Cobalty ickel-Copper Catalysis

AE the fempersture of zobalt oxide was SussessTully reduced from 3590 e
2302 C. by the addition o more thap 5 poresnt of copper, & similar anplicagsd
in the_ense of mickel catalysts was proposed, According to Fischer and i
Heyerzifian& Fulimura and Ts: smkt,IE topper 1s incffectiive i lovering e
reduction temperatirs of nickel; unliess hydrogen redustion i= cerried ont ot 78
h5a0 C., no liquig hydrocartons sre Freducsd, and, even, after suszh redu:iign;?‘
the yisi13 is smell, Avcording to Fischer and Heyﬁr,id? wvhen & Hi-Ma-83.0, .
catalyst contatining caly 0.1 percent <cuper {bused om nicrel) was reduced 5t
Y505 €., the yielq ep 11uid hydrocarbons detrensed rapidly from 180 te 6L )
wl, /i, 3 of Eynithesis gua, According to Pujimura end Tevnsoks 79/ there ig Ho*
inereese in the yield of 1iquid hydrocarbone chtelned frog Hi-Mn cotalyst aops
tedining up to G.9 percent COPper. A% copnor contents ehove 1 parcent, the
catalytin activiity of nickel tatelyst iz ispeired, wherens Copper contents
below 0.4 pereent are dneffoctive 4n decreasing the redustion temperature of
fiickel, This differencs in belayicur batween cokalt atd nickel esfalysis was .
exrleined by FiecherTi/ og the following besis, He rostulnted that copper pan
tely an extremely waak tordsnesy to form zlleys with cobels =t Eynthasis tem- .
PRrelurss; in cobals cetelysis . therefere,' eapper oan funetion as & Fromolsop -
The Ineffectivencss of copper ag o bromoter for picksl tavelystae my be
exnleined by cne of the Tollowing mechanists s (1) Fither the redaction ten. |
persture of nicksl cxide is lowered by the 2ddition of ecovpar, followed by
combination of the refuced nickel with COPDEr In any proporticn o form mivsd
oryslals, Sherohy deztroying BOY catalyiic propertiles suitable ioT this reag -
tien, er {2) the reduction temporature of nickel i not lewereq by the add 1t {on
of ccrper, and, afier redueiin 8t high tempersiure, tke nickel Porms mixes
Crystals with copper with results corrarable to {1},

From the chservaiion ihet ‘drogen redustion et 3507 ¢, yaa necessLry
toth when CoTper MAd been added and when COpper had net been added to pickel Lo
catalysts, the uuthor comsiderad ceze (£) to be most probatble, As +the eddition
of cchalt o nickel caialvsts 2id neot imeeir thedir oot ivities, 4n attergpy wms
made to lower the reduction temperstyrs of rickel catalyste by the additier or
cobalt, the redusticn temmernture of which hes been lowered by coprer,

Hezults .

The exper imental results obiaineg by vErying the Frovertisn of cobalt o
nickel ang the roporiicn of coppar With reapeet to the som of cobalt gng
nickel ip g ﬂo-:{i-Cu-U3GB catalyst are ehowo in tells 27, '

I3/ Fischer, F., and Meysr, K. [ The Reducitility of Stardesd Nickel Catalyst |f
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TAELE 27, - Cobalt-nickel -copper catalysts -
? .

(Catelyet eguivalent to 3 gm, of Co; gas velge ity = 4 L, /br,)

) . T : Liguid products,
= : Catalyst- Reaction | Velume . Gas 1 w1/,
Experiment [ sorpeaition tempiraturs;| sas uzed, |cantraction,| Gasolins|. .
A7 Na, Cof Wi O UEQE . b, rercent: ' {C5+} Water
Bl uvurenee ) OCISOT OF 10 150 TE .0 oL .5 1hs.8 tecs. 2
Blevarsaes [ B0OI20[ 70| 212 PaD 720 80,7 14,5 |200.0
Gaiaa,n,. | 50500 8 12| o1 4,0 67.8 91.7 |1b1.7
BUB.,ehnn. | 5050 o5 1o 250 54,0 70,2 116,4 1175,0

GBSl [ D0150/ 10 12} L 208 72,0 T8k 137.5 |205.0
#655 50 50 1 12 215 72,0 6.5 - 120,38 | 153 .2
3 B0 vaeea. | 20/BOF 10 12 214 36,0 5,2 65,6 11066
6T sy, | 20F80[ 20 12 220 36,0 55,6 60,0 | 93,8
ureanass | 10|50l 10 12 200 6.0 - - -
B v aennas | L0000 2 12 220 36,0 - - -
T v ananns gol20 12 P20 36.0 - - -
o flyeseiane | 50150 12 220 26,0 | - - -

Exper iment £2, - Falf the znount of cohelt im 4he catalyet used in exper-
ﬁf’iq@;‘b 49 wes replesed by nickel, Following hydrogen reducticom at Mo, for
Fi ¥ houra, cynthesis g=s Yms introduced at 1900 ¢ 5 155,6 =l of Fmecline {Cs,)
FRTand 205 2 ml, of weier was produced ner cuble meter of ayntheszis gas, - Theke
?gi;'ﬁ';llts do not 1iffer greatly fron those of sxperiment &9, and it is apparent
sLHat the crtalytie natursg of tle cobalt wus in na vay impaired by the edditien
cof niokel, :

4
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vir. BEperiment 63, - i this catel at, 20 poreent of the cobelt was revlaced
¥ nickel, and 10 pereent copper (relztive to N1 + o) wes atded. 2fter kydro-
en. reduction at 2009 ¢, for 1 hour, eyathesis gas was introduced, and 1hc,5
gl, of gasoline and 200,0'm, of water were wrodveced per cubiz neter of syp-
gfjj}}_:qasis gas, Mo significent Aiffererce Lotwsen these results and those ol
(BRperiment =2 {wh-:—u nieksl wad not added) iz evident, The reductimm lLempora -
2 bure of this cobals catalyst e in no way affectsd by the subztitution of 20
Percont nilcisl,

Bxperipent & and B, - A catalyst containing a nickelrtootelt ratio of
t1'and 5 vercent copper wae redncad i bydrogen for 1 hour at 200% 0, Opern-
Sl in the synthesis prodused a 3as contracfio of © percent at 200° ¢, 12
Dereent =¢ 2100 C., and €0 percent =t 2209 0, Aftey an hear at 2209 0, "the
“QEFﬂperature wiE lowered to 210°) and the 228 coptraction remined a4 ebout G0
Be¥rent, clearly ShOWing that o reduction tempersture of 2000 C. was inadeguate,
Bydroges redaction vas then smrried cut for 3 nours at 2500 C,., after whaich
-2;.? Wl, of gascline and 141.7 wl,. af watep wers produced at 210% 0 per cubie
eeter of simtheais ARe, Comparison with experiments 184 8nd B indfcated that

; s;:f-’-'”IE aetivily of thiz catalyst was rediuced ccesideranly, suggeshing that, st a
féppar comtent of 3 parcent, ke reduction of 1Mi:10o catelyst wes quite
Latitdequate even aftsr 3 houre at 230° ¢,

v
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Experiment &34 and B, - The coprer cantent of Wileh catalyst was
ncreased from 5 pereent to 10 percent, . Emthesis gos wo3 fniroduces afep
1 heur's reduction au'200° ¢, mroduiing & g8 contraction of €0 percent ep b
200 and 80. percent at 210°%, indicating thet these comdltions wers nearly A

sufficient for complete reduciion aof this eatelyst, After raduction For 134

Cheor &#E7250%°C,17137.5 ml, of gassline ¥ag produced per cubic meter of sy
ais gasat e resciion temerature of 205° €., & value tkat desreased to 120 B>
Tmi, /M3 et & Fedction tempereture of 215° ¢, These restlis are very similgp;
to.thosé of experiment 4?, in which the catalyst coptainei no cobalt or c:np""
ard ezperimonts 3 -znd lL-, in whiech the eatalyst contoined no nickel: Thns, - i
dépending on the starting material, either Ielf of the cebalt my be’ réplachis
by iilckel in 100 Co:ld €n:lp U3lp catelyst, or helf the nickel my hléj];'éf:ﬁlﬁi_ﬁ:f%'
by cobalt’dnd 10 percent coppe? 5dded to 100 Wi:12 T catelyet withomb aaySd
sibsequeat loss in eatilyst act ivity, and, in the lafter coge 3

the meléesiry,
# O
refuction temersture is dscreassd Tfrom L4502 to 2009 to 250 SRR

n
L ]

. Expériment 65, - Toreas ing the ¥ilo retio to 8312 in the presence’ off 15"
réteent doprer and utilizing a reduction at 200° ¢, Per 1 hour produced a géﬁis
contractim of 10 percsni 2t 210° C, and 30 percent at 230° .  Rednot ioﬁ'ﬂci"hf%‘
the cefalyst for 3 howrs at 2509 Q, resulted i = gagoline yield mf'ﬁé;ﬁ'n’ﬂ_;:{
and & yleld of weter of 104,64 ml, per cuble neter of synthesis gee of g feans
tlon temmerature of 2207 0. More complste reduction of the catalyst wme this
indicated, :

