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No. 778,182,

UNITED STATES

Patented December 20; 1904.

PATENT OFFICE.

HERBERT SAMUEL ELWORTHY, OF LONDON, ENGLAND, ASSIGNOR OF ONE-
"HALF TO ERNEST HENRY WILLIAMSON, OF LONDON, ENGLAND.

‘HYDROGEN-GENERATOR.

SPECIFICATION forming part of Letters Patent No 778,182, dated December 20, 1904.
Original application filed January 21, 1003, Serial No, 189,941, Divided and this application filed March 21, 1004, Serial No. 199,130,

To all whom it may concerm:

10

Be it known that I, HErBERT SAMUEL EL-
WORTHY, consulting chemical engineer, a sub-
ject of the King of Gireat Britain and Ireland
residing in Dashwood House, New- Broad
street, London England, have invented cer-
tain new and usetul Improvements in Hydro-
gen-Grenerators, of which the following i is a
spemﬁcatmn

This invention relates to apparatus for the
production of hydrogen for use in the manu-
facture of. gas for illuminating, heating, and
power purposes, as described in the specifica-
tion of United States Letters Patent granted
to me, No. 738,308, dated September 8, 1903.
In the manufacture of 2as accordmw to the
said specification it is ploposed to mix hydro-
gen with water-gas and lead the mixture over

' metalhc nickel, Wherebya gas s obtained con-
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sisting chiefly of methane The present ap-
plication is a division of my application, Serial
No. 139,941, of January. 21, 1903, wherein I
have described and claimed in general a form
of apparatus for practicing such process.
The apparatus which forms the subject of
the present invention is designed to produce

hydrogen for this purpose according to the

known reaction of steam upon metallic iron,
whereby at a suitable temperature the steam
is decomposed, the hydrogen liberated, and

‘the iron converted to the state of magnetic

oxid in accordance with the equation
3Fe+4H:0="TFe;O+4H:.

This reaction has ffequently been utilized in
the gas industry, the iron being alternately
oxidized by the steam in a hydrogen-produc-
ing stage and the resulting oxid 1educed by a
gaseous reducing agent—water-gas, for ex-
ample The apparatus hitherto proposed for
the purpose, however, are subject to serious
drawbacks in practice, owing to the liability
of the iron to cake together and to its diffi-
culty of access and removal. The iron. rap-
idly cakes and chokes, so that the steam or gas
comes into contact with only a small propor-

tion of the active surface and great loss of

efficiency results. It is thus frequently nec-

essary to remove and replenish the iron; but
this is a laborious and expensive operation,
owing to the construction of the furnace and
difficulty of the removal of the iron. Con-
siderable quantities of heat are liberated in the
reducing stage of the process, and although,
of course, a certain quantity of this heat will
be absorbed by the walls and other parts of
the furnace no practical means are provided
to store and economize this heat in the known
forms of furnace.” Now by the present in-
vention I not only overcome these disadvan-
tages, but 1 also provide a very large body or
mass of inert material in the furnace, this ma-

-terial acting, so to speak, like a heat sponge

to store up the heat liberated in the reducing
stage, while always preserving a clear path
for the steam or reducing-gas, insuring their

"perfect and intimate contact with the iron and

permitting of ready removal and changing of
any and every portion of the charge of active
material. I thus effect a great economy in
fuel, while largely increasing the efficiency of
the furnaceand simplifying and improving the
working thereof.

