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Provess and System for Coneanting Carhon Disdds nte Carbon Monoxds

The prosent fnvention welates 1o a procuss and & sysiom B genersting curbon monoxide fram
hydrovarhonssnd Gk,

Large amounty of curbon dloxide {00 whikh iy regarded s clivaste damaging gus, are guneraied in
perwer generation and ther ndustrial processes B fRets ave hade o aveid gonsration of sarbon diovide.
Purthermare, atteinpis ard made stparste the genersind carbon dioxide Fom Hue gases snd to-store the carhon

dloxide, One example fs the QO storage o Cwbon-Oaplare-to-Storage concept, adbrevisted CUS convept,
wiare the COz I separatad from 1he fine gases, theroaBer comprasses andd stored B appropriste geologiodd

formations. The COS procesy 5 exponsive, suangy intensdy

s, Hendted iy the slerane capaoitiey and i « for vasions

rensons < strongly opposed by the respective population. At fvag i Govmany, the wschnfeal and politicd
foaeibsiline scone 1o have ik,
Anpther possibility b the wee of crrbon dloxide se atating material for other ndostiad procssseg, Loy

: 1

stgrting material o the plastivs industry v producing potyursthang, 83 it s dons by the Bayer AG in the prajeat

SCRERRECT, Rogarding the amauaty of bwadved Ok, the nee of 00 oy shating sateriad s ondy 2 aiche
applcation, sines the kdal global wrodugtion ol the et praducts of suck an spplication s oo w6 vonvert g
significant amount of the srlited sarbos dloxide.

None of these sonvapts resulied T applivating that are able o bind lvge amounts of carbon dloxidecy
that are cocially soceptabde i their implorasatation

Synthesds gas, or abbrevisted syngas, 5 ¢ gos wiktare cootsining carbon moneside and hydrogen that
may alse contulncrrbon Soxide, Forexample, the syngss s ponerated b§ sasification of carbon vontsining fasi

8 pasvons prodhiet Bindng a ourtaln calorifie value, The synthesis gav has spproxboately 309 of the enarg
b 3 8 gy

raity of natueal gas The svotbegh gas vony be burresd ool thue wond a5 8 fuel source. The synthests gas may

alne be used as an Bdsrmediate product iy the geneetion of other cherdea! prasocts, For cxample, the synthesis

gus may be gensrated by gasiBication of coal or waste, I the gencration of ayathesis gas, carbon pay be regeted

&

with waler, o & hydrovavhon msy be reacted with exvgen. There are commereially avatiable technsiogies for

R

provessing synthesis gay in ovder o gonorate industrial gasses, fovtitisers, chentieals and other chomical produsts

Howsver, most Wnown chondogles {0 wator-shiftrsuction) for the poreraties wod sonversion of syss:{hc:sés
gus have the problem that synthesising e reguired anount of bydrogen oxsey the gencrtion of & larger

2.

avacnat of sorpluy CO% whish s Soally cmitied e the atmosphere sea cliipute damaging gas. Another known
techandogy for the prodention of senthesic gus, the patied oxidation of muthene socording to the wgquation
FOHGH Q=200+ 4 H,, B able to reach o owavivm oo of HpQO of 2.8, However, e disadvaniage
thernat iy the useod prveconygen et i orergy intencively produced

20 278 GBR AL dencribes ¢ mory complete material willication of ratural gas I sivan refoeming plante
I particular, & provess for ponerating soot from oatiral g by meany of e plhsme puralysiy i deseribad
arvong others, Further, UB 4040 976 A desoribey itcatinent of 8 cdonavcows material, eapesially <onl, with

N

carhon dioxide &ege ssrbsn diodde @ Brst mtsed with

the sathousceous msterad and theveaBar i3 !&i}‘fidiy eated b areactor wether withourhon dlokide stamte of »
aftenwardy s rapdedly cooledy wherdln (e heating phase koly Som S0 0 30 e and e ontie
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contact tirme of the resctunts s liotied e g tme rengs of 10 ms to 3 s Forthormore, gcnsrating cathon
sronoxide in & plasray iy kavon fom US4 190 838 &, wdove 8 plashn s gonerated Howm earbon monoxide, s
vhich solid carbon v introdused. The resalting products are thenmaily guenched and filtered 50 a8 o obtain
carhon monexide.
HE Q219163 AL diwiveey ¢ mathod Ry penersting syathests gas, whereln hydrocarbonaccoss mterial
i decomposed fde carborcand hydrogen v o flest reactor chasnber, and whereln the sarkion s tassfored 1o 9
second reactar chamber and resets with HaO steam inthe sevand veaotor ehamdes

GRETIZIZ AL discloses n omothod for geoomsting syntbeely gas, wherett Byt hydrocabon
decsposed 1o varbon by rovans of @ vatalyst, and thersaBer the catalysy in contaet with the swrhon i exposed ty
0%

Thersfors, 3 predlom by be solved byt provide 8 metmd for cunwverting O, the swthod being able w
effiviently reduse the amaunt of carbon doxide soitied by industriad processes sad to snable podustion of
chewivatproducts e demand,

The ventlon provides » swethod seowding woons of cladme 1, 7 o $aad an apparatuy sceording to
ancaf claires 18, 14 or 16 Puether srobodiments sory be derived from the dependent olaims.

o partivulan, & methad fr converting sarben diexide 00, it carbon monoxide TO samprizes

sposing @ bydmoearbon containing aid oto cachon and hudrogen by roseas of huvadwetion of encegy thay

iy at east partially providod by beat i & bydeooachon vonenrter, sdimaby the carbon and te hydrogen hive

B

temperaturs of at kst IBEC afler the decompoging Kop. At lomt & portion of the carbon resulting Hom the
decomposing dep & divscted from e hydrosiebon converter inte 2 OO ootverter U8y comiag fom 8

combistion pzawe:r pland or from snother indostrial provess producing sidtuble amoiste of C5 is divested dnto

e OOy cunverier Subse {sarsizi}‘; at lesst & portion of the cavhan gonerated by the decomposing step i wmived
with the TGy gas, whetely the curhon genersted by the decomposing Sigp sools down By tot mots than S0% In

5 swith Fespect T By tmwpesaturs affer the deccmposing step tpon ixing with UO0; gag, eod wherein @ least 3
portion of the U0, gas and & portion of the carbon geverated by the decomposing slep is converfed 0 OO0 st
tenypersbire of B08 o PTOA%C, This mcthod enabley, Jow simple and efficent way, convarting O to- (),
wherein at least 3 portion of the evergy reguived for providing owhon by decompasing ydeooarhon) s
evpduyed fnthe converting slep i form of heat.

This is pasticudachy trae, 1 ihe decomposing slop twhes place 28 2 tooperature over H0EC and the
carbon fs raixed with the €D, gasat 2 ompeaatuee of a8 loast F8E°C, sinee iy case po wdditionyd hegt o only
& st amonnt of addifiovsd et aveds o bo provided Srsanscing Ok o T8O, Preforably, thy heat reguived
oy resed the tempreature of B0 o PN {speoifioally ahowt INBEOCE Gor the U0, conversion v casendially
gompleiely provided by the heat that b used for decomposing the hydroowbon containing fluidl Hers,
citentily conplotaly voans et at least 80%, specifivatly at Jeast 0% of the tequived hant originates Sbmrthe
desomposing step.

fn ong embodiment, the carben obiained by the decompesing step and fhe fvdopen abitained by the

decomposing step ars both jointly rmixed with the €0 pes. Hydrogen doss mt compromine the conversion and

may serve ay an additional head transfr subatance. This Iy purtivelarly advantagews, 11 the carhon and the

