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*Specification Process f ' Wax Ester From Di hvdroxv Fatly Acid
Field of Invéntion 5 Themmﬂmmmmmmm@ention relates to a wax ester,
particularly to a pal mbased, wax "ester and the nethod for producing

t hereof . Background of the | ACEAt i on 10 Wax esters functionalized with
hydr oxyl groups in the atkyt——chain of fatty acid are of considerable

i ndustrial inter with the ordinary wax esters because of their
di fferent behavi am”mﬂmmm&@ﬂm solubility, surface properties and thernal
stability. It was repor hat these types of waxes have a variety of
uses such as plastici'?®" nmold release agent, enulsifiers and chen cal

i ntermedi ate. Sul phonat ed wax esters of ricinoleic §8P%Phdi‘§dg§rp§°1 FBWsi ng
surface active coltpesesdforrbdacing Wai Beter®iromsDibivdpoxd Fdtpdaendy fatty acid
castor oil and ricinoleic acid (one hydroxylated fatty acid) is the only
one used in ol eochem cal industry to produce various types of waxes.
However, L4:hes of castor oil (hence ricinoleic acid and its 20
deri vativierisk;fdgggﬂegmg on the market are subjected to considerable
fluctuations owwng to poor harvests in the nain grow ng areas of Brazil
and I ndia,, Therefare interest has been fc .cysed upon new synthetic

mot hods,  WhF EFFSEHanUSTHRBITEIAEE 1B AGIT Y, BHFUSLS \bp GalEpased wax cster and

the method for producing thereof.

Background of the Invention

10 Wax esters functionalized with hydroxyl groups in the alkyl chain of fatty acid are of
considerable industrial interest compared with the ordinary wax esters because of their
different behaviour including solubility, surface properties and thermal stability. It was
reported that these types of waxes have a variety of uses such as plasticizers, mold release
agent, emulsifiers and chemical intermediate. Sulphonated wax esters of ricinoleic acid

15 are promising surface active compound.

Currently, the main source of hydroxy fatty acid castor oil and ricinoleic acid (one
hydroxylated fatty acid) is the only one used in oleochemical industry to produce various
types. of waxes. However, the quantities of castor oil (hence ricinoleic acid and its
20 derivatives) available on the market are subjected to considerable fluctuations owing to
poor harvests in the main growing areas of Brazil and India. Therefore interest has been
fccused upon new synthetic methods, which are capable of producing analogue products

in large quantities with reasonable cost.

25 Wax esters are produced by reacting a fatty acid and an alcohol at high temperatures in
the presence of catalyst -acidic catalysis or metal catalysis. This high-temperature process
can lead to degradation of the esters and undesired side reactions; additionally the
resulting energy cost is high. Acidic catalysts are usually time consuming and also give

relatively low yields. An acidic catalyst is usually utilized when treating fatty materials



in large quantities with reasonable cost. 25 Wax esters are produced by
reacting a fatty acid and an al cohol at high tenperatures in the presence
*of catalyst -acidic catalysis or netal catalysis. This high-tenperature
process can‘lead to degradation of the esters and undesired side
reactions; additionally the resulting energy cost is high. Acidic
catalysts are usually tinme consuming and also give relatively |ow yields.
An acidic catalyst is usually utilized when treating fatty materials 2
Consol i dated Specification containing |large amounts of free fatty acids.
However, the yields of the fatty esters are wusually less than the
theoretical amount. Moreover, the high acid contents of the reaction
conplicate the separation and purification of the fatty esters and the
glycerine. Furthermore, the products obtained are gp?éﬂ ﬁﬁﬁ@ cijgyton

qual i ty aocehtaitBig lerpdemgauntsSofvfred Gty doedsl Bongverd, epsSyieldsafhhayattyBisedrs achar yya
and Mukesh et al have produced ricinol ei c wax ester from Rhizonmucor

mei hei | | by dess Shap thg tb;@feéwf%%t Mosover, thenyel peid sentgnts of iSRS s of
castor oi Lom\iiiate thang ﬁIatl@A an%lygmﬁédtl%ﬁdom& e%&§r§st&§ and the %l cerine.,

