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METAL | ON EXCHANGED SOLI D MATERI ALS AS CATALYSTS FOR
THE SKELETAL | SOVERI ZATI ON OF FATTY ACI DS AND ALKYL

wWEDDERSSTHERECF Fi el d of the Invention The preBenEP2004/003068

invention generally relates to netal ion exchanged
solid materials as catalysts and to the use of said
catal ysts for the isonerization of fatty acids and/or
al kyl esters t hereof. The i nvention a Iso relates t
o the branched acids a nd al kyl esters prepared by the
af orenenti oned process, and derivatives prepared
therefrom Background of the Invention Fatty aci ds and
esters thereof are t di

| kyl
NIE] Ab 0N o EXSHANGED T 0 gwgﬁ%ﬂ%m@aWAWSTs FOR THE
PELRRAL 1SQ E@KMJON@ Y ARIPS HND ALKYLEESTERS THEREOF

aci ds are general |y obtained by hydrolysis of

| %fXﬁgHv%ﬁﬁor?f vegetable or animal origin. Naturally
-oégcm-r—rrg—t-r-rgrycerl des are esters of glycerol and
mpresbhymemmggenmay nelatoscto metﬁbdmreéxdwdgmiyédlid materials as
aci ds eran fro carbonaorrs st .
Giptich aaddihe v aDs o5 the BomaszgHon gf talisics andlor

M Ester§ M Aefadl Wr%?irﬂ/énﬁéﬁ a%d F&hteSablthat @r@n@ﬁed? Q@idRidnd alkyl
orie or nore unsaturated bonds. Long stra%é;d chain
edsg

estersr preppredt by e daforamentipngdd Hﬁ@@ﬁ%r )a fo/ativest prepared
th@¥pohEper at ur e, w hich makes t hemd ifficult t o
process i n a n unber of a pplications. Unsaturated
| ong chain fatty acids, however, e.g. oleic acid are

%@Mrature, SO are easy to process,

ven ause of the existence of double
matyHdids afd alkgheslefsahbbeohairél thebuliding el ﬂﬁ@atmwc@hposltuons
the strai ?ht chain unsaturated fatty acids in

raegipg dfam Tubiicapts. RelyMeEs.eSalyrnts cosmelics Ap8 the likei %’@tty acids are
JemetaR Sbtalr%daﬂghﬁgfry@oréﬂg&fsyoia?ﬁ Scerifeanss (83dt4bRCbASINImal origin.

contarning on

Naturally occurring triglycerides are esters of glycerol and generally straight chain,
even numbered carboxylic acids, in size ranging from 10-24 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.

Long, straight chain saturated fatty acids (C10:0 and higher) are solid at room
temperature, w hich makes them difficult to process in a number of applications.
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 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, and/or aryl groups, which are attached to the carbon chain
backbone at any position. Therefore, branched fatty acids are for many
applications more desirable than straight chain fatty acids. Commercial branched

acids are not, however, naturally occurring materials.
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applications nore desirable than straight chain fatty
acids. Conmercial branched acids are not, however,
naturally occurring material s. applications nore
desirabl e than straight chain fatty acids. Comrercia
branched acids are not, however? naturally occurring
materials. Currently, branched fatty acids are
obt ai ned by isonerization (branching) of the straight
chain, unsaturated fatty acids havqu a correspondi ng
c applicationginore mgsiraklertpae straight chaip felty agidss Germpareig! branched
fr ' : 18 yarious routes
anﬂE%%%ﬂbggbwgggﬁ%?égégfééggﬁﬁﬁng%ﬂg¥gnching of fatty
acids in the art. In one process, for exanple, clay is

used as a catal yst, C catalyzed i sonerizat.io .

s oarenly. Hanehed Toty GhRE. B oS NG sl PR AEaLoR fpragghing) of the
asfraRht dRAAD LAsANPABY fafty WedRShawAg I B6rrespuidiies chain length. For
contai ning oligoners, saturated straight chain fatt

a€xaplen branched e\l @ ierEraadirer stiaight & 181 g@mmg:z). Various
di 1 . . t .
- SRREK 3 PR B i bR G2 Bhy OERRG ke in the an.

i sonerization process whereby a fatty acid feed

conpri sing unsaturated fatty acids i,s_cont Wi a

R EROR ProHeR i PiaBale n bkl Retc aBan, Setdliity gy Soatalyzed
a gomhéizatibn hauffe®, ahowevempofrons ®io umiain edisbbivantagdsent First, a

No. 5,677,473 describes a process for preparing,
bcaRsiAe@blenameunhof W"QG?'&%AO §IdeaPrP§‘P°'és$Qﬂt£'“tnﬁeg'&S’f’“ers’ saturated

mﬁé&rﬁ@h?%ﬂ%ﬁh SPa'itIyS‘élalo%Ctdnﬂg iMBRALYER! QfimbAS t¥ A, A second
havi g 10-25 carbon atons or al kyl esters thereof to a

s idigadivantage isrthat thet ¢lay catedyst camnatipetreesgd.esence of

water or a |lower alcohol using a zeolite as a

catal yst. The zeolite has a |inear pore structure of a

silz8. Patint Nen6 856,539 distlases ain isomerizatiom peoudss avigeeby a fatty acid
g?g%gg Eg;%gggblg%vsg{ufrgtgalfgﬂy ggidg qg cgﬁtaagtce%evg/itrﬁ %téasfal%tl, (cj:ﬁaracterized

in that the catalyst comprises a material having a microporous structure.

U.S. Patent No. 5,677,473 describes a process for preparing branched 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 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 fatty acids or alkyl esters

thereof.

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. U S. Patent No. 5,364,949 describes a process
for the production of branched fatty acids and their
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acids or estersthereof with aliphatic nonactivated
olefins in the presence of |ayer silicates and active
carbon. However, all of these processes are plagued by
| ow yield and/or a high rate of undesireabl e byproduct
formation. Accordingly, there i8 a need for a new
process that overcones these disadvantages, i.e. a
process for the preparation of branched fatty acids
fromstraight chain unsaturated fatty acid feedstocks
withéreaf Withhalipbatie moinantivaded olefinsi inctheapredeses of tayertsjlicates and
t Quar ranched nononeric isoners and which enpl oys a
réﬁ@ﬂ%?@% ﬁtalyst. Summary of the Invention Thgp d
present invention generally relates to a process for

the skeletal _isonerization of unsatuyrated |inear, fat
A dTQNEERcAD of 48R PIGEESSS AirePLAGHCE DY, ot el 2RISR hih rate of

CQipaksirdbid Eypéahgt RIASHST ACEBUINGRS trétBlisdal et foRlathew process

unsaturated linear fatty acids and/'or al kyl esters

t Keateayerednes these disadvantagasitia. aipsacessdha epayatign of branched
[ C Vb N ' ' es,: :

(o6 s B Kifaighl"Shalh S n U R2 A TR R a hih

acodsemitth rateabhkyihcreased sdédutivity towamis braached tmenaghéric isomers

chain counterparts. Fjnall the i nvention al so

r @ngyWach smp MscﬂJEe”&@Hé\fﬁiglygs prepared fromthe

branched fatty acids and/or al kyl esters prepared in

accordance with the present invention. Detail ed

DeSumpmary efthednvendiopr esent | nvention In the context of

¢ P BER e in R GEer P ABETE & BroBT I (08 SKFIeEA isomerization

f aof wesahliratednijinearatatiyonsidef afdiet slkyt lesters thereof to their branched

counterparts. Said process comprises contacting said unsaturated linear fatty .

acids and/or alkyl esters thereof with at least one metal ion exchanged solid
material catalyst. The present invention also relates to a process for the
preparation of branched fatty acids and/or alkyl esters thereof from their straight
chain counterparts. Finally, the invention also relates to various derivatives
prepared from the branched fatty acids and/or alkyl esters prepared in accordance

with the present invention.

Detailed Description of the Present Invention
In the context of the present invention the inventors have discovered that metal ion

exchanged zeolites are highly active for catalyzing reactions of feedstocks
comprising carboxylic acids. The catalyzed reactions include, but are not limited
to, isomerizations, alkylations, and the like. The feedstock comprises carboxylic
acids, including but not limited to aliphatic and/or arométic carboxylic acids. A
preferred feedstock comprises fatty acids or esters thereof.
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carboxylic acids, including but not limted to

ali phatic and/or aromatic carboxylic acids. A
preferred feedstock conprises fatty acids or esters

t hereof. I n one enbodi nent the present invention
relates to a process for the sk&letal isomerization of
unsaturated linear fatty acids and/or al kyl esters to
their branched counterparts. The process conprises

cont acting said unsaturated linear fatty acids and/or
mr,\p @rggqu@eméh@oqremqthlnaenq%gglatgse onat priocess for the skeletal

em&sﬁ?ﬁgt] LAsdBfaREd ﬁﬁe&j&ﬂ‘%)ﬁéﬁs amforce@ﬂoﬁl%r?étrs "{’(?ﬂ}elr branched

process o e tnvention a tageously
acounterpaditsr The lpydcesstoomirised cootacting saidaundaturates linear fatty acids

o ntoE Mgt S Rref i, o0 F il T B P gBelYolia meateria

prawiyst. ST céth/sD aAd Qrbcaysosehe |Mérit|o%eéWa®|tégéously converts fatty
as unsaturate

oSO Rrlor Bl eSrelepsiack Mtb aumikue NADIS HTe i praRched fatty acids
t BRART bParlthel a‘-ﬂ%}l %%Eéré"ahﬂ lBﬂWﬁrdjl?oHé‘?s f%"%&ﬁéjfbé?:fhon products of

branched fatty aci ds and/ or esters
| Mecpresent plosess wilbgensrally oqmptm; bdthr $aturated: as wedlas vosaturated

