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of the Invention The present invention generally relates to a process for
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"Branched fatty acids" means fatty acids containing one or noré si de
groups whi lbhriearisapolyorerd, salvents, casmetice madrthe dikkb &atly stcidmgre gesenallgn.

Therefore, branched fatty acids. are for n | i cations, nor.e desi rabl e
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obt ai ned by isonerization (branching) of the straight charn, unsaturated

fatty aci deumberesy carenliespuia’li iy sesarangieagrom 24 carbon atoms. Most
common are fatty acids having 12, 14, 16 or 18 carbon atoms. The fatty acids

are either saturated or contain one or more unsaturated bonds.
15
Long, straight chain saturated fatty acids (C10:0 and higher) are solid at room
temperature, which makes them difficult to process in a number of applicationAs.
.Unsaturated long chain fatty acids, however, e.g. oleic acid are liquid at room
temperature, so are easy to process, but are unstable because of the existence
20 of double bond(s). Branched fatty acids mimic the properties of the straight chain
unsaturated fatty acids in many respects, but do not have the disadvantage of
being unstable. "Branched fatty acids" means fatty acids containing one or more
alkyl side groups which are attached to the carbon chain backbone at any
position. Therefore, branched fatty acids are for many applications more
25 desirable than straight chain fatty acids. Commercial branched acids are not,

however, naturally occurring materials.

Currently, branched fatty acids are obtained by isomerization (branching) of the
straight chain, unsaturated fatty acids having a corresponding chain length. For
30 example, branched C18:0 is prepared from straight C18:1, a C18 with one
unsaturated bond, (or also C18:2, a C18 with two unsaturated bonds). Various

routes are known for said isomerization or branching of fatty acids in the art.



30 exanple, branched C18:0 is prepared fromstraight C18:1, a C18 with one
unsaturated bond, (or also Cl18:2, a Cl18 with two unsaturated bonds).
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U. S. Patent escri es a process for the production

branched thatacterdedsimitithtt thei catadisé rcomprisels aomaterﬁdaénavem:al micropsatugr at ed
fatty acids, or, esters thereof wth aliphatic nonactivated olefins in the
presenct ofHSYS- silicates and active carbon. 25 However, all of these
processes are plagued by low yield and/or a high rate of undesi reabl e
byproduct formation. Accordingly, there is a need for a new process that
over cormes th8sfatikrtalNoadiGities 3 idescribepreopesestofor toreparirgpdrandhad chain

fatty acids or alkyl esters thereof which comprises subjecting unsaturated fatty
acids having 10-25 carbon atoms or alkyl esters thereof to a skeletal
15  isomerization reaction in the presence of water or a lower alcohol using a zeolite
as a catalyst. The zeolite has a linear pore structure of a size small enough to
retard dimerization and large enough to allow diffusion of the branched faity

acids or alkyl esters thereof.

20 U.S. Patent No. 5,364,949 describes a process for the production of branched
fatty acids and their esters which comprises reacting unsaturated fatty acids or
esters thereof with aliphatic nonactivated olefins in the presence of layer silicates

and active carbon.

25  However, all of these processes are plagued by low yield and/or a high rate of
undesireable byproduct formation. Accordingly, there is a need for a new
process that overcomes these disadvantages, i.e. a process for the preparation
of branched fatty acids from straight chain unsaturated fatty acid feedstocks with
a high conversion rate, an increased selectivity towards branched monomeric

30 isomers and which employs a reusable catalyst.



of branched fatty acids from straight chain unsaturated fatty acid
feedstocks with a high conversion rate, an increased selectivity towards
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15 Detailed Description of the Present Invention

.The present invention generally relates to a process for the skeletal
isomerization of unsaturated linear fatty acids to branched fatty acids which
comprises contacting said unsaturated linear fatty acids with at least one large
20 pore acidic catalyst having a three dimensional channel structure. The present
process advantageously converts fatty acid feedstock into a mixture that is rich
in branched fatty acids and low in oligomers. While the reaction products of the
present process will generally comprise both saturated as well as unsaturated
branched fatty acids, both are thus included in the invention, there is high
25  selectivity towards the formation of branched fatty acids. Optionally, the

unsaturated branched fatty acids may be hydrogenated in any conventional way.

The acidic catalyst of this embodiment is characterized in that it comprises a
material having a three dimensional pore structure wherein at least one of the
30 channel structures has a pore size large enough to allow diffusion of the
branched fatty acids and/or alkyl esters thereof. More particularly, at least one of

the channel structures has a pore size large enough for the fatty acid to enter the



The acidic catalyst of this enbodinment is characterized in that it
conprises a material having a three dinensional pore structure wherein at
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allow diffusion of the branched fatty acids and/or al kyl esters thereof.
More particularly, at |east one of the channel structures has a pore size
| arge enough for the fatty acid to enter the WO 03/006157 PCT/ EPO2/ 06080 4
pore and access the internal active sites. Typically, this pore size is at
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where M is a metal cation of groups IA including Hydrogen or llA and n is the
“valency of this metal. Zeolites consist of a network of SiO4 and AlO4 tetrahedra
linked together via shared oxygen atoms. Aluminum has a 3* valency resulting in
an excess negative charge on the AlO, tetrahedra, which can be compensated
20 by cations such as H*. When M is hydrogen the materials are Bronsted acidic,
when M is for example Cs the materials are basic. Upon heating, Bronsted acidic
hydroxyls condense creating coordinately unsaturated Al, which acts as a Lewis
acid site. The acid strength, acid site density and Bronsted versus Lewis acidity
are determined by the level of framework aluminum. The ratio of silica/alumina
25 can be varied for a given class of zeolites either by controlled calcination, with or
without the presence of steam, optionally followed by extraction of the resulting
extra framework aluminum or by chemical treatment employing for example

ammonium hexafluorosilicate.

30 As zeolite frameworks are typically negatively charged, the charge balancing
cations related to this invention include monovalent cations such as H*, Li" and

the like, divalent cations such as Mg”, Zn?* and the like and trivalent cations



25 can be varied for a given class of zeolites either by controlled
calcination, with or wthout the presence of steam optionally followed by
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15 allow diffusion of the branched fatty acids and/or alkyl esters thereof. In general,
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the larger the number of oxygen atoms in the ring opening, the larger the pore
size of the zeolite. But this size is also determined by the structural shape of the
ring. Zeolite materials having a three dimensional channel structure and a pore
size of at least about 6.0 A can generally be employed in the process of the
20 invention. Such pore structures having a pore size of at least about 6.0 A
generally comprise 10 and/or 12 membered rings, or even larger rings in their

structures.

It is known that zeolites having a three dimensional channel structure can be
25 formed by zeolites having one dimensional channel with certain mineral acids
such as nitric acid, hydrochloric acid and the like, and/or certain
organocarboxylic acids such as acetic acid and oxylic acid and the like. Other
methods for generating zeolites with a three dimensional channel structure are

known to the skilled artisan.

The subject process contemplates both both batch and fixed bed continuous

processes which utilize the aforementioned zeolites.



generally conprise 10 and/or 12 nenbered rings, or even larger rings in
their structures. It is known that zeolites having a three di nensional
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t hree di nensi onal channel structure are known to the skilled artisan. 30
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weight. In still another enbodi nent the catal yst anmounts are between 3 and
7% 151y weight. For a continuous process the anount of catalyst used is
preferabl ylanE‘A’Sl%ﬁ‘, 8ie5 amount of catalyst employed in the process according to the
invention is between 0.5 and 20% by weight, based on the total reaction mixture.
In another embodiment the amount of catalyst used between 2.5 and 10% by
weight. In still another embodiment the catalyst amounts are between 3 and 7% .

15 by weight.

