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COMPLETE SPECTFICATION.

Tmprovements in or relating to the Method of Producing Hydrogen.

We, Prrrssurer Coxsonisarion  Coar,
Coupany, & Corporation organised under the
laws of the Btate of Pennsylvania, Unitad
Stutes of America, of Koppers Building,

5 Pittsburgh, Peunsylvania, United States of
America (Assignees of EvERETT Gomiy), do
hexchy declare the invention, for which we
pray that & patent may ba granbed to wus,
and the method by which it is to be per-

10 formed, fo be particularly deseribed in and
by the following statement:—

This invention relates to the manufacture
of Lydrogen and, mare particularly, v a
method of and apparetvs for maldng hydro-

15 gen from a gaseous hydrocarboun by reacting
tho latier with steam.

The primery vbject of the invention is to
provide an improved method end apparatus
for making hydrogen by the reaction of

90 steam and s hydrocarbon gas in the preserce
of Hime, '

Ancther object of the present inventlon is
to react stewu and a gaseous hydrocarbon in
the presence of lime under cerfain erbinal

95 conditions of pressura and temperature s¢
that & high yield of hydrogen s obfained
with little hieat, other than that supplied by
the reachion system, heing requirad to main-
tain the reaction.

30 A still further ohject of the invention is
o provide an improved methed for making
hydrogen ab- clevated pressures and tem-
peratures.

In accordance with the invenlion, a

85 method znd appavatue have haen provided
for producing hydregen in high yields in
relatively pure form under nearly thermao-
neatral conditions, i.e., Hifle heat other
than that supplied in  fthe reastion s

40 rerquived. The method comprises eirenlating
slewm and a hydrocarbon in gaseous phase in
intimate comtack with each other through a
rezotion zone eontaining suffivient caletum
vzide in granular form to absorb substun-

45 tially all the earbon dioxide prodiecad by
the steam-hydrocarbon reaction, the fem-
pevature of the reaction zone being between

1400° and ITGO°F. and the premure being

above shout 2.7 atmospheres shsoluta. For

each temporatnre within the range recited 50

there is a corrcsponding minimum pressure

above 2.7 atmosgpheres which must be main.

tained or esceaded. This criticel relabiom-

ship bebween the temperature and pressoxc

is expressed by the following empirical 55

equalion:-—

(1) p = 3.0 + 1.94 x 107* (r—1431) + 3.41
x 107% (+—L431)%

wheze p s pressure in atmospheres and t io

temperature in “F.

The practice of the invention produces
large yidlds of hydrogen gas of welupivoly
high purity with very littls heat being re-
yuired to maintain the reaekion. Optiraum
results ure obtained if the temperature Lics 65
within the range 1500° 4o 1650°F. and the
pressure is between 20 and 50 utmospheres,
provided the relationship expressed In equa-
tion 1 is oheerved. Also, it is preferred that
there be at least 250 parte by weight of eal- 70
cimmp, oxide present for each 100 perts by
weight of carbon cvombuined in the hydro-
carbon gee passed threugh the bed of lime.
Furthermore, when fhe hydrocarbon gas
conmists essentially of methane, ib is desivable 78
snd - preferred to employ a steam-hydre-
carbon ratio of from 2 tol to 4 to 1.

Due to the relatively mild temperatures
employed in the process, it is desirable to
add catalytic agents. While he lime iteslf 80
is a mild catalyst for the reaction, its caba-
Iytin activity can be supplementad by adding
small wmounds of more poftent catalytic
agents, particularly the metals of the
Copper, Nickel, Cobalt and Iron disposed on 85
suitable supports, i.e., copper on siliear gel,
nickel, sobult or iron on sluminm, fosed
magnesia ov silice. gel. Alternatively, the
catalyst may bs incorporated directly on the
Yme by Impregretion with aqueons solutions 90
of tha soluble =alty, i.e., mitrates. Or nickel
or stainless steel chips may be incorporated
directly in the bed :E. 2 uztalyst-_ :

