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1. Method for total mater1~1 eaiss1on-free utilisation 

of ihe synthesis clean gas obtained during high-
; 

temperature recycling of waste of all types, 

characterised £.A that 

10 the syn.thesis clean gas so obtained is acted on ~Y 

~ate~ vapour in a catalytic process in order to convert 
I 

the: carbon 1110noxido contained in the synthesis qas at 
I 

lea~t partially into carbon dioxide and hydrogen, to 

lea~ the remaininq reaidual qaseB back into the high-

15 tmat>erature reactor, and then, in a know.n separatio~ 
' 

p~ocess, such as in a ~preSS'l,1.re swing adaorption 

plap_t"~ to separate-the :main product obtained, 

consisting of hydrogen, carbon monoxide and car~on 

dioxide~ into the coinPonents hydroqen and/or carbon 
! 

' 20 m.o~oxide and/o;c carbon dioxide and use 1t thus. 

2 • Method aocordinq to claim l, 

~~teria~ ~ "tll\at the syn.thesis clean qas thus 

ob~ainea is suJ:>jected continuously to partial 

25 co~varsion u:c.til hydxcgen and carbon JnOnoxide reach the 
! 

nedessary ~~~ume :ation of 2 to 1 for the syn.thesis of 

mt~hanal; tnereafter carbon d.\oxide ia sep•rated by 
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gen~=ally :bid"1n method• such that, f:om tha remaining 

hyd~oqen-carbon monoxide mixtui;a, :methanol can be 

obtained in a synthesis (2H,+ CO-+ CH10H) 4 

5 3, Method ac::eordJ.nq to claim 1, 

10 

c:haZ'aater1•11d in that the synthesis clean gaa ao 

obtained is completely converted into carbon d.i.oxide 

and hydrogen, and the autistances so obtained are used 

aeparately. 

4 • Method accordinq to claim 3, 

cha~tariaecl ~n that the hyd~oqen is used, toqetbar 

with the nitroqen resultinq f~mn the air separatio~ in 

the· qene~ation ot oxygen durinq hiqh temperature 

15 gasification, for the synthesis of ammonia. 

s. · Method aecordiftq to clai:m. 3, 

ahara=tei-ised in tha~.the hyd%'ogen is uaed :by 

p~ef erence as a fuel to r\.\h the fleet of lorries 

20 charginq the thermal treatment installation. 

6. Method accordi:n.; to claim 3, 

charaatasLaed in 'that the hydl:ogen is used in fuel 

ce~ls to ;ene:ate eleot~ic power. 

111111111111111111111111111111 
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All the known the%mal processes for disposing of waste 
I 

axe'. characterised in that emissions in gaseous fo.cn. are 

15 produced. and· 1n that z:elGidual :iaat.Arials remain to be 
I 

I 

dumped. 

I 

In bE 41 30 416 Cl, a the%1llal process for waate 

utilisation is oeseribed which, in compa~ison with all . 
20 th• known processes used in industrial production, has 

25 

' . 
s'l2bsta.ntial ecological, economic and technical 

adV:antages. The resultant gran-glated ia.:l.neral material 

is ;absolutely inert; the i~on metal alloy can be used 
I 

m.a.tiallurqically. In claim 11· of this method it is 
! 

prorosad that pu~ified synthesis gas ahOuld be used 

th~=nally or as enerqy; in so doing, hann.ful 

sW:lstances, caused by the combustion process, are 
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in•Jitably produced which can dauaaqe the atmosphere at 
I 
I 

lea~t pa~tially. The heavy.metals contained in the 
; 
I . 

syn~hesis qas and compounds of chlorine and fluorine 

S.6 

I are1separated, and, amongst othe~ things, a heavy metal 
! 

5 .sul~h:ide or: hydroxide sluclqe is produced which has to 

be 4umped. 

I 
Although with this methcd only minimal concentrations 

' I 
of +armful substances can occur which lie far below all . 

10 ra~lations and standarclS, and the residual amounts to 

be ~umped lie at below lt ineasured against the i~put, 
: 

thi~ method, too, is neither emission-free nox free of 
I 

resli.due. 
I 

I 
15 Thej object unclerlyinq the present invention is to 

20 

25 

I 

dev~lop a m.athod in which the syn.thesis gas is 
i 

completely used as a sub1tance and no emissions are . 
proFJ.uced. 

! 
' 

' ! 