. Experiment 67, - In this catalyst, the coppor comtert wes :
10.percent to 20 percent’ However, after hyirogom redustidn at en ., ";;h'e_u_,éq_
resuliing gas coptrastion was not lerge, and after hydrogen reduction for 3R
hours at 2507 ¢, only £0.0 mi, of geeoline end 90,8 wl. of water were, Drodupad s
per cubic meter of syathesis g8 at 2200 0, ; therefore, & decrease in the ;jﬁ
&2tivity of thiz catalyst from that exhibited by & catalyst eontalning 10 pef‘{;’;
cent coppar is evidens, These rasults suggert toeut Increazing the copper GO w
tent from 10 percent to 20 percent decreasse the reduction temperature of tils
cetalyat =ti1] further, buf that copper iteslf possess2s no promot ing ‘charac-’
teFisties s epplised In this reacticn, As in the gepemal gaze of promoters,
the eddition of copper in sxcess of the optimum anomt covers the act tve '_'1.':':?;5
centers of ths ecatalyst and grafually reduces its getivity, 4 decreaze In th-;
reduction temperaturs o B Ki:o og catalyst by the addition of copper 1= ;
accofpenied by a lass ig catalytie activity, '

Experiments &8 end 69, - Inereasing the Niio ratio to 921 and the copper
content to 20 percent produged wo epgresiable catalyst 'activit:y-at'react_icn_,_g_.
tempar%t'ures as high re 2257 ¢ | after redustion in hydregesn for 3 to b hourd
at 264° ¢, ' B : ' o '

... -Ezperiments 70 and 71, - Thesze cetalysts sontainsd no cobalt, and copper
catitents of 10, 20, and SO percent (besed on the nickel) were tried., After .
reduction for i}‘hn_rurs at 250° ¢, B0 activity could he detedted at reagticy ¥
temperatyros as hizh as 230° 0, ’ I : -

"‘.'L_':l':»_.e_a'{bdr_vg. rasulls _'_Isho:-r'\t}:_ua_;.t the ac'!;:'.v.ity of Hi-Cu-Uszig catalyst is not
enhanced Wy the addition of'cobalt, and that decressins the reduction temeera-
ture of nickel cxide from 450° o 2002 4o 230% ¢, withont simxlteapecusly

decreasing the ectivity reguires the addition of an ammmt of cdbalt aequivalant
to orf greater than that of the nicksl,
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Recertly, Taraim and Ko‘l::ayashi—r.a_f concluded that the

w2 reductiog ﬁempera.-
ture of nickel-copper catalyeds is Lower than that of sither

_ nicksl cr copper
alome,- freeording to ﬂrmatrong,ig_. I the reductiom of nizk 1-zofper cata-
1vats, copper oxids is Tirst reduced; as this 45 &p gxothsrmis regot fom,
reducticn of the nickel exide iz favorsd by the resulting heat of resction,
Hwever, the activity of SOPPET-tontaining catalysts derends lzrgely upen the
refuction conditioms. TFor exerple, reducticn of covrer exide in @ anid
stream of hyiressn produces s whito heat as a resuli of the szothernic hatvrs
of the reactim;: the cepper thue Termed iz very red, and its catalytic activ
ity is oxtremely lew, Converesly, refuction 4n a slow stream of hydroeep
Hroducnz CURDET heving a "mint vislet color e0d possessing & vigoremsz ceis
ytie sxtivity, O this seais, the reducticn of Coludfi0y erd Nigu-u,0,
catalysts my L2 gopsiderel tg ryocesed Tiret by the reduction of copper” cxide ;
Ahe reduction of the oxidez of pickel 213 ooballt are then accilersted by ihs
heet of reactiim libsrated s+ thiz time., Tha tepdency to form mixeq srystals
Cof cobalt snd SEDREr 12 weak, but nickel and CODPET ongily Form mized crystales,
efvecially at Iaoel hob spots caused by the heat of reaction, Thus, the zur-
free 0F the resuliing catalyet iz in 8 semi-ziptersd state, and its catalytiz
activity iz extreralry low, The reduction of cotelt ocxide endl nickol wride 1n
he ateence of copper rroceeds at 3509 ang L5l ¢, s TeEpectivsls, Therefore,
Cgrester amount of znermy "mst ko releasod 0 accelerats ths redustion gf
rickal cxids them ig reguirel to =imilarly affect cobalt cxife. Indezed,
Lo-Lu-Th catalysts Trerarad by the u::alcigation methed becoms virttually inap-
Aive when reduced in rdrogen at 3300 o 20 BExperirental results ehow that
although the reduetiom of CERpeT oxidle accelermtes the redustion of 4hs nizkel
axjde eomnonsnt, insefTicient =RerIy fs relsascd by Lhg COTLer 2xide resaction
4 corplotedy Accumplish this objestive, Tz 4hia cratiusion sompatible with
the foct thet the rea ature of nickel cxide woa succezatully
lewored by the acticn 9% 4 large cmemt of cotals end copper? Yez, beczise

A0 =dditicrel source of host ig ataiianle from the cogversice of crbalt pxide
to echelt Corper oczide was Pirst reduzed, snd its Best o regetion mocelora
ated the reducticn of nohalt oxide, with the result ket more et energy wes
reloased 4o 2ocalerats the redustion oF a- ckel cxige, 4 larzer anmrant op
cobali oxmide 15 needed e sratain Jte own reduction eng that of niskel oxids
"'E'f the rroporiion orF tarrer oxiies iz decremesd, : ’

wetian kerper

s I, as ths ataove discuzsicn Inlicates, the reduoticn of rickel oxide-

. LoTmer catalyat iz incomplets st 2509 0, ¢ the guesiich g mereinent as o
oMoty wint percent redustion ie AeceREAry for nickel, cédalt, apd iron emt-
enflyetes to make then gocd catalysts for the smthesic of 15%111- bydrocarhons
= from hvdrosen =nd carbon mmexids, Acoeording to Enthe&ume,j

iron catalyste
135; Terake,, ¥., and Kobagaski, B., [Eizh-7
ke ITE, Froduciion

regeure Hydrogencttiicn of Fatty 0ile
of Aotive Catalysts by RBeduction of Miged Flrowideg
LB of Wiekel ana Coprer in Ligquid Medium}:  Jope, Soc, Chem, Ind, Jazen,
: vol, 36, 1323, 1, 2h; supplementsl bind#z po, 3637,
13/ armotreny, B, 7, ama Eilditeh, T. P, Sludy of Catalytic Acticms at Seltd
’ Suwrlaces TE, Tha Aotion of Coprer In Promoting the oot ivity of Hickel
“rtalysii Prac. Rey, Seo, {Lorden ), wol, 1028, 1922, pp, £7-32.
Work zited in Tootnoho 3, '

]
&ntheavme | J,, Decarricre, I., snd Resut, R, s [Fhysiecchenical Study or
irem Catalyst Tzed in ths Zyrthesis of Liguid Bydrocarbons : Chim, et
Ind, Zpecizl Ko., wal. 31, 3934, po, heilles, -
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Fumctien in this catalytic ecspacity ez Pe Q.
catalysts react in a maner entively dirs
85 their capac 1Ly for hyirogensticn is :
of miztures of reducsd metal sng oxides, The Ryirogenating ability ar Bioke
catelysts 18 mep FUperior o that of gobalt catalysis, and, when uscd for |
thi=z murpose, niekal carslyats my e reduced, in the abzence of diat-cmﬂceou_
earth, at about 3090 L., vhersas, for cobpls catalyets & temperature o more
than f;OD':‘ o, im reduirei, Tn the Hydrocarbon synthesis,
of cobalt is carried gut Bt 330° €,, whereas nickel regut
kso@ ¢, Fwthermere, whereas cobalt-copper catalysts can, withopy prelfmiua,rj-"
Hydrogzen reducticn, initiate reacticn with symihesis ges leredlately, nigial i
copper catalysts require previc

15 Eydrogen reductisg as hign tenperatures,
These cheervat fome Suzzest that the extent o i

L8 reducticn of nigke] cavalyets
Eust be preates {han that of cohalt tatalyete for this veant im; in other
words, the quantity of »ednped metal reletive to mztel oxides in the nickel .
catalyetes mst he comparatively greater than in the case of cobalt tetelystg,’

Howéver, nickel and cobaly )
Tent from that of irem catilyste;
high, they should bhe used in the f‘:‘l‘m";-"ﬁ

Catelvats Coptaininas Silvar

It iz w=q1 knowvn that fllver oxife
BY the applicetion nf nea
diks “Gpper, silver can h
to lower their reduetion
cobals omide apg

can easzily be nzed
t at reletively 1ow terperstures, fThi _
= added to ockalt opiae o to nickel grige catalyste’
temnoratires, Ac:ordingly, 2ilver wvas eddsd io '
nickel, =ng {ig sTfscts upon theom Wwers obasrved, In Freparin
thess c:a.tel:,rstﬁ, flbrer pnitrate was Lged 85 4 zourge of silver: nickal and
cobalt carbopetes wel'a

Precipitated by potassing carbonete; and uranium oxide
W&E Uuggd a=z g5 Irercter :

te seperate metals s
5 suggests theg, !

