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1/73 MATERIAL AND/OR FUEL PRODUCED FROM BIOMASS
Description [1] The invention relates to a material and/or fuel which is
produced from biomass. The applié:ﬂi%n also relates to an apparatus for
the treatment of solid-liquid mixtures, in particular of biomass, comprising

at least\aper FERENT IRNIISESIV RO the prabthlitiheikong, BIRIAARE the

production of energy from biomass including at least one apparatus for
the treatment of the biomass. [2] A so-called hydrothermal carbonization
on a laboratory scale was proposgstpytffpfessor Markus Antonietti of the
Potsdamer Max-Planck-Institute for Colloids and Interfaces in July 2006.
In this method, biomass is converted in a laboratory autoclave at 10 bar
and 180 degrees within half a day into a carbon-like material or its

prelinkral§Vsnsiss aplgtoseien [BIaE Y orindrpiorhassmetusag ggm biomass.
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been sought after for a long time, but has been limited by a lack of
effitisfiessofntparepelaetiOrnitstommtinging esvnpRstRas tahiPiowcebsng the
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emissions have essentially been made responsiblefor the climate change

dulsay tHe apPARLias & drefeeainentisighe hergpsarriers. [4] In DE 197 23
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presented which comprises a cylindrical reactor in which food waste and
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flow is produced " within the reactor by means of a pump for ensuring

midiRr s the 0056 8 ASIsjagTsemu gl bebriHaYpre artasbpiid Bifomatsrial or

deyglapiaimatdhy Means.ef which fuels, humus, carbon-containing
materials as well as Maillard or Maillard- like reaction products can be

manUfBe ik af e mmeany s uen IReY &ifibie s PipdHs hosatrifggldhat is as
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the subject of the independent claims. Further developments are
appaketitarBriety b IsRESiRRSVErF IR HSINSCBRbiGies fing low cost-

appifeaticneromdasuthat e fAIRAIdCUNAEING sRligmiasidMiXHIQ BRGIRK
the feed material are addition%a@il)(lg‘/hprocessed prior to and/or 2/73 during
th&seipbreah BRfakesPeahsh fahibrsEaale QeBsadaR AR sPRpystion of

fossil fuels or energy carriers.

In DE 197 23 510 C1 for example, a device for the treatment of biogenous
residues was presented which comprises a cylindrical reactor in which food waste
and the like is submitted to a temperature pressure hydrolysis process. The reactor
is in the form of a loop reactor having heatable casing surfaces. A flow is produced
within the reactor by means of a pump for ensuring mixing of the suspension.

It is the object of the present application to develop a method by means of
which fuels, humus, carbon-containing materials as well as Maillard or Maillard-
like reaction products can be manufactured economically and with high efficiency
from a solid-liquid mixture, in particular, on an industrial scale.

The object is achieved by the subject of the independent claims. Further
developments are apparent from the dependent claims.

A method according to the application provides that the carbon-containing solid-

liquid mixture and/or the feed material are additionally processed prior to and/or
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products are conditioned or processed. By virtue of this purposeful

pre-processing or pre-treatment of the solid-liquid mixture and the further
processing of the solid liquid mixtu?é7(§.|ring the treatment or the reaction
process and/or the reprocessing of the reaction, intermediate, secondary

angliein e ek RreAHES:, thrivetd OfctialonhiHiihcaRiRARGRARIRNING /BraiRials

and/or Maillard or Maillard-like reaction products can be substantially )
indYe4uEt MeacensitimserrPnasiies: faY MriHe Qotis@uPaicieurgRtReessing

utifz gHo R @t IG5 & CIN EA qUKCH SR tiddartif s ptJEessiRiuthe solid
atmosphere as was previously needed by the living plants for their

gro MRS Br g BRI s f PREL CBR ST B Her R tFRF arfgsing

hescg cGimaisni iRy dikdharnaientha dopddatinsRichymusiviishrisl,
spread on agricultural effective areas for example, can serve a
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of peddasvhivalsanthrenayakirsewimateialsretimataaipéection targets
such as those specified in the Kyoto agreement, will hardly be achieved.
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conversion_ process, is sybstantially smaller than with other method

LR BHd BRSE I 5k THE SIS A S BRI CoMScRSIBR pBLdgace
Theicatbaridass IFamMaedtbRe RPridittRIc QN Alignierentatiosppeagesses,
about 50 percent with the conversion into biogas, abgut 70 percent for a
w&éal%ﬁrw&i %?ﬁ}hvmsass O IO @Wpssr&sﬁmFQza%ﬂlfpéf&ﬁaam such
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methane, whjch are each regarded as greenhouse gases. and bei
bR THL SRS PFAHES ORGP TR ot R ene Y5 L Koro
apgplieatientinaibiehdimesiohgeosdonly minimal amounts of C02 is
rele %12[: 0 Thli etj) d accqrding tq the a Lil%ation s a high degree
o oY B L RO e GO En, AT for e
espiroadedoned fffiislis ey pritpoieigard ¢artoa eneigyiyield dhitinethiafieersion
percent compared to [Eée enerqgy store;ghijn gle original E)ri{.omass or educts. )
DAFRG e DU LS AR th & S gEtsl. THOTE B Gy 1 lostin
litttee(COR 48 StiufrerichyaanivasiodpiogeiieTirnurteiniosd Biomasy prioent with
bi(%?aié, Zbo t half (%f the carbon re%eassg asCO?2. !}gl‘?gﬁover, onl%/ afew. .
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In danirdstgercansianethood kinbutiZaiccopreetinghibovasSinierecfinébrtne
heat released during ge rocess with the method according to the
ap%ﬂlr(lzlgﬂ%trllng a}ﬁ%:gsasé e§%§, Cabon 18 rc@leasedt 19 Carbon cgmgdte or also as
methane, which are each regarded as greenhouse gases and being harmful to the
climate. This is not the case with the method of the application in which almost no or
only minimal amounts of CO, is released.

The method according to the application has a high degree of efficiency. By
contrast, the alcoholic fermentation only has an estimated net efficiency with regard
to the energy yield of three to five percent compared to the energy stored in the
original biomass or educts. During the method in accordance with the application,
no or only very little CO is set free. In contrast, during the conversion of biomass
into biogas, about half of the carbon released as CO,. Moreover, only a few
substrates are suitable for the economical operation of a biogas plant.

In contrast to most methods known for converting biomass into a fuel, the heat

released during the process with the method according to the application can be used



for other steps or procedures within the plant otself. One of the main
challenges for the energetic utilization_of biomass is its high moisture
content. In the method of the appli@é?i%n however, the presence of water
is a prerequisite for the chemical conversion process. In summary, so far

theomeiede-pPBHgFLIR @t dDdHaITAIRCRIM QjtsHNe AR RSO thehRiRANRESes for

into energy are limited in their application by a lack of efficiency, lesser
en@fgRtrEartisHitizaHacahismearsre s ighined e sargEoli hgungthod of the
MixSYIRSEHEAASRIZMRS DRk sxabTRIaRE Righriesqprialyseshanddidbal

pressures, the reactors in which the treatment takes place, can have

SpRIPEHORRRSTSHCL SHRBAtHeSh RE ke methods felied Lol pirial scale for
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extreme conditions. Moreover, a device for the mixing of the solid-liquid

miskliFeRsY Besgretsaediq¥s1brily ABAIROstiGH ERIES to a method for the
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Maillard-like reaction products from carbon- containing solid-liquid

miltRSEE WS T FOSHERT RISGRT TS Reauhach A Ramsatirlves sface,

oveinlRf e ssreebtrtigendecs Nt PIBsSHARIAueNRE DAk iRhaofreatment
period of at least 1 hour. [14] In a further embodiment o&h&hgéob'ect of the

apTESHOR; THE HURLRI Y Eitida ot IR QU ARG HHISHS

MaBAEiti kIS Maabscih atdha dsgatmenhofith e Sokdduaidqmik migtisdedn be
carriedfgut in a discontinuous manner, that is in a batch mode, in
pa R during the reaction process. Temperature and pressure ratios

[13] are m@%pbﬁpaﬁ@ﬁhelmetamde@@fbmm&mgmw ﬂiﬁi‘ﬂ@ﬂi@lr&? SR@GE fuels,
usage and for minimizing the dwelling times. Feed material, catalysts,
B A S M R A s o G e
regwveaidingsytied qantnmettme dvihoris shakplidnidhoantnatiase feaetie, at a
intermediate, stecond nd/or end products can be re ovedggméhe
e IR AHAE 8T U TR PSEMES T AUE SIS Rh VT ethod o
stepatrasHopekanuple: lbascomdigiioning and/or cleaning of process water,
wast

water, outlet aif, reaction, intermediate, secondary and/or end :
[14] o0t (A BB SR S AR b b b RRLO B LEHRGaRs ot gied
or ént intereéats-ddiiduoaeetbettambadinaantoflthe vlejact thhthie: treatment of
ap, Iicaéio .it is,provided that the . temperature is adjusted to above 16
de%?esé) lég 8% ‘%

P B 160 AR 00 SogTeMS SeRdRPRae g 1 @
bettatekmd8s, anpaZ@tutieghans; ardiaictiat phectssneraperatise aadtpotadre
aurtgtriggtail%g |t|1¥aiinly kept in the operating region for the optimizing reaction space

usage and for minimizing the dwelling times. Feed material, catalysts, process
water and non-converted feed material and other media can be removed, recycled
and returned if necessary, and contraries, reaction, intermediate, secondary and/or
end products can be removed from the reaction space during the running process.
These and further method steps, as for example the conditioning and/or cleaning of
process water, waste water, outlet air, reaction, intermediate, secondary and/or end
products can be carried out in parallel in a continuous or delayed manner or in
intervals.

[15] In a further embodiment of the object of the application, it is provided that the
temperature is adjusted to above 160 degrees centigrade, or between 160 and 300

degrees centigrade, or between 185 and 225 degrees, and/or that the temperature is

controlled automatically.
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4/73 [16] In a further embodiment of the object of the application, it is
provided that the pressure is adjusted to above 7 bar, or between 10 and
34 bar, or between 10 and 17 bar, 97 3nd 26 bar, or 26 and 34 bar. [17]
In a further embodiment of the object of the application, it is provided that

the trgatripRtduAiIMis AtdeaRt SHRUET BE 3R RAHIAUEIsrovid&Dthat the

hours or 30 to 60 hours, in particular 6 to 12 hours or 12 to 24 hours. [18]
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theatreatmanicyiatianensanditans are chosen in dependence on the
type of the feed material and/or the solid-liquid mixture and/or the desired

reactlBrf SYHAGCETPOfImePhirtiRs e ainirRiliragB;dcisgthdded that the

applisaian diig oW aedie ableashone fesburaterialand/abiieor 30 to 60
solid-liquid mixture is E{etreated, preferably by dewatering, comminution,

proRHSHRHRMHEHIR G QLA AMERTIE, i Hid/or preheating. [20] Part

of thepiatieptmanbsdimala® beéhs jsawrationpplan@sidieRvpoRentin the
medium, for example at a pH-value which js below 6, preferably belgw 5

e eI SR ALE SR HORSHE GRS DI SRPEn ke omy sy e e tyfeed

unglefedial BAE/PEERSSANY-Hyialianafithakiep tedeaseswithdngRAsINg
comminutiorhand with. decreasing pH-value. The incubation at an a(fit ic

pH-vahie BEAERR NG EBRHEt the ORI AIORARP 1] o iiiHgy ded that at
embedine it thecehjesiddit e appticagea, iitpeon gedriaatdhacferdly by
material and/or the solid-liquid mixture are comminuted prior, during
an%@t%atﬁ%m%ﬂgﬂt,pﬁ?gf%?%ﬁwﬁ%}ﬁbwﬁwow TS PR PR AT
sizgddkthimgcomminuted solid-liquid mixture should thereby be preferably

below 10 cm, especially preferred below 1 cm, particularly pelow 2 mm.

1521 ARETRSLR 5B SR D oo S AR GF S BB o
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one of the feed. materials before.and/or dyring the treatment. The catalyst
AT REHRILE BF SHTSAEORE b PATLG LeR &2 O e DR ORI ¥ g 2
thayhéaren s saayalysitivikifrteAtepotvpeassitoithia catislygtcoamiarexamplewith
consist of an acid such.as.a carboxylic acid and partjcularly a proton agcid
col b CUSBT A BTt DI SHARER o o 100 P .t 6r LRI AT the
ancbabov@ @k tartaric acid and citric acid has proved to be particularly
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lerfe@dsnaterial and/or the solid-liquid mixture are comminuted prior, during and/or
after the treatment, preferably chopped and/or milled. The particle size of the
comminuted solid-liquid mixture should thereby be preferably below 10 cm,
especially preferred below 1 cm, particularly below 2 mm.

At least one catalyst with or without the addition of water and/or an aqueous
solution can be added to the solid-liquid mixture or to at least one of the feed
materials before and/or during the treatment. The catalyst can consist of at least one
or also several different components. Together they form a catalyst mixture. A
component of the catalyst can for example consist of an acid such as a carboxylic
acid and particularly a proton acid can be used in a preferable manner. The use of a
di- or tricarboxylic acid, and above all, tartaric acid and citric acid has proved to be
particularly advantageous. Citric acid and tartaric acid are crystalline and non-toxic.
Both occur naturally in fruit (citric acid in citrus fruits as for example lemons,

tartaric acid in grapes). But it can for example also be an inorganic acid, preferably



tartaric acid in grapes). But it can for example also be an inorganic acid,
preferably 5/73 sulfuric acid, in a particularly preferred embodiment of the
application. The acid which is use Hsda component of the catalyst can at
the same time be used for the production of the acid medium for the

inguRaHenSeAn [2ﬁhﬂﬁe@%‘i?{}ﬂefél%ﬂaéﬁiwaf?ﬁéhﬁo@%hiﬁbﬁ&ia%fﬁ TAE acid

comprise one or more metals and/or metal compounds, in particular also

adtitishaniysed s gitempeeensadths e ¥R gL dhs ipRItingg b aseg for the
Vigragsiba sfitheaprriaeisdabisr ehdhsc@iempnigss for example iron,

nickel, cobalt, cgﬁper, zinc, rhodium, palladium, platinum, silver,

23] vanabhitdisrorttit il erehe FKB SRErHTS AR FARRISHPAF T faeks metals
wheebyifen] RamprRyas, 1@ periailicurdkddvRntage duss Middesceflthasae

metals, for example vanadium oxide, (V205)5 cogPer oxide (CuO), zinc

oxTAECEERE) SR e b rhYam Sxit i @by 3lapt thrseeparicaatg of the
preferiests Bytsnetals ik then Maikegrestst ot dppepesingieniabigiptRidium,
elements or their oxides, for example aluminum oxide (A1203) can also
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solid-liguid mixture, so as to accelerate the conversion of the solid-liqui
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Maill@d-dikerieastivnge [OBEN\reARYPERI IS PreRASI S (INnpaklicuhe
bacteria and/or fungi), v QEtéf??Ie %:Ils/,%fﬁnimal cells and/or cel extracts1
cali 30} ERARTIE B8 BILdedil e Ha RFRAHO ST BHHCDIY BFtwle

exilgmeeonsitindoingihaltebtnent aofcthel wolid-lis it misiscisanhoner.
biocatalysts.can be used.during the processing of the splid-liquid mixture,
in pal S L8 AUFERRSLY: TR0 CANAROMAYSH BoTea b freatment of

angos SREGG IR Ynaaelais a2fh)] docal duitb eicerohodiien ththe bbjEGnRf

the applicatign, it is provided that at least one of the fee erials and/or
R R SR RSB ST eGP TG e AL e -
prﬁi&r@éﬂyt_tmmﬂrﬁa@bmixﬁignﬁssnlﬁ;ading%mcym&_ @g ﬁaﬁi@liﬂwfbﬁa @né/or

or more mixin atus(es) c e yse r mixing, In articu .
o e e B P ag e vsed in
vag titeapdrapinmicbiliziet foixerDpamopiar éxnozeleohdicordidgriagdhiee treatment
application, . mixing apparatuses are preferred which make dq without .
e e R R o R BB R apine of
objectalidhéqajplidation, ih isapiovideth¢hat thatmeaction pradectmaigodiiedof

aftt%r the tr.eatmgnt with a drier or a (%ombination of
e reaction and/or secondary products.

[24]

[25] In a further embodiment of the object of the application, it is provided that at
least one of the feed materials and/or the solid-liquid mixture is mixed prior to
and/or during the treatment, preferably by stirring, mixing, suspending and/or
agitating. Thereby, one or more mixing apparatus(es) can be used for mixing, in
particular a combination of different mixing apparatuses, preferably at least a jet
vacuum pump or liquid jet mixer, pump or a nozzle. According to the application,
mixing apparatuses are preferred which make do without movable parts in the
reaction space.

[26] In a further embodiment of the object of the application, it is provided that the
reaction products are dried after the treatment with a drier or a combination of
different drying methods, preferably a convection or contact drier, especially

preferred with a flow and/or belt and/or fluidized bed drier.
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different drying methods, preferably a convection or contact drier,
especially preferred with a flow and/or belt and/or fluidized bed drier. 6/73
[27] In a further embodiment of the @fk?j%ct of the application, it is provided
that process water accumulated in the course of the method of the

applicatianriscremeyemaielieiablyivcablaastppacanpar atispiovthed that
solid-liquid separation and/or cleaned and returned to the reaction

miiQFessTRE Y plsrautated iRdhsARRG NG theemsrhad AThA 18P USLIABIE be

at jeast eng AR IS far st enddpparanidnefiltiationanguiarsiRraus 88d/or
osmosis method or a combination of different above-mentioned

apPsfatdsayl I5turardoR Rtk ReliamiRiKiter clbmapraraig fescigli-liquid
preépriad oh Qirtional figHandiolasentifipgatme Thrana dlter:t28] In a
further embodiment of the object of the application, it is provided that

aceRAiIRIEP I ARI W Abe Ry Blea ANRASE SRIARAY 2 QoamiBalig i ferent
biaiggieatiynt[@Rdnhivitnesseprbreiment el tieaahiesitef tarppligadion, it

is provided that outlet air accumulated during the treatment, processing

andRseLBharisiangde cpairnp i andiara senatisalmembmrsaiieng/or
biologicaky:th3PLhbeapRrlitaien.alsrcetites pplingibed: iv parigulphat

continuouys or semi- continuous process for the industrial production of

diffSrEmRLEAS A e isterned Bartd AR A H SP RIS IS AOAer viplogically.
reactjan, filt@in eshiodaiseconciar/odist encthprgglicigioanifes pxandetethat outlet
comprise fuels ranging from peat- or turf-, as well as lignite to. black

codf AREYT KL OL NG AR MSP MR RS GG AP HaRiog Is cleaned or
cafierCaidinmhgmataitalscalohag dnsibadisigamaterials, nano sponges,

pellebs},lgfibejs, cables, acﬁive or sorption coal, charcoal substitute material,

highl LA A BRI YRS O &L SH I RtREIS UL & (7P BUPHO PSS BN
feedmﬂeﬂﬁi&&ésgfapﬁ&iﬂ&t@m@ﬂﬁeucﬁﬁmiﬂﬂf%eﬂiked@mdu¢ﬁ$e&lﬁddiate,

carbon fibers and feed m teria:ﬁhfor composite angtifiber composite
TSRV SR OB o BT R Tid GES BF R A RAMSh e
previdadiihanthe sakehliguithprixtufe:tonsisiscaideastpadiadly fof ioraas.
The principle of the . hydrothermal carbonjzatjon is thereby.used by the

i s M el A R e
wehihomasstavhilg raleasitgshehtenaigytiiy heteffitic nhanspbigidly, pellets,
economic method.according.to the application.. The polymerization of the
i ol e e S R A
reactigqeddiacte mpitiduatieindodtsriblesirel ngaction pradoces dirraterials for

roduced in dependence on the reaction conditions. After a.shorter
Fe g9 glﬁte an gfrjap%lte-contammg or —ﬁtke products and carbon fibers and feed

materials for composite and fiber composite materials.

In a further embodiment of the object of the application, it is provided that the
solid-liquid mixture consists at least partially of biomass. The principle of the
hydrothermal carbonization is thereby used by the supply of pressure and heat, so
as to initially depolymerize and hydrolyze wet biomass while releasing heat energy
in the efficient and highly economic method according to the application. The
polymerization of the resulting monomers leads to the development of carbon-
containing reaction products within a few hours. Desired reaction products are
produced in dependence on the reaction conditions. After a shorter reaction
duration, humus results initially among others, and, during the further course of the
reaction, fuels with increasing carbon content, which are suitable for energy

production.



duration, humus results initially among others, and, during the further
course of the reaction, fuels with increasing carbon content, which are
suitable for energy production. 7/75/@2] The application also provides
the production of different reaction, intermediate, secondary and end

[32] Produgis asaeisiog ﬁ%mmﬁ%@ﬂl@fﬁ[ﬂ&@ﬁ@ﬂ%ﬂﬁffei@ﬁ{%H&ﬁoﬂ]Qntermediate,
production of fuels, from peat, and lignite to black coal-like fuels, humus,

MARFSRAAEY ARLifarRiREES ateRT Redadhs msthed Rohetrpli AhsteAagduding
sugh gfod0stAInOfRALEfigH pRanaRPREGIES tdBIIRIS cHhISlRc Fable hagstye

or sorption coal, charcoal substitute material, highly compacted carbon
pr%@dﬁ?gdarfa MaiHrsdikergasti o predict B eRE SR REDTRICH RN Hiteh 25
anig granhitenaMaAR)ingherspiitscprpeusts apekcaesfinarscasndéemson coal,

materials for composite and fiber composite materials.g[jﬁs] According to

thEGEHRHGRNTHE MRS Cishhis Beacisriprnamretistiaphaaterials, and

gengiatipnlef sRe Ry dRNPIgNAsMiisleiha fuginecesdinmifstbe—like
methaod of the inventign is produced, and this fuel is afterwards

congitirte AN FARoBARYy HEHEFTIACTAL LAY &3 {ifsFeggmposite

copsistifgs.example of a production of pellets or briquettes of dustlike or
humus-like fuel. In an advantageous embodiment of this method it is then

(331 providsa¥s S bRl R methen SARAGE RS AmSR R PastRALAGH (e
to gatphushibrAeeardingiotivemapphaatien afnetheditnthe tBenaidbdnothe

different forms of energy including heat energy and/or electrical current
caww%gméar8&ﬂ%f£@§§wﬁi%%m HERGH %ﬂ%égvmﬁe@sﬁahz]%%|
proeihead acaeingdaihiempplicaiiorny\eanidingrtexteptppliagiioduction of
different combinations for the generation of different forms of ener f..
ST S REEEIE BhAR KRG ST ol Wb TeBHr R mbodimen
gasemistiseis drion reaeprableddw unatksiadmdioiositduRld, fotedaenggweneration
solar,and/or wind energy and different storgge forms.of the previousl

| & Wit

mERHEE BRERG P CAMErS dhd GEMETARAR StBRISHLON I
angtnisingoiheffugt@ead toeds aceoringitelthtngpiication: aal/bhelectrical
N I R T
theseduvethedsriihgre the dpplieataiding toding appkcaijiivasicisatffirent
T R e e L
Systerps (érShclabingheateppbtdiitgid e galades foctbéroseraidivable raw
m%%g{ei%a sr, ft%%!%i li?lceifé?(\ev%ter power, solar and/or wind energy and different storage
forms of the previously mentioned energy carriers and generation systems can
further be used, and using the fuel produced according to the application.

[34] The application further relates to a method for the generation of energy,
preferably the type where a steam and/or gas turbine is used, including those
methods where the fuel according to the application is used, in combination with
storable types of energy by wind power, in particular of pressurized air and
especially preferred of the Dispatchable Wind Power Systems (DWPS).

[35] The application further relates to the use of the material or fuel produced
according to the application for the generation of energy from biomass.

[36] The application also provides an apparatus which enables an efficient treatment

of solid-liquid mixtures on an industrial scale.

[37] In a further embodiment of the object of the application, it is provided that the
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according to the application for the generation of energy from biomass.
[36] The application also provides an_ apparatus which enables an efficient
treatment of solid-liquid mixtures of4R industrial scale. [37] In a further
embodiment of the object of the application, it is provided that the 8/73

reagioneensisis ofa eylindrical hasibBapRNEY 9 SiaeAadpRssure-resistant
pressure-resistant manner. [38] In a further embodiment of the object of

th&'apPfication, it is provided that the reactor comprises a cone-shaped
basepwhishierds sy analesftaé BI5nQTHAS afpHeesINTRfgretkRdaH G he

reactor axis, preferably smaller than 40 degrees, especially preferred

SMSHEPEIFAMBESaR 4 rels whgP il RsGctaH ki mpthringlG oh &t the most 45
adyaniRgep U auRedimENtAtibeARDIEEHIMLIY IRy des HRAsbRdNner

space of the reactor, in particular the base or wall parts, consist of heat-

anrPEGIBEiBrF IRt amr Rt r- Asstremy Hnthrisashr &&ple coated

metaln pagticidloaliv nehle Metahps Geiannicrimatgsiisatifie inRgirsPRRA &fat the
the reactor, in particular the base or wall regions, and mountings and

Ot SPRCE SHnRG Tt OB RBRE I T RS RIMREFE £SR3t and

pastialyisHIfasierirg atehvaneVeepeaie chintith A gonttehipriesabdvhichl,
prevents or reduces caking or deposits of components of the reaction
miRAEE I H B8 fﬁfa%@r?gr%mfsﬁ%bﬁy%m%épem%hﬁrPégrgfam,

weRitiesistand Bid/of walltlesenel|ant matefialss thoattictiritsiallig ito
ceramic materials and alloys, preferably of chromiu

, hickel,
mERIBREHY B FRRTHOR T RRERATR B, SHerst %Wﬁé&ﬁé@@ﬁf&&ﬁ?‘/ or
irognatedbaith Wegsiap Naaeea] ank dapperendor ife QAHCUAREQS or deposits of
titanium-alumin compounds. It is particularly provided that the coating .
T s IS T T P R A R
espaeniynpreisriad Wya-faneuspayisgwanetioskiadonexap)enperticular

high-velocity oxyfuel (HVOF) method. [40] In g further embodiment of the

o AL SEUREB LTS BROLEE RAL P At SHE R AARE ort '

arraolyeddnuiine tinngmspakendithe nesdton, ddso Maenmbianalpaitican ben,

EhAAT I BB A SR e VRA 2 R A o N HE B

foroegamshdeispetatulachnpadsadod aﬁlﬂelﬁhmmﬁbgan_etaﬁmet appladdibe ddeans

2 RS LA SRR HaHILE U e SRTOLOR e S e ine

diamdted af foe dxalaplntiechipemtiritg paytisMEORume06dn,

pn:"fefr{fl gl}[ull%\{\é?rembodiment of the object of the application, it is provided that at
least one membrane part is arranged in the inner space of the reactor. This
membrane part can be perforated with holes with distances of less than 10 mm,
preferably less than 6 mm, especially preferred less than 4 mm. If the membrane
part is formed as sheet metal, it can also be called membrane sheet metal due to the
holes. Several membrane parts can be provided in the reactor.

