly, thes resulis ifaled ‘n able 2 &g not enoeluzive, They Slgpeat,
however, thet [T the whahing methed in cffielont, t4s uze of aslé-weahed dismtornescra
g2ril mey e desiratlc. Tho inferior resultas tbieined In experiments X¥IT-3, EVII-,
IV1-3, and IVI-C were atiritutsd o same feult in the washing mwethod,
thersfors, {hat, tending ihe develornent of 4 relisb
untashed Korslgnkr will be Tora dealynhile
of yislid,

1z wazhing teskniqus , the waqg of
r 2¥ED 8t the snerifice of & certaln amount

Tffecs of Trze of Diootercsous Farth

in nicrel-cobalt-mumgensss cetalyaty, ths Shime dleiomececss earth of San
veenad somewhat supsrior to the Miyagi-ken dimtamageans ezrth; in nickel-cohali-
Tagneslim catslysts, however, the Migagi-ken modact gave szcellent resulte (te=pic &
eXperimentn XIT7-A' Aps IFITZ-C0T) . This sugsas<s st the cholee of diatcmececas
garth depemds on tan oo pasltion: of ko catalrst
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Eifacd o= Keol s on Fickel-DoZalt M yad Detalyrsta

Cavalraks Qomta ining _:"'IE'-HHHIII‘J__HE

V1

e cobim .T:E.-Sli‘l’l:c&‘ta—;l}'st—m@‘tal ratic Za Indisates Sp t2blas 7 4o ne Ll
Thaz, the il yie1d o Isk,s o3 /.3 of feeq £548 TN eXzeviment EVITIAt e inzreapeq
to 15#,& :-11,3,!':11.3 (experimant ITE-A) by the 2ddilion of 25 seroent =aolin, S:Lm_‘[‘|_==:.r-]‘_;.rj
1z eZperime:t XVITI-I? the Fiocld of 120,7 om, 3 /v 3 yag tosstad to IL3.7 oml3 /w2 fex-
Porlmens ZVIT-D')} T3 the a3d tice of 25 percent kaciir, Afdition of 100 porpoed
Tmolin 12 {kis coze {gapesiment ITE-T) reducsd e Fleld to 112,00 o, 3 fm, 3 y Amd ano-
2lderatioe of the rosulis IrOon exToriments LCTT-2 ) ZXTT-p s RELV-D' - en? zav.pe shincag
tafch alubough g 2y 4g 20 percsnt a2l “on ol E=slin mreduesd mield belter rosqly thar
When mo kupliin wes wresent, w 100 percent addition wrodassd reatlia a9 Zefentop a3
those obioined whan e Kanlin wes addnd,

r

Uavelymtd Qonteining Ma-nselm

I szpsrimenta #XTv -0 » AFLV-D ) EEvap ; B0d VK omly imepidp concenirations elorg
20 perce=t hed un HErreciabls effect, Adfitiom op 100 poreect of keeiin urotght albgas
A 12 parcent decrzess in ke Activity ag cubzared <o the cags wWhore o lmalin wasg usad,
Thue, when Mol 1n reaznt, ths wddit?on of HMalls haa oo efTect on the cotelyat actip-
ity, ad 1ts uge 73 wErranied coly i 14 ds fesired Lo increase the tulk of the caty.
lyat. Theac tests were condiicted o w2 lnlirsty of THY 1505 ratlio; eimiismp waly of enie-
lyzta contalnive ¥ii0o rating o2 53 and 37 #mve cammmrutie Taailis {experlmonty
EEIT-A', XRIL-DT LIV0, REFD, 2¥TV-A' ona ZLTIL-B', teble 7)

S¥ne o Feoidip

Within ezperimsital limita, tabic 8 ahoug o roviceatle 3:®ivanea exerted b
Ferant, typea o Re.olin, et furthes Eeata mey be Edvizshln,

aif-

1.
L

Effect of Method oF Croveretion

In tks prereraiton of :i:kel-czb&lt—n&:gﬂnsﬂe catalyats, ths Tollowing Datnod, a
combinstion of the ¥ gohor-Ztardard snd the K:mtc--'-!_fnr_ne_v-ial-lr:i veral by MEihods | wan

used,  Firet, the nitrates or the netel catelrat umaiituents were dlazcivad ir watar, i
End the roguived Hmount of distommossug espy wed addad f2 irke goluticn, Az thig wea -
Taing auirred, a solutio- of 30 zercens SECA5Y 20iiumh cartonrste wes acded, amd +ha pe-

Alting wecizi taty wam toilad and £2iierved, Thz filter prks e than piagsd fp e :
Leoaker, koiles, ang Tiltered, and zhie SEeretion was rapeates gevaral tlmes, Ths finel ;
mroducy, eanteining & 21%g0: apoms of alali, wes Gricd fortseverel howpes ot 260% tg
O mpg Tinighied mreduct was 4han dEeL In the form of powder o FrEculen.

For T_Z;:l{e.?_-cah&l‘l_;-magn S2Un ¢etelysha, the Miile mbod of Irepreddon, Jazoaribed
Lelow, waz ussd, The nitrate aclotlon s the crlhonats olelicon were beataq 1o tkeir
Ireapectbive Todlin.g Points, after wkich fhe nlvrate =oint’m oA mixed with +hka Izt
Wiile the aoluticn waag belng apitatesd, the dlutamazecia eapth wms edd=g2, (When kmclip
wAE Uzed, it yme addaqd before tne &2aiome merug CAZURL ) Bolling was Elneined fop 1
to 2 mimutes, after whig tna HA8E wEa Filtered {mediately ity ol 1.3/ The £ iter
c2ke wes thon removad Arnd vaghed ir & pa-pap 2imilar o ket paeg i the Sirat metbed.

