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COMYLETE SPECIFICATION.

Improvements in and relating to Combustion with the Aid o! a
Catalyst.

T, TEENDORE WILLIAM (GRUETTER, &
cifizen of the United States of America,
of Crants Pass, Oregon, United Siates of
America, do ,herebf declaze the unature of
this imvention and in what maoner the
saroe is o be performed, o be particulsrly
desoribed and ascertained in and by the
following staternent — - - ’

This imvention zelates 4o combustion
processes with the aid of catalytic sub-
slances,

Tt has keon Imown for many yesss that’

the catalytic power of accelerating com-
bustion is possessed by - the - platinam-
group metals. A standard test for
platinam depends on_whet iz cajled the

glow reaction”.. The glow - reaction
conwishs in sbsorbing a solubion of fhe
metal o be tosted inlo a strip ol ashestos,
drying, and holding # in & gas flame
antil ncandescent, The gos Aame is. then
extingnished and the gas tumed on again
on the ashestos strip- w%.ﬁle it iz &6l warm.,

Under these conditivns i will glow with
. incandescemce i platinum s present.

While attempting o obtuin the glow from
copper ore- which was sup-
posed to carry platinum I discowered thab
copper itself, i in sufficient quantity, and
when: changed to copper oxide, wi
the meandescent glow., This -fact wes

- theretofore umknowm wnd my discovery

therent forms the -subjoot of an investiga-

{ion by the Government of the United

States of Amerien for the rvason thab
assayers snd others have depended on the

-glow reactiun to prove the presence of

platimum. A glow was obtained from all
the metals herein rcferred to. .

Tt Has been known Levétofore that the
wbove metals and ozides will eatalyse
oxidation reantione bub the endeavour has
always been to keep the demperaburc as
low as posgible, in such processes, and to
opmbine gased sv az o Mprpdni:e 8 useful
chemieal compound. ¥y purpose iz to
producs- -useful heat for industrial and:
domestic beating, usnally. at temaperatures
from 600° O upward, and an end produet,
such as 00, H,0, sto., which is of nd
further use. - : ' : :

1t has heen proposed

’c»o pr.’ei)are nitrogoi

and earbonic acvid by completely burming

[Price 114

give-

u mirtore of earbonageous metber and eom-
bustion produets such as the exhaust gases
(carbon doxide) for an inicrnal combus-
tion engine in the presence of = cetalyst
such as coppor oxide.

'fhe prescut invention consists in the

ooess of combustion with the aid of &
cutalyst for the production of heat in
industrisl and domestis heating, which
comprises vsing as the cntalyst an oxide of
ab leasl one CE
or nickel, and wherein the catalyst is pre-
liminary heated ond thereafter fuel Is
bupnt with the aid of tho heated catalyst
in the presence of air and in the abssnce
of ecarbon dioxide supplied from an
exteenal source, and the catalyst becomas
incandescent ‘and radiates heud.

The inveubion also consists in the pro-
gesy of cembustion with fthe ald of a
cutalyst for the production of heat in
industrial and domestic beating, in which
heat, preferably as non-luminens flame,
sud air or oxygen src supplied to the
catalytic material, comprisiog an oxide of
at least one of the metals copper, cobalt or
niekel, or to seid oxides in or on one oOr
vagre carciers, tho varriers being of incom-
bustible matcrial, preferably porous, or of
metals which ere oxidised upon their
gurfaces, and thereaficr the flame, H aony,
iy extinguished or removed, and fluid fuel
pad air or oxygen, or sir and steam are
supplicd to the heated oxides. or oarriers

.and oxidss, snd catalytic combustion is
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the metals, copper, cobalt =’
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initdated in the sheenee of carbon dioxide |

gnpplied from an external sonree and o
portion of the heuws developed is ubilised
for msintaining the oxides at a tempera-

