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ils final reduction. Kimpflin reported yields of 124 cubie conti-
meters of liquid hydrocarbons per eubic meter of syntlicsis gas from
a cobalt catalyst aclivated with 18 pereent thoria, and yiclds of 166
cubie eentimeters from a cobalt-nickel (1 : T)—kiesclguhr catalysg
operated under the same conditions. The products contained, Te-
speetively, 12.6 and 9 percent olefins, 0.84 and 1 pereent aromatic
compounds, 18.8 and 24.6 pereent naphthenes, and the remainder
paraflinic hydrocarbons. '

PRETATRATION OTF CORALT CATALYSDS

Cobalt cn,tnfysts may be prepared by impregnating kieselguhr with
the metal nitrates and subsequent decomposition by roasting; their
activity when thus prepared is about the same as when they are
produced by preeipitation from aqueous solutions™ It appoears,
however, that the precipitation method is preferable for the preparn-
tion of nickel eatnlysts.® .

Rubenshtein * and coworkers reported a yield of 160 cubic centi-
meters ol gasoline per cubie meter of synthesis gas from a cobalt-
copper-manganese catalyst produced by precipitation with potassium
carbonate; but a similar catalyst prepared by igniting the nitrates
was not as effective,

In the preparation of the normal cobalt eatalyst used during World
War IT by the Germans, a solution containing (00 parls cobalt,
5 parts thorin, 10 parts magnesia, in the form of the metal nifrates
or sulfates, and 200 parts kieselgubr in suspension was precipitated
by sodium carbonate. The magnesium was prosent In greater quantity
than that corresponding to the stoichiometric ratio of magnesium
to cobalt in the catalyst. The precipitate was washed on the filter
with water, and then with N/20 ammonium carbonate, and finally
Cagain with water, ¥ After [ltration, the cake was placed in an
extruding type press whers tho water content was reduced to 6-8
percent,  The catalyst was dried at 120° C, for 2 hours in a sbeam-
hented belt-conveyer drier,  The dried eatalyst was erushed to gran-
ules aboul 1-4 millimeters in dismeter. The bulk density of the
unreduced catalyst was 320 to 350 grams per Hter,

The eatalyst was reduced in a special unit in a block-shaped hed
2 by I square meters in area and 30 to 35 centimeters in depth, with
top and bottom fittings in the form of truncated pyramids, A sheet-
iron grill of 15-centimeter cubes for the purpose of breaking up the
gas stream entering the reduction vessel was placed on top of the bed,
ginking inte it to a depth of about 10 centimeters. Each roduction
vessel contained about 700 liters of catalyst. During reduction a
strenm of gas containing 75 pereent hydrogen and 25 pereent nitrogen
heated to o tempernture of 460° C. was passed down through the cata-
lyst bed at a space velocity of 8800.  The reduction period varied {from
40 to 60 minutes.  The eflluent gas from the reducing zone was passed

COBALT CATALYSTS
FISCIIER'S COBALD CATALYSTS

Fischer and his coworkers and more recently other investigators®
used & cobalt-copper—thoria-kieseleuhyr catalyst in many of their
experiments.  TFiselier also earried oni svnthesis experiments with a
cobalt—thoria-kieselgnhe (100 : 18 100) catalyst, and several processes 3
using this catalyst have since been reported 1

GERMAN COMMERCIAL NOWMAT COBALY CATALYSYT

Magnesia was later substituted for part of the thoria so that the
tormal cobalt catalyst used in the commoreial plants in Germany
during Wortd War 11 had the composition cobalt : thoria : magnesia
kieselguhr=100 : 5 : & : 180-200. !all and Smith* reported that
this catalyst ean be maintained in s, high state of activity for 18 months
by intermittent, treatment with hydrogen under various conditions.

OTHER COBRALT CATALYSTS

Wlhen operated under the same eonditions of space velocity (150)
and temperature (185° 60 210° C.) as given above for niclkel eatalysts,
cobalt catalysts containing 5 to 10 percent of copper, 4 to 12 percent of
manganese oxide, and 4 Lo 12 pereent of thoria, aluming, or uranium
oxide mixed with 1.25 times their weight of kieselguhr vield 120 to 170
cubie centimeters of liquid liydroearbons per eubic meter of 2H, 4- 100
gus per pass, :

A cobalt—copper—thorium  oxide—cerous oxide-chromium  oxide-
Kieselguhr (34 :4: 2.8 :0.24 1 4.6 : 54 86 parts by weight) was reported
by Ghosh and Sastry® to vield 160 grams of liquid hydroearbons per
cubic meter, using 600 cubie contimoeters of 10y + 100 per hour per
cubic centimeter of catalysg, 205° (., and 5 atmospheres pressure,
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through & methanization reactor where the carbon dioxide was hydro-
genated to methano by Dassage over synthesis catalyst. The gas
was then cooled and freed from water by refrigeration and passage
through silica gel, roturning to the hydrogen preheater for reciveulation
In the reduetion, if over 60 percent of the cobalt was reduced to
metal,® a poor catalyst resulted. The extent of reduction was deter-
mined by measuring the volume of hydrogen evolved when a sample
was treated with acid.  Following reduction, the vessel was purged
with nitrogen and then with earbon dioxid e, either at room temperatare
or below ™ so that the catalyst could bhe transported to the synthesis
plant.  The entalyst could also be protected from  atmospheric
oxidation by immersion in organie alcohols, aldehydes, or ketones
Another method of preparing active nickel and cobalt catalysts is
that invented by Raney.® Alloys of nickel or cobalt or hoth with
:‘.Elil(:Oll.Ol‘ aluminum are prepared by fusion of the constituents in an
induction furnace. The silicon op aluminum is subsequently dis-
solved by aqueous caustic soda solution, leaving a “skeleton” of
nickel or eobalt, which is a highly porous, catalytically active matoe-
rial, Fischer and Meyer % found that the use of silicon, yiclded cala-
lysts of higher activity than those obtained from aluminum alloys;
that the optimum ratio of nickel to cobalt was 1:1; and that the
e P e O BEPC 1 e e s
7 yst prep ) » cobalt, and silicon in the ratio of
1212 was very dense, with an apparent specific gravity of about
4.5, and yielded about 20 percent loss liquid product inthe hydvo-
carbon synthesis than was obtained from the same weight of niekel
plus cglm]t in. the form of the precipitated eatalysts deseribed
abov‘(:.f % The precipitated catalysts deleriorated more slowly than
the “skeleton” alloy catalysts, which, however, were better heat
conductors.  As the reaction is markedly exothermic (about one-
[ifeh of the heat of eomplete combustion is evolved) the improved
heat conductivity would vesult in a lower plant-installation cost with
alloy entalysts. l '
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Tsuneoka and his coworkers* and Lelehuk and his coworkers
made o detailed study of the behavior of alloy catalvsts for the
Fischer-Tropsch Iiydrocarbon synthesis.  In addition to confirming
the results of Iischer and lis coworkers,™® the Japanese investigators
studied the effects of particle size, bulk density of eatalyst, pretroat-
ment with hydrogen, and the material used for the constraction of the
reaction tube. They found that the optimum particle sizne lor a
space velocity of about 100 with a nickel-cobalt (1: 1} calalyst pre-
pared from the alloy nickel—cobali~silicon (1:1:2) was 1 to 4 milli-
meters.  The vield of ligquid hydroearbons was about 130 cubic centi-
meters (93 grams) per cubic meter of synthesis gas. The eflicieney
of the catalysis al constant gas input for a given amount of catalyst
diminished when the free space exceeded or Tell below o certain opti-
mum value, which varied with the diameter of the reaction tube.
Thus, for 10 grams of nickel-cobalt (1: 1) ealalyst and 4 liters per
hour of synthesis gas the optimum length for 13-millimeter tubing
was about 30 contimeters; for 20-millimeter tubing it was 50 conti-
meters,  1f the length was shorter than the optimum, the average
molecular weight of the liquid hydrocarbon product deereased and
more gascous hydroearbons were produced.  This eflcet may have
been «due to the existence of higler loeal temperatures when the
catalyst was packed into a smaller space. 11 the free spaee exeeedod
the optimum value, a lower yield per pass was obtained owing to
“ehanneling” of the gas,

At constant gas input, tube diameter, and bulk density (grams of
catalyst per eubic eentimeter) and with varying amounts of eatalyst
(that is, varying space velocities), a limiting quantity of catalysi
was reached that depended on other veaction conditions, A further
inerease in quantity of ecatalyst (deercase in space velocity) did
not, inflacnee the yield of liquid hydroearhons but increased the yield
of carbon dioxide and gascous hydrocarbons, With less than the
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.5) carefully oxidizing the carbon dioxide-treated eatalyst W]L thi a& (J‘L(t].
room temperature, so that the temperature rise does not exece
’ 87 M g M 3 . -
! lgl"etreutment with hydrogen. is not f&SSG}lth.ll for _Llllolrll.c}f(.ll}-r(;zb&l)l.
eatalyst wars to he desirable for the nickel catalys -
alloy catalyst but appears to fuor the nickel ontalyst ol
i ickel— alloy. The latter catalyst,
tained from a nickel-aluminum sl . 0 fnlyst, as well
i f nickel with silicon, with mangs
as those obtained from alloys of ni o, with, manganese
ili - ith iron luminum, are markedly infe 0 th
and silicon, and with ivon and a o are markedly inferior S e
I 6 cat ; prepared [rom o nickel-coba allo;
‘nickel-cobalt catalyst prepared | ] ] bal con alloy.
' hained. fr skel-cobalt-magnesium  alloy
The catalyst obtained f].omﬂB{L niclke e gnesium alloy is o
’ inat j : d etehed sections une
r one; examination ® of polished an hed sections us
El‘lagyn{)iggoscopé indieate a much coarser crysfnl st uctjutlu d i(;l i;ti,t;lu;r;‘
ic ~silicon alloy. Some data on the
or_the nickel-cobalt-silicon alloy % : e 2 by of
i | ; y b1, om nickel-aluminum, eobs
- 1 and cobalt catalysts obtained fron -alin 7 "
glllillsr?inum and cobalt-silicon alloys have been presented by Rapoport
) ! :
and Polozhintseva %

limiting amount, of catalyst (that is, at higher space veloeitios) the
liquid product was of lower molecular weight and also cottained mors
olefins. With a tube diameter of § millimeters, n catalyst, byl density
of 10 grams per 18 eentimetory of tube length, and & gag input of 4
liters per hour, the best yield obtained with 22 grams of o niclel<3
cobalt eatalyst at 180° O wae 127 cubic centimeters (91 grams) per
cubic meter of synthesis Zas,