_—
r'a noka TnZa worad «es ot trasalatsinls,
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To gonclude which method of preparalien iz supsricr g difficult At this 4ima,
Witnir he lwmite of the contrsl expsrimscte ehown “r table 2, the gecond mothod ap-
pears to give a petier ylald, Thus, szzerdment TAVII-B, mrerered ny tke Fiecher-
Eycto method, suve an oll yield of 120 o3 /m,3, Wasreny ezperiment IEVII-C, preparsd
Ty the Miixe mothod, gave an oll yleld of 127.90 om.?/m,3, bui ths &2 fferenpe 13 not
olktatanding,

FYDROCATEON SYNTRESLS WITE T90N JATATYSTS

OBJECT
To determive the dirsbility of Irun cetslyais when weed for the eynthesls of
peirolewm bydrocurbors; to study the yleld and guelity of the products thus otieinsd;
end to evaluste iren eetaiycts e8 a potential subatifute for coself eatelysss in the
Eyorocarna Eyothasia,

EESUINS

The results of continuens fests carrisd cut it ssm®-Indugiriel asels aTTarEbus
ara Aummert god below,

1. &inzle-pass operaticn aovoer a pzeriod of 20 doye resulted in Tirtuelly po
decresgs "o ocatElytis aciivity.

2. Cperation wilth regirculeation of ke ezit gezes, condustsd conblnucusly for
¢l daye st & conatant eynthesis temzerature of 230% O, prodiced no Signi -
ficent decreace 1n o=lelyst activitr.,

3. The totel yield of
exoonded trat fron

=
a

stroleun hyirocariuns obtsined by ezit-gas resireulst’en
ingla-pazd creTation by approzimataly 20 marzant.

IEATRRTMENTEL EHOC=IEI

Censral
Binse May 1541, expsrimsmto have fee— conducted o & se t=industrial c2ale 8t ths

Aumoe Isboratory o, I on the syntheals of kydrocarbons undsr pressirs tEing cotalt
paalyate, Ths recent scarciby of cchali, however, indicailed the Go2irekility of ox-
paniing tke Fite recirculation mrocess Por symthesilz’ng Eydrocariong over iros eata.
L¥std rnder preasurs from = bench-scale to zend -trdvsirind, scals Irogezs.  Thiz work
wed caprled aud by the Eyoio Toperdiml Taiversitr awf tks Tokka’dn Synthetic Petrolaum
Tz, ot tke Sumoo Loboratory,

A Tlow dirgrer of ths cmperimsrtel apparatne io ghown in Timure 1. Szecial at-
tentlon was given o converter desizc (figs. Z, 3, eni 4) o fnd it was decided to cir-
cilate hot watsr a5 & cooling msdiwm bhewean coreconizr’:z tubsg fn = manner gimiluar g
thet ussd = ths eynihesiz ovor -obult catalyats noder pesswes (fig, 5).  Thotecon-
verter was L.5% meters lonz srd contedinsd 139 wahes; o Peed gas tbroughtut of 10 sutio
meiord per Acur was uesd. A eatelyst mrapered as too Eryoto Tmrerial Tnlverzity and
contalning lGL‘AF‘e:EjZ‘u:E."«h:EUI[%ECE :?IiQCDE:lEj dictirecerls seril woiz emplozed,

Aztual industriaZ-geals gondiflons wers simnleted in every poaslble wey drring
ths exzerimant, A freefh-gs epeos velocity of 190 fo 130 volumes of ges per volums
of sal2lrst per Boue wie used {2 space velooity of 79 4o 80 volies wes melnteinad
tring stmoagherio-pressurs cperation of oobuelt catelysta on oan f-dustedial acale; a
space velonily of S0 te 100 was emzicyad for messurizec uigratios, and 100 o 119
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Quter pipe

Catalyst bed portign
Inner pipe

A= Gonverter 8 - Hot-water riser - Steam collector

O ~ Hot-water downcomer £ - Seamlass pipe, interna! diomater,

25 mm; thickness, 45mm; 17m.

= Faed pipe tong; 10 turns.

Figure 5.— Flow dfugrum of hot-water system for converter.
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w2b used for Ireasurlacd ojeretion wilih reselrealatioe of the exit gemes), & Tresours
of 10 kg./em.2 and a aynthesis temperaturs (mazimrr salzlyat tecperaturs) of 230%
wers satspllahed foor tho feat. To stady the Twalility of the catalrat, the Emﬂw;ig
wzd carrled out fenr 20 days 1o the eaze of alngZe-pasa opsratice and for more then =
worthe in g cose of muliples-taas opera®fer {reclvenletimm of exii gases),
Hydroperton ylelis and gaa contrectiona Are showm In figvprs & for simgla-pess

operation, Ho dscreasze In ealalyst activity wes chserved darleg the Of-day cperai’ing
Terick,

ritg mulsiple-pmas crerstlen, the cvsregs throughmus of fresh feed Z8.8 waa o
cudle meters per karr (apace veloclty avmroximately 184), whersas the Plow of Peacire
culetsd exit gazes sversged 13 ouble meters der hour, resuliing in & reciTculstion
coefflafent of 1,55, Thuz, the Lotal duantlty of srmthesiz gas flowieg over the
catalyat was 21 oublp xalera ver hour, vhich scrreaperded 4o a epace veloeliy of 360,
for compering this test with the mrevious single-pess operaton, the firat 17 dera |
(250 hoars) of thia test were dsvoled to zingls-pasa cperatlo. ke reraining 55
d=Fe {1,250 bours) of the temt were hom Lsed 4o etudy aymtheais by the meltiple-peas
aethed. Figurse 7 shows that ke Eyrdrecerbon yield in the multiple-pmss operaticn waa
groater by abdout 10 psreent thAr In afngle-msa crersation, ard that oo sigrificant
decrecss iz sctivity ccowrred dvrdrs the £1 days of syntheszia et 230° O,

na af the fentures of irom calzslyetz die et the producte, 2= gereral, oonielrn
8 largs Derpentage of wmeotupated hycércesrbors that are arzliceble te a lirge mevket,
Thke clefin eoanfent in the gaseline fraciicn smomts o Apfroxiwately 7O Parcent, whiah
Fuggesse 1tz nse dlrectly 1n antomcbliies. Thig fraectlca alao asrvas a2 & hiEil-qwnlit;r
a%axriing material for the symthesia of Iutedcent2 apd Is 2uited to the memcdastors of
high-grede aviation Zubricating cil, ZIn eddtticn, tas amcurt of olefing in guanl <g
a8 kigh es & dercant (35 psvesoh butylene ard 26 percont Fropylere], wAich meken thig
product; & proct?cabls wtarting material for tha azrtheeia of iso-ootane,

