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[57] ABSTRACT 

A hydrocarbon and air mixture or a hydrocarbon and 
oxygen mixture is incompletely catalytically burned, in 
a highly porous sinter block or stone containing nickel 
or platinum. The block is provided with passage open 
ings. The thus obtained gas mixture which consists. 
mainly of CO and H2 is brought by means of at least 
one quenching with 1120 down to temperatures of 
500° to 150°C and subsequently reacted with the 
formed water vapor in sinter blocks which are highly 
porous. contain conversion catalysts and are provided 
with preferably parallel passage openings. 

9 Claims, 1 Drawing Figure 
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APPARATUS FOR OBTAINING HYDROGEN 

My invention relates to a method for obtaining hy 
drogen. 
A process is known, from my application Ser. No. 

56,885, ?led July 2], i970, for ?ameless combustion 
of gases in porous sinter blocks, wherein a mixture/of 
hydrocarbons and oxygen or a hydrocarbon and air 
mixture is burned in a highly porous sinter block, pro 
vided with passage openings. said sinter block contain 
ing nickel or platinum. 
The insertion of suitable catalysts into the porous sin 

ter block accelerates the reaction speed of the hydro 
carbon and air mixtures so that the surface temperature 
ofthe sinter block doubles and the sinter block load ca 
pacity increases 40 times. Thus. with benzene vapor 
and air mixtures, sinter blocks containing nickel may 
reach temperatures of 900° to l,400°C, and sinter 
blocks containing platinum may reach temperatures up 
to l.650°C. 

In this method, the hydrocarbons employed may eas 
ily be evaporated by preheating. Particularly suitable 
are hydrocarbons of formula C?Hl,I to C,,H|,,, that is 
those hydrocarbons which are liquid at room tempera 
ture. 

The original materials are installed when nickel cata~ 
lysts are used, preferably in a stoichiometric ratio, for 
example. according to the equation: 

wherein deviations in the oxygen content are possible, 
both upward and downward. A permanent excess of 
oxygen should be avoided in a nickel catalyst due to a 
danger ofinactivation from an irreversible oxidation. If 
the hydrocarbons are combusted with a deficiency of 
air, the fuel gas forming thereby may, if necessary, be 
combusted afterward with secondary air. 

In platinum containing sinter blocks, the ratio of the 
original products is adjusted to the desired temperature 
or to the desired reaction process. Hence. combustion 
can be effected with a deficiency as well as with an ex 

cess of air. During the combustion with nickel contain 
ing as well as of platinum containing sinter blocks, oxy 
gen may be substituted for the air producing a further 
increase in temperature. 
The sinter blocks used for ?ameless combustion 

comprise a highly porous material which is essentially 
open-pored, for example a sintered magnesium alumi 
num oxide. They comprise additional, preferably paral 
lel positioned passage openings. The passage openings 
may have a pore radius of approximately 0.5 mm, 
whereby about 40 passageopenings are provided per 1 
cm2 of sinter block area. The entire pore volume should 
be at least 50 volume-percent, but is preferably about 
65 volume-percent. The additional passage openings, 
?rst ofall. prevent clogging of the sinter block by con 
tamination and, secondly, facilitate and increase the 
throughput of the gas mixture considerably. 
The installation of the nickel or platinum catalyst is 

carried out in a known fashion through impregnation of 
the sinter block with a nickel salt solution, or a plati 
num salt solution, or with a platinum acid solution. 
Suitable nickel salts are, for example, nickel acetate, 
nickel carbonate, nickel formate, etc. The platinum is 
preferably inserted into the sinter block in form of an 
aqueous solution of H2 [PtCIG]. Other platinum com» 
pounds may also be used in lieu of H2 [PtCl,,]. The 
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amount of nickel in the sinter block may amount to l 
mg/cm3 to 200 mg/cm“, but may also be higher. An in 
crease in sinter block load capacity could no longer be 
observed with nickel quantities of 500 mg/cm“, 800 
mg/cm3 and above. Particularly suitable were found to 
be nickel quantities of 10 to 80 mg/cm“. The platinum 
content is about 0.] to 100 mg/cmi‘, but preferably 5 to 
10 mg/cm“. It is essential for the selection of the cata 
lyst salt that the salt be easy to dissociate thermally. 
After drying in air or, if necessary, with heat, the sinter 
block may immediately be installed as a radiation sur 
face into an appropriate heating chamber. 

If a mixture of benzenevapor and air in a stoichio 
metric ratio is combusted in a sinter block wherein 50 
mg/cm3 nickel are uniformly distributed, one obtains, 
depending on the radiation ratio and gas mixture, a sur 
face temperature of about l,lOO°C to 1,450°C and 
when combustion takes place in a sinter block contain 
ing 5 to 10 mg/cm“ platinum, a surface temperature of 
up to l‘,600°C is obtained according to the higher reac 
tion. 

in accordance with a particularly preferred embodi 
ment of this method, the nickel salts used for forming 
catalysts can also be doped with uranium compounds 
in order to increase the stability. These compounds, 
during the combustion process, convert into uranium' 
[oxide UO§ and in this form help to produce active cen 
ters in the catalyst. For doping purposes, additions of 
l to 3 percent-by weight uranium oxide, relative to the 
catalyst content. are sufficient. 

