Process for Obtaining Combustibles and Fuels, Respectively The invention relates to a process for
obtaining a combustible or fuel, respectively, by thermally cracking a heavy oil in the presence of a
wet, hydrocarbonaceous biomass by heating the heavy oil until the pyrolysis of the
hydrocarbonaceous biomass, whereby the combustiBles and fuels, respectively, are formed, removed
from the heated heavy oil and subsequently condensed. It is known from the literature that, during a
liquid-phase pyrolysis, a biogenic feedstock is converted in a carrier oil at temperatures of

approximately 300C to 35Qi mp@ﬂam@'m%m@vm@a'intnmggrs&g%mgiIs described as
inert such as, e.g., thermal olls are mostly used, which are thermally Very resistant and, as far as
possible, do not participate in the pyrolysis reaction of the biomass. These processes have the
disadvantabethat e AR s istahmeassEs 69 abiisipeisivenind e tofbe clesprti frim pyrolysis
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obtainmen‘s@fseqmbtlgttbie&amdifuels respectively. In US 2007/0261996 Al, an oiling process for
biomass using a carrier oil referred to as a contact oil is shown. The carrier oil has an initial boiling
point of at Leas 200Cf|n th? exemplary emb%dlment which is mentioned, a conventignal heavy oil is
used as the Earicy S IMHIC GG Broces dhinBibhdud (E’(B‘ﬁ?ﬁlﬂ?ﬁai%ﬂ@a‘?‘ BoeERn s Aol or
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phase is separated into a low-boiling fraction and a high-boiling fraction, wherein the high-boiling
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processeseolhis:tiusthe@pies @Ltglgte;@{}@ge_nt invention to indicate a process for obtaining a
combustible or fuel, respectively, by thermally cracking a heavy oil in the presence of a wet,

hydrocarbonaccous biomass, which avoids the described disadvantages of the prior art and with which
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i this 01 11g process, any biomass containing sugar, for example, wood or straw, and

having a moisture content of up to 30% by weight can be used as a biogenic starting
material. Prior to the contact with the carrier oil, the biomass is heated to a temperature of
between 40°C and, at most, 150°C and reaches a reactor chamber in the preheated state. In
the reactor chamber, the biomass is contacted with the hot carrier oil which has been
provided and is cleaved at reaction temperatures of between 200°C and 600°C. In a
subsequent regeneration step, the reaction phase is separated into a low-boiling fraction and
a high-boiling fraction, wherein the high-boiling fraction is, at least partly, reused as a carrier
oil.

This ociling process has the disadvantage that the wet biomass is contacted with the hot

carrier oil directly in the reactor chamber. In doing so, neither a preliminary drying nor a



The process according to the invention is a process for obtaining a combustible or fuel, respectively,
by thermally cracking a heavy oil in the presence of a wet, hydrocarbonaceous biomass by heating the
heavy oil until the pyrolysis of the hydrocarbonaceous biomass, whereby the combustibles and fuels,
respectively, are formed, removed from the heated havy oil and subsequently condensed, with a
hydrocarbonaceous biomass being used the moisture content of which amounts to, at most, 1.0% by
weight, based on the biomass. As heavy oils, for example, mineral oils, in particular high-boiling
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hydrocarbonaceous biomass. It is advantageous if the hydrocarbonaceous biomass has a nitrogen
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purpose, th’éﬁﬁéﬁth%%ﬁ?éﬂ@@ﬂ th@tb?émtaﬁﬁ@dewmnw@efore and after drying. Temperatures
ranging between 80C and 200C, in particular temperatures of about 150C, are advantageous for

drying the Qi S refepred embo iment.of a process accordln .to the invention,
hydrocarb(?n%g?gﬁé e (é(gsglt;%sgdc the morsture c(oPn eHEOT Y Elqr%\ou B%afgu}% ?ncé)é]fgﬁsg%cby
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contained Irythechedavy@ibin dimaxssurhiaimotnid ofi3086soy vedidhtabased:en shentolaldgpagsand
with which an amount of shorter-chain hydrocarbons as high as possibe is achieved in the
cleavage products.

Said object is achieved in a process for obtaining a combustible or fuel, respectively,
according to the preamble of claim 1 having the features of the characterizing part of claim

1. The subordinate claims refate to further advantageous embodiments of the invention.

The process according to the invention is a process for obtaining a combustible or fuel,
respectively, by thermally cracking a heavy oil in the presence of a wet, hydrocarbonaceous
biomass by heating the heavy oil until the pyrolysis of the hydrocarbonaceous biomass,
whereby the combustibles and fucls, respectively, are formed, removed from the heated
heavy oil and subsequently condensed, with a hydrocarbonaceous biomass being used the

motsture content of which amounts (o, at most, 1.0% by weight, based on the biomass.

As heavy oils, for example, mineral oils, in particular high-boiling residual oils from mineral
oil refining, as well as vegetable or animal fats and oils can be used in pure quality or in

mixtures. Preferably, such heavy oils start to boil only at temperatures of above 250°C.

It ts likewise conceivable to use waste products or byproducts from vegetable oil refining,
for example, Palm Fatty Acid Distillate (PFAD), as heavy oils in the production process
according to the invention.



