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1. 
The invention herein described and claimed 

may be manufactured and used by or for the Gov 
ernment of the United States of America for gov 
ernmental purposes without the payment of 
royalties thereon or therefor. 
This invention relates to the production of 

synthesis gas and more particularly to the pro 
duction of a low-sulfur content mixture of Car 
bon monoxide and hydrogen by gasifying the 
finely-divided low-sulfur content char obtained 
as a byproduct of the direct hydrogenation of coal 
in the dry fluidized state. 
In copending application Serial No. 120,584 filed 

October 10, 1949, on the Hydrogenation of Coal by 
Clark, Pelipetz, and Storch, a process is described 
for the hydrogenation of coal in the dry state by 
passing a stream of heated hydrogen-contain 
ing gas upwardly through a reaction ZOne Con 
taining a mass of substantially dry coal particles 
at a velocity sufficient to fuidize the mass. The 
reaction zone is maintained under an elevated 
temperature and pressure and the hydrogen re 
acts with the coal to produce gaseous and liquid 
products which are volatilized at reaction tem 
peratures and carried out of the reactor as over 
head products. There is no accumulation of 
liquid products in the reaction zone since all of 
the liquid products of the reaction, including the 
ordinarily non-distillable asphaltic products, are 
carried out of the reactor. Substantially the only 
product of the reaction not carried out of the 
reaction zone as an overhead product is a dry, 
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solid, finely-divided char which apparently is. 
the result of partial reaction of the coal with 
hydrogen. This char is formed in substantial 
amounts during the course of the reaction and 
remains suspended in the upwardly flowing stream 
of hydrogen-containing gas until it is removed 
from the reaction Zone. 

It has now been found that this char may be 
obtained from the hydrogenation reaction zone in 
a condition which renders it eminently suited 
for the production of a low-sulfur content Syn 
thesis gas (mixture of hydrogen and carbon mon 
oxide) particularly when the char is utilized im 
mediately after withdrawal from the hydro 
genation zone. It has been found that the by 
product char may contain as little as 10 percent 
of the Sulfur of the original coal and that the 
hydrogen-carbon monoxide mixture produced by 
gasification of this char with steam according 
to the usual water gas process contains a cor 
respondingly small amount of Sulfur compounds. 
It has further been found that by operating the 
gasification unit directly in conjunction with 
the coal hydrogenation unit, so that the char 
withdrawn from the hydrogenation zone is passed 
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directly into the gasification Zone, all the special 
properties possessed by the char as it leaves the 
hydrogenation Zone are taken advantage of, and 
Substantial Savings in energy and operational 
costs are achieved. As will appear more in de 
tail from the Subsequent description, the char 
may be continuously withdrawn from the hydro 
genation Zone under pressure and in a dry, finely 
divided, fluent condition, by virtue of which it 
may be easily passed directly to a gasification 
ZOne Without any appreciable loss of the substan 
tial quantities of heat and pressure energy which 
is gained by the char in the hydrogenation zone. 
The low-sulfur content synthesis gas produced 

by gasification of this low-sulfur content char 
will find One of its most advantageous uses in 
processes such as the Fischer-Tropsch which 
employ catalysts which are sensitive to poisoning 
by Sulfur compounds. As is well known, the iron 
and cobalt catalysts ordinarily used in the 
Fischer-Tropsch process for the hydrogenation 
of Carbon monoxide to form liquid and gaseous 
hydrocarbon, are very sensitive to sulfur poisons 
particularly to organic sulfur compounds such 
as carbon oxysulfide, CS2, mercaptains, thiophene, 
and other ring sulfur compounds. In the produc 
tion of Synthesis gas from raw coal, one of the 
important items of cost has been the removal of 
Such Organic Sulfur compounds from the gas 
prior to its use in the synthesis. By means of 
the present invention it is possible to minimize 
the cost of the synthesis gas needed for such 
processes as the Fischer-Tropsch by utilizing the 
low-sulfur content char produced as a byproduct 
of the direct hydrogenation of coal in the dry 
fluidized state and particularly by operating the 
unit for gasifying the char in immediate conjunc 
tion with the hydrogenation unit. 

It is an object of the invention to provide a 
process for production of a low-sulfur content 
mixture of carbon monoxide and hydrogen by 
employing the low-sulfur content residue char 
obtained by the direct hydrogenation of coal in 
the dry fluidized state. 

It is a further object of the invention to provide 
a proceSS for the production of a low-sulfur con 
tent Synthesis gas which takes advantage of all 
the Special properties of the residue char result 
ing from the direct hydrogenation of coal in 
the fluidized state by passing the residue char 
from the hydrogenation Zone directly into a gasi 
fication Zone, thus reducing handling costs, and 
avoiding losses in energy which would normally 
attend discharge of the char from the hydro 
genation Zone to atmospheric temperature and 
preSSure. 
Other objects of the invention will become 
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apparent from consideration of the description 
and the drawing which is to be read in connec 
tion. With the description below and in Which the 
single figure is a schematic diagram of a plant 
layout suitable for carrying out the process of the 
present invention. 

