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COMPLEGTE SPECIFICATION.

Method of Making Fuel Gas from Eydroca,rﬁon 0ils and Steam.

We, CARBUBETTED (ias, Iwo., s Corpora-
tion organised and existing under and by
virtae of the laws of the State of Dela-
ware, United States of Ameriea, and
having its principal piace of business ab
No. 1921, Dover Greeu, City of Dover,
Oounty of Kent, State of Delaware,
United States of America; do hereby
declare the nature of this invention and
in what manner the same is fo _be per-
formed, to be particularly deseribed and
ascertained iu and by the following state-
ment ;— T

This invention relates to & process for
the making of gss, & process - especially
adapted for using heavgrgﬂ, and provides
for the making of a hy n and earbon-
menoxide gas mixture and also a gas of
almost ony desired heating value—a gas
misinre of hydrogen, garbon-monoxide
and hydrocarbon permanent gases.

Tt lias been proposed in an apparatus
for manufacturing gas from liquid kydro-
carbons snd steamm to employ o fixing
chamber within which is placed a mass
of fragmentary refractory material in
conjunction with a converter or decompos-
ine chamber and a mixing chamber. In
hydroearbon, steam and
air are sujeoted imto the eomverter and
react to produge s gas which 1 regquired
as fuel gas only is -withdvawn from the
mixing chamber before reaching the frag-
mentary mass. 1f an illuminating gas 13
required  additional hvdrpeerbon  is
injected inte the mixing amber and the
gas mixture is passed ﬁrmug_‘n_ the heated
frugmentary mass, which thus serves 1o
provide the heat for fixing the hydra-
carbon enrichment gas. s

Tt hag heen stated that this apparatus
may alse be used for making a fixed fuel
gas from hydrocarbon and steam only
which are admitied to the converter and
passed through the mixing chamber and
tho heated fragmentary mass. o this
cose it is stated that the cerbon of the
hydrocerhen and the steam are practically
burnt togethsr producing carbouie acid
and liherating the hydrogen and that a
purlion of the oxygen of the -carbenic
acid absorbs carhon from the hydrocarbon,
converting it into carbomic oxide.

[Price 1{-] -

this apparatus

In the above described process the steamn
and hydrocarbon are admitted together,
wheress in the precess of the present
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invention as hereinafter defined the oil .

and steamm may be admified cither
separately or thgether as the steam
renotion takes place primarily with the
oil carban deposited either initially or
during the eracking siep. Further in the
process of the present invention the carbon
is mot first completely oxidised to COs,
which is then reduced to CO, bub an excess
of carhon is always present ensuring &
direct reaction to CO without intermediate
formation of €0, .

Further in the deseription of a known
process for making hydrogen or gases
containing hydrogen from methare and
other hydrocarbon gases by the alternante
passage of hydrocarbon gas with or with-
out the addition of steam and air through
a bed of highly heated coke or refractory
moterial, it is siafed that the coke may
be replaced by a bed of inert refractory
material when the hydrocarbon gas is
substantially pure, but that when sfeam:
is added to the hydrocarbon gas coke must
be employed to meet the requirements of
the water-gas reaction; .

The ypresent provess is distinguished
from the last mentioned process in that
il is a process, for. wigking a mixfure of
hydrogen and carbop-monexide with or
without” enrichment by permanent hydro-
cazbon gas from liguid hydrocarbon and
steam withoul air and -is not dependent
on the use of coke for the waler-gas
reaction, .

Accerding to the- present inventiom, @
porous hed of material, preferably mon-
carbonaceous, is employed sad the process
comprises & preparatory step of healing
the porous bed and depositing oil earbun
thereon followsd by heating the bed to 2
temperature above that required for crack-
ing all the oil info its eloments carbon
and hydrogen, passing steam and oif
separaiely or together through the Lot bed
to crack the vil and effeet reaction of the
steam with the earbon tv produce hydro-
men and carhon-mronpxide only, stopping
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the gas making tun before the bed has 165

cooled to a temperature at which & sub~
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stantielly diluted gas mixture is forwwed,

repeating the heating of the bed amd-
Iepeating

L the gas meaking cyele of
operations. ) : -

1 order that the value and advantoges
o the present invenfion may Te appre-
ciated it is to be noted that 1000 cubic
feet of water-gas, a earbon-monoxide and
bhydrogen gas miizture, of spproximately
300 B.T.T. per cubic foot heating value,
generated hy the usual water-gas process
reguires an gverage of 40 pounds of coke
‘and 44 pounds of steam {see T.8. Burean
4f Mines Bulletin No. 30@
fo Morgan *° American Gas Practics

