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PROCESS FOR CATALYTIC HYDROTREATMENT OF A PYROLYSIS OIL

TECHNICAL FIELD OF THE INVENTION

The present i1nvention relates to a process for
catalytic hydrotreatment of a pyrolysis 01l and the use
of such a process 1n a process of producing hydrocarbon
products from biomass.

BACKGROUND OF THE INV!

L]

NTION

With the diminishing supply of crude o©01i1l, the use of
renewable energy sources 1S becoming i1ncreasingly
important as a feedstock for production of hydrocarbon
compounds. Plants and animal biomass are being used to
produce ligquid and gaseous hydrocarbon compounds. One of
the advantages of using biomass 1s that the COZ balance
1s more favourable as compared with the conventional
hydrocarbon feedstock.

One of the existing processes for the conversion of
biomass 1ncludes the steps of pyrolysing the
lignocellulosic material derived from plants to obtaln a
pyvrolysis 011, and upgrading the pyrolysis 011 to obtain
chemicals and fuel products.

The pyrolysis o1l obtained from the pyrolysis of a
feed comprising lignocellulose 1s or comprises a mixture
of oxygenated compounds, formed durlng the decomposition

of lignin and cellulose (possibly including

hemicellulose) 1n the biomass, and water generated during
the process and from the 1nitial moisture content of the

biomass. Thilis oxygen and water content i1in the pyrolysis

01l 1s believed to cause a significant reduction i1in the
heating value of the pyrolysis 011, for example compared
to conventional o©01l. Further, the complex chemical nature

and high wviscosity adds to the difficultly of processing

this pyrolysis 01l 1n standard refinery units. Hence,
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several processes for upgrading the pyrolysilis o1l have

been proposed 1n the literature. Examples of these
processes 1nclude Hydrodeoxygenation (HDO) under high
hyvdrogen pressures, Catalytic Cracking and High Pressure
Thermal Treatment (HPTT). These upgradlng processes for
the pyrolysis 01l may 1nvolve, for 1nstance, removal of
the oxygen (usually >95%), decarboxylation, viscoslity
reduction, sulphur removal, nitrogen removal, and the
like.

Usually the existing Hydro-deoxygenation (HDO)
processes requlire high pressures of hydrogen, for
instance, 1n the range of 250 bar to 350 bar(a), for the
removal of oxygen from the pyrolysis 01l 1n the form of
water. Some of these processes also suggest a multi-step

hydrodeoxygenation to achieve significant (~95%) oxygen

removal. These processes entaill very high hydrogen

consumption, which makes them uneconomical and difficult.

The most common process for conversion of biomass to

hyvdrocarbon products 1s by catalytic cracking.
US-A-2008/00538705 describes a method of conversion
of pyrolysis 01ls to useful hydrocarbon products by the
process of hydrotreatment followed by hydrocracking in
the presence of a catalyst. However, the catalytic
cracking process results 1n production of coke and 1ts
subsequent deposition on the catalyst. Further the
catalytic crackling process also has limitations such as
reactor problems and additional expenses.
US-A-2009/0253948 describes a method of conversion of
pyvrolysis 011ls to useful hydrocarbon products by the
process of partial hydrotreatment followed by full

hyvdrotreating i1in the presence of a hydrocracking

catalyst. However, the catalysts proposed 1n thls process

may decay under the reaction conditions, specifically
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under the conditions 1f the hydrodeoxygenation step
whereln a large amount of water 1s present. Thilis may lead
1n the best situation to catalyst 1nactivation through
leaching of active components, but may also lead to
weakening of the catalyst particles and/or clogging of
the catalyst pores that can lead to pressure build-up 1n

the reactor.

In his master thesis titled "Hydrotreating of

pyvrolysis 011" dated 7 August 2006, Evert Leljenhorst

describes the feasibillity to partly deoxygenate pyrolysis

01l. He mentions that low severlty hydrotreating i1nvolves
partial hydrodeoxygenation, minimal hydrocracking and
effective hydrogenation. He further indicates that low
severity hydrotreating 1s an attempt to upgrade the

pyvrolysls 01l to produce turbine fuels for electricity

generation or as a first step towards co-feeding 1in a
conventional petroleum refinery (see section 2.4). The

maser thesls mentions that the pyrolysis 01l may be

obtalned from wood (see section 1.2Z2). The master thesis
further includes several experliments 1ncluding a two-
stage hydrotreating of pyrolysis 01l (sections 5.5)
leading to products comprisling an 01l phase having an
oxygen content i1in the range from 19.7 wts to 27.0 wts.

Marsman et al. 1n their article titled

"Identification and classification of components 1n flash

pyvrolysilis 011l and hydrodeoxygenated o©01ls by two-

dimensional gas chromatography and time-of-flight mass
spectroscopy, J. Chromatogr. A 1188 (2008) pages 17-25,
made available on the iInternet on 14 February 2008,
describe hydrodeoxygenation of pyrolysis 01l produced

from beech flakes at a pressure of ZL0MPA and a

temperature of 573K (about 300°) over a Palladium on

carbon catalyst and a Ruthenium on carbon catalyst.
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Ardiyantl et al. 1n their article titled "Process-
product studies on pyrolysis o1l upgrading by
hydrotreatment with Ru/C catalysts, first presented at the
ATCHE 2009 spring meeting 1n April 2009, mentioned that
pyrolysis o1l 1s not suiltable for the purpose of co-feeding
1nto existing refineries, either 1n hydrotreating or FCC

units, because the 01l 1s not miscible with hydrocarbon

-

feedstocks and shows a high tendency for coking, leading to
blockage of feeding lines and reactors. As an alternative a
mild hydrotreating process 1s suggested. The article
describes several experiments. In experiment 4, a pyrolysis
oll, obtailned by fast pyrolysis of forest residue, was
hydrotreated using Ru/C as a hydrotreating catalyst; a
fixed hydrogen pressure of 200 bar; and a varying
temperatures in the range from 175°C to 350°C. The product
0lil obtained at these conditions, having an oxygen content
of 17.6wt%, was subjected to a second hydrotreating
procedure, using Ru/C as a hydrotreating catalyst; a fixed
hydrogen pressure of 200 bar; and a varying temperatures in
the range from 350°C to 400°C. Two phases were formed, viz.
a black o1l floating on top of a clear water layer. The
oxygen content of the o0il was reduced to respectively 12.3
wts and 11.5wt%.