In a further embodiment of the object of the application, it is provided that the
diameter of the holes in the membrane part is lower than 400 pm, preferably lower
than 100 um, especially preferred lower than 35 pm.

In a further embodiment of the object of the application, it is provided that the
holes in the membrane part are formed in the shape of a funnel.

In a further embodiment of the object of the application, it is provided that at

least one cavity is present between the perforated membrane part and the reactor
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than 100 m, especially preferred lower than 35 m. [42] In a further
embodiment of the object of the application, it is provided that the holes in
the membrane part are formed in tf%@]ape of a funnel. [43] In a further
embodiment of the object of the application, it is provided that at least one

cayity ITREGREMbRARVEAD Hhe tReIBIAE ¢ THRFBRIBRLIRAFE /NG tHEITRGHRA a

9/73 wall. The membrane part can thereby be connected to the reactor

wallaRnst bt st thatidedininyseiansiderpiated-Egmmue apagedVith
framcane snBthemMYith iSUeh At.gpYRedMERksitdsAdvasiagenysal g igast

one region of the cavity is provided with an inlet opening and at least

arMeAsegIah 8P e EARRYRE BRAAGSESIARY BTGB O SAMER vilyes provided

coRnacipsuBetwpen tReTRE BoAkRRE REbt ARG N d aRgHdraw@fandKe reactor
place for example by punctiform or linear welding, whereby welded areas
0

utitiG AP R iR RIE B PURERIASR 9piliBGrs e ige e sided
a dHgR-prassueRReTiupisshetwarrtpendeitsormheatpiatgibiaudion of a
which tempering liguid or heat exchange medium can flow through the

paSEhgTAR BEtBR N RE ARG R @B Rt Slsehmy O REKsihy high tempering

desgtilgest iedd Sxbhh O Edtbn R4higSasEsotle aeubia el ef ineéansiarthe
can thus be used as a heat exchanger at thg?same timeé%j}ln a further
t

erBGHRHE AL SFARBHIE AT SR Bt diRsh ot ds hidvided thAt atine this case,

reai@owsit isdiesigne it @domalamisl accinannieavdierrby &ledstant time.
CaVItXBIé rranged between %n inner wall layer and and quter Wa“g'#g&lrait ot the

The IRl EP Ol st QOIS R P HEAES AN BT 4!
anethesr i such ddnaraen thadibe-cavidy individedivtobiegions senacaled is

from one another. At least one region of the cavity be provided wi
o FRREE BTN i AEREB MRS RACHBH e et UL PR bt lavers
op&NiRgeoplatsslithE R oo restienddawvaerahothewiallslayessnemefahat the
examéple. tzﬁe@l ce by%imctiform oréi ear Weldinq Wh(?‘relb the non- fth
T RN G i oK RN XTSRRI G%ﬁ [BRvgeisy of the
thealnfectianepahigbdprahsiirénioecpeninp Hetwerastha@adisrogisherdithe
plates, through wt]éch a tempering liquid or heat exchange medtig ca
oMo 1R BAE SRB N T B! i RN BEecgpenhg A avers
coepling, exard precrae ¢ e dbS-Hdc il 0fHA4l . linettis chiseg tha elebib b snadhof
the %gjic?tor can tt s.be EHS%F as a heat exchanéﬁr éﬁt the same tirge.é%]
In RFHEF EMBOAIMENT 51 1RE BBj8LE DY theTHREKTOM Tt iglﬁ?&ﬁﬂe XHAT the
reagtatisneo€addghlgrévhec cyetiuiadatoeieep tieg/ataostititegprasichrough
andior, arclerably s mermbrane, andion Iidized bed reaciar AL eagt one
passageway in between the inlet and outlet opening or coupling, as described in
US-A-4 700 445. In this case, the double wall of the reactor can thus be used as a
heat exchanger at the same time.

In a further embodiment of the object of the invention it is provided that the
reactor is a cascade, tube, cycle reactor, loop and/or a stirring reactor and/or
preferably a membrane and/or fluidized bed reactor. At least one reactor or a
combination of different reactors preferably have at least one characteristic and
preferably combinations of characteristics of a cascade, tube, cycle reactor, and
preferably of a loop or a stirring reactor, or especially preferred of a membrane or
fluidized bed reactor. At least one reactor comprises especially preferred at least

one membrane part and/or at least a device for the generation of a circulating

fluidized bed layer.
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combination of different reactors preferably have at least one
characteristic and preferably combinations of characteristics of a
cascade, tube, cycle reactor, and E)Pé?érably of a loop or a stirring reactor,
or especially preferred of a membrane or fluidized bed reactor. At least

one rpACtRFAERIIANIRRRRSRESAY BrRiarsedhatisaRiagne MRPRIGRIBPM: the
and/or at least a device for the generation of a circulating fluidized bed

lay et/ SAUBPSH ¥ S PRGN Bet SraTansss sxt s ightthbon,
it isopiRidadshatdie saactaftislemuPPRIWHPA IS RREAG A fsiabrise at least a

exchange system which can be connected to at least gne control unit.

THS MRS R R LU BERANA LBARP R sk X A ERATHR AREL RIS coil. at

adyastagagusseanneicRicleasta MeatindRRrhAoAling¢aihak deasimbalbe or a
tube coil welded on to the reactor wall, at least a heat exchange tube or a

plRBIEABMP AL LSt & MRAREAN B4R APSTEuRKA RSk AL Pk The

PaldmpBn EEMREHNGh S YHE RLERHNSORRABIBNSE 1D HQ Wbl Walltr @ sigtiligon of
tube construction of the reactor. In a further advantageous embodiment of

th&hSpERTation it adiagsAuhenea e e e PRt R 8lgh by
Mg ifeduslingHe ecdeesfaraierl ARenwanBrSasEshyeinvar Uio UMD the

liquid jet mixers, pumps and nozzles can be p%rt of the tempering system.

[4 PPTFRESH MBS ANhBTERy ShB B AR 8T Y CTh By BHMPS an

esseptiallyndst paradtanicRhassaipiktéaat is, no mechanical and/or
movable parfs, ar as few as _possible. [48] In a further embodiment ﬁf the

object 5t tRBISBHRBAHIGHEOY RIS BIRNMF ISV IRES IR IR AMhvstFadally non-

Mixieghapipalratsenibrynibdngs, sk ritghagicalingiafthe vesletphrepotertfclings
reactor, can also be equipped with a mixing, stirring, agitating and/or
cIé’é’ﬁfﬁlgﬁapparatus. For introducing kinetic energy into the reactor content,
mechani¢atatrréngbatthatx by st5e0s oFifie ap plidivishroiakieviisdsieanhe
thereby be.used,[49] In.a further embadiment of the object, of the

appiid ﬁé%f?%eﬂwﬁﬁtﬂ%ﬁﬂ?&rﬁﬂ%%’é B H LRI T BrBS FE ShEGreactor

mowakiet PHitsrendoeeapiisedéxqaxarepeit deasia)stjetvacititaipgrgd/or
Oréﬁ}ijfi}%fét mixer, at least one li ui%{gump and/or at |east otne noztzlgc. [50]
In PR e BF é‘c%ife SRS, TESBFSEE that
thengviinigadppaiafusmdmpRiticwiatdne wphaiaiigesimibeablicinmsregiohsreby

arE designed in such a manner that the turbulences and shear loads
ocCURY in this region

In a further embodiment of the object of the application, it is provided that the
mixing apparatus is provided without movable parts and comprises for example at
least one jet vacuum pump or liquid jet mixer, at least one liquid pump and/or at
least one nozzle.

In a further embodiment of the object of the application, it is provided that the
mixing apparatus, in particular the apparatuses in the suction region, are designed in
such a manner that the turbulences and shear loads occurring in this region
comminute and de-agglomerate the solids.

In a further embodiment of the object of the application, it is provided that the
device is a comminution apparatus, in particular for comminuting the solid contents
in the reactor, which comprises at least a mill and/or at least a chopper.

In a further embodiment of the object of the application, it is provided that the
device is a drying apparatus, which comprises at least one convection or contact

drier, or a flow and/or belt drier.



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

comminute and de-agglomerate the solids. [51] In a further embodiment of
the object of the application, it is provided that the device is a
comminution apparatus, in particulglf] k@ comminuting the solid contents in
the reactor, which comprises at least a mill and/or at least a chopper. [52]

In a fyrharemoadbpem el beebiggtaldhe apphicatiash, ikis previded dhakhat

the device is a drying apparatus, which comprises at least one convection
or BEMAEE AL AP Bing /B BRR B iR B [BRNRGRTREREY The device is

emotinentefithg rRiestwiihe arpticationpihis, WRE eekiBabIpalRBrises at
process water conditioning takes place during the running process. The

ekt RaCthiEN PRI ILAY ASrBYEQCYGBF M BHINER SN flgeRical or

prafesablic GepapiiagsRYilRaATHRNR RISy e JHRIitORM P YEFAGYEeRey ONe
centrifuge or an electrical. or magnetic separation device. The process

wASSPROHTORTG Sehvd onerbty) idssaamithin rartine BupaTSSROPESRES Water

fraspning seReligR e istH et PEAaSHroRwWaeRdEioMNBY RIANbT at least a
coirgfrises at least a process water reservoir and/or at least a solid-liquid

sepatdnbideioaraiion darteuladyPathatisyeshieuagssun Amredinsat of the

apisiatiennitisiPpevidesd hat the apparaliofahtheqasessswatalditioning
conditioning comprises. at least one sieve, filter, centrifuge, hydrocyclon

unfCBRGRER HdRASSOppYIRtY HERhSRBHIYEY dy GraYehnbAichBithHsk!
ThaypseressGangdidanisgicplan cambhereby somsist oha serhinediaitning
different or the same separation apparatuses, [54] The process .
coPAIGHIMEHISRY SRS eppiatpRealdiSachiar PISNEmT SSRRRRgy
a rpdianaksisk filter, preferably with a ceramic disk. [55] In a further

embgdiment of the abject of the application, it is provided that the device
5 o b OBTESF SR U SRPE SN BISHERIANCH frevepas ) Ko Rlbde
atplaaistpne biereasiddigy eiecaPyctchivlembranadeactisk The bioreactor

can thereby comprise at least one loop reactor. [56].In a further .
e ST SRPOR b L AR LG o BraUid e Thadsge the

redetoccm piisiegiakleastonataozaiditasinixipgit eviasepescadtdylicetitbrises at
phfses. EZ]PM atfurther er%i)od(i){%?nt otEthe o%ject oﬁlﬂe agéplic%ltion, itﬂils b
proSTIIe P EFES BoB PASIARSY EdHTBPRBEATG BT iR RS0 TG hereby
frarenippide hadtanob8)dp sedutdher embodiment of the object of the
application, it is provided tha tPée evice is an air. cleaning.apparatus,

hicH oSBT BRBRRL A R B B APRUE TPl e tha the
priwgsscactdiaronyitiieains inagasieularAde fair ilieihg the gaseous and liquid phases.

In a further embodiment of the object of the application, it is provided that the
loop reactor comprises a tube in which the flow runs from top to bottom.

In a further embodiment of the object of the application, it is provided that the
device is an air cleaning apparatus, which preferably comprises at least one
apparatus for cleaning the process and/or outlet air, in particular an air filter.

The use of the apparatus according to the application for the production of fuels,
carbon-containing materials and utility materials, humus and/or Maillard or
Maillard-like reaction products of biomass can also be provided.

The application also creates a plant which enables an efficient generation of
energy for a fuel of biomass on the industrial scale, wherein at least one
arrangement is provided for the energy generation.

In an advantageous embodiment of the object of the application, it is provided

that the arrangement for the energy generation comprises a combustion plant for the
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[59] The use of the apparatus according to the application for the
production of fuels, carbon-containing materials and utility materials,
humus and/or Maillard or Maillard-h%&?eaction products of biomass can
also be provided. [60] The application also creates a plant which enables

anyefficiach eenekationef ey fuehat RiIBmARSrdhecidistial
scale, wherein at least one arrangement is provided for the energy

getRRBIS. Jeering atheAralieting dmbsaineshoPinmass et b faanbusted

apglisatipand dappeviseifdhaltbenarsandenenhinitin sRaOYdenaatiapor.
comprises a combustion plant for the 12/73 utilization of a solid fuel from

bidh&SEMRURREHPIRR RIS HroURldd o tHEDIRE BAFR R BRIRHBINY st slsctric
apglication i ERARAN B HIP AL BR cARINHSIRL FHIREIb ADIhEAMBShe

used for the generation of combustion gases and water vapor. The

coMSEISYRP pI SN B AR s ts R t6 4 b Rdhs PRl GRS B iRat
eleetiden € WikaBibN R6r8 enel a gt theH easRs pRRaraMipdhent — 55
combustion plant and the water vapor. By the arrangement according to

i : g .
th@EFPHCSbRE Hidiecthh e R4 HRUTBI BRPHE R 2isHs 4 fisrgshgration
espesiabhPraBTRiASPareeRibIE3REEEN! BRsrie tealEes icarrosion

combined gas-steam turbine process for the generatian of current with

th&HIEN B SbIB e SRISHRAMN S Blsa e A e SRS BhP P&y &TRET tign

hoyiiuergasicleaisopdspiniegeaiedeiBtereherticsmat e Egenamdlioemission
system which also helps to achieve better environmentally sustainable
emisSidn levels. [62] The plant comprises at least one reactor of the plant,

whiclTif gesigesdfasetempasatteseattof ast hdegiras castighiadeor
and at least a presiure (iéﬁbove 5 bar. At the same time, a fuel fro

bibHPRLAR [rSed M IR AR eperaritg e ﬁti??%‘aﬁ%eéa“é%g]ﬂ%‘ée >

to samathid wihichisRmpfiss sratl dashthe followlingtiiensitthe teatmenitof
the SPgigﬂ;nass a temperature of above 100. d{%gﬁrees. centi?rade a

d )
prdUEPe I ROBoR S BT PRIt B ARHERAT PSS BPHE RS AL %?ﬁ%ﬂ’t‘?g&}%%lg
prerpssing wédtirchianasshindios aondiiguingue ttabeaction,degrees

intermediate, secondary and/or end products. [63] The arrangement for

SN EFG et AHEN s LBRTAR S el UL S SGHP GaR A one

povser pianprovhesie ¢ diechiaings piesstuzedi donthzad tedeanitustion

orALRL NSO EPUA: BT BTN P CC) can be provied. 4] The

arraribiemenintemibet éaetigy gensratoeraasncampoisgrascarpeliefuetaatt. a coal
dust-fired power plant, wherein a circulating pressurized fluidized bed combustion
combined cycle (PFBC) or a coal-fired combined cycle power such as the
pressurized pulverized coal combustion (PPCC) can be provided.

The arrangement for the energy generation can comprise a carbon fuel cell.

In a further embodiment of the object of the application, it is provided that the
apparatus for treating the biomass comprises at least one reactor for the reception of
the biomass and at least a device for the processing of the biomass and/or
conditioning of the reaction products and/or secondary products.

In a further embodiment of the object of the application, it is provided that the
reactor is a tube reactor, cycle reactor, and especially advantageously a loop reactor
or stirring reactor and/or preferably a membrane or fluidized bed reactor. At least
one reactor preferably comprises at least one membrane part and/or at least a device

for the generation of a circulating fluidized bed layer. At the same time, the reactor
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[65] In a further embodiment of the object of the application, it is provided
that the apparatus for treating the biomass comprises at least one reactor
for the reception of the biomass ald’4Beast a device for the processing
of the biomass and/or conditioning of the reaction products and/or

segQdanycRrRAyeisy dRAILIEs d furthasernh adineeicehtize.abjanti ok 168t a

application, it is provided that the reactor is a tube reactor, cycle reactor,
and SSpEciRPatat@lgeously a loop reactor or stirring reactor and/or

prefesablyA okl Ipetrs flddized bedireasion: Hf BasiofNEs'eALHY provided
preferably comprises at least gne membrane gart and/or at least a device

forHBcgRAE R SARsC R dRyiiaigi 2E thp e rhasc oAt it e ARt ting-

reatieye BAH & Aesigaad teritgmperatures of at least 100 degrees
centigrade, and at least a pressure of above 5 bar%G?] Several reactors

for thid BB T RRadrsihHhs st tsarelisBionr i derptes is provided

inGraaserthe eanaciivian thailipvarate ebthecRiant actardivg:teotied] unit. The
application. These can be connected in series. [F?&S] In a further

enHHBRGHRA E LT EH: BB CeMbT it b3t AReH YHE Psdlbrd Brbaileat naand

tenRena-sustenashidihizagtee spnastadinatieasiasewsantrabdwiibt T8t a
tempering system can com risE at least a screw-in heater, at least a

he4iiH GXAN 8D B LGP 4t 9e LB AL RRPHISS KAV EIIAISE B S T d4auPle

wallaikagiod@iirasiha doasiexchiaspsdubsecasra plate. The tempering
system can also comprise a double wall or a double tube construction of

C
the rdAGOH S ML AMARY U HiSARRTISAT 8- tHd ST b Hiat RS stoViceld

thad the deyiceisine aped ASsFdN KiRghapRaratp SHAa Mg R 8¢ FIAGor content.
reactor can aJso be equipped with a .

agjlxiﬁgng of the re%(;;[t%: content. Theﬁ dg
iSRRG AGIATRE SHETBF LISUA g P8 A iR o cleaning
enppslimentohthetagpiedtaiméncan te giphidadihaicthebdpriories shat the
comminution apparatus, in particular for commjnuting the solid contents in
tnd 5 HPICR BB e B R gy g P ptonts
Inia thethercanbodichenhgiths abjeaitaf il appbeatitnsitacaivpgeprovided
that the %}evice is formed as £ryi appayatus, which preferably .
compHée P TE S HAmERh L RRA<L SRk b gy ided tha
andioddetiedsiéorinel] dn adiyithesgrahodmaitiobtbiebjeaichphiees at least one
application, it can be {)ﬁﬁovided E1a the éiroces%wat\%telr Igllonditioning takes
pISSU AR SR A5 BBl e N LS SR a process
wateicarfditlaniagipdihenhichheasbremyrise giphagianet ciete, @dvidedahat
O B S O AR O AR G PRI, The device
can then be a process water conditioning plant, which can comprise at least one
sieve, a filter, a hydrocyclone, a centrifuge or an electrical or magnetic separation
device. The process water conditioning can thereby essentially serve for the
separation of solids from the reaction mixture. The process water conditioning plant
comprises at least a process water reservoir and/or at least a solid-liquid separation
device. In a further embodiment of the object of the application, it can be provided
that the apparatus for the process water conditioning comprises at least one sieve,
filter, centrifuge, hydrocyclone unit, an electrical or magnetic separation device or a
combination of these. The process conditioning device can thereby consist of a
combination of different or the same separation devices. The process water

conditioning plant can also comprise at least one filter plant, in particular with

ceramic disks and also with a rotational disk filter and/or with a centrifugal
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device. The process water conditioning can thereby essentially serve for
the separation of solids from the reaction mixture. The process water
conditioning plant comprises at ledé/ Eaprocess water reservoir and/or at
least a solid-liquid separation device. In a further embodiment of the
objestefdheapplication, it can be provided that the apparatus for the
process water conditioning comprises at least one sieve, filter, centrifuge,

hydrdBytiBRBe sbasimsat s oRist Rite Saprlistidpndbihidscyidgd that the

cogabipationnbibeisat, Phgsriacass fenditianiogife e ai®Mation of
consist of a combination of different or the same separation devices. The

pri¥sss WHtBPESRARIy finGisAt ahlvadksereorlitisdut repargirnsitdioreactor,

planéfiraBR G Bhwilhrage MG Hisksvangd alsosithntisriatienaldiskdit@ration
and/or with a centrifugal 14/73 membrane filter. [72] In a further

enABO@ET BT dAHB;ERE BiFra it Hn SPTRRRAHAEIF IR TR Lo YR Retor-

is a hiplogiedleNBIERhRMNGHEICOB) il QTG PHPNCetihGOm Bt elat the
these, which preferably comprises at least one solid-liquid separation, a

biSiRALET, A rat& SN S BREHBMbrARK PEISF U Y SOBE G SRSt one device

miggodiltation (wipabitalian anghaevet axigatienlaf A Hiorgaetor thereby
comprises at least gne loop reactor. [73] In.a further embadiment of the

object ¥t i ArpRdAARHARILTIIRR et ARP HTBU ORI AR Bfahingeoys for
apparasheratbichl piRigrablyeentplisescatrieasine device for cleaning

the process and/or outlet air, jn particular an air filter. [74] The use of the
plant HECARBIG G ABERE A SR ANHY BRI SR GER feiiced in an

genBratiopeofienrigierimpantictiaioalpeiis tupientd ¢hirhbempRlicatipared to
ag%ﬂ{gvides a m.atgrial air)ld/or fuel which can be produced in an
a QB RAFHARS dHESwhich comprises improved characteristics

compgtiedBfecthe Joravdmeoaietigl soahfugIplib40bi Ive abjaeirisisalves which is
according tq the application by .a material or fuel which is .produced from
o1 RSLE S T A R LS SRR, TABIEES 8 PUVIA f4aten
wiiabtishighieh yhigiee360 percut farsad bistdepeiceriagaapassass fraction

el S SEmens (sl e ol o el e e,

h mn@rmi fasth of pPdail Il@gdiiﬁ(& nﬁaclti @aanmcﬂchjﬁislsahdnﬁwhamiqmmn ing

S S BT 300 SRS Pl i

maietiaisischatocpbagbstiteiiets) filesia) chtgblypeampresseddoathopure coal, or

S A e A I A S R
compressed carbon products and materials, and in particular also feed materials for
graphite and graphite-containing or —like products and carbon fibers and feed
materials for composite or fiber composite materials.

The material and/or fuel according to the application can comprise a carbon
fraction increased by 10 to 300 percent, also 50 to 300 percent, or also 100 to 300
percent, and in particular 200 to 300 percent, compared to the biomass, based on the
percentage mass fraction of the elements (dry mass).

The material and/or fuel according to the application can alternatively comprise
a carbon fraction increased by 5 to 200 percent, also 10 to 150 percent, also 10 to
120 percent, and particularly 50 to 100 percent, compared to the biomass, based on
the percentage mass fraction of the elements (dry mass).

The material and/or fuel according to the application comprises a carbon fraction
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graphite and graphite-containing or -like products and carbon fibers and
feed materials for composite or fiber composite materials. [77] The

material and/or fuel according to thb’séﬁ)lication can comprise a carbon
fraction increased by 10 to 300 percent, also 50 to 300 percent, or also

10Q, 3N RateerRbERd iR iRRsIcAlas 209dR &A0RRI 6685 RPORAREHO 4he also

biomass, based on the percentage mass fraction of the elements (dry
m&58)78F ThRHIERrTAPRRFANST HLRASSE B e FE a8 p PRt bReEaR Of the

altgenativeluspemmise a carbon fraction increased by 5 to 200 percent,
also 10 to 150 percent, also 10 to 120 percent, and particularly 50 to 100

percaRt? EyhSEFERPRSMEiIBHBS SLIcL 8f 1B AitbifRieRriigRYATAgSN fraction of

fragian.edribeaatesrants ¢drpaeas) HObibhndaiesal@adipn fueb 00 percent,
according to the application comprises a carbon fraction 15/73 compared

to 28 el HARSFEANG AW (907 BPcHMt Parss s S8R B hebesst, Hd%Iso

of gy B hescantiaspeaielnhaseienihgspercentage mass fraction
of the elements (dry massé.#80] In a further embodiment of the object of

the aPbRAUEBRT SHPATEREREH Hatabisde e mrRRUFRIdhdis ggen fraction of
cofmpalaerigl tiri iomassoin paddaedHeyide o3IO RE IS educalsByb1ter 200

percent, and also 20 to 100 percent, respectively based on the

peREETTgR s FALRSFCER R e RN IR MESEs AR A RlvRased on the

enpbadinngitahidhe-ahjestriithe RpRitalian, igyxygen fraction of the
material g%d or fuel compare X o the fee% material is,redﬂ% ed by 1 to 300

perceht? %rfB“@@é)‘B‘éFEé%ﬁ K01 S0 RBUBERLe S PUESsEVERyion of
bagedarethe aperceftade rassdragtion ahtheeplenatsdaniyees)oBadrcent,
In a furth rem%%di toilé e object of the application, the nitrogen
RS R PN UntOPRIGPRE FERA 1Y TR HD BERERENage mass
préferablyo? fie: 20éhRearcemty @apacially preferred 15 to 100 percent,
respectively based on the percentage mass fraction of the elements (dr

e A AN B RIBRAC B PR £ 178 SPGB A castor
coimridstaat d6griramnodradbaigiabl fesCenuofohd ofigihal fitelavaling af the
feed mafriaﬁs rl?'nd in particular the biomass based on the dry mass. [84]

THETHSYSE AP SOBRRsased SRg 96 H¥Spplication can have, due to its

compisstinmeiud stdictuie campaied totiteappivatmaanltesadue fossil or

s i IS te SRR S AT v

pafiis]dosiati fibdarigenoitratastdfiebus and environmentally friendly combustion
characteristics, for example due to reduced ash parts, lower chlorine, nitrate, sulfur
and heavy metal content, and lower emissions of dust or particulate matter, fine
dust and gaseous toxic substances including nitrogen and sulfur oxides.

The material and/or fuel according to the application can further also comprise a
higher reactivity and a lower initiation temperature of combustion compared to the
biomass or alternative solid fossil or biomass fuels.

When the material and/or fuel according to the application turns sufficiently
porous, it can be comminuted with a lower energy expenditure than solid fossil
fuels having a comparable fuel value or carbon content.

