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| Consolidated Specification A Process For Producing
Est ol i de Conpounds Field of The Invention 5 The
present invention relates to a process for producing
estol i de conmpounds and products manufactured

t herefrom Background of The Invention 10 An estolide
is a unique oligoneric fatty acid that contains
secondary ester |inkages on the alkyl backbone of the
mol ecul e. These |inkages are! nore restemaliated Gpecification
hydrolysis than those of triglycerides. This estolide

may be used in lubrjcants, .co tics and . coating. As
a IipophiIicAgﬂPﬁﬁ%F%ﬁ?gsu?&ﬁﬁgng QPPN est ol | des

are known. IS US Patent No. 2, 785 978 di scl oses
Shiefdag ThativeM@orconpounds prepared by esterification
bet ween pol ycondensed hydroxycarboxylic acid having at
| east 8 carbon atonms and pol ycondensed pol yhydric
arROpRtehit MAVItREG ralhied &AS tpradesafob r8udalDBEBolide Andbhiads b
Pat ent No. 3. g%?, 820 di scl oses power steering
pPodesmafciuisg ety conposi ti ons cont ai ni ng
estolides of 12-hydroxystearic acid having a
neutralizatigg 20 . nunmber of not nore than 30.

ESpderawdpidhe E¥9%nd in nature and has been
synthesized in the laboratory. Typically, it can be
D o R 8 Sy Sl S Sb g b A s on
18r UG BacyBdne af ithe racleddile( RAgsa Oinkagts @b moredresidnt to hydrolysis
romat ogf. . 505: 179 (1990. under thermal or .
e Tt 3 (sBEB Al BIUHL AR st Mo Brcp i gaametig and
46datifd 983)lipopHilesarficeahtst deeivpives froiiesiolidef aregb@dn. des from
unsaturated fatty acid using a high tenperature and

pressure condensation over clay catalyst. Yanaguch
evUsSalkatent( Sapangse pat éiatlosd SurfBB7 adtil® A)npodtas cprefaed &y

PR By TGS RO BB T R TR
atoms and polycondensed polyhydric alcohols having at least 3 carbons atoms.
Another US Patent No. 3, 429, 820 discloses power steering process and lubricating
compositions containing estolides of 12-hydroxystearic acid having a neutralization

number of not more than 30.

Estolide has been found in nature and has been synthesized in the laboratory.
Typically, it can be prepared by homopolymerization of castor oil fatty acid (Modak
et al. JAOCS 42: 428 (1965)) or I[2-hydroxystearic acid (Raynor er al., J.
Chromatogr. 505:179 (1990)) under thermal or acid-catalyzed conditions. Erhan ef
al. JAOCS, 70: 461 (1993)), reported the production of estolides from unsaturated
fatty acid using a high temperature and pressure condensation over clay catalyst.
Yamaguchi et al., (Japanese patent 213, 387 (1990)) described a process for

enzymatic production of estolides from hydroxy fatty acids present in castor oil using
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[T~ 11 ITH ITHIT P TT IMIT ~*166166* 1IM 1111 IIH
[TH I 0111110 11 | *@00002* 4 2 Consol i dated
Specification 1ipase. However, there is no disclosure
on the production of estolide from dihydroxystearic
acid. Summary of The Invention 5 It is therefore an
obj ect of the present invention to provide a process
for producing estolide fromfatty acid preferably
di hydroxystearic acid (DHSA)Z2 It is aCénsplidated Sodsjifeation
of the present invention to provi de a process for
producing | 0 estolide condensati on_of DHSA

niliResgr Eowsyerpihss é%d‘%%‘?F“Pﬁ‘}Efr 8%y'h¢ aredpetien @5 eStoJAiif‘othé‘r
okjiealoxRicatibgiresent invention is to produce estolide
having utility as thickening agent, emulsifier, and
additive in cutting fluid as well as starting nmateri al
f GumpiRduCTROInSetoact ant . 15 The process for producing
est ol i de conmpounds according to the present invention
conpri ses condensing a di hydroxystearic acid or

MeXd theRfordhn abJ@Ut By the PY&t @RIehifonas iptoviddNOpraceBDfor Rydh@xy
fatty acid in the presence or absence of a catal yst

ufRRbide HAm;fapacid P@f‘a{%fa'm diyqrenprdiasddPHIAYe of 120C to
170C for 2 to |l O hours. 20 In the preferred

enbodi pent of the present. i nyention, the
dlth‘§/6‘r ngtogglctl % tgelpéesi:lg invention to provide a process for producing

estolide by condensation of DHSA or mixtures of DHSA and non-hydroxy fatty acids.