Referring now to the figure, numerals and fa. 
refer to hoppers into Which essentially dry poW 
dered coal is fed by line 2 and header 3 con 
trolled by valves 4 and 4a. Hydrogen gas under 
pressure is fed to manifold 6 by compressor . 
Line 8 taking off from manifold 6 feeds com 
pressed hydrogen through header 9 which con 
nects at either end to standpipes 0 and Oa, re 
spectively. Powdered coal in standpipes 10 and 
Ga is kept in an agitated state by compressed hy 

drogen entering the bottom of the Standpipe 
through header 9. As Will be explained in more 
detail below, each hopper and d is used in 
termittently to insure continuous feed of pow 
dered coal to the process. Line taking off 
from manifold 6, feeds compressed hydrogen 
through heat exchanger fa. Hot hydrogen leav 
ing heater fa is lead through line 2 where it 
picks up a mixture of powdered coal and hy 
drogen flowing down standpipe e Ol' Oct. The 
resultant mixture then flows into the bottom of 
reactor 3. In reactor 3, the inflowing pre 
heated stream of hydrogen passes upwardly 
through a confined mass of Substantially dry 
coal particles at a velocity sufficient to fluidize, 
that is to suspend but not entrain, the maSS of 
coal particles in the stream of hydrogen. Re 
action takes place between the hydrogen and the 
coal and the reaction products, volatile at re- : 
action temperatures, leave the reactor by line 4. 
The gaseous products are led through cyclone 
5 and solids are removed and returned to the 
reactor by line 6. Products leaving cyclone 5 
are conducted by line 7 into waste heat boiler 
f8 where steam may be produced by utilizing 
the heat content of the products. Partially con 
densed products are then led by line 9 into Sep 
arator 20 where heavy oil products, condensed in 
waste heat boiler 8, may be removed through 
line 2. Uncondensed oil and gas leave the Sep 
arator 20 by line 22 and pass through cooler 23 
into separator 24 via line 25. Light oil product 
is removed from separator 24 by line 26, while 
uncondensed hydrocarbon gases and hydrogen 
leave separator 24 via line 27 and paSS into a 
conventional absorber stripper tower System des 
ignated by block 28. Hydrocarbon gases are led 
out of the stripper through line 29 while hy 
drogen gas containing minor quantities of in 
purities leaves gas separation plant 28 via line 
30, and is returned to the manifold 6 by means 
of recirculating compressor 3. 

Reactor 3 is provided with a standpipe 32. 
Residue char resulting from the reaction of hy 
drogen with the coal is carried over into stand 
pipe 32 from the reactor f3. Char separated in 
cyclone 5 is returned to standpipe 32 by line 6. 
Char, settling in standpipe 32, flows downwardly 
into line 33. Line 33 is fed with Steam from a 
source (not shown). The steam flowing in line 
33 at a suitable velocity picks up the char flow 
ing down from standpipe 32 and carries it into 
a water gas reactor 35. Line 34 injects steam into 
the bottom portion of standpipe 32 in order to 
strip the down flowing char of the adsorbed oil 
and other products, and in order to maintain 
the contents of the standpipe in a fluidized state. 

In reactor 35, the incoming mixture of steam 
and char, with enough oxygen fed by line 36 
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the batch coal feed line 2. 

4. 
to provide heat through combustion of the char, 
react to produce a mixture of carbon monoxide 
and hydrogen. With Small amounts of cairbon di 
Oxide and other inpurities. Solid residue, Such 
as ash inixed with Small quantities of unreacted 
char is removed from water gas reactor 35 
through line 35d. The gas mixture is led Out Of 
the water gas reactor by line 37 and passed to 
Waste heat boiler 38, to cooler 39, and to separator 
A. Condensed liquids, consisting mostly of Watel', 
are led out of separator 40 through line 4, while 
the gas mixture is led out through line 42. All 
or part of the gas mixture carried in line 42 
may be passed to a Fischer-Tropsch reactor via 
line 43. In this case the mixture may be first 
purified by scrubbing out the carbon dioxide in 
scrubber 44 and removing Small amountS of Sul 
fur compounds in scrubber 45, and then passed to 
a gas synthesis reactor 47 by line 46 where the 
carbon monoxide-hydrogen mixture may be 
passed over suitable catalysts to produce a mix 
ture of hydrocarbons and oxygenated organic 
compounds by the so-called Fischer-TropSch 
process. The products of this reaction leave re 
actor 47 by means of line 48, are condensed in 
condenser 49 and separated into a gas, oil and 
aqueous fraction in Separator 50. 

Instead of using all of the Water gas pro 
duced in Water gas reactor 35 in a Fischei 
Tropsch plant, a portion of this gas may be with 
drawn from line 42 by means of line 5 and led 
to a water gas shift reactor 54. At a Suitable 
point in line 5, steam may be added to the 
Water gas mixture by means of line 57. Hydrogen 
and carbon dioxide leaving the Water-gaS shift 
reactor is then led to carbon dioxide Scrubber 
55 and the substantially pure hydrogen is then led 
to compressor by line 55 where it is utilized to 
supply hydrogen for the coal hydrogenation plant. 
The operation of the above schematic layout 

in connection with the process of the present in 
wention will now be described in more detail. 
Attention is directed first to the coal hydrogena 
tion system, wherein powdered coal is reacted 
with hydrogen while in a fluidized State to pro 
duce the solid, finely divided, low-sulfur content 
char which is later converted into Synthesis 
(water) gas. A batch of powdered coal is fed 
to hopper through line 2 and header 3, after 
which valve 4 is closed, sealing hopper from 

