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Keksintd liittyy menetelmaan mantyoljyn deoksygenoimiseksi sekd menetelmiin alifaattisten hiilivetyjen ja polymeroituvien monomeerien
valmistamiseksi mantyoljysta. Rikkipitoista raakamantydljya (5) syotetdan yhdessa vetykaasun (6) kanssa reaktoriin (1), joka sisaltaa
katalyyttikerroksen (2, 3). Oljy tulee katalyyttisesti deoksygenoiduksi vedylld kerroksessa kayttamalla sulfidoitua metallikatalyyttia, esim.
NiMoSkatalyyttia. Reaktorista poistuva virtaus jddhdytetdan ja hiilivetypitoinen nestefaasi (10) erotetaan kaasufaasista (18), jonka
jélkeen nestefaasille suoritetaan tislaus (14) hyddyttémien aromaattisten hiilivetyjen poistamiseksi ja sitten hoyrykrakkaus (4) olefiineja,
kuten eteenid tai propeenia sisaltdvan tuotteen muodostamiseksi. Saatamalla deoksygenointildampdtila siten, ettéd se on vahintdan 270
°C, mutta vihemman kuin 360 °C, saadaan saantoon runsaasti lineaarisia ja syklisid alifaatteja, jotka hyddyllisesti muuttuvat olefiineiksi
hoyrykrakkauksessa samalla kun naftaleenien muodostuminen vihenee.



The invention relates to a method of deoxygenation of tall oil as well as methods for the production of aliphatic hydrocarbons and
polymerizable monomers from tall oil. Sulphurous crude tall oil (5) together with hydrogen gas (6) is fed into a reactor (1) comprising a
catalyst bed (2, 3). The oil is catalytically deoxygenated by hydrogen in the bed by use of a sulfided metal catalyst, e.g. a NiMoS
catalyst. The flow exiting the reactor is cooled down and a hydrocarbon-bearing liquid phase (10) is separated from a gas phase (18),
followed by subjecting the liquid phase to distillation (14) for removal of useless aromatic hydrocarbons and then to steam cracking (4) to
form a product containing olefins such as ethylene or propylene. By regulation of the deoxygenation temperature to be at least 270°C
but less than 360°C the yield is rich in linear and cyc lic aliphates that usefully turn to olefins in the steam cracking, while formation of
napthalenes is reduced.
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Methods of deoxygenation of tall oil and production of polymerizable
monomers therefrom

The present invention concerns a method of deoxygenation of tall oil and
methods for the production of aliphatic hydrocarbons and polymerizable mon-
omers, such as ethylene and propylene, from tall oil.

Polymers have conventionally been produced from crude oil of fossil origin. In
recent times biopolymers made from renewable raw materials have increasing-
ly been studied as an alternative. One such raw material is tall oil obtained as
a byproduct from cellulosic pulp cooking process.

Tall oil contains fatty acids and resin acids, which can be subjected to catalytic
hydrodeoxygenation (HDO) and cracking, yielding a hydrocarbon-bearing lig-
uid product as well as gas and water. The liquid hydrocarbons have been
turned to biofuels, but there is even literature on turning them to monomeric
compounds, which can serve as starting materials for the production of poly-
mers.

WO 2011/151528 describes catalytic hydrodeoxygenation of various tall oil
materials, such as crude tall oil (CDQO), distilled tall oil (DTQO) or tall oil fatty ac-
ids (TOFA), followed by separation of suitable aromatic hydrocarbons such as
p-xylene or o-xylene from the liquid product and oxidizing them to terephtalic
acid useful for the production of polyethylene terephtalate of biclogic origin
(bio-PET).

WO 2010/086507 teaches a process for the production of polymerizable eth-
ylene and propylene from a distilled mixture of at least 75 % of tall oil fatty ac-
ids and no more than 25 % of tall oil resin acids, which is subjected to catalytic
deoxygenation with hydrogen, followed by subjecting the yield of liquid hydro-
carbons to steam cracking, which yields said monomers.

In order to produce bio-based olefinic monomers such as ethylene or propyl-
ene by a simpler process and with increased yield it would be desirable to use
crude tall oil as the starting material, instead of acids purified by distillation.
The reason for purifying the acids has been the tendency of the impurities to
poison the catalyst. Even the resin acids present in crude tall oil have been re-
garded as less desirable, producing aromatic hydrocarbons that could not be
turned to polymerizable olefins by hydrocracking.
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The problem to be solved by the invention is to achieve an improved process
allowing use of crude tall oil as starting material for catalytic hydrodeoxygena-
tion as well as subsequent steam cracking for obtaining polymerizable olefins,
without the need of distilling or otherwise purifying the tall oil, without deteriora-
tion of the catalyst, and with improved yield of aliphatic and non-aromatic cyclic
hydrocarbons from the deoxygenating step as well as improved yield of olefinic
monomers from the steam cracking step.