In one process, in a variant of the invention, the biomass is contained in the heavy oil in a maximum
amount of 20% by weight, based on the total mass. In a further variant of a process according to the
invention, the biomass is contained in the heavy oil in an amount of less than 5% by weight, based on
the total mass. The content of biomass in the heavy il is at least 0.001% by weight, based on the total
mass. It has surprisingly been found that, in the process according to the invention, a smaller amount
of biomass in the heavy oil already leads to a cracking of the heavy oil. Large amounts of cheap waste
and residu@(ﬁHScéE&kD)@@IBtﬁimilW;:ﬂgCbi@ghfm\,]/cviﬁ@tg\f@u&g MV@(%B%,?ﬁiE’&Ee?r%m%y({P ﬁiﬂ&tbff
manner, cag utilized as heavy.oils.for obtaining a ¢ ustible or fue|, respectively, using
comparati\?leillye g&ﬁ?&%ﬁ%ﬁ%@)f] élato%rlr%gs\gﬁll%ug @nceC gr%%le{é%qgcoc%r Pr%gei{él lf}PelﬁhVehCe{f&ﬁ B d\%ﬂ‘és a
further advAAtEgY BUBRUIRRGhPESEREES RRGWR cfrbm s statbeo i ertbamichoaiTb inamaridunt of
biomass togessonvieited bocleaedbiespichinelyicidiichids ashigh agpossilealr One Pracesss the
heavy ofl s atadadvaniaas sl adeTReraiE AHARNEED A80G.and 450C. In a process

according to the invention, the heavy oil is heatéd particularly advantageously to a tempe.rature _of
between 320C and 400C. A variant of the invention envisages that, in one process, a residual oil from
crude oil dibtiaibrningsarticilltrevaciomhaseitoissusechas the hedwyoeil. load which is as low as

possible. Thereby, Nz is prevented from being introduced into the fuel phase.

Drying of the hydrocarbonaceous biomass in order to ensure a moisture content of, at most,
1.0% by weight, based on the biomass, is effected according to drying methods known per
se. For this purpose, the moisture content of the biomass is determined before and after
drying. Temperatures ranging between 80°C and 200°C, in particular temperatures of about

150°C, are advantageous for drying the biomass.

In a preferred embodiment of a process according (o the invention, a hydrocarbonaceous
biomass is used the moisture content of which amounts to, at most, 0.5% by weight, based

on the biomass,

In a process according to the invention, the biomass is suitably contained in the heavy oil in

a maximum amount of 30% by weight, based on the total mass.

In one process, in a variant of the invention, the biomass s contained in the heavy oil in a

maximum amount of 20% by weight, based on the total mass.

[n a further variant of a process according to the invention, the biomass is contained in the

heavy oil in an amount of less than 5% by weight, based on the total mass.

The content of biomass in the heavy oil is at least 0.001% by weight, based on the total

mass.

[t has surprisingly been found that, in the process according to the invention, a smaller
amount of biomass in the heavy oil already leads to a cracking of the heavy oil. Large
amounts of cheap waste and residual oils, respectively, which otherwise would have to be
disposed of mostly in a costly manner, can thus be utilized as heavy oils for obtaining a
combustible or fuel, respectively, using comparatively small amounts of biomass. Thus, the

process accotding to the invention provides a further advantage over oiling processes known



Surprisingly, it has been found that, when residual oils or heavy oils from crude oil distillation are used,
in particular with vacuum gas oil (VGO0), not only is the biomass pyrolyzed, but the heavy oil is also
cleaved at least partly, whereby shorter-chain hydrocarbons are formed, and that an additional
creation of value can be achieved in this manner for the entire process. Said VGO is a residual oil
which accumulates as a bottom product during crude oil distillation. VG is usually used as feedstock
for a cracker (a thermal or catalytic cracker) in oder to obtain short-chain hydrocarbons therefrom.
Dependingfmthadgregesss teoperakiasAhup h8RRGANIIIRSMESPELR AR RAT SESREGtvely, are
required fo[ gﬂ% q%fé IIE[] arde tcl)sbrea f:lown the residual oils. In comparison, catalyst
temperatures of up t 5 arecuse ‘for Ratd yf’ ic cracking and a reactivation of the catalyst is
necessary. An advantage of the process according to the invention, which is described here, lies in the
reaction coimditiongrwithsa tealtar teciparataredod a3y abnoimabRressy e, Rk A @dd in
comparison g egyentional cracking processes and are required for cleaving the VGO. It has been
shown that, in the process according to the invention, the VGO is cleaved into shorter-chain
hydrocarbons already at temperatures which are substantially lower than those of conventional
thermal crdokingo ®sisasugglesgstthit the usie ofthehbiomarssaeiice piecatacking tenapesaturedof the
V0O. In a pfogptionprogass Resording tg thedmpyention, particularly advantageously a
hydrocarbonaceous biomass is used the moisture content of which has been adjusted by drying in a
heated heavy oil, preferably vacuum gas oil. S By drying the wet biomass in a heated heavy oil, the
moisture contéErtadE the Hioriasnipadyaitagsolisly teducegdgentty andihmdiariagsis aiteladyil

contacted it theoheavy=eilc ihe wiying ehing WQU@%%AWR&R%I%Q with heavy oil occurs at
temperatures of about 150C, at most, of up to 200C. The moisture which thereby leaks from the

biomass is collected and separated, e.g., in a condenser, Subsequently, the biomass impregnated
with heavy SRS Hiaied fuhiedsmr o ctr-withea béﬁlﬁgdhéaw oil, lrespecstilreliroand tiné: heidvy oil is
cracked indhélpresence oftde biomassi|in a/fwlrthm@mbommen(m@pr@@e%gcwmgﬁ&ﬁﬁ@