(S)-17hydroxystearic |d and R) - 3- hydr oxydetanol ¢ aci vari ous
| i pases. Bumhmm}arﬁ)fthe rmodlum nbtamedT:akl oftena beoha - paenmt quahigd aad peedt suridatgo
consi deration, otechnologlcal met hods, such as 15 bi oconversion, becone
mor e agvaﬁ?5§€§e IBBg HE¥BRsed ol eochenical s can be alternatives feedstock
for the production of the hydroxylated wax ester using |ipase-catal yzed

reaction. Lipase-catalyzed reactions operate at mld conditions, which
prevent d&gesda.iBhafietharyya and Mukesh ez al., have produced ricinoleic wax ester from

Rhizomucor meihei lipase-catalyzed esterification of ricinoleic acid or alcoholysis of
castor oi1l. While Lang et al. synthesized wax esters of (S)-17hydroxystearic acid and

10 (R)-3-hydroxydecanoic acid with various lipases.

Summary of the Invention

Taking above-mentioned aspects into consideration, biotechnological methods, such as
15 bioconversion, become more advantages. Palm-based oleochemicals can be alternatives
feedstock for the production of the hydroxylated wax ester using lipase-catalyzed

reaction.

Lipase-catalyzed reactions operate at mild conditions, which prevent degradation of
20 starting materiais and reduce side reactions. Application of lipases in various biochemical
modifications of fats and oils is well established, and the catalytic activity of lipases
towards hydroxy fatty acid is also well study by various workers. Several hydroxy wax

esters produced in the present invention are useful as a surfactants or chemicals.

25 It is an object of the present invention to provide a method for producing a high quality

palm-based wax esters.



20 starting materials and reduce side reactions. Application of |ipases in
various biochem cal nodifications of fats and oils is well established,
“and the catalytic activity of I|ipases towards hydroxy fatty acid is also
wel | study by various workers. Several hydroxy wax esters produced in the
present irnvention are useful as a surfactants or chemcals. 25 It is an

obj ect of the present invention to provide a nethod for producing a high
quality pal mbased wax esters. 3 Consolidated Specification Another

obj ect of the present invention is to produce a high quality wax esters by
esterified dihydroxy fatty acid preferably di hydroxystearic acid (DHSA)
with at | east one alcohol in the presence of lipase. 5 A further object of
the present invention is to carry out the above-nentjoned process on
large-scale in a sinple manner. The present inventi &8nididaied Apegficagion
process f amothed dbiicngf ahs\@xesestt Bivepeot isCt dfddyicd a Bigh nqaaise hawast@stgr by
esterifiying difydroxy fatty acid preferably dihydroxystearic 10 acid
(DHSA) wi Efictified %aéqrom@ﬁmae@rmfemlbﬁlhezéﬁ%wpglcaa%( S Axpiidras legstone

nol ecul e. r di mrent of the present invention, the DHSA is
derived fﬁ%g?%gfggrﬁﬁgééﬁqgﬁggg acid which prepared according to Singapore;
patent 86353. In another enbodi nent of the present invention the :;SA may
be der%veggé%%n1q$g ot.her olei¢ 15.acid. The-al cohql used in the present

i nvent Pon BleOfIFH 4 NG PTERRIL ARVEBHOM FSCIGHBTTY oh Ehs Ve gnangoned proces i per
nol ecul e. AeCQMH G SApRidigRARer e Patent 86353, a process for preparing

di hydroxy fatty acid conpound fromoleic acid conprising the steps of. a).
preparation of peroxyacetic acid

The present invention is relates to a process for producing a wax ester particularly a
palm-based wax ester by esterifiying difydroxy fatty scid preferably dihydroxystearic

10 acid (DHSA) with at least one alcohol which contains 8 to 18 carbons per molecule.

—_

——

In the preferred cmbodiment of the _i:)resent in\;ention, the DHSA is derived from —palm- :

based oleic aéid which prepared according to Singaporc patent 86353. In another

embodiment of the present invention t}_lg ‘ljiSA may be derived from any other oleic
15 acid. The-alcohol used-in the‘pre§eﬁt—ihvention can be linear or branched alcohol-contains

8 to 18 carbons per molecule.

