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2.

The production of hydrocerbons by the catalytic reduction of
carbon monoxide with 'hydrogen is now & well established process. Most
of the previoue investigators have developed the process with a view
to obtaining a high yileld of liquid products bolling in the gesoline
range in order to supplement the production of these fuels from
petroleum., Others have studies the reaction to eatablish conditions
under which methane is the principel reduction product, and their
discoveries heve been utilized in increasing the heating value of
gasecus fuels.

According to thie invention, the problem of hydrocarbon
ayntheais has been approached to sscertalin conditions under which the
principal product of the reaction will be & mixture of normally gaseous
bydrocarbons containing from two to four carbon atoms (hereinafter
termed the Co-C), fraction) and in which the olefin content of this
fraction will be high. Hydrocarbon fractione of this nature constitute
the raw materials from which the bulk of the induatrial aliphatic
chemicals are derived, and a synthetie gource of these materials to
augment the present asourcee which are primarily natural gas concen-
trates and refinery gases would be highly desirable.

In the preliminary course of this investigation, principally
with iron catalysts in s fixed bed, the usual variables gove;'ning
catalytic reactions, such as temperature, pressure, reactant ratio,
and the like, were explered and found to have no importent effect on
the amount of the 02-01, fraction formed. For lnstance, the yleld of
the Ca-ch;:fraction on & carbon atom basie remained fairly constant
over a temperature range of 220°C. to 320°C. at about 25% to Lo% of thd
hydrocarbons formed. It was, however, noted that the concentration of
the liguid fraction (C5 and higher hydrocarbons) did decrease with
increasing temperature, but wes accompenied by a corresponding

increass in methane formation, the amount of the CE"Ch fraction
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remaining about the seme. The percentage distribution of the hydro-
carbons formed on a carbon atom baslis, as nsed in this specificationm,

1s the percentage dlatributlon of carbon stoms among the hydroearbons.

2 molecules of methane-CH, (1 carbon atom per molecule), 1 molacule
of ethane-CoHg (2 carbon etoms per moleculs) end 2 molscules of
propane—03H8 {3 cerbon atoms per molecule), there will be a total of
ten carbon etoms in five molecules of the mixture, and the percentage
distributlon of the hydrocarbons on a carbon atom basls 1a computed
ag follows:

CHy= 2 x 1 x 100 = 208

10
Collg= 113: 2_x 100 = 20%

Cyfig= 2 x 3 x 100 = 60%
10

It has besn found that a radical redlstiribution of the hydro-
carbons formed in the catalytic reduction of carbon monoxide with
hydrogen can be accomplighed by selective Inhibitien of an iron base
cat;.lyst to increase the formation of olefins containing from two to
four carbon atoms and to deoreasg the formation of carbon diloxide.
Inhibition of the catalyst during synthesls is effected by including
In the reaction system the halogena: chlorine, bromine or iudine or the
corresponding hydrogen helides, The balogens or hydrogen halides may
be introduced themselves, or compounds capable of ylalding them under
reactlon conditliona may be introduced to the reaction system. Aam
compounds capable of ylelding halogens or hydrogen halides, the organie
compounds of chlorine, bromine and iodine may be clted, sinece sush
organlic halides decompose under the resction conditions. When the term
Phalogen™ or "hallde®™ is hereafter used in this specification the
group of chlorine, bromine or lodine or the corresponding halides will

be intended. Fluorine and the fluorides are excluded beceuse experiment

o]
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be
ihave shown that they are not effective Inhibitcrs. When snythesis gas
lcomposed of earbon moﬁoxide and hydrogen is passed over a halide-
iInhibited iren-base catalyst at reaction temperatures of 200° to 450°C.}
the Co-C; fraction usvally constliutes about helf of the hydrocerbons
formed, snd the olefin content of thie Cp-C4 fraction is approximetely
twlce the olefin content of Co-C; fractions formed from wninhibited
catalysts after steady operating condltions have been obtained.

The effect of selective inhibitlon of iron-base catelysts on
the product distribution at resction temperatures in the range of 2200
to 320°C, can be generalized in the table below:

Percent Diatribution of Hydrocarbons
on a Cerbon Atom Basl

With Untreated With Inhibited
Hydrocerbonsg Catalysty Catelyats
CHy, 10 - 30 10 - 25
C2~C;, olefing ‘ 10 - 20 25 - 45
C2-C; paraffins 10 -~ 30 10 - 25
C5 and higher 30 - 60 20 - 50
Totel C2-C; fraction 25 - 40 40 - 65

It will be noted from the above teble that the olefin content
of the Cp-C; fractlon produced with inhibited catelysts 1s markedl;,v
increesed. It has also been determined that the olefin content of the
liquid fraction produced with Inhibited catalysts is likewise gquite
high.

