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PATENT SPECIFICATION

Convention Date (United States of America) : Oct. 18, 1946,

Oomplate Specification chepted : Nov, 28, 1949,

Tndex at Aceepiance :—Classes B(i‘ii},_ Bia : g : i} ; and b5(), D3.

COMPLETYE SPECIFICATION.

Tmprovements in or relating to the Productioﬂ- of Fuel Gas.

We, Stawparp O DEVELOPMENT Com-
PANY, @ corporation duly organised and
existing under the laws of the State of
Delaware, United States of America, having
an office at Elizabeth, New Jersey, United
Stotes of America, do hereby declare the
natre of this invention, and in what manner
the same is to he performed, to be particnlarly
described and ascertained in and by the
following statement :—

The present -invention relates to the
of fusl gases of high healing
value, and, more particularly, to the produe-
tion of high B.Th.U. fuel gases from tail
gases of low heabing value obtained in the
catalytic synthesis of normally liguid hydro-
carbons and oxygemated compounds from
earbon monoxide and bydregen,

The catalybic synthesis of hydrocarbon
olls from ecarbon monoxide and hydrogen
has been assuming increasing importarce
in recent years as & liguid fuel source supple-
menting and potentially replacing = the
steadily decreasing crude oil resources.

The hydrocarbon synfhesis may be operated
on thé bases of using either nataral gas or

earbonaceous solids such as coal, ete, for

the production of synthesis gas contaning

carbon monoxide and hydrogen. FPartion-

lazly, the process utilizing -coal has not as-

yet advanced to a stabe of development &b
Which synthetic oils would be economically
competitive with natural mineral-oils.

This situation has stimulated considerable

research activity aiming at the improvement
of the process as well as product yields and

guality. Previous attempts in this direction =
. usually falls within the approzimate range

have been concentrased. largely on the valu-
able liguid or readily liquefiable synthesis
products such as fuels for internal combustion
engines, lubricants snd various oxygenated

compounds. - o
However, the hydrocarbon synthesis yields
substantial amounts of a furfher by-product
in the form of tail gas from which normally
liguid symthesis products have been Temoved
[Price 2/-] - o o

and which is rich in combustible constituents
such as hydrogen, earbon monexide and
hydrocarbon gases. This tail gas which

.pormally amounts o about 5,000-10,000

ou. fb. per bbl of liguid products formed
has the great advantage of being sub-
stantially sulpbur free but has been of litile
commereial value heretofore as a result of
its low B/ Th.U. value, although it has been
used as a fead gas, after the removal of the

" liquid synthesis products and with or withowt

the addition of & make-up water gas, for one
or more subsequent stages for the further
synthesis of Houid or predominantly olefinic
hydrocarbons.

The heating value is low because of the
presence of carbon diexide, carbon monoxide,
hydrogen and substantial amounts of
nitrogen, the latter introduced by the coal
or natural gas used as starting material for
the synthesis gas and/or by air employed
in the synthesis gas manufacture. In,
addition, particularly -when iron cabalysts
aré uged for the productior. of high octane

mobor . fuels and oxygenated compounds,

the tail gas contdins appreciable proportions

of unsaturated hydroearhon gases. 'The
somposition of taii gas may vary within
the approximate ranges given below :
TH, - - -~ -10 - 20%
¢ =--=-1 - 5%,
CH, - - — -1 - 30%
CH, - - -3 - 6%
CH,— -~ - - 2 - 45,
Gy — = - 01 ~ 0.4%,
N, - - - -2 - 1%
= CO, - 68 - 268, ~

The heating value of synthesis tail gas

of from 300 to 500 B.Th.U. per éu. ft. This
heating walue may be increased by CO,
removal o a maximum of about 800 B.T.U.
which falls far short of the approximately

"1000 B.Th.U. required of a marketable pipe

line gas. As a result, the synthesis tail gas

has heretofore failed to consiitute an asseb .

in the synthesis economics and has either
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" been vented or used for heating purposes
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-within the synthesis pland.

On the other hand, %he - sulphur-free
gynthesis tail gas, of its heating value could

- be sufficiently incréased to make it useful

as a pipe line gas, would be a valuable and
readily marketable product. This is par-
ticularly true when the symilesis is based
on coal or other carbonaceous solide and con-
diteted in coal mining areas or the like loeated
near highly industrislized areas where a
fuel gas of mgh heating value is at a premium.
It is evident, therefore, that a -marked
increase of the B.Th.U. value of the tail gas

wiil considerably improve the economics

of the hydrocarbon synthesis process and

‘maks it more competitive with natural oils.

