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COMPLETE SPECIFICATION.

Process and Apparatus for Manufacturing. Gas rich in Hydrogen and
Ozides of Carbon Mainly Carbon Monoxide.

We, UNITED EXGINERERS & CONSTRUCTORS
Ic. of 1401 Arch Street, Thiladelphia,
hiladelphia Cuunty, Pennsylvania, Ubited

- Stales of America, a Corporation organised

5 mnder the laws ol the State of Delaware,

United Stales of America, do hercby declare
the invention, for' which we pray that a
patert may he granted to us, and the method
by which it is to be performed, to be par-

10 ticuluzly described in and by the following
statement - —

The presemt invention relates to the
production of a gas rich in hydrogen and
oxides of carbon, mainly carhon monoxide,

15 Move particularly, it relates 1o a cyelie
process comprisirg a rcaction between =
hydrocarbon in the guseous state and steam,
known as relomming, for the inanufacture of
4 gas which is especially suitable, wpon

20 appropriate enrichment with a hydrocarbon
gas, for distribution as a combusiible gas in
city gus mains, and can Le made inter
chargeable with presently avaiflable manpu-
factured gases distributed in city gas mains.

25 The invention also relates {w a novel appara-
tus in which the described process may be
carried out.

Heretofore, the reforming of hydrosarbons
has been accomplished for the wmost part by

30 passing them through a coke fire, preferably
with process steam admixed. In this WayY,
thermal crackivg ccours with the formation
of hydrogen and earhbon. Little or nene of
the carbov content of the hydro-carbon,

86 however, is converted directly to carbon
moucxide I the vapour phase, although
some of the deposited carbon may be cone
verted fo carbon monexide and hydrogen by

. _ teaction of the eteam with the hot coke fre

40 betl: Generally, however, the carbon which
is deposited in the fuel bed s consumed when
blasting the fire, On the other hand, the
carbon which passes out with the gas clogs
the gas maing and condensing apparatus and

" 45 must be scrubbed from the gas by water
[Price 2/8) .l .

e ) f‘b‘_.',j !

i

sprays or precipitated electrically, at con-
siderable added expense. Furthsmmore, such
carbon is obviously lost te the gas-making
pracess.

It is known that hydrocarbons iu the 50
gaseous slafe can be reacted with steam to
liberate hydrogen and af the same time form
carhon monoxide by union of the carbon of
the hydrocarbon gas with the oxygen of the
sleam, and liberation of udditional hydrogen 55
from the steam,.und catalysts have been
employed to permit the reaction to take
Place at a temperature below that a which
thermal cracking cccurs, in order to avoid
productivn of carbon as an end product. 80

The equipment Litherto nsed for catalytic
conversion of the hydrocarbons with steam
is very costly. 1t has mainly consisted aof
high alloy metal tubes or retorts filed with
cafalytic matesial heated externally in a 63

-furnace, The hydrocarben gas and steam are

pussed through the catalytic material con-
tinuously with production of hydrogen,
carbon monoxide, and small amnmnts of
carbon dioxide. The process conducted in %0

. Such equipment has certain disadvantages.

Thus the temperatuie of the catalyst Is
maintained by conduction of the heat from
the firnace, through the tubes, to supply the
heat of formation of the product gas and its 75
sensible heat. The conductivity of the
catalytic materfal in discrete particle form is
not high so that the melallic tuhgs or retols,
if the catalyst 15 held at a high temperature
of, {or example, frofn 1600°F.~1800°F.. nust 20
operate at a temperature not very far below
the maxinam. safe temperature of the most
resislant metat alloy tubes and hecessarily
higher than the reaction temperature of Lhe
cafalyst. Fucthermore, since the conduction HA
frow particle t¢ partcle of the catalyst is
poor, the ternperature of the catalyst nexi to
the tubs or retort wall is higher than at the
centre, ‘making a nov-uniform temperature
acruss the tube or retort. In addition, not 6o
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only are the high allny metal tubes expensive
and subject to -covsiderable maintenance
costs Lut the multiplicity of tubes requires a
multiplicity of valve connections and flow
.5 maters which in turn add {o the expense of
- installatiow. - :
 Because of these dilfficulties, inherent in a
guniinuous, externally heated reforming
system, varivus cycho procestes have been
10 suggested. One such process involved the
nse of & catalyst bed which was alternately
blasted with bmaing gases fo store heat in
the catalyst followed by passing the hydro-
carbon and steam through the bed to effect
15 conversion. However, by this method, in
order to avoid destruction of the cafalyst
bed by excessive combusiion temperatures,
. the guantity of heat stored in the catalyst
bed was limited with the result that the
20 incoming cocler steam and hydrocarbon gas,
coupled. with the high heal requirements of
the reforming reaction itself rapidly cocled
the catalyst to below reaction temperatures
‘end -caused wide rapid fluctuations in
25 temperature, Also since the heat required
for raising the reactants to reaction temper-
ature ond for the resulting cndofhermic
reaction, was supplied by the heat stored I
the catalyst bed, excessively large amounts
ap of catalyst, a very expensive ifem, were
requized to provide enough heat storage. In
addition, i many of these pror cyclic
processes, relatively large wmounts of carbon
znd other combustible materials were depos-
35ited on the catalyst which decreased its
activity and <clogged the gas passages
through the catalyst bed.
A ecent substantial improvement in
cycliz catalylic processes for produeing a gas
4() tich in hydrogen and exides of carbon, mainly
carbon monoxide, ie described in Application
No. 7588/50 (888,878), in accordance with
which in one part of the cycle finid fuel is
burned in & combusion chamber and the hot
45 products of combustion are passed through a
zone conlaining heat storage material and
then through a zome of catalyst, to store
heat therein and fo supply the heat required
for the process, In the other part of the
50 cycle, the reacting hydrocarbon gas mixed

with steam, and, iv the preferred embodiment .

with air, is conducted first through the zone
coataining heat storage maferial, which
serves as a preheating zome, to preheat the
55 mixiure, and then thromgh ihe zone con-
taining the catalyst in which the reaction
takes place, producing a clean gas in which
the hydrogen of the reacting hydrocacbon hys
been liberated@ and the carbon thereof has
60 been combined with the oxygen in the steam
(and of the air if air is nsed) to form carbon
moncxide aml carbon dioxide. Dy this
procedure, before the reuclants are brought
in contact with the catalyst they are blended
65 and uniformly preleated in a preheating

zone containing the heat storrge matedal
which in tumn is heated by direet contact with

"the combustivn gases in the heat storege

portion of the cycle. When distributed, as
city gas, if such veed is desired, the gas70
produced during the reforming portioa of the
vycle will have had mixed therewith a
predetermined portion of normally gaseous
hrydrecarhon in order tu provide the desjred
calorific value, This process oveicomes 75
many disadvantages of the prior arf pro-

_cedures.

