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MATERIAL AND/OR FUEL PRODUCED FROM BIOMASS Description
The invention relates to a material 61 or fuel which is produced from
biomass. The application also relates to an apparatus for the treatment of
solid-liquid mixtures, in particular of biomass, comprising at least one

reactor NpATEERIMNG ANCTOR-FQLEY PROY e RIRMHONIS ropdagon of

energy from biomass including at least one apparatus for the treatment of
the biomass. A so-called hydrothermal carbonization on a laboratory
scale was proposed by Professgydytgifseissntonietti 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 preliminary

stepstapdnxentien ratpesiseasnairiidiondaasinst eherhysrpisivengd Bipmbiomass.
Praduchion ofRAuel el &% YRR A% LRESIRG DA% RRESy SOHANIRAET

for a long time, but has been limited by a lack of efficiency of the energetic
comNEMIRM i ORIGIIHaE SYhbIostiss. SAEN TV B S EXstae Frassonfis rgselving the

Caghipmd]er 96 ane-Olan A RO YRGS HBISSIRAS HRYS 6RFRAANY Iuding at

been made responsible for the climate change due o0 the combustion of
fodeaptBIs anparisng Y dhedrsatmgnis theppmssn CI for example, a

devicg fordhe-HeaFtmERL A DI0HB0RYEIES NS INER RIS SRAE A ¥iicthosed by
comprises a cylindrical reactor in which food waste and the like is

subrafasendatarperanied it g e trdemsy Mapideack: InvEwederdr pdlmds and
thefRrmRl #!90R RARIAL ARG NBAANRGISINI SWEARRSnA [i®¥riRory

produced within the reactor by means of a pump for ensuring mixing of the

sudperkionat 1 etre obfdcderase predeetpplieatin toradmsrdixgmaterial or
m%‘ﬁl@l%iﬁb@?@ﬁe% whichfdels, humus, carbon-containing materials as

well as Maillard or Maillardlike reaction products can be manufactured
econdhficamPAREIPIghiRIFaRis $FoYFE Soltsigrrduaiian Rf arfuel that is as

PagHifkah A e iPLUR B SeaRight i abiesidaaahievest RystBeAURIfRd by a

of the independent claims. Further developments are apparent from the

de'ﬁé'ﬁ&éﬁ’[}f)é‘?&iﬁ?é’. of the energetic conversion including combustion and low cost-
effectiveness in its use. Carbon dioxide and other greenhouse gas emissions have
essentially been made responsible for the climate change due to the combustion 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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A method according to the applicatiézzﬁ)rovides that the carbon-containing
solid-liquid mixture and/or the feed erial are additionally processed
prior to and/or during the treatment, and/or the reaction, intermediate
secondary and/or end products are conditioned or processed. By virtue of

thigupthpaRefidhRIRIA ARBRS Rt Q6 RN H SateIRRHAENR RN Brixkdre
and the further processing of the solid liquid mixture during the treatment

or RFRARSECAHSIF PRELERE ARBRSP E5&S FpRICKEEIR Y b YERRSFAM, Pre-processing
intgrmediatenaeendR Y HIdRUANRIGHUSIE, therviler irbdels eBrthe solid

carbon-containing materials and/or Maillard or Maillard-like reaction

progudixsETR& AR T AR fas o REFESti0RIME M T PRESSINg

the CoUraa @fdhisnesaredt e Wi raiiany oo mMass p RIS UG RRSP AR,
dioxide is set free intq the atmosphere as was previouslﬁ needed by the

livI R b PR e T E e d er s hasid At ke i e tetitvn

digxisiraieutiabardiipmneas)imatealidandly cbitrtreiraosamthadroduction of
humus, which is spread on agricultural effective areas for example, can

serva 8 eI K VITEREEUEH U RILPE S QM it SQrTHEReagRen dioxide

engrgetiteeseefRonrespildieals aad grrevishle¢aléMaterialsiialimies for their
protection targets such as those specified in th@ Kyoto agreement, will
3

PPy BERRRR] ] I RORB UL SHDSBIRIAE B tend hence

utigi atien fokhidmasstheritie &) tad petidnabiuat suthespiamcktior @t sadon,
which is lost dﬁrin the conyersion process, is substantially smallgr than

witFOTHEP Rt HEEEY  RERF IR S XHPRSR F2108T A Sddrsinbr A tBrabaych

Comvassien MooagHouthe hrieastinssigaueissbpaseefdswithialcah@lienewable
fermentation &ro esses, about 50 percent with the convefé%ié)n intogio as,
B0t

a3t PO FEAER TR WOBE LRSS ATEA O (REE ReGBELbEp
formgreampPOSHIIY Hidte $8.athrkeldy, carbon is released as carbon dioxide

or also as methane, which are each regarded as greenhguse gases and
ema U e B R Lo e uE D s s or e
applichidaionro Muislk, alinpsipethasilyabionnahiim auits ¢l 2Hs conversion
released. [10] The method according tq the application has a high degree .
R0y S O s T P oy s T st in
nethefticiescyfwiilbrégiy d davibigienergycyic thef dinitee o fivie pesc8ipercent with
co red to the energy stored in the original biomass, or educts. During .
R 5 A B S AR AR T 0 B OR¥o N IR B igeas.
seibivee 7peocdnasor dusiogdtba ltariyetisio prot bigraas s wei® O ipgasntafoout

half of th%carbon relegsed as C(B[Z. Mor?over onl¥ fe%liy. suhstrates are

STBR TP SeSho RS Sp S b LU A8 IS (LA R ALt

mastthaat)edd knaweddr cgavéstng picmbsssingasasael beempdatrdldasehl

Sg@gﬂaﬁg?ﬁ{%ﬁg%%ﬂﬁé‘ A0S MEhAd AERrdaR 2 the ARRISAHONSAR Biost 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 withinﬁ}? plant otself. One of the main
challenges for the energetic utilizat %f biomass is its high moisture
content. In the method of the application however, the presence of water
is a prerequisite for the chemical conversion process. In summary, so far

theomeiede-pPBHBFIR @D AHEITIAIRCRIM QI BE. COHWEf IRMAP QMRS Ses for

into energy are limited in their application by a lack of efficiency, lesser
enBfoRtcastisniZzaHanckiomans it st sopig ol thgangthod of the
MixSHIRSEHEARSRIZMBS DOk pxabTRIaRE Nidhiempaiatrestanehbigital

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

SRR PR AR AR STAL SHRatKesh FtReimseeds anplisd o ytrial scale for

COflie TR ERS ST AT REQY Rﬁdéﬂ&*@ﬁﬂr@%ﬁ@ﬂi %i&lfe@ﬁ&hﬁ}ﬂi@&@o&@ﬂiﬂ@ lack of
extreme conditions. Moreover, a device for the mixing of the solid-liquid

mistliFeeRsy IsSSFSRerEatiE PP i -pKlieatior Meisis¥ to a method for the

[12] produptien @ématelins-aaaieniuelses ion s abidiandV allasc apt/ak high
Maillard-like reaction products from carbon-containigg solid-liquid

iSRS NS A AR PRSARIOTS eshach 4b% HentpErAtakssorlace,

oveinlRf € sgreabtrRigeadecs N IBsSHARLeNMRE DAk iehadreatnment
period of at least 1 hour. [14] In a further embodiment of the object of the

apfTEaton; L RIAbBIRY it b A APRrSBHALE SRR HL TP dBR R LIEHS

MaBneitibhis Means Ehal theiteasmaonkihe solid-lenio mixtuieigufotan be
carriedfgut in a discontinuous manner, that is in a batch mode, in

patRU&during the reaction process. Temperature and pressure ratios
[13] are nTiabplstipitioniliel aperatingdeoio fofahthe apibiziRg ieastion Smaee fuels,

usage and for minimizing the dwelling times. Feed material, catalysts,
o i R e e o s e A e A Ve
reqavgdinecytiedqid reitutres Wineeassrryolahd @odtranies.creaedned at a
intermediate, second nd/or end products can be remgved from the
iyt A e RS A T
stepanasiopekanple: Ibescomdiiioning and/or cleaning of process water,
waste water, outlet aif, reaction, infermediate, secondary and/or end .
[14] ottt e ek S AMSE D b b ARG b LERy AP figed
or éntintervadsi-¢bojitneufusthenamibodimantcof Thes ahjast didhbapplicatiarnf
it is provided that the temperature is adjusted.to above 160 degrees, . .
e G S TR0 o RS TP Bt 3 da
anshideigree pasindiar thatrifehterepeiaiye issomtoipechautomatcadyure

[16% In a further erﬂbodim[ ;

) { 1 Fnt of thte ot}ject offth?ga%%lgcation it is grovided
th&t 1Re Presdlre isRajUsted S 800 F19ar, Br b LI ARE IS SHACS

betweerndd fanchinimiaing thariy2Bibarjoe? & anichddebat, (ailysts fuoitess

eihodiment of the ablectol he senlicatibn, Lis provided hat e, oevcled

treatment dUration s at leas ours, Brt0BOMOLrS ors 16 50 Hodrs or

3(atal Getimaudsifincpestiaylama toritthtioyreanibd tmdninalisge, 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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[18] In a further embodiment of theé)g ct of the application, it is provided

that the treatment duration or conditions are chosen in dependence on the
type of the feed material and/or the solid-liquid mixture and/or the desired

reaction product. [19] In a further embodiment of the object of the

appligatiqnritds RrovidiatHaF aldeag Qe tfl‘i‘@ﬁ’pglﬁtﬁﬂﬁt a/BFHARed that the

solid-liquid mixture is pretreated, preferably bi-;Qn ewatering, comminution,

préfiiatisa o ANt A I HRRY dtar ASDFGHE Hhardr e 2 hgtsop Adand 17

of the prefraatyeit 6APEsA e the incubation in an acid environment or
medlum for example at a pH -value which is below 6, preferably below 5,

espeidifHpiesa A BeRRiRSH PRI GHI B ErisdRy dridkst A the

ungeitett @uRaLasRAYsitiatinbuel, thessie BERGHeAR'S WItBOMSIBR NS0 to 60
comminution and with decreasrng pH-value. The incubation at an acidic

pHIR LR HERE D aiCe SRR T A BOHS[21] In a further
embadimenief teveliatnebinaasicatiphdbispRtavisiedt Rajrthedarthat the

material and/or the solid-liquid mixture are comminuted prior, during

ant&%tr%%ﬂfﬁét?@ﬁﬁf&t@lﬁ%?&%mw&&mrmwﬂr@Toafttérefeed

sizRadrilE.aarvMieddsnlditiqhigmbdyagos iiesikdhedaleydae ppebaiakly
below 10 ¢ especrally preferred below 1 cm, p rtlcularl below. %Hré]ﬁat ot

[22] AR et mhedyRenit BaaprsitHE R 6 BPLISPERNG
aqeea@ee&umamb@adﬁeﬂdmmﬁ@t%hqutdrewigwarerttsm AprieREtbly by
?ﬁ of the feed materials before abnd/or during the treatment The cataly
Ccal eI F ARYRAN L RiEHISHOaL 08 I iR E AT ST ?rt&“’f’é‘éeatﬂ Pr
th(pyeiwmragcatalyst mixture. A component of the catalyst can for example
consist of an acid suchas ac lic acrd articularl roton acid
o Ay IS st b A
andabove foll cartasie ﬁCaQ)HldaﬁhﬁfIWHﬁld iB @elpwaeﬁrafebaagabemﬁaﬂy
advanta ous. Citri id and tartaric acid are cr e and xrc
B PSP TR U B P RETR SABY ider 2
Iembneetastﬁﬁ;e aﬁﬁhtrngﬁapesleﬁdé¢t¢aesforir@<iampdelagsa>bmﬂmnon and with
no anrc aci fer sulf ric. acid, in a particular referred h
ﬁ'ﬁlé“ﬁtp aBb catioh "‘ﬂ?él ALRP A gé:r é 2204 ki plose aftgk the
the(ﬁﬁtﬁiyﬁﬁoﬁn at the same time be used for the production of the acid
med tzrge in tron st In agogtro he cata st or th Fi’ Yshe

mlxt %‘rﬁB} 6‘?%1 r8 TStL RR AR IEaT rlﬁp%%‘ﬁl
pafetezuiaataiad adﬂﬂtﬂthalky)ffdéll’tﬁﬁtbﬂlmaialSr@fcthﬁrﬁﬁﬁﬁﬂﬂﬁfy)g rmmsgl and/or

Ha, lVa, V Vlaa riodic bIe %51 Iemen as for
B T N S o g R A
si Ivemmanaddrmh@hrmrﬂumxtnmmndmwwmmmww bicdoniuho ane,

se whereby iron ha ven to be vantageous. Oxides of
théd eCIa glg%oerrreeéa}mﬁp?‘é’%/ér% umcglfr e, l{(@%@d copper oxide (Cu0),
zinc Mrdiers(m@)cmaﬂjystmhm mtthomdbe(ﬁz,’r&iﬂs)laxfemim patticuladyueous
prgg)?u{e% c%u qft € SO 1'@ lthrglu S&ftt&pee dp %IO '&%%Ig Of efee%
eléMents & herr oxr or exam uminum oxide f S’can also be
useﬂtaeadat&lﬁmﬁmrﬂfoaduanmeommann dih24dthiyatchtianmiist of at least one
alternativel ocatalysts can als ort the tre t ent of the
e e R S AR A T SRR ot L DS
micdurpoboefu etétlreartﬁabkstmataﬁommmmatsslhum F1:] aad smdhl adlamm:pxyhc
Maillardlike reac |o s Thereb nz |cro or réa]
bac(te%rra gﬁ&ﬁor un é‘“é’ a% egceaﬁlés %Hlsr?ta cefs an or call'ex rg%te use of a
cadhifor exearmieyﬂme amddamdaahteez aﬂdtalrtarmmhil meﬂcﬁonma@dl baoptheed to be
eeme apdiions ching e eaimens of e slRUA i, 0NN toxic
bro) R/Sf can Se durrng e processrng o) e so qur mrx ’
in Bathwbnﬂmémaéhyeatﬁmhtcﬂndhmdhe condifromings §btleaamabtiGmmons,

a”t%é?ansceé’&ﬁda@é esc)iu]_g)t% it can for example also be an inorganic acid, preferably
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[25] In a further embodiment of theagg ct of the application, it is provided
that at least one of the feed materi nd/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)
caglparised Jommixinge WA BRUIRFA CATPRINAERNPRIMRIARLIININDhe acid
appa,ratuses,;referably at least a jet vacuum pump or liquid jet mixer,

putiiEria 169 A8 2 AeEmnsBt of the caiphichtan ahihsrgmpiaaRisesd far the
preferedivhishipake de-withermevabid arstssteghe reaction space. [26]

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

the réBeHGH BRotfctal AR v asain ki MEHIAN R RIS EG 04 more metals

cosnbioatiRmot sifissendJniparmethpasoRieiriaRi R TenesHRMetals of the
contact drier, especially preferred with a flow and/or belt and/or fluidized

betfehrpogionPs Rrtied ¥mbouinarig: Y shje ratrdi G e Qb v it is

pre)daRdthal ferasesspléaion asicuaUtatedt iR dppeeoxifze dbthenmptinadion,
the application is removed, preferably by at least one apparatus for the
sonhiﬁiama SEpr AN ST ERSAMEY BIRGYERmat B themadidnitanium are
Miyéede whbe: B parakds Hes e salidpietidisapa@tionagasuieiasmpiEhee

at Ieasf one apparatus for micro-, ultra-, nanofiltration and for the reverse

oSS AOSHBIBI ABRAIBHANR M O Yirdrbrorss O3 At Ak gine oxide (ZnO)
apparetugesmiteiesaily (WitospramitSilkarelementsaod esmreialbals of the
preferred a rotational djs ,ancgor %ﬁ%nt ifugal menﬁbrane ilter, [28] In

FurTHEP SFABBYRH B RIS S BRI Yt RS RS A RS QPSS tiample
acgumidaiedvi@sta Wotecis alsaned seeabaniggily ichsmicat gasd{O®manner.
biologically. [29] In a further embodiment of the object of the appljcation, it

A R A S RIOTHBY G ST AL oL IO dBe g ment of
angkostandijinoingxisideanadentiridedanechanicaiyn ofemicaliy-agaior
biologically. [30] The application also relates to a method, in.partjcul

R L S e BB BN T T TRALASY MBTRGH Dpelard-
diffgkerdateakoMhéntesNatiaie: S atonsdary aiaier #nshaiogldciscldie and/or
reaction, intermediate, secondary and, end products can for exampl )
O R s s 3 oo Ghuete b Y 65 B be wsed in
coalfldeeafideds, i mumobdiAddiltand- Didaitlardxiikencastidin @rodudis; the treatment

carhan-coptajning, materials such as insulating materials, nanp sponges,
e i e e IR e
highdyschdapiqeie ehoathenppadivimand praterialsmshiigpahidatdadigleong of
feed mat«%rials f8r ?raphit and g(r}agpite-containing or -like products and

ar %rne?lcbleor%%lnéo &0 MaterBIs 1o é'omposite and fiber composite
matetiadstui@i¢d arabudiheneoibodvbieot of the aphjéettofthe iqppiciaiidnhiat s
provided that the solid-liquid mixture consijsts at least partially of hiomass.
SR GF e St EE Bo R AR Tl e
sujppljootipressiketsrachtvaatpsdasbiy ytialtyidepolymerae@ndingdnalyae
w%t llz)tiaotman Wpi e relrcleasin heatielrlller%{ inatlpeé ici%] and Higp@l}(ﬂi ine. in
economiemethe agcgr%ringofg ﬂ%é‘aﬁp cation: ecpoly%ésﬁza 10N OF the
repatticglanarvoméisaiead s ftditlfie e vetopim eppob cassopraoribiningeast a jet
reagtionraduets 1ilia a feu hours, Desired raacon PARUEATS, s cation
proauce Pn%llgpen Ae& on the TRaction conditions. Atter & Shorter ! ’
reactorg cippatiaio sdwarupredésuits whiidilynakealugvathens nanchbtiupans tinethe
furrtga%g.gours%eof the reaction, fuels with increasing carbon content, which
are suﬂta%%’?or'energy production. [32] The application also provides the
produictiofu i cliffertenti neactidithinobrece didte, ggdendany andpeod grd thudtdhe
according to the method of the ication, including.the production, of
T e R S R SR B o
Mdliifercbikéryeactiethprsdpcttsrabitbenecortaiomng matedadisychmsially
InSUIang AR A, 13P SAONOSS Belsih fhetsa caRles. active or
so]?p lon coal, charcoa 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 and fiber composite materials.
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[33] According to the application, the method can also be a preliminary
step for the generation of energy fr iomass, wherein a fuel according
to the method of the invention is produced, and this fuel is afterwards
conditioned for the energy generation. The conditioning can thereby

consigf {auRKaNBAIe RfimaiostGibREPefiats gipdiausiias o K€ Rt

humus-like fuel. In an advantageous embodiment of this method it is then

pr8vRgess alicrasuEBlRadRdBercRMRs bR Al pfibR AmliciaR itarly
to cambes! e AFeOFRGIdhe aRPisAliaRsrsnealbae fan the asshrration sid/or

different forms of energy including heat ener{_%y and/or electrical current
cal BawhrRd desingstadhsdrPeioambiiatior BF ArpaEuhier (Bt tide! igwid
progiedoncaay dingtanipe ARRHGBIIAHNA GpPHnE: R Ehe appligation,
different combinations for the generation of different forms of energy of

diffBReA FaHaR AR DR YRt E b Rt A e iRfi ARl Terent

gageausHidaisoflempprewable pre mstieials ctessil Fuptsy WakesmpoONYRr,
solar and/or wind energy and different storage forms of the previgusly

mEMRTHRY aneitedaAiRitigny giskeradion systdiiesl mrniarsBlifed,
and usingithectuehpsaddepcbaasondijpgtiorine anpnlication i 8dprbReled that

application further relates to a method for the generatjon of energy, = .
prafSHIBIYARS Wk WikTe s Sraaft %}@f@%bzu%ﬁ@l@ﬂ%@&??ﬂ%&lﬂgwaﬂy
thosarmetiesls whsoditieniust decsyRind fehib eppripliaaiion is pisetidd that outlet
combination with storable ti/pes of energy by wind power, in particular of
bé]:%?é]led or

o8 soaN ed dban s A1RP RS RirRIGCS TS BRYR CRAtIEOR !
Syisterns (RWRH RS Theianplication bistbeicagiates to the use of the

material or fuel prodyced according to the application for the generation of
oreray PR BRSPS e B e BB S Ao S -
whichti@nabigs e sfficient iratmnbed Eatithh @fidi FRivdurésaofoaNintermediate,
industrial scale. [37] In a further embodiment of the object of the
D SRORAR, T S N PR o RSB S ey ad end
boshy @ndéarats flarexachpleac phigasiy Eatdsiataih gnaomarda S btmafudherll as
embodiment of the object.of the application, it is provjde at the reactor
it datiett i e v e A eSS
degi®es-toreidignoaieiias rerbtos axisaprefaialelyatineadies thangdl), pellets,
degrees, especially preferred smaller than 35 degrees with the reactor
S G iR S W
providpattbdit ieoin paydsipacedihe redctard im particular dlve Basenoitavalls for
parts, consist of heat- and corrosion:resistant and water-repellant
et Rt A Rk N A A e
matetéaisls Thedomeo spasedditbeceaptaite mpeiticdlar the base or wall
regiops, and mountings and ather part ing into contact with the
o e R S RE TR i S i gt
a cohtiAgymateaiialrebichipremdnistgraraédiiged bakingsoil e pasitipbif of the
(o onents af the reaction mixture. The coating material can preferapl
o R e LR R T E e ARk, so
matetodlstinllpaktimiianenietadiid by derynt ovetdtenadssanl lalleys spre feratdyergy

of ehionniym, nickelymelybdsnum, tanium, alumiun. fioblum. aad ofibe
materials silicon, iron,“cobalt, tungsten, boron, and‘carbon, in
paptibuiarchtitanadthatasninopnecempeunttadi is thardicwbnprerovited bhat

the coatngmatsrial i applied iy meanof a.cpating ethods preferably.

by plating, ®specia ypre erred by a flame spraying method as'for

exprogiecthe highenddocityo dyfued (Hd@PhdrtathodA fter 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.
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[40] In a further embodiment of thez&?ct of the application, it is provided
that at least one membrane part is arfanged 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 #aapHiiheisAeRBIRRS Bas IR iunediaa shertneialedt6an, aledRediate,

called membrane sheet metal due to the holes. Several membrane parts

catP e RbY Aiskend o dugisiarepadingta fginsihad sl setitnopRleding
of fhepemlicadions fis Lmyidpdahahthediamenal HaalhalesusdhBumus,

membrane part is lower than 400 j.tm, preferably lower than 100 j.tm,
esPREKNG-seMAPATSIES TFRRQ% AN UAD TR RIFHER BB SRAFRERS oF s
objeghgfirBearRligaliRmdtsisontRvidrRl dRatitheshelesl) dbevanembranennail,
are formed in the shape of a funnel [43] In a further embodiment of the

obfBRISrIubabticanate it kBl dempasics: faRardre &ty id prseits: and
befiveat dhamastoradeshatemiy anegpash o enid e riphaiotyyddinIhiCor —like

membrane part can thereby be connected to the reactor wall in sucha .
mAFRICHR 2P ther RNt RS aiideSHidaisgivi d ¥eoarRrsd 3 Bher SHBHRSY
Withhguziisan embodiment, it is advantageous if at least one region of the
cavity is provided with an inlet opening and at least another region of the
cavit¢&cﬁﬁf§9ia rpatoatins. @ﬁéﬁ Bof A tBNASE LA BRI i for the
megHeranen s taidy iR e disatvaiviariakeplpsectpa@samile dythod of the

punctiform or linear welding, whereby welded areas, outlining the flow
pdggaaag%sepé%%%&eangr méa-afvivﬁw?ﬁj&%@ﬂ%eg ﬁ%ﬁgsr%gegaye

medismtidheamesshthedaiisdan shaebplasasidhfoughmpichtarprliogon of
liquid or heat. exchange medium can flow. through the passageway in .
L A B O K Bh R LS Ta i s pggepr m@kogiment
706¥ 4415 nibtHig ieas ehcinproldele toalcahthevrriittae ¢ AinctTus R gsatt@s @ion
heat exchanger at the same time. [44] In a further embodiment of the
TR A BT T oSS ML e CRD HSABESY (P bt s

in gedotablerwatlétiereanfiemydtarairgaincadinnecaaviiyt i and@ogetdctrical
between an inner wall layer and and outer wall. layer. The two wall layer
o ST S B T e e Teas el YR Suer
mansdicthibiddbe diayity ibdiyiplchiinin. regiordisepatiaiegfriemionaddifiatinr.

At least one region. of the cavit e provided with an inlet.opening and
e T e e e TSR e
Thae@yrection hetwerig boibr weikldyqui cad fosexantipts take ptaceyiyle raw
punctifar linear welding, whereby the non-welded areas outliping the
T e B e AR LT A ey R W rage
hidbrepresttire preediushyimbetiveahdine factsrsrshee igpiatasiothsgsigmswdich

a ering liguid or heat exchange medipm can. flo rough. the

o s e e e B ame s s Hhhetor.
desciibedpplid®idnd it ddiatis this catdedter dow ptaevatioaf dhenkeggior

cant usbl?e tIIJlS d as a heat egxcharrll%g at thte %ame time, [45 Iﬁ.afﬁither
B TS SIS &P R S ot S R A e th AR 1, 103
a cagbade whidye thy dlereaniading op thndfgr @t ngusedciorcandymation with
Prefstaly.amembrans andior fidized bed reaptor, At least ane regfor
ora com%%%%on SPaiferant readiors |15|r1ef8ra1‘f§/1 aveafidast oha

chemastetistiodiad gt efatabli gochabdti Svmd Poharatystistic VR $ascade,

tube,cycle reactor, and preferably of a loop.or a stirring reactor, o
espodiiannicaon REthB RiC th et e patenl Qrivelidduced o
reactordiogoribe sgspetially préfe gatat least one gydnobrdnenpast and/or

at leagf a doyice. Ior s genetation of a circulgting luidized bed Iy et catment

of solid-liquid mixtures on an industrial scale.