‘The present invention refers to a movel
process for producing & marketable pipe
line gas from low B.Th.U. synthesis tail gas
as-will appear from the following descripion

‘read with -reference to the accompanying
-drawizgs. -

It is, therefore,- the principal object of
the- present  invention to improve the
economics of the -catalytic synthesis of
hydrocarbons from CO and M, by inereasing
the heating value of synthesis-tail gas:

- _ Another object of the present invention
" is to produce a marketable pipe line fuel gas

from. the tail gas of the catalytic synthesis
of hydrocarbons from CO and H,.

- A- more apecific object of the present
invention is to produce a marketable pipe

‘line fuel gas of high heating valne from the

low B.Th.U. tail -gas of the synthesis of
‘hydrocarbons from CO and H, produced. by

* the gasifiestion of earbonaceous solids such

as coal. o

Other objects and advantages will appear
hereinafter. :

Tx -accordance with the present invention
tdil gae prodiuced in the catelytic synthesis
of hydrocarbons from CO and H, is subjected
to” the action of a hydrogenating eatalyst

“under bydrogenating conditions adapied

for- the substantially “exvlusive formation
of saturated normally gdseous hydrocarbons
whereby & final hydrogendted tail gas is

. produced which containg a normally gaseous

. mixtare -of "high -heatify Valie having a

hydrogen content aincunfing to only a

" smiall fraction of that of the initial tail gas.

55

_6_5'

Thie heating value of thé converted gas may
be further materially increased. by the

‘removal of sueh readily removable non-

combustible constituents as preduct water

‘aad wnconverted CO,. .

.Conventional hydrogenation eatalysts sach
as iron group metals, oxides and wulfides

of Group VI metal including chromium,
- molybdenum and bungsten, and the like are

useful for. the process. Catalysts forming
saturated hydrocarbons from carbon-oxides
and hydrogen, such as cobalt or nickel are

preferred.  Good resiﬂté may also be ob-
tained when employing eatalysts spent in

the hydrocarbon synthesis, particularly spent

jron synthesis catalysts.
The conversion conditions suitable for

the process fall within the broad ranges -

of conventional catalytic gas phase hydro-
genabion. Best results are obtained at

temperatores of about 650 to 850° ¥, when

iron, nickel eor Group VI hydregenabion
catalysts are used. Somewhat lower tem-
peratures of about 500° to 750° F. mav be
applied in the presence of a cobalt ecatalyss.
The pressure may be readily adapted to
that of the original hydrecearbon synthesis
reaction and is preferably maintained be-
tween the approximate limits of 100 and
1000 Tbs. per sq. in. - '
While' conventional fixed bed operation
may be used in the gas.conversion process,
marked advantages are secured when the
aynthesis tail gas is contacted with & dense
turbulent bed of finely divided catalyst
fluidized by an upwardly flowing gas to form
a well-defined upper level. This technique
permits condinuons operation in a single
reactor unit at a constant .and wuniform
catalyst activity because of the perfech
mixing within the fluidized solids bed which
may be continuously supplied with fresh
catalysé while spent cebalyst may be with-
drawn at the same rate for.regemeration.
The temperature fhroughout the fuidized
bed is uniform and may be readily controlled
ab any desired level permiliing. greatest
flexibility and  adaptability. to- variafions
of the temperature and for composition of
the -tail gas fed to the tonverter. Since

the catalyst used in the fluid reactor is in-

a fine state of division it is partieularly
adaptable, because of its exeellent surface
characteristios, do carrying out the reactions
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85
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95,
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between the rather dilute componenits essen- -

tially to completion.