According to Singapore Patent 86353, a process for preparing dihydroxy fatty acid
compound from oleic acid comprising the steps of: a). preparation of peroxyacetic acid
20 by reacting glacial acetic acid with hydrogen peroxide (normally 30% to 50%) in the
presence of a suitable catalyst; b). epoxidation of oleic acid with peroxyacetic acid
obtained from step (a) at sufficient temperature, with the mole ratio of peroxyacetic acid
to oleic acid in the range of 0.5:1.0 to about 1.5:1.0 to form an epoxide; and c). hydrolysis
of the epoxide obtained from step (b) to dihydroxy fatty acid compound. Preferably, said

25 dihydroxy fatty acid compound in the present invention is dihydroxystearic acid.

Wax ester is accomplished in accordance with the present invention that the mixture of
dihydroxy fatty acid and alcohol is rotating or stirring continuously at temperature in the

range from about 30°C to 70°C. The esterification reaction may be carried out with



20 by reacting glacial acetic acid with hydrogen peroxide (normally 30%to
50% in the presence of a suitable catalyst; b). epoxidation of oleic acid
‘with peroxyacetic acid obtained fromstep (a) at sufficient tenperature,
with the nole ratio of peroxyacetic. acid to oleic acid in the range of
0.5:1.0 to about 1.5:1.0 to forman epoxide; and c). hydrolysis of the
epoxi de obtained fromstep (b) to di hydroxy fatty acid conpound.
Preferably, said 25 dihydroxy fatty acid conpound in the present invention
i s di hydroxystearic acid. Wax ester is acconplished in accordance with the
present invention that the m xture of dihydroxy fatty acid and al cohol is
rotating or stirring continuously at tenperature in the range from about
30C to 70C. The esterification reaction nmay be carried mﬁth_é i
Consol i dated Specification organic sotvent as a ne@Pﬁﬂ%@?wQﬁPﬁ% t2l¥Pgani c

sol vent abrgahievatleshtt &mpemetiune.or Withbar alayicl bqtaar atscladsted amperataé.al yst
into the reaction mxture to facilitate the esterification reaction.

Det ai | ed [3&EabIpt livpse g %k@dPFePéW?%ﬁ“EWHbdh%ﬂﬁ¥§°%d€@WﬁPn§’ﬁ@lﬂwé ﬁﬁesent

i nvent i N, MGESS rdalfioPr 0duci ng wax ester conprises esterifying dyhydroxy
fatty aciﬁ;conpoun p#% erably di hydroxystearic acid (DHSA) with at |east
10 one al cohol in the presence of |ipase as a catal yst and an organic

sol ven nediun1optional|y. In the preferred enbodi mrent of the present
inventro said DHSA is derived from pal mbased oleic acid whereas said

al cohol 'Beﬁa’ile&'lfe@&%tu\m btk Frefel e BRbRRIAEMASS per nolecule. 15
Continuously stirring and rotating is applied to the reaction m xture and

the mxture is

According to the present invention, process for producing wax ester comprises esterifying
dyhydroxy fatty acid compoeund preferably dihydroxystearic acid (DHSA) with at least
10 one alcohol in the presence of lipase as a catalyst and an organic solvent medium
optionally. In the preferred embodiment of the present invention, said DHSA is derived
o from palm-based oleic acid ‘whergas said alcohol is an alcohol with 8 to 18 carbon atoms

per molecule.
15 Cortinuously stirring and rotating is applied to the reaction mixture and the mixture is
allowed to proceed for about 1 hour. After this, the reaction mixture is separated from the

catalyst by filtration. The separated catalyst is then recycled and washed with chilled

organic solvent.

20 In the preferred embodiment of the present invention, the immobilized enzyme is used.
There are two main benefits of using immobilized enzyme in this invention. Firstly,
immobilized enzyme is an easy separation enzyme ‘rom the product; and secondly,
recycle of the enzyme is allowed. Easy separation of the enzyme from the product
simplifies enzyme applications permitting reliable and efficient reaction technology.