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



[46] In a further embodiment of the{g&' ct of the application, it is provided
that the reactor is equipped with a Eering or heat exchange system
which can be connected to at least one control unit. The tempering system
can comprise at least a screw-in heater in an advantageous manner, at

leasi@diRalionapd £onlind eailbailersdpalofubedaib Wl dgsRBuIR HRistant

reactor wall, at least a heat exchange tube or a plate and/or at least a
métABi&he part or a perforated base and/or wall part. The tempering

[38] System £ant@lsQeAMORHESCdauiBa@lbotir dppliiatuRaGepstiatanat the
the reactor. In a further advantageous embodiment of the application, all

api5aFLRnSELRNIBRS 168REFIAPSEHPATE MEMAY dY SR B HRait heItRANG*

tha eI eerERapb e Rt Raitto i Ak VA GHERT AHHNR I EE tien efonabgeEes,
pumps and nozzles can be part of the tempe_rinagystem. [47] The
a |

ppiRestily rsfeBy gy Protiaes adsesssciplisifg sie'eddentially
[39] nhon-meshamieabassepdyudRainsdngemeshapigaliangier Moy pRieipaltha@the
as.few as possihle. [48g In a further embodiment of the object of the
apIREETBAS OGP SYRFEY tHAPRHACHE s jRars Aetp P Akt Shopahedtsand
forprtsHIgn SETbREhtagidalingofhgl sapsitaan R texHngpIe actaE Car@lso

be equipped with a mixing, stirring, agitating and/or cleaning apparatus. .
d?%ﬂt?&gdbiﬁﬁ’i?&ﬁ&%%ﬁé@% e t%dﬁf@ﬁﬁ%@cﬂ%?ﬁ%é?%‘ﬁﬂ‘in’@

anghftiing S¥sbagROYWIAIDFMNeUATIONaRIE A s Caththeyabycomiseito
[49] In a further embodiment of the object of the applicatign, it is prgvid(?d
th&PHRChIkR 55%?3?@@%%%&88%&%%%@@%% §esfigted and/or
cogoptigesifbnexamplentdaastvaiiel gryaaiisior pidgotdiguiddet epixers at
least one liquid_ pump and/or at least one nozzle. [50] |n a further .
eriBBRARERS St 6“&%&%%“5%;Tﬂ&%ﬁB?%}‘?EiE“B[F%R’J?L%"tHE P higATgPrise

auﬂ_ﬁfaﬁtﬁ_q-ilé paniecerathe apparatideesvintdiaGutlion fegen]siea particular
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emisigdbaentof titendbicalwhthenaphbibationaitis futeviced: thigtsitiedie vioe,

coRERUE AR AP LA BFTSSAI Sl AT T
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method as for example the high-velocity oxyfuel (HVOF) method.

[40] In a further embodiment 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.

[41] 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 pum, preferably lower
than 100 um, especially preferred lower than 35 pm.

[42] 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.

[43] 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



[44]

[45]

[53] In a further embodiment of the é)& ct of the application, it is provided
that that the process water conditio gtakes place during the running
process. The device is then preferably a process water conditioning plant,
which preferably comprises at least one sieve, one filter, one

hygracyaienssApe e phiifeas GERBFIRCIUAALQEMBANEHESRRAVANAN such a
device. The process water conditioning serves thereby essentially for the

sePparaGo et LSy ol dhddeditinsrins ertiich Beasensghgther. With

conaitianipg iantheAMPISAS i taashd ATA0esS WinieESRICEYAH-AdIgr 8t
least a solid-liquid separation device. In a particularly advantageous

erREDASRHBT IRUPIRERBA 2RI2 DIRANRID et oo dharGaViby therovided

ProgasenGigs epRAileN NG comRUiaes Béteast aRensiaNR il phrcamrifiédRactor
hydrocyclone unit, a force field supported separation device or a

conmlratidaksmiissdornemriebyPusrtingring (st walditerabyreby siglded
of acRropinatienef HiffeRricthe SampenseRVitaN ARRETBILGRSn[edi dhef a

rocess conditioning plant can alsp comprise at least one filter plant, in

Ba‘?ﬁﬁ%ﬁﬂﬁ?%‘i&ﬂ%ﬁ&%@d’ﬁﬁﬁ??’b {BRPABR/ RSS! EEHGHIBTAISK? [EFingmpering

funigerdesnBesimenttdhredhiect &f thevapplicatien palsqreviged teahta the
device isil biological waste water conditioning plant Whic%eferably .

cotisHiaRd AELRPBHRERG ROARRE PR ASSBINS HidrsmbTatil ket tipgase,

bigke kg6 avhthef ey rearisn aileastee oameeastohathl] i aéudhertime.

embadiment of the ohject of the applicatign, it is provided that the |o
reacttt & ?ﬁtbﬁgagl%?gaag%wgtﬁfom%&? r&&ﬁ@ﬁffé@%&ﬁ@%ﬂﬁ tat the

phasesr[wi]lIR aduphar emdodisnenattthamhiactofcibyapalieatian dhisty is
provided that the loop. reactor,comprises a fube in which the flow runs
PGB NG LA At R G RALRBE QF U B G Rt all layers
appligiaieonldtds @Ot iat ébenderdd ol s aabthleaninglappaaaties that the
which preferably comprises at least one apparatus for cleaning the .

oG R A T pagRaTeR Ao P 6] The G Fgion of the
appatiaiuanbe Pidinddo Wiehapphitatspriorgheduotbactionofciuelsion of the
carbo.n-cor%‘ainin%i?aterials and utility materials, humust%and/or Oaljlllar
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can for example take place 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 flow through the
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.



[46]

[47]

[48]

[49]

[50]
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[52]

[60] The application also creates a which enables an efficient
generation of energy for a fuel of bioriass on the industrial scale, wherein
at least one arrangement is provided for the energy generation. [61] In an
advantageous embodiment of the object of the application, it is provided

that the.afiaRaemYdaide e R ng' B/ SRERRDSSS B FRIVAUATIAR: the

plant for the utilization of a solid fuel from biomass, in which the fuels

proRTEd ST I B RS SRBEF IR QO RS APIARSRIBI SR thitthgrthbe
bie@iarseana kARIMsteshaliseatit aned ¢anheinsedsiontbamadnasation ofast a

combustjon gases and water vapor. The combustion plant can be coupled

to SCHENDIRSSHEr NgershaBiagss thapatagt R ietehheaingeybrreebnggcoil, at

fragadhe gasebHgeorRteskindheaamdstin wvalank andtha WatRENaARRI tBY or a
the arraﬁrg\aement according to the application, more than 43 percent,

prefaia B fRE RS ABe PUEPL AT Frirchaseandiorcrpl st The

peiGapEcan Hetsanbizedid akapiiRined @@t Siaan L NBIPIBE S AN iBEon of
generation of current with the highest possible efficiency. In order to
a

eS8 BB hER A Pt RIBb 4 UgBEAL L PREGH U 3Hto the

thappabRRWEmaRe esation wHEIE AToideh also e by iaachiavaddeiiethe
envirgnmentally sustainable emission levels. [62] The plant comprises at

le RSTIORETEL EBIPLIA @B IrIE WATHHTS RISER R BRI SR BT sit ri s And
leasiz2130 cledseparcontigr aclapantbalieast a pressure of above 5 bar. At

the same time, a fuel from bjomass is used.in the plant for operating.it,
whicH BPrgJi‘ﬁ Eanat@z‘?B‘?Eg' %%@%@W&ﬁ?@ﬁ%@n{m&%ﬁéﬂwﬂ%non—

folinwing Biapsséhn e aimenhof e ivinase @bateigeaiure, O above as
100 deﬁ{ees centigrade and a pressure of above 5 bar for a treatment
duP8tBH Bf at least one hour and processing of the biomass and/or

condiianfogief thatvedatian ontkerobdiatel seegppdirayiandids ersl fatitatshe
[63] The arrangement far the ener neration can comprise. a pellet

oV 5 B B A B AN SV PR Broceghddpreacto
fluidize dtbeheaeatiistienabenbbiaqd el eviBFBakaig aoaintitedicampinatior
cy%e gower such as the. pre surizedgg#lverized coal combustion ]gPPCC)
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comguiaaiaataribanguaetealking systems with or without movable parts can thereby
be used

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.
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[57]

[58]

[59]

[60]

[61]

[65] In a further embodiment of the %?'ect of the application, it is provided
that the apparatus for treating the ﬂi rmlss 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

produgts fleGLIE AL R HDAIDM AL A ine Aachebihe ARSI NAIShat

provided that the reactor is a tube reactor, cycle reactor, and especially =
adPSRERFESLRRIS ROBISHinkns: RIS ARG e TuRIH pedtEncasy Ahe device is
meneR e Abikidzebed srRacidtiblaastPir, AR HRIRIGEPNomprises at

comprises at least one membrane part and/or at least a device for the

gehiRTRABN BTE UL g MG APE BEP Iy SNATeTHE Righer fimglegitical or

reaeiends degignedidciesnperipresef ahteprsbddtdeasaescemigeade,
and at least a pressure of above 5 bar. [67] Several reactors for the

reCaTHSH BN EP s RBAREP Ihe! BRSSO RARbE HH R BT BEogises Water

cagatdtv afithe flowdatp atdhet pbant ApEUEHNg iethesapRication: ThRes: a
can he connected in serjes. [68] In a further embodiment of the gbject of

th&Aplia4tbTF AR SR 58 SR iRASH WIRRTS AEMAPEIRG Sy SRIACRTOR Uathe
beappnoasaditesFrinagt PR CABtihMAlsTRE IRMHREEHRY WYRIEBdK@Roning
comprise at Ie[fSt a screw-in heater, at ,Ieastﬁ heating and cooling coil, at

le &SP HETF RipEAELANRSIAH BHT0 tHB FELE o PYHRCKHANS W oAl hi

exaligre dubpeitiRladeicthe AaBPBIing Sy S saTalSpreesRPEsRIRioning
double wall or a double tube construction of the reactor, [69] In a further

enRBHItAB AR I BN APt R SO R RARI  HHET B LRA SR SRR a

mixppgrappayatus for mixing, stirring, agitating of the reactor content. The

reactor can also be equipped with a mjxing, stirring agitating and/or .
Cleanis BSESE1EHa IR LA HTBT 7 s b ™
previdedlihatrtigeidavictsis Alee predtiinn wiharatusnio gakticular for

comminufing the splid.contents in the reactor, which comprises at least a

ol AP SCIOP RGN b B H e BB Ao ot o e cpe
theapplicadionliged hagpsovigad thditibeine piaatisibichededs abtryimgprises at
apparatus, which tprefer bl ﬁomﬁirises t least one c%pfv%%tion or contact b
driSPShPRFePABR S oS 6%18 Y AEM PTG A AT thet e HB R HRE R b ereoY
the ahjesical leesapplitadiorsdttoan be provided that the process water
conditionjng takes place during the runni rocess,.The device can then

o o S0 B RAHOH TACVi C CER BB P Gt the
sidvep actitien, eohydiasyaltraet eneaniziflegdomaing eetricatonsaadhieficd phases.
separation device., The process water copditioning can thereby essentiall
e 161 LS ET SOIE HRE L PSRRI Rl AT oA he
watepaeactiiioring piantcabeprisesici teastcavprosessivatp s éoetrvair

andir ateast a solidiiaui separation deyice iy a fuher embodimet of,
the object of the application, it can Be provided thaf the apparatus for the

prdcess waitenceheitionagpeompyisdsdi peastdrie siave;ddter, leesttafiecge,

hydrocycl nit, an electrical or magneti aration ice or.
yargﬁga%?[u%r}gru tll,e]:ainellng.lt e progess anaar audet aneia artl%ﬁ ap G aga filter.
co ination o ese. e’process condltlonlng device can there Yy

consiBhofisecditiieinppantos differdintgaotthe spphiesepafatihe peviceso befuels,
R TR R e
andlaitlandhl ik centrifog@koducts 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



[62]

[63]

[64]
[65]

[66]

membrane filter. [72] In a further egwé)/gqiment of the object of the
application it is provided that the device'is a biological, physical or water
conditioning plant or a combination of these, which preferably comprises
at least one solid-liquid separation, a bioreactor, preferably a

biomerakbaNS HeMHP Fudl FRYET BRAHROSiSw I efitratiRprolirafilinatins
and/or wet oxidation. The bioreactor thereby comprises at least one loop

reABRFfrPERosdimgHe thsIpBHRHAN B iedgBeticdritish pre g migisted
pravigled, that the sleviea BamalalaaiitoRRPRR T YEHEE: RERFF B apor.

comprises at least one device for cleaning the process and/or outlet air, in

paliEASPRHSERHREN %) fhersled i ihincandr Erp B thesa il fetic
is paidaulanybadastagaqrsniandna QEeRRIRINR PIHERE EmBUARTHGMAL and the

electric current. [75] The application also provides a material and/or fuel

WHIAEXARSE Srothicdidemeamatiieresdiosds MaARRKcH e vReRedBMptses
impsaxed pharasbeyistics apmpargsdentheskpavwin PRIRARIS 47 Herlsn{ 7645

The object is solved according to the application by a material or fuel

wHIBH S HRURIE SR Hesich 198BS ARY SHRRIS B NEREE S rearih e thgeeneration
bignassem Garheit hagiian pybiahdeMmohacPyid $ed13PR Rerear drsgioan

the percentage mass fraction of the elements (dry mass). The material

andIOF RIS ARt @ tricappRdsiineceirhite dhe E18 Brah sy fighshes ftion
blagktepakliks sdshdpmuscMaillaserer Maitarthbkengasiianmatedsitsion

and carbon-containing materials such as insulating materials, nano
splgﬁﬁlés, pellets, fibers, cables, pure, purest and ultra pure coal, or active
or SOMiiaslARabliksrisestarials: ehaiecaalos dishtuitmakeriel, iRigdyened for

compressed carbon products and materials, and.in particular also fee
e R I TS
fibeas andhteethinatasalstier fom pasiasenitesdcantpositatmatepalsing ],
The material gnd/qr fuel according tg the application.can comprise .
R e T
alse:p90He B&inparcenth@bidinapasitiautanzotiecIAApareant) ¢eprgared to
the bioma

s, based on the rcenéage ass fraction gf the elements {drl)l/
mSSRNEIT HRE HAESHA s Yo HEOFAATS SUntR PP bAshot oe
altesnative lyrcossyitis® Btieathendsaationinciettediby & theRQqeicent,
also 10 to, 150 g?egrce t, alsqQ,10 to,120 Eéercent, and particularly 50 to 100

pelUEHPSE&HS A sl sad Prodis

&on the percentage mass
fractidheodrilaageleniemits (ok\emeass eneration can comprise a pellet oven or 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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[79] The material and/or fuel accori’g‘}ﬂ1 o the application comprises a
carbon fraction compared to the fe terial of 50 to 90 percent, also of
55 to 80 percent, and also of over 98 to percent, respectively based on the
percentage mass fraction of the elements (dry mass). [80] In a further

empasiipent Rirthenpbischef draapplicalivtsdheSvdiegandracdanieidhe
material and/or fuel compared to the biomass is reduced by 1 to 300
pePEsitraRbBA¥e bABercent, and also 20 to 100 percent, respectively

based®iiheReisaTRdRIMasHiiactnn eédhecalemantsidinasshd didvnied

a further embodiment of the object of the application, the oxygen fraction

of {h &R CH BRI B0 8T SR ELITASEEF NS uthg o lispHon-

to BRAPeiaHt calsR RckPirQBrpgrcent, and also 15 to 100 percent,
respectively based on the percentage mass fraction of the elements (dry

mass! feb PehRRisRLRhEY et b ieplisrine-dBp reatiohisheo vided

nitiagen dapien ot fbe mMatainl-an ot dusbiscteduaasabyohd @ AL PEREE Mhe
preferably 5 to 200 percent, especialg preferred 15 to 100 percent, .

reSPBRAVAR BESBHGR TBHFEAISEY ARee i hoh O thécaibmbsingAnd

mMags)ir@3bilhe raterinhinghecbiphaceal dinehtthEeRpRINatIOMaast at least a
cognprise at least or more than 65 percent of the origin%fuel value of the
fedd

AR rngc RS PR AR ECBIBRREES KRS BLCAR A GAPRIASS? fieaple
Theamateriabasld/ebilalreariin® feHbheaaplication can have, due to its

composition and structure compared to the biomass oy alternative fassil or
biomH8 fa@@rﬁavﬁm@%w hidhs ARRATRAGRILE R B ORMER Lo S
frignahe cambustion eppiaatarisiicsifogexample stiafogedisedashbnaisent.

r chlorine, nitrate, sulfur and heavy metal content, and.lower

lo )
erﬁli STASIOF GRISEISP BSRURREMA? MRNgu ST JaUARDS 2adigr cleaning
sufisiantes IaclutingndntgRiinadd stifierppidesid8ol Thevwaterirlcaantiothe
fuel according to the application can further alsp comprise a higher _.
reSRHUTR SR OB RS e BL PATLIA BF &o%"rﬁB BRBATBS g dsontents
thénhigmess @l atieehatugsodidosadt aritimassfuelsast a chopper.

In a further embodiment of the object of the application, it can be provided that
the device is formed as a drying apparatus, which preferably comprises at least one
convection or contact drier, preferably a flow and/or belt drier.

In a further embodiment of the object of the application, it can be provided that
the process water conditioning takes place during the running process. 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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[86] When the material and/or fuel ?%):ﬂding 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.
[87] A large surface results with a small particle size of the material and/or
fugl aaepugingdg the application, in particular a particle size of about 2
nanometers to 50 micrometers, also below one micrometer, and also

belod 0B HAFHIRRT e AidfsiyastarbhRiaPRc iR fopiqyided that the

apRliGalien s Hae Do Y iech Easila @ edadifie s map I Rarbele SiE® ARddtSof
Iar%e surface. [88] The material and/or fuel according to the application

co s“f\h'ﬁﬁnQraf]sw&%ziﬂ%prﬂéssr@a!@ﬁatr%?owéré%é]Sﬁp on, a bioreactor,
erphadimehofidhe-phiesat lop ARNNSHRN dhesmaisiia mdias fuekefiltration

biomass is Eroduced according to a method which comprsies at least the

fo e dptiofre MBI GC{RE BRORDA SO BPHITEHRb F At PE O IOgB dactor-

100 dggregmerbhikaHmand ARERISHEETIRO OYS! o B MR AjFeAlse Mat the
duration of at least one hour and treatment of the biomass and/or

comAtRSH Y GH i AR BRP BB YIS P SATBRbAF BRATST Rhigastoagdevice

[9@hrTheatanypEatusecsaardoadiusiegitoperitohdagreesiaentigrade,
also between 1&% and 300 d@grees centigrade, and also hetween 185 and
225 detsriisorihs PrIYAROWERS e QBRIFIEN 1 RtHF WA YAidyantageous for

betiveaen it Rnctb Bénkasy aindhatseatvieetid duanghtl 7 bar, 18 and 26 bar
or 27_and 34 bar. The treatment duratian is at least 2 hours, preferahbly 3
to 60 MBI ATEHS RRPHOME of T LRGP I SAPSELRAP B46ratced in an

hoatrsa@tab3des 2dahnet andfiien dhe drepinsnhphivebibmassridir yeasijomed to
prod?;J}((:ts are dried yith a drier, also with a convection or contact drier, with

a oW BREMPRISHAR BT ith a fluidized bed drier up to a desired residual
moistrtie spjete i fl et addbopeiioe it tadsapplctai 2l pesaaniciil I audRwhidD is

percent. The reaction, jntermediate, secondary and end products, of
o S S 3804 TR GG TR PERBTRG i BBLE P GeTGte
to flrclocod ikesfhgibebymius, aiflarcrmbbdailanddikpeaieantipn preddeision

o TS S P AR RS B

ma@ﬂﬂishmmﬁohmactb_glnmrmwodwmwﬁwlta_tmﬁiaisam_zﬂ_iinnrd or

Pl eedmaaint o replic wa Rl sonny &

conyresits, matersplen O JpEHetqpidicatian ey thercglaies tadhetrspudt toal, or

malsyia ek produted 2cearding 1 e aPRIHOR (R ASRRIRon ©
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



[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[93] - Biomass comprises, contrary. gj{é ssil fuels, renewable raw materials
which are available in the long ternq omestic 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

sutfigigaiba hipthcasaomsrtanitfon tbisomrioest ang whik1tea ls@ent, and also

otherwise be processed in their composition and property to economically
usebf FeAR o RETREanIEtasE Yebchhdddha RS seuErashY s RO S
acgeAing (@thenkyygntion including fuels. The feed materials are for
example among carbohydrates, sugar and starches, agricultural and

forestR A Emb R Rl coRicskel BraritAtAts Badbigrossndiagion of

typeSnifers] ¥inle 8idibopipaie BRAIKMIRMsSQY r&ldRH SINEWB Y@ R nt,
straw, as well as biogenous residual, waste substances and secondary

pratifictdC pidhiReEra i Hegialidd Ui mtesert BRBRTiyFRS AR the

landsespesctivatini apdstaad sinetias ) dagritdipral waste including
straw, sugar cane Jeaves, waste grain, unsalable parts of agricultural

proddRd HERSF ERAHRSHG QS B S gA 5Bl RIS Sy g daction of

patis Aackathanisideelelayrisdamnss eiapingeaIairalired beatieao
sugar cane leaves, carbon-contajning residue and waste materials

indIERGIFY: PRI WG HLRCTRN- ABAARY VAR WARRAL G AIRESE iy Dased on the
inghstbialan@aiesirasidion srante)lcshedgadeyfiarsst types and classes of

wood including forest wood, timber, pallets, old furniture, saw. dust, )
reidl b BRIV ATESERFES &%QW&agﬂith?&aa wgmﬁﬁﬁ g draction of

wabtemwaste Megetabless veaste gsaseo B0 paRehapeepitibhl JeXHeER Mpercent,
particular of najural fibers and natural polymer d apimal excrements
R e TGRS P AR A PRt HER S SR e S A mass
anflactipardctiacRnigias caédavass)can also be counted among biomass.

[94] As treatment of the feed matgerial and/or of the solid-liquid mixture in

the seRSEBIHA! ARHIRAHShASFO i se !0 FFRRIISA L PiFR SRIRLIE Uredgsor
onntibe: shiifl-4if) pidortix b ehwbighineé fvel fosltheoc ainy fysdanavérias aatiddiquid
mixture into the reaction prqoducts, in particular the supply of energy for the
AR BB RSt SR ERGRSh reaction. melading the
treatmeaholi¢hal sokidoliuid dodsidiegloatie mpeiaition oiolevd didrgitees
centigrade.and a pressure of overr(g bay. [95] The processin th :

e e O R N
théusBatigaifi@ithe feed adedetiak reastid sramndion entaiinédwid yp coditatstion
different steps before and, after the chemjcal conversion cess. The
R S A TR
reaatidreparinetd, dowleding dHevpee tredtsiant it roaferticabimentt¢Gine
Asdﬁr?tre tment aItI influegces or efchgs are.%mdersto&)d \Hhich inIuence

thé Lo ia-TGHG MiXIUTS fortne starft:up of e ComverSion redction tntil the
end dittenfitingl pratessuef theordactiantspappl@addheastdntthethdssupplyrise a
of energy. In particular,,a preheating of the feed material and a
col pA AR IR Eralon temperaiitc pReenhyRlod ompared o the
of benreacticritenidtive sphdtities siae odbmastefut®.mm within or outside the

reaction space is.regarded a: etreatment. [97] Salid-liquid mixtures in
hepalubisiomtraey it ol d it e TN

digpeosi/etsystbmsyrinoinding Wiphid-kontamiagsoligsndiyparticnlaolid fossil

bi . The method accarding to the inyention finds use particularly for

O e RS TR eI St e content of the
liquidAphage sorficca sehleny ahd/amadl fretphy sicalod ticheratioa lcheigefaf]

the solid. which, enable an improved solid-liquid . separation or changed
D e R SR B R0 S g 0 50
chencicahetran rdscFedontate iatomsetbstant e arbthisvcdifiaxnanseter. The
liquid-containi r non-liquid-containing selids which are used for,th

o A S ML R S o he
of the reaction products and/or secondary products in the sense of the
application comprises all influences or effects on the secondary and/or

end products of the conversion reaction, by means of which these are

brought into the desired or necessary form. [99] The semi-continuous or
contintiniie mathod in the cance of the annlicatinn i t0 be 1inderctond ac



[88]

[89]

[90]

[91]

[92]

[93]

[100] 1. The temperature, in partici;é%in at least one pressure vessel,

reactor or plant component across Ie?ast two reaction cycles continually
lies above 40 to 90 degrees centigrade, preferably from 60 to 70 degrees
centigrade and/or above the boiling temperatures of the process water at

ongharRbsolIe PrRRFHEGasR thatadrolonged direct skin contact e.qg.
with one hand on the vessel or container wall, which is directly in contact

with theerdatgis MkenE sk sreredingiodhe IMsRlGRRIRiRe Adatkyd or

visipiaiskininednassds privw@ssible with auxiliary means, insulating
substances or additional apparatuses. 2. The pressure, in {%%ticular in at

least Bt FEdRedEcas el ithealiest Of HiaPebritsRehecBAtRdhpdias fuel of

abgivenase PpoalsiUie: BressUe O Hiigo8 VHRA @R RERT LSt A TS T Aing
least two reaction cycles. At least two containers, at least one of these a

re IG5y, et icaHREY:Qf th Qiemastib Adempratdreohapeve L09rdsaises
eqiElizatien MIdth SRR e Lipressed medisneanhearenlised: Badihfie

processin? of the feed materials, solid-liquid mixtures, reaction,

SR B AARCHATBR S B RS FOBF RS B s iBariRipaRtdiate,

IS saysiRthOUinD/HRER] thadwae container or vessel within the plant. 4. The
entire volume of the containers or vessels in which this processing takes

place ARACHRRIATMFE G IRTEGISH IP S¥SEMIAIESHRBb HENt8 BE the WAt cen

is apleast SODJigrsswbeigbyial 4aa sl 16:6f¢beI8 TanialNegegroéeSTals

shall be moved not only by hand but only with additional auxiliary means.

5. BERHE mg&%ﬁu&?&ée) gt F&f}Ja%é& 8&&%?%8?&4& ' sonipaficand also
mixéuke antiondiffenent el ddeedsnarena JaiomasaesrestaaiiQiuration is at

CopBRUIcE A e, peiolr ol e sompesionandy
reefitvul secendanyoureimediate abdfor ehek pioduatmandsdriatb@smass, the
oo, ekl o s ol e v
asaflocessdiynborfiondas: arisu pplieiddo dvdithdrgn® irdmitbe readian

mixure simlansous, 8 Ime:iapsed NSRRI 12 0 15 percent.