. urc sufficient to facilitate calalytic com-

bustion. o .
* further fontures of Cinvention will he

“hereinafter degoribed and defined in the

olaims, .
Tn arder o find a more suitable support-
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jug substance than. asbestos I tried many )

gubstazices and  thereby discovered that
when certwin sulsbences which arc rela-
tively dificultly. combustible, such, for
example, agz -are-ghl earbon, are fmapreg-
nated with certain soludinns, suchH as
copper rolutions, by alternabte heating to
meendercence and sosking immediately
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with a satursted solution four or five times
and fnally again heated to incandescence,
théy will eontinme to burn, in air, until
the parbon thercin is all consumed. This
they will mot do without the presence of
such - batalyser. This is & new discovery
and heretiofore unknown. The natural con-
clusion from the above is that these cata-

Tytie substances, in preseucc of heab, take .

oxygon from air and pass it over to the
combuytible  element or compound in &
purified or concentrated form so thab it
will activate substenses which ecannot
ordinarily bhe burned, snd will accelarate
the rate of combustion of ordinarily com-
bustible elements or compounds. .

When catalysers of copper, nickel or
cobalt, or mixtures thereof, are precipi-
tated from daturated solution imto o
porous supporling substance, such for
example ag distumeceous earth or gracu-
lated firebrick, ete., from two to four times
with alternate heating us shove desoribed,
or when salfs of these melals are melted
ou porous surfaces and heated to incon-
descence and thereby changed to oxides
the surface arca of the omides is wvastly
greater than when the said oxides are
otherwise formed, as by culeining ore con-
contraten. The depres of catulylic octiva-
{ion is therehy greatly incressed. Cata-
lytic vombusiion may be 2 form of so-
called * flameless” or * surface” com-
bustion. What L call o cafalyser, for the
purpose of catalytic combustion, may be

defined as the more ox less finely divided

oxides of copper, or mickel, or cobalt, or
miztures thereof. For the purposes of
this Specification T also eall the combina-
{ion of such catalysers with their suppurt-
ing wubstence a catalyser. In the vid
process of surface combustion, which will
be referred to in more detail below, any
refraciory substence bas been eslled a
oatalyser, or catelytic surfpce. There are
imporfant differences in the character of
the oatalytic action, as hetween the oxides

of zaid ‘metals on the one hand aond

ordinary refrsetory surfaces on the other
hand. Thise will ba explained below.

What has been oalled, surface ecombus-
tion has bewn known for many years, It

-is based on the principle that when any

more 6r less refractory substance, such as
firebrick, poreelain, ele,, i= heated fto

incandescence by means of & gas flame, in |
presence of air, and the flame then extin- -

guished by momentarily interrupting the
flow of $he gas, the surface of the refractory
will maintein the ineandesoence without
any ordinary flame as long as the gas,
mizxed with air, impinges on il e suff-
oiemtly high weloeity. The principel
difference between such surface and the
geld oxides, as natalysers, ix that the

ture of the pacticular com

_the “lag on ignition ”, in order fo

refractory st first be brought to incen-
descence by the flame, herehy ahsorhing
a large amomnt of hest and requiring oon-
siderable time; whereas only & relatively
low temperatare, usually less than 300°
¢, is neccssary to gbart the raaction in the
cage ol lhe sald oxide ratalysers, and this

70

requitey much Jess Hime. When saturated .

suiphate solutions are used the sulphur
maust be thorvughly buwrned oub. When
oopper mitrate solutions are used fthe oxides
booome active at ahaut 200° . Nickel
oxides royuire more heat and cobalt oxides
still more. Nickel oxide surfanes produce
a brighter incandesceuce tham copper oxide
surfaces ot the same pressures but fthe
* fncendivity ' of copper oxide is less
than that of nickel oxide. By fhe lerm
 jngendivity * 8 meant the ability to
cfiect ignition (see Publications of the
Safety in Mines Researoh Roard, volume
L, pages 8 and 9.} These oxides, 4% cer-
tain critical temperaturcs, become insbtan-
taneously incandescent and  thereafter
greatly accelerate the rate of combustion
of the Efas, the heat being eoncentrated ab
the suriace of the oxides and radiated
therefrom. The advantages of this low-
temperatnre activation will be more fufly
explained in connection with a praclieal
application, 1t will be evident that,
becanse of this low temperature, necessazy
to initiate the reaction, the catalytic
power of the said oxides is mush greater
than thet ol ordinary refractory surfaces.