Hudrogen have atemperstars of HROOOC Gupretorred sonversion or transformation teoaperitine) or sbove, Inthis

case, the gas after conversing & ant pree C0 But a synthesis gas
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Alternatively, the carhon obtained by the decomposiog step roay be separated from the huedrogen
obstatned by the devompoting step pelor o wiving with O, pas.
tn ouder to fnoronse the enargy officieney of thy sveitnd, @ least @ portion of the beat of a8 least 2

poxtion of the carbon andior the & portion of hydrgen obtained by the decomposing step may by used to heat

tha OO gas prior e the step of rabxing e OO0y gas with e carbon sndfer to may be used to heat the process
chasnier, i which the €0 gas i muived with the ssebon. In this sense § showdd be noted that fie 00 has o
tomperaturs of 840 1o 17D aller conversion and that at feast & portion of 85 heat may be usedd to prehsat the
0y gas prioe by the slep of mining the U0, gas with varbsor. It fs also possible that at least part of the heat of at
ferst @ postion of the carhon andier @ portion of the hydrogen obtained by the deenmposing step andfer a purtion
af the OO gfter comversion pay be wsed o pongrate oloctriclly which oay be wed a8 snergy cartier &
introducing ooy for decompesing the byvossebon eontaindng Fuid
Proforably, the comgy for decomposing the hydwosrbor i privnantly sredeesd vis o plassos. Thisfs a
partionlacky direet and thuy efiviont vethnd to introduee encrpy. Freforabdy, the decomposing step iy pertbemed
i a Mvagrner regotor thit caables continunaly decomposing s strean of hydrosurbons.
fn the mothod for geneaating ¢ Senthenis gas, at first 00, Is converted o trrgforned Suto 8O @
desevibed ghove and, subseguently, the OO is mixed with hydrogen, Prefersbly, the hydrogen oviginates fom
deconyposing 2 hydrocarbon eontalning fubd-dnto carbon and hydrogen by hdradupiag encegy that oat least
ally performed by hont, Thorefors, the devompasing atep mxy provide the carbon and alse the hvdragas
aecessary for the Uk sconverston iy ons wiep. T ong embodinend, ot least 8 postion of the hydrogen ts gonesated
by decoraposing & hydeoxhon enntaining Soid &t o tomperaturs below HOUL, specificatly bolvw $00°C, by
means of @ wicrowave plsma, Where additional hydrogen {moge than the amou that s oblained by the
production of the carbon beosssity for the Ol convaraiong s roguived fo feach the windag matio of & systhests
gas, # B profivred lo produce said Bydrogen o an snergy effiviond marser &t low tomperatusss from 3
Bedrovarbon contrining Mdd, Preficadly, e matio of 0O o hydrogen i the aynthesls gas is adiusted © a value
hetwaen 1Y and 83, specifically we g valie of 128
{n the method for generating syntletie fanctionalised andior non-funetivnatised hydroeachons, at fog &
synthesis grs iy geverated oy described shove, sad the syatheals gas s brought i contast with 3 soitable
catalysh dn order & cauwse e converstont of the synthesds gas dote sembetle Bociongdised sadies o
funcionaliead Bydrooxhons, whersln the lompentire of the catdyst wndior e synthesly gas s (open loap)
conteailed or {close loop) reguluind to & prodefined tomperature range. In thic way, the svatheshy goe may be
gonrated by midng COF with hydrmgen, oither bedore or upan bringing # fudo comtact with the caralyse
o ooe cnbodioen, e sonversiow of the synthesis gas is perfomed by @ Flecher Tropuch pravesy,

spreifically @ SMIS procesy, &lternatteely, the converdon of the syathedds gavaay e prformed by & Borghis

Plgr provess, & Plor process or 3 combination of & Pler pr with 3 ML provess {ML = methanobio Hguidy &
is e choles of the procesy, which Nepely deternines the aaturs of the synthatie Ruintivnalised anddor nose

furctionatised hydrovarbons.

Freferbly, he hydwearbon contatnding Thidd fo be dosvmposed 15 axtueal gas, methane, wat gaa, Beavy
il o g minture thereof

The appatstus St coaverting eadhon dioxide T it sarbon sronovide U0 consprises @ hydrocarbon

coaverier for decomposing « hydrovarhon containing Huld fato carbon und hydrogen, whereinte hydrocarbon
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converter comprisas &l feast one prosess chamber having at feast one indet for a hydrocarhon comatning fluld

and ol feast ope outlet for carbow andfor hydeopen and at feast one unit for intradusing energy ints the prosess

chamber, the ensgy consisiing st Teast partichly of heat. Further the spparatus comprises a U0, converter for

comverting OOy nte OO, the C0; sonverter comprising ot foast one additional provess chiamber having af least

one iedet Ty OOy for diveeting U0, roming from g combustion puwer phint or fom anotier industried procsss

ity the CUy comverter, ot loast one bdot for an foast cuvhon and ot lonst oue autlel, wherstn the infel for at Teast
surbon 4 diveatly connccted 10 e @ least ofe qutdet of the hydrocarbon converter. Heve, the term “dirsetly
sarnecind” desoribes that carbow coming oot of the hydrocarbon converter does nat conl down by more tha
SO% of 1y temperatre i O, proforsbly sot move than 2090, on Bis way o the U0 converter without e
utthisation of wddittonsd energy o heat up the carbon, & separating wnit, which separates the cwrbon Fom the
hydrogen, by be provided betwesn the heostien of the decomposing step and thy at fvast ong exit of dw
bydrocarbon cenverien. This sepaeating it sy Raoy a part of hydvoowrboncomventor ormay be fovated outside
the bydrcarhon comverter 85 3 separae tuil. A soparating ot between the oxit of the hydvasarkon scaverier

snd fhe eutrance of a O converter doss not compromise & divest connection as boag a5 the sbove condition i

st
Preforably, the at least one unit for intoducing energy e the process chamber & comstructed i mch a
way that # by able to ot feast togally gonerate fempooduess wbove T, spenifivally sbove 15000, by ome
: f

smbadiment the ot least woe unil Tor introducing energy tnto the process chamber is a plasma unit Particularly,

i the decempesing temparatre shall te kept below 1000°C, the at feast one unlt fov intreducing encrgy into the

peavess chaber prafoeably comprises & microwaye plasma unil,

For a particudarly steple epdbodiment of the apparatus, the provess chamber of the OCy converter i
fovosed by an vutlet pips of the bydressrhon converter wiioh s seompcing o 3 supply pipe for U0, gas.

fo oue ombodiment of the fovention, ¥ sopavalion wnll Ry separating the carbon and the bedrogen
gonerated by descvpositg 6 provided in the viginity of the hydrosacbon converter, and separate outlets fom
the geparstion it are provided for the sepaiuted materiale, wherein the outlet fer carbore 5 sonoecind to the
T carverter

Proforably, the hydrocarbonsonvanter is & Kvasrner reaci that oan prowrde the necessary tomperatures
fora coatinaces decompaging ofa hydrooarhon containing Beid Ry long opeeating parfads.

