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COMPLETE SPECIFICATION.

Improvements in or rclating to the Method of Producing Hydrogen.

We, PrrrserreE  CONSOLIDATION Coan
CompsNy, a Corporation organised under
the laws of the Stafe of Pennsylvania,
United States of Ameriea, of Koppers

5 Building, Pittsburgh, Pennsylvania, Umited
States of America, do hereby declare the
invention, for whieh we pray thai a patent
may be granted to us, and the method hy
which it is to be performed, to be pardi-

10 cularly deseribed in and by the following
itatement :—
__ ' This invention relates to the manutaciure
" of hrdrogen and, mors particularly, to a
method of and apparatus for making
15 hydrogen from s gageous hydrocarbon by
reacting the latter with steam.
. The primary ohject of the invention is to
- provide an improved method and apparatus
for makiug hydrogen by the reastion of
20 steamn and a hydroearbon gas in the pres-
enee of barinm oxide. _
~ Another object of the present invention

" fato react steam and & gaseous hydroearbon

in the presence of barium oxide under

95 certain eritieal conditions of pressure and

temperature so that a hizh yield of hydro-

., gen s obtained with litile heat ather than

© *T that supplied by the reaction system being
required to maintain the reaction.

53 A still fuether chjeet of the invention is

1o provide an improved method for making

... hydrogen at clevated pressures and

" {emperatures. .

i accordance with the invention, a

85 method and apparatus have been provided

for producing hydrogen in high ylelds in

_ ‘relatively pure form under generally ther-
monentrsl eonditions, ie., little or no heat
other than that supplied in the reaction is

40 required. The method comprises eirenlat-
ing steam and & hydrocarbon in gaseous
phase in intimafe contact with each other
throtgh a reaction zors eontaining suffici-
ent barium oxide in granular form to
45 sbsorb substantially all the carbon dipxide
produced by the steam-hydroearbon reac-
tion, the temperature of the reaction zone

being between 1700° and 2300°F.. and the
pressure being about one stmosphere abso-
Jute or greater. For each temperature 50
within the range recited thera is a corre-
sponding minimum pressure above one at-
mosphere whieh must bhe maintained or
exeeaded. In the range 1700° to 2060°F,
the minimum pressure is about one atmos- 55
phere and, in the range 2060° %o 2300°%,,
the rclationship between the temperafure
and minimum pressure is expressed by the
following empirieal equation : :

(1) p=1 .+ 49 X 10 (t -2050)
where p i85 pressure in atmospheres and t is
temperature in °F,

The practice of the invention produeea
large yields of biydrogen gas of relatively
high purity with very little heat being xe- 85
guired to maintain the reaction. Opiimum
results are oblained if the temperature Hes
within the range 1750° to 2060°F, and the
pressure is between 20 and 50 atmospheres,
Algo we yprefer that there be at least 800 76
parts by weight of bharfum oxide present
for each 100 parts by welght of carbon con-
tained in the hydrocarbon gas passed
through the bed of barium oxide. Further-
more, when the hydroearhon gas consists 78
essentially of methune, it iy desirable and
preferred to employ a steam-hydrocarbon
ratio of from 2 to 1 to 4 to 1,

Tor g beiter understanding of $he inven-
Lion, its objects and advantages, reference 80
should be had to the following deseription
and to the attached drawings, in which:

. Fig. 1 is a disgrammatic illustration of
on apparatus for carrying out an embodi-
ment of the nvention; and

Fig. 2 is o diagrammaiic fllustration of
2 modifleation of.the apparatus of Fig. 1
which is adapted to carry cut another and
prelerred embodiment of the invention.

In the follvwing description of a. specific 3¢
smbodiment of the invention, by way of ex-
ample only, the new process and apparslas
are applied to the conversion of methane to
hydrogen, I is to be understood, however;

6
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thet the invention is generally applicahla
{0 any hydrocarbon gas whieh reacts with
steam to produce hydrogen, Among sueh
- hydrocarhon gases are included the so-
.5 valled permanent gases, such as methane,
ethane, propane, ox bufane. Also included
are hydroearhon gases prodoeed by the
vaporization of Hguid hydroecarbons at the
{emperatures of the resction, as well as
10 hydrocarbon gases resulting from the
therrial deromposition or cracking of Hguid
or golid hydrocarboraceons materisls, such
as coal tar piteh.