P%u%&e ber?EFé"ﬁ% lﬁElhae@mﬂfengmqgé@énéﬁbgi nlegtﬁélfrﬁl_ectmg towards

ared I n accorgance
cﬂteafoymatlm'f oft branchmeckfatty @cidssandiar alkyl @stered in that it
is a netal ion exchanged material conprising zeolites,
cl ays, resins, anorphous oxides, nolecul ar sieves or

t Rk nVEREbH0S0 refites 'I@R/éhOUQBén%’tNeQQ)réé&% drom 'ﬁl@é Branched fatty
metal or fromnmultiple netals, th or w thout other

adeifs a(er atiiybesig s Rrepatsd lﬁ@lcaprdaaﬁg withrthe presestinyaption.

salts containing the netal ions with or wthout

i gands. M xed netal ions or their conplexes with

vahe matalystefritie invantioa ia&@dradtenize@mhmagﬁ isaan mztal ion exchanged

Bl Bl oA Rt AEF: ool By 5868l sives or
mhelmglxtd‘ressq'lhednéﬁl Rhsddah byé fromoAeingle Meta digfomh muMiple metals,
C\‘:’vﬂﬁ %rnvlwﬂwout other additives. The sources of metal ions can be from any salts
containing the metal ions with or without ligands. Mixed metal ions or their
complexes with various ligands can be used. lon exchange can be carried out in an
aqueous phase, or in the absence of aqueous phase, e.g. solid state exchange by
physically mixing the solid materials with one or more metal ion containing salts
followed by calcination at elevated temperature. The ion exchange level can range
from trace metal ions to 100% metal ion level based on ion exchange capacity.
Over exchange to a level about 100% of ion exchange capacity can also result in
active catalysts. It is known that certain noble metal ions, such as Pt?* and Pd®*, in
zeolites can be reduced by hydrogen at temperatures above 120°C. Even though
most metal oxides can be readily reduced by hydrogen at temperatures of about

350°C, the reduction of most transition metal ions in zeolites by hydrogen generally
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Over exchange to a | evel about 100% of ion exchange
capacity can also result in active catalysts. It is
known that certain noble netal ions, such as Pt2+ and
Pd2+, in zeolites can be reduced by hydrogen at

t enperatures above 120C. Even tBough nost netal oxides
can be readily reduced by hydrogen at tenperatures of
about 350 C, the reduction of nost transition netal
ions in zeolites by hydrogen generallyrequires nuch

hi rgb&irebi ||¢|n‘pﬁ higher ¢empPemtirec8ee docationg digancyratd Reducibility of Metal
Re uci ' itvo l\/bt |O'{‘ll eollteds a F'if
ﬁnzﬁ %&ﬁ}]-l gg%hter Chem. Soc.

qua?géﬂv TFaﬂﬁs 86 (f5d0) ]2%9@ whith3is |M€brﬁbrdt§d hefan Byirafegshce. This

herern by reference. ThIS invention relates to a

prlowd@n. relals thapyesassdn Which hdroggp|iy Prrierabiepot used. However,
[ f

Bl R RRSAENS Rl Rt Rl R it

acidic proton form (H+) zeolites, such as HZSM 5,

AP e B A 1y 299 RO, Sl e HESHES  Riordente,

erBétrée@nH 3Y YarCkitswn B okaittilefon theoilsbinesization ef onsagurated fatty
group VII| zero valent netals are also.a

L ackby do Sraronse: ALyaRERE. TG e FEOIART GNaIEHg group VIl zero
OVHI?M m@fa% ‘%l'?e %%ﬁfl\?@tcb%té sz 88l VAEnt We8dls do not affect the
positiv charged protons are replaced by netal ions,

t t‘@lenalérpmtbn peanicentrationsein zeglitehs \Yben epasdivels charged protons are

BRI, 40 SOt A .

anudomtehzatgirh i9fknowet oo t@picdll;t Vtake eplace twaxamottmated carbenium ion
skel etal, isgnerizat kon act i Vke%/ﬂgqu prot o

z HEFhUSM; {ieCalicen atioryand § %tﬁpla&llgo ity are critical for skeletal

COEBﬁaréﬁkatcﬁﬁaétMy%kgb%@formsgaﬁfészatI on of unsaturated
fatty acids, even at near over 100% i on exchange.

This is particularly unexpected based on conventi onal
wi sdom as the concentration of

In a preferred mode the invention contemplates the skeletal isomerization of

unsaturated fatty acids, even at near or over 100% ion exchange. This is
barticularly unexpected based on conventional wisdom as the concentration of
protons is significantly reduced if not completely eliminated. It is preferred that
higher valent metals be employed in the catalysts of the claimed invention. By
higher valent metals it is meant that the valency of the metal(s) must be greater
than zero. Most divalent and trivalent metal ions from the periodic table showed
improved catalytic activity over purely proton form zeolites toward the isomerization
and aryl branching of unsaturated fatty acids. The activity varies with the type of

cation and the degree of ion exchange.

Examples of higher valent metals that can be exchanged on the catalyst of the

claimed invention include, but are not limited to:Li*, Cu*, Rh", Ir*, Mg®*, Ca®", Mn*",
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By higher valent netals it is neant that the val ency

of the netal (s) nust be greater than zero. Mst

divalent and trivalent netal ions fromthe periodic

tabl e showed i nproved catalytic activity over purely

proton formzeolites toward the i sonerization and aryl
branchi ng of unsaturated fatty acids. The activity

varies with the type of cation and the degree of ion
exchange. Exanpl es of hi her val ent netals that can be
eretamudtl NA' O candl, &t dlot hedd], asn?édCieh @t 8¢, Ccr’, Fe™,

,\EC{’:[,J%%&IZ_'_ o8 &%2 hmoﬁrg?_’, Lﬁlf"lial_pd t&ﬁéerét o?ﬁﬁrargregnh elements,
MpZ+giPdgi I@i‘i‘g”’er"@eM’o4+ 2+, 8L 3¢ QP*, MBS mixtur@s3thereof and
. Ga3+, Y34, Nb3+, Ru3+, Rh3+, La3+, Ln3*+ and the rest
othetlike: rare earth el enents, |r3+, Bi3+ Tid+ Nd+

Zrd4+, M +, Snd+, Ced+, V5+, Nb5+, M6+, m xtures

thereof and the like. In a preferred enbodi nent the

it alpreferred @ntodiment the roétal fon cartcahfratiorenptheyeadalyst employed is

cARRaPhaND 1,8 e Sx AR AHRaERY 1 PRRtnel bl the metal fon

Ocoiceptratibe iexahaegst OFPACOF thel Bxéridnge 2BpadiBL  In still another
enbodi nent the netal ion concentration |s at least 1%

oempﬁémmﬁaﬁ@@tabpacchen\rﬁﬂ%ts arigastet %etfithaisxehange capacity.

I){Eptaﬁthe?rbrﬁﬂm%H Fhé Q'He!#ﬁ %ﬁ doﬁ@éﬁtr%lénofs bh9east 2% of the
exc ange capacity. In nost ments o

| exchangercapacity | afast embadimentshaf thetaverition it is preferred that the

SRR b oS AR AFH b el B, e 200%
I exgirange 16vel; ;bl@fé%@ﬂl%lﬁmW ¢feyBlto 200%aeathaege level. In another
AT, tho Sl P eSO At S ahde b A 10 exchange

elmepll LES| ahBﬁheF%hi‘-HodirﬁéntQHB Geethr ik icBAcértrdtidnti&ith thatbkge of 1 to
1 to 50% exchange | evel
50% exchange level.

The metal ion exchanged acid catalyst of the invention can be used alone or in

mixtures with one or more solid materials.
Various acidic catalysts are known to the skilled artisan. Examples of acidic
catalysts employable in the claimed process include but are not limited to zeolites,
acidic clays,'molecular sieves and the like.