Walve 9a, is opened 
and powdered coal in the hopper is kept agitated 
and in a fluent condition by cool CompreSSed hy 
drogen fed to the bottom of Standpipe O and 
flowing upwardly through the powdered coal in 
the standpipe and the hopper. Suitable means 
for insuring continuous flow of hydrogen through 
the powdered coal in the Standpipe and hopper 
may be provided, such as a hydrogen bleed line 
at the top of the hopper Which would allow a 
small volume of hydrogen to flow out of the 
hopper back into manifold 6. Walve 2 is opened 
and a mixture of Coal and hydrogen is allowed 
to flow into line 2 where it joins a stream of hot 
compressed hydrogen from preheater a and 
is carried into the bottom of reactor 3. A 
Venturi may be inserted at the junction of line 
2 with standpipes 0 and Oa to prevent hot 
hydrogen from passing into the hoppers. When 
the coal supply in hopper f is exhausted, valves 
9a and G are closed and valves 9b and O2 are 
opened and powdered coal is then supplied to 
line 2 by means of hopper fa. The hydrogen 
coal mixture passing through line f2 is heated 
-to a temperature in the vicinity of reaction tem 
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perature but the mixture is carried through line 
2 quickly enough so that very little reaction 
takes place while the mixture is on its Way to 
reactor 3. The mixture enters the bottom of 
reactor 3 and flows upWardly through a maSS 
of coal particles already present in the reactor. 
In order to initiate the reaction, the reactor is 
initially charged with enough powdered coal to 
provide the proper bed depth when the coal is 
in a fluidized State. 

After the reaction has begun, coal consumed 
in the reaction is replaced by way of line 2 at 
a rate selected to insure the desired coal-hydro 
gen contact time. The more rapidly coal is fed 
to the reactor, the more rapidly will Solids be 
withdrawn through standpipe 32 due to the in 
creased static pressure at the bottom of the 
standpipe. Thus, other conditions being equal, 
a higher rate of coal feed to the reaction Zone 
will result in a shorter average residence time 
of the coal particles in the reactor and conse 
quently a shorter coal-hydrogen contact time. 
The coal supplied by way of line 2 is entrained 

in the stream of hydrogen flowing through this 
line. Due to the difference in croSS-Sectional area. 
of line 2 and reactor 13, the velocity of the 
gas flowing in line 2 will be greater than the 
velocity in the reactor. When the coal-hydrogen 
mixture reaches the reactor, the Velocity of the 
stream diminishes to the point where the coal 
Will no longer be entrained. The Velocity of the 
stream of hydrogen in the reactor is so adjusted 
in relation to the size of the coal particles that 
the coal particles are suspended but not en 
trained in the hydrogen stream. In other Words, 
the velocity of the hydrogen stream is So ad 
justed that the coal mass becomes fluidized, that 
is, takes on the appearance and properties of a 
boiling liquid wherein the mass as a Whole re 
mains substantially stationary in the reactor but 
the individual particles are maintained in a state 
of constant turbulent motion and circulate freely 
throughout the body of the mass much the same 
way as convection currents pass through the body 
of a heated liquid. 
The temperature of the hydrogen stream flow: 

ing into the bottom of reactor 3 through line 
2 is so adjusted that the internal temperature 

of the fluidized bed, is maintained at a tempera: 
ture most advantageously between 450° to 650 
C.; and the pressure in the feed lines so adjusted 
that the pressure in the reactor lies in the range 
between 250 to 1500 pounds per Square inch. 
Under these conditions, all of the liquid products 
of reaction including the ordinarily non-dis 
tillable asphatic products are carried out of the 
reactor as overhead products by line 4. The 
solid products of reaction, mainly a solid, finely 
divided char are carried over into standpipe 32 
and are removed from the reactor for Subsequent 
gasification. If desired or necessary a portion 
of the chair may be recycled back into the hydro 
genation reactor. 

In carrying out the dry coal hydrogenation 
process which produces the finely-divided, solid 
low sulfur content char of the present invention, 
it is essential that the reacting coal be main 
tained in a fluidized state by a stream of hydrogen 
containing gas during the hydrogenation step. 
If hydrogenation of the coal is attempted using 
a stationary bed of coal or a merely expanded (as 
distinguished from fiuidized) bed, the hydrogena 
tion will not proceed properly and the residue 
will not be suitable for subsequent gasification. 
If the velocity of the hydrogen containing gas 
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6 
flowing upwardly through the coal bed is less than 
the minimum velocity required to truly fluidize 
the bed, coking and agglomeration of the coal bed 
will soon take place. The hydrogenation reac 
tion itself will become uncontrollable due to local 
over-heating and runaway reactions. In many 
cases the bed will become entirely plugged and at 
best the product yields will be greatly reduced. 
The coking and agglomeration that occurs in the 
non-fluidized bed renders the Solid residue un 
suitable for entrainment for Subsequent gasifica 
tion. The coked and agglomerated residue is 
calked and non-fuent and is difficult to remove 
fron the reactor. In Such a for the residue 
cannot be passed directly into a gasification unit 
without loss of the energy gained in the hy 