The multiple-pees peoccess conpares with the single-vesa process in iha Tellovizg
mannen,

1. Tha hyércoarton rield 1a ahout 10 psrcent sreater,

2, The yvlold of 1ight hydrecertons is largs; the smou-t of gaze? reduced ik
vartl culeriy luarpe,

3. Comaidering «li frsctiome, cnly A small differsase 1n =lefin sonfent existe .
in the produacts of the two tecknfguss {S6.2 sercent for miitiple-paas opsratioan; 55,2
Percent for ainglo-vass pperTeticm) .

4, The acid mmber of the recdvcts i Iow.

5. The Hp:00 uzage ratio e 1,20 frer the rultiple-pass and 0.5% far trke gingle-
PesR rrocesses, resvectivelr.

: f. The suvsricr cmotrol of the catalyat teorerabirs wileh 1E moasible in the
g Mt plg-page proceds reaults In an inerezsed gatalye: life,

=

Deacritiion off Apparetus &0l Satalvata

Aftar lsaving the converter, ihe exit gases ars peased thrcugh the condsnesr ani,
e oi? separater, and & porblon of the remaining gas la “kon sent fhrough tke bocater
tanmressor =nd recirculated with fresh fesd gas through the comvertar, The equ e
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entloyed in this mosesz and in tha gingle-pasds wrossse, which Bimply emits tha pe-
sivellating sectien, 13 deacr!bed belew.

faa Generstcr

L Hidalm medal gms-generating Purnacs with a capgecliy of 1 ton per dsy wos waed,
Colls was ussd aa the faed Biock, and water sea with an averdgs Gl cantent of 35 par-
ceilh was obirinad. Thie gas wes uged 83 the Prash Faed EEE,

Dzspdfariz’ing BEgualpment

For laovganls, we arganic, aed ons fipal degulvrizing chepbors were mrovidsd
tc reducs the saifur comtsnt of the feed gas froar & concentration oo 300 to 500 mg
to & sorceniration o L mg, A3, '

Conver ter

Flgure 2 gnows the conatractine: of the amyvartar, which eomaieted of 10 oty oo
2 #tesl concentris tubes (S1om. 0D, by 37 mm, 1.0, snd &9 mm, $.D. t¥ 18 me, I.D,}
srranged i a ctmisiner 600 mw, C.D,, 5,233 mm, long, with a wall thigkness of 2% mm,
The cetalyst {50 liters) was pecked inte the epunlar epace betwesn the concertris
fubes; thiz enmudar volwme wez 7,5 mn. thick nmi 4,350 mm. long, Farther COCE ST -
tlon detells are zhown im figurea % ard L,

Tokperatire Contrel

The catalrst temparstura was rogileted by metural sirewletion of hot water,
Wetber tkat ked rdacrbed the ezocoss hecd o reaciior from the catelyst witkin +re v
Terter wea gollscted BY stese in the grace ebove the reactor,. The ponderand safer
ther dngesnded inte the coil heater lelow, whers it was hested and aesed Into tha
lover part of the coovertsr, The kot water eirculation ayatem i ohown in Jigure &,

Tlsoting Symtem

Heal, wea surrliad to the ceoverter from the Tollewing aciccea:

Elsetricity, - Chromiur reaisiance wiro Flaceld arored ths wells of +the corrarter
Frovlded s means of elactrissl heating., The wiring w=s dividsd intc aeven =ectlona,
end each sestlon wes eupnlied with J amperea, s total of B2 omperes (200 volto) or
b2 dow,

Fusl Gas, - The aoll hester uzed to mreheat the water ccnaicted of a lo-turn,
JU0-mm, -dismater opll of 1-inch stesl #ipe 17 meters long. Thia coil was beatad b7
bning gna et A rate of 1% putic meters per hour, Asammine s hest of corunilioe fgm
the gma 23 2,500 kea!,/r.3 ané the thermrl efficiency of beet tranefer s 20 porcens,
the hest providesd by the gma firing waz 7,500 koal, /hr. Coupled with the heat wro-
Tidsd by the electric windieg (3,600 keal./br.), tho totel heet supplied was 4%an
11,100 lkesl. /hr,

Inatruments
Thermometera wors uged to mesgare the temperaiirs st two polrte in the catalyet
bed, three peiots in the het—mter sraten, end four polnta throvgh the exit-gua mya-

ten {table 10), fhe Erassure was maearred at one polnt in the hot-weier Byetar mnd
Two pointe ip the ezii-gus syvtem by mesns of Devrden gaaea [tle 11),

Lavo - 16 -




TARETE 10,

- Boints of temesatuma I SureRen Y

Folot Hea, s tmment Zocatdon
Llieisinisannsinnens Thertocenrle Catalyst bed - 500 =y, telw tppeT portion of
conyartor-,
o de, Catelysyt bead - 2,270 m1, beloy.
IeveernniinuaaiL,, | Tharmepe bar Eow wetsr - 2,000 mm, telmyr vuitlet for hoz
weter,
3 P da, Eot wztar - 200 m. elpva inlat,

B L dez. Eat ratnr-senterufeieamccllectur.