193F, 30 pounds dry coke and 52 pounds

‘steam, ;

If 4 gallons of heavyoil, analysing 8&% _

carbon and 12% hydrogen end weighing
8 pounds per gullon, for exuwple, be
eracked to s slements it will yiefd PAR]
pounds eathon and 680 cubie feet of
hordrugen., .

In the making, therefore, of 1000 enhic
feet of gas we have 680 cubic feet of
hydrogen available in 4 gallons of oil as
just pointed out. The balance of the
2000 cubie fect, i.e. 320 cubic feet can
be geoerated by the carhon from the oil
and steam producing hydrogen and carbon
monoxide in _ appreximately  equal
volumey, the chemacal iIngredienis of
which require %.33 Ths. carbon and B
pounds steam. The total heat (Iutent and
seusible) utilised in generating thia 1000
eubie feet of gas (approximateli{r 846 cubic
feet of hydrogen und 160 culie feet of
corbon monoxide) betwaen 2500° F. and
1850° F. (say an average of 2250° F)
i3 the order of the following:

for heat unit constants).

Sengible heat of 1000

cubic feet @ 2250°F, - 46,600 BTG,

Tatent heat cracking 4

gallons il 700

BIT./Ib. heat of

formalion) -22,400 B.E.T.
Latent heat dissocizting

8 lbs. steam -48,600 B.T.1T.
Hapt generated 5.33 Ibs.

carben  t¢  carbon -
" monoxide 24,600 B.T.T,

Heat ulilised ~92,000 B.T.1.

The carbon available for producing the
heat necessary for generating 1000 cubic
feet of hydrogen and carbon monoxide
from 4 gallons oil equels 27.5-593=
22,17 pounds by combusiion 1o . carbon

. dicxide amounts to 822,000 B.1T.U. of

which 92,000 B.T.T, or 28.5% is .utilised
for generation of the gas and 71.5%

constitutes heat losses carried off with the

or aoccording:
-earbon-menaoxide

{See. .
‘' Richards Metallurgical Calculations ™

Heat B ula.m,e .

neating gas alsv radiated and conducted
from the generator,

It iz apparent, therefore, without the
use of golid fuel such as coke that approxi-
wmately 4 gallons of oil and 8 pounds of
ateam i provide the gas making
materials and supply the necessary heat
reguired {uv genecrate 1000 vubic feel ol
hydrogenn and carbon-monoxide gas
mizfure having a heating value of
g.pproximately J00 BUEU. per cubie
oot.

The present invention provides, there-
fore, in the making of a hydvogen nnd
gas  mixture  having
approsimately 300 B.T. T, per vabic fook

."heating valus, for instance, for infro-

dueing oil and steam in conjrolled propor-
tions and quaatities inte a ot porous bed

~to eracl all the oil and steam into their
clements, hydrogen, earbon and oxygen,

apd on passing through the heot porous
béd generating carbon-monoxide whieh
wizes with the hydrogen, using 4 galloas
of oil and 8 pounds of steam for gemerat-
ing each 1000 cubie feel of gas.

This enables & non-cerbonsceous porous
bed of lump material o he employed as
distinguishing from selid carbeon, sueh as
coke now amnployed in the generation of
water-ges, thus effecting economies in pas
making materials and eliminating {he
labour snd exzpense Incident 1o wusing
sodid lump fuel, sneh as renewing the
coke bed periedically, breaking elinkers,
removing ushes, etc.

