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Without wishing to be bound by theory, it is generally accepted that the removal of the
carboxyl function from the fatty acid or ester may proceed by hydrodeoxygenation,
decarboxylation or decarbonylation as illustrated for fatty acids in reaction schemes | - IV.
35 RCO,H + 3H, —> RCH; +2H,0 (I)
RCO,H ——= RH +CO, (Il)
RCO,H —> RH +CO+H,0 ()
RCO;H +H, —= RH +CO+ H,0 (IV)
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35 acidity, with acidity increasing with increased alumina content. The number and strength of

acid sites in the active porous material may be optimised within the suggested range for the

particular active metal, feedstock and reaction conditions used in order to provide the desired

product composition. The provision of additional active porous material or the presence of

active metal on a different support may provide a means to gain sufficient active metal and
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15
Using any of the combinations of active metal and active porous material forming the catalyst
composition used in the process of the invention, it is possible to provide a subsequent
process step to isomerise or hydrogenate or deoxygenate such residual linear hydrocarbon,
unsaturation or carboxyl function as may be remaining in the product. This subsequent

20 process step may be required only to serve as a polishing reaction and so may be relatively
light duty compared with a process designed to convert the entire feedstock. Inan alternative
arrangement, the process may comprise the steps of first passing the fatty acid/ester feed
and hydrogen-containing gas over a first catalyst comprising a supported active metal such as
a NiMo hydrotreating catalyst to effect removal of the carboxyl function and then passing the

25  resulting product, containing some fatty acid/ester and hydrogen over a second catalyst bed
comprising an isomerisation catalyst containing active metal and an active porous material,
such as Pt-zeolite. In this way residual fatty acid carboxyi groups remaining after contact with
the first catalyst bed may be removed during the isomerisation step because the active metal
present in the second catalyst is effective to catalyse the removal of the remaining carboxyl

30 functions.

A quantity of another solid particulate material may be present in the catalyst composition or
in a bed containing the catalyst composition to aid dispersion, heat transfer or moderate
activity in a catalyst bed. Such particles may include metal oxide materials such as alumina,

35 silica etc.

It can be seen from the reaction mechanisms | — IV, that some reaction may be expected to
occur in the absence of feeding a hydrogen-containing gas to the reaction mixture. Itis,

however, preferred that some added hydrogen is present in order to facilitate the



0.3 wt.%Pliferrierite Exanple 4 10 5 wt.% PUrnordenite Exanple 5 (corn
carisort) 10 Pd/C Acid value initial 214 214 214 214 214 (nmg KOH g)
Acid value final 118 90 116

hydrogenation of C=C double bonds. Therefore the process preferably includes the step of
feeding a hydrogen-containing gas to the reaction mixture in contact with the catalyst
composition. The hydrogen-containing gas may comprise pure hydrogen or a mixture of
hydrogen with a diluent which is inert under the selected reaction conditions. Suitable inert
5  gases include nitrogen, helium or argon. Suitable hydrogen pressures that may be used are
in the range from about 0.1 to about 100 bar at reaction temperature. The amount of
hydrogen present in the reaction may influence the mechanism of removal of the carboxyl
functionality from the fatty acid or ester. Generally increasing the amount of hydrogen
available may be expected to increase the relative amount of hydrodeoxygenation compared
10  with decarboxylation/decarbonylation. Further, altering the amount of hydrogen present will
have an effect on the relative proportions of linear alkanes, branched alkanes, cyclic alkanes

and aromatics observed in the reaction products.

Although gas-phase reactions are possible using fatty acid feedstocks, it is preferred that the

15  reaction takes place by contact of the fatty feedstock in the liquid phase with the hydrogen-
containing gas over a solid catalyst. The catalyst is preferably provided in the form of solid
particles having a minimum dimension of at least 1 mm arranged as a fixed bed in a reactor
designed to allow contact and flow of the liquid-phase fatty feedstock and a gas phase, if
present, over the catalyst particles through the fixed bed, usually in the form of a “trickle bed”

20 arrangement. Alternatively the catalyst may be provided in a structured form, such as a
monolith coated with the catalyst composition and arranged such that the liquid and gas-
phase reactants contact each other as they flow through channels in the monolith. As a
further alternative, the reaction may take place in a slurry phase, the catalyst being provided
in the form of small particles or a powder which is dispersed as a slurry within the liquid phase

25  reactant whilst the hydrogen-containing gas is bubbled through the slurry or dispersed within
the liquid in a saturator. The reaction may take place in the presence of a solvent, and may
take place in conditions designed to maintain the solvent in a supercritical or near-

supercritical state.