Th~ o~ject is achieved acco~ding to the invention by 

thJ features quoted in the aha~•cterising part of claim 
i 

l. I 

f 
j 

Ad.~antaqeous further developments and. embodiments of 
' th~ achievement ot this object arise from the secondary 
i 

cl~ims. 
i 

I 
I 

I 
i 

I 
i 
i 
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I 
Accdrdinq to the invention, it is thus proposed that 

I 
-dhesis clean gas, preferably stemming from the 

syn I 
prodeea such as is deseribad in DE 41 30 416 Cl, be 

S.7 

I ccn;~rted at least partially into COa and hydrogen. It 

should be particularly emphasised that the reJl\aininq 
I 

residual gases can be led back 1nto the high• 
I 

t~aratlU'e reactor, and t:ha process takes plaea 

wit~out emissions. The converted components are then 
I . 

I 
putito smne use. 

! 

I 
i 

I A Pf•f e~red f ox:m of embodiment provides for the 

syn~h&sis clean gas, consisting essentially of 
I 

hYcikogen, carbon monoxide and carbon dioxide, to be 
i 

act~d on by wate~ vapour in a catalytic process, in 
i 

ord~r to convert the carbon monoxide contained in the 
i 
I 

syn~hesis qa5 co•pletely into hy~rogan and carbon 
I 

dio~ide (CO + H20 ""'* H2 + COz) • The two gas components, 
I 

hyd~ogen and carbon dioxide, can be separated by 
i . . 

g~~ally known methods (such as a p:essura swin~ 
i 

adsrrption plant, tor example} and used coxnmex:cially. 
I 

I 
Ca~on dioxide can be condensed, cooled and used aa dry 

. i 
l.CeJ. 

; 

I 
1 

Hy~oqen can be used as enerqy and/or as a substl.Z).ce. 
i 

If ~ydrogen is used as a general or motor fuel, this is 
I 

an absolutely emission-free energy carrier, &in~e only 
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I wat1r is produced when hydrogen is used. as energy (2Ha 
I 

+ 021 _,.. 2Ha0) • 

I 
If ~ydrogen instead.of fossil fuels, the damage to the 

! 
s environment which inevita~ly ~esults f~om the use of 

10 

15 

.20 

25 

fos~il fuels is dispensed with. Since tbe raw 

Jnat+rials, from Which tosail fuels a~e obtained, are 
I 

iimited, these resources can b• used more sensibly. 
I 

Mo .. Lo-""r, ·~ v• hydroqen can be used in fuel cells as energy 
! 

to ~rodUce electric power. Compared with conventional 
I 

pow~r stations, fuel cells not only ha~e a 
I 

subrtant1ally hiqhe~ degree of ef~iciency, they also 

qenp~ate electric power without any h&;i:'11l.ful subatiil.Dcas 
! 

beirq produced in the process. 

I 
Hy~oqen ca~ be used as a substance in byclroqenation 

I . 
andj synthesis pJ:ocasses, for example, · In organi~ I . 
hydjrogenation, orqanic molecules existinq under 

I 
pr~ssure and at defined temperatu~ee are enriched with 

I 
by~roqen. 

I 
I 
I 

In ~ncr<;an1c hydrogenation, J1Uiltal cx1des are reduced 
i witF hych'oqen to inetals 
! 

(e .jg. W03 + 3H2 -+ W 1' 3H20) • 

I 
I 
i 
I 
l 
I 
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I 
•Ammjonian can be produced in a synthesis f~om hydioqen 

I 
and !nitroqen. It should be particularly mtres5ed that 

I 

thejoxyqen needed fo~ waste gasification 1s obtained 

wit~ an air sepa~ation plant; nitro~en also results 

5 ~roJ this which csn be uaed commercially for the 
I 

10 

l!5 

20 

25 

syn1fbasis of a:mmcmia. :tt is pa.rtic;ula:rly a.d.vantageoua 
'· I 

that the air eeparation plant is already a Qomponent 

parf of the process~ 

! 
i 

tf ~ydroqen is to be used for the manufacture of 
i 
I 

m.ettancl, it makes sanse to conv•~t tha ca~bon dicxida 

pre~ent in the aynthesia gas into hydrogen and carbon 
l 

by •Pplying water vapo'W:' to it, to the extent that 
I 

hyc:ifogen and carbon monoxide a~e present in the 
I 

sy.n~hesis gas ib a ratio of 2;1 (partial conversion). 

l 

I 
Nexf, carbon dioxide is separated by generally known 

met~ods, hydrogen and ca%bon JnOnoxide are sublaitted to 
I 

a Sl!/nthesis, and methanol results. 
! 
i 
I 

Thrbugh the i.use of the hydrogen as a sl,ll;>stance, 
i 
i 

ch~ical raw ~terials are obtained which are able ta 
I be ~tored and transported and which can be used in a 
i 

va~iety of ways. 