The reaction, intermediate, secondary and end products of the method described
above comprise fuels ranging 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, 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]

7. The processes under 6. take pla iﬂile the temperature of the
pressure vessel, reactor or other plij{?v omponents is above 60 to 70
degrees centigrade or above the boiling temperatures of the process
water at one bar absolute pressure or while the pressure of at least one

plaRh&PHRRANSHY Had SRS RAr ARSILIEHPIESSYERItBral REIRACHRD
mixture is treated within a coherent process, in particular within one single

pl&hedyctnal ye speriaiu ral Braisd FOSERORIAIR LIRS0 WS TRTJNBRSHEEH S
angh dpring S teatliomavelesty, e intasigHealkiteie 8OQrayain

particular by at least one stirring or mixing system or a combination of

StFREFRY U EGHE G sTEIsE SHPHRtEs BrdvineneAse PhrdrstsNARRnd plant

CORRRIAIY af fidlanTrie (eiechaniaalistipe oudi v GSYSIQMY similar),
where?l;r)a/, when using a single system, this does not comprise a magnetic

ot hth Rl ARl uding St Usaherts e ima Ao siatoparatelje parts
elegtiicadyitd@l pheroa! Arerakispupplietota of vwitheres, lesaitp fegdilage

material or the reaction mixture before or during the cycle, in particular

il QB PtRd s eV S5V LDRIRHY SFAHMBINRSR A8 iesne

SYRIQMBS eirBpRAF sERWRSIRbindulingthRtdsa]ohR RiaEIE SyRiswilie,
is E,referabl,y notac mmerciafl% available qven and/or does not comprise
a -

QHIREAAIRSHEISH A & hREG AL SRSt FRRi el pgete). sludge,
sepiafaiad By o bant gopsoddHApniainesis i bauisierpirdsasian

oo Shen 0 cosed e Lo a2, S LS CRACHIIE e

enfjeaniaett. waseniagaebias\higictbfea uel paseraadtiany thattikihe particular
of natural fibers and natural polymers and animal excrements including liquid
manure, horse manure and poultry droppings. Cadavers and in particular animal
cadavers can also be counted among biomass.

As treatment of the feed material and/or of the solid-liquid mixture in the
sense of the application are to be understood all influences or effects on the solid-
liquid mixture which serve for the conversion of the solid-liquid mixture into the
reaction products, in particular the supply of energy for the start-up and
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.

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]

2.

3.

treatment of the solid-liquid mixture, /or the processing of the
solid-liquid mixture is carried out, f&ﬁaéa mple a pressure vessel or a
reactor is formed by a reaction space or pressure container space closed
to the outside. [102] As a reactor is particularly described a container in
whicls giegifitygi lenrkiQir Slapmtale RIagen Asppacisive 1easliQnsparfate
particularly understood the steps which run to a great extent for example

in dteFRyienadnd ofher shsrsiiscagismivinel¢iag tnwidsrstaininssalidsatie
to haahiRteieanverrat Isrst dPate SQiRererik ehibaee dimagiaialdrRieudnsy for

of the mentioned reaction, intermediate, secondary or end product. [103

ReBRifIP LA Y bpbrBEsh it saddr Spdrscaie dhnsansrind ine liql]lid

exjHaRG f sRatiniasions /JsRewipicanh eReRACHR O BIeBSYHEd which
container space, in which are present reaction conditions which are

mé&aabiay aevXAt AR dinaidserEttion asnereehEling coHuiigher solid parts

theehs ehenescakaPrifpieugh a papsUMGiverdheshaMeabrdEpen it aal or
flow and/or Ehase, chemical, electrical or.electrochemical or other. type of

infHEREL OPhE ARSI Al d AR YrS P B R By drrp R ARS SRHtF
fordakarato s RLrPESRESIHIPRE JFithe 3B rlglicatyapgyated stirring or
mixing system with a single shaft Wit?arﬁglgnetic coug)glin and features a

wall-STHECRELIPURGaF 6PACHATHRg SAIPORT SRR LIBE EFRRdary
oupebdereion walkbysaofaleckppalythentothpasioaiCamiairenbtiehifean hiethe

separated with a few hand grips, [104] The reaction, cycle, cycle or. .

re SRERIMIOHHY LR RO tHBRRRITHON EPLfgR: BE ARG Which these
reagdiprowinchsialitsdaiictherindcedusiiqoraf the starting products into the
reaction space and the supply of energy which serves for the start-up of .
e o0 R SRTEEPE i L O UL R EREURS 5o Al gapestion i
prasbssihddhtoediatenepeiding ce sif éch cciantinnephindiaendbenthactan end
mixture without after-treatment or conditjoning, or until the. completion of

B SR S DR AP G AL sy aerd W DA 8 b
reagtiaion)istuieonechrnikallyiae by hearitof viteassulod, He pelfidiag on

flow, thermically or depending on construction and thereby effect a
movement of the reactor content by stirring or agitation are among the

.stirrirchetdnipingnsysiapsrtichéaninve antopkthe saacti@sseljxtaeddyr plant

apparatuses such as pumps, liquid stream mixers or jet vacuum purpps,
ot RO B ot R T B RN R SR TR ARSI 00
directiografstbent@astiaprefinbey diong Gires30récgrach enisigralalsadamabgye the
these}).o[&.ogtA IIE)Ian consi % of at least t¥vo appa atusgs frtdevices for that
carryiig Ot tHePMEMSA AccorBing ts APPilcation. Al fEASt twd Contamas " &
or vepsdtmgid dastosieénod dhese eagterichosn canndeoaahaeeteel isr suatnimer wall,
manner et apressure squalizalon or the storage of compressed media,
can be realize .%rylnl}egra or essential component of the p?anflls an
appavatuswrizccentdinaibihennirctre ssasediy pdaibie oitinsicdimyanenis,
the elffici?qﬁ}/ of %h Irlnethordai 1rtclesrtlgicted inaparticular in view of its
cost-eHectiveness yczgfts 1858 W8, orEBO)P ?irvel,lsaer%d by at least ten percent.
[107]heptwmsant, pnqeessukpieseitaftappanatssesvescévicasofa plamt
are commontyusedt More fnan.200 lograms of fesd material 20,08 ool
processe‘%f)ln suchap ant per week In relation to RE gry matter A p antis
commuomsbpresedoshar agparvatises @r deliced tkagammegiethtennat least one
another,or.0y e connections ot spatially Dy methods which allow 80, e
exchange of sfartlng, Intermediate, secon&ary and reaction productd and
also etjuelireaction fharticipantsf @othpresminorlnsaobthedaed within a
radlu%ﬁ)ef ;?r%cke@s'ing 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.



4

5

6

7

8

[108] The start or the initiation of the reaction or of the reaction process is
characterized by the achievement 6?/ t least one target parameter of the
reaction procedure including pressure or temperature, where the
conversion reaction of the hydrothermal carbonization can take place over

.a periag ehatdeaRinRe MPLeoa A VAL IBARUPRIN A8 $Td8essing takes
characterized \%éthe continual leaving of at least one of the target

paramlatsrangds Ckb%retr@ﬁlb%f@g&ﬁr@ﬁ?ﬁ?ﬁf@kﬁ@r@m&mgosﬂt%@leélé%ﬂ&ﬁt

spaceaktGohRieastianeiotsr mesiate R SaaefdasRHady eisves Ry tnarsye
the sense of the application are all so]id,a(lgi]gﬁid and gaseous substances

whiciPaMs SRARR D RY Rt Opbr atidh adshinnshapiLe¥ e her than
.5 barpiginperatheadiaherthandRAdeaeps-trirpandesdai dhrimienatd
of stay in the reaction space, [110] Solid-liquid-mixtures in the sense of
the affstieasbi{carat fnss Peresomataiah HeMASeher SaiReRyRPoEnds are
systensed, inchiginglis btldeaniain henpokdsoinRatisilsichigmass. The
device according to the application. is in particular used for those

-solid HYiFEeRTikE AR IRRGE HtY, SlidrbictHE FRBHSH, SraTAY sergpdary,

increaferfictgreandesit Gid peolauisl AlipseoidorsalventaRRiaihacluding
physical or chemijcal change of the solid which enable an improved . )
solid SRS 8fi85°8?ﬂﬂ3r?§é8‘?8%%%ﬁ%@ﬁefP’éS’ﬁ R&/qipE particular
Suspgisiaisvang shapstsignsciadeibebalieragneqtss selishiiguid to or

mixture {A heterogeneous (immiscible) substance mixture of a liquid and

= SolRTB{EE (AL RRIBE Ay R OB NIBH 2SIt s 4 e gpanner.
one sidiphaBe @rcbatileastasnadightichpiase. Colloidal dispersions,

micelles, vesicles, emulsions, gels and aerosols as for example paints,
.emulBiensarfsemndretambagltve dispetbe sygiersirthalt tisclyirmasyre vessel,
mixtyres, of smallatisles, and aceninysl dispersipnmedium, A2l or above
Maillar%-h e reactioh productsin fhe S&nse of the app%atlon areto be
undetistdodl mg tonpeoands whikh e éstevniediais)cskoortdahytegndssure or while
prOd‘éﬁésp%sEe?eCHth Ffé%{éEFSr% of Maillard reaetion products %[Qhrda IR ssure.
possess similar chemical, &)%lcal or |of%)g|ca?propertles. e advance
glycaiign endiBrogiatRAGRMIIC AT ASRer e Y S AIFANIE MRk hin one
the primary Amadori products are among these compounds and which
furthéM&la@ltthe end products of the Maillard reaction, the advanced
glycation end products (AGE). The AGEs can form crosslinks, with ot

er .
- prote ¥ tiisUGA'TERH YIS RERH M & BEN i AStigh Mt o HHee andor during

develapment patycibesethsaritdnarous cliftatent and sompiaxianmsogfat least
AGEs, whereby Na-(carboxymethyelysine (CML), furosine and |

pentSEF BT & RS MATR T A SSTIRBALINCG SHT AW [RTSTPBITians no
afluomaetinde ne it o) - kefsubBtancescsctatin vhaersiaath@son-mechanical
substances and compounds of similar or related or non-related classes
havirfé“é{l}%a%t“aﬁé“éPX&R?&FaW&‘?%@‘&@W&?c%SB?gp%E}F@ﬂf‘aﬁkfé‘?ﬁ’eﬁéifﬁéjr?ésa%‘“

for exampla¢eagtighcine tagssmyetyhlonjrigiiosheneliicisnt, theralavtime also not

refractive ingez, higch B,eat resistance, low adhesion durability of surface
contaMTAEAO A6 ﬁ'} oth surface.

10. Thermal energy is supplied to or withdrawn from the feed material or the reaction

[101]

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.

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



[102]

[103]

[104]

[105]

[106]

[114] Fuels are substances which ?}Z\ze for the energy production and
which are converted into energy bé glns of chemical, electrical or other
methods. [115] Materials or utility materials are substances which are
processed into a product by further processing, treatment or conditioning

Ordﬁbiﬁho&qwiﬂsﬁié %Hfi’cﬁ@ﬁﬁ@h?a‘il%’@é&@bi%@%e[ﬁé@o@ﬁ) %Bjﬁ%t@fﬁ@@ontent
application is exemplified in more detail in the following. [117] The process

of ﬁ%ﬁ@r@mﬂv&sﬂ)ﬁo&%&éb&m&w%?V@ﬁH&l BR3ftess fhatre the
meihagaacaradisgdpdhrjinyentiancandrgbyphs civided imte §08d-liquid
following phases: [118] 1. Heating phase: The biomass is brought to a

tefMpEPRRC AR D R sIREC P b BRI AFSHE bR A FaGHRE ke yethly 2

suRRbtieh 8PV irasiic YRty bipmagsesdnaindoatkigh carbohydrate
content, swelling reactions initially already result during the heating phase.

WatePithRAEI hiaeEir BRENCLT Gty dactomipties it wlcBelpaisiyceashign steps

theagwpllig PrOgasSIveealbnoHstépsthe: iputhenaayrerdeaiioitpdhstkigitkeBich run
also form temporarily, which dissolve again during the further course of

the deFERHAENPAIRFEHARE B HEPOSHLFEAMORTHIELE re40R, Yriuchgintg be

stipielidiatl frateingaie s ssrvetonhichatieRarticwWss 0 the:eeseiRd Rladhditerial
lignocellulosic biomass, mainly. consist of polymerized structural proteins
cellifbe’e Ak ?c‘é’l?ﬁf(’)%%eg]ﬁ%?ﬁ ﬂﬂw.“ﬂ?ﬁdﬁlﬁ‘ﬁ‘éfeaﬁ%%‘ﬁ%%@fé’%%%%w-

comresd Fospactherygheirtheoptatgitiop afsresi et aansl afesstinkede of
structural pr,oteingsgand the smaller the surface of the feed material, the

mAPBE RIS AR B h & I S8y AT RIBhRASFES SIHEIRSh &R Which
hyshohrsisiessiisiol abndittoalevhichlieattigsimatil dvchehesaicade another. A
compounds are broken down by reaction with water, The higher the .
propYRIL A EgPy 8t %é’-ﬁ%ﬁ?%ﬂ%?% IOHERA FANSPRENG: dpigphanical,
fadepasnetivvefioihardowephascpeapoiition tdghaterliesicdbignmeasisortbeher
faster thFS ase progresses. Toward %%i%% end of this gﬁse, the heat

endRS, Of e AP ARHS WSS LS HIRS P S P SN G ShiLp ogave for
Paheeitizstion fisaseqlipp st eromaritedrand yopecinssitivg s oamading system

compounds are newly structured and.crosslinked Agglomerates form,

T SRS S A TS SR B IS et ok e PG fangfor of a
mateniple Bidnaoetethane doistiiheriside o oesiner wtletteged by tHieclectrically
superordinated structure and thereby also their resistance and firmness.
T e e bR SR X o T s
porogite censtairot grig b pddiclesaatitng siabretiad efs e tevihthedi@dtion of a
microuineters to 5 nanopeterﬁ.aﬁ]dtsrrtnalle itrﬁthetin rrtnediatt anglratllso in Juct
th&'8hd SPRE IRBW EAIDOR ComPEURAS tornt which15ave Simifatify 168 Procuets
thase dienatutidicopdcd hey thorsish) wotfengstyotiars, ei-difdoeticadonp of the
compounds and.terpene derivatives, (he.carbon gontent ot which.. ¢
increases, and the hydrogen and oxygen fractions of which frelating to the
peteaninag ofabs daaitdnraictiven plexhents (torenassh decreaseitbne aftthe

diétin uish[ing fea&u[res. compare t}? the fo %il fueﬁ IS the presence of
X a%Ben or conditioning, or ynii 1 e.aomr%lse 1qn,0f the rea Jon process.

Maillard reaction products In the lquia a solid phase (0} e reacton
produgtparatuses 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.

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



[107]

[108]

[109]

[110]

[111]

4. Stabilization phase: While the dr%oz rization and the polymerization
phase progress in an exothermal 51 r, 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

ChakaRiRrRlic @A NS EBPREAITORIQdUChSUGHD *SHSEKES S RUEKS, BAMEhst one of

structure, density, mechanical resistance or strength, particle size, surface

stitieaSrR IRPpoARAS, ConfisirdiBhsirBmeternaicBat danatues saHadizatigy or the
cogtrnteepesdRbstiee mathads Ok ikanlion aondiiens. dhadssattiEcomponent of

parameters which are responsible for the control of the method according

to frePApIie APPHATIS Oft SRRIHRSESRehr bR drfuraserpier datiree o tiie

regstifyoemiherpraeR s ByTRdbiadh biflidanaerd By thedallanin tieainent cost-
or reaction conditions or criteria amongst others; [120]1.Composition and

chehisetbisanes o thiratiiwe oF Rt mARdiaY itideRTHGHRASRYL: particle
size, MedsieienePrRREsAY i¥sGaTapphneal angbalkali daniet Ze commonly

Relationship between the solid and liquid phase or dry ,
used. More than 200 kilograms of feed material can be processed in such a plant per
week in relation to the dry matter. A plant is commonly used when apparatuses or
devices are connected to one another or by line connections or spatially by methods
which allow an exchange of starting, intermediate, secondary and reaction products
and also other reaction participants or the common use of the same within a radius
of 50 km.

The start or the initiation of the reaction or of the reaction process is
characterized by the achievement of at least one target parameter of the reaction
procedure including pressure or temperature, where the conversion reaction of the
hydrothermal carbonization can take place over a period of at least one hour. The
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.

Reaction, intermediate or secondary products or partners in the sense of the
application are all solid, liquid and gaseous substances which are or have 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



[113]

[114]

[115]

[116]
[117]

[118]

mass and process water. 3. Temp%ré:léy e, pressure and the variation limit
of these parameters. 4. Catalysts: |

particle size, mixture ratio and supply times. The reaction can be
accelerated, manipulated or directed by the supply of catalysts or catalyst

MighdragAd Iesdinsaduinaissaction Ninssass. vER ehasaciRlistics af the

reaction product can thereby be influenced. The particle size of the

mAEAMRO AR RS tersTnRl SRS cF Al Fiome R fnfoRFR AN & ReHfBRELe Bistems,
theneeacHanuRraduaiss UTRIRAGHAAdIRa IR sigpfiganlivdstesminaddamhe

[12] strenﬁ%of the acid (pKs value). 5. Heat exchange or tempering systems
and t

in HRARERRPSWatSso bn A AHBTHA 26 chermieal fhangesdalyhentepirits or
mixture for example %rﬁ/drolysis: amongst others increase of density and

OSSP RBRFEEL

ascthgnfiratepris qiegrerRIoRi dhEpRe ek ZElO A the-RUIE) the et Products
product. 8. Method and manner in which the reactor content is mixed or

aditstdd 3HHcthare gergiRIstn ErarRE ARG THe! darmsingary, emad g Rroducts are

velpedycanessheaipaises advridingitiieryelstan ehirees pb fitecesshe Maillard
water: concentration of glkali,salts, acidﬂs*@?lements s%:h as chlorine,

suffirtien thersars
nittasesHAPENdthee |naring maligidseaftigdfeaessd polymerization. Due to the

e, composition, concentrations,

il rerronHRIORHE R BIS SRR O L amESEBARrATS, tso

AL BRSSP R PORATRS T8,

YR PRSI SR DRESHHBY SR and

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

Polytetrafluoroethylene (PTFE)-like substances are to be understood as
substances and compounds of similar or related or non-related classes having at least
one or several characteristics of polytetrafluoroethylene as for example reaction
inertness, very low friction coefficient, very low refractive index, high heat
resistance, low adhesion durability of surface contaminations or smooth surface.

Fuels are substances which serve for the energy production and which are
converted into energy by means of chemical, electrical or other methods.

Materials or utility materials are substances which are processed into a product
by further processing, treatment or conditioning or which go into an end product as
work objects.

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

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:

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



water during and outside the runni rocess. 10. Concentration of
contraries as for example sand or ?L%& ances which hinder, slow down,
delay the reaction progress or lead to undesired secondary products or
precipitations. 11. Type of the execution including the intensity and

dutatigepefyihermatidagsieps mentioned here. 12. Choice, combination,
cooperation and control of the tempering and mixing systems. 13. Choice,

corfbinatidre RIS HZALIa RBaski dilsiey tht tri i b tealeprebiiniBRing

and guidaegdnaddding ansigaiation: ¢h the agceTSA A usiveatiRsic
variable reaction volumes by the process water and substance supfo

ly or
withdrawaP DA FIRHLY fIRHEPERPERERZ6E THEGOBWRFRIes g Tulose,
1.Provisiomahfeathmatarialipalidieroneiass degdneateidbosaiahsbamis form.

The higher the protortion of resistant and crosslinked structural proteins, and
the smaller the surface of the feed material, the more time is needed for the
depolymerization phase. Simultaneously, hydrolysis results, that is, a
chemical reaction-, in which chemical compounds are broken down by
reaction with water. The higher the proportion of carbohydrates, non-plant
and non-structural proteins and fats, respectively the lower the proportion of
ligno-cellulosic biomass, the faster this phase progresses. Towards the end
of this phase, the heat energy release increases and a substance similar to
raw oil is formed.

3. Polymerization phase: The monomerized and non-crosslinked carbon
compounds are newly structured and crosslinked. Agglomerates form,
which macroscopically resemble the original rough structures of the feed
material, but which have lost the inner cohesion with regard to the
superordinated structure and thereby also their resistance and firmness. The
newly formed structures which comprise a higher brittleness and porosity
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,
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and water. 2. Pretreatment 3. Tran 5% f the feed material into a transport
rof

system and/or container. 4. Transf

he 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

posisibivief Hhesatalisitahidderavahet naiaband, Ganiases 8 dneakaliaf ure,

with catalyst, in particular with acid
composition, combustion characteristics, fuel value and energy content depend on

the methods or reaction conditions, that is, the parameters which are responsible for

the control of the method according to the application, that is, for the process

procedure. The course of the reaction or the process procedure is influenced by the

following treatment or reaction conditions or criteria amongst others:

1.

Composition and characteristics of the educts or feed material
including density, particle size, moisture content, purity, carbon,
mineral and alkali content.

Relationship between the solid and liquid phase or dry

mass and process water.

Temperature, pressure and the variation limit of these parameters.
Catalysts: choice, composition, concentrations, particle size, mixture
ratio and supply times. The reaction can be accelerated, manipulated or
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 the metallic catalyst forms an
essential part for the formation and structure of the reaction products.
The reaction time is significantly determined by the strength of the acid
(pKs value).

Heat exchange or tempering systems and time of temperature
adjustments, pH-value, concentration ratios, also in the process water.
Material or chemical changes of the reaction mixture for example

by hydrolysis: amongst others increase of density and porosity

during the conversion reaction.

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

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.

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
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9. Admixture of one or several furtr% talysts 10. Preheating of the
biomass 11. Compaction, for exa %r{g hile introducing into the reactor
12 Introduction into the pressure container or reaction space 13. Heating
14. Process water conditioning and air cleaning 15. Removal of the

reaction prodygiiéiaiirihe saeiendnace i @tign of reaction,
intermediate, secondary and/or end products from the reaction mixture 17.

Drying offhe GeafeRy %%CBW as for example sand or substances which
hinder, slow down, delay the reaction progress or lead to undesired

secondary products or precipitations.

11.  Type of the execution including the intensity and duration of
the method steps mentioned here.

12.  Choice, combination, cooperation and control of the tempering and
mixing systems.

13.  Choice, combination, performance and efficiency of the process water
conditioning and guidance including consideration of the necessary
adjustment to variable reaction volumes by the process water and

substance supply or withdrawal.
Further method steps can be the following:

1. Provision of feed material including biomass, feed material, catalysts *

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

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
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[124]

18. Comminution of the desired re%%tz?n product 19. Cooling of the
desired reaction product 20. Condifi iﬂg 21. Energy recovery, in
particular through thermal recycling or heat exchange. [123] The feed
material and the reaction, intermediate, secondary and/or end products

are processeq imdiffgranhstepstRefore did mharthe Ghelcpeenversion
process. The processing steps aim for a substance conversion in the

industrial ®r tXRAIBHPAEREHEIOPH PG H S NECRME DA 98 8td Bieducts
more than a mapal disassaMmiiyiefea manual comminution with a pair of
scissors. The processing of the biomass and/or the reconditioning of the
reaction jprodetd ranel oidhie stedardatiypposdiets in the method according

to the invention goes beyond an electrically operated stirring or mixing

system wih aCsinglensitiafi withenieginediccaotphipgodnd: features a wall-side

heat transfer of a compression-loaded smooth inner side of the outer

reactor Wall b¢ @lieecfribaliy diedtedaasingahnrtainer which can be

separated with a few hand grips. It also comprises the criteria mentioned

for the séringlondiiiontmgystem and/or tempering system mentioned

under point 9 and 10 for the semi-continuous or continuous method. [124]

The biordass Eaergguadtyvatye @l pdve cudan thioutgotaetont vy diapagehand
particularly before the actual conversion process, in particular before

and/or after thé fi ﬁﬁée’mto the reaction space. The comminution
partidilafyethiasetd cadtlie mactiani talenastiae pyefendbty byddhadfidgaddcts
particularly preferred b ans ofan a atus for milling for example of

B R e S AR B Sh s e, e
depencing ®rtthe dme domatatisthaod dhvey ciesire th plasticti sidel. dritecpaitidle
sizgnflienis e eadion.progress Thus, e smaller e bartils sizeu by or
thénFarger'is & BlMAce of the reed matena .aISheqargerntﬁe Slrfhce 9rihe >
reactiampbectmensnthiefasi¢r ispthe adhemsoal. COnvprsiossiigefphetiolensizeand/or

of the commijnuted bjgmass can thus be un r]E cm, also under 1 cm,
a5 UUST S i T S e e el ROt e e

cometlindtionopdotesstls: tinerelbyd epenbanindrnthdqutocely proceetlisaramg or
:2 %ﬁ%&g@%&%‘%ﬁ%ﬁ%&a&% QiR RS RS PR FIR R R &3t 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



[125]

[125] The incubation in an acid en\éﬁzment or medium with a pH-value
which is below 6, also below 5, and al 3 below 4, particularly below 3, and
thereby also under 2, is part of the pretreatment. The necessary time of
this step decreases with increasing comminution and with decreasing

PHnyRIue tasriRcURAtiaRdEhar @aidiERHtYAlE RS BIALAXANNRIBASHSs is thereby

place after the comminution. [126] In particular metallic, inorganic or

safiPfikdeatBRIRN RS SRR RS A RS AR B Pardculs amthe ¢ ation of the feed

biemaasm MatierssaRhnasessesrargused within the scope of the
treatment of the biomass and organic waste which are established for

exanidie REBREYAE Blanactd soyRorma Qr MadmatHB arRidaitiyR yhighds below
angl/alsinRbacsiendsa /BRI CAD heiaddrd BitewtBeREdRrsaien dRdbe?, is
acid medium. The catalyst can consist of at least one or also several

difP8reRt CSRPOFEMS hERR TeRFEtRBY RN TS £ ERIAFErATAXHE. iRoreasing

cogppanmtich thelcatal vt canifer rample Tansiwubhammagign THdieagtianue
procedure is influenced to a ﬁ;éeat extent by the choice, composition,

coffte T stBmPia it ass 2fHikiRG FAIBARY Slpply times of the catalysts.