Another object of the present invention is to produce estolide having utility as
thickening agent, emulsifier, and additive in cutting fluid as well as starting material

for producing surfactant.

The process for producing estolide compounds according to the present invention
comprises condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid
and a non-hydroxy fatty acid in the presence or absence of a catalyst under an inert

gas at a temperature range of 120°C to 170°C for 2 to 10 hours.

In the preferred embodiment of the present invention, the dihydroxystearic acid is
9,10-dihydroxystearic acid obtained from vegetable oil preferably palm oil. More

preferably, the dihydroxystearic acid is prepared according to Singapore patent 86353.

A catalyst may be added to the reaction mixture. The suitable catalyst including p-

toluene sulfonic acid, perchloric acid as well as hydrochloric acid.

A composition comprising estolide obtained according to the process of the present

invention may be produced.
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9, 10-di hydroxystearic acid obtai ned from vegetabl e oi
preferably palmoil. Mre preferably, the

di hydroxystearic acid is prepared according to

Si ngapore patent 86353. 25 A catalyst nay be added to
the reaction m xture. The suitable catal yst including
p- toluene sulfonic acid, perchloric acid as well as
hydrochl oric acid. A conposition conprising estolide
obt ai ned according to the prbcess of EhusohdatedSnecification
i nvention may be produced. 30 3 Consol i dated
Specification The estolide having |ower acid val ue of
about 30 to 40 ngKOHg' are suitable for use as an

e &iolilERaving 1625 a8E vaud STaBbil 3D kddb mEKARE' 88t \labldGor use
havi n ?cid,value,above,45ngKOFg' and not nore than 75
n@gbéﬂgg‘” Sifig @ cesptig hrr@uplon- yse i n shanpoo formul ati on.
Det ai | ed Description of The Preferred Enbodi nent 10
The pr?sent,invention relates to, a process for .
pr St AG BtEaT 9@ e rOPS Iy Re F B gand pob morer thiin { meitaHiy
CHBaNERIHQRe inRrAkHRb ahnylatibhe fatty acid is

di hydroxystearic acid, nore preferably pal mbased

di hydroxystearic acid (DHSA). In the preferred

epbQiédPatrip@dn dffThe Pra&eed EmBydiflehon, DHSA was
prepared according to Singapore patent 86353. In

anot her enbodi nent of the present invention the DHSA
Mefhe PRsEE mviiftidn Fd1068 (8.8 Yrol&ss @rpeducihéstolide bicholyEbBlidHmh

used in the present invention is preferably 9, 10-

itk satena TRy 1R Ty sl dlafiORTieRYF it e

| .pr&@tabl CipdinChdd i Mded 3 664k acldHDHSIANUh ahd preferred embodiment
of the present invention, DHSA was prepared according to Singapore patent 86353.
In another embodiment of the present invention the DHSA may be derived from any

other oleic acid. The DHSA used in the present invention is preferably 9.10-

dihydroxystearic acid, which is represented by Formula 1.