For a continuous process the amount of catalyst used is preferably between 0.5
and 20% by weight of the space velocity of the feedstock. The space velocity is
the amount of feed per hour per volume of catalyst. More specifically, with a
20  space velocity range of 0.01 to 100, we mean that the feed is passed through a
catalyst at [(weight of feed per hour) /volume of catalyst] = 0.01 to 100. For
example, at a space velocity of 1.0, the amount of feed in weight (g) per hour is
equal to the volume of catalyst (ml). A space velocity of 0.01 means the feed is
introduced at extremely slow flow rate to the reactor, i.e. 1/100 of the feed rate
25 with respect to space velocity of 1.0, while the catalyst volume inside the reactor

remains the same.

Additionally, it has been found that by using the catalyst system according to this
invention it is possible to reuse the catalyst. In some cases it may be desired to
30 add fresh catalyst while optionally removing a part of the spent catalyst, and in
other cases regeneration of the catalyst may be desired. Regeneration can be

effected by various methods know to the skilled artisan. For example,
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least 70% by weight oleic acid.
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Examples of zeolitic materials employable in the present embodiment include,
“but are not limited to zeolites having the following framework structures: AEL,
AFO, AHT, BOG, CGF, CGS, CON, DFO, FAU, FER, HEU, AFS, AFY, BEA,
BPH, CLO, EMT, FAU, GME, MOR, MFI, and the like.

20
Other catalytic materials having a three dimensional pore structure can be
employed in this embodiment of the invention provided that that they contain at
least one channel structure having a pore size is large enough for the fatty acid
to enter the pore and access the internal active sites. Examples of such

25  materials include but are not limited to acidic clays and molecular sieves.

In another embodiment, the invention contemplates a process for the skeletal
isomerization and hydrogenation of unsaturated linear fatty acids to saturated
branched fatty acids in a single batch. This process comprises contacting said
30 unsaturated linear fatty acids with at least one acidic support material loaded
with at least one metal capable of hydrogenating unsaturated chemical bonds in

the presence of hydrogen or a hydrogen source. In this embodiment, the acidic
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single batch, i.e., for example, in a fixed bed reactor.

15 Examples of acidic support materiais having utility in this embodiment of the
invention include but are not limited to acidic zeolites and acidic clays and the
like.

Zeolites usefully employed in this embodiment of the invention are typically

20 acidic zeolites with or without metal ions, in addition to protons. Specific
examples of zeolite structures include, but are not limited to faujasite, mordenite,
USY, MFI, Mor, Y and Beta types.

Useful catalysts also include acidic clays with or without metai ions.

It is o be understood that if said acidic zeolites and/or said acidic clays are not
loaded with metal ions, then a separate catalyst loaded with at least one metal
capable of hydrogenating the branched unsaturated fatty acids may optionally be

employed.

Whether a single catalyst is employed or whether two or more catalysts are

employed, metal loading is typically below 20%.



io acids and at | east one catalyst |oaded with at | east one netal capable
of hydrogenating the branched unsaturated fatty acids to saturated ones.

In this qmdieeat, the isonerization and hydrogenati on igmpesobegised i n
two steps in a single batch, i.e., for exanple, in a fixed bed reactor. 15
Exanpl es of acidic support materials having utility in this enbodi nent of
the invention include but are not limted to acidic zeolites and acidic
clays and the like. Zeolites usefully enployed in this enbodi ment of the
invention are typically 20 acidic zeolites with or without netal ions, in
addition to protons. Specific exanples of zeolite structures include, but
are not IiEkam@I&sooﬁsmia{am trestalsoncladé t eyt are\at livied b Pf, Fd drid, BeRa, Ny,pes.
Useful cat ﬁts rgc]( o include acidic clays with or w thout metal ions. 25
It istob Ou ded %@d‘ Kenat if said acidic zeolites and/or said acidic
clays are not |loaded with netal ions, then a separate catal yst | oaded with
at | east one netal capable of hydrogenating the branched unsaturated fatty
acids may oOpeiimvesitiop vl beciiipstogted by3be ollnwing renmitificcexamplegst i s enpl oyed
or whether two or nore catalysts are enployed, netal loading is typically
bel ow 20% WD 03/006157 PCT/ EP02/ 06080 9 Exanples of suitable netals

i nclude, bgiadneneg limted to, Pt, Pd, Rh, Ir, Ru, Ni, Co, Cu and the
|ike. 5 The |nven ron will be illustrated by the follow ng nonlimting

exanpl es. npl e 1-3 These three exarrpl es, show the conversion of oleic
aci d and tﬁ@e% éﬁ&?%fexainﬁplﬁfﬁ Shavedheaceyvession at Ueier asidndnd diet s g&ri ods

on HBgja gealdnkq fé?fya£<¥|§t at different reaction periods on H-Beta zeolite catalysts.
Experiments were carried out in a 135 ml autoclave reactor. For each reaction,
two grams of H-Beta catalyst (Si/Al=25, pellets with 1 mm in diameter and 1-2
mm in length, precalcined in air at 550°C) and 20 grams of oleic acid were
loaded into the reactor under nitrogen. Under agitation, the reactor was heated
15 to 250°C within 30 minutes and maintained at this temperature for a specified
time period (3 h in Example 1, 5 h in Example 2, and 7 h in Example 3,
respectively). The reaction was terminated by cooling to room temperature within
20 minutes. The mixture was brought out of the reactor and the liquid product
was separated from the solid catalyst by filtration. Compositions of feed and

20 reaction products were shown in Table 1.

Results in Table 1 show that the conversion of oleic acid increased with the

increase of reaction time. In the case of C unsaturated fatty acid (Csg') in

Example 3, the conversion is 68 wi% and the selectivity to its branched isomers
25  is 79.5 wt%.

Example 4

Two grams of H-Beta catalyst (Si/Al=50, powder, calcined in air at 550°C) and 20
30 grams of oleic acid were loaded into the reactor under nitrogen. Under agitation,
the reactor was heated to 250°C within 30 minutes and maintained at this
temperature for 7 h. The reaction was terminated by cooling to room temperature

within 20 minutes. The mixture was taken out of the reactor and the liquid



Experinments were carried out in a 135 m autocl ave reactor. For each
reaction, tw grans of H Beta catalyst (Si/Al =25, pellets with 1 nmin

di amet er wodskbo&s7nmin |l ength, precalcined in air at 550@®CTarr288gr ans of
oleic acid were |oaded into the reactoor under nitrogen. Under agitation,
the reactor was heated 15 to 250C within 30 m nutes and nai ntained at this
tenperature for a specified tinme period (3 hin Exanple 1, 5 h in Exanple
2, and 7 h in Exanple 3, respectively). The reaction was term nated by
cool i ng t opfaeut mrép@éparafe@ ftbrathe soh catalystasy filfragon Rééét%ﬁ/\?é%u%%ﬁt out
of the react or and the liquid product was separated fromthe solid

catal yst b§hewnim debknT. Conpositions of feed and 20 reaction products were
shown in Table 1. Results in Table 1 show that the conversion of oleic acid
increased with the increase of reaction tine. In the case of Cl18

unsat ur at e@hé aohyersionl of CL§ 1ty racidEkampHenids anlethedsyeesiatior selB8tivity’sand

t he sel ect|V|t¥ to its branched isonmers 25 is 79.5 wt% Exanple 4 Two
grams of H/ Bt#-cat al yst (Si/Al =50, powder, calcined in air at 550C) and 20
30 granms of oleic acid were |oaded into the reactor under nitrogen. Under
agitation, the reactor was heated to 250C within 30 m nutes and mai nt ai ned
at this tErpewpdd Gre for 7 h. The reaction was termnated by cooling to
roomtenperature wthin 20 mnutes. The m xture was taken out of the

t th 03/ PCT/,EP02/ Q6080 10 t
oot ot od Prbrgats B oA (SORER, BONET I GRET d 2l s8R e 28 Yrams
shown i Tapbrid acthactOnysdsd Qﬁoqhe%ﬁétaraiﬁderaﬁtre éﬁ UAdér gg%t%m ﬂh@f

i sonerization selectivity is 79 wt % Exanpl e grans catal ys

(Si / A1=80, reasiRlewasche¢atete® 250:9 WikBo S0 arauies @ncbrfeamtamed for 5 h.

reaction was terminated by cooling to room temperature within 20 minutes. The
mixture was taken out of the reactor and the liquid product was separated from
the solid catalyst by filtration. Reaction resuits were shown in Table 1.

