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A

_ '~¢his invention relates to improveménts in the menu-
facture of hydrocarbons and oxygenated hydrocarbons employing
'as starting meterials carbon monoxide and hydrogen and, in
particular, 1t relates to a method for removing the oxygen
from oxygenated products }ormed so as to yleld products of
improved odor, good.stability agalnst gum formation on stor-
age, and to increase the octane number,

It is known that hydrocarbons and oxygenated hydrocarbons
may he formed from a feed gas contaiﬁing hydrogen and carbon
monoxide. The pﬁocess 13 gatalytlic and the catalyst is
usually =2 metsal of theViII Group of the Periodlc¢ System, such
as cobalt or iron, Recgntly, in thls country considerable
redearch has been and is now being carrled out diregted toward
gyntheslzing hydrooqrbons and oxygenated hydroca;bons from
hydrogen and carbon monoxide, In thls research the catalyst
emblo?ad is powdered iron and the operations are being con-
ducted in the laboratories and in the pilot planta for the
most paft gmploying the so-called fluld catalyst technlgue.

By fluid catalyst téchnique one refers to an operation in
which, say, powdered iron having a partlicle size of froﬁ o to
100 to 200 microng is suspended in the reactpBts in a reaction
zone to form the dense, turbulent, ebulliént mass of catalyst
"in gasiform materiel by causing the gases to Flow upwardly

at a low superficisl veloeity, say, from 1/2 to 1-1/2 feet
per second. The opsrations are ususlly carrlied out at tempera-
tures of from 500 to T25°F. and at préssures up to 700 pounds
per squere lnch with an HE to GO ratlio of from 1l to 2 mols of

H

2 per mol of GO-compfiaiqg the main processing conditiona.
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Depending, however, upon these operations end also on the
amount of CO, in the feed to the reactor, the product ob-
talned is never 100 per cent hydrocarbon but, s indicated,
contains appreclable quantities of slcoholds, ketones, end
acids havling one or more carbon atoms per molecule. These
oxygenated hydrocarbons, particularly the lower bolling
products which are found ln the water formed in the reaction
have high market value and may be r?Zovered and purified to
be sold as alcohols, ketones, aldshydes, etc. A considerable
quentity, as much as 20 per cent, of the oil layer 1s higher
oxygenated hydrocarbons formed in the proceas and it will be
necessary to treat ﬁhis oll layer to rénbve the oxygen and
form valuable olefins.

In general, the process involves a catalytic treatment of
the ndrmally liguid hydrocarbona. It is realized that prior
to the present inventlon, others had subjected oxygenated
hydrocarbons to & traaﬁmént with, Ea&, bauxite and they had
also separated the product into a plurality of fractions which
were subjected to the catalytic treatment urder different

condltiona, In the procesa one segregates a gesoline heart

“out (Gﬁ to 350°F, ).and treat 1t, insofar as one is awere,

under speclal coﬁdf%iohs not heretofore employed by others.
For example; one subjects the foregoing heart cut (06 to 350°F.

'cut)‘of the gesoline fraction to & severe catalytlic trestment

" while the heevy naphtha ges oil cut (350“ to 400°F.) 1s sub-

jected to & milder catslytic treatment and the C to 05

clefins are polymerized all separately, as will more fully

- appear hereinafter.

" While the’catalyst used in this invention for treating

the gasoline and gas oll may be & pure form of alumina known
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as bauxite, a Qilica‘alumina type of catalyst may also be
used. The latter mey contain from 10 to 25 weight per cent

of alumina, the higher percentages belng preferred. This
'catalyst gives a greater degree of isomerization of the
olefins in the gasoline and higher ASTH or motor octanse rating
for the same 1083 in liguid yield than with the bsuxite
‘catalysts. Other treating catalysts as matural acid-treated
clays such as "Super Filtrol" and synthetic cracking catalysts
as the silica-magnesia gel catalytic cracking catalyst may

be employed. As will be stated later, a preferred method

is to use the silica-alumina catalyst for the gasoline treat-
ing and bsuxite for gas oll treating. For treating the

cuts,

6
a solid phosphorio aold catalyat 1s used. While a fixed

lighter synthetlic fractions, the C3, 04’ CS’ and soms G

bed resctor system (;ha reactor on stream while the other is
béihgjregéﬂergted) mey be used in the process, any continuous
tresting unit such-as the "fluid" reactor and regenerator
ayatem mey also be used and 1s preferred.
In the accompanying drawing, it has been diagrammatically

depleted by means of a flow plan a preferred modification
of the invention, Referring in detail to the drawing, a
synthesls gdg, that is to say, & gas containing H2 and GO
prepared according to some known method, &s by oxidizing and/
br "reforming" natural gas or methane and contalning from
" one to two mols of H2 per mol of CO, {together, perhaps, with
; % to 10 volumes per cent of CO2 gnd a similar amouﬁt of water
br_éteam)‘énters the sysyem through line 1 and then pasases

through a'aynthesia.reactor 3 which, as previﬁusly I1ndlcated,
- nm& béré."fluid“ oatalyst reactor of the hindered séttler
typre contalning a fluldlzed mass of, say, powdered lron in the