25 While enzyme reuse provides a number of cost advantages, which are often prerequisite
for establishing an economically viable enzyme-catalyzed process. Lipase used in the

Ipresent invention is preferably Lipozyme.



aILJREd to proceed for about 1 hour. After this, the reaction mxture is
separated fromthe catalyst by filtration. The separated catal yst is then
‘recycled and washed with chilled organic solvent. 20 In the preferred
enbodi ment of the present invention, the imobilized enzyne is used. There
are two rmain benefits of using inobilized enzynme in this invention.
Firstly, 1imopbilized enzyne is an easy separation enzynme fromthe product;
and secondly, recycle of the enzyne is allowed. Easy separation of the
enzynme fromthe product sinplifies enzyme applications permtting reliable
and efficient reaction technol ogy. 25 Wil e enzyne reuse provides a nunber
of cost advantages, which are often prerequisite for estg?lishing an
economi cal ly viabl e enzyne-cat al yzed process. Lipase used

invention is preferably Lipozyne. pool Cbn sol; d * r' ci F(A 5 5 The DHSA
used in the present invention is 9.10-dbPhydroxystearic acid which

represent e L @ g . CEREGHRs To. Gy Sl CHEAE 260k hickHpfessrmed @ 1 5
Accordi ng ?%”3%%%§6§%Qﬂ3gﬁéﬁ%k%€g§§?g§?%gggzgs for preparing thydroxv
fatty acid by formula (1) :

OH
CH3—(-CH2-)7—CH—('3H+CH2-)-7-COOH

OH

Formula ]

According to Singapore Patent 86353, a process for preparing dihydroxy fatty acid

compound from cleic acid comprising the steps of: a). preparation of peroxyacetic acid

by reacting glacial acetic acid with hydrogen peroxide (normally 30% to 50%) in the
presence of a suitable catalyst. b). epoxidation of oleic acid with peroxyacetic acid
10 obtained from step (a) at sufficient temperature, with the mole ratio of peroxyacetic acid
to oleic acid in the range of 0.5:1.0 to about 1.5:1.0 to form an epoxide; and ¢). hydrolysis
of the epoxide obtained from step (b) to dihydroxy fatty acid compound. In the preferred
embodiment of the present invention, the ratio of glacial acetic acid to hydrogen peroxide

of step (a) is 2.06:1.0; the mole ratio of peroxyacetic acid to oleic acid of step (b) is in the

15 yanae of £.79°1 0 to ohout 1.0:1.0: and the step (b) is conducted in a temperature in the
range of 60°C to 95°C, more preferably at 75°C to 80°C. When the addition of
peroxyacetic acid to the oleic acid is completed, the reaction mixture of step (b) 1s stirred
for about 30 minutes to 3 hours, more preferably from one hour 30 minutes to two hours.
Finally. the reaction mixmre is separated from unreacted peroxyacetic acid prior to

20 hydrolysis of the epoxide

In the preferred embodiment of the present invention, the dihydroxy fatty acid compound

v oo 2 et daiay I\; 3 A 1‘ ;/‘ 1 V'- i i ! 1 ]
used is divdroxysicaric acid which derived from palm oil oleic acid.

)
-
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conpound fromole;c acid corn rising the steps of: a). preparation of
peroxyacetic acid by reacting glacial acetic acid wth hydrogen peroxide
*(normally 30%to 50% in the presence of a suitable catalyst: b).

epoxi dation of oleic acid with peroxyacetic acid 10 obtained fromstep (a)
at sufficient tenperature, with the nole ratio of peroxyacetic acid to
oleic acid in the range of 0.5:1.0 to about 1.5:1.0 to form an epoxi de; and
c). hydrolysis of the epoxide obtained fromstep (b) to di hydroxv fatty
acid conmpound. In the preferred enbodinment of the present invention, the
ratio of glacial acetic acid to hydrogen peroxide of step (a) is 2.06:1.0;
the nole ratio of peroxyacetic acid to oleic acid of step (b) is in the out
1 0:1.n_and th, step (b) is conducted in a tenpera ur range of
6nC to 95C. nore preferably at 75C to 80c C. ' \When kﬁ ‘%@GF@g@ﬁmgFm“m