Tt is to ha noted alse that the present

.process generates g hydrogen end carbon-

muncxide gus miztura in which the hydro-
gen predominates, the gas of the present
invention conlaining a much greater par-
centage of hydrogen than is contsined in
witer-gas,

Owing" to this high hydrogen content
aizd consequently low content of carlon-
wonoxide, the gas of this invention has
a lower specifie gravity and is less toxic
than watcr-ges, two qualities which are
Lighly deairable when the gas ig mized
with hydrocarbon fixed gas tv furm public
utility gas..

As first mentioned sbove the preseni
process provides for controiling the heat-
ing value of the gas gemerated so that a
gas of almost any desired heating value
may he produced ; in this connection whaen
& gas is desived Laving a heating walue
grewler than 300 B.T.U, . per cubie foot,
as will be brought out in detail herein-
atter, the gas making run is continued
for a longer peried than when making
2 300 B.T.U. gas. This longer peried of
gas making rednces the porous bed tem-
perature belaw where the heat of the had
c:ao‘;lc_s all of the oil into ifs elements so
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that a part of ihe oil will pass through
the bed cracked to hydrocarbon fixed
gases, the gas making run Deing continued
until the generated gas, the fized heating
value of which gradually inereases, has
the desired maximum hydrecarbon con-
tent and the tolal gas run by diffusion
produces practically o wumform gas
misture of the desired averags fixed heat-
ing velue.

The apparatus necessary for the carry-
ing out of the preseni process may teke
varions forms, buj in any event will he
of simple design. Inasmuch os the
claims of this pplication are direeted
0 2 method as distinet from an apparatus,
the accompanying drawing is merely
illustrative and schematic.

T'or eowverting oil snd steam inte a
hydrogen and earbon-monoxide gas
mixture, having a healing valne of 300
B.T.T. per cubic foot, 18 provided a
generulor 1 which, as shown, may take
the form of a vertical cylindrieal steel
ghell having a dome 2 of any practical
form, the generator being lined with heat
insulation and refractories. The genaratox
chamber 1 will have a valve controiled
cutlet 8, in this case shown mear the
hattom. . -

4 designates a grate or perforated floor
for supporting a porous bel 3 of Inmp
material, fire brick, for exawmple, or any
otlier desirahle refractory. In ihe dome
% are valve controlled inlets for air, stearn
and oil designated G, 7 and 8 zespectively.
Tn the valve controlied outlet 3 a_valve
soutrolled stack 9 is provided for exhausl-
ing produots of combustion wsed for heat-
ing the generatfor.

In preparing the peneruior for opera-
tion, air and oil are introduced through.
inlet nozsles 6 and 8 and burned, the
praducts of combustion passing down-
wardly through the porous bed 35 and
axhawsting from the generator throngh the
volve controtled stack 9, the valve for
the gas outlet B at this time being closed.
0il is then jntroduced into the hot bed
5 (hrough oil inlet 8 to effect » deposit
of carbon on the surface of the hot lumps
composing the porous bed.

With ke valve®for the gas outlet 3
still closed and the valve for the cxhaust
ontlet 9 open, eir inlet & is opened adwmit-
ting air for combustion of some of the
deposited earhon throughout the bed &,
or when desired, air and oil may be
admitted for complete combustion to heat
the bed and the Inferior of the generatar,
the products of combuskion exhausiihg
throngh owilel 8 as will be understood.
When the generator is sufficiently heated
for gas generation, say, for example, fo
25009 F. steam is infroduced through the

inlet 7 to purge the wemerator of inert
products of combustion.

'Phe stesm is then cul off, the valve for
outlet 9 ia closed and the valve for gas
outlet 3 opencd and steam is introduced
through the inlet 7 .through the bed &
for Teaction with the. vil carbon deposit
to carbon-monoxide - and hydrogen, the
gas thus formed flowing through the out-
Tat 8 and then ususdlly through gas ¢ool-
ing, scrubbing and purifying equipment
and finelly into a gas holder. Oil is then
introduced throngh the line B in an
atomised or vaporised condition, into the
Lol porous hed 5. Imesmuch ws lhis bed
is at u temperature sufficiently high to
erack the oil inte its elements, hydrogen
will bg liberated and carhon deposited on
the lumps of the porous bed, the hydrogen
fowing through the bed and outlet 3.

The sleam stpply should be cut off when
the temperatuve of the bed 5 has heen
Jowered to around 1850° F., for example,
ta prevent detrimental dilution of the gas
with carbon dioxide.

