;rse3e?W?J\.B6TV3: 5 Process for Produci ng Wax Ester from Di hydroxy Fatty
Acid Field of Invention 5 The present invention relates to a wax ester,
particularly to a pal mbased wax ester and the nethod for producin

t hereof . Background of the Invention 10 Wax esters functigﬁﬁmwwmmMﬁmmm

hydr oxyl groups in the alkyl chain of fatty acid are of c i

industrial interest conpared with the brdinary wax esters becaus@~of their
di fferent behaviour including solubility, surface properties and thernal
stability. It was repor > a, variety of uses
such as plastici zeF¥%ss H +#%heni cal
i nternedi ate. Sul phonated wax esters of

rom Dihvdroxy Fatty

ricinoleic acid are prom sing
surface active 15 conpound. Currently, the main source of hydroxy fatty
aci d cddeldof baventipw i ci nol eic acid (one hydroxylated fatty acid) is the
only one used in ol eochem cal industry to produce various types of waxes.
However, the quantities of castor oil (hence ricinoleic acid and its

der BvatTiheguyseat aivertivineretatest toea 2@xnestekepartiewdarkuty) e qlabua-based cwars ester atgll the

fluctuations. ow 1o .poor harvests in the main grow ng areas of Brazil and
India.rWﬁ@F@PBP?gﬁﬂP%?@g?khas been focused upon new synthetic methods,

whi ch are capabl e of produci ng anal ogue products in large quantities wth
reasonabl e cost. Wax esters are produced by reacting a fatty acid and an
al coholBagkgrgugd of thelaventitles i n the 25 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

r eddl t iWax exsersgyurctenalized hvigh hydoxgli gravias dhythe salkyle chatmadfl fattyi aed coersfii ng

d al i latively | ields. L di talyst i I tilized
o o VAl DOt T LT G, AU . 2
Howev erpehiviguriih@hdifig elutiig, fatdey paspeeics ard thetindl 3lability. d6®ad Reportédat these

t heoretical amount. 30 Moreover, the hi?h_acid contents of the Lgaction
conpl i d¥es of yeaxe Paeat Vaieth B UIRISPel anpiRgifissss. mpld release pgenty eradsifiess adq t he

gl ycer icﬂanicgpnﬁé}ﬁ{emafee Sufpﬂ@r%d?écpwz&%&eﬁbéﬂgﬁqﬁi@ra%ido&fe &fomBidaedurfReOhctfial ity

and nmust undergo various refining steps. oshray, Bhaftacharyya and Mukesh
et 1al . ,compoendor oduced ricinoleic wax ester from5 Rhi zonucor nei hei

| i pase-catal yzed esterification of ricinoleic acid or alcoholysis of castor
oil. Wile Lang et al. synthesized wax esters of (S)-|7hydroxystearic acid
and ( Rcurdapdrtax Racantiecoragimxwifitty acat é23tos ofliapad siemoleSaoit (gheddydidxglated

| nvent Ifgt?y 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 derivatives) available on the

20  market are subjected to considerable fluctuations owing to poor harvests in the main growing
areas of Brazil and India. Therefore interest has been focused upon new synthetic methods,

which are capable of producing analogue products in large quantities with reasonable cost.

Wax esters are produced by reacting a fatty acid and an alcohol at high temperatures in the
25  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 containing large amounts of free fatty
acids. However, the yields of the fatty esters are usually less than the theoretical amount.

30  Moreover, the high acid contents of the reaction complicate the separation and purification of the

NIRRT
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10 'Taki ng above-nenti oned aspects into consideration, biotechnol ogical

met hods, such as bi oconversion, becone nore advantages. Pal m based

ol eochem cal s can be alternatives feedstock for the production of the

hydr oxyl at ed wax ester using |ipase-catal yzed reaction. 15 Lipase-catalyzed
reactions operate at mld conditions, which prevent degradation of starting
material s and reduce side reactions. Application of |ipases in various

bi ochem cal nodifications of fats and oils is well established, and the
catalytjc activi of lipases towards hydroxy fatty acid is also well study
by var i8S eNP Rad She eucraliar FayurEREs. D PreLieh Ret e aien b Hepr dualy

