CIPQ - Patent - 540377 Page 1 of'2

Bl ooy Do Canada

- - Strategis Index:

strategis.gc.ca CIP O

Canadian Patents Database

(12) Patent: (11 CA 540377

12/20/2001 - 10:09:40

154y SYNTHESIS OF LIQUID HYDROCARBONS FROM HYDROGEN AND CARBON MONOXIDE
(34y SYNTHESE D'HYDROCARBURES LIQUIDES D'HYDROGENE ET D'OXYDE DE CARBONE

(72) (Country): RICHARD MUNGEN (Not Available)
JAMES E. LATTA (Not Available)
(71 - (Country): STANOLIND OIL AND GAS COMPANY
7n {Country): ‘
(74)
(45) Apr. 30, 1957
(22}
(43
{52) B : 260/753.5
{51 e N/A
No

(30) None

N/A

Unknown

*** Note: Data on abstracts und claims is shown in the official language in which it was submitted.

View or Download Images :

»

Cover Page Image
Abstract Image
Claims Image

Disclosures Image

YD

hitp:patents | ic.ge.co/details?patent_number=540377& language=EN_CA 12/20/0



GRS IR Y

10

20

540377

=2

The present lnventlon relates to the synthesls
of hydrocarbons from gaseous feed atoéka contalning hydro-
gen and carben monexlde. More particularly, 1t pertains
te the provielon of a combinetlon of epersting conditions
whereby hydrocarben synthesls lsg effected in a manner such
that a maximum quantity ef useful prbduets 1s obtalned at
high total feed carbon ménaxide conversions.

It 1is generally known that liquid hydresarbons
as well as varlous oxygenated organle chemicals ocan be
syntheslzed by reduclng carbon monoxide with hydrogen in
the presence of a fluldlzed lron catalyst at temperatures
in the range of 550 to 875°F. and et pressures in the range‘
of 150 to 35O p.a.i.(paﬁnda per square 1néh). Prior workers
in this field were confronted with many diffioult problems
in their effort to conduct this reactlion in a manner such
that maximum quantities of desired products would be pre-
duced. , In attempting to accoﬁplish thie result, varioua
combinations and ranges of conditions have been taught;
however, the wilde range of operating vafilablea desorlbed in
the prior art covers many conditlong wider whloh 1t is extreme-
1y uneconomicsel or undesirable to eperate. In no single
instanoa of which we are aware has any worker in this field
revealed a apecific combination of operating variables where-
by meximum yields of deslred producta can be obtailned.

' Accordingly, 1t 1a an ebjlect eof our inventlon to

provide a hykrecarbon syntheals process capable of produeling
a maximum amount of deslred products whlle eobitalning only a

relatively inslgnlfloeant proportlon of undesirable end productsa.
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Specifically, it is an object of eur invention to provide
& combination of operating cenditions, the utilization of
which results in the proocurement of optimum yields of de-~
sirable end products together with enly a minor amount of
unusable materiala.

Previously, 1t was thought that the conmpesition
of the reactor feed was of prime importance with respeat
to the nature and dletribution of the products produced as
well as the performance of the process lteelf, l.e., proper
flutdization of the catalyet, ete. We have found, however,
that when carrylng out the synthesls within the partieular

ranges of opefating cendltions herein set forth, total

"feeds contalning as much as 18 to 20 per cent carbon monaide

or even hilgher c¢oncentrations may be utlllized without the
deleterioue results previeusly thought to be caused by such

"excesslve" concentrations af sarbon monoxide.

i Fundamentally, eour inventien involves the discevery

that at;high.totél feed carbon menoxide econversions, 1.se, or.
the order of about 90 te 95 per cent, and preferably about

g2 per‘cent,.the selectlvity of carbon monoxide converslen to.
ngeful preoducts such a8, for example, hydrocarbons containing