[126] The fagiersciepensing Qmihe fataly st tpkefaibshavesa iy gehfloanasi@re

the forming, design and characteristics of the end product. The particle
sizséftﬁ’ﬁff‘é? Y Liemost BIRRogh BELBIFSF O IR YO MAsnsGRRe of the

strigeitreafdhe e Bibehseasti vrdaiad walstd hehfeaetiosstimigs it @R example in
determined by the strength of the acid (pKs value). If, for example,
parttRF8s Ratirer than ten micrometers, preferably 200 to 1000

[127] nanometeis;sandipaitigitlasiy paafasiedfhoator b98/bAR0IMIQISARS UIBEdN can be

the propability of the formation of uniformly formed fiber-like .

na"rfg&ﬁ%ﬁﬁl} “i8TEPER %&“ﬂﬁé@ﬁﬁifb@ﬁé‘%ﬁ\%@% YthePhgpasist of at least

pregiseraigh yaiiaamdife fine ke slaneiuTes @f the thewlcar fomcosapoyads

can be defined. However F&Pe carbohydrate contept, the.E?ﬂr}icle size.and

B o ARG b RE AL RIS SRR E OB LN LB

of i tieagioteftagie ssffasibel pradgeiosxedrdeingd clasiostoseipmiide

reaction can be accelerated and directed hy means of th? tlgmin%ff th
0

supPIS-EHeLRlly B 6y ATy SRR PES APt TRROUIRS A oS ittt
alsachaLdgichdihlater thmesdusinghrefoeantion pragessitiepeadinchofoineing,

desired duct. | ' [ I d ids, preferably.
VAP 20 SRR Frafe e RO Lo A Ac A e g e catalyst
pKsrass lonveas:posisiale fdinhafidaai theisteraiier prbeuatsonhiattiareproduct.

u are to be non-pajsonous and have a minimu orrosive effect. Th

e e R R A e T R R e S ror
commpopé)isactiths acklsarkaiotbe pititiedtorsdispbseblad @agy @90 nanometers,
possible. Sulfuric acj Wﬁi is also used as a food additive, fulfills most of
vt CIN Ry Rterioy e e At
aldorbettomifinedoAltsr fiativel\fibeatilitinnallyrcanbsxgliaacidsdaithérsmaller the

paticuler proton acids are. et Theries Lol SLYicabOXYIC AEIRL A0 o
above all, tartaric acli na Citric acl as proved to be particularly

acv@anpagedsisaiCiteidetoiddahth tartaria lacid g pdystal imeandhirgratioodie size and
Bath accur naturally in fruit (citric acjd in citrus, fruits as for exampl

o B SR R AR B 6 RERRfion o me
coreponanirogresy fvetlsapredintéob e {idelihfal theopradtctierlbt trrea@sid can be
medium for the jngubatipn step. The concentration of the acid is, amongst
s e A ST R e B
0.@nistArperteaimnoipetihouddy gréferad 0l toe i pend @nidasechandtreng the
vorlg nggb Alq:%(r)%-insc bae%%?nOfotlg]?llgegeds 'rrrgateeﬁi(? l \r’\cl)iéh c%cigorre dHFcegcéBse are also used
reaction time, The ?gnger € preincubation, esl%ro'ngergt e acid and the
higherids,qouteabtatiometiabashbrtpartha: tedc porlftimed . sThegatalysthet thercids
CoHaELME AN, GOmpiag. MTAINAD.I0 QIS O 0L MAIE B are used
Pre era%la)l/, transition MOtals stich as iron, nlckeff, co aﬁlt, |r8n, copper,
chromium, tungsten, molybdenum or titanium are used, whereby iron has
been proven to be particularly advantageous. The addition of the catalyst

can take
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[129]

place before the introduction into ;Ié% [ﬁﬁctor, but also at other times
during the method. Different catal Ixtures or compositions can

furthermore be added to the reaction mixture at different times. [128] The
biomass is thoroughly mixed with the catalyst or the catalyst mixture. The

cajadyet shee i HogeiRemuithdhahiamass rd JR_ARRMPHEN&rd Rfthermore

mixin% process alternatively takes place within a reactor. The com]%action

of IRETPRECHBIS A R RS aastiop BRIt Bradenl spaneBiiteldhcgcids are
Withipeah (R LA RN &P RAS An foAHaNtaUReU SN A0BIRIPRBES as a

a better usage of the reaction space. The measure of the compaction

delSeASYH tre tamsraIaHiffyStE AWELREONS A tHReERISTCRRFES Il suitable.

progifetanddendhaipsasessnipradwigerh ey eepetiandnisHale cantiekylic acids
example also be introduced into a reactor after the pretreatment. [129] A

préRL i RATESH b PR AR D RELY S ErorReHEriRtrR dldioi e RextiG feid, and

COABROOEN$LRiEhR IErasS UIeiCABIAINGY 50268 +\d pastiaNPe Hae s GaBous.
be preheated. Among the feed material, all, but in particular the biomass, .

cahBL RE Mt aRddRE AP ATE BB 2l BB CcRIgaa IifigPoi offlr naturally in fruit
prefigatingdakesuplaceiers fampiadyc e ply-of keri @ Resedpad The acid

partjcular by addition of process water close to boiling, a preheate _
bi&h&i&%ﬂéﬁ%ﬂ%ﬁ?ﬁ?b’ﬁ&ﬁé‘?@%‘f& LB SHR PSSOt B%ggaﬁoéwm
byotihe S weialyhef Mvat €610 P IacEsS Sie aidp OT Bhon baal/1ver gy thaigdss, amongst
Heat energy fr&ﬁm he%&?exchan%%r processes can altiarnativel

or

adtRSaPERAGEE TSGR SIHHF PAE o3RRS MR OdfeloehBRTE B e to 2
deséieentendtiguitgdtotphetireen. one 1k biscaraiatrblyloaiweepre-
three and 40 hours, particularly preferred between five and.18 hours. The
regb‘i@ﬁ‘tff?ﬂé’?sﬂb% QEIE Wﬁ%ﬁéb‘iéf"?ﬁ&e?et EﬁB%CHS,‘{éP??ﬁr?f{EJO\‘RﬁFéﬁhe
nopheiiRweitiun enthalpy ésreleasrihadyhraighérminiirkptetieamenhorter the
and/or the omi (R)?n of'ndivid%al r(gr[é,eatment steps can increase the h
re SRR iR %o A EDMb O HE e SERUR IR 3D SRRy Hedsenindiy others,
theosnpasitionaid fefehdtaciersticsmahthdsesgesiiteieadieriesialt, iron,
The larger the surface, the smalé/rcihe article sjze, the smaller the li ninh
or AR SE S FBPEPr R BHE RARA VAR LB IBHIEIAES ERofomseaharon has
fasiemtpeoheatebepaytisulelbpsechindfie defdly amktidati of ploaseabrddietake
faster the stabilization phase .is reached an thelreactio or.reter%i‘on tirtrﬂe
is PeHicEd e 61}?85%18%8}%9éﬁ§i6‘??%‘8{e SH hEOr 8L PR ing the
maitetiald tiefgreaterathy detaytean bedanpudtiple dhefinttedmctobdriddad to the
alreadal runnirtl re%\%ﬂ&n intﬂge reactor. A shorter reaction time is also
achieved With Terative g?ﬁ% plrr{)lf)sc’)’rtions of fat and non-vegetable,
non-Fhsslinkass forhexample atikedidthbheterialystateihs cdtby expisation The
of the heat enerqgy release during.the reaction process is. an indicator. for
SR S e S AR A AR A s R e
teprpecatulesftiveliot30S degreeiloantigrade Chinche@aphotioac (Bhk reaction
e r&ﬁ%ﬁ%"(ﬁ%ﬁ% %Sgniéoo%%gvg%grs%eessCoeurt]tﬁgadrew?{ﬁir?g\fg']gg?oq?%%’gh
and in particular egrees centigrade and particularly preferred to
225 opgreies centignadeciiB2vAcdonding tedne applicaticrzea Priesseretiisn space.
built up under exclusion of air, which is for.example between 7 and 90 bar.
o R A S R R AR BB fom he
26dbsircdmehelzm Ipetviee nikbiand B¢ parcdd33pEigure. Thhorstan mixture can
schemalieiengitudingl seetion gfa reactotaceerding (o (he application
with farther componen%so a plant according to the pp]ilca ion.’

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
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[131]

[132]

[133]

[134]

[135]

[134] Figure 2 shows a section of Il region of the reactor of the
application according to figure 1. [%ﬁg?:]'he apparatus according to the
application comprises a reactor which can be developed differently in
dependence on the processes progressing therein, the used amount and

thenty gy phitle IrQlids @vdl/ai Phtherdesiiedy aaatiam Rigseets AiaastRRE to

of the reactors according to the application can for example be a cascade,

bl i GRS IGA B S Ry e Yool ayates dirbriy gasdar spsplute
stipig e ey eRC AP Py Campiiseotnstividyiat ehal SEtQHSsEIRS @k Rergy carriers.

combination of different characteristics of these reactors. The fluidized

bekd 3 AMETERALRIP AP ST EIREDrSHTS. CRAE fe RIS X Qo Rt AsHY be used
appigation or a combination of the different reactors can be used for

different treatment times and processing steps within a plant.

FurthERmisRs et e dfo deRF B8 Q8 iedrsited Fradin @rodust Retwagnige to 60

NeEASSApYPERSyNSethBendasign f fuehpiesHeivesss! fesrorARPeRRs@five and
rocess procedure and on the mixing technique used. [136]In a further

h
faniéoéﬂmﬁ% TR SdEPEAtTeRRERIbRS USRS RbiS Toiried as tgrppeted.

of whéii meetvRkaneniuidiremh Padreaastar aithereirg ulatingaflpidizedhest and/or
Such a reactor combines the advantageous characteristjcs of djfferent
m &%ﬁéﬁﬁ&?ﬂﬂ%‘é‘é&%é’&e}éﬁ%ﬁlﬁi}@? ﬁ%‘lﬁfkc’ff‘é‘ﬁ‘féiéﬁ wHdIaLERpLyover

is &0 heutndEisiRattan abaliRstiogalydeplaction tfesalidmriticlesnatiieh is

brought into a fluidized state by an upwardly directed flow of a fluid. The
Shistarupss e EOREERNSUGEL St -ti%e(ﬂarﬁ%ﬁ Baﬂﬁﬁﬁg??ﬁwaﬂer the

copapiigesifieiahsisnialcchhsagialistcsdeudsthpsp filvatald. thesatietigid
mixtyre, is present on the inside of the reactor according tqQ the application.
TR GURBE BTt B g oY LOnEr S ARt 1t i
passsdythkatghidyfhe gasiahthRdiguibe siapi Eoatatahikedsmedismafdhe
bortégg?i(t)?l or retention time is reduced. The shorter the conversion time of the
respective feed material, the greater the delay can be for example the introduction
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 animal or bacterial proteins. The expiration of the heat energy release
during the reaction process is an indicator for the end of the conversion process.

According to the application, temperatures of up to 300 degrees centigrade 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.

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.

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

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

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

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



top. The fluid medium has to pass[ggﬁ%gh at a high enough velocity to lift
the particles so that they are agitated. The necessary 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-

rempy@s fimibeyrantion spagendrsndheserstien isco tREcETRBkast one
solid material can correspondingly be refilled. The velocity of the fluid

stdhricadipis e S imatankeshrtiratnstad ot asaapls Baerrassadnriupe,
thatustatipanidibeizedhadiis dyrnedddie it yelrely iprhigistiaie vessel

nevertheless lower than the sinking velocity of the particles. By combining

indRATHQLPLARIRRT I OMdiNIdyalrbAragieH i e efdorrbiadtigh & Bkl

stigamdesisiRe 6t Bbs gl Marticl ﬂquii&&%@dQﬁfﬂH@l%@tB}fmﬁf@&%@
suspension layer with a defined surface. The velocity of the fluid stream

cafiSEIMGe R By tREAApYItAR AR B RIS fe RPIRRt N AR fhifferent
partseioRlatively usanoparticles areadisshiagrd frnpihie Raseszgremnmihg plant.

hi%her fluid stream, and the upper layer boundary dissolves. A certain
pr

HERRSMEHBCSSRAEEIAANS PSURARthAHR IS SorRsSH (S fRiideageessary

beskedysiceThe igetasmetiie tessoreatestfMensaasendbovatbprdesserocedure
zone, where the solid rises as a thin suspension in the relatively wide

cofBd RiTRe B ASHBYRC S hwards in clusters at a high velocity at the
[136] edge pf iartBactaib&yithafasiioobjecobtibcdhleasiiguhdi astestigddimed as a

mixers, which are distribyted .on tge diameter jn manner as eyen as
oo EE e AR VB e LR any Qe it ey Such o
mixaksomdyatbialsotheclddenthecsusfaas dromedisie v Abeve ithenbase mrtal
sheets, the formation of agglomerates and layer boundaries is
ot redsstpn B R GGEnA L el B epanitptood as o
talkad place of 3ddlbeailellonysiadashreivlageaichnshecaghicvies aiidhed state by
reactor according to lﬁa invention, n used, opriately, in particular
Wt B R B oo AHBRS FheHa IR eaeeests
praduckel (fyrthe pedelsiatecoprepealiaiicamil divithstie amsdered dockighe. those of
relati%/e \ Ioca'\ty E.etwgen the continual fluids and élg%ﬁiﬁgerse solid Dhase
2. Yo At RIS i BRIEAFY IS ARG AP iEe 4°cording to the
intgnsdivetionxiNgeaiibepabdles particulate ballasting of the solid is agitated if it is
passed through by the gas or the liquid — the so-called fluid medium- from bottom to
top. The fluid medium has to pass through at a high enough velocity to lift the
particles so that they are agitated. The necessary 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.
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4. accelerated heat exchange of tfg r(? ction mixture with the fluid 5
minimizing of deposits 6. controlle a/ sing of for example water and
reactants during the reaction process. [139]The reactor according to the
application can have one or more of the following characteristics. [140]The

reaCtaiceAN CAMAESnahleast AMRINTESSPAECHTRAINRE aBskalkIRRSWIRE: the solid
apparatus for the solid-liquid separation and is then also called a

m&RASATR A SHsPorpit 4 dis e Rt YRl &vida 95 o e dBP SO U BIBY S fine
filtratiaward GoBNNRAIaNOfBRIC-RRP AUSesd YEiEheanadlse. BY the positioning
combined into a filtration apparatus. At least one of the pressure vessels

caf /At deasiny HARISS Tk gaytemhiphints darthershondbedinggeter in

stigiithvessel deastpdssibie suinaflallcigastiontanasas of the RessiiBle, and
vessels or reactors can have a volume of 0.5 to 10,000 cubic meters, also

of st Nk el seaciigs hspribesoaisdindierbornie basometal

allsgepiaifnRrfoahatRiaut P udingatbe eattien shacksief IeupREKHE so that a
vessels or reactors, hoppers and storage spaces can have a volume of

0.5l8tHE H A SR ANS RFL LT A RIS, B RIBE meters, and also
50,00GhrSIRR000 Lk ipeiets heranding ke fradisratedadiaaddiite

biomass, the water content . ) ) )
ivention when used appropriately, in particular when using membrane parts,

amongst others:

1. The turbulences produced by the accelerated propellant and fluid streams
lead to high relative velocity between the continual fluids and the disperse
solid phase

2. frequent particle-particle impact and also particle-wall impact

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 reactants during the
reaction process.

The reactor according to the application can have one or more of the following
characteristics.
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
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of the biomass can be up to 95 peggﬁt or more of the total weight. The
integration of a dewatering proces ﬂ:h precedes the conversion

reaction can be useful for this reason. Due to the high moisture content

and the low packed weight of many biomasses, the transferability is

limjtade BRoihadstoeniBitiah 36100 Peopaition o e rarcHe SRAIR. CAR BRegration
approximately between 5 and 30 percent. The yield of the reaction proguct

catl theFaReHaSPIRESPE Jibir BPreshsls it 608 st ihierstion st Ped gt for
otk @EHRN DRAES MOIHIIE nfdS ALRONSREMENRER [SlRPMekk dakge: R ARy

space volume is necessary. Large reaction space volumes can be

reIYRAMSS cisHEG dalibrdr bradstraa/basths briviahspbkpigportion in the
CopyaestngpReRa i B dREREREES Mmaasirpsiteandli ¥iad of the

combination of different reactor_tyﬁ%f a.more advantz‘geous retention

tiniEAATAR BT b dhsrelby e T6BARAbA SIS P AN CRIT I e sdated

thiguah BmirHateNed ALK Oh N ARMP 6655 RIeBEE SS +AbiRE] S aE:tHdRtion
the different requirements of the different reaction phases and partial

StEPREAI IS AR BRTRTS U AC TG PR s d HEmEE ceR dsgEalisrd by

exgsnpietiake dlace presstitb § JR OF rR RIS BYiXibithadith seluingieRample
stirring vessel qr stirrin r%%@or. By the breakdown. of the entire volume of
th&rHiciensh %é?\?é‘féi?% GrdRrecBRinghion Bt e e HEpTRT RS aagnore
plaat spmpene ésintluding dienhhassurendassalfis-énpreseshdBatitinl capacity
connection of several pressure vessels or reactors, the realization of a
cohUR Brckiiess tm(b%%%gggt{glrgfrﬁﬁ@a?s&f RSO prikstiee
vesair), ioe ih¢feearptgniehibecompeen sReLpreca3HAphiarmed phrtial steps
contained in the reactors can be used and integrated into the plant
PN ROH O A B e R SO b P b Ol e
sepiacatian aibyitbstanal Bitainglieaetantisnasiior exasiplhyaéescl orivg@rring
the process progress. The splid content ?an ir}f%rl ase from for examaqle
oA 25 HSBESRAEOYS o 415 SBHENETSFRTHRN, P Sphd s GGl pressure
pavtissdR(lyhpeiditie iam gkatttih dO dantehintdepapotivgto hthediegchi®pressure
procedﬁre or treatment ilonditions, Th%volu e Eer reactor qan h
SiMTitShEI TP YELr AR RS MHE THER RO PraBrEEEEE AY TS S Hirifas: the
feechinatarad fihiontban eccevdrtedtiasters groches adthed isadihat albighate
operational capacity at a given reactor volume can be achieyed.

R ES S ST SIS LSO RIS ST S e 05 Pice
byceatuesduittherrenable s delastiveridling gratediling e ipividual

pressyre ves elstwith fregh.feed matgrial, rﬁlacta%s ? catal¥sts Eor the .
purpose 3F indreasing e tHistghpte THE trandter'of the TeatHSh THRLArE™
framwnkdpiess visingtsetdoihs nefbessenpially diakesplachapapesating
conditions.,E’he r?%ctor ane all surfaces.and com onqnts of. thﬁ' a10§)aratustt
in Rorract with the Teactants MGG e holntngs and! 1ibe lihes Pereent 1o
corgist 30 heatnestirhblydcdirastharesistacuimd iepialteraddincdetdto 70
preferabgy f stainless ;[sﬁeel cotmﬁarabl%to the qu Iité/ as d((eistcribecl.llljelo
foPthe MemBrane pans. Tha wall thiekness Of the reattor 1s deaigned for e
pressurasdetneemu] tto & kgrd pretexaind o rquassupesgoatwe efit 2hetend e

bay andpayculatly picleried for essteh gl P0PORA DB higher
tempetratures between an

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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degrees centigrade, preferably to égo egrees centigrade, and particularly
preferred to 300 degrees centigra o ﬂe temperature, in particular in at
least one pressure vessel, reactor or plant component lies above at least
two reaction cycles continually above 40 to 90 degrees Celsius, preferably

frasn 0 4pphtadlRaieesmerRptgiRdR-a0s ahabRvR thgRaliRD IaMParatdreSe

of the process water at one bar absolute pressure, so that a prolonged

dirdReSsKaRE RE R EeignbARrAIcaR st iFRs o R ier s vk mdred)

WHiEdTdgBijestitdh keBtast Wi e rraesdia Rbsiea ol s BA &R For the
minute without increased visible skin redness is only possible with

auRHERrane AALSiHh R A Rickaess e dhsrarfdridn Ar sisp e dRIduEsfares)

The:fRashor RCZO KGN BARIGRIGNCIDEIBRTISE @ Yorbisa sy hastitcahrly
basic body. The upper base can be formed as a torospherical base. In the

h
upEFE, Tordtessabiy e b ise? hat> aRd {4 SERSHyreTRYacH thE and 230
UPQREIT EOCHT3Fa de CRR ROMBRYIGE28 Cabigat eunivitlia shvyy-geaning

diameter towards the bottom, The cone-shaped base can.comprise an

ange T Y BLraERsS EPURHEG QS (HRUETABRT < BRBIHAR Bt least one
degiaesrcandarticutaryiprier tethporielitiab Sk dedaeswd heabianstianes

of for example from the wall to the base region can be rounded to
mi?ﬁm%%lmﬁﬂvgn48ftﬂ%0fmteﬁﬁ&??}Pau%rﬂ@f?ramérﬂ&éPet?o?Qﬁi@ggﬁﬁ%|y
of ¢bgtirgagtandixibe e e VindablgpRndhicciasfekampleds hgedapehe bar
half, preferably in the er third of the pressure vessel. The supply can .
ta@sgﬂa&f‘emﬁélvaﬁfé%?g% B’i’l%?dfm%’{%é Rl bﬁﬁ)m@ﬁ}? Haifavith
cemige @itthecbasesdhe4nrehkask. diketbpmpRonartsamdiibesacdsiemixiure,
the reactor can be connected by welding, The lid can be mounted. With

o BICTRR AR S(LAR RS Yot D b L F ST
nozifeaniiBaigtiacaht)mcidimaeteddssthe-heighddanbs appuoximately at
onet,gtwo to one to three, b talsq.at one to four to.one to five, and I.sol
at on&10 FIES %58 %%if’[ﬁ?sﬁpR RSB e PR SF i%%ﬁ%‘faﬁﬁ 1ca
whigticllotys The appebinatiaanbatieastone chesplal cebieiien Iwithcaipper
membrane method or a solid-=liguid separatjon. Therepy, both processes , .
B TS e TR S GP I A CHORT Hothe SRR o s i
becaccompiiddatednsialuibamneoiisly stoasingtevialidingaea@iants Bhyingtom.
thighemic_géeagthon, at least one corgflgé)lnentt of the treactiowg'gjre is
conURHEA BYRTE DY SPA FRERTBIAAR $R2GE PEAKICAT S M &didtsrees,
sepeifciablyasitadiotlthaadiicis gesssetecivelyuhelsepaoiced dranlise tteacion
mixture, educts can be added in a controlled manner, or, the contact of the
R e TS Of T RAHIDRT PR BN Kbty s P o b
proelucisd anchiniparticlitanmiateo fshe ovetheositiocabytafitheniervid Sdrahe
the regctign,mixture. A distinct increase. af the throughput can thereby be
e e G R e
of plistkohbéyl ioxigepreanhaid o bthopadvanrtagedbrithe wgadiiearprdgrekse via
ana(lzl fglr the1 J?Q“C“H”t%f cc?rro i?'?qsi Tahersogir(rjl%gfjiclinst%%ar% ilpni tfla iIitateg
by the ¢ gmicgl%%a?nggzoz the c(:omsp)o%]ij'[lgﬁ and charactsnstics Inc uﬁﬁ%o
thehdensityhase phnticuiaipdoeing dhe tholynretizaitthglraser tThetelhygmected by
highgtiselid eongentiation sanepeievedin e eaction misure. Theyer
reaction ixture Is transterred 1nto a loop reactor in dependence on the
sotidjeomtentramaitiye statdudlf thencoriverdionaproctds. dihmeadtiole height
mixture flows ther throu radial inner.cylinder section axially in.a
B B B SRR A RAGIR S one 0
cafivigraedanisplet begrofide tbwith toedt .exchanger elements when using a
loop f@?ﬁ:etoﬁx%oear%éotgr‘:{:e'%ré‘teatrg?klﬁ‘%%}ia%‘cﬁ%‘%‘%h%%%ﬁ%}ﬁa o8 Preast
larger reactor diameters. The Mher tube 1S afso

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

Thereby, both processes are coupled integrally, so that synergies can develop.
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called insertion or guide tube. The gi eter of the guide tube influences
the friction and the deflection losse 4 ?he loop flow. This increases with
decreasing diameters and while the length remains unchanged. If a
diameter is chosen that is too large, the loop flow can collapse. The

diggpaigr Aldigsi o BIoN bR ERAERRYI BB RRPRPKIMAIEH AhAURIEOHR

to a third, at the most half of the diameter of the reactor. The guide tube
caPlBY- Jouisba ehermicliseanienorbisprb IR SRP ANt @f thefsagbionof a
foutRifRTy i veRsiDBIASE UskAd RasheiyerRiation oIS Giei M@ sat it

the reaction mixture. Due to the acid environment, the presence of

coMFERAEN A RERT WIS LR ARSI Chidts femprdiinge Rdsgrien mugture,

the aiditpeasbyRikdeeemedoia coniasimith thaleastinotBPtHY 8ot an be
operating conditions, are at risk of corrosion. Thereby, wear can appear in

paftietriet RigI0AG- tarrrepsiptticRentRry ke BerdBrdstoA I RARCular

firpbtdnaiaded voe oudane Prosianadividsaesmenble LadHdgr @re. usadkict
dependence on the diameter for minimizing corrosion. [145] Membrane

patSTEBHHBE PEABRARYY BB MEFRRY SrRAEPABIFImERSITSHYR fisancous

enablBatbe diBaepest dhpantisatanofgasassanddianidethravgRde sfement.
The fluid and gas-permeable cartridge also corésist,s of perforated mastly

metRifRTBbHEHE B RIS th P pUrEA ST SPEAA T8t be Solid-
watgiiidaRplewisiesthe iigaeio bspRe ehthd dalamian eMBE @heosition and

fluid-permeable cartridge js used respectively, this primarily depends on
thé& EHSHGT the't E‘&etéﬁ\;jee%ﬁ&iw&%%‘gﬁﬁﬂﬂr%%ﬁé’r‘&ﬁ@%‘ﬁ?ﬂ%

the precassngybuhalseraolibe datehandotheaamsasioneachRhasiiastion
metals, in particular hard metals cer%mic materials and

oS A O SRRSO TS SRS SediHiiR & &%F&%&Oﬂiéﬁﬁ%‘?ﬂf’nce on
prefesiddtbenddlaymdsedstatestainle sssias] sn pndicuedriny the tivambixane
pats are considered as possjble materigls or coatin bstances gr .