15
Table 1

Time <=C10 i-C12 C12 i-C14 C141 C14 i-C15 C16I C13 i—C13 C181 C18 lacton
(h)
Feed - 0.1 0.3 03 041

05 2 14 48 40 21 746 43 55

Example 1 3 0 014 0101 O 20 20 26 49 204 476 6.2 14.0
Example 2 5 0.1 02 0402 O 22 22 21 53 261 407 4.0 165
Example 3 7 0.1 04 0202 O 25 33 12 59 424 239 6.0 139
7 0.1 04 0401 O 28 38 12 64 458 19.3 59 138

5 0

0.1 02 010 22 20 29 55 183 46,5 8.1 14.1

Example 4
Example 5

Cie' = C18:1; i-Cys = isomerized C18 ; Cys = saturated fatty acid already present
in the feed ; similar for C12, C14, and C16 compounds.
20



10 of oleic acid were |oaded into the reactor under nitrogen. Under
agitation, the reactor was heated to 250C within 30 m nutes and nai ntai ned
for 5 h. WMoeos/weEcti on was term nated by cooling to room trampERI2bEnse W t hin
20 minutes. The mxture was taken outl of the reactor and the liquid
product was separated from the solid catalyst by filtration. Reaction
results were shown in Table 1. 15 Table 1 Tine <=Cl10 i-Cl2 Cl12 i-Cl4 Cl4
Cl4 i-Cl6 Cl6 Cl16 i-Cl18 C18 C18 lacton (h) Feed - 0.1 0.3 0.3 0.1 0.5 2
1.4 4.8 4.Bxanpled. 6 4.3 5.5 Exanple 21 3 00.10.10.102.02.02.64.9
20.4 47.6 6.2 14.0 Exanp Ie2501020402022222153261407

4.0 16.5 : ) . 53.31.2 2.4 23.9 6.0 13.9
Exanpl e 4 %6@3613406 FEBG"% Cata% (% /g\l=150§ ROWdels PEeg °'§e 19 25 3 558 Gapl e 5
5 0.1 0.2 £hd 20 flabhs?ofeRick &cid- v@eréaogdé@ wﬁofihé rééct%r uRBE nifrdghf: Elnﬁie'r C18
= isonerized C1 Cl8 = saturated fatty acid already present ~ in

sim I%r a@tatngmzthqeact@mwas:mamma € witbin\gd e3in0Es1ET ﬁ@rrmtép@zv moso

11 Exanpl raps_ of H- Bet.a Iyst Si powde cal ned
inair at -‘éé'bcj’rhe J%BC%‘ JYELCTPINg c hgg éoqraat&‘grboqrﬂ{ é@t or
under ni tr@gfies UTHer mikturgi \Waél ﬁarkent bat rFateOrede®r haad eflet ero’o%@ whshin
30 m nutes and mai ntai ned for . The reaction was term nated by cooling

to room t esRRArategr Eomi the; wl@ocatﬁiyﬁbbéélltram@ itk sliglatlyvasating pomppsispns he
reactor ancS’f Vé pgucga{c%’%ﬁp r&‘% aqéﬁr%%ggﬁgré £r?<5%5ﬁ3§f 4l catal yst by

filtratio nposi tion SeTucic acid and reaction
producto were shown in Tabl e 2.

These results indicated that erucic acid was highly branched.

Example 7

15 Two grams H-Beta catalyst (Si/Al=25, pellets with 1 mm in diameter and 1-2 mm .
in length, precalcined in air at 550°C) and 20 grams of erucic acid were loaded
into the reactor under nitrogen. Under agitation, the reactor was heated to 280°C

.within 30 minutes and maintained for 5 h. The reaction was terminated by
cooling to room temperature within 20 minutes, the mixture was taken out of the

20 reactor and the liquid product was separated from the solid catalyst by filtration.

Compositions of erucic acid and reaction product were shown in Table 2.

Table 2

Cao i-Cz; Cp' Cpp i-Cay Coq Other
or less
Feed 4.7 0.3 885 21 0 3.8 05
Example 7 4.7 69.2 115 57 37 0 52
Example 8 4.7 70.8 114 56 42 0 33

Example 7 showed that a similar isomerization result as that in Example 6 was

achieved at a higher temperature but at a shorter reaction time.



10 These results indicated that erucic acid was highly branched. Exanple 7
1s Two grans H Beta catalyst (Si/Al =25, pellets with 1 mmin dianeter and
1-2 mMmm iwd @enegéiay precalcined in air at 550C) and 20 grangtafpoeksishC aci d
were |l oaded into the reactor under niirogen. Under agitation, the reactor
was heated to 280C .within 30 mnutes and nmaintained for 5 h. The reaction
was termnated by cooling to roomtenperature within 20 m nutes, the

m xture was taken out of the 20 reactor and the liquid product was

separat ed Exapldhe solid catalyst by filtration. Conpositions of erucic
acid and reaction product were shown in Tabl e 2. Table 2 CZO i-C22 C221 C22
i-CZ4CZ4€her orless 88.5 2.1 0 3.8 0, anple 7

69.2 11.5 EW® gfamg)of WBG@%MS%@VN 79, Bowqeﬁ Fyeeal&”@%lrea& a’fz@ﬁ@é‘a)npl e
7 showed t 3 I T oINS

achi eved a‘?g% lﬁa%(?rr{ttae %(rggttq tri(lreé %OSF%%&(EP %o@ﬂ&% ,((:et |ngér(1 ti rreOﬁ?/WﬁaS

03/ 006]557 ;ﬂéﬁé&mﬁ)m@ﬁesﬁar df2he Ertaiydtebeli. T catalyst ofastadbietitedcat 3503 for

Si/ Al = owd I d | ded t |
[ Dred bod 3 BB 520 RIFHRY RibGan! et ARV hadeocs spHBettire s
center of lb%ré@tté”%@pcbé‘rqj ntRR AL Yale Wag Riddydet atm%ﬁlp ARfc 3chy 1N a

20 M/ mn nitrogen flow After Tactivation, the reactor tenperature was
| oner ed t ow25@Unapet imtortbgenratioowt Paméhwdbedesukmaez showh intabliens, Whihc

gm \C/i\hi \é\ﬁs lPtHrTcpa?e thé]tt 3 IIXQS Bed BFoOcresgtls 2alsrg /\/Pable 06r ’trheessL1<etIe’tal1a|somehrlz\gl'?lolnnoft abl e

10 unsaturated linear alkylcarboxylic acids.