Tt iz to he undersioed that for making
a mixtare of hydrogen and carbon-
monoxide the oil supply through the inlet
8 should be cut  off hefors the bed &
becomes cooled ‘to..s temperature ab
which hydreocarbeii, fized ges passes
through the pordus bed.

On  conclusion -of .the gas ran, the
operating cycle has been completed and
the bed 5 is reheated,as before 1o around
2500° F. fur ctample, and the ofher
operations of the dycle repeated.

While the steam has been mentioned
as introduced separately and alicad of the
oil it is to be appreciated, of course, that
the steam and oil may be introduced

i
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simultaneously or that the oil may be’

introduced separately and ahead of the
steam, in aecordance with the guality of
ihe desired gas us will hereinailcr be
pointed out,

It will be uppreciated that after one
cycle of operation the infroduction of oil
through the inlet 8 for the purpose of
depositing carbon in the bed 5 will wsuelly
be uuqecessargv inasmuch s there will be
sufficient carbon deposit lefs from the
grevinus gas run for reheating the bed
v total combmation with air introduced
through the inlet 6. .On the other hand,
the generator muy‘be partially rebeatéd
Yy combustion dof oil and air infroduced
for that purpose when there is o deficiency
of carbon deposit.): .

The prooess this far désoribed, there-
fore, provides for the meueration of =&
hydroger . and . eprhon-menoxide  gas
mixture, by eyclic. operation, namely, by
heating a bed of porous material ean-
taining deposited oil carhon te
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sufficiently high temperature to crack all’

of the oil inta its elements hydrogen

and carbon aud then  passing oil -and

steam through this hot porous bed to crack

5 the oil into Its elemenis and. dissociate

the steam, the axygen combining with
the deposited covbon fo form carbon-
monoxide which mixes with the liberaie
hydregan. - '

As above mentioned this process is a
simple economic method for generating d
hydrogen and carbop-monoxide pas
- ‘mixiure as compared with present
methods. employed in the making of water-
gad, whare steam is employed with a bed
of lump eoke or snthracite axd usually
-expess steam  and with the attendant
clinker frouble and labour involved in
the use of solid carbon.

A0
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tion provides for making a gas of almost
any desired heating valwe, a gas mixture
of hydrogen, -carbom-monozide
perrugnent ¢r fixed gag of hydrocarbons.
With reference to this phass of the inven-
tion the gperetions may be similar t¢ those
described and in this case the gas maldng
run with oil gontinues fo lower tempera-
tures for  genmerating  hydrocarbon
pormanenft gases. - L

It will be seen from the drawing that
the apparatas for practicing this phuse
of the inveniion includes a» gas diffusing
and tempering chamber 1( commnnieat-
ing with the valve-controlled pas owtlet
4, 'This diffpsing and {empering
chamber, though lsrger in volume, may
be of gimilar construotion as chamber 1,
and i1z provided with valve-controlied
exhauet outlet 11 and valva-controlled
gas outleb 12, _ _

In pperation the porous bed 5 is heatsd
up as desorthed in cornnection with-the
maling of hydrogen and earbon-menoside
Zas, tf

26

&0

36

&5

exhgust ocuflet 11 being open, and thé

valve in gas outlet 12 heing closed, ‘so

that the entire apparatus is heated o the
desired degree. .
. After gas making operatiens are
. stavted the chamber 10 maintains its own’
keal. : . .
On-the gas-run making gas of higher
heating wvalue than hydrogen or s ges
mixture of  hydrogen - and carbon-

50

55

monoxide, after the apparatws has heen

heated up and purged of produels of
combustion, the valve in outlet 11 i=
closed and the valve in outlet 12 opened,
and with the valve in gas outlet 3 also
open stesnr and - ofl through ths supj}:f][ly

80

" lines 7 and B are introducerd into- the

heated porous hed 5 to erack the ofl to

8% its eloments carhou and "hydrogon end

As above mentioned the present inven~:

and

predefermined
“eontént the gas making run iz stopped.

