PROCESS FOR GENERATI NG RENEWABLE STREAMS FROM Bl OG- O L _AND
USE THEREOF FOR THE PRODUCTI ON OF RENEWABLE FUELS

Field of the |Invention

[ 0001] The present invention relates to a process
for the production of renewable stream frombio-oil, which,
after processing in arefining unit, generates products with
a suitable conposition for the formulation of fuels wth
renewabl e content.

[ 0002] The new renewable filler is produced by
integrating a fatty stream with a fraction of a bio-oil,
generated through fast pyrolysis, catalytic pyrolysis,
hydrot hermal |iquefaction or other thernochem cal biomass
conversi on processes.

[ 0003] There are several possibilities of inserting
renewable streans in refining, where hydroconversion
catal ytic cracki ng and del ayed coki ng units stand out, anong
ot hers.

[ 0004] One of the nobst promnent possibilities is
t he hydroconversi on routes. As exanple can be nentioned the
HEFA route (hydroprocessing of esters and fatty acids) for
t he producti on of renewabl e di esel and avi ati on bi oker osene.

[ 0005] The integration of the conventional raw
material of the HEFA route with a fraction of the bio-oi
has the advantages of using a streamfromthe conversion of
lignocellulosic material in addition to the production of a
renewabl e stream containing aromatic conpounds in its
conposition, which is a differential in relation to the
traditional HEFA route, which produces only paraffinic

conpounds.



State of the art description

[ 0006] Currently, the aviation sector is responsible
for the emssion of nmore than 700 Mon of CO into the
at nosphere. Due to environnental issues, the sector has set
a goal of reducing these em ssions by at |east 50% by 2050,
with the devel opnent of aviation biofuels playing a crucial
role in achieving this goal (IATA 2014).

[ 0007] Al t hough Brazil stands out for the production
and use of ethanol and biodiesel, they do not have suitable
properties for use as aviation fuel. An ideal biofuel should
have a chem cal conposition simlar to that of traditional
kerosene, in order to neet the drop-in concept. Currently,
oxygen-free paraffinic mxtures have been obtained from
bi omass, and nore than 200 conmercial flights were operated
with alternative fuels in 2014.

[ 0008] The routes for obtaining fuels from bi omass
that are in nore advanced stages are those that enploy the
Fi scher-Tropsch (FT) process, the hydroprocessing of esters
and fatty acids (HEFA), the fernentation of sugars to
hydrocarbons (SIP - synthetic iso-paraffins) and the
ol i goneri zati on of al kenes generated fromthe dehydration of
al cohols (ATJ - alcohol-to-jet) (I ATA, 2014).

[ 0009] The HEFA route consi sts of t he
hydr oprocessing of esters and fatty acids, from vegetable,
animal or algae-derived oils and fats, in the presence of
het er ogeneous catal ysts. In this process occurs the
hydrogenati on of the unsaturations, the separation of the
fatty chains from the acylglycerides nolecules and the
deoxygenati on of the chains.

[ 0010] The hydroconversion of fatty acids and esters



(HEFA) technol ogy al ready exists on a commercial scale, with
a large nunber of units in operation, supplying the stream
demand for renewable diesel and aviation biokerosene
wor | dwi de.

[ 0011] In addition, the HEFA route has the highest
technol ogical maturity (TRL) anong all those approved by the
ASTM (Anerican Society for Testing and Materials), and al so
all ows the production of aviation biokerosene econonically
in certain carbon taxation scenari os.

[0012] Despite the various advantages of the HEFA
route, the raw materials used as filler are oils and fats,
that is, they are greasy raw materials that can be of
resi dual originor not, which makes t he technol ogy vul nerabl e
to sustainability criteria, since there is not a great
avai lability of raw materials considered residual (e.g.,
animal fats and sewage fats).

[ 0013] The | ack of availability on a large scale al so
affects the potential for market gain, since, in this way,
limtations are inposed for the expansion of technol ogy,
whi ch al so tends to increase the cost of production.

[ 0014] Anot her chal |l enge to be overcone by fuels from
bi omass, processed by HEFA routes, is the quality standards
required for aviation kerosene. According to ASTM 7566
specification, the blend of fossil kerosene wi th bi okerosene
must contain at |east 8% aromatics. However, biofuels
produced by the HEFA route are paraffinic and therefore do
not have aromati c conpounds.