Hence, while some processes for upgrading the
pyrolysis 01l to produce hydrocarbon products have been
described, there 1is a need for an improvement in the

processes for conversion of pyrolysis oils to useful

hydrocarbon products.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the present
invention, there 1s provided a process for treating a
pyrolysis o1l derived from a materlal comprising
lignocellulose 1n which a) a feed comprising the pyrolysis
oil 1s subjected to a hydrodeoxygenation step in the
presence of a catalyst comprising an active component on a
catalyst carrier that 1s i1nert at the reaction conditions,
to obtain a product stream comprising a partially
deoxygenated pyrolysis o01l1; b) separating the partially
deoxygenated pyrolysis oil from the product stream obtained
in a) thereby producing a separated partially deoxygenated
pyrolysis o0il; the improvement comprising the further steps
of ¢) providing to a hydrogenation step at least a portion
of the separated partilally deoxygenated pyrolysis oil
having an oxygen content of from 10 to 30 wt %; d)
hydrogenating, in the hydrogenation step, the separated
partially deoxygenated pyrolysis o1l from ¢) in the
presence of a catalyst and a hydrocarbon feed derived from
a mineral crude o1l to obtain a hydrogenated product
stream; and e) separating at least one product fraction
from the hydrogenated product stream obtained in q4d).

In accordance with another aspect of the present
invention, there 1s provided a process for producing
hydrocarbon products from biomass by pyrolyzing a biomass
comprising lignocellulose to obtailn a pyrolysis o1l,
subjecting the pyrolysis o0il to a hydrodeoxygenation step
in the presence of a catalyst comprising an active
component on a catalyst carrier that i1s i1nert at the
reaction conditions, to obtain a product stream comprising
a partially deoxygenated pyrolysis o01l; separating the
partially deoxygenated pyrolysis o1l from the product
stream thereby producing a separated partially deoxygenated
pyrolysis o0il; the improvement comprising the further steps

of providing to a hydrogenation step at least a portion of
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the separated partially deoxygenated pyrolysis o1l having
an oxygen content of from 10 to 30 wt %; hydrogenating, 1n
the hydrogenation step, said provided-separated partially
deoxygenated pyrolysis o0il in the presence of a catalyst
and a hydrocarbon feed derived from a mineral crude o1l to
obtain a hydrogenated product stream; separating at least
one product fraction from the hydrogenated product stream;
and blending at least one product fraction obtained with at
least another fuel compound and/or an additive thereby

producing a biofuel.

Accordingly, the present 1nvention provides a process
for catalytic hydrotreatment of a pyrolysis o1l, whereiln

the pyrolysis o0il is derived from a material comprising
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lignocellulose, comprising the steps of a) subjecting a
feed comprising the pyrolysis 011 to a hydrodeoxygenation
step 1n the presence of a catalyst comprilising an active
component on a catalyst carrler that 1s 1nert at the
reaction conditions, to obtain a product stream
comprising a partially deoxygenated pyrolysis o01l; Db)
separating the partially deoxygenated pyrolysis o1l
having an oxygen content of from 10 to 30 wt3s from the
product stream obtalned 1n a);

characterized 1n that the process further comprises
the steps of ¢) subjecting the partially deoxygenated
pyrolysis 011 obtained in b) to a hydrogenation step 1n
the presence of a catalyst and a hydrocarbon feed
derived from a mineral crude 01l to obtaln a hydrogenated

product stream; and d) separating at least one product

fraction from the product stream obtalned 1n c).

In addition the current invention provides a process
of producling hydrocarbon products from biomass,
comprising the steps of
— pyrolysis of a biomass, the biomass comprising a
material comprising lignocellulose, to obtain a pyrolysis
011l;
— subjecting the pyrolysis 01l to a hydrodeoxygenation
step 1n the presence of a catalyst comprising an active
component on a catalyst carrler that 1s 1nert at the
reaction conditions, to obtain a product stream
comprising a partially deoxygenated pyrolysis o011,
— separating the partially deoxygenated pyrolysis o1l
having an oxygen content of from 10 to 30 wts from the
product stream obtalned;

characterized 1n that the process further comprises

the steps of
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— subjecting the partially deoxygenated pyrolysis o1l
obtained to a hydrogenation step i1n the presence of a
catalyst and a hydrocarbon feed derived from a mineral
crude 011 to obtaln a hydrogenated product stream;

— separating at least one product fraction from the
hydrogenated product stream; and

— blending at least one product fraction obtained with at
least another fuel compound and/or an additive to obtain

a biofuel.

It has now surprisingly been found that carrying out
the hydrogenation step 1n the presence of a hydrocarbon
feed derived from a mineral crude o01l, advantageously
leads to a reduction of coke formation 1n the reactor.
The hydrocarbon products i1nclude aromatic and cyclic

hyvdrocarbon compounds which can directly be used, or when

created further can be converted into fuels.