. The apparatus shown in Fig. 1 and its
15 operation will now be deseribed. Nmumnexal
10 designates a Teaction vessel which is
adapted to hold & bed of barium oxide sup-
ported npon. & porous plaie menmber 12 dis-
posed near the bottom of the vessel, The bed
ap of barium oxide Is first hrowght o a tem-
perature betwean 1700° and 2800°F. by
any suitable means such ag external heating
of The vessel or by hurning producer gas ar
pulverized coal in the vessel itself. Assoon
25 o5 this temperature is aftained, steam and
methane are infrodueed through wvalved
conduits 14 and 16, respectively, through
the Lottom of the vessel 20. The relative
propartions of steam and methane prefer-
30 ably lie between 2 to 1 and 4 to 1 in'order
o ohtain the optimum eonversion of
methane consistent with the cffigient ntiliz-
. ation of the steam. The amomt of barium
~ gxide contaihed in the bed is sufficient to
35 ahsorb substantially ail of the CO, pro-
" Jueed as a result of the resction between the
steam and methane, Praferably, there are
ot Jeast 80D parts by weight of the oxide
for each 100 parts by weight of earbon
40 contained in the metbane passed through
" the bed. The particls size of the oxide and
the veloeity of the steam and methame are
preferobly regulated so thet the bed of
barizm oxide is maintained as fixed or noy-
45 flaidized bed rather than as a finidized bed.
* fPhe latter, iowever, may be emplayed if
desired, The pressure within ths vessel is
maintained aliove one atmosphers in aceord-
anes +with the relationship prpressed by
&0.equation 1 by means of a valve located in

the product gos Line 20; )
_The. veaction between the. steam and
methane at o iferaperature between 1700°
and 2300°F, undcr pressure as specified

55 above produees a gas.containing principally

‘hydrogen with relatively small amounts of
carbon dioxide, earbon menoxide and unre-
acled methane, Substantially a1l of the
earbon dioxide produesd i3 absorbed by
80 the hariom oxide in sity with the resnlting
generation of heat whivh serves o supply
most, if not all, of the heat required for
the endothermie reastion between the steam
and the methane. . Additional heet, al-
65 thomgh it is generally not reqmired, may

bs suppled in any suitable manner ax by
external heating of the walls of the vessel
{not shown) ¢r by hurning the necessary
amount of carbonaceous material within the
vessel itself, that is, by feeding in Hmited 70
ameunts of oxygen, The prodnet gas iy
sonveyed to any suitable storage piace or
to & subsequent processing stage through
the condnit 20. : :

The regensration of barinm oxide fzom 75

“the barium carbonate produced in the

above resstion may be aecomplished by,
kreating the bed to the decomposition tem-
perature, preferably 2800° Lo 2350°F, by
means of the heat supplied by the vombus- 80
tion of producer gus or pulverized coal
Preferably, however, the regeneration of
the barium oxide i earried out in a flui-

" dized bed rather than a fixed bed. In ¢rder

tc zecomplish. this, it i8 necessary fo B85
regalate the particle size of the oxide 6o
that under certain velocities of inlet gy

a non-flnidized hed may be maintained,
that is, during the hydrogen generation
eycle; and under certain other veloeities of 80-
inlet gas, a finidized bed may be main.
tained. The pavticle size rangs of the oxide

to. permit fAmidized operation in the regen-
eration cyele and non-finidized operation In
the steam-hydroearbon reaction avele may 95
be, for example, —20 to 1200 mesh -on the
Tyler scale. The bnear velacities of the
inlet gases during the steam-hydrgearbon
eyele may- be of the order of .03 io 0.80
feot gacond under the pressures re- 100
quired for -this particular syele. Oxn the
other hand, a fluidized oxide regeneration
process which ig earried out at substantially =
atmospheric pressyre may be condueted at
linear velogitiss of the order of 2.0 feet per 105
seeond, ie., 1.0 to 4.0 £t/sce. '
 The following table Jists the percentages

