Effcotes of the S'mthssis 855 Comansiiioe

From the gencral? equetion for the Froducticn of peraffic Wydrcoarbons
Trom carvon menexide and hydrozon s :

B 0O+ (20 + 1}, = Chtfppgs + 10 '

the guantitios o ecarbeq mmexice and kydrogon cordining chemically in the
ezse of esch homolozud are as 'Tollows s o

[ Er o+ 1 o _
B :
1| Horologee | Boiling Folne, ©0. | {usdze ratic, Ha Jo
1§ methene -16h .0 . 3.30 o
& | ethene = G930 2.50
3 provens - kg 5 2.33
L | tutsne 0,5 P 2o
5[ pentene ! + 35,0 2,20
£ | hexsine 4+ B30 2.17.
T[ heotame | + 53,5 2.0k .

For the producticn of thozo maralffine (0.} nermally in a Liquid stote at
ordimary wemperatures, the F2300 rutic shonld be maintaiwmed below 2.2, as ap
Ingrezes sbove this value Tavors She production 0l pAsesus rethanc » BulEng,
end pronans. .

e composition of the S/Mthosis goe may be related 1o loss of cainlynt
aztivity in the following morner: {1} The actiwe centers o the camlyst
mny be covered by high-boiling bydrocartons, end (2) carbon Yy be devngited
or the catalyst by the recction P00 = C + 005 and Ly decommozition o gynthesia
Froducts. Teoe aredustion of Righ-boiling hvdrocarbons (1} is coused Ly vEry
rapid peizmericaticn of tho froe radicela, f;E“,. 'E?H;g, and 02 2 SOWEIGTED Lo tho Y
mach elower rate of adlitdion of Aydrager . This tendancy ma¥ be denressed by
using ar apirorriais sxcass of Bydrogen, the Pregence of which wesls alan tend
to liberate the corban Gepoaited secording to sehones (2). Thue, althouigh oo
high & concomtretio o Lyrogen is undesireble bessuse 1% favars iho I'reduo=-
tion o™ zasscuc hrirocarbons and. reducss fhe ¥icld o Iigiin hyfracnrioons s 1%
ls obviens that from the stendocint of insrsaszod catalyst Llife too 1w e Con-
cenvrmblion cannat te .tslﬁrﬁ":‘e s dooordingly, an opbimr gos comnos Thlor magt
2xist. Fizcher and TropsarER/El/ sen BEp3100 weter pas at Tirsts Ivwsver,
cnsideration of the eguetion for the rroduction of perefiin Dyiracarborg fren
carbom monoxife and epdrogen shows that this cemPosition ds nod suitable for
the rrodugtiom of conounds In the dosired Welecular-two ight renoe; Surthape
wore, this Lo:lh ratio decreassd the 1ife of the catalyst, and the uzs of

20/ facher, F.; and “rovech, H., e Simthcsis ar Liguid Brlrccartons | 3

Erennstoff Chem., vol.. 8, &L 1, dan, 1, 1527, pp, 1i-5, {First delivared
85 2 pRper heit'ore the Toierraticnal gegd Confergnce, Pltismreh, Fa., on
Fov. 17, 1386.)

21/ Itacher, ¥,, end Tropach, H., (CeveloTront of the Synthesis of Evdrocsrbons
Trom Jerbon Monaride and Hydrogsn =t Ordinery Pressuras | & Brermisior
Chem., vol, 13, Ha. 2k, Dec, 10, 2533, pp. 485-500,
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C L1100 gmE was advocated, Elvinsggx conadd
: EFEE stefed that a asurplus of ayorogen enhansad the
{ hydrocartons and wator, Erdley and Hash,'ﬁﬂf; tos, foird thei surplus hydromn
favored the trofuction ef 12 chte e hyirccarbons, snd that a Furplug of zarbm
- moncxide decreased the cetaliyet liTe maEldly; thus, EndsmaSS/ finat used

- IH~23C0 gas, congidaring i 25 the most suituble, Eodena and E,J.,ji*?ﬂ.lra,.’.:.i

Jin osn o exterimont with a Co=Cu-Mgn catrlypst, used 1.65HE:J.CD 226 anrd Tound the
‘yield of liewld hwdrocartens Wi reduced and the rreducticn of weter wag
imersased. Fijfmuirs zpd TeorsokaZ%) found thgt although surpiue carvbom e -
axide had neo 111 effect ap the

* Simtnasls of 1igaid h:rdrocar‘uons, a surilus of
Bydrosen vag extromely harwenl in this rocoticn. -

ered J.E[;}:l(fo £35.45 most sulizbis
production of 1:ghter

- Ezogrimental Metiods apd Pasules

5 BY using a 100 {oi5 Cuglz U40p7300 diatomacoous gerth patalyst (coppe-
- eponcing to 3 gm. o cobalt), a gagz valapity ~F- &0 -l.,r"f:-r., Ho:CO rotice of "
73, 2.5, 243y 1.5, and 1 (720 1, & eynthasis zos for each ratio}, by measuring

e g2saling (Cop) and water yelds an

¥ by analysing thé last 36.0 1. cf the

G tre gus coniraciicn in ach exse, and
vreducy gases n each Baberiment, the
results showvn in tabic D were obtained, .

laf

A YOO ron the gas contrsciion and “rop the =ralyses
BN przen ) the totes of reacticn of carbom monexide an

or The percentages of carbon dioxide, carbom monexide
- hydrocarbons were enleulated on the tagls of

of the swmthesiz ond nroduct :
2 hydrogen were obtatned, -
» ALf gBecus saturatod

- . - .

_ the  carbor mohoxide in ti= ayn- ;
theais ged, 2nad the difveronce brtween their syw and 100 wasz fakep =s the per- 2
santags of carbon mopoxids. converted Into zmacline {Cops e resulie soe ¥
tabulzted in toble 5, : _ cH

L . =T
|

!

~ E

.-'.;:":
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422/ 5ivins » C. C., Hydrocarbon Synthes 3

5i8 Irom Osrbcm Moroxide and Hrdrcoen s

Jour, Sco, Chert. In@. (Trensmetions ). Tol. U8, Dee. 33, 187, 1o,

A .
¥ 23/ Work cited In footnate 7.
Work cited in Tootrowo 10, p, &, '
3.@ F“J.jir:mx?,, L [Smtresiz o Hydroccarbors from Carben Monoxide end Eylrogen
- @t Atrospheris Preassure + X The Influence of Certain Matoriels cn tha
Catalytic sctich of Cobalu-Conper-Meamestum Oxide Cately=isTj: Jour.
Beg. Chem. Td, Jepan, vel. 3k, 1931, . 425; supniementsl birding mp.
381&*3‘56;- Sci, Dapers Tnst. Foe. Ohen, Besearch, vol, 17, Kos. 33-333,
25/ Fujimiya, ¥., ang Peuneozs, 5., Smthesis of grirsearbons from Carbon
Mapexids and SyLrogesn et Atmcatherie Przssure IDI. Comosition s the
Tiltiz? Ges Mizturm]r  Jouw. Vnoe Cher. Id, Jazan, wvol. 37, 1334,
p.'l@h?;*suppl_'ercenﬁél pindicg wp. 403-L67; sni, Fepers Inst. Fhys. Chem.
Aopearca (Tokyo)), iml, 2h, 1534, pu. 133-112. - :
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: The results in table & are shown graphisally in figures T end B. Ths
“ppperlmental resulte shown I these Tlgures may Us swmarized as followe:

(p,j The yield of 1igquid hydrocavbone based on carbon mencxide in the smzha-
- pip gaf was & meximgn (143,7 ml._/ﬁ;p,,:‘j gt an Hz:00 yatle of 2:11; =t an Ex:00
i paticn of 3:1, a setlafactory yleld oFf liguid hydrocarbons wea obtained cady
E. yhen the recetion temperaturc was lowered to 180 ¢. (3) 4t =n Ho:00 ratlo
2 of #:1, the carben moncxide convereicr is o mesimwm, sné at 2039 C, it ig

- nearly quantliztlve; the cartn nacxide ccnverslcn decronees as the Hgi(0
rerle decressea from this valwe, In cintezs% to the behavicur of ecarbon aom-
5 oxlde, the conversian of hydrogen exhibits & maximum at sn Ho:OO0 retlo of 2:1,
§.. (0} fthe converslan of carbm mmoxide to carbeon dioxite Increscez with de-

* gresuing HeoilJ ratio, wheress the conversion to gaseous peralfins decrensss,
(D) Based oo the carbon nmoxide reacted, the comverslon of sarton moncxide
: 0 garom dloxice inoreazed with decrcasing HoiC0 retde; slthvugh similar
- gmversion io liquid hyirccarbtuns eisc incresfes with dscresuing Ha: O retio,
©ameximan 16 evhibited et en 5.:00 ratio of 1.3:1.

'.'.'Dismsaion
By computing frean wable 5 the yleid of 1igquid hydrecariona per cuble

Z.i.-':'mater of coxrban monoxide in the sgnthesls gea, the following reculis are
obtained:

: Liguld ydrosarbony
Experiment . Ieoction w, /.5 of G0 ; ml,/m.3 of
o, Ho: GO temperatire, ©C.! in syntheslis gas | aynthesis gas
Liisrnres | 311 | 150 Y6,z ! 11z
N I F 1l 196G ‘ S Elhn T3
K o P 3l | =00 i ElT.5 4
=P O < N T | 00 61,5 ! 13z
5 T 2:1 £00 EL5.5 i 143
N I 5 200 a0 ! 157
15 ierecnn] 1:z ! 200 2l9.5 | 110

hese carputaticns showed o mexdmm jleld of liguid hydrosarboms per cubis
“meter of corbon momoxids in the gyathezis gep at an HerOh ratle of z.5:1; thus,
P A0 order tu most effectively utilize cordbea mmmoxide, an excess of twe to three
1 Unes as much hydrogen is nocesuery, It is elzo evident fram these cslenla-

= Sans fhet st on BpiG0 retio of 3:l, lowering ths roaction tegperature 20° C.
o below Ghat ussd et on He:QU ralic of @l yleld comparsble smowats of liguid
hydrocorben:.