[ 0015] It is known that the quality of aviation
kerosene is specified by the properties of calorific val ue,

speci fic mass, soot point and aromati c content. The calorific



value and the specific mass deternmine the flight autonony,
while the soot point and the aromatic content allow the
generation of a flanme that does not cause significant
formation of soot and deposits, preserving the useful life
of the conbustion chanber. However, the state of the art
fails to propose a fuel, obtainable from abundant and
renewable raw material, which presents conpatible quality
for use as aviation kerosene.

[ 0016] Regardi ng the processing of biofuels, it is
valid to nention sone processes described in the state of
the art, such as the docunent BR 112018013031-1 which
describes a process for obtaining fuel for transport. The
af orenenti oned process relates to partially deoxygenated
fuels frompyrolysis oil derived frombionmass, in which said
oil is heated with a recycle stream and subsequently
subjected to the presence of hydrogen in a catalyst. The
effluent (conpound from the hydrogenation reaction) is
separated with a gaseous fuel stream and a conbustible
product stream However, the nentioned docunent does not
propose a way to extract the nolecul es of greatest interest
present in the bio-oil using the potential filler of HEFA
units (fat filler) as a solvent. Thus, the invention
described in patent BR 112018013031-1 relates to the direct
hydr ogenati on of bio-oil, which has econom c di sadvant ages
related to the quality of the bio-oil (high water content,
acidity and carbon residue) that lead to a reduction in the
canpai gn of the hydrogenation units and the need to increase
the severity of the process conditions, wth an inpact on
the engineering of the reactors. Therefore, the present

I nvention brings advances in being able to insert the



nol ecul es of greatest interest present in the bio-oil,
rejecting, however, the negative characteristics of this
mat eri al as nenti oned above (high water content, acidity and
carbon residue). Also in a conplenentary way, the selective
extraction of the nolecules of interest from the bio-oil
with a fatty filler allows the generation of aromatic
conmpounds necessary for the final formulation of the AVK

[ 0017] Docunent WO 2017/112717 relates to a nethod
for producing liquid fuel, in particular aviation kerosene.
In this docunent, the use of cycloparaffins in the production
of aviation kerosene is described. Several possible routes
for obtaining cycloparaffins are reported, including routes
that use lignocellulosic biomass to generate products via
pyrol ysis. Next, a process of hydrogenati on and condensati on
of the cycloparaffin obtained with another stream contai ni ng
oxygenated products is described. The product obtained is
used in the fornul ati on of kerosene.

[ 0018] Still wth regard to t he docunent
WO 2017/112717, it should be noted that the aforenmentioned
docunment does not propose a way to extract the nol ecul es of
greatest interest present in bio-oil using the potenti al
filler of HEFA units (fat filler) as a solvent. Furthernore,
it i's not proposed to use renewable streamas a filler for
HEFA units. In this way the invention described in patent
WO 2017/ 112717 presents a nmethod for obtaining a renewabl e
streamthat is |later converted through the use of a speci al
catalytic and reactional system that requires additional
I nvestnments for its generation. In the present invention the
gener at ed renewabl e streamcan be processed in existing units

of HEFA technol ogy wi thout the need for investnents.



[ 0019] Docunent WO 2016003892 relates to processes
for thermal |y transf orm ng bi omass, i ncl udi ng
lignocellulosic materials, which after pyrolysis or

hydropyrolysis is sent to a hydroprocessing reactor.
However, the nentioned docunent does not propose a way to
extract the nolecules of greatest interest present in the
bi 0-o0il using the potential filler of HEFAunits (fat filler)
as a solvent. Thus, the invention described in the patent
WO 2016003892 relates to the direct hydrogenati on of bio-
oi I, which has econom c di sadvantages related to the quality
of the bio-oil (high water content, acidity and carbon
residue) that lead to a reduction in canpaign tine of the
hydr ogenati on units and the need to increase the severity of
the process conditions, with an i npact on the engi neering of
the reactors. Therefore, the present invention brings
advances in being able to insert the nol ecul es of greatest
interest present in the bio-oil, rejecting, however, the
negati ve characteristics of this material as nentioned above
(high water content, acidity and carbon residue). Also in a
conpl enmentary way, the selective extraction of the nol ecul es
of interest fromthe bio-oil with a fatty filler allows the
generation of aromatic conpounds necessary for the final
formul ati on of the AVK

[ 0020] Document BR PI 10011608 discl oses a process
for obtaining aviation bi okerosene. Thus, the aforenenti oned
docunment succeeds in producing aviation biokerosene from
vegetable oil. However, it fails to propose a route to
I ncorporate conpounds derived from the conversion of
| i gnocel | ul osic bi omass, since this is an invention strictly

related to the use of fatty materials as raw nateri al s.