Ths appaniins for gooeraiting syathegis A conaprives anapparats of the m’evmm : deseribad e s

well aw at least one seprexis sopply plpe for sopplying hydrogen dnto the €O sanverter nra dowwrstrsant mixing
chivaban Db aw apparatuy cosbles o sople ond o8Rlont geavestlon of & waliesls gay from OOy and

hydrocarhon oo

taining fhuid,

fn one ombodiment, the spparatas for gonerating ayntheshy e comiprises at losst ong additional
hydrovarhon copverter for dechmposing @ bydrosaebon eontaimng Juld into carbor and Bydrogen, The at feast
ane additional Indrocarbon cotverier again comprises at feast v process chamber biving @ fea guw dst e
tha hodeeparhor contatning foid, &t feast ope unlt for ntroducing energy inte the prosess chamber, wherein the
erergy o losst pantly Consisty-of heat, and @ soperation unit & sepsvsting the carbon and the hydgen, whinh
were obtained by decomposing, with the separation ardl having separate outlets for carhon and bydisgen,

A

witeredn the onthet Tor hyd

W

e e connested to the separate wpply pipe for hydregen, For reasons of energy

afficiency, the o least one sdditionst hpdvovarhon converiey 15 prefimbly of the typs that carviey st
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decomposing at temperatures balow TOMPC, specifically below 800°C, by msans of & microwave plama,

The apparatis for converting 2 synthesis gue inte synthetie foretionalised andfer non-fanctionalised
hydrocarbons semprises an appanttos for genevatiig synthesds gas of the sbove specified bype and a OO
covverter. The CO converter sonmprises & process shamber squipped with @ satabyst, mesns & bringing the
syothests gae mtoe contaet with the catalyet and 8 vontrol enit forfopen loop) controlling or {olese loop)
regutating the wmperature of the catalyst andior the syatheals gas to 5 prederenmined femperature. Tty way,
parts of the apparates for gonerating synthesis gay may be ntegrated ndo the OO converter, g a mixing
chamber oy OO and additional hydrogen. In one emsbodioent, the T8 converter comprises & PlackerTropseh

convevter, partiularly 3 SMEN converter, Alomatively the €O converter may somprise o Bengias-Piy

&

converter, 8 Pler convertar ot a combinatien of @ Pler converter and @ ML converter, B s also possibls that
several U0 convertan of the same ype or afdifforant types are provided i the appasatug,
reforably, the appursius comprises @ control unit for controlling or regulating the pressurs of the
synthesis gas oside the OO converen
Below, the fhvendion i3 expiainsd By vhere detall with reference to certady savhodiments and ¢ pasings,
wheredn

Fig. § is & schemntic ropresswdationend & plunt for gensrating varbon mowoside;

Fig.d  tvaochematic representation of & plast for generating synthesis pas;
Fig 3 v @ schenatie vepresesdation of & plat for gongrating foastivoadised andler non-functionatised

hydrocarbasyg
Fig. 4 iy & schesnadio reprasentation of snother plant for gesenting finctonalised wadder nonfunctonalined
R St X I o

bydrovarbong according to another smbudiment;

-y

=
%
7

s 4 schomatie reprosondation: of 3 pltt By genersting fonctionalissd andior nea~-finctionatised
hydrocarbony apconding o anuther sebadimeny
Fig. & o schemate ropreseimation of a plant for genenting fancioralised andior noa-fincHonalised

vdvacarbony seoording to anether ambodiment;

iy a schemafic reprosentating of & plant B gencesting symthesls gie svcording to anothey

embodiment; and

Flg. 8 @ schomatie repreventation of o play B gonerating fosctivonbised o nonefnctionalised
hydrovarbons ascording o ansther smbodivent.

it shall be noted that the oo tops boltony sight and o8 as well as slovilar o o the following

desoription relate tothe oriontations and arrangementy; respevtively, shown i the fipurss and ave anly meant for

e deseription of the embodiments, Thean tovma are not Bmiting, Puether, In the different Higures, the same
reforence numerals are ased for deseribing the same or similar pards.

i the following deseription, provosses and appanities o doweibed that handle “hot™ materiads or
carry out “hot” processes. do e sontext o thie deseripion, the expression “hot™ shall desoribe a fomperaturs

above 200°C and prafrably shove 300°0
Fig. §achomatioally shows & phnt ¥ for somverting carbon dioxide o cashon monoride. Fig 1 alse
clarifies the bavio progess steps for eonverting cavbon dioxide o carbon monoxids ascording fo this description.
Plant | sﬁ\,sg}risazs & hydrocarbon comvertae 3 shat songprises @ hydrocarbon fatfet 4 sad & frst sarhon

outlet ¥, 2 optional hydeagen autiel & ay woll s @y optional wesod saebon catld T Plant 1 for peverating
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carbon monoxide Ruther comprises 3 OOy sonvarter ¥ having & OO dolet 10, v carbon outlet 11 (also refemrad 1o
a8 © infet) snd an watlet 12, The hydrossebon soneerter 3 and the Oy converter 9 e svanped sl that the
carbon authet § of the hydrocarbon conventer 3 by convested to the carbor dnfer 11 of she €8, converter ¥ via a
diveot ovunection B, wheveln the outlet § wmay divectly define the varbon falet 11 of the Oy comvener € In Sia

N

way, cdrbost mybe divectly transported fom the ydrosarion convaiter 3 itito e O bomvariar &,

%

The hydrovarbon sonveder 3 1 any hudrocarbon ainverter that caw convert or decompnse introduced
hystrosarbons e carbon and hydrogan, The hydrocarhon converter 3 consprises & process chnber having @
et foe & Bysdeconebon containing Mudd, & deast one anlt for irodieing decomposing svergy inte the fuld and

3

at feast one outlet. The decompoying energy is provided ab feast purtistly by heat, whish s for instanes provided
by & plasma. Nevertheless, the decomposing covrgy may alse be provided by other means and, i decomposing
i primarily offeoted by heat, the Huid should be brated to abows 1T and particalany o 3 omperaturs above
S EOE

Tre the desoribed ambradiment, 8 Kvanmey roactor is used, which provides the required heat by meam of
& plasray are and o ploma torch, However, other rouctors are knows, which operate at kewer tomperatures,
particularly below 1600°C, and introduce additional oy besides heat inte the hydrocarbon, o.g. by means of

& mfovowave plasma. As s further sxplained below the loverdion considers both types of reactors {and also

G

hiose which operate without plasma), in pavticiiar aise bath types of reaciers i pombination with gach othe
Hydvoswrbon convertees opeiating st & temporatuee above 10009 are referred to o figh tompergtare reastors,
whetens o cotveriees opomting at ivmperaterey helow HB00°C, particalarly st fomporatures betwagn 200%
and 1G00°C, are refiernd 0 gs tow temperatore reuctors.

Within the hydrocarbon converter, lydvovarhoms (0,H,) sre decomposed intiy fydrogen and carban by

%

Hases.

means of heat saddor x plesma, These hydrossebans. are prefoobly irodused intr the regsior i ¢

¥3

Hydrovarbors that wee Bauids under standard conditlons may be vaporised prior & inteoduction inte he reaotoy
arthey may be intreduced ay micrdroplets, Neth fooas ao reforsed to g Haidys bo ihe following,
Dleopmposing of the hydrevathons shandd be dong, i posstble, in the absence of oxygen in onler i

1

suppress the kemation of carbow oxides or watee Nevertheless, amall soounts of oxygen, which wight be
indroduced together with the hydrocarbany, sre not detyimental forthe proeess.