Because of fthis greater power such sab-
stamces, for example, as are-light carbon,

san he activated by said oxides, as above

deseribed.

For the maintenance, withoub igmition

‘o flame, of relatively low temperatures,

naaely, nearly up o the ignition tempera-
tible wsed, it
ia meot Dmecessary 0 tse o high velonity,
whersby noise due to the highor pressurs
is avoided. 'The infense catulybic uclion

.raises the ignition peint by nducing o

maintaining  Hameless combustion, by
which the * incendivify * of the surface
is reduced.

~ Foi the maintensnes of higher tempera-

tures, from the ignition temperature of

the ' combustible used wnpward fo the
highest attainable femperuturcs, at least
such a velocity i= requiced as will give less
time of contact of the comhustible with
the ‘glowing surface for its whole length
than the time period of whab is known as
ra-
vent ignition to flame, or © back fiving ™.

I'he time period of the * lag on jgnition ™

vories, and the degres of incendivity of
the surface is dependent: (1) on the tem-
perature of the murface; (2) time of its
vonlach with the oombustible ; {3) its cata-
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{yuing power which by -inducing fameless with the ges if desired. [For some
combustion radnces the. ingendivity and purposes & patalyser support, such us
. raises the teroperatures attainable without diatomaceons corth . carrying  copper
ignition o fame. T . * oxides, etc., may be made to absorh the
In the old surface sombustion process liguid fucl. the earth acting lke. s’ lamp T
Eanul&ted refract.or{, such as fiebrick, wiok. This i= then lighted with a Heme.
as been plased im the fire tuhes of steam  After the surface betomes  inoandescoent.
boilers, and packed around crucibles for  the fame s removed by shubling off sir.
melting metals. Alghough high tempora- Air ur oXygem, o gtewm and asir, prefer-
fures of fameless combustion Love been ably under pressure,. ig then quickly Te- T3
attainud, when ireated as degeribed, the admitted al one or more points along the
ineandesoence did mot spread throoghout, combustion zong: oOF heat may be first
the mass of the refractory. Tor example; applied and then a spray of the liquid fael.
W. A Bono used 5 x38" firo tubes. ed The snrface wil glow with incendescence
with the granulated refractory in which as lung as therc j= any Hquid fuel leff in 20
case only that portion of the reiractory in  the supporting gubstaneo, By supplying -
the tube near the enirance became intam- a contimious eed or spruy of liquid fuel
descent, while the portion faxther back in this method may be used for ordinsry
the rear of the tube wasd warmed by the |Teating purposed in o suitable apparatug.
heat of the portion at the xnbrance, tlins There  catalysers may be nsed, in S8
only acting a8 a bafloe o absorh heat. On general, in any suituble form of heater,
the ofher hend, when cubstances such ag  boiler crncible or mufie fumacs, fire-
Jigtomaceons earth, which is of a highly place, cooking stove; heating stove, etc.,
orous nature, are impreghated with fbe eithef as precipitations in porous sub-
snid oxides and uvsed in the same way the stances which will burn, or-in snch a5 will 90
inpandescence Teadily and wieldy spreads mol burm. Tn the latter coge the com-
throughout the lengih of a long fire tube. bustible clement would be a, gas or &
T have obtuwined this result with cify gas lguid. ‘'he porous supporiing gubstance
st o pressure of only six inches of waler, may be given any guitoble shape or size,
and air at atmospheric Pressuye, in a Ove aod applied in & sniteble manner such as B8
foob by three inch tube. This is becauge jumps In fire pubes or crusible furnaces, as
of the relatively low temperature rxcgﬁ bricks, Tlocks, uylinders, ste., in euch
to initiate the Tcaction with such oxides as mammer that "the oatalybic glowing of
catalysers. It will, therefore, he rcadily incandescent surfaccs radiste their heat
sern that o much bigher rate of average -wheee it is wsefnl. Molten oxides may be 100
