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Title: Process for stabilization of reactive liquid feedstock

The present invention relates to a process for conversion of a reactive liquid feedstock.

Transportation fuels and petrochemical feedstock may be produced from renewable
feedstocks, including waste products, side products and recycled products, to increase
the environmental sustainability. Typically, such renewable feedstocks are rich in oxy-
genates, and commonly they are highly reactive, especially if originating from thermal
decomposition processes such as pyrolysis, hydrothermal liquefaction and other pro-

cesses where solids are converted to liquids.

Unfortunately, the reactive liquid feedstock originating from these processes may be
difficult to process. The reactive liquid feedstock may comprise olefins and reactive ox-
ygenates, which are prone to polymerization and solidification under the conditions of

operation.

The conversion of the reactive liquid feedstock may be related to extensive heat re-
lease which for renewable feedstock based on e.g. triglycerides has been handled by

recycle of product.

However, recycle increases the volume of all process equipment between the point
where the recycle stream is let in to the point where it is withdrawn, as well as the en-

ergy required for pumping these increased process volumes.

It has now been realized that the benefits of recycle may be realized if a high recycle
ratio is introduced for an initial reactor only, without causing a related increase of pro-

cess equipment size for the remainder of the process.

As used herein, the term hydrogen consumption potential for a composition shall be
understood as the amount of hydrogen required for conversion of the composition into
a saturated hydrocarbon. As an example, oleic acid, CH;(CH,),CH=CH(CH,),COOH
(fw=282.5 g/mol) may react with 4 H> molecules according to the following:
CH3(CH,),CH=CH(CH,);COOH + 3 Hy = CHy(CHy):cCH; + 2 H,0
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The hydrogen consumption potential thus equals 28 g/kg for oleic acid. For a mixed
stream the hydrogen consumption potential is only considered for molecules with at

least 5 carbon atoms.

As used herein, the term “thermal decomposition” shall for convenience be used
broadly for any decomposition process, in which a material is partially decomposed at
elevated temperature (typically 250°C to 800°C or even 1000°C), in the presence of
substoichiometric amount of oxygen (including no oxygen). The product will typically be
a combined liquid and gaseous stream, as well as an amount of solid char. The term
shall be construed to at least include processes known as pyrolysis and hydrothermal

liquefaction, both in the presence and absence of a catalyst.

As used herein, the term a reactive liquid feedstock shall be construed as a feedstock
comprising oxygenates and/or olefins. Such a reactive liquid feedstock may be prone to

react even without presence of catalytically active materials, e.g. by polymerization.
For simplicity all products from thermal decomposition, such as pyrolysis and thermal
liquefaction, will in the following be referred to as pyrolysis oil, irrespective of the nature

of the originating process.

In the following the abbreviation ppm, shall be used to signify volumetric parts per mil-

lion, e.g. molar gas concentration.

In the following the abbreviation ppm,, shall be used to signify weight parts per million,

e.g. the mass of sulfur atoms relative to the mass of a liquid hydrocarbon stream.

In the following the abbreviation wt% shall be used to signify weight percentage.

In the following the abbreviation vol% shall be used to signify volume percentage for a

gas.

Where concentrations in the gas phase are given, they are, unless otherwise specified,

given as molar concentration.
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Where concentrations in liquid or solid phase are given, they are, unless otherwise

specified given as wt concentration.

The aromatic content of a liquid is in accordance with the art the total mass of mole-
cules having at least one aromatic structure, relative to the total mass of all molecules

in %.

A first aspect of the present disclosure relates to a process for conversion of a reactive
liquid feedstock stream containing at least 40 wt% carbon into a stabilized composition,
comprising the steps of
a. directing a diluent stream and the reactive liquid feedstock stream as a com-
bined stream having a first hydrogen consumption potential, to contact a
material catalytically active in hydrotreatment which during operation has a
lowest temperature of at least 80°C and a highest temperature of less than
250°C in the presence of dihydrogen,
b. withdrawing a stabilized composition stream having a second hydrogen con-
sumption potential which is less than 80%, less than 60% and more than
40% or more than 20% or more than 10% of the first hydrogen consumption
potential,
c. providing an amount of the liquid phase of said stabilized composition
stream as said diluent stream
wherein the hydrogen consumption potential for a composition shall be un-
derstood as the amount of hydrogen required for conversion of the composi-
tion into a saturated hydrocarbon.
This has the associated benefit of the diluent being only partly converted, as it still has
a hydrogen consumption potential of 10% to 80% compared to the combined stream,
and thus having a chemical nature favoring miscibility with the reactive feedstock, such
that material catalytically active in hydrotreatment is contacted with a mixed liquid
which is uniform, and which due to the dilution is less prone to polymerization and has

a higher heat capacity, relative to the reactivity.

A second aspect of the present disclosure relates to a process according to any aspect
above, in which the reactive liquid feedstock stream contains at least 5 wt% O, at least

10 wt% O or at least 25 wt% O. This has the associated benefit of such reactive liquid
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feedstock being representative of fuel and chemical precursors of renewable origin.

Commonly the reactive liquid feedstock stream contains less than 35 wt% O 50 wt% O.

A third aspect of the present disclosure relates to a process according to any aspect
above, in which the reactive liquid feedstock stream has a carbonyl content of at least
0.5 mol/kg, at least 1.0 mol/kg or at least 2.5 mol/kg. This has the associated benefit of
such reactive liquid feedstock being representative of fuel and chemical precursors of

renewable origin.

