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A Process For Producing Estolide Conpounds Field of
The Invention 5 The present invention relates to a

process for producing estolide conpounds and p m
manuf act ured therefrom Background of The Invem, mmm ”””m
An estolide is a unique oligpneric fatty acid that
contai ns secondary ester Ilnkages on the al kyl
backbone of tARropessconP; 2 TelCranep g
resistant to hydrolysis than t hose of trlglycerldes ;
e may be used in lubricants, cosnmetics an
IHJH fTﬁéthgﬁ %Ophl|lc surfactant, derivatives from
estolldes are knomn 15 US Patent No. 2, 785 978

Thg é){eéFrﬁsiﬁggf grg];r]e atBsefao\(l:élg%%%| 9 CBrrq &M%ﬁ? 1%2: ec%m?)())/unds and products

manyfcoredeidrdonyl i ¢ aci d having at | east 8 carbons and
pol ycondensed pol yhydric al cohols having at |east 3
carbons atons. Another US Patent No. 3, 429, 820

BadkgrehA$ 6ETIROMREntRdneer i Ng process and | ubricating
conpositions containing estolides of 12-hydroxysteadc
acid having a neutralization nunber of not nore than

An&%toh@@ |£§tuﬁfq'uéj %Il%@r’f’er#éeﬁt‘t‘y £ Qu itk chtQiﬂg F‘{cgncﬁpyd e&@rshrp(ggég on the

nt hesi zed in | aboratory pi ca

alkps?/'@qsbb@e ob thetiaatenylst Yhese |hzbetg|emre mor@ epsstant toihydrblysisghan those of
tr1 _ ﬂd%yg’%slétstggc}eﬁ%a atg I%?u‘onézg@s 05591%9@ Qndd%)atmrgat/\g a llpOphlllC
surbEEntl derivatio@dyom estalies are hmwral or acid-catalyzed

conditions. Erhan et al. (JAOCS, 70: 461 (1993)),

reported the 25 production of estolides from
USuPaatt INat® 4785 a78ydistdses mataog adtivei @imﬁofmﬂ%e;sraﬁdﬂédebﬁféﬂﬁriﬁcation

yre ndensati opn oyer . cat al yst. Yamaguc

oo o Spd SRR Ny B 6 1 hind §1Go0F Saroctaded polpeerdensed
polphmﬁseﬁcdhﬁrs HaRiay Mldast Pleatusd itoms.OAn@Bdrals ®agnd NI, 429, 820

WX roxy fatty acids present .in
discloses power steering process and lubricating compositions containing estolides of

‘159159"

12-hydroxysteadc 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 12-hydroxystearic acid (Raynor er al., J. Chromatogr. 505:179 (1990)) under
thermal or acid-catalyzed conditions. Erhan er 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 es al., (Japanese patent 213, 387 (1990))
described a process for enzymatic production of estolides from hydroxy fatty acids present in
castor oil using lipase. However, there is no disclosure on the production of estolide from

dihydroxystearic acid.
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castor oil using lipase. However, there is no

di scl osure on the production of estolide from

di hydroxystearic acid. 30 2 Summary of The | nvention

It is therefore an object of the present invention is

to provide a process for progucing estolide from

fatty acid preferably di hydroxystearic acid (DHSA). 5
Subtmary of Thedaveatiombj ect of the present invention to

provi de a process for produci ng estolide by

condensation of DHSA or m xtures of DHSA and ordi nary
It in trerdfigrd anxhikeitof theapedsers .invdntidrhie ro wrbyid€s potest e ppidasiag estolide

i nventi.on i.s .to . produce estoli aving utility as
s R i Ars erat oy siatiy it (TSR0 Sadi i ve” i
cutting fluid as well as starting material for
pradyci syrfactant. The process for producing i
It léggmtﬁea&%e% A REFSCIA VaRUANT i Proyide pdrqsessdaimrodusingrestobide by
cofideiRtibs bMOHSA R AfRtaled 8f DHS RERdoMinal AdnUlydfox9farPREIAs. and
ordi nary non-hydroxy fatty acid. The 15 condenSati on