invention, S§yl a fr e exc o as aratl rocess afte ing,
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for separatirguhelexdessieapywitthat a too high amount of heavy oil reaches subsequent process
steps along with the biomass after drying, which process steps are conducted at temperatures higher
than the d@/ln(g {gg}ﬁ)erature a dd?)rS l %too stror]g g?by the heavy oil which has been supplied. For

example, méchanical sepalr%lst1 i ACSHRHLEATSP <amBREd PR Certtiigar Bidcedbes,
respectlveﬁ}SWlll‘cf‘alﬂén‘é@JQrésgwglb’r@é@é@ééﬁta#@plbkﬂdechasl@epiathnc\ybmc&&slgscfm sgayating the
excess amekntobbeayy mlfframlmﬁybiemaﬁﬁaﬁu&*&%tﬁawéﬁ&mﬁheomMﬁﬂ RRAsCRMG aRRAeNt from
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order to break down the residual oils. [n comparison, catalyst temperatures of up to 550°C

are used for catalytic cracking and a reactivation of the catalyst is necessary.

An advantage of the process according to the invention, which is described here, lies in the
reaction conditions with a reactor temperature of about 350°C at normal pressure, which are
mild in comparison to conventional cracking processes and are required for cleaving the
VGO. It has been shown that, in the process according to the invention, the VGO is cleaved
into shotter-chain hydrocarbons already at temperatures which are substantially lower than
those of conventional thermal cracking. This suggests that the use of the biomass reduces the
cracking temperature of the VGO.

In a production process according to the invention, particularly advantageously a
hydrocarbonaceous biomass is used the moisture content of which has been adjusted by

drying in a heated heavy oil, preferably vacuum gas oil.



Fig. 1 shows a process diagram of a first preferred embodiment of the process according to the
invention in a highly simplified illustration; -Fig. 2 shows a process diagram of a second preferred
embodiment of the process according to the invention in a highly simplified illustration; -Fig. 3 shows in
chart form the impact of the moisture content of the biomass on the cleaved amount of refined heavy
oil according to Example 1; 6 The process according to the invention can be carried out in a plant as
shown in Fig. | in a highly simplified manner. As can be seen in Fig. 1, the plant comprises essentially

a drier TR1Ba E&;lﬁigmlﬁél anrd 8 aansdensearitaltitheAresiT RhcthgohiomassBM. &t predrigd /L s,

temperatur tw bou 110 200C and js ¢ ntacted with the he 0|I QE,
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directly to tH&" R AP aREICER, My ﬂw@‘%‘éﬁ’&dFRWYafé edhﬁb?ﬁéﬁ“«h‘thdéﬁ M’é’rﬁlféﬁbmﬂlaht which
prevents the sty ioftbxygew iy pidintdinimgsa. minor overpressure of, for example, 35 mbar in the
plant. The coal-like solid FS which develops during cracking as well as a surplus of heavy oil SOE) are
withdrawn fro m th reactgo(}%l and subs 0 a purification unit, which is not

uenﬂ lied to
illustrated. The Ir{é}mglln(fr% Brodticts re%c%of% d)é%[i” B h PR Hﬁna@r%%?élébcqc?ﬁfb@ﬁ@nts are
condensed®ut ¢he §é%5éﬁak@d‘/iﬁt@1%hb¥oﬂy$ppéﬁum!phase§33m¢1d@})lag,d arthatheebispredudhphase
P3. Furthesmargnal gasiphase &f) laavestbegurdanseriin 15% by weight, preferably more than

25% by weight, based on the total mass.

[t 1s prevented by a separation process for separating the excess heavy oil that a too high
amount of heavy oil reaches subsequent process steps along with the biomass after drying,
which process steps are conducted at temperatures higher than the drying temperature and
are cooled too strongly by the heavy oil which has been supplied. For example, mechanical
separation processes, in particular sedimentation and centrifugal processes, respectively,
filtration or pressing processes, are provided as separation processes for separating the
excess amount of heavy oil from the biomass.

Further features of the invention become apparent from the following description of
exemplary embodiments and with reference to the drawings.

- Fig. | shows a process diagram of a first preferred embodiment of the process according
to the invention in a highly simplified illustration;

Fig. 2 shows a process diagram of a second preferred embodiment of the process
according to the invention in a highly simplified illustration;

- Fig. 3 shows in chart form the impact of the moisture content of the biomass on the
cleaved amount of refined heavy oit according to Example 1;

- Fig. 4 shows in chart form the impact of the moisture content of the biomass on the
cleaved amount of vacuum gas oil according to Example 2.



A preferred first embodiment of the process according to the invention is carried out as follows: The
reactor Rl and the drier TR, are filled with the heavy oil SOE,, for example, a vacuum gas oil (VGO),
and heated. The reactor R, is heated to a temperature of from 320C to 400C and the drier is heated to
150C. Predried wood chips having an initial moisture®f about 10% by weight of moisture content are
used as the biomass BMI. Said biomass is introduced continuously from a storage vessel into the drier
TR, filled with VGO. In the drier TR1, the biomass is distributed in the VG() using a stirrer and, in doing
so, the watenphysioadlydiound dnshedipmassisexpelled: Jhisupraliminany.dnisgnithe dries TR, to a
moisture conte ﬁf@ﬁm&%n'z%"nb weight, based on the biomass, is necessary for reducing the
amount of wétef introduced into the reactor RI. Thus, the amount of uncleaved heavy olil in the reactor
RI decreases, which would otherwise be dragged undesirably into the product oil phase by the rising
water vapods. By drying:thiz dicgnasslie fHendrienpRsthesantaunts afisl Tesydlingnsiseamswhich
have been acgumiating, ate agvaniagapustyaleosgauceslian askbsaquenieasneraion After the