There are, however, several imitations on
the above-describod process. As indicated.

" ahbove, the entrance portion of the heat 80

storage zone is adjacent the combustion
zeme so that the burning fuel, through
radiation and direct contacl, imparts ex-
tremely high témperatures to the first portion

of the preheating zome. Yet, since the85
incoming hkydrocarbon and steam, and air, if
used, employed during the reforming portion

of the cycle comtact this purtion of the heat
storage material, there is danger of thermally
cracking initial portions of the hydrocarbon 90
with the deleterfous formation of carbon.
This danger places a limitation on the vigour

of combustion tolerated in the combustion
zone, end yet due to the cooling effect of
these incoming matexials on this same portion 95
al the heat sforage zone, logether with the
averall heat requirements of the process, it

is desirable 1ot to have such a lmitatien. As

a necessary corollary to (his limitation is the
difficulty duc to faulty ignition of [uel during 100
the Leating steps because the cooling effect

of the incoming rteactants reduced the
temperature of -ihe combustion zone wnd
mitial portion of the heat stuxage zone fo
below ignition temperatures. Therc is thus 105
presented the problem of maintaining suffi-
cient temperatire in the catulyst zone, while

-limiting temperature at the end of the heating

step in order o provide operating temper-
atares which neither swing so high as to causc 110
thermal cracking nor so low as to prevent
normal ignition of the fuel or to extinguish
the bwming fuel i already igmited. The
fiuctuating surface temperaturcs at the infet

to the mreheat zoue also canse spalling ol 115
the Drickwork and suppurting arches.

A fuorther problem presents itsell in
mainiaiing the catalyst in a high state of
activity., It is the metal (Nickel, and the
like, as discussed 1more in detail heremadtcr) 120
in its elemental state which is primarily
relied npon for catalysis, yet during the
heat-storage portion of the cycle, there is &
strong tendency for the metal to be converted
to $ts pxride which is relatively a poor catalyst: 125
This is patticularly true wlen excess Air is
employed which may be desirable to ensure
complete combustion during the heatmg
period. In addition, if the catalyst is per-
Titted to remain idle, it may gradually revert 130
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Lo the oxide form. While it may he expected
that the hydrocarbon being relormed might
itself act as a reducing agent to return the
oxide to metallic form, it is lound that they
5 are poor and reluctant reducers 50 that there
is Litle reducing action where the reactants
first enter the catalyst bed.
;- This problem is recognised in the said
Application No. 7588/50. (668,978), and it is
0 pointed out that in certain circumstances
* where the combustion products  folmed
durirg the heating poriion of the cycle are
products of incomplete or pattial combusion
of the fuel, 5o as to be mixed with tLe pro-
0 dnets of the reformation step to alter carfain
* charucteristics, these pariial combusiion
‘products, passing through the catalyst bed
during the heating portion of the cycle tend
to maintain the cafulyst in a reduced condi-

20 tion, Howcver, even products of Incomplete
combustion are not extrenely active re-

. ducers, and sincs combustion efficiency is
low wlere only partial combustion is em.
ployed, it is often desirable ty employ cotm-

23 plete combusion during the heating ste], even

" to the extent of having excess air present.
. The present process, in addition to elimin-
atirg the aforementioned diffculties _and
Bmitutions, provides other improvements,

30 among which are the recovering of sensible
heat from leating gaces and hot product gas
and the regenerative use of this heat to pre-
beat incoming reactants: and the levelling
out of the cyclical temperatnre flutuations

86 over (hie entire system.

: It is the principai object of the present
invention to provide a cyclic process for the
catalytic reformation of bydvacarbons n the
gaseons state and sieam into a gas rich in

40 hydrogen and  oxides of carbon, mainly
- earbon monoxide, useful as a component of a
campustible gas and which, among other
YISes, C4n Serve as a source of gas for distripu-
tion in city gas mains, which process presents

45 improvements over the present reformution.

precadures.
-~ A further ohject is to provide a eychc
process tor the catalytic production of o gas
of the type described wherein danger of
50 thermally cracking the bydrocarboun reactant
" before it contacts the reforining catalyst is
eliminated.
Another object is o provide a eyelic
catalytic process of the type described wiicre-
Sin there is no procedurul limitation on the
" vigowr of combustion employed during the
heat storage steps.
Another object is o provide o cyelic
catalytic process of the type described i
G0 which is ‘eliminated the danger of faulty
* ignition of the fuel dugin g heating sicps due
to “cavling through contact wiih process
reactants covipled with limitalions placed on
the vigour of combusion during the heating
G5 steps, :

Another object is to provide a process of
the type desciibed in which termperature
Huctnations are. reduced and thus wherein
spalling of tefractory material in the com-
bustion chamber and heat storage zones is 70
elimingted, '

Still another object is to provide a cyclic
catalytic process of the type described
wherein sensible heat remaining in the heating
gases and in the hot product gases is recovered 75
and used to preheat reaciamts during the
reforming steps.