per oxyaceis ficlagi dvaIerstdﬂ&indl &@in€aidC by | stnatlorgsidatlesmoilime of 3¢S A amdnal¥éhsle of
step (b) is_stirred for about 30 mnutes to 3 hours, nore preferabl% from

one hour BHSH snd edeahg! t‘YAB beosHrplied i gample ratiReiny B8 FAng ofilxk (i 412 &

separ at ed r. s o In
t he prefep%g gmﬁ@ogﬁﬁgﬁg 0 ﬁ%ﬁgﬁgggggﬁfﬁ%%ﬁgﬁ??%ﬁﬁQ?tgaﬁmﬁf1f5 5“18E€3 acid
conpound wildéd resordmeydibix ys tegini withvancéxcdes 6ﬁalbohm*h Halthos idy alieireadilyi d. r

6ConsI|dat Speci ficati on s.rich i.n nd contains only small
| Bt e bt i adi B LR e T

resi du PBEISRX S S eI ple BRmedEd ed at
a mole r ahi thel BubhRahRR I8 rﬁéK@leeh&réd rtah] oPhef@RaR! Yindid a Ihéaslnte b
desired to mnimze the acid content o e wax ester product, it wll be
recomendsgsiduat agibegi n wi th an excess of alcohol. Inthis way it is readily

The fatty acid compositions (FAC) of DHSA and product obtained can be determined by
10 gas chromatography. Other chemical characteristic used to identify DHSA and the
products are saponification value (AOCS Method) and acid 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 the oleic acid used for the production of

DHSA. The process is applicable to crude and purified DHSA.



5 possible to prepare wax esters having an acid value below 5. The acid
value is neasured in the usual manner in ngKOH required per gram of the
‘sanple, and is a neasure of residual acid. The fatty acid conpositions
(FAC) of DHSA and product obtained can be determined by 10 gas

chromat ography. Other chemi cal characteristic used to identify DHSA and the
products are saponification value (ACCS Met hod) and acid val ue (ACCS

Met hod). Below are the characteristics of pal mbased DHSA used in this

i nvention. However, it may be varied depending on the sources of the oleic
acid used for the production of DHSA The process is applicable to crude
and purified DHSA. 7 Consolidated Specification Table a:. Characteristic
of Purified Pal mBased DHSA Paraneter _5 Hydroxyl Iue K%F/ g.309.3

Acid Val ue, ngKOH/ g 180.3 |odine Val ub, 912/1009 1Consay P\ PR

Val ue, ngKOH g 178.5 Melting Point, OC 90.6 10 Fatty ACId Conposition, %

C16:0 2.8 18:0.1.8 C 18:20H 93.2 unknown 2.2
Table 1a: Charactenistic of Purified Palm-Based DHSA
_Parameter
5 Hydroxyl value, mgKOH/g 309.3
Acid Value, mgKOH/g 180.3
Iodine Value, 912/1009 1.1
Saponification Value, mgKOH/g 178.5
Melting Point, OC 90.6
10
Fatty Acid Composition, % Cl16:0 2.8
C18:0 1.8
C18:20H 93.2
unknown 2.2
15
Table 1 b: Characteristic of Crude Paim-Based DHSA
Parameter
20
Hydroxyl value, mgK OH/g 196.0
Acid Value, mgKOH/g 179.3
1 odine Val ue, g 12/1 OOg 10.2
Saponification Value, mgKOH/g 178.0
25 Melting Point, OC 61.9
Fatty Acid Composition, % C1 8:20H 67.2
C12-CI8 14.2
unknown 18.6
30

Table 2 demonstrates the reusability of the immobilized enzyme (in particular Lipozyme
1M) used in this invention. The enzyme activity after repeated use was assessed in term

of % conversion of DHSA ester at the end of each cycle.