L]

DETATILED DESCRIPTION OF THE INVENTION

Tt has been found that a partially deoxygenated

pyrolysis 01l with an oxygen content of upto 30wts when
subjected to hydrogenation 1n the presence of a catalyst
and a hydrocarbon feed derived from a mineral crude o1l
leads to the formation of hydrocarbon products such as

aromatic compounds, paraffins and cyclic hydrocarbons

wilith acceptable properties and especially negligible
oxygen content and without high loss due to side
reactions such as coking, at comparable rates as obtained
for an unblended hydrocarbon feed.

Without wishing to be bound to any kind of theory, 1t
1s believed that cofeeding 1n a hydrogenation step of the
partially deoxygenated pyrolysis o1l and the hydrocarbon
feed derived from a mineral 01l also leads to a
synergistic effect. The coking durling the hydrogenation

step 1s less than what would be expected on the basis of
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the sum of the coke make for each feed when fed to the
hyvdrogenation separately.
The present 1nvention preferably further 1nvolves a

step of pyrolysilis of a biomass, specifically a material

comprising lignocellulose, to obtain a pyrolysis o1il.

The process of producling hydrocarbon products from
biomass according to the present 1nvention more
preferably further 1nvolves the steps of: Pyrolysis of a
biomass to obtaln pyrolysis 01l; and hydrogenation of the
pyrolysis 011 to produce one or more hydrocarbon products

including, for instance, paraffins.

The biomass feedstock, and specifically the material

comprising lignocellulose from which the pyrolysis 01l 1S
derived, may 1nclude lignocellulosic material derived
from for i1nstance, agriculture waste, forest residue,
wood chips, straw, chaff, grain, grasses, Ccorn, corn
husks, weeds, aguatic plants, hay and any cellulose

containing biologlcal material or material of biological

origin, also 1ncluding municipal waste. Preferably, the

biomass feedstock, and specifically the material

comprising lignocellulose, includes forest residue.

If present, the pyrolysis step 1n the process of the
invention preferably includes a process whereln the
biomass feedstock (interchangeably referred to as biomass
herein) comprising lignocellulose 1s decomposed,
preferably 1n the absence of oxygen, 1nto gaseous, liqguid
and solid decomposition products at high temperatures.
The temperature 1n this step preferably llies 1n the range
of about 300°C to 800°C, more preferably about 400°C to
800°C, still more preferably in the range of about 400°C

to 700°C , still more preferably in the range of about
500°C to 700°C or in the range of about 450°C to 650°C,
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and yet more preferably, the pyrolysis temperature 1in the
range of from 550°C to about 650 °C.

More preferably, the pyrolysis process 1ncludes a
flash pyrolysis process, whereln the biomass 1s rapidly
heated to a temperature in the range of 400°C to 600°C in
the absence of oxygen to produce pyrolysis ©01l, with
vields 1n the range of 60wts to 80wts. A similar process
1s for instance described 1n US patent 5,395,455. This
process usually vyvields a product blend comprising water
1in amounts of up to 40wts.

The pyrolysilis 011, as referred to 1n the present
invention preferably includes a mixture of oxygenated
compounds formed during thermal decomposition of lignin
and cellulose, and water generated during the

decomposition process and from the i1nitial molsture

content of the biomass. In a further embodiment the
reference to cellulose may further include hemicellulose.

Preferably, the carbon content of the pyrolysis 01l 1lies

1n the ranges of 45% to 50 %. Preferably, the water
content 1s 1n the range of 0 wt3s to 30 wt%, more
preferably 1n the range of 20 wts to 30 wt%. Further
preferably, the pyrolysis 01l of the present i1nvention
comprises aldehydes 1n the range of 10 wt% to 20 wt%.
Further preferably, the pyrolyslis o1l comprises
carboxylic acids 1n the range of 10 wt% to 15 wt%s. Yet
further preferably, the pyrolysis o1l comprises
carbohydrates 1n the range of 5 wts to 30 wts, more
preferably 1n the range of 5 wts to 10 wts. Again further
preferably, the pyrolysis 01l comprises phenols 1n the
range of 2 wt% to 5 wt3s. Again more preferably, the

pyrolysis 011l comprises furfurals 1n the range of 1 wts

to 4 wt%, and/or alcohols and ketones. The pyrolysis oi:

may also contaln nitrogen in the range of 0.1 wts to 0.5
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wts, and sulphur in the range of 0.01 wts to 0.02% wt%.
The presence of water and nitrogen and sulphur containing
compounds may make pyrolysilis 01l not sultable for

processing 1n standard reflinery units.

In step a) of the process according to the i1nvention,
the pyrolysis 011l 1s subjected to a hydrodeoxygenation
step to obtain a product stream comprising a partially
deoxygenated pyrolysilis oi1l. Thilis reaction step 1s further
referred to as hydrodeoxygenation (HDO) reaction. Step a)
of the present i1invention 1s preferably carried out by
contacting the pyrolysis 01l with hydrogen 1n the
presence of a suitable hydrogenation catalyst, at
sultable conditions. The reaction may sultably be carried
out at elevated pressure and temperature 1n a sultable

reactor, such as for i1nstance 1n a stilirred autoclave, or

a trickle flow reactor with a stacked catalyst bed. The
hyvdrodeoxygenation 1s preferably carried out at a

pressure ranging from 100 bars to 350 bars. More

preferably the total pressure 1s 1n the range of from 250

to 350 bar(a) (25 to 35 MPa)s, still more preferably from
280 to 320 bar(a). Most preferably, the pressure 1in the
autoclave reactor 1s 1n the range of from 290 to 310

bar (a) . The pressure 1s preferably regulated by a

sultable reducing valve or other suitable means for

regulating the hydrogen pressure. It will be understood

by those skilled i1in the art that for the

hyvdrodeoxygenation step at a temperature 1n the range
from 300 to 350°C (for example at 300 and 350°C) the
water partial pressure 1s 1n the range from 86 to 165 bar
(for example 86 and 165 bar respectively) due to the high

amount of water present 1n the feed and thus the formed

steam, giving 1nitilal hydrogen partial pressures 1n the

range from about 200 to about 125 bar (for example ca.
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_lO_