OH
CH3—(—CH2-)7—CH—TH‘(‘CH2-}7—COOH

OH

Formula |

The fatty acid compositions (FAC) of DHSA and product obtained can be determined
by gas chromatography. Other chemical characteristics used to identify DHSA and the
products are acid value (AOCS Method), hydroxyl value (AOCS Method) and
saponification value (AOCS Method). Below are the characteristics of palm-based
DHSA used in this invention. However, it may be varied depending on the sources of
oleic acid used for the production of DHSA. The process is applicable to crude and

purified DHSA.
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20 The fatty acid conpositions (FAC) of DHSA and
product obtai ned can be determ ned by gas

chromat ogr aphy. QG her chem cal characteristics used to
identify DHSA and the products are acid val ue (AQCCS
Met hod), hydroxyl value (AOCCS Met hod) and 25

saponi fication val ue (ACCS Met hod). Below are the
characteristics of pal mbased DHSA used in this

i nvention. However, it may bé vari ed EeprehditadPperifigaten
sources of oleic acid used for the production of

DHSA. The process is_applicable to crude and purified
Db 'a'4ﬂwtfaﬁtrcoﬁﬁéﬂﬁﬂé,ﬁgw-ﬁﬁ%aﬁw Tabl e | a:

Char St = er

5 Hydr'o%3¢'¥al ue, nmgKOH/ g 309.3 Acid Val ue. myKOH g

180. 3 1 odi ng_,Val u lz/100g |I.1 Saponifjgcation
H d? ' alu % I-g . . 64) .
Val ue,Am @ é} g) zf\/leltlng Point, C 9Qgf; io0 Fatty

iy

aci d NOS| C 16:0 2.8 (C18:0 1. C 18: 20H
Cl%ﬁj]n;ﬁ% al e,f 240 gl |

93.2 5 le I b: Characterjstic of
51 i':dg%@%%;‘f MRK%g Par anet er 1783

O ude & 90.6
Fatty acid composition, % C16:0 2.8
C18:0 1.8

C18:20H 93.2
Unknown 2.2

Table | b: Characteristic of Crude Palm-Based DHSA

Parameter
Hydroxyl Value. mgKOH/g 196.0
Acid Value, mgKOH/g 179.3
lodine Value, gl,/100g 10.2
Saponification Value, mgKOH/g 178.0
Melting Point, °C 61.9
Fatty acid composition, % C18:20H 67.2
C12-C18 14.2
Unknown 18.6

The estolide of this invention is obtained by intermolecular esterification reaction
between hydroxyl group and carboxyl group present in DHSA. As the condensation
reaction proceeds, the molecular weight of the product increases, and the property
changes from solid to paste and then to wax. The upper limit of » value in the
formula 2 is not restricted, but it is less than 10. If the reaction is carried out at
longer time or under more severe conditions, the » value can be higher than 10. The
reaction product is an estolide containing hydroxyl group in a molecule. The reaction

is monitored by measuring the acid value. The intermolecular esterification reaction



Hydr oxyl Val ue, nmgKOH g 196.0 Acid Val ue, ngKOH g
179.3 lodine Value, glz/100g 10.2 25 Saponification
Val ue, ngKOH' g 178.0 Melting Point, C 61.9 Fatty
acid conposition, %C 18:20CH 67.2 Cl12-Cl18 14.2 30
Unknown 18.6 The estolide of this invention is
obt ai ned by internol ecular esterification reaction
bet ween hydroxyl group and carboxyl group present in
DHSA. As the condensation r&action pFoesebdied Sphafication
nol ecul ar wei ght of the product increases, and the
propert 35 changes fromsolid to paste and then to
Cafﬂ*ﬁ%owﬁ@ra ffa?%‘wt orgfithoui,cafalyst whiet Heatmpspherp of axequged
nOﬁresfsﬂSEf isGh1EThe rBddtiod & coritinh@Smtif R@fest prbduct iB8btained.
reaction is carried out at |onger tine or under nore
severe conditions, the n value can be higher than 10.
The reaction pr uct is an egfolide containing

hydr oxyl group a nol ecul e. The reaction is
nmoni t or ed d val ue. The
|nterﬁHW§tg¥§q$ *Egﬁﬂ%ﬁ Creaction 5 5

Consol i dat ed SpeC|f| tion ig$ carried out with a

catal yst or w thout tal yst @nder an g nospheric or a
reduced pressure as usual. Tme reactlﬂp is continued
until the deS|EedB§foduct i S Obtailned. I

CH3f CH2- j ~- CH HIgHt8 Mo
OH S
CH3—(—CH2-)7(’:H—CH—("CH2 y-COOH

OH

Formula 2

The present invention may be carried out into practice in various ways, but certain
specific processes of the present invention will be described by the way of illustrated

in the following example.