For proper fiuidization of the. satalyss.

particle sizes varying from about. 400 mesh
to as-much as § or ¢ in. diameler may be

110

used, parbicle sizes of about 50-200 mesh

being preferred.. The linear velocity of the
fluidizing gas should be sbout 0.1-5 ff. per
secondi--preferably about- 0.3 4o 1 ft. per

gecond: ab the partiele siZes specified above -

to establish bed densities of .sbout -10-150

‘Ibs..per ol . preferably about 17-75 1bs.
-per . ow. 1. ‘

It will *be further -appreciated thit
greabosh process economy -and. -efficiency

120

are aehieved.when the original hydrécarbon - 3

syrbhesis yielding $he tail gus to be-converted |
in aceordance with the invention is:carried

oub in the presence of finely divided Anidized
catalyst- as it is well known. it the arh.
In. this manpner, the operating conditions
of the imtegrated .process may be ‘most

easily and rapidly adapted to ﬂuﬁtua.%ionsﬁ

125
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in the market demand. for the -various
synthetic products. In . addition, spent
catalyst from the - original ~hydrocarbon
synthesis may be suppled fo the gus ton-
version ditectly or'after a suitable activating
treatment such as solvent exiraction, steam
treatment, oxidation,.reduetion, sbe,

. 7 A mentioned before, the -process iz -of
greatest advantagé when applied to synthesis -

tail gas from. & kydroesrbon synthesis based
on carbonaceous solids for the synthedis
gas manufacture. - We -prefer, therefore, to
produce the néw high B.ThU. fuel gas by
first reacting solil varbonfcsous matberial
with steam %o Proiluce gds niixtures contain-
ing carbon motoxide and hydrogen, reacting

said gas mixture in the presence of aynthesis -

catalysts at synthesis eonditfons to produce

‘liquid synthetic products and tail gas and

converting said fail gas in the presence of

hydrogenating ecatalysts ab hydrogenating’

conditions into & high -B.Th.U. fuel gas. -
The “water gas and synthesis reactions

ey be carried out in any conventional

manmer although we prefer to enploy the

fluid solidy technique in both - reactions
‘Suitable processes of -this fype are well

known in the art and need not be desoribed
lerein &t length for a clear understanding
of the present invention. ) ’

Having set forth its objects and. general -
nature, the invention will be best understood -

from the more detailed description herein-
after wherein reference will-be made to the
accompanying drawing wherein : ;
Figure 1 illustrafes schematically, a system:
a.d%.‘pted to- carry ont the invention ; and-

1
preffrg:d serubbing systern ugeful for the
purposes of the imvention. - .~

Referring now fo Figute

synthesis reactor. iz .supplied through Ine
(1} substantially_at. the pressue of the
synthesis which may range between ahoub
106 and 1000 lbs. per sq. in., to the lower
conical portion of a substantially eylindrical

- converber- (10) which it enters through a
- perforated- distributing - plate (3). -The tail

gas ‘may be preheated by leat” exchange

with hot -product gas in a econvenbional -

heat exchanger {8) to any desired preheating
temperdture of sajy-300%-500° ¥, -

The ‘tail gas eniberig -converber {10) is
contacted with a mass (12)-of finely divided

- hydrogenation catalyst such as mickel alone

or suported on clay, sitiva gel: Kieselguhr or
the like and which may. have an aversge
partcls size of about 100 mesh -per Iimeal
inch. The Lnear velopity of the upwardly
flowing tail gas is 50 controlled that-mass (12)

having a well defined -upper Jevel (Lua) and

an .apparent density of about 15100 Ibs.

per. -eu. fb. Linear  velocities of about

e 218 3 schematic ilfustration of a -

1 of-the drawing; .
synthesis - tail gas from a ‘conventional

- 0.3—3 fi. per second are suitable for' this
purpese ab the-conditions indieated. As a
. vesult of the highly twrbulent condition of
- fluidizéd mass (12), the distribution of the
catalyst particles and the reacting gas as
Cwell as the femperature is. substantisily
- wuniform throughont the mass. The heat

0

* libergted by the exothermic hydrogenation -

" means guch a8 cocling coil (14) to establish
. & constant Teaction temperature of, say
about, 600°—800° T,
*-Presh ‘hydrogenafion cabalyst -may --be
perindically or continuously supplied through
line {7) which may ‘be a part of any con-
_ventional conveying means for finély divided
solids -such #8 an aerated standpipe, a-
pressurized  feed hopper, or a mechanical
eonveyor (nob shown), Spent cabalyst-may
‘be withdrawn through line (9) from a point
above grid (3} under the combined gas and
. pseudo-hydrostatiec pressures of mass (12),
‘to be regenerated in any conventional manner
and to be refurned to line (7). Instead of
feeding the catalyst divectly to the converber
-as indicated by Ime (7) it may be suspended
in the tail gas Howing through lme (1} and
carriedd a8 & solids-in-gas suspension into
sonverter {10) in a manner known per se
i the art of fluid solids handling.
The time of contaet of the gas with the
catalyst in-converter (10} is so chosen that
"t the prevailing reaction conditions sub-
stantially all of the hydrogen of the reacting