-pf sach of the components of the dry gas

produet as produced nnder difierent sets of
temperature and pressure under relatively 110
long residense time condilions to permit
the reaction to reach equilibrium. The
tehls also includes, for purpose of eompari-
son, the composition of gas preduced under

the same set of conditions where no harinm 115
oxide is employed. It should he horne in
mind that where no barium oxide Is em-
ployed all the heat must be supplied for the -
endothermic renstion of steam with me-
thane, while in the cases where harium 128
oxide is employed, very litle or no heat
need be supplied in the system to mainfain
ihe reaetion. Inthe examples of the table,
Jinstead of pure harium oxide its equivalent
Ba0.BaCO, was employed. The laticr s 125
preferred in those instanices where it Is

- Qedired to operate at a8 low {emperatures s

porsihle since its regeneration temperafure
Jis lower than that of Darium oxide.
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Pressure
Temperoture  Atm, H.0/CH,
°F, Absolute Ru#ie Hy
5 Withomt
B &0 .B&C 0.\
1750 30 2 73.1
30 3 5.1
1400 10 2 5.3
10 30 2 74.7
With
Ba.O.B&OOa
1750 30 9 88,1
30 3 89.9
15 1900 10 2 95,k
30 2 97.2

Gas Compositions Per ceni
Vol. % _
Conversion
o a0, CH, Steam Methane
126 43 4 50.6 85.1
18.6 6.4 1.5 383 921
209 3.3 0.7 bb.2 972
2083 84 15 54D 94.0 10
0.3 — 1.7 92.8 93.5
0.04 — 03 665 19,9
40 01 04 908 98.6 15
1.4 003 1.4 91.9 94.6

Referring now te Fig. 2 of the drawings,
the preferrad embodiment of the invention
is disclosed. ‘The apparatus diselosed

20 therein comprises three similor reaction
vessels 20, 32 and 84, respectively, in which
o bed of barium oxide is adapted to be
supported ‘on porous plate 38, 38 and 40
vespectively, in the lower portions of the

g5 seversl vessels at the temperatures and
pressures previougly specified. [Fach of
the vessels is provided with corresponding
inlet apd ocutlet valved conduits for earry-
ing pases.

80 A main stcam line 42 connects with e
hydroearhon gas feed line 44 to form a
conduit 46 for conveying a mixfure of
steam and hydrocarbom gas. A valve 48
in conduit 42 and a valve 50 in conduit

35 44 serve 1o contzol the #ow of steam and
hydrocarhon gas, respeetively, into the
common conduit 46, The latter upens into
the top portion uf vessel 30 under the eon-
{rol of & valve 52, while a branch eon-

40 dwit 54 and a branch conduit 56 connect
conduit 46 with the eorresponding top por-
tions of vessels 82 and 34 with control
valves 58 and and 60, Tespeetively disposed
in the branch condnite 54 and 56 and cor-

45 responding to contrel valve 52. '

The three vessels 30, 32 and 34 are inter-
gormested zt the hottom of each vessel by
means of pas econduits 62, 64 and 66, hav-
ing valve 68, 70 and 72, respectively, dis-

50 posed thereon. By mcans of these valved
interconnecting eonduits, gaz may be con-
veyed from the bottom of one vessel fo
gither of the other two vessels,

At the top of the three vessels 30, 32

55 and 34, gas conduits 74, 76 and T8, respee-
tively, are provided for eonducting exit or
produet gases from the vessels to cyclone
sepavators 80, 82 and 84, respectively,
The latter serve to soparate solids en-

80 trained in the discharged gases and retorn
the solids to the beds in the wessels
through dip legs 86, 88 and 90, respee-
tively. 'The solid-free gosen from the
eyclons separators are carried by gas eon-

duits 92, 94 and 96, respectively, to the 6%
juneture of the two main gaseoms dis-
charge systems. One system is adapted to
carry off the hydrogen product when the
vessel in question is funectioning as & hy-
drogen generator as will be deserthed later, 70
while the other system is adapted to carry
oft flue gas when the vessel in guestien
is operating to regenerate the barium oxide,

The hydregen discharge system com-
prises a main gas eonduit 98 leading from 78
conduii 92 and eommmnicating with con-
duits 94 and 96 by meaus of two branch
conduits 100 and 102, respectively. Valves
104, 106 und 1038 in conduits 98,
100 and 102 eontrol the flow of hydrogen 80
gns therethrough, The main line 98 is
arranged in heat exchange rclation with
the main steam line 42 hy means of a hLeat
exehanger 110, A valve 112 in the hydro-
gon line 88 gerves-to repulate the pressure 8%
muintained in the vesssls 30, 32 and 34
when they are functioning ay bhydrogen
Eeneralors,

The flue gas discharge system comprises
a mein gag conduit 114 which connects 90
directly with eonduit 92 and with conduits
94 and 96 by means of branch eonduil
116 and 118 respectively, Valves 120, 122
and 124 are provided in the conduits 114,
116 gnd 118, respeetively, to control the g5
flow of flue gas from the respective vessels
when they are fanetioning as barfum oxide
regenersiors. The main flue gas dissharge
conduit 114 is arranged to pass in heat
exchange relation with the inlet gas-steam 100
Teed line 46.