4.
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veactants. Temperstures of from 550° to 750°F. and pres-
sures up to 700 pounds per square inch are maintalned in the
reactor. The feed rate of synthesis gas 1s from 10 to 40
stanlard cubic feet of synthesis ges per pound of catalyat,
and under the foregoing conditions; the deslred conversion
takes place and the product is withdrawn through line 4 and
delivered to & recovery system where the product is sub-
‘jected to condensation to form & two-layer condensate
comprising an upper hydrocarbon layer and a lower agueous
layer; Uncondensed gases are usually recycled via a line
6 to 1ine 1 according to known procsdure, this gas stream
containing HE’ G0, and possibly normally gaseous hydrocarbons.
A portlon of this gas may be rejected through line 6b. "The
agueous layer containing water-soluble alcchols, ketones,
acids, ete., may be withdrawn from recovery system 5 through
a line 7-and-subjeeted to purification according to known
means not forming & part of this invention, The hydro-
carbon layer, which 1s associated with oxygenated hydro-
carbons not soluble in water is withdrawn from therrecovery
system through line 8 and subjected to fractional distillation
in tower io{ where it is separated into s plurality of
fractions, as folléws:

1) A light hédrbcarbon frection containing principally
C4 and C5 hydrocarbgna and some 03 to C6 hydrocarbons ls
" withdrawn overhead through & line 11 &nd delivered to a poly-
merization steb 12, wherein clefinic hydrocarbons are’polymer-
iééd_br conolyuwrized to form‘polymer gasollne or naphtha
‘. which may be withdrawn through line 13. Uncondensed gases
rrom:tpis‘polymerization step are withdrawn from the polymer-

lzor through & line 14. In addition to the conventional

B




518488

polymerization of theolefins to give a higher boilling
product, the solid phosphoric acid treatment removes OXygen-
ated hydrocarbons in this bolling range. Polymsrization of
gubstantisl guantities of the ¢ fraction 1s desirable to
give a gasoline of balanced vothility, less than 22 per
cent boiling less than 150°F. in ASTM distillation.

2) A heart cut of gasoline is taken off as a slde siream
from tower 10 through lins 15 and subjected to catalytic
treatment, this ocut cqntaining from 06 to 350°F. and boiling
point naphtha. The treatment takes place in step 16 and
preferably the conditions are: temperature of 850 to 950°F.;
preasure of 20 pounds per square lnch geuge; feed rate of
about 1 volume of oil (1iquid basis) per volume of catalyst
(e.g., bauxite) per hour during one-hour cycle; and the
operation is improved by including with the oil from 5 to
25 per cent of its weight of steem. This catalytlc treat-
‘;mgqp is usuelly carried out, &as stated, for a period of an
hour, whereupon the flow of oil is interrupted to perndt
regeneration of the catalyst by known means. The catalytic
treated gasoline heart out is withdrawn from the treating
step 16 through line 17, debutanlzed in distlllation tower
18 and then is deliversd to storage 20 with the polymer
gasoline in line 13. The normal gaseous materisl containing
olefins is withdrawn through line 182 and delivered to the
polymerizaﬁion step in 12,

3) The heavy nephtha. and gas oil is withdrawn from tover
10 through line 21 and subjected to a mild catalytlc treatment
in heater 30, as followa:

Tﬁh catalytic {e.g. bauxite) trestment is carried out
‘undpf milder conditions merely to improve the color and ocdor
.of the product ratner than to rewove all the oxygenated.

-5
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products., The temperature in treater 30 is from 800 to

975°F., with 900°F. preferred; the space veleoclty is from
1 fb 5 volumes of oll per pound of catalyst; the presasure
is from 10 to 50 péunds per square inch gauge; and from O
to 10 welght per cent steam (based on the oil) may be added.
The treating time is longer than in the severe treatment of
the naphtha in treater 16, being of the order of 2 to 10
,hdupalép stream before changlng from one reactor to ancther
(pbgﬁ%pown) for regeneration of the catalyst. The product
igﬁ&ithdrawn from tresting vessel 30 and separated by
fractional distillation in tower 31 to give gasolilne and
lighter products boiling below the initial boiling point of
- the feed, say about 350°F., and this frection is fed by line
32 to fractionator 18, and gasoline formed in tho treater 30
is eventuelly mixed with. the blend In"20. If desired, a
bottom& fraction may be taken from tower 3L and recycled to
unit 30 through lines 34 and 35 for further processing and
reduction in bo;ling'ranga. This recycling may be continued
to glve almost ultimate yield of gasolline but still at milder
treating conditions than used in the light naphtha treat
in step 16.