200 and 125 bar, respectively) thus appreciably lower
than the total reaction pressure. Yet further, the
partial pressure of hydrogen preferably 1s higher than 1in
other HDO processes 1n absence of large amounts of water,

since the solubillity of hydrogen 1n a polar solvent such

as water 1s lower than 1n e.g. non—agueous hydrocarbon
feeds. As an example, when performing the HDO reaction at
300°C, due to forming light gases such as CO,, CH; the Hy
partial pressure decreased to 42 bar.

Accordingly, the conditions 1n step (a) are still

considered as mild, although the absolute pressure,
hyvdrogen partial pressure and temperature may seem higher

than comparable hydrogenations of hydrocarbon streams.

In step (a), preferably the feedstock, comprising

pyrolysls 01l, optilionally pre-hydrogenated, and hydrogen

are contacted with a hydrogenation catalyst under hydro-
deoxygenation conditions. Preferably, feedstock and

hyvdrogen are co-currently contacted with the catalyst.

Hydro-deoxygenation conditions for pyrolysis o011
containing feedstocks are known 1n the art. Preferably,
the hydro-deoxygenation temperature 1n step (a) 1s 1n the
range of from 200 to 400 °C, preferably from 250 to 380
°C, more preferably of from 280 to 340 °C, vet more
preferably of from 290 to 320 °C. Reference herein to the
hyvdro—-deoxygenation temperature 1s to the maximum
temperature that 1s occurring 1n hydro-deoxygenation step
(a) . Since the hydro-deoxygenation reaction 1s a strongly
exothermic reaction, the temperature 1n the bottom part

of the bed will typically be higher than the temperature

1n the upper part of the bed.
The catalyst suitably employed 1in step (a) may be any

catalyst known 1n the art that 1s suitable for hydro-

deoxygenation reaction under the specific conditions of
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thlis reaction such as higher water concentration. The

catalyst preferably 1s a hydrogenation or hydrocracking

catalyst comprising metals of Group V and/or Group VIB

of the Periodic Table of Elements or compounds thereof,
as hydrogenating component on a catalyst carrier. The
catalyst carrier 1s preferably 1nert at the reaction

conditions, that 1s, 1t 1s preferably i1nert as

hydrogenating component. Inert herein preferably further
refers to a catalyst carrier not dissolving or otherwlse
decaying under the HDO conditions to avoid e.g. metal
leaching or weakening of the catalyst pellets for
instance due to the amount of water present 1n the feed.
The catalyst preferably comprises a catalyst support
and one or more active elements. The active elements may

1nclude metals such as Nickel (Ni1), Chromium (Cr),

Molvbdenum (Mo), and Tungsten (W), Cobalt (Co), Platinum

(Pt), Palladium (Pd), Rhodium (Rh), Ruthenium (Ru),

ITridium (Ir), Osmium (Os), Copper (Cu), 1ron (Fe), Zink

(Zn), Gallium (Ga), Indium (In) and Vanadium (V) 1n

elementary form, alloys or mixtures of one Or more
thereof such as, but not limited to Rh-Co-, Ni- and Ni-

Cu, preferably in the form of oxides, sulfides or other

metal-organic compounds. Preferably the catalyst 1n step
(a) 1s a hydroprocessing catalyst comprising Ruthenilum,
Rhenium, Cobalt, Nickel, Copper, and/or alloys or
mixtures of Ruthenium, Rhenium, Cobalt, Nickel, and/or
Copper, such as for example Rh-Co- and/or Ni-Cu, on a
catalyst carrier that 1s 1nert at the reaction
conditions. The catalyst support (or carrier) preferably
comprises solid substances with high porosity and able to
wilithstand the temperature, pressure and the environment
encountered 1n a hydrotreatment unit and under the

specific HDO conditions, 1.e. the presence of relatively
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large amounts of water 1n the feed., and preferably 1s

shaped 1n the form of balls, rings or otherwise shaped

extrudates, which may serve as a support for the active
elements 1n the catalyst. The carrier preferably may

comprise a refractory oxide or mixtures thereof,

preferably alumina, amorphous silica-alumina, titania or

silica, cerla, zlrconlia, Or 1t may comprlse an 1lnert

component such as carbon or silicon carbide or carbon.

Carriliers that were found i1nert under the conditions of

step a) are 7Zr0,, Ce0,;, Ce0O, and/or mixtures thereof such

as Ce0O,-72r0,, silicon carbide and/or carbon. If a

catalyst comprising sulphided CoMo, NiMo or NiW 1s used,

the catalyst may be sulphided in-situ or ex-situ. In the
case of 1In-situ sulphiding, a sulphur source, usually

hydrogen sulphide or a hydrogen sulphide precursor, 1S

preferably supplied to the catalyst during operation of
the process. The carrier may further comprise a zeolitic

compound. Any acidic zeolitic compound having sufficient

stabllity at the reaction conditions to limit catalyst

decay may sultably be used. Examples of zeolitic
compounds 1nclude, but are not limited to, zeolite Y,

zeollte beta, 2Z2SM-5, zZSM-12, ZSM-22, ZSM-23, ZSM-48,

SAPO-11, SAPO-41, and ferrilerite. Examples of sultable

catalysts include Rh/Si0O;; RhCo/Al;03; Rh/Co0SiOs3;
RhCo/Si0,; Co/Si0,; Rh/Zr0O,; Rh/CeQ,; Ni/SiO,; Ni/Cr,0s5;
Ni/Al1,0z; Ni/Zr0O,; Ni-Cu/Al,03; Ni-Cu/Zr0O, and Ni-Cu/CeO,.