1

Reanles

- )

The results of thoce experiments aps

shm-'r:; in tables 28 apg 20,

Experiment 72, - This catalzyst contained 10 percent of Silver based o
the cobalt, Artgs hydrogen reduction for ap hour at 260° €, sypthesis gas
28 Introduced; gas contpact iong of O percent at 200°, 29 porcent at 210%, apad
60 percent. at 2300 0, were Tound, These poor Tesulis were attributed to inad-
squate reﬂuctian, 59 the catslyst was reduced for 2 hours av 2507 ¢, hz s
vesuit, at 180° o, 154 o mi, of gaselips (Csy) was produssg Per cubic moter of
S/nthesls gas, Corcarison op three resulis 'with those of ezperiments 3anA b
In which 10 bereent of copper was added, shows that ailvox i inferier to |
COpper in lowering the reluction temperatiye oo cabalt txide, az the Copper -
comtaining cetalyst oy raduced succecatully ai ogo C; on ths ciher hand,
whereas the reaotion temperatnre ol the COrTer contzining catalyst wez 210° ¢
The silver-containing catalyst exhibited ap wdequate activity at the relatively
oW temperature of 1900 g .y Wheress the yield of maoline wme ineressed Cone
tlderzbly, Thus » 5ilver is superieor to SOPBSr &2 promoter,

b
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Erperiment T3,
20 bercent, resuitig
Sn hour =t 2go0 o
line was Profuced p
differsnt freop that

-~ In this catulyst, the gilver econtent ¥iz Increased to
g In = satisfactory activity after bydrozen reduction for
At 8 reaction temperatnpe of 1809 ¢, 43,0 ml, of gazo-
°r cubic meter of srnthesis 2%, & rezult not mterially
obtained with the catalyst wentairing 10 percent silvar,
hork - be -
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Experipent 7L, - This catalyst contained 10 parcenmt silver taz=1 e the
nickel, Hylrogen redustion wez carried out for 3 hours at £350
comtraction of 33 percent wez obtzirsd at & renc-ion terperaiu
ATter more sbrenucts reducticn for I ohoor =t 0 C,, this cz
g gas contractilion of enly 52 sercont with & gasolire Field of oniz
i, g’m,a o Fymihesiz gms » 2rd it 2z evident from tie coerpoEdticn ol Lhe prg.iuﬁt
gesas that the geester pert of the corten momeogide wme cohveried to cerbop
dicxide and guseouz saturetod Wydrocarvons, From previous ohsarvat iens, a
decrease in the resctien tompereature pey be eypected Lo fncresze thc amount
of gascline oproduced, When the temperaturs wes lovered to 2009 a1a 1904 C.,
the gas comtraction Gacrossed rapidly to W and 26 pereent, reapootively; and
when 36,0 Litsrs of synzhagis gos owas used, the raspeciive giooline yields
were 30.2 wl, at 2007 and 20,5 mi, Az 13097, per cuhiz meier of symbhesis
gag. Uomeidering tist similer cezalysts centaining 0 p=reocnt copmer ghoread
no astivity st rsaction wEMReratures uwo to 2300 ¢ «; Silver iz eunoricr to
copeer & an agant for lowerirs the reduction tempersture of piskel cxide,

Fxrveriment 5. - The giiver ccatent of the satelyst was increaced te 20
Sebe el [ . ya : -
peroont, and hydropen vefuction was carried out Tor 1 hour o Jeo o, ha
resulis ars poorer than those for catalvets containing 10 percont silvon; ¢

- ¥ & FE ER
ga3 contracziion wac enly ik Fercandt st 22900 o y &nd omly = troce of Eas21in
vas oroduced, ' .

-]

MECEANIEH OF THR EYTRCCARBON SYHTHEAIS

Although no definite experimentsl eviderce vxlsis to szupport any postu-
lated rsuction mechanism Por the synbtbesis of olefin end perafiin hvirocarbogs
from carbon mencxide and hydrogen, Tiescher's carvids thaory 15 oons idersd. the
most protable, Accordirs 4o this theory, carborn monoxide first combines with
either thz nicksl or the cctels in ihe caetelyst o form nicksl or co‘oalil CLI -
bide, This carbide reacts with Hpdrogen Lo form free radicals, such ce CH-,
.bHEJ anrd CH., which polymerize =nd tole om bydrogen <o Torm varicus oisiin
and Daraffin hydrocartens, The forzetior of cerdide znd earbon dioxide Trom
nickal, echelt, or their oxides snd eerben monextde hag been ssteblished,
Tha=, the rescticn betwoen nickel and carbor memoxids is reproscented by

Lo+ 20 = Wil + 0O,

Although Fischer’s mechaniem postulnies that fres radiesls rolwmerize epd
tkat the production of Liguid hydrozarbome is scocrpanied by 4 leres produc-
tiom of cerbon dloxide without the forrmtion of water, direzt experimental
resulis show that approxizetely 1-1/2 times more wacer than 0il iz prodnced,
andt no mors tmn 2 ar 3 Dereont of carbor dioxide 15 obtained mder norml
eireumstancss,

To crplain this, Fischer etated thet ip the aynthesis of liguid hydra-
¢arborz the mican of carbon end oXygsn in cerbon mohoxide was first soversd
ir the pressence of wmickal or cobalt cé.tal;fst, at which time the carbor com-
tined with the eoiivated metel ic Torm carbides, and the oxyzer rescted imma-
diately witk activates hrlrosen to form weter, Bowover, werlous investigators,
Who passed ezrbon monarids over nickal or cobelt with the formation o cartide,
then passed hydrozen cver fhe cerbide apd obtalned the carhor of the cerbids
rinciraliy as gnseous hydrccarbone {ehisfly metlene )i oo liguid lpdrocerbona
ware ohserved, S :
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Any explanation fop vatalyiic sotiv
tion thet the reaction takes placs via ap mtermediate oo
the catalyst ang ths reaztents, Hewevar,
active catglyge cxisting at BNF oM
the reactim, EéﬁmImp + EEE =

ity is 2enerally bazed o the Presumn-

Meeind Prrasd between
tonzidering that the amceant of
© Lime iz extrecely smaiy (For. instense - in
P e, + 2 Oy when reduceq nickel {s uged,
the probetie aneusat Sp active nicks] enmrad iy the reducticn i= 2.385 nore
cent;?ﬂ whereas, wvhen amizon fated iron-aluming catalyet in used, the ammnt
off antive {pepm elemsgt 45 2.2% pereont }, it iz svidens that the i‘c-mation
of carbiles at these 2ztive centers apd thodp reantion with Erivocesn wenlg
rerudt in the formtbicn or uentities of liguyia Wriracarbons sg small thet
they could hardly he detected, Furshermore, somparieen of the cnse wharg
foalbon monoxife end hydrocen Co=~exisy with the SREG where cerbhon moroxida
d0es nol 2xist, bust whore miy Irdrogen an: sorhids CU-XIZt, zhosm o groat
- difterence betvoen the 2guilibe fyg 1*elation$h1'_ps In the tyg tdses,. The valdid-
gither theory canpon Irmediately be Judged th&refore, o the tazis’ of
the srperimontel rezults revicusly deseribked :

iL-_!." of

Tormst ion: of Carkiges

Much research hag teen surried out op the reaction of carben menoxide
with niciel, col::ﬂ.lt, irom, and their cxidss, Banr =nd Eahr@._.fr minteined thet
at temperatiras holoy 270 €, nicks] E Teget duantiintively
to form i and thet 8t jneves (i thizs cege metallic

nickel doe® nod oxist at 511) reasts st2l1 Surther with corbeg Ionoxide to
Torm Ni,2 and cerbog dioxide, At vy Hi0

A% temperatures above 320% o hono o
“Aocompotes into n: s postulatsd as aecalor.