A fourth aspect of the present disclosure relates to a process according to any aspect
above, in which step a is preceded by formation of the reactive liquid feedstock stream
in a thermal decomposition process, carried out in the presence or absence of a cata-
lyst, such as thermal liquefaction, gasification, autothermal pyrolysis, hydropyrolysis,
fast pyrolysis, intermediate pyrolysis or slow pyrolysis. This has the associated environ-
mental and economic benefit of such reactive liquid feedstock being provided from a

wide range of solid waste or by-products.

A fifth aspect of the present disclosure relates to a process according to any aspect
above, in which a combined liquid and gas phase stream is withdrawn from the stabi-
lized composition stream by overflow and said diluent stream is withdrawn by flow con-
trol. This has the associated benefit of such a separation being simple and inexpensive

to provide, e.g. within the reactor for hydrotreatment.

A sixth aspect of the present disclosure relates to a process according to any aspect
above, in which the diluent stream is directed as driven fluid to an ejector pump which
receives a pressurized reactive liquid feedstock stream as motive fluid. This has the as-
sociated benefit of an ejector pump being mechanically simple and providing mixing of

diluent and reactive liquid feedstock inherently.

A seventh aspect of the present disclosure relates to a process according to any as-
pect above, in which the total weight ratio between diluent stream and reactive liquid
feedstock stream is at least 1:1, such as 2:1 or 3:1 or 4:1. This has the associated ben-
efit of a high amount of diluent limiting the polymerization and providing an increased

heat capacity as a heat sink.
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An eighth aspect of the present disclosure relates to a process according to any aspect
above, in which the combined diluent stream and reactive liquid feedstock stream is di-
rected to contact the material catalytically active in hydrotreatment which during opera-
tion has a lowest temperature, sufficient for initiating exothermal hydrogenation, such
as at least 80°C, at least 150°C or at least 200°C and a sufficiently low temperature to
avoid thermal runaway hydrocracking such as less than 280°C, less than 200°C or less
than 180°C, prior to being combined with the reactive liquid feedstock stream. This has
the associated benefit of providing a mixture having sufficient temperature for the hy-
drotreatment reaction, while still limiting the maximum temperature. For pyrolysis oil the
inlet temperature would commonly be 80-180°C, for the less reactive pyrolysis oil from
catalytic pyrolysis and hydrothermal liquefaction 125-200°C and for more stable prod-
ucts the inlet temperature may be 200-280°C. The lowest temperature of the catalyti-

cally active material is typically at the inlet of the reactor.

A ninth aspect of the present disclosure relates to a process according to any aspect
above, in which the diluent stream is cooled prior to being combined with the reactive
liquid feedstock stream. This has the associated benefit of providing a heat sink for tak-
ing up released heat from the hydrotreatment reaction, while avoiding thermal reaction

of the mixture.

A tenth aspect of the present disclosure relates to a process according to any aspect
above, in which a stream comprising an amount of the liquid phase of said stabilized
composition is directed to contact a further material catalytically active in hydrotreat-
ment to provide a further hydrotreated composition optionally after combination with a
further diluent stream having a hydrogen consumption potential below that of the stabi-
lized composition stream. This has the associated benefit of further converting the sta-
bilized composition towards a hydrocarbon and if further diluted, of limiting the heat re-

leased while matching the stabilized composition with the further diluent used.

A eleventh aspect of the present disclosure relates to a process according to any as-
pect above, in which the further hydrotreated composition stream is directed to contact
a material catalytically active in hydroprocessing, such as hydrocracking or isomeriza-

tion, optionally after withdrawal of a gas phase stream and combination with an amount
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of dihydrogen to provide a hydroprocessed hydrocarbon product stream. This has the
associated benefit of adjusting the product structure or molecular weight to the hydro-
processed hydrocarbon product requirements. As such hydroprocessing is often car-
ried out in the presence of catalytically active material comprising noble metals and

molecular sieves, removal of H>S, NH3, CO and CO, may be preferred.

A twelfth aspect of the present disclosure relates to a process plant configured for re-
ceiving a reactive liquid feedstock, configured for receiving an amount of dihydrogen
and configured for providing a stabilized composition, said process plant comprising a
first hydrotreatment reactor having an inlet and an outlet, a second hydrotreatment re-
actor having an inlet and an outlet and a means of liquid propulsion having an inlet and
an outlet, wherein reactive liquid feedstock is directed to the inlet of the first hydrotreat-
ment reactor and wherein the outlet of the first hydrotreatment reactor is in fluid com-
munication with the inlet of the means of liquid propulsion and with the inlet of the sec-
ond hydrotreatment reactor, where the outlet of the means of liquid propulsion is in fluid
communication with the inlet of the first hydrotreatment reactor and where a further hy-
drotreated composition is provided from the outlet of the second hydrotreatment reac-
tor. This has the associated benefit of providing a process plant with recycle around a
first hydrotreatment reactor for stabilization and further hydrotreatment in a second hy-

drotreatment reactor.

A thirteenth aspect of the present disclosure relates to a process plant according to the
thirteenth aspect above, wherein the means of propulsion is an ejector having a motive
stream inlet, a driven stream inlet and said outlet, and wherein the reactive liquid feed-
stock is directed to the motive stream inlet and the fluid communication between the
outlet of the first hydrotreatment reactor and the inlet of the means of liquid propulsion
is to the driven stream inlet. This has the associated benefit of providing a means of lig-
uid propulsion without moving parts which also provides mixing between reactive liquid
feedstock and stabilized composition, as an alternative to a conventional electrically

driven pump.