A large surface results with a small particle size of the material and/or fuel
according to the application, in particular a particle size of about 2 nanometers to 50
micrometers, also below one micrometer, and also below 200 nanometer. The

material and/or fuel according to the application can than be dried easily due to the



[88]

[89]

[90]

[91]

[92]

[93]

and heavy metal content, and lower emissions of dust or particulate
matter, fine dust and gaseous toxic substances including nitrogen and
sulfur oxides. [85] The material andfRiel according to the application
can further also comprise a higher reactivity and a lower initiation

teipagmiecRf GemblastioncRapased to the biomass or alternative solid
fossil or biomass fuels. [86] When the material and/or fuel according to the

applidBGdRAGFRY SudirsdhelAsserding e damapelichtiomisari Rt lefdar

eneray Syneaditdte shannlidsfossil fuels having a comparable fuel value
or carbon content. [87] A large surface results with a small particle size of

the nAtRRFERABMRIL ISR RIRS & the HRFRE08nthR Paltiit4pd/or fuel of

patisiensize ﬁ%@b@éﬂ &B@ﬂﬂi‘g&tﬁz{%{@tlﬁ% Wﬂ@éﬁ@tﬁiﬁi’r&i@'ﬁﬂl@@d@tﬂ@ﬂ@ﬂowing
micrometer, and also below 200 nanometer. The material and/or fuel

actiEPinfe g TARSPhRt ol QmAsHaT emRrEus Sl e b Hh dogEges
smalitpaicarkizepangiits Erassy¥ase 133 tfhenmateriad @ntddniuelst one

according, to the application contains Maillard or Maillard-like reaction

proBBLREYEST IR TN BB AEOBEECBith & PR fEatis termediate,

matedad agdied el prigmass is produced according to a method which
comprsies at least the fallowjng steps: the treatment of the biomass at a

tempE PSR AHE SRS AdBRted feenirg rHbdsREr e sraleipd o pdrdvren
bardonadrraenteiléalion afabirpgteneriiau B3thieatReRitEhe

biomass and/qr conditioning of the_reaction, intermediate, ondar
ari%F/%‘F‘é‘i‘?oc?ﬂg’&?é@‘T%f Prié ftpePatufe e R BER| J<ted 1 Berndsiso
degreesea0tigiade balsa Hetveenat 60 2nehd00 Begrers wentighadriraish is at
also between 185 and 225 degrees. The pressure can be adjysted to at
a0 DA EIoB BB 10 MBS AP A th B0 D
bagad@ate26 bamoudoand @hhalourbeAraatme it siuiatioss b @bileasis2the

hours, prefergbly 3 to 60 hours, also 5 to 30 hours or 31 .to 60 hours, in. )
R B a5 P58 S RSO AL Heo Tkl At St dlier, with
bianiass atldeor Beleliail pioaiiats Angdiiebudttirieciiieto algeswil @sidual
convection or cont édri , with a flow gnd/ar belt, and/or wit fluidized

d Brdioah feal

b UPEF LRI R RS re BB U AS RS ek PTG S8 befRent percent
also Thdecattpardantmdise dtadbypardent poddidnedtidetiaathod described

e Sech e ed e e N ST, s

fudiii hanahus, MAdilkadd lar ivtaitl andstibduceg clidre pitadhictdit@inthg materials such

Caelils)?r?sh% 1}1agj rlllllg. errpa g?rrligrll% glpjgr}?ges, pellets, fibers, cables, active or sorption coal,
charcoal substitute material, highly compacted carbon products and materials and in
particular also feed materials for graphite and graphite-containing or —like products
and carbon fibers and feed materials for composite or fiber composite materials.

The application further relates to the use of the material or fuel produced
according to the application for the generation of energy from biomass.

- Biomass comprises, contrary to fossil fuels, renewable raw materials which are
available in the long term as domestic energy carriers, as well as all liquid and solid
organic substances and products of biological and biochemical processes and their
conversion products which have a sufficiently high carbon content for this method
and which can also otherwise be processed in their composition and property to

economically usable reaction, intermediate, secondary and end products by the

method according to the invention including fuels. The feed materials are for



[94]

[95]

[96]

as insulating materials, nano sponges, pellets, fibers, cables, active or
sorption coal, charcoal substitute material, highly compacted carbon
products and materials and in parﬂgu?e} also feed materials for graphite
and graphite-containing or -like products and carbon fibers and feed
malehidsineapeesiay{ieeraempagittfoaterialsicldzl-dnmanplisaton
further relates to the use of the material or fuel roduced according to the
appichiish 2berRegaH atlBvast bty RERIDIGHZS {01 UEibRgsSecds,
ComisgsaiapHiaya iRl faasiatyalsy renewabir my mralesipis Wichars
available in the Ioggdterm as domestic energy carrlers as WeII as all I|qU|d

i QINPUS g AS SRS RS BREFD O RECOBE b TG el aRts amsRiaaf

pregegsesAgthRt 68BUe(sIas Q@Qé&%ﬁﬂ@t@@éﬁﬂ%@aﬁﬂﬁ@&ﬂﬂ%@mﬂar),
carbon content for this method and which can also otherwise be

prBBEERELTH Vst dBTHIHR RSN 4S5 SaRS Ko EEoNBHHEPuLatIEble parts

regetigfcinternprialR(SacARdRBN M RAEIOEUAIs R ERR, MeiRfbsed silage
accordlng to the inventjon including fuels The feed materials are for 17/73

exBAHP RIS fO4ASE SRS, g§6§5a? TiRingsa FREL SR R hrigear canc

fonestias, presbiciorisaispesirtli aullivaiad QBRI PIREIIR (RSHIZINIRGste,
tree tlyépes reeds, whole grain plants and smﬂgﬂé o) sug r cane and

grafsTsheRting alkn Hactingy el douseanduaniuii i bpgsto), sludge,

se@ﬂmlatytpmeiuﬁtSClataets)am)@uaﬁtlﬁaﬁigue&gf\ddter&nheagwh(etasad
verges, landscape cultiv t|on ods and similar), agricultural waste

.néra'ama%ﬁaw pAFea 8@8%&%&8 AR DGl kitchen and
agfcb@dltuaaidpmmtet&gateteexamm@t@e@ Sipedgal periSiclatamppseidular
silage pa other fodder leftovers, grass clippin ain straw bee

o0t CHE L0 A B A G T ER S AR e
lneha@lme d@se mxmastea.mtl[ghﬂlﬂgedm;ﬁagse Gratfiensmiiapsei@athr animal
indu trial waste S|dualw ste Liage different types and classes of

Wc% AhrEifgt Sﬁ%%ﬁ t & old furniture, saw dust,
residue s i@atmeastef fiogrfébe rﬁqmdnmti lasWomofuchgdhtchqn iadndixon® in the

waste, waste vegetables, waste ase a nd pulp, textiles jn
AT T AR LTS Ao AT o AP SRS 55y St i
mctiqdmgnhﬂmm: whachuserrokae e aotveraios pﬁtﬂtrycﬂfd}mm@n&ada\ter@ the
and i |n articu ?F!ar animal ca avirs can aIs be co ﬁlamon b|o ass.

[947°K ?Pe%ft 8RO tRE T ?esrtlétp%a ernSt%tﬁ 8%6’[5 ure in
thmae&m@thﬁth«ppﬁnaﬁmmanedmba undarﬁﬂgaﬂeaifem‘iuﬁmﬁ“slw seffieeliziuid

on thet SO|I uid mlxturefwhlct]ﬁgr e for the gomgersm
sold &{?& eet%tt%“th"e FeAction PrROGUCS P Part
enexgy for the start-up and

R S o

The processing of the biomass and/or of the solid-liquid mixture in the sense
of the application is the treatment of the feed material, reaction and/or intermediate
products in different steps before and after the chemical conversion process. The
processing comprises all steps, processes and influences or effects on the reaction
partners, including the pretreatment and/or after-treatment.

As pretreatment all influences or effects are understood which influence the
solid-liquid mixture for the start-up of the conversion reaction until the end of the
filling process of the reaction space and the start of the supply of energy. In
particular, a preheating of the feed material and a comminution with mainly, that is,
more than two thirds of the components of the reaction mixture, particle size of

under 10 mm within or outside the reaction space is regarded as pretreatment.



[97]

[98]

[99]

[100]

1.

maintenance of the conversion reaction, including the treatment of the
solid-liquid mixture at a temperature of over 100 degrees centigrade and
a pressure of over 5 bar. [95] The mgc%ssing of the biomass and/or of the
solid-liquid mixture in the sense of the application is the treatment of the

feed gaigIIR|ul@3RHAN @RI IIBRRES e PHIRLEEN I HTPSREHaRSsS,

before and after the chemical conversion process. The processing

cotinsstiensipatbatdien Hapaisie srdaht dirluding bauds aHaiminge it in
pastracsidPeleding tha Pretiesdmenirand/ e altamiteaivnantdf Rk Asrticularly for

pretreatment all influences or effects are understood which influence the

solfifeRd driigtirkrmorties stvch fead tnee drrrersfonf tBs coarr e the ligtad
of fhesdifing prtess ehdns feaRtioNERALD AEIk i Starhalde SlerBIYdOkhich

energy. In particular, a preheating of the feed material and a comminution
witHRiG AR e d fedidsliquid RFBRH AR BF thansshptinsntithhigher solid parts
reaghion mbdedesAapiclesizeof pHipses1 sy sremidtninoinertEiEel theiterial or
reaction space is regarded as pretreatment. 18/73 [97] Solid-liquid .
miORNERHE SuR Saethars Hgidnon A Y HE AL ogupg sRLds
anﬁltﬁafln@rrgmarﬁévqﬁy@t@dnﬁﬁgaaﬂdH@Hnwdcﬁﬁ@mmmgesoIidds, in

particular bipmass. The method according to the invention finds use
e e I e e S e S Y
coprettiofsthetlioyichsplaase: piicasoly ebprdéentDiHTRISI6akfects on the
chemical change of the salid whjch enable an improved solid-liquid . .
seﬁm@&w %@@@F%B%%é%%éﬂ&?%ﬁ&%&?@l% NGRS QA yih these

pragyessughaiphysicaloi-ehomicadsnanmerm-eed material or substances
ontext are liquid-containing or non-liguid-containing solids which

in thiig ] '}g}u d- g} VI .
are us08 TEMYREOPREARMRA SPINL LRS- TP Re e Sro8f RS ARG 1S
or ecdiideive e thehepainik praddets alglonhaearadasy sguosiigisdndtbed
sense, of the application comprises all .influences qr effects on the
R4Sy D SRR SR YD EEAR T S Dy Eiah &
whigtetheser ateohraughilisvarihie dedicediarnadaessbeioiotre {O9]lEde
semi-continuous or continuous method in the sense of the application is

to be understood as the production of reaction, intermediate, secondary

and € tprositatsroniapitatplanisiatias: and/preirdistiadScalactist whpdimt
at least one criterion, or also two or also more of the ¢ 'g{eé'j [

, : a c(%t)ed bf OtW 90
are fORTRGMFIOBT A & S SR RO Ty S Tt IR T Ay et Ahoe H0 to

pressisaamsseligeakigirefepdbht from 60 to 70 degrees centigrade and/or above the
boiling temperatures of the process water at one bar absolute pressure, so that a
prolonged direct skin contact e.g. with one hand on the vessel or container wall,
which is directly in contact with the reaction mixture of more than one minute
without increased visible skin redness is only possible with auxiliary means,
insulating substances or additional apparatuses.
The pressure, in particular in at least one pressure vessel, reactor or plant
component continually lies above one bar absolute pressure or the environmental
pressure across at least two reaction cycles. At least two containers, at least one
of these a reactor, are connected in such a manner that a transport, a pressure
equalization or the storage of compressed media can be realized.
The processing of the feed materials, solid-liquid mixtures, reaction,
secondary, intermediate and/or end products or other reaction participants is

carried out in more than one container or vessel within the plant.



component across at least two reaction cycles continually lies above 40 to
90 degrees centigrade, preferably from 60 to 70 degrees centigrade
and/or above the boiling temperatﬁl%g%f the process water at one bar
absolute pressure, so that a prolonged direct skin contact e.g. with one

4. handap hiRiNesSRIME SPHARRMAlts YRISf i %ﬂtﬁ%ﬂﬂtﬁ@?@@éé@iﬁg BRes

reaction mixture of more than one minute without increased visible skin

redn@&RCrsA BRI PsSsabteI HEsERAR Fidatial REgRFRY SRS ofs at

additienal pnacatusesreby {18 AL 56 iReRarieaR af 1R38s¢I99Rall be
pressure vessel, reactor or(BIant component continually lies above one

bar aBSRAEYraakiby BrAd U RSB AT treakire ipns 8eatieast two

5. reactionrzcieRabiidaasicle/a geetiainel st deassmainy {bragiguidasiQfure
are connected in such a manner that a transport, a pressure equalization

or th@ B ditiEieabhipre SddachBdia alnHemasss &t carbpte prads 416t

the fegddmatpsialeuise bedigro MbdHeSsifRAGHRNcoBSIcRNdAIY, intermediate
and/aqr end products or other reactjon participants is carried out in more

6. than DAEEOMSRE M Iadd RrAnlihRidHRIYBFes, FaqiRnesiiddiime

of therzemiaers MduasatlHiobis bdfisrideessivadiakeiplpeaanstiuding
which are each integral or essential components of the plants, is at |east .

500 IREALYHHRAIR) BEARSLGTE0S IRELBS BS i L05 CHRLRLTNG gl Beparticular
movesidietOoRbtdah@ad Didtsaplywitfoaglditipnakau dliarydeeasisebrouring

a reaction cycle, a pretreated carbon-containing solid-|liquid mixture

and/oV GHERER T BE DB FaEOmEr e Bﬁ%@%%?é’él Y B AInEARS S Apmer,

are uysathninipardculatiphdiffesent aaspgsition and consistency. 6.
Different feed material of the solid-liquid mixtures, reaction, secondary,

7.interitedpace camncy onéerdbpraduckscandide dtbermpactiore pérticipamstsire vessel,

'”C'“%’éﬁgto‘%%traé\(ﬁé% 31%9(%%{%{@ rfér'l%g‘¥s°7{bt§vr'é‘ %%%89(16“&" 18 &S 9L SXARIE b ove
water, In particular I|?:)rocess ater and/or gas such as process/synthetic
gas dhe buppletttmporatwithdiziive frocasthe ateaationerhbttabeolute pressure or while

simuliancavslvs i 2.00mer RSB MAet, SALuA. seRniana e

. f% Of€ bar abso teg essure.
Interva € processes u ake place while the temperature

8.the PIGRSIER 1S5RSk RAGIREALPDRNAIANHR BERJSiABAME B #Rin one

degrees centigrade or above the boiling temperatures of the process
watePagEnRB4Er absolute pressure or while the pressure of at least one
plant component lies abave one bar absolute pressure. 8. The reaction

9 mixtul834 e AR UHIR A CHREHER BROYES 815 PRt RhHRT ! or during

the reaction cycle by the introduction of kinetic energy, in particular by at least
one stirring or mixing system or a combination of stirring or mixing systems no
matter of which type, preferably with cooperation of at least one non-mechanical
stirring or mixing system, whereby, when using a single system, this does not
comprise a magnetic coupling with only one shaft and is at the same time also not

operated electrically.

10. Thermal energy is supplied to or withdrawn from the feed material or the reaction
mixture before or during the cycle, in particular with the use of at least one
tempering system or a combination of different systems or apparatuses, whereby,
during the use of a single system, this is preferably not a commercially available
oven and/or does not comprise a wall-side heat transfer by a heated casing
container which can be separated by a few hand grips.

[101] A container is to be understood as an object open or closed at the top having a



single plant. 9. The feed material or the reaction mixture are set in motion
before and/or during the reaction cycle by the introduction of kinetic
energy, in particular by at least on Oéﬁpring or mixing system or a
combination of stirring or mixing systems no matter of which type,

prefgiabbh Wi inSRRPHIPPoh @t le RSt Qe TONtRRgRipHicab Sijiitat 9fs content

mixing system, whereby, when using a single system, this does not

colfBRdE SPEYHBER OO RERINOHIY BB s ST st tHans thakitithe

alspnatcenaratedgigstyeribhilQed har (ROsreYeis BidRiliad 81R1-liquid
withdrawn from the feed material or the reaction mixture before or during
y a

th& B HBEEE LS JATF BRI RTERSHERVEE ! RIAJEARE Sistammed

COMH@H@ﬁa@E Qﬁﬁﬁ*@%ﬁy&ﬁmﬁl&f PRBSEREE o wBeyabye.during the use
of a single system, this is ]preferably not a commerciallg available oven

[102] g/t o BRI IS mticE Ay AlRsSH Rt APEHERE B Y R AR RSP Risdiprg tion steps

coplaipgicyhichdeantive sapasatedRya s ipwitans gripgefd0dl A eQrgneRich run
is to be understood as an gbject open or closed at the top havirégﬂa 20/73

calf FRatS MG ENREMPlE T AITRPSEIES 281 ITESSEHp BNy SAPehdrsitg be

CopitefehtitanavEs 20 i DRMIgBL e 60 A BEIH MIDIED 3D ERBNESSIR feed material
reaction, that is the treatment of the solid-liquid mixture, and/or the

proU8I @ O R Y HARRE SR CHAR LT e RIS S BLRN FGF e Q5 AR BTg duct

[103] PresREactRIsSh a8 6€pessi Uit fasinaddd ) m cesast A fHRaceyah PEssSSUite of
container space ?i%ose_d to the outside. [102] As a reactor is particularly

deRABE L RBHETASY TR ALY QRIS PO RSB S ORI PisRAccd? Which
degisiye Jaacianisiepsndig pPaitidariyundsstasig theisteProwmhiab uethia. A
a great extent.for example in a temperature and{g\;e sure region, Whicm .

£ %g anical,

hatSt B ML h e B LR a5 B BT bS WAk I Tt e
pedepridetivn fRed malerighdssocasmiohthdsneiotioes saasti®mical or other

intermegiat , secondary or end ro# ct. [103] Reaction spaces or
or S4B GO or e ST A R ERSEHES DR Sp pee for
alsabutifinonyanlyposes kpGhiod Gvif aastlcettonlizi bpESPat sttfinyichifligz system
present reactio nditions which are measurably deviant from one
Bt G YA O g ST o tFtigh upnster ofa
constipetivnmenhanisaloth ependett eftilovoendéactphasd] ehemitaltrically
el(i:éctric(?l or.electrQ[chemi al gr ot%er té%e tof inflttf?en%e. ‘léhe fial aratus
B AR oML R RSV ot A BRI Bhrposes
[104] equipfiedreattian eleldyally opetatechStitirig andebsiogdystaendwiilioa of a
z'fréa%'@% R R O A A R A Al g BT AnS e o uets
into the reaction space and the supply of energy which serves for the start-up of the
conversion reaction. A cycle lasts from the start of the reaction process to the
existence of the desired reaction product in the reaction mixture without after-
treatment or conditioning, or until the completion of the reaction process.

[105] Apparatuses which transfer the energy to the reaction mixture mechanically or by
means of ultrasound, depending on flow, thermically or depending on construction
and thereby effect a movement of the reactor content by stirring or agitation are
among the stirring or mixing systems. The movement of the reaction mixture by
apparatuses such as pumps, liquid stream mixers or jet vacuum pumps, spray valves
or jet nozzles and mechanical and thermal mixers or the direction of the reaction
mixture along pressure gradients are also among these.

[106] A plant consists of at least two apparatuses or devices for carrying out the



[107]

[108]

[109]

[110]

[111]

compression-loaded smooth inner side of the outer reactor wall by an
electrically heated casing container which can be separated with a few
hand grips. [104] The reaction cycl%? gy%le or reaction is to be understood
as the duration of a single conversion reaction which starts with the

intrRdHEH QBB dNe; SPEPPECRIRAUALE|dRPHNS deRaHRAIRARRRRI dNRast one of
supply of energy which serves for the start-up of the conversion reaction.
A

R 34EPS RDIfPhReGaRNEF itk RSN SHTRE 8 TbA RESeTS rRKd gtiAR or the
dessrdsARpRIQAUGh e FERCHAM PRI tUEE MBRY LRSS HiaAtREPbAnt of

conditioning, or until the completion of the reaction process. [105]

ApPBaRIs ESaRRIPHERL S RE AHRNENRTEY RSt B8 Ssh thiktaiiare of this
meshipoally Bt Ryrimaryoeihdhagaune: Aepriding pariiawarthevmicalbits cost-

or depending on construction and thereby effect a movement of the

reSHSTHVSRESHPBSSAShE S S READIF-ed BndgaH deamriTgHr mixing

systemsoHdrernpyesasnisqfrtRentanappa sty dyvrRRparalpsas stcCkbasnonly
pumps, liquid stream mixers or jet vacuum pumps, spray valves or jet

nosAesMis thaRrARiEHPgHEhRH S mkisrabraR QGRasHSFdfmych a plant per

reaeiann iktiea AJARE dIessitke. J1aslients asemalsplpmeRaoveseyiBls or
plant consists of at least two apparatuses or devices for carryin%‘fugthe
X

21998 AP AR TRy B ARSI YA RS ARG B QirBAL Y Bx dppthods

atyaash anewhithesraageaciaireas htcepraRetesetvadaly andaanebidoducts
pressure e(ﬁﬁalizatio,n or the .storage of compressed media can be, .
A

re A9 N TIRESERSTCR RS S 6 OBt HE A S SURCABATAA M dius

or g sontainer when, in the case of a failure of this component, the
efficiency of the methad. is.restrf'c ed in garticular in view oOf its cost- .
effectiR ) Tadnalie 8f fyesioactin 8 Lledst iR pBRE: Flor)
A chihatesiRDbeIBdagHRsenictitagpalatidcescandryisasant@iuaMarection
commoé?éyeﬁgg d. More than 200 kilograms of feed material ¢can be .

proLEEEEL N8 BIERPEPRBRT MRS the SRy RhsifBr CACHRhpidhe
cohydotiyrise damhatizapparaivgds placeyices peeiconnactesstoiour. The

another . ar by line connections or spatially by methods ich allow a

oL AT ST AL CHALEC LB B3 S APV P GRELE T one
alsd viber geaplinmpaiticpdanriscactioa prrardort ps@olothe: saps/injhinthe
radius .of 50km. [108] The start or the initiation of the reaction or of the
reﬁ%at%lr?lﬂ)FB%%%s is characterized by the achievement of at least one

targeRpactiore terterfrieel ista ciosecp nuzargyy eothedisl ogppIreas s énaie sense of the
tem (?rature wh Ee tPg ﬁonv rsian reaction of the h roltlherma
a 1 S C

coP OO o Gl VR RSBt AU B LR, e been under

operation conditions (pressure higher than 5 bar, temperature higher than 100
degrees) independently of their length of stay in the reaction space.

Solid-liquid-mixtures in the sense of the application are all suspensions,
dispersions and other disperse systems, including liquid-containing solids, in
particular biomass. The device according to the application is in particular used for
those solid-liquid mixtures which lead, during the reaction process, to an increase of
the content of the liquid phase or to solvent and/or to the physical or chemical
change of the solid which enable an improved solid-liquid separation or changed
ratios with higher solid parts.

Suspensions and dispersions are both heterogeneous solid-liquid mixtures. A
heterogeneous (immiscible) substance mixture of a liquid and a solid is to be

understood as a suspension. A suspension has at least one solid phase and at least



end of the reaction process is characterized by the continual leaving of at
least one of the target parameters of the reaction procedure prior to the
emptying of the reaction space. [1%%47I§eaction, intermediate or
secondary products or partners in the sense of the application are all

SOfifle iid PREsEASERIAAURSIBAGES Whish REe Q6 RAKE HREBINIREIs and

operation conditions (pressure higher than 5 bar, temperature higher than
108 ORI S ST e PUNEI BAMYSo PR O QHh B BER G IR e REORRGS SR 8y Stems,

[1 14t Sobariiguishmnixy s inalng-360188 afdhe epplicatiasperg &l medium.
suspensions, dispersions and other disperse systems, including

[112]iguidMaiaiAtil e SRactian PErtuGiaibiBrsase PhEgapRlC AR AIME RF the
appligation dsincpalbicuwas waashiare thasmsaligeligsignanixutes plichtead,

during the reaction Iproc,ess to an increase of the content of the liquid

phigaetisniBasmckstaabR T raRs i Riedre!s cRdikich cAXRGES BN YsTd
whigéngpab|eh gl daraie srid fiapigtrepamtion aicdangeadioiatiag yibucts

igher solid parts. [111] Suspensions and dispersions are both

h .
hd éW@bﬂ%%%ﬁ?ﬂ%ﬁﬁ%drﬁ&fﬁ?géﬁﬁelﬂ%FEdEﬁBBH?{YMQFHFé’)‘TOdUCtS are

substaiceesbdungpehiadiciig whrtia Belidisdacbe UBdambipeduas af the Maillard
suspension. A suspension has at Igast %e solid phase and at Ieaést 22173

on&ARINE Py B ER RN PG BelieS Hed e Com 60 6AL gels

angtoagiaIsOIsi st ExaRle Paiish eMtiEigns @it oS Ige-AIneIe DR to the

disperse systems, that is binary mixtures of small particles and a
co?@?ﬁﬁj%?%ﬁé@%ﬁl?ﬁ@oﬁmﬁ“&iﬂwéﬁ%mﬁ p?él%aawp?ﬂa%&f ine

sewserebiiesapphsationcaiel b Kiae YONErS oow ascapeundsinmbibivanseen
interme.dia?lte, seconda%end products or reaction partners of Maillard

re SCHO S PR AR SPAIER A Bossess similar chemical, physical or

[113] biologieitprcfritesethilere{RMEE]-{ e atibstan@ piactcts (Adek)ootigh
are generated by rearrangement of the primary Amadaqri products are.
o R AR S L DOt e g at east
thedaitl esderaattiantéhiotrd vApotpt@lycaboreydepsadUuoisetAmmpl: rthetion
AGEs can form cro%slinks with other roteLns through rea%rangemﬁnt and

polfFRERShaSH [ReTHCHRR s fapthertpatl, YHEREY e A e P s heat
diffesisninaad eonqiiexidardusabilAGESsumtierelyMsif(gashoxyRiatoyh) kisifaee.

SR BESES g penaR e ot been Gt e SheS P

unetersteed aso subsinbgasdans eehpaivatisticsiiviloasraniietatethods.

[115] non-rﬁg{gﬂaﬁlsagrs St%lﬂ?\ﬂl% e%% (se%fc'et: substances which are processed into a product
by further processing, treatment or conditioning or which go into an end product as
work objects.