Groombridge and Newns 5 have deseribed a method lor preparing
cobalt or nickel catalysts by the following technique: The fingy
divided oxide of nickel or cobalt is sintered al 900° C. with thorium’
oxide, which upon reduction with water gas at 350° (. forms n porous;.

nonfriable structure of nickel or cobalt permeated with finely divided
thorium oxide. |

CONDITIONING OF NICKEL AND COBALT CATALYSTS

Pretreatment of nickel and cobalt with carbon monoxide, resulting
in the J'ommtionlof the carbides, was reported by Elian to incresso th(:,_
hydroearbon yields by about 45 percent.® Iy one patented process . . "
tgc carbide is produced by heating powdered nickel to 250°-4500 00 Procedures for reactivating the eatalyst 1>y r_om(.)‘\ ing (Fftll ﬂ-‘mﬂ.;];g‘l.(_
in the presence of any suitable pas which ean furnish earbon, E . patented.  Among others,® periodically 111;31(2;51511%.,I 4l"t }C(g o
rapidly cooling the product to low temperatures of — 190° C,; ion of hiydrogen in the synthesis gas from a 1'&.L1Q 0 2 Lent quth
the nickel carbide is mixed with cupric oxide and sintered. "More 2.5M; + 1CO; ™ or flushing with a suitable pm-aﬁmw‘wmi_so tém ‘nm—
recent information * indicates that in operation on g laboratory scals = Las hydrocarbon otl, at a temperature higher th.an llClLf \](}nllow (‘1-(31 I;V
o pretreatment, of cobult catalysts is necessary and that the frosl] ure 72 is recommended.  The solvent, trnn.tmcpt may )L40((1) 0ﬁ4'0° ¢
reduced catalyst may be taken immediately into operation at 190° ¢, assing hydrogen over the eatalyst for about 6 hours ‘&t 0 i) ; th}(:
In a commercial plant sovera] procedures have boen recommended for t 1,000 cubic meters per hour per square meter cross seebion
atui yst chamber.™

REACTIVATION OF COBALT CATALYSTS

proventing an uncontrollabie temperature tise in the top layers of
eatalyst when starting the synthesis, The following techniques have
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RECOVE P SPINT O
VERY OF SPENT COBATT CATALYSTS .
ANALYSIS OF COBALT CATALYSTS
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Hale ™ has described analytical methods for determination of
balt and thoria in unreduced Fischer-Tropsch catalysts. The
procedure for cobalt involves titration in an ammonineal solution
with potassium lerricyanide. Thorium is precipitated as the iodate
which is dissolved and reacted with iodide; the liberated iodine is
titrated with sodium thiosullate.

IRON CATALYSTS

The relatively high cost of cobalt and nickel has prompted con-
tinnous research on the development of iron ealalysts for the hydro-

carbon synthesis,
IRON-COPLP R CATALYSTS'

Decarriere and Autheawme ™ stased that the Fischer-Tropsch #
iron—copper catalyst could be improved by using less copper. How-
ever, Kodama and Fujimura,® who studied iron- copper catalysts
with the ratios 1:2, 1:1, 3:1, and 5: 1, could find little, il any,

difference in the catalytic snctivity of these four mixtures, They
- found also that an iron—eopper (12 1) catalyst containing 0.5 pereent
= of alkali was active for a considerably longer time than those contain-
© ing more alkali. )
© Fischer and Pichler in a later investigation prepared an iron~
copper (4: 1) catnlyst precipitated with sediom  carbonate and
impregnated with 0.125 pereent polassium carbonate.  Passing 0.4
liter of 2H, -- 3C0 gns over each gram of catalyst at 260° C. and 15
atmospheres pressure, after conditioning for 3 days at 240° C. with
21, + 1C0O gas ol 1 atmosphere pressure, yvielded 130 Lo 150 grams
of hydroearbons per eubic meter of 21T + 3C0 gas ™  Active iron
eatalysts ol productivity in the medium-pressure synthesis equal to
that of cobalt catalysts resulted from rescarch at the Kaiser Wilkielm
Institute. Several reviews have been published ® on this subjeet.
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tion of an cquivalent amount of alkali carbonate. 'The precipitate,
alter filtration and washing, was impregnated with a small amount
of potassium earbonate, aiv-dried at 100° C., and pulverized. The
yields were 83 and 88 cubiec centimeters of liguid hydrocarbons,
respectively, per cubie meter of a gas containing equal parts of hydro-
gen and carbon monoxide when 3.8 liters per hour per 4 grams of iron
was employed at 250° .

A catalyst similar to the second one bul containing 0.08 part
rubidium carbonate instead of potassium carbonate resulted in a
_yicld ‘of 90 cubic centimeters per cubie meter. When 8 percent
“aluminum oxide was added to the iron-copper—kieselguhr-mangancse—~
potassium hydrvoxide entalyst alter precipitation, the hydrocarbon
yield was inereased io 04 eubic centimeters per cubie meter, The
oxygen appoeared entirely as carbon dioxide rather than as water,
which is the main oxygen-containing product of cobalt and nickel
catalysts. Kita’s catalyst contained iron, copper, kicselguhr, man-
cganese, and borie acid 1 the ratio 4:1:5: 0.08 : 0.08 and an inde-
torminate guonntity of alkali as potassium carbonate and hydroxide.
The optimum amounts of copper and potassium carbonate for this
ceatalyst were found to bo 20 to 40 percent and 2 to 3 percent, re-
spectively, The addition of 5 pereent of nickel or cobalt enhanced
“the activity flor 2L, -+ 1CO synthesis but was undesirable for gas
ontaining equal parts of hydrogen and carbon monoxide. Iformation
f water was obscrved when the catalyst contained more than 2.5
.pereent of nickel, The addition of thoria, uranin, ete., to an iron
atalyst containing 10 percent of nickel did not appreciably affect its
activity.

Eidus and coworkers # % studied o scries of catalysts containing
ron, copper, thorium dioxide, potassitm carbonate, and kicgelguhr
n the ratio 4 : 1:0.08 : 0.08 : 5. The reactor, a glass tube 10 milli-
meters in diameter, fitted with threc-way stopcocks at both ends so
hat the tube could be closed to the gystem but open to a conneeted -
manometer, was charged with a layer of eatalyst 2 centimeters long in
ome experiments and 40 centimeters long in others. During the
xperiments with synthesis gas containing 1H, + 1COQ or 311, + 1CO,
ot 258° C., measurements could be taken under static or dynamic
onditions. It was found that no catalytic hydrogenation of carbon
dioxide took place under the conditions of the experiments.  IPuriher,
nly those catalysts were aclive in the hydrogenation of carbon
monoxide that contained both iron and copper and cither thorium

Tahara and his eoworkers * have also reported higher liquid-
hydroearbon yields at medivm pressure (10 atmospheres) than at
atmospherie prossure,

According to several Metallgesellschaft patents # the life of iron
catalysts for the medium-pressure synthesis was increased by adding -
2 to 30 pereont of water glass (ealeunlnted as alkali carbonnte based on
the weight of iron) to the iron solution during precipitation. The ;
catalyst also contained up to 25 pereent of copper, with kicselguhr ;
as carrier.  Passage over tlie redueed catalyst of less than 100 liters
of synthesis gas (1H, 4+ 1CO) per liter of catalyst per hour at 200°-
250° C. yiclded up to 155 grams of hydrocarbons per cubie meter of ;
synthesis gas, 64 percent of which was paraflin wax.

(Ghosh and Sen ¥ propared some iron—copper catalysts containing
0.5 pereent potassium carbonate and small amounts of nickel and
rare-earth oxides by impregnation of such quaniities of ashestos with
the metal nitrates that 50 pereent of asbestos was present in the final
entalyst.  Passing 0.65 liter of synthesis gas per hour over 5 grams;
of each catalyst yiclded 30 grams of liquid hydrocarbons per cubic
moeter for IFe-Co=Ni, 4 :1:0.01; 45 grams lor Fe-Cu-Ni, 4:1:
0.02; and 80 grams for IFe-Cu-Ni-Ceo,-ThO,, 4 1 T : 0.05 : 0.001 : 0.0086.

More recently Chao and coworkers ® have reported sutisfactory
yields from an iron—copper (5 : 1) —kicselguhr—potassium carbonate
catalyst operated at 240° €. Tsuncoka and his coworkers ® and
Kita® have also studied the preparation of iron-copper catalysts,
Two catalysts, the one containing iron, copper, kicselguhr, and
potassinm carbonate in the ratio 4 1 1: 5 0.08, and the other 0.08
part of manganese in addition to the same constituents as in the
former eatalyst, were preparved by Tsuncoka by mixing solutions of
the nitrates with unpurified kieselguhr and precipitating with a solu--2
# Tahara, 1L, Sawade, Y., nnd Komiyama, T. [The Oatalytic Reaction of Carbon Monexide aud Hydro-.
pen Under Tigh Pressure.  IT ‘he Tnfluence of 1ligh Pressare on $he fron Catalyst Employed in the
Synthesis of Bengine]: Sei. Papers Tust. [*hys. Cheni, Research (Tolkyo), vol. 38, 1841, pp. (81-195.  Jour,
Bor. Chemn. Tnd., Japan, vol, 44, 1011, Sappl, Moding, pp. 77821, B
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My G, 1030, Bron Catnlyst tor Synt hesiziny usoline and Method of Preparing Snme. UZ 8, A 1O SN0
72].‘ May 4, 147, Catalysl for the Production of {1asoline: Hrilish Palent 529,800, Noev. 20, 1940, '
Tl Chemieal “Prade Journgl and Chemnieal Lngineer, Iron Catalyst: Vol 108, 1941, 1. 5.