STUDIES CF CATALYSTS FOR THE HYDROCAZEON SYNTHESIS

. A8 catalysta for thic recctim, Fischer and Tropschl/ riret ussd ira
JSwmpomngs, However, irtn oslelyoty produss cerben diexide during the resction,
SWpl icating utilization of the wnrencted goues, end, thus, nicke) o ecbelt
“Patelysts have bemn used more rezmldy, Aoourding to Fischer and Ecoh,ea the
 BWMersl squations for thess sctolybic reagticng arc:

‘-%7 Wark eited in fogimcte G. _

--..:’ Pizcher, V., ad Koch, He, [The Chemistry of the Bydrocerbon Eynthesis and
3 Gemeral Propertiess of ths Hesulting Preoducta {Gascl, Gesoline, Diescl

' 011, and Payalfin WE[.EEE}J 1 Bronsteft Chem,, vol. 13, Ho. 22, Nov. 15,

vk,'lﬂ?tl- 193‘;2; bD. ’L-PEE'-'I-J-ﬁLh
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it the czse of iron_ca_tai:,rsts;'

h 2oy + T'J__f_J - .—-—1—3 th@ﬁ + nC0z

(B} 2000 + (oiD)En — Ol o + nCos
In .1:-}1& case of fii-uks_l cr cohalt catalyss ;P

{2z} rCo + B . —— —s CEHEIZ + nHs0

(b} nfo + (Zrsl)Ey — “nBgiaa + nEs0.

Iy other words | witk fron eatalyste the remciion ie characterized by tre Trod
duetion of carbon dicxide, Whsreas, with rickel or cobsls cetelystic water g
srodueed, Oxysen 1lbernted when +he carbon monoxide combinez with iven )
nickel, ar echalt {to produse thair respoetive carbidest reacts wish othep
cerben moncrwide, in the cass of iroe eesnlyst, o produce cerbon dicxide,

and with hyirogen, in the cose o nickel or cobsit setalyet, to produce watoy,
foosuse of the Inexpensiveness of Sron catalyats wf coppmeed with rickel op
cobalf entalyeste, the devsloprent of ar ircr catalves with ap aztivity na
Ligh o5 that of rickel or cotalt catalysie wonlid he highly desivebie indus-
trialiy, Thiz prohlsap Wiill be trezizd in oa Jatop rerort; dnvestisstiors 4p-
volving rizke?, cabalt y Or nicksl-cobelt mixed evalysts cre roportzd hero.

& ynthesis af this tyre,. a8 explaired Frevicusly, iz most afiv@ntz,gccusly _
carried cut 2t low reccticn terteratures, Hence, it is nzocdisary that o esta-
lys% 0T the greatest Mesible ackivity be utiligaa in crder in skercte in fhe
dzsirsd low=temperntyre ratigez. It 5 o gerarelly cogopted feot t'h-s._’q catelysis
that are vremared by mreelpiteticn hove o mich hdghom sobivity than 'It_h:j,.E';Es ob-.
teined by calnination of piged 5alts of the catmiyst =onpcnente ., "'IFhuls .
Fisther znd Mever29/ spd Fischer and Kosh30/ uged o catalyet that was obvained
oy precipitation with alk2ll Trom mizszd nitrate B2l seluticn ard aucceeded in
Lowering the resctien terocrature 4o arpreRipztely 2008 0, The zotivity of &
reginitated safalivet, hewsvor y 12 greatly effected by the <ype er przzivitant,
ths method cof precivitetion, ant +he metigd of removing slectrolyies.  Tor
eXomLle . wheh suoh rrecinitents s srmoria ood araer Ium sarbonate are raed,
there i ns eleotrolyte~removal oroblem; when albe1d i Hgad, guentitaiive
remeval of the adsorhed Mrecipitzni is virtuaily imposs:'ible, ne maigar how
::a.r-efull:-;__ts Trecizitate s woshed, 7The ninute quertitles of wrecipit=nt : 1
thus ramzining rey have o material effeed MFan the activity of thz cao<a lwek; i
aczoriingly, the sslactiaon of Trecinpiiert is witel., IMachaw cztablisked B

@lialine zarbonstes =g the test precipitents tor nlezcl or cohsli cetelyats,
Sonsidaring it mosd effective to hewwr g Mentivy of alisline cerborats rersin i
arier wazhing the Trecivitatc with & eomstant amount of weter. This wethed of
ccnuralling the smoumt of allaiine coremzis in the cetalyat s Eutjaot to =
toeigidersble AIrTiculty: a more setisfantary method i to ndac s constent qusn- ]
ity of allkaling serborate top Lths rracifitats sfter it hes been theroughiy

WALEr weshed, as deons by Fujimara and Teurzcikn .E_J__,f

|

2 f Worke cited in footpote 12,

%
O/ Werk eited ir fostrote 1%, . :

it

ol -
-2/ Fuiinnra, K., and Tsunealm, &, I.27nines’s of Hydrocarbore #rom Carbon Mon”

r o
27ide end Eydrogen at Atmosrpharic Predsure XTTT ael XTIV, Niezel Cata-
lysts | ¢+ Jour. Zco. Chom, Trds Tapen, vol, 3£, 1933, ». 27%; supplemen-
'hi.’..l.'-bfhdﬁng-_'; ers 119-321; 31, Frpers Tust. Says, Chem,. Rosesroh (Toxyals
©oowel, 22, 1633, 1o, 2la-nsy,

otk . 15 -




N

Bifects of the Cavriey

Tt has been widely sckmowladmad that the ef
B catalysts, such aa nickel, cobalt, and iren, is memeri¥ably promsted by the use
;- ¢f Inorgapic ecarriers, such as dietomacecus earth, rumice, =nd asbestsa, O
. great significence from economic consiferaticns je ths fast that in the hydro-

. carbop syntheals the rresence of 8 suitehla

:, le carrier enhances both the resction
- rate and the yield of liquid hydrecarbons. Fischerds considersd the -"stutt-

. errter masse” (artificial stope rade aof. gragiar quartz and water glass) the
¥ most ruitobls carrier for Co+Cu catelysts, For Co~Cu~Mzl cetalysts, Fuj 1r::urréﬁ.r'r
YEN used 200-pesh mowdered or 3rmme granular yumies s a carrisr snd added “cane

= suger along with the nitrate sali during the weparation of the catalyat 3 ths
“saleined eatalint prodaced an increased yield av Lianid hydrocartems,

2 Fischer and !-{eyerﬁ&f and Fischer and ¥ochlz/ sound diatomacesns darth
. surerior o5 & carrier for precivltated nickel op cobalt catalvsts, Theas
workers considered & low bulk density as highly desireble tn o carrier and
utilized en air-seperated material from cne Iocality with a tulk density of
about 0.1, A comrarisom of this material with Merck diatonmececus sardh having
¢ 8 Tulk density of 0.0337 shows the yicld or liguid hydrcoarbong in the Intter
) case we.s enly one-Tifth of the fermer. Magnesie mas found 4o be mgititablys as
. & earrier. The sost suitable ratio betwoen metal and diatomnceous earth wng
T determined as 3:) for nickel catalysts zad 1;1.5 for cebalt catnlysts., :
; lm;'imraié/uused 10 o 12 gn. of dlatovbeesus varth per 3 éns of cobalt an g
carrier for cchalt-copper catalysts and ndded stareh along with the nitrate
. Bals: meressed yield of liguid hydrocerbons was obtained. Fischer and -
: & Yropertles rathor
g than dintomaceous earth; caleium carbanate, or besic mam

mesium carbonate in
“Alxy caialyste tut 414 not chiEnin satisfactory resultin, S

fectiveness of hydrogenation

“Amourt o Cerrder

By using 2 100 Co:S Cuils U3053-cata'1yst correspending To 3 em. of cobali

,_ianti by mrying the cobzltsdintormodous sarth rtic ntilizing 72.0 1. of 8¥n-
= thesis ms in each ¢80, the results Iisted fn table 7 were obtained,

ol

E_f Work eited in foefnots 21, _'

13,"' Pajimara, ., Bymthesis of Bydrocerbons from Carbon Honox1de end H:rdrcé:en
L et Ataosrheris Pressurs . Additiennl Tosts with a Qotalt-Corper-

1631,

R Megmeainm Oxide Catalyatl; Jour. Soc. Chem. Tad. Japan, vol. 3k,
':-1 P. 1003; supplomental binding N, T, pp. 227-229,. .

3;4;/ Work cited in foetnote 12,

% daf Work cited $n foolngis 3. C
: 36/ fujimre, K,, and Tsunecka, S., [Bn

thesis of Hydrocorbons from Carbon Mop-
oxide and Hydrogen at Atmeapheric Preseure XT, Cobali-Corper-Thorium apd
Cobalt-Coprer-Uranium Catalysts|s Jour. See. Chems Ind, Japen, vol, 35,
1932, p. 522; supnlessntal bvinding Erp. 175-1828% 8ei, Pavera Tust. Phys.
X Chem. Rosearch (Tokye), wnl. 22, 1933, ro. 189-157. T
2537/ Flacher, F., and Meyur, K. y LBffect of Freversiio Conditions en the

: Activity of I‘Jic:l:al-ralangmeéc-.ﬂ_iluminum Catal:;s'bg—_] ¢ Bremmstorf Chem. ,
ol 1‘1';'_, W . 3’ Yoh, 1, 1933,;‘}?1 4?*55: .
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In the vausl mapner, the carbon mopesxide an8 hwdrogen conversions . were
obtalmed from o Imowledze of the ges contriction and e enalyses of the syn-
thesis and mroduct gases; the percentazes of carben dipxide, carbon - modox ids,
end masequs saturkied hylrocarbons wore then calcuiated cp the basis oF tha
carbon monoxide in the epthesis gas, and their sum was subirected fiog 1on,
the differcnes being the peresntage of carbon Moraxide converted Into gasoline
(€54}« These rosults are given in teble 8. From theso tebles it iz svident
that es the diatomeeous earth cortant of the catalyat ig mersased, the yicld
of gnsolins also is Increesed anpd Fasses through 2 mewimmm at a metalsearpian
ralilo of l:1 or 3:4. However, table 8 shows that the corben monoxide comvor-
glon was about the same at ali ratios, and that the inopsuss oy decreade in the
¥ield of gesoline {C-.} was zovemsd by the quantitiss of carbon Aioxide and
gagecus saturatsd hyg;acarbon's troduced. Lz the Froduction of carbon dioxide
and gazecus ssiurated hydrocartonsz is soce lerated, with increase inbemperatrc
at high metalscarrier ratiog » the temperature of the eatalyat tHteclf ‘my he

congldered to be Incknased, That is, o g cobltzdintomacecus carth miin of
321, il rocection starts at o given point the keat of mectio con easily he
tranemitted through a smaill Tuzptity of lﬂiatqmcggug earth and activete ha
adjacont zctive corter. In this manter, the heat o roaction 1a piopngated
throughout the catelyst mass, and the rerciiep tekes nlace at a large mumber
o the active centers, Henca, the temorature of the oztalyst iz raizsed by
“he heet of the resetion, and the profuctiin o earbon dioxide and gmadous
safnrated hydroesrbeona is otodlereted. At cobaltsdistonzcecus earth: rating
of 32l or 1:1, the heat of ‘reaction stnerated =% o given active center is