[116] The object of the application is exemplified in more detail in the following.

[117] The process of the material conversion of the feed material or of the biomass in
the method according to the invention can roughly be divided into the following
phases:

[118] 1. Heating phase: The biomass is brought to a temperature and pressure. The
depolymerization phase is initiated by the supply of energy. In particular with
biomasses having a high carbohydrate content, swelling reactions initially already
result during the heating phase. Water is thereby placed between polysaccharides in

the cell wall. During the swelling process, gelatinous, in the further course colloidal

structures also form temporarily, which dissolve again during the further course of



one or several characteristics of polytetrafluoroethylene as for example
reaction inertness, very low friction coefficient, very low refractive index,
high heat resistance, low adhesio@%ﬂr%bility of surface contaminations or
smooth surface. [114] Fuels are substances which serve for the energy

pradugtiilyanevdiieh prasconverted into energy by means of chemical,
electrical or other methods. [115] Materials or 'Ut'irg;tJ materials are

subistance D RABANSAZ31RR BEagenk i pRScRER ) FHHARE Y Btelnhgre

treatment gsgeRAHI QNI OmWAIER @ar AR ARG PRISH G At e ulosic
objects. [116] The object of the a([l)f)lication Is exemplified in more detail in
the followiBe A7 PHEYFSRESE By ReAtET b EorivErSRIR BinEHee Fudepe:

material omehifelRiRRastdinghe. MRiaH-aeearding tetbedmwnésiifeiinds form.
roughly be divided into the following phases: [118] 1. Heating phase: The

biomass isTBORIgHETNS RERIBEIAR BT SHEHYAM FEOsPHBK e pEHEH Rentsns. and

phase is intiatach iy ihe suizaly of eretey HRaAHICtHamuihtiRiemassasd for the
having a high carbohydrate content, swelling reactions initially already

result durifjRAY REHAHYPHISES WIS I B9ErE0y pisebd BEREnthat s, a

polysacchang@scin réaetiesll, Wil U ¢ ihic3welipeuRiRces Hraalatinausby
in the further course, colloidal Etruct res also form temporarily, which
dissolve aé%ﬁﬁt‘c‘j’ﬁn‘ﬁﬁ%tl‘i‘@ﬁ‘?frtﬁ F@&}J}%reﬂb? Ry e U &BEI stz lsiopon-plant

phase. 2. bepabimericaiianRbases Meratthegiiginalistetotanirieidportion of

are dissolved, which, in particular in the case of plant or lignocgllulosjc
biomass, rHETFEHERE CHpBRmePe tsfrf}%ﬁ&?ﬁ?mfgﬁ@SéS?ruT&@rds the end

hemicellulosehanshligithdVienomersanel eligamesaseadddn cabyRaidedsmilar to
form. The higher thﬁqprot rtion of resistant and crosslinked structural
proteins, 2R HE'SMERS the surface of the feed material, the more time

is rieeded feothemedizpoiymphiastiorhp hase nrinddancoustycioysiakeisarbon
results, that is, a chemical reaction-, in which chemical compounds are
proken doS Y PRSI SEISH FAAH GFEPNopsHBRERCs form.
carbohydratki;inaseplacdpant nanesitletkabaotalnsancsiaisiures of the feed
vl e P R oot oL e cobs e
energy releage dndiiease standudesidsizsreBysavdanda kawtands fodnfiecndss. The
Pl ez P T e E o A e S kRS S B orosity
consist of small particles with a diameter of a few hundred micrometers to
5 nanometers and smaller in the intermediate and also in the end states.
New carbon compounds form which have similarity to those of natural
coal. They consist, amongst others, of different carbon compounds and
terpene derivatives, the carbon content of which increases, and the
hydrogen and oxygen fractions of which relating to the percentual mass
fraction of the elements (dry mass) decrease. One of the distinguishing
features compared to the fossil fuels is the presence of Maillard reaction
products in the liquid and solid phase of the reaction products.
4. Stabilization phase: While the depolarization and the polymerization
phase progress in an exothermal manner, the heat energy release in this
phase decreases considerably and the reaction runs out in the

stabilization phase and finally comes to a standstill.

[119] The characteristics of the reaction product such as degree of purity, form,



compounds are newly structured and crosslinked. Agglomerates form,
which macroscopically resemble the agriginal rough structures of the feed
material, but which have lost the in%%/ﬁé?ohesion with regard to the
superordinated structure and thereby also their resistance and firmness.

Thereewdy denfigd sleuciHres yubigh kempsisenahighaideitignasstantstructure,
porosity consist of small particles with a diameter of a few hundred

mit?BIRRtEIR e BnbaiRsR Rt istifbrlinalie Al Agdatenrat e on
thenenskaisiRor NawicA QA ERMDAAGS taepaMirichav@isinilitygensible for

those of natural coal. They consist, amongst others, of different carbon

cotbpBRmER ghthaarpdng Brandiize'e theaPRlisaH Wriiehiofritgprocess
ingiRRsgsANUdRBuRdspaRN @RE xyoaR rsdishpotydichidehtiradaithe the

percentual mass fraction of the elements (dry mass) decrease. One of the
didBHEYKE T e IreETERTHRR I RS R Fi@I 8 ROBRS (OB ce of

[120] Maillard reactosimpserisetiand Bhartiatdidsans sralid ahase aftha reaetian
products. 4. Stabilization phase: While the depolarization and the

polymerizatioPHHEE PBYFEsRATIE SXEHIPHEM TN T Re &P ER8 gy
release in thisnphagefealrasesiensiderably and the reaction runs out in
the stabijlization phase and finally comes to a standstill. [119] The
charact&stic%lﬁtwg%%lg&ﬁiwm&&f UEANSS GUYHRBF BB, form,
24/73 structusgasdansiproteechanical resistance or strength, particle size,
surface structure, composition, combustion characteristics, fuel value and
energy Gonteftedgpendronpttmurethddscorareaciiohmoorditiens phratistethe

parametgrs WEia%Ql are r s(gonsible for..the controL[r%{.the melg?ag g(zzcordin[gre

. s; t
to the application, Hhat |Cs or tﬁgnﬁ}?gcszlelsosn ’ 6Pcl)lgeegurel.o T Course Grihe™

reaction or theaprooessuprgddoee iEhaflertioad oy thactelatiny tneaipoéried or

or reaction conditi or.criteria,amenaqst others: [(13;12?,0 Ilgig:tgmg)gtsigi%n and
ng

characteristicsltr)ffct ee e%l‘flcﬁfss l(l)prpfléleo rcna f@ﬁéﬁ Sneiudr ensftey, partlcrlt-glmes mn

size, moisturglsorgetiop pritgresarfti clminetal siod afitbdi mantentpfduct can

Relationship ?Eé%%g%é% u%'liq%é"‘cf.“;fﬂ ”L%jnﬁ’c'ié"élezé’ﬁ{d{% @%ﬁ%%%t&f%‘%‘?%ﬁns an
water. 3. Tempeérature, pressure and the variation limit of these
parameters. &sGata| st thoice fovmpositiah scocoentrbtiersagaetigieoducts.

size, mixture 1Rl And FURRY;INER AR AR BY ACCHEBIRDE the acid

manipulated or
(pKs value).

5. Heat exchange or tempering systems and time of temperature
adjustments, pH-value, concentration ratios, also in the process water.

6.  Material or chemical changes of the reaction mixture for example
by hydrolysis: amongst others increase of density and porosity
during the conversion reaction.

7. Duration of the polymerization, as the faster the progress of the
polymerization, the purer the reaction product.

8. Method and manner in which the reactor content is mixed or agitated
and the energy is transferred into the same, as well as flow velocity
and shear forces and mixing intervals and times.

9.  Process water: concentration of alkali salts, acids, elements such as
chlorine, sulfur and their salts and metals and minerals including

phosphorous and nitrate compounds. Cleaning methods of the process



[121]

[122]

directed by the supply of catalysts or catalyst mixtures at later times in the
reaction progress. The characteristics_of the reaction product can thereby
be influenced. The particle size of ¥ Retallic catalyst forms an essential
part for the formation and structure of the reaction products. The reaction

time is significantly dgteeminesubydbemstrandty ptébesacid (pKs value). 5.

Heat exchange or tempering systems and time of temperature

adjustméfts, bROGENIBLe S MLRERSALEY, SeBR e dIcubstanges which

Material or chgipties! ShRNEROHHNE reRGHANIBIBEIE 08 EXRAPIE BYdesired
hydrolysis: amongst others increase of density and porosity during the

conversion resf88A2%, BSOMGEPHPIRENIEATErization, as the faster the
progress of they pobmierizatianoth uiesd e maction Rracushethod

and manner in which the reactor content is mixed or agitated and the

energy is tranSershntstans Lsptionsd §&6-as flow velocity and shear

forces ang miging dotesraenanditgs Pty aassyater ocancRMpRIIRIE ahd
alkali salts, acids, elements such as chlorine, sulfur and their salts and

metals and miNETA& g phosphorous and nitrate compounds.
Cleaning snetapdscef bR piReRSS pafbemwaie s s RAeyUaIdethess water

running process. 10. Concentra_lgn of contraries as_for example sand or

substances WHIBAI RS- 8thH ietug g PRSI BRor B S P FSSATY

to undesired sgaomslanytPrRciabIe AapriRe REAilaBs by hd pre@btheter and
execution inclu%ing the intensity and dura{ion of the method steps

mentioned heTEOS3NE SBRRLY QOMBIMEASA  cooperation and control of the

tempering and mixing systems., 1 hoice, combination, performance
and eE ﬁ%erl{cn;}%?gfé(esqg%gélgsg]\?vgf%%oggnwd%ning and guidance including

considerptionif, (NG JEGERRAN ANPIMGNGIR RHARIS TRAGUAMYPINDSSTysts A

by the process water and substance supply or withdrawal. [121] Further
method stepsa@driMaéthe following: [122] 1. Provision of feed material

includin% biomass, feed material, catalysts
. Pretreatment

3. Transfer of the feed material into a transport system and/or container.
4.  Transfer of the feed material into the container suitable for the respective

processing or treatment step.

5. Dewatering and/or drying of the feed material

6. Comminution of the feed material and possibly of the catalysts
7.  Removal of metal and contraries

8.  Incubation with catalyst, in particular with acid

9. Admixture of one or several further catalysts

10. Preheating of the biomass

11.  Compaction, for example while introducing into the reactor

12. Introduction into the pressure container or reaction space
13. Heating

14. Process water conditioning and air cleaning



[123]

[124]

and water. 2. Pretreatment 3. Transfer of the feed material into a transport
system and/or container. 4. Transfer of the feed material into the container
suitable for the respective processgr%@r treatment step. 5. Dewatering

and/or drying of the feed material 6. Comminution of the feed material and

possiblyaf the &atalyst tfe RariY)LUNeRbANGCRAVAGESFACENCUbation
with catalyst, in particular with acid. 9. Admixture of one or several further

catalystd 010, Fieriatamg et Wothisseediaecichoadion 2R Wi preducts

while introducipgriite tbecrRaGIktd INntroduction into the pressure
container or reaction space 13. Heating 14. Process water conditioning

and air deaniDgy2e 63 tibd&ambrakabihersdaction product from the
reaction space 16. Separation of reaction, intermediate, secondary and/or
end prodgcts Goaimiheti@actide duxitaerdactionyprgdokcthe desired reaction
product 18. Comminution of the desired reaction product 19. Cooling of
the desined rededidmneprbthecicaGeCanditmnprgdatt Energy recovery, in
particular through thermal recycling or heat exchange. [123] The feed
material2nd thenkdaaction, intermediate, secondary and/or end products
are processed in different steps before and after the chemical conversion
process2The Raiaggssiyateia pimifoia subsphrtheraahvergidimgothieat
industrial or techﬂical measure. Thus, processing is to be understood as
more than a ngl)écnuaéjlggisassembly or a manual comminution with a pair of
scissbiis. fésierpaaeed sind tht thediiom agsrardiate,the oadoryditdrin gnolf fihalucts

reaction prodycts phdior the secandary produts é@éh? eihod aceording.. The
to thePivention goes beyond an electiically operated strring or mxing >

syptecessiitly stgingiensoatt svibktmnag neticecooplinghanddieatinles cevhaliegide

heat 5%%?3%85,"" SOIRIBS S0 12208, SDSS L INBRY #ige Of i 4 R hssembly or

reactor wall by> P & y
a manual comminution with a pair of scissors. The processing of the biomass and/or
the reconditioning of the reaction products and/or the secondary products in the
method according to the invention goes beyond an electrically operated stirring or
mixing system with a single shaft with magnetic coupling and features a wall-side
heat transfer of a compression-loaded smooth inner side of the outer reactor wall by
an electrically heated casing container which can be separated with a few hand grips.
It also comprises the criteria mentioned for the stirring or mixing system and/or
tempering system mentioned under point 9 and 10 for the semi-continuous or
continuous method.

The biomass can usually already be comminuted before the storage, and
particularly before the actual conversion process, in particular before and/or after the
filling into the reaction space. The comminution particularly takes place in a
mechanical manner preferably by chaffing and particularly preferred by means of an
apparatus for milling for example of a grinder or a roller mill. Different chaffing
and/or mill types are used depending on the feed material and the desired particle
size. The particle size influences the reaction progress. Thus, the smaller the particle
size, the larger is the surface of the feed material. The larger the surface of the

reaction partners, the faster is the chemical conversion. The particle size of the

comminuted biomass can thus be under 10 cm, also under 1 cm, and also under 2



an electrically heated casing container which can be separated with a few
hand grips. It also comprises the criteria mentioned for the stirring or
mixing system and/or tempering s%{gﬁ] mentioned under point 9 and 10
for the semi-continuous or continuous method. [124] The biomass can

USHaHY THERSHY S RABURINHAE PR IS AR S deSe ARt RATHRYRATE R IR reby

the actual conversion process, in particular before and/or after the _fillin

into RO IEH A IS PEREEST RECEEHHFRIARA ShR3sisEIARAY thkeanbiguetion of the feed

meehisnigapmanperRraieribibyrahaffiing and particularly preferred by
means of an_apparatus for milling for example of a grinder or a roller mill.

[123] piffereltit BREAMG" AR AR THIFRHOS B el Bt dt nalrseghich is below
matenal padwhs desined partivla, siztclingpeslisiesizedmsiepgasgtehder 2, is

reaction progress. Thus, the smaller the particle size, the larger is the

suPERTOP I SHEY REle e teressrpetiMrcd s cieBrsricauaaNgh increasing

pastesntiRfosie e th cResmical IS onYes ST hbgorasicke Sizedidhel-value
comminuted biomass can thus be under 10 ¢cm, also under 1 cm, and also

unchd forexanaple fake RlacsifgY e aMPHIRBrial effort during the

[126] COMMipH@ RIOSR&SIIS, hRighNi caRRRda N0 BhR MIQCca RS RHeEeotiaraithre
in particular on the configuration of the feed material, pa{tic_le size and

lerGRA Bt P PaP8 PiRA OIS AS ASHPERASETR AFS R Ry SR iR L figppe of the

witkeaupkhyafuBeviichaks eI Midlsadieionid, apdasdidR®ordexample in
pagicularl below 3, and thereby also under 2, is part of the pretreatment.
THERBERSEAT time of this step decreases with increasing comminution

[127] and witbagiggseasingpkitsluedinpinctihation:al/aniacilicgpébivaddautiaiican be

for example take place after the commiputign. [126] In particular metallic
OG5 GRS OGO BT B ARt of at leas

framebe diovassaMethoes aschroaasSEaaaa distibwibai fdithscongl plt
the treatment of the biomass ang‘{or anic waste which are establis for
e SRR RS TG SHER oA CF A SRS S0 AiBFf |he
wataranefab irdiel uedusnseduidangead beteadble thaitaoitte composition,
pre-incubation in the acid medium. The catalyst can con 'a%of at least

ore? B LANODy BALH Gl S Hsh LS MB SRER AN THRY tHgthal BRFHBS The
cafadysisriepieiéingd compenaiywd thercialjist candoredxranyple: condist@ining,

o T oD Rec e S Lo oS L T DL

tinfesiof dthe ssatailyispartTioe tifadtorsatepandinguotutbe tCaialysi s iheseforeproduct.

ha.}lﬁe%elgg 8&?&%3 Ii‘sce(?ls%ﬂdte eer}cl%rnrgi y the strength of the acid (pKs value). If, for
example, particles smaller than ten micrometers, preferably 200 to 1000 nanometers,
and particularly preferred 10 to 199 nanometers are used, the probability of the
formation of uniformly formed fiber-like nanostructures is increased. The smaller the
particle size, the more precise and uniform the fiber-like structures of the new carbon
compounds can be defined. However, the carbohydrate content, the particle size and
the degree of uniformity of the particle size all play a role for the direction of the
reaction progress for the production of defined nanostructures. The reaction can be
accelerated and directed by means of the timing of the supply of catalysts or catalyst
mixtures. The introduction of a catalyst can also be useful at later times during the
reaction process depending on the desired end product. Inorganic acids are also used

as acids, preferably mineral acids, particularly preferred strong acids, that is, acids

having a pKs as low as possible. The acids and their reaction products which are used



[128]

[129]

design and characteristics of the end product. The particle size of the
metallic catalyst forms an essential part for the formation and structure of
the end or reaction product. The rgéé: idn time is also determined by the
strength of the acid (pKs value). If, for example, particles smaller than ten

MigromekerdnPpelssably 209 1avEA0QinARGM etRFesiRNEHRBITIEHE e furthermore
preferred 10 to 199 nanometers are used, the probability of the formation

of RETiBMASIPHSHIEL AB ok Hitoripdual iyl i fieriahseP PN Q4IRS fqids are
paieleiagicther MR RESISA AN yodaonk kel filier-dike SHUHWERSOIRR as a

new carbon, co%nk[)ounds can be defined. However, the carbohydrate

cofetpddit yradiftsimeshd thee sdicsiLambinthsreiusepitiderlysyitable.
allppigranialeidercties tisasticonfitRg. raastienveroaiessifaoibRRQENEHAR: acids
of defined nanostructures. The reaction can be accelerated and directed

by REEHRAB SR RRAR GICiAe LG ISR of Ratiiy st c At harilifesicpiad
intgpecnN o A icalaly sheamalse Renus pidhad lrtee measdiingdditageous.

reaction process depending on the desired end product. Inorganic acids

ar& oAb G PR BT A NS AP s Iy A EHOSSPE gl in fruit

stieng @eéls ithairls ReitdsadRyiathmpid SeasolviaspRsailien Fhe@nidshe acid
and their reaction products which are used 28/73 are to be )
nowkﬁ%a HSERS Bt AL SOPRIRRDRT AL SaR S BRdERereyPgfdor the production

fughereneid meditmbe dete tlaibativriRepeaskiapuadusianst matgarialis, amongst
components of the acids are to be purified or djspoi%,ed as egsy as

OB PRI LR NG LS S UL St PRRIQX FBE WfitilR  FORRIEn Ot to 2
Ofﬁhﬁﬁéﬁﬂsﬂ@mﬁéﬁmaﬂsﬂ ﬂlﬁdﬁemfcorl.e na[téwlcaﬂy lﬁaﬁéabig.ﬂi@ :@mmﬁg.a@iﬁﬁg-
can also pe c ined. Alternatively or additionally, carboxylic acids. an
PR TR e Ao LU AL SOHCEr TP A O B Ager the
angteatvovetivh, datoaaid hodciirnaddid highdgrioyednaheapattichdaiyrter the
advantageous. _Citric acid anci}tartar'c acid are crystalline.and non-toxic.
B&ﬁ%%b‘%?b?“ﬁ’&u}? fiy HRakOTd ﬁeag%!asmﬁmgeﬁ SUBRH R Affslikion to others,

lemansy tasiaritead] Mdeagias) trhhs@aidnathichushuseadoasdakalysbbalt, iron,
comBjc))nen can. at the same tim&%% used for, th%ﬁ‘r‘oductio(g of the acid

m &R £ S P L BRI Ll B A R AR G e ki PSSy bas
othees, opendebd particalpis adlueRrdus. dbhprakditiatedf thd datdpetearntke
0.6 to 2, percent and particularly preferred 0.3 to 1 percent based on th

voRUSE PR e nalrsliia e i

o HE PR e LTSS HE AR AR B i AL RIS ghgine he
reacitbodiDeferbet lengesithex piencubatipositimmsttranfetitienacicbanddéeto the
hi%hecrt llt% con ergtr?ﬂgfl% rtk}& tslrrllnorster the reaction time. The catalyst or the
ca ?ffys Mmixture can co?nf)rlse, M addition to others, one or more metals.
PrefeTfablyidiiassitiah areighdysucked svibrthaickely sodraticicatal ysoppetyre. The
O e SRS I Q1 AT, AL RS IS P QRS

process alternatively takes place within a reactor. The compaction of the reaction
mixture can take place in one or several steps outside or within a reactor. A high
compaction is advantageous, which again means a better usage of the reaction space.
The measure of the compaction depends on the transferability into a reactor, from the
desired reaction product and from the process procedure. The reaction mixture can
for example also be introduced into a reactor after the pretreatment.

A preheating can for example occur before the introduction of reaction
components into the pressure container space. All reaction partners can be preheated.

Among the feed material, all, but in particular the biomass, can be heated to

approximately 60 — 90 degrees centigrade. The preheating takes place for example by



been proven to be particularly advantageous. The addition of the catalyst
can take place before the introduction into the reactor, but also at other

times during the method. Differentzgaf\?éiyst mixtures or compositions can
furthermore be added to the reaction mixture at different times. [128] The

bi@m%@%ﬁﬁbp&%&%@%\iﬂt Hoie Batay alartbe caladret SMiXiFR1ds880

en forms, together with the biomass, a reaction mixture. The

catalyst t
mi )En%)re«)@é@gﬂaﬁ@érhlmy%mmb%rwmﬁh%%ab%%n&d}%@éwe
of SRa @ACHOBY, MBLUFP ST Ak IAGE NRANSEVEIR [ HeRS REiS|dQ Rlers.

within a reactor. A high compaction is advantageous‘, which again means
a B FREZYdTOMMEH R HBRLSS RERcCHYE TRk ANGTRAHY fhe UatpAionaHy be used

depergis.on the transferability into a reactor, from the desired reaction
product and from the process procedure. The reaction mixture can for

[130] examie LReiBR iiotuterenita S dhtdleatied tracHrarsatittinbefssp Ane to 60

prabeatipecanigrxa el eheccadbaiarenikRepiifioduetion ek rRaCHeN cen five and
components into the pressure container space. All reaction partners can

be! Brapsdde ARG tHBGsLeP RS 2athar WaRrcinar e adpgmated,

cai ke Reaedvo rgimxinAieir80as QDo a16Rs Aehtighadrdth@tment and/or
preheating takes place for example by 29/73 the supply of heat energy
an%‘?r?’ﬁ’éﬁf@ﬂl&f HW&LHTS?B?HE%‘% (RSB SE R B BAIFRG U LR g er

bigmasssUshe Rsiofoartaarinaiehal depeil & enhine abspbieiopressuie or
by the supply of water or process steam or, other heat energy. carriers.
HEIPBRET % iscicantiys POROYEEELs! Qanieh ity oy the smaller the

adglitfiarallyzbetis sela fler thisliEh3RbT belligagsipro poreds adepratingomdhe
desirgd reda\ctionﬁ%oduct, et){%eenéﬁnﬁ to 60 hours,Rfrefe ably between
thiGE RN AR HBHROSORi ORaHY T ARS PER BRETREN FRIEASHI ™ B%ours. The
redepiolyitidiezision peisieratiadinisbe thoktiiglreatsiophascteymiratehnd the
when no noteworthy enthalpy |s released anymore. A minimal.
o SBHTM SRS HECORELTSA b RGeS MHobeAraD S obde
inetepsaithefeedatinsariin ehtogyatr thkhilng.cahed eactiamipralpaiiicodadyon
depends a(#n tlae ccé{’nlfosition.andt e characteristics of the. respective feed
%&?i&lﬂ FE93/gRNAR SiTAeR Hacsiviial ReNBE el PR il
thadigevedivitlitlaseoope fiopatidrihefl&rgaidhencadoityidraien-crosslinked,
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or detiigtibe tenaisnrpdeesdis Bhdsticiter fhetioo e ko tomeveifsibe process.

[131] Irr?t? ggg%\t%é?n%dto ﬁgee{{)%ligggo(%{%%}glgetpa uggsl %88 Qobﬁ){)oéeeg)égég %Ie:%‘ut%?ade can be
achieved. But temperatures between 185 to 205 degrees centigrade are advantageous,
and in particular to 215 degrees centigrade and particularly preferred to 225 degrees
centigrade.

[132] According to the application, a pressure is built up under exclusion of air, which is
for example between 7 and 90 bar. A pressure between 11 and 18 bar is
advantageous, also between 18 and 26 bar, and also between 26 and 34 bar.

[133] Figure 1 shows a schematic longitudinal section of a reactor according to the
application with further components of a plant according to the application.

[134] Figure 2 shows a section of a wall region of the reactor of the application
according to figure 1.