reaction may be perforned at a tenperature from 120C
Arothe2 Ot bPthe BrelSH: irREntidAG! WERSHLBO QM ide haﬂnglgmng y{rgick ning

dependi ng upon the degree of condensation desired. i
agerpenpvsifiesy and @ddiioiniciding flotd ashwellps etering mateviehfor produdinge
Sm@%ﬁmgroxystearic acid is 9,10- di hydroxystearic acid

obtal nable fromvegetable oil preferably pal moil

More preferably, the 20 dihydroxystearic acid is

r e .di 1.0 Singapore patent 86353. A . .
L L e KT =
cosighdimd o€ DIAS Al orsnixitured ofliDHSA whd wrdiGargcrioi-hydfoxt ofatsea€id. The

sul fani c_aci d, rchloric acid as well as hydrochlaoric |
congngon Eadiescipb B STBRMEAGH I-SPRERESTEN, B st BiHagTe perid
betee0ikbunYtd 10 HolR depsdRgupoit the AEgrBs &%BRdensdtidd ABdide@n May

be produced.
In the preferred embodiment of the present invention, the dihydroxystearic acid is 9,10-
dihydroxystearic acid obtainable 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 sulfuric acid,

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

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

invention may be produced.

The estolide having lower acid value of about 30 to 40 mgKOHg™' are suitable for use as an

emulsifier in cosmetic formulation.
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The estolide having | ower acid value of about 30 to 40
ngKOHg-1 are suitable for use as an emulsifier in
cosnetic formulation. 30 3 The estolide having acid
val ue above 45ngKOH 1" and not nore than 75 ngKOHg"
are suitable for use in shagpoo fornulation. 5
Detai | ed Description of The Preferred Enbodi nent The
Thp restodide ha\ﬁwgmi'd onlue ebateesSmgK@Hpt antsst hore tharodficigkPHg' are
i de or sto de fromfatty acid by
“"ﬁﬁaén %WS ¥$ the fatty acid is
di hydroxystearic acid, rmre pr ef erably pal mbased

oAb a0 "L

pr epar ed accord| ng to Singapore patent 86353. In
anot her ., enbodi nent 10 of the present invention

Ths RIgSSRE NVEIOGFIRFR L0 # PEASFSSHY rerpﬁléamgoffsgahée K€ p@lyesm@e from fatty

adRHBA coneAshtion. Pt@ﬁrdb‘[ﬁ&l@é"?att rh\é@infs'dﬂfydi‘&yﬁﬁaﬁfcea{cﬂplrﬂorg ’pileferably
0- dlhydrox stearic acid h represented by formla

pajm-bpsgdcyl feppc agig) (ﬂ#l%qz i‘? oo predyreotmhpdinent P ghe present
mfléﬁtito)f @HSﬂ wal g%a%ﬁ h&@ﬁilr(ﬁe‘@nggﬁor%élt%@%@frp%ﬂﬁr embodiment

obt ai ned can det erm ned Q{) gas chromat ograp
oftthe @resertidineation b IE¥A aray dei derivieds fiom aany et |0feyc @HSAFhe DHSA

B, 05 e LA LTSRS gt

fofmiaded. 20 Met hod). Bel ow are the characteristics of
pal m based DHSA used in this invention. However, it
may be varied dependi ng on the sources of oleic acid
used for the @tbducti on of DHSA. The

CH3—(—CH2-)7—CH—?H—(—CH2-)7—COOH

OH Formula 1

The fatty acid compositions (FAC) of DHSA and product obtained can be determined by gas
chromatography. Other chemical characteristic 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.