I nvent g nikEuddefbWariass RfigigkRpd.ants or chemcals. 20 It is an object of
the present invention to provide a nethod for producing a high quality palm
based wax esters. Another object of the present invention is to produce a
hi gh qual i by e iLfied 25 dih fatty..acld pretecahly
di hydr ﬁfé@%&%ag%ﬁﬁ&?ﬁ—éﬂ) ﬁvmlﬁ{e%]ﬁ ae'? ?Iézéaggueo%ggdﬁ%do ﬁ%}l&%{eﬁ@t h’gx pe%%g e%@g of

| i pase.Rhxoimacdbheeiheblimst-cahlytdicespridicativin ofimi@mileioracidsort abcabalysig ofwhstoheil.

above- tioned process on Jarge-scale in a sj e ner. 30 3, The
pr esen{W F’ﬁﬁ/e M®n &s Fel éYrgéesfzgga B c 8L OP% gﬁ%hﬁﬁﬁ”%%& edgd, and
par ti cyRanslhydxpadcandiaaqd widxafishstipabys, esterifiying di hydroxy fatty acid
preferably di hydroxystearic acid (DHSA) with at | east one al cohol which

contains 8 to 18 carbons per nolecule. 5 In the preferred enbodi ment of the

pr esentsdjn{mgﬁ.t(hqﬂe IdVaatiLHISA i s derived from pal m based ol ei ¢ acid which
prepared according to Singapore patent 86353. In another enbodi nent of the

prdfent invention the DHSA may be derived fromany other oleic acid. The

al cohol.used in th resent i.pvention . .be Lj . br ohal
cont ai nTsa&églgt 3b(i‘§'r8§l}t 08§§ ?)S FCt?mﬁlgoc uﬁoél?lﬁ%u%‘écéirogel%ﬁ%m?%c% %ﬁ%@?’e%‘g} ea(rgit
86353, Hodonoasiss, fbecons apearei advaiidgydr Balyn-batd yolashdmivalyp @b dbd rabtematiwdsc

acid conprisjng the steps qf .. preparation of peroxyacetic acjd by

react i fgedgio E?%ntheaareﬁv%loae?Hleifyﬁwgﬁkyﬁawéﬁstﬁ&%&sp RaseHIRMET 138689 t 0 50%

in the presence of a suitable catalyst; b). epoxidation of oleic acid with
peroxyacetic acid obtained from St'ﬁf (a%_at sufficient tenperature, wWth

t hd SnolldpasaichiBlyséd peactsnsaeperate aaanidd conditiasisc whidhdpierent egradafégnn of s@rtdgl. 0
to about 15 .1.5:1.0 to.for i de: ): VSIS t i de
obt ai e &t od SAIRS FBTkES o Mtsln YMMALNSBi wlfi 5o TS
di hydr wfyatk aiid yilsie wdlleeplidhed, dnd thdetpyteseeritvity oflépasésanwarsls Hiydrgely taxty atidar i c
acid. Wax_ester i

A is acconplished in_accqordagnce with the present |nvention
Chat "t He el sty 0 VAN P aKS! SO dBREPRa b FBRAMOTEs gb AbY REFER
stirringvén@bh hRURNE! ¥ Adurfa8BRE LAtRENACIN the range
20
It is an object of the present invention to provide a method for producing a high quality palm-

based wax esters.

Another object of the present invention is to produce a high quality wax esters by esterified
25  dihydroxy fatty acid preferably dihydroxystearic acid (DHSA) with at least one alcohol in the

presence of lipase.

A further object of the present invention is to carry out the above-mentioned process on
large-scale in a simple manner.

30



fromabout 30C to 70C. The esterification reaction may be carried out with
organi ¢ solvent as a nediumor w thout organic solvent at el evated
tenperature. Preferably lipase is added as a catalyst into the reaction

m xture to facilitate the esterification reaction. 25 Detail ed Description
of the Preferred Enbodi nents According to the present invention, process
for produci ng wax ester conprises estetifying dihydroxy fatty acid conpound
preferably di hydroxystearic acid (DHSA) with at | east one 30 al cohol in the
presence of |ipase as.a catalyst and.an organi c sol vent nredi.um optionally.
117+ b The s aVenuan Snsias R Ao e PELLEBRA RVENT POVICIEHY § PSRASS

der i vedyd Qe b3l SteRasag dyakskyaitd adib Prstasbls il dehsotagtic adid ADHSAG NI atwi t h
8 to 18 carbon”atons per nol ecul e. Continuously stirring or rotating is
appl i edeasbonerpécahebwhichgonipins 8wl hppbenspernglectle is all owed to 5 proceed for
about 1 hour. After this, the reaction mxture is separated fromthe
catalyst by filtration. The separated catalyst is then recycled and washed
W tl§ orlgaie pref@tedesmibodimertt o€ thr pfesent énveatitrgdherBXHS Aofis déreveprfeme palm besedt i on,