PR SRR L HER G (L5l BEAS BRSPS eI dhebr i ggdon and
caaiigge iafpeibat apposaethytetdenyvmighiins-fabexamfde dxaaghwite provided
auto"%lbves on the Iabiratorissc le. Chemigal, mechanical, thermal and h
theFHLIRAL ERAMBAF HTATASEE AT DR SPyIFg e SSTRgierfigrate the
matariakthdhgappliedlibe cabieldangicrat andianiéteradhiesivecagesy arelso
thereby present in a gaseaus, dissplved or sojid form. Galvapic or flame
oGO 0 BUAnLhE TSR SeeRy O el the
méihoidanaptiedelailytises fedethhiued dfoap ik drikreaseatinth idecreasing
plating. [146] Alternatively or additionally to the plating, the inner space.of .
o BT O S ORI BT R BEES FS RA Rrgeia is
Thedriagyeydal h_zfoqhﬁasaac}tﬁrcoﬂalpparﬁhuldﬂyr}la&i.inédlwithemizm lb@ean

P S earas ras predomnan’h  GYIRHITRL IR AR 6P OGRer
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
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[147] Alternatively, a stainless ste% ing, comparable to a heat
exchanger plate system, is deposi %FZ her 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

thefipi passaggoart %ﬁi’diﬂﬁdo@ baidoedigRatheribliestian QtAent. The
hi?il-pressure medium in between the parts or sheet plates, through which

a anhgargRrarhistaiideieornentii ehreslonidmeiHicusk e
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These media can also serve as heat carriers, which can be amon
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casing which is turned towards the reactor space, apparatuses are used
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can be prevented or minimjzed by holes which are drilled into the stainless

st@aldsElrsYPRiRRsaoY Rk Tanty TR e AR I s B marrtEed the

COAIRSRAREd Nk IBsthecoemshiRnedoRitshemiiie £RPAErd Bénsidered as
distances of the holes can also be apart from_one angther as much as
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least 10 to 20 cm, also of at least 60 cm and also at Jeast 150 cm. The |
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medium is ensured in the casing. The pr which is presept in this
te oS 5 Rl i BB e B O A AL P Pl ocd. A
bags:hhifotéeapplsing aidbecatridgeabsts the inner side of the pressure
vessel directly. Alternatively, jt can abut a perforated grid or webs. The
cart SO G 6 FOU S s A LSSt SIS A g8 Soreverl
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can be applied in addjtion to the ane- or two-sided plating and/or after
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angatederablyyby dasadnvaldingn ial/tiesbasr apaveriditthiinés puter-tasing of
the cartridge are generated for the use of the inner casing at the same
tin%fer.u‘illlil(reeinner casing has a thickness of 1 to 1.5 mm, also 1.5 to 2 mm,
or alstletitydh mmiRlessicel losses, asenpiribiat@ndartecacditignaliyte
minimized ba/ the.pe rglt%ﬁr and. size of the.inlet and outletr} zzles. &1&';1%]{
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espetiakyraudgenific steel phand espanialytpddfepeccofetaals ladngelding,

increasi hromiu nd molybdenum contents of the groups 6, 7 and 8
A e S S e
1.448mwed5B9 tHedd R0t dnddtRh bl pPSstrd btiuth nmobetdreenathdipayts or
reactign conditions are chosen, copper,nickel alloys, high molybdenum
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smooth heat exchange a eteriorate the contact of the edutcts within a
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55
particu ar in the base or wal region, but atﬁeast in the cone region and
preferably in the lower



third, particularly in the regions wh refeposits and caking can result. The
processing of these metal sheets tgﬁé 1place for example by drilling holes
with regular distances, preferably with distances of under 10 mm, also of

under 6 mm and also under 4 mm. [153] The holes in the membrane parts

or prctgreAttclancaEaHHtechinte dhe IRIPRQBARH B RSEOBINANRNL YW hich

means of laser and have diameters between 200 and 10 micrometers,

alds°pbillebintrobaHaipesmitsehratilg bymaearuobadiesn Bis ginster and the
Miggameters hbne belrssuRdrteiesad M tHaRRIPARE Hase H1ah the dinmeter

of the holes has at least double the size at the outlet compared to the

iniEhepyisiARces ARRhARIS SR ioRmegE ORIk ahBptdzegssidle,
heg thansieritithe padsiplthrdalasdacaknost Raile] ipdhe reactor axis

and/or vertical to the surface tq the perforated membrane parts. Heated or

[149] coolethabgrsa ficiBnagspre caddadhsroridddss dawe frdiiianctar af [ratet0 to 20

vagQr isspasseteiRiaothihahalesd uasthe caxityrie thedinersRacs Bk ihaer
pressure vessel by means of an overpressure. The holes_can ther_eb)é act

as FRS9Teash uiitshel i BRissIa ths Freanios thaes &L I {mpRRgbetween

Megneaiorivanelinh Fiaeessevgteicaségsbsuateplasiohenprasessetcuit.
iciently to be able to be passed through the holes or the heat

suff
exEIOh GRS REtR ATC BRREE GRS LA SHRRCR] WK ALRIBSLEP UL A8 lincar
areyalined atciarstbe sonditionaingsdkbd] A eavitvisediad Jrom thednieiing
space of the reactar is |eft between the reactor, wall and the membrane |
paftSARLR SBFYEd By Hifecatintg Bf%sé}%fgﬁ’t@,l%ga’fe?%?%b{‘é? SpOrPFHES
ovgrptaseutecds ihe prnagsswiaiesetitingatiorbihephore bassaliaysiigbasing
enough so that a penetration of reaction mixture is prevented. The ) .
e e B CATEF AP GRS gt it
mannabibhatpfiforaddsiiangifvikbilITHbe aierdandsmopiiRespegasaiiBores with a
differences e&wee theigner and outer side. The membrane parts or the
catiRs Wroda ﬂ'é&/g%mw i EFU5E S ure vessel wall can be divided into

[150] zoneSvivbrichl fasdexampieccomiy ise d annoasittassiy aecindhsicone aldition
the base region. These are characterized by different ressur? stages. .
THS HifeRsAOprassSILedmigERGA: ﬂ%ﬂg rfBFCéBEE%%fié’?ﬁFéﬁigﬂ VARESSFS1NE
sepai@iacptadping wykiamsndlepbsils metkakingyy sgravidingddaedies as
sedimentatjons can thereby he. counteracted. Comparable effects are .
BV B B AL R L AR TR R P eb B e
diams@igra danstonexamplhdmntaigesinghesregitckaveitloStrang.5 mm, also 1.5
sedi entation§. 1?? tAlﬁeénativ%l}/ to thelcoatin or.the Lise fadd't'otnal 1
suBstaRBE LIS R Biding 3rP¥%ion CHEhiver Spae A N Bar A &FA &651%%5‘ Y
orthieinone] diythie presberandesiseldnbemoertinhsugiedmithdeparts in
contact with the reaction mixture can be.surface-treated. This is

151 e o Rty B2 €E o R L A ess stee
Altsmrainlbhaostadditiswallyatal ttsp stistbc prifeatederttstablalsivéng increasing
mapuiaciuing methads aro employed:after e usual preleatment, 810 s

{omhum a r% I'fl S
electrochemical a Sion metnodas, or ailso C aprasion or me

eléDiNIyterep ecmite sdjtstad Wihirehadd4g théddatedal 181 Byringfitite

chemicgl co sign reaction, approximately 5 tg.34 percent of the ener
o R T Yond DR, GReF e

othHppwdoehsesivliteheat cageinémentkeithlivps autsidd. #6d (hrockssaniam are
appArais Sﬁé?r {he hrangxchangs. T%%shﬁ%g%gﬁgaae%“ae's? D ESAdRm
pre(ﬁeatlng the BIomAss or the reaction spaces within ffe process or the
plamin@utdigielibeqrrodessar thexiastd e enipgyntahpoessised fAr, pedtiragly
rogms, ma%{:lgilrl]gr or as, gre%cgﬁsg ha(?at for other processes. With the aid of
the tempering sygtgm, not only tlhe'necessary heat energy for initiating the
[152] cheniitatconlidrsipeoprotesshalldbpaed dgdcdubaisuitimeahd db eaegyof
released with.the exathermic reaction shall be discharged.. The
e T R U R P Sl S ppekoee.
reactor can therewith be counteracted. At least one, 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 concicete for evamnle of a dorible wall econ<etriictinn 2 <erew-in
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2?5, pumps and/or nozzles as aspired

suction medium or propellant for mu%
material for the liquid jet or jet vac 6umps. A mixing of process and

fresh water can also serve for an optimized reactor tempering. The
process procedure can thereby additionally be optimized, by for example

detreasingha GARERAN ALANRELSIERIANAEIaNicab BRIADARR dNhe educts
introduction can advantageously be a tempering medium, in particular by

injReting 2RIpEPBITIHIEE Srhvishyirdsrs theecninlief thaseadiions Theicsrethe
criigahwithe s d Jaitheiese PR wWere e tanaeaiipaids RddiienaiYar in the

controlled via the process procedure. In addition to the combination_of

feBaSaetil, BRIAPakI 8hichsieHIBpSPRRCRSRIAS AfyStsakhein the lower
timgnde [pracunRigdHeleregf Jeed neptAipbindarendence M itsgonugrrsion

characteristics is an essential element of the temperature control.

[1BE9ERTAG Helsrsgnetal sherts lsthBHCthEoy REGIRY, eduihpgdtples with
magniluelei anstedhpreehameteristinsatidhedieadiatahosfoa rramien mm

mixture change. These changes can be attributed to chemical reactions
artPdRRauRdceHamges of the carbon-containing feed material, which can

also lyaatisibyiadie iiendenelyaerigatiomand dabee e-dhripedyimeritatidinent

of the feed material. Thereby, different requirements are made of the
midrB BIEE ST ROBEHMABTRRS S lﬁse@fp%% DrBgSHS DAWRS e diarhi O
flomyi elisthidtetio alvdbelwscas] even &nd RUTNGEBR) UE P ROsaitentEPanTs;s

on the state of the process, the feed materjal, the solid concentrations and
thén}@m%mr?{&vﬁﬂ Ao REEIER tﬂ@?s%&'m?%raﬁﬂat R ‘li@ﬂﬁﬁ%‘%?he
suspRES takes plattechotindaltytior dotesnadtapihedan ihe plepdSe tafdeat
exchapge, intensifying of the educt contact and or the purpose of the .
At AT e AR A BB i s of
celhdbetevvRiahig piithiteosslinkeshceyerxdistidottingtafane teastanisanthe
mainly of tae catalyst mixture and ventinge%f th T’}r} ction, mixture. The

SR ¥RISH SRS LB S SHE 'S5 LY Brpgsed process

throanhy sustawdtaggl eaeiaieparivptior dstioeuiteteetedesThieniaactianity to

pragress is thereby influenced in an altogether positive manner, That is,

tha BT ABASE G A T ol S P P hrSEEEAG d Pehelcgen

redetiobyprocadwesland e booreligadogane s fiesame time as a tempering
means and propellant. Process water or fresh water has to be processed
sufficiently to be able to be passed through the holes or the heat exchange system.
The standards valid for feed water and vessel water are aimed at for the
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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[157]

reaction product. At least one or seye 1I and in particular a combination
of different mixing systems with ana%?awithout movable parts in the
reaction space can be used. One or more or a combination of different
agitators can be used as mixers with moved parts in the reaction space.

Tha AGEA QIR RAIRBRAMIhEIISRBE QBBMdd el eTaR Y MRO5 are

several shafts, so that further agitators are driven via the same motor and

reActdRvipdty PR sad sliamstere RELS helfaiveiBennsapLPE B thd Bhergy

SUPRIMAQEPAREBIIXA N B dS ABadY At aee afthaaesaoiatien: fisiemsas.
The essential disadvantage, in addition to the high cost, is the

susceptisiy Ye'ydnihe s iredigiarshalinddidnee sohisucss tormvaie
systerps witheuinmepddeartsiit el seactivaspace: Ebadldethasndiiire vessel

pumps or liquid jet mixers, pumps and nozzles are among liquid jet

sySRROURHESS ARTERPEIOPRER A GEMR) PGV ERF SERELiamEtRBIEIGTE Padiface-

lesgemaintenanceakiduigi¢lasisterab san saveAS MKNGSYSia s s dhey
are suitable for introducing kinetic energy into the reactor via a propellant

wHdlFoa b additipnallydodhe BrEs6IHGmeRheb@s xS rrotSsivane

angipbaeaenizepibedeagteteentanl pratrtaahaslyanterstdiduetigtabrasion
systems are among their small size, minimal disturbance of Ihﬁ stream

and AT eIt BN S IBIANE bSEali By HRY SriBsif byeiitaricd with

whighefterifeavetteifte used for conventional agitation systems, are
superflugus. Therefare, no stream breaker-conditional stream dead zones

are pratuHt B g THeR | SaNSPIHERd Qs APP IR S e fomet RETSARECT the

(fleating ebsalifs) is afeatimaasie by ieadangehal ahidteke ds (edsabtbr
The liquid jet systems can be fed from a common or several process
AR RSERGRES b Eh oA R R I R RS B3 Another

anghpiffenignt amautisnfcpebpaliantianbéar ¢emoe EREPRANS 1630 fARSS
through. Propellants and/or tempering means.are preferably added almost
i R e el e el Rt S et
posiiieftiaghefpilde digwitltjet jsyateths artlgn q@arte wiasdabjeh datipUTopeN Ps
or liqujd jet mixers is chpsen.so tggt a formation of a li u!f tfream results
b RS et et e T NG T
diameier-heighlyatio mfcti2as loap steegyntaanialampehiocngdl¢altbenversion
shape of ight, ith corresponding heights, fur erﬁb(]) s whijch run
s Ry ST A sl
prefecably shaBibodedinrte tohdddh cdspaeialyf imtha tupipet btrshsuhareéby
the propellant jet is directed downwards alm arallel to the reactor axis.
B T R e R e E g
larget mefugihdy neactors, corphitiaidardf dififer cliareeies-ingi girteatioaed 158
thatiuihey pre.comnecied Inseries, ot difsrept helots, SO RtA G op o
respective following mixer accelérates the accelerated Stream. With larger
diafneteitsy éiy partticylevcesredizanyctuennekari sexebal dguitg et mpxarg eystem
jet pumps are positioned on a longitudinal axis in such a manner that the
S R b Bl SR S R R
ligeadipedmrlixeris@apet cadingnoglsmpi@rentreddcati ome Heigbdctieor 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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number of the liquid jet mixers, the lerated stream of which is directed
downwards to the reactor base, reggzsﬁively the same. One or several
liquid jet mixers or jet vacuum pumps are positioned just above the base
region or the cone, so that the stream is directed tangentially over the wall

of {BmPRIBIRN SheneTaR) RNeri SRUESRIJIQYIF IR RYXRIRIuRI MAEH U Within the
pumps are positioned immediately next to the qutlet nozzle in the centre of

th&°BSlE FaiyRMUsFIHardbREBHAE Pasibahiical&die dpgsgentgigne hand
ovey theewall afdhie, hrse-REiRfLNBct3EQ]TNSiSOINS decrRIgRMEHAIR: Rher

means of the turbulence and the shear load of the liquid jet systems or jet

valtithdp i patredpation abiaBIwSr e Brof S MR AT Ght BB HHet (REBRSNFe

regiRiG makimvo propuipneeanshahearlapd dndparticwdssthedgiake or
suction and exit openings, the formation of clumps and agglomerates_is

cotteraton thed targ s SaMHRIVR BYBRbAS MHBRAH fifesR@YH fresh

sugtien epeningsiendlioahlepkagasd et saBRscHURPIRE PribetRgiFd¥adure
process water ply, whereby the process water only needs to be treated

co%’%éwrﬁ}?ﬁﬁ@ iR bebeprimaiZfe Ry dorexTEmRlT AH8€ayag P example

useshienthei soarsRiteaimahnlhaiboarkestreamans dadastesand
practically immediately without or with essentially low reserve volumes

cOMSAEETBUHY BrScELP AR Mt Re Ht DS A R PsisBRrgd Water
meanse ey passlywittake ResticiongpralRgsiat ihe mixesardndanger of
blockage and deposits are kept free with their own propellant stream
cirRPSRINET RGBT aE Witk Heval Rt el thy S it REgrss sBtgcedure.
reve erRlithoartthe contibl itihese foez alasrilnyyHelalse Raanneieisansh and
valves serve which react to, blockages for example by.pressure changes in
S O A A TSRO O B TS A EPEDGA SEtS or
suctioreepaNihg s ofctiaitoixers #sdangenahbiockaneangdenesiistasl.be
realized by a divided propellant stream supply: one part is sucked.in
direch R THRETREIER S ARG MSHISGr e AT Yo Bty AP CaERKtck an
thetippetisiaaciastarsf Thefpro pellarih btichmnrsapy inigantoletanthese
swifched via valves, so that propellant is saved for example when
o DT A B 6 5 T HER 8o
levatdor lah Noingléscdanabeinlechathtangetied tecatidhgdd thehinner space
of the yessel. Among these are particularly dead_space regions or.zones
i G R A R BTl OB Rd AN S ER S o LTy
diffieflenae isquieserhin al ligided jétisy sieting poocpsar @ddeptieénoeon the
pressure of thedreac or so.as to %Pre ent g t%aék{low of the.reaction mi(>1<ture
intd BRE AT Pumps EndndZz s Ridedeieratioh or stande iy ™ &
acoetergtasdheadgposiblandepedienthticirofdss b tess stiidfeed chiatarial,
pr ductFANhich acc mulate(:il;[ﬂerebx.incree%si%%ﬂn the lo err actortpart.
[1@%? Duing the"cRemicalConverdion processes, dEpoEis dnd'Gakirig Tan
repudidont e waitstointbe siepetoi@ncdkbepiaow ctingsuatigh paitsewhitbnciyniier
intg contact with the reaction mixture. A cl ing,process can be carried
o PSR e R IS el s e SR g G pitpose
witifahe esgeniiailytcgeteasiidohexoppiatingte mpk rabigd. cAmeavablégaindor
2 conrpllatigioh prensyre nofzle ean far example beused 85 cleaning; i,
apparatus. The apparatus can be ihtro UCRd Mt the inher space by a
hasittiobetdystuioatoresavdlventityeofldanicwy oo cedivnesi sl barsteihouttamusrare
dirgct isudal control or by means of on orﬁrevetr)al cameras..The c%eaning
15531\/6 at the same t1 oosened, and a thrombusus ana lomératé
apparatus can be controlléd remotely. The pressure an & ?emperature
of fvenptapelaniuater adpds tEokseadttairtpeogesispo dsttbyclefinimgad sultns

achyieve &‘%%%R}v%afrr{‘ﬁ%%ie”@fggt 'ig‘"ﬂ?ﬁ%%tr%r% ésfoor%%%aéﬁ"t%?- D0 1Een (he
emitters are particularly suitable for the surface cléaning of the jet media:
Dmicmpepletsdsdethmbans treraadederptectti308ndibavithrpiessogeechs the

air.and impact the dirt layer with a high kinetic energy. They therehy cpol
R R AL LR AR S0 SR, IR SET
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
carbobhvdratee become <irinarfliiniie A fiirther decicivve advvantane racrilte
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process water or a gas as for exanl@ﬁ ater vapor can serve as
propellant for the jet vacuum pump i)guid jet mixers. The process water
is sieved, filtered and freed from contraries at or immediately after the exit
from the reactor, so that the mixers, pumps and nozzles are not blocked

angl fRemaaneh §a36iah UPRh RHING: GRMBRNSIL:BRD AR Ihe Lﬁ@éﬁ’tﬁﬁli%ace
minimized The temperature of the proEellant is_adjusted with the help of a

heSEBCHEi EMS ST ROTRISURIGH UL A SLHBITHS SSHEE Gt used as
Pragesss wMPRIGibaS IRePIRPRIRANIEpR NG SRS PAFEaHEAr QLB

outside of the reactor(s) at a similar presssure_as within the reactor(s). If

théeBshiRsrig RIRETBNHIHR BYB 8 s \Ferkhaltoreq Bié firtasp agiatprs are

thrgigh Quisidesiie: iesedichpasasrahRpiNItaE iemPesabwenasynsiklarthent
same. As an alternative to process water, fresh water, water vapor or

wARIPRYRA SobF SPstassuerly e eixing dmsiaan HOBEEE LSRG

means:ibhG4kEhe MatesialsmpiecanatintheProcass iates gRREFE @Rthe the
mixture of the feed material and the process procedure including.the

catdiyERI Nt e iRt Sy Bisthet T IS RTR SO BRIl B EALY s

pregadiahdisdategiaiio hdNumasaupalements including chlorine, sulfur,
nitrate and their salts and.metals, in particular heavy metals and minﬁi’r%lsd ot
higimd je

and RS AR RUIRH IS A WHASE RS S5GHH AR dRE S ARSPR0S
theyaguenUhphaseinyalcasainaihduing theebanicat ePonersiane less
process. One part is again bound in the solid phase. The remaining part
reMAREMIRS iiihi SRESS e BARE YE ARSI S intEcytable
ligfieliptrageciagekaded depe pdnband e coneenir piigse ditieraricr chadlis

the concentration already. present in the liquid phase. A saturation up to
S EADRFGHTt ek LA W ARSI A LB T LRy thE rctor

consesttatiansctnaiganiganataiplkl ndgasnpoaiadsndap examplialsviiate
and chlorjde, can thus precipitate as salts and thereby influence the .
B R R TS T SO T PR SR & e e
organigmsasandTiaeuri s idhe fiepic phaseeaan b abave Sehpesditetion
The chemical oxygen demand (COD) value of the process.water is
e e e A e
sigiiissantypexeaedsrihg legasdnifaneietigntboyndatie/alesichbelichdanycal
oxygen.deman OD) is to be generally ynderstaod as the .amaqunt of
o B o B e e S R R e e
defiqeid jedesiaharoaube. fdbEbA pragessivaise fkaaliproadst Qvinedbeservoirs.

percent, also from .60 percent, qr also from q}o to 8 centis
OGRS B e T O e L FRSTRAS 4R Of
thenopaties prdoe derg dnclg dingnihen s plids| ifuid ghtiPropal Aimosiompiepering
re%égn%fe&heet%é RFabh Yavé‘é%ﬁ’ éﬂ%&'?@&?fﬁ%‘#ﬁﬁ% OF i%riﬁ?esévr.'%'%é‘r g dhe
process water circuit is only possible in a fimited manner with the aim to
savsfresiowatermntbienedtioa. theayasidanatg v didrtiquidges By stchohitiondtn
the acey ulation of organic carbqn compounds, an nrichm(ﬁrlﬂ of .
. particular o éet vacuu pumgs Pr 1qu1ipi§)t mIX?I‘$ 1S C % n.so that a formation
inorganic materials such'as sulrate, nitrate, calCium, chlorine,
phaSphqnidistaratheascbsnooaraspksultbel frorgatic vontrariesp stream. With
COnCRR aﬂ%%ga?f égﬁ%%&ﬂ?&%i&r{é’tt%o& fime 1%8@%?#%%%‘%5“ DA B JIOM g in
thereactor andcalso damage mountings such as pumps, valves and
nothelsbafihel reeigbtnents thndcegionkling biegigs, ditherrkaptowinchease
(hereby. Sulales can presinitale, Kheduraton gline, ecmulalion Ot
saturation gpen s 'on the ma erlallecomposﬂldn of the 1e8d materidl and
theqmitioesd priuetiprbalfl 6§)<Tivdlghe thicappenthérdiovhprenets psopdlant jet
lasts several hours. During this ti omplex chemical.processes

1S direc g Vﬁ&wr%vg?r%s 905t ar@eﬁl £ ﬁﬁ'g reac}%]or a 15%9%1‘612?

1%uid.' t mixers
connecte erial changes take place w ich have to considere

foothet optimizepionof divecpnocess! proceds reltDiffegenirtyphsofchidona ss
are supplied in intervals in the first ttwoéci three progess phases, . i .
Dé’é‘éﬁaﬁﬂqaé on the desired reaction product; reaction products are for
example withdrawn towards the end of the last two process phases.
Propellant or tempering means as for example a gas, water, in particular
process water and/or process/ synthesis gas and catalysts are withdrawn

or supplied during the running process. Reactants and in particular
cacondarv nrodiicte are removed which dietiirb the coriree nf the



[168] From these two methods, atcliga t one coarse or one fine filtration or
a combination of these two metho a11 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

compReRes: tRLAA remayed HguctRe psacesaovaies: dhesplidsliguid

separation is preferably carried Qut at operating conditions, and usually

gRsSHesssisther s NGt ARERS AP aiein RartieH ah BREHTBI QEBdN6IF
laRevataryi geriget HR SHUIER Oh iR HBRDLBIGIALS SleRenslsBIRAgSEs in such

others on the chemical composition, particle size distribution, density,

pattieie st dRaisship iy astharrdud b ivelyda petitariian- If
cuisrishandvRAssuidifierantdlepsiies RudEPtkifiaat e staid differenhe

particle sizes. [169]The dynamic, static, vacuum, pressure and sterile

filtRAHTRRE T MBI RS Al RCE S SR e sl d
av@dwaleans te the et cramabltragin mngy EuessR QDRSS SHRINDUIRIR] jet
amaong the apparatuses used. Preferably apparatuses are used where the

U AREHASHUSR RIRRIOA pRARIS SRy LABEYEIB e dRgiftigadhe cone,

elgetiicalne sMagmnatcsepamtapaaaYicesvndheriliaiansbetbesshs ssrd.
The preferre%}]’lef,rati,on methods are particularly among those which can
be PeR Rt e AU d MU HEif0I SRR PArBRI SR LESH; 2asiately

Faichasalidoigdichsgaanatinn céhpasictabalcaRelaiing terdiiQrs, that the

rotation disk filters or centrifugal membrane filters are preferably used.

nfé%?@ré%&%ﬁéﬁ%%ﬂ ﬁvigvr%fst&sﬁ%%g SPREPLESIS the pores
[160] consiBte ebdetad-apgdlmpartictianefmesarmicsnbiiedesaaftbeghear load of the

pore-forming material is preferably disk-shaped. Depending on the, .
G5 TR e PP ST A e g anution

preppnhaufropotiionalisatss afppoieisizerbi e diiad shehtheasplisl pmpuiir the

in the filtrate. This particularly applies to the use of ceramic materials for .
thdPHS ISHRHAIS A RSB LS AR AL SR S ARee Gl
resetvedrdotedfitiered @ittedfiieiae marpositibne, olaieateristigscafrthegotids

to be separated, and thereby the choice of the methods chosen for the
e GR GRR A BT o DR SaT S B S A A e AR s
theuppdyradhealion: piedust whhe iiithaedhe tprocasatbdsqiogiessetiiand
the hi her%he de ite/ oftHe reaction product, the easier jtis to carry out
(G BRI 55 LS S SRR A5 e ABPISREE bR RS8P e
opetatiencordittoasse Thatsadic anfoueat dndipeatiticaléy usuadyisiclyswithout or
roportionall he pore size and can increase significantly by the use of
i AR SR A b R R

) )
an f 10 Sto ne or severa

apperaileesiharttnepsalig-ligaick saparasitvve Brenntkgratadctinto dhenpigeesshe

for the elimination and and other contraries wijth a high,density or a
ARG AP I B e RS T VAECOBHE SIS WA P
biemass cirbeitmel fr the painpipdd oitihe cenhihigal fiarde saparatronfhfw
solids is Pz}rticH]IarIX qd a eous fqr thﬁ cleaning of the process waier
reyersal, Forthe contrgl of fese nozzles, lowmeters, mang eters and valves
which'is used as propellant jet medium’to protéct pumps, mixers an
nozzleswhich 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.