Liquid products from thermal decomposition, such as pyrolysis and thermal liquefac-
tion, have, especially from a global warming perspective, been considered an environ-

mentally friendly replacement for fossil products, especially after hydrotreatment. The
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nature of these products (for simplicity pyrolysis oil, irrespective of the originating pro-
cess) will commonly be that they are rich in oxygenates and possibly olefins. The na-
ture of formation means that the products are not stabilized, and therefore, contrary to
typical fossil raw feedstocks, they may be very reactive, demanding high amounts of
hydrogen, releasing significant amounts of heat during reaction and furthermore having
a high propensity towards polymerization. The release of heat may increase the
polymerization further, and at elevated temperature, catalysts may also be deactivated

by coking.

Other oxygenate feedstocks, including those of direct biological origin such as animal
fat, vegetable oils and similar compounds, may also be similarly reactive, either due to
a presence of double bonds or a presence of reactive oxygenates, and therefore the

present considerations are of relevance also for these feedstocks.

Dilution of the feedstock with at least partially hydrotreated product could in theory pro-
vide a heat sink for collecting released heat. Furthermore, by diluting the reactive spe-

cies, the kinetics of polymerization are slowed down.

The thermal decomposition process plant section providing the feedstock according to
the present disclosure may be in the form of a fluidized bed, transported bed, circulat-
ing fluid bed or an auger reactor, as is well known in the art. This decomposition con-
verts a pyrolysis feedstock into a solid (char), a high boiling liquid (tar) and fraction be-
ing gaseous at elevated temperatures. The gaseous fraction comprises a fraction con-
densable at standard temperature (pyrolysis oil or condensate, C5+ compounds) and a
non-condensable fraction (pyrolysis gas, including pyrolysis off-gas). For instance, the
thermal decomposition process plant section (the pyrolysis section) may comprise a
pyrolizer unit (pyrolysis reactor), cyclone(s) to remove particulate solids such as char,
and a cooling unit for thereby producing pyrolysis off-gas stream and said pyrolysis oil
stream, i.e. condensed pyrolysis oil. The pyrolysis off-gas stream comprises light hy-
drocarbons e.g. C1-C4 hydrocarbons, H,O, CO and CO,. Typically, the term pyrolysis
oil comprises condensate and tar, and the pyrolysis oil stream from pyrolysis of bio-
mass may also be referred to as bio-oil and is a liquid substance rich in blends of mole-
cules usually consisting of more than two hundred different compounds mainly oxygen-

ates such as acids, sugars, alcohols, phenols, guaiacols, syringols, aldehydes,
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ketones, furans, and other mixed oxygenates, resulting from the depolymerisation of

the solids treated in pyrolysis.

For the purposes of the present invention, the pyrolysis section may be fast pyrolysis,
also referred to in the art as flash pyrolysis. Fast pyrolysis means the thermal decom-
position of a solid renewable feedstock typically in the absence of oxygen, at tempera-
tures typically in the range 350-650°C e.g. about 500°C and reaction times of 10 sec-
onds or less, such as 5 seconds or less, e.g. about 2 sec. Fast pyrolysis may for in-
stance be conducted by autothermal operation e.g. in a fluidized bed reactor. The latter
is also referred to as autothermal pyrolysis and is characterized by employing air, op-
tionally with an inert gas or recycle gas, as the fluidizing gas. Thereby, the partial oxi-
dation of pyrolysis compounds being produced in the pyrolysis reactor (autothermal re-
actor) provides the energy for pyrolysis while at the same time improving heat transfer.
In so-called catalytic fast pyrolysis, a catalyst may be used. An acid catalyst may be
used to upgrade the pyrolysis vapors, and it can both be operated in an in-situ mode
(the catalyst is located in the pyrolysis reactor) and an ex-situ mode (the catalyst is
placed in a separate reactor). The use of a catalyst conveys the advantage of removing
oxygen and thereby helping to stabilize the pyrolysis oil, thus making it easier to hydro-
process. In addition, increased selectivity towards desired pyrolysis oil compounds may

be achieved.

In some cases, hydrogen is added to the catalytic pyrolysis which is called reactive cat-
alytic fast pyrolysis. If the catalytic pyrolysis is conducted at a high hydrogen pressure

(such as above 500 kPa) it is often called catalytic hydropyrolysis.

The pyrolysis stage may alternatively be fast pyrolysis conducted without the presence
of a catalyst and hydrogen, i.e. the fast pyrolysis stage may not be catalytic fast pyroly-
sis, hydropyrolysis or catalytic hydropyrolysis. This enables a much simpler and inex-

pensive process.
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The thermal decomposition section may also be hydrothermal liquefaction. Hydrother-
mal liguefaction means the thermochemical conversion of biomass into liquid fuels by
processing in a hot, pressurized water environment for sufficient time to break down
the solid bio polymeric structure to mainly liquid components. Typical hydrothermal pro-
cessing conditions are temperatures in the range of 250-375°C and operating pres-
sures in the range of 4-22 MPa. This technology offers the advantage of operation of a
lower temperature, higher energy efficiency and producing a product with a lower oxy-

gen content compared to pyrolysis, e.g. fast pyrolysis.