Table la: Characteristic of Purified Palm-Based DHSA

Parameter

Hydroxyl Value, mgKOH/g 309.3
Acid Value, mgKOH/g 180.3
Iodine Value, gl,/100g 1.1
Saponification Value, mgKOH/g 178.5

Melting Point, "°C 90.6
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process is applicable to crude and purified DHSA. 25
30 Table la: Characteristic of Purified Pal mBased
DHSA Par anet er Hydroxyl Val ue, ngKOH g309.3 Acid

Val ue, ngKOH g180. 3 | odi ne Val ue, g12/10081.1

Saponi fication Value, ngKOH g178.5 Melting Point,
C90.6 4 Fatty acid conposition, % C 16:0 2.8 C18:0

1. 8Fatig atH: cafipodton? % Chtkbown 2.2 5 10 15280 Table 1 b:
Characteristic of Cr@iBe0 Pal m Based DHSAl.Rar anet er

Hydr oxyl Val ue, ngK@8w®. 0 Aci d Val ue93.pgKOH g 179. 3
| odi ne Val ue, gl12/ 100&howd Saponificati2p Val ue,

L 1L 4 2.0 FaY
MROTgI7o- 0

Table 1 b: Characteristic of Crude Palm-Based DHSA

Parameter
Hydroxyl Value, mgKOH/g 196.0
Acid Value, mgKOH/g 179.3
Iodine Value, gl,/100g 10.2
Saponification Value, mgKOH/g 178.0
Melting Point, °C 61.9
Fatty acid composition, % C18:20H 67.2
Cl12-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 severer conditions, the
n 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 is carried out with a catalyst or without catalyst under an atmospheric
or a reduced pressure as usual. The reaction is continued until the desired product is

obtained.
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Melting Point, C61.9 Fatty acid conposition, %C

18: 20H 67. 2 Cl12-C1814. 2 Unknownl18.6 The estolide of
this invention is obtained by internol ecul ar
esterification reaction between hydroxyl group and
carboxyl group present in DHSA. As the condensation
reacti on proceeds, the nol ecul ar weight of the
product incre s, and the pDoperty changes from solid
25 to paste an then to wax. || The upper limt of n

val ofl restricted, but it is
Iesﬁ'{:ﬁg&%ﬁcﬂf‘ tﬁ( ‘%dﬁﬁl is carried out at | onger
ti me or under mor ey ﬁﬁverer conditions, the n value
can be higher than™10. The r@action pmpduct I's an

estol ide containing hydroxy%%group | a nol ecule. The
reaction is n cid value. The
i nt er nol ecul *Ea§¢§2| H“¢g%@3Péhris carri ed out
with a catal yst or withqut catal yst under an

at nospheric 30 or a red d pressure g usual. The
reaction i s continued untiI t he desirqd product is

obtained. 55 CHO 1 Wﬁ—ﬁl M@zwocﬁl‘O

Il [CH3*CH2 CH CH (- CH2)

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 180°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.
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HCH2 )-7-O0CH CH3 7 *CH2 H OH Fornula 2 5 The

present

vari ous ways,
i nvention wll

present

i nvention may be carried out
but certain specific

be descri bed by the way of
illustrated in the foll ow ng exanple.
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10 Exanple |

63.3g of DHSA was placed in a three-necked round

Readtioo rhihé,a
t herlmonet e
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eRurifies DHS e
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reacgi on
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wat ef, Wi
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distgTTed

of T 7fe 1

I TOVkEg |ao|
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e TEWIOH

of ag:l d vat ue63":u';10 I Crea%e Sf()lll'fée U mer
cll I.UI prot-onged—heatt ng—of 6 Reactton || nc /—\u o

%@10@2#%&%3:0% pg%‘%ﬁ@%%‘fgﬁ"\% fg/z%gﬁi spec roscopy Tlhe proton

NM!E.@}ﬁhctw%oZ@so&&]ke@(ﬂeaﬁ&%f&IﬁpﬂdDeﬁ&ﬂdeS’ﬂle ester methine (-CH-O(C=0)-)

AN RIS URIC CR  A

a-rhNRylSrﬁEE@idt@S@tﬂﬁY(C}E((&Cnf@mp) (2.25 ppm) adjacent to the ester and the
o-methylene proton shift (-CH,(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 1 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.