For a betber vndersbanding of the Inven-
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tion, ite cbjeots and advantages, reference

should be had to the lollowing description

snd. to the atbached drewings, in which:—

Fig. 1 is a diggrammoatio iltustration of an

5 appacetus for carrying oub an embodiment
of the inventon; and

Fig. 2 is a disgrammatic illustration of a

modificution of the apparatus of Fig. 1
which is adapted to corry oub anotber and
) proferred enbodiment of the invention,

In the following descripbion of a speaifie
emhodiment of dhe imvention, by way of
pzample only, the new progess and appara-
tug are applied 6o the wonversion of methann

15 to hydrogen. It is to be understoad, how-
ever, that the invention is gemerally appli-

with steamy to produce hydrogen. Among
such hydrocarbon gases are inchided the so-
20 called pormgnent gases, such as methane,
ethane, propaune or bubane. Alse included
are bydvoearbon gasse jproduced by the

vaporizetion of liguid hydrocarbons ot the

temperatures of the reaction, =8 well &s
o5 hydrocarbon gases resulbing from the ther-
mal decomposition or cracking of liguid or
solid hydrocarbonaceons materials, such as
coal dar pitch.
Tha apparatus shown in Fig. 1 and its
B0 operation will now be deseribed. Numeral
10 Jdesipnates & reaction wessel which is
adapted to hald a bed of caleium oxids sup-
ported wpon w porous plate member 12 dis-
posad near the hottom of the vessel. The
55 bed of lime in firet boought b0 a temperature
between 14007 and 1750°F. by any suitable
means such ag exbernal heating of the vessel
or by burning producer gas or pulverized
coal in the vessel itself.  As soom as this
-40 temperature is_attained, stoan and methang
are iniroduced through valved conduits 11
nud 16, respectively, through the bottom of
the wvessel 10. The relufive
sbeany and methane preferably lie Detween
452 to 1 and 4 to 1 in order %o ohbain the
oplimum vonversion, of methane consistent
with efficient ubilization of ¥he sbeam, The
amaent of ime combzined in the bed is suf-
ficient to ahzorb subsbantially all of the CO,
:50 produced 23 & result of the reaction hefween
the steam and methane. Preferably, shere
are ab least 2850 parts by weight of the oxide
for eavk 100 parts hy weight of carbon econ-
tained in the methane pessed through ihe
S8 hed. The icle gize of the lime and the
velovily of $he steam and methane ave regu-
lated so thet the bed of lime is maintained
ag a fized or non-fiuidized bed rather than as
a fluddized bad. However, fluidized opera-
40 tion mey be used il desired, partiemlarly
when operating at the upper end of the tem-
perabnre vange. The pressurs within the
vessel is muintaived ebove 2.7 atmospheres
in aecordance with the relationship expressed
65 by equation 1 by menns of a valve locabted in

roportions of

the product gas line 20.

The reaction between the stewn amd
methene st @ tabperature between 14007
zagd. 1750°F, under pressures as specified
ahove preduces 4 gas conteimiug prineipally 7
hydrogen with relakively small amounts of
garbop, dicxide, corbon monoxide and wn-
reacted methane. BSubstantially all of the
oarbon dioxide prodnced is absorbed by the __
lime in situ with the resulting generation of 70
ezt which serves to supply most of the beat
required for the endothermis reaclion he-
tween the sbeam and the methans.  The

"additiomal heat required may be supplied iu

any mmiteble manrer as by extermal heating 80

of the walls of Lho vessel {nok shown} or by
cable o say hydrocarbom gas which reacts

burning the necessary smount of cwrbop
apeotts maherial within the vessel ifzelf, thab
i5, by {eeding in limited amomis of oxygen.
The produth gas is conveyed from tiie vessel 83
10 by a condmit 22 which leads te 2 cyclone
separator 24 where bthe gws Is separaled
from entrained splids, if any. The lafber
are then retnrned to the bed of lime hy
mesns of & dip leg 26. The produds gax is 8C
convayad o any suitable storage place or to