Inhibition of the catalyst also reduces greetly the amount
of cerbon dioxlde formed in the syntheslis reaction. A low concentra-—
tion of caerbon dioxide In the product gas 1s an advantage because the
removal of thia material from the other products provides an additional
operating expense. Thus, the principel reaction occurring with the !
Inhibited catalyets may be represented as follows:

(1) ©O + 2Hy ————————> (CHp) + Hy0
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5.
the vorresponding resction {2), below, which yields carbon dioxlde, ie
decreaged. -

(2) 200 + B———> (CH,) + CO,

Ag & rule, inhibited catalysis are less active than the
catalysts before inhibition, end, as a result, the converslon of
syntheals gas to total hydrocerboms will be less per pass using the
inkibited catalysts, other conditions being egual. However, the per-
cent conversion perpass of synthesis gas to hydroearbons can be
ineresged by raising the reactor temperature up to sn appropriate
operating leval for the catalyst used. The percent conversion as used
in this specification 1s given by the eguatiom:

4 Conversion = V1_ x 100; where

V2

vy = Volumes of CO+Hy reacted.

Vo = Totel volumes of fresh feed g=s.

For exsmple, where the total volume of feed gas contained 50 mols of
carbon monoxide and 50 mols of hydrogen, and exit gems produced from
that feed gas conteined 30 mola of carbon menoxide and 20 mols of
hydrogen, the percent converslen was 50.

Two methoda of calculeting the converslon ae so defined are
{1} from the measured inlet and outlet gas flow and the outlet gas
annlysig and (2) from the outlet gas flow, the outlet gas analysis and
the measured amount of product water, Ly a simple stoichlometrle
relstion well Jmown to the art. Generally the latiter method was found
more mcourate and convenlent, and most converslons were caleulated ‘by
this method.

Inhibitien of catalysts has been successfully accomplished in
slther the fixed or fluld bed type reactors., There are no fundamental
differences in the results obteined by the two procedures, Additlon
of inhibitor can be either intermittent or continuous in order to meke

up for 1ts loge from the system by Teamson of eguilibriwm conslderations




10

20

30

646561

6.
However, with fixed beds there 1s some tendency to produce different
degrees of inhibitlen ﬁlong the bed, so that in practice 1t 1s some.
what eesler to operate with a fluidized bed where the continunous
mixing of the catelyst gives a more homogeneous distribution of
inhibitor.

Several methods of inducing initial inhibition of a fixed bed
catelyst are avallable. According to one metﬁod, the catalyst 1s first
activated in & known mamner as by reduction with hydrogen or by
reaction with earbon monoxide or a mixture of hydrogen end carbon
monoxide (when carbon monoxide is used either by itéelf or in sdmixture
with hydrogen, the yrocess is known in the art as "forming®). After
activation of the catalyst, a suitable carrler gas, such as hydrogen,
carbon monoxlide or mixtures of the two known aa synthesls gas, to which
may be added an orgenic halogen compound in an amount which for conven-
ience may be determined by its. ssturnted vepor pressure, is passed over
the catalyst at an elevated tempersture sufficlent to decompose the
halogen compound. When the inhibitor used is & ges, such as chleorine,
1t may be metered conveniently into s side-stream of the feed gas.

The temperature of the catalyst bed during lnbibition will vary depend-
ing on the halogen compound used, temperstures of 75° - 100° C. being
gufficient when the halide ig an easily decompoeed lodine com;i:»ound,
and temperatures of 200% - 300° C. or higher being required for the
more stable bromides and chlorides. The amount of the halide used to
treat the catalyst may be veried widely depending on the degree of
inhibltion desired. Under different conditlons of treatment, the
emounte could vary from 1 to 300 grams of halogen per kilogram of
catalyst. As a specifie example, iron or an iron-gilles catalyst can
be inhibited to obtein the benefits of this invention, such as an
increase in the olefin content of the product and a decrease ln carbon

dioxide formstion during synthesls, by tresting it for 2.5 hours at
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i 400 space veloelty and at 240° to 300° C. with an equimolar mixture

of hydrogen and cerbon monoxide feed gas which has been satursted at
room temperafure and 250 psig. with ethylene dichloride.

In practice, the inhibitor may be added to the feed gas after
the catalyst hae been on stream and steady operaticn obtained. To
avold danger of complete deactlvetion of the catalyst, it may be
degirable to start with a small amowmt of the inhibitor inm the feed
gas end gradually increase the concentration while closely following
the changes in the composition of the reection products. The percent
carbon dloxide in the effluent geses ¢an be measured with an sutomatlc
recorder, and & plgnifiesnt drop in the carbon dicxide content of the
product gases would indicate that inhibition wes being effected.

After 8 cetalyst has been brought to an appropriate state of
inhibition, the effects, although persisting for prelonged periocds,
gradually decrease. At th_e game time it 1s observed that halogen is
lost from the catalyst., Henee, to maintein a constant degree of
inhibitlen it is necessary to compensete for thls loss, usuelly by a
continuous addition of inhibitor with the feed gas. The persistence
of inhibltion after the remcvel of inhibitor from the feed stream is no
doubt caused by temporery retention of halide by the catalyst. Such
retention of halide 1s 1lluatrated in the specific example above where
after four days operstion following the intreduction of inhibitor,
chloride anaelysis of the catalyst showed: at the top and entrance to the
bed, 6.0%, in the middle, 3.3%, and at the exit, 2.3% (percent C1 by
welght).

Mother method for the initial Introduction of Imhibitor to 2
fixed bed catalyast 1s by pessing a carrier gas saturated with the
inhibitor et room temperature over a formed catelyst at a temperature

8llghtly above that of the carrler gas wmtll a sufficlent amount of

inhibitor has been adsorbed on the catalyst. Then the catalyst,
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8.
containing the adsorbed inhibitor is heated, generally above 200° C.
to decompose the organic halogen compound.