[ 0021] The article "Techno-econom cs and resource
anal ysi s of hydroprocessed renewable jet fuel" describes an
avi ation fuel derived from biomass, in which the process of
obtaining it takes place through the HEFA nethod -
hydr oprocessing of esters and fatty acids. However, the
nmenti oned docunent does not propose a way to extract the
nol ecul es of interest present in bio-oil using the potenti al
filler of HEFA units (fat filler) as a solvent. Therefore,
the present invention brings advances in being able to insert
the nolecules of greatest interest present in bio-oil,
rejecting, however, the negative characteristics of this
material (high water content, acidity and carbon residue).
Al'so in a conpl enmentary way, the selective extraction of the
nol ecul es of interest fromthe bio-oil with a fatty filler
all ows the generation of aromatic conpounds necessary for
the final fornmulation of the AVK

[ 0022] Docunent BR 112017023252-9 conbi nes
hydr opyrol ysis with hydroprocessi ng steps for the production
of fuels from lignocellulosic biomass. Therefore, it does
not propose a way to extract the nolecules of greatest
interest present in the bio-oil using the potential filler
of HEFA units (fat filler) as a solvent. Thus, the invention
described in patent BR 112017023252-9 relates to the direct
hydr ogenati on of bio-oil obtained by hydropyrolysis using
t he gaseous stream generated in the process. This approach
has econom ¢ di sadvantages related to the quality of the
bio-oil (high water content, acidity and carbon residue)
that lead to a need for high severity, with an inpact on
react or engi neering. Therefore, the present invention brings

advances in being able to insert the nol ecul es of greatest



interest present in the bio-o0il, rejecting, however, the
negati ve characteristics of this material as nmentioned above
(high water content, acidity and carbon residue). Also in a
conpl enentary way, the selective extraction of the nolecul es
of interest fromthe bio-oil with a fatty filler allows the
generation of aromatic conpounds necessary for the final
fornmul ati on of the AVK

[ 0023] In order to solve the probl ens exposed in the
state of the art, the present invention was devel oped, which
proposes the production of a new filler for the HEFA routes,
integrating a fatty stream wth a fraction of a bio-oi
generated through a thernochem cal technology of bionmass
conversion, such as fast pyrolysis, and its subsequent
processi ng via hydroconversion, as occurs in the HEFA route,
for production of renewabl e diesel or aviation biokerosene.

[ 0024] Thus, the aforenentioned process allows the
generation of fillers for the HEFA units, or other refining
units, from raw materials of lignocellulosic origin,
i ncreasi ng sustainability, the potential for market gain and
the econony of production routes of renewable fuels
integrated into refining.

[ 0025] In this <context, the present invention
proposes the producti on of renewabl e fuels fromabundant raw
materi als such as |lignocel |l ul osic bi onass, such as sugarcane
straw and bagasse.

[ 0026] The present invention is applicable to units
that produce aviation biokerosene or renewable diese
through oil and fat hydroconversion technol ogi es and which
aim to insert aromatic conpounds into the final product;

increase the sustainability of the route, inserting a



fraction of a stream from the thernochem cal conversion of
lignoellulosic material together with the traditional raw
material (such as a fraction of the bio-oil from rapid
pyrolysis, catalytic pyrolysis or hydrothermal |iquefaction)
and i ncrease the potential market gain of the route, due to
the great availability of |ignocellulosic raw materi al s.

Bri ef Description of the Invention

[ 0027] The present invention relates to a process
for integrating the HEFA technol ogy, already existing on a
commercial scale, with the technol ogies for generating oils
fromlignocellul osic biomss (bio-oil).

[ 0028] Nevert hel ess, the renewable filler generated
by the fatty stream and the fraction obtained selectively
fromthe bio-oil can be used as a filler in other refining
processes, in a dedicated way or in co-processing, such as
catal ytic cracki ng, del ayed coki ng and hydroconversi on.