Preferably the catalyst 1n step a) 1s chosen from the
group consisting of RhCo/Al,05; Rh/Zr0O;; Rh/Ce0,; Ni/Cr,0s3;
Ni/Al1,05; Ni/ZrQO,; Ni-Cu/Al,03; Ni-Cu/Zr0O,; Ru/C; Ni-
Cu/Ce0, and/or mixtures thereof.

The product stream obtained from the HDO step usually

forms two Or more phases upon cooling, depending upon the

process conditions. According to the present 1nvention,
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1f the HDO process is performed at 300 °C, a three-phase
product 1s preferably obtalned. The three-phase product
preferably 1ncludes a top layer that preferably contains
light organic components hereinafter referred to as a
top-01l, a middle layer that preferably consists mainly
of water with some dissolved organics hereinafter
referred to as an aqueous phase, and a bottom layer that
preferably also contains organlic components, hereinafter
referred to as a bottom o01l. The bottom 01l may contain
most of the solids, for 1nstance, the HDO catalyst and
coke particles, and may be present 1n the form of a

paste. Applicants have found that in spilte of the

different phases, the top 01l and the bottom o1l can be
substantilially similar 1n, for instance, elemental

composition and molecular weight distribution. The bottom

011l may be suiltably filtered, and mixed with the top o1l
to form an organic product of the HDO reaction step.

Further, some gases may also be produced during the HDO

reaction step. Examples of these gases 1nclude Carbon
Dioxide and Methane.

According to the i1nvention, a two-phase product 1s
preferably obtalined when the HDO step 1s carried out at
temperatures in the range of 200 to 300 °C. The two-phase
product preferably contains an organic phase (bottom o1il)
and an aqueous phase. At HDO temperature higher than 300
°C, agaln a two-phase product may be obtained, or
optionally a three phase product. The two-phase product
may contain an organic phase (Top 011l) and agueous phase.
The optional three phase product may contain a first
organic phase (top o0i1l), an agqueous phase, and a second

organic phase (bottom o01l). Without wishing to be bound

to any particular theory, 1t 1s believed that, according

to the present i1nvention, with 1ncreasing HDO
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temperatures, a net transfer of organic components from

the aqueous phase to the o1l phase, 1ncluding the Top o1l

and the Bottom 011, may be observed. This 1s believed to
contribute to an 1ncrease 1n the carbon recovery from the
01l product.

The product from the HDO step 1s optionally subjected

tOo a separation step, preferably filtration, to separate

the solids such as the catalyst particles.

The oxygen content (on dry basis) of the organic
phase, hereinafter referred to as the partially
deoxygenated pyrolysis o01l, for varying HDO temperatures
lies 1n the range of 5 wt%s to 30 wts. The oxygen content
(on dry basis) of the organic phase preferably 1s at
least 6 wt%, more preferably at least 7 wt3s, more

preferably at least 8 wt%, more preferably at least 9

wts, yet more preferably at least 10 wt%s, and most
preferably at least 15 wt3s. The oxygen content (on dry

basis) of the organic phase preferably 1s at most 20wts,

more preferably at most 18 wt3, most preferably at most
17wt%s. The oxygen content was determined by elemental
analysis of the HDO product, calculating the oxygen

content as weight difference after determination and

subtraction of carbon and hydrogen content.

After step (a), pretferably gaseous products are
separated from the total liguid product obtalned 1n step
(a), which then 1s preferably separated 1nto an agueous
phase comprising water-soluble compounds, and at least
one organlic phase comprising the partially (hydro-)

deoxygenated pyrolysis o1l.

In step (c¢), the partially deoxygenated pyrolysis 01l
obtained as the result of the HDO 1s subjected to
hyvdrogenation 1n the hydrogenation step 1n the presence

of a catalyst and a hydrocarbon feed, preferably derived
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from a mineral crude o01l. The partially deoxygenated
pyrolysis 011 subjected to the hydrogenation in step (c¢)
may comprise only a portion or the entirety of the
product obtained 1n step (b), as for example described 1in
more detail above.

Sultable hydrocarbon feeds for the present i1nvention
are preferably commercial hydrocracker feeds, 1.e., those
portions of mineral crude 01l or 1ts reflnery streams

that have an initial boiling point of 340 °C or higher at

atmospheric pressure and preferably an average molecular
welight ranging from about 200 g/mole to 600 g/mole or
higher. Such hydrocarbon feedstocks to be used as co-feed
for the purpose of the 1nvention preferably i1nclude high

bolling, non-residual o01ls such as straight run

(atmospheric) gas oi1ls, flashed distillate, coker gas

01ls, or atmospheric residue (‘long residue’) and vacuum
residue (‘short residue’). The co-feedling may be attained

by blending the partially deoxygenated pyrolysis o1l and

che hydrocarbon feed streams prior to the entry into a
hyvdrotreatment unit, or alternately, by adding them at

different stages. The hydrocarbon feed used preferably

has a boiling point of at least 220°C, as measured by Gas

Chromatograph Distillation (GCD) according to ASTM D-

2887. Preferably, the boiling points range from 220°C to

650°C, more preferably from 300°C to 600°C. In a

preferred embodiment, the hydrocarbon feed used as a co-
feed for the purpose of the invention 1s a vacuum gas o1l
(VGO) or a Long Residue. The weight ratio of hydrocarbon
feed, preferably Long Residue, to partially deoxygenated
pyrolysis 011l 1s preferably 1n the range from 2Z2:1 to