reaction may be withdrawn by conventional -

75

80

85

90

95

" pas-iy comfumed in the hydrogenation of 100

hydrogenafable constituents swch as .00,
(0, and unsaturated hydrovarbons. Noz-
mally there is sufficiens hydrogen present
to convert all of the OO and unsaturated
‘hydrocarbons and part of the CO, into
. saturated hydrocarbon gages sueh as methane
_ethane and propens. Space velocities of
_about 509 to 4,000 V/V/hr. are generally
. suitable for this purpose.  If desired, extra-

" neous hydrogen may be added if available

_ab: an economic basis to convert further
anionnts .of €Oy into methane or the like.
Converted: tail gas is withdrawn overhead
. from- level (Li;,} and .passed through a con-
ventional gas-solids separator such as eyclene
separabor {16) from which separated catalyst
- fines may be returned through line (18)
“to mass ¢12). Converted gas now sub-
stantially free of enfrained catalyst fines
Jleaves conmverfer (I0) -through line (20).
" Product fuel- gas passes through line
(24) and hedt exchanger (5} to a eooler (26)
- wherein product water and .such small
amounts. of-othér normally Hquid reaction
produets ag have been formed are condensed.
The cooled pgas Is separated from condensed
liquids in geparator (28) from-which Hquids
are withdrawn: through line (30). -
JIn many “cases, parbicularly .converter
{10) is mainpyined .usnder high pressures theé
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15

25

amount of fresh tail gas supplied through
line (1) may he insufficient for pr%ar fluidiza.-
tion of catalyst mass (I2). We provide,
therefore, a2 gas recycle line (22} through

. which converted gas may be recycled to the

eonical botbom portion of converter (10)
at any recyocle rafio required to improve
fluidization. At the resction condition speci-

_ fied above, u gas recycle ratio of about 0.1

to 2 V[V fresh feed is normally sufficient
for this purpose.

Tuel pgas freed from condensable con-
stituents iz passed through line (32) to &
G0, serubbing zone (34) wherein at leash
a major proportion of its 0O, confent is
removed. Final product fuel gas of high
heating value is withdrawn overhead from
serubbing zone (34) and may be passed,
if desired, after a suitable pressure adjust-
ment to the gas pipe Hne.

The scrubbing operation is preferably
performed in two stages, Both stages
may employ & conventional serubbing fluid
soch as monocthanolamine. However, the

first serubbing stage preferably employs in

. place of complete reactivation of the rich

30

35

50

655

solution by evaporation of the 0, a mere
flash vaporization procedure by circulating

- moneethanolamine solution of say 20—309,

concentration countercurrently to the gas
in a comvenfional type serubber operating
at about the same pressure as the synthesis
reactor. The solution from the bottom of
the sorubber is veleased do a flash drum
-operating at atmospheric pressure wherein
the 0O, is flashed out of the solution. This
first stage effects a reduction of the CO,
content of the gas from about 40—60%
to aboub 109, that is, the gas enbering the
second stage still contains about 109, of
CO: Im the second stage, the gas which
hag now a relatively low CO, concentration
is substantially completely fres of CO, by a
convenfional scrubbing operation involving
eomgﬁte reachivation of the rich solution
by driving .off the (00, The advantages
of this procedure, which will be described
below in greater detail in conneciion with
Figure II--of the drawing, reside in con-

siderable savings of serubbing fluid and heat
. required for reactivation as well as in &

more efficient removal of the CQ..

While we have shown & cooling coil (14)
for eonfrolling the temperature in converter
(10) it should be wunderstood that other
gooling means such as a cooling jacket or a

_continuous controlled eirenlation of catalyst

. through line (9), thence through a cooling

60

zone and hack to converter (10) as it has been
deseribed for conventional fluid synthesis
reactions, may be used instead.

The invention will be further illustrated

-by the fellowing specific example, -

EXAMPLE.