1
Eldus, Y. I, 1. e Aetivating Tffeet of Oxldes of Bome Maotals on Lhe Iran-Copyer Conlaeis Used
or Synthesls of Gasoline freny Water Gasl: Bull. Avad, Sei. U ROBH, Classe Sel, Chim., B3, pp. 116-151.
Universal Oil Products Compary Surv, For. Votrol. Lit., Transl, 441,
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dioxide or potassium carbonate, addition of the
producing a sharp rise in activity, Catalysts cont
oxide in addition to the constituents mentioned ab

solid hydro-carbons per cubie metey of starting gas.

SINTERED-TRON CATALVSTS
It has been reported that partial sintering of pre
iron—alumina eatalysis by reduction at 8500 ¢ enhanees their
for the synthesis of olofinie liquid hydroearbong ™ v
Avdeeva and Troitskii % recomm
magnetic ore with potash or aluming or other activators in
of oxygen. Just before the melt solidified,
composition, made under the
prepared eobalt or nickel ealalysts also were
production of eatalysts of the iron group by

below the melting point of the metal, and for suel
produces at least partial sintering of the me
mended. Thus, for example, iron powder obtained by thermal
decormposition of ivon carbonyl was then treated with 1 to 1.5 pereent
sodium horate, compressed into pills, and heated af 850° . in the
presence of hydrogen for 4 hours, wherehy the pills he
sinfered.  With 1.2, ++ 1C0 gas at 330° (., and
pressure, a yield of 130 grams of liquid and solid h

cubic meter was ebtained, with only miuor amoun
compoungls ¥

15 atmospheres
ydrocarbons per
s of oxyeenated

EFFECT OF ALKALI ADDITION TN PRECIPITATED-TRON CATALYSTS
Addition of small amounts of alkali to precipitated-iron calalysts
Las no important offoet on to total yield of product; but it does in-
fluenee the distribution, resulting in an inerease in paraflins and oxy-
gen-containing produets and a deercase in the liquid and gasol hydro-
enrbons with increasing alkali contont. A low allenli content, lesg
than 1 percent of potassium carbonate, enhances the durability of the

" Work eited in fontnnte 4, 22,

UL L Farhenindnstvic A G, Tlydroearbons, epe.: Iritish Putent 474,042, Oct. 22, 1037, ITydroearbons
and Thelr Oxy,uun—(‘nnlninhm Derdvatives: British Patent 474,448, Oct. 26, 1947, ydrocarbons ang
Oxygen-Containing Dorivatives Thereof: itish Patent 406,880, Dec, &, 1048, [Cotalytic Synthesis of
Hydroecarbans]: French TPatent 841,020, May 9, 1039,

JAnekh, K., Hydroearhons frem Fydrogen and Carbon Monozide: U. 8, Tatent 2,287,801, Tune a0, 1042,
Michael, W, Tydrocarbons from Carbon Monoxide and Rydrogon: U.'8, Patenl 2,2 800, Sept. 2, 1941,

Michael, W, and Jaeekn, W, Hydrogenating Carboen Monoxide: U, 8, atent 2,211,029, Ang. 12, 1940,
Hydroearbons from Carbon Monoxide and Hydrogen: U. 8, Patent 2,251,748, Sept. 2, 1941, 1.5, Patent
2,183,145, Doe. 12, 1059,

B Avdeeya, A. V, [Methane): Russian Patent 53,249, May 3¢, 1998,

T 4, Farbonindnsgirie AL TR yilesearbons amel Thelp Oty;:un-(hmtuini:m Dierivatives from Carbon
Monoxida and 1Ty edrogen]: Qermug Putent 708,512, Juny 12, 1041,

Troitskii, IC, W, [Catalyst for CO-11; Synthesis]: Russian Patent 54,302, Ton. 31, 1930, Ooln. Kehle, vol,
36, 140, p. 73,

% 1. ¢, Farhenindustrie A. G., Cafalyst: Nritish Patent M0, A 0, 1048,
Linekh, 1., Mydraearbons feam Curbon Monoxide and Hardropen: 1, 8. I'ytont L2508, M ar. 11, 1941,
Michsel, W,, and Jasckh, VY., Hydreearbens irom Carbon Monoxide and Hydrogen: U, 8, Patent
2,184,146, Dee. 12, 1039,
T)W fnan})z\{%)ionn] ITydrocarhon Yyntheyls Co. [Tydroenrhong from v
oo, 14, 1999,
No fiventor tiven, Culalyst for Synilesis of ydroearbons from Wiler Gus: U, 8, A TC LI, 07
L1220, Dee. 18, 1038, {lerman Appl, 1-53,257,

ater Gas]; Ttnlian Patent 170,250,

seeond promotor
AININg roanganese

ove were the most
active of those tested, yielding 80 cubie centimeters of liquid plus

cipitated iron and _
activity

ended fusion of metallie iron or
4 stream
& powder of the sama
same conditions, was added, Similarly
recommended.  The
decomposition of g
carbony! compound of the metal at a temperature ahove 500° O but
1 & length of time ag
tal® has been recom-

came partly .
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izati [ (—thoris—kicsclguhr catalyst with
s Afkalization of cobalt—thoria Tguhr « with
8112@{3 t‘é sereent of sodium ecarbonate and 0.5 {,.0. J,_lp(:.t [E(l:ftl](;ﬁt?)?:ill]]:l{
: :IJJonnt;el increased the yield of solid p_rt.m[lms‘. in L1f, \1]n6. ‘0[. Joiling
c?)l 200° C. by 50 percent. Synthesis gas was passe (i vc l'o;;qurc

:l;s‘;i],} the rate of 0.4 liter per hour per gram at atmospherie pressu

, thie ; 0
and temperatures of 190° to 200° C,

CONDITIONING OF IRON CATALYSIS

I L} ' maoen O 011 ( yS SOW 5“1)() monoxiae IONses
& ONoOxX d(‘ maerease
T ,tlﬁﬂ.;tv o r ﬂLle L Lh

v i four-tenths liter of
ity g ¥ nsiderably. Four-ten

iv longevity and produetivity consi ly.  Tour. hs liter of

thcﬁbiogfotr‘;rogifd(* or cgu-bon monoxide-rich mlitui 08 po ‘l) ’}1(1)12)111 Rs( 102;01. N

g?riron is pas‘sec[ at 1/10 atmosphere and .321}_ (/i tm‘qo:l'iJm; urs over &

eatalyst precipitated Trom ferric nitrate Solutllmoln :13(“&, o paronate

ontaining 0.125 percent of potassium carb TR

and containing 0.125 pe

1H,--1.8CO mixture at the same space veloeity, 15 atmospheres
da-t~ k. . A

p £ tem 21 esulted in yields of solid,

P ¢ verature of 235° C. resulted in yic of solid,

li:ﬁfﬂu?fl)gngasolte((lg—l—04} hydrocarbons of 150 grams (40 grams ol
1 . "

her nor qubie meter of syn-
this constituted gasol hydroearbons} per nmr}lf;l_ f,.llwln(i'nn‘l%( {;nonths -
thesis rag without any deerease in eatalyst activity in @

- operation® *

RUTHENIUM CATALYSTS

1 St i 2 wreent
Ruthenivm powder itscll and a mixinre tjlmilogf[(';wrflxi,}_))}m I!‘)i[s](:(lforﬁ
tassium carbonate has been tested as cnhl,n, yqb  the Tischer.
%2'0]5;(‘11 liycl'l'ocn1'1>01'1 synthesis. L{quld é:(}fdlo;grpﬁ?iq e S
m e pressure,® and at about 90 atmosphe o8 the
o mmo'sqhe:(;:]iginrf)s;t'&ﬁi’ns.“ At atmospheric pressure thl(zz (i)r_l((‘rl.([lmr]}i
Waf’l m?;{)gns was very low, bub at the higher pressure bf:ﬁno(l-
g? 8]02%0 percent solid pursi,[ﬁlls. DthJS ]_Owi(l).cls)elll'](;e?g _;)% Oxgcé in?os'p}wres;
se of ruthenium eatalysts at pressul tol,
\Eﬁf gl(?L’(]OSCI'ibL‘d in a later section of this chapter.

EFFECT OF CARRIER ON CATALYSTS

i i [ suitable refractory
tention hag been given to the selection 0 {  refra
suls))gg;'(t!%&liju(){:n[])reci])itﬂ,tod znmlysts and for catalysts prepared by

¥ Work cited i nole 81, ). 35,
wien of Ger
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L 5,\Iq'!hmn{n [!}ﬁ(:rlvutl?ﬁnlgn?nlnr’tll:o Solid Pavallin ngdrm,z}! !)ﬂfl?iﬁlnol(l]qillgli’;l(l)lllur,r!ll](.' Bon e
EKIOC]L HI'.‘F{.lU:ﬂv“l!‘ill:(%'lliz’-lr “and 'J‘;ﬁﬁ*;ch (Atmospherie Presstre Synthegig)]s | b
Synthesis o rang Fiseher ¢ 2
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1 Fischer, F,, une LI

g 43, ' {enl Ofl Mission Reel
tor Tnereased ressare]: (lerman Padent, _TSR,_HUI,JulyI‘I‘. I‘I-I.{i ) l”te::r:}‘::‘l}l("nl,\““hm o e
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ssion Re , 1 Y arm_ed I 5, 1937, Teehinieal i Y i 20,579, Llydra-
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Iydrogen]: Qerman Arpl, 875685 Marioxids and 1ydrogen: U 8, Putent 2,357,467, 8 el
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impregnation of the support with a solution of nitrates and subsequoent e TR
Hide was given by Wing  {or cobalt—thoria kieselguhr (100:18:100)
sulfide wag given Iy; i

roasting.’