& subseijuent provessing stage thromgh the
conduif 20,

The regeneration -of caleivm oxide from
the caleinm carbenate produced in the above 95
reaction may be accomplished by heating the
bed to the decomposition telperature
preferably 1760° to 1800°F, snd prelerably
under fuidized conditions by meany of heat
supplisd by the combustion of producer gas 14
or by the combustion of pulverized coul, Tn-
arder $o accomplish this, it iz necessary 4o
reghlate the pariicle size of the Iime so that
wider cerbain veleeifies of inbel gas » nou-
fluidized bed may be maindained, that is, 1€

. during the hydengen gemeration eyels; and-

under eerbein other velocities of Infeb gas a
fluidized bed -may be maintained. The par-
ticle siza rangs of the lime to permit Huidized
dperation in the regeneration oyole and non- 11
fhuidized operation in the steam-bydrosazhon
_reackion cycle may be, for example, —30 to

<+ 200 mash on the Tyler scale. The linear
velooitics of the inleh gases during #he sboam-
hydrocarbon cycle may be of the order of 11
0,01 ta 0,10 feet per second under the pres-
sures required for this partiovler eydle. On
the other hand, & fuidized lime regeneration
procass which is zarried ouwb at substanfially
atmospheric pressure may be condueted at 12
Mnear velocitaes of the order of 1.5 feet per
second, i.e., 0.5 to 3.0 ft./sec. Bince the
vessal, when employed a8 a vegenerator, has

& higher capacity thas during -the stoam-
bydrocarbon eycle, one regeneration vessel 12
may be employed in conjunetion with any-
where from four to der sieam-hydroearbon
reaction wvessels. In much o case # will ba
necessary Ho withdraw the lime in o fuidized

_ shate from o Plu:ral:ii:y of vessels il fo @ vingle 13
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rageneration vessel (not ehown).

The following table lists the percentages
of each of the components of the dry gas
produet ae produced under differvnt sels of

5 temperature and pressure under relatively
long residence time conditions to permit the
reaction io reach equilibrium. The table
also includes, for purpose of comparison, the
composition of gas produced under the same

set of conditions where no lime iz employed. 10
Tt should be burne in mind that where uo
tme is employed, all the heat must be sup-
plied for the endothermie reaction of steam
with methans, while, in the cusges where
lime is employed, very ktile heat meed be 15
supplied in the system ito maintain the re-
acltion.

FPressure
Temperature Adtm. HO|GH,
20 fF. A bsolute, Rativ.
¥ ithout Lime
14313 10 2
30 a
1521 a0 2
05 1610 20 2
40 2
a0 4
T4tk Leme
1431 0 2
30 24
1621 30 2
1610 30 2
a0 ]
3o 4

t'as Compositions PerCent

Vol. %, Conversion of
H, 0 (f0, CH, Steam. Methane. 30
3.0 132 7.8 10,0 478 6L7
81.6 89 81 214 817 443
6.0 133 7.4 144 411 57.6
7.1 157 8% 3.3 464 T23 o5
685 146 62 07 43.9 66.0
5.3 127 9.3 27 251 830
81.3 6.8 2.4 9.3 594 684
sis 17 05 163 554 563 - 30
80.5 47 1.7 131 B44EH 6LSE
v8.2 122 3.9 &7 G5 761
77.0 89 3.0 111 Bl.3 66.0
84.8 7.8 6.3 23 36.6 910

85 Hererring now to Fig, 3 uf the drawings,
the preferred embodiment of the inveution
is disclosed. The apperatus disclosed there-
in comprises thres similar resgtion vessels
30, 3% and 34, respectively, in which a hed

.4 of ealeium oxzide is adupted to be supported
on pnrous plates 36, 38 and 40, respectively,
in the lower portions of the several vessels
ab the temperstures aud pressures previonsly
specified.  Each of the vessels is provided

45 with corvesponding inlst and outlet valved
eonduits for carrying gases. _

A main stezm lIine 42 coonnecis with a
hydrovarbon gas feed line 44 to form u con-
duit 48 for conveying o mixture of steam