Table 3
Time <=C10 i-C12 C12 i-C14 C141 C14 i-C1e 0151 C15 i—C15 C1a1 C13 lacton
(h)
Feed - 0.1 03 03 01 085 2 14 48 40 21 746 43 5.5
Sample 1 2 09 0 0 0 3.0 63 20 87 389 218 6.0 124
Sample2 4 0 04 0 0 0 19 03 34 52 258 358 39 233
-Sample3 6 02 0 0 0 18 16 26 49 194 479 3.5 18.1
15 Example 9

Two grams of Eu®* exchanged Beta zeolite catalyst (Si/Al=50, powder,
precalcined in air at 550°C) and 20 grams of oleic acid were loaded into the
reactor under nitrogen. Under agitation, the reactor was heated to 250°C within

20 30 minutes and maintained for 7 h. The reaction was then terminated by cooling
to room temperature within 20 minutes. The mixture was taken out of the reactor.
The product was a liquid at room temperature and was separated from catalyst
by filtration. GC analysis showed about 46% branched oleic acid yield from oleic
acid (C1g').



i ndicate that a fixed bed process is also viable for the skel etal

I sonerization of to unsaturated |inear al kylcarboxylic acids. Table 3 Tine
<=Cl10 i - Cvd Bhacis7Cl4 Cl4 Cl4 i-Cl6 Cl6 Cl16 i-Cl8 Cl18' 1 CircT/ErRo60s0 ( h)
Feed - 0.1 0.3 0.30.10.521.448m02.174.6 4.35.5 Sanmple 1 2 0 0.9
000306.32.08.738.921.86.012.4 Sample 2 400.40001.90.3
3.4 5.225.835.83.923.3 Sanple 36 00.20001.81.6 2.6 4.9 19.4
47.9 3.5 18.1 15 Exanple 9 Two granms of Eu3+ exchanged Beta zeolite

cat al yst (Spmuarsive bxagiwte 1 precalcined in air at 550C) and 20 grans of

oleic acid were | oaded into the reactor under nitrogen. Under agitation,
the reacto Ml ] es and maintained for 7 h.
The reacti%%%\gﬁﬁﬁéﬁgF‘erﬁ%géngé‘ael\g%n%!)é%{%gﬁ%@%room tenperature within 20
m nut es. Theonyrdrs eNeedotdunite oatalyaft (dedlystaCPOB00CThE Bi/i, pewder,
liquid at roomtenperature _and was Zg(g)arated fromcatalyst by filtration.
GC analdysiR'esg Hh@in 2890 aABHet arame lcplgia peidgwere easias into dbed

C181) 25 &}Qﬁ% : 30 LV | ~3 jte
\(Ni th z)ne d'?é%gif{ ona %Hgﬁéﬁﬁﬁ %%’?églgét)”ro&%? I?J(? g@ ﬁﬂ\}gf g’tragrr@e %éélr@r gn?tzg'%'h
cat al yst (ZeohipatesGhdatintainedSiol Al 1The peaudion, was thpreteaininated byrcaglingat
550C) and 20 grans of oleic. acid were | aaded . into the reactor, under

ni t r ogen. r@g),m EF‘dT‘P%@?‘érﬁ, withig %(I)e'é‘(',‘?LH?S REXLER WRs takeirolt ehihg reggtor

m nut s angnahatRURE Groict ‘whs sERGraBaCHbAMNASod @BtdiRdt by &ltedichy (§§0| I ng
to roomtenperature within 20 m nutes. The m xture was taken out of the
react oro  analysis showed that there was less than 10 wt% branched oleic acid formed.

Comparative Example 2

Two grams H-Mordenite catalyst (obtained by precalcination of NH," exchanged
15 mordenite from Zeolyst CP 500C-11 at 550°C) and 20 grams of oleic acid were
loaded into the reactor under nitrogen. Under agitation, the reactor was heated
to 250°C within 30 minutes and maintained for 5 h. The reaction was then
ferminated by cooling to room temperature within 20 minutes. The mixture was
taken out of the reactor. The product was solid at room temperature and it was
20 separated from solid catalyst by melting and filtration. GC analysis showed that

there was less than 10 wt% branched oleic acid formed.

Example 10

25
Pt-HBeta, Isomerization only

lon exchange was carried out on a NH,  Beta zeolite (Si/AlI=50) using
%etraammineplatinum nitrate solution. The exchanged catalyst was calcined in air
at 550°C before use. Two grams of this catalyst (Pt-HBeta) and 20 grams of
30 oleic acid were loaded into the reactor under nitrogen. After sealed, the reactor
was purged three times with ultra high purity nitrogen. A nitrogen pressure of
13.8 barg was approached at room temperature. With stirring at 1000 RPM, the

mixture of oleic acid and catalyst was heated to 250°C within 30 minutes and



and the liquid product was separated fromthe solid catalyst by filtration.
GC to analysis showed that there was | ess than 10 wt % branched oleic acid
fornmed. Wonpawelsive Exanple 2 Two grans H Mrdenite catalpcatEKoobémd ned by
precal ci nati on of NH4' exchanged 15 mbrdenite from Zeol yst CP 5000-11 at
550C) and 20 grans of oleic acid were |oaded into the reactor under
nitrogen. Under agitation, the reactor was heated to 250C wthin 30

m nutes and maintained for 5 h. The reaction was then term nated by

cool i ng t oMeEdYRINEEniSEr ahuPdtenicoeied downi teutaes tamperaturaumdthia20 minides,out

of the re Of ol jd. at.ro r.at and it was 20
separated fr %"%ﬁ%%%ﬁ@?%@&aﬁm% f%&tcgn%qa Wﬁ&“ﬁo‘w‘ﬁé&? ‘é’ﬁﬁl%‘?'@eéhowed
that therforuamlysis aftthaspafated %o ais Berd ebeilystasi flirboomedonpramehng F0 25
Pt-HBeta, |sonerization only Ion exchange was carried out on a NH4' Beta

zeol i te (SioesabyeardipRprodidsts avaraishopinaniTakle di trate sol ution. The

exchanged catal yst was calcined in air at 550C before use. Two grans of
this catalyst (Pt-HBeta) and 20 grans of .30 oleic acid were | oaded into
t he react oExamgés 1thi trogen. After sealed, the reactor was purged three
times with ultra high purity nitrogen. A nitrogen pressure of 13.8 barg

t t Wt ti i t 1000 RPM th 1 Xt
of ol e c. adld Bt SATEPYANaE o HeG: ek BISupE I e Ut es and WO
03/ 006157 *P@Ugﬁﬁ% éﬂBeﬁcgﬁ'lﬁﬁ%‘nﬁ% épafmg opol)ef?g Tagiﬁ wel Eggg?Wottﬂer oom
tenperature within 20 mnutes, *the mxture was brought out of the reactor

and t heo | i spactbrpundierc hitveaeno ke nexhled, othearsscisi waafdleged ehrseatimdsf witm t he

aglr Iedsﬁgfl\ﬁb rIS;'T\t H*gﬁl [f%drhg/ rrg%rbé)gh. &:O nqgggsér% Ip(r)ensssu(rjé off1%?éj b(’j‘arrlg(jj V\Eaesag{)ﬁ%gcﬁég dal%Ct S

room temperature. With stirring at 1000 RPM, the mixture of oleic acid and
catalyst was heated up to 250°C within 30 minutes and maintained for 7 h. The
pressure was about 24.1 barg under these conditions. Hydrogen was added to
15 reach a total pressure of 58.6 barg. Reaction was continued for another 2 h.
After cooled down to room temperature within 20 minutes, the solid mixture was
brought out of the reactor. The reaction product was obtained for analysis after
‘separated from the solid catalyst by filtration with slightly heating. Product
composition was shown in Table 4.
20
Table 4

Example <=C1 i-C12 C12 i-C14 (.‘7141 C14 i—C15 C15‘l C1e i-C18 ng1 C15 facton

feed 0.09 {0.26 |10.3210.11 |0.46 |2 1.37 |4.83 |4.01|2.07 |74.57|4.29 |5.62
1 0 0.39 10.11(0.36 |0 2.79 |13.01 |1.05 6.6 [43.03 {18.94|4.14 |19.58
2. 0.04 06 (0.1 [0.89 |0 246 (4.71 |0.31 |7.44 (49.21 (1.86 |27.59|4.79

25 Example 12



Exanple 11 Pt-HBeta, |sonerization (250C, 7 hr) followed by hydrogenation;
Two granms of Pt-HBeta catal yst and 20 grans of oleic acid were | oaded into
the 1o reacisgossnder nitrogen. After seal ed, the reactor reazERRoOEsd t hree
times with wultra high purity nitrogem A nitrogen pressure of 13.8 barg
was approached at roomtenperature. Wth stirring at 1000 RPM the m xture
of oleic acid and catalyst was heated up to 250C within 30 m nutes and

mai ntained for 7 h. The pressure was about 24.1 barg under these

condi t i onsPt-HA#taglsnmMedizatidd¢26Q°€,i1S hdatidwed bythaidrpgersstione of 58. 6 barg.