biomass BM) has been drjed, It is conveyed into the reactor in which the actual tleavage of the
heavy oil (\L\}/&w iﬁg Ep%ﬂil%ﬁh%r%‘fg IsRaniaeil prds ey HROE: Fur ditaiipld hehipaastures
ranging bethder 8P tharid4G0@ a8 Doimadpress besppeveil itvthie: rédetoFRTWdmrocessas Goeus in the
reactor RI duafo.the-5UpRixof biomassoA REk pidhedeaviailbMGO. which j§pred. s therehy cleaved

into directl)é &%Eigea‘se\lwti?l]% iproduct:t‘ alkenis))%y the catalytic effect of the biomass, which represents
the actual product oil p ase ol sai [‘ﬁ%é% & The dried biomass BM), which has been introduced, is
subjected to liquid-phase pyrolysis and is thereby converted into a pyrolysis gas, pyrolysis coal and a
%O'lySiT cnliwiqzhgqarodtmt gasggttomiaghm&w aﬁﬁﬁﬁ{@{?@wumﬂﬂ%@ teanglenses taang e @mount
of direct ] nts. i ensed out. The accumulating co ation re i
separate%l %%ntglt?hc% qalggllggmpﬁ%&\{goﬁfrgp yé sa%i%b&iijgé%ﬂg iiﬁlléfgfilﬁi%?ﬁ‘a/%{i”i s-egj§£1ﬁ8ﬂ ﬁé’ég frH\éf’\
subjected 'E?JllPé"EﬁHF‘d‘é{Yorﬂ&inCBfH@I"%;/sé‘é‘érﬁl‘é tiecupicledbe dhrewaxpdil SShseruely btheumdevered
heavy oil islretuined intodieneBetdihAdrihe Tiperading: pesioc Rogressasihe walids F&Aasewmulating

due to the pyrelysisgatierdn the,bedwy, ol [59%@&? gf%%%pgimgsg beseparated from the heavy oil

SOP) by afsglid-{lqujd separation. Following thé separation those solids S can be fréed from the
heavy oil pouht’

FreraifhBithdt YPeRtPakHbRF ofoeki e tMistnk Ry hinl: 48 alenstguning wiackieging heavy
oil (with a hebhvgsoll soptentedflaboyt SOBPLFige Mstowsyinfeohighly simplifieg manasxkeaseegnd
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or fuel, respectively. Thg biomass BM]_l_is g%ﬁgeb@;rushed toa Rﬁgﬂgl@ vol‘qrpéi of less than 125 mm3
in a mechanical-thermal pretreatment Ut M TV TBRBRAN S, SRIIBSEH SEvars srifeeietiderthiore, the
initial moistitte P this bibasasd canb e radd cadaycan oistdve lcomenPHIMidheaty duripgsthease
mechanicalrushing i theveateeatment unit MTV, or it can be treated in a subsequent thermal drier.
For this purpose, the moisture content Frim is removed from the biomass, for example, into a

condensate separator. Subsequently, the crushed biomass is contacted with the preheated heavy oil
SOP, and 6“@8[ﬁerred first embodimént of the process according 1o the invention is carried out as

follows:

The reactor Ry and the drier TR, are filled with the heavy oil SOE,, for example, a vacuum
gas oll (VGO), and heated. The reactor R, is heated to a temperature of from 320°C to 400°C
and the drier is heated to 150°C. Predried wood chips having an initial moisture of about
10% by weight of moisture content are used as the biomass BM,. Said biomass is introduced
continuously from a storage vessel into the drier TR, filled with VGO. In the drier TR,, the
biomass is distributed in the VGO using a stirrer and, in doing so, the water physically
bound in the biomass is expelled. This preliminary drying in the drier TR, to a moisture
content of, at most, 1% by weight, based on the biomass, is necessary for reducing the
amount of water introduced into the reactor Ry. Thus, the amount of uncleaved heavy oil in
the reactor Ry decreases, which would otherwise be dragged undesirably into the product oil

phase by the rising water vapour. By drying the biomass in the drier TRy, the amounts of



at temperatures of between 110C and 200C in a drying TRI. For an intense contact between biomass
and heavy oil, the drying TRI comprises a mixing device and optionally 8 also a conveyor. In the
drying 'FR], the biomass is preheated by the intense contact and dried to a moisture content of, at
most, 1.0% by weight, based on the biomass. The cohdensed moisture content of the biomass FBM is
withdrawn from the drier TRI and likewise collected in a condensate separator. The biomass 1:3M2
pretreated in this way is supplied to a following treatment step SEP1 in which a mechanical deoiling of

the blomasat@kﬁaglaﬁeta@d W EXER%S eavicellsles, SR ALAN ANA IS IINGL NFg, the drier
TR,. In donl bs%gmett mount o fblomass BM, in the heavy oil SOE, is preferably adjusted to more than

25% by weight ased on the total mass. Thus, it is achieved that an as small as possible amount of
heavy oil SOEI having a temperature of, at most, 200C reaches the following reactor unit R1 and cools

said unit tod. &trorhg!yidepemlinghon theredeiramerbans tie @z@m&o;séttaetqtmﬁ Rigaregs used!
respectlvelgicfque%a(m@lg %@me@?@ﬁq%erﬁotﬁ qCﬁlmC_ Caﬂ f—:‘ ‘ﬁg% é%sét[%?tn‘nlegltss(tg uISEP’ for

separating the excess heavy oil from t lomas e temperature 0 maintaied

between 110¢ SHHODCCHIRHY S tragthvehiise SEPrHOY e atiiormass B s nrtreddadbento the

reactor unit&Rin which the following reaction conditions prevail: temperatures between 250C and