The Kvaomer reactor desoriband above deonmpases hydeocarhon containing flaids fa plasos bumer st
high teaperatures into pure carbon {for instanes a3 astivated voal, carbon Black, graphite or ndestrial sooty and
it

hydrocarbon converter 3 are for instance methane, matund gas, blogases, wet gases or baavy ol Howess,

hydrogen and, possibly, impuacities. The hoebrocarbon cordaining Sulds used 88 Sorting vuterial &y e

synthetie fimotionaiived andhe noa-forctivaalised hoedrocarbons way aley o used ae arting vaateniad for the
hydrocarbon sonverter X After the indthal descmposing step, the claments wre weudly prosent 88 2 mivhee

pretioufaely in oy of an serosol. Ty mixture may, as described below, be intruduced inte another progess i

thvis foern, or the mixbirs miay by sepvated indo ity Indbvidual clormenty fn g St‘;})ﬁfﬁﬁ(s;ﬂ' mslz’, which s not shown.

foy the context of this applicathen, wink & ceparation salt B scastderad av past of the Svdrocarbon comventer 3,

although the separation wnit may be constnicted a8 a sepsmts snit 18 ne separation uait 1y provided, the cabia

ontlet 3 s the only cutlet of the hydrogcarbon converter 3 sad dirscts & bt (an orosod) of wirbon and

hysrogen divectly into the €O, scoverter 3. 1 the separation uait by prosided, carbor, wdueh s at Jeass partially

separated froms hydrogen, may be divected into the hydrocsebon converter & uafng the carbon wathet §. Separated
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hyseagen and, pessibly, additiboal carbon may be discharged by means of the optional cutlets § and 7

The 03, converter § may be any sultable 00; converter that can generate carbon monoxide (00} Som

carkon {C} and carbon dloxide (OO, Tn the vonbodiment of Fig. 1, the ©0 conventer § apevates soeording o a
pactof @ known regotion iy a blast farnacs, wherein sabd pant regotion takes place at femperatares betwesn show
FIOC sad 120090 without the necessity of 8 vatalyst, Freforubly, the €0 converter operaies a6 a tempersimee
hetween SU0°C and 100(°C, whevein the foat requirsd i reanh thet temperature primarily fa provided by the
axit meatenisd of the fydrocwrhon converter 3, as will be deseribed below I mure detall, In the O, convertar 8,
008 i divested over bat carbon oy Iy mined with hot carbon (and possibly hvdrogen) so as to be sonverted

N

anconding i the chemionl reantion OOy % O 2000 The OOy converter ¥ cperates best &t the Boudmeard
egaiitbrbmy and at & temperature of 10000 At fomperatures of wround $D0°C, ahoat 84%6 crbon monanide
will be provided, and at tomperatives of wround 1800, arcund 3% carbon moronide will be provided. A
erther ingvease i lomperatare does sotvosull in significant ¢hanges,

The operation of plant 1 for sonverting carben dioide Inte varbon monoxide i deseribed in wee
detait below, with reference by Bige £ Inthe Sollowing, 3t s sssumed that the fydrocarbon sonverter 3 B & high

semperatire (HTY reastor of the Keacmer type. Hydrovarbon containing HJuids (penifivally in gaseous form) ars
introduced into the hedroarbon cowverter 3 via the hydrosarhon dnlet € I the hydrocarban 2 S instanes
methane (UH), fhen 1 mol carbon and 2 ool bhydrogen will be predused from 1 omol muthane. The

hydeearbons ary decomposed af shout 183070 in the hydrocarbon eonverter 3 asconding o the following

e

reavtion squation, wherely the bvoduced energy s heat that s genersisg

D)

i the plaste by mcans of clestrie

s

Ol v ‘Em:rg}; Sl R SR G & N
With aporopriste prossss sontrol the Kvastrer rosotor § capable (0 convert sdmost 100% of e
frydrocarhons intd theie Comprushis Iy & Suntious opeortion,

e the following, B b sssumed that the carbon and the bydrogen are sopaated in the hydrocarboan
converter 3 and that carbon sad Rydrogen wilf be dischurged largely sepansied, Howevees, i i also posaible that
separation does uint ocenr buf cachor and hydrmgen will be discharged axd Introduced nto e OO, sawvetter §
asambature. The bydrogen dogs not compromies the cowverskany provess i the U0 converier §, but may spve
as ay additional heat ey sobstanee. The carbon iy at Teany partially divscied diveotly vin the curbut outlas §
into the carhor dnley FL ot the U0 converter ¥ The teem “divectly”™ divecting from owlit § ofthe Bivdrosachon
converiar 3 to thy carbon filel 1 of the €8, vonverter 8 shall mlude alt sobodimenis wherein the dirsusd
saterialy doorot pxperioraes & cocling dowerof mrore than 588 o the termperatans (proforaily vt more than 8%
{anmotation of the translator obviously 1 e mend to he 3095, Lol B0 residund cncrgpfomperaiare « a9 next
paragrapit, Sines the cavhon that exits from the bydrocarbon conventer 3 hay w bigh tenperaiure, proferahly
gver F00U°T, the heat energy contained thetelnt may be used 1o mainisiy the wwopersiony accemary Ry the

sénversion pracess in the 00, converior 8, which praforably operates al & towperature of about 10608C
Phe comnection § betwesn the bydrocarbon converter 3 and he QO sonveerter § 8 designed such that
the carbon dowy aat vool dowy maeh Cegs than 30%, preforaldy lons than 30% with respect 1 the femperaiure)
of e wiy from the hydrocarbin convertar 3t the Ty cuverier & Fay inctatse; e connsction § may be
speially salutod andier i‘x“ﬁ\"‘iﬁi}" fionted, wherehy the systeny fv proforaldy not provided with additonat beat~

T

ta, not in additive o e beat ntroduend i the hydomosshon converter 1 The hydrogen generated e
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hydecarbon converter ¥ also contuing heat snergy becwuse of the opsrating teriperaturs In the hydrosarbon

B

eogverter 3 Thearefee, one possibilily for beating the vonneetion § 13 to use the heat energy of the hydrogen that
exity through the hydrogen outlet § to heat the connectinn § belween the hydeccarbon converter 3 and the OO,
convertar ¥ sither divsctly or insdirectly vin 2 heat exchangey undt,

2

I the OO oonventer, €0, which fs indrodeved throagh she 0

v infet 1) of the OO sonverier 9, 18
directed over hot carbon amVor is mixed with bot carbon, The OOy converter cperates bagt at the Bosdowsrd
aquitibvium, which ovours during the reaction of carbon divxide wish hot carbon, The resction, which iy known
s the person skifled in the avt, depends o prossurs and temperative and 9l ot be desoribed lo detnil, Bither
the amauat of the i or the amourt of cwrbon wtrediesd e the €O, converter 8 may be {open koop)
controdled andior (olose loapd ropudated by appropriats teans,
OO0y ¢ £ - 200 AR AT245 Kimed

The CO; corex Bom  powet plaat {veal, gae wndior ol opevated) or from another industrlal provess
{ean Stoet or comsnt praduction} gendeating appropricle amounts of U0, Depending on the tomperaturs of the
20y frow the €Oy soures, # s advantegeows to prehsst the CO introduesd e the OOy Indet 16 of the 00
converter 8 as the OO, converter ¥ opersdes at o tomperatre between 860 sad 1200°C, Preheating of the €0

may he sohinved g by vaing the hest enevgy comtained i the kot hydemgen either dissetly of indireetly via a

heat exchange unit 1 prefeat the U0y, Preforably, the hest contained to the carbon ¢ suificient o hed te OO
o the destred torapevature, Quly i the casy whery the bagt goversted iy the hvdrocarbon coivener 3 s nidt
sufficiont to reach the desired converdion tenperatare of showt HH0PC, an optiveal additional hastiag wll for

heuting the ©0; convarter ¢ oy elements eontained Srovein may be provided. Buch & unlt may also be providad
as @ prehosting unit s te vivhity of s supply S fae OGy ot cacbiost. Such el may also be provided oaly for
the warbap phase of the plan o ovder to teing the OOy converter ¢ or media containing pants of the plant &
starting torperatare se that e oestem cant Baster veiob o destrad tomperatare state. Heating of sl nedis
contalning parts exclustvely vin the heat gonevated i the hydrocarbon converter 3 might take oo long o the
beghning

Hot carbon monoxide (OO baving a tomparatary of abowt §0¢ 1o 1008 (depending on the oporating

temperntare of the OO0 cunverter 3 avity from the U0k converter 8, The garbon monexide that exlis fram the
OOy convertey ¥ aldse contalng hoat onergy, which may e nsed vz, 1o prefeat the OOy iniradased o the CO,
sdet 14, sither diveatly o edivectly via ¢ hest exchange onlt {ngt shown tn Fig 1