50 ang hydrocarbon gas. A valve 48 in eonduib
42 and a valve 80 in condnit 44 serve te con-
trol the flow of steam and hydrocarbom gas,
reapectively, into the commoun conduit 46.
The latter opens into the top portion of

55 veesel 30 under the contral of a valve 32,
while a branch conduit 564 and & branch con-
duit 56 conneet conduit 46 with the corres-
ponding top portioms of veesels 32 and 24
with control valves 58 and 60, respectively,

60 disposed in the branch conduits 54 and 58
and ewTeeponding to control valve 92,

The three vessels 30, 32 and 34 are inter-
connected at the boltom of each vessel by
mieans of pas conduits 62, 64 wnd 86, huving

55 velves 68, 70 and T2, respectively, disposed
therein, By means of these valved intercon-
necting conduits, gas may he conveyed from
the bebtom of one vessel fo either of the
other two vessels,

70 At the top of the three vessels 30, 32 and
34, gas vonduits 71, 76 and T8, respectively,
are provided fur condueting exit or product

ases from the vessels $o cyclome separators

0, 82 and B4, respectively. The labler
serve to separate sciids entrained in dhe dis- 75
chargad gages and return ihe wolids to the
beds in the veesels through dip legs &6, &3
and 90, respectively. The solid-fres gases
from the cyclone separators are carried by
gas conduits, 92, 94 and 96, Tespectively, Lo 80
the juncture of two main gaseous discharge
systems. One gystem s adaphed to carry off
the hydrogen product when the vesel in
guestion iz funotioning as a hydrogen
generator, a8 will ba: described later, while 85
the other system is adapied 4o carry off flue
s when the vessel in question is operating
to regencrate the ealeium oxide.

Ths hydrogen discherge systpm comprises
u inain gas conduit 98 leading from condait 90
92 and communiesting with conduits 94 and
96 by means of two branch conduits 100 and
102, respectively. Valves 104, 106 and 108
in conduaite 98, 100 and 102 control the flow
of hydrogen gas thercthrough, The main 85
lina 98 is arranged fn heat exchange rela-
tion with fhe mai gteam line 42 by means
of a heat exchanger 110, A valve 112 in the
hydrogen 4ne 98 serves to regulale the
pressure maintained in the vessels 80, 82 and 100
34 when they aré functioning as hydrogen
generators.

The {ue gas discharge system comprises a
main gas conduit 114 which eonnects directly
with conduit 93 and with conduits 94 and 86 105
by means of branch conduite 116 and 118,
respectively. Valves 120, 122 and 324 are
provided in the conduits 114, 116 and 115,
respectively, to confrol the flow of flue pas
from the rospeclive vessels whem they are 110
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functioning es lime re-genarators. The main
flne gas discharge conduib 114 is exranged o
pass in heab exchange relation with the inley
gas-skeam feed line 46. )

57 Associated with the ihree vessels 30, 32
and 34 is a producér gas gemeration system

for providing fuel to regenerate lime in each-
of the vessels. This system comprises a.cosl -