I 
I 
I 
; 

i 

I 
! ·. ili1i1i1~1Mr 
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I Met1od fo~ total :material emission-free utilisatton 
of ~he synthesis clean gas obtained during high-

' I temferatu~e recycling at waste or all types, in which 
I 

met~od the synthesis clean qas is continuously 
conterted in a catalytic pzoeess into carbon dioxide 
andlhydl:o;en, at least partially. 

I 
i 

I 
! 

I 
l 
I 

j 

l 
I 

I 
! 
I 
! 

I 
I 
I 
I 

~ 
i 
I 
I 

I 
I 

I 
i 
I 
I 

I 
I 

Th~i1i1i1ii1r~r 
I 
I 
I 
' ! 
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Synthesis ~lean Gas 

All the known thermal processes for disposing of waste 

are characterised in that emissions in gaseous form are 

produced and in that residual materials remain to be 

dumped. 

In DE 41 30 416 Cl, a thermal proces~ for waste 

utllisation is described which, in comparison with all 

the known processes used in industrial production, has ....... 

substantial ecological,econpmic and technical 
"i. . . •' ' 

advantages. ~he ,:J;esu~ tant· ·granulated ;mineral material 

is ·absolutely in~rt}·:·.-th~· ·1;~~ ~~~-al alloy can be used 
-~: ·; 

matallurqically. -; In_-claim ·11 ·of· this method it is 

proposed that purified s~thesis gas should be used 

thecmally or as energy; in so doing, harmful 

sul:!stances, caused· by the combustion process, are 

T11·1s is 11'1.e replacement sheet 

.1 1 FEB 1998 
Date: 
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ineV:itably produced which ca~ da.Jnaqe the atmosphere at 

least partially. The heavy metals contained in the 

syn~hesis gas and comi;>ounds of chlorine and fluorine 

are separated, and, amongst other things, a heavy metal 

sulphide or hydroxide sludqe is produced which bas to 

be dumped. 

Althouqh with this method only.minimal concentrations 

of ~ai:mful substances can·occur which lie far below all 

regulations and standards, and the residual amounts to 

be ~umped lie at below lt measured aqainst the input, 

this method, too, is neither emission-free nor free of 

residue • 

. The object: underlying the present invention is to 

develop a method in which the synthesis gas is 

com.Pletely used as a substance and no emissions are 

produced. 

The object is achieved according to the invention by 

the features quoted in.the characteri'sinq part of claim 

1. 

. ....... 

AciV;antageous further developments and embodiments of 

th~ achievement of this object arise from the secondary 

cl~ims. 

This is the replacement shtlet 

Date: .1 1 FF. B 1998 
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Accordinq to the invention, it is thus proposed that 

synthesis clean qas, pre~erably stemminq from the 

process such as is described in DE 41 30 416 Cl, be 

converted at least partially into c~ and hydroqen. It 

should be particularly emphasised that the remaining 

residual qases can be led back into the hiqh­

temperature reactor, and the process takes place 

with.out emissions. tthe converted components are then 

put to some use. 

A pteferred form of embodiment provides for the 

synthesis clean gas, consisting essentially of 

hydro9'e?l., carbon monoxide and carbon dioxide, ta be 

ac~~d on by water vapour in a catalytic process, in 

order to convert ,the carbon monoxide contained in the 

syn.thesis qas comp1etely into hydroqen and carbon 

dioxide (CO + H20 ~ Hz+ COzl. The two qas components, 

hydlroqen and carbon ct;oxide, can be separated by 

gen.erally ·know.a. methods' (such as a pressure swing 

adsprption plant, for example) and used commercially. 

Ca%bon dioxide can be condensed, cooled and used as dry 

iC41!. 

H~oqen can be used as energy and/or as a substance. 

It ~ydroqen is used as a general or motor f~el, this is 

an absolutely emission-free energy carrier, since only 

This is the replacement 9heet 

Date: 1 1 .FlB 1998 . . 
-·· 



-4-

wat~r is produced when hydrogen is used as energy (2H2 

If ~vdroqen instead of fossil fuels, the damage to the 

environment which inevitably results from the use of 

fos$il fuels is dispensed with. Since the raw 

materials, from which tossil fuels are.obtained, are 

limited, these resources can be used more sensibly. 