It was found that according to the suggested method, 
the gas mixture which is obtained during the incom 
plete and ?ameless combustion of hydrocarbons may 
be employed particularly expediently for obtaining hy 
drogen. This is of advantage especially when a small 
construction is indicated for the hydrogen producing 
system, which is frequently the case in fuel cell plants. 

According to the present invention, a hydrocarbon 
and air mixture or a hydrocarbon and oxygen mixture 
is incompletely catalytically burned, in a highly porous 
sinter block or stone containing nickel or platinum and 
which block is provided with passage openings. The 
thus obtained gas mixture which consists mainly of CO 
and H2 is brought by means of at least one quenching 
with H2O down to temperatures of 500° to 150°C and 
subsequently reacted with the formed water vapor in 
sinter blocks which are highly porous, contain catalysts 
and are provided with preferably parallel passage open 
mgs. 

into the reaction gases. At the same time, a cooling of 
the reaction gas and an evaporation of the water takes 
place. 
During the incomplete, ?ameless combustion ac 

cording to the previously suggested method, the air or 
oxygen volume is such that reaction takes place ac 
cording to the equation: 

Contrary to known hydrocarbon combustion, the reac 
tion proceeds even without the addition of water vapor 
without soot, which is important for the practical exe 
cution of the method. It occurs mainly in the sinter 
block impregnated with nickel or platinum. 
According to the invention, the gases formed during 

the incomplete combustion (CO, H, and slight amounts 

By quenching, we mean here, the injection of water 
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3 
of CO2) are reacted catalytically with water vapor, ac 
cording to the equation: 

at temperatures between 150° and 500°C. The catalysts 
may be any of the known conversion catalysts. such as 
for example. mixtures‘ of zinc and copper or iron and 
chromium. Particularly effective were the mixtures of 
zinc. copper. chromium and slight amounts of ironsThe 
indicated catalysts may also be employed in oxidized 
form or in mixtures, with oxides. 
The method of the invention. as well as a device for 

performing said method, will now be disclosed in 
greater detail with reference to the Drawing, in which: 

The single FIGURE shows a hydrogen producing sys 
tem wherein the catalyst containing sinter blocks as de 
scribed in my older application are provided for incom 
plete combustion of ‘hydrocarbons. and the carbon 
monoxide forming during the incomplete combustion 
process is gradually converted with water vapor. 
The air. or oxygen, introduced at l, flows through the 

preheating duct 2 and enters the chamber 4, via the 
catalyst-free sinter block 3. in chamber 4, the air comes 
into contact with the benzene supplied via line 5 and 
the preheating system 6. The air volume or the oxygen 
amount is so rated that the combustion remains incom-. 
plete. It takes place in the sinter block 7, impregnated 
with nickel or platinum. The resultant gases subse 
quently pass the porous sinter block 8,‘ which serves as 
a radiation protection and is a catalyst-free. porous sin 
ter block. provided with passage openings. ln chambers 
9, 10. 11 and 12, the gas mixture is then mixed, step 
wise. with the water volume necessary for the conver— 
sion and the carbon monoxide is converted into carbon 
dioxide in the sinter blocks l3, l4, l5, l6,tcontaining 
the catalyst, according to equation: 

At the same time, a temperature gradient occurs along 
blocks 13 to 16. so that conversion takes 

place in sinter‘ blocks 13 and l4,.at temperatures of 
about 350° to-500°C and in sinter blocks 15 and 16, at 
temperatures from 200° to 280°C. The supply of water 
into the injection chambers 9 to 12 is effected via the 
ribbed pipe system 17, the collecting pipe 18 and the 
branch pipes 19, 20, 21 and 22. The water is simulta 
neously being preheated in the tubular system 17.‘ 
The resulting raw gas leaves the hydrogen producing . 

installation, according to the invention, via line 23 and 
comprises carbon dioxide and hydrogen. The carbon 
dioxide is removed from the gas by means of suitable 
absorbants in known manner. ‘ 

1n the Drawing. the numeral 24 denotes the housing, 
25 the interior lining and 26 the housing insulation. 
while 27 represents the outer insulation of the suction 
channel 2. 
As previously mentioned. all catalysts known to be 

suitable for this purpose may be employed as conver 
sion catalysts. 1n the Examplesathe catalyst consisted 
of a copper-zinc mixture. 