Zeolites are crystalline aluminosilicates generally represented by the formula

M™ o [(AIO2)p (SiO2)q(g>p) 1. mMH2 O
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the skilled artisan. Exanples of acidic catal ysts

enpl oyabl e in the clainmed process include but are not

limted to zeolites, acidic clays, nolecular sieves

and the like. Zeolites are crystalline

alum nosilicates generally repr&@sented by the fornula

M+ p/n [(AAR)p (SiR)g(g>p) ].nmHR2 Onhere Mis a

metal cation of groups |A including Hydrogen or IIA

and n is the valency of this netal. Zeolites consi st
ofwlaereelt/l\/\isrdx nodtalScadioranti graupst & irechustimga Hydndgeh or 1A and n is the

Aoy ot Fety” PeSliEe ERoBl O ay etPR ET51GE B iy tevanera

Al Rk ttbgéther dia smar@m oRyderbatopeTposaiuee hay acat valeacy resulting in
such as . Wien Mis hydrogen the terials are

Brafhsxeassadative chaigs W the AlGH telrahedra, whichan be compensated by
”Bédd?’bhélsﬁcﬁ‘;aﬁ KrasARen W@h\ﬂﬁ@%éﬁ‘%e ﬁfa‘?é}‘ﬁlé?gr@B'r@Hs‘ied acidic, when

roxyl's dehydrate creati oordi nat el y unsat urat ed
AIM qurhemslea§satmeema§emjs darei basic.Thipoacheating, Bronsted acidic

SRR, BB hEAEB BSRS89 o  Lows

al auid slﬂénTh'chld atrengthf acidIsite aleakityrand Beanstdd vesus édwis acidity are

c AP by the Jeve of fEeuiark alnipios dhe dobs obpligalalumina can be
Op&drféﬂ%F ¥ difén emBs dPeBliitks @theP By @onirbifed €8lWinktitrE with or without

extra framework al um num or by chem cal treatnent

enﬁbﬁopreﬁgnmnof steam| ortiandllyi (oliowedaby wxtrasiion htthe rasulting extra
ol A 2l ML A RERRl G bt ammoniur

|nlméxaﬂleomsnnaml ent cations such as H+, Li+ and the

"l'i ke, divalent cations such as My2+, Zn2+ and the |ike
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and trivalent cations such as
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 such as
Ln®*, Y¥, Fe**, Cr** and the like. The framework composition of the three-
dimensional zeolites may contain other elements in addition to Al and Si, such as,
for example, P, Ti, Zr, Mn, and the like. Although any zeolite meeting the
parameters of this embodiment of the present invention can be employed, faujasite
(e.g. Y zeolite), Beta zeolite, Offeretite and the like are particularly well suited for
the present process. The Si/Al ratio of the zeolites can vary depending on the
particular zeolite employed provided that the skilled artisan understands that a ratio
which is too low will result in more by-products and a ratio which is too high will
lower the activity of the zeolite. In most cases the Si/Al ratio of the zeolites is at
least 2, up to at least 20 and higher. For example, the Si/Al ratio for Beta zeolite
may be from about 5-75 while that for Y zeolite can be from 2 to about 80.
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Ln3+, Y3+ , Fe3+, O3+ and the |like. The franework
conposition of the threedi nensional zeolites may

w@onit/asassot her el ements in addition to Al and BIT/EB10641003068

as, for exanmple, P, Ti, Zr, M1, and the |ike. Al though

any zeolite neeting the paraneters of this enbodi nent

of the present invention can be enployed, faujasite

(e.g. Y zeolite), Beta zeolite, Oferetite and the

like are particularly well suiBed for the present

process. The Si/Al ratio of the zeolites can vary

dependi ng on the particular zeolite enpl oyed provided

that the skilled artisan understands that a ratio

wWhnecpresentt iowention igiriot limitedIto Zenlitesrie geperal, cardetas partigular zeolite,

t I f
SRR ot A O URIORS v rfoBlof 1 resen
Ilmléimohe@éohfés arg, howaterl agséferi@dandteniaptoche efployed and the use
G iop G yPe(a b SIscarerpd 2R SRR ugEd MEHR 419 §ore of the

?ﬁ@%’éntaﬁvéﬁ%npr%ﬁéleé %YQBBIlt@Q wrﬁcﬁ‘%n |He”éthQ)be in the context of
Zeolites in general, or particul ar zeolite, as

tae eresant lmtqmépnﬂmfaweaémtuatr%@othwtg@ t@rﬁﬁobsﬁeé} Beta peolite, zeolite

S@“ie%ﬁ e Qf zEQﬁtPFL: %}?ﬂfe %R\‘ée'}lteoﬁfé %éeﬁ#gﬁagt%e % ﬁ]ollte ZSM-11,

_Lzeehtef Z@M—1 Rn @enliter Z$M—20 0 ZISeM-GBs zeobtee ﬂSM}lBJ tabigninephosphates

ARSRG Lol liithd o VER B the e D Bttty kgl andor zeolitc

Qﬁ%ﬁéls rﬁﬁvnﬁ@mepbﬂ@ﬁmb frdiﬁ@\%tkoétrUdﬁ@r’eﬂd¢\ELblAF@fRHTITOBOG CGF,
limted eolite zeolite, zeolite

zQe@S» EQN( DE@OFNJe FER i‘LFd#,u /Nészk ¥, BEQo BPH: %@4’5'\” FAU, GME,
F iﬁ@?bm%ollte ZSM1 1, zeolite ZSM1 2,

zeol I'te Z SM 35, zeolite ZSM 23,

al gm Egplh_oiphagez [ _n)cil u:llieng bgﬁ not limted to VPI-5

330% SalectR, AR SaERHIT a1 PPlainhPl e AiBkens. &t the present

AirkentidinQf a‘tHEastB%'t &Gﬁe @6&1en€@ﬁbn ﬁ!F@erfEﬁrUed FﬂFh téEiﬂ.erature of
AFS, AFY, BEA, FAU,

tbeéwew@boebaeoséi ae@.%ﬁot )paﬂﬂ e %msﬂdleémtb@e Srocess of the
qnvé*t%%dlsbéfertf&%e%‘r 8t Sst%nﬂ{erétl&?e RYf befliben about 230° C and 285° C.

Since the conversion is also a function of the reaction/contact time, it is preferred
that the fatty acid feedstock is contacted with the catalyst for a period of at least 5
minutes and reaction times of 1-16 hours are typical. An even longer period could

be used if the process is operated at a lower temperature.

The processes of the present invention can be performed both in batch

and fixed bed continuous processes. Good selectivity and conversion can be
obtained by the process of the present invention if at least part of the isomerization
is performed at a temperature of between about 100° C and 350° C. In another
embodiment, the process of the invention is performed at a temperature of
between about 230° C and 285° C. Since the conversion is also a function of the

reaction/contact time, it is preferred that the feedstock is contacted with the catalyst



invention if at |east part of the isonerization is
perforned at a tenperature of between about 100 C and
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invention is performed at a tenperature of between

about 230 C and 285 C. Since the conversion is also a
function of the reaction/contact tine, it is preferred

that the fatty acid feedstock is contacted with the

catalyst for a period of at lea®t 5 m nutes and

reaction tinmes of 1-16 hours are typical. An even

| onger period could be used if the process is operated

at a |ower tenperature. The processes of the present

i forenpériod ofiat leash® niioutes cardoteaciion HenesHofnti6 hioxedateeiypical. An

c 2o YR PHGEER) T e BRI R Tiess  bpPEd e AT U 60 Bmperature.

invention if at |east part of the isomerization is
performed at a tenperature of between about 100 C and
3

kp general, v ameunirifosrialist erimleyed de 88 BfocesR according to the
E\‘(/%Hfigrggs @%gén’g{a{n"(ﬁ.ﬁ?g%grréferta%@%?é tHefh @bﬂ%,?trﬁ‘@ri%rbreferably more

[
about 285 C. nce the conversion is also a )
f thart 0.600, eindtmestrprataraliy meratthan 104, rhased on thedelgl egackign mixture.

he f ' : . tRo f 0
57 it B CBBE o PBRRLETAE Iyt oo eI KRE en 305, more
1piéfelably kesarthah yii0% and rosteweferablydess treari 6% by wiaighite based on
used if the Opro;:ess is operated at a | ower

t hptalrereionMdYdBeral, the amount of catal yst

enpl oyed in the process according to the invention is

more than 0.015% preferably nmore than 0.01% nore L
pVénen abcontiness tflexn reactox, isagmplayed. Hreewaighi| Rourpsrace velocity is
t 9% S e j ] ;
aﬁgﬂ"r’]{eﬂo?'&b@a a gggéde!npv?%égﬂdh(?s escgr\{ei%n{yg%a;eﬁm& as the weight of
p feddeinadragns| pessinghaver d0eqgramraf cptalyst pebhgut.ess t han

10% and nost preferably | ess than 5% by wei ght, based

on the total reaction m xture. Wien a continuous flow

I aaselitnally i€ Mak Mersh, fouRd that Birtusheda chalyst sydtomi hycording to this
bet ween Q.01 and 25100. Wi ght. hour, space vel oci t\é IS .
déventign dkis; pessiile dpteyge the catalyst. In some cases it may be desired to

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, regeneration
can be accomplished by utilizing controlled oxidative regeneration and/or by

washing with a solvent.