. trapemitted o the diatomececys garth, but, as the Quantity of diatoms=cequs

. .eerth iz large, legs:snerey i3 received by the adiscent active CERTRT, and
vhe resulting activation s errespendingly spnller. '

- Bherefore, tho produc-
tion of cerbon dicxide and ‘gasecus setursted Lydrecarbons is 1ikewise smallar,

Un the basis of mese_cmsidemtiuns,
tisn the number of daotive cerfers 2% cobalt:d@iatommosons sarth retics of 3L
o 1:1 is sufficient for the amtaesis,

20l 8% radins of 3¢l gy 231 there are
Bore thap the NCresSsAry mutker of zeodive centors, : '

it 1s.pestulated that in this resc-

Erpe of Cerrier

The effect of carrisrs other thar diatomaceons garth is skown in t=ble D,
A weight yatio of Lil of cobalt to pums o2, kmolin, or siliea gel wes used, Toip

catalyst sample contained 3 em, of cobalt in a compssitien of 200 Qo35 fugls
Tal . : :
- Y38

Experiment 0. - Unrefined somrercial keolip was used, snd the production
of ocorben dicxids apd EAsegus satiurated h}'dmcarb:ns-_ wag mrch larger thep thatk
of experiment 18, in which diatemezcoous sarth was ueed, - :

Experdment 21. - Grovalar mimies wns Tlverdzed to 120-mezh, It waa +hem
boiled ror soveral hours with soncemtraied pitriz scid o remsve the ivon zer-
tleles. After thorough watss vashing and dmying 5% about 329° 0., the pumice
¥as ready to use, The voluee of carbon dioxids apd gasetus saturated hydrg-
Sarheng in the Tprofuct G286 was renerally similar im that obtained when ‘Eaaiin
vas zsod. ' : . Do

LOTJ-J- - 371 -
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Experiment 22. - Unrsfined silic: gel wes uaed, which was salt-[rae cnd

~very voluminoua end which had been chbieined fren Ir: Altpeter cod Dr. Richter ’

= Chemlchoy Leboratorims, 43 2000 O, 4 mievorabls ylelds of liguid hydrocerbons

Cgnd POCD A cintrastlong were cernined, znd Ii.ws3 necescory to raise the

B teaperature to 2C° 0. Thic culnlyst wos sde lecas cetive of the thrce tested
F. {n this group.

L From tebles 7 ond 9, 1% 35 evident that the yield of gesolins {Coy} 1s
. eonaiderubly smodler ween koolin, pumice, or silien gel we3 the carrler then

- when diatanacesus scrth woa tosd, Correspondingly, loves cmounts of ooaraon
dicxide and graecus satursted hydroserbms were sroduced when mmuics ond
keolin were used. In view oF the results obiained witk diciomsceouz ecrth B
which suzgested thei deereasing smounts of drrrisr produced Inerecaing caitclyes
temperatures {248 indlooted oy the increcced production of corbonl diovide and
gasedud saturstsd hydroocrbanz), the necescity of roising ihe operating tem-
perature to cbiain a sigifican? yisld of Liguid hydrdcurbons in the silicoe
gel eaperiment mey bes ciirdsited to the prescnce of oo excoupive gucntity of
soarrisr. As the bulx dansitisza of Dumice and keolin ore four Simed grocter
thun thet of diztcmncscus sorth, welghte of theae maotoriadls Cour times thos

¢ of diot@moceouy earih would hove to be usod tO obdoin an gauivalent volume of
caryier in ench szsc, Conversely, ihe tulk density of silfen mel is half trat
of distemeoceous sorta, ood o weight of silica Zel egual to oly holf the weignt
of the dictemecsous eorth wowld be nesded. These relationships cro show In
the foliowing tabls 10,

TABLE 16, ~ Beloiionship o currisr bulk densitiecs

Welght of corisr :

| wgmivalent im volums | tulx

1Volwne of 3 g, ' 0 3 m. of l denaity

. Jarrier iof carrier, mi, | distomocoous earih | fmm, fml .
Dlotamaceous enrthe v ey ., 17 - 3 ! .18
B B b s h v nr e sarnreanes L : SL3 | 15
T o b i SR PO 13 i 5
T Bt , 1.3 | -3

Studies of the effects of jne corrler wers then undericcon on the bauls i a
ronatant voluvme rother then o conchont weight, Exporimental results cbtained
_f-'-h-fl-r ‘noorporating in the cetclyat (100 Co:S Ca:lo T_T_-ﬁ{flg, waight of cobald = 4
(Bl quentitics of pumles, kaolin, and ailicn gel, respoctively, correspaniing
C%0 17 ml. of dietamcceous ecrih are shown in toble 11,

2 Bxpordment 25, - Using Eaciin ot 2000 O,, neither ovorable gus contrus-
w2 tlon nop gzzoline {Usy) yisld was inpdileeted, ocnd it wes necedtory 1o relse the
ferperciure to £10° 0. oOn cirpuaring this exporiment with experimeit 20, it is
9vident thet the volumes of carkan dicelde rma gadecad artuarsszd hydvocorbons
o ime produst guees wero rgduced, but becouge the gre controction was reduced
.-:B-t the zoms tine s tee yielde of guoclive wers cprroximately the omme in both
SEDerimente, In sxperiment 23, extremely rapid dotcriorstion in cutalyat
Ativity woe observad, e :

_2:5.....
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Exveripent 24, - In tuis experi

7ent, in wvhich sumice wag uged, It gms
NSC2E8ETF, - 86 in ezperdment 23, to 1

neresse the fsmrerature ta 2100 C., and
th yi=ld of gaseline (C-

ﬁ} waE oot greatly different here Prom that of expep-
iment 23, 4= whiph
also were cbaerved,

3 g0 mipice was ueed.. Signs of iow catalyet durability

Experipent 25, - Althouch held the +
i ' CthiE exreriment
2107 €. wes sE11) the most o
‘tiom was sorewhat greater-
“gEseouE. Saturs ted hydroes
-resulted in thes yleld oF
of the catal

eight of ailips
» The reaction temperatyre
ultabie cPerating temperatuye |
here, but, as the Froduction of cd
rbora also wes incyem
gzscling. T thiz ex
¥8t was found to be high, ag

221 previcusly used
conld net be Lowered;
The mas contyao-
*ben diocxide =nd
sed, only a VETY pixrll fncresge
Teriment, hewever, the Aurability
in the cage o diatcmacecus earth.

v THess roanlis indigate that kaolin, inice, and gilien 38l are.inferiop
to diatermeeong curth ez earrisrs, With ™epect to mplk denaiiy; it .is
belisved that the larger the. talk Felume ver wmit weighe, the better.tls
Tésulta, Aowever, alfhough tho buik 9ensity of silica gel 1s one tmle that

. of diatomacoong 22rth, its "unetion s o cerrier Is nferior to aistemicecus
earth, fhg explanedion for thig CEIGTERELY contredictory behavione may lie
 In the mole the carrier my rlay az a simple carrler as vwell as the mart nlayed
by 1t binding Eronertizs. As the Lyl donsitics of kaglin 8nd yunics wers -
#qaal, and asg Similar results vepe abtainsd vinlsnt Poisoning
L aetion can be ettrituted &n +he aluming 4y t ribed by Fischap

LI

in cach cage, npo
her keolin as dese

“and Toen.38/

X BLfcets of Paw Materisls Used In Catalyet Pretaration

oo The effacts of the pay mzterials used T mreraring the catalyst were
jdeterminea by vreparing G0 Coys ogg1e U308 catalyst fram echalt auifate,
“tobalt chloride » cobalt nitrato, and cobaid sootate sclutiens. The activities
of the resulting eatnlwte npe compared In fable 12, e salt sclntions wope
Premared as descrdhed in the E’xpcﬁr:irﬂental sectlon, apd +he Drecipitotes wore
abtained by the zddition of Totassiog carbonzte solution, The precinitstcg
wathen ware thoraughly wate r-wushod W rdnimizg the Tereining milfate, chiorids,
Ritrats, and accrate Falts. The resulte ohtasned Tor cobalt nitrates in eXper-
: Bt 182 end B arc Jisfad MM for convenlence 2y eomparizon .