[135] The apparatus according to the application comprises a reactor which can be

developed differently in dependence on the processes progressing therein, the used



into an already running reaction in the reactor. A shorter reaction time is
also achieved with relative large proportions of fat and non-vegetable,
non-crosslinked, for example anin{iﬂ?gpbacterial proteins. The expiration
of the heat energy release during the reaction process is an indicator for

thgRhEhPhHIRIRONRISIANNOGESEn 11 M AEding] tR ABEARRYGRER Mt least one

temperatures of up to 300 degrees centigrade can be achieved. But
teRipEraiERES B emerhingds 1B iadiuneandntigramp b vaiteese Bis;

andiunardisy atdemindeareps Ceadigrads andPadictssoPreferRg Wessel

225 degrees centigrade. [132] According to the application, aéqressure is
1

bUiRAGIP LA BRERTSIA B ua, ShpfiResEsHss karrpiRbHaiier! #ikiserab

baghAxREEESHES BaWeeRAdRNATES haidiscadvairgradsctalse PrRIves,
18 and 26 bar, and also between 26 and 34 bar. [133] Figure 1 shows a

SCHEHEHE ST FAFAP S RRGRSHIBE 40 s ABP LEaSH T e RRINAHBR bR different

witBalttthera v Reneris affeblaniaaserd ingds the RBpbsatieRed thin a plant.
Fic%ure 2 shows a section of a wall region of the reactor of the application
a

BRI %ighird opofans iR dpisarshas LRESRTY 5 Wp stikipressary

coprgyises aHeastarvdTigh passhige deveipReth difrientinihdppendepescodure
the proceﬁ%%es_ progressing therejn, the used 30/73 amount and the type
of 1HE LBl BHARS BFIRETERYENEH reaction product. At least one of the

[136] reactarsaaroeokdisgbodhtcapplieation eanfonexampionenr castads. fBihrd as a
circuit, lgop, membrane, fluidized bed and/or a stirring yessel or a stjrrin
veld& © éﬁE}B%%%waiﬂw%@aa%ﬁ%?a&é%eg afing HBiiagret Such a
diffexent ahiabacteristiegvahthesssenatacsrisieSbiidizeddpethofihaneastor
is prefera irculating. The reactor accordjng, to the application or a
o R RE TPt PAB 602 ek B Tor A RCYe At BSHlgng & &
tinva a6 Popaassiogisieps svithipaaiplantyhidh o &inare:, e seheldizedsate by
be designed as.a pressure vesse| to the necessary. pressure. The
g aptl S mcet i st a0y proo L bt ppeeests
antizanhih efonenpbiechniog aovs e dmlidk Iladuithdirarhihadiengrit ©fdfpe those of

' invention, the reactor is formed as a, type, of multi membrane

bject qof t
TlEHED st PSR MRNT A ARG U SO S IEBGPa e o the
cospplivasithe Badvantagenitd ohprattalistdabidiffe ehhaemibiangiand if it is
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bresjg Mhatbuadfiuidizend siate pyssthropglasdlytdie eied floweticatfltidi T e

te E)rgrtﬂ: ei:giszc? glé{p tflre]:i)'/s z%%rggef%tgéfg?ﬁ? Elsecessary energy input depends on the
respective reaction conditions. Due to the agitation, the particles of the solid phase
can easily be —partially but also continually- removed from the reaction space when
the reaction is completed. Fresh solid material can correspondingly be refilled. The
velocity of the fluid stream is adjusted so that the solid is agitated at least in such a
manner that a stationary fluidized bed is formed. The fluid velocity in this state is
nevertheless lower than the sinking velocity of the particles. By combining individual
adjacent particles, their stream resistance is higher than the stream resistance of a
single particle. This can lead to the formation of a suspension layer with a defined
surface. The velocity of the fluid stream can be increased by the application of higher
pressures to the membrane parts. Relatively many particles are discharged from the

base zone by the higher fluid stream, and the upper layer boundary dissolves. A

certain proportion of the solid still falls back into the base zone in the fluidized bed.



that the (former) ballasting now comprises fluid-similar characteristics (e.g.
those of water). A solid-liquid mixture_is present on the inside of the
reactor according to the applicatiom Hie fine-grained or particulate
ballasting of the solid is agitated if it is passed through by the gas or the

liquidirdhig Rorcaled ifuig Rieeiua framfetasbie tRRichie MbHe WRsisMe solid
has to pass through at a high enough velocity to lift the g]ra?rticl_es so that

thélfSeras Adiiteysnansing da e relatuly i e e phile B selidmepgstive
regetigivarndiionstd?ye toiha aeitrligntiie PasticemetthesolsyRhapssitioning

can eaaiq?/ be -partially but also continually- removed from the reaction

spacthodrthio vedehihsiseashipietsy b eofis hlitsder e diameter in
corrgsRandiogiy e pefillsr dHaewielosite sl dhefluid sireamis.agisistett sed

that the solid is agitated at least in such a manner that a stationar

AUdHEIHR X i is Rme WA SRRy YRR SR datRy ahag dugbase metal
lowigsctb amdersipkiigoraloditynef e Rartisies bByneambiniRgppeividdalo that a

adjacent particles, their stream resistance is higher than the stream

reSFRENEl SemogrrpusRativiomafithe pidlasfiss Bithation of a

[137] SuspamsigsliRyRigwidhaEsbinesh sedagevdhwivelaeityRidhedividiseame
can be increased by the application of higher pressures to the membrane

paECRINANAT) KSR RARIELE Nrd HREHEYFE IR ERUTRS BieeostitePBlfthe
highemiddichgieeam, and the upper layer boundary dissolves. A certain

proportign of the solid still falls pack jnto the base zone in the fluidjzed
[138]hed, 31/73 X%ﬁ&ﬁ?ﬂcf@?sm 7 é%&%&ﬁ&é%%@%}a%?é’&@%\?@‘ﬁ”d streams

dense zone |yetehipl fONdvsiseR EsyUNEHSRERSION 1Al theidelatvely disperse

wide core, Whi#%tk\jeésolid moves downwards in clusters at a high velocity

at the edge 87 tfi€P88%tor. By the positioning of the at least four liquid

stream mixefsqunepaar diptttivle thgadhendiametriticldnadlnghgseven

as possible and with vertical gi tances as evenly as possible, and

additional miREFS VIR L& 8 bR HRE surfaces immediately above the

base mefal shetitttdentarmationgf eQglorearatasartitayeittboisntisides is

suppressed, so that.a %gt: tivel thomogenous agitation of the particles
takes place. TI37'THE fHI0WIRY Bdvantages can be achieved with the
reactor &ccosangliedhinsinyentionsxvheplusedeappiopaetalys dupagtiaalar
when using membrane$arts, amongst others: [138] 1. The turbulences
produced bﬁﬁ‘é REZRrEtkd propellant and fluid streams lead to high

[139] relatiTae/asiaaity debvéirg theheaniphidatituicmdnd dhadispase osolie follaseng

2. fLe u?nt article-particle impact and also particle-wall impact
characteristics.

[140] The reactor can comprise at least one pressure container and at least one
apparatus for the solid-liquid separation and is then also called a membrane
reactor. The reactor can have at least one coarse and/or a fine filtration or a
combination of both apparatuses, which can also be combined into a filtration
apparatus. At least one of the pressure vessels can have a stirring and/or mixing
system, which can thereby be called stirring vessel reactor. The sum of all reaction
spaces of the pressure vessels or reactors can have a volume of 0.5 to 10,000 cubic
meters, also of 5 to 2,000 cubic meters, and also of 50 to 500 cubic meters. The
sum of all containers of a plant including the reaction spaces of the pressure
vessels or reactors, hoppers and storage spaces can have a volume of 0.5 to 10,000
cubic meters, also 10,000 to 70,000 cubic meters, and also 50,000 to 500,000

cubic meters. Depending on the feed material and the biomass, the water content



[141]

3. intensive mixing of the particles 4. accelerated heat exchange of the
reaction mixture with the fluid 5. minimizing of deposits 6. controlled
dosing of for example water and rexthnts during the reaction process.
[139] The reactor according to the application can have one or more of the

foligwip®ishasaeteristiap. tblddhdherHieaciairc T (RMALSE AkivaphONfegration
pressure container and at least one apparatus for the solid-liquid

sePR AR ISR SPIRER HIE Bl e IEer SO T AR PRI TERC R Gahbedse i for

haygs abdeast DOE ©afkE @NFIek @AM MAteR el osopabiratior aitIthany
apparatuses, which can also be combined into a filtration apparatus. At

leRPBAST the prasupbilitsielimitidma/ba diimgalsalst prwrgion in the
Sygigs oW/ EpabeCain heiphioRBnaalodh stiveng vessshrpactalt. The yiema 6f alb

reaction spaces of the pressure vessels or reactors can have a volume of

0.55R5 1N ABOUGHRERAERY Bisl S1S 689 DBAIBR TSR iqBnASs tsfated

50sarR0QEvRiscmaiemcE RO LEH A albepiqingss, of RIpARIYNeldiRgdhien
reaction spaces of the pressure vessels or reactors, hoppers and storage

spiRass YRR IETTRe bHES R D DoRr UM e BedsA BBt
70:0RRethic Rt pradidralsesedsAG dackR, B siRiGINERER, for example

Depending on the feed material and the biomass, the water content 32/73

of thEBitseRl @:6795a45, 18R St COROIPAHORL b tHE NAICRRIRHY PPRe? mOre
integratiape afsadlenvRie g IOeRRRwiGH PreREIRTIRREIPERISIONI capacity

reaction can be useful for this reason. Due to the high moisture content
anfth B B FECHBEP YR Gt BIROXRY CORMASSEL MRSk EShig i same
limiteed, the thetthe tialcabdipranbetiinfirethecieaeiiphspasadcsHbe steps
approximately betyee lg]and 30 percent. The yjeld of the_ reactio

or OB BF SSARBHRSRISED TS BT B A eth 61 Mo R R g e

to phed¢dipd raBE o BRALS MM ASACARBRAMENCE sarflative el aigeirring
reaction %oa e oluggée IS n%c ssary. Laﬁﬁ%re cﬁiéon space volumeslcan
be'FBHRLe %{bec ARSENNG Qe ST S8R G Q5 LTS B FRLIHS SO YA pressure
congselinhihwbititiolexanipa inlihelsdisenotanspstade imnedaigiig: pressure
combinatian of diﬁ‘;rgnt ﬁeactor types, a more advantageo%s retenti%)n g
timE SR tHB ISR o TR PSS PRI S arBHACE P T EA P bE e ivdhe
thieulinaon mpr@vad nanis e et thiecoriesti PpogtessisAidnrasainat lens, one
the different reqclgrer%r‘pfgnts oft.the i{ erent reactign Ehases a%d glar ial
stdHE Chn B GcOMIR SYARE Y AhdFe TAVRTABTE REAEXERANYE Car for
exesmpladdke the reactors can be used and integrated into the plant.

The solid portion can be increased during the method by continual separation
or withdrawal of single reactants as for example water during the process
progress. The solid content can increase from for example originally 15 percent to
20 to 30 percent, preferably to 31 to 45 and particularly preferred from 46 to 70
percent, depending on the reaction procedure or treatment conditions. The volume
per reactor can simultaneously decrease as the reaction progresses. At the same
time, feed material which can be converted faster can be added so that a higher
operational capacity at a given reactor volume can be achieved. A connection of
several reactors in series which are for example separated by valves, further
enables a selective filling or refilling of individual pressure vessels with fresh feed
material, reactants or catalysts for the purpose of increasing the throughput. The

transfer of the reaction mixture from one pressure vessel to the next essentially

takes place at operating conditions. The reactor and all surfaces and components
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[143]

place in a tube reactor, a better mixing and remixing in a stirring vessel or
stirring reactor. By the breakdown of the entire volume of the reactor into
several pressure vessels, the abili?&?’fg%ransport individual plant
components including the pressure vessel is improved. By the connection

of SENRIBHPIRSIYTE MRREEIHVIN FBRGIIGa ICiHARIZALIOR Rl RFGRINMALRIBE
semi-continuous process is facilitated. At least one pressure vessel for

th&ReteprRist of isatasnitiret sad srucei sy sBnhBdsH b Riddaderfhe
regedeimsRLPSinRdAnEinieaRied e the plany b4tk soidoRortioe

can be increased during the method b& continual separation or
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percent to 20 to 30 percent, preferably to 31 to 45 and particularl
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decrease as the reaction progresses, At the same time, feed material
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several reactors in series which are fgﬁlexample s&péarated by valves,
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withiitRshdiegsl/bralesial theadiimis ehpaiatysts (oribeLEROSR@E at one bar
increasing the through]%yt. The transfer of é[%le reaction mixture from one .

praBSIMSRIESEITS R REASQLAIFAIR PakESHRNASE BSerdingne hand with
conditionsiTdiereasieraild alhsirfacesandicenpanants 32/ fadfdheixture,

apparatus jn contact with the reactants including the mountings and tuhe
g thettrbiatin Bt A A
indaedapaferably-ok stadnless stablwaopaichigitiotbEagpalines.

described below for the membrane parts. The wall thickness of the _ .
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of 30 to 43 b%r aﬁrlf for te ratyres between 160 and 2?}0 degrees hirds. i
ceRigrBEECS e SoPRS" BALIERIYG T REE CHRY BARFCURRHE WO thirds, 1t

prefercechinisol degreked aantighaddowhedemper aidrestst partieddakidrbattom.
vessel, reactor or plant component lies ab, t least

least |
1S SRS A Y Lo A S0 U8 00T BBl Bl deerees
prefefalalyl yromuBér thafO40eiaess, caidtigiadalang/ereévodsihel leotag 35

te F&(’%‘%‘%‘E‘Jﬁgfe e RIOCERS: i om ?ﬁ‘éﬁf?ﬁ%@é@%‘?‘ggf?’f&% ¢ a

pr ed direct skin contact e.g. wi h'one wi ntainer or

vesseldsd o whidhisediiacihyion odnitad owitTtiepleaationt wiixhigraozzle for the
supply of the reaction mixture can be variable and is for example in the upper half,
preferably in the upper third of the pressure vessel. The supply can take place via
a valve via the outlet nozzle which is approximately in the centre of the base or
the cone base. The components and the nozzles of the reactor can be connected by
welding. The lid can be mounted. With a preferential use of liquid stream mixers
or jet vaccum pumps and full jet nozzles, the ratio of the diameter to the height
can be approximately at one to two to one to three, but also at one to four to one to
five, and also at one to five to one to six.

A membrane reactor is an apparatus which allows the combination of at least

one chemical reaction with a membrane method or a solid-liquid separation.

Thereby, both processes are coupled integrally, so that synergies can develop.



[144]

[145]

of more than one minute without increased visible skin redness is only
possible with auxiliary means, insulating substances or additional
apparatuses. [142] The reactor accidi g to the application can comprise
a vertical cylindrical basic body. The upper base can be formed as a

to @éﬂ}ﬁ%@i&@%ﬁn Inethe SRRRIdR8d s RaferaRiYsID e PRaL Rale @t or a
icula

part ly preferred in the upper two thirds, it can comprise a conical

I
folt NIt 4 9By Jrowity tidteteAtdiaraaareesHt of s reaction

CoRgxalBReERISA KRB INRNILSS A ABEIBriadhe teasiRhaxis ah#dmediate,
degrees, preferably smaller than 40 deﬁtlgrees, and particularly preferred
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placement of the nozzle for the supply of the reaction mixture can be
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outlet nozzle which is approximately in the centre of the base or the cone
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stream mixers %rjet vaccum pumps and full jet nozzles, the ratio of the
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[14%?[] A membprane reactor is an apparatus which allows the combination
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too large, the loop flow can collapse. The diameter of the insertion tube can
thereby be approximately a quarter up to a third, at the most half of the diameter
of the reactor. The guide tube can be positioned with a distance of approximately
a third, preferably of a fourth from the reactor base.

Reductive relationships are present in the reaction mixture. Due to the acid
environment, the presence of corrosive substances such as chlorine, high
temperatures and pressures, the surfaces which come into contact with the reaction
mixture under operating conditions, are at risk of corrosion. Thereby, wear can
appear in particular during long-term operation through localized corrosion. Either
firmly installed membrane parts or a fluid-permeable cartridge are used in

dependence on the diameter for minimizing corrosion.

Membrane parts consist of perforated elements, preferably metal sheets which



phase. Thereby, a higher solid concentration can be achieved in the

reaction mixture. The reaction mixture is transferred into a loop reactor in
dependence on the solid content ai’Re state of the conversion process.
The reaction mixture flows thereby through a radial inner cylinder section

axialp I Aeah KR e ie pancuIBX A Yalt f3@0R01 RRRARIE Akestiatent Nene
inner tube can for example be provided with heat exchanger elements

wHBH A gasisepeabitsatadss absaconristatiner fRrtetasthigretilico
thusapakiatiaiaRivaPRIRtH iR Bieied PR FeNahiuRvisnalsowsaiedn flow into

insertion or guide tube. The diameter of the guide tube influences the
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parts cansist of perforated elements, preferaply metal sheets which 35/7
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metallic components, through which.the purified prqpellant, solvent or

WA O 0 P A S TERP ATy graoty tsed. A
fluiepeiue ablamsstiggads ssad iesheaagyely, this primarily depends on

the digmeter. of the respective reaction vessel and the tolerances durin%11

[146] the prOLERAING KA AHSEIORHY KO IRE Rl Bt eoP?BS’Ec?R%S%&? Plasticsv®
metaigiirPatitidl ptdacdmietatiippedwichnaiatiadigariche inner wall of the

polytetrafluoroethyl nd. preferably stainless steel and particularly
S UL 1 et BB B ¥ HGER Efforane
paptsdn@inanside tsdiadigossiniendaderibisioocagling habsianaesl e
car{ier materials. The coating usually goes beyond a simple removable

cal W&élér%f polytetrafluoroethylene which it is
[147] Alternatively, a stainless steel casing, comparable to a heat exchanger plate

system, is deposited either on the outer or inner stainless steel layers of the reactor
or the cartridge. The steel plates are connected by punctiform or linear welding,
whereby the non-welded areas outlining the flow passages are expanded or
“pillowed” by the injection of a high-pressure medium in between the parts or
sheet plates, through which a tempering liquid or heat exchange medium can be
passed through the passageway. Different media can then be passed through these
cavities. These media can also serve as heat carriers, which can be among
sufficiently processed process water, fresh water or water vapor or thermal oil.
[148] So as to minimize the pressure load of the stainless steel casing which is turned
towards the reactor space, apparatuses are used by which a pressure difference as

small as possible arises between the cavity and the reactor space. Possible
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for example used with autoclaves on the laboratory scale. Chemical,
mechanical, thermal and thermo-mechanical methods are used for
applying the coating. The materialt®/ 62 applied, the carrier material
and/or the adhesive agent are thereby present in a gaseous, dissolved or
SOURLLQHO RRINAII: O ae Sy @uinec HRYGHS: a5 A AIPIS Wadiiahich
ve ocif%/.ox -fuel (HVOF) method are preferably used. A technique for
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Alternatively, a stainless steel casing, comparable tg a heat exchanger
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punctiform or linear welding, whereby the non-welded areas outlining the
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minimized by the number and size of the inlet and outlet nozzles.

The cartridge or the membrane parts of steel or particularly stainless steel
especially austenitic steels and especially preferred of steels having increasing
chromium and molybdenum contents of the groups 6, 7 and 8 or also duplex steels
(DIN names amongst others 1.4571 (1.4404), 1.4435, 1.4539, 1.4439, 1.4462,
1.4529, 1.4501). If more demanding reaction conditions are chosen, copper nickel
alloys, high molybdenum containing nickel alloys as e.g. 2.4610, and titanium are
to be used for example. The wall thickness of the cartridge is designed in such a
manner that the cartridge can be exposed to a differential pressure of 2, preferably
4 and particularly preferred of 6 bar.

There will be a collection of solid parts by sedimentation and the effect of

gravity, particularly in the base region, with the danger of caking and blockage.



welding circuits by a laser seam, so that an even distribution of the
tempering medium is ensured in the casing. The pressure which is
present in this tempering system eXdddds the inner pressure of the
reactor by up to 6 bars. The outer casing of the cartridge abuts the inner

sideefcthbe-Peapaursowes sehiiadiin-A hatn@livabrate SRRt RoPertosalRE
grid or webs. The cartridge c_om%rises regular bores with a diameter of
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and/or after occurrence of signs of wear, a casing is connected by a
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casing at the same time. The inner casing has a thickness of 1 to 1.5 mm
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outlet nozzles. [151] The cartridge or the membrane parts of steel or
patheasny Lesiitdihsteel especially austenitic steels and especially
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contents of the groups 6, 7 and 8 gr also duplex steels (DIN names
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alloys, high malybdenum containing nickel alloys as e.g. 2.46 10, and
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designathinslehtdomannes shatdhecanilidgeeparbe expesadii®a this, a
differential pressure of 2, preferably 4 and particularly preferred of 6 bar.
LS5 T e Se i s Ot Sl OBy BSOS i of
efidethef eghigvilinopapticallary ithéhe deaseakegind ovivarthe dange seffsakioghe
and blockage. 37/73 These prevent a smooth heat.exchange and
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conditioning.

A cavity sealed from the inner space of the reactor is left between the reactor
wall and the membrane parts which serves for the guidance of solvents, water or
water vapor. The overpressure of the process water exiting from the bores is
always high enough so that a penetration of reaction mixture is prevented. The
strength of the membrane parts or the cartridge wall is designed in such a manner
that the wall strength fulfills the demands of the pressure differences between the
inner and outer side. The membrane parts or the cavities which they form with the
pressure vessel wall can be divided into zones which for example comprise a
concentric surface in the cone or in the base region. These are characterized by
different pressure stages. The different pressure stages materialize for example

through valves or separate pumping systems. Deposits and caking by gravity-
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or into the component by means of laser and have diameters between 200
and 10 micrometers, also between 100 and 20 micrometers, and also

between 50 and 25 micrometers. PRE Roles are preferably funnel-shaped,
so that the diameter of the holes has at least double the size at the outlet
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enables an optimized heat transfer. The axis of the holes is almost
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water, fresh water or water vapor is passed through the holes from the
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serve at the same time as a tempering means and propellant. Process
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valid for feed water and vessel water are aimed at for the conditioning.
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reagtian wikemaspievented. The strength of the membrane parts or the
cartridge wall is designed in such a manner that the wall strength fulfills

the BRSBTS HifErEACHS T SRPERHTIREC NP ARdgGeaT of the
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stages materjalize for example through valves qr separate pumpin
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corrosion, the jnne e, rticular the base or the cone of th :
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reduction of the surface roughness. Alternatively or additionally to the
Ul Y R EAT SRS e RERG R g e outeracted. At feasfone,
and preferably more or a combination of different tempering systems are used
which are driven in a mechanical, electrical or chemical manner. In addition or
alternatively to the process water systems mentioned below, the tempering system
of the reactor consists for example of a double wall construction, a screw-in
radiator, heating and cooling coils or fins introduced into the reactor or half-tube
coils welded to the outer wall. Alternatively or additionally, a heat exchanger plate
system can be used depending on the construction and the chosen material.
Process water and/or a thermal oil are preferably used as heat energy carrier or
tempering medium for tempering systems which are flown through and closed to
the inner space of the reactor.

The combination, positioning, design and control of the respective tempering

system results from the process procedure and particularly depend on the
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methods are employed after the usual pretreatment, also electrochemical
abrasion methods, or also anodic abrasion of metal in an electrolyte
specially adjusted with regard to thehdterial. [156] During the chemical
conversion reaction, approximately 5 to 34 percent of the energy

cogipipesl i dhe feeetsnalrtiaiis 1RIPpRRAIRAyERimE DRIANIAMERHRR the

other processes with heat requirement within or outside the process via
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plant. Qutside the process or the plant, the energy can be used for
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initiating the chemical conversion process shall be added, but also the
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the reactor can therewith be counteracted. At least one, and preferably
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alternatively to the process water systems mentioned below, the
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homogeneous as possible, depends on the state of the process, the feed material,
the solid concentrations and the requirements which are made of the reaction
product. An agitation or suspension takes place continually or intermittently for
the purpose of heat exchange, intensifying of the educt contact and or the purpose
of the better disintegration of for example layers with a high content of lignin or
cellulose which are still crosslinked, even distribution of the reactants and mainly
of the catalyst mixture and venting of the reaction mixture. The sedimentations are
dissolved at the same time, loosened, and a thrombusus and agglomerate
formation is counteracted. The reaction progress is thereby influenced in an
altogether positive manner. That is, the more thorough and the more even the
mixing procedure, the faster the reaction procedure, and the more homogenous the

reaction product. At least one or several, and in particular a combination of
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can thereby additionally be optimized, by for example decreasing the
concentration of certain inorganic substances. The introduction can
advantageously be a tempering mé&ﬂrﬁ in particular by injecting
tempered water or recycled process water at locations which are critical

withfregatdix the s{siperaty end/oe \Kﬁm&ﬁriﬁgvia?o?éjﬁé‘ﬂ@ﬂﬁW&%U@HﬁQpace
via the process procedure. In addition to the combination of feed material,
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essential element of the temperature control.?£158] During the progress of
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changes can be attributed to chemical reactions and structural changes of
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mainly of the catalyst mixture and venting of the reaction mixture. The
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progress is thereby influenced in an altogether positiye manner. That.is,
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propellant and/or tempering means can pass through. Propellants and/or tempering
means are preferably added almost continually and/or in intervals for the
suspension and homogenization. The positioning of the liquid jet systems and in
particular of jet vacuum pumps or liquid jet mixers is chosen so that a formation
of a liquid stream results for example in the form of a vertical loop stream. With
reactors having a diameter-height ratio of 1:2, a loop stream can also be formed in
the shape of an eight, or with corresponding heights, further loops which run
transversely to the vertical. Liquid jet mixers or jet vacuum pumps are preferably
positioned in the top half, especially in the upper third, whereby the propellant jet
is directed downwards almost parallel to the reactor axis. Several liquid jet mixers

or jet vacuum pumps are connected in series with larger or higher reactors, in

particular from a diameter-height ratio of 1:3, that is, they are connected in series



agitation systems. The essential disadvantage, in addition to the high cost,
is the susceptibility to failure and the higher maintenance compared to
mixing systems without moved paflty Pcihe reaction space. [159] Jet
vacuum pumps or liquid jet mixers, pumps and nozzles are among liquid
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require less maintenance. Liquid jet systems can serve as mixing
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means, so as to suspend and homogenize the reactor content, Further
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axis. Several I'ciw e mixer%gor jet \b/acuurTg)dJma}s re connected in
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manner that t ropellant jet is stren theneéj effectively in one direction,
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hepgbipettadt and tempering means. Alternatively, intake or suction openings of the
mixers in danger of blockage and deposits are kept free with their own propellant
stream circuit and/or are equipped with a mechanism for the short-term flow
reversal. For the control of these nozzles, flowmeters, manometers and valves
serve which react to blockages for example by pressure changes in the suction
region. A mixed reaction mixture supply for the suction slots or suction openings
of the mixers in danger of blockage and deposits can be realized by a divided
propellant stream supply: one part is sucked in directly from the reactor, another
part is filtered coarsely and sucked from the upper reactor part. The propellant
stream supply is controlled and switched via valves, so that propellant is saved for

example when operating problems occur or the level of treated purified water

reaches low levels.



number of the liquid jet mixers, the accelerated stream of which is directed
downwards to the reactor base, respectively the same. One or several
liquid jet mixers or jet vacuum purﬁ&é@re positioned just above the base
region or the cone, so that the stream is directed tangentially over the
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vacuum pumps are positioned immediately next to the outlet nozzle in the
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can be supplied with their own process water supply, whereby the

prBE@ss water only needs to be treated coarsely for this purpose. Sieves,
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Thgq@coaise treatment is faster and practically immedjately without or with

esOEHANY PONFSAHAY oL DBANNE I PHE B LOMa O eRRYith
of tirepeftant anchienpeliagime prsciiernativelyidotake aestehieRring the

openings of the mixers in danger of blockage and depgsits are kept free
witFAHET ST AR ﬁ&ﬂ%hes’iEﬁ?ﬁ“&ﬁc‘{ﬁﬁsﬁt\%ﬂ&%é%&Hﬁﬁﬂ;‘é(o%\ﬂfﬁaémg the

megbanispéarphatshok teinadioyadevessakofiob ki gopieskofctheste can for

nozzles, fl?fwmet rs, manometers andiﬁlves serve Whhc):h, react to . .