lock hopper 126 which discharges inte a
10 motor-driven screw 128 through aconnecting
conduit 130,
gerew 198 4o & steam bine 184 which is a
branch from. the main steam conduit 42. The
passaga of steam through line 134 s com-
15 trolled by 2 walve 136, The branch steam
line 184 communiesbes with the hetbom -of
p producer gas<generator vossel 138 which is
provided with a valved ash discharge con-
duit 140, ap eir inlet conduit 142, and a
20 valved producer gas discharge line 144 af the
top. The ladier communicates with a
eyelone sepavator 146 from which entraimed
solids are returmed to vessel 138 through a
dip leg 148, ; A main conduit 150 for carry-
25 ing solig fice producer gas leads from the
eyelone 146 to dhe bobttom of vessel 30 and
conmunieates with the bobtbom of vossels 33
and $4 by means of branch conduits 152 zod
154, respectvely. Valves 156, 158 and 160
30 are disposed in. conduits 160, 152 amd 154,
respectivoly, to combrol the flow of producer
gas to the vessels acting as lime regenerators.
A. hrapeh gir condwit 162 leading from the
mpain air conduft 142 carries air to vessel 80
35 and'to vessels 82 and 34 through branch con-
dnits 164 and 166, respectively, Valves 168,
170 sad 172 are provided im these air com-
duits 162, 164 and 166, respectively, to con-
trol the fow of air to the respective vessels.
40 Also, valves 174 amd 176 are <disposed in air
" eonduits 142 mad 182, respectively, to regu-
hate the fw of air therethrough.
The spparatus shown in Fig, 2 and juwst
described operabes as follows, Wa have
45 found thak the yield of hydrogen s increased
even above that obtained by operation of the
sysbern shown In Fig. 1 if the reacticn
hetween the sheam and bydroomrbon gas s
firsl conducted fn the higher emd of the
80 range 14007 to I7B0°F. and then completed
at & temperature ab leass 100 degrues lower
bub still within the same rangs. This may
he accomplished by esbublishing a tempera-
ture gradient of at least 100 degrees within
55 the bed of caleium oxide in ons of $he vessels
30, 32 or 34.

The complete operation wof the system
tekey place in three consecntive cycles. In a
given cycle, ench.of the vessels 30, 32 and 34

60 perforrss 2 different function from that of
the other twe vessals; and, in the three von-
secitive cycles, the same vessel performs a
Qifferent funckion in each cycle. While onc
veszal in operating to regenerate lime from

65 calefum carhonate formed in the preceding

A conduib 132 conneols the”

eyele, one of tho other wo vessels is atilized
a3 « preheating zome to bring the {resh re-
actants up o tcmperature by means of a hot
bed of lime which was regonerated in the
immedistely preceding cycle. Sinec some 70
resciion takes place between the steam and
hydrocarbon gas in this preheating vessel, a.
temperature gradient is established between
the inlet wad outlet end of the bed and thus
conditions the bed to act ns tha mein hydre- 75
gen generator in the next gasuing cyele. The
third vessel i& ems In which a fempersture
gradient obtuins in the bed by virtue of lis
having cperated as a prehesting zone in the
preoeding eyele.  This vessel functions as $he 80
main hydrogen .gensrafor and, secordingly,

"at tha conclusion of the eyele contains lavgely

celulam carbonate which must then be re--
generated in the next eyele.

Referring specifically to Fig. 2, lsb us 85
sssume the vessel 30 s operaing as a lime
regenerstor, i.c., the ealeium carbenate
formed in the preceding cyule iy being re-
converted to caleinm oxide; vessel 33 is
fanctiouing as a preheating seme for eleva- 50
tirg the temperature of the gaseous reactants
to within the critical range; wvessel 84 iv
operabing as the main hydrogen-generator:

The operativn of vessel 30 s a lime
regensrator is_as follows. It should frst be 95

" sinted that, unless otherwise specifically pro-

vided, all numbered velves in the system are
cloged, Producer gas and air in the proper
proportions arve indroduced into the vessei
through conduils 160 and 162, respectively. 100
Valvas 158, 168 and 176 arve open. The
velosily of the gases ro introdunced I of fhe
order of pue foob per second.. The particle

size of the olids in the bed ix hebween —20 .
and +200 mesh. Consequently, the bed of 105
solids is meinteines In o fiuidized state upon

the porous plate 36. The combuslion of the
producer gas is repulated to preduce & tem-
peratuge 1o the bed in the neighborkood of
1750° to 1800°F. which is wbove the decom- 110
position print of caletum carbonate.  The
pressure . bho vessel ab the top of the bed

"is ‘essentially atmospheric. The five geses of

combustion and tha carhon dioxide evolved
from the carbonate wre carried to the cyclone 118
separabor B0 by conduit 74 and are there
frecd of enfrained solids which are returned
to the bed by the dip leg 856, Tho solid frea
gases are then discharged through conduils
92 und 114, walve 120 heing open,  The 120