450C at pressures between 0.1 bar and 80 bar, preferably at an overpressure which is smaller than

100 mbar ch(Pared to atmospherlc ressuE{L qor safety reasons, the reactor unit is provided with an
0

inertization plant an S"So%?té.é% ek Protegdod tjag*‘pﬂ%‘te}it% a5t R SRR 884 Yeibtor
with approptfate adttelnsitorsmie ‘d|§t§habgetbﬁwateWaqimmlan®fmiLmehMthﬂmawal i ithectibidtpeoduct

phasgsdasTctttallyaa atleast anebstising @ﬂf[ﬂﬁ@lﬁ’@%ﬂ@ﬂtggﬁtﬁﬁl Etléttha; m%%aliteét'ﬁkgcﬂﬁ\a&%% are
provide v uet,gets from the reactor R1 into, a condenser K. For the
condensatlg’rt% o(ﬁ)te{ %g%})%%gaas,e tﬁ}egl LoRuSsSR, redHest "%5\/@“%% E‘S@‘éddé: %%ﬁltéls
configured ¥6f &Ht?é‘rt’é’aﬂ‘éiﬁ?e%ﬁ)éﬁa‘tﬂr% PANGIrE betwebiia50a ard ol 3O THdcontdbuser K

can be designedfdoniexample:; asatfixedcheapliebularheas exchanden el asasRartypaisealer and
serves for mﬁtéﬁﬁ’&t@tt%’hBBﬁhﬁté'qté'd(BtQQH&tcP hages,fg 1@8911%9%9%9 Seab@%% o Wfpllig{t &

discharged from the rocess as the gas phase GP,. In the separat tionuni product

phases aré ALY il ! Féﬁt”ﬁ‘atf’t Bﬁs@(&@%ﬁw%‘té%?%ﬁ&ﬁe‘éﬂ&@%ﬁbte’dwlﬁte%tﬁ% i6f
centrifugal lhﬁmmw@favctamﬁﬂlfeepamator&déutthanmcme tthedfrelctions leaw beitigideddnéattydrephilic

and hydropbohis:phases, SeveratpiogduabRhases.BL. P). P3 are obtained, wherein, for example, P3 is
a phase abounding in water. The product phases PI. P, abounding in oil are available, depending on

As the operating period progresses, the solids 'S accumulating due to the pyrolysis gather in
the heavy oil SOE; as a coal and must be separated from the heavy oil SOE; by a solid-liquid
separation. Following the separation, those solids FS can be freed from the heavy oil bound
therein either by extraction or can be thermally wtilized directly with the sticking heavy oil
(with a heavy-oil content of about 50%).

Fig. 2 shows, in a highly simplified manner, a second preferred embodiment of a process
according to the invention for continuously obtaining a combustible or fuel, respectively.
The biomass BM, is thereby crushed to a particle volume of less than 125 mm’ in a
mechanical-thermal pretreatment unit MTV, for example, in one or several mills.
Furthermore, the initial moisture of the biomass can be reduced by a moisture content FBM
already during the mechanical crushing in the pretreatment unit MTV, or it can be treated in
a subsequent thermal drier. For this purpose, the moisture content FBM is removed from the
biomass, for example, into a condensate separator.

Subsequently, the crushed biomass is contacted with the preheated heavy oil SOE, and dried
at temperatures of between 110°C and 200°C in a drying TR,. For an intense contact

between biomass and heavy oil, the drying TR, comprises a mixing device and optionally



their compositions, at least as initial products for further utilization as combustibles and fuels,
respectively. In the separation unit SEP3, the bottom products of the crack reaction are separated
from the reactor RI. Solids ES, for example coal, mineral ashes as well as incompletely converted
biomass, are separated from the excess high-boiling®amount of the heavy oil SOE2 at operating
temperatures ranging between 80C and 450C and are discharged from the process. The heavy oil
SOEZ2, which has been separated, is returned into the reactor 121 and can be cracked again in the

presence o.ﬂaam@mmotzmmmenﬂf:ingcgmﬁiti@iaﬁlam&q%éﬁbﬁéamplﬁju,liﬁﬁé?égz!}cri&liﬂ!ié%ﬁf&iﬂ-i%ﬁ_fe’ are
listed belowy, A series of experiments was cargied out in order to examine the influence o%@e‘r omass
moisture oﬁotﬁeﬁgggﬁégn%gﬁ call{réc? ?éf |?:iglnotsgflgaz\j/§’ %Yoif"l%i %E’b%‘fﬁﬁfg%ﬂﬁkeﬁtiﬁ%@&?ﬁin lf’eﬁ%‘_é lllﬁ.ﬁ‘lleral oil
having an iHitiEIB6ilfiY §Bin? bftbvebianpes (AFavbressiredshrbaigantha misdal Raluedflikewirslecule
length at C38b474 wascindachtcaspatusad as a heavy oil. By drying the biomass to a moisture
content of, at most, 1.0% by weight, a clear increase in the efficiency of the desired cleavage of the
heavy oil toward, Iovyer&%ng_fr_qqtions could be obtained. Test conditions: R{eacto}r temperature:350C
Reactor preSSUtS A BVSHITELErd ABSvEBttiosREAE ftesSlieribairsmem:-eipkdsiait Gold
25 Biomaswibiahkafrsechpnive oot rghipsthechioated toladifferenhrbdiduaicess heavy oil SOE, is

separated again and returned into the drier TR,. In doing so, the amount of biomass BM, in

the heavy oil SOE, is preferably adjusted to more than 25% by weight, based on the total

mass. Thus, it is achieved that an as small as possible amount of heavy oil SOE; having a

temperature of, at most, 200°C reaches the following reactor unit R, and cools said unit too

strongly. Depending on the requirement and the composition of the biomass used,

respectively, for example sieves, screw extruders or decanters can be used in treatment step

SEP, for separating the excess heavy oil from the biomass. The temperature of the educts is

maintained between 110°C and 200°C during the treatment step SEP,.

