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5 Claims.

The present invention relates to the art .of
producing valuable hydrocarbon fuels from less
valuable carbonaceous materiale, and more spe-
cifically to the improved method for synthetical-
1y producing fuels for internal combustion en-
gines. The invention will he fully understood

from the following description and the draw-

ing, ‘

The drawing is a semi-diagrammatic and sec
tional elevation of an apparatus adapted for
carrying out the present process and indicates
the flow of materials therethrough.

One object of the present process is to pro-
duce a high grade motor fuel or gasoline from
waste carbonaceaus materlals. While some such
processes are now known in the art, it is also
known that the products obtained therefrom are
poorly suited for the present day engines, first
because of the unstable character of the fuel,
but mainly because of their extremely poor an-
tidetonation characteristics. It Is found that
the application of the present process corrects
to & large degree the faults of prier processes as
will be understood from the following descrip-
tion.

Turning to the drawing, the numeral |, desig-
nates a pipe through which wasie hydrocarbon
gas 1s supplied. This may be a natural gas, a
petroleum gas, cracked gas, coal gas or the lke.
It is first subjected to desulphurisation indicated
generally at 2. The particular process em-
ployed should be sdapted to the particular raw
material, and the choice may be made between
many known processes by which organie sul-
phide and hydrogen sulphide are removed. The
gas may be passed over ferrous sulphide, for ex-
emple, and then s scrubbing liquid capable of
absorbing hydrogen sulphide, The purified gas
then passes by a pipe 8 to a converter #, where-
in hydrocarbon gas is caused to react with steam
which is supplied by a pipe 5. The reaction is
carried out at a temperature above sbout 1200°
F. and is promoted by catalysts containing nickel
or cobalt, Excellent catalysts may be made by
ahsorbing nickel! or cobalt salts such as the
nitrates in magnesie, alumina or bauxile, and
then reducing the salt to the metal by heat.
The conversion process results in the decompo-
sition of the hydrocarbon and produces a mix-
ture of hydrogen, carbon monoxide and carbon
dioxide, the proportion of the latter being de-
creased by raising temperature and reducing the
amount of excess steam.

The conversion gas is now treated to separate
the COz and for this purpose any known process
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may be employed, for example, the gas may
be cooled and scrubbed with liguid materials
capable of dissolving carbon dioxide from the
gas mixture. As scrubbing agents sodium car-
honate, triethylolamine, amino-propancl and the
like may serve as examples. As illustrated in
the drawing the gas passes through the tower
6, and 1s scrubbed thereln by the absorption
liquid which enters by means of pipe T, and
pasging through the tower absorbs the carbon
dioxide and leaves from the hottom of the tower
6, by & pipe B. Pump 9 passes the liquid to a
stripping tower 108, which may be supplied with
heat indirectly or may be heated by the direct
addition of steam so &s to remove the absorbed
carbon dioxide and to regenerate the scrubbing
liquid which is returned to the tower 7 by the
pipe 11,

Carbon dioxide thus recovered mey be advan-
tageously collected in & pipe {24 and passed along
with such additional quantities thereof (by plpe
12b) as may be required to pipe 3, so as to enter
the converter 4 along with the hydrocarbon gas
and steam. The object of this addition to the
gas undergoing conversion is to produce a more
favorable ratigiof carbon monoxide to hydrogen,
than is obtalned by the use of the hydrocarbon
gas and steam alone, When steam alone s em-
ployed with gases consisting principally of
methane the ratio of carbon monoxide to hydro-
gen produced by reaction approximates 1 to 4
and it is preferred fo add & sufficlent ainount of
carbon dioxide to change this ratio to about 1
to 2.

The synthesls gas is now removed from the
serubbing tower 6 by pipe 12 and 1s compressed
in & pump 13 for use in the subsequent step, It
will be realized that the method described above
is particularly adapted for use with hydrocarbon
gas but, if hydrocarbon gas is not avallable, oth-
er carbonaceous material may be employed, for
example, coal or coke may be converted with
steam or & mixture of steam with carbon dioxide
to produce the desired mixture of carbon mon-
oxide and hydrogen using the equipment em-
ployed in water gas production. It is important
to adjust the ratio of gases, so as to approximate
one part of carbon monoxide to two of hydrogén
however, and when both coal and hydrocarbon
gases are available this may be convenlently done
by separately converting each with steam alone
and then admixing the converted gas in the
proper proportions.