Coke obtained by the earbonization of s
bituminous FPittsburgh seam coal at =2
temperature of about 900°—I000°F. is
contacted with steam in the form of & dense
turbulent mass of finely divided solids
fluidized by an wpwardly flowing gas at a
temperature of about 1800°—1900°F. and
a pressure of shout 5 to 50 s, per sg. in.
to produce & water gas having e composition
about as follows : :

H, - - - - - 529
0 - - - — - 4%,
OH;; """"" 5%
Ne - - = - - 29
1009,

About 350,000,000 cu. ft. per day of this
water gas is desulfurized and contasted in a
synthesis reactor with a dense turbulent
bed of finely divided iron catalyst fluidized
by the upwardly flowing gaseous resetants
and reaction products at a temperature of
about 630° F., a pressure of about 325 Ibs.
per 89.-in. and a space velocity of abont
2500 V[V /hr. At these condilions about
11,000 'bbL per day of liguid hydrocarbons
1000bbl, per day of alechols and other
oxygenabed compounds and about 118,500,000
cu. ft, per day of teil gas are formed.
The tail gas has a heating value of about
407 ' B.Th.U. per cu. fi. Its composition
is abput as follows: -

H, - — — - 13.409

CO0 - - - - L.31%

CH, - - — - 24.34%

CH, - - - 3.84%

H, - - - 2.399

OH, = ~ — 0.06%

CH, - - — 0.23%

N, - - - - 4509 =

00y - — = 50.00%
160.009%,

The total amount of tail gas is subjécted
to eonversion as ouflined above at the
following reaction conditions :

Nickel

Caalyst

4 Particle Size .
_0=—320 Microns - 109,
2040 5 - . - 409
40—80 T "o
B0 o 104,
" - ) 1009,
Temperature 625°—675° 1.
Pressure _ 800 psig.
Throughput . 2000 V[V [hr.
Linear Gas Velocity . 1 Bt [sea,
Bed Density 75 Lbs. /CF
B a

Gas Recycle Ratio
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The gas issuing from the converber has a
hesting value of about 456 B.Th.U. few. {f,
and a composition about as follows :

B, -~ - - - 0.16%
GO — — ~ — 0.08%
CH, — - — — 21.55%
CH, -~ - - 6.96%
C.H, - - - 0.14%
Hy - — — 0.329
CH, - - — 0.01%
N, — ~ —~ - 5.20%
€O, ~ - ~ - 55.589,
100.00%,

This gas is cooled to about 100°F. and
serubbed of CO, with monoethanolamine
in twe steps as will be presently described.

Referring 4o Figure 2, the gas passes in
the first step upward through one or more

serubbing towers (234} ab -approximately .

300 psi pressure and is contacted counber-.
currently with o water solution of mono-
ethanolamine supplied through line (236).
In towers (234) the GO, content of the ovtlet
gas leaving through line (238) may be reduced
so that the U0, partial pressure Is sboub
24 Ibs. per sq. in. or the CO, content about
89%,. The COyrich solution is withdrawn
through line (240) from the boltom of tower
(234), reduced to atmospheric pressure and
sent 1o a flash drum (242) where the flashed
€O, is separated and withdrawn overhead
through line (244} while the solution is again
pumped back through line (246) vis pump
{248) to scrubber {234). The cirenlating
solution requirements depend wupon the
operating pressure, the origmal CQ; content
of the gas, the concentration of amine nsed
and, of courge, the tofal quantiby of gas
to be trested. For the present case aboub
2500 gallons per minute of 259% mono-
ethanolemine sclution will be ecirculated to
three operating towers (234) each having
a diameter of about O ft. and a height of
about 50 ft. The combined gas stream
from the three towers (234) enters the second
serubbing step which consists of a single
tower (240) which may be about 10f. in
diameter and 50 ft. high, supplied with
about 500 gallons per minute of 259, mono-
ethanolamine solution. In tower (250) the
CO,, content of the gas is reduced to approzi-
mately 2.59%, or any other range needed to
obtain the 1000 B.Th.U./CF heating value
desired. Final product pas is withdrawn
through line (2b1), The rich CQ, solution
released from tower (250) through line (252)
iz heat exchanged in heat exchanger (253)
with lean CO, solution and passed to a

reactivator {260) heated indirestly by steam

coil (262) at the bottom. The reactivated
solution is then pumped through lne (264)
via pump (266) back to scrubber (250}
through the sbove mentioned heat exchanger
(253) and a final cooler {269) to begin the

scrobhbing cycle again, €0, leaves scrubber
(260) through line (268), i desired, after
eooling with water in cooler {270) to reduce
monoethanolamine losses and to maintain
the desired concentration of the moeno-
ethanolamine.”