[ 0029] Li gnocellulosic raw material, from forestry
or agricultural residues, such as sugarcane straw and
bagasse, generates bio-oil from thernochem cal biomass
conversi on processes, such as pyrolysis and |iquefaction.

[ 0030] The integration between the conventiona
filler from the HEFA process wth the filler from
I i gnocel | ul osi ¢ bi onass can be conducted t hrough the Ii qui d-
liquid extraction process. The extraction allows the
generation of fillers for the HEFA units contai ni ng nol ecul es
of lignocellulosic origin, increasing the sustainability,
the potential for nmarket gain and the econony of the
production route of renewabl e fuels.

[ 0031] The extraction of bio-oil conponents is

performed by the fatty stream After the extraction process,
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two streans are fornmed: raffinate and extract. The raffinate
is the residue of the bio-o0il remaining after the extraction
and the extract is conposed of the fatty stream and the
conmpounds extracted from the bio-oil. The extraction may

have one or nore stages in order to increase the

concentration of conpounds fromthe bio-o0il in the extract
phase.
[ 0032] After separating the phases, the extract is

then sent to the hydrogenati on reactor where a gaseous stream
rich in C& and a |iquid stream of hydrogenated product are
produced that can be used in the conposition of the fuel
pool of the Oto, D esel and Brayton (gasoline, diesel and
avi ati on kerosene, respectively).

[ 0033] In addition, the product generated by the
present invention provides a fuel with | ower carbon em ssions
I nto the at nosphere and a content of 8 to 11%v/v of renewabl e
aromatics, that is, with desirable characteristics for the
formul ati on of aviation kerosene with renewabl e content.

[ 0034] Thus, the objective of the present invention
is to develop a process capable of transformng oils of
renewable origin into a product that can be incorporated
i nto bi oAVK or other fuels with renewabl e content.

Descri pti on of Draw ngs

[ 0035] The invention <can be better understood
through the foll ow ng detail ed description, inline with the
attached figures.

[ 0036] FIGURE 1 schematically represents the
proposed process, in which the first equipnment (3) is where
the extraction of the bio-oil conponents (1) by the fatty

acid (2) occurs. The extraction may have one or nore stages
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in order to increase the concentration of conpounds fromthe
bio-oil in the extract phase. After the extraction process,
raffinate (4) and extract (5) streans are forned. Raffinate
Is the bio-oil residue remaining after extraction and the
extract is conposed of fatty acid and substances extracted
from bio-oil. The extract phase (5) then proceeds to the
hydrogenation reactor (6). In the hydrogenation reactor,
catalyst (7) and hydrogen (8) are also charged. After the
hydr ogenati on step, a gas stream(9) richin C» and a liquid
stream of hydrogenated product (10) are obtained that can be
used in the conposition of the fuel pool of the Gto, Diesel
and Brayton cycle (gasoline, diesel and aviation kerosene,
respectively).

[ 0037] FIGURE 2 is a graphic representation of the
i nfluence of the main process variables on the anount of
bi 0-o0i | conponents extracted by the fatty acid (ol eic acid),
for residence tinmes of O h, 3 h and 6 h. Figure 2 shows that
the anmobunt of conpounds extracted varies according to the
extraction conditions wused, wth tenperature being the
vari able with the greatest influence.

Det ai | ed Description of the Invention

[ 0038] As nentioned above, the present invention
relates to a process for integrating the HEFA technol ogy,
al ready existing on a conmerci al scale, with the technol ogi es
for generating oils fromlignocellul osic bionmass (bio-o0il).
Bio-oil is generated from processes of rapid pyrolysis of
bi omass or any other process known in the state of the art.

[ 0039] The nentioned bio-oil is subjected to an
extraction process with a fatty stream at tenperatures in

the range of 30 to 100 °C, residence tinmes fromO to 12 h
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and fatty streambio-oil ratios between 0.1 and 5 (W w).

[ 0040] To perform the extraction, a known nass of
bio-oil isinsertedintothe reactor, followed by an addition
of fatty streamin order to neet the determ ned mass ratio
of fatty streambio-oil. The mxture is heated to the desired
extraction tenperature. After the extraction tenperature is
reached, the counting of the residence tinme begins.

[ 0041] The extract phase is located in the upper
section of the reactor and is nostly conposed of the fatty
stream and t he conpounds extracted fromthe bio-oil. In the
| ower phase, known as raffinate, the remaining products of
the bio-oil are concentrated.