30 The reaction temperature is preferably in the range from 200 °C to about 500 °C, more
preferably 250 — 400 °C, and we have found a temperature range of 270 — 350 °C to be
convenient. At higher temperatures, it is likely that some cracking to much shorter carbon
chains, e.g. C; — Cg, may occur and this is usually undesirable and uneconomical. Itis
sometimes desirable to influence the carbon chain length distribution of the product

35 depending on the required product composition and the nature of the feedstock used. By
selecting conditions and catalysts which are capable of inducing selective cracking in the
hydrocarbon chain, for example to form a product with some Cg — C1¢ hydrocarbon chains
from a C,4 feedstock, the resulting hydrocarbon product may have hydrocarbon chains

containing fewer carbon atoms than the starting feed. If such cracking is required then it may
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be preferred to operate the process at a relatively high temperature, e.g. greater than 300 °C,

depending on the activity and selectivity of the catalyst used. It is normally preferable to carry

out the reaction in the liquid phase. Appropriate reaction conditions should be selected and

maintained to ensure that the reaction proceeds in a desirable way.

The process of the invention will be further described in the following examples.

Example 1

25 g of palmitic acid, 285 g of dodecane and 15 g of a catalyst containing 0.3 wt.% of Pt on

ferrierite (silica/alumina = 20) were placed into an autoclave. The vessel was purged twice

with hydrogen, and the pressure was then set to 10 bar at room temperature. The autoclave

was sealed and heated to 298 °C at a rate of 10 °C/min and stirred at 600 rpm for a total

period of 12 hours. When cool, the reaction mixture was analysed by gas chromatography

(GC), and the acid value determined by titration with potassium hydroxide. The acid value of

the mixtures was determined using the procedure shown below. The composition of the liquid

product was derived from GC measurements, and is shown in Table 1. Conversion of fatty

acid was found to be 45 % with product hydrocarbons having both 15 and 16 carbon atoms.

48.5 % of the hydrocarbon product was branched.

Table 1
Example 1 Example 2 Example 3 Example 4 Example 5
(comparison)
H, pressure (bar) | 10 30 4 10 10
Catalyst 0.3wt.% 0.3wt.% 0.3wt.% 5 wt.% 5 wt.% Pd/C
Ptferrierite Pt/ferrierite Pt/ferrierite Pt/mordenite
Acid value initial 214 214 214 214 214
{(mg KOH/g)
Acid value final 118 90 116 11 99
(mg KOH/q)
Conversion (%) 45 58 46 95 54
Product C15 17.8 11.4 11.2 41.0 100
linear (%)
Product C15 6.8 49 4.1 2.0 0.0
branched (%)
Product C16 237 44.7 7.5 55.0 0.0
linear (%)
Product C16 41.7 38.2 3.9 2.0 0.0
branched (%)
Other product (%) | 10.0 0.8 73.1 0.0 0.0
Acid Value

100 cm® of neutralized 1:1 isopropanol : toluene mixture was added to a known mass (up to

approximately 5 g) of the fatty acid sample in an Erlenmyer flask. The mixture was gently

heated until the fatty acid was fully dissolved. 1 cm? of phenolphthalein was added to the




2,0 0.0 Product 016 linear (DM 23.7 44.7 7,5 55.0 0.0 Product 016
branched (%9 41.7 38.2 3.9 0.0 Oher product (% 10.0 73.1 0.0 0.0
20 Acid Val ue

solution and it was then titrated against KOH (0.1 M), using the continued presence of a pale
pink colour as an end point.

The acid value was then calculated using:

AV = Vion X Mkon X 56.1

5 m

where:

AV = acid value (in units of milligrams KOH per gram of sample),
Mkon = molarity of KOH solution,

Vkon = volume of KOH used in titration (cm®),

10 m = mass of sample (g).

Example 2
The process of Example 1 was repeated but using a hydrogen pressure of 30 bar. The

results are shown in Table 1.
15
Example 3
The process of Example 1 was repeated but using a hydrogen pressure of 4 bar. The results

are shown in Table 1.