Finally, other relevant thermal decomposition methods are intermediate or slow pyroly-
sis, in which the conditions involve a lower temperature and commonly higher resi-
dence times — these methods may also be known as carbonization or torrefaction. The
major benefit of these thermal decomposition methods is a lower investment, but they
may also have specific benefits for specific feedstocks or for specific product require-

ments, such a need for bio-char.

The conversion of oxygenates to hydrocarbons is a common process for production of
renewable transportation fuels, but the reactivity and other specifics differ for different
feedstocks.. The oxygenate feedstock typically comprises one or more oxygenates
taken from the group consisting of triglycerides, fatty acids, resin acids, ketones, alde-
hydes or alcohols where said oxygenates may originate from one or more of a biologi-
cal source and a thermal and/or catalytic degradation process, including a gasification
process or a pyrolysis process, such that a wide range of feedstocks, especially of re-
newable origin may be converted into hydrocarbons. This includes feedstocks originat-
ing from plants, algae, animals, fish, vegetable oil refining, other biological sources, do-
mestic waste, industrial biological waste like tall oil or black liquor as well as non-bio-
logical waste comprising suitable compositions, such as plastic fractions or rubber, in-
cluding used tires, typically after a thermal and/or catalytic degradation process. In ad-
dition, oxygenates may be provided synthetically, typically from a fossil or renewable
synthesis gas via Fischer-Tropsch synthesis. When the feedstock is of biological origin,
the feedstock and the product will be characterized by having a 14C content above 0.5
parts per trillion of the total carbon content, but when the feedstock includes waste of

fossil origin, such as plastic, this ratio may be different.
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The production of hydrocarbon products typically requires one or more hydropro-
cessing steps which most commonly are; hydrotreatment for removing heteroatoms
and saturating double bonds, hydroisomerization for adjusting hydrocarbon molecule

structure and hydrocracking for reducing hydrocarbon molecular weight.

During hydrotreatment, oxygenates are combined with an excess of hydrogen and re-
act in hydrodeoxygenation processes as well as in decarboxylation and decarbonyla-
tion processes, where water, carbon dioxide and carbon monoxide are released from
the oxygenates, and an amount of carbon dioxide is converted to carbon monoxide by
the water/gas shift process. Typically, from 5 wt% or 10 wt% to 50 wt% of the oxygen-
ate feedstock is oxygen, and thus a significant amount of the product stream will be
water, carbon dioxide and carbon monoxide. In addition, an amount of light hydrocar-
bons (especially methane and propane) may also be present in the product stream, de-
pending on the nature of the feedstock and the side reactions occurring. Hydrotreat-
ment may also involve extraction of other hetero-atoms, notably nitrogen and sulfur but
possibly also halogens and silicon as well as saturation of double bonds. Especially the
hydrotreatment of oxygenates is very reactive and exothermal, and moderate or low
activity catalysts may be preferred to avoid excessive heat release and runaway reac-
tions resulting in coke formation deactivating the catalyst. The catalyst activity is com-
monly controlled by only using low amounts of active metals and especially limiting the

amount of promoting metals, such as nickel and cobalt.

Typically, hydrotreatment, such as deoxygenation and hydrogenation, involves direct-
ing the feedstock stream comprising oxygenates to contact a catalytically active mate-
rial comprising sulfided molybdenum, or possibly tungsten, and/or nickel or cobalt, sup-
ported on a carrier comprising one or more refractory oxides, typically alumina, but
possibly silica or titania. The support is typically amorphous. The catalytically active
material may comprise further components, such as boron or phosphorous. The condi-
tions are typically a temperature in the interval 250-400°C, a pressure in the interval 3-
15 MPa, and a liquid hourly space velocity (LHSV) in the interval 0.1-2. The deoxygen-
ation will involve a combination of hydrodeoxygenation producing water and if the oxy-
genates comprise carboxylic groups such as acids or esters, decarboxylation produc-
ing CO-. The deoxygenation of carboxylic groups may proceed by hydrodeoxygenation

or decarboxylation with a selectivity which, depending on conditions and the nature of
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the catalytically active material may vary from above 90% hydrodeoxygenation to
above 90% decarboxylation. Deoxygenation by both routes is exothermal, and with the
presence of a high amount of oxygen, the process may involve intermediate cooling
e.g. by quenching with cold hydrogen, feed or product. The feedstock may preferably
contain an amount of sulfur to maintain sulfidation of the metals, in order to maintain
their activity. If the feedstock stream comprising oxygenates comprises less than 10,
100 or 500 ppm,, sulfur, a sulfide donor, such as dimethyldisulfide (DMDS) has typically
been added to the feed.

If the unstabilized feedstock is highly reactive, a pre-treatment at moderate conditions
may be relevant, to stabilize the feedstock. This may involve an inlet temperature as

low as 80°C, 120°C or 200°C, a pressure in the interval 3-15 MPa, and a liquid hourly
space velocity (LHSV) in the interval 0.1-2 and a deliberate choice of less active cata-
lytically active material, such as unpromoted molybdenum. Due to the reactive compo-
nents and the exothermal nature thermal control may be relevant in this pre-treatment

step.

Under the conditions in the HDO reactor, the equilibrium of the water gas shift process
causes a conversion of CO, and H; to CO and H;O. In the presence of the base metal
catalyst an amount of methanation may take place, converting CO and H, to CH4 and
H-0.