3 or more oarbon atoms, herelnafter referred to as 05*, reaches
e maximum while the productlen of undesirable end products

is held te a minimum.value., Although 1%t has besn our obser-
vatlon that high cenveraions of carbon monoxide in tho total
reactor feed ahould be maintained to achleve high selectlvities
te uwgeful products, this result cannet bﬁ gocured wlthout |
simultaneously utillizing apeclfic ranges of temperature,

pressures, recycle ratles, spasce velocitles, and hydregen



A AT

N

10

20

540877

e

partial pressures. Thué, to procure the desired sesleotivity
of total feed carbon monoxide to useful producté the follow-
ing operating conditions should be empleyed: temperatures
of from about 600 to about 670°F., preferably about 650 F.;

pressures of from about 325 to sbout 428 p.s.l.(pounds per

. square inch), preferably about 375 p.s.l.(pounds per square

ineh); a ratilo of hydrogen to carben monexide in the fresh
feed of frem about 1.5 to about 2;0, preferably from about
1.7 te about 1l.8; recycle of tall geses in a ratlo of from
about 1.2 to about 1.7 volumes per volume of Tresh feed,
preferebly a ratio of 1.5:1 and space velocitles {fresh feed
basis — F.F.) in the range of 3.0 to 4.0 SCFH CO/pound of
iron catalyst. Fallure to employ the aforesald ranges of
operatling eonditiona results in a lower selectlvity te use-
fui products, 1.e., the O, fraction. With recycle ratics
lega than 1l.2:1 the seleoctivity to useful products‘drops off
sharply even though the other conditlons specified above
remaln weli within the recommended limita. Although reefele
ratics in excess of 1.7 may be employed, the benefislal
effeot obtalned by se doing ls inslgnificant in comparlson
to the expenditure required for the auxillary equipment
necessary at these high reeycle ratios. We have further
found that space veloelties below those recommended require
a gubstantlal 1ncréaaa in reactor alze with little or no galn
in conversien, while space veloeltles 1n excess of these
hereln specified reduce conversions and selectivity to the
034 fractlen, result in hlgh reactant losses, and an inecrease

in carbon dioxide productien. We have also ebserved that
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pressures of from 325 to 425 p.s.i. (pounds per square inch)
favor meximum conversion of carbon monoxide to the desired
03‘ fraction while the productlon of carbon dloxide and .
and 02 hydrecarbons ls held to & minimum. Thus, when em-
ploying the ambove-stated pressurs range and the other operat-
ing eondltieons taught herein, we have found thét as muech as
78 per cent of the total feed carbon monexlde converted con-
sists of the deslred 65 and heavier products fraetion. Fro-
duction of carben dloxide and Cy and Oy hydreearbons within
the aforesaid prefsrred pressure range is found to be as lew
as 21 per cent of the total carbon monoxide converted while
at pressures above or belew the above-mentloned range, ©.8.,
&t pressures of about 450 p.s.1. (peunds per square inch),
the coneentration of carben dlexide and Cy and Cp hydroecarbons
incresses to 26 per cent and at pressures below 325 p.sQi.
{pmunaa_per square inch), eonverslén of total feed carbon
monoxide to Cy &nd heavier pre&ucﬁs drops off rapidly while
sarbon dlexide production incresses. Temperatures of from
about-6d0 to 670°F, may be smployed, 650°F. being generally
preferred from the standpoint of good conversion and long
catslyet life. At temperatures below 600°F. the resctlon
rate diminishes and fluidlzation problems occur while at
temperatures above 670°F., the activity of the catalyst
deorsases rapldly. Thus, for example, in a run in which a
temperature of 680°F. was empleyed, total feed carben
monoxide cenversion declined from a high of 87 per cent to
70 per cent, whlle in & second run in whleh all conditiens
were ldentlcal with those empleyed ln the first lnstance,
with the exception of temperature whichwe 660°F., total
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feed oarbon monoxide converslon declined from 87 per cent
only to 77 per cent over the s;mé fime Intervals.

It wlll be observed‘that fhe operating condltlonsa
héfein discleged and reggrded by us to be orltlesl in so
far a8 concerns optimum_selectivities of total feed carbon
monoxide to the Cy fraction apply in general tb 1ron—fypa
hydrocarbon syntheala uatalyéta. However, we have nofed
these condltlons to be particularly sulted to the procure-
ment of hilgh seleotlvitles to the deslred C5 and heavier
hydrocarbon fraction when employlng the catalyst commonly
designated as mill scale which is described and clalmed in
U.8, Patent No. 2,485,945 granted October 28, 1942 to S.W.
Walker, This catalyet is prepared from the oxide scale or
layer obtained by réiling iren or various alloys thereof
at elevated temperatures, for example, in the range of 1000
to 1300°C. Microacopic-examlnatlon of the seale or oxlde
layer thus obtained when ground %o a fineness of the order
of 325 mesh indlcates that it etlll retalns 1ts character-
1stic-plate-like structure. .