20 Example 4
The process of Example 1 was repeated using 5 g of a catalyst containing 5 wt.% Pt on

mordenite and a hydrogen pressure of 10 bar. The results are shown in Table 1.

Example 5 (Comparison)

25  The process of Example 1 was repeated using 2.5 g of a catalyst containing 5 wt.% Pd on
carbon and a hydrogen pressure of 10 bar. The reaction was run for 4 hours. The results, in
Table 1, show that this catalyst produces hydrocarbons from the feed, but they are linear,

presumably due to the lack of sufficient acidic sites on the support.

30 Example 6
25 g of oleic acid, 285 g of tetradecane and 15g of a catalyst containing 0.3 wt.% of Pt on

ferrierite (silica/alumina = 20) were placed into an autoclave. The vessel was purged twice
with hydrogen, and the pressure was then set to 20 bar at room temperature. The autoclave
was sealed and heated to 275 °C with stirring at 600 rpm, and held at that temperature for 2
35 hours 50 minutes. The temperature was then raised to 350 °C and held at that temperature
for a further 50 minutes. When cool, the reaction mixture was analysed by gas
chromatography and the acid value determined by titration with potassium hydroxide.
Conversion of fatty acid was found to be 100 % with products having a range of number of
carbon atoms. Table 2 shows the product distribution of the Cg-C45 mixture of products. A
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Example 7- 12

25 g of oleic acid, 285 g of dodecane and the catalyst (shown in Table 3) were charged into

an autoclave. The vessel was purged twice with hydrogen, and the pressure was then set to

the value shown in Table 3 at room temperature. The autoclave was sealed and heated to a

reaction temperature of 350 °C which was maintained for a period of 2 hours, with stirring at

600 rpm. Following the reaction, the autoclave was allowed to cool and vented. The acid

value of the product mixture was determined and further analysis by gas chromatography and

proton NMR was done to determine conversions and product distributions. The chain length

distribution for products in the Cg-C4g range is shown in Table 3. These values were

determined by GC measurements. Conversions and the proportion of aromatics, branched

alkanes and linear alkanes in the product mixture is also shown in Table 3. These values

were determined by GC, acid value and proton NMR measurements.

The procedure of Example 7 was followed but using a catalyst comprising 0.3 wt.% Pt on beta

zeolite (silica/alumina = 38) and a temperature of 270 °C. The results are shown in Table 3.

The “branched alkanes” value of 23 % for this example represents the total proportion of non-

linear hydrocarbons, i.e. aromatics + branched alkanes.

The procedure of Example 7 was followed, using as reactant 25 g of rapeseed triglyceride or

25g of rapeseed fatty acid. The proportion of triglyceride, free fatty acid and hydrocarbon

resulting from reaction of the rapeseed fatty acid feed is shown in Table 4.These results

10
15
20 Example 13
25
Example 14 & 15
30

indicate that the Pt/ferrierite catalyst is more effective at converting the fatty acid to



chromat ogr aphy and the acid value determined by titration with potassium
hydr oxi de. Conversion of fatty acid was found to be 100 % w th products
havi ng a range of nunber of carbon atons. Table 2 shows the product
distribution of the Ca-Cle m xture of products. A 10 m xture of |inear,
branched and cyclic hydrocarbons were Eresent in the product m xture, wti
the conbined total of cyclic and branched hydrocarbons formng 30 % of the
tot ai product m xture. By mass, 61% of the maxi mumtheoretical conversion

to this pﬁw&%oﬂé bk thlauwduaendéa@edohhab&%m.o%athb@ng@c&mmdeo ffeddtty 25 g of
ol eic acid, 2I of dodecanﬁl Qr d the catal yst (shown in Table 3) were
char ged i AEHAISHPAEAEY SRR Meplud9¢s el was purged twice with hydrogen, and
the pressure was then set to 10t he vEdbiee3 shown in Table 3 at room

tenperature. The autochave was seated andgt R lainiter @ reaction|tenperature
of 350 GC which was maintained for a period of 2 hours_with stirring at
600 rpm Fol | owing the reactidn, thé aut®cl @ wadlal| d '®o cool and

vent ed. The acigeatghte of the [poodudiam dtarieomas odat leom nexiaand furt her
anal ys| S by gafngpaphy andlpr nf NN WAWALS rh:\n +nld +n»-m ne

