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Tmprovemenis in or relating to the Production of Synthesis Gas Mixtures
containing Carbon Monoxide and Hydrogen.

We, Sraxparp O DEVELOPMENT
Comipaxty, a corporation duly organised
and existing under the laws of the State
of Delaware, United States of Ameries,

5 havihg an office at Hlizgheth, New Jersey,
United States of Ameriea, do herehy de-
elare the nature of this invention, and in
what manner the same is to be performed,
to be partiewlarly deseribed and aseer-

10 tained in and by the following statement:

The present invention relates to methods

of preparing a mixture of carbon mion-

oxide and hydrogen smitable for uss in
hydroecarbon synthesis.

8 " At the present time there is a great
deal of interest in the problem of manu-
facturing synthetic fuels.  The Govern-
nent and the large oil companies have
taken cognizance of fthe faet that the
known petréleum: ot reserves may be éx-
hausted in the not too distant futare. At
the present rate of increase in use, the
known petrolenm oil reserves will be in-

_ sufficient to supply the demand in the fore-

25 seeable future. In seeking other possible
sonrees of fuel, the ofl industry has con-
sidered several possibilities ineluding the
hydrogenation of coal, the distillation of

__shale and /or tar sands, and the synthesis

4C of hydroearbons frorma earbon monoxide
and hydrogen, the earbom monoxide and
Lhydrogen being prepared either from
natural gas by reforming or partial oxida-
tion, or by coking a heavy oil and subject-
85.ing the coke thms formed to a water-gas
reaction, or by treating a solid carbonace-
ous material at elevated temperatnres with

steam.
As previously stated, the present im-

40 provements relate to the preparation of a
mixture of earbon monoxide and hydrogen
which may be reacted to form hydrocar-
bons and alse oxygenated hydrocarbons.
The -materials which are used are liguefi-

45 able bituminous earbonaceous materials.
— e

such as heavy tars and pitches and natural
asphalts, which, in quantity, equal the esti-
mated reserves of oll and natural gas. For
example, there are natural -deposits of -
pitches readily available in loealities such 8¢
as in Trinidad and also there are consider-
able quantities of piiches for whick here- -
tofore there has been found no use, such
‘as pitches which resuit from the distilla-
tion of Venezuelan erude. Any of these 55
asphalt pitches and tars may be used as
well as other liguefiable bituminous car-
honaceous Tnaterials.

It is & main ohject of the invention,
therefore, to produce earbon monoxide and 60
hydrogen of a purity svfficient for the
hydroearbon synthesis move cheaply than
hag heretofore been possible.

More specifically, the invention involves
the use of tars, pitchesand other Liguefiable 55
bituminons earbonaceous material as the
starting material for the produetion of
carbon monexide and hydrogen. )

. Other and further objeets of the inven-
tion will appear from the following more 70
detailed deseription and elaims. ]

In the accompanying drawings, a reactor
is shown in- which carbom monoxide and
hydrogen s produced according to the in-
vention.

I hrief, the invention comprises broadly
& process for producing earbon monoxide
-and hydrogen in which the reaction is per-
formed by changing a liquefied bitaminous
carbonaceous Taw material in a single re- 80
action vessel confaining a fnidized bed of
powdered refractory material and by par-
tially burning the raw material in the
presence of substantially pure oxygen and
regulated quantities of added stear 85
adapted to supply hydrogen, to make for
any hydrogen deficiency in the carbonace-
ous material so as to produce finally a pro-
duet eontaining from one to two mols of
hydrogen per mol of earbon monoxide and 30
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.- limited quantities of carhon dioxide,

.~ Refeyring ‘in detail to the drawing, 1
o vlepresents a ‘reaction vessel or refort,

- -»- pylidridel in shape having a eonvex

5 erownpiece and s conieat hase and being
provided in its lower seetion with a for-
aminous membér & Within the reacior 1
iz maintained a dense, tuwrbulent suspen-
sion of powdered refractory material, such

10 a5 silica, alvmima and magnesia, the re-
fractory material having an average
particle size of from. 20 to 50 mesh per
linear inch and being maintained in the

dense, turbulent suspension 6f *Huidized"”

15 state by causing gasiform material io flow
- npwardly therethrongh at a relatively low
superficial velocity. A mixture of oxygen
and steam from an outside souree is intro-
dueed through a line 3 and the gaseous

20 mixture Is discharged inko the bottom of

reacior “1 where it passes upwardly
through the grid & and flows through the

. - Teactor thereafter at a superfieial velocity
Lie, the gas veloclty were the reactor
25 empty) of from 1 to 13 feet per second.
The manpner of fuidizing solids to form
the dense suspension referred to is now