As previously stated, the effects of inhibitlen dlsappesr slow-
1y, because of the progreselve loss of halogen by the inhibited
catalyst during the synthesis operation. For the moat pert the halogen|
lost appeers &s hydrogen halide in the 1llguid weter product from the
reactor. Thus, after the initial addition of 1 to 300 grams of halogen
per kilogram of eatelyst to the catalyst, it 1s necessary to add
inhibitor in small regulated smounts with the feed gas during operation
in order thet production of olefins may be kept high and carbon
dioxide formation kept low. As & specific example, an unpromoted iron
catalyst in the fluldized state required from 5 to 15 grams of chlorin
per kilogram of catelyst to effect initiel inhibition of the catalyst,
the chlorine being introduced as ethylene dichloride with the feed
gas. Thereafter the catalyst was maintained in the inhibited state by
adding ethylene dichloride to the feed gas at & rate equivalent to 0.5
grams of chlorine per kilogram of catalyst per hour (0.7 grams of
CoH;Cly per kilogram of catalyst per hour).

It 1s believed that ths less of chlorine {or other halogen)
from an inhibited catalyst is related to an eguilibrium which exists
between iron helldes and hydrogen. In the case of the iron c!hlorides,
this equilibrium may be represented asg:

FoClp + Hpg=———Te + 2HC1
Thus, unless chlorine in some useful form were added with the feed
gas, the chlorine content of the catalyst would be depleted, as the
hydrogen chloride 1s swept from the remction zome with the product
gases. In operation, the amount of chlorine which need be added to
maintain the catelyst in an inhibited state &t various temperatures may)

be eptimsted from the approximate equation -
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loglo K= —TZ?Eg) + 6-75

K = Equilibrium Const. = (PHOL)Z (atm. abs.)
P2

T{°K) = Absolute temp.
Puel = Partial pressure of HC1l, atm, abg,

P

For other halogens, the equilibrium and egquilibrium constants

]

Partial pressure of Hz, atm. aba.

are given by the relationa:

FeBrp + Hyg=—=—— Fe + 2HEr

logip K = -8390 + 6.66. K= r)2 (atm. abs.)
‘ T(°K) P
H2
Fel, + Hy Fo + 2HI
loglo K= + 6.66- K= ‘Em!z (&tm. abs.)
T(°K) P

For example, using these relations, in the temperature range
of 250° to 450° C. for operation at 18 mtmospheres absclute (250
psig.), exit hydrogen partial pressure of 6 atmospheres and an exit
flow of 1500 1iters of gas per hour, converted to standard conditions,
the rangea for the amount of combined or free helogen in the inhibitor
to be added to the feed gas to maintain inhibition ars approximately
ag follows; the lowest values corresponding to the lowest tetﬁpérature

and vice versa.

Eelogen Amoymt 8_per hour
Chlorine 0.04 - 4

Bronine 0.015 - 2.5
Iodine 0.07 - 8

Thus, it is seen thet the concentration of inhibitor in the
feed gas 1s importent, and thet the smoumt to be added to maintain
inhibition will increase with the temperaturs and will vary with the

other conditions which affect the eguilibrium.
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The curves in the drawing show the effects of varying the rate
of addition of inhibitor during limited periods of time. The rate of
addition 1s plotted as the abacisse in the form of a ratlo: the pres—
sure of hydrogen chloride calenlsted on the assumption that all the
ethylene dichloride inhibitor added had decomposed to geseous hydrogen
chlorids, divided by the presspure of HC1 calculasted to be in equili-
brium swith FeCly and Hp according to the eguatlon above. The expres—
sion pycy is the partial pressure of hydrogen chloride in the wet exlt
gas from the reactor celeulated by assuming that all of the inhibitor
(ethylene dichloride) added decomposed to form hydrochloric a.eid and
that none of this was lost in the reactor. The expression PoHGl ia
the equilibrium partial pressure of hydrogen ohloride computed from
the equatlon glven above. The ratio of Pac1 ta p°HG1 then gives the
theoretical excess or deficiency of the smowmt of inhibltor. The data
shown in the curves were obtaeined in an experiment with a fluldized
iron catalyst prepared from magnetite. Synthesls gas (2.2E,:100) was
uged at 60 peig., end a 1:1 ratio of recycle to fresh synthesls ges
waa employed. Tt 1s to be expected that the effects with varlous modea
of operatlon and of catelyst preparation will vary samevhat in degree
from the specific results shown in the graph.

The curves illustrate that the ethylene content of the Cp
fraction increases with the degree of inhibition, while the propylene
content of the 63 fraction is very high even for alightly inhibited
catalysta. The mdthane formed decreases with the degree of inhibitlon,
an important effect. By incremsing the amount of Inhibitor, the
formation of carbon dloxlde can be completely suppressed but the
converslon is reduced to low lsvels. It is probably slgniflcant that
the slopes of the conversicn, methane and carben dioxlde curves are
vary steep in the reglon where PHGl/p°HCl is approximstely one,
indiceting the sherp change in the results obtalned with uninhibited
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1.
catalysts end with fully inhibited cetalysts. Operation st ratios of
PHlepoHCl much greater than one for prolenged periods mey result in
an excesaive chlorinatlon on the catalyst. Should this oceur, the
catalyst may be regenerated, elther continucusly or intermittently, by
a mumber of methods such as by a high temperature treatment with
hydrogen, or by a temporary decreese in the smount of inhibltor in the
foed stream.