Furthermore, the Coked and 
agglomerated residue from the hydrogenation 
of coal employing a non-fluidized bed is not re 
duced in Sulfur content to the extent that Sull 
fur is removed from the char obtained employ 
ing a fluidized bed. A velocity of hydrogenating 
gas which merely expands and somewhat agitates 
the oed without rendering it truly fluid is not 
Sufficient to avoid these difficulties. 
As more fully set out in the above-mentioned 

application for the Hydrogenation of Coal by 
. Clark et al., the fuidization is preferably carried 
out with the velocity of the hydrogenation gaS 
slightly above the minimum required to maintain 
the bed in a truly fluidized state. The particle 
size of the coal employed may vary from 4 to 250 
mesh but is preferably in the range of from 100 
to 200 mesh. The hydrogenation is most advan 
tageously operated at temperatures Within the 
range of 450° C. to 650° C., preferably in the range 
of from 500 to 600 C.; and at pressures fron 
250 to 1500 pounds per square inch, preferably 
from 500 to 1000 pounds per Square inch. AS eX 
plained more fully in copending application Serial 
No. 120,584, filed October 10, 1949, on the Direct 
Hydrogenation of Coal, above referred to, these 
ranges of temperatures and pressures are most 
advantageous from the standpoint of obtaining 
good yields of oil, while keeping operating pres 
Sures to a minimum and minimizing the produc 
tion of large quantities of hydrocarbon gas. 

Directing attention now to the gasification por 
tion of the system, particularly to the Inanner in 
..which charis transferred from the hydrogenation 
zone to the gasification zone, it will be noted that 
hydrogenation reactor 3 is provided with stand 
pipe 32, the top of which is Submerged slightly 
below the surface of the fluidized bed of Coal 
particles. Coal particles entering the bottom of 
the reactor, circulate in a randon course through 
out the reactor, and after remaining for the de 
sired residence period are Withdrawn by Way of 
standpipe 32. As previously explained, the av 
erage residence period of coal particles in the 
reaction zone depends chiefly on the rate of feed 
of new coal to the reactor. Warious precautions 
may be taken to insure that the solids withdrawn 
by Way of standpipe 32 are relatively free from 
large quantities of unreacted or only partially 
reacted coal. Thus, various baffles may be in 
serted in the reactor, or the coal inlet may be 
more Widely separated from the char Outlet, or 
other well known means may be employed to 
Secure a low Concentration of unreacted coal par 
ticles at the top portion of the reactor Where the 
standpipe opening is located. 
The char, as it paSSes Over into the standpipe, 

is in a dry, highly fluent condition due to the 
fluidized action of the hydrogenating gas. In 
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order to maintain the char in this fluent condi 
tion. So that it may be continuously Withdrawn 
from the hydrogenation reactor and passed into 
the gasification zone, a fioW of steam is injected 
into the bottom of the standpipe by means of 
line 34 at a velocity sufficient to fluidize the char 
in the standpipe. In addition to maintaining the 
standpipe char in a fluidized condition, the steam 
flowing upwardly through the standpipe Strips 
the chal of oil and hydrocarbon gases which inay 
be carried down with it and at the Sanhe tine 
prevents hydrogen from leaving the reactor by 
way of the bottom of the Standpipe. 
The char being thus maintained in a highly 

fluent state, when waive 32d at the bottom of the 
standpipe is open, the char Will flow down into 
the gasification Zone which begins With feed line 
33. line 33 is fed with Stean, which may be at 
atmospheric but is preferably under Super 
atmospheric pressure, flowing at a velocity (e. g. 
10 to 40 feet per second) sufficient to carry the 
char in Suspension. 
The char fiowing through valve 32d. is under 

an elevated pressure due to the gaS preSSure 
(usually 250-1500 p.s. i.) under which the hydro 
genation zone is maintained and due to the static 
pressure which the fluidized column of cilar in 
the standpipe exerts on the botton of the Stand 
pipe. In order for the char to flow from the 
hydrogenation zone into the gasification 20ne, 
it is, of course, necessary that the Steal preSSure 
in the gasification Zone be less than the pressure 
in the hydrogenation zone at the point where the 
chair is withdrawn. Thus, the Stean pressure in 
line 33 must be less than the total static pressure 
at the bottom of the standpipe 32. Most advan 
tageously, the steam pressure in line 33, is main 
tained in the vicinity of the hydrogenating gas 
pressure in the hydrogenation reactor. When 
this is the case, the steam pressure in line 33 and 
the gas pressure in the hydrogenation reactor 
will substantially balance One another and the 
char will flow into the line 33 by virtue of the 
static pressure which the column of char in the 
standpipe exerts on the bottom of the Standpipe. 
In this way the fow of undesirable quantities of 
steam into the hydrogenation reactor by way of 
valve 32d, or the flow of hydrogenating gas from 
the hydrogenation reactor into line 33 may be 
avoided. If the steam pressure in line 33 is Sub 
stantially lower than the gas pressure in the hy 
drogenation reactor, valve 32a may be designed to 
serve as a reducing valve and any desired pieS 
sure drop across valve 32d may be created to 
prevent the escape of hydrogenating gas into 
line 33. 
The char let down from standpipe 32 is en 