204 carbon mogox il
Zed fotmoratures Ni 7z

ckal ard carkin, and this Lilcield
wi Atdng the desorrosition o2 CATHoN mrnoxide,
'

In this reepect, Horibe apg Ei_f_-’f’ rzide fhe folloving nleins:
1, Ni-C ig Tormed only st the active centers of the catelyst,

2. DBecause o2 ihe Torration of I-IiB{l, catalysis of the dozompos it iom of
CRITBOR Monoxide iz Toduced,
I, Derbag ronoelds roactions ke plass ohly on the emainIng sotive
centers of the nicksl Enrrace
A3 According 4o Tut:‘:,ra,g-éf et temperatures below oBs® g vo Nickel 23 nigkal
2 1de reect wity BErton monox

ide Tp fopm Iﬁfi3C and HiKD, Fickel mm tha Burfacs

EE‘? Sci, Pavners Inst, Phy:. Shen, Begearel ETqurn:l, vel, 31,_2@2,3, T. PEI,

' {Refcrence could neot b ideated, ) : :

-ﬁijﬂ&lmquist,_J. Ae, The Wature or the Detalyas Sxface smd the Ereegt of

L Promoters:  Joys, Am, Them, Bec,, wol, L, 1326, o, EBED-EB.’-EE_

@_U Buky, R, 4., and Dahe Th,, fl}ecc:-mpos: itiem of Qarbon Menoxide op Wiekel H
Eexr., vol, 41m, i928, pp. 21y7-21R3; Feactims of Hinkel Vervide (Nig)

@ Prevared at Loy Temperatures |1 Bor,, val, £3m, 1329, pp, So9.100, T

E._é/'r Howiba, S., and Ri, Loy leylopts Theocry of Actlive Uenters ang the

Finetica waseous Reactions|: Réc, tpay, chim,, vol

of Feterogeneops

ey, o4 M3R, tp, Ehl_gho

_ (_'r'IH.:t.v‘_ya,, E., [Catalytic Desompositim of o
Fickel Carbides | pyi1, Inst,
1531, pp. FIL-573,

arbon Momczids Tv .

Bolmviogr of
Thys, Them, Lesearch

i .
iTokye), o1, 340,

-~ 4o .



of £he Miz® adsorhs tha CATDON monoxide; st terporatires of 265° 1o 2750 (';"-
= 4 [} - - ‘-
carhon nonoxide 4 BR5crbad tnly in the presence of HisC, Tutim Statae_-ti_.jﬂ'f
+

13(3*_%1113'}(-3—%31%(: 0 exlioted, uild

{nicksl surercarbides ) ars exlerely unztebls, deccroce ing rapidly =% Akt 3
21ly & reayls L
thias reactior, U

In this case the process Wi CO0 s

- =

2067 €., and the Hyrorhertc matire of nickel carbige is res

Tiecher, in his experiﬁgr_-t-,a._f_f’ reeoted coralt with carbor WAOLITE Lo
form Ca_:]c.‘e 211 eined hydrocarbens from the caroide correeponding only ti AL
CosC. Tuliyals/ rouns Fesly and Fes® (zlso carbidee of oiner indefinite Torn) 2
VhEn rescting iron cxide And carbon monoxide at 3209 0, hat aip act finﬁ__F%éﬁis
cr Fe, 0 ( sursrecertides} ay 270° . In other words » Tutiys p-oettlleﬁe-d that afz
temperatures shove 2800 o guch vrocessss az Taplly ol s Fexl 3 FeC — i
FE‘HC + 0 exict, et

From the above exrverimental evidence, there Iz £o Agubt thet
oxide rescts with vickel, cotali, cr iren fo fopn carbilies of
tior, The speed of rarmetion of suzh carbiges ig greetls
condition o the metal. surface and by the methcd of {i= preparation, That, iz
the greater the sctivity of <ie catalys, the lower the tamperature apqd the
grefter the rate at wpich certiffe iz formed, Thg observation bas ;|:-r'e1;r."u:n;lsI_L,T,';,'E'r
been mads that whon mixtires of ssrbon mepoxids and kyiragen are used o Far?ﬁfiﬁ.:e-
charnge i resation michaniapm LECUre, and th: cheracteristdio Froduction oF D&;ﬂé}fﬁ

i

zorbon mem x
ELCC inl o 0!!11;03 if
Influsnced by the

¥
bon dloxids is replaced by a Profustim of wmter. Tt ruet he erphasizad Liaty
thiz 1z tyye c1ly in the vess o coleld snd nickel catrnlysta, When iren -cél._tu;
alysts are weed, cerbon 4inxide im ihe charscterisiia groguet » whether pure
terben motoxids or o carbon mc;n-:rxidc-—m'-:ilrr:gen mizturo iz umnd, Tlms, in +the
ease of pickel or cobalt catalyste:

CO + €, = (CH,) + Ao (1)
and in the cis5e of irom catalysis:
sl
50 + B = {Chy} + oy, (2}

In order tiat both reactions (1} ama (2} my precesd Trom left to right
thy btends in the carton moncxide molectls and the hydrezen molscnls st he
brogen, I edditien » Ebe attractiicn between carbon and hydrogzen avoms, _
betwoen hydrogsr and CEYERE aters, and betweon s moleculs of monoxide =nt-zn
SEyEen alom must Le gresater thar ths CHETZioE of {he bonds that are brglen,
Yhe Torces ihat promote Termedicon of water end those that promote Tormetion
of carbon dicxide diffsr aceording o the catalvet usoad, 7o Ironote forms -
tion or wiler, a catslyst thet acd jvateg Firogen stcms rast be chosen ; COm-
Yerzely, a catalvat thet attivates the carben memoxida nolecule rmst be wged
if carbon ficxide is to be preayced, :

87/ Fizeter, Fuy [Collected Pavérz on Lhe Baps
Bcrntrﬁ.eger, Herlin, 1227, o, 235,

Ba/ Titiya, H,, (Latalytic Necompozition of Carbop Monexide ¥IX, Behaviour
af Tron Cartidssl: Bgl:, inst, Phyz, Cher, Rescorclh {Tolqro}, wab, 10,7
I23L, pp. S556-36; abgtracts (in Fnglisk) rublished in =2o4, Dapets Inst, .
Fhys, Chem, Roscarch {Tolye), wei., 1%, Hos, 306-309, 1931, =

Lol - 50 - o

ledese of Coail: vol, VIITZ, G,
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MThe aarhids:reﬂuced-meta1 retio Pirally echievesd g denapdert Upcn tpg
CliHn ratin in whe synthesig g8 and the reasticn temperaturs . 4 Su—*ﬁlua'ﬁf
hydrogen reduces the quent ity o2 residual cerbide and Gecelerates tpg Torme
ticm of zacemas hydrccarbcns; a4 sinilay effect 45 Schisved witk Increnes i
reaction temperature, whkich fncreacas e Teectivity op Lydrogen arg carhjﬁ

From ihezs D‘cservatifmsj 1t world ha fomelyded that tha crentor itha By
plus or carton monexide 4nd the lower the reactio, temperahwe, the wors ¢ ":,
Syothezie of liguia hydroearbens vould ka Tavored, Ac_t:.za.lly, hcwaver, eXLei] k.
ing a certain raa iﬁual-carbide:reﬂuced-matal ratic desreageg the rc—;gensra,tigﬁh
of carbides eq the reducea metel, ang, NCE, A marimge g the Ircivesioy of
diguia hpirecerbons cExnot be aveided, : :

L& cartidss o thisg tree are en i1y dezorposes Ly h:,rdrcg;en, LThe hrdrea.
genat oy Capicity oan he reassd by incress g the reactiom temeratyre to
4 akitable degres, Ecrwever, although the Tormtiog or carbides {5 ﬂEcreaseﬂ,
because_suc » PeEctiong as 3 C—-—J_,,I-Iixf,'-—_}}ﬂu'i +C oceur at elevates Temrerg o
tures, fres carbon, which 1a relatively FIffloult ¢q rezet with hwdrogen ) '
gererated ang depozitea op the aetiye Surface of “he catslyry, Thuz, the
mydrogenat ior reaction, the rate of whirh ig Ere=t in +ths ®2r1y Strmgos of -
Eynthef_:is, loges 1ig activity Tapidly,

The temperature gi whizh fros carbon ig Produseg d:—pendﬂ, aF Tourge, on
T ha t:{]‘:E.Of_' catalyat employed gng o the compes vicn of the Frathesis R, U
The-quant'it:r ¢ Fros carbem SBepogited ip the cetelyat ‘Incresses With time arg

Plays en Important reig in the deterioration op catalyst activity,

Prcducti-:-n 0f Tiquid 7

The synthesin op 1iguwid hdrcearbens Iy the eatalyian reduction of pmp.
ben dioxide Fud etudied vy Fischep apd Pichlerﬁ?_/c 2nd Fack ang Kﬁsterlﬂ-/’c
marn ¥ o’thers, but It 81} gases methane was Produceqd instesd op gxsoline,
According tg Fischer, 92/ yhapn nickel-aluming Catalyet is used in the methans
Eyntheszis s+ the Poluction or “arton dickige Legine o 2002 (1, whereas the rr:-:’[ul_é,‘-j
timm of carborn moncxide dces not opgy until etent 250 U4 12 reacked, wom.
8VEer, in the EFnihesis of liguig h;yr]roc&rbms, the earbon dicxide ip s;mt-heé_i_sfl
SRE mixturee of caprkoy menoz ide hydrogen, ana farben dicxide hae o effect - 7.
Whetever opn 4he ¥isla ansg, withous further adait ion oF Bydromen + ATL=ars ag .
Such in the product me; the ydrogenaticy o carbon dicxide 1g Initiated nly
After any cerbon Eonoxide ig totzlly consumsd o

The suthox s Inferreq that Yiguig Hydrocarbons e formed undep condi- | '
tions whepe the h}ﬂrogenation CEpAC Ity of 2 eatalyst 15 Suowlet ractriated [
cerhides Produced in +the tatalyst hy Teaction with carbon Ionozide, Farallel - -

G0 Fischez-, Y Pichler, g T s ous Effect or Corbon Monozide
and Carbon Digxide Taring rogenation, with Partienlep Regerd o the
E&th&s is of Hyﬁrocarbonsj: Brennstoee Chem,, wul, 14, 1933, po.