Whatever the process, by which synthesis
gases are produced, they are now compressed, as
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indicated above, to & pressure suitable above at-
mospheric and are hested, s for example, in
the heat exchanger i4 and heater 15 before being
passed into a converter IS, which 1x adapied to
imposed ai temperatures up

temperature

art, so as to obtain from 40 to 60% conversion of
the gas in the reactor 16. These specific condl-
tions vary somewhat with eaialysis, but are gen-
erally known and may be readily defermined.
The remaining gas is then passed through a
second heater 19, a second coaverter 28 and Into
a separator 2{, so as ito substantially complete
the conversion of the synthesis gases. ‘The equip-
ment just described i3 substantixlly identicai
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with the heater, the converter and the separatar -

- previously described. . The temperature and pres-
sure conditions are Hkewise the same. The lig-

nid product is drawn off and the gases compris- 35
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arators 17 and 21 and may be admixed and passed
into a tower still 23. ‘The materialx obtained In
each of the stages of the synthesis are substan-
Hially the same consisting of Jower bolling frac-

tions boiling up to about 400 F., and fractionz -

boiling above that temperature. If desired,
light distillate boiling below about 400° ., may
be taken overhesd and collected in the
ing chamber 24, gax removed by 25 and the
uid recovered at 25a. The residue is
by a pipe 26 and pump 26z to the subsequent op-
erations of this process. ¥ desired, however, the

!

not be made, and in this case the entire Hquid
product may be withdrawn from the drum 1T
and 2{ and passed by s by-pass line 1§ direclly
into pipe 26 thence into furnace 27, and there-
after into reaction chambers 23 and 2%a.

The nature of the liguid product
the conversicn chambers 16 and 28 will vary
somewhat with the operating conditions. If the
pressure 1s low, i. e. below aboat 5 atmospheres,
the product is substantially hydrocarbon, and
there Is a relgtively larger proportion of lower
boiling to higher boiling fractions. I is pre-
ferred to operate the present process ai higher
pressure, say, 10 to 50 atmospheres, and in thix
condition the product contains a relatively Iarger
proportion of fractions boiling above 400° F. I
is also found that the material produced in this
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pipe 33.
the drum by the pipe 39 and the gas may be
returned to the converter 4, along with the gasex

oxides of the fifth sand =ixth groups. The eon—
version step Is carried out at a decomposing tem-
perature, e. g. about 700 to 900" F. or perheps
950° F., and preferably at a low pressre, sy
atmospheric pressure up to say five stmospheres
The raie of flow may vary considerably depond-
ing upon the particular catalyst and temperaiure
and other conditions. The length of run alw
depends on the nature of the oil angd the condi-
tions of operation, but it is ondinarily from 2 to 4
hours maore or less before regenevation is re-
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quired, this is made manifest by the graduslly
decreasing conversion. It has been found de-
sirable not to let the activity fall too low before
regeneration, becatse this requires an excessively

long period for regeneration. It is preferred to -

use air diluted with steam or other inert gas for
the regeneration, this is accomplished by passing
the gas through the catalyst at a temperature
up to about 1000° or 1200° F., at which tempera-
ture the carbon may be burned off without spoil-
ing the catalyst. By the time the catalyst in
the converter chamber 28 has deterjorated, the
material to be converted may he passed through
the chamber 29 now ready for use, and the re-

generating gases may be passed through cham-

ber 28. In this way, one of the chambers will be
continually in use, while the other is being re-
generated.

The present process ls particularly advan-
tageous because of the high yleld and excellent
quality of the products. Gasoline obtained di-
rectly by the reaction of a mixture of carbon
monoxide and hydrogen, is poor in quality par-
ticularly from the anti-detonation standpoint,
and the present process presents & great ad-
vantage in this respect, in that a relatively smal}
amount of gasoline may be produced in the in-
jtia) synthesis step slong with a msajor quantity
of higher bolling material. This latter material
is converted into gasoline in the subsequent step
and is found to be of superior quality in respect
_ to stabllity and anti-defonation guality. While
it is not necessary to this invention to produce an
intermediate product confaining oxygen, it is
preferred to operate under such conditions be-
cause a material of this type has & marked ad-
vantage in the subsequent steps of the process in
which the higher bolling material is converted to
gasoline angd 1z simultaneously deoxygenated. It
is observed that simultanecus conversion and de-
oxygenation favorably influences the anti-de-
tonation characteristics in the product.

To fllustrate the nature of the present process
and the advantages of the present known proc-
ess, the following may be considered.