Typical feedstocks comprise carboxylic acids. A preferred feedstock comprises
fatty acids and esters derived from natural fats and oils. Such feedstocks are
predominantly unsaturated linear alkylcarboxylic acids, related esters or mixtures
thereof, optionally containing other organics. Since the present process is
designed for isomerization or conversion of unsaturated fatty acids and/or alkyl
esters into their branched counterparts, it is beneficial if the comprises of at least

about 30% by weight of said unsaturated fatty acids and/or alkyl esters. In another



feed in grans passing over one gram of catalyst per
hour. Additionally, it has been found that by using a

W@ at0algmss4 syst em according to this invention iPCT/EP2004/003068
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possible to reuse the catalyst. In sone cases it may
be desired to add fresh catal yst while optionally
renoving a part of the spent catalyst, and in other
cases regeneration of the catal yst may be desired.
Regeneration can be effected by10Qari ous net hods know
to the skilled artisan. For exanple, regeneration can
be acconplished by utilizing controlled oxidative

regeneration and/ or by washing with a sol vent.
f estadivist, amemmmmascataeaassm byrwelght @}Qunsaturated fatty

; ?a%d L9 cﬁ?rcém‘ﬁ a(-‘is g‘n é\%&f% %ﬁ]é%ﬁ%/@ﬁ&{@ssgﬁfaf’e%dfatty acid and/or

prﬁ((}@%m.flt éwrgwmuheﬁe@d i suieable abla/faemfhxd(yhlaccordance with the
acids, related esters o t
c e IS TWoRe M G- pnEedas i G TrEOpaS EATTRPEE A1Y acid as the

' %n@ﬁﬁ]rﬁt@ﬁ‘*aft?raclosﬁﬁ@bf i bFR?I &steF BNYRIG O iAfan amount of at least
unsaturated fatty acids and/ al kyl esters into their

bréé)¥e by aveighinpreferablysat leastu7§°/bbhéfeilgﬂta| if the

conprises of at |east about 30% by wei ght of said

unsaturated fatty acids and/or al kyl esters. In
andtehievemtinodalse mélatéshte the dulanaed fattyacidseandhalklykeesters prepared by

S oS LRS! e B 3 B e evampios

atiefeinBAEOProided, tRS pPoSessosf thiexpresent inbentsi allsws one to prepare
suitable as a feedstock in accordance with the pres

i vangheshfatlynacide hamipgdunigue br@m@%&ﬂ@@&&{ﬁ@@ﬁpr'ns@@ regard the
;E'bfer‘?tcl'ngeﬁ% 'ﬁ%vé’%@feﬁr gbRrher&hil rr% a@ﬁi‘léblé"ﬁéﬁéhéd”@%t /acnds and

ester "efc acid in an anount of | east
bynauel dﬁiermlpe@ﬁmmbeyam of didyranziing by managhrtanching in such products

T8 Yl ) r S 2R DALY fahon Wibove 075
heTras s cldarlg dlﬁhcbmsttdt@d liry gxamﬁyVdﬁrthecbrbsemthappllcation By mono-
S;@g&;&eﬁg H\?rgﬁhnegfﬁ ﬁqt%vﬁi%g} g(ﬁgpéoé%%se sqde branch di-branching

means two side branches, etc.

- In view of the novel character of the products produced in accordance with the
present invention, the inventors claim isomerized products having a di-branching :
mono-branching ratio of greater than 0.75. In another embodiment the inventors
claim isomerized products having a di-branching:mono-branching ratio of greater
than 0.80. In still another embodiment applicants claim isomerized products
having a di-branching : mono-branching ratio of greater than 0.85. In yet another
embodiment isomerized products having a di-branching : mono-branching ratio of
greater than 0.90 are claimed. In still yet another embodiment isomerized
products having a di-branching:mono-branching ratio of greater than 0.75 up to
about 3.5; preferably 0.8 to 3.5, in another embodiment 0.9 to 3.0, and in yet

another embodiment greater than 1.0 are claimed Additionally, in the commercial
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branched fatty acids havi ng uni que branching
characteristics. In this regard the present inventors

wanna/osmst ed commerci ally avail abl e branched fet1/gP2004/003068

aci ds and have determ ned that the ratio of

di - branching to nono-branching in such products is
bel ow 0. 75, while that ratio for products of the
present invention is above 0.75. This is clearly
denonstrated in exanple 7 of t he present application.
By nonobranching it is neant that the said fatty acid
has one side branch; di-branching neans two side

bran S tc...ln view pof the novel character of the .
S sl b8 e A Boat v E Wt B oo biénched in the
| corereraddl, prodiects WEToan@ t& bai b ISE16R! WARE tHY RlieGbFthe isomerized
havi G%Fa di - branching : nono-branching ratio of

redves afrihs riesent invention: iseabavepbaPrefherefese isomerized products
CdcRlofihg 9 8hé 4%%%? iy B3%ti0Bfdotal (Di- + multti-%etl)rqanched / mono-

di - br anchi ng: nono- branching ratio o reater
cbraochechabeve 1.28rave part of tidiaimeed inwpptiomant s cl ai m
i sonerized products having a di-branching :

nono- branching ratio of greater than 0.85. In yet

3‘_ﬁui Men?maﬂbmtemplata%ré;:z@@kimigéy pféf‘pdﬁ@d’ i’rtE)Ew Brtar?ched fatty acids

i - pranching.. nopo-branching ratio of greater an

Cﬁrégalg\ﬂéaS&?rgi”ﬁ%'@PPPW%@tqr??erﬁg’i"e&‘ﬁei‘her enbodi ment

i sonerized products having a

(Hatlyr a¢id Rikyy esRi® ahd a0 hbids 'é iverstild beRdiRYg bldtRE dhd’Sonversion

u é}o about 3 5; preferably 0.8 to 3.5, in another

&b ranatesals info 3 widarariely  othahaHERCanison Ressible. Some
r j i d I i,N :

E@fiples bh e lggg G reaicHsBoksold idrd RBRL H?I%\{v.al tF?@'n_thg;se starting

commer ci al products anal yzed the ratio of
roaterials ibisaprsside to pmsice mancinaid, Anionfeean nationic aurfactants, all of

et it ne B85 BAORBLE mRERBE: cdent i nvent on

is above 1.20. Therefore, isonerized products
on having a ratio of total

S LS BERTEAE B ek S o e present
pavdntioh datebé Iudilizerf ab RYAHhG PhatefAI8 tb&%@ﬁéﬂeoﬁneaéaﬁﬁe éierivatives as
contenpl ates all derivatives prepared from branche

ftheif {ingar gaunterparts. For example, the branched alkyl esters of the present
invention are readily converted into fatty acid glucamides and glycerol esters.
Alkylation of polyhydridic molecules is possible. An example of this type of
reaction would be reaction of a branched methyl ester with sucrose to prepare
sucrose esters. Conversion of branched alkyl esters to alpha sulfonates is known.
For example, branched fatty acid ester sulfonates (FAES) can be produced from
branched methyl esters by sulfonation, followed by bleaching and neutralization.
Branched fatty acid alkyl esters can also be converted into other branched alkyl
esters by a transesterification reaction. In most cases, the smaller molecular weight
alcohol is removed from the reaction mixture forcing the reaction to the desired
products. '



and al kyl esters thereof of the present invention.
Fatty acid al kyl esters and fatty acids are versatile

wheookadsasss bl ocks and conversion of these nat erp@l/EP1004/603068
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a wde variety of other surfactants is possible. Sone
exanpl es of the type of reactions possible are |isted
bel ow. Fromthese starting materials it is possible to
produce non-ionic, anionic and cationic surfactants,
all of which is within the scop#of the present

i nvention. The branched fatty acid al kyl esters and
fatty acids products of the present invention can be
utilized as starting materials to are th

dBranghecially zsidsranderge masy of s sah t'Ofvsot%e‘Ej{m%%ﬁr gounterparts
the JP%IF"% hRShPANY bra‘?x%h@& Sathf atiBaln %%%?'E 'F‘b\‘%&bhﬁﬂ‘e &h& branched

rea y converted into fatt'y acid gl ucam des and
gfattyeracld @ftthespresekt lintentianomayobghgenvedied b dtsulseap form by

RSB 0 g U, g, 88 eacton o

pitiep drgnchiedr fasty dd of the Goesent Snventioh fattqrexick dr alskgerivatives with

EPRRORIRE. 1 A ad  RIOBN dHORARaIALE KTPRES DYyAdylation of protein
|O ?Q#&Pﬁ@téé Withbbrinehed! fﬂ@f Ri¢ldsest aEd EMofRded. OMMe Rydrolysates are

| owed by bl eachin neutralization. Branched
fa(atlgblgcmdcqmwﬂ@st penging andwdhels #e Preparedt oThese are mild

Ots[]ﬁ%ct%_%”ﬁ@@&’ i $n Eﬂ)g{ ngY chr—TI ?@rﬂﬁﬁ sl f'f@t'ilfdéﬁhyl esters of

nmost~ cases e sma ecul a
albcaniubiedi fatty eanidse cal$o dnowheas agylt useﬂmonate&lraref exoallagt surfactants.

i R R 52 o kT R 50 e SHRE RIS RpfY pmido propy

C@M]héf BAbtderRatived breaprépanéd froam thd fatec beid ératattty avid clkyl ester.
alkyl esters. For exanple, the branched fatt

t F{@lspfaéglynpf PW@n%mW%C%m%F'PEGPP'WB°¥ i ?a%i@p detergents,
f fidRwRsHIRidRdd 5@& 'n’PJhg érgoﬁal%%forh‘nﬁ’é’t‘»dns Condensation of a fatty
sar cosl nates can be

ared fromreaction of the
bregitt Byl ater yorfettyi a@fd wltb an ed@nolamiveresyis imthesformation of an

aca'llgan%farhidg. de-|‘-|1]é/ aﬁlk%ﬁﬁal’mcfeh and it derivatives have a variety of uses

commercially depending on its specific chemical structure. Ethoxylated
alkanolamides are used as compatibilizers in formulations. Many alkanolamides
and derivatives are used as thickeners and foamers. Branched fatty acids can be
alkoxylated with ethylene oxide, propylene oxide and butylenes oxide to make a
useful family of non-ionic surfactants. Branched fatty acids can be converted into
nitriles which are the building blocks for a large variety of cationic and amine
surfactants. Branched fatty acids can also be used in a reaction to prepare
esteramines, which are quaternized, esterquats. The major use of esterquats is in
household fabric softeners.