the i hilized enzyme is used. There are two Ln benefits. of. usjn

bl sy A preRee rectrigE At Soieepdtr peef ST bbTTRe aRERyHE! 8Ees an
easy SepakalinGhtidh thdDHIAZMEF bé i dd okl Uthk: olitthekE ABB@ldshol ed &l theof
the enzyne is allowed. Easy separation of the enzyne fromthe product

si npl i frressntdnyaptien appbd lingel erbsanshedrpleehoh gontains &k BB easrnser mpleptler eact i on
technol ogy. Wil e enzyne reuse provides a nunber of cost advantages, which
are often prerequisite for establishing an econom cally viable
enzyne-A&baling edSipgames Batehti 358, apedessnfot peeppris diydriory daityi anid cempound
pref er abl i pozyne. 15 The A used in the present invention is .

6 0" a1y S B et (e, gRPs s SpPeRap o DS P RELLsy Gptrk glacal
CH3- ~- Qi ddid-thith hitdg&d¥arb it %ﬁayﬁw&so%pmﬂé P@sdnoe S A gEpGlcecaRsgnt
86353, a process for {)r_epa.ri ng di hydroxy fatty acid conpound from gleic
aci d cdnpepejigajionnel eteig@cigs With) perpxyspeiicasie otigingse foRy, stegt (2 Hcpudfigignt
react | Ly | i G6F Shrotly bR PQG B PRI P b5 11%0 AARb
5009 1 R AEHE Wi I PABI Q6 AP S ORI PO T 0PI
Wi tlis pelr.fxx yao doricamneriodidebaral o) eldydialpsis of thp ef@ideaabtaindd framn etep (betopiéndraxye,

\(I)VI_ t5h 1:[ g‘gt[t)gg l'% Sé%}aclngld?{)re?eergﬁgl(,ys%&le éih}(/:drg)?yl %tt§ Ui lc%}n%ogr?d 191 the pltegeent ril?vrégtefono{s

dihydroxystearic acid.

Wax ester is accomplished in accordance with the present invention that the mixture of
20  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 organic solvent as a
medium or without organic solvent at elevated temperature. Preferably lipase is added as a

catalyst into the reaction mixture to facilitate the esterification reaction.

25

Detailed Description of the Preferred Embodiments

According to the present invention, process for producing wax ester comprises esterifying
dihydroxy fatty acid compound preferably dihydroxystearic acid (DHSA) with at least one

30 alcohol in the presence of lipase as a catalyst and an organic solvent medium optionally. In the



| .5:1.0 to forman epoxide; and c). hydrolysis of the epoxi de obtained
fromstep (b) to dihydroxy fatty acid conmpound. In the preferred enbodi nent
of the present invention, the ratio of glacial 5 acetic acid to hydrogen
peroxi de of step (a) is 2.06:1.0; the nole ratio of peroxyacetic acid to
oleic acid of step (b) is in the range,of 0.75:1.0 to about 1.0:1.0; and
the step (b) is conducted in a tenperature in the range of 60C to 95C, nore
preferably at 75C to 80C. Wen the addition of peroxyacetic acid to the

ol eic i e L L6 f; ( i wlrred.f.or 5
about 36vighed pEBCRELCLE nk el REENEARATLAL (HFYR 1o BEAR B Sy kel

t wo houickl. witerenalshiy alcohel is emaltoleh withy& tarl@ cabos efparsaeesiofecam unr eact ed
peroxyacetic acid prior to hydrolysis of the epoxide. In the preferred
enbodi ment of the present invention, the dihydroxy fatty acid conpound used
i's di hytn@xysusRatinGn@6H @tatip Ghapghiied wethe réR ol alixtuRi dnd dhemixtaeiisl allvkdToe
ratio of DHSA to al cohol at the beginning of the reaction may be varied in

a widde nreqsgd fon pbaund peust drfice dhisnthe drertind raiktirnds serasalert MRy Bt qagabyst by
prepar q}lﬁat%n@?l’f&&eg%‘@ﬁ?_l&g\fa stis% n'rﬁca)le@i aft W§he§@§}h§dgﬁ%ﬁé %ﬁﬁﬂﬂl y smal |

resi dual anounts nd al co A an be supplied at

a noleratiointhe range of 1:1 to 1:2 with preferably 1:1. If it is
desi t 15 th id tent.of ,th . est odugt.. it will
oo o B B ot LB Pt L Rbe S ot