3 '31G¢ ' .

2_%;" Ei zh, E,, ang Eﬁst&r, H., E.'.!‘he Cetelytic Feducticn o= Carheon Dioxide with
Hydroger 13 Brennet.efp Chem., vor, 1k, 1933, op, 245251,

2/ Werk. “Iied In Paotpoge %4,

ok - 52 .
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' rexsming suzgests that as cartom dicxide does not enter inte ahy chemical
_ * peaction with reduced niskel or cobalt {of crurse, redpcsd nickel end sobalt
&% gbscrt end desork carbon dioxide =t ratsz which are in gquilibriun), no inhik-
v itIve efTects og ie hydrossnetion should he considered Ty virine of ths rres-
cence of corbhildes, Therefore, the carbon dicxide rhould readily be hyirooeg-
- ated to metiene, - Howsver, it has teen shown - experimentally that at vemperetires
S Deceftary for apprecizble reduction of carbom dioxide all zarben memexides is

quickly coroured by the hydrovarbon smihesis meclanism,

| SMMARY

_ 1. Studies were made of the effects of Teacti nture,’

iy, an? sirthesin £28 compos It ion of the yisld opf 1iguaid hy-jrcnca_,rbons, apd
en onbirm rezetiog temmerainre and £42 velosity ware founmd to exist,
2 promize betwesn the most des Iradls rinld of liguid hydrocarbes
- est estalysi durability was €5tablished nt = HaiCO reatic of 2 .

2. A retls of diatomessc
i was found to oroduce the be

Us earih Yo the metals comtent of the cetalyst
 foumd 4o be & Tair carcier,

5t results batween 1:1 and 3tk wilice 2zl wa@e also

o ST 3, Imothke premaration of catalysis, acetates wape Ternd fo Be 83 zood o
L BOUrce material ex nitratas, - ' '

wio : .

S

» atudiez of nickel caﬁﬂ.lysta showed the
ThO, ostalyet, 1458 ml, of sasoline {c

t by using 100 1120 Mp:8 Us0g
;' thegis pas,

5 +) wE obizined per cuhia mrter cf sym-

T, Cobals —coprer catzlyets and niCEEl-cohEI.t'wcopper' catalysis wore

i Investizated, Tre Lemperature wt which cobelt iE reduced dosz not irpair it
5 Subzequont catalytiz astiviiy in any way, The reductiom terperaturs of gobalt
(TEF be lowersd from 350° to 2000 g, by the edditicn of wore t¥En 5 poreent
" OPETRT: tu lower the refuciion tempsraiure of nicksl from %307 to 2507 o.,
J5: Wre than 100 pevcent cobait and were tkaan 10 percent cegrer {relativs to the
Bickel) must be added, : '

. B Bbudles of tatalyets contuining silver showsd et althensh ailver is
o Inferigr fo copper es & mesans of Loweritz the reductiom temperaturs, it is
fupericr to COPRET 38 A promcter,’ :

T+ The mechaniam of the hydrozarben synthezis wat discussed,
A REV I op INTERRATICHAL PESEARCH OF THE RYDREOCATROW SEI*I'I‘_EEEIS

Germany
YU The discovery of ths Byetheslis of hydrocarbons Trom carbem rncxide and
ril..]?b'ﬂrﬂgen e generally sredited to Fischer B hile azsociates at Mehiheim,
E@%‘GEI‘UEE}_ In 1923, Fischer and Tropﬂchzylg_’; reduced carkon memozids :
83 ¥ischer, ¥. anda Tropsch, H,,[Ths Freparaticn of Synthetic 011 Miztures

: (Symthol) Prom Cnrbon Konozide and Byavcgenj: Brecnstorf Chem., vol, k4,
PR. 276-257,

°Ty ., and Tropech, E.,.Tr

]
—

Carben Monexide and Eydrogen ]
201-208, 217207, -

eptratio of Synthstic o1t (Symthol) #rom
srennstoff Chem,, vol, 5, 1924 pp,

"
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catalyiieslly at higzh Prossures, Using scrap irom contEining alkali, pT
ticularly rubidium carbonate, as a cetalyst et 0% to 1500 ¢, ana [ERTNT:
atmospheres ! pressure » these werkors obieined reaction products comta fring
rercent zcidis fubstances, 29 ypercent or wnier-gcluble glcmhels 4 alﬂei-;;ﬁ_EE;
and ketemes, Il porcent of weter-soluble oila, snd 49 pereent of water.
insgluble materizsls, This product. they called "synihel. " By trestment uy
k50° ¢ end high pressurss » symthine, " composed chiefly of hydracarkons, -
chizined and proved usable &2 & aubstituytc for meEcling, Reducticn of
nnoXide wms then studied at norml presgures,

Leboratory Resenych

In 1926, Fiecher ana ’I‘rﬂpachﬁ/ tezkel exidag o chrominm, zine, beryl .
liam, rare esrih elementa uraniom, andt meanesium as Fremoters fer iron epng
eobalt catalysts, They foumd that the activity was greatest =t netal toxide s
ratios of 1:1 or 3:1. 4t abous 279 ¢, 1 cubic meter of weter gue (Hoip s
1:1) wes repeatedly tassed over Ehe catalyet to wiala approxirmtely 100 gx,
of oil (Lliouia h?drocar'bonsj.l_?ﬁ BacaLee wter gae deactivated the catalyst
guits Tapidly, coks-oven gas wng rensted with stoam at high terrerstiures o
Zive synthasis gas (EpiCC = 211), e most frltable catelyst was Pound to
be 100 Fai25 guio £ptl3 or @ Corl Suj 20.tg 25 ml, of msoline (Coa) wms _
sbtzined with g single pase per cubic meiew of synthesis gss, In 1930, Bzrl
ang J{bglfngﬂ soudied iron end cobait cetalysis conizining SOPRer, zine ;.
cxlde, rmrganose oxile, aa? potassinm carbanzte, They found tha+ vnder thejp’
conditiens the . motivity of coh&%t catalysts wes greater then thet of ivon ecat.:
alyzts,  The same year Plazeher? Found thet the Fresenco of alkali wmg Tovor-
able i iron-copper catelysts, By adding a swll amomt o mEngEnene oxide
fad alkeli %o a catelyst orf Camposiiion Feilu = ki1, he obtatped kO <o be rl,
of grsoline per cubic meter ar 2Hz1I00 gms; e gzscline yisld oF 190 ml,ﬁj
Was obtained with 9 Cotl oyu:l Tp cetsliyst, ' :

It wan then dizcovered thet Tty mizing 2 Byl 00 z52 end 1 Hoil GO gea, o
end ueing it in the synthesis at a low velocity, 8 gaspline ¥ield of 50 .
ml_fm. mized e wmz obtuinea with iron cets Ivst erd g 7isld of 130 ml,,fm.3_f .
w¥is obrained with cobalt satalzrat, Hizhly porous su‘bstances, fuch as Stutt-.
EArtormisse, wers uzad as carriore for the catzlystz in thege cases,

In 1231, Fiacher ard Meyarfﬁf’ investizmted nickel zatalyats ani forma
thet thoriz spd TArFRNCEE were superior Promcters - for nickel, Catslvets .
Precipitsted from mizad solutions of ritrote selts by godium tizarbonate o
Potassium carbonete were ECsT supericsr, ezhibiting an activity corparable to
tkat obtains? with tatalyals preparsd by tke celcination of nitrate zalts,
Theae investigntors sdvceated nug ing diatoraccous g4rth a8 a carcier, T
nickel-tharia satzlyste, COMPCSition & 100 Mi:18 ThOe:1go 2iatorucecus
earth  obus dngd by mrecipitat Irg frem s zolutiom of mized nitrate salts ty
potassium carbomate, Imd the graatest activity, the gmesline (Csy) ¥ield wes
120 ml./m.3 of synthesis pas, Tests of sedinm carbooate, potassin cerbonate,
SMmonam carborste, caystic potash, and censtie sods showed poteszaiunm car-
bemzte 0 be the best rFrecipitant, with zcdiunm bisarbenzte secoma hoet; : E

35/ Work cited io festnone A,

Eﬁf Work eited in footpote 21, .

97/ Work cited in fooinote i1, A
Work cited 4w foolnotse 21,

99/ Woark cited in feotnots 12,
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v ganetic potash and caustic seda produced catelrsts with almost no activity.