As meothard above, the hydrocarbon sonverter 3 may camprise & socomd carbon withd 7 i discharge

sarborn. The curbon geosnad in the hydrocarbon converter 3 may be discharged - afler 8 rospestive sepavation
ooy an ¢ (bl mixturs} - b difforont proportions through the Sest carbor owtler § and the sevond carbon
qutiet 7 The sceond carbon outhes T is wsed to discharge 3 portion o the gencraind carborethit e notused tn the

S

L0y nonyerter 9 1o gengrate cwrhon monaxide. The carbon dischurgad threugh the second carbon cutlet 7 may
by dicchaeged 8y sofivated carbow, graphitg, darbon blaek or anether smodification sach gy carbon caves oF
savhon dises, Depending on the form and the quality of the dlscharged varkon, the discharged carbon may he
aed do raw material for the chemieal industry or the ehectronios industey. Possible applisutions are B instanse

the wmunafacture of senrconductors, the production of fires, inky, g o smdler products. The carbon

generided by the hydrocarhon comverter ¥ s highty pure raw matvrial that oo be proes

seed very w

By means of the wethod desoribad sheeve for vonvarting carbore stionide e OO, & s possible to
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convert e hot cwrbon from the hydrocarbon sonverter 8 dn the 000 convester § with wattn or hatcavhon
dionide from the exhaust gas frore indusivial provesses o OO without o at lewt withpat significant external
snergy supply Proforably, at feast 30% specifically @ foset 0%, of the heat resessary 1o reach te conversion

fempersiure should oviginate from the hydrocurbon convaster 3.

Fha

Fig. 2 chows 4 plant 20 for geneeating syithevis g that somprises the above desoribed clements of

plast T for generating Crbon mwnoide qe wall ax 3 mixing chamber 31, the mdding chamber 21 comprising &
O indet 32 for introducing varbon monoxide and a Ny idet 23 B mtraducing hydrogen as wedl as a synthegls
gy outlel 24 for discharging syndhests gaa. The QO fnlet 22 Is conngetad & the QO outlet 12 of the Oy
convertar ¥ The ¥y idet 27 of the miving chamber 2 & vonascied fo the M, outlet & of the hydvocarbon
convenss 1A §s ohvions tothe killed peron, the srabodima, which rodives ¢ O-Hy aniaive oo the ©Gy
suizverter @ through the cavbow cutiet § sutonsticglly gonerates sosynthesis gus Raving 2 mixing ratio of Qi
of about L1 o such 3 case, the viking chamber 21 may not be prasent, or the mixing chamber 21 raay be used

3

o prodites u different miking ratio

s

The miving charober 21 mny be sy subiabie apparsive for mixiog gaees and, i 2 dhmple casg, the
siking chamber 21 may be in the form of 8 pipe having suitable infets and an outlet. By msany of the mbing
Hamber 31 and specticatly by meane of controllingfrogalutiog {openinlosed loog} the amunt of fadditionad

hydrogen introduced Hrough the My inlet 23 of the miving anit 21, the mixture of the syntl

ais gy at the

2

synthesis gas oullet 24 mwy be nfluonced such et 8 composition swn be achioved, whith s subiahlesfor

subaoguent Drooesses
For many provesses, for wlanee the Fischer-Tropash syntbesls, the ratlo of bydropen to €0 should be

b3

bigh, By mowms of the mbving chanber 31, any dusirad satte of bydmgen & OO sy be achisesd @t e
synthenty ors ontlet 240 B I considerad that only & postion of e OO sndior part of the hydrapew s intadiced
into the miving chamber 21, whereas those portions of U0 aud hydeogen that ave aot ntroducsd lntothe mixing

sy ~

chamber are axeh dlacharged from the process as puse gases. Therelbre, H Iy R iostance pomsible, a)

s,

dizcharge only OO, By to disohavge only bydrogey, o}io dscharge 8 vynthesds gas wiktars of OO and hydrogen
v o)t discharge a shoam. of ©Q, 3 stresmy of bydrogen sod & sbream of @ synthesis gas mivtige {00 4
hysdrogent.

Furthermaore, the plant 20 for gonerating aynthesis gas shown in Fig, 2 vomprisey 2 firad heat exshanpe
anit 23, 3 sevand heat exchanpse unit 28 and @ Sivd heab oxchange wrdt 270 The fest hoat exchanger audt 28 s in
thermatly conductive contael with the connention 8 betwesn the hydvosarbon sunverier 3 and the UGy comvarter
8 pod dn adapted o i socessigy, watvant strphee bond not roguived to roach the copversion foopemtiey i ile
L0 converier 9 from the scanuscBion e doteodoge heat Bor otheraseas of the plant, IPascessany
The second heat sxohanger uit 28§y thevmally condiative contret with the sonnsction bebvesn the

SOy eonverter & and the nivking chamber 31 aod {6 adopted B oxitac sorplus heat fron e ontmection and thg
o exiract suphss heat contwined By the ket T This sarploy beat sy he used w.g - proheat the D0 that i
tircdeced into the OC4 converfer 8, Por this heat bawsfer & seccalind counter o heat exchanger ault &
kiown fn theart would by partiesialy saitable:

e

The third beat exchanger unlt 37 & In thermally conduntive contact with the covnection hetween the

h}-’és'&;as ey convverter § and the miving chamber 21 and iy addapted to axdoxed surplue hout from the conneetion

and thus from the kot hydrogen coniaingd thereln, The hewt exiracied at one of the first, second oy thind Bewt
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exghanger tniy may be esed wr heat other weeas of the plany, specifically to heep the C0, cenverter warm of 1o
prabeat the OOy that b lotvoduesd nto the OOy converter. & portion of the hest may be converted fnio
glovtriclly, for instanes by a sloam generator and 2 slcan furbine or by ancther suitable apparatus,

‘The opevation of plat 30 for geoncrating synthesis gas 5, with respect o the operation of the
hydrocarben converter Tand the C0T converter ¥, similae fo the above deseribed oparation of plant | secveding
to Fig L I plant 20 for penerating syothesis gas, a destred maixing istio of hydrages 10 00 16 s In the miging
chamber and i discharged Swough the synthesis guas vutlet 24 of the seixig chamber, depending @ the desived
somposition of the ayntheshy gas Proforably, b not necessarily, the hydingen s provided by the hydrocarbon
SRRy 3, 88 W deseribed, Oither Hydrogan sntrons may be sonsidered, particalarly 3 second fydrocarbon

ootverier 3

Sonlarly a low tonperatare ydrddaehon converfer, I oot fhe enttre avatisble amat of OO
andior the entive available cnoung of Hy dre ased, those parts of the pases €0 and Bl that ave not avixed S the

mixing chamber sy be provessed separately.

Rig. 3 shows 3 plant 30 for generating synthetic fnstionalisnd sadior rnon-furetivantised hysfreoahons

thwt comprizes & plont 1 Ko converting carbon dioxide fato carben monoxids {3y shown I Fig and & €O

corvester 31, Those paste of thy plust cceresponding e plant ¥ ave ot sxplained In dotall fn ovder fo aveld

3

repetittore. The QU ootverter 31 1 Tocuted dewssiveanm from the OOy somverter ¥ and comprises 3 TG et 32

fiy troducing OO0 8 By bl 33 for introdechay hydvogen and @ bydroosxrbon outlet 3¢ for diselw
syathetic functionatised andior ron-functionalised hydrovarbons, The C5 ndet 32 «f the OO corwsrter 31 &
sannested to the OO outler 12 of the COY comverter Ehy masns of the OO oonmsction 33, The H; tnlet 3o the

U0 converter 31 18 connstied fothe Hy wtlet 8 of the bydrossthon converier 3 by resins of the B conrestien

The plant 30 fr gesseating hydeoearbong apticndly also comprises the heat sxohanger units 38, 3&, 2%
desoribed: in conintion with playt 28 (Fig, 23, wheretn ol of these oparate in the shove desoribed way {see
desoription to Fig

The ©0 converter 31 may bo awy €O convartey Hor gonemting wenthetly functlonalised andior sose

3

functionalised hydrocarbong. In the ombodiment show B Big 3,

the €O converey s prefirably & Flaches
Tropsch sonveries, & Dorgluy-Pler convertar ot 3 Pler converier with 2 saliable catalyst and 3 conirod unit fur
feperithure anddor preasgs.