Accordma to the present mventlon the iron
in finely-div vided form is carried in a large
number of separate trays of refractory ﬁre—

.brick or the like, each adapted to contain a

shallow layer of iron in finely-divided form
and to be built up in successive layers from
bottom to top of the furnace, so as to form a
close-lying refractory filling. The trays are

" open at their ends to enable the steam or gas

to pass freely over them in contact with the
iron when built up, and they have, preferably,
supporting flanges or feet for supporting the
under face of one tray at a suitable distance
from the material on the tray below, and this
under face of the tray reflects or radiates a
oreat quantity of heat onto the shallow layer
of metallic iron during the heat absorbing or

oxidizing stage, while at the same time super-.

heating the steam as it passes along the nar-
row shallow channel between the upper and
lower series of trays. It will be evident that
these flanges or feet may be dispensed with if
the holding space of the trays be made sufli-
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ciently deep. When the trays are built up
in the furnace, they form a number of dis-
tinct narrow flues or channels containing a
shallow layer of iron and running in a zigzag
course from bottom to top of the furnace and
affording free passage for the steam or re-
ducing-gas. These narrow flues, so to speak,
divide up the mass of refractory material into
a cellular structure such that while the gases
can pass freely through the cell-flues over the
iron the largest possible amount of heat is
absorbed by the refractory material.

The furnaceis preferably heated internally,
and to this end it may be also so constructed
with the combustion-chamber in the base that
it can in the first place be heated to the re-
quired extent by gas-firing either with pro-
ducer, water, or coal gas. It may, however,
be constructed without thiscombustion-cham-
ber in the base and heated by means of Lot
air or heated products of combustion from
another source, preferably by a hot-air blast
from an ordinary regenerative stove, and this
stove may be the one in which the steam
which has to be passed over the iron for the
production of hydrogen is superheated at a
later stage, as hereinafter described.

In order to facilitate the production of the
hydrogen by contact of steam with iron, in
addition to heating the retorts or furnaces
containing the iron, the steam used for the
reaction may be very highly superheated in
regenerative blast-stoves. The iron should
be in a finely-divided state, but may be in
porous lumps, it desired. Inorder to reduce
the oxid of iron to the metallic state, and thus
render it available for reuse, I may pass a cer-
tain quantity of the producer-gas made dur-
ing the blowing stage of the water-gas proc-
ess or in other convenient way over it at a
high temperature, whereby the carbon mo-
noxid contained in that gas, assisted by the
small proportion of hydrogen generally pres-
ent, reduces it inaccordance with the equation

Fe30£+400 = 3Fe+4002,

the hydrogen being at the same time con-
verted into water. When using producer-
gas for the reduction of the iron, it is advis-
able to superheat the producer-gas, as in this
manner greater heat is produced and stored
up in the iron-containing fwrnace for use in
the hydrogen-making part of the process.

Instead of using the producer-gas obtained
in the blowing-up stage of the water-gas proc-
ess for reducing the oxid of iron I may use a
portion of the water-gas itself or the gas from
a separate gas-producer, preferably worked
by means of a steam-jet blower, as a certain
proportion of hydrogen assists in the redue-
tion-of the iron oxid by the carbon monoxid.

The accompanying drawings represent an
example of hydrogen-producer constructed
according to the invention.

Figure 1isa sectional side elevation, a view

of the end trays being shown in sections M.
2, a sectional front elevation, partly in trans-
verse verbical section, on line A 13 of Kip. 1.

This producer consists of a rectanoular
structure of refractory brick with an outer
metallic shell or casing and having an arched
top, as shown. It is formed or provided at
the base with an inlet @ for gascous fuel for
heating up the generator when required and
also with another inlet 4 for producer or wa-
ter gas for reducing the oxid of iron formed
in the hydrogen - producing reaction, hoth
these inlets being provided with suitable
valves ¢ and d to enable them to be closed.
It will be obvious that one such inlet would
suffice; but it is in many cases convenient to
have separate inlets for the heating and ve-
ducing operations.  On the floor ¢ of the gen-
erator are disposed a convenient number of
pillars or supports 7 arranged at equal dis-
tances apart along and across the hase of the
generator, so as to support the ends of the
trays for containing iron when these are su-
perposed thereon, as described later. A com-
bustion-chamber ¢ is thus provided at the hase
of the generator. A valved air-inlet 2 opens
through the side of the generator into thoe
combustion-chamber ¢, and a steam-inlet pipe
¢ is also arranged to discharge into sano.