15 Table | b: Characteristic of Crude Pal m Based DHSA Paraneter 20

Hydr oxyl value, ngKOH g 196.0 Acid Value, ngKOH g 179.3 1 od i ne Val ue,
g 12/1 OOy 10.2 Saponification Value, ngKOH/ g 178.0 25 Melting Point, OC
61.9 Fatty Acid Conposition, % C 8:20H 67.2 Cl12-CI8 14.2 wunknown 18.6
30 Tabl e'2 denonstrates the reusability of the immobilized enzynme (in
particul ar Lipozyne 1M used in this invention. The enzynme activity after
repeat ed use was assessed in term of % conversion of DHSA ester at the end
of each cycle. 8 Consolidated Specification Table 2: Reusability of

Li pozynme on the esterification of DHSA and 1-Cctanol Cycle % Conversion of
ester 51i 92.4 C291.8 (C3 92.2

8 Consolidated Specification

Table 2: Reusability of Lipozyme on the esterification of DHSA and 1-Octanol

Cycle % Conversion of ester
5 Ci1 Yl.4
C2 91.8
C3 92.2
C4 91.8
C5 90.7
10 Cé 91.1
C7 89.6
CS 88.9
C9 89.0
CIO 87.4
15 Cil 87.4
C12 82,0
C13 82.9
Cl4 79.6
C15 70.5
20 C16 79.8
C17 78.4
C18 81.7
C19 81.3
C20 85.7
25 C21 70.7
C22 67.6
C23 65.2
C24 64.5

30 The reaction was carried out at S0°C, at rotating speed of 150 rpm for 1 hour, mole ratio

of DHSA to 1-octanol = 1:2

Wax ester obtainable from the process according to the present invention is 9, 10-
dihydroxysterate which presented by formula (2):
35
CH;-(-CH,)-CH(OH)- CH(OH)- CH,);— COOR

Formula 2



C4 91.8 C590.7 10 CG6 91.1 C7 89.6 CS 88.9 (C9 89.0 ClO87.4 15 G|
87.4 Cl2 82,0 Cl13 82.9 Cl4 79.6 Cl5 70.5 20 Cl16 79.8 Cl7 78.4 C18
+81.7 C19 81.3 (C20 85.7 25 C21 70.7 (22 67.6 (C23 65.2 C24 64.5 30 The
reaction was carried out at 50C, at rotating speed of 150 rpmfor 1 hour,
nole ratio

9 Consolidated Specification
wherein R is independently selected from linear or branched alkyl group with 8 to 18

carbon atoms.

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

the following examples.
Example 1

10 A batchwise operation was carried out on a laboratory scale. DHSA (0.1 mol) and
l-octanol (0.1 mol) were placed in a 1L rotary evaporator flask with 10% (w/w).
Lipozyme 1M based on fatty acid. Hexane was used as a solvent medium. Stirring was
achieved by rotating the flask using a rotary evaporator. The reaction was allowed to
proceed for 1h. After this time the reaction mixture was separated from the catalyst. The

15 mixture was then cooled at 50°C for Sh. The separated crystals were removed by filtration

and washed with chilled/cold hexane.

The product obtained has an acid value of about 40.7 mgKOH/g. The yield is about
63.3% based on GC analysis. FTIR: 1729 cm™ (C=0 of ester compound), 1175 cm™ (C-0
20  stretching), 3465 cm-1-3329 cm-1 (OH stretching)

Example 2

Example 1 was repeated. The mixture was heated to 50°C in a waterbath. The reaction
25 was allowed to proceed for 1h. The product has an acid value of 16.5 mgKOH/g. The

yield was about 76.6% based on GC analysis. FTIR: 1731 cm™ (C=0 of ester compound),

1175cm™ (C-0 stretching), 3462 cm3328 cm™ (OH stretching)

Example 3



of DHSA to 1l-octanol = 1:2 Wax ester obtainable fromthe process according
to the present invention is 9, 10- di hydroxysterate which presented by
“formula (2):. 35 CH3-(-CH2) 7CH(OH)- CH(OH)- CH2)7 - COOR Formula 2 9
Consol i dated Specification wherein Ris independently selected fromlinear
or branched al kyl group with 8 to 18 carbon atons. The present invention
may be carried into practice in various ways, but certain specific 5
processes enbodying the present invention will be described by the way of
illustrated in the follow ng exanples. Exanple I 10 A batchw se operation
was carried out on a |laboratory scale. DHSA (0.1 nol) and 1-octanol (0.1
nol) were placed in a 1L rotary evaporator flask with 10% (ww). Lipozyne
| M based on fatty acid. Hexane was useq}as a solven% q%&iunl Stirring was
achieved by rotating the flask using a%otary evapotgRlidatefSpecitiedtionn was
allowed to proceed for | h. After this time the reaction m xture was