trained in a flow of high temperature Stean), pref 
erably about 2000 F, and preferably at an ele 
wated pressure and is carried into the gasification 
reactor S5. The char entering the gasification 
zone is at elevated temperature, usually between 
450° to 650° C. and substantially all the heat en 
ergy gained by the char in the hydrogenation 
zone may be carried over into the gasification Zone 
without loss. Oxygen is fed into gasification re 
actor 35 through line 36 to provide heat for the 
gasification process by combustion of a portion of 
the char. The gasification reactor 35 may be 
of any desired construction and the gasification 
of the char may be carried out by any Suitable 
known process which ordinarily utilizes pulverized 
coal. The gasification step itself is not a feature 
of the present invention since the gasification is 
carried out in known manner, but the invention 
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8 
resides rather in the discovery that the low-sulfur 
content byproduct char from the hydrogenation 
of Coal in the dry fluidized state may be very 
advantageously employed for the production of a 
high grade Synthesis gas particularly when passed 
directly from the hydrogenation zone to the 
gasification Zone. 
One process suitable for gasifying the finely 

divided char leaving the hydrogenation reactor 
is the So-called Koppers dust gasification proc 
eSS described in an article by L. L. Newman ap 
pearing in Industrial and Engineering Chemistry, 
vol. 40, pp. 559-82 (1948). This process as ap 
plied to the present invention involves blowing a 
mixture of finely divided char and oxygen into 
both ends of a cylindrical vessel. The char 
Oxygen mixture is ignited as it enters the vessel 
and Combustion of a portion of the char pro 
vides heat for reaction of the remainder of the 
chair with high temperature steam which is blown 
into the vessel from annular nozzles surrounding 
the char-oxygen input nozzles at both ends of 
the vessel. A mixture of carbon monoxide and 
hydrogen is produced Which is Withdra Win from 
a duct at the top of the vessel. Steam is in 
jected at temperatures from about 1800-2000 F. 
while the gasification temperature ranges from 
about 1800° to 2500 F. Usually, the upper limit 
of the gasification temperature is determined by 
the softening point of the ash content of the 
char. 
Another Suitable process for gasifying the 

finely-divided low Sulfur content char of the 
present invention is the so-called Winkler process 
which ordinarily employs a fluidized bed of 
pulverized coal. This process is also described 
in the above article by L. L. Newman and in 
various U. S. patents such U. S. Patents 1,687,118 
and 1,840,649. Besides these two processes, any 
of other known processes for gasifying a finely 
divided carbonaceous material may be used Oper 
atting at atmospheric or Super-atmospheric 
preSSures. 
While the char leaving the hydrogenation zone 

may be let down and gasified With steam at 
atmospheric pressure, in Order to take full ad 
Vantage of the properties of the char as it leaves 
the hydrogenation reactor, it is preferable to 
Operate the gasification unit at an elevated pres 
sure. By Operating under pressure, the water 
gas produced leaves the gasification zone under 
pressure and may be used, without further com 
pression in Such proceSSes as the Fischer-TropSch 
requiring water gas under pressures from 100 to 
600 pounds per Square inch. The pressure in 
the gasification Zone is adjusted in accordance 
with the pressure in the hydrogenation reactor 
and the pressure at which it is desired to deliver 
the Synthesis gas. For example, if the Synthesis 
gas produced is intended for use in a Fischer 
TropSch reactor which is to be operated at 450 
pounds per Square inch, the steam pressure in 
line 33 will be adjusted so that the synthesis 
gas delivered from the gasification unit will be 
at a pressure of 450 pounds per square inch 
after taking into account pressure drops in the 
gasification system from feed line 33 to delivery 
line 42. If line 33 is to be in the neighborhood 
of 450 pounds per square inch, the gas pressure 
in the hydrogenation reactor must be at least 
as great or Somewhat greater than this pressure 
aS eXplained above. 

Operation of the gasification unit under pres 
Sure besides giving greater outputs of water gas 
per unit of reactor volume results in a substantial 
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savings in the cost of compressing water gas 
after production. The only material supplied 
to the process which is not obtainable under 
pressure without compression is the relatively 

10 
pressor T for use in the hydrogenation Zone. 
Walves 52 and 53 may be used to control the rela 
tive amounts of Water gas passed to the Water 
gas shift System and the Fischer-TropSch. System 

small amount of oxygen supplied to provide heat 5 respectively. Since high pressure Water gas may 
by combustion of char. The steam used in the be supplied from the gasification reactor to the 
process being at high temperatures may be sup- water gas shift reactor, the hydrogen produced 
plied at any desired pressure without compres- by the Water gas shift is supplied to the hydro 
sion, and the char may be supplied directly from genation Zone under pressure with consequent 
the hydrogenation reactor under pressure and 10 saving in the cost of hydrogen compression. If 
easily injected into the gasification zone by the desired, a portion of the hydrogen produced in 
method, for example, outlined above. The direct the water gas shift reactor may be passed to 
let down of the char from the high pressure the Fischer-Tropsch reactor to enrich with hy 
hydrogenation zone into the gasification Zone is drogen the carbon-monoxide hydrogen mixture 
a solution for the otherwise difficult problem of 15 obtained from the gasification reactor wherein the 
continuously injecting solid coal into a high pres- molar ratio of carbon monoxide to hydrogen Will 
sure zone. Where high pressure gasification is be in the neighborhood of 1:1. 
carried on today, the usual practice is to admit The following examples are intended to illus 
the coal by the batch from a lock hopper which trate the invention. 
is sealed from the atmosphere when Open to 20 E. lies it to 5 
the gasification zone. This procedure is cumber- - acamples it to 
some and expensive, however, and reduces the Examples to 5 illustrate the type of char that 
economic advantage gained by using high pres- is obtained upon hydrogenation of a bituminous 
Sure gasification. coal particularly the difference in Sulfur content 
The hydrogen-carbon monoxide mixture pro- 25 between the starting coal and the byproduct char 

