Process for Obtaining Conmbustibles and Fuel s, Respectively The invention
relates to a process for obtaining a conbustible or fuel, respectively, by
thermally cracking a heavy oil in the presence of a wet, hydrocarbonaceous
bi omass by heating the heavy oil until the pyrolysis of the

hydr ocar bonaceous bi omass, whereby the conbusti bl es and fuels,
respectively, are forned, renoved fromthe heated heavy oil and
subsequent |y condensed. It i's known fronrthe literature that, during a
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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



Sai d object is achieved in a process for obtaining a conbustible or fuel,
respectively, according to the preanble of claim|l having the features of
the characterizing part of claiml. The subordinate clains relate to
further advantageous enbodi nents of the invention. The process according to
the invention is a process for obtaining a conbustible or fuel,
respectively, by thermally cracking a heavy oil in the presence of a wet,
hydr ocar bonaceous bi omass heating the heavy oil until the pyrolysis of
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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 a preferred embodi ment of a process according to the invention, a
hydr ocar bonaceous bi omass is used the nmpisture content of which anounts to,
at nost, 0.5% by weight, based on the biomass. In a process according to

the invention, the biomass is suitably gontained in the heavy oil in a
maxi mum anount of 30% by weight, based on the total mass. |n one process,
in a variant of the invention, the biomass is contained in the heavy oil in
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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



In one process, the heavy oil is heated advantageously to a tenperature of
bet ween 250C and 450C. In a process according to the invention, the heavy
oil is heated particularly advantageously to a tenperature of between 320C
and 400C. A variant of the invention envisages that, in one process, a
residual oil fromcrude oil distillation, in particular vacuumgas oil, is
used as the heavy oil. Surprisingly, it has been found that, when residual
oil's or heavy oils fromcrude oil distillation are used, in particular with
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manner for the entire process.

Said VGO is a residual oil which accumulates as a bottom product during crude oil
distillation. VGO is usually used as feedstock for a cracker (a thermal or catalytic cracker) in
oder to obtain short-chain hydrocarbons therefrom. Depending on the process, temperatures
of up to 800°C and pressures of up to 5 bar, respectively, are required for thermal cracking in
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.



By drying the wet biomass in a heated heavy oil, the noisture content of
the bi omass i s advantageously reduced gently and the bionass is al ready
contacted with the heavy oil. The drying of the bionass inpregnated with
heavy oil occurs at tenperatures of abofit 150C, at nost, of up to 200C. The
noi sture which thereby | eaks fromthe biomass is collected and separat ed,
e.g., in a condenser, Subsequently, the bionmass inpregnated wth heavy oi
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-Fig. 2 shows a process diagramof a second preferred enbodi nrent of the
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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.



6 The process according to the invention can be carried out in a plant as
shown in Fig. | in a highly sinplified manner. As can be seen in Fig. 1,
the plant conprises essentially a drier TRl, a reactor R and a condenser
K. Inthe drier TR, the biomass BM isspredried at tenperatures ranging
bet ween about 110C and 200C and is contacted with the heavy oil SOE, by
stirring. The biomass BM and the heavy oil SCE, nay al so be supplied to
the dri er TR, jointly, The noisture FBM which thereby |eaks fromthe
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A preferred first embodiment of the process according to the invention is carried ouf 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



recycling streanms, which have been accumul ati ng, are advantageously al so
reduced for a subsequent regeneration. After the biomass BM has been
dried, it is conveyed into the reactor 12, in which the actual cleavage of
the heavy oil (V&) and - parallel thereto - the |iquid-phase pyrolysis
occur. For exanple, tenperatures ranging between 320 and 400C at nor nal
pressure prevail in the reactor. Two processes occur in the reactor R due
to the supply of biomass. A part of the heavy oil V&, which is used, is

t her eby Ef-¢aVHSEY. dilidcheyy bshdeagablangriadudverdgbkenes) togutefor a

cat al yti eulgkfeet r@bndrit@unbi omass, which represents the actual product oil
phase of said process. The dried biomass BM, which has been introduced, is
subjected to |iquid-phase pyrolysis and is thereby converted into a
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rectification in order to separate the uncleaved heavy oil. Subsequently,
the recovered heavy oil is returned into the reactor. As the operating
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drier. PRgrovtenidshgauy poserctural inmi the uraetocont ent Frimis renoved fromthe

bi onass, for exanple, into a condensate separator. Subsequently, the

crushed biomass is contacted with the preheated heavy oil SOP, and dried at
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device asrc]:gm%g(tn%.%ﬁow}/ng the separation, those solids I'S 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