R PO dir, Ex*i z8m - betwsen converter =nd hesvy-gil trap,
T ate e nan s innnun, fa. Iz1h gmd - center gf 2eaTF-0il Wep,
8 de, Ez=2% pas - 2nlet to cendareer,

-l P do, fotivated carbon - centor el _adsorption chapiber,
WAELE 11, - Pointg of I asIre Mol SUTenrn
Polnté No, Losntion
O Tok water - otoon,
L Srn+hea’s 23 ~ inlet %o converier,
3 teerizreseecrany | BXAY sAs - after the condenspe,

shaped Mke prlingerg 2 .

54 af ten aheliag,

Reductilan of

- 8veraged 38,3 percent. Thengreg

& 1o tavte I3.7 The Aata ange that the
- 31,5 pereant srg 22,5 perzent, redrectively, and that 13,2 DEroan
e3rhon dicxide and e hens, respoctively,

o ¥velume of ayptheals gza)

“Cctoriatieg:

In hoth tesls, cntalyat réepered et the Eyoto Imparzal Uhiverszity and
10s s ommy :%:EOHE - ) :',’I{EEG%::L]‘_FEE diatomecaona

diemeter ang, 5 .

tumperntively esay to Miverizs, Apparent Ll density wua 0.47 Lofore DEcking and

(apace veloeiey = 100} rar 12 beoura,

Crerating carditions fer the experiment

1. Reascticon tenparatore, -

- Ween the Temperature of the catalyak bed and that of the cooling wetew

2. Freah-fosd gm8 throughryi,

Catalyat

aohtaining
i2 earth wes ussd; the marttzleg wers
Lirg, Te unrednged, catalrat wen

Sitglr-acy Gperatig:

the 71,1-Iiter cRAlyed charge Eoceedsd &t a powverter femrers tnre
- of 245°% @, ang atlmospheric mrossars

% In & throngkm:i of synihesig 5 egral to 7 m,3fer,
Ther gaz combeastion during the reduyotion Mrleod
in s gas acmpoaiiion ding dhis perded arg ahovm
sonaphion o perbon mongxsds and hyiregen was
toand 1.9 mreert of
weTe Pormed (a1l vglaeg 8XIreaocd in terpe

wers sdlrated to mainteln +he follemrieg

A difference of severnl degress was mEintalred he-

* DR Polums of eatelret Tar hour,

1 =)
3. Dreamirs, - 10 ¥z, S,

- 2 mifir.; stacs velacidy, 130 volupsa of gaz

Ienperoiure of heavr-oil fap, - 17ty 1400 g,

2 Imiration of SXperimen £

- 26 &y (500 houra),

_lT..-




£, Frocess eantrol. - Gver-gll gatc anelyeie mads every 3 houra:

s ayntheeias SAH
anelyzaed every 3 howure . with Imrrovad Jempel and Craat ge.a aneiysia equitment.

Te Froduct eellactlion. - Heavr il &nd war removes avor
remyred avery 3 hours; Light o241 removed every 24 houra,

F € houre; mfddle oil

R o A e Rk w2 b b

il

0o Aoverber 18, 1601, the cetalyst we
1gth, hesting of the convearter wan begun,
cetalyet wae otarted, and, after 20 how:'aé
285" C,, aftsr which 1t was ralsed to 230

grotagels was atarted, Resulte of the ax

& bleced in the senvertar, and, on the
At 8 am, of the 20th, redugticr of the
the vonvertar temperatice was leaverad, g
C. &% & mressure of 10 kg, /em.?, end
Teriment Are awmarized in table 1=,

-'_.'. ;‘; -

The pma contraction averaged wore than Lo Dergent w1l the fourth
which 1% graduwally decressed to 35 wercent (arerags of 36,5 neroent), ¢
ninth day, & mmall yisld of parafrin acoompanisd & yield of product ol :§
liters pee day: after the tenth dur, the production of ol incressed to a atoady 15 -2
liters par doy. fSascl produstien wea 300 Hiters per day, or 1.5 1./m.3. Tas Flald,
of e mrofuct oilm, emclusive of gasnl, rsached & pAximm of 76.9 gm, /.3

Gay, efter
Un#il tha gl
1 of ebouy 13

4, -

nr

& and mein- o

telned 2n average vale of 71.5 g /m.3 (53.6 om.5/m,3). The yield of product oll R
and the gas contraction are sbows By & Fongtd om of eprating time in flgurs 6. Verl- iy
sions in the corpositdims of the feed and sxit g=808 &Bre ahown In table 13, “hia %
floctmatie: iz feed-gas cempooitice wes & reault of the mmall capacity of thn o 3
gsnerateor, A
g

“he comammriion of earbon monoxide end brdrogen firet obfained weg E6.% percant '.-:'sjg

Exd B5 percent, respretively, whick decreamed to 24 percent end 23 mergent, respece- B
tively, ¥rom these averags geB-commmption valuss (25,0 percent ard £3.5 percert},
the average usage ratls was galenlated 83 Hp;00, O.9%, A 00 comversienm of 80 par- .- %
cent wan Pirst chtained, but & gredual dscrense to &3 percent resultod iz an average ' .,
etnvorsion of 65,8 percent, The roduction of carbon dinride remuined fariy coem- . A8
atant (9 percent), tut 4he productio: ri mathawe (an everags o 21,1

o

percent) showed -7

8 tendency teo lnorease, fé
i

The spsclfic grevitiex of tha moducta proved to be 0,5005 for absorhad {l1ghs) 'z

olle and &.7457 for copdenaed (heavy) oils, fTha resclts chtmined by diettllatlen of .
theze fractima ars abown in tmbis L, Tha 1ight-odl and heary-oil fractionn were a3
Ffornd 4o combeln 3.9 percent and &1,1 bereent of clefins and eold rambers oF 0,12 *%
and 1,54, respestively, g
g

T

-t

k)