[170] Process water is withdrawn f%r%rz onditioning or treatment during
the process at one or several locati rom the upper half, preferably

from the upper third, particularly preferred from the upper quarter of the
reactor. Reconditioned or treated process water is returned to the water

[161] CircuiiefAne planicfasdeay eAnateatiiRasbanemand iRrRieyaily seyerabssel.

process water reservairs can be used for every individual reactor or for

sedarangdhpia Pt Y ademperassingSRE pesretatRi thelrRanfa aas
Progrss Watehd @eervRits. AN Nehune ptisdividuabail CRPBIMPEPSEIRuid

water reservoir is approximately 35 to 85 percent of the total volume of all

re YRS YURATIhE Hhe dRRE RERRIFe QL HSiFIRHRISIg RS dOrBFaKRNt

temRIAIW @ e RERSRIIthIRAMOhIDeHEARKRES, peniBahRiassHIeseduction
degree and heat exchange apparatuses are not compellingly necessary. A

prdceslsrarinn e i¥anssy i rrdaratsdindrnasibrnd sedimip Bt ipreniecesid dhe

plaptid RN pieatme Mt KeconsitnRinBReihRdcalm HISGAIE8 M wWer reactor
depending on the use of the reconditioned process water. Different

m&8&Hanical, chemical and biological methods and apparatuses are used

[162] for thisungbipeallyeicin eabisiatigio AsEedidapodianadrositnBighh result on

[163
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performance_ hio reactors, bio membrane reactors, anaerobic and animate.

SIGAS FAETHYAS S T 95 G08- e ROHEESH SIOS At KhFarR g contact with

inte@raiadion aarneeleddRihINE RtReessin et gifedibehaftdeaiedsaititthe
content of organic compﬁunds in the circgit water consid ragly, but the

mESASHPE YRRt QAN HePETSREE Y Hst MBS b BEC RN desrtRaiish
the sancesatipnataforganis selbsianeesmidthibas eigatsuiieiendyzle can for
disintegrated and high alkali metal or mineral material concentrations as

o SRIBIRS AL C SR PR A o PARRATA BB BPILESS Wiidhe
asiligh padqeassiblend paldicusarlycattective €ormbiciatiom@peifedert is carried
methods and apparatyses is (o be used. [171] The apparatus for t
ittt e R e
esgleaiadly asputtiatitan Bncbaanlhel congreignThitpriseumeihd ds: fehiperature
soligﬁi}iﬂquidgﬁfaraﬂon escrfibed ab(i\l/e The aps)r@)?ra us for the olid-IiEuid d
sePalKHBIPPEAT AR THE FRSR AL D% Bt ROBRIS SIGRP D JEsHESAER Ve
filtet thodt @apegialbythedémitrf ugatmdmbrengififie Dpichenbitdegical
cleaning,of the process qr waste water,.an aratus is.used which )
coRHUEH S REruRTE R STt A SRR O L ) L ARt 3 e
exariplea@maapatratdsaB ttensteetl tonstuciiad maaneingpiothkeutiedayer
preferably, for.example a high performance hioreactor in t _ .

D e B e i S e A s i tver
esgeaidlywadlbegporeactoitt[Eha fdopseeactonshbuldrp avepat] affeciiva ato anké
for mixing the solid and liquid phases in, its design, Alternatively or

R PR e B B B R SR Shwtage. The
waifabtrastmeohditialsag evelisposit oif adikehysisg(eledinadialysiscessargdly the
can be used, parti rly for the nitrate recovery, distillation, vaparization
D B e B e S S R R
makeshgduitententsneggrdifigotine Atfueter aadithe tdvispagt ot thiesdolithe dry
and thelfi?si%. of(}hed;i)lagti building.and con\éeélin tolanf. ]’he.inter%si#{ ?f
the 6dGr %)%poén & decreases wit ﬁ%‘e’lﬁﬁlr]a%%n Ofthe o or%aaenﬁ?ﬁg e
butidimgpoertise ftordgeoand starsfioouspAabs, ire partsquicicfablthestueds aatee
to be depigned.a or adarfiaht o hat e loaded alr saanol eseape,
Accesses%o € uﬁohng are seale y sluices. One ofr several chemical
angifeitibiotoglicat acketbamri plang syatennstatib dy soptiset e d gorveoydgLifbe

will be reduced to a,minimum for, employees, suppliers and residents.
PR p T A TR e RS
temopEragLreratiogddaccabsolute pressure usually takes place outside the
reaction space: IS0 ALARRAEHS (o relfecalion. TG R NI cated
released there %/can € made available for other processes via heat
exchanger processes. [174] One or several comminution steps take place
before, during or after this process. For this mills or pressing methods are
preferably used. [175] The separation of the solid phase from the reaction

mixture usually takes place in the first step in mechanical and in the
carnnd <ten in thermal cenaratinon deviceac



[176] A static thickener is used for r%z?l?ng the water content under the
action of gravity with or without me% nical 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

deyigecenahtes JPisRan g6 e hirkenest Q‘HEB#V@aﬁ\é@ﬂJM AnGieor the

several machines with a correspondingly high volume. The thickener can
aldBt BAGHIBYPARR ohirhanld istatRe arn/iRg BiopaTattichls siavethiilierikand

design althe spnaeonrsubaiat MakRstgossiblathahie.deMner, so that the
apparatus is charged directly with the mixture. External installations can

bet5iegoRE Rl ANty SRaney Blagiad it e tveasRiceastas b R RIEep
ThempitedaRedhckenaditan alteinatively. iadntvgducee s Begle propellant

pressure to an arched sieve surface or a curved screen. The resulting
celtfiRaTdordd Pre el of phrebrabanstid 1R bAGHSHE e Ggtervepdor the
thigkareicb Mhd i dessasniporduad. HTacnd i the/sthpoursamaah iR iR
drying appliance. A hydrocyclone offers a further advantageous
se%é?&ﬁgﬁ’%ﬂ‘?d&th? IR ASHIGGIT ST WA b {PedriAtoRgS) 1f
acgrlesaiening fenhickesTaHopidess Wdke Wreeidlow, in sUupRked dadbeh
drying. apparatus and the processed or clarified liquid leaves the
hyat5ee éfiﬁcfﬁélé%?ﬂ%%.sm%ﬁﬂ%ﬁ@%%séﬁ‘Bﬁ@%%&%ﬁ%p‘fgﬁﬂ?the
dryiingrapRaratysocasn barnsuese byt arecedingiphdoaditsied dhideaing
devices and interposed dosing apparatuses. This. is particularly important
witTIRS TSVt BodRedAedR Lfél@?feamagrgﬂ Bifiges have a

[164] high tﬂlneﬁﬂtaiwaangsgfeiyrﬁmdtaélqémdableé? dejsemiﬁlﬂi‘mgraf' X Ifdﬂlﬁ@@(f?lﬁ(féﬁd
granular soligs, [177] Thermal drying methods are prefe used for
T T B S R 2 B SR T previousty
cobnanied hbeachfsthaddying fod bpergeltc JaRsandisezamonMEimerous
supplied to.the drying procedure have a weight aboye one kilogram. A .
oo B B U Tk B e A ey Partcular
pracess takeals plricainyraleans Ak aideasboseaaipte potalsiliiarsr aodiyna and
combhination of different apparatyses for separation gnd/or drying. A
o BRSSP SaRAElS DL 45k R QAL 08 EP e tary
produnissidinprocadsdndpadtied dhierbbynchim ehintol kbpliact Wikl rehgiriigpart
gas. It is hereby disadvantageous that the used gas has to be discharge
iy A R Ty N g R e
repilrned de tsordepsiutenatieticoosieraingioh tifithizedd)dchditethean for

example b%.usefi as convec iont[%riflar. Sgr%[%, n%zlet tovtver or féot driers
cal AIs0 bE 08 8d Hegdnaing of the IrESENTSr desdied paltidie $iZ€. A
copittoipotasi padesstisracanialg eaus, pldverer oinéoreasorg tay cdttatons.
tunnel drier are used. [178] When a contact drier js used entially onl
O EREAE SR A B P e AT S B e o B
drpmeipirawacylhdendroibectyr indlt areertangrpeede rabhe duvaandmharervtor
filter or drier is used. For achievi wer moisture contents, a disk drier
cat R R e i S B S
Thehaky icxg prodess: g (akdipiadéhbyhamand of whotigased (€ 0letianast
for.example air at temperatures between 61 and 95 c{g%: entjgrade,
or A e iy 46 e e S B S SR
betvegehngChadh th8tole e s cattygrade diltbenapvklytrodechen e ndater
vapqr and-particularly preferred wat r.having a temperature, of 130
o e S B O R R i 804 e
appacaiisgn{{J9] thatomizsicesdanygohdieivataiie rxalimeihodzeare bentsdsiof a
fordt sg%aratiop or for drying. The advantage of a mechanical-thermal
c11ne ateria 81{101#;11:. . . . .
process compared to the conventional methods is a significantly lower
[165] residdaprmaissuveter fraetprodiidt) whdrpbycanrt,imprdued EdmvéYatsitityngror also
wapsporlARIy Shing Atadustis,asieyetasRsaialy ML IRCBRTEE e
nanosystems. It is a further‘advantage that a partial washout o
contaminations from the reaction product takes place by means of the
condensating steam. The use of steam as a further driving
dehumidification potential results in an increase of the performance for

centrifuges working in a filtrating manner The mechanism of the even
mechanical dienlacement by a2 condencatinn front cooperatec with the



[166

[167

[168

]
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method space, the process of the coqﬂ]ﬁ)ined steam pressure and
centrifugal dehumidification transfe‘% 19 fine disperse solid of the reaction
product from the suspension into a dry, pure, free flowing end product
according to the application. [180] The residual moisture content of the

reaciPmRERAY IR AREPIERGSIPrNe ARPifStiAM 5186 Y8 NREMMSNRD AW fmost
to 25 percent, also 10 to 20 percent or also 12 to 15 percent. [181] The

re SEACHRiSG I f SheSBRESS WAUGE BRI M SHEM Y BF s idinnighthe
AmppRgsethats: thednllowing seastiRnniptermedirimesensaly andiesand

praducts result in dependence on the feed material: [182] Fuels ranging

frdbiedtitkandver stk asteeictyaiume firdnmsdditienimihard- or
Mailarghlikade € PR RIO MBS SR ANIREINALS IS SHEAMS materials

insulating materials, nano sponges, pellets, fibers, cables, active or

SOTPfOATCHA En AR SalsatuENRER A FTBRIY Lo MPHGE S WapsgRds results.
ProghigtmRnchmaiesiate rra taRAistlacAIRO R MRIBHALIRIAIGRRIEE disrupt

and graphite-containing or -like products and carbon fibers and feed

mdEr FondBRTASiR: Frdiblse dampesmommLRaiaLchisUBRG elvestthd

ultieRWwe Taalrbkeirmateials belngiehth @ mdyciscacsonsingteathahereby.
apé)lication. They have advantageous characteristics, which can mainly b
as

HE@&%&%sfféaaa}sn%ﬁﬂmaﬁlamﬂgmﬁafg%mg%ﬁ)am%afé%c{epen s

matefial nRse £ eahip svidishyciorhe fupteratand dhe crrphustblepadatthe
coal and pures%ﬁgal is also to be underﬁo d as active coal or charcoal. .

The rilferATBSHeTADFTIPA BlRetouia R i sty sl Aaus ol paRErE Hipe:
weighp1Ek8dichigialgdb shireiscannapRaraits tharih Beteagtartak T hladeatioh

2 consists of a cylindrical hasic body 3 including a reaction space, The
e B B Lot AP VB A BB o e R ent
exgipyle ftamass ald@ippiietbindraermplisasha fiter (o fotottieaalitdigyiphases.
mixture and an qutlet branch 6, from which intermediate, secondary or

e BB RSP aG OB AT A b AERIDIP L PAR RIS ARG IR Ple
furthaidesmpiisesd devied torthuxasptinesolidstighidaniPisie: hhedlesiegering
is a stirrin aratuls 7 in the embodiment shown here, with which the
SN (AR SR NS TR (Lt A Eam DAY AP U TRy
Theneasiopasfatthertglgnpises ighdyliwdricalugplétel dumgerhéunanypicitess.
gujdes or controls the flqw of the solid-liquid mixture in the reaction space
R A e T R R R
appanatusfithéhehéativnbifeadabnatisunmpugrymoaliguict j@bmixer 9. The

reactqr. 2 is further equi d with a filter aratus with which solid .
o e i e R e S BRSNS RS apsgng i
10partittier limerddctjono pessuotsindthst riedotvaban danrbeTivithdlidviiy fiidrrefagation
reagtion spage 4 andfed o arpseryal 12 The industrial water cangilhery;q,
be sSupplied oﬂ131e vacuum pump 8rd é%uﬁjé’tmlxer and there y
theés schibligdiditleterresiftiemeactian cpace 4iftiaghdne flidgpridantm
introduced ascﬁlea%ﬁ wdater ipto %furth{arfres rvoir 15 via a finF filter1 14, b
FrBm theTutther reServBi b, tng cféan ortreated Water can either be — o0 >
retunnbchtd redictorc2auiaittrettinthd SepristippliEttlio thedudSien waterdviee lthe

17. 1185] Fiqure 2 shows a secti oftg%wall region of the rea 2.
R R B B S U L T S8 ion or

maiftieg, prbereby dthecreactbowaliththabasistseaifahequidraaaticiatyer 21 and
an iner wall ayer, 22 Mg nnerual laver 22 s prowdedving oo
membrane part 23 at the edge of the reaction space 4, which can for
exampimiteoa petliosatedmethbdheat trka plarmbByneanetal sheéifhbtidalso
a heat exchanger plate. The membrane.part. 23 can either be fitted. into
IR R R R P PSS
oubethyatldalyed 21 tarodhihdsoi dnavathlayenti2 ¢raberacdistanodfiem tane
anagther that a cavity 24 is present between these two wall layers. A .
therrao oo ot Hie BROckss vgtch, THe Betiaicuia Sepatpfiin 1 BIofStyfly chrried
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



higher boiling point, so that a templié?éﬁ)re of up to 300 C can be reached.
A further cavity 25 is between the rane part 23 and the inner wall
layer 22. This further cavity 25 serves for the reception of clean water and
can for example also be used as a tempering system. If the membrane

Pagh 2 isperipy branfinRliahshaehny aRarteiiesdheat €ELamNIe PIRLE filter
the pressure in the cavity 25 has to be at least s(lég?ﬁtly above the pressure

in #hetfeitirriapkcesad 88 tabstesmsalfedie shgiesebtifors riRGH dan
reaepetiie eMdhe e 38 the @xitemesaaptiansQHlRNS IR dhEstaBGten,

space 4, the inner wall layer 22, but mainléthe membrane part 23 consists

of B SHH T tAh T HiRter oY seb bl iy EEsludeR e e belectrical

materials[A86] Slgy i@ FeshiawisRnieXeniteny: Fabenialic LN et phdicle
plant. [187] The combustion of the fuels or reaction products generated in

thé'4pparatus can, in dependence on the type of the fuels, take place for

[169] exampie #yReel, kisnacess RS NESSRISRI ABIRX TS IRSnpEetREabIM
with an automatic fuel su‘f)}fly.-[18_8] The arrangement for the production of

enRAIP R s SREHIY OHBINSE B s SR P Cithe o ARG Yation
of 4he eartbestpR Bliskdhpelket iunoasepalspatiusditedhrraghabontent.

As the ash content is lower with the use of the apparatus according tg the

inFeRAGHY S AP EIMBGEHM Gl Rtar ot liRcioR REGCR of
prayeniiguioheakingrauths, deohusiion diskdhe epritisiiaspbenund/pellet

furpace according to the applicatiqn is equipped witﬁ n automati
apPLHIGE 7 TSRO G the BRI LENBLBHod Y DS O i e
endigy genal atinmdreiadduitrlike ferisoihe midibraceomeing deothermal
apgqligation for the c%mbtﬁcg?n of dust comprises a cqal ower plant or &
cod BaarRE b E SRS RN Gl e soRE e dn T RASSE 8F & SnpwiiriegRdtions,
coalthivied pioweltptant. fFcatraiaia itgnbighceffiisngiesrdhebiymBuygtivne
process takes place at temperatures as high as possible of more than.600
R Lo I & A5 Qe BRI BT h SpaRhert
exariplesnf theaauddivrsd-mars. the 608 degrepsredbiigiagdenktsiiabts
efficiency increase in t(g high temperature region cap for example be .
oA (S5 SRS SOMIGE TS RCIOGRaar s Bhod 2 omiated
gasstelantduthine ipiagess avkipasecatfiicigopyrasitiphas Possibldzeat e filter
reali eg for current prodyction hj h[ﬁ_rgthan 43 percent,.or hig&er than 46 .
et BR Pl SRR TS d AR PR B oy g Of ceramic
peticeatia]d 961 thbdilniegikaiedtgdblitcaji@owophbiods iaycléud€GaE) wiphocess
Int\?vgtre?rt ?gsgr%%gr in a filtered or unfiltered manner. The characteristics of the solids
to be separated, 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



[170

[S—)

[171]

gasification is suitable for combusti @ﬁ fuel produced by the method of
the application, but also fluidized b mbustion techniques, particularly
the circulating pressurized fluidized bed combustion combined cycle
(PFBC) and especially combination power plants with coal fired combined

CyRledRawes praBcapihpdresaszead Ryyerized coal combustion (PPCC).
[191] The combus,tionﬁrocess should have a flue gas entry temperature

of > PIsesadGses forererasip 20 sl duntgihgerocess
ang pastisWarbraneteisfs TrdOR-dpgrean gepligéatsy Thenflue @aser third,

cleanup at high temperature is designed in such a manner that the particle

coPERfMbYRE fSFRE Hiosr Lo i rarsriafdhnpariRtu R csaditionsshar

POtRGRIH PreeraPRURESs Asumelias arrpsiveflugioases isldrdrreeiR BHENAL
an extent that the flue gas can immediately be fed to a gas turbine, using

theS RS ORMIPE PR RS IV EaH AYRC ST SYRISTIPEREY AlTE GUisP 1684 FOparitie

COM@M duAMaer? bnfyyisbvdra Bcotbpiaetienstaikadi Fordent ¥hdk sagin3
i.n. can be realized by the provision of a separator for liquid, slag contained

in PechlethadndiviahRprant WAlS R 1 thel AppRlams I irey AUl ohar
way e SrepRieshdclignrabserrent Onsiekamitom Thigt-Ske dtiRls: isfie tsel

of a ﬂcjarbon fuel cell. A carbon fugl cell has two distinct advantages

cofiBREP e thE bl RHMCACBPHTES SHEBARETIRY cheraiprdditethe

of eatpemtisdwitegRessizd shan tial Rhatbidrogri preleatdeediti@adegree
volumes before and after the reaction haveglt;ejﬁ(‘ag ame size in the case of

th8WaPEBHHISPBER ABREGIHSTE AT N EXHR RGBT TREPERIE TR

meangailaisthecgritepinto the fiasécaseualotast deasibed phangpifidusithe
entire heating value can be entjrely converted into electrical energy. T
B O U R TR P A R e

peresidiighed fracevdtndiee. Didkegemivel aalalt daanitillends do giehieve
the necessary particle densities for the.carbon, The plant accarding to the. .
R O AP RS S 0o B i G A U Agobic
sizadatherobidingigeragiamiar thercartoos biencathbihfdSynergiemsvitbic
other, ener neration methods.can be created by the common use of
et G S e T R A
steaeprgrd or windktuehines &s freyeasaviaeexiarnpleshuleltdrenvinchéawatsat of
The Dispatchableg\llnd Power System DWPS??'S mong the renewable

er BRI GATROUES s CUCUT I D S o ML AP G S8 ph B Feturm
gasfulikbprescis useduhdSontprasskddapeisitie @btheecoropriessad of arganic
plenum chamber, This compress ir is then additjonally introduced into
i e AR R R
comipreskedtatiahtora ¢uthitiensusniogeatnaatlydaic moreSthant@0d at20@o return

PerSent SIS 10 410 EIoet AR Ie] SRS e SRS Non
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



[172]

[173]

[174]

[175]

[176]

[195] At least one part of the energ%lfl\?ﬂ'ch IS generated in the apparatus
according to the application by the t(l zation of the fuels produced, in
particular in the form of heat and/or electrical energy, can be one of the
following devices: [196] remote and near heating network [197]

pracegaing, ansktieainmanb presassesrl trp-casisridowateniballeinG ive
process water, reaction, intermediate, secondary and/or end products, in

paifédafarmizias tasiseHoMdiAme Phatesidld i RTige- ANwBIMEIMAT or

Mailakchiikey engtion RIS ustsHRlbiomRSS G WEiNG £20HRIPHSIQRs g,
dehydration, conditioning, cleaning and/or drying{, processes for the

refHGVEIBE RSP dRYESTIsEipls i i ariradiatuie imatspbisandie used,

exginpigI iy reas afteaelisveepaRials: bicVRpRLm R ARG/ 6F IdRhange
systems, pumps, heating, supply of water vapor, heat exchanger
pr%@%@%?’&%ﬁ?ﬁ]&&m}ﬂansport and conveying processes, process

waterFWalgs g warienviale Rt gcghldaatmentandaainglerRniagspbort
treatment, solid-liquid separation processes, cooling and conditioning for

futhEteprlid g iearR dy e BREPIHYGBE A COMAERR P B6r the
pragdusiiono PIREBas NG poliEeRIRRBE LW NIetRlsdandith RalieWarfe time. The
aluminum, ferro silicon, food, in particular milk processing, beer
prBaﬂémﬁq?%ﬁi%aﬁ%%é)&atﬁgﬁ& aﬁm%wﬁﬁbﬁﬁa&ﬁhs fgls: gpgto be
mgatipredessinidsddOahepsy alinnkc sl pipdutiian angpmeassRgdthe
manyre and manure means, tire recycling plants; [200] . pperations and
prﬁaﬂéﬂ%abﬁéﬁﬁge&r%élmfgﬁn@&ﬁﬂﬂﬁ%\fﬁ}?ﬁ%&ﬂf&h@%%@%&b &fon
andl qraae $3ings akeredeicts afoali companeipRnt aiiebmatkidalbtina
gaseaous and liquid form including oxygen, nitrogen and argon; [201]

e R A e el el
0SMOHS; ol2{(d f ailerilistivafinedast, plapititulatbaloe! prodoitiigtemperature

at one bar absolute pressure usually takes place outside the reaction space, also in
an apparatus for relaxation. The heat energy released thereby can be made
available for other processes via heat exchanger processes.

One or several comminution steps take place before, during or after this
process. For this mills or pressing methods are preferably used.

The separation of the solid phase from the reaction mixture usually takes place
in the first step in mechanical and in the second step in thermal separation devices.
A static thickener is 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



[177]

[178]

[179]

[203] For the heat and energy exch and for using synergy potentials,
the utilization of the fuels and/or reécl\ ?% 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

pastisibay abitrblgd [2O0dk-sFoalditedronaer® @@%ﬁﬂg@ﬂ@ﬁﬁﬁ@@.tl&e
integrated Easification combined cycle (IGCC), but also fluidized bed

comBRs Pt aduphrt adniagro eo BRI pracddwindieh padidkpnd
pragaidizrdHpidizatiad comidstios rombinerheYrlekdREB M1 in the

especially combination power plants with coal fired combined cycle power
sudhIsETw isragnlieste fiavkrinsepdirdshipddherTeseees) opsduy lghlquid
poereR vty (O8] clddelisels withriereabfisplisonchyding speinanalseeal to
oil and gas; [207] - biomass power glants; or [208] - solar power plants.