0 dEperiments 568 and B, - Tn thisz ZEPETiment, cobalt sulfeie {Fato, muar-
f;;%nteerij wag ugod,  The cetolyst wma fipst Madliced in hydrogen at. 2502 2, fop 1
Alour, men sg Tlow of smmthesis mas ims stertod, ond, at 2100 0., 4.4 a1,
GOF pasg1ing {Cey} wea obiaiped mr cubic meter of spnthesis #3. This yield
wereaszed to 81,2 ml./m,3 at ooao €.y an activity conedderably Jeas than that
ZRitited in sxperiment 184, i1 which mitrate Salts ware ussd. 'Phe cense fop
Dis Anopeqeeqg 2Ctivity may bs linkee with the votsssiyn sul¥ete  produced by
& M™actinn betweon cobelt sulfatc anpd potuss ium cartenats, 1P the Botassiup
AN R is not adequatoly removod b water washing, the remaindsr muy ko
f'::ifrbcd Inte 22 mrecinitato gid oxert o Eunzedyant tolamiing effont gy the
b lwes

AR rigidund Totaasiun nitrmte SLEmEC Lo exgrt no misoning effeet,.
Fhe Poisoning notien or . wotazsium mzlfats ¥ be presnmd 8 be dus to the
lon o nezative 80L= jone, . -




TATLF 12

- Effects of raw maierisle from which catalyst 1s prepared

{100 Coz5 Cuzl2 U3l petalyes equ valort 40 3 mu. of Co;
288 wveleodty = £ 1, jhr . . N
. Heacticm { Amcurt of s

Exnerirert Haw temmeratiize, | gms used, | comtracts o, Gesaline L
Tia ratocrisl aC, Liters  Tmercent {cig __ng,te}:-
2fhereraan. JOzifote 210 5640 8.5 1 &k | 8355
BEByuapien. |Bulfnte 229 5540 514 B82.2. 104,33
?s-tl----- Clllﬂl'iﬁ.ﬂ 210 350::' (o . a oD

15\-!'1.. armEtea Fitrats 15’:" T:‘_J Wiy T5 -L.! I 1.33 |3 |1T9 -

B e vsrnnns [Hitrate 230 T2 0 80.6 43,3 193 .7

2@4 sseeness |Anebats 157 a0 | TE S 130.5 Bﬂj 0
.-Brli-il-!t-- chcefote ] T2 W H .%l.'ﬁ ! 1'11'-5-2 . :\,:I‘?
Egrerirent 27. - In this experimert, eobalt chlordde (EKato » fdarantesd):

wWes ugsd,

Exmviﬂent 284 zpnd B, -

was 125ed.
51l gne was

ivity

nitwta salts .
oobalt seets to,

Ag OX

Affer hydrogon reduction
stmrted.

in ecatalwvst nrﬁemmtﬁor.

The production of wethome by hydrocsmration of oo rhon /rmnoxiiif.- over redused ;
nickel was first & ted By Sab2tier and Senderen in

to theese _rlv::stig*to*‘s the hydrs

To EC'U

il gtub Lt

Yore

d gt

nwest el

In epite of reduction in hydrm:_'.cn for
of ectivity were Found at operat tirg tempors
noisoning cfTect on thi iz catalys

aflres

ot Is tlms anlb“’t—'-:l by &1

oy this experiment,
st 2000 o,
At 1307 ama 2052
(C %4_}, respseiively, were produced per ¢
1z wirtually the pame o5 fhot

G, 130.5

ey be used effectively as &

Hicke]l Catelvet

C. when *-educorl nfockel dig uoe
obtaiped 8t 2300 45 2507 O,
impremmated with nickel ang
mroducad =3 g comparatively
inve s‘t...ga.t o o the
metal o:-:a.d.es To redoced nicksl on
2 to methane ent

Orlﬂ

gFonation c:u. cerbon monoxi

fl a
e

For 1 hour, the

ubic mster of svnthesis gas; this
Ohur.uin 1 im
0007 cxzeris no roison: Ing effect
1iks Bobalt nltrate,

steady troducticn of matrsne iz
d"med farbon womoxide over ashestos

pellaciem and founmd thet ngatratod c-:pm
lew temperature {1009 0,1,
rrodustion of methane, =dded vawiens Air friculty recucible
The thnc.r:,r that a5 the redustion of carbon

teiled a debdmiing reagtion
thesa D‘ude y Which are known to be deh
Tound fo be Gzereasingly effecd
followw;s crdzr:

¥irating catslysis.
Iy in

Iremoting this rescticn, in the
Colla, Thia, G20, Crn._.3, J—l—~u3,

1 baur a% 253" C., ne sigs -
uE to 2207 o, A vieient

coball acetate (Fate, rare) - %
Tlow of E;',rrr"‘*_e*'
al, end 5.2 w1, o mgolin

catelyats
an the

Trepnred from
Tiazl ecatalyst,
rev mzterisl

in 1802, According
Jde commepoes ot 1540

tmda wars

Meda fo:'th,._. In his-

on it wes dﬂﬁirﬂtlﬂ to tae
Metellie gxides

Bildp, =nd Zr0s. Russsll end

29/ Sanatisr, F.; and Senderenss

=t G,, Jour. Ruseisn Ph:,ﬂ".

alf Melﬂ.s"orth
123, 1%

Jm'}’ trlov,

Lol

.l Eo.

Comph. roné., vo
Chem., waol. lLu, 19.:19, D. 1,85.
E., Premetion of Catalybic Beactions 1:
hqi“'499.

& =

134, 1202, p. sik,

Joure Chzn, Boca, wol.




ml&r*gf gtudisd the absorpticn action of reduced nickel in the resction

: OO+, w> CF) 48R0, and fourd that when a small queniity of thoria wag
added To the reduced nickel the over-ali rasction rate was ircreagsed 10 timss,
“but the inerease in the absorption rate was only soveral tenths of 2 percent.
They inferrsd from tais that abscrshis d catalytic sctiviiy were not

| direstly related. Fischer and "‘r:msch_:.ﬁn.,nd Elvipslz/ predicted that, =s
“nickel had exesllent hydrogenation properties, methens would be *'lrﬂched with
cease, ot that the preduction of high-bBoiling 1liguid hydroearbers would be

- Aiffienit. Hewever, Figcher =nd I’&:rer"'.i.z succesded dn orepering a highly
Upracticel nickel estalyst for sasoline (Cey) vroduction and hewe dincreascd

- -this ¥ield remarkably by lcwering the wrealiion temperaiinre to about 2000 G.

: In £hiz counfry, Fujimra ond Teuneoks—= a‘fcuf yoto Imperial T.sn'F"."t'*r"‘"t*-r
studied niekel catal F5itt. They chaerved "the effect of adding 2lkall carbonates
to nickel-rrnginess ond nickel-thoria catalysts and of add*:u_g 1-"‘.1"'101;'.5 “mmtcrs

ta n*»r'el manganese catoiyeis.,

telyvite - To a nickel nitrate sclution eorresponding to 3 pm. of niciksel
A5 &Ermu -2 solution containing a Tixel percsniaze (with rogard 4o nicksl) of
nitretes of menz weg, corium, alumins, or thorla. £&m arnranriatb ammunt of
= dictemececus esrth wos then an:u:ir a, mllmued by zn enousd of netassium carbenste
g;-*; slightly in exceas of the stoichiomeiric eguivalent., The mrecinditate was
g, T1itered ond dried on & water bath. I3 was then spread 1 o laysr in the 2h-
¢ert1'm..‘{,er‘ ]m‘g constent-tenporaturs zone of the reaction tube znd roduced in
‘hidrozen for 4 to 5 houvs st o tomrerature of 350° to L56% 0. when urenium
oxide;, tungaten oxide, or silica el wes used es a sromoter, niekel and smngn-
Nesk cerborptes wers frociplteted on the diadomiceous earth. Tranium oxide
was then added by precivitating the citrste with smmonia; fungston oxide was
added as ihe oxide chizined by lissclving he smweniun salt with concentrated
nitric acid; =nd the 51liza 22l wes zdded aftor having bsen boilsd with dis-
tilled wzior for 2 4c 3 hours sud dried at ahout 1207 0,

A} Wiekel-rmreeneco cefalysts., - Fischer =nd *aL:,rev :"f censgidered & mahgs-—
nese conptant of, 15 fo 20 poreent thet of ndckel 23 most suitable whils B )iz
;-':é‘ and Teuneoksd/ coneidercd 15 peyeent the ortimim. These veriatlons in results

H

'»;_Ef Bugzeldl, W. ¥W,, and Taylor, 2. O., The Pronoter Action of Thoria on Fickel
C“taljys*ﬂ* Jour. Phiys. C"Lem.,' wl. 29, 1523, ©o. LE‘J 131l-l. B

%Fj_/ Wark cited in foctnots E.

; FJLf Work cited *n foctnote 22,

Merk eited In foctnate 12,

‘ij Work cited in Tostnote 31.

A7/ Worz nited in Toctnote 12, :

£/ Fapimura, K., and Towmecks, S., TSmthcsizs of Eijﬂracavbona from Carhon
Meraxl de a.nd Uydroger at Atmospheric Proesure ZV end IVI.  Kickel Cata-
l:r"ts_J. Jour. So0c. Chsa, Inde Jopasn, vol. jf 1953, . 999; supplomental
bindingz po. 413-415; Sc1. Papers ¥nst. Fhvs. Chem. Rescarch {Tokso), wol.
22, 15633, pp. 253h-283,

#1#_@
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ray be attrituted to diffsrencos in
Resulis abvtained at pap
- respecstively, are showr In table 1z,

ertiss,

TABEE 13. - Nichel-mapsnnmese catelysts; offect of memsoneco

{3 &m. of U1 +.3 . of diatomicocrus sardh; eas velooity =

Ernpsa

menufacturing conditions and CATTiay
contents of 12, 14, end 20 TeTean

Liguid predp]
Bracticn Gas
Brporiment| Compoaition tempe rature sr Volume pas cemftroction, | Gasoline
Mo e of cetalyzt oo, used, Iiters| percent
Cvenwnnes| Nl + 129 1 205 T2 .0 58.0
30ueesanan i FL + 258 M0 o095 T2.0 .5
3l eecaase Hi + 208 30 290 | FEW &3,5
B aa M5 4 204 Mo ] i T W a5

£ mangancas combent 7 20 fercent wes foumd B0 bo
8 Fisld of liguid n
bydrogen peroxi
and manssmese 4

reaction tomperatips oo

weratire of

esaccicted with an ineresss

a reduction

redueing the quentity
in an atiempt 4o lower ihs react

CTAETE 1%, - Nigkel-mensenose oatalysts ;er

2009 ¢,

=

¥irccerbons, equal to 107.6 m?. /m.3
de wms 2dded to a solutim of nicks
lonide was precin

itated to produce g catsl
Cont manganess, no change vwag ob

tained In the liquid hydrecarbon wield. - 4 ioF
0% U, woduced & better gasaline ¥
alshrugh an incresse In the reap
d production of gaseous =

in the yleld of liguid hydrpeertonz.

of alzfomacecus earth from 3 #a.