“pperation of the vessel iz «tiseontirued when

the bed of solids consists essembially of cal-
olum oxide st a tempersture of about 1750°
to 1800°F. T _

The preducer gas. whilized in the sbove 125
operation s generated in vessel 138. Finely
divided eoul from hopper 120 is fed through
oonduit 130 o gerew 128 which forces the
ceal throngh conduit 133 into sbeam Hne 134,

The steam picks up the coal and conveys it 180
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to veesel 138, Alr is simmltaneously intro-
duced into the vessel through conduit 143,
valva 174 heing open. The roal partiele size
and inlet gas velocities are so regulated that

5 a fAuidized bod is maintained in the vessel.
Agh is withdrawn as necessary through con-
duit 140, while producer gas is conducted
through conduit 144 fo cyclome scparator
146, Entzained solids are veturned to the

10 bed through dip leg 148 and producer gas is
discharged to vonduit 150.

The operation of the preheating vessel 32
is as follows, Stesm and methane are fed
from conduils 42 and 44 inte conduit 16 in

15 relative proportions, regulated by valves 483
and 50, of preferably from 2 to 1 to 4 fo L.

.The resulting mixture of steam and
methane is cireulated in heat exchange rela-
tion with the hot fiue pag from vessel 30 and

o) theveafter conducted by conduit 46 tobranch
conduit 54 in which valve 58 is open. With-
in.the vessel 32, a bed of finely divided cal-

_ cium oxide having a particle size lcbween
90 and + 200 mesh is supported upon the

95 porous plate 38 in a fized or non-flnidized
state. The temperature of the bed is sub-
stantially uniform throughout and les
between about 1750° and 1200°TF. by virtns
of having been subjecied o the above ro-

80 generadion treatment in the preceding cycle.
The pressure in the vessel is governed by the
pressure established in vessel 34, as will be

. gxplaized later, and lies above 3.7 atmos-

pheres.

85 . The mizture of stewm and methane enter-
ing ke vessel 32 from conduib 54 is forved
to circulate downwardly through the hor bed

. of lime since all valves in the top discharge

lines ars elosed.  As the gasecus mixture
40 progresses downwardly through the bed and
hecomes heated to reaction {femperature,
sole reaction takes place. The carbon di-
oxide produved reacts with some of the lime
with resultant evolution of heat, A fem-
45 perature gradient is therefors cstablished in
the bed with the lower temperature being ui
the top whers most of the ﬂea‘t—ing of the in-
eoming gas is effected end where initial
endothermic reaction between steam und
50 methane occurs. The lower end of the bed
is maintained substantislly ab the original
tempersture by the heat evolved inm the lime
. —U0, resetion. The amount of the tem-
persttire gradient can be regulafed by the
55 velocity and lemperatuve of the inlet gases,
and by the depth of the bed. We prefer that
the gradient be ab least 100°F. The down-
flowing gases leave vessai 32 through con-
dnit B4 in whick velve 70 is open and are
&) then conveyed by conduit 66 to the botfom
of vessel 34, valve 72 beiug open. These
ased aTe nOw at a temperabure in the neigh-
borhood of 1750°T. and confain some re-
ackiom products by virtue of the preiiminary
@5 renstion in the preheating vessel 32.

The operation of vessel 34 ss a hy»drogen
generater i& as follows. A bed comprising
largeiy finely divided caleium oxide of a par-
ticle size hetween —20 and +3200 wmesh is
sapported on the pocons plate 40. A fem- 70
}ﬂera.t,u-re gradient of ab lemst 100°F, exisim