% is a manhole for cleaning purposes pro-
vided with a door,

! represents the trays for containing the
iron. These are of refractory fire - hrick.
They are of square shape in plan and of T form
in section, as seen in Fig. 2—that is to say,
they are formed with a flange or lip at two
opposite sides extending for a short distance
above and below the central horizontal plane
of the tray, so as to support the flanges of tho
tray next aboveand provideachannel hetween
each pair of superposed trays for the passagoe
of the steam or gases. These trays are filled
with iron in powdered form and are piled one
above another along and across the generator,
the abutting corners or angles of the hottom
range of trays being supported by the pillars
/> disposed, as before described, at equal dis-
tances along and across the floor of the pro-
ducer. The remaining traysare built up over
the bottom range of trays, cach range heing
supported by the flanges of the trays of the
row next below. The refractory lire-hrick
lining at the right and left hand side of the
generator is formed with a vertical series of
supporting-ledges ., extending from front to
back, each of these ledges being desioned to
support the end trays ol the range next ahove
at the side where the particular ledge is situ-
ated. Each range of trays is disposed in haf-

fled or staggered order with respect to the
range next above it, the left-hand trays of
the bottom row, for example, heing support-
ed on the bottom left-hand ledge v and lying
close against the wall of the generator, while
the right-hand trays of the hottom range do
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not extend quite to the wall on the right-hand
side. - (See Fig. 1.) - The right-hand end trays
of the second range are then supported on the
bottom right-hand support 7 and, similarly,
lie close against the wall at that side, while
the left-hand trays of this second range do
not extend quite to the opposite wall, and so
on to the top, this arrangement bemcr adopt-

ed to allow for expansion of the trays when

heated. .The end trays of each range which
are supported by the ledges m are somewhat
different in shape from the other trays. Their
form will be seen onreference to Fig. 1, which
shows some of these end trays in section. It
will be seen that the flanges or lips of these
trays are curved to conform to the curve of
the supporting-ledges, and at the side adja-
cent thereto they are formed with a lip#, ex-
tending from front to back of the tray, so

that when each range of trays is placed in po--

sition the heating or reducing gases or steam,
as the case may be, passed through the gen-
erator isor are baflied by every succeeding
range of trays at each side of the generator
alternately, so that the steam or gases pass
from the top of each range of trays to the
top of the range next above, so as to pass
over the material on same, as shown by the
arrows. Further, theabutting lips or flanges
of the trays which are built up as before de-
seribed constitute vertical walls or partitions
which divide the interior of the generator up
into a number of independent flues or pas-
sages. running in a zigzag course from back
to front and from front to.back alternately
from bottom to top of the generator. In this
way intimate contact of the steam or gases
with the material on each trayis assured, and,
moreover, the large quantities of heat evolved
in the reaction of the producer-gas with the
iron to reduce the oxid of iron is stored up
and rendered available for use-in the oxida-
tion stage of the working, great economy be-
ing thus attained. Kach range or course of
trays is also preferably dlsposed in slightly-
staggered order with respect to the rangenext
above, as shown in Fig. 2,a slight space be-

ing left between the end trays of each range .

at the front and back alternately. . In this
way the trays can expand evenly withoutin-
terfering’ with the uninterrupted course of
the gases, as above described.

0 1s the hydrogen-outlet to the supply-pipe
, whichleads the hydrogen to the point where
it is required to mix it with the water-gas
in the process of gas manufacture before re-

_ferred to.

¢ 1s an outlet-pipe for the waste ovaqes ob-
tained in the reducing stage of the Workmcr—
that is to say, when the prod,ucer or other re-

"ducing gas 1s passed through the generator to

reduce the iron oxid formed in the hydrogen-
producing stage. Valves»and sare provided
in outlet-pipes » and ¢, respectively, to en-
able same to be opened and closed when re-

quired, and the valve »enables the amount of
hydrogen delivered from the generator to be
controlled.