Assooisted with the three vessels 30, 58
and 34 is o produeer gas generation sys-
tem for providing fuel {o regeneratc barinm
oxide in cach of the wvessels, This system 105
ecomprises 2 coal lock hopper 126 which
discharges into a motor-driven screw 128
throngh a connecting conduit 130, A eon-
duit 13% eonnects the screw 128 to a steam
line 184 whieh is a branch from the main 130

-steam condnit 42, The pasgage of steam

through lime 134 i controlled by » vaive
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186. The branech steam line 134 communi-
cates with the bottom of a producer gas
generator vessel 188 which is provided with
& valve agh diseharge cdonduit 140, an afr
5 inlet econduit 142, and a valved producer
was discharge line 144 at the fop. ‘The
latiter comrnnnieates with a cyclone separe-
tor 146 from which entrained solids are
 returned to vesscl 188 through u dip leg
‘§0 148, A main eandnit 150 for carrying
solid free producer gas leads from the
eyclone 145 to the hottom of vessel 30 and
eommmuunicates with the bottom of vessels 52
and 34 by means of branch conduits 152
15 and 1654, respeetively, Valves 156, 158 and
160 ave disposed in canduits 150, 152 and
154, respcectively, to control the fow of
producer gas to the vessels acting as
barium oxide regenerators. A branch air
a0 conduit 162 leading from the main air
conduit 142 carries air to vessel 30 and to
vessels 32 and 34 through branch conduits
164 and 186, redpectively, Valves 168,
170 and 172 are provided in these air con-
25 duits 162, 164 and 166, respeetively, to con-
trol the flow of air to the respective vessels.
Also valves 174 and 176 are disposed in air
conduits 142 and 162, respectively, o regu-
late the flow of air therethrongh, :
8) 'The apparatus shown in Fig. 2 and just
deseribed operates as follows, We have
‘found that the yield of hydvogen is in-
areaged even above that obtained by opera-
tion-of ihe system shown in g, 1 if the
35 reaction batween the steam and hydrosar-
ben gas is first condneted in the higher end
of the range 1700° and 2300°K, and then
. completed at a temperature al least 100
" degrees lower but still within the same
40 range. This mxy be aceomplished by
establishing a temperature gradient of at
least 100 degrecs within the bed of barinm

, . uxide in one of the vessels 30, 32 or 34
The complete operation of the system
45 takes place in three consecutive oycles, In
a given cyele, each of the vessels 80, 32
and 34 performs a different function from
that of the other two vessels; and in the
three consecutive eycles, the same vessel
50 performs a different function in ench eycle.
‘While onc vessel ig operating fa regenerate
barinm oxide from barium sarbonate for-
wed in the preseding eyele, one of the other
two vessels ig utilized as a preheaiing zone
55 to bring the fresh reactents-up to tem-
perature by means of 5 hot bed of barium
oxide which was regenerated in the im-
. mediately préceding eyele, Since some ve-
action takes place beiween the steam and
0 hydrocarbon gas in this preheating vessel,
a temperature gradient is established be-
{ween the inlet and outlet end of the bed
and.thus condifions the bed lo act as the

main, hydrogen generator- in-the mext em- .

85 suing eyele: . The third svessel -is ome in

which a temperature gradiemt ohtains in
the bed hy virbue-of its havin%lﬁperated
ab & prcheating zone in the preceding cycle.
'Fhis vessel functions as the main hydrogen
generator and aceordingly at the conclu- 70
gion of the cyele contains largely barivin
sarbonaie which must thenm be regenerated
in the next oyele, . :

Referring speeifically to Fig. 2, et us
gssums the vessel 30 is operating-as a7h
bariuvin oxide regenerator, ie,, the barium -
garkonate formed in the preceding cycle
is being reconverted to barhmm oxide.