The Fuel Resoareh Station ® has studied the effect of the carrier on :
carbon deposition on nickel-thorium dioxide-magnesinm oxide-
kieselguhr eatalysts and has coneludedd that o kieseleuhr witl, low "3
speeific surface aron promotes the most rapid earbon deposition. :

In addition to kieselguhr and asbestos mentioned above, magnesium
earhonate® and severnl other compaunds, namely, harjum stlfate,
silicon ecarbide, eliromium oxide, aluminum oxide, and silicates
have been recommended.

A catalyst containing 1 part, cobalt, 1 to 2 parts aluminum oxide,
and 0.1 to 0.15 part zine oxide is reporied o yield 133 grams of oil
(70 percent of which boils above 320° C) per ciihic meter of synthoesis
gas, when the aluminum oxide has previously boen heated for G hours
at 850° to 1,000° C. If untreated aluminum oxide is used, the yield
is 30 grams of oil, of which 50 percent hoils above 320° C Rule
chemie suggested purification of kieselguhr by fcaching with hydro-
chloric or nitric acid to remove morganic impurities and subsequently
caleining below the sintering teeperature to remove organic matter 3
and reduce the solubility of the carvior during precipitation of the -
eatalyst ' Rulirehemie also suggested hieating cortain eaprior ma-
teriels to ineandescence so as to reduce their solubility in any acid
reagents that might be employed for catalyst regenerntion,® A

seatalyst. |
King stated: e
) : ' ¢ xl to the proecss gas over ax !
. CheTHne sarbon disulfide was added to : . s ovor a netiod
o o MI)UHlluﬁn'ttql'o;’:]l-):v)rr(m]mmlinp; to 33 milligrams of f.:ﬂll'lln‘ p](]: rf]d]ulr;:‘wm -
PN f;)'l}ln u’[‘lu- ealalysl continted Lo H_\ml-lji-mma.m “,".1,‘:;1,1-\}{1{) raise the
ponol ‘(j'l (”u\‘;lf\lhi.{} order to mainiain the vihﬂmullc_v 1;,.91\/'11?111(!"«;;;[;60 Lvelocit.y  od
fg;‘fﬂ:?::{o prlo;:f,l'uﬂsivelv fron !.8:;0 ilj0 251010301' ‘?ﬂll{l}llgiﬁ éfn'r{\spnnds o aboul
160 volumes v ¢ per hour) the degree ding corresps t hou
(Lo VOh’ime::rl]-)i(l.:gv'?tlll:rlﬁ ]r):(r‘)lnuzz?ntmtinn of sulfur (0.2 prams per cubic moeter)
rars’ work
11121131%{‘;! aceepted as the highesl permissible, e initial effect
I ‘_',murfl and his coworkers 7 reported a1$0 'thfj.P‘ k qlé\ it cn.{;ﬁlvsf.
- of LI}rjmll amounts of hydrogen sulfide was toﬁlflu leb Tamit
-0 '?kol—mnng:uwse) activity, Tl_ns was  con “38(- 18y- 10()) glon
(mg Woodward * for cobalt—thoria—kieselguhr (1 0: 181 100) cato,
Iy Hydrogen sullide wags mixved ‘.\?th the]gyl}t 1(5213 gns in & .
" fide was eliminale y off-gras
No hydrogen sulfic e off-gas

lysts.

sured batches, ulfid climinaled
Iﬂﬁ%ﬂg the course ol tho sullur-poisoning experiments

arc given in table 3.

Tanin 3.—Fffect of hydrogen sulfide on yield

Ratio of l]ydl‘ocm‘h_ml11Yi(i‘ltdmt‘:
BN : : g - sorresponding  yicld hefore
silica gel obtained by allowing a homogeneous solution at o pH of Catareat | adGILION 6 St
N ; P N i . . g i3 S
3 to ‘-1"5 to SOll(hfy 21.11([ d"y”lg at 2000 to '500() C was 1In])[‘(‘gl’]{lt(.’(i W]th 1 of sulfur added, milligrams per gram of tem?m?:yl.ure. - - T
cobalt and aluminum nifrates and potassivm carbonate in solution, Ampunt of s eatnlyst "o Condensed oft | | o s
Pussing 1.3 Titers of syuthesis gas per houp per gram of cobalt over : Cra Haa
the catalvst vieldod 100 grams per cubie metoer, . — — ;“”
183 10
183
EFFECT OF SULFUR COMPOUNDS ON CATALYST ACTIVITY 183 ?f
i L
. . . 1494
All calalysts used in the synthesis of higher hydrocarbons from L 3
hydrogen snd carbon monoxide are very readily poisoned by sulfa '

compounds.  Thus, the activiiy of nickel -mangunese-thoria and
nivkvl-—nmn;:a.nusc—ki(\solguhr catalysts was reduced 50 pereent by 17
and 35 milligrams, respeetively, of hvdrogen sulfide per gram of
nickel.  The roported tolerance for carbon bisulfide of the seme eata-

i ditions of & eaused a marked inerease in the yml.d

Tl'm ['-l I-Sti ﬂl(ll('hl(’-‘:?xl'li?()ﬂi E::}.rucl:oxol;:,n.ut l'{‘,nction_ temperature. 1’].]}(21(‘-
of liquid 1'}!( luonl immedinte falling off in the yield of gaseou.ﬁl 1y ;%00
arh hOWO\fIt‘.!I o ﬂl"()lnl hydrocarbon yield mercased until more LF”LI'IH 0
i l’lflll'fqu"hn;l been added to each gram of catalyst. ‘ En.bu.n
mlll_lgl'nmsof T rdrogen sullide caused a drop in total hydroear t?e
ﬂlddlt]ons'o lgho\\gf in table 3, this could be oflset by I'f}.tsmlgl{ l1
i but')’ o seature rather more rapidly than would norma .V‘_)e
ot {i?m]t:{/m'ijlhsc)‘uoe of hydrogen sulfide. The higher tempﬁa-l
n(:(:essfa_l'y ]_‘ltllol?,rbﬂucti‘on of lighter liydrocarbons; l)utlevr‘n} 80, Izltq gi
HHTS I‘:i‘:lrl‘?i:I)ll o as much as 33.6 milligrams of. Sl{l)lflll\?illtgl‘{:.e‘ltcr
‘:E‘ulﬂ\;f-}t the vield of liguid hydrocarbous was still 20 pereent gres
eatalyst, the
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than hefore the addition of sulfur,

resulted n o continuous decrease in e
was reached. -

Further additions of sulfy

PRESSURE, DILUENTS, HYDR

, : OGEN :

THROUGHPUT, TEMPERATURE NA%
REACTION MECHANISM '

EFFECT OF PRESSURE

The earlier work of Fischer and hi
srane eaplior of Hiscl s eoworkers showe it hi
‘}.\rnig[11?13}3'1":)0@]:?1-&:16!~10“?E%t10n of “Synthol” aud of higfﬂnﬂ)lﬁ‘tcjlllgg:}
ot liydroeare 15 a1 reduces the vield of liquid hydroearhor

e tJ‘I.I lo synthesis gas, 1 ous b
mmle( (i);z“ I("(ig .?Imt(‘Iy of tl;«l:! (aﬂ‘nc_)t of pressures abovoe
madle | ',..1;;){,51”5]1”??)2[)11 Jf;lal(‘r' Tin 1930, As the pressure was in-
eranaed n‘tm(;f-:]‘)’];(\r;]) llef]c:, the y]rn‘lrl ab first increased and then
Go T, Atmosphe [-( ®) 1f tl.m(%a.sm]. Pable 4 shows the rogults with g
o O ie (r;:, ci n_yst_ \Vh(:]l 1 liter per hour of synthesi

per gram ol cobalt. The data are averages for 4 “]ri(f]%'(‘}ﬁ
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The slower drop in activity of the entalyst at medium pressures
was shown also by the smalier temperature increase required to main-

" tain maximum aclivity.  Incereasing time of operation was associated

with & gradual drop in catalytic activity, presumably owing to the
accumwlation of solid hiydroearbons on the eatalyst.  Fhis reduction
could be partly compensated by raising the temperature ab which
the reaction was cartied out. Iu Lhe experiments at § Lo 15 atmos-
pheres the initinl temperatures of 175° 1o 180 . were not raised o
105° C., even alter 6 months’ operation.  Ab 1 almosphere the tem-
perature had to be raised [rom the initial valee of 180° C. to 195° C.
after 5 weeks., Tho rate of temperature inerease necessary to main-
tain activity was less il the paraflin was periodically removed [rom
the catalysi by solvent extraction or by destructive distillation in a
stream of hydrogen®2 %% The advantages of intermediate pres-
sures for the hydroearbon synthesis are claimed in several patents™ #

The offect of pressures up to 100 atmospheres en the synthesis of
hydrocarbons on & ruthenium eatalyst was studied by Fischer and

“ Pichler,® ® and by Pichler, *® and up to 1,000 atmospheres by Pichler

and Buflleb.®  The results obtained in experiments at pressures from
15 to 1,000 atmospheres and st a temperature of 180% C. are shown
in figure 3. Three grams of ruthenium calalyst were used, and a
flow of synthesis gas was so adjusted that 1 diter of effinent gas was
obtained per hour.  Under these conditions the conversion to hydro-
carbons increased rapidly with inereasing pressure up to about 300
atmospheres and move slowly above this pressare. At all pressures,
solid prraflinic hvdrocarbons constituted aboul 60 percent of the
total yield of liguid plus solid hydrocarbons.  "T'he fraction of gaseous
hydrocarbons in the produets was approximately 25 pereent for all
presgures. Yiclds remained constant over 200 days’ operation at
195° C. and 100 atmospheres and thereafter slowly diminished.
After 560 days, when the temperature had been raised to 215° C., the
yield was 140 grams per cubic meter, only 10 pereent helow the

" initinl value.

A French patent® elaims that, of the 120-gram yield obtained
from 2 eobalt-mangancese eatalyst operated at 165° to 180° C.oand 5
to 50 atmospheres pressure, 80 pereent was solid paraflin. The
Ruhrchemic claimed that production of high-molecular-weight,
hydrocarbons could be inereased by passing through the reactor 0.4
liter of synihesis gas per hour per gram of eatalyst, at 160% to 180° C.