[ 0042] Optionally, the extract phase, rich in fatty

compounds, can be used agai n i n anot her extraction, replacing

the pure fatty conpounds, aimng to increase the
concentration of conpounds fromthe bio-o0il in the extract
phase.

[ 0043] The renewable extract obtained in the

previ ous step (extraction) can be hydrogenat ed under process
conditions and catal ytic systens typically used in the HEFA
route to convert pure fatty fillers. At this stage of the
process, deoxygenation, decarboxyl ati on and decarbonyl ati on
reactions occur, with a significant reduction in acidity.

[ 0044] The final product has a content of renewable
aromati ¢ conpounds that can be adjusted depending on the
condi tions and nunber of extraction steps.

[ 0045] Thus, in a first enbodinent, the present
invention relates to a process for the production of a
renewabl e product, with adequate quality for incorporation

into the pool of renewable diesel or aviation biokerosene,
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whi ch conprises the steps: (a) extraction of the bio-oil and
(b) conversion of the extract via refining processing, such
as a hydrogenati on process.

[ 0046] The present invention also describes a
process for obtaining a renewable product containing
paraffins and aromatics fromtwo different fillers (bio-oi
and fatty strean). It should be noted that the bio-o0il cones
from lignocellul osic biomass conversion processes such as
pyrolysis or liquefaction or even mxtures of bio-o0ils
obtai ned by these routes. The biomass used can be, anong
ot hers, sugarcane straw and bagasse.

[ 0047] In a second enbodi nent, the present invention
considers a renewable diesel or bio-AVK formulation that
conprises the use of a stream obtained by the conversion of
fatty conpounds and conpounds extracted from bio-oil
according to the process described above.

[ 0048] A relevant aspect of the second enbodi nent
relates to the fact that the fornulation based on the
obt ai ned renewabl e stream provi des the presence of aromatics
of renewabl e origin in an adjustabl e percentage according to
t he process conditions enpl oyed.

[ 0049] The invention wll be better understood by

briefly describing its exanples.

Exanpl es
Exanpl e 01
[ 0050] A set of experinents was carried out in ranges

of interest of the process variables so that the influences
of the main variables on the content of products extracted
by oleic acid were known. The eval uation carried out showed

that the ampbunt of conpounds extracted varies according to
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the extraction conditions used.

[ 0051] Tenperatures in the range of 30 to 70 °C,
residence times of 0 to 6h and oleic acid:bio-oil ratios
between 0.5 to 2 (W w were eval uat ed.

[ 0052] From the data generated in the experinenta
design, an enpirical predictive nodel of the percentage of
extraction was obtained, using nmultivariable polynom al
regression. The generated nodel showed a good fit to the
experinmental data, thus being considered atool for selection
of process conditions to adjust the content of conpounds
extracted fromthe bio-oil

[ 0053] Tenperature proved to be the variable wth
t he greatest influence on the content of extracted conpounds.
H gher tenperatures present higher contents of extracted
compounds for all tinmes and fatty acid:bio-oil ratios
evaluated. On the other hand, the tine and the fatty
acid:bio-oil ratio showed internedi ate maxi nrum poi nts and an
I nteraction effect between the variables.

[ 0054] Thus, exanple 01 showed that oleic acid is
effective in extracting nol ecul es that conpose the bio-oil

Exanpl e 02

[ 0055] Doubl e, sequential extraction was perforned
using oleic acid and bio-oil in the first extraction. The
extract fromthe first extraction replaced the oleic acid in
the second extraction. The experinent data can be found in
the table below It is observed that the % extracted is
reduced fromthe first (9.2% to the second extraction stage
(5.7%, indicating that the extract was already partially
saturated (that is, close to the solubilization limt) by

nmol ecul es that could be extracted frombio-oil. In addition,
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the extraction nechani smcan be influenced by the anount of

free oleic acid nolecules for the solvation of conpounds

frombio-o0il, since extract 1 already contained oleic acid

nol ecul es sol vating nol ecul es from bi o-oi |

Tabl e 1- Conditions of the double extraction experinent

Condi ti ons 1st extraction 2nd extraction
Tenper at ure 50 °C 50 °C
Ti me 3 h 3 h
Fatty stream (or
extract 1):bio-oil 1 1
ratio
% extract ed 9. 2% 5. 7%

[ 0056] Despite the relative reduction in the
percentage of bio-oil extracted, the process with two
consecutive extraction steps proved to be effective in
i ncreasing the concentration of bio-oil conmpounds in the
extract. Table 2 shows the main characteristics of raw

materi al s and extracts.