‘aifent resction of {he steam wiih the ofl
carbon, the gas genarated fowing con-
tinmously into the diffuging and iemper-
ing chamber. The injections af steam
and nf oil supplies are properly regulated ng
and confrolled during the gas making
run, as will be understosd; as the ten-
perature of tho porous bed 5 lowers ail

of the 0il will no longer bas cracked intc

its elementis carbon and hydrogea but T4
some ol the oil will he eracked inio
Lhydrocarbon permanent or fixed gases.
Consequently the gas passing injo the
diffusing and temperirg chamber will then
ventain g proportion of these hydrecarhbon S0
gases instead of being simply 4 gas
mixture of hydrogen and carhon
monoxide, and the fized heating valus of

the diffused finished gus of the entire gas
‘zun ‘will of course he correspondingly g
indrsased, Wher the gus discharging
fhrougl the onilet 8 las the  desired
maximum  hydrocarbon

'hebed 5 is then reheated to iis eriginal gp

e valve in exhaust outlet ¥ being
closed, the valves in gas outlet 3 and.

Hnished gas,

_clements hydrogen and

high, temperatvre, any desired tempera-
turs above 1850° F. und wilhia the upper
temperature limit of the refractoriss nsed,
for example, around 2500° . und the
eyels of operations repeuted. '

By this procedure it will be apparcat
that & gas is produced having a higher
fized heating walue a3 compared to the
heating value ' of a gas mixture of
hydrogen and carbon monoxide and as is 40p
apparent from the foregoing a gas havine
almost any desired predeferrained fixed
heuting valus can he produced.

I$ i3 to be undersiood of course that
the instant of stopping ilie gas makiag, 105
i.e. the temperature fo which the bed
. 18 lowored, depends upon the initial
tethperature of the bed and the desived
fixed heating value of the diffused
_ Obviously the higher the 146
inHial temperatore of the hed 3 the
greater the volume of hydrogen produced
by tho cracking of all the ail into its
A earben, and
-reaction  of carbon  with steam o 418
hydrdgen and curbon-monoxide so that {he
gas making run will be continuwed corre-
spoidingly . Jonger with 2 consequent
further lowering of the hed temperature
in order that there will be pr{.-(]l:wed an 2
inereased volume of hydrocarhion fixed gas
to yield, by diffusion of all the gas maude
doring the gas run, a finlshed gas of
almost any desited fixed heating walme.

Ay for example; to furthor emphesize 195
ikis point, in the making of a 540 I])3.T;'U‘,'
gas, the Btandard Pablic Ttility as of
New York City, the initial temperaiure
of the bed 5 may be approximately 21500
F. and the tempersture at the snd of the 188
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run approximately 1460° F.; whereas if
the initial {emperature were approxi-
mately 2500° ¥. then the gas Tun must
be continnad unfil the bed femperature
lias been lowered to approximately 1300°
F. For the short and long temperature
ranges of pas making it will be-appre-
ciated {bat {here will be a difference in
the volume of gus produced in the order
of approximately 660° C.F., to appro=i-
mateﬁ; 1050 {I.F., respeciively, when
10,000 B.T.T. are expended for each 100°
I, drep in temperature.

Gara of the desired fixed heaiing value,
for example, in this cese 340 B.E. T, per
cubic foot may be produced in aecordance
with the prosent.invéntion as foflows:

The porous bed b is first heated as above
desceribed by the eombustion of oil and
air, after which oil is introduced imto
the bed to effect ihe deposit of carlom
en #he lumps of the bed.  Then by
admpiliing air for combnstion of some of

the deposited carbon and when necessary '

admitting some oil for complete combus-
{lon o supply the hest necessary for heat-
ing the bed to between approximately
2150° F. and 2000° F. far exsmple, and
atter purging the apparatus of Inert
roduets of combustion steam is intro-
dueed lo generate hydrogen and carbon
monoxide only, this procedure lowering
the temperature of the bed & as will be
understood.