readi | WwBGaSh befefit oPESPAIEMYBIKZ&ISERYBe M i thvarmtiodC FiksthalinmobitizéedzymEhe
acid value is nmeasured in the usual manner in ngKOH requi redatger gr am of

t hdOsaripee cagnseppigtion pf sheuereyde frosy theuprpdugs; and sseondhy recycleyofthe gnzyme is
conposi i C -QES&- d UEEmORea (oF:Ta W cT-Se [Y A=Y My ; as
chronaf@éggg ggék%ﬂ%%“k enigglmgﬁggagﬁgrﬁ%tlgaﬂgeﬂ Po ?%gntl ygﬁﬁgﬁygﬁd t he
pr oductmermitingsmfiahle find afficent weattion eAOOHyeWhid engme: @osadprezideea (WABS of

Met hod). Tahle, 1l sho the characteristicsg of | m based DHSA.used in this
ivent KGR BTt Aietodte sURDaprE e st 2o ar iRt T KeBis i <
aci d usggdyrhecathlpgedprodss Ligate 0ded DIHBA.prhbist ipventies & prefeRblydripdayarbl e t o crude
and purified DHSA 30 6 Table 1 a: Characteristic of Purified Pal mBased
DHIA 5 Hydroxyl value, mgKOH g 309.3 Acid Val ue, ngKOH g 180. 3 | odi ne

Val ue, %2b111§ggusjcd_]i8Sfﬁcgﬁggséﬁtciﬁ%n‘ﬁ@n\@bq%ndi s@atic 48d5wHith MedrideR@d FRRi Nt

C 90.6 Fatty Aci osition, Cl6:02.8C18:01.8C 18:20H93. Zunknown?2. 2
formula (1)
OH
CH3—(—CH2—)7—CH—TH—(—CH2-)7COOH
OH
20 Formula 1

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 by reacting glacial
25  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. In the preferred embodiment of the present invention, the ratio of glacial



20 Tabl e | b: Characteristic of Crude Pal m Based DHSA 25 Par aneter Hydroxyl
val ue, nmgKOH g 196.0 Acid Val ue, ngKOH g 179.3 |l odi ne Value, g 1z/100g 10.2
Saponi fication Value, ngKOH g 178.0 30 Melting Point, C 6l.9 Fatty Acid
Composition, % C 18:20H 67.2 C 12-CI8 |14.2 35 unknown | 8.6 Table 2
demonstrates the reusability of the imobilized enzyme (in particular

Li pozyme IM used in this invention. The enzyme activity after repeated use
was assessed in termof 40 conversion of DHSA ester at the end of each

cycl e.

and 1- %qtgrﬂﬂcP La,ela:}fzdé%ﬁgé%{a}glg aste&ﬁ (alj IE 8 O% r{EO tﬁ'e ?e ra%iz) eorflpfe}og(%cleg 1c ac1d to

est er SYd2ld 8323 (i th OBk 5&52189061 &8d 05s LORFichlIE
1187. 4C 1282, 001%2(2 9C 1463‘58’%%1570 520C 1679, C@ eI Ofis ®

1776, 2GraBTiEIogE BUROHS0R ST fo MBS Frabbougs G e tSE Whep thddiisad on
was cap r{oﬁ%lc%H& a8l t?QIS: 81%&: éxﬁ( ?s;%({ﬁg)rlétgﬁetge ?éacft&p%'rﬁﬂme %p g@% stiff® forf atio

of DHSK® octano tal nab omthe ess accordi ng
t 0 he apoweSOMinitey &nd haurs,insord pref@atdly frpdr aeywied( mimitestid tWo pows.dinaly, thy

RO e 35?4935’ g R RSt hre S A T o e i o

18 carbon atons.

In the preferred embodiment of the present invention, the dihydroxy fatty acid compound used is
dihydroxystearic acid which derived from palm oil oleic acid.
10
The ratio of DHSA to alcohol at the beginning of the reaction may be varied in a wide range. In
the preferred embodiment of the present invention, to prepare a product which is rich in wax
ester and contains only small residual amounts of DHSA and alcohol, DHSA and alcohol will be
supplied at a mole ratio in the range of 1:1 to 1:2 with preferably 1:1. If it is desired to minimize
15  the acid content of the wax ester product, it will be recommendable to begin with an excess of
alcohol. In this way it is readily possible to prepare wax esters having an acid value below 5. The
acid value is measured in the usual manner in mgKOH required per gram of the sample, and is a

measure of residual acid.