As a first aspect of the invention, the above problem is solved by a method of
deoxygenation of crude tall oil comprising the steps of:

(i) feeding sulphurous crude tall oil and hydrogen gas into a catalyst bed, and
(i) catalytically deoxygenating the oil in the bed with hydrogen in a tempera-
ture of at least 270°C but below 360°C, by use of a sulfided metal catalyst.

According to a second aspect of the invention there is provided a method for
the production of aliphatic hydrocarbons from tall oil, comprising the steps of:

(i) feeding sulphurous crude tall oil and hydrogen gas into a catalyst bed;

(i) catalytically deoxygenating the oil by hydrogen in the bed in a tempera
ture of at least 270°C but below 360°C, by use of a sulfided metal cata
lyst;

(iii) recovering a hydrocarbon-bearing liquid from the yield of the deoxy
genation; and

(iv) separating a fraction enriched with respect to aliphatic hydrocarbons by
distillation.

According to a third aspect of the invention there is provided a method for the
production of polymerizable olefinic monomers from tall oil, comprising the
steps of:

(i) feeding sulphurous crude tall oil and hydrogen gas into a catalyst bed;

(i) catalytically deoxygenating the oil by hydrogen in the bed in a tempera-
ture of at least 270°C but below 360°C, by use of a sulfided metal cata-
lyst;

(iii) cooling the flow which has exited the bed, and separating a hydrocarbon-
bearing liquid phase from a gas phase; and

(iv) subjecting the hydrocarbon-bearing liquid to steam cracking to form a
product containing polymerizable olefins.
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An advantage gained by the invention is a reduced share of polyaromatic hy-
drocarbons in the yield of the deoxygenation stage. Working in temperatures
below 360°C has been found to be essential for achieving the improvement.
Polyaromatics cannot be turned to polymerizable monomers by steam cracking
and are therefore wasted in view of the production of biopolymers, which are
the principal goal of the invention.

The sulphur in the catalyst is essential for effective hydrodeoxygenation of fatty
and resin acids, but as it has tended to escape in the process the catalyst has
lost its effect as a result. However, by use of sulphurous crude tall oil according
to the invention there is sulphur available to supplant any lost sulphur and thus
maintain the presence of sulfided catalyst in the process.

The sulphurous crude tall oil forming the starting material for the processes of
the invention may have a content of 30 to 70 weight-% of fatty acids and a
content of 20 to 50 weight-% of resin acids. The content of sulphur in the sul-
phurous crude tall oil, stemming from the use of sulfuric acid to liberate the fat-
ty and resin acids from black liquor tall oil soap, may be in the range of 0.05 to
0.5 weight-%.

The deoxygenation catalyst may be a sulfided NiMo or CoMo catalyst, prefera-
bly a catalyst comprising NiMoS. Such sulfided catalyst may be obtained by
sulfiding the corresponding metal catalyst (NiMo, CoMo) by use of H.S and H,.

According to a preferred embodiment of the invention the deoxygenation tem-
perature is in the range of 280 to 350°C, preferably 280 to 320°C.

According to another embodiment of the invention the hydrogen pressure at
the deoxygenation step is 30 to 100 bar.

According to a further embodiment of the invention the catalyst bed is a fixed
bed formed by fixed bed material. The flows in the catalyst bed preferably run
from top to bottom.

The gas phase that is separated from the hydrocarbon-bearing liquid phase af-
ter the deoxygenation stage may advantageously be treated with diethyl amine
to separate the gaseous C,—Cy4-hydrocarbons contained therein. These hydro-
carbons may usefully be passed to steam cracking, while the residue, rich in
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hydrogen gas, is circulated back to be used as hydrogen-bearing feed gas for
the deoxygenation stage.

Beside the organic hydrocarbon-bearing liquid phase water is formed at the
deoxygenation step, and preferably this aqueous phase is separated from the
hydrocarbon-bearing liquid before feeding the latter into steam cracking.

Beside aliphatic and cyclic hydrocarbons the hydrocarbon-bearing liquid ob-
tained from the deoxygeantion step contains hydrocarbons that are in the boil-
ing range of naphtha. Preferably any aromatic hydrocarbons are removed from
the hydrocarbon-bearing liquid phase before the steam cracking step.

The preferred products made by steam cracking the hydrocarbon-bearing lig-
uid are ethylene and propylene, useful for the production of polyethylene and
polypropylene, respectively.

At first, the invention is described with reference to the appended drawing (Fig.
1), which shows schematically an apparatus intended for the application of the
invention.