DIGERIAE DG HESLAN e Y5 AREERAT A R ABRATHES S VERChinto the

Mixedr gaeieasy mbdtdehsunplylicsde suehen Hietsleirsug pocopanringsareitd
the mixers in. danger (if bloc e and de Ofits can be realized la)# iﬁ‘
%T om'the

i e L s an B omepa e Lo st Rkt

reapiatirpnppantpachisiiteredtaraahoriyl Shekadstiamanetippenperature

G AR AP TR R

ocaiishoutdenaygét @tHedaie: mlariﬁﬁdlw&tedsaf:m@ehpsylw tenitsrsdit/ 3

el b e SRS loclel Dk e 1,

whichdepo sits catrd tachla 39 0snits e thrieveniade Aabontthimopis priesdittdayer

O iR RISSST 1 8L ot SYoterts £ oRRes 1o 0 i tyer
shrinks and becomes brittle. At the same time, the dry ice pellets evaporate and
suddenly extend up to 700 times which blasts the dirt layer from the surface. The
elaborate reconditioning or disposal of a cleaning medium is unnecessary by the
use of a dry ice jet. Environmentally harmful organic solvents and halogenated
carbohydrates become superfluous. A further decisive advantage results by the dry
ice pellets being dissolved in air: A division and an external cleaning of plant
components often becomes superfluous. A dry ice jet is preferably used as a dive
snorkel system. It is introduced into the reactor via a hand hole at a central
position and is docked to a holding system which was positioned previously. The
dry ice pellets are directed towards the locations to be cleaned by means of a
rotating spraying device.

A liquid or gaseous medium as for example water, reconditioned or treated



[164]

[165]

backflow of the reaction mixture into the mixers, pumps and nozzles. A
deceleration or standstill accelerates the deposit and sedimentation
process of the solid reaction prodlﬁ‘&g@vhich accumulate thereby
increasingly in the lower reactor part. [162] During the chemical
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reactor and the mountings and parts which come into contact with the
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or a valve. The cleaning procedure is carried out under direct visual
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and an external cleaning.of plant components often becomes . . .
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precipitation of certain materials takes place with increasing concentrations.
Inorganic materials and compounds, for example sulfate and chloride, can thus
precipitate as salts and thereby influence the process procedure and the reactor
components unfavorably. The part of organic carbon compounds in the liquid
phase can be above 50g per liter. The chemical oxygen demand (COD) value of
the process water is already in the higher 5 digit region (mg O2/1) without
recycling and thereby significantly exceeds the legal introduction boundary
values. The chemical oxygen demand (COD) is to be generally understood as the
amount of oxygen that is necessary to chemically oxidize all organic contents of a
defined material amount.

A process water fraction of 10 to 35 percent, also from 35 to 60 percent, or also

from 60 to 85 percent is recycled in dependence on the moisture content of the
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mixers, pumps and nozzles are not blocked and the wear of reactor tube,
pump components and other mountings is minimized. The temperature of
the propellant is adjusted with the%e{l&of a heat exchanger, so that its
introduction serves for the control of the process temperature. The

prepellaRtdampsi M- prRAGIDRASIA: therkaRadtsidadfithgd eamko)adhost
a similag)resssure as within the reactor(s). If the tempering function of
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process water, fresh water, water vapor or water from other. processes
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Wateblt erteir?t’ r%ec‘:tgggétc%lg %rgsgé Egrs %ﬂgtcif)ego%flttlgg of the solid materials and in
particular the reaction products in the reaction mixture. The solid-liquid separation
serves for the separation of the liquid phase, whereby a concentration of the solids
is achieved. Different sifting processes (coarse sifting, fine sifting), filtration
processes and/or the deposition by centrifugal force by means of a cyclone can be
combined with one another for the separation of the solids. So as to reduce the
effort of a filtration or the sifting during the process, one or several filtration or
sifting processes are carried out within the scope of the pretreatment.

From these two methods, at least one coarse or one fine filtration or a
combination of these two methods can take place. By means of the filtration
methods, in particular micro and/or ultrafiltration method or a combination of
both, one third to two thirds of the total organic carbon compounds can be

removed from the process water. The solid-liquid separation is preferably carried



process water circuit is only possible in a limited manner with the aim to
save fresh water and to reduce the waste water volume. For, in addition
to the accumulation of organic car‘f‘)@/r?%ompounds, an enrichment of
inorganic materials such as sulfate, nitrate, calcium, chlorine,
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concentrations accelerate the corrosion. Lime deposits disrupt the flow in
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thereby. Sulfates can precipitate. The duration of the accumulation or .
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lasts several hours. During this time, complex chemical processes

cotti®tted with material changes take place which have to be considered

[169] for thereptimizationafdhenpiase $rREacethaadrifferanttibhamohRiomassin
are supplied in intervals in the first two to three process phases.
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Propellant or tempering means as for.example a gas, water, in particular
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reactjon .pro.ducf in the reaction mixture, The solid-liquid separation . .
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papdrefdtgarated, and thereby the choice of the methods chosen for the separation
depend on the process procedure and on the characteristics of the desired reaction
product. The further the process has progressed and the higher the density of the
reaction product, the easier it is to carry out the separation process. The separation
preferably takes place near the operating conditions. The solid amount in the
filtrate usually sinks proportionally to the pore size and can increase significantly
by the use of an ultrafiltration method and be over two thirds to four fifth. One or
several apparatuses for the solid-liquid separation are integrated into the process
for the elimination of sand and other contraries with a high density or a high
weight which become separable in the course of the treatment of the biomass. The

use of the principle of the centrifugal force separation of solids is particularly

advantageous for the cleaning of the process water which is used as propellant jet
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as are for example used on a laboratory scale. The choice of the used
methods depends amongst others an the chemical composition, particle
size distribution, density, particle féﬁjr?,%irmness and solubility and
includes the use of electrical currents and loads, different densities and
censifigrtigyraspd:AiftersntRariglzosiEgs. [169] The dynamic, static,
vacuum, pressure and sterile filtration, amongst them in particular the
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apparatuses are used where the underlying method or function principle of
hy RBISHEheR e 9 {HES }@@@P&%ﬂl&ﬂfﬁa@%ﬁé%w%ﬁ%t}w&f or
angléafedibration wathadsdissade TinewieieseditibratepmathRds$i@ing. At
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membrane filters are preferably used. The  preferred material which is

re BFUITSbIBTR ARG RERTTH 0N B pOYEY UbhdiSfs O UM R Ry ifual or a

pactisttmgireesaivicserasfoom Rfdha pareaterBpgosatpsiatis qreketadly
disk-shaped. Eepending on the filtration method used and materials
inttSltReal t ‘E%afé%f%%éy&”‘pFjéee?ﬁoﬁeﬁ?o‘?ﬁ?ﬁdﬁ%ﬂr?’éﬁbl%fiﬁ%gé‘@zf@rotpe

thecfilinsratind daa pRliduiretondbiniibedikais, sbhisappréigulariyaprplbesigtbe
use gf ceramic materials for the filter elements. The agqueous phase is
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the pore.size and can increase significantly. by the use of an ultrafiltration
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mineral material concentrations as for example calcium. So as to be able to return
a part of the process water as high as possible, a particularly effective combination
of different methods and apparatuses is to be used.

The apparatus for the mechanical waste water cleaning is a filter, preferably a
microfilter and especially an ultrafilter, and can be congruent with the methods for
the solid-liquid separation described above. The apparatus for the solid-liquid
separation, into which the filter(s) are built, is preferably a rotation disk filter and
especially a centrifugal membrane filter. For the biological cleaning of the process
or waste water, an apparatus is used which soonest satisfies the complex
requirements for cleaning or treatment. For example, an apparatus in the steel

construction manner is to be used preferably, for example a high performance

bioreactor in the biomembrane method, preferably an aerobic process water



medium to protect pumps, mixers and nozzles. [170] Process water is
withdrawn for reconditioning or treatment during the process at one or
several locations from the upper hé‘]?,%?eferably from the upper third,
particularly preferred from the upper quarter of the reactor. Reconditioned
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recycling, At least one and preferably several %rocess water reservoirs
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pressure load of the reactors, so that pressure reduction degree and heat
extSHRsl aphariisse@hre not compellingly necessary. A process water
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[176] aerobicspticesskaateis used for reducing the water content under the action of
gravity with or without mechanical rotating apparatus or a raking machine, for
example a stationary thickener or a throughput thickener. The control of the
supply amount can be made by a dosing device. The device enables to dispense
the thickened mixture evenly dosed and to several machines with a
correspondingly high volume. The thickener can also be integrated directly into
the drying apparatus. An advantageous design of the cone construction makes it
possible that the drying apparatus is charged directly with the mixture. External
installations can be foregone with a corresponding adjustment of the process
magnitudes. The mixture to be thickened can alternatively be introduced under

pressure to an arched sieve surface or a curved screen. The resulting centrifugal

force presses a part of the liquid through the sieve slots. The thickened mixture is
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47/73 treatment, especially a loop reactor. The loop reactor should have
an effective nozzle for mixing the solid and liquid phases in its design.
Alternatively or additionally to the 48f6Bic method, a reactor for the
anaerobic process water treatment or also reverse electrodialysis

(elegtiomlialysishempl sabheanbe UaRhn P asticy iy forbapliatecrecovery,
distillation, vaporization and/or jon exchange methods and active coal.
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employees, suppliers and residents. [173] The cooling of the reaction
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esired particle size. A continuous process is advantageous, where one or more

tray, drum or tunnel drier are used.

When a contact drier is used, essentially only the contact surface is available
for the heat transfer. A belt, vacuum belt, drum, screw, cylinder, roller or belt drier
and preferably a vacuum drum filter or drier is used. For achieving lower moisture
contents, a disk drier can alternatively or additionally be used, depending on the
throughput. The drying process can take place by means of a hot gaseous medium
as for example air at temperatures between 61 and 95 degrees centigrade,
preferably between 65 and 90 degrees centigrade and further preferred between 70
and 85 degrees centigrade. Alternatively, overheated water vapor and particularly
preferred water vapor having a temperature of 130 to 180 degrees centigrade is
used above all in the thermal drying apparatuses.

A combined mechanical-thermal method can be used for the separation or for
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force presses a part of the liquid through the sieve slots. The thickened
mixture is 48/73 combined at the end_of the sift course and fed to the
drying appliance. A hydrocyclone FRER a further advantageous
separation method, in which solid and liquid are separated by centrifugal

acgglgratipn: dhashickeradivistinednitendngRitiawdsmpheliad tRethe
drying apparatus and the processed or clarified liquid leaves the
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Fuels ranging from peat-like, over lignite-like to black coal-like fuels, humus,
Maillard- or Maillard-like reaction products, carbon-containing materials such as
insulating materials, nano sponges, pellets, fibers, cables, active or sorption coal,
charcoal substitute material, highly compacted carbon products and materials and
in particular also feed material for graphite and graphite-containing or —like
products and carbon fibers and feed material for composite or fiber composite
materials.

Pure, purest and ultra pure coal-like materials belong to the products according
to the application. They have advantageous characteristics, which can mainly be
ascribed to the reduction of mineral materials compared to the feed material. Pure
coal is mainly to be understood the combustible part of the coal and purest coal is

also to be understood as active coal or charcoal. The mineral content of ultra pure



used above all in the thermal drying apparatuses. [179] A combined
mechanical-thermal method can be used for the separation or for 49/73
drying. The advantage of a mechaR¥{xhermal process compared to the
conventional methods is a significantly lower residual moisture of the

pregudl M&rﬁﬁm@ﬁﬂwm?@&@ﬁwy%lg}w transportability of the
product is achieved, especially with fine particle or nanosystems. It is a
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[185] Figure 2 shows a section of the wall region of the reactor 2 according to figure
1. The reactor wall 20 is formed in a double-walled manner, whereby the reactor
wall 20 consists of an outer wall layer 21 and an inner wall layer 22. The inner
wall layer 22 is provided with a membrane part 23 at the edge of the reaction
space 4, which can for example be a perforated metal sheet or a membrane metal
sheet, but also a heat exchanger plate. The membrane part 23 can either be fitted
into the reactor or mounted to the inner wall layer 22, for example welded. The
outer wall layer 21 and the inner wall layer 22 have a distance from one another,
so that a cavity 24 is present between these two wall layers. A thermal oil can for
example be present in the cavity 24, as is used for example for the transfer of heat
energy in heat transfer plants. The thermal oil is heated and introduced into the
cavity 24, so as to heat the inner space of the reactor. This takes place in a closed

circuit. The advantage of thermal oil compared to water is thereby its significantly



[186]
[187]

[188]

[189]

[190]

ascribed to the reduction of mineral materials compared to the feed
material. Pure coal is mainly to be understood the combustible part of the
coal and purest coal is also to be @ld&tstood as active coal or charcoal.
The mineral content of ultra pure 50/73 coal is for example under 0.1

pekcart by veighi il 84lirioHrieripshaws an U leiitheadfacior?.

The reactor 2 consists of a cylindrical basic body 3 including a reaction
spitther iavibattidh e Re RgabiBR e e b 6 1 2PSb R diwar 22-
Mixseufaicexaniie PiRmassor e Feapidbrlo LMY watAalilesn foF thample

solid-liquid mixture and an outlet branch 6, from which intermediate,

setSNSYSEH Bha (SBRRIES SxHTR 1EMBVRERSARIMET actichnapabe g, metal

Thesepstarpérihatcaamm isehmpaepiae: fendprdaath t IREdAaHid smxtuebe at
The device is a stirring apparatus 7 in the. embodiment shown here, with

whidRtHLEhbTAbRYGith FrvkessRre 4R the TerslandiRang thecthakRferRmpepeRts of

pracessifigon Mexieactal RUEther Gemprsep@ eylinddeataiddeaondasert
tube 8 which guides or. controls the flow of the solid-liquid mixture in the

reSRROHIAPLEEDE feaatiin sparo* 2 taitRIAN AL ST es WhBRIR Banical

Mixieg Repe RS Inctisiler or af jelsivacesiftapumpaidisigrieitimixarcBated
The reactor 2 is further equipped with a filter apparatus with which solid
cobiie BriTERkined in the reaction space 4. Via the filter apparatus

10 amdgie Bngdvls prasesspMrinsiisifialiwatescamde ovithdaawn from the
reaction space 4 and (t/ed to a reservoir 12. The industrial water can either
be suPEBUHIORE ﬁ?@tﬁ‘%%‘ﬂrﬁ?ﬁ“&%@rﬁ’&%ﬁéﬁﬁ%ﬁé‘? LAY IRBREHYS
thesolia digpdaldetixbuse ihethpsaaatiomspacsd Macthelisebploncpslbe
introduced as clean water into a further reservaoir via.&cﬁne filter 14.

FrOMPRTES TRV ESEV BT A TBO O BRAN S RELRSERNAE L Ah BiRER fie fuel

retuisisgl. to reactor 2 via the line 16 or supplied to the waste water via line
17.[185] Figure 2 sh?ws a section.of the wall region of the reactor 2.

according T HTPEMLIOF S RIQSHST R P DB R 38 AR AR A IEOWRIES
maondisibe byt (M ¢ Fastoindsilk 20fehe sisisbab twh AlikRrinvedl ey ik es are

and.an inper wall layer 22. The.inner wall layer 22 is provided with a
BTN Al 5 AOTHE bl B 208 FOREO St RGPS A s
exapplenieaacpetfosaiechenatansivacton bemambianeniiildsheatrbuie

I heat late. T b t 23 ither be fitted
e i At R T S
Thdaoubde peiki fayerc? haoddihg ionk: appllitayien 22 doaygpaddisthraeatromatic
one ano%her so that a cggi%h%(i)?n ;)tLesent betwee& Stl}g.ese two wall layers.

A BREAHAHIPELGY e ¢ combuston
During the energy generation from dust-like fuels, the plant according to the

application for the combustion of dust comprises a coal power plant or a coal dust
combustion with at least one steam turbine or a supercritical coal-fired power
plant. For achieving high efficiencies, the combustion process takes place at
temperatures as high as possible of more than 600 degrees centigrade, or more
than 650 degrees centigrade, and in a further example of the embodiment more
than 700 degrees centigrade. Further efficiency increase in the high temperature
region can for example be used by the use of modern power plant technologies, so
that a combined gas steam turbine process with an efficiency as high as possible
can be realized for current production higher than 43 percent, or higher than 46
percent, or in a further example of the embodiment 49 percent — 55 percent.

The integrated gasification combined cycle (IGCC) with integrated coal



example be present in the cavity 24, as is used for example for the
transfer of heat energy in heat transfer plants. The thermal oil is heated
and introduced into the cavity 24, 6/48 to heat the inner space of the
reactor. This takes place in a closed circuit. The advantage of thermal oil

copapgreitn Walaris therekwmibasigRifeamp RMG A BINEE hriing BPiNe
so that a temperature of up to 300 C can be reached. A further cavity 25

is BRI InBYRIAeAiH25d PeheantPiREAR MR tay R Ul athidhirther
cayithudaiaeyesdaithe fereRiopaf & pdisiates st KBRS aalso

be used as a tempering system. If the membrane part 23 is a membrane

m&tREIHELCOmBIBRIRST RRCh 8L HE R bilkks trRpiRsdorelgpager such
Cayifthe plodsui Qe pllviaasiatadl b abavedh eppessure in the reaction

space 4, so that no components of the reaction mixture can reach the

[191] cavity BEcpuRURS RGP BRI LOHBIEBH VRS RtER Shade"40
thadpnes waltilaveae Jxchuitnainly 106 deyeseb g fadt 2 epasirs af g
corrosion-resistant material or are at least coated with such a material. .
(1867 EiGuhe 3-SR0 destrreetigiafy sEhe firsigds Slsuuimarigh AopiaRtature is
[13¢}ighedcambustianmaidhthivels pieaciontprogucts genteated vthRive
apparat_ui can, in dependence on the type of the fuels, take place for .

exBRIBIE  BeRai ARl et DRLESSILD FAMRORSHASILELYas corrosive
prefigs ik heancRuteiatic fuekeupply: (H88]:.d issarangaientdgribeed to
production of energy can for example comprise a combustion plant. The
fofhP &Y QRS- IIIAE BSrDY LHORHR HAbETIBRE fIRTAEIST gies geajﬁg F8the
[192] ash copaficlAsdierasheegianiis witedwihiheousesd tikaApparaiuy 0,01

according to the invention, smaller combustion disk diameters ar )
RIS SRS STRVRASN DRGSR (e COMBUISLON HORRRE conained

comlgustian gakawithinpdligilfunaceracgorsling dppheatipplication is
equipped with an gutomatic apparatus for removin t?e ash fro tf#e .
11931 ComitBHEY LBo TN g e R o dbekike Hiehsis e
thagelantaaeosdingtodiheA apmieation fetlthe combissionadl auuates compared
comﬁ?ris s a coal ragoweg p{?ntt or a c%al %u t cgmbusti?n Wig] at least one
R el iRk s e P B e He LERBOM Righe
efiicéesiztabathtaanblsdespprianeks tidkerhplaaevaluiam pefaturas] asitighe
as possible of more than. 600 degrees centigrade, or more  tha {%5{0 .
PR Bt etk D SR et SR TGP n he
thansé 00 e grgrs genfigiadd. Fhithetelidienty narepgénthihBrkighse almost
teﬁ‘(?e%rr% rc%ange, thus, the entire heating value can be entirely converted into
electrical energy. The rate of utilization of the carbon fuel cell is therefore
theoretically up to 60 percent higher than with the hydrogen fuel cell. It is a
challenge to achieve the necessary particle densities for the carbon. The plant
according to the application offers the possibility to produce a coal-like fuel with a
particle size in the nanometer region for the carbon fuel cell.

[194] Synergies with other energy generation methods can be created by the common
use of apparatuses for energy generation, in particular of turbines, such as steam,
gas or wind turbines as they are for example used in wind towers. The
Dispatchable Wind Power System (DWPS) is among the renewable energies
where a common use of turbines and in particular of steam or gas turbines is
useful. Compressed air is thereby decompressed in a plenum chamber. This

compressed air is then additionally introduced into a turbine running already. The



[195]

[196]
[197]

[198]

[199]

[200]

[201]

[202]
[203]

region can for example be used by the use of modern power plant
technologies, so that a combined gas steam turbine process with an
efficiency as high as possible can f&alized for current production
higher than 43 percent, or higher than 46 percent, or in a further example

of ¢hgcRMBPRHIERRES By PRCERtdasHRAre eBénp RIS i nteg @B ine running

gasification combined cycle SGCC) with integrated coal 52/73  gasification

is alifebidonesniBs 8ot Haeprerfueedbip théd meitia anthia a further

applisapriofaut alseduidEr® Ped ermbystigstechniques, particularly the
circulating pressurized fluidized bed combustion combined cycle (PFBC)

and ESHEtTNFISIIRh QoM HEN S PRSI ABA AR FRABINS AGpElng to
poekSHIEEhtR hetReaasiirRe peitusrized prrlucen) by phanc (R tCihe i8] of

The combustion process should have a flue gas entry temperature of >
1,660 ad@é?éske%@mb?aa@yp@mw@{ Beodegriesdesitigrade, and

particutanytepiedatéatratlidPadearres centigrade. The flue gas cleanup at
high temperature is designed in such a manner that the particle content

and thRFeCYRE BRCHITRIET RIAESHAS OfnlrahRalIotR Rbding process

POlARSIUFBac 0 AutBElRediaty/ebamh eV esiiRr g pasRe S e PuafMIa s¥ehels,
an extent that the flue gas can immediatecllélgim? to aﬁas turbine, using
f

thEIRRTSNBIRF S BIEEAS BHER A Atdglardrbs reystitRie
CcopiieMicts INBIGARsNinolitids Sominpnmoiersryatalil pnietior Oc0AdMEImg,
I.n. can be realized by the provisign of a separatar for liquid slag contained
in SHEH0E &@%iﬂ%%@mmss% ShifsgToenal s aﬁ%@liaﬂ. &@%aﬂ%ﬁﬂer

wayifeshe prasilictianeiigurentoisprIBY iem Cwstlieridaispiaihes,use

of a carbon fuel cell. A carbon fuel cell has two distinct agvantages

oA Yo T B G R AL RS R L DR HAV IR R85

of eanbatharivdeprdbes sizectimpathiahofrarkydrogahdsioleguile pldiesgas process
volumes before and after the reaction have the same sjze in the case of
the RIS S e e A5 G T S AR T 2 Q5 4 B R A B SR R SRS
Thigameads dbiad-lhguehiepayativtherdicst el seoaling sindloesditidrihaigetfurther
thus, the entire heating value can be entirely converted into electrical

ertifySTRE FALCBFRIERSHTYE the carbon fuel cell is therefore
theoreiicialyidp dpetipes donthghaduttiaon yitb dbsihy drapecafurincelf. ciala
challenge to. achieve the .necessary particle densities for the carbon. The
IR AR S AL A S R Tl B y  Bacressine
cobddikerddettidat) kompatitiebigeinihe natometetttegiondonibeseadndmeat
fuel cell. {r1194] Synergies with other energy generation methods can be

cré’é?gas%y %he common

- operations for the production and processing of manure and manure means,
tire recycling plants;

- operations and production plants of the chemical industry, in particular for the
production and processing of products of air components and other materials in
gaseous and liquid form including oxygen, nitrogen and argon;

- water cleaning and desalinization plants, in particular using reverse osmosis;
or

- oil mills, refineries, plants for ethanol production.

For the heat and energy exchange and for using synergy potentials, the
utilization of the fuels and/or reaction products generated by the plant according to
the invention can be operated together with different power plant and energy

generation processes. For this, the following are particularly suitable:



use of apparatuses for energy generation, in particular of turbines, such
as steam, gas or wind turbines as they are for example used in wind
towers. The Dispatchable Wind Paﬁdlﬁsystem (DWPS) is among the
renewable energies where a common use of turbines and in particular of

[204] Steam ObglagdrBRes: islanetuh dng MHRIB SRE thaibistthes el daearpitiaed
in a plenum chamber. This compressed air is then additionally introduced

int® 8 SUSTRE ubiriAb aifeitizdrhedsor8u ettty e asedaathe the
ingegisHian RbeaRiassaduiiiG RIUANG MNBING Bieastsidare

than 20 to 200 percent, or 40 to 170 percent, and in a further example of

th SRR e BHAH t e S SPEFERY QD BINAHRILRY RPN oY iesoal fired
enaigpEIC) iscgriesatadhnd e 3ReRIRIHSIGRACkHING I dhe apRKEBHON

by the utilization of the fuels produced, in particular in the form of heat
arld/BF Ekectrical energy, can be one of the following devices: [196] remote

[205] and negishepésgpnatyork [197] processing and treatment processes of
feed material, water includingﬂgrocess water, reaction, intermediate,

[206] secondif) sat/Bn BrebiFrsahbis s kitiag B sranelscoah AT iining

[207] materiaignﬁgppm@ﬂglgﬁtg{l@ﬂlard or Maillard-like reaction products of
biomass including comminution, drying, dehydration, conditioning,

[208] ¢leaniig1AhBYSYAR MY processes for the removal of metal and contraries,

[209]in parfigitas shotadis snaiefialhdeemrample bonsrepnstaleyghpaiatus 1 for

[210]

separators, incubators, stirring or mixing systems, pumps, heating, supply
of UFHENE Hifor PIREE S ABH A GEF RS ERS ea R RS e s Rparatus

CONVeMiPEREAPRSERSIRIOT LS SoMRiaEIIRtR a8 MYREtRWates danTitienbagic
or treatmepé@gd air cleaning or treatment, so id-Ii(%Jid separatiog
proeE%SAEN MR REHED A ARASHITLS RIS R THREeSRLI A HIFPE RES S re
receyeiy THORh dtiohispiRk cpeiato fis: itk the giasiueti ey, fRedcessifiglancluding
treatment of metals and in particular of aluminum, ferro silicon, food, in
e ISRk RO ABERIAL DABR RSB EERENCHET AP BABPAT A e
antivitbpathoppaheuses atitl Mddic proeassingirkl 98pptipetatiaashioppbes for
praduction and processing of manure and manyre means, fire r ling
S0 BT ER e BB dh D S R i G i
pactigiandcoihd herbiductinpapdrpddasssing obhphedictiseafraiked intensively in
comé%onents and ot t%rials in. aseous.alnd Iigouid form inclu in%

a can

rma
ox§/ ﬁl%t?gﬁ%rﬁtgﬁ > ¥ggieby avxili materials as for example catalys

also be added (arrow 10). The biomass is then supplied to the reactors 3, 4 by
means of the pumping apparatus 11 via the line 12, and is further treated in their
reaction spaces 5 under pressure, for example 7 bar, and at a high temperature, for
example at least 160 °C. The adjustment of the necessary temperature in the
reaction spaces 5 is thereby ensured by the tempering system 13. The tempering
system 13 can for example comprise a device for heating a fluid, which is
supplied into or at the reactors 3, 4 by means of the pump 14 heat exchangers. The
feeding of the biomass into the successively arranged reactors 3, 4 is controlled by
the valve devices 15, 16.