In the hydrogen producing installation according to 
the invention. 58.9 Nm" air (or 7.85 Nm“ oxygen) were 
sucked in per hour. through duct 2 and mixed with the 
injected benzene. in chamber 4. There were 10 kg, per 
hour. benzene injected into the chamber 4. During the 
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4 
contains platinum. the temperature of the mixture rose 
to about 1.250°C. This resulted, per hour. in 7.85 Nma 
CO. 7.85 Nm3 CO2, 17.6 Nm“ H, and 47.2 Nm“ N2 (or 
15.7 Nm3 CO and 17.6 Nm3 H2 when 02 was used). By 
injecting about 40 liters water. per hour (or 15 liters 
per hour when 02 was used) a drop in the temperature 
of the reaction mixture to approximately 350°C was ef 
fected. 1n conversion sinter blocks 13 to 16, a gradual 
reaction of the carbon monoxide now takes place with 
development of heat. About 15 liters water (5 liters 
water when 02 was used) are also injected into the 
chambers 10, 11 and 12, whereby the reaction temper 
ature drops to about 200°C, in the last stage. 

In the above Example, it was possible to produce 
25.5 Nm3 hydrogen per hour (or _34 Nm“ hydrogen per 
hour when 02 was used) per 10 kg benzene, initial feed. 

The dimensions of the hydrogen producing installa 
tion were 844 mm. 131 mm width and 155 mm height. 

The device for producing hydrogen by means of soot 
free conversion’ of hydrocarbons with oxygen or air and 
water vapor, is characterized primarily through its low 
space requirement and is therefore particularly suitable 
for such installations which are supposed .to_ be small in 
size such as, for example, for hydrogen producing in 
stallations of portable fuel cell batteries. The device 
shown in the FIGURE is suitable. however, not only for 
producing hydrogen but also for the production of inert 
gas. for example, nitrogen. When nitrogen is obtained 
from air, it is preferable to employ the benzene and air 

' mixture in a stoichiometric ratio so that only CO2 is 
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ensuing catalytical combustion in sinter block 7, which - 

present in a raw gas mixture, in addition to nitrogen. 
The CO2 may be washed out, in a known manner, with 
the aid of an absorption liquid. 
The method according to the invention can also be 

used for converting carbon monoxide contained in the 
exhaust gases of motor vehicles, whereby the injection . 
of water can be eliminated because of the water con 
tent in the exhaust. 
The term “Nm"‘" means cubic meters reduced to nor 

mal conditions. i.e.. 0°C and 760 mm Hg.‘ The word 
“oxygen" as used in the claims is intended to include 
oxygen as present in air as well as 100 percent oxygen. 

1 claim: 
1. A device for obtaining a gas mixture containing hy 

drogen and carbon dioxide by incomplete, catalytic 
combustion of a hydrocarbon and oxygen containing 
gas mixture and subsequent catalytic conversion of the 
obtained gas mixture. containing CO and H2, by adding 
water. which comprises a common housing with inlet 
ducts for hydrocarbons andoxygen and an outlet duct 
for the gas mixture containing hydrocarbon and carbon 
dioxide. at least two highly porous sintered blocks with 
parallel openings between said inletand outlet ducts, 
said sintered blocks being positioned in ?ow direction, 
one behind another. at such spacing that a free space 
is formed therebetween. the ?rst of said sintered 
blocks. in flow direction, being provided with a catalyst 
for incomplete ?ameless combustion of the hydrocar 
bon and oxygen containing gas mixture and at least the 
last of said sintered blocks. in flow direction, being pro 
vided with a catalyst for converting the CO and H, 
containing gas mixture and means for injecting liquid 
water into the free space positioned ahead of the sin 
tered blocks provided with converting catalyst. 
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2. The device of claim 1, wherein a catalyst-free sin 
tered block provided with passage openings is arranged 
in the oxygen inlet duct in flow direction ahead of the 
?rst sintered block, a free space is formed between the 
catalyst-free block and the-?rst sintered block and the 
inlet duct for hydrocarbons ending in said free space. 

3. The device of claim 1, wherein between the sin 
tered block provided with combustion catalyst and the 
first sintered block provided with the converting cata 
lyst, an additional sintered block having passage open 
ings is arranged at such distance from both sintered 
blocks that a free space forms between said sintered 
blocks and means for injecting liquid water into the 
free space between said additional sintered block and 
the ?rst sintered block provided with the converting 
catalyst. 

4. The device of claim 1', wherein heat exchangers for 
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6 
preheating at least one of the hydrocarbons, the water 
and the oxygen are provided behind the last sintered 
block in ?ow direction provided with converting cata 
lyst. 

5. The device of claim 1, wherein nickel is provided 
as the combustion catalyst. 

6. The device of claim 1, wherein platinum is pro 
vided as combustion catalyst. 

7. The device of claim 5, wherein the combustion 
catalyst is doped with uranium oxide. 

8. The device of claim 6, wherein the combustion 
catalyst is doped with uranium oxide. 

9. The device of claim 1, wherein a mixture of at least 
two of the substances selected from the group consist 
ing of zinc, copper, chromium and iron is provided in 
metallic or oxidic form as the converting catalyst. 

* * * * * 