Our invaﬁtion will be more clearly understood from
the accompenying graphs, the curves of which are based upen
aetual synthesis runs smploying mlll scale eatalyst and
furthér demonstrate the lmportant and clese relationship
exleting betveen various'ranges of the eperating conditlons
herein specified end the eptimum selectivity of Cy and heavier
hydrecarbons &t hlgh total feed cérbon monoxide conversions.

In the accompanylng drawinga:

Figure 1 18 a gresphic representation of the effeet

of recycle ratlc and space veloclty on %totel feed carben

monoxide converslion.
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Fige. 2 and 3 are graphs illustrating the ef-
fect of recycle ratlo on selectlvity to carbon dloxide
and the 03* fraction, respectively.

Fig. 4 18 a graph demonsatrating the effesct of
temperature on total feed carbon monexide conversion.

The mill acale catalyst employed in the rune

" on whieh the above-mentioned graphs are based wag pro=

moted with from sbout 0.5 to 0.7 per cent Kao, basged on
the weight of the iron. Other alkaline promoters may
be employed altheugh péfassium compounds are generally

'preferred.: In all sasea the mill scale #as ground to a

gereen slze of  sbout 100 mesh end promoted wlth pttesslum
garbonate in the usual fashien. The prometed base materlal
was then reduced with hydrogen at 700°F. and at 250 p.8el.
(pounds per squere inch) until solution of water could ne
longer be detected after which the oatalyst was aubjlected

to an activatlon perlod of twenty hours under the follow-

-1ng.conditions:

Fresh feed H,:100 ratioe 1.85-1.9
Pressure, ppa ds per square lnch 400
Reeycle of frésh feed ratio 1'.8o
Temperature _ : 6507 F.

Bpade veloolty, SCFH of
CO(F.F.)per pound of iron catalyst = 4.0-6.0

These eondlitlons are esgentlially those of synthesis ekcept
ﬁhat.the recycle ratlo is hilgher than that normelly employed.
Linesr veloclty 18 not eritlcal, fluldization beling ﬁain—
teained at veloclties as low as 0,25 foot per aees; however,
heat tranafef 1g improved at the higher velocitles. Séme'i'
catalyst carryéver dependlng, of course, on-dataljat meah
size 18 experlenced at 0.76 foot per sec. but any veleoclty
may be used which 1s compabible wlth adequate fluldlzatlon
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and reasonable catalys’ recovery by a cyclone or egulvalent
gystem.
‘ In the runs on which the curves appearing in Flg.l

ere based, the followlng conditleonswere establighed:

Freeh feed Hp:00 ratlo 1.85
Pressure, pounds per square inch 400
Recycle to fresh feed ratio 1l to 2
Space veloolty 2.5 te 1l.1

From the curves in Fig. 1, 1t will be seen that the total
feed converslon is lower at the higher recycle ratio, Ffesh

feed converslon, however, is slightly higher. A deerease in

. space veleoclty merkedly inereasss converslon down to space

veleeitieg‘of 4,0 SCFH CO/pound iron. Beyond thls point
convsrsion does not incresmse significantly with a decréase
in space velocltj. Lowéring the space veloolty beleow 3.5 |
to 3.0 fequires an increase in reacter size with very 11ttle

gain in conversion while space velocltles higher than 4.0

—yreduce converslon and selectliviiy to Gﬁ* and result alse in

preduction of lnereased quantltlies of carbon dloxide and
in less of reactants. )

In Figs. 2 and 3 selectivities to oagbon dioxide
and to the Cgy, fraction, respectively, are plotted amnat
eonversion at recycle ratlios ef 1, 1.5, and 2. The data
appearing 1n these graphs were obtalned under the same oper-
ating condltlons as those 1n Flg. L. Plg. 2 illustrates the
extremely important but hitherte unrecognized fact that
carbon dloxide productlen lncreassed with decreasing total
feed carbon monoxide conversien and degreasing recycle
ratloas. Fig. 3 demcnatrates the per cent carben monoxide