- gpdrcgen reduction wes Fomd to be mobt suftable at 4507 0. Tor 2 hours.

- Btudles of the durability of nicksl-thoris zatalysts showed that after 5 waeks®
< ype the yield of goeoline wes reduced by 12 porcent,

In toe proparatien of rickel-manganese cstalysis, polassium gerbonate wea
found to be the best mrecipitant, & msoline yisld of 120 ml,/n.d of symthe-
gis mas s obteined by vsing a composition of 200 W1:E0 Mp:l00 Aiaztomerecus
v earths addition of & smell quantity of 2lumina incressed this to 130 ml,,ﬁ*l.-a.

n 1352, Fischer znd Kochy gtadizd gokelt ecatelysts, Correspamding to
the rasulis obtainel with nickel, tacris ard mensaness wore found to be Stupe-
rior proucters, and, fn sctali-thorie catalysts goﬁassium carbonate was the

Cbest weseipitart, 4 mmscling yield of 133 wi,/m. 3 cof zynthesis gas was

petained bty using a composition of 100 Co:lf Thiw:'50 disiomeceous sarth,

Hydrogsn reducticn waz Fomd to be moet suit=hle at 350 ¢, for 4 e 5 hours,

b0 Tm ocobalt-mengenese catalysts, sodium bicarbonate wms Tound te be superior Lo

rotzssium carborate a8 & precipitant; o gesolfoe yield of 154,5 tul/{rui af
smthesis gas wes cbtained using e 300 Co:lS MrilS0 distcmmcems earth catalyet

I'_|:J

In 1953, Fischer end Meyer‘r‘—j_j used 100 Ni:90 ¥a:lo Ala0, 100 diatomacoous
garzh catelyat as = standard cmtalyst *n ths synihesis of 1iguid hydrocarbons
cand clarified the cptimm conditions fer the presipitaticn and weter wesh in
the rreparation of the catalyst. To = mized-nitrate solution correcpending
cte 5 oge, of nicke}, potassium carbonete was sfidsd, end the resulting precip-
itate wis wazhed four or five times with 100 m%, of hot water {# was found

-+ desirable to leave = minuie amount of alkall im the catzlyst}, Wedther graph-
" ite (which iz conszidered a geod gonducior of bheet ) ror eilica g2l eubgiances
wtkar tlao diatomeecus earth wers found suiteble for eatalyat carrier pur-
pugss.  Fotassium carbonate was Jound to be sn sxeellsat wresipitent, Dotezo
sterch wis mixed into whe catalyst with waner, ond thils malerizl was aranua-
lated, wlaced In the resction iuvioe, and reducsd in hydrogem contadning armonia;
& gasoline yiald of 140 ml.fm.3 of syathesis gas . was obiained,

Foch ard K{;ntery utilized nickel and cobalt eatelizsts Tor the synthesis
» OF gargline, Atterpied reduction of carbon dloxide at varicoe resciion tem-
- Peratires und gas compoeitiocns yleldsd mo 1liguid Yrdvocarbene, Fischer and
i Plehicr®/ observed the effoct of earbon dcxide in +he ginthesls gas; 5 to 1O
percent of carbon dioxide wes found to rave no =ffoct om the ¥121d of liguid
bpdracarbons,

In 193'4, Fischoer ard Me:.reri'f mede a study of alloy scetalysts and found
st the catalyet cbtaimed by dimsciving cut aluminum crd =1licon Ly means of
W teustic soda from alloys comaisting of nicksl or sobelt (e their mixturss)
Lo Bnd aluninem or silicon could be usilized in this reaction, Ustng 4 om, of
Mt catalyst, 30 ml, of gzsoline per cuhic meter of swathesis ZaS Was
Gitained, When this methed of preparation was arelisd to iron catalysss, +he

1/ WorK =ited 1» Footmots 3.
¢ Work cited in feooctoote 37,
Work cited in tootnote 91,
Work citsd in fostnoso 20.
EfFisnherJ F., =nd ¥eyer, K.,E’alloy Bkeletms an Cubolysts for the Symthesis
o Hydrecarbons from Csrbon Monisle end Hyﬂ.rng@nj: Erennztoff Chem.,,
vol, 13, 1334, p. 107; Ber., wol. 078, 1934, pr) 253261,
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resulits wers poor, This Do of alloy catalyst hus tha disadventage o b i,
lezz active tran recipitated ce=ielysts sqn 8F lacking Tamability; hcwevm-l _
it also hsg the =3 ‘entage Ll the Setivivy csn be Teesneratod casily i Lhe
©BVENT LIEY the catalysi iz contarivatod with AHER TE

Hischer npg Kochﬁ;/ and T-!::e::i_e-lcz‘_ng.-‘i-”e gtutied the production o 1u‘m"ica-tjﬂg
cils from the glefins tomtainad ip zymihesis Zasoline,

it -Flant Work

In 1}330, FiﬂChﬁI‘@.f ctendusted an experiment o= pilot-plent scalo us:.'n,a: P
vyntheziz cas citadaod by mixing 2 =11 20 gus ang 1 Bl 82 gas, The FRES g
urifisd oy Temsving Wydrogen sulfids with irmm oxide s OrgEnls sgloar SO,
Were conwvertod snpto hydroeer sulside by razsage tihromsh 1eon Pives hested to
E00% ¢, and 1his vES Berubbed cut in & solution of pruesinte ralta,
thasie reaction [a viclertly txetLernic, =nd, a5 {ncrazase in temperati; T
wetes the forration ar suzh saszeous E¥irccarions es wthane, sthare s and el
Fene, ths hoat of renciion kad ta be gizs irated rasilly to orevsnt the

BEmperature of the satalyst Trom ris ng. Fizcker paia gpezial sitention tq
this point and tpiea varicus reactior chambers '
. s

In 19_'-52, F‘isch&:*, Enalen, and Tz isat?.! woiliving 100 K180 Mn i Algﬂg:lmﬁ-
dintorecemus earckh catalyet and @ syqthesig FAs einilsr o thet Just deseriheg:
conducted gxn CEDETiment on s vitob—plant stale, A revolving ews-hrated ragy
tiem tube 155 me. in dizzeter and 50 mm, lonz was used; 80 gm, of catelyst -
war enployed st 8 reneticn rempsrature of 1532 4o opn© C., ard & e valee 1ty !
of 200 Iiters Per hoor wes used, The resulis showed g a5 coatraction of &0
bereent and a gazoline (Coe) wield o 8o ml, {&5 gr,) por gutic meter of gmo e
theels gee; this value wma leas than the yic1d {1290 Tl /m,5) obtnined i= the e
laboratory and wes Erotabiy due to fhe highly varistle terperstipre distribu--
tiem within the recculor tube, Beitter rezulis wore obizined by Recreasing the

diameter erd Incraaging tra lenzlh of +he rosctiom tube and tr host ing it 4n

8L elestirieally hested oil bath instead of with =8 flame, Witk 70 Titere™
(21,3 ke, ) of catalyel af reactdion temrerstires of 1907 +q POV 0, and = gla
velocity 6,8 rs.jf}-_cr-., 185 w1, {70 gm, ) of 80live vas ohtuined per cupis _
meter of synthenis 85, rezulis as aood ag those chtsinzd in the laboratory -
(100 Hl.;"m.EJ vpder thase corditione, After 1,900 hours' operation, a lerge
ammmnt of 20134 Mraffice colleeted on the thuslyst, necesgitating its TeEC- -
tiveticn by extractiom oo 501id parslffire with feanline or bonrzene followed

by reduation in Erdrogen at beo® g :

_E? Fieokar, P, s 206 Kok, H_ |The Synthesis of Lulricaiing 012 From Eogasin, -2
Freliminers Dcmmi:&ticmj: drepnstors Cher, . wal, 1L, 1933, oo, lLFEE-i#E?*-_

Zf_F_itmher, F.. Eoeh, H,, ap? Wiedsking, K,, [A@vances in the Frevoratior of
lnioricoting 01le, Sdtarting with Kozeir|: Erermstaze Chenm,, wol, 15,
1920, o, 2o0.p33 '

8/ Werl cived in fectncte =L,

2/ Plucher, F., Boglen, “., ani Fa
of - £he Hydrocnrben Smthesis__j
hel-bep :