I one abosdiment, the U0 converter 31 compriaey u Fiacher-Tropach sobvertes A Fiacher-Tropseh

u

sunvenier osfalvtionily sonveris a avnthesis gas info hydrocarbons and walee Seversd emabodiments of Flecher

Tropach reactors and Flacher- Tropseh processes sre known to the person skilled in the wt and we not syplained
fndetail The msin reavtion sgustions are as follows!
w0y S {2 Iy EL e UM

+ o ERG for sikanes
OO+ Dby oo Oy v a0 foralkenss
008 Ty o~y Ot R v fve DYHLEG for alochols

The Fischar-Tropseh procosses sogy be sriad ot as bightomperatust processe

308 X faw fempetiating

AL R variants of the

processes, wherely the process temperatires we usually o the w
‘oo Tropaelt process aeg, among othery, the Hochlast apathasia, the Systholaynthesls and the 5808 pracess

of Shell {SMDS =

A Middle Distillate Syothesisy, & FlohorTropwel converter typioatly produces a

vdrociebon compound of wet guses {propane, butane); il karoscas, st piaaifin, hzss‘ii. paratiin, msthanal,
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misthane, Piesed fucl ov 2 mixture of soversd of these, i known to the peeson skilled in the and that the Fischer
Tropach synthesis is exoffermic. The beat of reaction frone the Fischee-Tropseh provess may be aed e.g Wy
mesns of 3 host exchanger wnlt {mof shown fn e Spresd e prebest the Oy & an example, 3 Beostsp
prebrating process for the OOy to be latresloced into the Ol comverter 8 Iy considersd, whereln a first
prafeating step b reaised with the surplus beat of the U0 convarter 31 {in the corhudbnant of a Fischer- Tropssh

converter) wnd subsequently 1 step of fwtber heating of the TGy by means of the heat from ane or more of the
fond enchrager ol 35, 36, 3%

B oan allemative sobudiment, the CO corsster 3 cowprises a2 Bergioe-Ber converfer o 2
combinatien of & Pleronnverier with & Ml converar (3 Muthanolto-Liguidy,

Eos Bergias-Prer reastor, the Bergine-Bler progess, whish s well bnowasr o o person skiffed Inthe sy, iy
carried oul, whersin hydrocarbons are genwvated by hydrogenation of carbon with hydrogen o an exothemie
chomical resction. The range of prodests from e Borghs-Pler process deponds on the reantion conditipny and

cantrol of the reastion provess. Mainly tquid products we obialoed, witich may be wsed a5 ansporiatiog fusls
for mstance Begvy and mediusr oy, Knowr varionty of the Berghue-Pler process ate for atanse the Koot

proeess and the H-Coal provess,

eonvarted bito msthang! according 1o e Ploy process. The Mil, converit s a eonverisr that cormverts methanol
it poteal. & widespiead procesd e e ML presese o Bxxondaial rospactiondy Basge Starting material of the
ML senverier & typioally msthanel, for ingtanee orn the Pler sonverter, 'ii & exit product generatad by the Ml
converter vpteatly e petrol, whdch 5 suttalde for the aparstion of @ Qo waging,

foanay be sumnveized that e OO comvertar 31, repgardiesy of the operating principles explained above,
senevates synthetie fonetionalised andVor von~-fimetionalised hydrovarbons from OO and ¥y a8 By output oF end
prodnots, By mesos of & heat exchanger wnd, the provess hoat prodused during the sxuthermic convension o the
Cldoonverber 3, my be used o heatadifforent seations ofthe plar or to genceaty eleotriolty o order koloomuse
th eificioncy of the desoribad plant,

A far @ o mbiure of bydrocarbans, which cannot be Rether processed disectly or sold profitably as 8
fiad prodiet affer soparstion and specification, & obtgingd g xRt products of the €0 converter 31, these
hydrsoadsons, foy lostanes methang o short-chaln pavaifing, soyy be reeyelad i the procass described sbove,
For thie paeposs, the pht 3 ovenprises 2 savynle connection 39, which seo divsst 3 portion of the syothetically
geaneated bydrasirbons back o the hydrocarbow nfet & of the hydvocarbon soaverter 30 Depending on the
eonposition of the resyeled, synthetioslly genstxtad hydrocarbons, & rontmsnt ot ssparation stgp of wosuitahiy
bvdacarbond iy eavried oul frier 1o introduicing the wkeitabls hydvocarbans e thie hpdrocarbon nle 4

Fig. 4 showes i Ruther ombodiment of @ pla 48 & govorating syntetis functionalised sndior son-
functionalived bydrocerbons. The plant 40 scmprises the above desoribed plant 28 for gorerating & syntheshs gas
axowell as 1 O sorvarnter 31 s desertbed ahove with refeence tr the ambaiineent o Pig 3. The wnthesis gas
patier 24 uf the st oleinder 31 iy conented to dhe T convertsr 31, The nuining harmber 37 fo st i sl g
way that 2 prevides & gonttesis gas speciftcally adapted to the nends of the U8 converter 31 i use ot e
syathusds gas outlet 24, The other eleorents. of phant 48 are the save a8 described sbove and the oporstim of the
individual eloments wrsontially talien place fy the way desuribed abovg,

f g onosiderad that, depending no e stee of e pladt o placality of hyduoarton convedors s
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speratad W paraliel to order b provide the desired conversion capseity. Av mentiomed abeve, the hydrotarbon

-

converters gy Yo construsted @8 Mgh temperatve hydrocarbon sonveriers andinr @ low tempersiure
hydrecarbon convarters. & high femporshire hydeovarbon converter nperates at temperatures above 1800%C wnd
A dow fomperatnre Byddrocarben cunverier opersisy al fomperatures between 200 snd 100050, whersih an
scilitions! source of envegy, for hudanoy 3 reforowave anit, may be provided By ovder to geldove desamposition
of the hydrocarbon inde carbon and hydrogsa

A an exanapley for o plant with a pharality of ;mra?i@i sperated hydrocarbag sonvertery, Fig 5 showsa

further embodiment of plant 3 for gonerating syathethe fonetionahived andfor non-Binctionafised hydrsoarhous.

§ uses the e referencs nuwmiceals ay In cyvlier envhodiments, 98 v on the same o Sudler cloments are

Ge&arszwsi I the smbodinent shown fn Fig. §, 2 combination of & bigh temperature hydrevarbon eounverter 3g
and 2 low tomperaturs hydrogarbon vorparter 3B iyshown fastead o 3 dingle bydroashon comverter L