Table 2 - Characteristics of extracts after 1st and 2nd
extractions
. . . . . 1st 2nd
Anal ysi's Bio-oil Qeicacid | o raction | extraction
C%(n%geenrl 47.2 11. 3 13.6 14. 3
(%Ci%j/yg) 75 203 199 184
ot e (5% 25.0 0.1 0.9 1.1
Densi ty 1.2261 0. 8950 0.9116 0. 9208
\ﬁ(sgc/orgi)ty
cP at 20 °C 190. 2 25.6 33.5 38.2
[ 0057] The results indicate that the extraction
nmethod was effective in drastically reducing the water
content in the extracts. The high water content of bio-oil
is one of the main difficulties for its processing in
refining, so the effectiveness of the process in reducing

this concentration

is of

gr eat

val ue.

In addition, it

is
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al so observed from oleic acid an increase in the oxygen
content in the extracts, characteristic of the incorporation
of oxygenated nol ecules fromthe bio-0il to the extract.

[ 0058] The acidity of the extracts i s reduced because
the acidity of the bio-oil molecules that are being
I ncorporated into the extract is lower than that observed
for oleic acid, thus causing the reduction.

[ 0059] The technique of gas chromat ography coupled
with mass spectronetry was used to identify the nain
conpounds, fromthe bio-o0il, present in the extracts. Table
3 summarizes the results obtained. The sane conpounds were
observed for the two extracts anal yzed. The results obtained
are in agreenent with expectations, with a greater nunber of
compounds of the ketone and phenol classes, typically forned
in thermal deconposition processes of the cellulosic and
lignin fractions, respectively.

Table 3 - O ass of conpounds present in bio-oil extracts
d ass Compounds
2- pent anone
1- hydr oxi - 2- pr opanone
4- hydr oxi - 4- met hyl - 2- pent anone
4- hydr oxi - 2- pent anone
4- et hyl - 3- pent en- 3- one
Cycl opent anone
Met hyl cycl opent nol one
3- et hyl - 2-cycl opent en- 1- one
2-cycl opent en- lone
Hydr oxi - 2- but anone
2-met hyl - 2- cycl opent en- 1one
3- et hyl - 2H f ur an- 5- one
Acet yl furane
3- et hyl - 2- hydr oxi - 2-
cycl opent en- 1- one
Hydr oxi acet al dehyde
Al dehydes pr opana
Fur f ur al
Acetic acid
Pr opanoi ¢ acid
1- et hyl - 3-net hyl benzene
Tri nmet hyl benzene

Ket ones

Car boxylic acids

Hydr ocar bons
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Xyl ene

Tol uene

Li nronene

Phenol

Met hoxyphenol

Tri met hyl phenol
Cr eosol
4- propeni | guai acol
Met hyl phenol
Et hyl - met hyl - pheno
Et hyl pheno
Xyl enol
4- et hyl - 2- met hoxypheno
Eugenol
Vani | i ne
Apoci ni ne

Phenol i cs

[ 0060] The results of gas chromatography coupled to
mass spectronetry confirnmed that the nolecules typically
present in bio-oil were extracted by oleic acid. In addition,
the hypothesis of obtaining a filler containing fatty acids
was confirmed, as well as conpounds contai ning aromatic rings
of renewable origin, derived frombio-oil, and which may be
of interest for the production of streans for the conposition
of avi ation kerosene pools (AVK).

Exanpl e 03

[ 0061] The extract obtained in exanple 2 (after
second extraction) wunderwent a catalytic hydrogenation
process aimng at:

1 - obtaining paraffins from the hydrogenation/
decar boxyl ati on/ decar bonyl ati on of the fatty aci ds present;

2 - reducing the gl obal oxygen content;

3 - converting phenolic conmpounds from bio-o0il to
hydr ocar bons contai ning aromatic rings.

[ 0062] To this end, the tests were perforned
according to the hydrogenati on procedure described bel ow.