separated_fromthe catal yst. The 15 m xture was then cooled at 50C for 5h.
The separgd‘aé‘aprpﬁ rly‘é"t‘%lfeé’e?/%‘ie-nf'eeﬂ‘ﬂ%r& WHhqUt jorgam gpivend wps\heatsd do vioth in a

chilled/c : ; | S i I 40.7
oKoH g, FReT LR proli Hao G ol SONEL BF ApORSIZY rM G HE B01a 30 9Hbuc
(C=0 of e84.tY msarhpoutd) analysiRSFER:' 178 Ceth’ (C=0 of ester compound), 1178 cm™ (C-0

5  stretching), 3467 cm™-3324 cm™' (OH stretching).
Example 4

Example 1 was repeated. The mole ratio of DHSA to octano} is 1:2. The reaction mixture

10 was heated to 50°C in a waterbath. The product has an acid value of 3.9 mgKOH/g. The
yield is about 90.1 % based on GC analysis. FTI R: 1737 cm™ (C=0 of ester compound),
1172 em™ (C-O stretching), 3464 cm™-3336 cm™' (O-H stretching).

Example 5

15
316.5 g (1 mole) DHSA, 260.4 g (2 mole) 1-octanol and hexane (1500 ml) were added to
the multineck reactor, which was fitted with a mechanical stirrer. The reaction mixture
was heated to the desired temperature. Then, lipozyme (10% w/w) was introduced into
the reactor and stirring begun. The reaction was conducted at 50°C for 3h.

20  The product has an acid value of 3.4 mgKOH/g. The yield is about 92.3% based on GC
analysis. FTIR: 1733 cm™ (C=0 of ester compound), 1175 cm™ (C-O stretching), 3471
cm™-3322 cm™ (O-H stre:ching).

Example 6

25 94.95 g (0.3 mole) DHSA, 117 g (0.6 mole) isostearyl alcohol and 450 ml hexane were
added to the multineck reactor, which was fitted with a mechanical stirrer. The reaction
mixture was heated to 50°C then lipozyme was introduced into the reactor and stirring

begun. The reaction was conducted for 3h.



20 stretching), 3465 cm1-3329 cm1 (OH stretching) Exanple 2 Exanple 1 was
repeated. The m xture was heated to 50C in a waterbath. The reaction 25
‘was allowed to proceed for |h. The product has an acid value of 16.5
ngKOH g. The vyield was about 76.6% based on GC analysis. FTIR 1731 cm
(C=0 of ester conpound), 1175cm' (C-0 stretching), 3462 cm'3328 cm' (OH
~stretching) Exanple 3 10 Consolidated Specification Exanple 1 was
repeated. The m xture without organic solvent was heated to 70C in a
wat er bat h. The product has an acid val ue of about 12.9 ngKOH g. The yield
is about 84.1 % based on GC analysis. FTIR 1731 cn}' (C=0 of ester
conpound), 1178 cm' (C-0 5 stretching), 3467 cm'-3324 cm' (CH
stretching). Exanple 4 Exanple 1 was repeated. The ratio SA to
octanol is 1:2. The reaction nixture ig was heat ed qB“§6@??r§ #3bat h.
The produ@he Ipa@dlﬁﬂhﬁcdnchci/cﬂl/alﬁe of 1788 IngKyBIDH. Q’he Thedd 1sydbelid73.3%ataeed o9GCL %
based on GC ana1g5|s FTI 1737 cm' (C=0 ester conpound), 1172 cm'
(C- O st refBHysg)E TIBAdZ%mn _(§38b of gster f(qanml@fl} diléhicAy) (C-Byeiything. 346/ 316. 5