Especially when treating fatty acids, triglycerides and Fischer-Tropsch products, the
deoxygenation process may provide a product rich in linear alkanes, having poor cold
flow properties, and therefore the deoxygenation process may be combined with a hy-
droisomerization process, with the aim of improving the cold flow properties of prod-
ucts, and/or a hydrocracking process, with the aim of adjusting the boiling point of prod-

ucts.

Typically, rearrangement of molecular structure by hydroisomerization involves direct-
ing an intermediate deoxygenated product stream feedstock to contact a material cata-
lytically active in hydroisomerization comprising an active metal (either elemental noble
metals such as platinum and/or palladium or sulfided base metals such as nickel, co-

balt, tungsten and/or molybdenum ), an acidic support (typically a molecular sieve
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showing high shape selectivity, and having a topology such as MOR, FER, MRE,
MWW, AEL, TON and MTT) and a refractory support (such as alumina, silica or titania,
or combinations thereof). The catalytically active material may comprise further compo-
nents, such as boron or phosphorous. The conditions are typically a temperature in the
interval 250-350°C, a pressure in the interval 2-10 MPa, and a liquid hourly space ve-
locity (LHSV) in the interval 0.5-8. Isomerization is substantially thermally neutral and
hydrogen is typically not consumed in the isomerization reaction, although a minor
amount of hydrocracking side reactions consuming hydrogen may occur. The active
metal on the material catalytically active in isomerization may either be a sulfided base
metal or a reduced noble metal. Noble metals are active at lower temperatures and the
operation at lower temperature also means a lower extent of hydrocracking and related
yield loss. If it is a noble metal, the deoxygenated feedstock is typically purified by
gas/liquid separation section often involving a stripping process, which typically will use
hydrogen as stripping medium, but other stripping media such as steam may also be
used, to reduce the content of sulfur to below 1-10 ppmw. If the active metal is a base
metal, the feed to hydroisomerization may preferably contain an amount of sulfur to

maintain sulfidation of the metals, in order to maintain their activity.

Hydrocracking will adjust the cold flow properties as well as the boiling point character-
istics of a hydrocarbon mixture, by cracking large molecules into smaller. Typically, hy-
drocracking involves directing an intermediate feedstock to contact a material catalyti-
cally active in hydrocracking comprising an active metal (either elemental noble metals
such as platinum and/or palladium or sulfided base metals such as nickel, cobalt, tung-
sten and/or molybdenum ), an acidic support (typically a molecular sieve showing high
cracking activity, and having a topology such as MFI, BEA and FAU) and a refractory
support (such as alumina, silica or titania, or combinations thereof). The catalytically
active material may comprise further components, such as boron or phosphorous.
While this overall composition is similar to the material catalytically active isomerization
the difference is typically the nature of the acidic support, which may be of a different
structure (even amorphous silica-alumina) or have a different — typically higher - acidity
e.g. due to silica:alumina ratio. The conditions are typically a temperature in the interval
250-400°C, which typically is a higher temperature than corresponding isomerization

temperature, a pressure in the interval 3-15 MPa, and a liquid hourly space velocity
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(LHSV) in the interval 0.5-8, optionally together with intermediate cooling by quenching

with cold hydrogen, feed or product.

The composition of pyrolysis oils is defined by the raw material as well as the pyrolysis
process. For many pyrolysis processes this means that the pyrolysis oil contains only a
moderate amount of high boiling material, and therefore the required hydrocracking
conditions may be moderate, and involve little or no recycle. However, some thermal
decomposition processes may provide pyrolysis oil with a significant amount of product
boiling above 350°C, and thus may require product recycle to obtain sufficient hy-

drocracking.

A hydroprocessed stream comprising hydrocarbons, excess hydrogen and inorganic
molecules comprising heteroatoms must be separated in hydrocarbons and molecules
— typically gases - comprising heteroatoms. To do this, the hydroprocessed stream is
directed to a separation section, which for process scenarios relating to the treatment
of pyrolysis oil, fatty acids and triglycerides typically either will be between a base metal
based hydrotreatment reactor and a noble metal based hydroisomerization reactor, or if
the material catalytically active in hydroisomerization comprises base metals, down-
stream the hydroisomerization reactor. The process may also comprise one or more
other conversion steps, such as hydrocracking or hydrodearomatization, and depend-
ing on the sequence of these steps and the catalytically active metals used, the skilled
person will be aware of the possible positions for introducing a separation section with

the purpose of withdrawing a recycle gas stream.

With the present disclosure, we propose an alternative layout, in which an initial stabili-
zation reactor for hydrogenation is provided and recycle is provided around this stabili-
zation reactor. Such an initial reactor may operate at reduced temperature, such that
only the most reactive species will react in this reactor, but nevertheless a significant
fraction of the thermal release in the process may take place in this reactor. The stabi-
lized composition released from the stabilization reactor, may then be split in a fraction
for recycle and a fraction for further hydrotreatment. The recycle may either be driven
by a pump or an ejector. An ejector has the benefit of being able to drive a two-phase
stream, comprising gas and liquid, and furthermore containing no moving parts and by

being driven by the pressure of the feedstock.