Example 1

63.3g of DHSA was placed in a three-necked round bottom flask equipped with a
magnetic stirrer, a thermometer, a nitrogen gas inlet and a condenser. The reaction
mixture was stirred continuously under dry nitrogen atmosphere for a predetermined
reaction period and the temperature maintained at 170°C. The water, which produced
during the reaction was distilled off. The following Table shows the reduction of acid

value and increased in estolide number (EN) after prolonged heating of DHSA.

Reaction Time, Acid Value, mgKOH/g Estolide Number (EN)

h Crude DHSA | Purified DHSA | Crude DHSA | Purified DHSA
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| CH3CH2--CH-CHtCH2)-CIn OH O CH3*CH2-cH Cft t-CH2
)-COOH OH 5 Formula 2 The present invention may be
carried out into practice in various ways, but certain
speci fic processes of the present invention will be
descri bed by the way of illustrated 10 in the
foll ow ng exanple. Exanple 1 63.3g of DHSA was pl aced
in a three-necked round bottom flask equi pped with a
15 magnetic stirrer, a thernoneter, aCpasblidparbpgaBcation
inlet and a condenser. The reaction mxture was
stirred continuousl
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0 Readtion

Ti ne63.Acid

Val ud3.7m >KOoH _E#t ol i

e  Nuader

EN Ii Crude DHSA Purified DHSA Crude DHSA Purified
DHSA 6 Consol i dated Specification 0 182.8 176.3 - - 2

ég.ﬁeg lfolrrﬁ%téo% Z&ieggli&esoc%m p§un]do\4/'as4co?19'rn?edoby6% Mk ?p%ctrc%cc?pzfi ]Fhe
proton NMR spectra show some key features of a typical estolide. The ester methine
(-CH-O(C=0)-) signal at 4.86-4.83 ppm is indicative of an estolide linkage. Another
distinctive feature is the o-methylene proton shift (CH»(C=0)-O-CH-), (2.25 ppm)
adjacent to the ester and the o-methylene proton shift (-CHx(C=0)-OH). (2.32 ppm)
adjacent to the acid. The carbon NMR spectrum contains the expected estolide
signals. There are two different carbonyl signals present at 179.2 ppm (acid) and

173.7 ppm (ester).
Example 2

Example | was repeated. Instead of variable reaction time, the reactions were carried

out at different temperature for about 6h.

Reaction Temperature, °C Acid Value, mgKOH/g

120 151.04
140 121.99
160 71.66
180 29.05

Example 3

The same procedure was followed as in Example 1, except that 0.3% of five different

acids were used as catalyst. The reaction mixture was carried out at 150°C for 4h.
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6 67.3 35.8 1.63 3.95 8 63.3 23.7 1.70 6.47 The
formati on of estolides conpound was confirnmed by NWVR
spectroscopy. The proton NVMR spectra show sone key
features of-a typical estolide. The ester nethine 25
(-CHQ(C=0)-) signal at 4.86-4.83 ppmis indicative of
an estolide |inkage. Another distinctive feature is
t he a-net hyl ene proton shift (CH2(CO-0OCH), (2.25
ppm) adjacent to the ester and the afagehdateiweyfiestion
shift (-CH (CO-0H), (2.32 ppnm) adjacent to the
acid. The carbon NMR spectrum contajns the expected
estol i de SFQWE’F%. There are t\/\o’stfi‘JfY%‘l‘eeH‘thggﬁébonyl
signals presasp,at 179.2 ppm (acid) and2480 173.7 ppm
(ester). Ex le 2 Exanple | was repe I nstead of
vari abl e reg]g{%loén time, the reacti onsqxt}\ggqe carried 35
out at diffememwt tenperature for abouti3§hz Reaction
Tenperature, "C Acid Val ue, ngKCH g ]lég) 7’151. 04 140
121.99 40 160'71.66 180 29.05 Exanpl'é>3’ 45 The sane
procedure wasT$sl |l owed as in Exanpl e li36.@xcept that
0.3%of five different acids were uSed as cafalyst.
'CI':Ee reﬂgction m xture was carried out at 150C for 4h. 7
A¥BPi¢dat ed Specification Catalyst Acid Val ue,
MO ToH $-8408tide 22a thixkening agent