The dried biomass BM, is introduced into the reactor unit R, in which the following reaction
conditions prevail: temperatures between 250°C and 450°C at pressures between 0.1 bar and
80 bar, preferably at an overpressure which is smaller than 100 mbar compared to
atmospheric pressure. For safety reasons, the reactor unit is provided with an inertization
plant and is overlaid by an inert protective gas. The reactor unit R; comprises a reactor with
appropriate outlets for the discharge of water vapour and for the withdrawal of the liquid
product phases, as well as at least one stirring and/or dispersing device. Furthermore, heating

devices are provided.,

The vaporous top product gets [rom the reactor R, into a condenser K. For the condensation
of the vapour phase, the condenser K can also have a multistage design and is configured for
condensation temperatures ranging between 450°C and about 30°C. The condenser K can be
designed, for example, as a fixed head tubular heat exchanger or as a spray-type cooler and
serves for the separation of the liquid product phases from non-condensable gases which are

discharged from the process as the gas phase GP;.

In the separation unit SEP,, the liquid product phases are divided into different fractions
according to their densities, for example, by means of centrifugal and/or gravitational
separators. Furthermore, the fractions can be divided into hydrophilic and hydrophobic
phases. Several product phases Py, P, P; are obtained, wherein, for example, P; is a phase

abounding in water. The product phases Py, P, abounding in oil are available, depending on



moisture prior to the entry into the reactor In every experiment, the test facility was, in each case,
filled with about 1600 g heavy oil, heated to a temperature of 350C and kept at this temperature for 20
min. Without the addition of biomass, no formation of cleavage products by thermal cracking of the
heavy oil could thereby be determined. Per experimeht, a total of 270 g biomass was gradually added
to the heavy oil, which was maintained at 350C, in portions of about 10 g over a period of 2.5 hours. In
doing so, the biomass was predried such that it had a different moisture content in every experiment.
10 Fig. 3 summaiizesotiecigstaesulis anchahgwrdmehamorm e impaghiol the malsivrgieonignt of the
biomass orMQl% cl_leea\_(zélggepf a high-boiling refined heavy oil. The amount of clgaveq heavy oil was
thereby determine(s:lpl%)y ser}/airation in a gas-phase chromatograph and evaluation via a mass
spectrometer. A moisture content which had been reduced to, at most, 1% by weight, based on the
biomass, bindtyingphehiomaiss praduceash asieldaficiearage predusiz MlGh-wasincreasss iy up to
abput 30%1@1%‘[“&?.”3 H(g) pg(p ﬁﬂm&%% 1@ W@X,hntlrihee{gplfsss%ﬂ;e &%ﬁ?ﬁ@ﬂ?ﬂ:&%‘%‘%‘e Sscgﬁdeptecgn
adjusted to 2% by weight or more._ ExamB & 2 series of experiments Comprismg plyetrga ments of
the biomas¥ O Aifterdifit feryiHeWHE Baltie ¢ iss i W eleb 18 lagatifiEnth e infisehew vf the Prblresitment
of the biomassawitly adnatdne@yss othnAinachitimegasasit G amidg v igitialdailingl Reintafabeus IKEC (at a
pressure obthRtl Rk URed psirNIsayall. BRAORCINANA.NE Homass e A aistug ganienh g’ o
most, 1% bcy weight, Pq&eg on.th%plqmassr, a clear increase in the efficiency of the desired cleavage
of the heavy PR TLRAM b i Y HEEHSRS LA GBI B btained. Test conditions: Reactor

temperature:350C Reactor pressure:10 mbar overpressure above atmospheric pressure
Example 1:

The conditions applied in Example 1, which is illustrated here, are listed below,

A series of experiments was carried out in order to examine the influence of the biomass
moisture on the economical and efficient cleavage of high-boiling oil. A high-boiling refined
mineral oil having an initial boiling point of over 400°C (at a pressure of 1 bar) and a modal
value of the molecule length at Cy¢H74 was, in each case, used as a heavy oil. By drying the
biomass to a moisture content of, at most, 1.0% by weight, a clear increase in the efficiency

of' the desired cleavage of the heavy oil toward lower boiling fractions could be obtained.