gbween the bottem and fop of the bed by
virtue of itg having funchioned a9 a preheat-
ing zone corresponding to vessel 32 in the
mediately preceding aycle. The dem- 75
perature of the bobtom of the bed is the
higher and lies in the neighborhood of
1750°F. The pra-heated reactant pases from
vesgel 32 enter the Dobtom of the vessel- 34
from conduit 88 at 2 velocity of 0.01 to 0.10 80
feet per second, which is insufficient: to. effect
fnidization of the solids in the bed. How-
ever, the porcus plate 40 ssrves to disperse
the gases unifermly throughout the bed.
Mast of the resctivn bebween the steam and 85
methane takes place at the higher tempera-
fure existing in the lewer portion of the bed
and is completed ab the lower temperaturs
ohtained in the upper portion. The tom:
peratures in the bed are mpinteined sub-ig
shantially at the smme level by the heat of
reackion between $he lime and carbon
dioxide, Should any additional heat be
required, it may be supplied by transfer
through the vessel walls or by combustion. of 95
a portion of the methane in the bed by the
addition of small amounts of oxygen through
conduit 166 (valves 176 and 172 being open).
The produch gases, comprising largely hydro-
gon, ave discharged from the vessel threugh 100
conduit 78 to a cyclone separator B4.- The
latter returns entrained solids do the bed
through dip leg 90, The solid free product
gas is thun eonveyed throuph conduits 96
and 102 (valve U8 being open) to the main 105
hiydrogen line 88. The latter carries the hob
gas in heat cxchiange relation with the inleb
gheam line 42 to a suitable sturage or subse-
quent purification stage. Valve 112 is regu-
lated to meiotain the pressure in vessel 34 110
and alse in vessel 3% at the desived -valug
which Is determinad by equaticn 1, the tem-
perature employed for this purposs being the
Jowesh existing in ‘the hydrogon generator 34.

The wompmsition of the gas produced in 115
vessel 34 depends upon the temperatures and
pressures employed tut, n general, a larger
percentage of hydrogen is obtaimed then in
the case where no temperature gradient is
employed.  For example, reference to the 120
wbove table shovs that at 1610°F. and 50
atmospheres pressure with a H,O/OH, ratio
of 2/1, a gas confaining 75% bydrogen is
oblained. Tnder the same conditions, ezcep®
that the upper portion of the bed in vessel 125
34 is maintained at 1450°F. wad tho bothom
poction ab 17850°F., a gas containing 929
hydrogen Is produced.

In the second cycle of upcrebions of the
three veesels 30, 32 and 84, vessel 30 operates 180
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45 & prebeating “zose and comsequently
-funotions:in the sata marmer as vessel 32 in
the firab eyele jusb deseribed,  Vessel 32
becomea the hydrogen gemerator and is
5 pperatad the zanie as.vessel 34 dn tho above
deseribed cyele.  Vessel 34 becomes the lime
regenerator om creduction of presmra fo
atmospherie corresponding to vessel 30 in the
first oyale, Similarly, in the third and last
10 vycle, . vessel . 80, hecomes the hydrogen
generator; vessel 32, the lime regeneratar;
and’ vessel B4, the preheating zome. Since
each vessel is prowided with the correspond-
ing conduits, abe.; the operasion of each in
15 ity respective rolt is {he same ag shat of the
cozrpesponding role just deseribed.
What we ¢laim ig:—
1. The method of producing hydrogen from
agpaus hydrocarbons which comprives ciren-
ﬂﬂiﬂhﬂg a hydrocurhon in gaseous phase and
steamin concurrent inbimate contach with sach
“other through a reaction zone Gondaining oul-
cinmy oxide in pranularform, maintaining the
reachion zone at atempsrature hebween 1400°
25 and 1760°F. ,and ob-a pressure above 2.7
afinospheres absolute, the amount of oxide
being sufficient to absorh mubstenticlly all
the. ‘warhon dicxide produced, the pressure
within: ssid reuction zene exceeding that
30 given by the smpirical rolationghip:— .
pi= 3.0+ 1.9 x 107% (—1431) + 8.4l
210 (14310
where pr is the reachion pressure in atmas
pheres ond ¢ Is the temperabure of the
35 reaction zone in °F. and recovering the
gasgouys produst, . .

2. The mﬁhﬁd'mccmﬂiﬁg to Claim 1 or 2,

in which the amount of oxids is-at least 250

parés by welglst for each 106 parts by weight

40 of cwrbon conteined in the geseous hydro-

carbott. :

3. The melhed acotrding to Claim 2, in

which the temperatawe of the reaciion zone

. I8 maintained between 1500° and 1650°F.