The gas, affer scubbing, amountz to
about 46,700,000 C.F. per day and has a
eompoaitiﬁn approximately =8 lished below :

s — - — - = 0.34
00— — — - = 0.17
CH,— - - — —69.24
CH, - - -~ —15.25
CH, - - - - 0.3
CHg - - ~ — 0.69
AR

a2 - - - - = .
0, - - - ~ 2.59

This gs_x has a heating value of about 1,000
B.Th.U., that is, about 250% of the heating
value of the tail gas prior to conversion,

If the tail gas had been serubbed of CO,
prior to conversion the heating value of the
secrubbed but wnconverted gas would have
been increased merely to about 800 B.Th.U.
per ou, ft. To raise the 800 B.Th.U./CF
of gas by 200: B.Th.U. /CF, about 3,700 bbl.
per day of butane are necessary, that is,
about % of ‘the total lignid hydrocarbons
produced in the synthesis stage wonld be
required to bring the heating value up to the
1,000 B.TL.U. obtained by the process.

Having now - particularly deseribed and
ageertained the nafure of our sald invention,
and in what manmer the same iz to be per-
formed, we declare that what we claim is :—

1. A propess for increasing the heating
valus of tail gas obtained by reacting CO
and H, in the presence of a Fiacher synthesis
catalyst under synthesis conditions and re-
moving normally liguid synthesis products
from the total syathesis product which
comprises contacting said tail gag in a
eonversion zone with a hydrogenating cata-
lyst under hydrogenating conditions adapted
for the substantially exclusive formation
of saturated normally gaseons hydroeérbons
whereby a final hydrogenated tail gas is
produced which contains 2 normally gaseous
mixture of high healing value having a
hydrogen ocontent amounting to only a
small fraction of that of the nitial tail gas.

2. A process according to Claim 1, wherein
the initial tail pas contains from 10—209%,
by volume of hydrogen, 1—59% by volume
of carbon monoxide and 20—409 by volmne
of esaturated and unsaturated normally
gaseous hydrocarbons.

3. A process according fo Claim 1 or 2,
whereln said hydrogenating catalysé has a
high selectivity for the formation of saturated
hydrocarbon gases from carbon oxides and
hydrogen. -

4. A process according to any ome of
Claims 1—3,: wherein said hydrogenation
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catalyst is synthesis oabalyst withdrawn
from the Fischer synthesis gone,

5. A process according to amy ome of
the preceding Claims, wherein said hydro-
genating conditions comprise temperatures
of 500—850° F. and pressures of 100—1000

- Ihbs. per sq. in.

10

15

6.” A process socording to any one of the
preceding claims, wherein said hydrogenating
catalyst is maintained in said comversion
zone in the form of a dense furbulent mass
of finely divided solids fluidized by an up-
wardly flowing gas. -

7. A process aceording to Claim 6, where-
In a portion of the gas Issuing fom said
conversion zone is recycled to the bobbom
portion of said mass. ‘

8. A process aceording to any one of

the preceding claims, wherein GO, is removed

from said final tail gas after the hydrogena-
ting trestment.

9. A process according to Claim 8, where-
in said tail gas is scrubbed of carbon dioxide
in a two stage scrubbing procedure, the
scrubbing ligmid of the first stage being
partly regenmerated by fashing and the
serubbing lquid of the second stage being
regenerated by driving off carbon dioxide
substantially completely.

_Dated this 21st day of April, 1947,

- . D, ¥OUNG & CO.
29, Bouthampton Buildings,
- Chanecery Lane,
London, W.C. 2.
Agents for the Applicants.

Abingdon + Printed for His Majeaty’s Stationery Office, by Burgess & Son.—1949.
" Published at Ths Patent Oifice, 25, Southampton Buildings, London, W.C.2, from which
copias, price 2s. 0d. each {inland) 25, 1d. {abroad) may be obteined.
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