8 also a conveyor. In the drying 'FR], the biomass is preheated by the

i ntense contact and dried to a noisture content of, at nost, 1.0% by

wei ght, based on the bionass. The condensed noi sture content of the biomass
FBMis withdrawn fromthe drier TRl and|ikew se 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 bionass
t akes place and the excess heavy oil SCEI is separated again and returned
into thefld? pEPUVEROL [ iegbying db; therhdoragss imprebdatdsi intes snteve contactradhisrdy oi |
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tenperatures rangi ng between 450C and about 30C. The condenser K can be
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as '”'tkﬁbgp Hgﬁﬁﬂﬁdﬁpr further utilization as conbustibles and fuels,
respectlve the Separation unit SEP3 the bottom products of the crack
reaction are separated fromthe reactor Solids ES, for exanple coal,
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reactor ;121 can e cracke again ln t he Presence of a bi onass.
desu,nc, oreXampie, as a Tixed head tubular heat exchanger or as a spray-type cooler and

serves for the separation of the 11quld 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



Exanmple 1: The conditions applied in Exanple 1, which is illustrated here,
are listed below. A series of experinents was carried out in order to
exanm ne the influence of the biomass noisture on the econom cal and _
efficient cleavage of high-boiling oil.9A high-boiling refined mneral oil
having an initial boiling point of over 400C (at a pressure of 1 bar) and a
nodal val ue of the nolecule length at C361474 was, in each case, used as a
heavy oil. By drying the biomass to a noisture content of, at nost, 1.0% by
wei ght,  HieH eanrpisifimeasielepsi ashisitief pradueiacipr drthdientdiesiioreds chebvsidéesafndt he
heavy oi fudQwapecdvewer boiling fractions could be obtained. Test

conditions: Reactor tenperature: 350C Reactor pressure:[0 nbar overpressure
above atnospheric pressure Heavy oil:Phi-Ol Katstart CGold 25 _

Bi omass: bathke-stpeeiapmiceEModd lohbpspipi@ls eamhedrdkR rénclbh her Rpiraleg Fictiak

moi st ur erc%ELiOPrRIF gofié]sef? §,n}~0§. X,\(Snr{gglg ctore]lF, nrlﬁgr%li %hes as well as incompletely converted
biomass, are separated from the excess high-boiling amount of the heavy oil SO, at
operating temperatures ranging between 80°C and 450°C and are discharged from the
process. The heavy oil SOE,, which has been separated, is returned into the reactor R, and

can be cracked again in the presence of a biomass.
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,



In every experinent, the test facility was, in each case, filled with about
1600 g heavy oil, heated to a tenperature of 350C and kept at this
tenperature for 20 min. Wthout the addition of biomass, no formation of

cl eavage products by thermal cracking afi the heavy oil coul d thereby be
determ ned. Per experinment, a total of 270 g bi omass was gradual ly added to
the heavy oil, which was naintained 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 di f'er SHPIREIS IS EsbisHtlEmnd showy y shagipen theentact ofGhe Foigtur@eontent
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to 2% by wei ght or nore. Exanple 2: serires o perFments conpri sing
pretreatments of the biomass of different |lengths was carried out in order
t o exan Beahple 2:nf | uence of the pretreatnment of the biomass with a hot
heavy oil. A vacuumgas oil having an initial boiling point of about 375C
(at a pressure of | bar) was used as a heavy oil. By conditioning the

bi omass Aoccachof stperiecosnicemtrisafy paticamshis d%hd pioneisght diliasadeanns has

bi omass, ..a.:.cl gar:..i.ner.ease, i.n.t.he. ef fici f..the desired cleavage of the
T
condi t i JK8YY Rbak tatuuneagsetbhayie: 350¢aRbatnE POt eEshone3 1T Chibaa paverpoRbsur e
above atymswhehded aPReREW 6il. By conditioning the biomass to a moisture content of, at most,

1% by weight, based on the biomass, a clear increase in the efficiency of the desired

cleavage of the heavy oil toward [ower boiling fractions 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.