YWhen the bed (emperature has been
lowered to approximaiely 1850° F,, oil
is injected, the stearn supply Drin
practically eut off; all {he oil now wi
not he cracked into its elements, but some
of the oil will he cracked to hydrocarbon
fived gas. The run is continwed wmxwal
the gas coming from the gemcrator has
the desired meximum fixed heating
value, which ocecws in this ecase when
(he bed temperaturs, assuming ihe initial
hed temperaturc to he approzimaiely
21500 T, is lowered to approximately
1450° 1*.) a minimum feinperature range
of approgimately 700%; and when the
initial hed temperature is approximately
25002 T, the bed temperaiure is lowersd
to approximafely 1300° F., a maximum
temperature Tange of 1200°,

Tt will be understond ihat fhe tem-
perature Tange of the gas making run is
so regulated that the hydrogen, carbon-
monvxide gas run followed by the gas run
generating hydrogen and-fixed or perman-
ent hydrocarhon gas are so proportionad
that the tofal pas made during the gas
making rum, through Adiffusion, vields
approximately uniform quality gae of
approximetely the desired predelermined
fixed heating value, i

T4 will be seen from the foregoing thad

a low gravity mas of approximately ulmost
any desired fixed heating valfic may he
generated by properly regulaiing the
temperasfure range of the gas making eycle
and conirolling the supplies of steam acd
of oil throughoulb the operations of the
present mathod for generating frem heavy

“oil ‘and steam gas of almost any desired

Leating volue.
Trom ths foreguiag It will be evident

_that the present Invention provides a

gimnple proccss for the making of gag,

" wherein, as distingnished from water-gas

and carburelled water-gas practice, a
hydrogen and carbon-monoxide gas mix-
ture and a gas mixiure of hydrogen, ear
bon-monexide and hydrocarben fixed us
may be made without the emplayment of
coke or other golid carbon material, the
heating value of the gas produced by the
present method heing readily regulated so
ag to produce o gas of almost any desired
heating value. :

It is to be noted that when oil alone
is supplied o the gemerator that a small
amount of steam is wgially supplied with
the oil as il has . héen, onu.n,&) that the
presence of a Buipllemount of steam
facilitates the reéactibus when crucking il
{0’ form hydrocarbon pérmanent gases,

Having now particularly deseribed and
aseeriained the nature.of our said inveu-
tion wad in what. mannér the same is to be
performed, we deeclare thut what we elaim
ist— .

1. The process of meking a hydromen
and carhon-monoxide gas mixtuve from
gieam and oil employing a porens bed of
material, preferably non-carhomaccos,
said process ctanprising a preparatory siep
of heating the porous bed and depasiting
oil earhoun thereon followed by heoating the
fbed to a temperature abuve that required
for cracking all the ¢il into its elements

0
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90

25

104
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cathon and hydrogern, pussing steam and 110

oil separately or fogether through the Lot
bed to orack the oil and effect reaction of
the steam with the carbon {o produce
hrdrogen and carbom-moncxide wuly,

stopping the gas making run before the 115

bed has couled:tw 4 teihperature at whieh
o substantially: diluted gas mixture is
formed, repeating the hieating of the bed
and repeating the gasi making cycle of
operations. Co ;

2. The process according to Claim 1
characterisad in that the porvus bed is
first heated to above 2000° F,

8. The process according to Claim 1

charaoterised in that in the finished gas 125

the dregen econtent iz substantially
greater than that of ordinary water pas.
4, The process according to Claim 1
charecterised in that reheating the porous
bed is accomplished by ecombustion of

130
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cathon deposited throughount the bed, 2600° F. and when ihe temperature of the
" 5. The process according v Cleim 1 ‘hed has lowered to between 2160° ¥. and
" characterised in that the gas-making run 1860% F. oil is inireduced for cracking
iz conbinued untl the resulfing gas con- i hydroecarion fxed guas.
§ tains a predetermined content of hydro-  Daled this 17th day of October, 1635

carbon permanent gos. TONGUE & BIREBECE,

6. The process according to Claim 1 Bank Chambaers,
characterised in that the porous bed Ts 820, High Holborn, London, W.C.3,
first heaied lo belween 2150° 1, ‘and Agents for tha Applicants.

Redhill: Printed for Hiz Mojealy’s Stetionery Offics, by Love & Maleomson, Lid.—1934.
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[ This Drawing és @ n@omdzwzfrm of the Original on areduced seatbe]
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