R ti ti t h. ft | ed do t )
onper at ur STTRG IATS6T fIBeE, CaiglsE At oS ShREC AaUKRIe 16asedintne
reactor. The FRREdH YR n. VRFer AR d16Me ?%céﬁ?ﬁ)ﬁgfpeuzgéé ttl?rresrtg-ﬁé@(/\ﬁﬁwed

fromthe solid catalyst by Tiltration wth's I ng. uct
conposi t i onltwwabighhpwrityi mitrdgbheAdnitreQelaireesdreErbiB baryGlasl apihdachad1atCl4

211 57 5. PO gerpesatira Kty Syt g YUPB0RF N0 MiBiTeshosit GOk G0y 05
6.6 43.03 d3:aBht akindRefip @ 250°CAwin® 3D MiRuBl dhPrAthtdinéd 18-1Rd ehd™dr
49.21 1.86 27.59 4.79 25 £><arrpl e 12 WD 03/ 006157 PCT/ EP02/ 06080 15

Pt - HBet a, thsorwt.i Zae iRaS$@S0Eas 18 aut 9.61 baygedndsr thaseogenditionm; A Tareelegr ans

of Pt - HBet I 0 pc.acid were | gad into t
AR 0 LR T O TR LA L P e M g i
with ultrprdysghe Rr4t.y Wargr GueitioA was ceadiusd 666 Wnotidr 8-1° RA&M chBRd
approached at 5 roomtenperature. Wth stirring at 1000 RPM the m xture of
ol ei ¢ &ti gdawg to room temperature within 20 minutes, the mixture was brought out of the
reactor. The reaction product (Sample 2) was obtained for analysis after
separated from the solid catalyst by filtration. Product Composition was shown in

Table 5.

15 Table 5

Sampl <=C1 i-C12 C12 i-C14 C141 C14 i-C15 C15| C16 i-Cqg C18| Cis Lacton

e 0
1 0.45 11.22 |0 0.56 |0 256 297 10.78 |[7.5 |56.38 |9.43 [8.87 |9.28
2 0.58 [1.83 [0 118 |O 313 |7.08 |0.68 |8.64 |57.2 |1.03 117.83|0.82

The conversions of Cyg unsaturated fatty acid in the three samples above and
the selectivities to branched fatty acids were shown in Table 6. About 10 wt% of

20  Cqg fatty acid was hydrocracked in sample 2.

Table 6

Sample |Cqs'conversion |lsomerization
(Wt%) selectivity (wt%)
87.35 83.37 (Unsaturated)
2 98.62 74.97 (Saturated)




catal yst was heated up to 250C within 30 m nutes and nmaintained to the end
of the run. The pressure was about 9.0 barg under these conditions. A
sanpl e (Q@®Bl@cisy was taken at 14 h. After 15 h, hydrogerpcwaspoadeigs t o
reach a total pressure of 41.4 barg.i1fReaction was continued for another 6
h. After cooled 10 down to roomtenperature within 20 mnutes, the m xture
was brought out of the reactor. The reaction product (Sanple 2) was
obtained for analysis after separated fromthe solid catalyst by

filtrati ongxdihpiues Conposition was shown in Table 5. 15 Table 5 Sanpl
<=Cl i-C1 -Cl4 Cl4 C14 1-Cl6 Cl6 Cl16 i-Cl18 C18 C18 Lacton e* 1 0.45
1.22 0 0.56 0 2.56 2.97 0.78 7.5 56.38 9.43 8.87 9.28 2 0.58 1.83 0 1.18 0
3. 13 7. 08 Bt-B8eta daomprization 2807 8 dhd faipwerhley bydrpgesaiers of C18

t t fatt i i he t | b . d,th | tiviti t
b aached b Bramnsas hhBeld Safleh Sl o B S B0 i B be s REuES bt thirt - °
acid was hydichsir @sdadnitiogear ,f@r%eaTémlt?etSre%@fml @a%&(r SAMBFfed Gfhes with

| sonerization (W% selectivity (w% 87.35 83 nsat ur at ed 2 98.62
74.97 ( Satulfrat ligh woitg3nitoges7APTTPEPOAre68gE 0f18.5 breghias agprrachBdtal,

| soneri zat | ( 0 t Lon; . ans. of Pt-HBeta
cat al yst aﬂﬁg)prﬁdé&%%ﬁ%tﬁg% Wtﬂ %ﬂﬁ&gﬁ%&giﬁgbl %md{nenmlw%%%&?ga@?@r a0Hder
nitrogen. AdthBit 9eelfshtet i 102BI°Qr withip JAdeGtet Birgembim@inedifohs HilAfter hi gh
purity nitrogen. A nitrogep pressure of 3.5 barg was approached at

cooled down to 200°C, the nitrogen was replaced with barg hydrogen and

10 reaction was continued for another 4 h. The mixture was brought out of the
reactor and the liquid product was obtained for analysis after separated from the
solid catalyst by filtration. Composition of the reaction product was shown in

Table 7.

15 Table?7

Example <=C10 i-C12 C12 i-C14 C-|4l C14 i-C15 C1(5I C1e i—C13 C13I C13 lacton
14 0.59 1.79]10.25 124 10 3.9 111 1.9 |10.8 |53.21 |2.21 [8.04 |4.02

Example 14

20 Pd-HBeta, Isomerization (280°C, 5 h) followed by hydrogenation;
lon exchange was carried out on NH," Beta zeolite (Si/Al=50) using
tetraamminepalladium nitrate solution. The exchanged catalyst was calcined in
air at 550°C and reduced with hydrogen (20 mi/min) in a fixed bed reactor at
250°C for 2h before use. Two grams of reduced Pd-HBeta catalyst and 20 grams

25 of oleic acid were loaded into the reactor under nitrogen. After sealed, the
reactor was purged three times with uitra high purity nifrogen. A nitrogen
pressure of 3.5 barg was approached at room temperature after a leak test at
41.4 barg N» showed a good sealing. With stirring at 1000 RPM, the mixture of
oleic acid and catalyst was heated up to 280°C within 30 minutes and

30 maintained for 5 h. After cooled down to 200 °C, the nitrogen was replaced with

37.9 barg hydrogen and reaction was continued for another 4 h. The mixture was



roomtenperature. Wth stirring at 1000 RPM the m xture of oleic acid and
catal yst was heated up to 280C within 30 m nutes and maintained for 5 h.

After cogplesdesn to 200C, the nitrogen was replaced w t hpdaarm2by@s ogen
and io reaction was continued for another 4 h. The m xture was brought out

of the reactor and the liquid product was obtained for analysis after
separated fromthe solid catalyst by filtration. Conposition of the
reaction product was shown in Table 7. 15 Table 7 Exanple <=Cl1 I-Cl2 Cl12

i -Cl4 Cl4 igbtight Ci8 @l éheCl8adtoClahdCBe Gir®duat was 4bGaibéd Yo Brfaly’is Zafter0 3. 9

11 1.9 10.8 53.21 2.21 8.04 4,02 l e 14 20 Pd-HBeta, |soperization
(280C, 5 hﬁeﬁ%ﬁfecﬂé@%yﬁ‘ﬁyaPB%e??é?%ﬁW E‘Hrag@@ha a@%gloeapfitaﬁ ERRCUBA NH4*
Beta zeol i bedust isAlowh inUpatg 8.t et raammi nepal | adi um nitrate sol ution. The
exchanged catal yst was calcined in air at 550C and reduced w th hydrogen
(20 M/mn) in a fixed bed reactor at 250C for 2h before use. Two grans of
reduce§ Pd=HBet & talyst and 20 grans 25 of oleic acid were | oaded into