A representative number of organle halogen ecompounds have been
tested as inhibltors and found to be aperative, and the invention ls
directed broadly to the uase of any orgamic halogen compound which 1a
capable of being vaporiszed at the reaction temperatures., The halogen
compounds which have been evaluated include the following: n-butyl
chlorids, t-butyl chloride, ethylene dlichloride, 1,4i-dlchlorobutane,
1,2,3-trichloropropans, dichloroethyl ether, glycerol-dichlorohydrin,
m~dichlorcbenzene, p—dlchlorobenzene, carbon tetrachlorlde, ethylene
dibromide, trimethylens chlorobromide, ethyl iodide and n-butyl 1odide.

Since the experimental evidence Indlcates that organlc
inhibltors fimetion by releasing halogens or hydrogen halides in the
reactor, useful Inhibitlon can also be obtalned by treating the cata-
lysts with the halogens themselves, l.e. chlorine, bromine and lodine,
the halogen halides,or inorganic compoundg capable of yielding hydro-
gen halides or halogens, such as carbonyl chleride. Tims, it is
evident that there are many ways by which the Iron catalysts can be
subjected to the actlon of helogens or hydrogen halides during the
syntheals aperatlion. |

The eatalyete which are useful in our prooess of hydrocarbon
synthesls include any of the typical iron-base catalysts which are
knowvn in the art. Iron catalysts contalning promoters may be
inhibited and the following promoters and supports, taken as typical
of the additives which may be used with iron catalysts, have been
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prosent in significant amounts in inhibited iron-bese catalyats:
5105, Ti0, Cu, A1203; Cd, Ni, and EnC03. I preparing en iren-base
catalyst, elther iron or an oxide of iron may be used, although after
reduction or "forming"™ of the catelyst, aa by reduction with hydrogen,
carbon monoxide or a mixture of the two, iron oxide catalyste may
exist in & reduced piete or in & carblded state. Fluld catalyasts
must, of course, be prepared with a sultable particle size distributiod
as 13 known in the art, so that they exhiblt the typleal guelities of
a fludd catalyst bed.

Control of the usual process variableg of the hydrocarbon
gynthesls can be effected with the inhibited catalysts, and the
phenomenon of inmhibltion 1s exhiblted over a wlde range of these
procesa variables. The slgnificant process controle are temperature,
pressure, space velocity, ratic of hydrogen to carbon monoxide, and in
cyclic operations, the ratio of product gas which is recycled through
the converter to the fresh synthesia gas introduced. Im general, any
temperature, pressurs, space veloclty, w&fogan to carbon ratio, and
recyocle ratio otherwise suitable for hydrocarbon synthesls may be used,

and the followlng ranges may be listed as illustratives

Temperature 250° - 420° C.

Pregsure 60 to 60D pai.

Space veloclty 100 to 5,000 (Vols./Vol.Cat./hr.)
Hy:C0 ratio 1:2 to 5:1

Recycle ratio Nons to 10:1

The reaction temperature 1s probably the most significent
procesg varlable. Although the present converslon lncreasss with
temperature for both Inhiblted and wmitreated catalysts, the conversion
per pasg with an inhibited eatalyst wlll be less for the same reactlon
temperature then with wmtreated catalyst, other conditions being egual.
There 18 evidenoe thaet the temperature sengitivity {i.e. change in

activity with temperature) as well as the activity of the catalyst is

Ly
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reduced by inhibitlon, so that inhibition of the catalyst simplifies
temperature control of the highly exothermlic synthesls. Operatlon at
temperatures of 320° to 400° C. 1s feasible with Inhiblted catalysts.
In fact, the higher temperatures ere not disadventageous since highly
olefinlc productes are made wlthout increasse in the production of
methane., With uninhiblted catalysts, methane formation is pronounced
at high temperatures. Operatlon cver a wlde temperature renge hea elso
shown thet wax formatlion and carbon depositlon on the catalyst are
significantly reduced 2s e result of inhibltion. The reduction in i
wex formation and cerbon depositicon obtained by the present process 1s |
of considerabls Importance as the life of the catalyst before regensra-
tion 18 reqguired is thereby increased.
Of the examplea to follow, the first six are concerned wilth

fixed bed catelysts, and Examples 7 to 9 relate to fluld bed catalysts.

FIXED BED CATALYSTS |

Apparatus and Procedure
The reactor conelsted of & 1/4 inch I.D. steel tube which

contained the catalyst and extended through sn insulated steel shell
f1l1led with Dowtherm. The steel shell wus wrapped with resistance
wire for elsctrical heating. The catalyst tube waa gealed info the
jacket at both ends with compression fittings, whieh made it.s: installe-
tion and removel simple. The charge of catalyst was 20 c¢e¢., as measur-
ed In a graduate before charglng and exteanded over about 25 inches of
the tube. The catalyst was held in place wlth copper gause packlng

at both ends.