The high tomperature hyslaewrbon converier 3a comprises & hydropacbon falet 4a, a frt outlet Sato
diveharge carben and & sevand outlet g o Jischarge foedrogen. Agaln, 3 single oatlet S8 may be provided far g
redvto {pactividaedy anacrosel} of carbon and Tydrogen. The sutlet $a i compected to the Inlet 11 of the 002
conveder 8 by & connection & Thy optional octlet a of the high temperaturs hydearbon soiverer 3a s
connected to the MY inlet 33 of the €O converter 31, The high fempersture hydrocarben convertor 38 may

optionaiiy somprise o farther outiet for cacbon (hot shown in Fig ),

The kew wperatues hydeoachor et S cpmprisss 8 progess chamber having s hydroonasbon
frdet dh, 3 fest cntlet 5b fo divert carbon, @ second sutler 6b R discharging hydrogen and an aptional third
autlet 7H for discharging cavhon, Proforably the kew tomperature bydrocarbon converter 3b owenprises &
sepaestion nalt Ry separating hydeogen sad carbon aBey deconmposition and fur d&mc:iiﬁg the ‘hydeogan angd
carbes fo thelr rospoctive sutlets, The fiest outlel Sb iy optiveatiy coonecdad te inlet T of the OO converter 9
via gonnsction §, bat may slo be convested o carbon aolection andt, The outlet 8 of the fow fomperature
bydrocarbon comwener 3b s connected 1o the By inled 33 of the CO sonverter 31, The optivaad thivd outler ¥h s
sonnestad 1 3 carbon collsotion unit Hom which cellected carbon may by withdrawn, for fustance & carhon
Blagk, aotbeatad cosl w i another S
The hydecoarbon introduced inty the hpdrocarbon inlet du and te hydveowrbon introdagced it the
hydrocarhon inlet b may be the same bydmogrhon o may b ditforent hydrocarbons, A Bydrocarkon Som a
fivst hydvocarboy souice sy Be ntnidusd e the Bydiocarbon inlendy, Ry Hstince natieat gy froi & natied

gavsdures, Howaven og. Bratikaadised anddior son<aiioaaiised, synthaiivally gonoraid hydrocarbon may B

ARy

ntroduced fnte the hydrocarhon inbet 4b of the Jow temperatire hydecoackon converter 3h, for instence via e

53

eartier mentioned optional reoyele conention 3. Bopruse of the utilisstion of several parsdlel operated

~

fydrovarhon converters 3y, 3b, the plant 30 oty be scaled sasier, may b sondrolled cuwsivr, and difforent kinds
s onehon ray He prodaced.
Furthermare, the high omperatars hydrocarhon converter 34 may o instaney be used advintage >mss§y

ty generade “hot™ oarbon, preferabl @t o omperatary ovee O, for the ©

ronvavier 9. Iy partioudag, the bigh mperature hydrcarbon enaverier 3 may operate o thiv casy withowt

separation woR, since the O-H, minture, obtidved by deoomposing, way b introduced divently 1ty the €Oy

copveiter I his cas, the {0 conviaey 9 praaliesy 3 synihesly 188 Baving & OG-8l iking f8lio of « adowt
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The low tempersture hydrocarbon convertar M, however, iv prianly eosed i oonder o provide
sddimonal hydrogen for the goneration. of & synthesis gas o x O-F, mintiee having a O-H, mixing ratie of
greater than D10 I pavtionlsy grester tham £ b the 83 ponvseter 31, As no hed trarsfor from e low
teraperatire hydmoearhor entverter 3B fo 3 suhseguent process Iy yeoessany, the low temperature Bydrocarbon
corveder b may advantegenaly bo opeated & tomperaturdy below 00T and proferably st the lowest
passible temperatare.

Thiss, ¢ partion of the carhan prodiuced in the foadrocarbon cotverites 33, 3b (prefecadly the portion
frarn the high toipsrstiy hydmoarbon converter “33 ray be ntrodiwed into the OO, sonverter ¢ daving the
operation of phag 30, whertas another portion {preforably the portion from the low femperaturs fivdrocarhon
converter 3 may be dacharged from the progesy s saw matsriad for pmmscsr‘g\ farther products. Such produchy
ave for instance carbon hlack or ndustriad soot, avthvated coul, special Kinds of cacbon such ae carbun disoy and
carbon ognes gl which i3 obialbed a5 black powdery solid mstier. This carbon iy an jnporand cdnigal
product, which may be uged ».g. 8 Hiler 1 the nibber ndusiny, as pigment seot for printing colours, fnka, palnty

of a% starting material forthe gotenation of elesteivad eomponsnts, for lnslanee nog-carbon-batteries and for the

prcciion of cathedes seavndes, Ay surplos hydeegen may bo discharged v the chemica! dotry crmay be
wnd for gonerating electeiclty (by burningl whershy the low tomperature hydrocarbon converter 3% &
proforubbv operated i such 8 way that it only provides the aceessary additional ;‘:.y'émgen

Fig. & shows an altonsdive srobodinend of the above described plant 40 for genersting syathetie
Sanctionalised andior non-fanctionalised  hydrocwrbons, for which 2 ;}iumiiiy of paraliel operated high
tempensbice andlor low tereperature hydroearbon convertors ave provided as welll

N

The plant 40 & goneratiog hydmoarbons chinvn i Big & diffors froor e plant 30 thown In Fig. § in

such way that s miking chamber 21 i lovated vpstevan of the O corpeerter 31 The mixing chamber 21 reineg
& gyntheafs gay specifically adapted to the OO converter 31 and provides the syathesis gus o the OO sonvester
3. The olements depioted I Fig. 6 bave alrcudy been deseribed aboye wark aceording o the privciples

3

desertbad above, Therefeg, s e

o desoription is piven s onder o sed rem;%t%sms,

Fig, 7 and 8 shoow codadimenty of the plants 20 and 30 compriving a Firgd heat exchanger anit 28, &
second host exchanger unit 26 and o thind hest exchanger wnlt 37, whereln each i conmested fo an
sopine/gererator devien 43, The enginefgeneratnr dovice 48 ir adapied to ot loast partially geserate clectrioity
o nurplus hest From dfforent sections of the plat, whersiy sabd oloctrivity may cithet be fd inte the valn
grid or may be used fo operate the plet 20, cspeswadly the hedvocarbiy ccnverter(s). Furthey, te

saghie/gonerator device 35 may be connscted to @ heed sxchanger unlt {not showy in Fig. 8}, which dssipates

N X

the heat gesersted by the exothermic conversion process taking place hwide the CQ convertar 31, Thus, o the

anve hand e O sonvester may by costed v g controllod and regudated wig, whinh s advantageous for the

aperation of the process, and on the other hand eleoiriclty may be generated. Thy cagine/generator devive 48
nay beaty dovice that ds adaped to ransforns heat sreriy e placiricity, for nstanes a comtbination of § stearh

turbine and 8 generator or 3 plelen engioe and @ ganseaten,

s opstation, the sapinigencrater devlce 4% pangforon the wploy Reat of the plan Be

& Beat that Is tot nddeiuy R Ol sanvening,

~

The cogirefgonontor devips 48 and the heat exehanger unity 25, 26 and 27 are optional clements that
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may be used at ol plante desenibad above., Due to the operation tomperatre in the respective hydrosarkon
corverter ¥, 3a, 3h, the carbon discharged from the regpective second cutlets 7, 7o, Th s condaing significant
amounte of Beat sonrgy. Depending on the destred teraperatirs of the dis«%aarg'*d bon, @ laee amount of this
beat stsrgy way be dissipaied by means of buat exchanger utits {not shown 1 the Hguwes) and the hont mav be
eused i the procosses diseribed herewn andfor may be transfooned nto eleciriolty ising the englnepeneray
devies &5,
{n the plants 30 and 40 Ry genorating synthetic functonalised andfr non-fanstionalised hydrosarbons,
cooting of the hydrogen Frowm Ge Sydreosrbon converters 3, 3u, 30 aadier cooling of the O fom the OOy
orverter B s perfornsed ondy as far as the persiure of the hydeooarhons and of the hydrogen dogs nat &l
bolow the operating fempertan of the €Y converter 3. The opersting omperatirg of the OO convartsr 3 &
senaily batween 200 and 406°C, depeading on the chosen process,

e

t all plents described abovs, the hydrocarbon vonveries 3 may be a bigh wreperstore reavtor operating
A« temperature of mors than 1000°C {o.g. & high tovaperaturs Kyserner reactor) of a low femperatire raactor
operating 4t 3 tomperature botween 20000 sad 1800°C (eg. & bw temperative Kyaermer reastor). A prosently
fotedd low temperdiere roacke operaies af tomperabures hebwesn 380 snd 80O I G case of w low
fomperaton reactor operating at dowperaiures b@iwwﬁ 00 and 8GN, W i3 counsidered that the intradused
carbor v probested fn the connection § hetween the hydrocarbon converter ¥ and the O scnverter & ay fw
Cy comverier B operates @ tanpomires between 300 sod 10005, Forther, # hevomes clear from Flg Twod 8
that s combhsation botwean Tigh fomperatory aradior ey fempeatiurs sonverters may be ased i afl phiot 1,28,
30 and 40 desribad shove