According to the drawing, the process generally comprises treatment of sul-
phurous crude tall oil 5 in a vertical reactor 1 having catalytic deoxygenating
and cracking zones 2, 3 in said order. The output from the reactor 1 is sepa-
rated into fractions, and the obtained linear and cyclic aliphates in particular
are further cracked in a steam cracking apparatus 4, as such known from the
field of petrochemistry and operated in a manner known to a skilled person.
The products of the steam cracking are olefins, such as ethylene or propylene,
which are useful as monomers for the production of biopolymers.

The feed 5 of the crude tall oil, containing 30—70 weight-% of fatty acids and
20-50 weight-% of resin acids, as well as about 5 weight-% of sterols and/or
stanols, 0.05-0.5 weight-% of sulphur etc. as minor components, is brought to
an upper end of the reactor 1. In addition, hydrogen is fed to the upper end of
the reactor 1 through a line 6. The reactor 1 is filled with quartz wool, which
works as bed material 7 and the superimposed, separate zones 2, 3 of which
comprise a NiMoS catalyst to deoxygenate the acids that were fed and a zeo-
lite catalyst to crack carbon chains. The flow direction of the liquid and gas
phases in the reactor 1 is from top to bottom. To adjust the reaction tempera-
tures, the reactor 1 is provided with an electric heater 8.
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The hot reaction products exiting through the lower end of the reactor 1 are
conducted to a cooler 9, and the liquefied product moves through a line 10 to a
separating tank 11, which separates the aqueous phase 12 from the oil phase
13. The oil phase 13 proceeds to a distillator 14, which separates saturated al-
iphatic as well as cyclic hydrocarbons as distillate 15 from a residue 16 of aro-
matic hydrocarbons and esters, which is discarded from the process. The resi-
due 16 would not produce useful monomers in steam cracking, and removing
the aromatics by distillation prevents them from fouling and eventually clogging
the steam cracker 4. The distillate 15 then proceeds to steam cracking 4,
wherein cracking into low-molecular olefins 17 as the desired end product
takes place through several intermediary stages. The olefins are used as start-
ing materials of the production of biopolymers, such as polyethylene or poly-
propylene.

The gases 18, which are not condensed in the cooler 9 and which contain hy-
drogen, oxides of carbon, possibly low-molecular hydrocarbons and other im-
purities, moves to a washer 19, treating the gas flow with diethyl amine. Pure
hydrogen 20 is circulated back to the upper end of the reactor 1 to constitute
part of the deoxygenating gas, a flow 21 of lower alkanes and water vapour
are conducted to the steam cracker 4, and the oxides of carbon and other
gaseous impurities 22 are removed from the process.

In a simpler implementation of the process according to the invention the zeo-
lite catalyst 3 in the reactor 1 and, along with that, the catalytic cracking may
be omitted. In that case, circulating 20 the hydrogen can also be omitted due
to the minor amount or lack of hydrogen exiting the reactor. In other respects,
the apparatus and the process flow are as illustrated in the drawing.

Example

A series of eleven tests (1-11) was carried out by use of a sample of crude tall
oil (CTO). Tests 1-5 were comparative and tests 6—11 accorded with the in-
vention.

The sulphurous CTO stemmed from sulphate cooking process. Water was not
added to the CTO before it was fed to deoxygenation. The reactor corre-
sponded to the one described in Fig. 1. Hydrogen was used as the deoxygen-
ating gas. The deoxygenation catalyst was NiMo presulfided with H,S and H;
at 320°C or a temperature gradually rising from 20 to 400°C. The deoxygena-
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tion temperature in the tests was in the range of 300—406°C, and the gas pres-
sure was in the range of 50-56 bar. The liquid and gas products obtained from
the catalytic deoxygenation were analysed. The results are shown in Table 1.

The most important finding from the results is that the share of aromatic hydro-
carbons in the liquid product of deoxygenation is significantly reduced as the
deoxygenation temperature was dropped from around 400°C to 300-350°C.
The change was accompanied by a rise in the share of useful paraffinic (ali-
phatic) and naphtenic (cyclic) hydrocarbons. As the yield is turned to polymer-
izable olefins by steam cracking, the final yield of olefins will be increased ac-
cordingly.
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Claims

1. A method for the production of polymerizable monomers from tall oil, com-
prising the steps of:

- feeding sulphurous crude tall oil and hydrogen gas into a catalyst bed,;

- catalytically deoxygenating the oil by hydrogen in the bed in a temperature of
280 - 320°C, by use of a sulfided metal catalyst;

- cooling the flow which has exited the bed, and separating a hydrocarbon-bear-
ing liquid phase from a gas phase; and

- subjecting the hydrocarbon-bearing liquid to steam cracking to form a product
containing polymerizable olefins.

2.  The method of claim 1, characterized in that water is separated from the
hydrocarbon-bearing liquid phase before feeding the liquid into steam cracking.