conver si ons and®P¥BHuct di st ri|Boe? oRSP TREPHRER ngqt%o%& Nl ibution for
products in theC&8y€a8ivearstgt i|sPtshowh | nPdablRt 3| PTheskt valRles| were

determ ned by oy | CPNVersi opg angh thgspr oper tiigyr of aromati cs,
branched al kan setand ! '/;)I k%%)pv iob ?1 roduct mixture is also shown in
Tabl e 3. These| Ampuneeatalest ) det|et ni néd by3GC,| %ici d3val ud and proton NVR
nmeasur enent s. zp)cl;g@rmét@r.313 Th erJor o¢egur e2eof| Fs%ampbe [7/Famas 836l | owed but

usi ng a cat al yst—conpri-si-pg W% | efa—zeptHte{(stlieal/ alum na =
38) and a tenpe'??a‘frfﬁ’sgred?arbo " C?O Thé r eégé]tsq“gre How™ n [P3bl & 3. The
"branched al kard:@wérsmal(%)a of 232 fiéh t h#t® exnpll &9r epleserds { he tot al

proportion of 9 algiatiiggs tg bragghedaal kanes.
Exanple 14 & 1 hlgagfrkg%éeéévr bs?f F grm e 7 \was followed, lusing as reactant

25 g of rapesegdnaa pgpresétl de |83 25@30f | fapesded | B4t t yS%ci|d? The proportion
of triglyceridearche@® @t ty aci@ and hydgocargon|mesul§ing *fromreacti on of
the rapeseed fatty acid feed-is_shown in, Fable 4, These_r u't—s 30i ndi cat e
that the Ptifer ﬁ%mte cat al ystqs r@?e gffec“ivehat C%%VE;S:[I ng the fatty
acid to hydrocath@s)s than the Tri glegcent® fle®d. | TAhe cohverdi on of the

trigiyceride fe@j6 freefatty;aciqalsg potentigttygonsyres| hydr ogen.
Tabl e 3 50LA = 40/9 Aci d DOD :2Do gcanag r

C15 (%) 3 3 2 2 3 2 2
C14 (%) 0 0 2 2 1 0 3
C13 (%) 3 1 2 0 2 2 0
C12 (%) 0 0 0 0 0 0 0
C11 (%) 4 2 5 2 3 4 1
C10 (%) 1 1 4 1 1 2 |1
C9 (%) 3] 2 8 3 5 3 8
C8 (%) 0 0 0 0 0 0 0
5 OLA = Oleic Acid
DOD = Dodecane
F20 = Ferrierite having silica / alumina = 20
F55 = Ferrierite having silica / alumina = 55
B38 = Beta zeolite having silica / alumina = 38
10 * total non linear product (aromatics + branched alkanes)
Table 4
Product mixture composition (%)
Example Feed Triglyceride Free fatty acid hydrocarbons
14 Triglyceride 43 43 14
15 Fatty acid 0 43 |57




F20 = Ferrierite having silica / alumna = 20 F55 Ferrierite having silica
/ alum na = 55 B38 = Beta zeolite having sca .1 alumna = 38 10" total non
i near product (aromatics + branched al kanes) Table 4 Product m xture
conposition (9% ExanpleFeed Triglyceride 15ratty acid Triglyceride Free
fatty acid 43 hydrocarbons 14 10 43 57 12 Exanple 16 285 g of dodecane
(solvent) and 9.16 g of catal yst (0.3%t.%Ni on ferrierite (silical/alumna
= 20)) were charged into an autoclave reaction vessel. The vessel was
purged tw i hydrogen, and the pressure was then set to 40 bar at room
t enper at ur‘e—%'e‘ autocl ave was 5 sealed and heated to a_tenper ature 01 350
C whi ch wa& @l ¥adasanedsqvsnt) &“‘bgﬂﬁéd’f gatalyst (B3 ut-& Nignierrieste Fst‘"F?@“@t"ab’OO rpm
The aut ocbay evershdriiiningl drowedciéve @acton weesd. eTheavidsa heasgagadi twite2Bithg of

ol eic aci psare n I twi ce
With hydrg r?epb?r]d%ﬁe% sure w?s[ M8r§§$ to X@gzﬁ ap‘r:o%m tgr‘?ﬁgé;}étﬁ?e amg g%[:lg\?éilv f oom
t enper at usealednd h&&?@tﬂ@@@PW&MQﬁéﬁoF@ @hlw%ma'”Faélﬁétfqr@r?eE'M@f‘é‘Pﬂf?e of 350