[200] ST BRHBING Cop R e Y eHEraig BrdALkEySHithicpning devices

apaal atuspoded UeatipasherMesaaghand gataniaRBemeoiddor RReRgYise of a
generation. The apparatus 1 comprises two reactors 3, 4 connected in

sethser R e LY ivambah SERHYES 8T d/hieh theratianal safstyiand

spaeesBitabi fopReeME i afl pressdcoressehldheligaction space 5
serves for the reception of the feed?r?:]l”l?ﬁ erial incluaing the biomass. The

appar LR RSTHBAS AL BERFHIRONBH AR Y Re LAYHEIB N of a

cheppriicanghpamilhy whith bigenass is best supplietdeiae chanpeit for
the coarse comminytion (arrow 8), and is then fed into the mil] 7 for further

cORTUSIRASARS: iBRAREUSE SHPRHSH QLD ArMian REPGEMTE N R g eight
intghsivelidRidoprin arpaiiaibeshpaheiaby proftiasd rateHalgeasptsition.
e %!e catalysts cargéﬂs be added (arrﬁwlji%. The biomass is.then

S B LS D 35, o DAL RIS ARG S ST GE TR Uy @
thedinbidaiandfrigi fistherdppatadJes theisgeastion spieedHidpdarconvection
pressure, for example 7 bar, and at a high temperature, for example
AT 60t STARUSELEM: B G e EAie) S S B e Sa
Spgeseds doiddhiriebiherdyreshiwyitie dente ivichsystemidd gdhdttsrapebng
system 13 can for example comprise a device for heating a fluid, which is
o T P R R Sl E% B eSS B4 B e 1o 0
excleangeyatl besteeping @t tMddpnagsomniblihe bucet ssiielyharsangatier
reactoys 3, 4 i ntrolled by the valve devices 15, 16. [210] After the | .
e e A e e R o AT B G sraieer
re8piass oz landveeippli@ovialeicsse panationtrppatdapcddingiahirepasate or
thaﬁsoli reaction products from the Ii\%;id.cogaponents. Th%%i%uid
(o]0

SHLRTLTTS Y& 68 RSRESSate SSNAMTBRTRY pidhe's D1 dpere

cleayedrinerer uare bdwéonmeswdlly compatible manner The still moist,

solid Wﬁgﬁig%(%t%&?%‘ gﬁsera 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



[180]

[181]

[182]

[183]

introduced into a drying apparatus Iéf%zia the relaxation device 22 and are
dried there to the desired residual Moi ?ure content. The dried reaction
products are usually coal dust or similar fuels. The fuels are temporarily
stored in a fuel store 24 arranged between the apparatus 1 and the

arg@paRMeERt Z:lsdhbd beARanaanenihdianthr.enlreyngsnesaion:

comprises a combustion plant 30, which serves for the combustion of the
fusrRM¥FaHaRRIS RS standi sl dusrresidual aapishir gy Hiareoduct,
comushpaisHRA #a Hipwamhusien tRiaticith bRl ie ot Watsfoauer adiigeved,
water vapor in the tube 31, and to drive the turbine 32 with the water

vapbregaHeraiduiineprnids s RaResTHEm S i AdUEhsr g vinitgadhpiierasial
IS SUBRYeCLI Ui 88 RAIBIRITRh PN 1S RevasteduiRte e GricalsNaraNIVL the
this, which can for example be fed to an electricity. network (arrow 34).
THORRH NG siraratddabmgltiersd AL SREr i thane ARy ALAR 30

is eeierlifcsutleanind BReG BihcWoitheRAR Bes Jalr By Mo killuen a
gas desulphurizatign and a flue gas NO removal device, before it is
didAHE AR Erel BF SReEDIST Ahine fa BB Rs] B gishiactmeaidy 2

inQgrRIG Aateriale asepdstckemaver iram Betesd mateidalidusing tbe
course of the method or the chemical conversion %rocess and are thus .

m&ARRITEHIBRICHAR AhAPE SORLHG SARLARII S Re S HRHTORRSSSYEC SLLRSIRR s for
in panhgueatadhe wissoltiion fipsavioustylinasaessiiesaathemicallyverheated
bound materials that have partially gone into the agueous phase. The
deﬁ?&@n;?%géﬁ éﬁ%@@&ﬁ@ﬁ%ﬁé‘?ﬁé’% yisad ISt E A steam
COpEORS sipcargokitiar dottifaigrhicndisseiMashandsearspissalepreferred. In a

materjals, inorganic materials such alkalis, metals, salts and acid

incSARG HRA LS RETRE MR A PRSP i,
al@etiobiidi phokphesaserPoiassitl dissadisslidistag e featibihptoduct from the
compounds are also among the materials which are removed or available
artd AT UL ASE¥sBIBR 59 S TiResItirta RIS hacses %BMESHBR gton-
the raaetiesi pietinokswiidoaapsegenteastinaigidis andierdugls@fter the

[o] jon, have t llowi teristi t others:
2 A TG ChrPRSTIBHEEP IS ABRVIS AR i S 23 D B s

the 2eadtiorepratedure. The concentration of individual materials cannot
readily be varied selectively and independently of other materials offhand
How erf%ﬁﬁé%ﬁ?%&f&ﬁ%ﬁb?&&{)&sa%ﬂlﬂ%% QAFCTHIS SRTREHOR LR YR8
samedipaatior, Har fekamilg reldtiog, dmecuctimnepfdbendutfuactiotent the
chlorine and aﬁhlﬁ: nten(ti)is also rgdtége at the game time. [215] In

e

diﬁ?é?gﬁf%feeg‘slure EPRE%Y HAnE !

merta énalysis, the carbon
fractibocdlonrgigss; fruthpegdikthujer) landtsugartbédickasdvieksMes Gdimus,

percent of the percentage mass fraction of the elements (dry mass) and
e S S MR S AR e o
thénkedd inpaeriatiald) @ oxygem fxacpoicrsadibedy cad aspdaihalér antptia coal,

”'téﬁ%%gaf o 's‘?tﬂué%%’ O & A A, AOSh DS YRS rAGion War 1A Ceand
up to about a quarter.
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



[216] The carbon fraction of the mﬁﬂs and/or fuels is increased by 10
to 300 percent, also 50 to 300 per )

particular by 200 to 300 percent, compared to the biomass. [217] The
carbon fraction of the materials and/or fuels is increased by 5 to 200

pesssnt Rieteralie nder k) pReceanbyssereially preferred 10 to 120

percent, in particular by 50 to 100 percent, compared to the biomass.

r also 100 to 300 percent, in

[184] [21 g FH#E ARV ABHBRASR e WA B AR E1A dr FiEFReTISLAIRP BE v

[185]

40:19iRarREreAs: Bl 301010 nesGenttioh AR ETIR BAnasrapPhcd B&erves

carbon fraction can, in d?g[;e.ndence on the reaction procedure and on the

fedOF HhSESSSPQR S LRI
The hysieaeriiecian:ahthe RaakRiial ARYEKTel EreauaasMyH domRAR which

percent, also 5 to 200 percent, or also 20 to 100 percent, compared to the

bidREc s SR PR Bl e RN e fERQVEHTOPTIRS reaeiRTtaRpce

by4l TaSRAR6F genRheRlshipiRt00deeree ir aiRise the (e1DAReIGaRkure. The
compared to the feed material. [221] The nitrogen fraction of the material

antUCRISIAS HERZ ABPBA 1 E0/ 3BGNFSTBBALITRY SRSk e rdHR VBl
1501 d MQparesriueunpatadile dnifepa v aiesial b 388 /bhersulisidRation
of the material and/or fuel can E%da%_fr%ctiqn of that of tf’he biog:%sis and is

re SRASEY By W BORMHEH ¢ 168 286 p Arcant By DHE ddesies or
peseeib OISR WA theitid IBRAPRIRaRE BoMPparadite thadeedThatenabr 2
[2_2 ], The ash fraction of the mat%gill apd/or. fuel can be a fracpon of the

sl IR BURES degrsanRIe Siemas pEhedmc1ond)]

EQ%@% RO PRRIIRGSF BT RS 480 158 BN I3BPRE o' A0 BRRcRhR I8t

alsaclRd gomyer BQOQ pareeér coThared e the Reddnaiaiided with a filter

apparatus with which solid components are retained in the reaction space 4. Via
the filter apparatus 10 and the line 11, process or industrial water can be
withdrawn from the reaction space 4 and fed to a reservoir 12. The industrial
water can either be supplied to the jet vacuum pump or the liquid jet mixer 9 and
thereby the solid-liquid mixture in the reaction space 4 via the line 13, or can be
introduced as clean water into a further reservoir 15 via a fine filter 14. From the
further reservoir 15, the clean or treated water can either be returned to reactor 2
via the line 16 or supplied to the waste water via line 17.

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]

[224] The particulate matter of the erial and/or fuel can be a fraction of
the biomass and is reduced by 1 t(gi 01 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

dukiBAENEABYSHORI MR Rl Afuler X P B 0 OUSIdR IRDIY RRBYEA
300 percent can be enabled by a high fraction_of process water A thinning

of thertided Asbsiovrs b upSERERS Mt 2fendrthamprouedasrr 22-

mateii - AecvEs By 1hadneeasaf the RieRofiaB.aREesS Walehr Whistple
were originally contained in the feed material and which are removed

duliiy RREEI APt SrrPREME RS i b rasmibene P did 9@ S gpe metal

theremate faiforiRdvRsHRA dh &ty the Hrastins B tiecaelibd has to be at
materials can practically be reduced propartional to the supplied process

watari Al ER Y ARe ph P iessB DR TR ANty &b sritigbRe serenaResti of

or sehcaptionahieagt eacRAdiIgRS RVaYalk Dhighehearbamisastionoaan still
be achjeved, which is more than 5 to 10 percent over the one of the feed

mARSETORS R ST FSEOBS RS 119 TBEF B LS Tt obth et Withean

appebiale Featneinefstoe Riumass anethapianess proceuelcditboated
appropria%([a process procedure, favorable feed material, including

ad) I BPRE alyst mixture, carbon values of 78 percent and more
can atseuhelaghiewed. ckeaggavaliesandbarekyihencomppkad. to that of

fossil fuels. [227]. After the end of the conversion reaction, the carbon
fractidR%S Vﬁi\?@r |t§9F SelorraCHER AR s SeRssUsa B HRTABRIRIHSy

cogigninQicihe deaty alutheaypbavehdetegaseit yitate 36r peraast ingreeat is
released during the reaction, as it is. an exothermal reactjon. In the .
o BT 31 R S OIS S D PR i TS LY e VD G S i

bigoppss. is kept. [228] If carbohydrate-containing biomass such as grain,
sweet corn or sugar is used as feed material, the fuel value of the material
/N BA RN 06 (BB TS B BB TS, T R OBt
ensbatinsesh, plano Be:gereemidciraparad dorthadeed divatariptl[Ehfitasses are

carhohydrate is cqntained in the feed material, the lower is the en

oS OGP RS ETOAOHAI P TG (e of

thapeaatisnupeoctlicg a the isaoiei dimematisiparabuaithedicledinnadasniahre

[229] The energy contents of the reaction product dependjng, on th .

oiOMBEL TS Be e AR SO Ry TSREP P

If pgmnacel pddsidinicroasscoudin@s atit gppdiostomhangsppedsidtisansadomsatic

feed rgr%%eri?l,r trhe fueﬁllv Iueacg épemngﬁteri?rll@n%/onr §if f(he fuel is about 70

to per%%n ; angale o} %ercgn‘f?cor%?)é)re 0'the feed material.

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



[191]

[192]

[193]

[194]

[231] If biomass with a low carboh)éc#zaﬁe, cellulose or lignin fraction as for
example clearing or sewage sludg sed 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 the feed material. [232] Pure, purest or

ultiaspegrieaak GandigeUseddmBuvarsRliteRNas08hcEAN ¥ MRRIBRSI of the
chemical basic and feed material for further processing in the chemical

indoBlisrgrashitierfor idissd Rt crehrpaniRlmiBIsuL HiBIEK Were
digsRivrd fropretier b RIdsedbEinG theuteRatiBIc dyEe APHBRY end

gone into the aqueous phase and are now present in the process water.

SEBFSIHINEPNISTBAANROPITH ST D Satrbired, parabinfth selearplgr such

reaovies @illramARERIOsAsSIRiR coha SR PiPeq)be used as fertilizer,
raw materials or materials for other processes. In order to ensure a natural

cycle iffscOmRHsHaLt PrSTnReMICBAYS Shiltf SR AHY iomeseiysmtaid PO
fraqpgliees| it phas 9 cdciaplyhe 5 RAcagaiN Ratietipeth BpsHitatasor

the natural development of biomass. An approximately closed cycle can

th&relsee mhiiSifearesy settisndy dhviSHisethrlFrim ety sRirEasH s s
bidassctithe sk Hasam o thichabien asataaspieuiossiyaxiastesd ok

the produyction process. [234] Completely new chemical carbﬁn )
as Corrosive

colffitikgs BRarStaR IR Y8HAPE P DB ST R E R RABACS NP

pofiiegHZationdiinedssascinpasiieulahaggameaiesatommviafe Babeied to
comminuted with a lower energy input than most known solidﬁfgé%s' fuels.

FUHERS, U HPSWHIGE S AW HRS TOPLG BIR SR fRTACRE A& Brighs-
feed materiale poakably by forhationiaf Wadlaid raaetion pleducsad2B88D,01

The density of many feed materials lower than water prior to the start of |
Betidh S#h8 ﬁEﬁﬁ%%fﬁ%%Wlﬁ’c?ﬂb%%&é%ﬁ%&rt F@é‘&%f‘?g contained
praceadune g reabheh aglensite crhngardle dephilatioaoal in dependence
on the feed material and the reaction.procedure. While the density of most
foedt hATEHAT R 268 o BOU GRS SHASL A BHEN 1B BB the
weight); dhadensiiyl ekthevreatiatywiostichaatwieadctirabadead@}éo dotfared
kg/m3, occasionally alsg values of 1250 to 1350 kg/m3, under the . .
MRS HED A 5 et TP SRFh ok Qp e oo RO i
eliménatedhanphasséd bytdrdg3bhByevireleTat the solathpabitiesizd aftthehe
reaction product, a larger surface results compared tq the feed material.
T R S TGS o TR S s B e et the
nataselhy techydrgaarbeincebnpiundanithaathormperpple darost casdantost
Tr:gg Iarlgets rface ontrt%utef‘ at}}het.sam time tg)alowe ignitiont -
te SRl B AP 7 e R T e S SRR D S IHES R SRS RIS eb AR s
qrellﬂo&ipaésegst(g@.dmd ailtarer atiMatilend-ike reabtiofupt edl distird tihe
“qﬁllgo?qucgl%lfl % 53] p-grrgz%nt 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.

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



strong and intensive odor formatio%%ﬁges with the feed material. The
odor formation is basically connec the formation of Maillard reaction
products. [238] - Improved electrical conductivity compared to other
naturally occurring carbon compounds with a comparable carbon content.

[23%icidinty-iR RRlRek pakdikariirlefoAQrcbRfF LIS SRADRBME FiAfing

conventional or fossil fuels with the same carbon fraction. [241] - Lower

asHISIR oMYy EshBHaaPIBwEF HoRtetl bF hftagatenénst harther
hegwhipetalsianshisasiivatthabis tdovsensettignition temperatures than

with comparable fossil fuels with a similarly high carbon fraction. [242] -

[195] Advattdget Qeap ieEdeAmcigny RishisosteR s it apgartespeording to

[196]
[197]

[198]

[199]

[200]

[201]

[202]
[203]

cofnbhistidhtabganpaiapiadassitieel bR \iRgiacsMilapyiiam e RO form of

fraction. [243] Altogether, numergus advantages result from the

ARt AR SR CRLFAETSYistRS st e letheriodlasing Asairsand its

enviropimeRsalyl avsk tixate fdenely characteristics compared to
conventional fuels. The treatment method. is more efficient and

econoMiREEP IR FABRENE PR FReRI ik Sst OMiRHh Wt dRs dLng RIRsess

fuglattio R isnassGavPatekéedhe soavestienaprainesdsdgpaanengy of fuels,
recovery from biomass. With the mateyjal convergion of the biomass, .

praRERANT HUAEHASOMHERAS BRI B aan e tadanpidentartion

capasiueeabiethissthr ieadouaiehalpasseryiig, iehsotidicaropamenissy,

the_ reaction prodyct, which can be used for energy recovery. The . |

ro ISR BT URS L/ BEnPEB R0 o BBt HAL TGN S B e

COpMEIiRR feastinia bR a6tk PIpRibalNdAasdY aryonaiS¥iyrs,

A O e e e e e e,
heat exchanger processes, compaction, transport and conveying processes, process
water, water and waste water conditioning or treatment and air cleaning or
treatment, solid-liquid separation processes, cooling and conditioning for further
processing and energy recovery;

- industrial operations for the production, processing and treatment of metals
and in particular of aluminum, ferro silicon, food, in particular milk processing,
beer production, horticultural operations with and without greenhouses and meat
processing;

- 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:



[204]

[205]
[206]
[207]
[208]
[209]

[210]

[244] About 1 -4 percent of the carggné f the feed material can go into the
liquid phase. The fraction thereby 6 ds 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

structuge RO FHREPIANS, LRACHO PBRP BRdiHie o H BR B HIRRINBEMbined

choice and composition of the feed material and catalysts. These

m&ERILGatialyiite Tidigedhad cambatiantsenigiiss aatistia niong

thesmBrie: P 1B¥ Y NI NARUBRIRBIRSNHEBICAR B8 dased 25 RIS on
reservoirs or insulating materials. [246] The so-called Maillard reaction

duBRNEd Feclingligtbodedes el SRR iR R ForlerHy M ghiRR] fired
anebARARIYRgeQieising ak aleyminaus argheahahydsatedichiorg at
temperatures over 130 C. During the course of the so-called Maillard
reQAfEGE)red to yellow-brown, sometimes black-colored polymers, the
melangiginpwdeshlifrom carbohydrates and amino acids in addition to a
plurality of flavorin a%ents. Particular% many and dark melanoidines are

formed B AR YeRsEHs durdsinaideea Mething b SRitg 4t 6ksiing,

but theyigastiopow@lpmaseelerated by higher pressures. They thereby
form a suybstantial part of the food in products such as bread, coffee, malt,

nuts o eBYHIRKESP RIS makes for example up to 30 percent of coffee.
[247]Fife deeshedvatplahthier Miailardigretionefeidyaniahifl faseanalfifst
non-enzymatic reaction. This step takes place within minutes up to hours
andR R BiSib RORETHAE AT B R Vel iRRTLBYERT I "F fEparatus
amaisnhsidhersehiihasesdepentdscaiccntieaesthehhtase goniaatiativasic
as th pragigijci‘d cays within minutes, Wh{gn glucose is removed from the

re BRAY T SO REME SR AR RN SRAGC PHYSHSRISRS R Al BRSL RIFSFILF
transfeis Tadheaohoiesptalels fsmad dor pliodeiptdisophegssdismaeanBiliekaiiing
slower, but, as it is less revirﬁi%ﬁ the Amadori products accumulate. The
pritaRORIRSa SASHORRIRIES e PRARHSEN A ANG A BPRAREY B dethe
entbpraductd efpthiecMad laiditeactiba bibaadvancackghytatiao grchopper 6 for
praducts (AGE). The AGEs can_form crosslinks with other proteins

BB RO R GUREIS R L DI b U TS Fa e,
thetenantieoy MTanb iffase prgnaccoimplek formsnet AGes, mikedalyensively in
Na(carboxymethyl) lysine (CML), furosine and pentosidine have been
AL AR TR SRt TS AB7 AR 5 KT A THE DGRl
praiiodis adeéctb(anedvin ()ighhedricentraisansnchuppd b eohyidrethesmal 4 by
carbonizatign. In the solid (amongst others. solid) and.in.the liquid phase .
R e R T A
indicatamsipastarcenddd pravhich) &seatauqlly Hébwean @t -hRhneafenaolre, for
lysine. Higher canc igns are usually present in the liquid phase, that
SR A e RS e el
Theatiooewmpiratioh & ohaobgenttatid byatio sedgpemnd oysttia $8lidHguid petiog
and an the,composition gt e feed materal ang e brages Ripcadure
Antioxidant &hd Cheémio-preventve characrenstics aregaSS|gn’e\éf O CRIL. 1t

is shppékaténto beaaskeimecdial cbbhyparableodtisimilapchbhaatenistiesgean The
al e fou ith other intermediate,. secondary Qr reaction product
R e e e TR a2 AR e
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]

Maillard-like reaction products. [24r%yl?iulation and cleaning of the
Maillard or Maillard-like reaction p cts take place amongst others by
means of filtration, ultrafiltration and/or chromatographic methods, in
particular by means column chromatography. [250] The humus which is

pradusatda the nethpd aspardinatovhaip veRianRYdNgaNs0dnd are dried
hydrothermal carbonization, results by a cor@%rably shorter dwelling time

colariadhe desireb el e RRP Ay HErrdErddRAs iR RS Seire

CoMRAisE s S aaHdMNg materipld anenastiethessignnrediaellilesgbre
of the feed material. The biopolymers are not completely depolymerized.

THEMRUFREEH RSGNEST the ORI tRBLBSIREARET SR £ carbon fraction of
at leagt 34 dSRATCERS ARG ahbeating MalienloMpeass 12mBdkibd kihnt 30,

and can be burnt well. [251] The humus produced according to_the

méthish stiirs SpheARRPEsRopitiR Heb P GiRs I dhamaitiatithe ggparatus
nafuned hinsnang paktialyalses ol rreatn 222 enlbNetagita e @rewask

from erosion hy rain, as the water can percolate evenly and deepl%, .
water or prodiice water vapor in the tube 31, and to drive'the turbine 32 with the

water vapor generated in such a manner. The rotational energy of the turbine 32 is
supplied to the generator 33 and is converted into electrical energy by this, which
can for example be fed to an electricity network (arrow 34). The flue gas
generated during the combustion in the combustion plant 30 is treated in a
cleaning method 35, which comprises for example a flue gas desulphurization and
a flue gas NOy removal device, before it is discharged into the open air via a
chimney 36.

Organic and also inorganic materials are also removed from the feed material
during the course of the method or the chemical conversion process and are thus
made available and more easily accessible. The improved accessibility is in part
due to the dissolution of previously inaccessible or chemically bound materials
that have partially 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



[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

[253] o reduces the erosion by wing ﬁ 4] o feeds rain worms and other
useful ground organisms, [255] o r 9 ces the ground temperature in the
summer and increases it in the winter, [256] o supplies the plants with
nutrients, whereby it releases them so slowly that the plants can deal with

tharse RadlQl anaklestheigiound to store the water in a sponge-like
manner and limits the evaporation to a minimum, [258] o controls the

chenl 4i¢rERbRgETERsREDhRsasBLAaBs A AR Yiethnaaspgadaction
MasUEeas 28] RetBleaas s Q) dadisugsideeithsihishse i@l y akating the

ground is neutralized, to release minerals, and [260] stores ammonia and

otREFKRIBmesHAGMRS ithS Sheagiatsley Frrtledafsihereby

approximately 20 to 60 percent above the mass fraction of the feed material. The
oxygen fraction was reduced up to half, and the nitrogen fraction about a quarter,
and the hydrogen fraction was reduced up to about a quarter.

The carbon fraction of the materials and/or fuels is increased by 10 to 300
percent, also 50 to 300 percent, or also 100 to 300 percent, in particular by 200 to
300 percent, compared to the biomass.

The carbon fraction of the materials and/or fuels is increased by 5 to 200
percent, preferably 10 to 150 percent, especially preferred 10 to 120 percent, in
particular by 50 to 100 percent, compared to the biomass.

The carbon fraction of the materials and/or fuel is usually between 40 to 95
percent, also 50 to 90 percent, or also 55 to 80 percent. The carbon fraction can, in
dependence on the reaction procedure and on the feed material, also achieve
higher purity degrees of over 98 percent.

The hydrogen fraction of the material and/or fuel is reduced by 1 to 300
percent, also 5 to 200 percent, or also 20 to 100 percent, compared to the biomass.

The oxygen fraction of the material and/or fuel is reduced by 1 to 300 percent,
also 5 to 200 percent, or also 15 to 100 percent, compared to the feed material.

The nitrogen fraction of the material and/or fuel is reduced by 1 to 300 percent,
also 5 to 200 percent, or also 15 to 100 percent, compared to the feed material.

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.

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.

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.

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



[261] Several positive characteristirgt? re present unlike humus or turf,
which has formed naturally over a r@ eriods of time: [262] 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

mulipis{Reranf idRld the anay e LhviReitoles Waifie ACAidR PEPEMCtS

of the method of the application are valid for the combustion

chaFatierrdifactiug o spbinhstebiialian i BRI AR RTIARIS sy s bY

angeptivigad BraRe peopiREed WEpibe Py ticiibar WYitheeep eeidiialiltontained in
difference between the solid and liquid phase within the reaction mixture.

THiEiEad SEa ARG YR A AEEI Bt Ihe SRIEHIR S7ReHPR AR

feitiizeridalike -t slising the Pracansibg.pf adrmixiHea ehhuruatRrRAUERHN
according to the application to products, where an enrichment of certain

mAAHE RO NG rRRISalS, G AtiartisAl R RerrdunrdaMeBP AN AP igrarpled

angtalkadisy AR intherssuassaages, which are detrimental for the product
utilization, is avoided, The humus produced according to the application is
[226] 5 uniforf HiATLE S YSieomRoaRar At AL bIPRTPN RahBRe R cogligons
ansteenirallaghdeciissompasiiomaiihedeedisnatenaliand hereatalySté 10
as well as the process procedure. Humus produced a_ccoréjirlg to_the
ap?ﬁf&gﬂbﬂvgéﬁ%é“ﬂﬁ(? PR PRSP AR iR {oPeeent
appliceéioBtisiberelly fonsidepably fastaidnast etbeidnewamt asistisess
methodq?élof humus, which usually take weeks or ontf]as. %65] The .
mAFEREN S Y R AP BFORIIS P LRSES AR T8 Hive IEWROL dFtHemafsBifation
inGhetiiagn uatiprspeattarftitis-tka 05t peRlike cadiaiiaisuea ve T8e tedawing
characteristics: ZB%]P, Byéh use of the method accordin toe[tge 0 fossil
appitatih AP SHliE Lobishce AIkFs San e i arqd aafhaief fossi
fuehyiglue depends on the process procedure, in particular the reaction

duration. The fuel valJue increases with the react%)n (%uration r the .
dwelbhietithg ¢ H)é? S &pgpyersion reaction, the carbon tfraction of the material or

and/or fuel has indeed increased, but the energy content or the fuel value can have

[227]

decreased up to 36 percent. For heat is released during the reaction, as it is an
exothermal reaction. In the reverse, altogether at least 65 percent of the original
fuel value of the dry biomass is kept.