Conversion of the branched alkyl esters and branched fatty acids into branched
alcohols can also be done. The alcohol is another building block to prepare other
types of surfactants. Alcohols are used to prepare alkyl polyglycosides (APGs).

These materials offer a hydrophile based on a natural sugar. Conversion of the



sarcosine. Acylated protein hydrol ysates are prepared
by acyl ation of protein hydrol ysates with branched

wo adorgsemsd ds or acid chlorides. The hydrol ysat BGI/BP®04/003068
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vari able in conposition, depending on how they are

prepared. These are mld surfactants used in often in
personal care fornul ations. 2-Sul foethyl esters of

branched fatty acids, also known as acyl isethionates,

are excellent surfactants. Thid43famly tends to be

mld to the skin and hard water tolerant. Am do propyl

am ne and derivatives are prepared fromthe fatty acid

or fatty acid alkyl ester. This famly of surfactants

redephob einta amiBesi and agyatedariednogeurs aigedily ard dp ganeemmercially
; o?ﬁu@éﬂ%&%& ?%H%ensggf%ﬁﬂo f%%ﬁlﬁg@?éur@%fﬁts | ir<\lon ionic surfactants
aref ptelpared iy \wilkdxyktion| &faaddohoisne Cemnhcbrs thO)tylmlon agents are

f tion of an Ikano a am de. an

Bhilehe Bl piapyTens, BXHE AP drunlea SXbfiner aruTFign of altohols (with
Qﬁﬂﬁm%dlgal%kylétﬁ)rﬁ RECAIEbitol JiffEte®als &tdonsihbFcially important process.
Et hoxyl at ed al kanol am des are used as conpati bilizers

i Ther pgengf ﬁ'q?QiWé sulfglep in|lrendry dsiioreasing efpecially iy &urope.  Other

Za&?a%%i%g@@gﬁﬁ'd&%ﬁoo%ﬂ %{tﬁé‘@?ﬁ% St gagfi(c??mfléﬂ)hypolymenzatlon
p«loq»lydle can @salkee andvért&q/nhm’mspbaieobastem ridtb raonas 8hdidi phosphate

Pt Bt Sendtingn sl RaplienBanatons ey RfbRiparonates
tﬁr@?fédliwd 16y iharreacticl bfedadiurh chﬁiro@crétateamm aniatgohol ethoxylate or
sur

ctants. Branched fatty acids c al so be used
drora arylisnacig a1k aaralcehl @?(w}?ég Thasencap @lso be made by direct
WBiadAlop &f‘?H«F] r‘cgfn?f%HékﬁateTJfﬁieFﬁhFHfuIWS@orﬂFolI@&tc%hgiﬁéﬁ§
seho abric

is In hou sof teners. Conversion of
branched al kyl esters and branched fatty acids into

%é%ﬁg@%}wﬁ% égagésgér@%b%&’ nt?%rsgloﬂﬁst %t ?ril/d; glgp !&téﬁded to limit the
S&UOb&Odf&hbSnvéhtmherccadmglysem\etm‘ erdéraay ekill ikythe art would readily
pr%'cggéixgotﬁgtd ?hse %’?‘apr%"?e'd products of the present invention, like their linear
counterparts, can be readily employed as starting materials in the preparation of
numerous derivatives as illustrated by the following chart. Any and all of the
derivatives prepared from the novel products of the present invention are within the

scope of the present invention.



These materials offer a hydrophile based on a natural
sugar. Conversion of theal cohol into am nes and

WO alessss i es occurs readily and i s a conmer ci Bd1/EP2004/003068

i nportant reaction in the preparation of cationic
surfactants. Non-ionic surfactants are prepared by

al koxyl ati on of al cohols. Conmon al koxyl ati on agents

are et hyl ene oxi de, propyl ene oxide and butyl ene

oxi de. Conversion of alcohols (Wth or w thout

al koxylation) to alcohol sulfates is a commercially

i nportant process. The use of alcohol sulfates in

| aundry is increasing especially in Europe. O her

areas of use incl uo%dsﬁi%e 00s, textile processing and

enul si on pal voeri 276 cohol s [fan al so be 0
convert edghhimRosphate esters. 0. and di .
phosphate esters can, be favor ed” depe |h0§ on the z
reaction eTalale] tions.| Pol yal koxycarbonat es are Broduc@#:CH.50s
by the reaghdt on of spdi um | orpAcebalnfeani t h an sulfoetis]
al cohol ethoxwate, pr fréomacrylic acid and an 9 e

al cohaly €} hoxylNat e. [Thege can al so be jmade/fby dirject .
oxi datfi onl| of the& al cph6l et hoxyl at ujder car ef z
COR condi tN ons. The af orenentidned descti pti OHCHCHzS0s

is nmerely i I9Rustrati ve and n i nt endeg to Mt t Keacyl taurates

scope, Lf- @ he |H\Qnt| n. Accordingly, ope ordi nary
skil# A [the art “woul d readj_lggr.ecog?g'gﬁttwhat t he Soaps

br g odu'cts present i ngenti | TkRe tilei r
l'i near counter rts 1can be readily enpd oyed as

starti Qg mai?}ft:\ls pn the repa i on of nurrerous
derivatli vessas il

and f the derifvatived“Prépafed frpm t he\povel
products 8R the present invention are hi n t e scope

of the present inyention.-(ggH CHX)yCH Orhe |nve|ggy|agmpmtem
will be illustrated by the foI | owi Ny BR@dpkdpiit | NQ hydrolysates

exafBfese | ON EX R BURE TWo geineha
procedu@m—i—m exchange |have beendanwgiveyed to
prepare tal _ion exspangewHzeol i tes: aqueous

i 0 étgggh%n)gﬁ/and solid te f|”6n exchange.

R——0S03 RO—P=—=0

tr_ated OnxlmlesfollEA chart. Any

RO

R--——(OCH;CHX),.1CH,COH

——(OCH,CHX)yOH
R——(OCH,CHX)yOSO5 /
OH \ (|3H
R(OCH,CHX)yo—P==0  R(OCHCHX)y0——P==0



Aqueous Procedure To conduct aqueous ion-exchange, a
cal cul ated anount of netal salt, for exanple Cu( NOB)2

wo 0004081854 exchange, is dissolved in distilled BOmEP2004/003068
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dei oni zed water. Then certain anobunt of NH + form
zeolite is added. The weight ratio of the water to the
zeolite is about 12. The anount of netal salt added
depends on how much NH + cations in the zeolite needs
to be exchanged. For exanple, i154000 g of zeolite
contains 1 nol NH + and an exchange of 20%is desired,
then 0.1 nol of Cu2+ is needed since 1 nol Cu2+ can
replace 2 nmol of NH +. Therefore, 0.1 nol of Cu(NGB)?2
wiTlhe ineentivaanill be ilhstratachlpy thesfaliowing montimding exammpies.
zeolite is added. The pH of the solution is adjusted
to 5 wwth HNGB. Wth stirring, the whole m xture is
he@NEXCHIABIGE RROGBEDWRE ned for 24 h. The zeolite is

separated fromthe solution by filtration and hed

i Thip BrGere| Pieedis et B thalac bve ekt Srifewss fiepared metal
V‘@ér@éx&ﬁh@_eb'z@Blitegh@ql!leab|iérﬁek@a‘dgbta?fd%blid@tét@dor&bxchange.
110C overnight and calcined at 550C for 6 h in air. An
excessi ve ampunt of salt can be enpl oyed to achieve

hi '¢xchange. Solid Procedure To conduct

Sotd %rﬁitﬁ&ﬁghéﬁhﬁéﬁ@@ﬁ&r&@ £edIeuhigeshmaimutitmetal 88t 3br example
I s CuCl 2 for th

salt, suc 2+ exchang_eﬁ i
5

2% CuZ : Is mxed wi
drQu(NO3)ofam Gwolexchangshds risgalivesl insdistibedand rieignized water. Then

55 t 0 ' ' '

- Goxtath adolfit & R Drapi BdieadHud TR TAElRRt rats t € water to the
n@eld_ﬁtet ie dlmugx2hﬁhgexgqomdttolérrnetbbsaiabddiedgdépendhs be how much NH4"
zeolite,can be use rect or it it h .
Zicatiphs 45 e 5allR e foyhe SxChanged ¥y Sl o Abls of zeoite
f Qonfaifis Re&her RHy'S gndaar®lchahge DARDY, RCHEkIRS &ien 0.1 mol of Cu* is
i somerization Two granms of Cu2+ exchaggcre{g’d&et

. a
c regdedt sipeg /langl7Cupokae rrepiase € w8l 4 i nl herefore, 0.1 mol of
Cu(NOs3)2 will be added to 48 L water and then 4000 g of the zeolite is added. The

pH of the solution is adjusted to 5 with HNO3. With stirring, the whole mixture is

heated to 60°C and maintained for 24 h. The zeolite is separated from the solution
by filtration and washed with distilled and deionized water three times, 48 L water
each time. The zeolite is filtered, dried at 110°C overnight and calcined at 550°C
for 6 h in air. An excessive amount of salt can be employed to achieve high degree

of exchange.