Catalyst
H,SO,

Acid Value, mgKOH/g
122.45
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20 NMR spectra show sone key features of a typical
estolide. The ester nethine (-CH Q(C=0-) signal at
4.86-4.83 ppmis indicative of an estolide |inkage.
Anot her distinctive feature is the a-nethylene proton
shift (CH2(CO-OCH), (2.2b ppm) adjacent to the
ester and the a-nethylene proton shift
(-CH2(C=0OH:BB), (2.32 ppm) adjacent t38.3%e acid. The
carbon N pectrum contains the exgsgc d estolide
si gnal s. ere are two different carpbonyl 25 signals
present at HCI9. 2 ppm (acid) and 173. B6RYM (ester).
Exanmpl e 2 nple 1 was repeated. In d of variable
reaction I .~ the reactions were carried out at
30di fferent tenperature for about 6h. Reaction
Exd@plpar ature, C Acid Value, ngKOH g 120151. 04 140121. 99
3516071. 66 18029. 05 40Exanple 3 The sane procedure was
followed as in Exanple 1, except that 0.3%of five
Usélbf DEBARIstofiae sksa thRkéninSp@nas catal yst. The reaction
m xture was carried out at 150C for 4h. Catal yst Acid
Val ue, mgKOH g H2SO4 122.45 7 H3PO4 138.39 HCO M4
135.47 HCI 136.57 p-TSA 136/isbcity / 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 1.27 249 4.39 4.45 4.61

Example 5

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), triethanolamine (2g) and water (97g) were used as the test

solution.

Example 6
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Exanpl e 4 Use of DHSA-estolide as a thickening agent
10 Viscocity / cP Dinmer Trimer Tetranmer Hexanmer 15 20
Castor oil 549.0 577.8 579.9 583.4 591.6 POWE 5. 35
7.75 7.87 7.98 8.34 IPM1.27 2.49 4.39 4.45 4.61
Exanpl e 5 Use of DHSA-estoligle as an additive in

wat er - based cutting fluid conposition Sanpel Rust

i nhi bitor + test duration Surface tension, m\/ m 24h

UsF2ERRERA g P ER 10425 TR NER A0 JEIRAVER 10 HEX

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, 1 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
Preservative 0.1

Citric acid / NaOH TopH 5.5




34.87 32.96 30.81 Aqueous solutions of adduct (1 g),
triethanolam ne (2g) and water (97g) were used as the
test 30 solution. Exanple 6 8 Use of DHSA-estolide as
an emulsifier in WO emnul si on system Enul sion test of
t he sanpl es synthesized werg carried out as foll ows.
70parts of castor oil and 5 10 parts of sanples were
placed in a beaker. Under enough agitation, 20 parts
m xture was m xed
P el s B Bl MR p OB e, T
mxture was poured into a test tube. Enul sion was
o R PRk s PR S AP e 0P R s
is ﬂcmymnted.t'o) tR6) sdS erBBodBAMPIIER Abed a'bodfﬁ}‘B)Mvdamﬁhﬁcatlon and equivalents