evaporation of steam pPET square foob per easb into suiteble shapes, or formed on onu
houe can be obtained with my catalysors  side  of  copper vessels,  elo. When
than by the old method. In other words, graphile, ete., is msed as the support as,
wwheroas in the old provess a steat evapora. for emample, in fire tubes, or crucible
tion of 85 pounds per sguare foot per hour furnaces, ¥ the gas is in cxoess the earbon 105
wos. obtained, for the first foot only, of the  ihersin will be bub littie atlacked.
three feet by three inches fire tnbe, this Tn addition to the various cambustible
was T0 per oemt. (seventy) of the tobed  substanoes mentioned I may smploy mix-
evoporation, On the cther band, with my tures of afr and gas or oil and alr and alzo
catolysers s much higher average Tat0 of explosive mixtures thercof. 110
svaporation por square foot pex hont may Having now particelazly described and
be abtained for the whole jength of the escertained the nature of my said inven-
tube. A further advantage of my tion and in what manner the same I8
catalyser is that much lese time is Tequired o be periormed, [ doclere thet what I
to reite the temperature and incresss the claimis:— 115
rate of evaporation. Ime To an Ever 1. The proeess of combustion, with the
expangion and contraction of the tubes, 8id of @ oatalyst for the production. of
whers ™y catalysers ave used, other heat in. industriu] snd Jdomestic heating,
advantages are gamed. The above advan- which comprises using as the catalyst an
tages apply to heaters for gooking, general oxide of ut least one of the metals, copper, 120
heating  purposes, raising  steam  for cobalt or,nickel, and wherein the catulyst
power, meling and annealing metals, is preliminsrily Leated snd thereafter fuel
and many other PUrposes and methods of is burnt with the aid of the heated catalyst
producing heat. In explosion motors in the presende, of. ait and in the absence
probably & partial catulytic preliminary of carbon dioxide supplied from an 125
sombuskion lessens the violence of detona- external source, and the catalyst hecomas
tion snd permits higher pressures, incandescent and Tadiates hoatb.
Where ];-31‘316 fuels sre ypsified the 2. The process of combrstiol with the
catalytic oxides may he nsed in & porous aid of » eatalyst for the production of heat
support as described and also injected in industrial and domestic heating, in 150
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which heat, -preforably as mon-luminous
flame, end air or oxygen are supplied to
the catulytic material, COMPTIEINE  al
oxide of at least one of the metals oupper,
cobalt or niskel; or 1o said oxides in gz on
one or more carriers, the cartiers heing of
incombustible ‘material, prefershbly porous,
or of mefals which are oxidised upon their
surfaces, ‘and thereafter the flame, if -any,
ig extinguished or removed, and Huid fuef

and wir or oxygen, or air and steam are
supplied. to the heated oxides, or carriers

and oxides, snd catalytic combustion is
initiated in ‘the absence of carbon dioxide
supplied frum an extetnal source and .a
fortiou. of the heat developed 9s wtilised
or meintaining ‘the oxides ab a tempera.

- tmre sufficient to Zucilitate catalytic com-

20

buation, R . _
8. A yeas- a8 clajmed jn Claim 2, in
- which the time of coninet of the fuid fael

and air with the heated ratalyst is Bmited

to & time iugufficient for the ignition of
$ho fuel to flame nt any sitainable tem-
perature,

‘4. A process ag claimed in Claim 2 or 3,
in which said combustion is initisted by &
preliminary heating of the surface of the
catalyst to a temperature holow incan-

- descence.

6. A process 6s claimed i any of
Claims 1" to 4 wherein air or oxygen, or
steam and air, preferably under pressure,
is supplied at ome or more points along
the combustion zone,

8. The improved provess of combustion
with the aid of a catalyst wherein the
catalyst oomprises an ozide of dme or more
of the metals copper, eobalt and mniclkel
substantially Az deseribed.

" Dated this 10th duy of March, 1927,

- MARKS & OI.LERE.
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