GgE e L s st T et S e

k279



- a7 - Bl
1z are Rrug thotd [ortEforga]at o Tolatiel s IT|E 00T [T Elo 2000 N IR B ST
L= a's 689 (560 |3 eR{fw[rrTT{ 4ty Ergklat|zrolTT | izlealco groyletobietol gl oz-oT
' ) 0% re6'o |grzElotte|eteT | Srylgror ST ED|T'T |vrsz|T ot &Gy €Lz 0l6 L] -1t
LUT A Crag 1560 |mes|6rtz|+w cr LSRNty Pete] FoTR Sz|g LS o Ly|oat] s 079y 0T-9
A°T T4 orlLl o lefto |otcale dz(htET g Llageletr|s oot lasx Erglerole iyl ot ZT| G-t
B*T "ET STALL I (RN LA o o Tomp
- By
0 Soot  ob_ |oo/tE] %E | oo | x| mal @1 | oo “o|"#0) Boo| Zulma| 3@ | 0o | “ol7an 7LH
Finogad | quedoed IE0cad FUehTal GULTOL | ous o [Ed u,.smn_.ﬁ,._ﬁ BT 4, ‘oo
maTronpoxT {FuoTaes fmmtn dmmaTin g ‘oD RTovTRulg *Tedn
s oTe)
FRATHI GO WOIT U R m..ﬁ..,_x.xx 0T v Wituicde Reed-Srours SUTINY UOTG | oodmnn ond UT HGHE) - 7 gy
ey oy T/ mon [ fea wo Y Ty EJ
2o 9Tz 8"y ARt
404 G TA ot 4 s Dl oot |osl 4T "nE o'iT | 11T BT GT08e | ePmroay
ot L7t LT T TE Lz 6TE [GEg o ntar ELET | atTrs S TT0ks 0Z-9T
bl A3 ot §7 0% = iz |pancor Zht TTRET | ntizm a0 Q708 CT-7T
a*0g 0t a'iT 20T naz E62 [T ET EoHE E"2ET (% o= g ez | ot
' Eg £eon nrat 3"k LqT T6T Jototit Th ETST [ TUET £ T'niz 4-T
ped ufE Tio TIO 3o To ._”.ﬂm_.‘.‘ T[4=8 T | adebdad SEDS O wpy L ____,w...um . "Op  |S£up fenry
mﬁx s THLOT 1P LT | ST TN dseay |f*rtoscn| "TTo Fun g sea: Fesl gy [ood ATROET D ‘o Rura gradn
‘paonpaad vEE BlENE TN W Jed O TE1O -3 Sndgamna.Tmy, - gsdimee)
TEEEN fEUOTLONI} TTC jowpodd privy s Raf-Uy e
JO PTOrL
Tl wel Toar gria z W0/ HL 0T 30 WHReaedo vorl- o(FaTE U] DoT sia0 SpTaTT - ‘BT TIOVE



o

TWELE 1k, -

Eatilletion of oduct oila frem Einels-Tasz

prereticn at 10 kz, /o.2 with Irer catalyst

M1ddle Tighg
(ermdonsed} ofia {adacrped) ciin
Specific gravity, d&ﬁ e remriaan.. 0. Tha7 0,590
Firat ddatiilesipe zeind, S0, [l 3z
10 merocnt oL, o 4
20 ps“o&-n 1o sk
390 porcent T e e ae e, e =)' £1
Ty} psrcent 1he (2
S0 peroard, B L R isg T
ED0 Terger: e aedan .. e e aieeaae, .. 173 i
TO porasnt 200 oK
£ percend T ey T iy
90 pereoent T T 271 14
Liatilistion complste 381 £30
=l distilled, porpert SH.0 )

Mautizle-pams {Beogele) ororatien

The: equizrent aaed 1o tkta BEpEClmeny wma ke SRe Ee thot tsed ‘n g revions X
{elrgie-neas) Greration, ercept for tne aadtl tion of RS- realsilng and other zizr;.
fery wnite, Thka satelirat charge (e7.k Liters) wms rediped ot o temTera bire of 2500 b,
ivoa Plew of 9 m.3fbr, of pey 2mtheals gne ol atmoscker:s Fressurd Sor 20 hoos, )
Tiie averags gos oo tion diring tae refueticn teriod was 15,7 Teraonf; tis varie-
tlong in the conposition of thia wpge ctker gas sheoams ars ehown in fatb e 1%, Redapa
tlon of +the sabulyat woe raflogted - ths dnta chaarvai during thia pericd, sz con-
trestior decreapad from 38,3 Tergunt 4o 1n.7 PErionL; consumpticn of
and Erdvegen decrepssd frem 3205 vercend apd 22.5 pergsnt o 1.3 percert apd 100
perosst, Teapectively; ana Tormetipe ot carton dicxfde wma d=creassd frpm 150 Ier-

cend Yo 8.7 Teroont,

Duiring tha #roihizels, ke Telloiing condZtipus WoTs minteineg.

1, Eeeotio: e erAtIre, - ke satelyet bag wia 2dfugted to g PEEIMT fonpema -
Hire of 2300 1,7 The bemperatirs of #s goniegt 220t of the catalyat ped was .5%

ies2, mnd that of tho ve0ling wuter was atil] less by 0.59 to 1° o,

2. Cas througnous, - g Troah feel gar througiput was 8 @3/, erg e
througt puE o Tacreled ezt gng weg 1.5 to 2 t2pag that of tne fresk Jesd gEs, or
280 2 m 3, TThes o tepan 228 Tlow through the catalyst bed wae B0 Lo 2l
m.~/hr, , Sorrastocding 4o e afuee valeelty of 300 io 350 velaeos o gea Tar volmes

or cotslyat ber hour,

Kl

Eresaure. - 10 e fom, 2.

L. Temporatore &f heavi-oll irarn, - 1gg® 0.

3. Dureton of exveriment. - £4 deys (1,=00 houral,

B AL afner mrmditine similer 4o thaze nged in dhe slngle-peaa crameiern,

kats - o0 .