In operation, the catalyst chosen was loaded into a plece of
stesl tubling of appropriate lemgth. This was lnstalled in the empty
Jacket by meana of the compression fittinge. Both ends of the tube
were goldersd into the copper tubing comnecting to the rest of the

unit. The system was tested for lesks wlth carbton dioxlde or nitrogen
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&t 250 - 300 pelg. The gas used for reduction or forming (hydrogen,

carbon monoxide or thelr mixtures) was then introduced to the system
and the reactor temperature raised to the level appropriate for that |
!

gas (usually 300° to 350° €.). Forming in general was done at atmos- 1

After forming, the temperature of the reactor usually wap lowsred to &
level suitable for synthesis. This was done with the formingage still
flowing., On reaching the proper reactor temperature, synthesls gas
was admitted at the selected pressure, in mosb cases 250 psig.
EXAMPLE 1 ~ lene Dichloride bitor

The catalyst, Feg03:Cu0:810, {10032.5:100 parts by welght), wes
prepared by precipitation from a sclution of copper and iron nitrates
by sodium carbonate to an end peint pH of 7.8, Sillea (Filtercel) wes
added and the mixture bolled., It was then filtered and the precipitate
washed. The bulk density of the final catalyst preparation was about
0.9 grams per cublc centimeter. The catalyst was charged to the
reastor and treated with carbon monexlde at 310° - 335° C. for two
hours with a space velocity of 3000.

Synthesis gae in the ratio of one mol of hydrogem to one mol
of carbon monoxide was passed over the catalyst at a pressure of 250
pelg. and a space veloclty of 300 and enalysls of the product:; under
gteady conditions was made., After some time, the feed ges at reaction
pregsure was passed through éthylene dichlorlde at 25° €. to saturate
the gas and introduce inhibitor to the catelyst for & total of 3-1/2
hours at a space veloolty of 300 te 400 and m catalyst temperature of
280° C. The smount of inhibltor introduced was about 140 ce. of wvapor
measured at standerd conditions. (The amount of ethyleme dichloride
added was equivalent to mbout 25 grams of chlorine per kg. of eatalyst)|
A comparison of the reaction conditlons and results with inhiblted and

uninhlbited catalpsta i» glven below:
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15.
Before Inhibition After Inhibition
‘ A¥,

Age of catalyst, hours 31 19/, 197
Temperature, 2 C, 270 290 297
Conversion, % 80 68 56
Carbon atom distribution
in hydrocerbons formed, % to

CHy, 18 14 15 15

Coll; ) 3) 9 12

C3Hg ) Cy—C,, olefins 13 ) 25 20 22 ) F¥

CpHg 1 91) 2 13}

Collg ) 1) 21 13 )

CqHg i Cy-C,, paraffins 3) 16 - - 21

CoByp 2) 2 6}

Cst 4 22 19 20
COn/COx+Hy0  (moler ratio) 0.75 0.32  0.24 0.28

It w111 be noted that inhibitlen resulted in a decided increasa
in olefin formation, and a redical change in the molar ratic of carbon
dioxlde to water formed in the reactlon, the carbon dioxide decreasing
and the water lnoreasing. The inhlbited catalyst was alsoc lesa active
ag shown by & decreased conversion at a higher reaction temperature.
EXAMPLE 2 - Ethylene Dichloride Inhibitor

The catelyst was & tmconite iron ore and the synthesls was
conducted in & manner aimilsr to that of Example 1. Tha catalyst was
raduced with hydrogen at 450° C. for 20 hours. Inhibition was effected
by passing over the catalyst at 325° C. for 3 minutes 0.1 ¢f, of hydro-
gen saturated at room temperature snd one atmosphere with sthylene
dichloride. The amount of inhibitor added was eguivalent to 0.9 grams
of chlorine and equaled about 30 grems of chlorine per kilogram of
catalyst (the cetalyst used baving a volume of 20 e¢, end a bulk
density of 1.6 grams per cublc centimeter). The reaction conditions
end results, befeore and after inhibition, are tabulated below:
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Conditlong
Ratlo, H,:CO

Pressure, psi.
Age of catalyat, days
Temperaturae, © C.

Space veloclty

Reaults
Over-all converslon, %
C05/COs+ Ho0  (molar ratio)

Carbon atom distribution
in hydrocarbons formed, % to

Cp-C;, olefins

Ca-Cy paraffins

Before Inhibition

1:1
250
2
288
420

40
0.31

After Inhibition
I1:1

250

336
420

37
0.06

This example illustrates that under conditions whereby the

Field of the CpwGy fraction is falrly high with an uninhibited catalyst,

the princlpal effects of inhibition on the product dilgtribution are a

marked increase in the olefins formed, & sharp reductlion In carbon

dioxide formed, and a2 deorease in methane formation despite the higher

temperature of the inhlblted ecatalyst.