10:1, more preferably 1in the range from 3:1 to 6:1 and

may for example be 4:1 (4 parts hydrocarbon feed to

part partially deoxygenated pyrolysis oil), although 1t
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wlll be appreciated by those skillled 1n the art that

higher ratios such as 10:1 or 20: 1 will enhance the ease
of processing.

The hydrogenation step (c¢) as referred to 1n the
present 1nvention 1s preferably a process of removal of
impurities like oxygen, sulfur and nitrogen from a crude
by bringing 1t 1n contact with hydrogen at elevated

temperature and pressure 1n the presence of a catalyst.

In the present 1nvention the purpose of the hydrogenation
step 1s preferably focused more for the removal of oxygen
from the partially deoxygenated pyrolysilis o1l. The oxygen
dilissolved or present 1n the partially deoxygenated
pyrolysis o1l preferably exists 1n the form of phenols or
peroxides and 1s preferably eliminated i1n the form of

water after reaction with hydrogen.

The hydrogenation step 1s preferably carried out 1in
the hydrotreatment unit which 1s an arrangement of

heaters, heat exchangers, reactors, compressors and

bollers that can be set at different temperatures and

pressures. The partially deoxygenated pyrolysilis o1l

preferably enters the hydrotreatment unit through a

charge pump. It 1s preferably mixed with hydrogen gas
which 1s directed from a cat reforming unit or a hydrogen
plant. The partially deoxygenated pyrolysis 011 and the
hyvdrogen mixture are preferably heated 1n succession

through heat exchange with reactor effluent 1n a heat

exchanger unit and a fired heater. Preferably the
partially deoxygenated pyrolysis o1l and the hydrogen
which eventually gets heated enter the hydrodeoxygenation
reactor within the hydrotreatment unit. Here the

hydrogenation step preferably takes place.

The temperature maintained 1n the reactor preferably

ranges from 300°C to 450°C, more preferably from 300°C to
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350°C. The pressure preferably ranges from 50 bar
atmosphere to 100 bar atmosphere, more preferably 60 bar
atmosphere to 80 bar atmosphere. The number o©of reactor
volumes of feed that can be treated 1n a unit time may be
D indicative by 1)a space veloclty which 1s preferably 1n
the range of 1 kg/1l/h to 1.5 kg/1/h and/or ii) a rate at
which the hydrogen gas flows, also referred to as gas
flow rate, which 1s preferably kept i1in the range of 38 to
20 N1/hr; or a gas to oil ratio preferably in the range
10 of 500 to 5000 N1l/kg, more preferably 1500 to 2000 Nl1l/kg.
The catalysts sultable for use 1n the process
according to the invention are well known 1n the art. The
catalyst preferably consists of two parts, a catalyst
support and active elements. The support preferably

15 consists of solid substances with high porosity and able

CO wlthstand the temperature, pressure and the
environment encountered i1in the hydrotreatment unit. For

example, alumina in the form of balls or extrudates can

be used as a support for the active elements 1n the
20 catalyst. The active elements used are preferably cobalt,
more preferably, nickel, molybdenum and 1ts combinations
thereotf.
The product stream, comprising hydrocarbons, obtained
from the hydrotreatment unit 1s preferably sent to a
25 fractionation zone, where 1t 1s separated 1nto one or

more hydrocarbon fractions. Preferably, these hydrocarbon

fractions include naphthenics, paraffins, and mono—, di-
and tri-aromatic compounds. Accordling to an embodiment,
the product stream composition includes a naphthenic

30 fraction ranging from 10 wt% to 40 wts, preferably from

20 wts to 30 wt%, as determined by Gas Chromatograph

Distillation (GCD) according to ASTM D-2887. Further, the
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total product stream preferably also i1ncludes the

paraffin fraction ranging from 10 wt%s to 20 wts.

The products obtained from the hydrocarbon fractions
are also within the scope of the invention. Further these
compounds can be upgraded by processes like
l1somerisation, aromatisation and hydrocracking to vield
liquid fuels. An example for ligquid fuel fractions of the

paraffinic type 1s kerosene with an i1nitial boiling point

of about 150° C and an end point of about 270° to 275° C.

This type of fuel 1s preferably mainly paraffinic but can

contain naphthenics and aromatics to some degree,

depending upon the source of crude o1l from which 1t 1s

derived. Benzene, toluene, xylenes, aromatic extract oils
are also examples of upgraded products that can be formed

by further processing of the hydrocarbon fractions

obtained as products of the present invention. The
upgraded products find application 1n the chemical and

o1l and gas 1ndustry and can be used as solvents, fuels

etc. Accordingly, the subject process preferably further
comprising blending a product fraction obtained 1n step
(d) with at least another fuel compound and/or an

additive.

It may be understood that processing of the
aforementioned hydrocarbon fractions 1s well known 1in the
art and 1s 1n no way limiting to the scope of the
invention. While some of the methods have been described
herein, several other processes may be used to convert
the hydrocarbon fractions 1nto commercially usable
products. These processes may 1nclude i1somerisation,
cracking into more valuable lighter products, blending

wlth other fuels for commercial use, and other similar

uses that have been disclosed 1n the art.
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The invention is further illustrated by the following

examples.