2 Wark cited in Tootnote 65, 1. 32,

2% Work eiled in Toolnote U6, p, 32,

28 Work eited in Tootnote 67, o33,

ited in footnote B8, p, 33,
sallgesellselafi, A. €3, Hydroearhons: Tiritish Patent 510,350, Tuly 31, 1030,

2 Work vited in fooinote 6, p. 38,

W Piseher, 15, and Piehler, 1L [ Process for the Troddetion of Solid Aliphatic 1Tydveearbons]: Qerman
Patent 056,528, Mar. 27, 1041, Techuienl Ol Wission Reel 100, Tienn 2,082

Plehler, FL. [The Discovery andd Synthesis of New TurafTing of Very High Melecuinr Weight]: Bropnstoil
Chem., vol. 14, 1438, D, 220230,

Piehler, 1., and Buflleh, 1T, (Synthesis of Caraffin Wax on Butheninm Catalysts af Pressures Up to 100
Atmospheresl: Brennstafl Chem., ol 21, 1640, pp. 257404, |Behavior of Ruibenium Catalysts in 8y-
thesis of Paraflin 1Tydroenrbang of Hiele Moteeular Weight 1o Brepnstold Chenng, vl 21, 1010, pr, 273 2K,

WY ork ited i footaole 20, Lhis puge,

B Internationad Tydrocarbon Synthesis Co. [Synihesis of Hydroenrhons fronn Ol L1s]; Freneh Patent
871,000, May 22, 1942,

8 Ruhrehentio A, (., No tiile: German Appl. 13-106,207, Nay 21, 1939, Oflice of Trubliention Beard
Report 412, Muy 15, 1415,
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EFFECT OF DILUENTS

Tsunecoka and Fujimura ™ obtained data on the effect of diluents,
particularly nitrogen, methane, and carbon dioxide, using a niekel-
manganese—thoria catalyst. They [lound thal gaseous mixtures
containing less than 20 poveent of these gases had no deleterious
effect on the reaction. Lower yields, however, were obtained with
40 percent of nitrogen,  Carbon dioxide was more effeetive than cither
nitrogen or methane in reducing the yield. With gradual ditution of
the initial gas containing 2 parts of hydrogen and 1 part of earbon
monoxide, the molecular weight of the liquid hydrocarbon produet

decreased. X ) . o
Murate and Yamada ¥ studicd the eflect of diluents in the nitial

..gas on an iron—copper—kieselguhr catalyst. Their data confirmed those

of Tsuncoka and Fujimura and should be compared with the results

" obtained by Fischer and Pichler,*® Appleyard, * and Eidug © with
'~ various nickel, cobalt, and iron eatalysts. They veported that, whereas

the presence of carbon monoxide in & H,—CO, mixtm'c 1'_(:Lm'ded the
cotalytic hydrogenation, the presence of carbon dioxide in a H,—CO
mixture exerted no inlfuence on the yield of liquid hydrocarbons. It
should be noted however, that in the former instance no liquid plus
solid hydroecarbons were formed. No explanation of these conilicting
reports concerning the elfect of dilution with carbon dioxide is apparent.

HYDROGEN : CARBOX MONOXIDE RATIO

The effect of decreasing the hydrogen : carbon monoxide ratio is
to produce more olefins and more carbon diexide * and to favor carbon
deposition.®? Ilerbert # claims that CO-rich synthesis gas produces
high yiclds of antiknoek gasoline. A large excess ol hydrogen produces
a saturated product and favors methane formation. The perecntage
of olefins decreases in the order iren, cobalt, nickel (60, 40, and 5
pereent, respectively, of olefins in the produet) when these are used
as catalysts and increases with very short layers of catalyst (high
space velocities). The vield of olefins is inverscly proportienal to
the hydrogen content of the synthesis gas® A 211, 4 1CO gas

% Tsuncoka, 8., and Fujimuara, . [fiTect of Nitropen, Mcethane, or Carhon DHoxide on the Benzine
Synthesis, XX} Jour. 8oe. Chem. Ind., Japan, vol. 37, 1034, Suppl. binding, pp. 704711,

7 Muarata, Y., and Yamada, I'. [T'he Benzine 8ynihesis from Carbon Monexide ang Mydrogen Under
Ordinary Pressure. LIV. Influenee of Carbon I¥oxide in the Teitial (1as Upon the Tron Catalyst]: Sci.
Papers Inst. Phys, Chem. Research ("Lokyo), vol. 38, 1940,p1s. 118-131. Jour. Soc. Chem. Ind., JTapan, vol.
44,1941, |Suppl. Binding, pp. 33-38. [''he Benzine Syntheslsirom Carbon Monoxide and TTydropen Under
Ordinary Pressure. LV, Influence of Nitrogen, Methane, Oxypen, and Ammonia in the Initial Ckas Upon
the Iron Catalyst]; Sei. Papers Inst. Phys. Chem. Researeh (Tokyo), vol. 8, 1541, pp. 218-229, Drennstoll
Chetn., vol. 24, 183, p. 10,

3 Fischer, I, and Plchler, 1T, ['T'he Simultaneous Bffeet of Carbon Manoxide and Carbon Dloxide During
Hydropenation, with Particular Repard to Donzine Synthesish Brannsto Chern., val. 14, 1933, pp. 306-310.

Piehier, I1. [The Reaction of Carbon Dioxide Puring ydrogenntion]: Brennstolf Chem., vol. 24, 1943,

L 8040,
prgn Appleyard, W. C., Chendstry of Flscher-"I'reopseh Ol Production: Souils African Min. Eng. Jour.,
vol. i), 1040, pre. S85-F87, B15-617.

4 Work cited In footnote 91, . 37.

4 Watannbe 5., Morikawa, K., and Teawa, 8. [The Synthesis of Benzine from Carben Monoxide by
Means of Catalytic Rednelion ad Atimospherie Pressure. TV, The Tnfinenes of the M Exing Ratio of CO aned
Hel: Jour. Boeo Chem, Lad., Japaty, vol, 34, 1085, Suppl, binding, pp. ses -3,

42 Meller, A., Catalylic Hydrogenation of CO-CLI Synthesis from Water Qag: Anstralan Chem, [nsl
Jour. and Proe., veol. 19, 1044, pp. 100114, 123129,

41 Herbert, W. [Production of 1lydrocarbons by Carbon Monoxide Tlydrogenation]; Qerman Putent
744,078, Tuan. 8, 1944,

# Muratn, Y., and 'I'suneokn, 8,, No title: Jour, SBec. Chem, Ind., Tapan, vol. 41, 1938, Suppl. binding,
pp. 16-22, Sei. Papers Inst, Ihys, Chem, Research (T'okyo)}, vol. 34, 1947, np. 84-115,
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mixturn was statoed by Tsunecoka and Fujimura®® to he the optimum
for the maximum yield of hydrocarbons, using cohalt, catalysts,
However, with iron eatalysts  the optimum  gas  mixtyre is
1H; 4 1.7¢0.»

THROUGHPUT

Operating at 10 atmospheres pressure with g Co—'l‘hOrkiese]guhr :

(100 : 18 : 100) eatalyst and using two-stage operation, Fischer and
Pichler” studied the fluence of contact, time on the amount and
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FIoURKE 4.~ Intermedinto-presspre synLhesis yvields and earbon halanee vs, throughpne,
nature of the hydroearbons produced. The results are given in
tables 5 and 6 and are presented graphieally in igure 4. Toqr grams
ol cobalt, were contained in bhe second stage and '8 grams in the first
stage.  The apparatus consisted of two thermostated (with water-
steam undor pressure), 1-contimeter tubes; with a trap for liquid
hydrocarbons at the sxit of cach tube.  Ior the first stage two tuhes
were conuected in series and eontained in the same thermostat and
the depth of catalyst in each was about, 50 centimoters,  The temper-
ature was adjusted in encl fost for optimam vield of liquid plus solig
hydrocarbons.

Ouie of the outstanding lmes shown by table 5 ang figure 4 is the
extraordinarily small amounts of Uy hydrocarbon produeced.  This
marked discontinuity in o composition of the praduet should be
correlated  with Smith, Hawk, and Golden’s ™ observations that

—_—

Slsunenka, 3., and Fujimurn, 1. [Menzine Synihesisfrom Carban Manavide
Pressure. X1X, Phe Ratio of CO:Hain the Tltial thas Vi
L Suppl binding, pp. 46 165

AW ork e in footivote WL L 30

31 Risehe » Pichler, H o, and IYienst, VW, [Approach tn Threaretienlly Possible Vields I the Fischer-
Piehlor 1t medinte-ressyre Bynthesis): Drennstogy Chem, vol, 2, T34, ppy, 32y s,

B Work cited o foobiote 24, 5,

and Hydrogen g Ovdinnry
rurels Jonr. 2o, Chean, Tl Japan, val, 17,
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ethylene, when added 1o the reactants, enters indo the synthesis,
S AL ] " ; ) ” X i ;
although fittle or no reaction to form higher hydrocarbons oceurs with
ethylene alone or with ethylene plus either hydrogen or carbon mon-
oxide alone. Craxford ® ‘confirmed the results obtained by these
experimenters, L o .
}')fhu yield of solid paraflin decreased with mereasing throughput, as

did also the total vield of higher hydrocarbons. Per eubie meter of

synthesis gas, yields approaching "190 grams of solid, liquid, and

-~ gaseous (Cy - G, only) hydrocarhons were obtained with g throughput

iter per hour per gram of cobalt. This yield, consisting of 48
B&%(?n%} istolib ‘]Jm‘nfﬁrfJ 4:4hpcr(:0nt liquid ]l,_}i(ii‘ocfl.].'bolisf. aned 8 pe‘rl('ent.
gusol (Cy - C)), formed about 90 percent of the Lh(‘m_'ctlc.nl (20§ g‘lia.ms‘s
per eubic meter). - At a throughput of 2.0 liters per ]1.0111-,_]4.)_ o1 am.s
of hvdrocarbons {exeluding C; - _(_)2} were obtained, of Wll](,‘]ql 14:‘ [)‘m_
cent was solid pwradfing 73 percent liquid hydrocarbons, and 123 pereent