EXAMPIE 3 - Varicus Amo of

lene Bib de

bito

The catalyst was aimlilar to that desoribed in Example 1. The

method of intreducing inhibitor was the same except that the temperatwra

of the catalyst durlng inhibition was 240° - 260° C.

ratlo was 1H,:1C0,

The synthesls gas

Other conditions end resulis are given below:
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Amount of CoHiBro
| ec. of
Vapor at Syn- Carbon Atom Distributicn of
Standard thesis Hydrocarbonsg Formed, 4 to
Condi-  g/kgs Temp. Conver- _ COp Ca-C; oGy
tions Cat, 2 C, sion % COxtio0 OHy, Olefins FParaffina Cgt
B0 32 233 47 0.39 1l 38 23 28
250 100 295 39 0.10 15 38 16 31

EXAMPIE 4 ~ Ethyl Todide Inhibitor
The catelyst was Fez03-85105 In equal parts by welght and hagd

a bulk denalty of around 0.9. The carrier gas contalning the volatil-
1zed ethyl iodide inhlbitor in the amount of 1500 ec. of wapor at
standard conditions (about 950 g. lodine per kg. omtalyst) was passed
over the reduced catalyst at 75-86° €., e large amownt of inhibitor
being required because of the low tempersture of treatment, The

synthesis gas ratio was 1H2:100., Other conditions and results arTe

given below:
Reaction temperature 2 C, 299
Conversion, % 35
CO/CO+H0  (molar ratio) 0.20

Carbon atom digtributicn
of hydrocarbons formed, % to

CH, 20
Cp~C;, olefins 41
Cp-C; paraffins 10
Cst 29

EXAMPLE § — Yarious Organie Chloride Inhibitors

Several organic ohlorides were passed over reduced F9203-S:I.02
{equal parts by welght) catelysts by means of the carrier gas procedurs
deseribed in Example 1. The synthesls gas ratio was 1H,:100. Other

conditiong and results are given below:




10

20

30

Amount of Inhibitor

cc. of vapor at standard
conditiongs

g./kg cetelyst

Inhibition tempersturs, °C,.
Heactlon temperature, °©C.
Conversion, %

005/C0p+He0  (molar ratio)

Garbeon atom distribution
of hydrocerbons formed, % to

CHy,
Cp-C4 olefins
C2-Cy, paraffins

Cst+

repults are tebulated below:

Reaction temp. © C.
Conversion, %

CH,

02-04 olefina
Go-C; peraffing
Cg+

Age of catelyst, hours

646561

18.
1,4-Diehloro~ 1,3-Dichloro-
butane benzene
200 1500
36 270
220-260 220--260
302 269
54, 44
0.36 0.15
20 T4
35 36
22 13
23 39

tion is to be noted in each insiasnce.

EXAMPLE 6 - Hydrogen Chloride Inmhibltor
Inhibitien of an ircn-eilica-copper catelyet, F6203(100),

CO,/COp+HA0 {molsr retio)
Cartron atom distribution in
hydrocarbone formed, % to

168

27
49

0.20

15
30
13
33

hydrogen chloride added In thie manner being ebout 1.5 grams.

1,2,3-Tri-
chloro—
propans
300
54
225-240
253
42
0.12

15
30
20
35

The spedific effect of. the inhibitor on the olefin concentra-

8105(100), Cu(2.5), in parts by welght was sccomplished by adding
hydrogen chloride to the synthesls gas (1H2:ICO) and passing the gas

over the cetelyst at a temperature of about 70° C.; the amount of

The

The typlcal effects of increased olefin formetion are to be
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19.
|
!'f noted.

FLUID BED CATALYST

Apparatus and Procedure
The reactor was constructed of a three inch I.D. eteel pipe

heving 8 jacket filled with a circulating liguid. The jacket was
heeted electrically. The catalyst was charged to the reactor and kept
In & fluid conditlon by the passage of the synthesis gas through the
bed. The exit geses passed through & ten inch I.D. header containing
ceramic or sintered metal filters to recover suspended catalyst, the
recovered catalyst belng perlodiecslly blown back to the catelyst bed.
The exit gas passed through a water-cooled condenser at the remction
pressure to remove liguid, The inlet flow t¢ the reactor was measured
#‘by callbrated orifices and the exit flow by dry gas meters, Mesns for
recycling part of the product gas, when desired, were provided.

FXAMPLE 7 - Ethvlene Dichloride Continuous Inhibitlon
Pigment grade iron oxide (Fe;03) was made into a thick peste

with vater. The peste wes dried In an oven and then sintered at I200°

C. for two hours. The catalyst was crushed and grownd to m fineness

so that all perticles passed through e stendard 270 mesh mcresn and

the catalyét fines having a particle size less than 20 microns were
removed by ges elutrietion. The eatalyst was reduced with hycirogen and
charged to the remctor. The catalyst volume waa 4920 ml.

As previcusly stated, catalysts when given e single treetment
with inhibitor gradumlly cesse to be inhibited due to halide loss. For
instance, the above catalyst, when Inltlally treated with about 17
grams of chlorine from ethylene dichloride ylelded & 02-04 fraction at
48% conversion and one to one recycle ratio which contained on a carbon
ator basis 67% olefina. After continued operation for a period of time
the hydrocarbons produced with the same catelyst contalned 36% olefing

in the Cp-C; fraction end the conversion increased to 63%, indicating




e e e mn s

10

20

a0

646561

20.

that the effects of Inhibitlion had been largely lest. Loss of

chloride from the catélyst bed was confirmed by the fact that the water

product of the resction contained hydrochlorile acid. !

Upon adding ethylene dlchloride to the feed gae at the rate of 1
7 grams per hour (1 gram of ehlorine per kilogrem of catelyst) for 14
hours the conversion dropped to 43% and the olefin content of the
Co-C, fraction rosé to 72%. Thereafter, ethylene dichloride was added
continuously at an average amount eguivalent to 0.3 grame C1fkg
catalyst per hour for 25 addltlonal hours, the rate of additlion belng
suffielent to prevent any increase in sctivity of the catalyst, under
the particular operating condltlons, as messured by the present
conversion.