The gperation of vessel 30 as a barium
oxide regenerator i as follows. It should 80
first be stated that, umless otherwize speei-
fically provided, all numhered valves in the
gysiem are closed. Producer gas and alr
in the proper proportions are introdaced
into the vessel through eonduifs 150 and 85
162, respectively, Valves 156, 168 and
178 are open, The velocity of the pases
go introduced is of the order of two fest
per seaond, 'The particle size of the selids
in the bed is between —20 and + 200 mesh. 90
{onsequently, the bed of solids is main-
tained in o fnidized state npon the porous
plate 86. The combustion of the producer
gas g regulated to preduce a temperaturs
in the bed In the neighhenrhood of 2800° 95

“to 2350°F. which is abeve the decomposi-

tion point of bariom earhonate. The pres- -
gare in the vessel at the top of the bed
is essentially atmospheric. The flue gases
of eombustion and the sarhon divxide 100
evolved from the carbonate are carried to
the eyclone separator 80 by conduit 74 and
are there freed of entrained solids which
ars returned tg the bed by dip leg 86, - The
solid free gases ave then dischereged 185
through conduits 92 snd 114, valve 120
being open. The operation of the yessel iz
discontinged when the bed of solids com- *
gists, esmentially of barinm oxide at a tem-
perature of about 2300° to 2ZLO°F.

The producer gos utilized in the ahove

110

-operation is generated in vessel 138, Finely

divided coal from hopper 126 is fed
through conduit 130 to serew 128 witich
forces the coal threugh conduit 132 into 315
fteam line 184. The steam picks up the
cogl and conveys it to vessel 188, Air is
simnltanecusly ntrodused into the vessel
throngh condnit 142, velve 174 heing open.
The coil particle size and inlet gas veloei- 120
ties are so regulated that a flwidized bed. .

is maintained in the vessel. Ash Is with-~
‘dvawn as neeessary throngh eonduit 140

while producer gas is condueted throngh
conduit 144 o eyclone separator 146. En- 125
trained solids ave returned to the bed
through dip leg 148 and pruducer gas I' -
digcharged Lo conduit 150, .

Phe operation of the prehesting vessel
'$9 is as follows. Slewm and methane are 130
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fed from conduits 42 and 44 into eondult

in rvelative groportlons regulated by
valves 43 and 50, of m from 2
to 1l o 4to 1,

53 The resulting mixture of sieam and
methane I8 cireniated in heat exchange re-
lation with the hot flue gas from vesscl
3¢ and thereafter condueted by conduit 46
to branch conduit 54 in which valve 58

101z open. Within the vessel 32, a bed of
finely Jivided barium oxide having a par-
tiele size between —20 and +200 mesh is
supported mpon the poreus plate 38 in a
fixed or non-fluidized state. The tempera-

15 ture of the bed is substantially uniform
throughout and lies befween about 2300°
and 2350°1", by virtue of having been sub-
jected to the above vegeneration trestment
In: the preceding eyele. The pressure in the

20 yessel is governed by the pressure estab-
lished in vessel 84 as will be explained later
and lies above one atmosphers.

The mixture of steam and methane en-
tering the wvessel 83 from conduit 54 Is

26 foreed to eivenlate downwardly through
the Lot bed of harium oxide sinee all valves
in the tep discharge lines arc closed. As
the gaseous mixtura progresses downwardly
throngh the bed and hecomes heated fo re-

80 action temperaturs, some reaction takes
place, The carbon dioxide prodneed rve-
aets with some of the barium oxide with
zesultant evolution of heat. A tempera-
‘ture gradient i3 therefore established in

. 85 the bed with the lower temperature being
at the top where mwost of the heating of
the insoming gas is effected and where
initial endothermic reaction betwesn steam
and inethane occurs. The lower end of the
40bed is maintained substantially at the
original temperature by the heat evolved

in the barium oxide-CO, resction. The
amount of the temperature gradient can

be regulated by the velocity and fempera-

. 45 tnre of the inlet gases, and by the depth
of the bed, We prefer that the gradient

be 2t least 100°F. The downflowing pases
leave vessel 32 through eonduit 64 in which
valve 70 is open and are then eonveyed