[ 0063] The renewabl e extract was diluted 1: 1 mMmw th

linear paraffin mxture (Cl4-C18). Ni M-type catalyst (3 g
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for 80 m of renewabl e extract) was used. Dinethyl-disulfide
was used as a sulfating agent inthe ratioof 2 M to 3 g of
catalyst. The mxture of paraffins and renewabl e extract,
catal yst and sul fati ng agent was si nultaneously charged i nto
the reactor.

[ 0064] An aut ocl ave reactor with nechanical stirring
and tenperature control was used. After closing the reactor
and performng a procedure to check for tightness, the
reactor was pressurized with 30 bar of H. Heating was
started with the magnetic stirring off. When the tenperature
reached the val ue of 360 °C, the agitation was then acti vated
for 660 rpm The reactor was maintained at the desired
tenperature during the planned residence time (4 h). After
this period, the heating was turned off and the insulation
renoved for rapid cooling. Wth the reactor cool ed, a sanple
of the gaseous fraction was collected for analysis, and the
reactor was depressurized and opened. The reaction nmedi um
was filtered to separate the catalyst and the |iquid product
sent for anal ysis.

[ 0065] The characteristics of the renewabl e extract
used and the product obtained after hydrogenation can be
seen in Table 4.

Table 4 - Characteristics of the extract after the 2nd

extraction and of the hydrogenation product

. nd : Hydr ogenati on
Anal ysi s 2nd extraction or oduct
Oxygen content (% 14. 3 2.8
Acidity (mg KOH g) 184 26
Water content (% 1.1 0.18
[ 0066] A high reduction in acidity is observed. From

these data, a conversion of acids of the order of 85.9%is

esti mated. Oxygen renoval reached 80.4% Both conversion
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data indicate that the objective of pronoting deoxygenation
reactions of the renewable extract was achieved by the
proposed process. Additionally, the analysis of the gaseous
fraction indicated a high percentage of CO and CHi;, in
addition to hydrogen present inthe filler. Wth these data,
t he hydrogen consunption during the reaction was estinmated
at 74% The formation of CO, is typically derived fromfatty
acid decarboxylation reactions, while the formation of
net hane can be derived from the hydrogenation of carbon
nonoxi de, arising from the decarbonylation of ketones
present in the renewable extract. Gas chromatography wth
coupl ed mass spectronetry was used to determ ne the chem ca
conposition of the reaction product, as shown in Table 5.

Table 5 - C ass of conpounds present in the hydrogenated

pr oduct
d ass Conpounds
Ket ones 4- hydr oxi - 2- pent anone
1- (2, 4-di net hyl ) - et hanone
Et hyl benzene
Tri met hyl benzene
Xyl ene
Tol uene
4-i sopropyl t ol uene
I ndan
Hydr ocar bons Met hyl et hyl benzene
Met hyl i ndan
1- et hyl - 4( 1- et hyl propyl ) -
benzene

D net hyl ethyl benzene

Al kyl ated aromati cs

n- paraffins C3-C18

napht hal ene

2-isopropyl -10-
net hyl f enant r ene

Et hyl nmethyl pheno

Di net hyl phenol

Phenol i cs Et hyl phenol

Propyl phenol

2-met hyl phenol

[ 0067] From the data in Table 5, an extensive
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reduction in the conpounds of the ket one and phenolic cl asses
is observed. In fact, only two ket ones were detected. Anmong
the phenols, there is a conplete conversion of methoxy
groups, classically derived fromthe conversion of |ignin,
in addition to a considerable reduction in the nunber of
conpounds det ect ed.

[ 0068] On the other hand, a large nunber of
hydrocarbons were observed, especially C8-Cl8 paraffins
arising fromthe hydrogenation and cracking of oleic acid,
in addition to a great diversity of alkylated aromatics,
arising fromthe conversion of phenols and nethoxy-phenol s
present in the renewable extract. It is worth nentioning
that the presence of fatty acids was not observed,
i ndicating, therefore, a 100% conversion of these acids into
paraffins and other products. The results obtained are in
agreenent with the other characterizations of the product,
whi ch i ndi cated wi de deoxygenation, with a high reduction in
acidity and extensive occurrence of decarboxylation and
decar bonyl ati on reacti ons.