duced by gasification of the chair obtained in the and the difference in Sulfur content between the 
fluidized hydrogenation process may be most ad- synthesis gas produced by gasifying the starting 
vantageously employed in processes such as the coal and by gasifying the byproduct char. 
Fischer-Tropsch where advantage is taken of The bituminous coal employed was a Rock 
its low sulfur and of the fact that it may be 30 Springs, Wyoming, coal from the D. O. Clark 
obtained without compression at the pressures mine and as charged to the hydrogenation re 
required in the Fischer-Tropsch process. Most actor had the following average composition: 
Fischer-Tropsch plants employing iron catalysts 
operate under pressures of from 300 to 600 p.s. i. 
Synthesis gas can easily be supplied to the 35 Persity Persity 
Fischer-Tropsch reactor 47 at these pressures Element Based on Basion 
without compression since these pressures are stEg E. 
well within the upper limit of 1500 pounds per 
square inch at which it is advantageous to opera Hydrogen 5.0 5.2 
ate the fluidized bed coal hydrogenation proceSS. 40 Carbon. 72.4 74.7 
However, any other desired use may be made SE" 6: 6. 

of the hydrogen-carbon monoxide mixture pro- Oxygen.---------------------------- 9 12.3 
duced by gasification of the byproduct char. War II.I.I.I.I.I.I.I.I.I.I.I.I.I. it........5.5 
Thus it may be employed in the so-called methin 
anol synthesis involving condensation of mix- 45 
tures of carbon-monoxide and hydrogen in the The Weight ratio of carbon to sulfur for this coal, 
presence of suitable catalysts to produce meth- on a moisture-free basis is 91. This coal was 
anol and small amounts of higher alcohols, or crushed to a particle size of from 100 to 200 mesh 
it may be employed in the so-called OXO process and then submitted to the action of a stream of 
involving the condensation of olefins with carbon to hydrogen at the temperature and under the pres 
monoxide and hydrogen to produce carbonyl sure listed in Table I below passing upwardly 
compounds. w - . . - through a reactor containing a bed of this coal 

If desired, a portion of the Water gas produced at a linear velocity of 0.01 foot per second. This 
by gasification of the char may be passed to velocity was sufficient to fluidize the coal bed. 
water gas shift reactor 54 where the carbon mon- 55 Conditions in the reactor were adjusted so that 
oxide content of the water gas is reacted with ...the coal was in: contact with hydrogen at reac 
steam to produce hydrogen and carbon dioxide by tion temperatures for a reaction time equivalent 
the Well-known Water gas shift process pref- to about 75 minutes. No catalyst was used. In 
erably operated under pressure. The carbon Table I, analyses of the char obtained by hy 
dioxide can be scrubbed out of the mixture and 60 drogenation at various temperatures and pres 
substantially pure hydrogen delivered to com- Sures are tabulated. 

TABLE I 

Total Product Analysis, Percent by Weight, 
Based on Starting Coal 

Y Temp, Pressure Example o C. p.s.f.g. Hydro 
Residue, Oil, carbol 
Percent. Percent Gas, 

Percent 

Residue Analysis, Percent by Weight, 
Based on Weight of Residue Weight 

Ratio of 
Carbon 

HO--CO-CO to Sulfur 2 2 Percent' C N S O Ash Reside 
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It will be noted in the above examples that pounds which may be removed with comparative 
while the sulfur content of the starting coal on a eaSe. 
moisture-free basis is about 0.8 percent, the sulfur Eacamples 6 and 7 
content of the residue char on a moisture-free 

cy 4. Examples 6 and 7 illustrate the type of char basis ranges from about 0.1 percent to about 0.5 5 obtained upon hydrogenation of a lignitic coal, 
percent, indicating a substantial reduction in the - o particularly the difference in sulfur content be total amount of sulfur present in the residue char tween the starting lignite and the by-product 
as compared to the starting coal. More Sig- - w 

- char and the difference in sulful' Content between nificant than the total amount of sulfur in the the synthesis gas produced by gasifying the 
lfur to 0 St., Steifi....A. iiii inite and is airing the by-product Cla. concentration of sulfur compounds to be expected The igni V- e lignite employed was a Welva ignite, rep 

Sir it. g R resentative of North Dakota lignite deposits con 
on, i. ASF iON. ones E. staining about 16 to 25 percent by weight of O f e E. g it. O t if in moisture. Before feeding to the hydrogenation 

noted tha. e Weight ratio of Carbon EO Su reactor, the lignite was air dried to approximate 
the starting coal on a moisture-free basis is 91. ly 10 percent moisture and showed the follow 
while the weight ratio of carbon to Sulfur in i Ce ra-- the residue ranges from 842 to 166. In general ng average COmpOSition in per ce t by weight: 
higher temperatures and higher pressures of Op- 20 