S0 by conduit G6 to the hottom of vessel 34,
valve T2 belng open. These gases are now
at a temperature in the ne:ghhorhoud of
2350°F. and contein, to & minor extent,
some resetion products by virtue of the

55 preliminary reaction in the preheating
vegsel 39,

The operation of vessel 74 as a3 hydrogen
generator = as follows., A bed ecompris-
ing largely finely divided barium oxide of

60 5 particle size between -—20 and 200
mesh is supported on the porous plate 40,
A temperature gradient of at least 100°F.
oxists hetween the bottom and {op of the
bed by virtue of ils having functioned as

65 5 preheating zone corresponding to vessel

82 in the immediately preceding eyele.
The temperature at the bottom of the bed
is the higher and lies in the neighborhood
of zhout 23aO°F The prebeated.reaciant
gases from vessel 32 enter the hottom of the 70
vessel. 34 from conduit 66 at.a velocity of
0.08 to 0.30 feet per second, which is in-
sufficient to effect ﬁmdmam of fhe molids
in the bed. llowever, the porous plate 40
sorves fo disperse the. gases uniformly 75
thorughoui the bed. Most of the reastion
hetween the steam and methane takes place
at the higher tempersture ex1st:lng in the
lower portion of the bed and is enmpleted
at the lower temperature sbiained in the 80
upper portion, The femperatures in the
bed are maintained substantially ot the
same level hy the heat of reaction hetween
the barium oxide and earhon dioxide.
Should any additional heat be required, 85
it may be supplied by transfer thiough
the vessel walls or by combustion of a por-
tion of the methane In the hed by the
addition of small amomnnts of oxygen
through eonduit 166 (valves 176 and 17320
being open). The produet gases, compris-
ing Iargcly hydvogen, are dischavged from
the vessel through eondnii 78 to a eyclone
geparator 84, The latter returns entrained
solids to the hed thraugh dip leg 90. The 85
golid free product gas is then conveyed
through couduits §6 and 102 (valve 108 be-
ing open) to the main hydrogen line 38.
The Iatter carries the hot gas in heat es-
ehenge relaiion with the inlet steam line 190
42 19 o snitahle storage or suhsequent puri-
fication stage. ; Velve 112 is regulated to
maintain the pressure in vessel 34 and also
in vessel 52 at,the desived wvalue which is
determined by equetion 1, the temperature 105
employéd for this purpose being the lowest
existing in the hydrogen generator 34.

The composition of the gas produced in
vesgel 34 depends wpon ihe temperatures
and pressures employed but in gemeral = 110
somewhat larger percentage of hydrogen is
ohiained then in the case wheve no tem-
perature gradient iz employed. For ez-
ample, reference to the above table shows
that at 1900°F, and 30 atmospheres pres- 115
sure with a H,0/CH, ratic of 2/1, a gas
contgining 97% . -hydrogen is obteined.
Under the sama eonditions except that the
upper portion of the bed I vessdl 20 i
maintaimed at 1800°F. and the Iuwer por— 120
tion at 2300°F., a: gas containing 98.5%
hydrogen is produced. Although this type
of operation does. not produge hydrogen
of substantially greater purity than the
isothermal fype of. operation it has ‘the 195
advantages of (1) superior heat esgnomy
since the latent heat of the regenerated
BaOQ hed is utilized and (2) a higher
throughput §% atiained withoui seerifieing
Lydrogen purity by taking advantage of 130
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the higher Teaetion rate at the higher tem-
];;g;ratures prevailing over a.portion of the
Tn the second.oyele of operation of the

J§ three vessels 50, 32 and 34, vessel 30 oper-
atey a8 o preheating zone and eonsequently
funetiond in the same manner gs vessel 32
in the first cyele just deseribed. Vessel 34
beecomes the hydrogen generator and is

10 oporated the same as vessel 34 in the above
lescribed eyele, Vessel 34 becomes the
harinm oxids regenérator upon reduction
of pressure to atmospherie corresponding
to vessel 80 in the first eyele, Similarly

5in the third and last eyele, vessel 30 be-

- eomes the hydrogen generator; vessel 32,
4he barium oxide regenerator; and vessel