Viscocity / cP
Dimer Trimer Tetramer Hexamer
Castor oil 549.0 577.8 579.9 583.4 591.6
POME 5.35 7.75 7.87 7.98 8.34
IPM 1.27 2.49 4.39 4.45 4.61

Example §

Use of DHSA-estolide as an additive in water-based cutting fluid composition

Sampel Rust inhibitor + test duration Surface tension, mN/m
24h 72h
DHSA 9 6 36.50
DIMER 10 8 34.11
TRIMER 10 8 34.87
TETRAMER 10 6 32.96
HEX AMER 8 6 30.81

Aqueous solutions of adduct (1g), triecthanolamine (2g) and water (97g) were used as

the test solution.



20

30

H3PO4 138.39 HCIO4 135.47 5 HCl 136.57 p-TSA 136.74
Exanpl e 4 Use of DHSA-estolide as a thickening agent
iu Viscocity / cP Diner Trinmer Tetramer Hexaner
Castor oil 549.0 577.8 579.9 583.4 591.6 POWE 5.35
7.75 7.87 7.98 8.34 15 IPM1.27 2.49 4.39 4.45 4.61
Exanple 5 20 Use of DHSA-estolide as an additive in
wat er - based cutting fluid conposition_Sanpel Rust
inhibitor + test duration Sufface tenSPenlidaadSpecibugion
72h DHSA 9 6 36.50 25 DIMER 10 8 34.11 TRIMER 10 8
34.87 ITl(f_TI'-\’AI\/ER 10 6 32.96 HEX AMER 8 6 30.81 30
AGEEBRE °sol uti ons of adduct (1 g), triethanol anine
(2g) and water (97g) were used as the test sol ution.

SU%omgﬂggtcﬁ%e §P§10einfuils?f%tr iino\r’\]//’O emulsion system
Emulsion test of the samples synthesized were carried out as follows. 70parts of
castor oil and 10 parts of samples were placed in a beaker. Under enough agitation, 20
parts of distilled water was added. The mixture was mixed for additional 5 minutes.
After this time, the mixture was poured into a test tube. Emulsion was observed after

24hours, | week and 2 week storage.

Estimation of emulsion 100 x emulsion layer / total layer

SAMPLE 24hr 7 days 14 days
DIMER 100% 100% 50%
TRIMER 100% 100% 50%
TETRAMER 100% 100% 100%
HEXAMER 100% 100% 100%
Example 7

Use of DHSA-estolide as a compound in shampoo formulation

Ingredients % by weight

Deionised water To 100
Sodium laureth sulfate 8.0
Cocamidedopropy! betaine 2.0
Cocamide DEA 5.0
PEG-7 glyceryl cocoate 1.0
EDTA 0.05
Sodium lactate 2.0
DHSA-estolide 2.0

Perfume 0.1



Exanple 6 Use of DHSA-estolide as an enmulsifier in WO
emul si on system Enul sion test of the sanples

synt hesi zed were carried out as follows. 70parts of 5
castor oil and 10 parts of sanples were placed in a
beaker. Under enough agitation, 20 parts of distilled
wat er was added. The m xture was m xed for additional
5 mnutes. After this tine, the m xture was poured
into a test tube. Emul sion wds obser vé@nefidagd Specification
24hours, | week and 2 week storage. 10 Estimation of
emul sion 100 x enul sion layer / total |ayer SAVMPLE
24hr 7 day§™iAV4Yys DI MER 100% 100% 50% TRI MER 100%
100% 50%CTETRAVRROED0% 100% 100% 15 THEpRAVER 100% 100%
10096 - ' i
shanpoo fornulation 20 Ingredients % by wei ght
DehosHampeb thad @itainka fll @Gunchosbidusn brampes.h sul fate 8.0
Cocam dedopr opyl betaine 2.0 25 Cocamide DEA 5.0
PEG 7 gl yceryl cocoate |.0 EDTA 0.05 Sodium |l actate