CEThon monczide

i
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Teuting of the cmverkber wes begue on February 23, 194Z; rednstion of the nodeo
Llres w=a bogre 2% 7:00 1.m, on ke 24th and carletsd &t .00 poe. tm the AR nt
whizk poink tan treasura was Frades ]l Ty Ivcreszed 4o S0 kg.fcm..'ﬁ, and syrhkozia wms
Logan, For ecomeeriaco w4y tha revlioug alrngls-rass Cperevior, Iow s Fimat 11 degy
(ahout 220 howmra) ezs= g°£20 Were not reciroulated, bBzecri for Hhe Guh ard 3R Angz
¥hen ihe eEperivent w=s etornod temporarily Lecenss of & atean “nok s s eXpoerimenk
arocoodsd ancothiy, At a conghent reacticn texpseetire of 2507 0, prer & period of
£6 days (1,200 hours) , ro wlgiifican® ckangs 1w cstalzble ot ity e ohssrved., Two
Turimenfal reaulic sre oirmArized o tmnle 15, wkich jizis arerigs valiss far S-dey
omerating periods, Peplpds - prg 0 inclace the sirglo-oaas cpsrabian and percin 3
to 12, tks pultitle-peaa operalion,

LT 2 evoregs Tesyole-gazifreah-feed-pas raiio of 155 ibw gme conmecttan ir-
eresHed at the sturt of tre MUltizle=tass grerssica o an evanags of 4h o RErasnt,
wisrs it remsinst for =0 deFa, WTigire T shows the gos coatrasbics erd the risld oF
Froduet eile a4z a Purcflon of lims. OF the hydromerhon odusle, oo great Aiffersnes
in Fleld of neary ofl was gpssrvod bEtruen 2inzle-rasa and miltliple -rass Coerstion,
2at raciroudetion ot the ezt fded reaulited in w lerge dngrezsc on Figld of m"dils
focmdenasd) ol Lo gm. f2.3) Arnf u dscremse ir Held of Trghd (sbeerbed) ool (15.7
g fr,3). Tee yiaid of gazcl ineresssd o 351 1lterafday o carFeriltg to moltinle-
pazs ppersticnn, ‘The Lotel kyfrocarhon Fleld, excluzive of gEacl, stizined A megime
02 H8 el During Wltizle-zass eroration, 23.% o0.3 of vater wes mediced nem
cubly mater of symdkasis g2, campered with 5O.% r'_lq.f?fﬁj Frolized durdng <hs inglg-
Juss oparetdom,

The -tengea O ing In tne comaozibiora of tho ¥erione g=s gtrecms Eve simmam.
iz2d In fabls 15, Tae Piow ol rscycles gas 1s a mafor Feglor trasz inflienzos bolk the
sompcdition of “he synthesis e and the reaction conzliiong, SlEilarly, with & poo-
stanl flow of reoycle #g23, & chipge In the corTpositipn of the frazk foed gea changsn
the compesition of *he cEit f#as snd affscfs ke aymtkosic eperablon simZe~ly, The
relationsilps exiatling bobresr fae ITreal fued, uxit, a-d Emtreals: pees and tho
Hz:0 wamgs ratio Are abown in wWalo IF and fieuce 2, WikE ar lreronae dn the S
razie, the T2:00 wacgs ratic =lzq irersazsd, Tub &1Ll the acdilinmal Eyiregsn lias Zn-
trodreed wma not cansimed in the aritheaia, Aooordingly, ihs AyLrogsn congent of the
EXi % zaa merenssd, end as 8 corsicn o tbe e’y ma vaa rozyelsd, the To:00 retio o
the syiheaio gia increaszod, In faia MAEET, only & anall iporosss 1n teEe $i:0C ratio
e e fresh food pas cenand a iarge lnecresass in e Ma:00 retic of the ayrgheala mee
Tfasalogs tErough: e comvspler snd foflusneced the oduck alriguticor comalderehiy,

IZ = evident that the cond’tioma under whick carbon monezids emi Cidrosan Eva
sanalmed oot mobiple-rass drozess dlvTer copalfsrebly from “Nose of ths =ingl:-
Pess Urocess, In thal, wilh only £ alight fnsrecss in fan cenzarpilion of perbon oom-
eRide 'n hs recyele Prosnss, ks aydregen consEmsiiocn ingresasd, gkaraly, snd tas
Azdze ratle, wkick 4r *he zzas of the single-pess mrtrod i B.uol ) wos froreazed te
L2, "bia ig ahgvm g flgurs 4. .

Virtually sio ghesme occrvred Srokn (L8 perasthemracustion ol Ordp b AT o
TeGrzie omretiom. "bs Tormeiion ' caraor digzids wes reduasd from e average of 9,0
perce:‘t.lin ingle-tass opemstion to 4.2 percaat in the rearcls mocens, This iz pe-
Lievad 4o be o wasqle of o Eiltrrezzicn o The resmciicre

ECD + ECI = CE‘E + D:lE
in faver of ths pesciia-
GO EHE = C-EE + J:ED"'
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] Lozid 17, - Chasnees in gas gompogitlon dwing clngle-paas uwod
' gee-racyele opersticn witn ivcn cetalzat {5L)

Frrisd Uparnting
Line, GArFE

8;ntheniz gaa, k=it psa, Jorsamgption,
Ep, 00 3z /00 Ez /o0
- 1.73 0.
1.5 0.5l

e}
o
.

. 1.39 .22
LG C

e b7 o
>

i3]

Lol RN i B =]

]
-’

Ry Wy iy
Lo L
+ o
v
I'I.'JI—IU.ITGI—'IC—;I—'PL'IPI.'IP%

Nl EARN RN
'
Iy

i
C
R Ny SN NNy

! E 'j E\D [ R R R RN [ ol WER LV I

1 Sy o

}-"3:3 -'—- 5 I'I-.- r ::

1.3 1.% 2,36 -

1.3% 1,k 1.73 18

: 113 1.43 oLnE JEL1
A= H

Broraue 2.5 1,12 1,45 f 1.8% 1.0

Tke uage o cuhalt smialisle a1 tEe recyols process reauniiz fnon dporesze in Als
formatics of rethicns, wiersas In the sredence of ivon gainiysia *ho drocection of
aeikens ia inzrecasd Tram 2,2 wercert (slngls-Tass opseatica) to 8,1 weresnt (milttrio-
Tams cperatice). Thia = aslfeved o Je 4 restlt of o iargs ilreresze i e hydrossn

eabars of e dgynbhieais gz in the lebisr cuse.