. avgll- Inown to those skilled in several aris,
ineluding the petroleum and related aris,
30 and this technique has by now been in
commercial mse for several years in the
oil cracking: art.  Sufficlent powdered
.< material is added or maintained within
the zeactor 1 to form a - dense suspension
85 having an upper level at L. A heavy oil
such as the non-vaporizable material re-
solting from the vacumm distillation of

- the hottoms of a Venezuelan crude is in-
trodnced through line 5.  Considerable
40 guantities of this material are available
in a locality called Aruba (in the Carib-
bean Sea, néar Venesuela) for which ne
practical use has been found uwp to this
time. The non-vaporizable material or
48 piteh is converted into a flowable state by
heating fo a temperature condition of
from 200 to 450°F. In order to further

. inerease the flowability of the heavy pitch,
1t iz admized with steam from line 6,
50 whicl steam is injeeted into line 5 and this
mixfure is atomized in a spray head 7 dis-
posed within the reactor as shown. In the

-~ drawing there is shown the spray nozzle
.or - atomizer - disposed” within the dense
55 phase but this may be located above Li so
as to spray the atomized piteh on to the
fop of the dense phase suspension. In-

:- stead of having a single spray there may
be several disposed peripherally around
80 the inner wall of thereactor 1. The oxvoen
fed into the reactor. as stated. causes a
:partial combustion of the atomized pitch
% to form earbon monoxide; hvdrogen and 2
minor guantity of carbon dioxide. Sinece
85 piteh is wsually low in hydrogen conient,

steam Is inmcluded with the oxygen, the
amount of steam added being 05 to 5 micls
per mol of oxygen added. The propor-
tions of oxyden and- steam used will vary
in accordance with the desired ratie of 70
hydrogen to carbon monoxide in the pro-
duet, the preferred proportions of oxygen
1o steam being 0.3 pounds of oxygern and
1.5 pounds of steam per pound of piteh to
produce a H./CO ratio of about 1.8. By 78
inereasing the oxygen to 0.9 pounds per
pormd of piteh and reducing.the water -
pro raia, the Hy/CO ratio in the produet

"may change.i0 about 1.0. During the

partizl combustion of the piteh in the 80
dense phase suspension in the reactor, a
temperature. of from abeut 1,500 +to

"2,000°F. prevails and the pressure of

from about 0 to 300 pounds per square
inch gauge with pressures of 115 to 80085
peunds preferved. Digressing for a
moment, it should be pointed out that in
the actnal synthesis of the hydrocarbons
and-the oxygenated hydrocarbons from
carbon monoxide and hydrogen, in the 90
interest of suppressing earbon formation
on the eatalyst in that synthesis reaction,

it has been found advisable to operate at
superatmospheric presswre and in this
present -reaction it is preferred to operate 85
at superatmospheric pressure so as to pro-
duce a gas which will be under superat-
maospherie’ prassure and can be delivered

jn that state to the synthesis reactor.

. Referring again to the reaetien fn the 100
dense phase, it should be peinied out that
along with the carbon mongxide, hydro-
zen, and earbon dioxide formed, substan-
tial - guantities of soot and vaporizable
hydrocarbons are formed due to eracking. 105
The products of the reaection ascend from
the: dense phase into the wpper portion of
the Teactor, and in the said npper portion

of the reactor, that is, above the dense
phase level T. a quantity of seecondary 110
oxveen is added through a line 10 for the
purpose of partially oxidizing the lighter
hydroearbons and the soot or solid earbon-
sceons material. A temperature in the up-
per.portion of the secondary burning zone L15
“which extends from Lr to the top of the
rexetor of from 2,000 to 3,000°F. is at-
tained. The amount of secondary oxygen
added per pound of pitek fed is from 0.1

to 0.5 nounds. The produets of the reae 120
tion are withdrawn from the retort
throneh line 15, thenee discharged into a
waste heat boiler 17 where a substantial
cuantifv of sensible heat is recovered and
the products are withdrawn from the 125
waste Fest hoiler at a temperature of
ahant, 407°F, throush a line 20- and dis-
ehar~ed nto one or more gas-solids com-
taptine devices such as “eyelones” 22, for
the purpose of separating ont enirained 130
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fines which may unavoidably pass up
through.the reactor and exit witk the pro-
duets.: The separated fines are returned
via standpipe 25 ta the reactor at 2 point
5 preferably below L. The produets are
finally recovered for wse in the synthesis
reaction through a line 80. The produets
in line 30 may be cooled to as low as

100°F. or at lsast below the condensation.

10 temperature of steanw before introdmetion
into the hydrocarbon synthesis reaction
zone {not shown herein) for the purpose of
condensing out and separating water.