10

15

20

25

30

WO 2023/078983 PCT/EP2022/080653

14

For a hydrocarbonaceous feedstock rich in oxygenates, such as Fischer-Tropsch prod-
ucts and hydrocarbonaceous feedstock of biological origin — especially vegetable and
animal fats, the hydroprocessed stream will mainly contain long linear hydrocarbons,
whereas the hydroprocessed stream from pyrolysis oil product streams may contain ar-
omatic hydrocarbons. In addition, the stream may comprise methane, propane, water
and to some extent carbon oxides, and in addition nitrogen in the hydrocarbonaceous
feedstock will result in ammonia in the hydroprocessed stream. Added sulfur as well as
any sulfur in the hydrocarbonaceous feedstock will be present as hydrogen sulfide in
the hydroprocessed stream, and finally an excess amount of hydrogen will pass unre-

acted to the hydroprocessed stream.

As the development of heat and the consumption of hydrogen is high in processes
treating feedstocks rich in oxygenates, the gas to oil ratio in the hydroprocessing reac-
tors is also very high compared to other hydroprocessing processes, such as from
1000 to 7000 Nm®m?. This hydrogen gas may be used to control process tempera-
tures, by stepwise injections of cooled gas. The process temperature may further be
regulated by recycling an amount of feedstock diluent moderately cooled to a tempera-
ture suitable for preheating the feedstock to the desired temperature without use of a
heat exchanger which risk being fouled by feedstock. This recycle would at the same
time provide energy for preheating the feedstock, reduce polymerization reaction rates
by dilution and also provide a heat sink, such that the heat released by the exothermal
hydrogenation and hydrodeoxygenation will be distributed over a larger volume. The
recycle will thus require larger process equipment. Recycling has according to the prior
art been driven by a pump, which necessitates that the recycle stream is a single-

phase stream, to avoid cavitation of a gas phase.

Pyrolysis oil product streams may contain aromatic hydrocarbons, long linear hydrocar-
bons, gaseous hydrocarbons, water and to some extent carbon oxides, and in addition
nitrogen in the hydrocarbonaceous feedstock will result in ammonia in the hydropro-
cessed stream. Added sulfur as well as any sulfur in the pyrolysis oil will be present as
hydrogen sulfide in the hydroprocessed stream, and finally an excess amount of hydro-
gen will pass unreacted to the hydroprocessed stream. Intermediate separation steps

may be required for optimal handling of this diverse mixture.
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In addition, the necessity to combine 3 or 4 catalytically active materials for optimal
conversion of pyrolysis oil into hydrocarbons naturally complicates the process layout,
and the sequence of the materials must be considered carefully, especially concerning

the presence of sulfur required for base metals and shunned for noble metals.

In the process layouts, recycle may be used for different purposes; gas recycle for effi-
cient use of hydrogen, liquid recycle around the material catalytically active in hy-
drocracking to maximize the yield of the desired fraction and liquid recycle around the
material catalytically active in hydrodeoxygenation to limit the temperature increase
due to exothermal deoxygenation reactions as well as to limit the reaction rate of
polymerization reactions for reactive oxygenates and other reactive compounds in the
pyrolysis oil. The choice of recycle configuration will be related to different benefits, in-
cluding process simplicity by minimizing the number of recycle loops, minimizing reac-
tor volume and cost by choosing configurations with low recycle volumes, maximizing
process reactivity control by high recycle volume and/or extensive cooling, and mini-
mizing polymerization by high recycle volume. A further consideration with respect to

recycling is the miscibility of the different compositions throughout the process.

As isomerization and hydrodearomatization may be carried out using a catalytically ac-
tive material comprising noble metals, “sour gases”, including hydrogen sulfide, carbon

dioxide and ammonia, are removed prior to these reactions.

Figures
Figure 1 shows an example of the present disclosure, with recycle around an initial sta-

bilization reactor.

Figure 2 shows a simplified diagram of the process of Figure 1, focusing on liquid

flows.

Figure 3 shows a diagram of a process according to the prior art in a level of detail sim-

ilar to Figure 2.
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Figure 1 shows a process layout where an amount of pressurized reactive liquid feed-
stock (102) is directed as feedstock for hydrogenation (106), directed as motive stream
to an ejector (EJ) receiving a diluent (108) as driven stream. The ejector discharge
stream is combined with an amount of hydrogen rich stream (110) and directed as sta-
bilization inlet stream (112) to a stabilization reactor (HYD) containing an amount of
material catalytically active in hydrogenation of reactive species, under moderate con-
ditions, such as an inlet temperature of less than 200°C and a pressure from 3 to 20
MPa depending on the nature of the reactive liquid feed. The lower part of the stabiliza-
tion reactor is here configured for withdrawal of an amount of liquid stabilized composi-
tion as diluent (108), but the recycled stabilized composition may also be separated
outside the stabilization reactor (HYD). An amount of two phase stabilized composition
(116) is withdrawn by overflow, optionally heated and directed to further hydrotreatment
in a hydrodeoxygenation reactor (HDO). The amount of overflow, may be controlled by
flow control, i.e. regulation of a valve to provide a specified mass flow or volume flow of
the diluent. The further hydrotreated reactive composition (120) is optionally heated
and directed for hydroprocessing, here in a hydroisomerization reactor (ISOM), to pro-
vide a hydroprocessed hydrocarbon product (124), which may be cooled, here by heat
exchange with inlet streams (116 and 120) to the upstream reactors (HYD and HDO).
The cooled hydroprocessed hydrocarbon product (128) is combined with washing wa-
ter, here a recycled amount of aqueous phase (130) to provide a mixed stream (132),
from which water soluble impurities may be transferred to the aqueous phase, which is
cooled and combined with an amount of recycled condensate (136). The combined
stream (138) is directed to a high pressure low temperature 3 way separator (HPLT),
from which the recycled amount of aqueous phase (130) and an aqueous phase (140)
are withdrawn and split into sour water for further separation (142). The gas phase
(1486) is directed to be split in a purge stream (148) and a stream combined with pres-
surized make up gas (150) and directed after pressurization in a hydrogen compressor
(COMP) as hydrogen rich stream (110). The hydrocarbon phase (160) is directed to a
low pressure low temperature separator (LPLT) from which a sour gas stream (162), a
condensate (164) and sour water for purge (165) are withdrawn. The condensate (164)
is split in recycled condensate (136) and product (166) which is heated and directed to
a product stripper (PS), driven by hydrogen or another stripping medium (168), and
providing stripped product (174). The product stripper overhead (176) is combined with