34, the preheating zone. Since each vesgel

is provided with corresponding eonduits,

40 cte., the operation of each in its respective
role is the same as that of the correspond-
ine role just deseribad.
gt we elaim is:—
1. The method of producing hydrogen
25 from gaseous hydrocarbons which ecom-
prisas eireniating & hydrosarbon. in gaseons
phese and steam in eonourrent intimate
sontact with caeh other through & reaction
zone eontaining barium oxide in granular
30 form, maintaining. the reaction zone at &
temperature between 17009 and 2300°F.
snd af a pressure of at least ome ulmo-
sphere absolute, the amount of oxide being
qufficient to absorb substantially all the
535 carhon - loxide produced, the minimum
pressure of the reaction zone being sbont
one atmosphere for-the range 1700° o
2050°F, and being related to the tempera-
turc for the range 20502 to 2300°F, by the
40 empirieal eguation g
P—1+4.95(10—* (t —2050)

where p is the reaction pressure in atmo-

spheres and ¢ Is the temperature of the re-

acilon mone in °F.

9. The method according to Claim 1, in
which the smount of oxide is at least 300
paris by weight for each 100 parts by
weight of earbon contained in the gaseous
hydrocarhon.

2. The method according o Claim 2, in
which the temperature of the reaction zons
is meintained between 17500 and 2050°F.
and the pressurc between 20 and 5 atmo-

_ wpheres.

55 4 The method according to any of the
preceding claims, in which the hydrocarbon
ras is methane and the stenm-methane
ratio is from 2 to T to 4 1o L

5. The method aceording to Claim 1, in

- 50

60which there is a temperature gradient of.

at least 100°F. hetween the inlet and the
outlet of the veaction zone with the higher
temperature being ai the inlet end. .
. The method of producing lhydrogen
Swhich comprises heating a hed of granular

bariumt oxide in a reqetion gone o a sub-
stantially uniform- temperature in the
apperend bf the yange 17007 to 2800°F,,
cireulpting steam and a hydrocarbon in
gageons. phase downwardly: through said 76
bed wmtil a temperature gpradient of af
least 100°F. is established between tha top
and. hottom thereof, cireulating the gases
issping: from the bottom of seid reaction
zone npwardly through a bed of granmiar 75.
herium ozide in a sccond veaction zone,
the temperature of the bed in said seeond
zone being beiween 1T00° and 2800°F,
maintaining a pressure in both of said re-
action zomes of ot least one atmosphere 80

. shscluie, the amount of barium oxide in

said zones being sufficient to absorb all the
carbon dioxide preduced by the reaction
of. stearn and hydrocarbor gas civeulating
thersthrongh, recovering the gaseous pro- 85
duci from the second, zone, thereatter cir-
enlating steam and hydrocarbon gas up-

_vwardly throngh the fivst zone, and recover-

ing the gaseous product.

" 7. The method according to any of the 80
preceding elaims, wherein the barium oxide

iz regenerated from the barinm ecarboxate
resulting from the method aecording o the
praceding. claims, the tegeneration being
offected by heating the barium earbonatc 95
to its decompogition temperaiure of pre-
ferably between 2300° and 2350°F., the
‘heat being preferably supplied by the eom-
bustion of producer pas or of pulverized -
eoal. . 100
.8, The method eecording to Claim 7,
wherein the regeneration tales place under
flgidized eondifions.

..9. The method sceording t¢ Claim 8,
wherein the particle size of the harimm 195
oxide iz so rffltélam that under eertain
yelocitles of inlet gas a fluidized bed I
maintained, while under eertain other veln-
cities a non-fluidized bed is maintained, the
non-fluidized bed being maintained dnring 110
the hydrogen gemeration eyele.

.., 10. The, method aceording to Claim J,

wherein to pexmit finidized operation in
the Tegeneration cyele and non-fluidized
operation in the steam-hydrocarbon reac- 115
tion aycle, the particle size of the barinm
oxide 35 hetween —20 and +200 megh on
the Tyler seale, the inlet pas veloeity duwr-
ing the steam-hydrovarbon reaetion cycle
i between 0.03 and 0.80 ft, per second, 120
apd the inlet gas velosity during the re-
goneration oyale is between 1.0 and 4.0 fi.
per secand. T '

‘11 The methed of producding hydrogen
sybstantislly as deseribed with reference
%o, the accompanying drawings,

':'if‘::u:':
Pirresore CossotwarioN Cosn (JoMPaNy..
= QTEVENS, LANGNER,
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