Example 1

Pyrolysis 01l obtained from forest residue (2.5 kg
D approximately) was loaded i1nto the reactor followed by 5
wt. % of fresh (unused) Ru/C catalyst. The maximum
operating temperature and pressure were 350 °C and 340
bar (a), respectively.
A H, supply vessel used to feed the autoclave, having
10 a volume of 10.8 L. This vessel was typically loaded with
an 1nitial pressure of 400 bar(a). The autoclave was

fi1lled with H; until the desired starting pressure

(typically 200 bar (a)) and the valve between the reactor
and the supply vessel was closed. Then, the electrical

15 heating jacket and the high intensity hollow shaft

stirrer (2000 rpm) were turned on. The typical heating
rate was approximately 5.5 °C/min until 270 °C, being

slower after that (~4 °C/min). More hydrogen was added to

che reactor until the desired reaction pressure was

20 reached (typically 290 bar(a)). After the reaction was
deemed completed, the H,; supply was stopped and the
stirrer was left on for an additional 30 minutes. Then
the system was left to cool down overnight. A product
containing one agqueous phase (also referred to as aqueous

25 fraction) and one or two phases of partially deoxygenated
pyrolysis 011l (also referred to as partially deoxygenated
pyrolysis 011 fractions) was obtained. The partially
deoxygenated pyrolysilis 01l fractions which were a part of

the product were fililtered (5um steel filter) to remove

30 the Ru/C catalyst. The oxygen content of these partially

deoxygenated pyrolysls 01ls obtained after HDO was

typically upto 30 wt%. The products obtained are

summarized 1n the table 1 provided below:
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Table 1: Dry product vields and o1l properties after HDO
at different temperatures (Residence time: 4 h, total
pressure 290 bar(a)).

Temperature (°C) 230 260 300 330 340

Dry vyields

(wt. 5 of dry

feed)

Top o1l + Bottom

o1l 477 49 50 48 50

Agueous phase 39 33 26 16 14

Gas 3 4 4 3 9

Water produced 9 10 13 19 18

Hy, consumption

NL H,/kg feed oi! 232 2377 290 2977 326

NL H,/kg C 1in

product 1031 1059 1098 1089 1153

N L H, /MJ of

product 21.6 22 22 .3 21.8 23.6

Product

properties

. BOoTTOom BOTTCOom . TOop .

011l phase a1 o1 Top o1l a1 Top o1l

C dry (wt. %) 63 .0 66 .3 67.7 74,2 73.3

H dry (wt. %) 9.0 9.3 9.7 10.3 9.8

O drv® (wt. %) 28.0 24 ., 4 22.6 15.5 16.9

H,O (wt. %) 15.9 10.0 5.7 3.2 2.1

Total O (wt. %) 37.7 30.8 26.3 17.8 18.4

HHV,o:® (MJ/kqg) 25.2 28.7 31.3 35.8 35.1

MCRT (wt %) 11.7 9.1 4,77 1.8 2.2

MCRT of 20 wt %

blend 1in Long

Residue® (wt %) 3.2 2.9 2.2 1.9 2.0

Gas composition

CO,; (mol %) 81.8 43 .4 53.1 58.7 61.0

CO (mol %) 0.3 4.6 2 .0 1.4 1.2

CH; (mol %) 14, 24,77 22 .5 21.4 22 .

CoHeg—CsHg UﬂOl %ﬂ 3.3 21 .7 22 .2 18.5 15.7

b: on dry basis, corrected for presence of water; c: wts O total 1n HDO o1l (organics +

(Micro Carbon
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Example Z

Partilially deoxygenated pyrolysis o1l (PDePO),
prepared by hydrodeoxygenation of a pyrolysis 01l at
340°C and 290 bar as described in example 1 and having a
dry oxygen content of approximately 17 wts was blended
with a hydrotreated Gas 011 (HTGO) 1n a weight ratio of
about 1:4 (1 to 4) and some 1sopropanol to prepare a feed
composition. This feed composition containing about 20wt
partially deoxygenated pyrolysis oi1l, about 1.5 wt%
1sopropanol and about 78.5 wt%s hydrotreated gas ollwas
subjected to the hydrogenation step 1n a continuous
hyvdrotreatment unit. The catalyst used was a pre-
sulphided Nickel- molybdenum hydrotreatment catalyst. The
reaction temperature was kept at 300°C to 320 °C (that

1s, at 300°C for 100 hours of runtime and subsegquently at

o0 320 °C for an additional 70 hours of runtime) and the

\C

pressure was malntalned at 60 bar with 1 % Hy;S 1n the

off-gas. The gas flow rate was 20 Nl/hr. The ratio gas to

01l was 2000 N1l/kg and the weight hourly space velocity
maintained in the reactor was 1 kg/l/h. The product
stream obtained was separated in a gas/liquid separator

and analyzed online using gas chromatography (GC) and the

liquid phase was analyzed by true bolling point analysis
and two dimensional gas chromatography (2D-GC). The
results of the experiment with regard to product vield
and product distribution are represented 1n Tables 2 and

3 given below.
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The advantages of the process of the present invention
are among others, that the proposed co-processing of a
partially deoxygenated pyrolysis oil through a
hydrodeoxygenation step, followed by a hydrogenation step
on a hydrogenation catalyst enables the conversion of
lignocellulosic biomass into useful products using the
existing refinery units. Further, the present 1nvention
enables the use of decentralised pyrolysis plants which may
be located near the source of biomass feedstock, thus
reducing the transportation costs by transporting pyrolysis
011l instead of the biomass. Further, during the pyrolysis
route for conversion of bilomass, the minerals from blomass
remaln largely 1n the ash, with only a small amount of
minerals in the pyrolysis o©il, thus reducing the 1norganic
content that could poison the catalysts such as the HDO
catalyst, the hydrotreatment catalyst and the like.
Further, since the oxygen wt % in the pyrolysis is in the
range of 10 to 30% the amount of hydrogen that 1s consumed
during the HDO and hydrotreatment steps is kept to a
minimum. Further, since the HDO step may take place 1in a
close proximity of the refinery, all the existing utilities
and distribution channels can be easily leveraged, which

makes the economics of the existing process more

favourable. In addition it was found that coke made during

the above process was unexpectedly low.
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CLAIMS:

1.