After the treatment of the biomass, the reaction products are withdrawn from
the reactors 3, 4 and supplied to a separation apparatus 20, which separates the
solid reaction products from the liquid components. The liquid components are
supplied to a waste water conditioning plant 21 and are cleaned there in an

environmentally compatible manner. The still moist, solid reaction products are



[211]

[212]

[213]

[214]

[201] water cleaning and desalinization plants, in particular using reverse
osmosis; or [202] oil mills, refineries, plants for ethanol production. [203]
For the heat and energy exchange%z%or using synergy potentials, the
utilization of the fuels and/or reaction products generated by the plant

acKFSiNGPitheal Hﬁﬂ@%ﬁﬁﬁt@@&pﬁ@ﬁ%ﬂr@m wdthedifferait Rewaed
plant and energy generation processes. For this, the following are

pattiiGIHhS dRaiee. i ] peuE SRR AT IS WER D ESARS IR RER Y it
thedpiegraterpasHication cRrIbINed eyale dGaipoRelipiieiuidizetidiathre

combustion techniques, particularly the combined process with circulating

pré&Eg bR HegeEBABYS o LHIR BIREEER (PFBC) and
espegigdlycaphiRaiiantpowe Ry vt LAl SR rEeMbIathGYIER PANESO,

such as the pressurized pulverized coal combustion (PPCC). [205] - gas

polRIFBRERYSS [BBéRe romttusionrh thRfiEh Pradre s g8 &F\&I?F%éé‘i‘}s

oillanuh@Rsat KRYly HiensassibayRInalsd of (RO8bmBalAoRPNEH BRI heat
[209] Figure 3 shows a plant for the generation of e,n%r%y with an

apPAIGHOE Are8rCh A4l RS bib S LSt atndAQAGEMBRIY b etrrgyh the

geneiatiapof BendpRadatilisuch eafARHSESTWaJRasiNSeRerk ¢ ONARCBbIRe 32 is
series, which have a g:rélindrical basic bod%each which include
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biomass. The apparatus 1 further c mprisES c.omn]inuti n apparatuses in

th&RSTAICS RS pher SO R 7R BISHAR kS S Bt Bithe
chelppEihg fiestHbe TN avEe EROMPILEION (aKkaMp &) a dn@ isath@fgshinigaths and
mill?. for further commimtion.p‘([?h biomass Erelpar d in such a manner is
thed HEE8 § el SR8K 1 X Hiidd 5%‘65\?&1’8 PreoHdPiD | SORfagr v1aa

matgnmlsyasnfor example catalysts can also be added (arrow 10). The
biomass is.then, supplied to the reactors 3, 4 by means.of the p ing .
ppal R E UL ANG OSBRI R 16, RSN th i hebe e Syilgae
5 dodlag phessuies tathxamspledobdre ahehdta biglhdaniopgraitys, £6d are thus
(\r/?te nperature in

example at legst 160 C. The.adjustment of the necessar

petiaensa e S R R
Thinteinperdigs dydten Feaoddy exasogiddomptirenicdiyibeuiat maadiigs

a ];:Ilgjeilgh\a/l\(/réi%grit?ally gone into the aqueous phase. The degree to which this occurs
depends on the reaction or treatment conditions. In addition to the organic
dissolved and non-dissolved materials, inorganic materials such alkalis, metals,
salts and acids including humic acid-like materials, calcium, magnesium, chlorine,
iron, aluminum, phosphorous, potassium, sodium, nitrogen and their compounds
are also among the materials which are removed or available and more easily
accessible.

The solid carbonaceous components of the reaction product, which are present
as materials and/or fuels after the conversion reaction, have the following
characteristics amongst others:

The composition of the materials and/or fuels can be controlled by the reaction
procedure. The concentration of individual materials cannot readily be varied
selectively and independently of other materials offhand. However, different

material groups and parameters can be changed in the same direction. For

example, during a reduction of the sulfur content, the chlorine and ash content is



supplied into or at the reactors 3, 4 by means of the pump 14 heat
exchangers. The feeding of the biomass into the successively arranged
reactors 3, 4 is controlled by the vaRié Yevices 15, 16. [210] After the
treatment of the biomass, the reaction products are withdrawn from the

reariors dcdBndupphied i a separation apparatus 20, which separates
the solid reaction products from the liquid components. The liquid

[215] compB s aienstpprRgis Sxvasteseleasntitisimhg ividhe sarbpifiaerion
clggpeehihease icageanninanmAaty cerRaiieMsmaes3 Thecstill spaist,

solid reaction products are 55/73 Introduced into a drying apparatus 23

ViR AR At Haciion 95 hrglarecaiddryHeresig e e dhegtesidual

MQisiERIFRMENL0 tH&CIped R PO aMEISIRIE  dsUathe Foal evist@il. The
similar fuels. The fuels are temporarily stored in a fuel store 24 arranged
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2 tadie: eRaroyasmaradion sorepiissesup eoamdustieuatant 30, which
serves for the combustion of the fuels produced by means of the
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and to drive the turbig 32 with the water vapor generated in such a

madREErFHY: st EhligDI8MEss turbine 32 is supplied to the
[217] 9eneTdiot B anttis eanyaiietitteigleshical fRRE dyilyréaisdwhisho can for

example be fed to an electricity network (arrow 34). The flue gas .
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clganiirgmensd @51 Whishceamvisesdotexandenasiue gas

desulphurization.and a flue gas NO, removal device, befare it is
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couyrse qf the method or the chemical conversion process and are thus
m Sgeﬁggﬂ&%f’é“é RITRSHO R RGP AR AHE. R PBIE a2 é’sas‘ih’lﬁﬁ?is
in Pigteopi@ity thgdisselwienas prevdausly inaccessible or chemically
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221 ORI, B AR TSP AT T AT 5 3R e,
also 5 to 200 percent, or also 15 to 100 percent, compared to the feed material.

[222] The sulfur fraction of the material and/or fuel can be a fraction of that of the
biomass and is reduced by 1 to 300 percent, also 5 to 200 percent, or by 200 to
600 percent, or also 400 to over 1800 percent, compared to the feed material.

[223] The ash fraction of the material and/or fuel can be a fraction of the biomass and
is reduced by 1 to 100 percent, also 101 to 1000 percent, or also 1000 to over
3000 percent, compared to the feed material.

[224] The particulate matter of the material and/or fuel can be a fraction of the
biomass and is reduced by 1 to 200 percent, also 201 to 1500 percent, or also 1501
to 2000 percent, compared to the feed material.

[225] A reduction of the mineral parts and of the ash and particulate fine dust part

during the combustion to a multiple of for example considerably above 300



accessible. [213] The solid carbonaceous components of the reaction
product, which are present as materials and/or fuels after the conversion
reaction, have the following charat@istics amongst others: [214] The
composition of the materials and/or fuels can be controlled by the reaction

precrduiRal Be sRMeNtRUAN A infividust fraiedialmcanaahieadiyobene

varied selectively and independently of other materials offhand. However,

diffRFRHeNALEATHPE RIS BN peh AN QPP BT ONA YR MatsEidgefsurs by
dirgetiabrcay oeXaMHRIHobING e PR QS e GHdr Contentiitheontained in

chlorine and ash content is 56/73 also reduced at the same time. [215] In

differdRthiRaSTA ARhIRP AT ARDBY Wl ShERgNa S ARSES e cagiipihand are

fragigslvéar trasgdal Hiedaes (oydanan S48/ PegeWdaIOVS R dR GRiction
percent of the percentage mass fraction of the elements (drémass) and

wad the relpla prniskintatan actis albyde-cedtcst avenpidionakiodbe abrpged

thedeedsmakerial tihsolpxpags fraction was reduced up to half, and the
nitrogen fraction about a quarter, and the hydrogen fraction was reduced

[226] yp toraf5E U EER GRS FEPRA A S SH It RS s B ORbRRlEsasHon fgRetitions

fugleiaiinareiases daybba fnd@éh PAIGEMtbalsehRVda, JHIPEKCRBEeRhalSOto 10
100 to 300 percent, in particular by 200 to 3Q0 percent, compared to the
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preferred 10 to 120 percent, in particular by 50 tq 100 percent, compared
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percent. The carbon fraction.can, in dependence qn the reactjon .
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oVRIe8S percent. [219] The hydrogen fraction of the material and/or fuel is
reduced by 1 to 300 percent, also 5 tg 200 percent, or also 20 to 100 .
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[228] If carbohydrate-containing biomass such as grain, sweet corn or sugar is used
as feed material, the fuel value of the material and/or of the fuel is about 65 to 85
percent, or, in another example of the embodiment, 70 to 80 percent, compared to
the feed material. The less carbohydrate is contained in the feed material, the
lower is the energy release during the conversion reaction. This involves a higher
fuel value of the reaction product at the same time, compared to the feed material.

[229] The energy contents of the reaction product depending on the biomass used can
be described as follows in an exemplary manner:

[230] If lignocellulosic biomass such as cut greens or harvest waste is used as feed
material, the fuel value of the material and/or of the fuel is about 70 to 90 percent,
and also 75 to 85 percent, compared to the feed material.

[231] If biomass with a low carbohydrate, cellulose or lignin fraction as for example
clearing or sewage sludge is used as feed material, the fuel value of the material

and/or of the fuel is about 80 to 95 percent, and also 85 to 90 percent, compared to



biomass and is reduced by 1 to 300 percent, also 5 to 200 percent, or by

200 to 600 percent, or also 400 to over 1800 percent, compared to the

feed material. [223] The ash fractio?P0fthe material and/or fuel can be a

fraction of the biomass and is reduced by 1 to 100 percent, also 101 to

100Q rercriicAnlso 1000 to over 3000 percent, compared to the feed

material. [224] The particulate matter of the material and/or fuel can be a
[232] fractiBHref RHESShISHHES PAE GeFechiicRu sy Hita 6B pélfcRrn s Jsraple as

1500 Rersessiehalb e d PRhida A WPMRHe ProcettRararte fedeed industry or

material. [225] A reduction of the mineral parts and of the ash and
pattittithietime st Pistceilring the combustion to a multiple of for

[233] examyigneahfi Geraiiylabeye BOQ R IR opecestI kephhsenapiethbYahioh

fraction of process water. A thinning of the mentioned fractions of
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feed material and which are removed during the canversion reaction and
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thaitheifraciiomtefitherspbible pratesials nasr@éncdieatyrbe nadiereycle it is of
proportional to the supplied process water in the solid phase. [@éj] Even

Wnawrgsfsaleawgf%ﬁ#ﬁBﬁ@ﬁfI@lt&ﬁm%ﬂg@ﬁ%ﬁﬁm@iﬁm iqyifsphase

preyaatugheicasbian i asiiongan sifdesaohideenwiliclis] spaientem
5 ﬁg/)i 10 percent over. the one of the feed m?gerial. A carbon fractjon of 55,
to
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biomaisatanchible weasesstapied etii. DMVt ant@ ey opriatesFroaesshich
procedure, favorahle feed mater'%gi cludcﬁg adjustment of the catalyst
R RE S BRSPS HetL B B ORERTSHES be achieved,

[234] These otaplesigaiehehehydae eobopaiadjoutiit aidfesat nfuslsof@dA] After
the end of the conversion regbgtion, the carbon fracg'on of the material or

ariBe BB HAY PRy ARG R RS AR I RERRT T & Ht%?}?lé}}ﬁﬂe*’f%%lf’%?ffées
cafofinvehide cepasecoumimdepaidentiomer bealkis igjensad tiodngniken solid
reaction, as itjs gn expthermal reaction. In the reverse, altogether at least
LR TS P YA & RGP 01 Bl ASS AR e R e on
catinofeedratgcctnainibgh Bibn dasmition as gealnrdweetioarnrehsugar is
used_as feed ma erial,tpe uel Va]l?fff the material and/otro the fyt%jsg
abou?%% G58EY SAFRARY, ISP AIatHE %‘%8%%2}8 SPRERERbSS 7Y tB°
80rpetd@ntTaorpaigdcimtinually increases during the reaction procedure and

[235]

reaches a density comparable to black coal in dependence on the feed material and
the reaction procedure. While the density of most feed material is at 200 to 600
kg/m’, and occasionally to 800 kg/m’ (dry weight), the density of the reaction
product can reach above 900 to 1200 kg/m®, occasionally also values of 1250 to
1350 kg/m3, under the assumption that the air between the particles of the reaction
products is eliminated or pressed out.

[236] By virtue of the small particle size of the reaction product, a larger surface
results compared to the feed material. This makes the drying with the same
moisture content easier than with naturally occurring carbon compounds with a
comparable carbon content. The large surface contributes at the same time to a
lower ignition temperature.

[237] The differential characteristics of the reaction products are the presence of

Maillard or Maillard-like reaction products and the liquid and solid phase. The



the feed material. The less carbohydrate is contained in the feed material,
the lower is the energy release during the conversion reaction. This
involves a higher fuel value of the$3§c?ion product at the same time,
compared to the feed material. [229] The energy contents of the reaction

Progyst RSN e dbe BIAmAss \aesh GAth AR ARKLARETIAS falkayiein

an exemplary manner: [230] If lignocellulosic biomass such as cut greens

or Rt basicaliEcas ssdorhadermatinn reiMpdlifadorearsi on Easicts-
[238] and/ar ks, fdelliseRavt AR BAthsaphreand aisa Aatita8S bercaie

compared to the feed material. [231] If biomass with a low carbohydrate,
cefffIBE SIMRRPHAG ALHB A SRTRBARRANAREOBIEHBlor sewage sludge is

[239] used-asfeeorpRiligdathafugleyalue of the material and/or of the fuel is
about 80 to 95 percent, and also 85 to 90 percent, compared to 58/73 the

[240] feed mifetisplitor pupaneRisbRB coRYaTINRALRIQssH Hielisutifthy same

vessallg maniagr, for example as chemical basic and feed material for
further processing in the chemical industry or as fuel for a carbon fuel

[241] cell. [2B8PRUAESHRFHARPARO MBS IEsEIVEY Sratthef C8iagsRasd iiring
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nowg%resent in the pr_tt%ess water. Several minerals such as
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aggtasiNatasl/erfucicimisiohescoompivied Withcanlosebeslargyhingfor
than most known ﬁsolid fossil fuels, Further, aairownish or%aﬁ:k'@h
6{ T‘y ass,
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materials lower than water prior to the start of the reaction. The densit
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demsity @omipiatadie be hiadk@ocaldydependencihonciheifdet ondie dalband
compounds goes into the liquid phase. During the conversion reaction in the
reactor, practically hardly any noteworthy amounts of carbon dioxide or other
greenhouse gases are released.

[244] About 1 — 4 percent of the carbon of the feed material can go into the liquid
phase. The fraction thereby depends on the process procedure, in particular on the
carbon content of the feed material and on the liquid-solid ratio of the reaction
mixture.

[245] Carbon-containing nanomaterials and structures are formed by the reaction
procedure, in particular by the choice and composition of the feed material and
catalysts. These materials partially have useful material and surface
characteristics. Among these are for example nano-sponges which can be used as
water reservoirs or insulating materials.

[246] The so-called Maillard reaction during with heating processes such as baking,



[247]

[248]

the reaction procedure. While the density of most feed material is at 200
to 600 kg/m3, and occasionally to 800 kg/m3 (dry weight), the density of
the reaction product can reach abB9&/800 to 1200 kg/m3, occasionally
also values of 1250 to 1350 kg/m3, under the assumption that the air
betwagn (bR meticlasf e tRaptioinprorbie iselimibakes aispressed
out. [236] By virtue of the small particle size of the reaction product, a
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carbon compounds with a comparable carbon content. The large surface
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diffpsential gharestripsticmef thedeastionpigdidsiane the.pieseesarefformed
Maillard or Maillard-like reaction products and the liquid and solid phase.
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matssiabcdRenaday Ridnatiordsubasically eRnscieehia the Jarmationtaff the

Maillard reaction products. [238] - Improved electrical conductivity
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cognpaisblepcarbopaeniest. d2d8d.- Turf- to black coal-like fuel. [240] -
Less volatile components thar]éconventior:;al or fos%il, fuels with the same
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self-ignitjon temperatures than with comparable fossil fuels with a
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cosrpcibase atphadiubroasesbhcaivdsiiondharmaon patable-dasst duelys
havi,rt;]% a similarly high (i[arbon.fraction. [ Fggé Altogether, numerous .
adV4HAGRLYESulY HROShiSVEmNit O FASHHRE S TS FRagption is

reaktoredrotle ¢ Al dtS i taseniaitangfetinatie iieroiyable Amadori
characteristjcs compared to ¢ nventi?nal fugls. The .tr%%tment mg)eth(ig is
mEFALHTi LR AMACES KSR TN S0 o BB ik B RIS HTa P BB di®n
of Anaigsialsedaieratuaisiiiom Dipnpasseompaidditprithaonvaniignal
methods, for enge recovery from biomass. With the material conversion
of B 400 BIERREEGAS 19 (OS50 ROSHS B8 A NACIAR, THsHO B Aht o
peidenicelithl carbobndprddingd (NG fERd AGERrahTasses iettiike salid
corré'%onents.of ere%ction roduct, which can be used. for en

re

é@@f‘?%%sr oueh reartapectnent and polymerization. Due to tﬁg%/evelopment

path, there are very many different and complex forms of AGEs, whereby Ne-
(carboxymethyl) lysine (CML), furosine and pentosidine have been examined
most intensely up to now.

Maillard or Maillard-like reaction products are formed in high concentrations
during the hydrothermal carbonization. In the solid (amongst others solid) and in
the liquid phase (e.g. process water), there are relatively high concentrations of the
indicator substance CML, which are usually between 0.3 — 2 mmol/ mol lysine.
Higher concentrations are usually present in the liquid phase, that is, in the
process water, than in the solid phase of the reaction product. The concentrations
or concentration ratios depend on the solid-liquid ratio and on the composition of
the feed material and the process procedure. Antioxidant and chemo-preventive
characteristics are assigned to CML. It is therefore to be assumed that comparable
or similar characteristics can also be found with other intermediate, secondary or

reaction products of the hydrothermal carbonization, including the Maillard or



compounds goes into the liquid phase. During the conversion reaction in

the reactor, practically hardly any noteworthy amounts of carbon dioxide
or other greenhouse gases are reRX<et. [244] About 1 - 4 percent of the
carbon of the feed material can go into the liquid phase. The fraction

theraAERREES: OB BBRERSS procedure, in particular on the carbon
content of the feed material and on the liquid-solid ratio of the reaction
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the feed material and catalysts. These materials partially have useful
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substantial part of the food in products such as hread, coffee, malt, nuts
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The{eathatiteiaeidie Maillardataagtianmierana ehiffl pase ind dif plepen-
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(2525 reverSiti@ e sHe it BALEOm §ORRP; %ﬂb?eaéoﬁh"pgﬁ 4. HhEAMGtht
of ¢henl$ahidf deaps/depends directly on the glucose concentration, as the
product decays wijthin minutes, when glucose is removed from the

[253] reaction DFRE &S HISHRSRBIPYs “BiWered. The instable Schiff base further

[254] transferstfeéde miare &iablendahdousdiid dtind bigpiBasss is

)55 considerabl;(/1 slower, but,r%ls it is less re.verEsibIe, the Amadori product
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furthetereact to the end products of the Maillard reaction, the advanced
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detvelppimstn deal with them,

[257] o enables the ground to store the water in a sponge-like manner and limits
the evaporation to a minimum,

[258] o controls the chemical changing processes in the ground by adding lime
and organic manure,

[259] o releases organic acids, with which a highly alkaline ground is neutralized,

to release minerals, and

[260] e stores ammonia and other nitrogen compounds in a changeable and
usable form.
[261] Several positive characteristics are present unlike humus or turf, which has

formed naturally over a long periods of time:
[262] e The water binding capacity can be increased considerably by the process
procedure and exceeds that of natural humus or turf significantly. It can also be a

multiple thereof.



path, there are very many different and complex forms of AGEs, whereby
N (carboxymethyl) lysine (CML), furosine and pentosidine have been
examined most intensely up to no@g/[QS] Maillard or Maillard-like
reaction products are formed in high concentrations during the

[263] hydrothegnrak caRriRa#Reeri B ihersolit (RIADEP-oduers Sald)Radda dhde

liquid phase (e.g. process water), there are relatively high concentrations
of 4RBISALRMEGE et R dReeRIDHRM ArsasiuriiliFbetween 0.3 - 2 mmol/

[264] Mol lysiRgin FISBARKRAGEIHERIRNS B USURIMRBFantIpHhe awabahase,
that is, in the process water, than in the solid tphase of the reaction
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process procedure. Antioxidant and chemo-preventive characteristics are
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reaction products of the hydrothermal carbonization, including the Maillard
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by means of filtration, ultrafiltration and/or chromatographic m@%ods, in .
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hydrothermal carbonization, resulis by a compayrably shorter dwelling time
co?ﬂBHPiG ok i&%rm%m?sqfé@?%eﬁ mgHs gat &%ﬁa‘?ﬁx“é‘fﬂh as the

C?ﬁg@ééf%@%(;f&e&lﬁ@nlfﬁﬁ;ﬂ;ﬂ@bﬁﬂ&ﬂ?ﬂéd é@mﬂ@@t@tf}%@fﬂgfiﬂﬂi@ﬁ@?ﬁeﬂa lpsiced
of the feed material. The biopolymers are nat complet epolymerized.
The! rﬁfi SRR ArERRd RS {Régﬁﬁm&%‘ﬂ e ‘i%?b&??f‘r‘ EtoYof

at feast SRdother ReGEND AW A beaibodIveuihaideatichautadl, Mitkgeeks
and can he burnt well. [251] The humus produced according to the
m&IHB8Wthe application can partially have similar characteristics as

[265] naturahbuimtesi Al cdrabisiidllylalso duckaapaatlidg 32} ihpthdecis theagpdidaton
fram erasion hy rain, as the.water can percolate .evenly and deeply, [253]
i et A o R SR T R S ey
grohmdoa¢giatiesms, [255] o reduces the ground temperature in the summer

and increases it in the winter,
[266] e By the use of the method according to the application, turf- to black coal-

like fuel results from biomass.

[267] - The fuel value depends on the process procedure, in particular the reaction
duration. The fuel value increases with the reaction duration or the dwelling time in

the reactor.

[268] e Less volatile components than conventional or fossil fuels with the same

carbon fraction.

[269] e The energy yield up to coal is 0.7 — 0.95. The lower the carbohydrate content, the
higher the energy yield.

[270] 90 - 95 %: lignins or bacterial biomass.

[271] e The fuels are more reactive and have lower self-ignition temperatures than

comparable fossil fuel with a comparable carbon fraction of the total amount.



[256] o supplies the plants with nutrients, whereby it releases them so
slowly that the plants can deal with them, [257] o enables the ground to
store the water in a sponge-like m&MER and limits the evaporation to a
minimum, [258] o controls the chemical changing processes in the ground
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which a highly alkaline ground is neutralized, to release minerals, and
[289?‘%‘%6‘?& anad
anghpizathieoumniep deIpveial pasitiethameleiatic seahedc RNt dMPStion
humus or turf, which has formed naturally over a long periods of time:

[289 SHRERGISESTIBinding capacity can be increased considerably by the
process procedure and exceeds that of natural humus or turf significantly.
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combustion characteristics. [264] Certain materials can be enriched in the
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reaction mixture. This is desired during the utilization of the humus as
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procedure. Humus produced according to the application can be produced

addition, an

a
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[275]
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considerably faster than other known production methods of h S,
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or turf-like or

etectable 1npt%%tl_1](ili§1?d'gg aﬂgcl)silb t Vee SE)[]?dflg)llllgng igigthe reaction products.
Concentrations of 0.2 to over 1.5 mmol/mol lysine were measured, whereby higher
parts were measured in the liquid phase than in the solid phase. The distribution of
the concentrations depends on the feed material, the reaction conditions, and the

process procedure.

e After mining, fossil coal is present in clumps or, depending on the mining depth, in
relatively highly compressed agglomerates, which have to be comminuted with a
high energy effort. Further, it has to be dried and milled to a fine lignite or coal dust
in coal mills. Compared to this, materials and/or fuels after the end of the process are
present as small particles with a size of usually less than 1 millimeter to less than 30
nanometer and can be dried more easily due to their large surface. With this, the
energy effort for conditioning and in particular drying of fuels is considerably lower

compared to solid fossil coal.

e The combustion characteristics of the fuel are in particular more advantageous, not

only compared to fossil types of coal, but also compared to most of the currently



characteristics: [266] By the use of the method according to the
application, turf- to black coal- like fuel results from biomass. [267] The
fuel value depends on the process%/g(%dure, in particular the reaction
duration. The fuel value increases with the reaction duration or the

dweHiMb NTEelR MR KEREHIE 2P Blaletnss VAl coORRPOnesttsiRateral or all of the

conventional or fossil fuels with the same _carbon fraction. [269] The
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[271] The fuels are more reactive and have lower self-ih%nition
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black coal have indeed similar heating values compared to fuels which are
préfiReat By saAR B bHEYRLth 8LRE T ing to the application, but they
are distinctlig different to fuels with regard to the composition and
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the point of origin and mining area, so that every type of coal has unique
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material according to the application are all lower, %% t‘gﬁ fuel value
g

ustiafigss Orating XBBGS 909608 £ /kg° M@%ﬁamﬁ ‘Lausitz raw

lignite can_be generated independently of the water content. In contrast,
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[281] e The fine particulate matter and gas emissions are lower compared to the

[277]

feed material.