- gasol.  The increased moethane formation with mereasing throughput,

shown in figure 4, is due to the mercasing optimum temperature (seo
» (e

~table 5). 1f the temperature is kept. constant, the vield of solid plus

liguid hydrocarbons per cubic meter of synihesis gas (h.'pﬁsl T.i];-p..l(“'\f
with increased throughput.  However, the space-lune yield, grams

per gram of cobalt per hour, inereased to a maximum with Nerensing

throughput (table 7). Table 7 containg some data obtained by Fischer

: . _m —
cand Tichler ® at 200° C. and 15 atmospheres using & Co-ThO),

i Similar data woere sained by Tsuncoka and
kieselguhr eatalyst.  Similar data woere obtaine y 1
Fujimanu ?oand by Aicher, Myddicton, and Walker® Data  ob-

- INE L . T . . (g 1, T o v
teined by Tsuncoka and Nishio ® a4 lowe throughputs than given

in table 7 show that the space-Limo yield Fises Lo abn-l?:‘n?}”n \qutl}
increasing  throughput  before {Ie(er(‘.nﬂrl‘ng. This o servation "W.‘L‘.‘-:
confirmed by Jerosejov and coworkers * who fo_lmd le.t‘ tlll'e sp&g_h—
time yicld (gramns per eubie centtmeter of eatalyst pur hour) rises \Tlo,gl
increasing throughput al space V(‘,lO(rBI‘tl(’.S ranging {rom (}.49 horm. 2
liters of cobalt por Lour (10000—1511502- 100810, catalyst)., T 102211
experimental data salisfy the equations, (1) A=a -- '('b‘/lu,,)], ( %
Up==cu,, and (3) m=Au,=an, + b, whore w4, and ukxongl][:n.l a-nl(‘
finnl throughput, A==contraction, w=yicld, and a, b, and ¢ are
constants,

f it r-Tropse gelel! fisehler-Tropsels 8ynthesis of Hydro-
# Ory d, 8. K., Reaetions of the Rischor l‘mpbd} Pmu,ss., ]<1§c ] n
onrhﬁ)}ﬁgxnfxt:lr!dén‘;no Hetntod Renetinns: Trans. Paraday Soc., vol. 35, T3S, pp. 94G-958, 966-067,
8 Work cited in footnote 29, . 23
:’:’ )\V]:Elr;l(cren\mi !\Ill\rf(cli(:}‘l?‘lt'c‘l?n4'{".'})'\\’ . and Walker, J., The Production uf Hydveourbon Olls from Tnchstrial
eher, AL, Al i y . o f . 3 P
son: -, & ol, B, 1935, np., 313-5207, ) _—
G?:E'F\IIJI?IE:[II](:;\“‘;(“: Cﬁ:ﬁ”}l\’ |£[l:‘|ln:‘j\ l[(;us':la’m,e ih‘l_vnt]lusiﬁ from I(‘-el:'imnl J\'Itlnrlnlurl:: :1(1]]1] Ilydll'{.“ioll)‘:]ﬁ %}]:1“1‘\[:)\,
ossTirn, XX NV \"E’llll?ll(‘ \.v’(-ln('i!._v of the Oas]: Sei. Papers nst. "Trys, hem,  Resenre yul,
Plfsif;lljb‘&?‘\“};\;:‘{]—tl;k dour. Boe, Chem, T, Japan, vol, AL, 1934, Suppl, hinding, . II\—l‘h.L Onlinary
VDJ\’.TIIII"‘It‘}. \”I I'llll(i 'i"-i;'lll(‘ﬂ!(ll 8. asoline Synthesis fr(mé!(‘ml'hm.[ J\'I(‘n]n(L)lx|(I(l‘,‘T:u.u|t I#){E!:‘(;lg:,]}lr.llm (i-liii'lll‘irlb
sssuare, | Y . Relation 1ot ween Convlitions of Syni Jesis o the Unsaturati Hhe Lagali
}:1”)?1“1'111;(;1] S I'\;’HL Inst. I'bvs. Clienn. liesearch {Talyo), vol. 3, 10857, pp. 99-115,  Jonr. Soc. Cher.
% an vol AL, 10 8 I Binding, pp, 15-22, ) . . .
[nﬂl}'ie{?)];(l\ljl(]"\/“])l' l\{" 1lll<l;r::l*=1f||’l!.'\ li'.‘: zmi?i I\lul!mvn, AL AL [Tineties of the Catalylie Redietion 1o Hydl‘u
Jeros , oW, 50, AL

" earhous of Corhon Alovoxide by Tydrogen on a Coball-"Ihorium Cutalysi]: Acta Physiochim, U, 1k, §. o,

vol, 13, 1410, pp. 11H-122,
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off sharply, ang methane formation pPredominateg 5
300° Lo 3500 C.

OXygen-containing product af low temperatures,

Datg given by Aiehor ang lis coworkeps 57 make it possible to:

calenlate the temperatn e coeflicient, of the over-all renction on

nickeLmungmmse—ainminum catalyst at shopt contact times,  Fop the’s
temperatnre mbervals 197 o 290 C.and 191° tq 270° C. the gl

oflicients pey 1p© C. are 1.40 and 1.67. Thage cocllicients gro sufli

ciently larger than that of & diflusion process to suggest that the slow
step is not, the diffusion of teactants 1o, or of e products from, th:

Aicher:
and hig associntes ™ plotted bhe yield of o] perunil time pep volune of
eatalyst ngninst fh rabio of the coneentration of tha resctants to thys
This indicates
that the reaction rato i directly proportional to the partial prossupy
of the renctants and inversely Proporiional to the concentration of

catalyst sypfpeo bhrough a “Dlnnker of high—]mi]ing parailin,
of the producte and obtained an almost straight line.

the produets, I is probabloe, theeeforo, that the slow slep in the
reaction is the desorption of tlio products from the catalyst surface,

ADSORPTION

Matsumur, and his coworkers Bsludied the wdsorption of hydrogen,
earbon monoxide, carbon dioxide, aned watep on cobalt and iroy cata-
lysts whiclr woro tebive in {he hvdrocarhon synthesiz.  The Aelsorp-
bions are of Importance i any disenussion of (o reaebion meehmnism,
Rumford % f4 postulated o ositive correlution hetwoeen adsorption
of hydrogen gand carbon monoxide on zine ehrominm catalyst (for
the deconyposition of methyl aleohol) ap HeLivity,  Vap Ltterbeek,®
and Van Iiterhoel and Van Dingenen # hyve demonstrated g simi-
lar correlation, using niekel pnd copper—thoriy, catalysis, The foliow-
ing adsorption daty are, therefore, outlined briefly.  The fetivatod
adsorption of hydrogen on ihe cobalt entalyst stnits al 60° C. and
reaches & maximum sy 1600 C. On the iron eatalyst the correspongd-
g temperatures are 60° and 190° O, Cnrbon monoxide is chemi-
sorbed by the cobalt, catalyst to form cobalt carbide g temperstures
sbove 6o C., whereas (he minium temperature for ‘arbide forma.
tion on the iron eatalyst is 1000 O, The netivated adsorption of
*Tsunenky, Q. [Bengine Svirthesis from, Carban Monovide and Hydrogon at Ordinary Tvessure. XX

Relations of the Cias Compisition fo the Waorking Temperaty e amd o the Deproe of Saturation of tho
Henzing, ]-:vspnvlivol_\'l: dour. Bpp, Chem, Ind., Japan, vl 37, L, Hnppl, binding, PP TTI-FIG, Bel,
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Taunecka, 80w Murata, v, [Byithests or Benzine from Carbon Monoxtde and Hydrogen at Ordingry
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High a Temperninge); Jour. Soe, Chom, el Japan, val, A0, 1937, suppl, binding, pp. B, ey, Paporg
nst, Phys, Chem, Boesegren {Tokyo), vo). 1937, pp, fiN-89,

7 Work elted i Tooingte 82, 1, 47
Ty, 9., Tarniy, 1, il Kodama, 8, [Benzine Synuchosis and Aetivated Adsorption of Mydro-
n J\’Iunnxi(lv, Curhon Dyioxide, ynq Water gn Cobalt uned Tronl: Jonr, see, Chern, Ind., Japan,
ik, Suppl, binding, BPOITh-I84, 8ol Papeis Inst, Phys, Chet, -Reseapoh (Tokyo), vol. 37, 1640,

P

9 Kuanford, ¥., Correlation of Adsorption gndg Cataiyiic Aetivity, 1, Carbon Aonaxide and Rydro-
Fen Adsorplion on Zine-Chrominm Culalysts: Jonr, Koy, Pechnol. Coll. (CHasgowy, vol, 4 100, ) G-
G40,

LR Tierbeek, A, [The T2elalion Rebwepy Adserption pied tie Catidyyic Activity of Motnls): Medad,
Wony, Vimnsehe Aond, \\'1‘l|'ns<-h., Ll toreg) Sehoone Kunsten Bebrie, Il \\’z-rlvnsz-h., vol. 3, No, i,
IBEL, Py, 90,

 Van Tterhnel, AL and Vo Pingene, \\'.[l‘ulul)‘l]v Aetion of Nicke] el Capipaege Thoritin iy thy
Farntiog or Methare qunl Heayy Uases|: Ytselip, physil, Chenn, vl BHINITTR FGCS 3060,

The mothapg
syniliesis rocoeds Al o rapid rate at higher tmnpm‘&tm'es, stich ag

AL snel) emperatures the main oxyeenated ecom.
pound forned is earhon dioxide rathep than water, wiiich, is the chigf
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. ring ab 30° CLoand reachics a maximum
vater obalt catalyst begins at 30 C. aches o mi um
S gn(}lmfucﬁ]b?hlltflbuuf??()()"h(]. {optimum temper '(im”'(? ilos_l”Jligzlcximt
ggr%)?)g SYJIIIII(H‘S.IS) \'fel'v little adsm-ptimi 02{{(;([)1&5(] ‘(i?dbillt{{ }t po;seé alyst,
i d adsorption of water starts al : - and incroases slowly
&qti\’ﬂ:ted012;%3;1)&?&)%%”]‘0. The activated adsorption of carbon
with mer 2 te H