In a process for treating a pyrolysis oil derived

from a material comprising lignocellulose in which

a) a feed comprising the pyrolysis oil is

subjected to a hydrodeoxygenation step in the

presence of a catalyst comprising an active

component on a catalyst carrier that 1s i1nert at the
reaction conditions, to obtaln a product stream

comprising a partially deoxygenated pyrolysis o0il;

b) separating the partially deoxygenated
pyrolysis o0il from the product stream obtained in a)

thereby producing a separated partially deoxygenated

pyrolysis oil;

the 1mprovement comprising the further steps of

2.

¢) providing to a hydrogenation step at least
a portion of the separated partially deoxygenated

pyrolysis oil having an oxygen content of from 10 to

30 wt %;

d) hydrogenating, 1n the hydrogenation step,
the separated partially deoxygenated pyrolysis oil

from ¢) in the presence of a catalyst and a

hydrocarbon feed derived from a mineral crude o011 to

obtain a hydrogenated product stream; and

e) separating at least one product fraction

from the hydrogenated product stream obtained in d).

The process of claim 1, wherein the partially

deoxygenated pyrolysis o0il in step ¢) has an oxygen

content (on dry basis) of at least 15 wt % and at most 17

wt %.



CA 02780575 2014-11-24

3. The process of claim 1, wherein the hydrocarbon feed
has an initial boiling point of at least 220°C, as

measured according to ASTM D-2887.

4, The process of claim 3, wherein the partially

deoxygenated pyrolysis o1l in step c¢) has an oxygen

content (on dry basis) of at least 15 wt % and at most

17 wt %.

5. The process of claim 1, wherein the mineral crude

oil 1s gas o1il.

6. The process of claim 2, wherein the mineral crude

o1l 1s gas o1ll.

7. The process of claim 3, wherein the mineral crude

oil 1s gas oil.

8 . The process of claim 1, wherein the hydrogenation
step 1s performed at a temperature ranging from 300°C to

450°C.

9. The process of claim 2, wherein the hydrogenation
step 18 performed at a temperature ranging from 300°C to

450°C.

10. The process of claim 3, wherein the hydrogenation
step 1s performed at a temperature ranging from 300°C to

450°C.

11. The process of claim 5, whereln the hydrogenation

step is performed at a temperature ranging from 300°C to

450°C.

12. The process of c¢laim 1, wherein the hydrogenation
step 1s performed at a pressure ranging from 50 bars to

100 bars.
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13. The process of claim 2, wherein the hydrogenation

step 1s performed at a pressure ranging from 50 bars to

100 bars.

14. The process of claim 3, wherein the hydrogenation

step 1s performed at a pressure rangilng from 50 bars to

100 bars.

15. The process of claim 5, wherein the hydrogenation
step 1s performed at a pressure ranging from 50 bars to

100 bars.

16. The process of claim 9, wherein the hydrogenation
step 1s performed at a pressure ranging from 50 bars to

100 bars.

17. The procegs of claim 1, wherein the hydrogenation

step (d) i1s performed in the presence of nickel, cobalt

and/or molybdenum based catalyst.

18. The process of claim 2, wherein the hydrogenation
step (d) is performed in the presence of nickel, cobalt

and/or molybdenum based catalyst.

19. The process of claim 3, wherein the hydrogenation
step (d) 1s performed in the presence of nickel, cobalt

and/or molybdenum based catalyst.

20. The process of claim 16, wherein the hydrogenation

step (d) is performed i1n the presence of nickel, cobalt

and/or molybdenum based catalyst.

21. The process of c¢laim 1, further comprising blending
a product fraction obtained 1n step (e) with at least one

fuel component other than the product fraction and/or an

additive.
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22 . In a process for producing hydrocarbon products from
biomass by pyrolyzing a biomass comprising lignocellulose
to obtain a pyrolysis o0il, subjecting the pyrolysis o1l
to a hydrodeoxygenation step 1n the presence of a
catalyst comprising an active component on a catalyst
carrier that is 1nert at the reaction conditions, to
obtalin a product stream comprising a partially

deoxygenated pyrolysis o1ll;

separating the partially deoxygenated pyrolysis oil from

the product stream thereby producing a separated

partially deoxygenated pyrolysis o1l;

the improvement comprising the further steps of providing
to a hydrogenation step at least a portion of the

separated partially deoxygenated pyrolysis oil having an

oxygen content of from 10 to 30 wt %;

hydrogenating, in the hydrogenation step, said provided-
separated partially deoxygenated pyrolysis oil in the
presence of a catalyst and a hydrocarbon feed derived

from a mineral crude oil to obtalin a hydrogenated product

stream;

separating at least one product fraction from the

hydrogenated product stream; and

blending at least one product fraction obtained with at

least another fuel compound and/or an additive thereby

producing a biofuel.
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