£, W, | The Prescrt Teclmion] Position
Erennetors Chem., wol, 13, 1932, p.
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Saran

the exiensive mature of the studies Zenducted in Jepan or the hydrcearbeon
synihesie is Eé?ﬂnlﬂ. cnly £o these made in Germany, The work had its atarg.
Cwith Fodars '=18/ stuay =t the Tite Laboratery.of Kyoto. Imperial Universiiy.
In 1223, the cetalytic charsitoristics of ircn s tOpper, cobalt, end pickel
< were determinsd with regard Lo miztures of equal velumés pr carvon momoxide
and hydrogen, Thess resulis demonstrated sl copper had no catalytic active
ity, that addiiim of alunine. and mngarese cxile to. octalt was deleterious
‘b0 Its activity, tkat the addition of thorin and copper rotarded the decompo-
sition of carber monoxide (200 =( + C0g), =nd that the. additiem of potass fum
carbanete aceelerated the dscomposition of carben Wonoxide, The same year,.-
Edayashi and Tammotodd/ ufilizeq 100 0p0, 3500007300 catalyst and Koam 12/
hilized 3 Co:l Gui0.hSTHO, catalyst and cbteined,, respeoiively, msoline -
oyields of U.% ml, and 19,2711, per cuhic meter of 1 Bp330 zas. In 1930,
;. Kodera  13/1%/ using cotelt aud corpst catalysts contalning Bed, Mgo, nQ,, Cel,
Ti0p, Zrds, and Cns, found ihet Me0 wme ths bzt promoter and that the 3dA1-
tign of alkeli carbonsates. 2o irom-copper cuizlysts was Banericial,ll lE,_f With
43 Corl Cui0,45 Ma apd 100 Fa:lo Cui2 Faol0y catalysts, gmeolins yislds of &8
4., and 81,2 @3, reepertively, were obtaified per cubic meter of 1 H:1l €0 gas

bos ) M 1931, Kodemn and Fujtmral?/ seitled on an ircn
;. Soupoeition 100 ¥e:l0d Cuid,5 NaglO3 25 the Best. The sams year Fujimrald/
i formd that varisticn of =he. iromicofper ratic from. 5:1 to 9:1 prodursd almost
%N ckange in the yigld of zagoline, A cobalt-copper-Enens cetalyst of.
Conmposition Co:CuiMal = Li1:1 vna desermined =5 the zcst suitable of i:h'i?a )
1

-copper catalyst of

]
EJI

t
type, yislding 46,6 ml, of eisoline per cuble meter cof 1 H,:1 CO ses,i9

10/ Work c#ed in fostacts 7o, R ’
y Eobayashi, X.; and Tamzacto, K

vy iBynihesis of Fotroleun Hpiroderhoha from
Hyiregen snd Carbon Menoxide at Ordinary Pressurel: Jour, Soc, Chen, -
o, Ind, Japan, wel, 32, 1923, @, 5, ' : -

y Work cited in footicte @, . .

13/ Eodama, 5, !Smthésis or Fydrccarbone from Cerben Monexide apd Eydrozen
2% Atmospheric Pressuré . Influerce of Beryllium Oxide , Magnesium
Oxide, Zine Oxide, and Cadm’vm on O cbalt-fopper Catalysts: Jour, Sce,
Chem, Ind, Jupan, vol, 33, 1950, p. 161; supplemental bindirg p, 60,
11/ Work cited in roctnote Fl. : - :

*12/ WobZ citéd in Toothots 13, : - 3 5 -
_ .1_J Kedama, 5,,[Smthesis of Hydrecartems from Cerban Mepnoxids and Bydrosen
. at Ltmespheric Pressure VI, Tho Formst ion of Hydrccarbons ty Irem
Catalystelt Jour, Sce. Chem, Ird, Japan, vol, 33, 1930, T. 11405 Sci,
-~ Papers Inat, Phys, {hem, Research [Tck:mj', vol. 1k, Wo, 260, 1930,
o, Do 1669-183 (in German ), . : . .
%lz" Kedama, 5., 2nd fuj imwra, ., @mihesie o Hydrcearbonsg freom Cerbon Monex-
id= and Eplrogsn at Atmospheric Frogeure 711, Effect- of A1lmlies on
. Tron-Copper Catalystsl: Foiwr, Soc, Chem, Ind. Jepan, vol. 3b, 1931 .-

oo Ba 325 supplemerdel binding op, 14-16 {in Germn ). S

'Ej.'ﬂ‘u_j imui-a, E, , 5ynihkesis -of FEydrovarbens from Carbonr Monoxide and Hrirogaen
&% Atmospheric Pressure VIII, The Iron-Copper Catalyst.: Jour, Soo,

1 Chem, Ind, Joypenm, vol, 3k, 1931 p, 360; supplsiental binding pp, 136-138,

:-2_/ Work cited in Pootnots 23, ' . : C .

Aom,
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In 1932, Fujimws, 29/ investigating the effect of thoriom, wranium, :
molybdenum, tungs sten, chr-:'rclum end cerigm om cobalt-acppar—mgesrum C’-'l"'E,- _
lysts, found thcriuw and urapium te bte ths best promoters and obteinsd o Tesoar
lins -'ielﬂ o 81,5 &l, ver cybic meter of 2 Bptl CO ges iM the gresencs )
Toil Cus® Mzi9,k U catalyst, " In +he rrevaratlon of CoCu-Th dnd Co-fu-U sati
alyets, sddition of Etarch to pived niirate salts, Tollowad by o vaporst irg, o
drylng, and cale ining, yieifed o ¢a walyet of large Lnlic volume, Tae lar Teat b

solmﬂ ¥ield was obtained with 8 Co:l Cus0,5 Thi0,15 ¢ catalyst, the ! “eld #_
of sascline in this case being 1b1,0 0l, por cubic metor of & :nt"mus ERE L b
varying l,hh profortims ef thoriim gnd uranigm, this value was - Chieregzng 4 to
s, /e 30 T 1233, Fujitnura &nd Topnerknel/ observed that the mAditioy of!
s winute apomt of potesszium carbenete (about 0,65 pereent} to the pickel fy -
nicl.,ﬂl thorie I:ELtELl;.TSt"-“ Iromsted their ot ivities; c-::-nversel*r vatensium dap.s :
bimate wmg foumd - o be karmivl £o the moti{vitlien of hlc::al-mn—:annse -:-atl-thg”-
Bubidiunm CBI“]:-(‘IE‘FTE—‘ wWas Found bepeficinl ¢n hoth trres of out --;mts Ehus 10g -
WislS Mp and 100 ¥z:18 Thi, cetelysts ta whish ru“"-" lua earbonatt had héey -
2dded rrodused e pasoline y'hlﬂ of 100 w1, o, 3 e Fntthis un.  AdATEYean SE
c-hrc*uL.ﬂ tu:::-'I}'bdcrum U“E‘liLm and thorium 4o nicke], —-mﬁ,ppa.new CEcthSt"—iA/D
dongnz t'“ELtE"'L that, vith Jr_.cre-_um in the atomic wiizht of the addes meluld, #r
Incresse. cocurred in rromoting actiong thorium wes determinsd sz the ue:k
‘promoter, Catalvste ‘taving thé ciwpeeitiors 100 Wi P15 Mn: j This and 100 §4: 50 i
Mai3 ALED produced gsecline yislds of 137 oml, ard 130 ml, reme.ﬂivelv, e
cubis mﬂ-‘rer ol .J:r-z:.'r.l-les:if-z e, Waen 0,9 poresotef obppér f*ell,tivﬁ to' nickel)
WA airied ¥irvuwally ro ehanes-wvee roduced in the Field of sesoline; &5 this
WS mn“e&ucd al I'nrccng, the mmscline yield gradue.lly Hecre wd
mn copper content of 0,5 vercért whe thuz E"utc-lh-!igh""'d :

An cptil

Iy 393L Ful fmpire End Fennecza2d/ ﬂlscusvnﬁ the cotrxnnsiticm' of the pred-’
rete of vhe s:mthesm ‘They Tourd emell quentities oF agids, 'ul{:"‘hl:l"‘", alde s
hydes, and ket tnes In the water forred. g the reaction, Theao i"‘].}?’:?"*“ﬁ?f'tﬂl““;
elsa afuiied_ 'the offects of auwlfur Fﬂmrm]n'ﬂa on nickel catalyete=id/ apa Toumds
that whereas = sm2ll amount of Bpdrogen sulfide or ca.rncm -iistﬂfiﬂe &t imyiated J
thoe eatalypiis activity o ’-Ii-}-in-g-llf.l""'q catzlyste apnd & Hea,-wd The ¥isld o

msaline, thees mterinis were gquite }r_rmfu'f ) Hl*f-'ﬁ'l.-thE catal_,rstq qtud?ﬂs

of the effects or syuthesis s composition2S/ judirates ihat o Hail ol zus -
wWaE most suitehle, Although exbe% carton monozide hnd na 311 ¢ffscte on the .
greoline synithesis, an exeess oy h}ﬂ""'Dﬂ‘Er' weE found to bz Zeleterious, in that
such an excess cu.usei & Shift ir resction tuach*n;sm I‘ {-m +}1-=- q*mthesﬁﬁ' oF

28/ Wk cifed in fc—otnote 36,

21/ Work cited in Footneis 31,

?_?,f Work cited In ‘E‘Ontnﬁte ha, : ' '

£5f Puiimura, K., snd Teuas ola, S,,rﬂvnuhnﬁs o Efﬂ:ocarhms from Carhon
Mmoxide ﬁ.nf'i H:rﬂroger, nt-ftmospherit Presgurs WII, Ths E‘enera‘ Frep-
erties and Chemicel CD]:L'.:IDE':E:LJ}‘_‘: o the Reaction Froductd [T Jour, . Sery s
Chent,- Tnd, Japen, vol, 37, -1%3k, p, 115;. snzaplew:ntal binding 1o, -k3-5L;
'8ei, Pa wpers Inst, Phys, Cher, Research chkyc} vol, ok, 1931L E. T3-92,

2/ Fajimra, KE,, Tsvoeoks, 8,,. end Ksvamichi, K.,Lﬂmbh.sls of Eydrocatbons.
from Ca.rbcn Iﬂmoaﬂe and Erdroger st .ubm::ﬁuherm Pressure XVIIT, The-
Effact of Sulfur. Cmnnmm&s o Hickel Cata}.}stt :oJdour, Soe, Chem, Ind,
Jblze.n, wol, 37, 193 . 920; 80i, PEP'F"I'.J Inst Fhys, Chem, Fescarch
"fak;,o] vaol, 21, 193L Poe 9E-10E, - .