Referring again to the reactor 1, atten-

15 tion is directed to the fact, as shown in the
drawing, that the npper portion 1a of the
retort is of greater internal diameter than
the lower section. This expanded unpper
section is necessary because of the addi-

20 tional oxygen added thereto as well as the
additional expansion of the gases due to
the higher temperatnre resulting from the
addition of the secondary. oxygen. The
diameter of the upper section should be

25 such that the gas veloeity therein is less,
say, in the order of 1 of the velociiy in
the lower seetion. In other words, as
stated, where the superficial gas velocity
in the lower seetion is from ¢ to 1} feet

30 per seeond, the gas velocity in the upper
expanded section should be of the arder
of 3 to % of a foot per second.

Then, it may, and often does happen that
the piteh which is introduced throwgh lne

855 contains substantial guantities of salis
along with other metallic eompounds, such
as vanadiumy, calelum, and iron, which
may exist as ehlorides, oxides, or metallo-
organic comipounds. It is desirable, there-

40 fore, to continuously supply fresh
powdered refractory material to the retort
and to remove refraciory material con-
taminated with the aforementionsd ecom-
pounds. To this end, therefove, a hopper

4540 is provided i commmunication with a
standpipe 42 through whieh standpipe
refractory material may be fed fromp the
hopper 40 to the reactor or retort. At the
same time eonfaminated solids arve with-

30 drawn from the reactor through the draw-
off pipe 45.

It will be noted in the design which has
heen deseribed that in the lower portion
of the retort a temperature not exceeding

56 about 2,000°F. exists, and at this rela-
tively lower temperature any salis or
other compounds which may he present in
the hydrocarbon feed do not ordinarily
melt or flux and, therefore, it is an im-

60 portant advantage of the invention to
maintain the lower section of the refort
at a temperature below that st which the
fluxing ash of the salts and other ecom-

- pounds which might he present in the oil

65 wonld impair the fluidized solids, OF

eourse,-in the case where the oil is not
eontaminated with the salts, it will not be -
necessayy ordinarilty to contirmously add
fresh powdered sclids and withdraw the
EEVTA : T 70

Another important phase of the inven-
tion Is that In some instances {o produce
the gas of a certain eomposition, it may be
desirable. to-introduce earbon dioxide into
the hottom section of the reasetor with the 75
oxygen and steam.

Haring now partienlarly described and
ascertained the nature of cur said inven-
tion, and in what manner the same is to
he performed, we declare that what we 80
claim is:—

1. A method of producing a mixture of
gases containing a preponderance of eaxr-
bon monoxide and hydrogen which eom-
prises providing a fluidized bed of a pow- S5
dered refractory materizl in a confined
reaction zone, charging to said reaction
zone @ liguified bituminous earbonaceous
material, separately eharping a mixture of
oxygen and steam to said reaction zame, 90
maintaining &, temperature in the flmidiz-
ed bed of powdered vefrastory material
suffieiently high to cause a reaction he-
tween the hittininous material, the oxygen
and the steam to form a gaseous mixture 95
containing carbonr monoxide, hydrogen,
carbonaceous residue and unconverted ear-
bonaceous material, withdrawing a gaseons
product containing the earbon menoxide,
ihe oxygen and the hydrogen from the said 100
iluidized bed, discharging the mixture fnto
a space disposed in the upper portion of
said reaction zone above said dense suspen-

-slon of powdered refractory material, sup-

plying uxygen to said space and converting 105
the carbondceons residue and uneconverted
earhonaceons material therein to produce
additional ¢uantities of carbon monoxide
and hydrogen, and recovering from said
space a gaseons material containing a pre- 110
ponderanee of carbon monoxide and
hydrogen. -

2. A method according to Claim 1,
wherein the temperature in the lower por-
tion of the reaction zone s maintained 115
below the fusion point of the ash contained
in or formed: from the said hituminous
material. - ..o

3. A method according to Claim 1 or 2,
wherein the bifurninous material is norm- 120
ally sold.

4. A method acecording to any one of
Claims 1—3, wherein the bitaminous
material is petroleum pitch.

5. A method aceording o any ane of 125
Claims 1—4, wherein said reaction zone is
maintained under superatmospheric pres-
sure. . .

6. A method, according to any one of
the preceding. claims, wherein a fempera. 186
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'ture fmm 1,500 to 2,000°F. prevails in the D. TOUNG & GO,

. lower pomen of the reaction zone and a 29, Southampton Buildings,
temperatnre up to 3,000°F, prevails in the.  Chancery Lane, London, W.C.2.
upper portion thereof . Agents for the Applieants.

Datec'l thls 19th dav of May, 1947."

Pripted for His Majesty's Stationery Office by Wickes & Andrews, Ldd, B.OL 89/244—190F
Pnbrinhed at The Patent Office, 25, Scuthampton Brildings, Landnn, W0.2 from which copies.
: price 28 (d. each (inlend), 2s. 1d. (abroad) may be obtained.
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