Other objerts, including the provision of
@-uovel apparatus in which to carry put the
present process, will be apparent from a 80
consideration of the following specification
and the clajmns, '

The improved cyclic Drocess of the present
invention comprises, in ene part of the
cycle, burniog a #nid fuel in 2 vombustion 85
chamber and passing the resultirg hot
produets of combustion, in paralle] throwgh
two confined paths, each of which comnprises,

In serics, a zone of refractory heat storuge
material, a catalyst zane, and a second Zome 90
of refractory heat storage materal, storing
heat therein; in another part of the ecyele,
passing a hiydrocarbon in +he gaseons ‘state
and steam, and in the preferred embodigent

alr, in series, through each of said paths in 95
onc direction, recovering the resulting pas
rich in hydrogen and oxides of carbon,
mainly carbon monaxide; and in still another
part of the cycle passirga hydrocarbon in
the gascous state and steamm, and prefcrably 10D
also air, in series, through each of said
paths In a dirention epposite to the first said
Dassage, and recoverirg the resuliing gas
Tich in hydrogen and oxides of carbon,
mainly cabon monoxide. 103

The operation of the present invention may
be more clearly undecstond from & considera-
tion of the accompanyirg drawings in which «

Tiguwre 1 shows diagrammatically an
apparatus in which the process of the Present 110
inventon wuy be carrjed out; and

Figure 2 shows diagrammatically another
form of apparatus in which the present pro-
cess may be cdrried out,

In Figure 1, 1 represents a refractory-lined 115
combustion chamber. 2 and 3 represent,
tuspectively, refractory-lined  chaigbers,
Chambers 2 and 8 are in dow-commmunication
with each other, and with combustion
chamber [, af their bases, and each containg 120
a first Lieat storage zone, 4 and 5, respectively,
supported as by firebrick arches 6 and 7,
Tespectively; a catalyst zope, 8 apl a9,
respeclively, supported as by arches 10 and
11, mespectively; and a seeond beat storage 123
wone, 12 and 13; respectively, supported as
by arches 14 and 15 respeciively. The heat
storage zomes consist of Tieat storage refrac-
tory bodies such as firebrick arranged -in
familiar checkerwork pattern as shown, or 130



1 689,762

randomly amrarged plecgs of refractory
material, or a combination of both.
Numerels 31 and 82 represert respectively
the air and fluid fuel =upply means for
5 combustion to heat the apparatus, and 16
ard 17 represeni, zuspectively, the stack
vatves through which the waste heating
gases may be-discharged to the atmosphere,
or to waste heat boilers (not shown) belfore
10 beivg vented to the atmosphere. The en-
trances for the hydrocarbon reactont and
steam for passage during a refomming ruan
down throngh chamber 2 and up through
chamber § are shown at 18 and 20, respec-
15 tively. Likewise, the entrances [or hydre-
catbon teactant and steam for passage
down through chamber 3 and up through
chamber 2 are shown at 19 and Z1, respec-
tively. In accordarce with the preferred
20 practice of the invention, air is also cmployed
during the reformation tuns, and the en-
trarces for air ivlo each chamber depending
npon the direction of fAow are shown at 22
ard 23, respectively. As will be discussed
95 miore in detail hereinafter, = portion ol the
process steain may be admitied into com-
bustion chamber £, and this supply means is
shown at 24. ¥ach of the condwts supplying
the varous moaterials is supplied with a

20 suitable valve, us showx, to conirol the flow

of materials. _ .

26 reprcsents the conduit throwgh which
product gas leaves chamnber 2 for passage to
. storage by way of conduit 28, wash box 29,
35 and conduit 30. Similarly, 27 represents the
conduit through which the product gas leaves
chamber 3 for storage, alse passing through
conduit 28, wash box 28, and condnit 30.
Thres-way valve 25 governs the fow of
20 gases through condnits 26 and 28, respec-
tively, into waush box 29. In accordance with
Tnown gas practice, lhe product gas may
pass throngh a waste heat boiler {not shown)
before reaching the wash box. Although =
45 sommon wash box is shown, it will be
understood that this iz not critical and each
chamber may have its own product-recovery

system. . .
The operation, as stated, is cyclic and the
50 process compuises first a heating or heat
storage (or blasting) period during which air

and a fluid fuel are admitied through con-

nections 81 and 32, respectively, combustion
taking place in combustion chamber 1. The
35 hol combustion products are divided and
part passes through chamber 2 and part
passed throigh chramber 8. During this
parailel flow, the het combustion products
pass, first through first heat storage zones 4
60 and 5, respectively, storing heat therein, then
through catalyst zones 8 and 9, respectively,
sloring heat therein, then through second
heat siorage zones 12 and 13, respectively,
storing heat thercin, and thence ouf io the
65 atmosphere through stadk valves 16 and 17,

respectively. Aficr the sct iy liceled fo
reactirg temperature, the admisston of fuel
and air is texminated, stack valves 16 and 17
are closed, and hydrocarbon reactant and
steam, and preferably alsc alr, are passed In 70
series through both paths fizst in onc direc-
tion, and then, with or without an intervening
heating period, in the other direction. Ilor
the sake of ilfustration, the reactants will be
passed from left to right and then from right 75
to Jeft without an intervening heat storage
period although it will bo readised that an
additional heating period may be interposed
between the first gas-making mmn and the
second reverse gas-making run, Thus assum- 80
ing that the set iz at reaction temperature
by virtue of the above-described heating step,
and the stuck valves closed, connections 18
and 20 are cpened admitting hydrocarbon
reactant and sieam into chambor 2. At the 85
same time, three-way valve is adjusted to
permit fluid flow from conduit 27 to conduit

28 and the gas recovery system. If desired,
and in accordance with the preferred efmbodi-
ment, process air may Dbe admiited by g0
opening connection 22. The various gaseous
materials pass first through the second heat
storage zone (12) of chamber 2, becoming pre-
heated; then through catalyst zone 8 where g
portion of the gaseous reactants becomes 95
converted to hydregen and carbon monoxide;
then through first heat storage zone 4 of
chamber 2 and through first heat storage
zone 5 of chamber 3, where {he gaseous
reactants zre further heated; then through 100
catalyst zone B where corua}plete reformation
takes place, and the resuliing product gas
rich in hydrogen and carbon meonoxide
pasees throngh second heat storage zone (13} -
of chamber 3 where some of the sensible 105
heat reteined by the gases is given up to the
refractory materials. The product gas is then
passed o storage by way of conduits 27 and
28, wash box 29, and vonduit 30.