_=,_/Taork c:lted in funtua € 25 Da 13, - ' o
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gasoline to the asnthesiz of rethane, Watapahe, Moriikawa, and Iga*m?éf of
~the Central Taborateories of Sauth Menclurian Railway Co., discussed quantite-

ive relationshins in the hydrocarbon sg:ﬁhssis. Those workers also observed
{1) the sffects. of reaction temperaturs and found thet the prodiction of
1igeid hydreesrtons and Water and the g=s centraction are sixilarly effected;
2) the effects of the reduction temperature cn Eclivily, ard found timi Por
cobalt-copper catalysts 2000 +n 250° €, wes most enitshie for redusing the
-garbongte salts, and 1909 +o 2000 C. was most suitable for reducine the axides,

. Fujimire snd Tsupeoma 20/ shzerved the effects of ths presenge of n'j.tragen,
metrane, and carbon dicxide in the synthesie gas ard foumd thet their iy
grfect was thet of o diluent, . ) .

Tsuneolm?ir‘f studded ke relatiorahip betwesn the simthes
and bobh the rescticn te perature and the degres of product saturation and
ound thet at Hoi20 ratioe grestor thern 2:1, the reaction could be eccelerated
by Increaesing the {empereture, 4% HoiCO retios lsss thep E‘:l,_hm-re".r_er, “the
formation of methans conld be inhibited by lowering +ho reaction temraratnre,
The iodipe valuss of +he Ainuid kydrocdrbon Froduct indicated that sn BXEREs
o hydrosen corsidersbly divereased tha saturnticn of the praduct, Taime ks,
alsc invesligated alloy catalyetsdd) apd sbtasined o gazoling yiald of 108
wL, /m,3 of synthesis grs by using a catalyst preparsd by dissalving cut the
seiliecn froma @ Misd @ose Si'alley by means of caustin sed a '

is pae conpositiom

3,
Britndin

d0 2ignifivent research on 4he Iydrocarbon synthesis kas been carried
‘Gut In Britaln, _ :
In 1.926492?, Elv:-'nsﬂ?’fig_/, ueing synthasis gas coeEisting of 5h.6 DET -
LBent of hydrogen ard 44,8 tercent oo tarbo momozide ard empleyina Cofu-Mn
¥ 2hf Watarabe, 5., Morf¥aws, K., and Igawa, 2., [Syrthesis of Byarocsrbons by
Catelvtic Reduction of Catbon Monowids cf Atmostheria Fresaure I,
Hethods of @ynthkesis apa Analysisi: Jour, Soc, Chem, In, Jaran, vol,
3 37, 133L, v, 217; supplemental binding pp, 1bo-146
2f/ Work citod in Poctnota 13, », 4,
E___/F‘ujimara, E., aod Tsumecks, 8,, Bpnthesis of Hrdrcearbona from Carben Mon-
: cxide and Hylrogsn at Atwospheric Pressyve A%, Compositicm of the
Initiel Gas Mixture : Jour, %co. Chem, Tnd. Japsn, vol, 37, 1934, p,
15M3; supplemental ninding pp, 705-71Ll; Soi, Papers Inet, Flys. Chem,
Reeesreh (Tokiye), vol, 25, 193k, po. 127 -136,
Touneois, 3., Bmthesis or Bydrocarbens from Corbem Momexide apd Eydrogon
3t Atmospheric Pressure IX1, Ralation of the Zas Composition to the
Working Teererature and to the Degree of Seturation of the Froducts|:
Four, Hoc, Chem, Ind,. Jaran, woil, 7, 1934, p, 1542 supriemental bind-
- Shem, Fesearch {Tokyo), vol,

: ng pp. Ti1-716; Sei, Bepers Inst, Phye:
7o 25,0193k, pp, 137-143, S :
30/ Teunscka, 5,,ifmwthesie of Gydroesrhoge frem Cexbon Monoxide and Hydrogen
3 &t Atmospheric Pressure XUTT, Efficiency of a Few 211Gy Cutdlyst |:
Jonur, Sec, Chon, nd, Japan, wol, 37, 1934, b, 1608; supplemeniei bind.
ing po. 1hha131, o :

; 3L/ Werk cited in Tootnote. 22, p.. 13,
w00/ Blvine, 0., and Hash, A, Smthetic Fuol from Csrben Monoxide and Eydro-
oy

"

gem: Fusl in SBei, &ng Fractice, vol, 5, 1926, pp, 263-265,
-5 .




ca't-a.l.yst {5- to 10-pech) and at o g&s velc:-c:it;r of 6,2 liters per hour with
averegs resction temperature of 265° chtained from 2,077 cubic meters
synthesis ges, 2.9 gm, of vasclinel: J-:e ;clﬁ_ﬂ..ﬂ, 5.4 gm, of "yellow «<f1," 1 ml 33
of weter, ond 2.1% g, of irsolubls metter. {‘Thin cocrresnanrle to o= ylield of

T am. of 1liguld kedwocarbons yor cuhic meter of simthosis gie,

In. 15"28', Eriley and Ha.sh,ij_j using cabelt and copper catﬂ:,rs—' promoted
with slumipa, zinc oxile, anl wengensee oxide, found Co-Cu-inl to t
¥ielding 7.9 ml, of ligeid hydrocerbons per cubic weter of syathesis

LI" I'|ZI

The Tnit ei Stetes

4L

In the Uaite? Sietes, &8s in Zritain, no gignificest reszarch ns been
¥ x

carried cut on this prablemn.

In 1222, Snith, Davis, and Hemlelﬁs?_’&fﬂf Investimated copper-conioining 4
cetalysts,  Arcording to their results, Co-ludl catelyst was mocet elfective
and yizlded 0,63 ml, al 11‘:;111"' h??irocar‘quns Trom 10,7 iiters of 1 E-:1 CO gag™
st & bempsrature of 2750 £ datalilcd study was mads oF tho p?*f:-?{:‘i_os af
The hydrcocorTone Tormesd with Colu¥n catalyst and of the guani ity of w=ter |
gon convertof, A1herse Investigators Tounf thai sn execsssoive Lempers iure was
bermfil to the ecatalyst; 18,k mwl, of liguidl Hrdrccarboms wes gotained from &
liter of wnier gas by using 2.5 Cr_v-_ﬁ“ 13,6 0ult0,5 Mol estalsst,

In 1333, Dscurrlorc and Antheauress Gj investigated irom ecatdalysl o the
hydvocarban synthesis, Using 4 1;.-.» U, Cu catalyet, they obtained Tigni
rlrcserbon yields of 37 fm of simthesis mar when the catelyst 113 nod
coptain potasslimm carnnn:'..t_e, end when the ca.falft 211 contain polazsium ear-
bonate 22 gm.,/m 3 were obteiped,  Thias rasults coatradict Fischer's, which
indicate that allkeli n&rhmabee exef* & I‘rmro‘cincf effect upim Ircn-c: opey cat -
E-l}'_»:!-t-E. .

. I 1934, Antheaums, Decdrrisrs, =pd Ee{antw studlod irm-copper catelysis
by L-ray analyele and fomd that ths catalyst thst had the highest achivity.
casisted almeat entirely of FegD), with an extirénely erell am nont o3 Feply
rresent they fourd no rmewallic’iron in apy case,

5/ Work-eited in fooknotes 7, T, .

___/" Work cited in facinote 10, p. 6,

35/ smith, D. 7., Bk, £, 0., znd Reynolde, D, &,, Synthesis of Hic unr Hydro-
a*‘bor% from HWater Gas Ii: Ird, 3rg, Chem., vol, 20, 1Ged,
1341-1359,

3__/' I»“CE.I‘I"_T_EI"‘ and F'-nth-’—‘an.me J.,lﬁr Treoar E_.ﬂ.+a2l.1:'qt for Oylrogenction of Carbon
Monezide st Ordinsry P'EBELJ‘ﬂB!' Compt, rend., vol, 198, 1533, 1.
1385.1801, ' - '

Work cited 11:. Toctnese B3,

borlk . 5§_-
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