Percent by eration result in greater reduction in the Sulfur Wif Ergent by 
content in the residue char. It Will be noted Ingredient 63, W55 n 
that in Example 1 where a pressure of 250 pounds cE to trife 
per square inch gage was employed, the reduc- Rat basis 
tion of sulfur is not so great as where larger 25 -- 
pressures were enployed as in Example 2. Simi- Een - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - s ca 

larly, in Examples 3 and 5, where a temperature Nitrogen III.I.I.I.I.I.I.I. i. 
of 500° C. was employed the reduction in the Sulfur. 0.4 9.5 
sulfur content is less than in Examples 2 and 4 RS". g 2: 
where a temperature of 600° C. was employed. 30 Water--- 10.0 - - - - - - - - - - - - 
in all cases however, under varying conditions of 
operation, the amount of Sulfur will be reduced For the above lignite the Weight ratio of Cal'- 
to some extent. In the examples above, the low- born to Sulfur on a moisture-free basis is equal 
est reduction of sulfur (Example 3) resulted in to 131. The lignite was crushed to a particle 
nearly doubling the weight ratio of carbon to Sull- 35 size of from 100 to 200 mesh. A stream of puri 3. 5 
fur, which increased from 91 to 166. fied hydrogen Was passed upwardly through a 

Using the Koppers dust gasification process de- reactor containing a bed of this crushed lignite 
scribed above and fully set out in the article by at a linear velocity of 0.01 foot per second and 
L. L. Newman in Ind. and Eng. Chem. above re- at the temperature and pressure listed in Table 
ferred to, the raw coal used as a starting material 40 II. This velocity was sufficient to maintain the 
in the above examples was gasified under the lignite in a fluidized state. Conditions in the 
following conditions. A mixture of oxygen and reactor were so adjusted that the coal was in con 
coal (oxygen to coal ratio equals 9.23 cubic feet tact with hydrogen at reaction temperature for 
of oxygen per pound of coal), was injected into a reaction time equivalent to about 75 minutes. 
both ends of the cylindrical gasification reactor, 4.5 No catalyst was used. In Table II, analyses of 
while steam at 1725 F. (Steam to coal ratio equals the char obtained by hydrogenation at various 

5 

1.1 pounds of steam per pound of coal) was in- temperatures and pressures are listed. 
TABLE II 

Total Product Analysis, Percent by Weight, Based Residue Analysis, Percent by Weight, 
on Starting Coal Based on Weight of Residue Weight 

emp. ressure, 3Oil 

Example 5'6" sig Resid Oil ESS BI o+Co --CO to SEF Sidue, l, carbon 2 2 eS 
Percent Percent Gas, H | C N S O | Ash ". 

Percent 

6 (73).----------- 500 500 47.3 18.0 7.2 27.8 3.7 75.7 1.1 0.3 7.2 12.0 252 
7 (84)----------- 500 1,000 44.4 5.9 23.0 27.8 3.7 76.8 1.2 0.3 6.0 12.0 256 

jected into the vessel from annular nozzles con- In the above examples it will be noted that the 
centric with the coal-oxygen inlet nozzles. The Sulfur content of the original lignite on a mois 
gasification temperature was 2400° F. The hy- ture-free basis was about 0.5 percent while the 
drogen, carbon monoxide, carbon dioxide mixture residue char also on a moisture-free basis was 
obtained contained 133 grains of H2S per 100 65 reduced to a sulfur content of about 0.3 percent. 
cubic feet of gas at 60° F. and 29.9 inches of The Weight ratio of the carbon to sulful in the 
mercury, and 14 grains of sulfur (as sulfur pres- residue is about double the ratio of carbon to 
ent in organic sulfur compounds) per 100 cubic Sulfur in the Original lignite on a moisture-free 
feet of gas at 60° F. and 29.9 inches of mercury. basis. In general the amount of sulfur removed 

Gasification of the char obtained in Examples 70 from the lignite during the fluidized hydrogena 
2 and 4, under the same conditions as the raw tion process to produce the residue char is not 
starting coal was gasified Would produce a Syn- as great as the amount of sulfur removed from 
thesis gas containing only 18.5 grains of H2S per bituminous coal. However a substantial im 
100 cubic feet of gas at 60° F. and 29.9 inches of provement in the Sulfur content of the residue 
mercury, with only traces of organic sulfur com- 75 char as compared to starting lignite is obtained 
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which greatly facilitates the problem of removal 
of the Sulfur compounds from the Water gaS pro 
duced by gasification of the residue chair. 