Teet of carrler coptent

2 ths optimunm, prodyc
of synthesis gas. ¥
1l and mangaress nifraote:
¥t containing 2p
f01d than & tey
3iom temperaturs iz s ]
eturated hydrocerbons’
The resulits obtained op’ L
of 2.5, 2, end 1.5 ghy
ion tempereiure ere shown in tabls 1%,

o

(3.0 gm. ML % 0.4 Eme Mn; gas valocity = 6 1./, ;

?21::' l. of Em‘hh&

3is grs used 1In each cass)

quantities of dis
gobivitizs of the three catalyets,
obtained at a coppier contert of 2
f‘ou.nd_ to e nore faverm

The af7ects of adding 4 pargent {tased om nis
sten oxids to s catzlyst containing i
sarth are shown In teble 15,

. oxide, alumina, or tunc
" 66 percent distomseepys

Lbah

tomzeeous earth, oo material

- 25 -

' Seaction Fas Ligig proﬂusts , mi Lf_'rn .
Bxporimont |Distomzeaoua temperature, | contrection s Gzsnlina v
Ho. earth, gm. 0. marcent (C54) Weter

o =P 2.5 200 T30 1o 16040 ;
328 earnans 2.0 230 T5.0 120 ,,5 TG
32]3 LI NN P # 2':'5 T_5 18 1{}5 o 1?5 .G_'_.‘
.31‘{--.!4-1.!--1 ' 11'5' E{}U . Tf}lO 118-{} lTG'IE"_
Although & slicht increase in gme contraction was observed with amalles

Civference wag evidont in the .
The largsst yield of gascline (C

£ opma,

Bble then 2050 0,

kel) of urenium czide, ceriumgd
+ 20 percent Mo +.

+) was’
and a temperature of 200° &, was




TAETE 15. - Nickel-menssnese catslvsts: effect of oromoters

(100 1120 il promoter:66 diatomicecus earth; z=s velscity =
£ 1, ;’hu, TR0 1. of smtqes;s s uszed in each case)

- o Beacticn | Gas Liguid produsts, ml./m.3
“Biperiment _ temporature, | ccntreciion, Gasoline

_ o e Promdter a0, percent _ {Cr4) Water
33eesvveana| Uslg 1% TN 158,35 155.2
35......... CEop 200 .5 125.0 1 178.5
3Taeescnin | 1505 200 7h 2 132.6 [ 180.5
38l | Wog 7| 205 T8 28,0 183.0

. I.J_-:rﬁ‘-'m“pt HD: 20 - Fu.J irmya and J.-.nJ.IIE{:IE‘.?.--E-‘; had ”cﬂ.md uw-e?iuuﬂy +that

uran_um exide was cffactive 25 a promoier for nickel. Tn the catelysts in the

pregent. experiments, nickel snd mengsrese wers precipltated =g carbonates by

PDtESSiIﬂ carbonate, 2nd to this sms addsd emmeniom vran urmse; obtained by
adding armenla to w*a.rumu nitrate. The celalyst thus ﬁmrared ghowed a con-~

.:11:15‘:::-&1]:|1.Lr greater activity them 4 + 20 tercent M, Tor the rezcbien tempera-
T.-"'I'E 190 'u-t-, Y= 1':'0 j—D'EI'- e -t

_.X“:»erinent e 36. = Carivm ux_-[d.e was used Ly Erais 'and ”;Ia.;l.?_f( end
I{udamﬁ_f" ag a promoter for cobalt-coprer catalysts, but it hed never been
"UERIRd on mickel. Ac cordingly, such 2 catzalyst was orepared Ly préeipnitating
_the cerium 2lonz with nickel end =mzngarese az the carbensios by potassium
Ligarbemate, Omly e slizht incroase. in ackivity was cxhibdiad; howsver, over
pothet of N1+ 20 poreeny M catalyet.. Ceriun oxide iz rob an sffsctive Iromouer,
therofare, for this z}pe o catalyet.

. EFxieriment HNo. 37. = Fiacher ==d ’%Ia:mruﬁf S.rd rajimira £xd T:;unaoka..z.if
V‘emrtau that =Ivmine wes. 2 enperior promcter Tor niskel-mangmarese cetalysts .

A Therefore, nickel ard mangareas were proeivilated zs the carbonaté salts hy

:um‘tass:_um carbtonate, and a ds@inite emeunt of zlomina was added by treating an

Ha 8 limimue nitrate bGT.'I_ltlDIl with smmeniz. The reseliing oreparetion showsd a
suyorior zas contractiom. and sascling {blﬂ wield, :

Expgrirent Ho. 38. - A catalyst was promared = &&lmg tmpeten oxice,
otizined by disaolving ammoniim. tmgstate in concentreted nitric acid, to mr_':i:ed
- carkorate salts of nlcﬂeT and mangenece. The Dprorpding action of hmjmn
C-}f__d_e ved ginilar ta that of cerium oxids, for the resulting setivity was low.

cv- . Various combinaticns of the sffective mromsters, uraniue oxide opd alumine,
aere noxt tried with the results showm in fable 16,

. :lm:; Work cited in footnoe 31,
T3/ Vork cited in foolnote 7.
p 2L/ Eadems, 81,1 Synthesis of Eydraocarbons Trem Carbon Monexide and Bydrogen st
ﬁ«_’.“""—"-" - Atmoepheric Pressurd ¥, The Influsnce of Titanium Oxide, Zirconiun Ctxide,
. ard Cerium Oxideis Jour, Sce. Chem. Ind. Japsn, vol. 33, 1R300, b, 220;
supplemental birw._r-,; (in Certmm), pp. 2C2-203; Foi. P&p=r;= Inat. Fhys.
Chem. Research {Tokya), vel. 14, Kos. 257-259, 1530, 1p. 13-85.-
“32/ Work cited in footnote 12. '
23/ Vork cited in foctnote 48.
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TABIE 16, - Nickel-mensicasc catalysts; effect of promoters

{Fi 4 20¢ ¥ catalyst equivalent ts 4 g 0f nig
tomperature = 200° C.; gas veloeity = 5 1. /hr.)

‘]
T
" .f‘ i e

. I Gaa Sigzid prodogt
Ixperinent Promoter Volume gre | contraztion, Gazoline
e percant used, 1, rercent {0}

. : — — — 3£
39&_‘%!- sampga [ 6 UBCIB . ?E-C ] Bh-ﬂ ]_f_'w}'}_’.[} 1’5 r
39’3111‘--.;1 ' 8 5] ':}8_ TE'.I:] 5?4@ lfi‘:lil__' El'ﬂ.l:f!'%
Cerz =R N Uéj’u:}a I < Iy 55 .2 6.0 218_.{3-%%
3‘933‘!--". L] . 8 U"' 'l:la TE jO 86.6 153 i? EJ_D.G ,._._:.__ 1
SBE.. ) BUS0, L @0 | age L5t 208 2 4
ITB3eseevan | B U304 C TR0 86.5 15k, 2080
20 yersanny | 8 U“"OE, : 365.0 85.5 155.2 212 9
ifl‘:'ijv Thrwey 5 -"'1132133 . T2 W0 T3 .2 113.¢ :LGEI',G
1 N Ui:% 215.0 ak.a 168.5 2990

Loa . I : . '.; -
B rrineian | B Us o 216 .0 8L,z 1623 2185

]1'- = ToE i
Biverinee. | 8130, 216.0 | 87.3 168,68 26,0 £

& Tho ) B h . _ 3
s e, 10 S:‘ngca 22l ) Ti,‘..i 122 .6 [ 175,00

8/ Catalyet oquivalont o 3 B, of nickel used,

Experimont Nos. 390, B, and 0. - Kt + 20 vorcent M 4 2 percont UsOy® cats
alyst corresponding te 3 em. of mickel was-used in experiment 304, The nicke}
content s then incressed Trom 3 to b gm. fo test the durability of the catasis
lyet. Five tests, desipnated as exveriment 3981, 2, 3, b, end 3, were made 474
with 72.0 1. of syptheafs gas for cack., Tn the Tirss tgst the yield of EREo~
Liné {155.5 ml. /i) was comparetively. low, considering the large s éontfdes
tice, & result of the large produztion of gEssove hydrocarbons. The productio’
of g=solire then lncremssd %o 159.0 rl. per cubic meter of synthesis s in'the d
second teet end decrsased 1n the remzining tests, resulting in en average velng

Tor the 360.0 1. of synthesis s of 155.2 ml,/u.3 (owperimant 33C) .

Upen completion of cach sep=rote oxperiment, the symthesis a8 In the
reaction fubc was displaced by hydroseh; therefore, the carbon and the high~
Loiling hydrocarbons deposited en the edtalyst, which may ezuse the catalyst .
to detoriorate, may have rescted to soms extent with the hylrogen and in this &
meaner way have been rTmoved from the reackion tte. Hence, it 1s sessible
that the catalyst may have beeq rartly roactivated. Because Eydrogen 1= Fown
to diffuse through rubber tubing, and beesuse &f the contraction of the coolsd
g2308, o Intémsl pressure was decreased, and {t is Probable that a spalll
smount of alr was taken into the syatem. Cemsequently, pessible oxidation fr
this source must also be considored. Operation on a centinucus basis overad
prolonged rericd to study the true durebility of the cazalyst will he discuszed 3
clsewhera, ‘

Ezverimcent Ne. ko, - mcre&sihg the aluming ecndent from 4 to 8 poreent
reduzed the activity canslderably; I10.6 ml. of  gasoline was cbieined, compared
to the previous yield of 132 .6 mi, fm.3 of ggnthesis gas, VT
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3, .o Dxperdment Wos, 41 fo U3, - Eight percsnt umnium oxide hes boon shown to
i be the hest promafsr ror N7 + 20 parcent Mn cetelyst. In an ationst o seti-
-vate the cetalyst cemposition sbill further, % pevcent of alumina, tungsten
copide, or thoria wes sdded o Hi + 20 percent My + 3 persent Uslyg cetalyst
(corresnonding to % gm. of nickel). Thess miteriais rroved decreasingly effec-
:tive dn the order: theria, wlieine, =ud tingeten oxtde, pvducing 148.3, 156.5
and 1£2.3 ml. of ge3eline Ter cubic witer of syntheais ms, respeciively.
Exnerimont Wo. Wi, - Aecording o Smielms 3 Tacchus 9% s 15
S s 20 R TonCRorting Lo Zmickner and Jacobms;=—/ 32 10 percent
gilica gzl 1z added fo niekel, 4he vrodustion of arthane by catalytde nydro-
‘gemation of carbon moncuide is incroased abowt o.d timea, and the durability
Lof the catalyat is dnepsmacd signiticantly, Howswer, in this experiment, when

“Eilice gel sorrssromding to 10 wreent of nickel wes mdded 4o Wi + 20 percent
s céta];ﬂst, activity wis Inereczed mly glight1s,
(R} Bickel-ureniom oxido eagsliata,. - Fuiimm =nd Tsunﬁclmilfr showed
nat aranium oxide was effcctive az a oromoter for niskel; these worksre used
amrcrhinm carbimatc 28 a precipitent for nickel in prerering the cetalvst. By
- using votassium carbonate, howsver, a very effective caizlynt wes nrecered in
this Iaboratory, Tho resulis abizined by adding 13, 16, and 12 rercent,
respoctively, of urenium axmife te miciml are shown in table 17. '

TARTE 17, - Fickel-ursenium cxide catalrsta

(Catalyst contei=ed 3 gm. N2 gus velooity = & l..fhr.;
volumz zas ussd in esch test = 72,0 1.)