3. The method of claim 1 or 2, characterized in that aromatic hydrocarbons
are removed from the hydrocarbon-bearing liquid phase before the steam crack-
ing step.

4.  The method of any one of the preceding claims, characterized in that eth-
ylene and/or propylene are produced by the steam cracking.

5. The method of any one of the preceding claims 3, characterized in that a
gas phase is separated from the hydrocarbon-bearing liquid phase and treated
with diethyl amine to separate C1-C4-hydrocarbons, which are passed to steam
cracking, while hydrogen gas is circulated back to be used as hydrogen-bearing
feed gas for the deoxygenation stage.

6. The method of any one of the preceding claims, characterized in that the
sulphurous crude tall oil has a content of 30 to 70 weight-% of fatty acids and a
content of 20 to 50 weight-% of resin acids.

7.  The method of any one of the preceding claims, characterized in that the
sulphurous crude tall oil contains 0.05 to 0.5 weight-% of sulphur.
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8. The method of any one of the preceding claims, characterized in that the
deoxygenation catalyst is a sulfided NiMo or CoMo catalyst, preferably a catalyst
comprising NiMoS.

9. The method of any one of the preceding claims, characterized in that the
hydrogen pressure at the deoxygenation step is 30 to 100 bar.

10. The method of any one of the preceding claims, characterized in that the
catalyst bed is a fixed bed formed by fixed bed material.

11. The method of any one of the preceding claims, characterized in that the
flows in the catalyst bed run from top to bottom.
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Patenttivaatimukset

1. Menetelma polymeroituvien monomeerien valmistamiseksi mantydljysta,

jossa menetelmassa on seuraavat vaiheet:

—  syo6tetdan rikkipitoista raakamantydljya ja vetykaasua katalyyttipetiin;

—  O6ljy deoksygenoidaan pedissa katalyyttisesti vedylla lampétilassa 280 - 320
°C:n kayttamalla sulfidoitua metallikatalyyttia;

— jdéhdytetdan pedistd poistunut virtaus ja erotetaan hiilivetypitoinen
nestefaasi kaasufaasista; ja

— suoritetaan hiilivetypitoiselle nesteelle hdyrykrakkaus polymeroituvia

olefiingja sisaltavan tuotteen muodostamiseksi.

2. Patenttivaatimuksen 1 mukainen menetelmd, tunnettu siita, ettd vesi
erotetaan hiilivetypitoisesta nestefaasista ennen nesteen syéttamista

hoyrykrakkaukseen.

3. Patenttivaatimuksen 1 tai 2 mukainen menetelma, tunnettu siitd, etta
aromaattiset hiilivedyt poistetaan hiilivetypitoisesta nestefaasista ennen

hoyrykrakkausvaihetta.

4. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, tunnettu

siita, etta etyleenid ja/tai propyleenia tuotetaan hdyrykrakkauksella.

5. Jonkin edelld olevista patenttivaatimuksista mukainen menetelmé, tunnettu
siitd, ettd kaasufaasi erotetaan hiilivetypitoisesta nestefaasista ja kasitelldan
dietyyliamiinilla C1-C4-hiilivetyjen erottamiseksi, jotka johdetaan
hoyrykrakkaukseen samalla kun vetykaasu kierratetdan takaisin kaytettavaksi

vetypitoisena sybtekaasuna deoksygenointivaihetta varten.

6. Jonkin edelld olevan patenttivaatimuksen mukainen menetelma, tunnettu
siita, etta rikkipitoisen raakaméantyéljyn rasvahappopitoisuus on 30-70 paino-% ja

sen hartsihappopitoisuus on 20-50 paino-%.
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7. Jonkin edelld olevan patenttivaatimuksen mukainen menetelma, tunnettu

siita, etta rikkipitoinen raakamantyoljy sisaltaa 0,05-0,5 paino-% rikkia.

8. Jonkin edelld olevan patenttivaatimuksen mukainen menetelma, tunnettu
siitd, ettd deoksygenointikatalyytti on sulfidoitu NiMo- tai CoMo-katalyytti,
edullisesti katalyytti, joka kasittda NiMoS:ia.

9. Jonkin edelld olevan patenttivaatimuksen mukainen menetelma, tunnettu

siita, etta vedyn paine deoksygenointivaiheessa on 30—100 baaria.

10. Jonkin edella olevan patenttivaatimuksen mukainen menetelm4, tunnettu

siitd, ettd katalyyttipeti on Kiintedsté petimateriaalista muodostettu kiinted peti.

11. Jonkin edella olevan patenttivaatimuksen mukainen menetelm4, tunnettu

siita, etta virtaukset katalyyttipedissa kulkevat ylhaalta alaspain.
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