[ 0069] In order to quantify the content of aromatics
generated in the product of the process in question, the
technique of liquid chromatography in supercritical fluid
was used. Table 6 shows the presence of nono, di and tri-
aromatics, which together exceed 11%

Table 6 - Classes of aromatic conpounds in the hydrogenated

pr oduct

Compound cl ass

3
IR

(0]
1

Sat ur at ed

Monoar onmati cs

Di aromati cs

Triaromatics

01O Wi N

~|~|w|

Pol yar omati cs < 0.
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[ 0070] Thus, it is possible to conclude that the
process proposed in the present invention was able to
generate a renewable product containing paraffins and
aromatics from two different fillers (bio-oil and fatty
acids). Such a product can be used after fractionation for
the conposition of the fuel pool of the Oto, Diesel and
Brayton cycl es, bringing a renewabl e characteristic to these
fuels and, therefore, reducing their carbon footprint. Mre
specifically in relation to Brayton cycle fuels, the
I nportant conbi nati on obtained with the concom tant presence

of paraffins and aromatics of renewable origin stands out.
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CLAIMS

1- PROCESS FOR GENERATING RENEWABLE STREAM FROM BI10O-
OIL characterized by producing a new filler for refining
conversion processes, iIncluding hydroconversion through
HEFA technologies, 1integrating a Tfatty stream with a
fraction of bio-oil through the following process scheme:

(a) extraction of lignocellulosic bio-oil components
by a fatty acid stream at temperatures iIn the range of 30
to 100 ©C, residence times from O to 10 h and grease:bio-
oil stream ratios between 0.1 and 5 (w/w);

(b) separation of the extract and raffinate phases,
where the extract contains fatty compounds and substances
extracted from bio-oil;

(c) extract conversion process, such as hydrogenation
of the extract phase under conditions typically employed in
HEFA processes.

2. PROCESS, according to claim 1, characterized 1in
that the separation of extract and raffinate phases occurs
due to density differences.

3. PROCESS, according to claim 1, characterized 1in
that the extract contains fatty compounds and compounds
extracted from bio-oil.

4. PROCESS, according to claim 1, characterized in
that the raffinate 1s composed of remaining bio-oil
products.

5. PROCESS, according to claim 1, characterized in
that the extract phase can be used again 1in other
extractions, replacing the pure fatty stream and increasing
the concentration of compounds from bio-oil.

6. PROCESS, according to claim 1, characterized 1in



that the bio-oil used iIn the extraction phase i1s obtained
via thermochemical conversion processes of lignocellulosic
biomass.

7. PROCESS, according to claim 1, characterized 1in
that in the hydrogenation step two streams are generated: a
gaseous stream, rich in CO2, and an organic liquid stream
composed of the hydrogenated product that can be used 1iIn
the composition of the pool of Otto, Diesel and Brayton
cycle fuels.

8. RENEWABLE STREAM BASED ON BIO-OIL FOR THE
PRODUCTION OF RENEWABLE FUELS, obtained according to the
process defined in claim 1, characterized 1iIn that the
extract generated in step (b) comprises a mixture of fatty
compound and compounds from bio-oil.

9. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 8, characterized in that it contains between 0.1% and
50% m/m of compounds with renewable aromatic rings.

10. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 8, characterized in that 1t has a water content of
less than 2% m/m.

11. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 8, characterized iIn that the bio-oil comes from
lignocellulosic biomass, which is widely available.

12. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 8, characterized in that i1ts composition iIs suitable
for processing i1n refining units, more specifically in
hydroconversion units, such as HEFA units.

13. RENEWABLE STREAM BASED ON BI10O-OIL FOR THE
PRODUCTION OF RENEWABLE FUELS, obtained according to the

process defined in claim 1, characterized 1iIn that the



converted extract originating from step (c) comprises
mostly a mixture of aromatic and paraffinic compounds of
renewable origin, whereby the aromatic compound content is
8 to 11% v/v.

14. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 13, characterized in that i1t contains between 0.1%
and 50% m/m of aromatic compounds iIn a mixture with
paraffinic compounds of renewable origin.

15. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 13, characterized iIn that it has a total acidity
index equal to or less than 26 mg KOH/g, an oxygen content
equal to or less than 2.8% m/m and a water content equal to
or less than 0.18% mm.

16. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 13, characterized in that the bio-oil comes from
lignocellulosic biomass, which is widely available.

17. RENEWABLE STREAM BASED ON BIO-OIL, according to
claim 13, characterized 1In that i1ts composition is suitable

for addition to the aviation biokerosene pool.