naphtha stripper overhead (178), cooled and separated in an overhead separator
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(OSEP), to provide an overhead gas stream (180) and an overhead condensate stream
(182). The overhead condensate stream (182) is split in a product stripper reflux
stream (184) directed to the product stripper (PS) and a wild naphtha stream (186),
which is directed to a naphtha stripper (NS). The sour gas stream (162) from the low
pressure low temperature separator and the overhead gas stream (180) are combined
and directed to an amine wash (AW) or a sulfur adsorption bed releasing a sweet off-
gas (188). The naphtha stripper (NS) operates by reflux, where a heated bottom
stream is directed as stripping medium (190). A cooled naphtha product stream (192) is
withdrawn as naphtha product. In addition to the elements listed explicitly above, heat
exchangers (HX), air coolers (AC), pumps (P) and hydrogen compressors (COMP) are

also depicted in the figure.

Figure 2 shows a simplified process layout similar to Figure 1, focusing on streams
comprising hydrocarbons. Here an amount of pressurized reactive liquid feedstock
(202) is directed as feedstock for hydrogenation (206), directed as motive stream to an
ejector (EJ) receiving a diluent (208) as driven stream. The ejector discharge stream is
directed as stabilization inlet stream (212) to a stabilization reactor (HYD) containing an
amount of material catalytically active in hydrogenation of reactive species, under mod-
erate conditions, such as an inlet temperature of less than 250°C and a pressure from
3 to 20 MPa depending on the nature of the reactive liquid feed. The lower part of the
stabilization reactor is here configured for withdrawal of an amount of liquid stabilized
composition as diluent (208) and an amount of liquid stabilized composition to be di-
rected as downstream diluent (214), but the recycled stabilized composition may also
be separated outside the stabilization reaction (HYD). An amount of two phase stabi-
lized composition (216) is withdrawn by overflow, heated and directed — optionally in
combination with an amount of bypassed feedstock (204) — to further hydrotreatment in
a hydrodeoxygenation reactor (HDO). The amount of overflow, may be controlled by
flow control. The further hydrotreated reactive composition (220) is optionally heated
and directed for hydroprocessing, here in an hydroisomerization reactor (ISOM), to pro-
vide a hydroprocessed hydrocarbon product (224), which may be cooled, here by heat
exchange with inlet streams (216 and 220) to the upstream reactors (HDO and ISOM).
The cooled hydroprocessed hydrocarbon product (228) is cooled and directed to a sep-
aration section (SEP), from which at least a gas phase (246), a product (266) and a

purged water stream (265) are withdrawn.
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Figure 3 shows a simplified process layout according to the prior art, focusing on
streams comprising hydrocarbons similar to Figure 2. Here an amount of reactive liquid
feedstock (302) is combined with a recycled product stream (364) and directed as feed
hydrotreatment feed stream (318) to hydrotreatment in a hydrodeoxygenation reactor
(HDO). The hydrotreated reactive composition (320) is optionally heated to a heated
and directed for hydroprocessing, here in a hydroisomerization reactor (ISOM), to pro-
vide a hydroprocessed hydrocarbon product (324), which may be cooled, here by heat
exchange with inlet streams (316 and 320) to the upstream reactors (HDO and ISOM).
The cooled hydroprocessed hydrocarbon product (328) is cooled and directed to a sep-
aration section (SEP), from which at least a gas phase stream (346), a product stream
(366) and a purged water stream (365) are withdrawn. An amount of the product

stream is pumped as the recycled product stream (364)

Especially the first fractionator in all figures may beneficially be replaced by a stripper,
which, especially if operating at elevated temperature and pressure, will reduced oper-
ational cost, as no or minimal re-heating and re-pressurization downstream the stripper

would be required.

Examples

The effect of the revised process scheme is illustrated by two examples.

Example 1, according to the invention, involves a process according to Figure 2, where
a reactive pyrolysis oil feedstock is hydrogenated in a stabilization reactor, with recycle
of the stabilized composition, by means of an ejector, followed by further hydrodeoxy-

genation.

In Table 1, flows and temperatures are presented for Example 1 (Figure 2). The ratio
between recycle and fresh feed is 2:1, It is seen that stream 212, and thus the stabiliza-
tion reactor (HYD) must have a size corresponding to this combined flow, i.e. 3 times
the size required without addition of recycle. The temperature out of the stabilization re-
actor is 260°C, but the remaining reactivity in the stabilized feedstock is sufficiently low,
such that temperature control may be handled without a requirement for further recycle,
in order to maintain hydrodeoxygenation temperature at a level where reaction runa-

way and catalyst coking are avoided. In the final reactor isomerization is carried out
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with a moderate exotherm of 22°C. The recycle is driven by a moderate loss of pres-
sure of the feedstock over the injector from 8 MPa to 7 MPa, and the flow to the last

two reactors is low.