Y -1- & maxi-
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arbon dioxide to only a slight extent at 200° to 250° C
DISCUSSION OF REACTION MECHANISM
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ostulates may be summarized:

1 \ ”1“ CINPeT? I 1 synlhesgis ea enoxid Cacls 5 ly with
( ) e tempe ¢ of the the 5 oM M )\q( o on ot 010“\\ o ‘
& (30b[b11 catalyst Lo ; ve coba car 1, aceord r to the L1 S0 Bl o

£ A Jld(., oraing ( ution 2 ; 2 } o

C E(J ’ CL): h 1S I("‘l(‘nl(} 15 always slower Lha o recduetion of the e il

] "l— M it thi HLO Vit ys slowd 1 3

ame Lo srodure. . -
- by(;l)y(kfgﬁl] ait ¢ :;II]I?L?’j:?l]ltl"(\(l([‘"{lll!)((‘I‘[L[?ﬁl.l‘ yst reacls with earbon monoxide and hydro
C bhis e rralure the ¢ ;

$ 41 I thig reaction
s, 2Co - Taw: Cog 3 11,0, anc 20t
I, bide; that is, 2Ce + C‘Q + Ha 0:C o/ this renction
gel} t? glixgdm(]:a;il])[i(a;,d1[1;?1_0“ of the earbide by hydrogen under the sy
is fagter t : o, ‘ oo
" r 1o higher hydroear
e i oball carbide may lead to methane o Lo. eher hydroear-
D Rnd??'ﬂ(}\fﬂi‘(?r(l?é)];?m‘(l(;tinns, an¢ the L‘,X}](!]'llﬂ[l'lllﬁ s;h(f“—tl..ld rihhnl(i(.]: PN
bonsl,. ac?(l’llfl ]'(IIE;'L);!}LI'lh()Ilq are being produced, ﬂ;r('} ir)r (';l(;l-l-lﬁl(,?ntyor DR
PR ihi il i decreased from U5 Lo recnt thesis, the
is f:&O;n&;{‘;’lh&tJll(';l};]l]t‘(?{]l;nbﬂ‘:1:]‘{’*1‘f‘:h(,‘ main produet of Il‘llu: Il_\fldllfl?,.:;rl)gx\lq::y:;r) [‘)r']'(,:(_!nl,,
e over eonveri reurs freely to Lo extent 4N ! :
- Vet g Qraion oeeurs h v . . ction of the
: olrthq-pmﬁl_zl:ly((I:'!:;;Ii]qo(xf]:)]:\‘:l hydrogen then eovers a very large propo
showing that. E od Dy 7 o
o i ) =C0y -} Hy, runs paralle
c&t(gi)y%}i{\]“\r‘rﬁ%i&-_gas shift reaetion; that .12;, C?u_i._ \!.[r{l_c(t)ljlg?hfulw ot parallel
X ho-p. wsion; il oeeurs sthane
. N -para-hydrogen coltversion; occn vhe: ‘ no Is bel .
i tI}t o l‘)I“ \Lrh{:n normally diquid h‘\’(h(‘l[,l.l.ll)()l‘!h.dlﬂ .ll)(,m{,{ (])“ e s nolive
f J}S Tlhlh]“Lr{l't‘mm‘mliml eracking of paraflin ]Fdllmmf')mi?d ]]\I(il‘(](“:l,l'])onq e
" for Dychmmarie : I wis s caimi?m-ly inliibited when Ho hydrocarh e e
{)m" hydmcl?l]:z‘??n'z:'\ryln!i]}l:rrlrwhiIm presence of carbide on the entalyst surfaee,
cing procuce at simdlar tempm‘ai‘-ums,, 7 rning tho cffeot
T ot Oclmf’!‘] Nf(flrltf(ulg gmif‘h and his enworkoers™® resulta c;)'nuq:‘]ll]l]”%hf’oeéu,bmm
o meror(the‘q‘ynll}csis whieli gives an inereased ylulr]lf)f icuid hy .
o gthg}]ggzigglo ELHllélll!i'-S of oxygenabed organic eompounds. . o
e Jise i " the react ment,
Beflore discussing the probable mechanism of l-ll]b 10}10(} -li?rlllz-ntm'q ton
shoupido be }knnjdo. of the fact, (lisc](}scd ])}} so;:f;n.l,.(‘((\].‘l\lggd cm}alys’t o
i e firs urs alter a Ires ced
(o e o ‘ho hane, and carbon dioxide or watem
e rsodal e o fs ool mth]'ﬂmi, pon the synthesis conditions.
I l ;B P 1, depending u e s sls ol ns.
S et e pmldu?[(ﬁl(,’:] llound i% desirable te use the following
' sxporimenters , dosirnd
Some of those experi

o ™ to start the synihesis: . nihests was is
pr(f}?lfilltl‘?np(‘l‘m;m'e should be well over 150° C. when synthesis g
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i g .47,
% Waork cited [n footnote 19, p Lo
3 .(\}l'(!:l.\il'{ll'(l, 8 R, "”;Iq}!lfjllt‘ill’lf‘[('ij II\[\I.ri
3: . Chem, Soc., .!.,p_[. i .
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ature constant for 2 hours when the contraction reaches 20 pereent, |
then again constant for 2 hours af, 30 pereent, 40 percent, and so on
In this way it has been possible to induce oil formation in & minimum
of time on any sample of active catalyst, 4

Most investigators agree that the firet slep in the synthesis of |
hydrocarbons from hydrogen and carbon monoxide is that proposed
atively

hidi about 10 times slower
. at the steady rate of carbiding WS lower
i?lggdﬂ?il synthesis rate; the initial cnrbld_mg rate was nqtﬁﬂ-ﬂﬁﬁ I(Jiv
They concluded that carbide was not formed as an interme )
in the synthesis, . -
Pr%gfgﬁgrl’s meazm'ements were performed on a p?IE'OLC({'né?}?(SEg
18ThO,~100 kieselguhr eatalyst in an all-glass app‘m}? Ju.c;,trll fuding
a (‘ir(‘u]zni;in(r pump. The gases were circulated ovti! L‘ o c?l (L)ﬁ)(!]ulcts
then through liguid-nitrogen traps so as to conc Ln’;‘(f pﬂiniltial nets
except 1 centimeter partial pressure of methane. L_t juinl car-
bidiJng rate was found to be of the same order .0,[; nf'mgg‘m [}1((.5;1-1;1(]1]1"
synthesis rato, but the subsequent “steady-stato ‘nh(, 0 | carbid i
-'031{ the bulk of the eatalysl “]r&s lat_b(lmt iO ufnr}l)?difng?rmt]iﬁﬁ the yate of
i ' ic he rate of oenat ; .
the synthesis. In view ol the high ratc T CoHpnetion of the cor-
ided catalyst, the diffusion of carbidic earbe gh the lattic
Etlgl(:élm;ihggbhbly is rapid and is not the rate-determining step in
" i i z L] . » " L
theAgx}'gidr:Bﬁlmt the first step in the synthesis is curbsfleliorm;tggn,
the :%Aocol,ldrétep is the reduction of t!let cm'bli('lté lLJO fE[ Hie(f‘, {1)y‘$1;2 ngqf(i
J for » ure o 2 - 8 passed
That toluene was formed when o mixture of : - S0 was passcd
ek abolyst in the presence I
over a nickel-cobalt--aluminum catalyst in the osenco of henzine b
° is imed by Eidus and Zelinskii ¥ ag ¢ : inter-
rlr?zf}dmote i%fzﬁttion OIY methylene radicals during cui,ngthc hy{}r Of(i;lll;}@
tion of carbon monoxide. | Om}r}(l_'olrd 8 pogglﬂl%vi 111L1I E)(%jQ} ! 1"?_ ouhi
réacti is  with molecular hydrogen, 2 :=CE 05
E(;%?Ltli(s)? his worl on the ot'l,l]o—l)nir'flé—]lljlcllt'i)gcnoit()‘ilzgsll?:naor} ;}%j;!?o
- i inlysts showed that the concentrat g
carbon synthesis catalysts s ! ntration of alomic
SECASE ! her hydroearbons were p
hydrogen deercased when hig 1 e e
- predi Ar tertiary carbon should appear i ) . e
B e arh hould be obtained. Koch and Hil-
that some quaternary earbon she 20 chlain oo it
‘berath # in 1941 made a detailed analysis of the hydroe . oiting
ggg\{;fhloég C., obtained by synthesis on &lcqb&}t ci,gztu]%?stt.)_mr;[iglr -fi)c(:ﬁ
: g is sre found, ineluding tortd d ,
ble percentages of isoparalfing were uund, ineluding to inry arbon,
; uaternary earbon compounds. absy oin out
ﬁlllat)t ]g)l'u(‘}(l'()r'(i’s ol;zm‘vations do not.lnocess?,r_q%y upt][)l;; ‘};ll?lil,crrlalgzt(ll];y(}g(nﬁ
‘ ' oot [ the carbide with ato y
cannot be formed by reaction of e ieh swouic by droger
ttivated adsorption on the eatolyst s o ,
e e aa® " acti ogen is very probable, sines the
‘Gicipa ol aetive hydrogen is very , sin ¢
2ueh 111)2;!32{:[”1]:&;?510 for active higher-hydroearbons syl_lth.osmr_ (lri]{)-l
tgrgg(l}" C ) coincides with that for the nmxnlmulm :Lmobl_mt of ntdt,lqu;t\lt“(
n of hydic T \ ; higher optitnum {empera-
Pl [ hydrogen.  The somewhat higher opti m e
?3?(? liI'i)trl'OiI:-o(r)) nqycon%parud with cobalt entalysts lwnss Lk])l&:}ls:?;]- 1%3:(
J s bein wher temperature necessar
isumurn ¥ as being due to the higher L(.In])(.tﬂ,_;lill.t ; y Tor
: Il\rfxlz?\tcllsrlrlltl?#ll %homisorpt?on of carbon monoxide on iron. 'r%lf le.\t;J Erl1(t,
f the polymerization of the methylene groups is (](‘tcrmln(E )yjf he
?&to odl' d(-ém'p.l,ion of the (Clly),. T!Hlsr'(‘,lor'u,lon the (i?giily:oclfll(];]tii&
st . 7 s set ich | '8 polymerization, reduc ,
a “steady state’” is set up whiel invo th Hiiearon, reduction
sorpltion of the methylene and polymethyle gj ups. 1f 1
g;;&ﬂi(;{l(gu'hi(lu formation is small, or il the rate of desorption of the