Uyl content, !  Resctirn Gus Liguid oroducis, ml, /m.
Farceny of  i{emporature, controction, desalina E
: _ ¥ in catalyst SO rerzent . | {254 Water
CHSA L s 13 ' 180 £3.6 il R 1882
CASE. ... .. uF 1S 160 8z.2 13740 1904
e .. 14 | 185 a8 .0 185,06 158 .0
251 PR 183 155-120 L8880 136.5 2074
5 Avmrage 13 150160 88,9 : 1475 1G5,
e euia 15 : 150 78,5 _ 234,05 2ne.3
Meensin! 12 ! 1o 7.8 135,80 1590

Trperiment No. U5, - This catalyes, nickel to whieh 18 roreent uranium
7 0xide had Lasn added, showed extremely high activity duering the First prb of
#EZeriment ut detoriomted varidly. At 3800 C., o g8 comtrction of |
i 2Bout 94 percent wes indtcated furing the first 2 to 3 hours . ot aftor 12
the contraction deeremsed to 62 percemt; 1448 ml. of zasolize (Ce.) per
> meter of syntheais gns was produccd during this reriod. in this caga,
5 the mtio botwsen the relatively heavy oil copGensed In the buretfe, and the
¢ 11Zht 033 cheorbed by the actimisd corbon wos 2.931. In addition, a smeil
qt??-:_ntity ef Bclid parmaffdn was demosited at the exit of the resctlion tuke dup-
mg the last chase of the reacvicn, @d this suggssts = roasch for the ranid

347 Bxdcimer, H., and Jacobis, G., i The Sotiviiy of Nickel Catalysts in the
= ‘elbane Synthesis|: Srennstoff Chom., wol, 1k, 1333, pp, 2£5-263.
35/ Work cited In footmote 31 :

1_
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- 97/ Viork cited i

detericystion in estzlyst activity., In sxperiment- 458, althouzh the react gy
procesded at 1809 ©,, the gas contrcbicn decreased from B85 mercent 1o G 55
pereent and the yicld of zasoline from 1:E.5 +o 137.0 ml.f1ed of smnthouig =
gag. Similarly, the reaction tecperature Ead 4o be increazsd comtinnously
experiments h50 and D in order 4o meintein a euitabls gag comtraction. As @
censiderable Quentity of sclid PrafTin’ had becn dsposited at the cxit of Tl
recciion tubs wher sxveriment 1S was conelnded s Bhe amtrt of uranium ox2igviE
was reduced from 15 gpercent to 16 mercent to prevent Torwetion of ercessive
amounts of high-monlecular-waight Eytrocarbons In future experiments. '

Lxperirent Mo. Y8, - Alfhough the Gecresse rn uranfum oxride centent mypt
ceedod i reducing the ratioc of the rroduction of relstively heevy oil %o litgh
oil from 2.7:1 fo 1.8;1, & small Quansity of solid pareffin wes s5till foma af’
the erd of the reaction tohe 54 the conclugion of this experimont. =

Fxrerizent No. L7, - The uraniur cxide content was dscroaosed t11) fapihait
to 12 percent, and a Leavy ol1l-light oil ratio of about 1:1 wez obiained, pa
s0lld paraffin wes choerved Jp the resotlon tube. The durability of the cats
1yst weg ircreased congsidorably 5 the exrense of a lower resction rafe; frdy
the standpoind of durebility, thersiore, 2 percent e congids-—od the most © 7
suitable urunivm oczide content, ' o

Cobalf-Ooprer Catelysta

According 4o exparinental rosulis ritainad by Fischer, wher nickel and
cobalt are ueed as cotalyats for the rrodustion of 1iguis hrdrocarbens, ag .
extended bpdrogen reduction-et hizh tenretraturs 1is noeessery - 3 hours at Lsge
€ for nickeldS/ sna L to % hours at 3909 o, for eokalt ST/ Uze of this
stremous reducticr nrocedure on an industrisl scale, howcver, s unscohomiczl,
ek Dnl}"bEGf?.TJEI_E_Qf_ the cost of the hydrozen Tt 2lso because the hicgh »edizg-
tion temperature neceszitates frequont reintensmee of the reduction equiprant’ .
Therefore, a catalyst requiring no hyirogen rocduction ar spe fhot requires only
a short reduction st a relatively low temmereturs would bo highkly desiyeble. b4
method of atincking this problen wos suggested by the fact that the reduction’ -
temporstarc of oinides of irven, nicksl, zad cobslt can be lowered eonsidershily
by the additicn of & amall fuantity of readily reducibls mztels, such s plati-
nur:, pelladivem, comper, or silver. :

CDE@ tcoprer ?atal}rsts were Tirat used in the hydwscarben fimthesis by _
Elvips 22/ Smith, end Eofama59/ in cavly work on this preblem. Copper, - R
however, wes Tirst thought o be enly a propater, and the catelyst was nommelly ¥
used after bhydregen rodustion at abent 305% €. Fischer Tound Jater that the 3
cobalt-copper catalyst 313 pot require high-temverzinrs hydrogen rodeeiion and %
showed $hat reduction cculd be effected directly by aynthesis pas at =bout 20000

56/ York cifed in Toolngte 17,

in foolmete 3.
25/ Work cited in Tootnote 22,
5%/ Work cited in footnote 2.
60/ Vork cited in footnote R
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El*;:‘-_r_'sé.]:f’ vons iered Co~Cu-dn’ catalyst the best, %gr} Eh_:_t.1‘,1;]:}?-‘?;)'lr eone idered
gither CoLu-n or fio-0utl eatzlysts supsricr} Fischors esignated I Coll
Copt? Thozs his stendard ceualysi: Fu)imrd-and T'=1;::.%-:::'1';;:5;F - obtzined Their

' pizhest yield of lignid hydrocarions (145 ml,/m.3 of syntiesis gas) by using
e Coil 0u:d,2? Th:d,l U catalyet. gotalt-copper-catalyets fave been prepared
. gither by thermal decemposition of a mixture oF phq_nitgate salts or by irmi-
FTtion with starches and cans sugar, &8 done by Pulimira 0l such eilicd sub-
Mgtances as dintomacemus sarth and pumice have been nsed as carsiers,

3 " Prejaratlion of catelysts eccording to ths methods dsacribed sbove resulted

" in widsly verying estivities becauss of variations in preparatich chnditioms,
and & consient yield of liguid hydrocsrbeme could nof e obtainzd. By precip-

ttatiom with alkaline carbonete according to Fischer, 5/ voyevars - Tavorable -

results were cttained with nickel end ootalt catalysts,

Catalyst prepsration, - To & cobalt nitrate solution correspouding to 3
o, mof " oobalt wers added a comper nitrate scution containing e definite amount
of copopar aud nitrate salt solutions conteining definite amounts. ol remganese .
Sy e tun - calolum, tarium, lead, cesifum, sluminum, and chremium, Three grams
- of; Liatamacecns earth wes then mized in, and slightly aors poiass fum grriopate
“Eien. Teduired for nsutralization was added, . The precipitate wes. £iltered,
g5 @rEiocated et about 1007 C., and charged o the reactiom dube, Whed uranium
= f?jiﬁg a;a.' tungpdien cEZide woTe yeod as rromoters, they ware o_‘;:utat:_;ed Ty clfgs—_ _
Solying ammonium wraniutete, cbiained by adding nruniunm nitrate apl amionium
1o mixed carbommte salts of cobalt and copper and aumoniva tumgstats. An. e

L : :
'_-_:cnﬁra.ted nitric acid.