(o

the react oF itrogen. After sealed, the reactor was purged three
times with ultra high purity nitrogen. A nitrogen pressure of 3.5 barg was

appr oachedpatHBeRMdorNeLAlon (2581¢ &5 ha foRdled 8§thyatogehhtidnbarg N2 showed a
good sealing. Wth stirring at 1000 M the nmixture of oleic acid and

cat al yst wh¢orgramsdolLpdiiBetgo@talyshi(ne Bydrepgantreductian) 3mdn20 gramaed dleic 5 h.

f | ed .q he. _ni d h, 37.9.b
hydr ogen aficr Bark (BHeNaRtLblR ety FERTABPaBS AR Satlbbing FabahBoo
03/ 006457 RGFHEEPOZEOGRTE wWith Wtrausigh Mty efitrédih. rRatkederneedsiiee R Qshtgt was

obtained for analysis after separated fromthe solid catal yst by
filtrati onvas@ppRagheshalorohiemeeiatyrerafigsolgakttestsatsdiciubars Neshlowesl a

good sealing. With an active stirring at 1000 RPM, the mixture of oleic acid and
catalyst was heated up to 250°C within 30 minutes and maintained for 5 h. Then
the nitrogen was replaced with 34.5 barg hydrogen and reaction was continued
15 for another 2 h. The mixture was brought out of the reactor and the product was '
obtained for analysis after separated from the solid catalyst by filtration.

Composition of the reaction product was shown in Table 8.

It shows that metallic palladium with hydrogenation function existed on the
20 catalyst, therefore, no prereduction with hydrogen is necessary. The conversion
of C4g unsaturated fatty acid was 95.63 wt% with a selectivity to branched fatty

acids of 67.83 wt%. There was no oligomerization or hydrocracked products.

Table 8

Example <=C10 i-C12 C12 i-C14 C14I C14 i—C15 (.:16l C1s i-C18 C1;I C18 lacton
5 0.58 12.05 |0 1.7 {0 3.5 |9 0 9.88 |56.54 |2.19 144 (0.24
6 0 0.32 |01 |07 [0 25 3.9 0 746 |50.44 |3.26 |24.11 |7.18




5 Exanple 15 Pd-HBeta, Isonerization (250C, 5 hr) followed by

hydr ogenation; Two grans of Pd-HBeta catal yst (no hydrogen reduction) and
20 grans @io @lese7 acid were | oaded into the reactor underpdiitFoe@éige After
seal ed, the reactor was to purged thyge tines with ultra high purity
nitrogen. A nitrogen pressure of barg was approached at roomtenperature
after a leak test at 41.4 barg N2 showed a good sealing. Wth an active
stirring at 1000 RPM the mxture of oleic acid and catalyst was heated up
to 250C wigfifpROdn nutes and maintained for 5 h. Then the nitrogen was
repl aced w -5 barg hydrogen and reaction was continued 15 for anot her
2 h. The m xture was brought out of the reactor and the product was

obt ai ned ﬁgtngal ysis after separated fromthe solid catal yst by
filtration.™ nposition of the reaction product was shown in Table 8. It

shows t hat|oRet @tdhapgeal Wasli wariéd holly dopgerplt oy f pagie onsai=stld @ing he
20 catal yst, therefore, no prereduction with hydrogen is necessary. The
conver $i orfetregmplisepladintioy aitrate seltitign athelexelargmdemtalyst wias ivalcingd bcairvi ty

to branche b | ds_ of-67. %.,,..Ihe | rization,or
hydrocrackacej(d‘g%é O%Lpﬁérj.e %Igﬁ%ﬁ%@y atPr%ICeartgh—‘V\ﬁ@%t%g?n%g’eg@ﬁﬁo ﬂ?' 14
1-C16 C16 4¢l® wer€li8adddIntei ibel rrat@i inder Mtragdid Axtdr dedled: eSrRichréfad6. 54
2.19 14.4 0.24 6 0 0.32 0.1 0.7 0 2.5 3.90 7.46 50.44 3.26 24.11 7.18 WO

03/ 006157 RCUPEMYERIBOSS Withs rEigfpPerityaiPed®v A niipasrdaRgeevRis. 8 darg ed
ol ut on. e ERRAhEd P G Rlpe{ald oty HILER R A1, BB RSl
Two grans gdod beslirat\with stiniy aHYD0aNRPRD the anxtoe ofl gleic acid and catalyst
was heated up to 280 °C within 30 minutes and maintained for 5 h. After cooled
down to 200 °C, the nitrogen was replaced with 34.5 barg hydrogen and reaction
was continued for another 3 h. After cooled down to room temperature within 20
minutes, the mixture was brought out of the reactor and the product was |
15 obtained for analysis after separated from the solid catalyst by filtration with

slightly heating. Composition of the reaction product was shown in Table 9.

The conversion of C4s unsaturated fatty acid was 89.63 wt% with a selectivity to
branched fatty acids of 47.16 wt%.
20

Example 17

Pt-HMor
lon exchange was carried out on NH,* Mordenite zeolite (Si/Al=20) using
25  tetraammineplatinum nitrate solution. The exchanged catalyst was calcined in air
at 550 °C before use. Two grams of this catalyst (Pt-HMor) and 20 grams of oleic
acid were loaded into the reactor under nitrogen. After sealed, the reactor was
purged three times with ultra high purity nitrogen. A nitrogen pressure of 13.8
barg was approached at room temperature after a leak test at 41.4 barg N»
30 showed a good sealing. With stirring at 1000 RPM, the mixture of oleic acid and
catalyst was heated up to 280°C within 30 minutes and maintained for 5 h. After
cooled down to 200 °C, the nitrogen was replaced with 34.5 barg hydrogen and



acid were | oaded into the reactor under nitrogen. After seal ed, the reactor

was purged three times with ultra high purity nitrogen. A nitrogen

pressure @fo 3/b6t3ar g was approached at room tenperature agidiarpoaobggak test

at 41.4 barg N2 showed a io good seal ing. Wth stirring at 1000 RPM t he

m xture of oleic acid and catalyst was heated up to 280 C within 30

m nutes and nmaintained for 5 h. After cooled down to 200 C, the nitrogen

was replaced with 34.5 barg hydrogen and reaction was continued for

anot her 3 t r it hJ ] t he

mxt ure valr e ohohe® SRFRAHT ShaCh ], MRE Al M ooty ThPds | or

anal ysi s abithin 28@painates) theawixtive wabittfooglhtabyisdf the téddtoabihadrthwi groduct
osition of the reaction product was shown in Table 9.

slightly heating.. A .

The conver @’?érp%g?mggggﬁﬁ@%lb’ﬁﬁsaﬁfﬁi seRersted Ao Jhe sadd satalyshky fltration with

sel ecti vity h : ' I Pt - HVor
| on ext\ﬁéné'éé%s%ag@?i g%”iﬁsq%"n@%@% %?ﬁnn%&ggzc%e@ﬁ%% e 2 gl ’ Afa:%%)g' using 25

tetraanmm neplatinumnitrate solution. The exchanged catal yst was cal ci ned
inair atTSB@ before use. Two grams of this catalyst (Pt-HwWr) and 20
grams of ol 8 acid were | oaded into the reactor under nitrogen. After
seal ed, the reactor was purged three tinmes with ultra high purity

ni t r ogenJExAmbI [<EGJED,, P[EsSUF®, OC,13]&8, Hactd B e}o;groa,gnecbm @Q0Macton
tenperatyre after |a | epk test at 41:4 bgrg N2 30 |showed a|good sealing.
Wth stifring 8t 1000 RPM |the |vi xtlre df oldic acid and |cat al yst |was
heated up to 280C | t h|On 301.69 n@t es |&éid @B nt|&i netR.20OPR3BIN.7AII7er T4ol ad
down to 206—Ctd it et Sigrept ARG OLSW.L st ot a0
03/ 006157 PCT] BB0A7 060K 101 eAct i 68 wale. corl L aued {6 anGther—4 b Af tler
cool ed down to roomtenperature wthin 20 mnutes, the m xture was brought
out of the reactor and the product