conversion to 05’ hydrocarbons and chemicals at different
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total Teed carbon monoxlde conversicns and at recycle ratlos
ranging from 1 to 2. The informatien shown by Fig. 3 indi-
cates that recycle ratios of from about 1.2 to 1,7 are prefer-
able %o sechleve selectlvitles of 67 to 73 pér coant of con-
verted carbon monexlde te useful prmdﬁcts. Although 1t 18
indicated that higher recycle raties mlght be desirable, we
have found that their use 1g unwarranted from the standpelnt
of efficlency and sconomy. The utilizatien of recyele ratics
below 1.2 results in aubstantlally deoreased Oz, selectivity

owing to increased carben dlexlde produecticn; as indicated in

Fig. 2, and loss of reactanta. From the alopes of these

‘gurvee 1t can be seen that seleetivity ls sensitive to changes -

in converslon. Alsc, the peosition of the curves indicates

importance of recyele ratio. This effect of recycle ratilo

on carbep"dleiide formation and the preduction of the desired

531 hjdrocarbons and chemicals fraotion has previeusly been

‘mnrecegnized. However, we have feund that the above~mentloned

regycle range, when Qmployed in combination with the other
operating conditlons herein described, is respensible fori%ﬁe
procurement of high conversions of total feed carben monexide
and a correspondingly high selectivity of such éonverted earbon
menoxide to the deslred Cg, fraction. |

The curve shown in Flg. 4 1s based on three separate

.aynthesis runs carried out under identical eperating conditions

with the‘exceptlon of temperature, The effect ef temperature

on total feed carbon menoxide converslon is clearly shown.

The renge of 600 to 670°F. defines the temperature limits

which we have found to be most satisfactory from the standpoeint
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of productlon of maximum useful products. The advewas

results obtained when operating above and below the
temperature range hereln speclfled have been peinted
out previocusly.

From the foregolng deacriptionlas well as the
graphs presented, 1t will be seen that an extremely close
relatlonship exlsts between the combinatlon of relative-
ly narrow eperating conditions taught herein and the
paximum cenversion of carben monoxide %o useful products

10 in the synthesis of hydrocarbons by the reduction of
carbon monoxide with hydregen in the presence of & fluld-
1zed patalyst. Moreover, -1% has been demonatrated thaet
a departure frem ocur recommended range of any single set

of ¢perating condltlons, 1;e., temperature, recycle

ratio, apace veloclty, ete., caunses a substantlal redus-
tion in the ultimate yleld of useful products. In addl-
tion, we have ehown for the first time the important -
relstionshlp between recycle ratlo and gpace veloclhy

and the effeect of these conditions on %otal feed carbon

20 monoxide converslon and on selectlvity to useful products.

T il P A e T i

f:‘-,‘c.:....v'.:: .
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The embodiments of the invention in which an
exclusive property or privilege 1s claimed are defined

as follows:

1. A proesss for obtailning meximum ylelds of
Czy hydrocarbons and chemicals By the reduction of carbon
monoxlde with.hydrogen in a reaction zone and in the
presence of a fluldlzed iren catelyst, which comprise
contaoting sald catalyst with a fresh feed gas contain-
ing major preportions of hydrogen and carbon monoxide in
a ratle ranging frem 1.5;} to .2.0:1 at a temperaturs of
from about 600 to 670°F.;;a pregsure of from 325 to 425
p-8.1. (pounde per asquare inch) and space vélocifiea of
from 3.0 to about 4.0 SCFE CO/pound iron ta'prmduce gageous
and normally liquild hydrébarbons and oxygensted organic
compunds, wlihdrawing from sald reactlon zone effluent
comprising gaseous and normally liquid hydrocarbens, car—
ben diaxide, carbon monoxlde, and hydrogen, separating the
nermally gaseous constituents or.said effluent from the
normally liquld components there@f, and reecyoling a suffi—
cient quantity of said normelly gaseonsg constituents to
sald reactlon zone té neintain 1n‘the reacter ﬁotal fTeed
from 1.2 to 1.7 vo}uﬁes of recycle gas per volume of fresh
] feed. |

2. A proceas according %o clalm 1, in which the
catalyst employed 1s derived from mill socals.

S« A process according fto e¢lalm 1, in whieh the
following operating eondltlons are establlshed:

M111l acale catalyst promoted with an alkell metal
compound

3 Temperature about BBQQF.

Pressure about 375 pounds per square inch

Bpace velocity from 3.0 to about 4,0 SCFH CO/pound iren
H2800 ratlo 1n fresh feed 1.7 to 1,8

Recycle ratio about 1.5

/
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