Test conditions:

Reactor temperature: 350°C

Reactor pressure: L0 mbar overpressure above atmospheric pressure

Heavy oil: Phi-Oil Katstart Gold 25

Biomass: bark-free spruce wood chips pretreated to a different residual

moisture prior to the entry into the reactor

[n every experiment, the test facility was, in each case, filled with about 1600 g heavy oil,
heated to a temperature of 350°C and kept at this temperature for 20 min. Without the
additton of biomass, no formation of cleavage products by thermal cracking of the heavy oil
could thereby be determined. Per experiment, a total of 270 ¢ biomass was gradually added
to the heavy oil, which was maintained at 350°C, in portions of about [0 g over a petiod of
2.5 hours. In doing so, the biomass was predried such that it had a different moisture content

In every experiment,



Heavy oil:vacuum gas oil (VG()) Biomass:bark-free spruce wood chips pretreated to a different
residual moisture prior to the entry into the reactor In every experiment, the test facility was filled with
about 1300 g oil, heated to a required temperature of 350C and kept at this temperature for 20 min.
Without the addition of biomass, no product formatiol’by thermal cracking of the heavy oil could be
determined during this period. Subsequently, a total of 270 g biomass was gradually added per
experiment in portions of about 10 g over a period of 2.5 hours. During this test duration, the heavy oil

\r/]vas mallntalrged ahaiemperaty ft@sf@f bn%'@&@ alTOJD @lx@%@% fiamasshad ﬁi‘ig%@ %ﬁ%@ﬁﬁﬁsﬁ[ﬁt%ﬂ'@gtm t
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per experlmcf\é%l%{?3 é%‘%g{&%éﬁ]g‘raédeéﬁ fhtothé ir:é ctor %Xﬁﬁgzlsbwgs%ﬁ % i TR Ui ATV B
filtration to ¥&BiideiboMient T Phyreltieiminssh by Wéwﬂﬁaséﬁ on ghebtat nvasenahgeohsegdently
was presery asuaifilration msmkgeuﬁjgmaummaﬁﬁeﬁ the eas Wit anghghews injebadtiorm thedmpact

of the mois of,the bigmas a the heayy. ol the cleavage ftheT
high- bmhn?f}geqﬁr%go &%ggvgé)l&\l/gqoﬁ%e%eﬁtg,%th o%?}thoqf gﬁéﬁ}/lled eav‘?%l%sq ag(%l o detefhined

by separatlSRIHE dﬁ@‘ﬂh&@é EHrSATStbBYaph %%P@%R%dﬁ GRAPIISRY Ehashvinmes in Nﬁbi@'ﬂjre
content whizhrhaidibeeronéehicddhio patmsshadbbynweigittduasitd by theshiamasseby drying the
biomass in a heated heavy oil likewise produced a yield of cleavage products which was increased in
comparlsopto eﬁeflments in which the moisture content of the biomass had been adjusted to 2% by
weight or mare. The experiments both in Example | and in Example 2 were, in each case, carried out
without the addition of a catalyst. Analyses in which mineral or silicious catalysts known from the
relevant ||te\ramraevmere;\gelﬂmdtls%@ﬁ@mw@mr@ﬁﬁm@ tseneh 'Bﬁ{ﬁflx hakiwitha ﬁéﬁlﬁw%&Q”te”t
of, at most, n the biomass, the versi lon of desired cleavage ts was
clearly hlgher %%ﬁ%yv?tlﬁ%% er mbéﬁ{é]lleéngO h “‘d‘d“’ 3%:{(; zié’sl © rt1m(’é1nera 1fh %3ﬁv°é %eavage
products, WHEH WAL aEHBYEER AL Bardngiveisksd doyi aeame Me’lb%etlyié‘a(feéftmymgsand wak
essentiallybtivg sameabadn cheaparalive expedicarts withouhihe aslditiansaia catadishTherefare, the

use of minergliy sileias ERIAVSHS FRNAGNACIAGEONSIY e OltRC R MBRER5E5S, ARG g the

invention folr obtalnlrpgfxI a combustible or fuel, respectively.
cleavage of the heavy oil toward [ower boiling [mcuons could be obtained.

Test conditions:

Reactor temperature: 350°C

Reactor pressure: [0 mbar overpressure above atmospheric pressure

Heavy oil: vacuum gas oil (VGO)

Biomass: bark-free spruce wood chips pretreated to a different residual

moisture prior to the entry into the reactor

In every experiment, the test facility was filled with about 1300 g oil, heated to a required
temperature of 350°C and kept at this temperature for 20 min. Without the addition of
biomass, no product formation by thermal cracking of the heavy oil could be determined
during this period. Subsequently, a total of 270 ¢ biomass was gradually added per
experiment in portions of about 10 g over a period of 2.5 hours. During this test duration, the
heavy oil was maintained at a temperature of 350°C. The added biomass had previously been
pretreated in heavy oil VGO at a temperature of about 150°C in such a way that it had a
different moisture content per experiment. Before being added into the reactor, the biomass
was brought mechanically by filtration to a solids content of more than 75% by weight,

based on the total mass, and consequently was present as a filtration residue.



Claims 1. A process for obtaining a combustible or fuel, respectively, by thermally cracking a heavy oll
in the presence of a wet, hydrocarbonaceous biomass, the moisture content of which amounts to, at
most, 1.0% by weight, based on the biomass, by heating the heavy oil until the pyrolysis of the
hydrocarbonaceous biomass, whereby the combustibles and fuels, respectively, are formed, removed
from the heated heavy oil and subsequently condensed, characterized in that a hydrocarbonaceous
biomass is used, which is subjected to drying for adjusting the moisture content to at most 1.0% by

weight baseg,on HehRemasThe rARIOeRSSIRRCOTHIBEP SIaIMLE Shacterizethindal Bontent of

hydrocarbopnaceaous biomass js used the moistur tent of which amounts tq, at most, 0.5% by
Wyeight, bas“elac[c%noﬁl]%s%i Lr%éfsdsh’ éj.%%lrcogé%‘l a%%o%r/ i’n% ] ctﬁflrﬁ ForE Sh%ééﬁggal?ﬁ%é{t[tﬂbd
biomass is &ottaindd ¥iRe Hdawrpoil theaamaimuh aleriedt beB0vwby Wesightpivasiettonithe togal
mass. 4. Asmmeﬁsmﬁcw@iﬁ@ﬁ@sé|alﬁm@a@g@@m@ﬂ28¢6ﬂﬂ€m@ﬁ|m§ @lﬁﬂﬁ@iﬁd@tﬁ@ﬁ@ﬁ!f@g;lfjbm%tljae?vy
oil in a maxi , 0% b oight, based on e total mass. 5. A process according to claim
3 characrer e o e T L S e R Shboy
weight, badBt BRTHE oA RS Beanhpilcbeandse orary 8 anjelt eltavage Bodharamtanherin that
the heavy dildis#redtéd torapamperatureof betveeian 2G0T Bt AG e TodtpOeeIBABEMARgER! Claim