Moreover, hydrogen can be used in fuel cells as energy 

to produce electric power. Compared with conventio~al 

power stations, fuel cells not only ha.ve a 

sub$tantially higher degree of efficiency, they also 

gen~rate electric power without any harmful substances 

bei~g produced in the process. 

Hydlrogen can be used as ~ substance in hydrogenation 

and synthesis process~s, for example,~ In organic· 

hydjrogenation, organic molecules existing under 

pre,ssure and at defined temperatures are enriched with 

hydlrogen. . 

In inorganic hydrogenation, metal oxides are reduced 

witih. hydrogen to metals 

This is the replacement sheet 

Date: ~1 1 FEB i~98 
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".Amltl;onia" can be produced in a synthesis from hydrogen 

and nitrogen. It should be particularly stressed that 

the oxygen needed for waste gasification is obtained 

with an air separation plant; nitrogen also results 

from this which can be-used commercially for the 

synthesis of ammonia. It is particularly advantageous 

.that the air separation plant is already a component 

par~ of the proceas. 

If hydrogen is to be used for the manufacture of 

metllanol, it makes sense to convert the carbon dioxide 

pre~ent in the synthesis gas into hydrogen and carbon 

by ~pplyinq water vapour to it, to the extent that 

hydrogen and carbon monoxide are present in the 

synthesis gas in a ratio of 2;1 {partial conversion). 

Nex~, carbon dioxide:is separated by generally known 
,. 

methods, hydrogen and'carbon monoxide are submitted to 

a synthesis, and methanol results. 

Through the use of the hydrogen as a substance, 

cheinical raw materials are obtained which are able to 

be stored and transported and which can be used in a 

varp.ety of ways. 

This is the replacement sheet 

Date: i 1 FEB i998 



-6 -

SynthasJ.• ciaan Gae 

Patent claims 

1. Method for total material emission-free utilisation 

of the synthesis clean gas obtained during hiqh­

tem.perature recycling o! waste of all types, 

characterised in that ~ ·~ · · 

the synthesis clean qas so obtained is acted on by 

water vapour in a catalytic process in order to convert 

the carbon monoxide contained in the synthesis qas at 

least partially into carbon dioxide and hydrogen, to 

lead the remaining residual gases back into the high-

temperature reac~or, and then, in a known separation 

process, such as· in a "'pressure swing adsorption 

plant", to separate the-main product obtained, 

consisting of hydrogen, ca~bon monoxide and carbon 

dioxide, into the components hydrogen'' and/or carbon 

men.oxide and/or carbon dioxide and use it thus. 

2. Method according to claim 1, 

~ieed .t.n ~t the synthesis clean qas thus 

obtained is Sllbjected continuously to partial 

conversion until hydrogen and carbon monoxide reach the 

nec~ssary volume ration of 2 to l for the synthesis of 

methanol; thereafter carbon d~oxide is sepa.rated by 

11111111111111 111111111111 1111 
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generally Jcriown methods such that, from the remaining 

hydroqen-carbon monoxide mixtw::e, methanol can be 

obtained in a synthesis (2Hz + CO ,_., CH30H) • 

3. Method according to claim 1, 

characterised in that the synthesis clean qas s~ 

obtained is completely converted into carbon dioxide 

and hydrogen~ and the substances so obtained are used 

separately. 

4. Method accordinq to claim 3, 

chal:actari.sect in that the: hydrogen.is used, together 

with the nitrogen·resultinq from the air separation in 

the generation of oxygen.during high temperature 

gasification, for the synthesis of ammonia. 

5. Method according to claim 3, 

charac:tariaect i.n ~t.the hydrogen is used by 

preference as a fuel to run the fleet of lorries 

charging the the%mal treatment installation. 

6. Method according to claim. 3, 

charac::terisecl ~n that the ~ydrogen is used in fuel 

cells to generate electric power. 

This is· the replacettlent Sheet 
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Synthesis Clean Gas 

Method for total material emission-free utilisation 

of the synthesis clean gas obtained during high­

temperature recycling of waste of all types, in which 

metiod the synthesis clean gas is continuously 

converted in a catal_ytic process into carbon dioxide 

and.hydrogen, at least partially. 

~-' .. 

.:. .... 
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