Gasification of the starting lignite under the 
same conditions at which the Rock Spirings pittu 
minous coal was gasified in E:aiples to 5, 
would produce a synthesis gas containing 85 
grains of H2S per 100 cubic feet of gas at 60° F. 
and 29.9 inches of mercury and 10 grains of Sul 
fur (as Sulfur present in organic sulfur COIn 
pounds) per 100 cubic feet of gas at 60' E. 3.5hd 
29.9 inches of hercury. Gasification of the 
chair obtained in Examples 6 aid 7 under the 
same conditions as the starting ignite Was ga.Sir 
fied would produce a synthesis gas containing 48 
grains of H2S with only traces of organic Sulfui 
Compounds. 
As used in specification and in the claims 

which follow, the Word coal is intended to in 
clude carbonaceous laterial Suitage for conver 
sion into hydrocarbons by direction reaction with 
hydrogen. In particular, the tern is intended to 
include such materials as bituinous and Sub 
bituminous coals and ignite or iglitic Coas, 
which are particularly suitable for direct hydro 
genation into hydrocarbons. Other naterials 
Such as anthracite coals and peats are not as 
amenable to direct hydrogenation, but these nila 
terials are also intended to he included Within 
the meaning of the term coal when such na 
terials are utilized in the process of the present 
invention. 
The term dry coal as used in the Specification 

and claims is intended to define coal in the 
absence of a liquid vehicle. 
The above description and drawings are in 

tended merely to illustrate the invention and it, 
is not intended that the invention be inited 
thereby nor in any Way except by the scope of 
the appended claims. 
We claim: 
1. An integrated continuous process for the 

production of liquid hydrocarbon fuels frox coal 
as a Starting material, involving Substantial 
savings in coin.pressional energy and in gaS 4 
purification costs comprising the steps of passing 
a stream of hydrogen containing gas upwardiy 
through a hydrogenation reaction zone contain 
ing a mass of coal particles at a velocity Suficient 
to fluidize said mass, raintaining said hydro 
genation reaction zone at an elevated tenpera 
ture of from 450° to 650° C. and under a pressure 
of from 250 to 1500 lbs. per Sq. in., reacting said 
hydrogen With said coal to produce a major pro 
portion of liquid hydrocarbons and a rainor pro 
portion of gaseous hydrocarbons together With 
a finely-divided, Solid, OW-Sulfur content char, 
continuously withdrawing said char from said 
fluidized mass and passing said char directly 
into a gasification zone raintained at elevated 
temperature and under a pressure less than that 
in said hydrogenation reaction Zone and ranging 
from 300 to 600 lbs. per Sq. in., whereby said 
char flows fron said hydrogenation reaction Zone 
into said gasification zone by virtue of the differ 
ential pressure between said zones, reacting Said 
char in said gasification Zone with Stear to pro 
duce a mixture of hydrogen and carbon iaonoxide 
at a pressure of from 300 to 600 lbs. per Sq. in., 
said mixture being Substantially free from ora 
ganic sulfur and containing only small amounts 
of inorganic Sulfur, without SubStartial reduction 
in pressure, passing said compressed low-sulfur 
content hydrogen-carbon monoxide mixture to a 
Fischer-Tropsch reaction zone, and therein act 

O 

5 

20 

3. 

4. 

O 
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14 
ing said hydrogen carbon monoxide mixture in 
the presence of a catalyst to produce predomi 
nantly liquid hydrocarbons, passing another por 
tion of said compressed low sulfur content hy 
drogen-carbon monoxide mixture to a Water gas 
shift reaction zone wherein the carbon monoxide 
content of said mixture is converted to hydrogen 
and carbon dioxide, scrubbing out said carbon 
dioxide from said hydrogen-carbon dioxide mix 
ture, and then passing the compressed hydrogen 
to said hydrogenation reaction Zone. 

2. An integrated continuous process for the 
production of liquid hydrocarbon fuels from coal 
as a starting material, involving substantial 
savings in compressional energy and in gas 
purification costs, comprising the steps of passing 
a stream of hydrogen-containing gas upwardly 
through a hydrogenation reaction Zone contain 
ing a mass of coal particles at a velocity sufficient 
to fluidize said mass, raintaining said hydro 
genation reaction zone at a temperature of from 
450° to 650° C. and under a pressure of from 
250 to 1500 pounds per Square inch, reacting 
said coal with said hydrogen to produce a major 
proportion of liquid hydrocarbons and a minor 
proportion of gaseous hydrocarbons together 
With a finely-divided, solid, low-sulfur content 
char, continuously withdrawing said char from 
said fluidized a SS and passing Said char from 
said hydrogenation reaction Zone into a gasifica 
tion zone maintained at elevated temperature 
and under a pressure less than that in said hy 
drogenation reaction Zone arid ranging from 300 
to 600 pounds per square inch, whereby said 
charfiows from said hydrogenation reaction Zone 
into said gasification zone by virtue of the differ 
ential pressure between said zones, reacting said 
char in said gasification. ZOne With Steam to pro 
duce a mixture of hydrogen and carbon non 
oxide at a pressure of from 300 to 600 pounds 
per square inch, said mixture being substantially 
free from organic sulfur and containing only 
Sinal amounts of inorganic Sulfur, without Sub 
stantial reduction in pressure, passing said com 
pressed low-sulfur content hydrogen-carbon 
monoxide mixture to a Fischer-Tropsch reaction 
Zone maintained at a pressure of from 300 to 
600 pounds per square inch and therein reacting 
said hydrogen-carbon monoxide mixture in the 
presence of a catalyst to produce predominantly 
liquid hydrocarbons. 

MARTN A. ELLIOTT. 
EZEKA . CLARK, 
HENRY H. STORCH. 
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