Af carteon Hozide is not ramcved from e Tascysle gas, the corben diczfde sootond
of the gymiiesis gea reached an avsrage of 21,3, persent, wil no delessricis sffects
WEPe Joferyed. The anssburatsd scmtent of the peoduct oila frem ike recycls mrocess
Waa only alighitly lecz ren Lk=i of the single-peza dstacd, attslning en averses Talue
ol 56,7 perzent (heavy oli, S0 sercent, and gkt 21, S%.3 meroent). Theo asid momher
fecronged Troh on averass of '_'.3,5, cttnined during the faitizl slcgle-pazz opsraticr,
Eo 1,03 (Lesvy cll, Z.k0; 1Zuhk oil, 0.00), Tae aviregs =necifis gravity fev the
eavy-cil meoficht: was 00755, asd Jor o the lighs ellz, 0.5670; ks freszing poirls wers
ferrd 4o ke -15Y 0. for the asavy=-atl Trection axzi -4;5' 0. For e dight-ocil Sreclioe,
L Gigti eddon of tbs Trodnet oflz Tm oshown in Zanle L.

IhEIR “2, - Zistilledes of srofict olle from gas-racyele cperslicn Witk Spon cntalsat

o T Troduc aillas; Jocrdsnzsd oila Ahzerbed ofls

Tvtie]l A5t 0aticn patns, SC. ... 23 !

Al T CSTE e i aie e raeaea = IS

EQ pereonl vo.u..... remraaaaa Ti 12k

LA o= o= PR =5 1'3

Loy pernend, .. ... P s 120

O res 1l3 .3

B 2BDGENT v s 17s i

TS METCEIE v v ae v acra e 210 3

B0 prresat vt 2Rh J2.C

TNt o - e 215 1525.4
g?i.;:":-il.}.jl_a:-_li:f_a_n somzlete, So.oLLloLl.. 373 155,90
E‘-.?_ﬁ--'__‘ﬂ'lﬂti.i_-l.{_*li, et i a7 .5 7.5 93.0

Hi £ H - ——— - g =
Iroduet 0lle™ comaiated of A nizhire of cordenced =nG &osoroed. oo g,

w7 - 53 s



4k @ield of gascl wea lnerssoed considsranly by recrole operaiion 050G
1./m.3), end as +this product, a8 showno ‘= tails 15, cea*ains lergs mmowmts of
CLlYg, it 2o bElgaly aultatle am a aterting matorizl fo- the synihssia of lsc-
cotane, e radio belwsen the n-Chbpe apd Zz0-CLT0 in She gasol i sporozimetely
10:1.

TARIC 1%, - Anelysls of specl ohifined in ges-rocrols operstion

Cenz litrecia/ Psrzant
L .- 3%
CLETE) svaceaanaranmnanns T T T Y t
o 28
0zEo ..... bian i Gedsedisaasann Pasraainas Paree s 2z

L
I"‘l-‘:ll
t

o

.

.
.

.

.

'

:

’
.

.

v

.
(Ek}

-

[C) i iuumesauussmennnssnnnunnrres ierrarrsams YRR
.ﬂ.-"i O0a apd raslidunl gases wobs nnglectad.

A Firel compar oom bedwecn the recyele and ziergie-peza melboia of sycthesicing
hWidrocarhoms fron carion mosorlde eod hydrogess crer lron cetalyate brings out tha
Failowing obeervallora poriinosl to the resyale drosess

2, T risli of lLesty {peredTin) aArdrocsrbtors doez sct vay flealfiozatly, but
the 77=1ds of m2dile {condsneed) 2il, Jight fabearhad) 0ili, Arc geecl losresss, ro-
BuLting iz tm over-nll inoretas D yielc of 13 reroenc. FRapeslally evident Zco ike
irersess in tha pisld ol ligbt hycrocecbore.,

2, Cepperizon of the rodants catslned by the wo prooeeso? s Abiown in tehles
20, 21, and 22 and I Jigiees 10, 11, mnd 3B, Tne coeelfln geavity of the produss
zila 15 lower, Tae clefin content of the prodact clla dsoresease 2l ghbtly, Gut re-
gults chow tkere olie to be puperlcr as a reaw meterisl for roparing Lohricnting
cils, Ths sald velis of ths prodasts decrseses eohsldsr-mably,

2. Ths gusol fraszilen ked o 2Zgk confeat of n-Cy37 and izo-CLFgf a-d Is of high

- <k

Ltlldty 52 & rew matsrial in the sonthesle of iso-ocpiens,

L, 3r vurying the corpeosiiicn off ths frest feed paz end ihs gees-rocoysls rata,
The cmditioms of ks rescotic: pem 25 varied ovsr & wids sgan permiiting oporakinn

at zlective conditliong to ¥ald u tredsterminoed iyme of mrpducth.

& reuult of a sonller effective za—pentration of reaciive comstisverts “n
the ayntkeslz g=5 Tascing through the cetalyst bed, and becanas fhe g flow fs grecier,
srceanive loosl cverkesallng of o cetelysl is sreverisd, und temperafme Aisteingdio
in ths catalya? bod da cauelived; benoe, the durebility of he osialyat la jnecreased.