_ - o o @ N SRR
i Effects of redurtion tempersture, - Fischer states that 12 10 to 0.
‘pevosnt of copper 1S edded to cooals, the tsmperaturs of cobalt: oxids i
Teduced From 350° 0, to mbout 200° ©, Howewer, this is dependent cn the. tyre
=iy '_c_s,taly'st uzed cnd the methed of preyerztion,  The rosulting dserenscs in .
“reduction tomperaiurs obtained by using 100 Cotl0 Cuil2 Uiy ord 100 Coill
Cutl Mn caizlysts =re shown In tubles 5 and 13, :

foptnots 22,

fooctoote &,

footnots 21, - .
footnote B, : .
Pootnote 36,

fontnote 21,

aived
‘elited
eitad
oited
cited
nited
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TAELE 18. - E¢fe|:,t of the reduction te'npﬂramre

{100- Coild Cu; 12 T_T Q03100 diﬂ,uoﬂaueoa‘a eerth catalyst = 3
refction »empér@tu‘e 210% C,; gas velosity = £ l-.fh
?r_ O-1. of gae uead in ench uaﬂe] S

. Reduciien " Reduction I " Gas | Liguid Aroeducts ) ml e
Experiment te:nperatm* ’ , time, contraction, Casolme P
Mo, i ”E.’ . | hDhJ."‘B [ reErcent J fu_- p, + Watep
Lﬂ!,,_;,‘__._!__.l 200 l 1 j T"‘O : 1 1380 I _1'3'5:——-.._
_-'-LB.'..........'[ . 2op | 3 | 4 o [ “dhojz 1 pg5lpid
b ees e 230 |1 i 75.8 [ 138.5 ‘ 90,2

TAHLE 19, - Effect of She reduction temparaiirs

{10@ €030 Cuils Mn 1100 ddatoraceous earth catelyst = 3 gn; oy,
_ gag veloeity = 6 1, /b )

I _ l [ Beact fon] I [ag |L qqld proiﬂctaﬁ

[ Redusticn Reduetion tempara - Volums |conptraq-: rl, /w3
Experimsnt tu:-m’peratuv-e “bite, wure, fegms uszed, tion, | Gesolins o

Mo, ] ta _' hnurf' | Y@, Iiters |percent | {C}j_!_} Watep |

484 200 I 210 2kk.n 25,5 I- S
1;83-_,._____! a0 [ 1 220 c2hp A0 | -
¥, .. 250 1 210 Y5.0 | 6B 1803 {150
J+8D...-....|’ 250 [ 3 - E10 b0 70.2 | 108.5 |1 E
YR, ... 250 i 5 210 72,0 § 70,8 | 107.8 |1

Virtually ne change was found ip the ¥ield of gasoline (c _,_} when Coilys
U3tg catalyst vas reduced ror 1 te 3 hours ot 2009 G, or for 1 hour at 250° ¢
In comtrmst to this, when Coru i cotalyet wag waed, &n umfaverable 243 cl:vn-
traction was obisined with g hydrogen reduction of 1 hour et 200° or 2502 ¢, 5
& d=sirable yield of gEmecline ws ohieinsg mly afier hrdrogen reduction for,
3 to s hoirs at o500 P+ To asrertain the resson for the dif%erent resuits
produced by these lew reriugdﬂm tempes ratures, Coilu: E’-w tdisntomceous earil
catelyst (100:10:11°: 100}, yhich h=d been us ed in the slg,nwm"*e Tor sbout 12 -
hﬂ‘l.]I'B__, was firsgt &nr-oxmlzei &t sbout 1042 C. for an hour, rollewes b tmi'—n_- =
230 reducticy =t 200 C. for an hour, When eynthosis g4% WRE then psezed over s
iths catalyat, the gas contracticon was shout 30 Fercent al 2109 ¢, 95 percent

at 2207 o » &Ld 50 vercont at 2309 ¢ thereupor, brdrogen reduntion was
¥epeated et 2509 0, fop 1 bour, 8od a ges contraction of €3 percert wes sube
geduently chbtoined at 2jn? C, It w28 not mntil the catelyst wme reduged in

hvdrogen at 2207 ¢, Tor 2 hr:rurs that the originial acktivity finally was
obtaiped Thus, the zood resplts obteined in experimencs UL B, ani ¢, tatle
) 18, EIpear to ::-e- 8 result of the redicing seidon of ths Bmncnia gas relecced
by the digsolnticn &r ammon inm uwraniuvmate au:-ing the preparation of +he eato-
Iyst, and the reduction of cobalt oxide conisining 10 peroent codrer Tor 1-houl

at EE}GD or 2509 €, is nat gdeguats, Indicstions ere that refucstien for mere -
than 3 houra gt 2“(}9 C. 18 neceseury, '

bl -3k .
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Fiszher and Hﬂyer._.j ghowed thel amrsiiria. Ay 1wer::d the temne"ature at
which catalysts could be reduced, =uc{gﬂat:ﬁ1g Thet o if = mix?ure of m'ﬂrogﬁn
a.n:'i anmonia gos wers ussd Ins eari or b:,ﬂrngﬂn. &lt:?'re, ,arbcru't* en i-;r;tur‘f' reduc-
: ticn at 200° €, would be encughy i To verify-this suggestimi-aybotile, £1lled
w1gh spprozimtely a 10 pereent: agieous ahfopla selubien. 1«'&3 nlaced before
the Teaction twbe, and the lydrogen was bubbled. t*n-ml.__,h i, By reiucing the
catalysh with 1his bgircgan—ammﬂqma migture for 1 hour at ¢OGD L., activiﬂy
u:-:}mpa.rﬂ,blﬂ 0. uhzh 1:5:-..=1:111;;1.'.:‘.;.@| *’rc'n mrdroge:: r'r=~r:‘.ﬂ,1|::+ icn fc; 3 hm..r at Eﬁﬂ“ C
WE-’Cbt:L:IIlEﬂ T T _

. i,-,ect of Quantity {r“‘ u:r:mpiar adided, - The deurna%ﬂ *n I‘E-ﬂ_L_ct*t}n +P]JTP’ETE-
ture of covelt cxids, tased on the seaily’ redue ible prr:‘r-e“ty of copper,

depends on the amount of copper (relative to the cchalt) contained I the

Y ogntalyst,. Bowever, ascerdlng to experimentdl results ‘vbtathad by Armetrong

- and H‘ld'uu:ﬁ J w] soher, &2/ ‘znd, ¥olate I_f copper iz net, i’*self‘ & catalyst

- Por the s:mi-hﬁs iz of h:fﬁ.‘r'OuEl.""DD]’_‘*F Tirom uar-‘bm mercs ide - h:rrirc:- en m.ar.-tares,

- The Tmztlon of copmer, theyaiors; Iz merely to decreass th" reduct inn “temper-

7 sture of cebalt oxide,- or. I3 ey L-"' thouslth of as acting as a type of promoter,

= {@iseher said that **he profustion of cobelt carbide s ac,cerl roted by the |

¢ rosction,.Co +.0u 00 = CoC. +0ud), Bsnes, the additica of mors thken the

T Ops imsm E.'.ﬂ:lunt of covper wu::ulﬂ in & mrmrr anzlogmig to wther pfcn'oi:er 3,

. cover the astiva agnters u::P ths cmﬂ nnﬂ. decTesme the act Tvity, '

T opu1mm ammmt o c\:uwcr therefom*e 15 that whicq will‘ dec?easa th:E.'f
: catalyst reductich “ta'npﬁratur& 'h’hll-“ v, i : qin a gascline "4' 1eld gqual to or
g;c'eate“ fhmn that obtaiped,when: ths cetelyst s rcduced forie to 5 miars at .
¢ 356° ©, {without the 244i%iom of cnpper]l ! The gmsoline ¥ E?lf' ‘obtained frcm
L Cp-Cu-T.0, cetalysts (12 percenk urj.nlum C-XJ.-H:'-_} ccanta ing: TRTi0US apounts af -
- COPEST 810G shewr in tabls 200 0 S e :

From the gas comtrection endl the snelyses of the synihediiend wroiuct
: gase:s smcvm in teble 20, the rate, of reacticn Lelwsen cartm wonoxide &nd

by tydrogen and the nFrcenta,géﬂ}_ of cerbon dicxide, cerhon monoxide, and: piieous
aturated lﬂﬂfﬂ&ﬂrﬁfﬁﬂ pured on the cerbon mcnexide in +hs synthesis) gas ware
¥ tbtained’, The percentsge of eavton rence ide converted to zasolina {z ?_',] WAS

Gh'ua_weﬂ‘by adding these thires velugs and subiraciing wh-‘-nr S f‘rc:um 100,. with
" the reenlts showa in tadle F1.. -
Figcher, ¥., end E-!r-.,:;f“r, ., L_['ha .-_ut,.h" g Lohl of frminia Ulmr tha
Feduotion and Sotlvity of Kidsel Ge:.‘l:.zl,;fs: : B*‘:—:Iu" ta U"em., v.u.l. 1,

v

lgi:":.-.l;'f’ 8:‘ C‘?‘ .. ’ E
Lrmptrmg, B T, and Tﬂ'l_c‘itun, T ]'-‘,4. Hr,m,; o7 C\‘."t&]._y u_ukﬂtiﬁ["" E.'L'. Salid

Gureoce X. ihe Intoraction of Carbon Momoxiae and BEydrogen me Oéndi-
ticrned oy dickcl all "E"‘J.:..‘l'i‘.’E‘l,‘; Low Demnesaturcge. 4 Pras tieal uJ'nthvsiﬂ
c:-f I"&L]:Lfﬂr.e: Proc._,xog. Suc. (Lomdon), vol. 2034, 158%, op. 29=3h0

Fafér, F., Iropgch, Ha, =11 Dillhey, P., [_._a aﬁd_uﬂt_cm cf Garbon Mon-
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. Ezperiment 19, ~ In sccordance with the experimentals resilts obtajned; by
rischer und Eoeh, lydrogen reduction for 4 tn 5§ hours At 350% C; resulted in a
sgpefuction of 137,53 wl, of gaeoline ver cwbic meber of synthesis ges at 2000 g,
pédjrthe catalyst 1ife *neresced {volume of gas uaed ircreased frem 72,0 to

154,80 liters), the vicld of fgasoline decressed alizhtly to 152 0 mt, /'m3-._--'

"7 Experimentsd SA and B, - Thie caielyst, conteining o @rcent"coﬁpef,‘ e
gduced for about L hour at 2007 ¢ ;

_ ry 8Tter which synthesis gas wma ihtredised

at the saze temperatis, with the produstion of 17,5 mly of gesoling per hihic

peter of symthesis gas. When the reaction temperature wms raized to 21098, .
13 7ield wes incredsed to. 137.5 ml, /m, 3, essentiglly thae ¢hia Ined whol™the =

i cetalyot was reduced at 3500 O, withowt the addition of zopmer, .

Erperimente 3, U, end 184 end B, - The COpDer content was degreased. o 10,
sipereent and 5 pereent In these. experirents, and the catalysts were redvced at .