The conditions and results before and aefter the foregoing
continuous inhibition period are tabulated below:

Before Continuoua After Continuous

Inhibition Inhibition

Pressure, psig. 250 250
Linesr velocity, ft./sec. 04405 Dei-045
Make-up synthesie gas, H,:(0 24211 2.231
Recycle ratio 131 1:1
Age of catalyst, hours 579 618
Temperature, ° C. 312 318
Over-all conversion, % 63 L6
Carbon atom distribution in
hydrocarbons formed, % to

CH, 26 14

CoH, ) 1) 9)

c Pé } Co~C; olefins 13) 21 20 ) 42

3 4

CxHg 1 7 132

CoHg ) 19 ) 7))

C4Hg ) Co-C;, peraffins 10) 36 L) 17

CHp ) 7 6)

05+ 17 27 ‘
Dlefins in Cp-Cy, frection, % 36 72
Propylene in Cp-Cy fraction, % 23 34
C0p/CO2+ Hz0  (molar ratio) .28 0.034

The effect of the continucus addition of inhibitor is shown
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by the significant increase in the olefins formed, by the sharp
decrease 1n cerbon dioxide formation, and by the fact that these

results were mainteined over an extended period of operation,

The run started In Exemple 7 wae centinued at a recyels ratio
of product gas to fesd gas of three to one and at various temperatures.
Turing the 63 hour period of the rumn for which representative samples
of the mnalytical data are glven below, ethylene dichloride was added
continuously st an average rate of 0.8 gram Cl/kg catalyet per hour.

The conditions and results are tebulated below:

Pressure, psig. 250 250
Linesr velocity, f£t./sec. Oud-0.5 0.4-0.5
Meke-up synthesis gas, Hy:C0 2.2:1 2.2:1
Recycle retio 3:1 3:1
Age of catalyst, hours 708 751
Temperature, ° C, 319 330
Over-all conversion, % 71 80.5

Carbon atom distribution in
hydrocarbons formed, % to

CH, 17 18.0
CoH;, ) 3.6) 244 )
C3Hg ) Cp-C, olefins 17.5 ) 31.1 16.9 ) 29.5
CyHa 1 10.0 ) 0.2 )
Colg ) 12.5 ) 12,2 )
CiBpo L 3.2) 3.3
Cgt 32 32
Olefins in Cp-C 4 fraetion, % 60 59
Propylene in C2~Cy fraction, % 34, 34
C02/CO2+H20  (molsr ratio) 0.047 0.046

Operaticn at high recycle ratics and incressed tempersture

resulted in greater over-all conversions. The effect of the inhibitor




e

10

20

30

646561

22.

on maintaining the clefin content of the C3-Cy fraction at a high
level is also evildsnt, 'despite the fact thet at the higher recycle
ratlos conditions for hydrogenating olefins to paraffins are much
more favoreble.becausges of the longer aversge resldence time of olefin
molecules in the reactor.
EXAMELE 9 - Chlerine Ges Inhibition

An iron oxlde catalyst was operated with the continuous
addltion of ethylene dlchloride for a prolonged period. ‘Then the
intreductlion of the inhibltor into the feed gas was stopped and
synthesis continued for nine hours. During this period, chlorine was
removed from the cetelyst bed as hydrogen chloride snd the curbon
dioxide formation end percent conversion increased. Then chlorine
ges was added in small regulated amountsz for 10 hours to the synthesis
gas to re-inhlblt the catalyat. The conditions end results, during
inhibition with ethylene diehloride, nine hours after stopping the
flow of inhibltor, and after re-inhibition with chlorine ges, are

tabulated below:

CONDITIONS
Temperaturs, ¢ C. 338 - 340
Pressure, psig. 60
Recycle ratio - 1:1
Space veloclity 400
Feed gas {2.2 Bp + 1 CO)
Catalyst charge 12 kg.
RESULTS
After Inhibi-
Carbon etem distribution During Inhibitien Tnhibitlon tilon with
£ to with CoH:Clo Stopped Chlorine Ges
CHy, ' 7 30 17
Ca-C; (total) 64 58 65
c 19 12 18
% olefins in Cp~C, fraction 79 60 7
COp/Hy04C0y (molar ratio) 0.05 .16 0.04

Thmas, 1t 1s shown that re-inhibition with chlorine gas ia
equivalent to the original inhibitlon with ethylene dichloride. The

increage in methane formation when the Inhibitor was discontlnued at

j
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the high temperature involved, as well as the control of the methane
formstion by ra-ﬂnhibiiiou, are noteworthy.
Modiflcations of the inventlon other than as specifically
disclosed in the examples will be apparent to those skilled in the
art, and are included within the scope of the invention as defined