21t0is to be understood that the present invention may be embodied in other specific
forms and is not limited to the sole embodiment described above. However
modification and equivalents of the disclosed concepts such as those which readily
occur to one skilled in the art are intended to be included within the scope of the

claims which are appended thereto.
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DHSA-estolide 2.0 30 Perfune 0.1 9 Consol i dated
Specification Preservative 0. | CGtric acid / NaOH To
pH 5.5 The shanpoo thus obtained fully functioned as
a shampoo. 5 It is to be understood that the present

i nvention may be enbodied in other specific fornms and
is not limted to the sole enbodi nent descri bed above.
However nodification and equival ents of the disclosed
concepts such as those which'®eadily Coa®lifatgdSpspiication
skilled in the art are intended to be included within
t scope of the 10 clains which are appended

t f8® 0. 10 10 Consol i dat ed Specification Cdainms |I. A
process for produci ng estolide conmpounds conpri sing
conden a dih %r ste Ic acid or mxtures of  a
di hyr B85 P'c PSR Sef0 B0 PPy APER P mEnt eRensisibga

in thedlm‘(fﬁ@@ﬁ%lcOicuﬂbSaﬂﬂﬁreﬁ)fotai gy drbysStearitn@@d a8 a non-
i nert @% a Eenaerature r?n% f 12QC tg 170C. 2.
A proc gmééq,‘t%raal hlb Bre&qnéﬁ?ﬁ SeTgoH r‘aéfl[ﬁ)fthla er an mert gas at
di hydr oxpséremreirengaot (R0PS 1O, 70€. di hydr oxysteari c aci d.
10 3. A process according to clains | or 2, wherein
the catalyst is p-toluene sulfonic acid, perchloric
aci @. Ayseshdcosriiag ac cdinon, ahaanmhadihydoxyebaramntid 180,10-

and m rledroxr;'steaen%fac id.

3. A process according to claims | or 2, wherein the catalyst is p-toluene sulfonic
acid, perchloric acid, hydrochloric acid or a combination of any two and more
thereof.

4. A process according to claims | to 3, wherein the estolide compounds
produced is a polymer with dihydroxystearic acid and/or non-hydroxy fatty

acid molecules not more than 2.

5. A cosmetic formulation comprising estolide compounds obtained by
condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid and
a non-hydroxy fatty acid in the presence or absence of a catalyst under an
inert gas at a temperature range of 120°C to 170°C, wherein the estolide
compounds having an acid value in the range of 30mgKOHg"' to 40 mg
KOHg™.

6. A shampoo formulation comprising estolide compounds obtained by
condensing a dihydroxystearic acid or mixtures of a dihydroxystearic acid and
a non-hydroxy fatty acid in the presence or absence of a catalyst under an

inert gas at a temperature range of 120°C to 170°C, wherein the estolide



15 4. A process according to clains | to 3, wherein
the estolide conpounds produced is a polyner wth

di hydroxystearic acid and/or non-hydroxy fatty acid
nol ecul es not nore than 12. 5. A cosnetic formul ation
conprising estolide conmpounds obtained by 20
condensi ng a di hydroxystearic acid or m xtures of a

di hydroxystearic acid and a non-hydroxy fatty acid in
the presence or absence of allcatal yst Candbdatelpe¢ifieation
gas at a tenperature range of 120C to 170C, wherein
the estolide ounds having an acid value in

range G"P3BYY Réi—@n;f 2 6‘“&0“’@5 inihgigange 2 4émgA<‘§Hém%85‘“é
f or muldHgn conprising estolide compounds obtai ned by
condensi ng a di hydroxystearic acid or m xtures of a

di hydroxystearic acid and a non-hydroxy fatty acid in
the presence or absence of a catal yst under an inert
gas at a tenperature range of 120C to 170C, wherein
the estolide Il Consolidated Specification conpounds
having an acid value in the range of 45ng KOHg' to

75my  KOHg'