Connections 18 and 20, and 22 if process (10
aiy was used, are then tuined off, and connec-
tions 19 and 21 are opened to admit the
hydrocarban reactant and pracess steam to
chamber 8. At the same time, three-way
valve 25 is adjusied to permit fluid fow 115
through conduit 26 to conduit 28 and the
product gasTecovery systern. If air i
employed, it may be admitied throvgh cop-
nection 23. The gaseous materials pags, in -
series, through heat storage zone 18, catalyst 120
zone 9, heal storuge zome 5, heat storugé
zone 4, catalyst zone 8, and heat storape
zone 12; and, as deseribed in congpection
with the first-deseribed passage from loft 1o
right, the reactanis become mixed, pre- 125
heated, partially reformed, further heated,
and scompletely reformed in that order, the
resulting gas rich in hydragen and carbon
maonoxide giving up sensible heat o heat
storage zone 12. The product gas is led-off 150
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to storage by way of conduits 26 and 28,
wash Dox 29, and conduit 30, The cycle is
then repeated by reheating the apparatus us
_ described Tollowed by the two gas-maling
3 Tuns, fivst in one direction then in the reverse
direction. .

Figure 2 illustrates another embodiment of
the apparatus in which the present procuss
may be practised. The spparatus lustrated

10in Figure 2 is similar to that Mustrated in
Figure 1, except that in Fignre 2 the
combustivn chamber precedes the two Tean.
tion chambers, whereas in Tigure 1 the
combustion chamber is located between the
18 two reaction chambers, The Process, how-
©ever, In either case is the same. I Figure 2,
41 represents the refractory-line combristion
chamber, 42 and 43 respectively, represent
the refractorylined reaction  chambers,
20 Chambers 42 and 43 are in fow-commuiica.
tion al lheir bases with each other and with
tke rombustion chamber. Each of the
‘reactivn  chambers contains .a first heat
storage zone 44 and 45, respectively, sup-
28 ported as by firebrick arches 46 and 47,
respectively; a catalyst zone 48 and 49,
tespectively, supported as by fircbrick arches
Srand 51, tespectively; and z second heat
storage zome 52 and b3, respectively, sup-
30 ported as by fliebrick arches 54 and 55,
respectively. The heat storage zones are as
described in conmection with Figure 1,
Nurmerals 71 and 72 rapresent respectively
the =it and fluid fuel supply means for
38 commbustion to heat the apparatus, apd 56
and &7 represent, respectively, the stack
valves through which +he wuste heating
gases sy be discharged to the atmosphere,
or 0 waste heal boilers {not shown), before
40 beirg  vented to the atmosphere. The
entrances for the hydrovarbon reactant and
steam for passage during a reforming run
down throngh chamber 42 and up throngh
chamber 48 are shown at 58 and 60, Tespec-
45 tively. Likewice, the cntrances for hydro-
carbon reactant and steam for passage down
throngh chamber 43 and up through chamber
42 are shown at 58 and 81, respectively, As
- stated, in accordanuy with preferéd practice,
§0air is aleo employed during the reforming
mns, in which case process air may be
introduced -through comnections 62 or 63
depending upon the divections of flow of
. _Teaction gases. As in Figure 1, a portion of
55 the process steam may be introduced o the
combustion chamber, ag through cormection
64, Each of the conduiis supplying {he
various materials is provided with 4 suitable
valve, as shown, to control the flow of
60 materals,
' -86 represents the conduit through which
product -gas leaves chamber 42 for pRssage
to storage by way of conduil 68, wash box 69,
and valved conduit 70. Similarly, 67 repre-
65 sents the condnit thepugh which product gas

leayes chamber 43 far passage to storage by
way of conduit 68, wash box 69, and conduii
70. Three-way valve 65 controls the flow of
gases ‘through conduits 66 and 67, respec-
tively, into wash box 69. As stated in con- 70
nection with Figure 1, the product gas may
pass thivugh'a waste heat hofler (not shown)
before reaching the wash box in accordance
with known gas pPractice. Tt will also be
understood that separate product Tecovery 73
systems may be emplayed, rather than {he

.commen system illastraied in the drawing.

The apparatus illustrated iu Figare 2 may
be conveniently prepared from a conven tional
carburetted water gas set. Hor example, the 80
combuslion chagber 41 may be the gensrator
of & conventional water gas set with appro-
priate modifiestion, as obvions, if a finid fuel
is lo be empluyed. Chamber 42 may be a
varburetter shell axtended in height fo that 85
of the superheater shell which may be used
as chamber 48, With the installation of heat
storage zones and cafalyst zones, and the
repositioning and addition of certain flyid
connections, as is clear from the drawing, thes 90
extended carbwretter and the superheater of
a water gasset can be converted to apparatus
suitabie for the practice of the inventon.

The operation of {he appardtus of Fignre 2,
is similar, as stated, to the operation of the 95
apparatus of Figure 1. The process is evelie
and comprises first a heating step dnring -
whith air and a fumid fuel are admitted
throygh eonncetions 71 and 72, respectively,
combustion taking place in combusten 100
chamber 41. The resulting hot products of
combustion are taken off as two streams
passiog  in  parallel and simultanecusly
throngh. chambers 42 agd 45. Duriog this
paraliel flow, the hot combustion guses pass 105
first through first heat storage zones 44 and
45, respectively, sioring heat therein ; then
through catalyst zones 48 and 48, fespec
tively, stodng heat therein ; and thenee to
the atmosphere through stack vulves. 36 and 110
57, respectively, After the set is healed to
reacting temperature, ihe admissioy of fuel
and air is terminated, stack valves 56 and 57
are closed, and a hydrocarbon in the gaseous
state and stcam, and preferubly also wir, are 115
passed in serdes thraugh both chambers, first
in one direction, and then witl or without an
intervening-, beating period, in the other
direction. Since Figure 1 was deseribed in
terms of A _gas-making i in one direction 120
followed by o gas-making run in the opposite,
or reversc, direction, withont a healing period
being interposed there hetween, Figure 2 will
be described in conneclion with snch a
procedure hut in which a healing period is 125
interposed hetween the two gas-maling runs,
Thus, in beginning the first gas making rin
of the cycle, the Liydrocarhon reactant and