B. Zeslrgalatien of KMe oxll gas contelrioe a lergs comceniratics of hrdrogsz
ingrssoes the 000 relis of the gyminesisz gee fnd womotes the resciicn 00 + P =
Okz + MaD, witk tke result thet tke 37000 usage ratlo inerssacs end ths formetisr of
O Eecraszes, Thke incressed coresntration of bydroge- ir %he synthesiz gas i te-
Iieved fo ke tke eruzs for 4o alightly increesed methans trodicticn chearvsd in
regyole operation.

e - Zh o=




‘suogipsado #|okoea-spb puc szod

wopoiado ypaloal-sob woup 5|0 janpoad o sallladord - ) sanbi ~3|Bws yyoq woy 510 Janpord o ML 0810 - 0 BanB g
Do JUNIVHI4NTL o0l o8 mwuummaow oz 5
Q5 QO 062 002 DSl Ot 0% O | 0z
T
M, _ 720 ¥90 0 . . - Aoe
| | ™, Py i
09 G2 - TEmA - 190 990 o |- - : ———{ 0g
N e m
_D_ﬁ_ oo . az/... } .... i ““ 1 ] Q._ m_.m_.G 0 k- . - . I.. - _ﬁ'.___n
hw_mhccu ™ .““ _\\ . . . . " . - \\\ g
00t G [— HH9HO0 NN - A\ - voo0L0 0d \\ .
R S B Bt 0 gt 200 o6 | .. 4 ol
/ Ry . . poygaul m_m,_.“uu._-mum \
. i R Em e TP : £t
Op1 §9 s 22 w0 ol P //__.\ ©
Y .. ...r.\ 0C1 =
091 Gi P e A 92 S0 Of A : o
Q Rpansb e / . . : A7 - oll
o m 2141a8dg J.\\ : v O 'O D5 . =
P -~ . / » : I —{ 06!
G0z A - = = oo ol ¢
] . \ : x,/ hy Qg m
022 5 e : Y S 280 08l o
Dz ,..l .. |.|\. _.Em._m-.i_ . - __r__ ) E ..u_"._u (a]P b _ _ : loez
. FTLEEnY o “2500)~ 3B
ooz T d Qe auipol T ez s50d-a1burg
t . . — | J [
. m 7 o - ! — 043
) ® = .
m._._ﬂ_ W_ L. w Wm e — T
Do = [
Ik 3 AT olg
A%
° AL Jpee
———

i oge
B

ol




@
SE
T 3%
=m = Lty
6F = 24
g:ﬂ o T T T Gg
c 2 rlodine number! / =
o y :
230 \ : Molecular A 260
9 : eight
20 & - R £ 240
2 | /| |B
80 (0.82 > \ . = 220
= \ / 3
70 080 5 S S 200
- \ / | rarre | B
B0 078 30 S P W Specific _| H 180
' \‘\ /—' graovity )
30 0.76 2.6 \/-’/" 75 160
™ Y
P Y / .
HO 074 2.2 \HH\;QA - 65 140
9% 072 18| 1 /“"-* i ; 55 120
/K "1, Qlefin
70 070 14 — // g content 45 100
ir /] R N A
50 068 10— LA e S 35180
0 066 06— d——— o l>——25 €0
0 064 02 L S I

O 50 100 50 200 250 300 350
TEMPERATURE,°C,

Figure |2 -Properties of product oils from single- pass ppergtion,



TARIE 20. - Lompareilve diatf10etiona_of the mrodunt cils frem glogle-paga and

gae-recyele oparavions with Iron cetelyes

Singl=-rana

Cea=resyals

Speeific graviiy, di.'.'_l Cae v

Fraciioeal dlsx’ 1latlon-
initisl dizt?1lsiien,

fereent, dintilistlon tsmmereturs, O0.:
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oo ..., Yeraemaaas

Marimum temperatire dwirg distillatien, OC. ,,........ -
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CATTr, 22, = Trogperties of prodict oil frectionz ohtainsd *rom
sinele-paes opereileon wlth 1roo catalsst
Gpacific Olafie
Balling gravity, | Acld | Icdins | Mclecular | seomdent,
Fraction Ho, range, °C, -ifl_-fi' mamlker | number | welgks persoatd
1 ...... weresrreanaan Y] 0. &eaLk Q.00 241,0 T3.0 £5.5
Toaiaan S0-60 06695 £.00 216,0 153 £ho
T e h e L0080 o, rakl 0.6z 05,0 T8.5 &5.3
e e 8o-106 CTORE Ky 10,6 GC.0 £3.7
e i rserriiiirataa 200120 00,7214 2,00 1=k 0o 1ol .5 0% .04
B rseerrircaniaanaa 1me-14%0 0.7337 2.1 1350 11c.° A
T v teutcaa s 1Le-120 a,7L5s =, 16 11 19,0
g ... Ceeararaaiaas 1656-150 0.7552 1,45 i, s 133.0 Sy 6
= PR 150-200 0.759% C,51 B2.5 1=1.0 reLh
I cees | 2O0-220 0.TESL 2,19 R 1%7.0 42,7
1 £20-2L0 o.Tee Q.23 BE.o 15a.0 23,1
D s tamieaeanaaaan N =LV =T] 0. 7758 C.ET Sk,0 07,0 43,9
A e SEO-RE0 g.7858 Q.18 45,5 28,5 u1,2
14 eeeana. Cer et 200-300 0,75 .17 0.8 2haLE 2G.a
i ZhD-3Rn 2,700 0,15 9.8 4.5 3e,s
15 ... Ceeeeans eeanaa | A0 Al 0,35 232
I . 0.7l 1,36 1:m.0 135,G L
L PP PR 2o, | o.ge ]
£/ ¥aluves for olsTin content teaod on calsuletlans,

Imtasruption wur

Foathor Ty oo
e

CparaZicn aciage tha resyrels terhnlgac wan
£21 Jins 38, when ithe experimsnt was completed,

Tirtizliy ne detericralion of catnlzyat activiiy wes obssrved,

Intericr - Furcas of Minss, Plttstrrgk, Ea,

Le7a

continued withiout

During this poriod,