Another medification of the process lnvolves an operation
whereln the light fraction (normally gaseous in 12) i3 treat-
ed with phosphoric acid to de-oxygenate any oxygenated hydro-

* carbons, followed by polymerization of the thus formed olefins
ta give the désired-volatility la the finel blend in receiver.
20. The intermediate heart cut, which boils 1n the rangs of
about 06 tp 350°F, fraction (true boiling polnt distillatlon)
1s severely treated with e silica-alumina gel catalyst {13 to
14 weight per cent Aleoa, the remeinder S10,) and ‘the light
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olefins are polymerized in the presence of the phosphoric

- acid and added to the gasoline., The remaining fraction
(heavy naphtha and gas) is mildly treated with bauxite as
previously described in reactor 30 to give a good grede
Dissel oil or heating oll. Any materisal formed which bolls
lighter than the feed in‘the lest~mentioned staep is added
to the gascline ocut.

Referring agein to the product in line 21 or thsat in
1ine 34, the same may be subjected to simple (non-destructive)
hydrogenation In knoﬁn procedure to produce & kerosene or
Dieagl fuel in & hydrogenation step 25 and the H may be ob-
teined from the gas in line & (after scrubbing 13 for CO,
removal) via line 6a, which gas may contaeln as mch as 50
per cent of Hy. The hydrogenated product 1g withdrawn from
the hydrogenation step 20 amd deliveredrto storage {not shown).

To recepitulate briefly, the inventlon here resides in
treating the heart cut .of the pasollne under rather asevere
;onditions in the presence of a solld catalyst as bauxite
or the silica-alumine cracklng catelyst and separately treat-
ing the heavy naphtha and gas oll under milder conditions,
or hydrogenating the latter. By treating the liguid products
separetely, as hereinbefore lndicated, minimim guantities of
ooke and gas are formed while ;he gasoline formed 1s greatly
lmproved in octane number to the extent that 1t will have &
"Regesrch Octans number of 87 to 95 clear and ASTM octane of
75 to 82 ¢lear, With respect to the heavy naphtha and gas
0il withdrawn from tower 10 through line 21, the same is
preferably first subjected to the solid catalyst treatment
which may'be & recycle operation and then subjected to hydro-

genatlion to form a higher quality kerosene or Diesel fuel.

-8-
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The hydrogenation is carried out at temperatures of 300 to
G00°F, in the presence of known hydrogenation catalyats

such as nickel sulfide, *‘aungsten'sulfide, or a mlxture of
the two; under pressures of 350 to 750 pounds per sguare
inch, the contact or residence time of th.a oll bveing merely
such as Lo saturate the olefins without effecting any
destructive hydrogenation, Also, as previcusaly stated, the
waste hydrogen, after removal of 002 in gas from the process
may be used in the step.

Numerous modiflcations of the inventlon willl appear to

thoge famlillsar with this art.




‘ product produced by reacting together CO and Ha under hydrocarbon

Acontact time of from about 2 to 10 hours with the moving oil
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process of improving the quality of the synthesis

syntheals conditions of temperature and elevated pressures and
in the presence of a fluidized 1ron catalyst in a hydrocarbon
syntheals zone to form a synthesls product contalning normally
liguid and gaseous hydrocarbons including olefins and oxygenated
hydrocarbons which conslsts essentlally in separating the crude
product intec a relatively low bolling gasoline fraction
contalning olefins, an intermediate gascline fraction bolling
in the range of (g hydrocarbons to about 350°F, and a heavy
naphtha-gas oll fraction contalning oxygenated hydrocarbons,
treating the first named fraction with a polymerlzing catalyst
to cause polymerlzation of olefinic hydrocarbons, separately
treating sald intermedlate fraction in the presence of bauxite
and added steam at temperatures withln the range of from about
850° to about 950°F, whereby sald fraction is improved as to
octane number, subjecting sald bauxlte catalyst to a regeneration
process after about one hour contact time with the oil stream,
contacting in a separate contacting zone sald heavy mnaphtha-gas
0il fraction with bauxite at temperatures of about 800° to 900°F,
and pressures substantlally atmospherlc, subjecting sald bauxlte

in sald second conbacting zone to 2 regeneratlon process after a

stream whereby the color and stabllity of sald heavy naphtha-gas
0ll fraction is improved, passing sald mildly bauxite treated
heavy naphtha-gas oll product to a hydrogenation zone, passing
tall gas from sald hydrocarbon synthesis zone to saild
hydrogenation zone, subjecting sald oll product to & non-
destructive hydrogenation reactlon, and recovering a superlor

Dlesel and heatling oil.

g,
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