g (1 nnIeLPpH§ﬁ4(%§ Cﬂnggg“ﬁ@ e) 1-octanol and hexane (1500 m ) were added
or ic

to the nmultineck react h was fitted with a mechanical stirrer. The
reaction mxture was heated to the desired tenperature. Then, |ipozyme
(10% W/SW) IV\{%Sto Q tuxrl eqlsjt%oc&j tha?%h% 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



the reactor and stirring begun. The reaction was conducted at 50C for 3h.
20 The product has an acid value of 3.4 ngKOH g. The yield is about 92.3%
"based on GC , analysis. FTIR 1733 cm' (C=0O of ester conpound), 1175 cm'
(G0 stretching), 3471 cm'-3322 cm' (0-H stretching). Exanple 6 25 94.95
g (0.3 nmble) DHSA. 117 g (0.6 nole) isostearyl alcohol and 450 m hexane
were added to the multineck reactor, which was fitted with a nechani cal
stirrer. The reaction mxture was heated to 50C then |ipozyne was
introduced into the reactor and stirring begun. The reaction was conducted
for 3h. 11 Consolidated Specification The product has an acid val ue of
17.8 ngKOH g. The yield is about 73.3% based on GC analysis. FTIR 1735
cm' (C=0 of ester conpound), 1171 cm ' (C-0 stretching),, 3467 .¢m -3324
cm' (0-H stretching) 5 1t is to be understood that %H%@P@éeﬁwmﬁﬁ%‘&ﬁ‘ti on
may be enmiinad in other specific forms and is not limted to the sole
enbodi nent descri bed above. However nodification and equivalents of the

di scl osed concepts such as those which readily occur to one skilled in the
art are int ' k- RN - Of.: it ' j are
appended Ii]'t ﬁerh?tg?%& f165 B%ghgg% ;‘lj%g(t gié!‘r %@‘F%ﬁ?ﬁ%ﬁc%ﬁ Jrégqpﬁsm&qﬁrr%%%ghf or

pr oduci ng(ayastepfting said dilnydiioRysteaicysidwith at restdne alepholsn g praeenst e of : (a)

esterifyi sai d di.hxdrox¥steari c acid g w at ! ast one al cohol in the
presence ggase &

2. A method according to claim 1, wherein said lipase is lipozyme.

3. A method of claim 1, wherein said alcohol is linear or branched alcohol with 8 to 18

10  carbon atoms per molecule.

4. A method of claim 1 wherein the mole ratio of said dihydroxystearic acid to said

alcohol is in the range of 1:1 to 1:2.

15 5. A method of claim 1, wherein said esterification process is conducted at a temperature

in the range of 30°C to 70°C.

6. A method of claim 1. wherein said esterification process further includes adding an

organic solvent.

20

7. A method of claim 1. wherein said esterification proceés is carried out at 50°C in the

present of said organic solvent.

8. A method of claim 1. wherein the lipase is lipozyme. wherein said alcohol is linear or

25  branched alcohol with 8 to 18 carbon atoms per molecule. wherein the mole ratio of said

dihvdroxystearic acid to said alcohol is in the range of 1:1 to 1:2. wherein said

esterification process is conducted at a temperature in the range of 30°C to 70°C. and

wherein said esterification process further includes adding an organic solvent.



5 lipase Cto 70'CG. 2. A nethod according to claim1l, wherein said |ipase
is lipozyme. 3. A nethod of claim1l, wherein said alcohol is |inear or
*branched al cohol with 8 to 18 10 carbon atons per nolecule. 4. A nethod of
claiml1l wherein the nole ratio of said dihydroxystearic acid to said

al cohol Is in the range of 1:1 to 1:2. 15 5. A nethod of claim1, wherein
said esterification process is conducted at a tenperature in the range of
30 Cto 70 C. 6. A nethod of claim1, wherein said esterification process
further includes adding an organic solvent. 20 7. A nethod of claim 1.
wherein said esterification process is carried out at 50 Cin the present
of said organic solvent. 8. A nethod of claiml1l, wherein the Iipase IS

| i pozynme. wherein said al cohol is line 25 bran hed | coho th 8 to
18 carbon atoms per nDIecuIe mhereln ?%e nDIe rati tef pe“ cation
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