Ezamplg 1

A mixture of carbon monoxide and hydrogen,
consisting of one part of the former to two of
the latter was converted {n the usus] manner
with a pressure of two to three atmospheres and
at a temperature of 350° F.using a nickel catalyst.
The product obtained comprised about 50 to 60%
of gasoline and 40 to 50% of heavier liquid, de-
pending on the fractionation and type of gaso-
line cut. The gascline was excepiionally light
and had the following cheracteristics:

Gravity *A.P.I_. T1.6
Percent at-158° P_____________._percent._ 28.0
Percent at 212° Pavc e e do.—— 53.0
Percent a$ 267° P do__.. 710
Final boiling poinf o __________ °F__ 376

The ocetane number of the product was found
to be 57 clear and an analysis showed thet it had
a bromine number of 7. The material was es-
sentlally a mixture of paraffin and olefine
hydrocarhons.

The gas-oil fraction of the product had a
gravity of 51.3° A. P, I, an aniline point of 119,
an initial boiling point of 308" F., 50% boiled
over at 510° F. and if had a final boiling point
of 740° F. This gas-oil was converted at a tem-
perature of 870° F. using a flow of .55 volume of

3

was an acld treated clay of the monimorillonite
type. 'The yield of gasoline obtained in this way
amounted to 41.4% and 48% of gas-oll remained,

. which could be converted In the subsequent
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operation. The gasoline had the following
characteristics: ’

Gravity — - ceeene——e——e-CAL B L. 56,3
Spee. gravity 0. 7535
Percent at 158" F— - percent..— 20 o
Percent at 212° F. do. 39
Percent at 267° P do.—__ 50

Fina? boiling point °F_. 411

It will be noted thaf this material had a better
boiling curve than gasoline dirvectly produced in
the previous step, it also had an octane number
0f T4.2 clear. . .
Ezample 2

In the second experiment the conditions of op-
eration were changed as follows:

The pressure was increased to about 20 atimos-
pheres, the temperature raised to 600° to 625° P,
an an iron catalyst was substituted for the nickel
catalyst previously used. The yield of oil ob-
tained in the conversion step was substantially
the same as that obtained in the previous exam-
ple, but it was observed that the proportion of
gasoline obtained was decreased to about 40%,
and the proporfion of gas-oil was correspond-
ingly increased to sbout 690%. Inspection also
showed that the gas-oil contained & mizture of
oxygen compounds of unknown constitution to
the extent of about 2.5% and was not stable as
such.

The gas-oil fraction was then cracked under
identical conditions of the prior example with
substantially the same yields. The distillate
product or gasoline was compietely free from
oxygen compounds and had an impreoved octane
number. ‘

The present invenbion is not to be limited to
any theory of the operation nor to the chemlical
reactions believed to have taken place, nor to
any specific conditions or catalysts, but only to
the following claims to which it is deslred fo
claim all novelty adherent to the invention.

T elaim:?

1, An improved process for manufacturing mo-
tor fuel comprising the step of directly reacting
carbon monoxide and hydrogen at s temperature
between 475 and 650° F. while under pressurg of

- about 10 to 50 atmospheres, with a catalyst com-
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oll per volume of catalyst per hour. The catalyst 78

prising iron, whereby an-oxygen containing liquid
is produced, then treating a portion of the prod-
uct so obtained at a temperature hetween ahout
700 to 950° ¥, In the presence of an active silice-
ous catalyst, whereby the material is deoxygen-
ated and converted Into an improved motor fuel.

2. Process according to clalm 1, in which the
intermediate liquid material first produced is sep-
arated into lower boillng products, and products
boiling above the motor fuel range, and in which
the latter fraction alone is subjected to the sec-
ond reaction step.

3. Process according to clalm 1 in which the
second step is carried out at a pressure hetween
atmospheric pressure and five atmospheres.

4. An improved process for manufacturing mo-
tor fuel comprising the steps of producing lquid
organic material by direct reaction of carbon
monoxide and hydrogen at temperatures from
about 475° to 650° F. while under a pressure he-
tween ahout 10-50 atmospheres with a catalyst
comprising iron, whereby substantial amounts of
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hydrocarbon botling above 400° P.' are produced, -
decoraposing

then treating the liquid at & tem-
perature in the presence of an active siliceous
catalyst.

5. An improved process for manufactering mo- -

tor fuel comprising the steps of producing Hauid
organic material by direct resction of carbon

monoxide and hydrogen at a temperature of ap-
proximately 600-625° F. while under a pressure
of approximately 20 atmospheres with a catalyst
comprising iron, then tresting the liquid at a de-
composing temperature in the presence of an ac-
tive siliceous catalyst.

WILLARD C. ASBURY.