_steam, ate adiitted, for example, through

comnectiens 59 and 8], respactively, for 130
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adinission to chunber 48, Thice-way valve
65 is adjusted to permit gas Row throwgh
conduil 56 Lo corduit 88 and the product
recovary system. 1f zir is to be employed, it
5 may be admitied through conduitf 63. The
varlous gaseous maledals pass fist through
second heat sforage zone (53) of chamber 43
becoming preheated; then through catalyst
zone 49 where they are parlially converted fo
10 hydrogen and carbon monoxide ; then through
first heat storage zome 45 of chambar 43
and through first heat storage zome 44 of
chamber 42 where they are further heated;
fhien [hrough catalyst gone 48 where com-
15 plete reformation tekes place; and the result-
ing praduct gas rich in hydrogen and carbon
monoxide passes throngh second heat storage
zone 52 of chamber 42 where some of its
sensible heat is given up to the rciractory
20 material. The prodnct gas is then passed to
storage by way of conduits 66 and 68, wash
bhox 69, and cendunit 70.
Before the tewmperature of ‘the apparatns
falls fo below reacting fempcrature, the
.25 described gas-making run is terminated, snd
the system icheated as described above.
When sufficient heal is again stored in the
apparatus, the second gas-making run of the
cycle is begun, this time with fiow of the
80 reactants in a dircetion opposite fo that of
the first described gas-making run. Thus,
with the adjustment of three-way wvalve 65
to permit gas flow through conduit 67 1o
conduit 68 and the product recovery system,
55 the gaseous hydrosarbon and steam are
admitted through conduits 58 and 60,
respectively to chamber 42, I[ alr Is
ciployed, it is admitted throngh conduit G2.
The various gasdous materials now pass in
40 serfes fivst through second heat storage
zone 52, catalyst zone 48, first heat storage
zomes 44 and 45, catalyst zone 49 and second
heat storage zone 53, and, as deseribed in
coonection with the firsi-described passage
45 from right to left, the eactants become mixed
-~ and preheated, partally reformed, further
hcaicd aud completely reformed, in thal
nrder, the resulting gas tich In hydrogen and
carbon monoxide givirg up sensible heat io
50 hicat storage zone 53. The product gas Is led
off to storage by way of conduifs 87 and 68,
wash box 69, and conduit 70. The cycle is
{hen repeated by reheating the apparatus as
described, pecforming a gas-meldng run in
55 one ditection, again eheating us described,
and performing a gas-making run in the
reverse direction. :
Tn the catalyst bods, the following Eypical
reactions ¥ake place (where natural gas is the
60 gascous hydrocarhon being reformed):
: (1) With steam, CH,{-Hy0=8H,+CO
(2) With air, CH,430,41.9N,
=21, 4-C0O-11.8N,
T+ will be realised that in accordance with
85 common gas-making practice steam purges

may be, and preferably are, made between
the heating and the gas-malking portions of
the cycle, or between the gas-malting and
heating portions of the cycle, or both. In
add#ion, in a eycle where no heating step is
interpozed between the gas-making run in one
diraction and the gas-making run in the
other, or reverse, direction, a steam purge
may be cmployed belweenr gas-making
runs. These puiges, as known to those 75
familiar with the gas-making art, serve to
clear the system of undesirable gases which
may contaminate the generated gas or
serve to force residual desirable gases to
storage. 80

As stated previously in connection with
the drawing, the apparatus may be provided
with a connection for admitting a portion of
the process steam to the combustion chamber
during the gas-making portions vf the cycle. 83
Tlis is to temper the mduly high femper-
atures which may resull in the combustion
chamber unless some of the heat is withdrawn
therefrom, and which may result in the
deterioration of the refractory lining of the 90
combnstinn zone. Of course, the stean: so
adinitted will be preheated in the combustion
zone and may then mingle with the reactants
passing in  series through the reaction
chahers. Likewise, a minar portion of the 95
process air, if used, may be admitted as
throngh the conduii through which alr for
combustion is admitied, thereby beconirg
preheated and preventing the temperature in
the combustion chamber from~ becoming 100
deleteriously high. Similarly, with proper
control of the temperatuve in the combusiion
chamber, small amoasts of hydrosarhon
reactant may also be admitted to the com-
bustion chamber during the gas-making 105
portion of the cyele, thereby bucuming pre-
ficated. Iu this case, care is taken to avoid
thermal cracking of the hydrocarbon in the
combustion zone. When z portion of the
gasaneking reactants is admitted to the 110
combustion zonc, it will be realised that it is
for the pirpose of preventing the temperature
of the combustion zons from becoming
deleterionsly high, with the ancillary feature
that any of the rcactants so admitted become 115
preheated therein, and reactants will not
be admitted Lo the combustion zone o the
extent that fhe tempcerature therecf falls
below that at which satisfactory ignition of
the fuel and combustion thereof during the 120
hesating portions of the cycle occurs,

In the apparatns as illustrated in Figures 1
and 2 the combustion zone has been shown
as being & separate and distinet shell. [E will
be realised, however, that the combustion 125
zone may be at the bases of the reacior shells,
as by colarging the spaces nnderneath the
arches supporting the lower heat storage
gones In the reactor shells connceling the
conduits supplying the fucl und air to the 130
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‘enilarged spaces, In such case the combustion
7Ome Or zomles serve a5 a: conduit connceting
Jthe bases of cach reactor.
... * The process of the present invention offers
V' Sudny important advanitages in Lhe catalytic

xeformation of hydrocarbons and steam into *

- A gas of the type deseribed. In the first place,
" girce no more than a mipg: portion of auy of
. ‘the wulicuted reactants as such pass through
10 the. ‘vornbustion zone, dangers of fanity
ignition in the combustion chamber due 1o
undue cooling by incoming rteactants are
eliminated. In addition since the major
. portion of the hydrocarbon reactant, and
T3 preferably all thercof, is admitted to the
Bysiem at the extremities of the reaction
chambers where mild temperatures are en-
counlered, rather than at the combusfion
chamber, thennal cracking of the hiydro-
20 cavbon before it contacts the catalyst bed
is climinated. Morcover, the disposition of 4
given mass of catalyst in two relatively {khin
zones rather than one thick zone provides
more uniform. healing on the Lilow period
25 when heated in purallel; and on the rm period
‘when heated- in parallel; and on the run
petiod, ufter the endothermic heat loss in the
first zome, a provision Jfor Teheating is
afforded Defore  the partlly reformed gases
80 eater the second zoue, .