Solid Procedure

To conduct solid-state ion-exchange, a calculated amount of metal salt, such as
CuCl; for Cu?* exchange, is mixed with dry H* form zeolite. The mixture is heated
in N2 to 550°C at a rate of 0.5°C/min and maintained at 550°C for 10 h. The
amount of the salt is based on how much H* needs to be exchanged. After the
calcination, the zeolite can be used directly or it can be washed with distilled and

deionized water, calcined again at 500°C for 3 h before use.



air) and 20 g of nethyl oleate were |oaded into a 135
m autocl ave reactor under nitrogen. After seal ed, the

WO e@adgassmas purged with nitrogen. A nitrogen pCEEBMNE003068
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of 50 psig was approached at roomtenperature. Wth an
active stirring at 1000 RPM the m xture of nethyl
ol eate and the catal yst was heated up to 250 Cwithin
30 minutes and maintained for 2 h. After cooled down
to roomtenperature within 20 niéhutes, the ni xture was
taken out of the reactor and the liquid product was
separated fromthe solid catalyst by filtration.
Resul ts based on GC anal ysi s 'show t hat 80% of et hyl
xample S attycasid este asizgtidiuct conposition is
shovvnlnTabIezl Tablel Example <=Ci-Ci2 Cl2 i-0
Clwo@rams-afiCuy" exclanged-Betg catalysti(§i/A1=R3y pewder, $88 °C calcined in

Qoo B3l bl Yy 374, 3B e

1hitrbyen. Riferlskalill, Bxerrgactordvdsparged gyitht dntrognghWhntrtmgtan pressure of

B Shehid & Bl i S S Bt 000 rem

| fheemiit@rd ofettyl elcatdlafa the Hathlystanss ﬁ@éteﬂeﬁ;ﬁio 250 °C within 30
exchanged catal ysts. In each reactor, 0.05

cmwtgganamalmta@w fore yAften eagled dewa tpdag@derrme(%twe within 20
e S

SFihRds, eriRak WaroRLATNES, B Al el AT prdict wes

t eqpa;awm@n thé shlidoatatyst by fittrationi ﬁ@sultm based bn1GC @halysis show

o t.he cat al yst at ed to Zﬁoc. .
e et el dtedif SamisRmiT ket TUiE BroflchPorBoggr injshown i
dpgbletio room tenperature within.20 m nutes, the
m xture was taken out of the reactor and the liquid
product was separated fromthe solid catal yst by
figPlegdti on  Table 2 1ist S, t hese
Example <_C1o i-C12 C12 i-C14 C14 C14 i-C1s C16 C1e i-C13 C18 C13 other
Feed 083 038 0 021 054 24 094 546 482 184 7593 155 5.1
1 026 042 155 062 0.00 2.41 461 0.96 6.50 51.23 1541 4.23 11.80

Example 2

In a high throughput batch reactor system, five catalysts were tested. Catalysts 2, 4
and 5 represent the technology of the present invention, while examples 1 and 3
are not metal exchanged catalysts. In each reactor, 0.05 g of catalyst and 1 g of
methyl oleate were loaded. After sealed, the reactor system was purged with
nitrogen. A nitrogen pressure of 100 psig was approached at room temperature.
With an active stirring, the mixture of methyl oleate and the catalyst was heated up
to 250°C within 30 minutes and maintained for 7 h. After cooled down 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. Table 2 lists these
five catalysts. GC results are in Table 3. Metal exchanged zeolites gave higher
yield of branched products.



five catalysts. GC results are in Table 3. Mtal
exchanged zeolites gave higher yield of branched
w@emdogess4s Tabl e 2 Catal yst # Nanme 1 HBet at TRI QAT)/EP2004/003068
(conparative) 2 Cu-Beta(aqueous ion-exchange) 3
HBet a( TOSOH) (conparative) 4 Cu-Beta (aqueous
i on-exchange) 5 Cu-Beta (solid state ion-exchange)
Table 3 Catalyst <=Cl i-Cl2 "12 i-Cl '14 14 i-Cl6 ' 16
Clb i-C1S '18 '18 other # 1 0.0470.14 3.09 0.44 0.00
1.63 4.41 0.69 6.53 48.20 15.97 3.87 14.99 2 0.02 0.3
3.09 1.22 0 2.88 7.55 1.62 8.42 55.62 7.34 3.97 7.97 3
0.06 0.16 2.84 0.52 0.05 2.02 3.93 0.96 6.04 43.45
24Tape2 23 12,25 4 0.37 0.43 321 1.5 0 3 57 12 64
2.61 10.52 49Caelyst#9 5. Name. 64 5 0.01 0.23 3.6 0.37 0
2.7 7.18 1.5217.95 57. 76HBe®(TRICBT) 7. 56 Exa nple 3 In
a hi gh througlepmparative)h reactor, 19 catal ysts were
tested under 2he sane coftibetaiagueons®@a extaNgssi g N2
(initial), 78 for ol ei c HEew(TQ@AH}i zati on. These
cat al ysts i ncicomeaByel ( SAR 27 Beta (SAR 40), Y(SAR
12.5) and Y (%6AR 5) V\Athcﬁrl?fq‘% H?OL@d?“ Q@anﬁ)oton
form (H+) zeoPites we Beta sglidstatejon-exshangal
form
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Table 3

Catalyst <=C1o i-C12 C12 i-C14 C141 C14 i-C1e C151 C1a i-C1g Cm‘I C1a other

0.04 0.14 3.09 0.44 0.00 1.63 441 0.69 6.53 48.20 1597 3.87 14.99
0.02 0.3 309 122 0 288 7.55 1.62 842 5562 734 397 797
0.06 0.16 2.84 0.52 0.05 2.02 3.93 0.96 6.04 4345 2449 3.23 12.25
0.37 043 321 15 O 3.57 12.642.61 10.5249.29 499 523 564
0.01 023 36 037 0 27 718 152 795 5776 761 3.51 7.56

O b WN R

Example 3
In a high throughput batch reactor, 19 catalysts were tested under the same

conditions: 250°C, 100 psig N2 (initial), 7h for oleic acid isomerization. These
catalysts include Beta (SAR 27), Beta (SAR 40), Y(SAR 12.5) and Y (SAR 5) with
different cations. Proton form (H") zeolites were obtained by calcining NH4" form
zeolite (comparative sample). The ion-exchange started from NH4* form zeolites.
All catalysts were in powder form. Figure 1 illustrates the markedly increased
activity due to the inclusion of metal ions. The metal ions include alkaline earth
ions, transition metal ions, rare earth metal ions, group IB and 1IB metal ions. All
exchanged metal ions showed improvement over proton form zeolites. See Figure
1.

Example 4
In a high throughput batch reactor, 5 catalysts were tested under same conditions:

250°C, 100 psig Nz (initial), 7h for oleic acid isomerization. These catalysts include
Beta (SAR 27) with different cations. Figure 2 illustrates the reaction results. The



zeolite (conparative sanple). The ion-exchange started
fromNH4 + formzeolites. Al catalysts were in powder

wo oooaosdBsgure 1 illustrates the markedly i ncr eBSEEP2004/003068
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activity due to the inclusion of nmetal ions. The netal
ions include al kaline earth ions, transition netal
ions, rare earth netal ions, group B and MB net al
ions. Al exchanged netal ions showed inprovenent over
proton formzeolites. See Figuri@ 1. Exanple 4 In a
hi gh t hroughput batch reactor, 5 catalysts were tested
under same conditions: 250C, 100 psig N2 (initial), 7h
for oleic acid isomerization. These catal ysts include
Beetal (IG#Rin2ihjs batch indléde additionalt transitionRingtal dorss and post transition
] Igsitrates the reaction results. Thenetal ions in
h include additional transition nmetal ions
and post transition netal ions. Exanple 5 In a test
c in the high throughput reactor, the
aC‘(Q—gr-@-rB‘{—i%s of two Beta sanples, which were
[ bn-ae!eshamgddctmjtim EEteBhlgthDﬂglmmmeadmgrm actotiemrad two Beta

100% . res ively, theretl e

SBhlesq Whidth eTs opsichaneed duth B & ditEkG dgarees (50% and
| ADORY ﬁé%g@@f\féw f{ﬁé&étl@éd%ldé%? wéretddmpaped) T4t Ytshows the results.
Tabl e eta zeolites with different degree of Eu3+
eRetheshpweadhimargvad performance ayeeths RRtqn/fooy zeolite.

Eu- HBet a(50% exchange) 69 0 Eu-Beta(l 00% exchange)

71.9 Exanple 6

Table 4 Beta zeolites with different degree of Eu®* exchange

Catalyst n-Cg' conversion (wt%)
Eu-HBeta(50% exchange) 69.0
Eu-Beta(100% exchange) 71.9

Example 6
In a conventional autoclave batch reactor (135 ml), three Beta catalysts with

different cations were tested under the same conditions: 250°C, 50 psig N (initial),
7h for oleic acid isomerization under agitation. The results are shown in Table 5.

The HBeta zeolite is used as a comparative sample.