by Fischor and his coworkers; 87 63 namely, the formation of ro)
unstable metal earhides a8, for example: 3C04-CO=Co,C (o),
Craxford ® wrote the primary reaction a8 2(}0+CO+HQ:COQC+
0, Tiis conceivable that hydrogen acts ns catalyst for metgl
carbide formation by forming an unstable metal hydride, -
Eidos and his coworkers 1 72 wrote that the formation of cobalt ./
irbide in the presence of carbon monoxide was too slow a reaction
to be intermedinte in the synthosis, On jron catalysts, howaver,
they agreed that the carbide formed by carbon monoxide alone is an
wtermedinte. It was learned from Dr. Piehlor and Dr, Koch of the
Kaiser Wilhelm Institut fiyy Kohlenforschung, Miilheim,™ that mag-
netie-chemical studies showed that the earbide, Fe,O) is the only
stable phase between 300° and 400° C.; farther, that most active iron
catalysts wero thoge containing the mosg Fe Catalysts pretreated
ab 1710 atmosphope 7 7 contained more Io,(! than did catalysts pre
treated at atmospherie pressure. An electrical isolation method for
the determination of jron earbide is reported by Houdremont and his |
coworkors.”™
At the Bureau of Mines laboratories, nvestigations 77 of the -
properties of metal carbides are i progress, with particular emphasig :
on their significance in the Fischer-Iropsel) synthesis,  Wellor 7 J1ag |
comnpared data obtained from a study of the kineties of earbiding on
cobalt catalysts witl, similap investigations by Craxford and Rideal »
and Fidus and Zelineki; & Craxford and Rideal reported that the
initial rate of earbiding in carbon monoxide was 20 to 30 times slower
and that the steady carbiding rate reached after a fow honrs was 200 -
times less than the synthesis rate {at 200° C.).  As the reaction be-
tween earbon monoxide s cobalt was too slow to fecount for the
rate of hydrocarhon [ormation, they postulated the primary reaction
2Co + CO Hy = Co,C + H.0. They used a statie system in
their investigntions. Eidus and Zelinskit, using a {lowing systom,

———
T Wark eited i footnete 1, p. 3.
Wk clted i fwotnate 12, n. i,
Waorle eited in fontante 10, 1y, 47,
M Storeh, 11,11, Catarlysis jn s yilthetie Tiguid Tyel Proeesses: . Fng. Chem.
Wark eifed in footuate 0, 1. 97
™ Yidus, v, 7, [ATechanism of the Synthesis of Aliphatie llyrlr'ocurbonsnyrhu Contaet Hydrogenation of

Carbon Moenoxide); Dspekhi Khim., vol, B, 1040, P, 67308,

Eidus, Y. 1, an Zelinskil, N |3, [T'he Teencton of Carbon Aonoside with O

the Bynthesis of Ciasoling (rom Watey Gad]: Bull, Aenn, Bel. U, i, &/, §., Clusse Qoj. Chim., 12,

i 45-5, [Carbide Fornmtion as an Entermed e Stare in the ¢ alrtic Synihesis of 1lydrocarhong

from Wager Casf; Bull Ao, Spf. - RS 8., Classe Spf. Chiim,, MH2, hp. 1an-194.

" Macnsel, V. [Kniser Willielm Instiingg, iy Koblentorsehung, Miiliieim, Ruhrj: Combinen Intelligence

Objeetives Subconmibtoe Report 2571, Tiem A, 15, 16 pp,

Korber, F,, Wiemer, ., ni Fischer, W, A ehe Phermal Disinteerating of (0 o Be and Iy Alloys

A in Mixires witl, 0 sareh. ]f}im»nI||'it.to|1w., YOl 17, 1048, b, 43-59,

HWark eited i footinge U, L B
B Work eited in foaLnore 4, 1. 3p

" Howdronont, 12, Klinger, o and ]llnx(‘hozyk, G [Now Electrolviie Tsalat fon Procedire
ing Iron Carbidel: Peeh, Mt Krupp. Forselnmashor,, yol, 4 108, oL gy,
vol. 16, 1011, pp. 257 270, Breninseon Chen,, val, AR L AT

TWork eited I footnote a5, p.odd,

® Lofer, [,. 5, o, The Prepartion and Propertios of Motal Carbides,
Bivnificanee in the Fisehor-Trojuset i

P Work eited in foo! note [N

WOk eited i1 foot note 2, 1. 52,

VoL BT, 1945, pp. 310351,

obalt Catalysts Used in
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Arch, lrﬁim-nh[ilrumv.,
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methylene group is rapid, the coneentration of methylene Zroups on
the catalyst surfee is low, polymerization is theretore retarded, me.
thane is the main product, and there is an ample supply of active sur-
face on which the ortho-pars ~hydrogen reaction may proceod.  The
abscnee of higher hydroearhon formation during the initin] period of
operation with an aetive catalysi is to e explained hy the time neces-
sary for covering most of the eatalyst surfaee with polymethylens
BrOUDs 20 s to slow up the reduetion of niethylene to methane, Pra.:
dominant methane formation at higher temperatures, above 250°C
is due to the very eapid desorplion of methylene groups.

Robinot proposed a mechanism in which o primary compiex |
formed wpon the petive cenlers of the eatalyst; the complex grows by
a kind of copolymerization under the infinence of earbon nmonoxid
and hydrogen and free rodicats that originate simmmnmusly in othe
acltive eenters.  If ghe growth of the eomplex is not, stopped by the
cleavage of water or carhon dioxide, the evolntion of hieat beeomes so
great that s sodden decomposition of the complex takes place, so that
all the active contops lorm only methane, water, and carbon dioxide, :
Lidus reported * thay, tethyl aleohol, neotie acid, and othyl aleoho] 3
e not mberediates in e synthesis of hydrocarbons from water
gas over cohalt catalysts, aa thoge compounds prodyeed liquid hydro-
earbons in smalier &mounts than those obiained directly from watey

Matsnmura 8 gy Pospellioy 5 preferred to postulate the tronsient
existence of the metaf oxide Instead of earbide. Subsequent redue.
tton with hydrogen to form chemisorbed wator would aceoung fop
elimination of the OXygen as water on cohalt catnlysts, However, on
iron catalysts (ho chemisorption of wator at 200° C. is mueh largey
than for cobalg at the same temperatire, and henee there is morg
onportunity for carbon monoxide Lo form earbon dioxide by reaetion
with the oxygenated areas on the eatalyst surface; this accounts for
the fact that for iron cabalysts the oxygen appears in the reaction
products lInreely as earbon dioxido,

Although boil cobalt and iron form meta) earbides, evidence exists
that the mechanism of the synthesis on cobalt, catalysts differs quali-
tatively from that on ireq catalysts,  The first difference is that
ordinarily, uring the synthesis, water is the chiof oxveenated Produet
from cobalt catalysts, whoreas thot from iran catalysts is” earbon
dioxide.  Operative comditions ean he viried so that eithep carbon
dioxide or water iy produced on cobalt or jrog catnlysts, Only a very
stall pereentage of clleylene and othane Appears in the produefs
[rom a cobalt catalyst, the ratio of tha pactial pressures of methang
to ethane plus ethylene in the off-gases from thie svithesis heing about
L0, a8 shown in table 0. l)e vatio for cobalt is'20 {imos larger than
that for iron eopper. Addition of ethylene to the syithesis gng
passed over g colm]b-—co;‘)pm'—nm.n;ra.nvsu oxide catalyst rosylis ehiolly

neonversion of the ethylene to higher molecular welght, hyr_lrocarbons,
—_—
¥ Rahinel, 1, [llyrllnm]ynu'l'imlw'cm of Carhan Mmm.\'i(]e-]': Ching, ot ind,, vol, A7, 1842, i, AR(-4K12,

8 Bidus, ¥, 7, IThe TRenet fatis of Some U-('(mluining Oreanie Coniponnds Over the Cobylr Contnet
Calalysts Used for {he Bynthesis of Gaseline from VWater Gas]: Buil. Aead. sef, U. R 8.8, Classe Sel
Chin,, 1943, . O6-73.

3 Work ciled in footnoln 58, . 50,

¥ 'ospokhov, D, A, [The Mechnnisin of Catalytie Syntheses fram Ty droren an Carhon Aonoxide, (A
Treliminary Report)]: Shornik, Nllll('lL-l.‘Nll‘ll(l"llh.'l. Rabot Kiey, ek, Insg, anllu\'mmu-()htlVnol
LProm., vol. 3, 1810, pp, 261257, IKhim. Refernt, Zhur,, vol. 4, No, 5, 1641, p, 12,

REVIRW OF TITERATURE
- e an iron—copper
only little being l)y(h'o;_’;m_mtvil to ut..hmil(o,l \‘Er(l:(:{(]i?n:n ﬂ; ron coppor
] ' ' gely converted to ethane. _
' i the ethylene is largely « { : .. 1t is apparent
EI{LLL%I{E;J]N}IIJ\T\(‘ pi?wc; an important role in the synthesis o ,
hat eths A

not on iron—copper eatalysts.

LRt J— Afines unalyses f re Felaared e 1rhor (8 'f.'f)?” iseher-
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