“about 2007 €. for ap hour, after yhich synibesis. gas was Introduced, . The yield
of creoline {noreassd with decreas ing copper cotent) a mximn of 143,73 ml/m,3
F ol eynthosis gas was ohiained at AC0° C,, when the coprer content was, 5. percant
of the cobalt, This yield of gasoling is .elightly more than 4hat obteined fn .
expariment 43, in whish no copper was =dded, T : ST

;- Bzperiments 518 end B, - The- copper sontent Af the eatalyest wms decrensed
88111 further tg 2,5 percent, aftsr Eyéragen reducticn for adout en hour et
2007 C,, eynthesis pas wes introduced, These comditions produged gpzaline
P yields of O psroent at £09°, 12 percert st 215%, end 80 percent at 220% T,

ZATter an hour's cperation at 2207 the Toaction teupsrature was. lowersd o | .-
221070 ,, and the yisld of masolins remiingd at. 30 percent. Thid demenstrates |
hatveduction of cobelt oxide in hydrogen FPor 1 nouwr et 2C0° ¢ 1s: completely
.aneffect ive when 2.5 percent of Copper his been =dded, Accordingly, the. cnt- |
LBIyst wes veduzed ip Ey@rogen ot 2%0° C, for 1 heour in order o somplets. the . .
porreduction; gasolie yields of 137,35 and 145,58 =l /m,3 or sxmthesdys pas wero

L obtained at 1902 and 2000 o +y TeSpectively, o :

13

.. From these results, iz aprears that {1) +he 1ield of msoline {based on
¢Arhon onoxids in the synthesis R tends o Increase with decreass In the
@tent of coprer reletive to cotalt: {2} 47 miia x‘r:-iucticn.coni;tims..ufe_. used,
#6884, 37 synthesis 1z ©o be etarted Amedistely after the refuctim tresiment, g
PPer content of more than 5 percent is necessary; and (3) & catalyst scatatn-
g coppor apd which kas beon reduced for a short time &b sbout 2009.0, s e
gher activity then a catelyet thmt b been reduced far 4 long time at 35050,
Dese points subatantiste the thesry thot copper aot only drcreasses. the retns-
:Elon Lemperatore of cobelt oxide brt slso Junct lonz =3 & 1:;::-':;1:&01:&1_-' Forcobals,
18 et111 doubdsyl whether, ws Fischor hes statsd, copper fungtione me.oac
Shoter In the protucticn of colmlt carbide by ths reaction Ce. + Qu +C0 A
Wl + oo, ) - - '

-

L Effect of promoters, - The evfocts of promoters wers obearved by addinz 15
2Icent éach of Lhe following compounda (tssed on cobalt) to. 106 fois, Cu cets.
1 Cad, B0, WO

5% 3y U3ly, Celz, 0, Zn0, ThO,, CAO, m;ﬂ,;glgog,_. Crolz, and |
Me0, The resulis foamd for T30y, Cels, ThOo, =nd Mnd are shown in. teblas 22;
k I"‘?11:#_‘_’th_e_ss: corpomis 2xhibited dny promcting effect,

F
o't



TAELE 22. - The effect of promoters

(1600 Co:S futls promoter 1100 dintomacacus esril catalyst = 3 gm, E‘D,
EEE velocit} 6 1,/hr.; ‘?E 01, af synthasis ges uged '[n eech care] -

T ] Rfsae:m,cﬂ Jas Liguid products, mﬂ@
Exper imant . temnerature, | contrectiom, Pqpﬂlimn ! <
Eo, 5 Fromoter oz, porcent fc 5 ) j Weter
B e vnnsnanat  CEl 810 RN 3.6 ¢ 98,1
534eeennae} Ul | 2RO R B 150.5 | 212.9
i P N 210 i 750 : 1225 185,86
WD, . eiap. | ¥RO 214 L 70,2 18,5 | 188,5

¥yperiment 52, - Cerlum oxide ms first weed e a promolsr for cobalt- S0
copper cetalysts by Zrdley and T‘-'Ia.ElP_, wha obaarvedl thet slihough the aet 1":11;3, 4
was largs In the Tirst stages of ithke resction It decresesd with time at en
increL;s_nE' rate.’ Ec&m'ﬁ? ctated tied cerinm oxidgs wes infericr to rircoain
and paaresinm oxide as a promoter for cobali-copper catalyets, Fmemmcnt Ao
eus ‘g a-catalyst in which esrium oxide was prec 1}!"'?'EL‘EE'-’1 togethsr with GGDELl‘t
and, copper as mixed carbonete salis 2, hed & low activity and produced amly 30, 6
nl, of gmeolips {Cr+} per cubic meter of synthesfe gre at 9109

prpsr imend 53, - Traniun oxide was used a5 & promoter for cobalt-copper ¢ -'
u:.aue.lysts by Smith, =t 9,1 and E:,r I‘u,}lrr'l“a et al, "The avther ziszo founnﬁ it
o e very ef‘fertwﬂ by E‘dk ing it to =nis kt:.*l ca?'l:ucraue cr_Ja?y“i—
53, cdbalt and copper wers pre::}Pita +ed &k mt{ec‘.
_ca‘r*hma tey, end urarium oxids wes e ipitated &s
The ::_Ltaly*-t thus prepared wern very sctiva, After h:.n"Lt'cfer renuct*on for 1-.%
hc-hr at Po0o G., 150 Soml, of meroline we s cbtaired per gubic meter of s:mthﬂ..
sis’ 5;9.5 at & reactien temperature of 2007 C.; ewell guantities of solid para?
fin were dﬁnosited at the’ end of the I‘E&L"'tl-’.‘.‘ﬂ tube fn the final steses of the
synh henis ’ -

-

E:q:-eriment sk . Co-Lu-This catalysts were mrebarsd by calefnstion by
Ecdams and Iischor =nd by precipitation by Watansbe, &Hfter 3 hours of h@ﬁragen
reduction at B40° C,, 8 gas comtraction of 73.2 percent wae obtained st a reus 5
titm uDl’[lP"—‘I‘E.'tUI“E‘ of 210Y and 22,5 ml, of gasoline was produced per cubic metér
of synthesls g2, Although thesc resnliz are inferior to those obtaipned with'=
ursnium, no-s20lid varaffin wes formed when theris wes used, The preparafion-
of! thoria-pvomoted catalvvtu reguire epeeial :prﬂcx,hgtionh, ‘howsver, as basle
thormm ‘Gal"ht}n.._t“ ey di ssolve in excesa potassiun.carbonate,

-Erperiment 430, - Co-Cu-Ma entalysts werc Pirst stuldied by Srith and then
by Fiecher, who used = catalyst precipitsted by scdiunm carbemate} & maximm 7
grecl.ine }rmld ol 118 ml, ,f'm 3 of symthesizs gas was obtainced.  The uze of men--
gRnEzE A5 3 promate; in experiment «!B_;, however, produced a geeolins yield of T'_ P i
enly 108,5 wl, /.2 of synthesls gme afbier o hﬁ'lrogen reduction =t EJ{}D C. Cor v :
3 _nm_.rs thue fﬂ.ll,ng t::t re *:nroducﬁ i.h.e results abtainezi by quchnr et el,
T ""he above results show thet urbmium czide is the most satlzsfactery uromutﬂ-‘l'
add that thoria, ‘IRbgEnsse ‘oxids, and ceriun oxids are dscreasinzly e?f'ective
in that order, F‘arthﬂr atu:iuas of Ec—Cu—UBDB catalyst we‘l'e mide on scmples

"’[1,{ tork cited in Footnote T.
J2¢ Work eited i footnote 51,

bl - 38 - C e



centaining 12 percent, £ nercent, znd 3 peroept uranium oxids, rasnectively,
“ip en attemst to desrsass the Tormevicn of salid paraffin as tI:& formation of
‘aycn material lowersz the c‘.-ura‘l:: i1ty of the catalyst. The resulite ars zhowm
in tebls 232, . -

Fzperimapts %5 and 36, - Decrerzirg <he uranium czide content from 1% ner-
pent o 12 peroent, [ percent, and 3 percent reduced the gesoline Flelli (e.“ter
rEﬂuGuiaq for 1 hour mi 200° ¢,) from 150.5 te 143,3, 137.5 and 55,0 ol /w3

of synthezin gan, respecilvely, =t a rencticn empsraturzs of 2009 0,

Congidoreaticon of the ratis betwsen the relatively heavy o1l condensed in
¥ the buretto aal ths light oil abecrbed by the activeted carkon showeg thet pro-
ductlcn of liskt oil is favered by docrsssed Queariiiles of wranium oxide, and
ﬁ'that prodastion of gasecus hydrocarboas is inersseed simmlisneously, Thus,

- table 24 shews s heavy oil:lizht oil ratio of 2,3:1, 2,1:1, and L.0:1 at ura-
pium cxlde coenfents of 15, 12, znd £ DEToent, res;ectival}*; the values listed
-in this table were ﬂaluuln,.ted Pron the. dsva given in isbis 23,

. From takle 2h, it 1z evident tkat the eqwersion of carbon monozide Is

5 about the szte dn all three cazes, Herce, chazngse in the gasoline ylzid may
,a:be cmsifared as dspendsnt chisfly oo the duantity of gacecus hydrocarbons
profuced. Although ar increases in the produstion of gascline would be desir-
able, any stizmot to do this bty incrensing the hesvy-oil productlom results in
fDI‘]’ﬂ-t?.Dﬂ of &n inereasing gusnhtity of golid parailine.

: The addition of meegensse o Co-lu-Ui0p catelysis produced the results
374 -
_shown i table 2%,

The pereentzgss of carben -dicxide, cavbon monoxids, gasecus setursted

o hydrocerbons, snd gescliine in the »rodust gases, taged cn the cerbem moncxids
-in tho synthesis gez, were caloulatsd by the usual mevhed and sre ghown in
takle 08,

Bxperirents 50, 59, and €0, - Additicn of 1% and O percent mengunsse tc
Ri(‘lﬁﬁ Co:3 Cuils .08 catalyst accelerated the proluction G‘F gagecus hrdrocarbons
Y and decreased the yreld of gesoline. A IEnganese combont of 4 vercent, how-
cever, showed a promoting effsct, imeressing the gasollne yield From 1h2.3 to
153,2 m1, fm.> oF syrthesis gse,

Exporiment €3, - Decrsasing the uraniuvm oxides contens ta £ percent pro-
#3uced ezzentizlly the sams results obtained with o uranium oxide coetent of 12
‘percent, About B percent mangensis . was found o bBs most sullsble, a larss
‘Mangemgse content kaving en accelsréting sfTect upcn the orodusti 1:311 of gaosons
Imdroczrbons, :
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