[282] e The combustion result is determined by the entirety of all parameters linked
to the process procedure, conditioning-dependent fuel quality and combustion

technique.

[283] e The fuel is a fuel with relatively uniform properties, the characteristics of
which can be calculated and controlled via the composition of the feed material and

the catalysts, as well as the process procedure

[284] e In addition to the differences in the combustion characteristics already
mentioned, these are additional differential characteristics to fossil fuels such as

black coal, lignite or peat.

[285] Pure, purest and ultra pure-like materials also belong to the products according

to the application. They have advantageous characteristics, which can mainly be



the concentrations depends on the feed material, the reaction conditions,
and the process procedure. [275] After mining, fossil coal is present in
clumps or, depending on the minin@sc%ﬁth, in relatively highly
compressed agglomerates, which have to be comminuted with a high
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dust in coal mills. Compared to this, materials and/or fuels after the end of
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to their large surface. With this, the energy effort for conditioning and in

palticeraraGiHRdST flib ¥ séeRbRETaERLbIY lower compared to solid fossil
coal. [276] The combustion characteristics of the fuel are in particular
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gaseous toxic substances including nitroign and sulfur oxides. This is
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on the feed material or the mixture of the feed materjal, on the proce

S
prBBEBNRFEY B e BHLRVAE ARSI BHTRE eaﬂqﬁﬁgfﬁ&daag?ﬁépﬁ%ﬁségrfacea

waigide T8l Feast eateimbwiiohighteastmeédat and energy content lead
to fuels with higher heating values. For example, during the processing of

[289] particulaslysiinite shidgesafiealmgiNalpenafitpdoubske 361\dHke sanibmg
achieved. [279] The ash content aﬁgr the combustion of the qu‘leith a
fuéPg&?ﬂBeB%%%?Q%‘%teaﬁ?ﬁaf D& DI ERHARD s e BUBRPLE ARG A HHYYeand
copopviedita twdderd material with a fuel value of 17 - 20 MJ/kg. [280]

The sulfur content following combustion of the fuel with a fuel value of 30

[290] - 33 MJ/kegTiBg educetidoytup fochPapectantanthénong comparedsto BieNBdd: to
material with a fuel vaJue of 17 - 20 MJ/kg. [281] The fine parficulate
m&hiﬁP:PSﬂ&V g4 MQ&?LHEIE%%W ‘&Zyrﬁ%&%&%o“%eorf%%ii Eﬁ%ﬁ%‘#ﬁy B36
ThEheovabutsiincrg ailihs ddipuiinedbyrthe&@ntiigly ainadh@abarbetatsind 10
linked :

percent. The particles can thereby not be larger than 2 mm, also smaller than 1.5 mm,

and also smaller than 1 mm.

[291] e The ratio of dust or fuel particles with heating values of 22 — 25 MJ/kg to
straw is at 61:39, also at 66:44, or also at 72:28. The water content of the chipped
wood or wood chips can thereby be around 10 percent. The particles can thereby not

be larger than 2 mm, also smaller than 1.5 mm or also preferably smaller than 1 mm.

[292] Corresponding to the above ratios, dust with turf or peat containing equivalent

amounts of cellulose and lignin are processed to briquettes.

[293] e Turf or peat can also be processed alone into briquettes with an equivalent

cellulose and lignin content.

[294] The dust and cellulose- and lignin-containing additional material or turf or
peat produced by the method of the application are mixed intensively together or

alone, for example in an impact tab mill with a 2mm Conidur discharge sieve.



to the process procedure, conditioning-dependent fuel quality and
combustion technique. [283] The fuel is a fuel with relatively uniform
properties, the characteristics of wWiitfdcan be calculated and controlled
via the composition of the feed material and the catalysts, as well as the

[295] Process progeeigi sshRrRAdifion o1 henbieransasdidthecompuatianso
characteristics already mentioned, these are additional differential

ch2ha¥eeiiMP® fossil fuels such as black coal, lignite or peat. [285]
Pure, purest and ultra pure-like materials also belong to the products

[296] accordin tBetREC S CRAEHIOTHR A ARF 5 L AR ERSTILTEr] apErdtRately 80

whishrean enainydee &bihdursabied dedtbe degketier Afgnineral materials
compared to the feed material. Pure coal is mainly to be understood as

[297]the comBustiblaAsastiopueDHiexcosk anehpyrest coal is also to be
understood as active coal. The mineral content of ultra pure coal is for

[298] exampledUnHE BRI WaIaHt draFeestiqlR3Rh Thebpiedustion of brigéettes from
particles and dust from reaction products of the method according to the

[299] aPpHisaiien d RITpUABE S 6502488 brisuasditomiomibabiap rsisfanss @hd to the

density of briquettes, a fast ignition and a good combustion behavior are
th&WfO%nportant criteria for briquettes. [288] By a strong cross profiling
with a depth of about one to two centimeters with inclination angles

[300] herween®shMtBbRIRACRAN RlPRIGSAY Basasiot thinsieaddpelrtshissrdmne to
airhlovp Pl a8 s B USHRID £ Bahb eFcapel Rilas Al kaeEsRREI e sWAGate drying

which leads to better combustjon of the briquettﬁ. 289] An optimal mixing
S

ratioPSEiFRfg S MeH e i sLE A Tigh AT BT aRS Seplstaving different

genaiaied Aaeokdingritathe ignplicatiansepparts the stability and
combustion behavior. [290] The ratio of dust or fuel particles with heating

[301] values 06 25003Qdvhbkg it fRINREH WORhRY WMeadelipsrifbadtdi4ystali9 can be
at 58:42, or also preferably at 64:36. The water content of the chipped

wiSHEYHSBH S an thereby be around 10 percent. The particles can
thereby not be lagger than 2 mm, aéso smaller than 1.5 mm, and also
[302] smaller thar'd ﬁx{eﬁz@ﬁssl*ﬂ%%%ﬂ Bl épﬁibaﬁ%reg St Aty
vafugdlefi22 - 25 M7/kg to straw is at 61:39, also at 66:44, or also at
72:28. The water content of the chipped wood or wood chips can thereby

[303] be around TR peseaniisith e plasticlasmaioineraly fiet in a small form which is as

even as possible.

[304] o The pellets have a diameter of 3 — 7 mm, and preferably from 4 — 6 mm. The
length is between 5 and 45 cm. They have a high resistance or firmness, produce

little dust during handling, have a high water resistance and can be dosed well.

[305] e The pellets are continually supplied to the fully automated pellet ovens or

vessels and are combusted there in a controlled manner.

[306] ® A high thermal efficiency with minimal contaminant or flue gas emissions

can be achieved by an even combustion which is as complete as possible.

[307] e At heating values above 25 MJ/kg and also above 27 MJ/kg, bonding
materials and combustion accelerators are used, in particular wallpaper paste,

grassland, straw and other lignocellulosic biomass.

[308] e The ratio of dust with heating values of 25 — 30 MJ/kg to chipped wood or



be larger than 2 mm, also smaller than 1.5 mm or also preferably smaller
than 1 mm. [292] Corresponding to_the above ratios, dust with turf or peat
containing equivalent amounts of B&li(se and lignin are processed to

briquettes. [293] Turf or peat can also be processed alone into briquettes

withoaa eriplvatanin6&UIRsSaEHERIN GRBtEe N, ESSHhiTdse 1dustNdo preferably at
cellulose- and lignin-containing additional material or turf or peat

préai}(}ed by the method of the application are mixed intensively together
or alone, for example in an impact tab mill with a 2mm Conidur discharge

[309] sieve. 68 78spr40q iR GbAMhY Bhdsating Lk 260 RiPXdigdusljpaed
1ZQM&’araz%ba'&Rip@@Y%M&lMRﬁic[%&ﬁhaIb% Ef%SSiBQ ARERAHON b?hﬁ& also at

place at a temperature of approximately 80 degrees centigrade and

shdtiit not exceed 90 degrees centigrade. [297] The size is about 250 x

60 x 50 mm. [298]_ The bulk density of the briquettes is about 0.95 - 1.15
[310] g/m3. [289} PRSLRICHNTbFRENSES RFSTAYE IS BROERIBIOSICtRi TRisther for

(pellatsplaccorgingde thavimpaptiopad300] For the production of pellets by
means of the method (pellets) according to the application, the method of

[311]the wet peligtingawitdosiibisesupt RGN esateodRyiNg inipsafed@er This

method is suitable to produce pellets from fuels having different heating
vallfeesait psisRienas s ahtigy s 2998l 2 cbd@<sMbustion results in

standard automatic combustion systems can be achieved with pellets.

[3121[302] THY PR drsiceoR e R bRe R 8 Ahron BiRs b1 Sellghghan 1.5 mm

tharebyséufillad [[3@g]1 #iig. prerequisite is the presentation of the fuel in a
small form which is as even as possible. [304] The pellets have a

[313] diametereaf Srredpdtiingnd prEiDRRIYA108) dusto el phRidRIGH S urf with
between 5 and 45 cm. They have a high resistance oy firmness, produce

littRS Rl AR A A0 S P B NA RS PESISHEE B4 s be dosed

well. [305]_The pellets are continually supplied to the fully automated
3141 pellet ov&nd'BroyBUENIS SRR SAAOR 1R SRR ER e

[39edc&highitiermal gifisie payhwithquivinalk contaminant Refiue gasnt.

emissions can be achieved by an even combustion which is as complete
[315] as possibl&he dust and cellulose- and lignin-containing additional material or turf or

peat are mixed intensively together or alone, for example in an impact tab mill with a

2 mm Conidur discharge sieve.

[316] e The pressing pressure is above 100 MPa, also above 120 MPa and also
above 140 MPa.

[317] e The press temperature is approximately 80 degrees centigrade and should

not exceed 90 degrees centigrade.

[318] e The most important adjustments to the pellets, in particular compared to
pellets of fossil fuels, result from the improved combustion characteristics and are in
the region of the sinter behavior of the coal ash, the ash disposal method (usually

lower ash content) and the size of the combustion disk.

[319] Energy can be produced in a particularly advantageous embodiment of the
application by using the fuels produced by means of the method according to the
application. The combustion of the fuels produced according to the application takes

place depending on the conditioning in different apparatuses.



[307] At heating values above 25 MJ/kg and also above 27 MJ/kg,
bonding materials and combustion accelerators are used, in particular
wallpaper paste, grassland, straw &{d Sther lignocellulosic biomass. [308]
The ratio of dust with heating values of 25 - 30 MJ/kg to chipped wood or

[320]167/73 wead shies BrHgnRCRIuIRSIGRIOMAsSISRIdGH: pA @50k 8BS it 3B6kels or
also preferably at 89:11. [309]B Also, the ratio of dust with heating values

of P9eNSBINEIIRG S s ND SHI BRSO B ehiBRRIY - fgABRRTHGaLK available
biQ@aBasiAl fidalse ARl 904 Qsand aiSthpo PR tHS E0Mmbuiash ehabetdristics,

up to 30 percent of the lignocellulosic hiomass can for. example be
reﬁP&E%SBg}%ﬂﬁaﬁemE&@.t?stff]aﬁ%mF%h?e@r%%t?ﬁé%msﬁ%lged

WQoehBhidMead kR Iathen tharmeneliuinsiedimmass can thereby be
about 12 -14 percent. [312] The patrticles can thereby not be larger than 2

[321] MM, alse staplern&an dik-Tuiinand sisocsmrllesdbast bimiik(ddedrding to the ash

Corresponding to the above ratios, dust or fuel particles with turf with
eq‘iﬂ%ﬁ%t‘@&ﬁ]ﬁ%@éﬁ]& TRy SARIRE SRR R clde ditgnpions e g aped

TukiherdBILS agseidingidibgomethod of the application can also be
processed alone into pellets with an equivalent cellulose and lignin

[322] content. §3ARlavkbmstitshnaaeell e semant JaninrgPRtaiNAg @AeiieRsh disk is
material or turf or peat are mixed intensively together or alone, for
exdhprifPaRTY BBk e hths fomtesiea s dhs e Upsaky
ThenalRsSHIG PrRBIUEE s RROVENLAR WP dcalsanalgpes b2Q MR tmayadieisar
above 140 MPa. [317] The press temperature is approximately 80

del#BES centigrade and should not exceed 90 degrees centigrade. [318]

The most important adjustments to the pellets, in particular compared.to
13231 pellets off&gif"ﬁ?g? SHOS A ‘Eﬁteofnﬁb‘?i'ﬂ‘/‘écd’ ﬂ%ﬁﬂéﬂSﬁ%ﬂf I9Bdrsplace

ang arein-fikel iegien sihthevaintenbsbaviosteithetond ast, dfldashe high
disposal method (usuyally. lower ash conte([ﬁtjg and the size of the

coMBUSHGITHISIC (AT T §5PE5H LR BORICeH IRTPFHEERAhy Ve 600 degrees
adyaiiagdeUs-eldrabli Ve I de gfpl catitpriyelsHibetpedidls podumes
by means of the method according to the application. The combustion of
th& T SFOHEERF according to the application takes

[324] e Further efficiency increases in the high temperature region can for example
be achieved by the use of modern power plant technologies, so that a combined gas
steam turbine process with efficiency grades as high as possible can be realized. The
efficiency of current production can be higher than 43 percent, also higher than 46

percent, or also 49 percent to 55 percent.

[325] The integrated gasification combined cycle (IGCC) with integrated coal
gasification is suitable for combustion of fuel produced by the method of the
application, but also fluidized bed combustion techniques, particularly the combined
process with circulating pressurized fluidized bed combustion combined cycle
(PFBC) and especially combination power plants with coal fired combined cycle

power such as the pressurized pulverized coal combustion (PPCC).

[326] e The combustion process comprises a gas entry temperature of > 1.000
degrees centigrade, also > 1.200 degrees centigrade, and also > 1.400 degrees

centigrade.



place depending on the conditioning in different apparatuses. 68/73 [320]
In pellet form, the fuel is usually combusted in pellet ovens, pellet vessels
or extension combustors, also witlP¥{Gmatic fuel supply. Commercially
available combustion plants can usually be used. For improving the

[327] combustigf ahel ackesistifie SARRUSHRNPIRUSRECRIJIRG toniABner that the
application can be adjusted to the changed combustion characteristics in

th@FBIRG AT R RS RSN R RISEEN BT ettt afs el bpfiticular sodium
cospbyfianidiskaspRiding i haashtrieBtAEtNJessesash sariantextent

smaller combustion disk diameters can be used which lead to a better

cothidadhrergasran immediataiy bR sty thehievint fRe bl amthsdow

cophpstinmndiskimaathisre-fatipsmniiméhggaking of the combustion
disk. The caking is usually smaller than with fuel pellets of naturally

[328] occurring typstRf €eahtén AT HRY ioNiteal 323] nlibR £RMBRYStIGN @bHient

dust or fuel agcording to the application takes place in a coal-fired power
plaf- MhigiTeddt ShErdizsirPH Ao #oF eHigvids g RouaRReG éﬁ? fipe gas.
combustion process takes place at temperatures above 600 degrees .
[329] centigrade’ gHEHBFEBI A0 VRSB UEH RN CBHEGF Q& NETY SR gl according
abeva/RRiIRIN e ek eppliciads,; 834l buEher RISCIBNEY iRcreRSesdiRel cell.

high temperature region can for example be achieved by the use of

[330] modern payyaeRiREctechnplogiredseithatikconshinedrtias staamdhdiogergy
process with efficienéy rades as high as possible can be realized. The |
PO

efRSISHRY Bk THRads GO BE RiGREPTHAERCA 30 SRSERY, 2088 Highe

thaardbulaesraatbRical pechd NEycentin paycamini3RR]lchbrrintegsaiaen.
gasification combined cycle (IGCC) with integrated coal gasification is

[331] suitable ®TReMBYstdAKE MEhRsMeesy:theDTERS)dseintbag ARpHeativible
but alsa flu‘ei{?zed bed combusltiiﬁngt{?chniqu s, partjcularly the combined bines i
proREELS PP G PSS SR MR b B B HAS SRS Rb R ey rDines is

cygie flPEBfpanstespeisi bt anniotvatisre euvier PREHEW ERaeatsdfinds
combined cycle power.such as the pressurized pulverized coal. :
IR B THo L BB 7L B0 Rt e s gy in
entpetamoperature of > 1.000 degrees centigrade, also > 1.200 degrees
centigrade, and also > 1.400 degrees centigrade. 69/73

[332] e [f compressed air is introduced into a running turbine, the efficiency
increases by more than 20 to 200 percent, also by 40 to 170 percent, and also by 60
to 150 percent.



[327] The high temperature gas cleaning is designed in such a manner
that the particle content and the content of corrosively acting materials, in
particular sodium and potassium J&ﬁp%unds, as well as corrosive gases
is reduced to such an extent that the flue gas can immediately be fed to a
gas turbine, preferably using the low temperature plasma characteristics
of the flue gas. [328] A particle content of < 3mg/m3i.n. at d< 3
micrometers, alkali content V0.0l%fﬂ?S I.n. is realized by a separator for
liquid slag contained in the flue gas. [329] A further way for the
production of current or eneré;i({from, fuels, according to the method of the

1 apicsibantiopdpsbursedrcaddton emass oridbada higicaprrasdpction

SYPRIGIRS] 66 thBTRIPEIEEShMIT1aNS0 @ P CRASIRT DR PERIRERNRERY part
generation methods by the common use of apparatuses for energy

gh e SEFIISRCMESYE turbines, preferably a steam or gas turbine for

energy generation. [331] The Dispatchable Wind Power System (DWPS)
is amont_:i the renewable energies where a common use of turbines and.in

2. patanat srdnsdhrircgautinrin el i ddiapldadha ficrninaspillard or

dmgmfp.ﬁg@dagb@dﬂ@mmnﬁaamber. This compressed air is then
introduced additionally into a turbine which is already in operation. [332]

If compressed air is introduced into a running turbine, the efficiency

3. INVreREEs Y Mofie: IHarddOd 264 briaasy aateadiyed0 tondofRoaareeBbrapases at
also bé/ 60. to 150 percent. 70/73 Claims 1. Material and/or fuel,
proeiidhe RUATRISHISRS which has a higher carbon fraction compared to

the feed material by) 1 tteatRereChBIHGSAk A thenfRicatageimass1Pariegrees
of the elements (dry mass). 2. Material and/or fuel acc ri)din to claim 1,
characterized in that i“EBREAHNS RRSiAREF SRR Ifg’ﬁi‘fﬁ OB detia prEYER .
3. Material and/or fueluiadugaed irapadiemassiegedrding to a method that
comprises at least the following steps: a) treatment of tge.biomas ta .
temperature of ab ear@@eag&%%f;t NGRS A S LGRS [%\fé’a:?tlon’
bar for a treatment duratiencafast, easindagy hadroarddppdesssing of the
biomass and/or conditioning of the reaction, intermediate, secondary
and/or end products.

4. Material and/or fuel according to one of claims 1 to 3, characterized in that at least

one, several or all of the following parameters relevant for the combustion
characteristics compared to the biomass or alternative fossil or biomass fuels have a
more favorable or environmentally friendly outcome: reduced ash parts, less chlorine,
nitrate, sulfur, heavy metals and lower emissions of dust, fine dust and gaseous toxic

substances, including nitrogen and sulfur oxides.

5. Material and/or fuel according to any of the preceding claims, characterized in that the
reaction, intermediate, secondary and end products comprise fuels from peat, and
lignite to black coal-like fuels, humus, Maillard or Maillard-like reaction products,
and carbon-containing materials such as insulating materials, nano sponges, pellets,
fibers, cables, pure, purest and ultra pure coal, or active or sorption coal, charcoal
substitute material, highly compacted carbon products and materials and in particular
also feed materials for graphite and graphite-containing or —like products and carbon

fibers and feed material for composite and fiber composite materials.



4. Material and/or fuel according to one of claims 1 to 3, characterized in
that at least one, several or all of the following parameters relevant for the
combustion characteristics compa 241 the biomass or alternative fossil
or biomass fuels have a more favorable or environmentally friendly

6.0WGAMe! s8dueed-aabopallig I@ssﬁqc?mm' rEUbAEy SdlfHs, BRaYYERRISH that it
and lower emissions of dust, fine dust and gaseoqus toxic substances

iR ItIGRT SRR SRIBErS MM AT ATiH B Uiy be Srcthiy s d
amyaRfrthie:RIaagAIRE Glaims yibarasteszatbintRalihmakgaction,
intermediate, secondary and end products comprise fuels from peat, and
lignite to black coal-like fuels, humus, Maillard or Maillard-like reaction

7. pPiadugts) aanbhEafoRGRRINIG A I pretedAsdRsulabngriiaigr@lsa that its
nangQ spanges, pellets, fibers, cables, pure, purest and ultra pure coal, or

aCHROBILSHRILY BsEracrhRIoL) Sutlinstsshandtita NGRS pacH o 300

cahermprastpiscand mates@inandan particular also feed materials for
graphite and graphite-containing or -like products and carbon fibers and
feed material for composite and fiber composite materials. 71/73 6.

8. Metasahpadier iRl aceaidingioaany P proresediotiehRinBaracterized in that the
cha;ﬁcterized in that it comé)rises at least or mare than 65 percent of the

oNYHARRACITOSHAR briisae aydtetfl BFGTRLpAHY PHEBloRT 100

basedandhaphivdiashe bidvaigrial and/or fuel according to any of the
preceding claims, characterized in that its carbon fraction is increased by
10 to 300 percent, 50 to 300 percent, or 200 to 300 percent, compared to

9.thetdeethnmatesiafu 8. Maseliag apdigr Joelaseeeding thaany, ohiheRiearOiNghat the

claims, characterized in that the rogen fraction. js reduced by 1 to 300
ST BA5 200 EHSHY BF DGO et CUIb RS ettt fo 100 percent,
biesnassetdMatatiad andéprafuel according to any of the preceding claims,
characterized in that the oxygen fraction is reduced by 1 to 300 percent, 5

to 200 percent, or 15 to 100 percent, compared to the feed material. 10.

1 0Visttereieih bavell @t fliel aceaidlingttoaany OithpreprededioBiehdinisaracterized in that the
characterized.in that the nitrogen fraction is redu by 1 to 300 percent,
BB CTELRR By ST B B ANEeE ot e VB Hhoal OB
Madesdat, andipaftetateofeid gntocaiay. of the preceding claims,
characterized in that it has a higher reactivity and comprises a lower
self-ignition temperature compared to the biomass or alternative solid

1 lfoskiteviabioassifelelscdidind atesial afntvopfeeldicg otgiimg, icharaytofiled in that it
plilea%eadlllri]g(;;’]h(e:Irarler:?u%t’i\cf:!t]if?l Elarl%%grzn%criilsgstg%&er self-ignition temperature compared to

the biomass or alternative solid fossil or biomass fuels.

12. Material and/or fuel according to any of the preceding claims, characterized in that it
can be comminuted with a lower energy input than solid fossil fuels with a

comparable fuel value or carbon content due to its porosity.

13. Material and/or fuel according to any of the preceding claims, characterized in that it
comprises a large surface and a small particle size, in particular a particle size of 2

nanometers to 50 micrometers, below one micrometer, or below 200 nanometers.



20.

can be comminuted with a lower energy input than solid fossil fuels with a
comparable fuel value or carbon content due to its porosity. 13. Material
and/or fuel according to any of theﬁgcfedlng claims, characterized in that
it comprises a large surface and a small particle size, in particular a

14PAEE A éﬁ&&@f&@ﬂ%ﬁiﬁ@t@a’ﬁ? Hﬁﬁ’{é’ﬁi&%{ﬁn glanh NG ARiCtOMBLER that its
or below 200 nanometers. 72/73 14. Material and/or fuel accordln%to any

o AHROBrBYE dtrigCErdited b¥naa il pergshtH Atrl A mssRephrRid thiar %Qéﬁrcent
byateadreenbolitechbQ fapead oo Ad8 percent, particularly

50 to 100 percent, compared to the biomass. 15. Material and/or fuel
according to any of the preceding claims, characterized in that it

1 CoOmpisaAdraBen RadrafmOulP sriteieRlink AR NRIGERt @12 in that it
over 98 percent. 16. Material and/or fuel accordin |a}to any of the

P FOURFHE AATHR B ARk IS A Bhe lern e SRS b Sfeey 65 O gproent.

160 degrees centigrade, between 160 and 300 degrees centigrade, or
between 185 and 225 delgr;ees 17. Material and/or fuel accordrnF to any

1oL BBk L AR RHARC(ER BH T e e P s g gged 1 that he
atdaasirdnirenispigiriebiy bebresn d&yard dhhanhdecbyaritd d6anddI0balegrees

between 17 and 26 bar, or between 26 and 34 bar. 18. Material and/or
fURANLIEEBYGinY ]?Stﬁ'ﬁﬁrbll e g Efsims, characterized in that the

treatment duration is at least 2 hours, 3 to 60 hours, 5 to 30 hours, 30 to
60 hours, 6to f‘bel;lourso 12 to 24 hours. 19. Material and/or fuel din that th
17, Metsaiabes BE AU RISSPARE i FHARerized in that the

qﬁemd&rmhjﬁﬁsear@ dfl&ds\t\fmb:ﬁr qﬂefexams)méweem 1 santAChA{iBErWEEA 10
a floa/v 7a|1? r belt, an %a fluidized be gﬁdrle r the treatment. 20.
oy SRS e BrRFRGtS ol é‘f‘anms 1 to 19 for
the generation of energy from biomass.
18. Material and/or fuel according to any of the preceding claims, characterized in that the

treatment duration is at least 2 hours, 3 to 60 hours, 5 to 30 hours, 30 to 60 hours, 6 to

12 hours or 12 to 24 hours.

19. Material and/or fuel according to any of the preceding claims, characterized in that the
reaction products are dried with a drier, a convection or contact drier, with a flow

and/or belt, and/or with a fluidized bed drier after the treatment.

Use of the material and/or fuel according to one of the claims 1 to 19 for the

generation of energy from biomass.