. A primary feature of ths present process iy
the maintenance of the catalyst zoncs in a
state of optimmm activity, Tle reformed
product gas, being rich n hydrogen and
' 35 carbon momoxide, has been found to be
highly reducing with Tespeet to the oxide of
- the cafalyst metal TIn a wni-direcHogal
Process, the ractants, durivg each and every
. cycle, pass only in ene direction through the
" 40-catalyst zone. " Tn this case, only the latter
‘o ¢xit portion of the catalyst zone is con-
tacted with a gas rich in hydrogen and
.carbon monoxide, agd thus 3¢ is only the
. exil portion of the catalyst zone which is
* 45 maintairied in a high state of activity, It will
he noled that by ihe present pracess, not
only are the rcfommed products leaving cach
catalyst sone passed completely through the
. other catulyst zome during each cycle, but
50 that also, during cach cycle, the reactants
puss through each ecatalyst zone in both
directions. Both of these featnres result in the
contact of all portions of each catalyst zone
with the highly reducing product gas during

* B3 each cycle. - '
I Catalysts for the cndothermic reaction of
hydrocarbons with steam to produce  gas
mixtires comprising free hydrogen  and
carbon menoxide, together with variable
<69 pivportions: of carbon dioxide, are well
kmown. “The catalysts most frequenily pro-
posed fur this purpose are metals of the iron
Broup, - with nickel and ecobalt catalysis
usmally preferred, although other high nelting
L€ metals such as vanadinw, chromfun, plat-

inum, apd the 1jke have been nsed. As
between nickel and cobalt, the nickel
catalysts have usually been uscd because the
reaction is easicr to control and fhe nickel
catalysts are less expensive.

A suitable refractory catrier is frequently
employed,. on the surface of which the
catalytic material is disposed of throughout
which it is distributed, Difficultly reducible
oxides such as 2liming, silica, magnesia, 75
calcinm oxide, titaniom oxide, chromigm
oxide, oxides o rare sarth metals such as, for
example, thoria, cerfa, and/or vthers may be
Eresu:nt. Conipounds such as chromates may

¢ employed,

One method of catalyst preparation in-
volves the precipitation of lhe catalyst in the
form of a’salt npon finely divided carrier
material, caleination tn produce the oxide
of the catalyst metal, pelleting or the 85
making of extraded shapes from a paste of the
caleined materfa)l, the reduction of the oxide
at elevated temperafure Lp the - metallie
catalyst, either as a step in the preparation
of the catalyst or alter it has been placed 90
in the gasireating equipment. In the pre-
paration of unother type of catulyst, pre-
formed refractory bodies, such as alundum
balls and the like, are Impregnated with a
sall of the catalytic metal and thercafter the 85
impreguated shapes are caloined to form the
oxide of the metal which is subsequently
reduced. The catalyst employed may be
produced by any desired procedure which
10Tms no part of this imvention,

The hydrocarbon material reformed m
the gas-generating portion of the cycle may
comprise normally gaseous Lydrocarbon mat-
erial such, for cxample, as methane, ethane
and propaue, or vaporisable Hquid bydro- 106
carbons such as butime and heavier hydro-
aarbon distitlates, Corresponding msaturated
hydrocarbons may be present in uny desired
conceniration, such, for exam ple, a5 ethylene,
propylene asd butylenc, 7The normally 110
gaseous hydrocarhons are preferred for gse.
Natural gas, which iz Drimaiily metane and
refinery oil gas, which cumprises primarily
inethane, ethylene and heavier Lydroearbuns
are among the hydrocarbon materials whieh 115
may be employed. Natural 48, because of is
availability s particrlaily preferred as ile
hydracarbon reactant, ’

With respect to the foel eiiployed during
the heat-sforage period of the cycls, the 120
foregeing discussion has deakt primarily with
the use of 2 finid that is gaseous or lignid-
combustible, since fiuid fuels are prefarred.
However, it will be rvalised that gold fuel,
such as coal, coke, and the like, may he 125
employed, in which case a bed of tlie fnel is
maintained in the combustion chamber and
blasted with air during the lLieating step or
steps of tha eycle in aceardance with known
producer gas praclice. Or ope gas producer 8¢

70

80.

100
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may heat two sets alternately i synchronised.
(Gaseous hydrocarbons, such as those men-
ticmed above, and especially natural gas, are
particularly satisfactory, although gaseous
5 fuel not rich in hydracarbons, such as water
gus, producer gas, and the like may also be
used. Liquid hydrocarbons such as fuel oil,
gas oil, gasoling, kernsene, tar, and the iike
may be employed if desired, When a liquid
- 10 fuel is employed, conventional spraying or
other vaporising means may be utilised to
[acilifate curnbustion. | '
The proportions of process.steamn to ydro-
carbon reactant employed during the reform-
15 fng portion of the eycle generally run between
about 0.8 maol and about 5 mols, and pre-
ferably between about 1.5 and about 4.5
mols, of steam for each mol of carbon in the
hydrocarbon teactant. When alr is em-
20 ployed Auring the reforming portion of the
cycle, the proportion of steam to hydrocarbon
required may be decreased in which case as
low as about 0.8 mol of steam per mol of
carbon in the hydrocarbon reactant may be
23 emplayed.

s stated, in accordance with the pre-
ferred embodiment of the process, some air is
ermployed during the reforming purlicn ol

_ the cycle. The amon:t of air so employed will
30 De less than eboul 2 mols thereof per mol of
carhon. in the hydrocasben reactant and in
most cases will be less than about I mol
thereof per moel of carbon in the reactant,
Preferably, the amount of air employed
35 Juring the reforming portion of the cycle is
between about 6.1 and about 0.6 mol thereof
per mol of carbon in the hydrocarhon
reactant.
Referring to the temperature conditions
40 employed during the cycle, the reactants, as
stated, -are heated, preferably to reacting
tempuratures, at least by the time they have
passed through the heal storage zones
praceding the second catulyst zone in their
45 path and before they pass through the second
catalyst zone, The main considerations,
tharefore, are that the hydrocarbon reactant,
while being heated sufficiently to elect sub-
stanlially complete reaction thereof in {he
60 catalyst zome, is not heated, during He
passage through the heat sforage zones, fo 2
puint where significant thermal cracking
thereof iukes place with formation of any
significant quantity of carbon. The, exact
‘55 temperature conditions governing these con-
siderations wil depend in- part upon the
particnlar gascous hydrocarbon reactant
employed, It has been found, for ¢xample,
that, when 1eforming natural gas, the
80 average temperature of the heat storage
materdal should not exceed about 2000°F.,
nor should it fall below about 1400°F. in
the first heat storage zones of each chamber.
"In ather words, the heat storage material in
G5 the first heat storage zomes of each chamber