Heavy oil:vacuumgas oil (VE)) Bionmass: bark-free spruce wood chi ps
pretreated to a different residual noisture prior to the entry into the
reactor In every experinment, the test facility was filled with about 1300 g
oil, heated to a required tenperature aff 350C and kept at this tenperature
for 20 mn. Wthout the addition of biomass, no product formation by
thermal cracking of the heavy oil could be determ ned during this period.
Subsequently, a total of 270 g biomass was gradual |y added per experi nment
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Clainms: A process for obtaining a conbustible or fuel, respectively, by
thermally cracking a heavy oil in the presence of a wet, hydrocarbonaceous
bi onass by heating the heavy oil until the pyrolysis of the

hydr ocar bonaceous bi omass, whereby the jgonbustibles and fuels,
respectively, are forned, renoved fromthe heated heavy oil and _
subsequent|y condensed, characterized in that a hydrocarbonaceous biomass
is used the noisture content of which amounts to, at nost, 1.0% by weight,
based on{i#iBshi omass. 2. A process according to claiml, characterized in
that a hydrocarbonaceous biomass is used the noisture content of which
anounts to, at nost, 0.5% by weight, based on the biomass. 3. A process
according to claim1l or 2, characterized in that the biomass is contained

in the hEavyAmnbcﬂ‘;fl {er stAXhINM asrabkitibQf oS0k, Dyspaed Ny, 1bybtﬁ§1%§ia @”015&%4 gt al
aracteri.zed'in bi omass

mass. 4. A cess ordi
i s containe “iﬁy ‘“ﬁ@aevs%%FCgﬁ“ﬁang%%ﬁﬁﬁggﬁﬁﬁﬁﬁ @n§@¢@bvmﬂéggﬁilu%ésed
on the total Oihaslsl. thA prdges sf dechydtbagbdraced di iv@assc hhedby elid za@dbhsiblechat

the biomass |5 ¢am alcﬂ@&[ vﬂl%tﬁhﬁc hﬁ)?’:‘ﬁ%do%movcdarho%q MOt Qfed %%%vyt AN 240 oY
wei ght, based on t
subsequently condensed,

characterized in that
a hydrocarbonaceous biomass is used the moisture content of which amounts to, at

most, 1.0% by weight, based on the biomass.

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

biomass.

A process according to claim | or 2, characterized in that the biomass is contained in

L

the heavy oil in a maximum 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.

()

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 oil is

heated to a temperature of between 250°C and 450°C.



13 A process according to claim®6, characterized in that the heavy oil is
heated to a tenperature of between 320C and 400C. 8. A process according to
any of clainms 1 to 7, characterized in that a residual oil from crude oi
distillation, in particular vacuumgas igil, is used as the heavy oil. 9. A
process according to any of clains 1 to 8, characterized in that a

hydr ocar bonaceous bionass is used the noisture content of which has been
adj usted _by drying in a heated heavy oil, preferably vacuumgas oil. 10. A
process accofdpigessaicediding ©, cleihnpachanicteeded nn tthatt the Heaby oiteis hichied to a
separat ed frmJcRRu@FessvR8aYYOild My-@ separation process after drying,
with the biomass being contained in the heavy oil in an anount of nore than
15% by wei ght, preferably nore than 25% by wei ght, based on the total nass.
14 Abstract: A process for obtaining a conbustible or fuel, respectively,
by thermglly,cracking a.heavy oil .i.n the presence, of a wet, | X

hydr ocar bnaéé%ﬂgm%?%ﬁﬁ§§g§§%ﬁb gﬁamﬂh@’ﬁ§E§Vw5VVeﬂﬁ?Fh“%%%$6W?HF9@P@ of

t he hydr ocar bodaceédissilbiianas pyrtivdiarebyuit izes cionbusididbligshand ofluel s,
respectively, are fornmed, renoved fromthe heated heavy oil and
subsequent |y condensed, characterized in that a hydrocarbonaceous bi onass
is used the noisture content of which anmounts to, at nost, 1.0% by weight,

based ongtheabiRERSS 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 oil, preferably 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, preferably more
than 25% by weight, based on the total mass.



(Fig.
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Abstract:

A process for oblaining a combustible or fuel, respectively, by thermaliy 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,
characterized in that a hydrocarbonaceous biomass is used the moisture content of which

amounts to, at most, 1.0% by weight, based on the biomass.

(Fig. 1)