[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



[232]

[233]

[234]

[235]

[236]

[237]

[268] Less volatile components th%% 4 gnventional or fossil fuels with the

same carbon fraction. [269] The e glyield 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] The fuels are more reactive and
haye lRwemnaeliignition temperatures than comparable fossil fuel with a
comparable carbon fraction of the total amount. [272]I Fossil fuels such

as lighHe-aUBrLRIEHPIRAVE GRake bRirsr i anrgsotle SepRipiaceragple as
fugiseiiiighase RiROKcadeMe s Mfihe PretbadthaGaarditadaithe industry or

application, but they are distinctly different to fuels with regard to the
cofpBidenaabondiel esistics. [273] The different types and species of

fossihaaakbhaxensy iR et e AMROSHIRNshasdhR@ e isiiason
depending on the point of origin and minin% area, so that every type of

coRIATS Ui RtERANE AT ISERIlp RABAAKS DRSS RO uROY, RiSESRE Rt
vapiecetfesail-susdaravnbronwsucaakipestxasiple Bl bkddke #ate can

water content about 56 percent, sulfur content about 0.7 percent, and the

asPEERRNRTSSHEMATS BEEEISVRIRS- WhAtsE, Anhebuses doletsthizer trv

fughgemaieiahasaardiog dththp@pplicatinnoneral wel Whileite el it is of
value usually is_clearly above 20.00% kJ/kg. One kilowatt of fos%il ausitz
€
I

ral fgritdiEh MRl AemASRE T SPRRa &R e IMetRak iR thaauid phase

cogrigt, theeea:tnaiy£a welecthm ainoyatfat evfse Micambel geReraiariton
Ssame amount of fuel according to.the application. [274] ,In&he material
%ﬁgﬁ% ,

th
andlfIP i1 AR BRIMYRE e GRtftaD e & rfgipfained, by returning

congeriationt phiailbariaiaadinmpy eiisconpased-de: §aBsih caakh
Nl?@icarboxymethyg Iyiine ggMLAEaS estabgshed itself as indicator. This
compBaAsHRIASIE FE RS WP HLBRhB EE i phase of the

reactOshipleeilgite & ohaa it iatiams O tnzptaoaeind Stoeténtidysiye were

measuyed, whereby higher parts were measured in the liquid phase than

i BT R Y GIRHOE oh B DB Gen v Rt dE P Ees

fegermathical ciaebearstionnoontlitions, landtbecpsodapst phageablieknown solid
fossil fuels. Further, a brownish or blackish coloration results in dependence on
the feed material, probably by formation of Maillard reaction products.

The density of many feed materials lower than water prior to the start of the
reaction. The density continually increases during the reaction procedure and
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/m’, under the assumption that the air between the particles of the reaction
products is eliminated or pressed out.

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.

The differential characteristics of the reaction products are the presence of

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



[275] After mining, fossil coal is pgﬁ@ﬂi in clumps or, depending on the
mining depth, in relatively highly c ressed 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,

Mateiial s HRh iRl adiefotine 88l R iBeWIIAGRS SRERMRSRIN PgesaaH
particles with a size of usually less than 1 millimeter to less than 30

nalRbmiten ihkreisal becaneerisbie BadiymrrCbAhMRP RIS HaEPTaststs-
[238] this, thewgevey efferifar canritionineenddr@astiniiandiianyobdualsds

considerably lower compared to solid fossil coal. [276] The combustion

chefhaR femRoBRIAVItILR SRR SRR 6P8 8 vantageous, not only

[239] comparegdtadessiktypasiiiaael, but also compared to most of the
currently available fuels of renewable raw materials. At least one, but

[240] often skEevAPIIA SIFPRETONSWIAR firrnEesr ardassrdielysrth fetme
fuelgbth Faadigeriar compared to the feed material or alternative fossil or
biomass fuels: reduced ash parts, less chlorine, nitrate, sulfur, hea

[241] metars IR A MmALRSHRY SPRRS YRR IS AR igaseburagee sulfur,

suRstaRCBSINEIMEiNG Miiaganiandisulfinexides] Thisiifoalgmyelistiassthn
compacted forms ?f fuelsgéjch as briquettes and pellets. [277] The quality
of YHEERIPRAE He CBHBLE T OH O HBL et SPERAS BT HAR feed

[242] materia] @ratiiedauntuiedatisfandinaterdpodndhe MIacaes giasasiure, on
the catalyst mixture and on the composition of the process water [278] .
T R T N BTt i%waggay%@m@ah tBrRoaIdHe™
[243] highex Ingaing MalueSo s Bxarapls resiningdhetprabessing e gasdicularly
suitable sludges, heating values of up to 34 - 36 MJ/E% can aﬁgac ieved.
u

[2 78F e U s T IO R oS StBRdt SR ARk Rt L SliTmass
30fri3d dWJdkaris tathis & byipipdd 16 2 pereandran dugoreicomparedttméieod is

feed material with a fuel value of 17 - 20 MJ/kg. [280] The sulfur contept

e R T N AL T T

regucedabyang/te hlzlodroanbianthiyoenparspasebctodine:fepadnaletiad yvith

a feun(_:‘elr\g/gafl lyeecg\fe%; fr%?n f]c{rl;%ss With the material conversion of the biomass,
practically no carbon has to be lost. Usually more than 95 percent of the carbon
contained in the feed material passes into the solid components of the reaction
product, which can be used for energy recovery. The remainder of the carbon
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]

[281] The fine particulate matter ana S emissions are lower compared
to the feed material. [282] The corﬁ {?s ion result is determined by the
entirety of all parameters linked to the process procedure,
conditioning-dependent fuel quality and combustion technique. [283] The

fuetyma fpkilh selativelngadeporprapsrtiesicing shametesisticsnal which

can bhe calculated and controlled via the composition of the feed material

arftthehydralsdichdeqdal EanprREasvsee¥ch ot durl s thes couma i the so-
theifeaparsdndheicAMEVEIOR hamReieHslinairead dnerticied piesk s,

are additional differential characteristics to fossil fuels such as black coal,

lighhtensianeidips s Bl drosn reshanaliatea pikamiae AridsiaRJiEHEIGhg
to e MQAICIR AGEREdIRENS. NS RPMIGAIRMyThRYdAAY & adMBIIREE QHSformed

characteristics, which can mainly be ascribed to the reduction of mineral

m&teRisR EOMRpREE T B RECHiAtering paiBeul 1o4niisn I Bis reaction is
ungdesstenteaidh® e arpheisiRia sttt bR 5P #bra W RUERSHRORhIS fIhe

to be understood as active coal. The mineral content of ultra pure coal is

for AP R WA pErEERt T B6THREHITIEHSH Bibmaletdes

frmaﬂﬁjﬂql@&(agd M&ﬁmdﬁa@‘éion products of the method according to
the application (briquettes, dust): [287]. In additign to the high resistance

and cRSR CPOHIELHE SO RIGHOE G o CoRESRH BRHttor

arerdigmmestdadporanhriepaalassplisieeliRBin minutes up to hours and is

reversible, as the Schiff base is a very instable compound. The amount of the

Schiff base depends directly on the glucose concentration, as the product decays
within minutes, when glucose is removed from the reaction or the concentration is
lowered. The instable Schiff base further transfers to the more stable Amadori
product. This process is considerably slower, but, as it is less reversible, the
Amadori products accumulate. The primary Amadori products rearrange
themselves and further react to the end products of the Maillard reaction, the
advanced glycation end products (AGE). The AGEs can form crosslinks with
other proteins through rearrangement and polymerization. Due to the development
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



[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[288] By a strong cross profiling w%)h 1?/Jdepth of about one to two
centimeters with inclination angles 15( een 30 to 70 degrees, the ignition
behavior improves by an improved air flow in the combustion chamber
and offers a larger specific surface, which leads to better combustion of

the Rriguetia.d 28 Apamtipal mixing ratio of milling dust to cellulose or
lignin-containing compaonents generated according to the application

suppbrélaioeasitleaHag: MriHasd valbilipddike reartas pragustsdpke

fuglRartiglesdutitbuneaipanaaiiest ¢fl 20 Mot RRESMPREhtographic
wood chips is at 53:47, also at 58:42, or also preferably at 64:36. The

waRSHQS R Pa AR B EPR L SRl BRI BATERIDE 8B thereby be around

10 pergeRtinTievaAEICepreatchiene e mithed atgsr dhan2thhvaig@on by
smaller than 1.5 mm, and also smaller than 1 mm [291] The ratio of dust

or REEND AL SRR AR o FoB s Ty o SRR LR h Ry st §1'ggne
alstt Pap4sArtalsaatopeSduthchaier Sanipat @btRalebinpashwsosiar

wood chips ¢an therehy be around 10 percent, The particles can there?%/h
(V

not BRPE G P RTAH N RN Ng S5 e (MARES 1 ORRTRTISP I EE hretibtess) ©
snMadlenifrerial. mhe. Pl yuesre sROmst Bt 1HIE R BEYS! ylis.cd Ush wWiintukf

or peatcontainin e(iuivalent imounts of cellulose and lignin are

proflied fsurtinedadh ﬂﬁ%‘ﬁ‘b???eaa%@ﬁ‘h S Bebabas P Aitne’

inteehriguelies Willhias eauwveElenteaslluboseand ligrinkpeiame R4 Wbk,
dust and cellulose- and lignin- .ontairémglg additicr)?rﬁ mate(ljal

or turf or pe
produdd BIPHSPTRSUEEH A ara aR SnEhTior st o, e ARk ﬁ&%}fﬁ@d@m@y
Or [ oa Sinidle SXEATHIRIRAR HYpaei-id hunillsvwiid pa2rammy Groidur dissharge

SIeVe. o It protects the ground from erosion by rain, as the water can percolate

evenly and deeply,

o reduces the erosion by wind,

o feeds rain worms and other useful ground organisms,

o reduces the ground temperature in the summer and increases it in the
winter,

o supplies the plants with nutrients, whereby it releases them so slowly that
the plants can deal with them,

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

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

o releases organic acids, with which a highly alkaline ground is neutralized,
to release minerals, and

e stores ammonia and other nitrogen compounds in a changeable and
usable form.

Several positive characteristics are present unlike humus or turf, which has

formed naturally over a long periods of time:

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.



[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[295] The forming pressure is aboréz/jao MPa, also above 120 MPa and
also above 140 MPa. [296] The p ing operation takes place at a
temperature of approximately 80 degrees centigrade and should not
exceed 90 degrees centigrade [297] The size is about 250 x 60 x 50 mm

[298] ThethdkslansivapidRediqusiiae iU iRRctd I MBhePSr the

Production of pellets from reaction products of the method (pellets)

actfIG B e VAV AAb e SOTPUSHP M HRSURIEHSS of pellets by means of

the mether (elets) ReaVdgitadbenanplication, fhe Birthacaifhr wet
pelleting with subsequent agglomerate dryin%f:%preferred. This method is
1

SURERSREE S FB AFERCBITRE 6 FPRASIUREOM g THRFERSA DSBS Ak figh
reladivRlyhavs englaelfRde (38 khiterd TRINRURNARJ asHlis IhStanEatbn of

automatic combustion systems can be achieved with é)el_lets. [302] The

defisdtaHSSic e (LARRas T sl idsm b tisuredreths BIRF rmneat

admixture of humus produced according to the application to products, where an
enrichment of certain materials is not desired. In addition, an enrichment of
mineral materials and alkalis and other substances, which are detrimental for the
product utilization, is avoided. The humus produced according to the application
is a uniform humus and fuel, 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. Humus produced according to the application can be produced
within hours. The method according to the application is thereby considerably
faster than other known production methods of humus, which usually take weeks
or months.

The materials and/or fuels produced according to the method of the application
including turf or peat or turf-like or peat-like materials have the following

characteristics:

e By the use of the method according to the application, turf- to black coal-

like fuel results from biomass.

- 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.

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

carbon fraction.

® The energy yield up to coal is 0.7 — 0.95. The lower the carbohydrate content, the
higher the energy yield.

® 90 - 95 %: lignins or bacterial biomass.

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.



[303] The prerequisite is the pres%ég?zifn of the fuel in a small form which
is as even as possible. [304] The péllets 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

[272] highpyaiRrEeRIStRNCR fiddikaby Beacioess! walk [RARI e Relelsifgs alues

continually supplied to the fully automated pellet ovens or vessels and are

coffBusted tRdhsiimhichare meadvisdrdur mpse oA thigmerhadasrardieie fhe
Wilhh BTN, GRR AR RANERIALE, IR QBHERIGNSISANtheaaRIa¥aHIN0 Albosition

even combustion which is as complete as possible. [307] At heating
valid<hyaeEBYiRia/kg and also above 27 MJ/kg, bonding materials and
combustion accelerators are used, in particular wallpaper paste,

[273] grasShari Hstieih HRer SbsnRgHoIBEl R fass! (081 siRal dtféf dust

Wity patingdue T Rirddreridi M Ikpdaiatirpred syaask oF WRed FIIRSiSihg area,

lignocellulosic biomass is at 81:19, also at 85:15 and also preferably at

gg5q fhat every type of coal has unique and unmistakable characteristic features. The
heating value of fossil Lausitz raw brown coal is for example 8.700 kJ/kg, the water
content about 56 percent, sulfur content about 0.7 percent, and the ash content about
4.5 percent. The water, sulfur, and ash content of the fuel or material according to the
application are all lower, while the fuel value usually is clearly above 20.000 kJ/kg.
One kilowatt of fossil Lausitz raw lignite can be generated independently of the

water content. In contrast, more than double the amount of current can be generated

from the same amount of fuel according to the application.

[274] e In the material and/or fuel according to the application are strong verifiable
concentrations of Maillard reaction products compared to fossil coal. Ne-
(carboxymethyl) lysine (CML) has established itself as indicator. This compound is
detectable in the liquid and also in the solid phase of the 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.

[275] 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.

[276] 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



[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

[285]

[309] Also, the ratio of dust with hﬁgtgzgi; values of 22 - 25 MJ/kg to
chipped wood or wood chips or lig lulosic biomass is at 87:13, also at
90:10, and also at 93:7. [310] A part of about up to 30 percent of the
lignocellulosic biomass can for example be replaced by wallpaper paste.

[333hiikbR WRISLEaeRhBkthaychinpasyaedas WA hEhEROBR or all of the
lignocellulosic biomass can thereby be about 12 -14 percent. [312] The

pafilpYE RG RAEIEISTS 6t BRTEGRPIRRIR Withritclistn airiahspmparedrp the
angalsnaserialler HiRmddnetdskiBr GRiFeSPIRCNIgLMERE AONAKANIOS distine,

or fuel particles with turf with equivalent cellulose and lignin content will be

protESed ' peISy BIA]s FOBP LRSS ot ildistisgperus toxic

appiisatide carialsadeiPoeer ssed dliRn @ tidesPEied Sswith aa] ROfdiveeBbmpacted
cellulose and lignin content. [315] The dust and cellulose- and

ligh st Ssin gustichtiBRgrRiistsdid BEYGH or peat are mixed intensively

together or alone, for examPIe in an impact tab mill with a 2 mm Conidur
discharg® SR&2U3HD6p! e prbanthtp resdiirn Aatrs ot vipdepars on the

abryea AP arand aisapbered A MRBaerial, on the process procedure, on the

catalyst mixture and on the composition of the process water

e Feed material with high parts of fat and energy content lead to fuels with
higher heating values. For example, during the processing of particularly suitable

sludges, heating values of up to 34 — 36 MJ/kg can be achieved.

e The ash content after the combustion of the fuel with a fuel value of 30 — 33
MJ/kg is reduced by up to 75 percent and more compared to the feed material with a
fuel value of 17 — 20 MJ/kg.

e The sulfur content following combustion of the fuel with a fuel value of 30
— 33 MJ/kg is reduced by up to 50 percent and more compared to the feed material
with a fuel value of 17 — 20 MJ/kg.

e The fine particulate matter and gas emissions are lower compared to the

feed material.

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

technique.

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

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.

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

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



[317] The press temperature is apﬁgzziamately 80 degrees centigrade and
should not exceed 90 degrees cen e [318] 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 {hq s es BRNRIG RN BE EaR:@ShalbEASBotipRRIAIIRITEC (auaiv. Pure

lower ash content) and the size of the combustion disk. [319] Energy can

becprbHBaHN 19 Ss iy drthtacriBbesEhlp SarHeROS iR S 2l pRdpyrest
bycdaing 4ie vels masuerd by weansdaf thesnaihes assRidigdrRthsure coal is

application. The combustion of the fuels produced according to the
apiIHIIPIaKEL 19 de BRI YN the conditioning in different

apparatuses. [320]. In pellet form, the fuel is usually combusted in pellet

[286] ovens, pkiie [9RPRRESTET Eesmorratisiss b WrhiioiragitoRioducts of
supRIvh Mgy ay allabip cambishiaguetantsigar): usually be used.

For improving the combustion characteristics, combustion plants

[287] according 1R daeiapplic MO RiSRNLR @AY dentie oidngaeaMUsStiRRition
characteristics in the following regions: [321] Adjustment of the form and

sif@%ﬁtﬁ@é&ﬁmgﬁw&ag&%&mﬁaetzglﬂ%é]lmj%%@ﬁf?wﬁm&%ﬁﬁgﬁ

content, smaller combustion disk diameters can be used which lead to a

[288] hetter coBY &IPS AUIBEYHE A S5RMARISCRIHANO IR thesaidppeters
fFQmEHWﬁ&ﬁih?j@bkﬁHﬁgl@Hslﬁﬂﬁz@éﬁVﬁﬁt@ Iflm wgbﬁ%@,ﬂﬂrl]’a@ Igﬁﬁkilﬁklglﬁﬁilﬁﬁmgroves by
comhustion disk. The caking is usually smaller than with fuel pellets o
natlramy Bet AT Bpa< st CORPUN A TRAIPIH G S5 laiger specific surface,

contustieniofshritisionifual @ceomig iqubie application takes place in a
coal-fired power plant with at least one steam turbine. For achieving high

[289] efficienciesyihp combnsing RIRcesmiRkRsRIAas adlieaesaluiem abawaning
i AR R A e R

combustion behavior.

[290] e The ratio of dust or fuel particles with heating values of 25 — 30 MJ/kg to
chipped wood or wood chips is at 53:47, also at 58:42, or also preferably at 64:36.
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,

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.



[324] Further efficiency increases &#23 high temperature region can for
example be achieved by the use o ern 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

[295] higher thamHSrBgiEe hralsarbiBh@LIRAI G G/AEr GRES BoAs 208! 68ATI%
55 percent. [325] The integrated gasification combined cycle (IGCC) with
infRRyEdd L rasification is suitable for combustion of fuel produced by
the method of the application, but also fluidized bed combustion

[296] te chniquid. NsRtRaSIAR P PRE BB P RIS s HMACER SR P Pros s S0
fluidizedshedcambusiipsheambines cxle (RiBedsand@snasially

combination power plants with coal fired combined cycle power such as

[297] the pressutiged;Rulyargets0al 6osbystian (PPCC). [326] The
combustion process comprises a gas entry temperature of > 1.000

[298] degrees eamidsanted M50, b AROBrHRLIRAS CaBidads —andaism> 1.400
degrees centigrade [327] The high temperature gas cleaning is designed

[299] N Bru&id1RONSEI 1B@LTHER Padbisls prodabtsaTdHb e e (P Qfcenriesbraltg to the
acting materials, in particular sodium and potassium compounds, as well
as'CBTRSe 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 hEps AL 8@1&%@%5%%%05%8@%%@&%18& according to
3nagd Mlibat@ddlthd Mighometers, bk pliame i iMDs0BsBagnBakBldmerate drying
realized by a separator for liquid slag contained in the flue gas. [329] A

furthRieteEy for the PO SR M RO R B Y i URs &é&é%]%f%em

thesnetkadotiheianeliaation |swraieylarfefdust, is the use of a carbon
Mel cell. [330] Synergies can be produced with other energy carriers

[301] and/or oeoeaeEashehaen NBIReAIRY theosRmManImBsstdh systems can be
apparatuses for energy generation, in particular of turbines, preferably a

StESMESFG AR PEIHESfor energy generation.

[300]

[302] e The defined emission standards for small combustion sites are thereby
fulfilled.
[303] e The prerequisite is the presentation of the fuel in a small form which is as

even as possible.

[304] ® 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



[331] The Dispatchable Wind Povr:/% %{stem (DWPS) is among the
renewable energies where a com r4 se 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 introduced additionally

intQ b BERIPS IV ichbis ARARYLID ARG RUIATS 113921146 GRBNSSSRAAD iSreferably at

introduced into a miming turbine, the efficiency increases by more than 20
to %élpercent, also by 40 to 170 percent, and also by 60 to 150 percent.
Claims 1.Material and/or fuel, produced from biomass, which has a higher

[309] carbon fitaétish Eisipieed dythwitBdatiageympsyof 13 300 pétcentoridaeed

onyBedRs GRIVAERI I3 3ipAst iR ielsveats (dhy gnass)aleeaivataiahnd also at
and/or fuel being produced from a method that comprises at least the

fol?g'\}\%ng steps: a) treatment of the biomass at a temperature of above
100 degrees centigrade and a 3r%ressure of above 5 bar for a treatment

[310] quration BfapaE5k A HBRS: I ReftFaRbiRg Henerdbrarichiorast traniowss
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[311] e The water content of the chipped wood or wood chips or other

lignocellulosic biomass can thereby be about 12 —14 percent.

[312] e The particles can thereby not be larger than 2 mm, also smaller than 1.5 mm

and also smaller than 1 mm.

[313] e Corresponding to the above ratios, dust or fuel particles with turf with

equivalent cellulose and lignin content will be processed to pellets.

[314] e Turf or humus according to the method of the application can also be

processed alone into pellets with an equivalent cellulose and lignin content.

[315] ® The 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.



c) processing of the biomass and/or cgnditioning of the reaction,
intermediate, secondary and/or enéf???&ducts, characterized in that the
processing comprises dewatering, comminution, mixing and/or preheating
and that the conditioning comprises influences or effects on the secondary

[320] and/or egdpHRAUCEsHH; Matarialiaasian jueRECREAIN JoIckEdds, pellet vessels or
characterized in that it comprises a Iarge surface and a small particle size,

in PRASINRCAPRIAIIE SR oY ish tefudosserbidrometsidalypipibhie
MigsHPRIBbnYPI ARl 20 Ry e @iedSF S MapesiahanaiciusLiacsR @inddristics,

claim 1 or 2, characterized in that it comprises a carbgn part of 50 to 90

pereBuSOBPIEREEPELRE By 1BF s0BHGHIBR [Erke Adbsterite Srrarbrrger

acesiingitm anxr e thr reaediogotiainsg ehaasterized in that the
temperature is adjusted to over 160 degrees centigrade, between 160 and

[321] 300 degeasipRitisrade iy dawarnsi8 ANt 8MBIREEESIsk according to the ash
content. With lesser ash content, smaller combustion disk diameters can be used

which lead to a better combustion.

[322] e An automatic apparatus for removing the ash from the combustion disk is
advised for preventing the caking of the combustion disk. The caking is usually
smaller than with fuel pellets of naturally occurring types of coal, in particular

lignite.

[323] e The combustion of the dust or fuel according to the application takes place
in a coal-fired power plant with at least one steam turbine. For achieving high
efficiencies, the combustion process takes place at temperatures above 600 degrees
centigrade, preferably above 650 degrees centigrade, and especially above 700

degrees centigrade.

[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.



5.Material and/or fuel according toé‘ézéﬂf the preceding claims,

characterized in that the pressure | justed to at least 7 bar, preferably
between 10 and 34 bar, between 10 and 17 bar, between 17 and 26 bar,
or between 26 and 34 bar. 6. Material and/or fuel according to any of the

[327] precedingh@'ﬁi%tﬁt&ﬂﬁé@@@éigﬁg dreiRaldhedesiaime ™ swrtionadsnat ieasie
hours, 3 to 60 hours, 5 to 30 hours, 30 to 60 hours, 6 to 12 hours or 12 to
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chatagerzadnncthapshadeastionoeuetsidtcodsiad Wihuaddrersieh an extent
convection or contact drier, with a flow and/or belt, and/or with a fluidized

beliiribs Steetietreammenivishieest tha madrbinsnareierablvastiBedhg o

to RAH&htir: pRinm tisrdddesthegeneraionof energy from biomass. 9.
Method of producing a material from biomass, comprising steps of a)

[328] treatmeny of fhfibieRassnaba tEInpenature af fboveidBmheeaagrali content

centigrade angd a pressure of above 5 bar for a treatment duration of at
leady- ST realized by a separator for liquid slag contained in the flue gas.

[329] e A further way for the production of current or energy from fuels, according

to the method of the application, in particular of dust, is the use of a carbon fuel cell.

[330] e Synergies can be produced with other energy carriers and/or other energy
generation methods by the common use of apparatuses for energy generation, in

particular of turbines, preferably a steam or gas turbine for energy generation.

[331] e 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 introduced additionally into a turbine which is already in

operation.

[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.



b) removing of process water from{jﬁiﬂiomass by a filtration apparatus;
and c) processing of the biomass or conditioning of the reaction,
intermediate, secondary and/or end products, characterized in that the
processing comprises dewatering, comminution, mixing and/or preheating
and that the conditioning comprisesgpliggsices or effects on the secondary
and/or end products.

Material and/or fuel, produced from biomass, which has a higher carbon fraction

compared to the feed material by 1 to 300 percent based on the percentage mass

part of the elements (dry mass), the material and/or fuel being produced from a

method that comprises at least the following steps:

a) treatment of the biomass at a temperature of above 100 degrees centigrade
and a pressure of above 5 bar for a treatment duration of at least two hours;

b) withdrawing water during the treatment of the biomass by a filtration
apparatus; and

C) processing of the biomass and/or conditioning of the reaction,
intermediate, secondary and/or end products,

characterized in that the processing comprises dewatering, comminution, mixing

and/or preheating and that the conditioning comprises influences or effects on the

secondary and/or end products.

Material and/or fuel according to claim 1, 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.

Material and/or fuel according to claim 1 or 2, characterized in that it comprises a

carbon part of 50 to 90 percent, of 55 to 80 percent, or of over 98 percent.

Material and/or fuel according to any of the preceding claims, characterized in
that the temperature is adjusted to over 160 degrees centigrade, between 160 and

300 degrees centigrade, or between 185 and 225 degrees.

Material and/or fuel according to any of the preceding claims, characterized in
that the pressure is adjusted to at least 7 bar, preferably between 10 and 34 bar,
between 10 and 17 bar, between 17 and 26 bar, or between 26 and 34 bar.
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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.

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 18 for the

generation of energy from biomass.

Method of producing a material from biomass, comprising steps of

a) treatment of the biomass at a temperature of above 100 degrees centigrade
and a pressure of above 5 bar for a treatment duration of at least two hours;

b) removing of process water from the biomass by a filtration apparatus; and

c) processing of the biomass and/or conditioning of the reaction,
intermediate, secondary and/or end products,

characterized in that the processing comprises dewatering, comminution, mixing

and/or preheating and that the conditioning comprises influences or effects on the

secondary and/or end products.