000&000/(50% TRI 0%
SODEF B0 98 EESRANER IS0t Y Eeariisd i e art are
mtéﬁdecﬂ)lrd%lﬁdtldﬂdlvdﬁmﬁﬂie 8cop@ 8P Bidin s wisiElRarD egpeh@ddthératbi on
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I ngredi ent s% by wei ght Dei oni sed water To 100 Sodi um
| aureth sul fate8.0 Cocani dedopropyl betaine2.0
Cocami de DEA5.0 PEG 7 gl yceryl cocoatel. 0 EDTAO. 05
Sodi um | act at e2. 0 DHSA-estol i de2. 0 Perfune0. 1
Preservative0.1 CGtric acidy NaOH To pH 5.5 9 The
shanpoo thus obtained fully functioned as a shanpoo It
Clpimst 0 be understood that the present invention may be
enbodied in other specific forms and 5 is not limted
to the sol e enbodi nent descri bed above. However
1. b prdcessalor produding extplide zbmpownde torhprésing mﬂm'alglotf dilgeixgstearic
u 0 j ily, ocecur ..to one .skilled in .
soff 6 pfuled 5t MO CRAARAE ol RRETb WD el i under
conditioriseefictven phivik @atodidappapoleds twitr @tppe-détbraiing dcid Aalue as
dellgcess for producing estolide conmpounds conpri sing
condensi ng of di hydroxystearic acid or m xtures of
di hydroxystearic acid and ordi nary non-hydroxy fatty

id under 5 conditiqns effective to provide estolide

2. Bl aOHEE pp cCRRR chrivitanactd Saideogea acid s 9,10
déibydr@Qstedric abfe process according to Claim1, wherein
sai d di hydroxystearic acid is 9,10- di hydroxystearic

aci d.
3. The process according to Claim 1, wherein said conditions are performed at a temperature

in the range of about 120°C to 200°C for a period in the range of about 2 to 10 hours

depending upon the degree of condensation desired.

4. The process according to Claim 1, wherein said process further comprises adding a

catalyst into the reaction mixture.

5. The process according to Claim 3, wherein said catalyst is any one of or combination of

sulfuric acid, p-toluene sulfonic acid, perchloric acid and hydrochloric acid.

6. The process according to Claim 1, wherein said process further comprises passing an inert

gas through the reaction mixture while heating is continued.

7. A composition comprising estolide compounds obtainable from any one of the preceding

Claims.

8. A cosmetic formulation comprising estolide compounds obtainable from any one of the

preceding Claims as emulsifier.

9. The cosmetic formulation according to Claim 8, wherein said estolide compounds having

acid value in the range of about 30 to 40 mgKOHg"".
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10 3. The process according to Claim1l, wherein said
conditions are perfornmed at a tenperature in the
range of about 120C to 200C for a period in the range
of about 2 to 10 hours dependi ng upon the degree of
condensation desired. 15 4. ;The process according to
Claiml1l, wherein said process further conprises addi ng
catalyst into the reaction nmixture. 5. The process

a
10.22{~ S a:ﬁ;l)cog%ﬁnlt' Otg?qlfo?r]crg Btisi\é\g E%tﬁlij%cc%gi?gw?d%k_%t%q%hlgiéorg ng 8r?eeof the

guededing Clams.d, perchloric acid and hydrochl oric aci d.
20 6. The process according to Claim1, wherein said
process further conprises passing an inert gas

111 Thosighmpbd formeRddn sudomingttol Climiy, erbidahidRetolide compounds having

continued, 7. A conposjtiQn rj sing estolide
A5 d%t}’ﬁﬁf%eﬁ’gﬁl?oé‘t‘;gr@rﬁ%ziﬁ’ﬁj&ﬁ%l'of the preceding 25

Clainms. 8. A cosnetic fornulation conprising estolide

conpounds obt ai nabl.e from any one of the preceding
lngtF

fekening agauf spmpdying sgolide qorepupdmebtrivable fram #ny gwe of the
36REHE tRike C aim 8, wherein said estolide conpounds
having™ acid value in the range of about 30 to 40
ngKOHg' . 11 10. A shanpoo fornul ati on conpri sing
estol i de conpounds obtainable from any one of the
preceding Clainms. 5 11. The shanpoo formul ati on
according to Caim9, wherein said estolide conpounds
having acid value in the range of about 45 to 75
nmgKOHg' .  12. A thickening agent conprising estolide
conmpounds obt ai nabl e from any one of the preceding
Cainms. 10