Table 5 Beta zeolites exchanged with different cations

Catalyst n-Cis' conversion (wt%)
HBeta (SAR 27) 57.0
Zn-Beta(100% exchange) 69.2
Cu-Beta(100% exchange) 82.8

An elemental analysis showed that the reaction product from Zn-Beta catalyst
contained about 2.5-5 ppm Zn. Therefore, it is considered that no leaching of

cation occurred during the reaction.
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three Beta catalysts with different cations were
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(initial), 7h for oleic acid isonerization under
agitation. The results are shown in Table 5. The HBeta
zeolite is used as a conparative sanple. Table 5 Beta
zeol ites exchanged with different cations Catalyst

n-C 1 conversion (W% HBeta (38R 27) 57 Zn-Beta(1l
00% exchange) 69.2 Cu-Beta(l 00% exchange) 82.8 An

el enrental anal ysis showed that the reaction product
from Zn-Beta catal yst contai ned about 2.5-5 ppm Zn.
Trlé__mm_gi it is considered that no | eaching of cation

PPt sl SRR BEC BFAERI Eqtép (0, i MicheR gty acias of

f&héyrnii@rhttdm ahe tihgentorseahalgpred tthe branehﬁd)psochmtd withdthe GC and

ﬁg&ﬁ%@ﬁhedﬁ %@tggghﬁ@ecéogpﬁngg séaflrrr\1 es areggd&qrcass According

AcpQhdl di&l)lti%ah'i‘rbﬁwo%ln@b Vpdka! of MRt ddiCame - Wan&ﬁé@products are
di -, and nulti-branche roducts are able to

r c2iUe Ve e iresalvekinde seRargianainsPs sotthat therelative @gr%t of these three
coibe 8t bisiEfc bR QUPBe ShrialF YEEhRAREHE ©
prepared in accordance with the present inventi on wer e

A TREP GRS Brofr e M aoogann D 5% presfat ingpfgh Wefe compared

fUﬂo' ¥hieat ebaineshcial | iBbsteari€Cadidapysduetsso tAliatprduats;t including the
conpari son can be nmade. The results are f und el ow

anePmmergiajueees.3were Thuly selyrated R0 SlciANRlYSit (§p that direct
aCtHfpdrisonSet BEmAdeeTRE RdiRs lafe AUndIBW @Rd if Flgudés 3-5.

Hardened Hardened Hard TFA | Isostearic Prifac Isostearic Acid
OA H-Beta | OA Cu-Beta | Cu-Beta | Acid TFA (Century 1224)
(Unigema) [ (Unigema)
Mono- 1.00 1.00 1.00 1.00 1.00 1.00
Di- 1.24 0.96 1.74 0.73 0.60 0.64
Multi- 0.44 0.25 0.79 0.26 0.23 0.10
Di(+) 1.68 1.21 2.54 1.0 0.83 0.74

The total of mono-branched fatty acids is used as a reference in all samples, set as
area unit of 1.00. The second row shows the relative amount of di-branched fatty
acids, the third row of multi-branched fatty acids, and the fourth the total of di- and
multi-branched fatty acids. The integration of C18 fractions is employed to

illustrate the differences.

In the di-branched isomers, all commercial products fall below 0.75 (0.73 according
to the table), i.e. di- /mono- ratio of 0.75, while products prepared in accordance
with the process/catalyst of the present invention have di-/mono- ratio of above
0.95. The ratio of total (Di- + multi-) branched / mono;branched in the commercial

products is 1, the ratios of the present invention is above 1.20.
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of di- and nulti-branched fatty acids. The integration
of C18 fractions is enployed to illustrate the

di fferences. In the di-branched isoners, al

commercial products fall below 0.75 (0.73 according to
the table), i.e. di- /nono- rat2® of 0.75, while
products prepared in accordance with the

process/ catal yst of the present invention have

di -/ mono- ratio of above 0.95. The ratio of total (D -
+ CAIMS ) branched / nono-branched in the commerci al
products is 1, the ratios of the present invention is

ST, A8 Rl RiGR et R ERHRR unsatrateo

fatty %ﬁéﬂﬁfattz\'déids afkiyPestens oﬂﬂﬁﬁtu:fa&?édafhtﬂyadcﬂds alcmlidures thereof,
or m xtures thereof, wherein said %ng as co a K
subj ectWhegeisai @id eBEP§te§§k COpRLises s B9 | 8ﬁ 38 ftgpk to an

in the; %ﬁéﬂé‘h@nq a& n |ﬁ5!% ﬁ?@@erf&%téf’ atl I@Qstec)?fehﬁa@%%n exchanged

aci di c catal yst nprises at |east one non-zero

val ent acigliatatatyst wmchmmmtse@@é&ast ope apmzeraweal metal ion.

said non-zero valent netal ion is selected fromthe

group consisting essentially of nonoval ent netal,

dial emhenplogkss bf clathentherdialsaid ron-aesd ealentetetdl ion is selected
pent aval ent nmetal , hexayal ent%nqe ‘a and m

t her eofifom th e“gémbq GeRSIS! lq._g: ess$ % q;\ﬁ'gqréqvqu@girrﬁes’tm gq%q,lent metal,

val ent tﬂ@éléﬁt m%ta‘}eie%t/%nf hitmalt Rengivalent aestal, Hlekegalent metal and
Li +, Cu My2+, Ca2+, Nh2+, Fe2+, Co +, N +,

Qu2+, znlxturesthﬂﬁeef Pd2+ , Sn2+, Ce2+, Pt + Sc3+,

Cr3+ , Fe3+, Co3+, Ga3+ Y3+, Nb3+ Ru3+, Rh3+ La3+,

Ln3+ Ce3+, Pr3+, Nd3+, Pn8+, Sn8+, SnB+, Eu3+, Gd3+,

Th@®+, DCitirprobess-of daitn-2 wihegein seiBhigheugalent metal isgsedacted from the

T+ Mt cBhsisting' P cu®, RA*, IF, Mg?, Ca?*, Mn?*, Fe?*, Co?*, NiZ*, Cu®,
Zn?*, S, Mo?, Pd¥, sn®, Ce¥, Pt sc¥, cr*, Fe*, Co*, Ga*, Y,
Nb*, Ru¥, Rh¥, La®, Ln® Ce¥, Pr**, Nd*, Pm®, sm®, sm*, Eu®, Gd*,
To®, Dy*, Ho¥, EF, Tm®, Yb¥, Lu®, Ir*, Bi*, Ti*', Mn*, Zr**, Mo*,

sn**, ce*, V®*, Nb°*, Mo®", mixtures thereof and the like.

4, The process of claim 1 wherein the metal ion concentration is at least

0.001% of the exchange capacity of the catalyst support.

5. The process of claim 1 wherein the metal ion concentration is at least 0.5%

of the exchange capacity.

6. The process of claim 5 wherein the metal ion concentration is at least 1% of

the exchange capacity.



Sn +, Ce4d+, V5+ , Nb5+, M6+, mxtures thereof and the
like. 4 . The process of claim1l wherein the netal ion

w@ongesussati on is at | east 0.001% of the exchaP@EEP2004/003068
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capacity of the catalyst support. 5. The process of
claim1 wherein the nmetal ion concentration is at
| east 0.5% of the exchange capacity. 6. The process of
claim5 wherein the netal ion concentration is at
| east 1% of the exchange capaci2ly.7. The process of
claim®6 wherein the nmetal ion concentration is at
| east 2% of the exchange capacity. 8. The process of
claiml wherein the netal ion concentration is in the
r dinge Ohe prau@ss tod clairo\Gewhe@in thecinatal éon eansientratioiseat least 2% of
processg of claim7 wherein the netal ion concentration
isin ee)g:éﬁﬁ%e S?p%’flty‘to 200% exchange | evel . 10. The
process of claim8 wherein the netal ion concentration
is in the range of 0.5 to 100% exchange |evel..11. The
pBocesdhepPreq m?gla\mér‘@h?fetm er@?@?'q%cﬁ?"é‘%té%tfﬂnr'ﬁﬂ’? range of
is in b_l@fmrtaggsvgﬁ()%té;@ﬁgp(?@m%e level . 12. The
process of claiml erein tThe isomerization of said
feedstock conprises branching of the fatty acids or
alkyl r 0 ' .

o ci e Bropezg e R J horli Bl ERE bronEERdfich s in the range of
aci di c0® tey2009perchdnae levalve, or m xtures thereof. 14.
The process of claim 12 wherein said acidic catal yst
conprises a zeolite. 14. The process of claim12
WREI ei Mhe pirébess @f claim GONREreREthedhelat vt coten@atidnie in the range of

follow ng framework structures: AEL, AFQO AHT, BOG
CGF, 8§ tod8Q% exchange level.

11.  The process of claim 9 wherein the metal ion concentration is in the range of

1 to 50% exchange level.

12. The process of claim 1 wherein the isomerization of said feedstock
comprises branching of the fatty acids or alkyl esters thereof.

J

13. The process of claim 1 wherein said acidic catalyst comprises a zeolite,

acidic clay, molecular sieve, or mixtures thereof.

14.  The process of claim 12 wherein said acidic catalyst comprises a zeolite.14.
The process of claim 12 wherein said zeolite comprises at least one of 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, or mixtures thereof.