+45 and fhe pressure bebween 20 and 50 abmos-
fieres

p*i. The methed according to any of the

preceding dabms, in which ihe hydrocarbon

ges is mothans and the sterm-methane patio
5pisfrom2to ltoddol. -

§. The method according to Claim 1 ox 2,
in which dhere is 8 bgmperature gradient of

at leash 100°F. bibbtween, the inlei and the
outlet of the reaction zome with the higher

55 tomporature being of the inleb end. _

: 6. The msthed -of produeing hydrogen
which, gomprises heating a bed of granular
valvium oxide in & reaciion zone to w sub-
stantially uniform temperadure in the upper

80 erd of the rangs 1400° fo 1750°F., circulat-

ing ebemzn end a hydrocerbon in gaseous

phase downwardly through said bed wntil a

temperature gradient of ab leest 100°F. 1=
cotablished bebween the top and hobbom
thereof, cireulating the gases issuing from 65
the bottom of said remciion zome upwardly
through a bed of granular calcium oxide in

a second reachion zoma, the tempereturc of
the bed in said second zome being between
1400°  and 1TH0°F., maintaining the 70
pressure of both of said reaction mones above
2.7 abmospheres almolute, the smounr of
osteiwm oxide In said zones being sufficient
%o absorb all the carbon dioxide produced by
the reachion of steam and hydrocarbon gas 75
oirevlaling therethrough, recovering the
grseous product from tha second zome, thers-
after - dreulabing “steam sad hydreearbom.
gas upwuardly through the first zome, and
recoveringy the gaseous product.

. 80
7. The mebhod sccording o any of the

-preceding claims, wherein the ealeium oxide

is regenerabed from the caleivm carbonate
resulfing from the method according to the
preceding claims, the regemerstion. being 85
affected by heating the: calcium carbonate to
Hy decomposifion temperature of preferably.
between 1750 and I800°F., the heat being
proferably supplied by the combustion of
producer ges or of pulverized -anal. 90
8. The methad aecording to Claim 7,
wherein the regenerstion tekes place nmder
fluidized conditions. ;

2. The method according to Claim 8,
whereln the pacticle size of the czloium 95
ozide i3 so regulated that under <ertain
veloctbies of inlet gay o fluidized bed iz main- -
tained, while under certzin other veloeities
a pon-fluidized hed is maintained, the mon-

Muidized hed being maintained during the 1pp

hydrogon generelion cycle.

10. The methiod acoording to Claim 9,
wherait, bo permit fuidized operation in the
regeneration cycle and non-fiuidized opera-
tion in the stearmn-hydrocarbon reaction cyole, 105
the particla size of the caldum cwxide iz be-
tween —-20 und +300 mesh on the Tyler
soule, the inlet gas velocity during the steam-
hydrecarbon reaction eyele is hebween 0.01
and 0.10 ft. per sccond, and the inlet gas 110
velaciby during the rageneration oyele is
between 0.5 and 3.0 £t per second,

11. The methed of producing hydrogen
substantially as deseribed with reference to
the ying drawings, 115

‘Dated the Tth day of September, 1850.
For Pittsburgh Consolidation Coal Compuny, -
STEVENS, TLANGNER, PARRY &
ROLLINSON,
Charterad DPatent Agents,
379, Quality Court, Chencery Lane,
London, W.(0.2,
And ab 120, Hast 418 Strech, Now Yook, 17.
New Yok, T.8.A, -

Priuted for Her Majeniy’s Siatienery Office by

Wickes & Andrews, Lid, B.0.4. 3D7244 1058,

Publighed at Fhe Patent Odfice, 26, Sonthampton Buildings, Tipndoen, W.CR, from which eopies -

e — e e

. may he obtained.
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673333 COMPLETE SPECIEICATIO
2 SHEETS  Tais drawing Is @ reproduction

the Original on 9 reduced scale.
SHEETS 1 & 2
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