e WhIFCIhI WRS st Yt abo ash . free a&o&é\fe‘% tRdn adlovhéd i&cvdblsveantéhd %hargéd wigh 8 600
rpm Fo

e reaction, the a ave vent ed.
The acid gé’f ﬁ'g'c@fs'dﬁslea 'IeP‘a Tr]Ser? ?‘rh?? u?s\ég]v\%gn%%‘fr ?dn’tle?g 5&%]
further afibyety detting dw fwhmgﬂapr@@ueqah)ZOtb@r algoem #ﬁnrmracwthé?P@Pt?ﬁ'gVQaw pr oduct

di stri but 'tl"%ﬂs-heat-gb% Rr @RQbA 'té?ﬁ'pé?étur@%'%b' Oaﬁﬁchh\wég ﬁ’nﬁﬁfaﬁ?\@ﬂ&or(@-bmtdfczs and
br anched al kanes) and || near et her WI th the

chai n1} enﬁ?‘ﬁs T8 tsHTIR 84 R By FﬂPWﬂ‘ﬁé‘?esre?ﬁmF WE &0%"8 wap gpfﬂ"@%q‘l%oﬁgﬁl e 5

Chai n | engérhied. e acid value of the liquid product mixture was determined and it was further
analysed by gas chromatography to determine conversions and product distributions. The
proportion of non-linear hydrocarbons (aromatics and branched alkanes) and linear alkanes is

shown in Table 5, together with the chain length distribution for products in the Cg-C1g range.

15 Table 5
Chain length Proportion (%)
18 0
17 9
16 2
| 15 7
14 5
13 /S
12 0 i
11 11
10 24
9 35
8 0
Conversion by acid value (%) 51
Total proportion non-linear
(aromatics+branched alkanes) (%) 88
Proportion of linear alkanes in products (%) 12
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Claims

1. A single-step process for the production of a hydrocarbon product comprising contacting a
feedstock, optionally a hydrogen-containing gas and optionally a solvent with a catalyst
composition comprising an active metal selected from platinum, palladium, nickel, cobalt,
copper, ruthenium, rhodium and rhenium and an active porous material which is active for the
isomerisation of unsaturated hydrocarbons comprising at least one of a zeolite, a silico-
alumino-phosphate (SAPO) or sulphated zirconia, characterised in that the feedstock consists
essentially of at least one compound selected from the group consisting of a fatty acid, an
ester of a fatty acid with monofunctional alcohol and mixtures of these compounds and
optionally a diluent selected from at least one hydrocarbon, and wherein the contacting
causes the at least one compound to be hydrodeoxygenated and converted into the branched
or cyclic hydrocarbon, the branched or cyclic hydrocarbon product having the same number

of carbons as the at least one compound.

2. A process as claimed in claim 1, wherein said catalyst composition comprises an active

metal in dispersed form supported on particles of a support material.

3. A process as claimed in claim 2, wherein said support material comprises particles of said

active porous material.

4. A process as claimed in claim 2, wherein said support material comprises particles of

silica-alumina, silica, a transition alumina, carbon, titania or zirconia.

5. A process as claimed in any one of the preceding claims, wherein said catalyst
composition comprises particles of said active porous material having no active metal

supported thereon.

6. A process as claimed in any one of the preceding claims, wherein said active metal
comprises at least one of platinum, palladium, nickel, cobalt, copper, ruthenium, rhodium and

rhenium.

7. A process as claimed in claim 6, wherein said active metal comprises platinum and/or

palladium.

8. A process as claimed in claim 1, wherein said active porous material comprises a zeolite

having a molar ratio of silica to alumina of from 15 to 55.

9. A process as claimed in any one of the preceding claims, wherein said fatty acid contains

from 4 to 26 carbon atoms.
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10. A process as claimed in any one of the preceding claims, wherein the feedstock is

contacted with the catalyst composition in the presence of a hydrogen-containing gas.

11. A process as claimed in any one of the preceding claims, wherein said hydrocarbon

product comprises at least one branched hydrocarbon.

12. A process as claimed in any one of the preceding claims, wherein said hydrocarbon

product comprises at least one cyclic hydrocarbon.

13. A process as claimed in any one of the preceding claims, wherein said hydrocarbon

product comprises at least one aromatic hydrocarbon.