was obtained for analysis after separated fromthe solid catal yst by
filtration with slightly heating. Conposition of the reaction product was
shown i n Wahdsmodis75 Table 9 Exanpl <=0 1-012 C12 i-Cl4 Cl4Glépornéekd C16
Cl6 1-Cl18 C18 C18 lacton e 10 7 0 O 9 1.59 0 1.41 0.23 0 12.26 33.59 7.73
37.71 5.48 8 0.84 2.1 0.33 2.43 0 4.03 14.3 0.62 11.45 50.14 0.74 9.25
3.77 WD 03/ 006157 PCT/ EPO2/ 06080 20 CLAIMS 1. A process for the

i sonerization of a feedstock which conprises unsaturated |inear fatty
acids, al ky| pggkers of unsaturated fatty acids or mxtures thereof, 5
wherein sar%ébrocess conprises subjecting said feedstock to an

i sonerization reaction in the presence of an acidic catalyst having a

t hr ee- di nensi_onal ch nnel . pore. s ructur in at | east one channel
structure haé %FOBS% §L§ FeaRize ‘OBfOf aa%ﬁ%&%ﬁ WRICh eoraprisgfe UppaitEatedof

claiml, wWhiersip étg/hgmti%o%ﬂ{y‘l Zé%ttér%”ophn%’ﬂufatfege%?tgoﬁ&dgOéWHlft? i %@%P' ng

of the fat ty aci esters thereo e process o
wher ei 5 sawdesain diaid cpaoeebs;est:ompmpes sebjertingddid deedstodk do arl tspménzlaeionl ar

th f 4. The of claim3 wherein said
e gétm%%i%%gge@sreongeiaﬁ qqidis cBiahisthaying. tyeedimensiPiahehentels ai d
zeolite Coﬁ&fé ﬁﬂ?ct@ﬁe WBagdin @B%a%i oh@%hahﬁéﬂ QWicRGref ﬁ&r@g%f@s&é @éhég&%g AEL,
AFO, AHT, CON, FAU, FER, HEU FS, AF

CLO EM, Meas@k., I\/D? VFI or mxtures thereof. 6. The process of clalm
4 wherein the SiQ2 /A1203 ratio of the zeolite is at |east

10 2. The process of claim 1, wherein the isomerization of said feedstock comprises

branching of the fatty acids or alkyl esters thereof.

3. The process of claim 1 wherein said acidic catalyst comprises a zeolite, acidic
clay, molecular sieve, or mixtures thereof.
15

4. The process of claim 3 wherein said acidic catalyst comprises a zeolite

5. The process of claim 4 wherein said zeolite comprises at least one of the
following framework structures: AEL, AFO, AHT, BOG, CGF, CGS, CON, DFO,
20 FAU, FER, HEU, AFS, AFY, BEA, BPH, CLO, EMT, FAU, GME, MOR, MFI, or

mixtures thereof.

6. The process of claim 4 wherein the SiO, /Al,O3 ratio of the zeolite is at least
10.

7. The process of claim 4 wherein said zeolite contains at least one channel

structure having a pore diameter of at least 6.5 A.

8. The process of claim 7 wherein said zeolite contains at least one channel

30  structure having a pore diameter of at least 7 A.



10. 25 7. The process of claim4 wherein said zeolite contains at |east one
channel structure having a pore dianeter of at least 6.5 A 8. The process
of clai mwoaheisn said zeolite contains at | east one chamalrpo3@es®hr uct ure
having a pore dianmeter of at least 7 & WO 03/006157 PCT/ EPO2/ 06080 21 9.
The process according to any one of the preceding clains wherein the

feedst ock conprises of at |east 50% by wei ght of unsaturated fatty acids,

al kyl esters of unsaturated fatty acids or mxtures thereof. 5 10. The

i gt ol e 10| BOcEES ShriGoLEETY; BF OIS i eiethacriite Ay et dipar

of the isoeBls@aki WnpisesPsf H0RE 58 %t\ﬁéﬁgﬁf 8f UnSatefatBatiaRe hck0 Hfkyand
350 C. 10 12. The process of claim1l ereln at |east part of the

i soneri zateBars ef ungaturaged faty apidsof Bbgures ilpEedt bet ween 230C and 285C.
13. The process according to any one of the preceding clainms wherein said
15 isonerization is conducted in a batch reactor. .14. The process

accor disng 1@ By pestesef oft diginp Dewleslieng e fcustodkecahprisedl f al BAEET0ZAbyon is
conducted in a fixed bed continuous flow reactor. 20 15. The process of
cl ai m 13 WMeieBt pleihaciHeedst ock is contacted with the catalyst for a period
of at least 30 mnutes. 16. The process of claim 13 wherein the anount of
catal yst used is between 0.5 and 20% by wei ght of the feedstock in the
bat ch reacttrTh@prdadessIbe caimcess i wileacim dilleabepaitnoft tre momenizatibn is
tal yst i t - 0.
catalys ugee orlmse gt é"?eer%pera?ure of between 100° C and 350° C.
10
12. The process of claim 11 wherein at least part of the isomerization is carried

out at a temperature of between 230°C and 285°C.

13. The process according to any one of the preceding claims wherein said -

15 isomerization is conducted in a batch reactor.

.14. The process according to any one of the preceding claims wherein said

isomerization is conducted in a fixed bed continuous flow reactor.

20 15. The process of claim 13 wherein the feedstock is contacted with the catalyst

for a period of at least 30 minutes.

16. The process of claim 13 wherein the amount of catalyst used is between 0.5

and 20% by weight of the feedstock in the batch reactor.

17. The process of claim 13 wherein the amount of catalyst used is between 0.5
and 20% by weight of the space velocity of the feedstock in a continuous flow

reactor.

30 18. The process of claim 4 wherein said zeolite having a three-dimensional pore
structure comprises at least one pore structure containing 10-membered rings as

catalysts.



and 20% by wei ght of the space velocity of the feedstock in a continuous
flow reactor. 30 18. The process of claim4 wherein said zeolite having a

t hr ee- di n@rpsds@&ds7pore structure conprises at | east one parEEwbLHEIRHUr €
containing 1 O-nenbered rings as cata ysts. WO 03/006157 PCT/ EPO2/ 06080
22 19. The process of claim4 wherein said zeolite having a

t hree-di nensi onal pore structure conprises at |east one pore structure
contai ning 12-nenbered rings as catalysts. 5 20. The process of claim4
wherein said zeolite having a three-dinensional pore structure conprises
at | east one pore structure containing at |east one ring having greater
than 12 nettbelrle poceas alf ptim. 4 whePdin sRigpzeckisshavimg thhrdesdimerisiaalporef a
f eedst ock which conpri.ses L1ns turated [linear fatt a%ds, | ky] .esters of
Unsat ur at & 4N AP iREscRt IRpst QRO cqmahing 13 AémBpisckdads as
conpri ses ¢dthlyset i ng said feedstock to an isonerization reaction in the
presence of an acidic zeolite catal yst having a three-di nensi onal channel
structdre wherein at | east one channel structure conprises rings having 15

at | east S ly .22, . A_prpcess.for .fhe i,sonerization and
hydr ogenat* dni ig% S'E’;ﬁ)c}egg@it%&é% W@ﬁe'”cs&%%FES@@ I ﬁrtéfe@dd'ln?%(?nqa}apﬂr?

aci ds, al ksttuctsieetsmprise8sat idaat ethel pbly shicllfre OfontBINd! 2 Sleh8eoRef ring
wherein said _process conprises subjecting said feedstock to 20

i soner i zatidNGAEARGUINGHeamesbare astGadalysisn t he presence of an acidic
support material |oaded with at |east one netal capable of hydrogenating
unsaturated chem cal bonds in the presence of hydrogen or a hydrogen

sour celo 2R1. Reroeasseds ted istnadrinalisnvdfer figtistsdkdwhichddamstigaron hsataied al

conprises 25 acidic clay, acidic zeolite, nolecular sieve, or mxtures

t her eof . linear fatty acids, alkyl esters of unsaturated fatty acids or mixtures thereof,
wherein said process comprises subjecting said feedstock to an isomerization
reaction in the presence of an acidic zeolite catalyst having a three-dimensional
channel structure wherein at least one channel structure comprises rings having .