15.  The process of claim 12 wherein the SiO2 /Al2O3 ratio of the zeolite is at

least
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DFO, FAU, FER, HEU, AFS, AFY, BEA, BPH, CLO EMI, FAU,
GVE, MOR, MFI, or m xtures thereof. 15. The process of
W@ b@it139824 wherein the SiO2 /Al 203 rati o of therzEBP10D£003068

is at
wher ei

| east 16. The process according to claim1
n the feedstock conprises of at |east 50% by

wei ght of unsaturated fatty acids, alkyl esters of
unsaturated fatty acids or m xtures thereof. 17. The
process of claim 16 wherein the22 eedstock conprises of
at | east 70% by weight oleic acid. 18. The process

claim

1 wherein at |east part of the isonerization is

performed at a tenperature of between 100 C and 350 C.
19. The process of claim 18 wherein at |east part of

belBupor 15 et rishid 18 8 neftindnd SHREI i Hofgtises of
wher ei fedshes5aviniveight chlrdafwratadsfatty iasidschivgeastérs@t unsaturated
and 20%“&3))/2 wei ght of the feedstock In the batch

react ofd

geid op PURURSENEERYy acid or al kyl ester

t hereof prepared by isonerizing a feedstock which
conprises unsaturated linear fatty acids, alkyl esters
thexfe

of17uns dhemaeeassfafclaimaid whergin
Weﬁgﬂt%le% 9gQss conprises subjecting said
0oC (

wher ei

f eedst

of at
whi_ch

THE br

edsteck pempeses of at least 70% by

O an rsonerization reaction in the presence

| east one nmetal ion exchanged acidic catalyst

SRR L Mottt [ B B e fso Bgraagion ' performed

clai m 2t 4 whgeRitire A bdied e60va lapatasmeical is sel ected
fromthe group consisting essentially of nonoval ent

met al

divalent netal, trivalent netal, tetraval ent

: m:“ItQ"fII ' The process of claim 18 wherein at least part of the isomerization is carried
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20.

21.

22.

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

The process of claim 18 wherein the amount of catalyst used is between
0.01 and 20% by weight of the feedstock in the batch reactor.

A branched fatty acid or alkyl ester thereof prepared by isomerizing 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 an isomerization reaction in the presence of at
least one metal ion exchanged acidic catalyst which comprises at least one
higher valent metal.

The branched fatty acid or alkyl ester thereof of claim 21 wherein said
higher valent metal is selected from the group consisting essentially
of monovalent metal, divalent metal, trivalent metal, tetravalent metal,

pentavalent metal, hexavalent metal and mixtures thereof.



pent aval ent netal, hexaval ent netal and m xtures
t hereof.23. The branched fatty acid or al kyl ester

wo beregissof claim 22 wherein said higher val eneCTrEPBN4/003068
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is selected fromthe group consisting Li+, Cu+, Rh+,
lr+, M2+, Ca2+, M +, Fe2+, Co2+ , N 2+ , Cu2+, Zn2+
, Sr2 , M +, Pd2+, Sn2+ , Ce2+, Pt +, Sc3+, OCr3+,
Fe3+, Co3+, Ga3+, Y3+, Nb3+, Ru3+, Rh3+, La3+, Ln3+
Ce3+, Pr3+ , Nd3+, PnB+, SnB+, 2A8+, Eu3+, Gd3+, Tb3+,
Dy3+, Ho3+, Er3+, TnB+, Yb3+, Lu3+ , |r3+, Bi3+, Ti +,
M4+, Zr +, Mb +, Snd+, Ced+, V +, Nb5+, M6+,

' th i K 24. The branched fatt
T BBk o e S s AL hisher sa
aci dic W@'%@nt?ﬁ’é@f Issﬁaﬂeéte&f?@nh we qftfil déc?ns?étlﬂ}/; Cu Rh*, Ir*
mol ecul ar,, si eye, %gt uro? here SnI +anc 2 et
fatty a\&gd, &a aIN@ Ee Tié‘ileoﬁuo? Zﬂ a| 24V|0ﬁﬁePé nSn , Ce
sai d agi c Srcact aystE Ees Ems%casa ¥RON EI < é_ns+ Cea*
i1

branche fatt aC|d or ’a est'er t eré
wher ei lPrgaNdi 7 &ohi't 8mdhremi’s &’ tGd"'éa'Elt:"“omya3 pf—lof‘hEr3+ Tm3+ Yb¥,

Lol O, [P e OB O K . s

The br amgrbeflandt the kel d or al kyl ester thereof of
claim?25 wherein the SSQ2 /AI203 ratio of the zeolite

is at least 5. 28. The branched fatty acid or alkyl
egler RN RRY! oa? Eyl@s@églg/ére\yf@f ahﬁ'l EE?vherein said acidic

feedst ock conpri ses ea t

unsat uicatadyst f gamprisesi m,zeallthylacﬂm eciay,ofncxlem%ru sived or mixtures
fatty ?ﬁérggf or m xtures thereof. 29. The branched

fatty acid or al kyl ester thereof claim2 lwherein at

Ieast part of the isonerization is perforrred at a

t f b 100 C and 350 C, 30. The
o2 haSHRRShed Al BF CERaYRY! 3ies Fharagh eiaigt 4 Miprainsaid acidic

1 vvher ehtalysh@omprises a zeolite.

26. The branched fatty acid or alkyl ester thereof of claim 25 wherein said
zeolite comprises at least one of the following framework structures: CON,
DFO, FAU, AFS, AFY, BEA, BPH, EMT, GME, MOR, or mixtures thereof.

27.  The branched fatty acid or alkyl ester thereof of claim 25 wherein the SiO;
IA1203 ratio of the zeolite is at least 5.

28.  The branched fatty acid or alkyl ester thereof according to claim 21 wherein
the feedstock comprises of at least 50% by weight of unsaturated fatty

acids, alkyl esters of unsaturated fatty acids or mixtures thereof.

29.  The branched fatty acid or alkyl ester thereof claim 21wherein at least part
of the isomerization is performed at a temperature of between 100° C and
350° C.
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al kyl ester thereof of claim25 wherein said
derivative is selected fromthe group consisting
essentially of anphoteric, non-ionic, anionic and
cationic surfactants. 32. The derivative of claim3 1
wherein said derivative is selegded fromthe group
consi sting essentially of fatty acid gl ucam des,

gl ycerol esters, polyhydric esters, sulfoesters,
sucrose esters, al pha sul fonates, N-acyl sarcosinates,
acyl ated protein hydrol ysates, acyl isethionates,

am do opyl am and. derivatiyves the f.. .

al anoﬁrﬁ'ﬁlp%gr,‘&éetﬂgw @&dﬁcg aé'rﬁgﬁﬁﬂfz'?ﬁf88§$fo%?'m?1 Wherein the
N-aryl adhfdiinfbesataf8pised BLUediesn 098, arkib2E% Byaksighbofklie
pol ygl ycosi des al cohol sul fates, phosphate

APGs
esters,fe?ﬁﬁt%'ﬂ(g&%/% JRa¢EE and mi xtures thereof. 33.
A branched fatty acid or al kyl ester thereof prepared
by isomerizing a feedstock which conprises unsat urat ed
| i3fear A detvatizteipteparatifyom dbe dranahfeduiativagidaoedlkybester thereof of

mono. B Ap e Gaff derAIeC skttt st 16CLBup consisting
ester tgaeemtilyiof agiphatetic, hbadorlic, Eniorid and leatitmiesaifactants.

fatty acid or al kyl ester thereof of claim33 wherein
t he di branchi ng: nono-branching ratio of branched

fajdy atietitivatldf cigmh 81 WwHERERaid BefVRRESS séleaed from the group
0. 80.35. The branched fatty acid or al kyl ester

t her eofcopsistingiessedtialycofeiattyt anid @lunaatidds nglycerol esters, polyhydric
ggtng; b:%ébﬁg,g?@fcgegg%rg,a?lg$rg%ﬁ}%r%g,gé@hﬁyslﬁl%hgte%f N2h&)  sarcosinates,
acylated protein hydrolysates, acyl isethionates, amido propyl amine and
derivatives thereof, alkanolamide, ethoxylated alkanolamides, nitriles, N-aryl
taurates, soaps, esteramines, esterquats, alkyl polyglycosides (APGs),
alcoho! sulfates, phosphate esters, polyalkoxycarbonates and mixtures

thereof.

33. A branched fatty acid or alkyl ester thereof prepared by isomerizing a
feedstock which comprises unsaturated linear fatty acids, alkyl esters of
unsaturated fatty acids or mixtures thereof, wherein the di-branching :
mono- branching ratio of branched fatty acid or alkyl ester thereof is greater
than 0.75.

34. The branched fatty acid or alkyl ester thereof of claim 33 wherein the di-
branching: mono-branching ratio of branched fatty acid or alkyl ester thereof
is greater than 0.80.
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36. The branched fatty acid or al kyl ester thereof of
claim 33 wherein the di branching: nono-branching ratio
woboobnsasshed fatty acid or al kyl ester thereof PEBEP2004/003068
greater than 1.0. 37. The branched fatty acid or alkyl
ester thereof of claim 33 wherein the dibranching:

nmono- branching rati o of branched fatty acid or alkyl

ester thereof is in the range of fromgreater than

0.75 to 3.0. 38. The branched f&ty acid or alkyl

ester thereof of claim33 wherein the total (D - +

multi-) branched : nono-branched ratio is greater than

1. 20.
35.

36.

37.

38.

The branched fatty acid or alkyl ester thereof of claim 33 wherein the di-
branching: mono-branching ratio of branched fatty acid or alkyl ester thereof
is greater than 0.90.

The branched fatty acid or alkyl ester thereof of claim 33 wherein the di-
branching: mono-branching ratio of branched fatty acid or alkyl ester thereof

is greater than 1.0.

The branched fatty acid or alkyl ester thereof of claim 33 wherein the di-
branching: mono-branching ratio of branched fatty acid or alkyl ester thereof

is in the range of from greater than 0.75 to 3.0.

The branched fatty acid or alkyl ester thereof of claim 33 wherein the
total(Di- + multi-) branched : mono-branched ratio is greater than 1.20.