6, charactegizedifj el Rebesy.RikiE heaigd to a temperature of between 320C and 400C.

The experiments both in Example [ and in Example 2 were, in cach case, carried out without
the addition of a catalyst. Analyses in which mineral or silicious catalysts known from the
relevant literature were added likewise showed the same trend, namely that, with a moisture
content of, at most, 1% by weight, based on the biomass, the conversion of desired cleavage
products was clearly higher than with higher moistures of the added biomass. [n general, the
conversion of cleavage products, which was achieved, was barely increased by adding the
analyzed catalysts and was essentially the same as in comparative experiments without the

addition of a catalyst.

Therefore, the use of mineral or silicious catalysts can advantageously be omitted in the

process according to the invention for obtaining a combustible or fuel, respectively.



8. A process according to any of claims 1 to 7, characterized in that a residual oil from crude oil
distillation, in particular vacuum gas olil, is used as the heavy oil. 13 9. A process according to any of
claims 1 to 8, characterized in that a hydrocarbonaceous biomass is used the moisture content of
which has been adjusted by drying in a heated heavy gil, in particular vacuum gas oil. 10. A process
according to claim 9, characterized in that the biomass is separated from the excess heavy oil by a
separation process after drying, with the biomass being contained in the heavy oil in an amount of
more than 15% by weight, in particular more than 25% by weight, based on the total mass. 11. A
process for obtaining a combustible or fuel, respectively, by thermally cracking a heavy oil in the
presence ofdawes hydrocarbonaceous biomass, the moisture content of which amounts to, at most,
1.0% by weight, based on the biomass, by heating the heavy oil until the pyrolysis of the
hydrocarbonaceous biomass, whereby the combustibles and fuels, respectively, are formed, removed
from the heated heavy oil and subsequently condensed, characterized in that the moisture content of a

hydrocarbohaceduPisieraaeriokiainista deomvstll €. ood us) wesgegthebs doyn ieemslbynerssise Bby
drying in a heateddagpy ¢l tie pAksgidabBaaet) ydassdibnabebus biomass, the moisture content of

which amounts to, at most, 1.0% by weight, based on the biomass, by heating the
heavy oil until the pyrolysis of the hydrocarbonaceous biomass, whereby the
combustibles and fuels, respectively, are formed, removed from the heated heavy oil
and subsequently condensed,

characterized in that

a hydrocarbonaceous biomass is used, which is subjected to drying for adjusting the
moisture content to at most 1.0% by weight based on the biomass.

2. A process according to claim 1, characterized in that a hydrocarbonaceous biomassis
used the moisture content of which amounts to, at most, 0.5% by weight, based on the
biomass.

3. A processaccording to claim 1 or 2, characterized in that the biomassis contained in
the heavy oil in amaximum amount of 30% by weight, based on the total mass.

4. A process according to claim 3, characterized in that the biomass is contained in the
heavy oil in a maximum amount of 20% by weight, based on the total mass.

5. A process according to claim 3, characterized in that the biomass is contained in the
heavy oil in an amount of less than 5% by weight, based on the total mass.

6. A process according to any of claims 1 to 5, characterized in that the heavy ail is
heated to atemperature of between 250°C and 450°C.

7. A process according to claim 6, characterized in that the heavy il is heated to a
temperature of between 320°C and 400°C.

8. A process according to any of claims 1 to 7, characterized in that aresidua oil from
crude oil distillation, in particular vacuum gas ail, is used as the heavy oil.



the biomass after drying is separated from residual heavy oil and is used in the heavy oil in an amount
of 30% by weight at most.

10.

11.

13

A process according to any of clams 1 to 8, characterized in that a
hydrocarbonaceous biomass is used the moisture content of which has been adjusted
by drying in a heated heavy ail, in particular vacuum gas ail.

A process according to claim 9, characterized in that the biomass is separated from
the excess heavy oil by a separation process after drying, with the biomass being
contained in the heavy oil in an amount of more than 15% by weight, in particular
more than 25% by weight, based on the total mass.

A process for obtaining a combustible or fuel, respectively, by thermally cracking a
heavy oil in the presence of awet, hydrocarbonaceous biomass, the moisture content of
which amounts to, at most, 1.0% by weight, based on the biomass, by heating the
heavy oil until the pyrolysis of the hydrocarbonaceous biomass, whereby the
combustibles and fuels, respectively, are formed, removed from the heated heavy ail
and subsequently condensed,

characterized in that

the moisture content of a hydrocarbonaceous biomass is adjusted to at most 1.0% by
weight based on the biomass used by drying in a heated heavy oil, in particular a
vacuum gas oil, and

the biomass after drying is separated from residual heavy oil and is used in the heavy
oil in an amount of 30% by weight at most.