In the appended claimsg.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
| PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. 1In a process for producing liquid and gaseous
hydrocarbons wherein an iron-containing hydrocarbon
synthesis catalyst is contacted with a gaseous mixture
of Hy and CO at synthesis conditions of temperature and
pressure, the improvement comprising contacting said
iron-containing catalyst during the synthesis reaction
with a mixture comprising Hy, and CO and one member selected
from the group consisting of (a) chlorime, (b) bromine,
(c) iodine, (d) hydrogen chloride, (e) hydrogen bromide,
(£f) hydrogen iodide, (g) volatile organic chlorides, (h)
volatile organic bromides, and (1) volatile organic

iodides,

2. In a process for producing liquid and gaseous
hydrocarbons wherein a fluidized promoted iron-containing
hydrocarbon synthesis catalyst is contacted with a gaseous
mixture of Hy and CO at synthesis conditions of teﬁperature
and pressure, the improvement comprising contacting said
iron-containing catalyst during the synthesis reaction
with a mixture comprising Hy and CO and one member selected
from the group consisting of (a) chlorine, (b) bromine,
(¢) iodine, (d) hydrogen chloride, (e) hydrogen bromide,
(f) hydrogen iodide, (g) volatile organic chlorides, (h)
volatile organic bromides, and (1) volatile organic

1odides.

24
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! 3. In the synthesis of hydrocarbons by the

ireaction of carbon monoxide and hydrogen in the presence

H

of an iron-base catalyst, the improvement which resides

in subjecting the catalyst to intimate contact with

| regulated amounts of a chlorine-containing material
capable of releasing hydrochloric acid in contact with

Ithe catalyst, the amount of such chlorine-containing

material being regulated with the reaction conditions

80 as to maintain hydrogen chloride in the reaction system
in an amount at least approximately equal to that deter-

mined by the equilibrium: FeCl, + H,e2Fe + 2HCL,

4. In the process for producing liquid and
gaseous hydrocarbons wherein an iron-containing hydrocarbon
synthesis catalyst is contacted with a gaseous mixture of
Hy and €O at synthesis conditions of temperature and pres-
sure, the improvement comprising contacting sald iron-
containing catalyst during the synthesis reaction with a

mixture comprising Hy, CO and hydrogen chloride.

5. 1In the process for producing liquid and

gaseous hydrocarbons wherein an iron-containing hydrocarbong
|
i

synthesis catalyst is contacted with a gaseous mixture of

Hy, and CO at synthesis conditions of temperature and

pressure, the improvement comprising contacting said iron- |

containing catalyst during the synthesis reaction with a

mixture comprising Hy, CO and a volatile organic chloride, i

R




we

Ve 21

10

20

30

646561

6. In the process for producing liquid and

t gaseous hydrocarbﬁns wherein an iron-containing hydro-

| carbon synthesis catalyst 1s contacted with a gaseous
mixture of Hy and CO at synthesis conditions of temperature
and pressure, the improvement comprising contacting said
iron~containing catalyst during the synthesis reaction

with a mixture comprising Hy, CO and ethylene dichloride,

7. In the process for producing liquid and
i gaseous hydrocarbons wherein an iron-containing hydro-

carbon synthesis catalyst is contacted with a gaseous

and pressure, the improvement comprising contacting said
iron-containing catalyst during the synthesis reaction

with a mixture comprising H,, CO and chlorine.

8. In the synthesis of hydrocarbons by the
reaction of carbon monoxide and hydrogen in the presence
of an iron-base catalyst, the improvement which resides

in subjecting the catalyst to intimate contact with

regulated amounts of a bromine-containing material capable
of releasing hydrobromic acid in contact with the catalyst,
the amount of such bromine-containing material being
regulated with the reaction conditions so as to maintain
hydrogen bromide in the reaction system in an amount at
least approximately equal to that determined by the

equilibrium: FeBry + Hp > Fe + 2UBr.

26
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9. 1In the process for producing liquid and
i gaseous hydrocarbons wherein an iron-containing hydro-
|

' carbon synthesis catalyst 1s contacted with a gaseous

. mixture of Hy and CO at synthesis conditions of temperature
and pressure, the improvement comprising contacting said
iron-containing catalyst during the syntheeis reaction

with a mixture comprising Hy, CO and hydrogen bromide.

10. 1In the process for producing liquid and
gaseous hydrocarbons wherein an iron-containing hydro-
carbon synthesis catalyst is contacted with a gaseous
mixture of Hy and CO at synthesis conditions of temperature
and pressure, the improvement comprising contacting said
iron-containing catalyst during the synthesis reaction
with a mixture comprising Hy, CO and a volatile organic

bromide.

11. In the process of making hydrocarbons wherein
a mixture containing carbon monoxide and hydrogen is

passed under superatmospheric pressure over an iron-base

the improvement which comprises subjecting the catalyst
during reaction to intimate contact with regulated amounts
of a member selected from the group consisting of (a)
chlorine, (b) bromine, {c) iodine, (d) hydrogen chloride,
(e) hydrogen bromide, (£) hydrogen iodide, (g) velatile

organic chlorides, (h) volatile organic bromides, and

R7

catalyst at a temperature of about 250°C. to about 450°C.,

|
!
i
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|

{
i

(1) volatile organic iodides, and thereby increasing the
il

! formation of olefins containing from two to four carbon

| atons.

12. Process as claimed in claim 11 in which the

catalyat is maintained in a fluid state.

13. Process as claimed in claim 11 in which the

member selected is ethylene dichloride.

14, Process as claimed in claim 11 in which the

temperature is about 320°C. to about 400°C.

28
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