combastion,

will have an average temperature at the

beginming of the referming portion of the

cycle of not over about 2000°F., and, at the
and of the refortning portion of the cycle; of
not less lhan about 1400°F. The average 70
ternperature of the second heat storage zone

in each chamber will be sumewhat lower than
those mentioned above dut tu their distance -
from the combustion chamber and to the
cooling effect of the intomiing reactants, 78
Because of the direction of flow of the hot
combustion gases during the heat storage
portion of the cyele, first through the first
beat storage zonmes of each chamher, then
throngh the catalyst zone, and finally 8O
throngh the second heat storage zune of cac
chamber, the tempervature of the catalyst
vnd of the sccond heat storage zones, as
stated, at any ome time, will normaily be
somewhat less than the average temperature 85
of the first leat storage zones, and generally
the temperatnres in the catalyst zones, at the
begiuning of the reforming run, when re-
forming natural gas and referring to ihe
ahove temperature ranges, will not exceed 80
about 1800°F. at the hot end and may he as
low as abaut 1300°F. ai the cold end.

When reforming hydrocarbons heavier
than methace, it may be desirable to employ
somewhat lower temperaturcs in the beat 95
storags beds in order to avoid thermal
cracking and since the reformation of
hydrocarbons Dheavier than methane, may
not require temperatures as high as when
metha ¢ is reformed. ‘Lhus, when reforming 100
hydrocarbons hicavier than mecthane, tem- -
peratures as low as about 1000°F. may be
employed in the heat storage zones, depend-
ing upon requirements.

Referring more particularly (o the hest 105
storage portion of the cycle, it may be
condycted by burning the fuel with excess
ajr, with insufficient air to support complete
; or with just the amount
tHeoretically required for complefe combus- MO
tion, so long as the heat storage zoaes and
catalyst zones are raised to the required
ternperafimes, While in the preseni process
it Is not necessary to employ partial com:
bustion during the heat siorage portiost of the 115
cycle in order to maintain the catalyst in thy
state of optimum activity, snch procedure is
not excluded and. in fact it may at times be
desirable to conduct at least @ part, such as
the latter part, of the heating porfion or 120

- portions uf the cycle by burning the fuel with

insufficient air to support complcle combuss
tion, thersby producing combustion products
substautially devoid of free oxygen . and
having a substantial coatent of Lydregen and 125
carbon monoxide in addition to their content
of carbon dioxide, water vapour, and
nitrogen. In this type of vperation, it is also
advantageous to conduct the first part of the
heat storage portion of the cycle by burning k30
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. fuel In the presence of air in exesss of that
required for complete combustion. The
excess air also ensures that any carbon
aceidentally deposited during the reforming

5 portion of the cycle will be removed. As will
be peinted out in detail hereinalter, the
above-mentioned products of mecomplete

combustion may be mixed W controlled.

amount with the product gas generated
10 during the reforming portiows of the cycle In
order to madify its characteristics.
Referring (o the gas produced during the
reforming  portioms of the eycle it will
chicfly comprise hydrogen and carbon mon.
£5 oxide with small bnt varying amounts of
gaseous hydrocarbons and cirbon diozide
apd with varving amounty of mitrogen
depending upon the amount of air employed
during the reforming portions of the cycle.
20 While this gas is combustible, and has many
mses, such as synthesis gas, it does not
puszess the charactedsties which would make
1t usable per se as city gas. For instance, its
calorific value will be Jower than that reguired
25 for wutilisation ia city gas distribution
systems. Thus if the gas preduced during the
reforming portions of the cycle is to he
disiributed as cliy gas it musl be enriched
with gas having a calorific value higher than
40 that desired in the mixcd gas. Such enrithing
gas may he any of the gaseous hydrocarboas
mentioned above aznd particularly natural
as.
¥ In many gascs, however, the mers en-
35 richment of the gas produced during the
reforming portions of the present PTOCESS
with- e gas of higher calorific value doss not
provide a mized gas possessing  all ile
tharacteristics required in a particular area,
40 For lustance, while a mixed gas Possessing the
desired calorific valne may be obtained by
mixing, for vxample, natural gas with the gas
produced during the reforming porlisas of the
present process, the specific gravity of {he
45 mived gas may stll Lz below, and/or the
rativ of hydrogen to inerts above, the
specifications In a particular area, Or,
hecausc of its availability in a particular area
it muy be desirable to utilise coke oven gas
50 us part of the distributed gus. Since coke
oven gas is relatively riclh in hydrogen, its
adinixture with the gas produced during the
reforming portions of the present progess,
which is also rich in hydrogen, would result in

55 a ratio of hydrogen to inerts well above that ..

- required. .
For thesc reasons, it is uften desirable to
- Also mix with the gas produced during the
reformiag povtions of the process a controllad
80 quantity of a gas possessing a high specilig
gravity and a low ratic of hydrogen tu iuerts,
Such a gas may be produced by the combns-
tion of a hydrocarbon, preferably in the
presegce of msnfficient air to support com-
65 plete  combustion. An especially advan-

tagecus gas in this Tegard is the product of
neomplete combustion produced during the
abovg-described heat sturage stage ia which

a fluid hydrocarbon fusl is buried in the
presence of iasufficiént air to support come- 70
Plete combustion,