Er all plants 1, 20, 30 and 40 deseribed above, & portion. of the sarkon gengratnd e e hydrosarbon
sorenttens 3, Iy, 3b roay beadischarsed v carbon black, ay activated coad or as another raw miveriad as g ag
st cavbun s not conteted in ahe UG, convevier ¢ of plant 1, 30, 30, 48 3t shall Ssber be outed that abo &
postion of the hydrogen produced i the Sydrovarbon convernter 3 yoay be divestly disehurged cut of the provesg
ard mmay W osold s commodity, Furthen ondesired aynthetic Smstionalised andior oo faosticnadised
hydrosarbons gepervied fnthe OO converter 31 may be reburnnd and fod into the ndwoogrbow Infetad, de 38 of
the hydrovarhon converter 3 In ol plants 30 snd 88 desoribad abovs,

It iy oonsiderad fhat the U0, Inbrodused nfo the OO0 converter 9§ @ sxhatist gay Hom g sombuation
posver plant or that e OOy 18 generated Bt ancther Industeial prodess. Revently, anphasie is put b releasiog

v

I the owvivonmment, as U0 dx seoncas 8 oftmate polhsant. T the dhove mantivied

seindler svoans of Oy
exhauct gases, the Oy e mixed with other gases including, smongst others, a large amount of pitroges Fow the
aln With none of the sbove dineribed plants 1 30, 30, 40 4 B noosssary to sepsrate the nittegen peior fo
{ntrodusing the mixaee of OOy aad other gases Inte the 00 converter 9. As i s thase wther gaves wre only

present inoamall amnounis or are chemieally et (o nlirogen), the cperation of the 20 comvertey 9 b net

\

crviprontised by the adiditional gases, A rendualcomponsnt of oxyvgen s huwrned iy the U0 sosventer at the
high operating tomperatire B presenes of oxrhon,
Serse wxamples follow Ry farther dlartficstion:

sapde B2 OO nental s powsr plant

By means of & Keasoner reactor ay the hydrocarbon sopverer 3, resthane is deconmposed nte carbun

<X

sl hydeogen, For saeh ateor of cxrbow, dvir molovudes of bydrogen wilb be ebipied {CHy > € + T HA
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over hot carbon inside the €0, oonverter ¥ angd It conve

is

Sarting from g conventional pafuetl pas power wintior, for fstance of the type frscbing £V, manefactursd by
Siemens AR having @ nontinad capacity of 561 MW, the Ty contidned in the evhaust gag & introduced into the

= abowt L8 million tong & yesr By the CO; converter 8, the OO0 Som the

O converiar B exhaust gav of the

wbiral gas power plant & reduced with balt of the carbon discharged from the hydrocarbon comveriar 3. The
bydrogen fram e hydmocarbon converter 3 48 cooled dows and the divvipated Bewt fs transformed inte
elreivicity by mmans of thy vaghne/geosmator devics 450 The O Fony the natrs! gas power plang e diveeted
o fnlo twive the amound of carhon monoxids
aveording o the Boudouard equitibriom (U0, + € - 200 The hot carbon manoxids exiting from the T0,
sonverter ¥ is eocled down, and the dlasipated bewt i ooy Bened tate slestricity, The carbon movaside from
the T8, senverier ¥ {Boadouand .aguiiﬁi‘t?s‘éum} wend the hvdrogen fom the ludvocwrhost convertsr ¥ {Kvaemer

propeis) ars convevted 18 & CO converter 31 {FischorTropsch plant} to form hydrocarbons. & Heavy Paafin

Syrz{kmsi;s madale
Shelt Middie Bisg

sonnscted o a subseguent Heavy Pavaflin Cosvversion module from the SMDS-process (=

3
Y

Hate Synthesis provess) mansfuctorad by Shell ds profeersd. The beat Howe the procem i

sransformed into cleviricly. The nxburg of the resulting hydrocarbons depends on the chusen Flasher Tropseh

peoeosyand may o varfud i the Sholl SMDS proces

In the spocific notural gas possr ;ﬁsmi: €361 MW having an efficleney of 60.4%, assuming &

gfficieney of $0% when fransforming the process Beat o clecinioty and assuming an efficiency of 368 when

IR R

trnsforming dissipaied heat e slectriolty, the procasy hay the Sslowing par

Conatiptiot ¢f mothans 2518 miflien S S UH, por vawr

23

wenaration ot sleatrisity 13 MW

Carben blagk prodintion
Faraliin produstinpg
CO, eninmon

Efftciency

A47 DO tong por vear
13 s lion i per ey
abmost &

natural gas power plant

Taxiad S8 R%

Bxanple 3 Gaetn-ddowid Blaw

the plant from exsonple 1 i operated withowd frasafdoming the process heat and the dissipated howt

e exanpl iy & pReseis R

v then o significany arpount of sloctricly i penerated. B this cang, ¢

conmvetting gassous materials {arbor dioside and mothane) inte Hguid fuels {Ofto and Diesel fuels, kerosine)

. a Onseto-Lignid o Odl plant. In the prosent example, an addittonal amount of carbon §s prodased,
¢ PpaTRONeIcEs are s Tolkevy
Consumption of methang I3EE milie St U, por yowr

X

Gioneration of electpiony 4 MW

Carhon black production £ GO0 fong per yew

Paraifin production L0 million tons per yowe

¥ enission almont §

The fnvention has besw cxphained i some detall with rospect 1o spenilie smbodiments and sxamples

withowt being linited Yo theve examples, In partioular, the elementy of the individual embodiments may be

combined sndfor exchanged with sach other. i compatible. The ckillod parson will beoome aware of mgrdfold
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mudifiostions aad deviationy within the scape of the following clatme. Tn & particalarly simple smbodiment of
the plant for geusrating synthetic Savetionalised andior nvo-Simoticnalised hydrocarbons, the OO, converter may

fet plpeof @ bigh tomperature fydrecarban converier nw

e devigned 2.g. @8 5 nmple pipe (for natance ax an ot
having & separation unit), whereiow €O, pipe lads 1o 5aid pipe. The U0y pipe should foin said pipe sush that
the twe gus streams got wall mixad. The pipe shoald be insulated and could be vonnvered teox heating unit e.g.

N N v,

at an olel section dn order {o heat up the pipe {aspesially at the beglandng of the operation) to o operating

X

tomperature. Further downstream, the pipe could be cotnestest 1o » heat exchunger unit adaptsd to axtract
&

swplos beat and 10 use this heat for heating other seotors of the plant andier for penerating slestrioity.

Additionsily, the pips may ¢ amp se an talet pips for hydrogen (R satance downatroant of the heat sxehanger

unit) wo that the same pipe not oaly fonetions ag o COy converter, but alse functions as » miving chuamber S
Renerating s syathesds gas The xr=§ & sx for hydrogen may originate e foat an outlet for hydrogen of g low

G I HIGN h}-:ds'a arhon converter (having a separstion wuth b this case, an cutpet end of the pipe, where ¢

syathesis gus having « predetenmined miving mtfo may dedischaged, coudd snd 2 OO converter
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E rnind dalaktasdra, shol o bowide 1800%C iowt hSnwtrsdkloten
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