¢ is a manhole adapted to be closed by a

~suitab1e door and giving access to the inte-
‘rior of the generator to enable the trays to:

be placed in posmon therein.

It will be understood that when the' O"enem-'
tor is first run to produce hydrogen the trays.

contain a suitable depth of metallic iron in

finely-divided form and are piled up in posi-.
tion, as above explained. A convenient way,
of obtaining the finely-divided metallic iron

is to fill the trays with oxid of iron and pile
them in position in the furnace and then re-

duce the oxid to the metallic state bv passing
producer or water gasover itafter it has been

When -

heated to the requlred temperature.
the iron is in the metallic state, valves ¢ and s
and air-inlet % are opened and the man-holes
and valves ¢ and » are closed. Water-gas or
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other gaseous fuel at a high temperature visad-

mitted by the inlet . The gaseous fuel on
meeting the air in the base of the gener ator is
ignited, and the hot products of combuqtlon rise

[¢]¢]

throutrh the trays, thus heating them to a high. -

temperature, the heat belno absorbed and'

stored ‘by the -fire-brick trays and filling.
When the interior of the generator has thus
been heated to a sufficient temperature, the
gas-inlet @, air-inlet /4, and valve s are closed
and valve 7 is opened. Steam, preferablv stu-
perheated, is turned on by the pipe 2 and eir-
culates around the trays, oxidizing the iron
thereon, the resulting hydrogen passing away
by the pipe p. In order to revivify the iron,
valve », inlet ¢, and air-iniet 4 are closed and
valve s is opened. Producer or water gas is
then admitted by inlet 6 and in its passage
around the trays reduces the iron oxid there-
on, the waste gases passing away to a chimney
oruptake by the valves. If necessary,the gen-
erator may be heated up in the manner above
described before passing the producer or water
gas therethrough to revivify the iron.

What I claun and desire to secure by Let-
ters Patent, is—

1. Ahydloden producmdfurna,cemcludmd
in combination a casing, supply-pipes for
steam and reducing-gas, and a large number
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of separate refractory trays adapted to con- - -

tain a shallow layer of iron in finely-divided
form, said trays being built up removably in
the furnace in successive courses as a refrac-
tory filling, and when in position dividing up
the capacity of the furnace into a number of
dlstlnct shallow flues or channels running ina
zigzag course from bottom to top ot the
fur nace, whereby free passage is provided
throuah said flues or passages for the steam
or redﬁcing-gas over the iron on the trays,
the heat evolved in the reducing stage being
largely saved and stored, while “the trays can
be readily removed and replaced as deseribed.

9. Ahydrogen-producing furnaceincluding -
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in combination a filling composed of refrac-
tory trays / having a flange at each of its op-
posite sides extending above and below the
horizontal portion, said trays being built up in
successive courses in the furnace, and means
for inclosing said filling, substantially as and
for the purpose specified.

3. Inapparatus for the manufacture of gas
suitable for heating and power purposes, a hy-
drogen-generator comprising in combination
a closed structure of refractory material in-
closed in a metallic casing and having an ad-
mission-opening for gaseous fuel to said gen-
erator, an air-admission orifice, a steam-inlet,
an admission-opening for a gaseous reducing
medium to said generator, a hydrogen-outlet
and an outlet for the products of combustion
of said gaseous fuel and for said reducing
medium, a series of refractory heat-retaining

trays for containing iron in finely-divided
form, disposed in said generator in alternate
courses, said courses being in such relative
positions that the products of combustion of
the gaseous fuel or the reducing medium or
steam when admitted to said generator are
caused to pass over the said courses in sucees-
sion from side to side throughout the gener-
ator, and valves for opening and closing said
admission orifices and inlets and outlets ne-
cording to requirement, substantially as de-
scribed.

In witness whereof I have hercunto signed
my name in the presence of two subseribing
witnesses.

IERBERT SAMUEL ELWORTIY,

Witnesses:

Tronas L. Winrreneap,
GrorGE CLARE.
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