The exact proportions of eariching gas, and
Products of combustion i used, and coke
Oven gis if used, mixed with the gas pro-
duced during the reforming portioss of the 75
cyele to provide & faished €45 suitable for
disizibution as city gas are subjent to
variation, depending not only mpoa (he
specifications to be met, but also upon the
exact characleristics of the enrichiag gas, and gp
of the gas produced duting the reforming
portion of the cycle, and also of the products
of combustion and coke ovenr gas if ased,
Generally manufactured cily gasss have a
calorific valuz of between abont 590 and 15
about 570 B.MhU., a specific gravity of
between abont 043 and ahoul 0.75 and &
ratio of hydrogen to imerts of from about 1
to I up to about 6o 1. (O the vther hand,
the ‘gas produced during the reforming oo
portions of the cycle will have a calozifie
value lower thap that rectted above, for
example, arouad 800 B.ThU.,, a specific
gravity within or somewhat Below (for
example 0.33) the rapge recited above, and g5
a 1atio of hydrogen to juerts within or
somswhat above (for example, 10 to 1) the
range set forth abave. The entiching gas will
have a calorific value well above that re-
quired, natural gas having a heating value 10)
Atouad 1050 B.ThU,, 4 spacific gravity
aronrd .61 to 0.63, and a hydrogen to
inerts ratio of zero, since it i asually free of
hydrogen. The product of mcomplete com-
bustio: will have a calorific value well beloy 103
the above-recited range and m 1y even be less
than 100 B.TLU.; its specific gravity will be
above the recited Tange often being arouad
1, and its hydrogen to inerts ratio will be well
bulow the recited Tange. 110

It will be seen tliat although the pro-
porticas of the varions gases that are to Le
mixed maiy vary widely, the determination
of the exact proportioas needed in any
particalar case will offer no diffienlty to 115
those familar with the gas-makiag art, and
£an be arrived at by simple calenlatioa. By
varylug the proportioas of reactants, namely
Eiseous hydrocarbon and steam, or gisvons

vdrocarbon, steam, and air, used duriag the 120
reforming porfioss of the cyale, the varions
characteristics of. the resulling gas can be
controlled s desired. In additisa to these:
variables, by varyiug the amowat of products
of combnstion, “such as the products of 125
incomplete combustion formed during the
heat-storage partioa or portinas of {he cycle,
which may be mixed with the gas produced
during the reforming periods, further co.xtrol
of the churacteristics of resulting mixed gas 180
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is afforded. In any event, it will be seen that
the present process offers wide flexibility to
produce gas interchangeable with any manu-
faciured city gas, or suitable for admirture
5 with other gases, to meet changing situations
encountered in {he city gas indastry.
.Considerable modificaiion is possible in the
selectiom of the gaseous hydrocarbon reactaut,
{uel gas, and blending gases, as well us in

10 the proportivns of reactants and blended
gases, and the apparatus may be niodified in
various ways, without departing from the
scope of the jnvention.

What we claim is-—

15 1. The cyelic process for the manufacture
of & gas rich in hydrogen and oxides of
carbon, mainly carbon monoxide, which
compriscs in one part of the cycle, burning a
fnel in a combuslivn chamber, dividing the

aq vesulting ‘hot combustion products into two
streams; passing each stream simnltaneously,
and i parallel, {hrough a separate path each
of which paths compnscs & [ust heat storage

- zope of refractory material, a zunc of re-

95 forming catalyst, and a second heat storage
zone of refractory material, to store heat
therein ; in another pati of the cycle, passing
@ hydrecarbon in the gaseous state end steam
serially through both paths forming a gas

ggrich in hydrogen and oxides of carbon,

mainly carbon monoxide, and collecting said

gas; and in another part of the cycle, passing

a hydrocarbon in the gascous state and steam

serially throngh both paths, in & direction

opposite to sail first-anentioned passage of

g5 hydrocarbon and steam, forning a gas rich in

hydrogen and oxides of carben, mainly
carbon monoxide, and collecting said gas.

2. The cyclic process for the manufacture

of o gas mich in hydrogen and oxides of

40 carbon, mainly carbon monoxide, whick
comprises in one part of the cycle, burning 2
fuid fuel in a combustion chamber, dividing
the resulting Lot combustion products into

- two steams; passing euch sbicam simul-

45 [aneously and in parallel through a scpasale
path, each of which paths comprises a first
heat storage zome of rciractory material, a

. zone of reforming catalyst, and a second heat
_storage zone of refractory material to store
heat therein; pussing a lhydrocarbon in the
gaseous state and steam sedally through both
paibs forming a gas vich in_hydrogen und
oxides of carbon, mainly carhon monoxide,

H

and collecting said gas; burning a fAuid fuel in
said combnstion chamber, dividing the 55
resulting hot combustion prodncts into two
streams; passing cach stream simultaneonsty
and in paraliel through ore of said paths,
passing & hydrocarbon in the gaseons stafe
and steam seraily through both paths, in 2 60
divection opposite to said first mentivned.
passage of gaseous hydrocarbon and sieam,
forming 2 gas rich in hydrogen and oxides of
carbon, mainly cerbon ponoxide, and collect-
ing said gas. : 65
- 3. The process of claim 1 or 2 wherein air

is admixed with said hydrocarbon and steam
during each passage thereof.

4. An uppuraius for the cyclic catalytic
manufacture of a gas rich in hydrogen and 70
oxides of carbon, comprising a combnstion
chamber, two reactionn chambers each of
which comprises in series, a first heut storage
zone of refractory material, a zone of re-
forming catalyst, and a second heat storage 75
zone of refractory matcrial, each of said
reaction chambers being in flow commumnica-
tion, at their bases, with each other and with
said combustion chamber; valved conduit
means for introducing alr, or air and fuid 80
fuel, for combustion into said combustion
chamber; valved gonduit means on each of
said reaction chambers for selectively with-
drawing products of combustion from the lop
of each reaclion chamber; valved condwt 85
means for selectively introduciug hydro-
carboa and steam to the top of each reaction
chamber; and walved conduit means for
selectively withdrawing product gas mich in
hydrogen and oxides of carbon, mainly 90
carbon 1nonoxide, from the top of each
reaction chamber, fo sturage,

5. The apparatus of claim 4 having valved
conduit means for selectively introducing air
to the top of cach reaction chamber,

6. The apparatus of claim 4 or 5 having
valved conduit means for selectively intro-
ducing steam to said combustion chamber,

7. Apparatus for the cyclic catalytic
manufucture of a gas rich In hydrogen and 100
oxides of carhon substantially as hersin
described with reference to Figure I or
Figure 2 of the dccompanying drawings.

J. Y. & G. W. JOHNSON,
47, Lincoln’s Inn Fields,
London, W.C.2.
Chartercd Patent. Agents.
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