Example 2, according to the prior art, involves a process according to Figure 3, where
the reactive feedstock is hydrogenated in the hydrodeoxygenation reactor, with product
recycle, by means of a pump. in order to maintain hydrodeoxygenation temperature at

a level where reaction runaway and catalyst coking are avoided.

In Table 2, flows and temperatures are presented for Example 2. The ratio between
product recycle and feed to the hydrodeoxygenation reactor is 2:1. In the final reactor
isomerization is carried out with a moderate exotherm of 22°C. In this example the
feedstock pressure needs only to be 7 MPa. This layout avoids the stabilization reactor
(HYD), but due to recycle the hydrodeoxygenation reactor and the isomerization reac-

tors and other equipment significantly increased in size compared to example 1.

All'in all, the process according to Figure 3 requires one reactor less, but the total reac-
tor volume, and thus the capital expenditure is higher. Furthermore, the energy require-
ment for the recycle oil pump will be higher than the energy requirement for pressurizer
the feedstock to the ejector in the first example. The reduced volume of the last two re-
actors also result in savings for internals and guard bed volumes in these reactors, as
well as smaller size of heat exchangers and other supporting equipment. The examples
show that the temperature control is sufficient for the chemistry of the two examples to
be similar.
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Table 1
Stream Mass flow [kg/h] Temperature [°C]
202 8,750 136
208 17,500 260
212 26,900 200
214 6,100 260
222 15,700 365
224 15,700 375
Table 2
Stream Mass flow [kg/h] Temperature [°C]
302 8,750 136
364 17,500 60
318 33,100 300
322 33,100 365
324 33,100 385
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Claims:

1)

A process for conversion of a reactive liquid feedstock stream containing at least 40
wt% carbon into a stabilized composition, comprising the steps of

a. directing a diluent stream and the reactive liquid feedstock stream as a com-
bined stream having a first hydrogen consumption potential, to contact a
material catalytically active in hydrotreatment which during operation has a
lowest temperature of at least 80°C and a highest temperature of less than
250°C in the presence of dihydrogen,

b. withdrawing a stabilized composition stream having a second combined hy-
drogen consumption potential which is less than 80% and more than 10% of
the first hydrogen consumption potential,

¢. providing an amount of the liquid phase of said stabilized composition
stream as said diluent stream

wherein the hydrogen consumption potential for a composition shall be under-

stood as the amount of hydrogen required for conversion of the composition

into a saturated hydrocarbon.

A process according to claim 1, in which the reactive liquid feedstock stream con-
tains at least 5 wt% O, at least 10 wt% O or at least 25 wt% O.

A process according to claim 1, or 2, in which the reactive liquid feedstock stream
has a carbonyl content of at least 0.5 mol/kg, at least 1.0 mol/kg or at least 2.5

mol/kg.

A process according to claim 1, 2 or 3, in which step a is preceded by formation of

the reactive liquid feedstock stream in a thermal decomposition process.

A process according to claim 1, 2, 3 or 4, in which a combined liquid and gas phase
stream is withdrawn from the stabilized composition stream by overflow and said

diluent stream is withdrawn by flow control.

A process according to claim 1, 2, 3, 4 or 5, in which the diluent stream is directed
as driven fluid to an ejector pump which receives a pressurized reactive liquid feed-

stock stream as motive fluid.
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7) A process according to claim 1, 2, 3, 4, 5 or 6, in which the total weight ratio be-
tween diluent stream and reactive liquid feedstock stream is at least 1:1, such as
2:10r3:10r4:1.

8) A process according to claim 1, 2, 3, 4, 5, 6 or 7, in which the combined diluent
stream and reactive liquid feedstock stream is directed to contact the material cata-
lytically active in hydrotreatment which during operation has a lowest temperature,
temperature sufficient for initiating exothermal hydrogenation, such as at least
80°C, at least 150°C or at least 200°C and a sufficiently low temperature to avoid
thermal runaway hydrocracking such as less than 280°C, less than 200°C or less

than 180°C, prior to being combined with the reactive liquid feedstock stream.

9) A process according to claim 1, 2, 3, 4, 5, 6, 7 or 8, in which the diluent stream is

cooled prior to being combined with the reactive liquid feedstock stream.

10) A process according to claim 1, 2, 3,4, 5,6, 7, 8 or 9, in which a stream comprising
an amount of the liquid phase of said stabilized composition is directed to contact a
further material catalytically active in hydrotreatment to provide a further hy-
drotreated composition optionally after combination with a further diluent stream
having a hydrogen consumption potential below that of the stabilized composition

stream.

11) A process according to claim 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, in which the further hy-
drotreated composition stream is directed to contact a material catalytically active in
hydroprocessing, such as hydrocracking or isomerization, optionally after with-
drawal of a gas phase stream and combination with an amount of dihydrogen to

provide a hydroprocessed hydrocarbon product stream.

12) A process plant configured for receiving a reactive liquid feedstock, configured for
receiving an amount of dihydrogen and configured for providing a stabilized compo-

sition according to any of the previous claims.,