15 atleast 12 members as catalysts.

22. A process for the isomerization and hydrogenation of a feedstock which
comprises unsaturated linear fatty acids, alkyl esters of unsaturated fatty acids or
mixtures thereof, wherein said process comprises subjecting said feedstock to
20 isomerization and hydrogenation reactions in the presence of an acidic support
material loaded with at least one metal capable of hydrogenating unsaturated

chemical bonds in the presence of hydrogen or a hydrogen source.

23. The process of claim 22 wherein said acidic support material comprises

25  acidic clay, acidic zeolite, molecular sieve, or mixtures thereof.

24. The process of claim 22 wherein said acidic support material comprises

acidic zeolite.

30 25. The process of claim 24 wherein said zeolite comprises a three-dimensional

channel pore structure.



24. The process of claim 22 wherein said acidic support material conprises
acidic zeolite. 30 25. The process of claim 24 wherein said zeolite

conpri seswy ¢3ped7di mensi onal channel pore structure. WO RF/ 86080
PCT/ EP0O2/ 06080 23 26. The process ofa2xlaim?24 wherein said zeolite

conprises at |east one channel structure having a pore dianeter of at
| east 6.0 A. 27. The process of claim24 wherein said zeolite having a
three-di nensional 5 pore structure conprises at | east one pore structure

conprised g§ Tﬁ%??od%%%id?g:lé}h 24 g\ﬂgetreﬂn?séf&%ﬁlﬁ GG é{tsl%gg ® gﬁgﬁ%eel

process of claim 24 whereln sai crdic zeo e conprises

zeol i t e hastrugjueneadhg eheoredlidmetergffat deesidr &kd. FAU, MFI, MOR, BEA. 10 29.
The process of claim?24 wherein said netal conprises Pt; Pd, Rh, Ir, N,
Co, Ru, Cu, or mxtures thereof. 30. The process claim?22 wherein at |east

part of the7ispaBsbaasd & disinPoul AheRsn skid dledhtd ﬁ%@b%%%é’-&in’?&’ié@@ﬁé} d100

C and 350 C. 31. The process of claim 22 wherein said”i sonerization an

hydr ogénat p@ie steictgrenchropises at leabhond poesastrocture Codprisathef pngs bsgingfatcl ai m
22 wher einI sa'gi%i sonEri zation a;[1d hydr ogenation is conducted in a fixed
bed continddd MSAPERTvr a5’§.S'The process of claim 31 wherein the
feedstock is contacted with the catalyst for a period of at |east 30

m nutes. 25 34. The process of claim31 wherein the anount of catalyst used
i s bet ween2®. bhe diecersophlaineizdhwherein isaid eeigie aerlitercamierissst ahleastioner .

35_ The procss ngling! Gldbrhe B8RS #41ReRBRUTEAY, AR ISR psed 15 betveen
10
29. The process of claim 24 wherein said metal comprises Pt; Pd, Rh, Ir, Ni, Co,

Ru, Cu, or mixtures thereof.

30. The process claim 22 wherein at least part of the isomerization is performed .

15 at a temperature of between 100° C and 350° C.

.31. The process of claim 22 wherein said isomerization and hydrogenation is

conducted in a batch reactor.

20 32. The process of claim 22 wherein said isomerization and hydrogenation is

conducted in a fixed bed continuous flow reactor.

33. The process of claim 31 wherein the feedstock is contacted with the catalyst

for a period of at least 30 minutes.

34. The process of claim 31 wherein the amount of catalyst used is between 0.5

and 20% by weight of the feedstock in the batch reactor.

35. The process of claim 32 wherein the amount of catalyst used is between 0.5
30 and 20% by weight of the space velocity of the feedstock in a continuous flow

reactor.



30 and 20% by wei ght of the space velocity of the feedstock in a continuous
flow reactor. WO 03/006157 PCT/ EP02/ 06080 24 36. A process for the

i soner i zalvigogy/eee@d7 hydr ogenati on of a feedstock which congdisas2eesat ur at ed
linear fatty acids, alkyl esters of upsaturated fatty acids or m xtures

t hereof, wherein said process conprises subjecting said feedstock to

i sonerization and hydrogenation reactions in the presence of a m xture of
at 5 least two types of catalysts, wherein at |east one catalyst is an

acidic catakyst rial,ca of. IS Lizin raight chain fatty, acids
or al kyl eg 'eri\s P {cgeisgo#o? t|h(ré1t %% reglr%%ﬁglé %M?’E?Q%ﬁhoﬁt Iga%?gﬁtr?g c‘ﬁ%gﬂhyst
i's a metal combebysunkaadaiddvineclr faty acgastallylestartdf upsarphedabity acids or
hydrogenatiaﬁ)a unsaturated chem cal bonds in the presence of hydrogen or a

hydr ogen sBUFHESS {iRspel Whelelh saignRiocess icomriises sWbiestindogeidafieedatock to
[o9en S : . gl . >
coldie: oat SeyTizalih el HiBrogthatthTeBbBGH i She RBLCE SO hilktind Uit

mol ecul &ar @aetumvcéI dypes mfwawyﬁb,emlieinlﬁ l288st dhe q@ltagyﬁss amli aeldic add Sﬁt
wherein said, acidic port material conprise acidic zeolite. 39. e
process of TAS&h o8P Pgi'sr?r%%ri'@”%@itr&i td8in ?%tYCéﬁﬁﬁi%e%lkﬁdteﬂt%@s’fﬂ“eﬁféf

zeol i te hayin@rome & ish oLhow rFNZE, . W&@? gﬂ':ﬁ%l 40.
The process o rcI al ml??Ghsﬁ{é’rei n\%gﬁ% tmat a%%@gn%}sré\lerhse%f,ba ) IJ% ry\’%ﬁi,

Co, Ru, OCatlleast phetroetd cahableodf. hytrogdhating oosstaratediomefGecaltimeisninathel east
part of the isoner erformed 25 at a,tenperatuyre of between 100

ization is 0
C and 3501P(ESeRse Clﬁfﬁ V‘%HPQ{?IBs% 8f h%‘frapﬁ?ﬁ%m%rwﬁﬁr%' SHGdIIPSERAGQ and
contacied Wydldgbhaticmisféorductd®Pin & skhRld Baichf at |east 30 m nutes. 30 43.

The process of claim36 wherein the anount of catalyst used is between 0.5
37. The process of claim 36 wherein said acidic catalyst material comprises

acidic clay, acidic zeolite, acidic molecular sieve, or mixtures thereof.

15 38. The process of claim 36 wherein said acidic support material comprises

acidic zeolite.

39. The process of claim 36 wherein said acidic zeolite comprises at least one
zeolite having one of the following frameworks: FAU, MFl, MOR, BEA.

20
40. The process of claim 36 wherein said metal comprises Pt, Pd, Rh, Ir, Ni, Co,

Ru, Cu, or mixtures thereof.

41. The process claim 36 wherein at least part of the isomerization is performed

25  at a temperature of between 100° C and 350° C.

42. The process of claim 36 wherein the feedstock is contacted with the catalyst

for a period of at least 30 minutes.

30 43. The process of claim 36 wherein the amount of catalyst used is between 0.5

and 20% by weight of the feedstock in a batch reactor.



and 20% by wei ght of the feedstock in a batch reactor. WO 03/006157
PCT/ EPO2/ 06080 25 44. The process of claim 36 wherein said netal catalyst

is a metalweenkise. PCT/EP02/06080
25

44. The process of claim 36 wherein said metal catalyst is a metal zeolite.