20  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
saponification value (AOCS Method) and acid value (AOCS Method). Table 1 shows the
characteristics of palm-based DHSA wused 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

25  applicable to crude and purified DHSA.

30



The present invention may be carried into practice in various ways, but
certain specific processes enbodying the present invention will be

descri bed by the way of illustrated in the follow ng exanples. 5 Exanple 1
A bat chwi se operation was carried out on a | aboratory scale. DHSA (0.1 nol)
and 1-octanol (0.1 nol) were placed in a 1L rotary evaporator flask with
10% (W w). Lipozyne | M based on fatty @cid. Hexane was used as a sol vent
medium Stirring was achieved by rotating the flask using a 10 rotary
evapor ... The reaction_ wa |, owed roceed for 1 h. After this tine
the re [e ' ?{Pﬂ?féstwgpgﬁﬁaﬂf%‘@%ﬁm catal yst. The mixture was then
cooled at 5C for Sh. The separated crystals were renoved by filtration and
washed witirhexame—The product obtaimed has—amnm aci dvat ue of —about 40.7
ngKOH g — - ARANGCs| o | —34 5—er—Cc—ahalysts- R 1729 cm |
(C=0 of ester conpound), 1175 cm ~ (C-O stretching), 3465 cm ~- 3329 cm ~
(OH st r ethyldraxy) vabameKO¥220 Exanpl e 1 was repeat ed09Bhe mi xture was heated
t o 50C i Aci Waluerrbgit@QH/gThe reaction was all owed to I808ceed for 1 h. The
product HedinaWalaejgl,/V@lgue of 16.5 ngKOH g. The vyi elldl was about 76. 6% based
on GC and@apsiification ValueliigKOHrgl (C=0O of ester conpadgsd), 1175cm 1 (GO

st ri@t chi ngdlting@A&at, e 1- 3328 cm (OH stretching) 25ddganple 3 Exanple 1 was
repeated. The m xture w thout organic solvent was heated to 70C in a

wat er bat h. The product has an acid value of about 12.9 ngKOH g. The yield

i's about AL dBGRsbsRdInGs anal yeige FTIR 1731 cmjlg (C=0 of ester
corrpound)F,%&S_/M?S cm ~S( C-nb stretc ilgg), 3467 30 crriy ¢3324 cm (CH

st r1§tchi ng) . 9 Exanple 4 Exanp ?8: Opfs repeat ed. 9 nole rati o of DHSA
to Ooctanol is 1:2. The reaction i, xture was heated {4 50C i n a wat er bat h.
The product has an acid val ue of "$™lgkoH g. The ﬁtgl dis about 5 90.1 %
based onmGCanalysis. FII R 1737 cm (C=0 of ester conmpound), 1172 cni
(GO stretching), 3464 cm-3336 cm1 (O H stretching). Exanple 5 10 316.5 g
( 1 nole) DHSA, 260.4 g (2 nole) 1-octanol and hexane ( 1500 m) were added
to the multineck reactor, which was fitted with a nechanical stirrer. The

r et i orable bt Giheragigeistive{t(atide Ralm-Based DHSA

Parameter
25
Hydroxyl value, mgKOH/g 196.0
Acid Value, mgKOH/g 179.3
Iodine Value, g 1,/100g 10.2
Saponification Value, mgKOH/g 178.0
30 Melting Point, °C 61.9
Fatty Acid Composition, % C18:20H 67.2
' C12-CI8 14.2
35 unknown ‘ 18.6

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

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



the desired tenperature. Then, |ipozyne ( 10% ww) was introduced into the
reactor and stirring begun. The reaction was conducted at 50C for 3h. The
product has an acid value of 3.4 ngKOH g. The yield is about 92. 3% based on
GC analysis. 15 FTIR 1733 cmi (C=0O of ester conpound), 1175 cm (C O
stretching), 347 cm 3322 cmi (O H stretching). Exanple 6 94.95 g (0.3
nol e) DHSA, 117 g (0.6 nole) isostearyl al cohol and 450 m hexane were
added to 20 the nmultineck reactor, which was fitted with a nmechani cal
stirrerps . Lheq i g e t A ynme was
introdt};@g%frk?rﬁ{tegﬁ%tgﬂg}q?fegﬁweaoﬁl §F$§fﬁ°§g"‘%§fg‘§ﬁ§ gqr(g%tgr%bﬁon was conduct ed
for 3h. The product has an acid value of 17.8 ngKOH g. The yield is about
73. 3% based on GC 25 én%‘gyms. FITR 735 cm. (C=0 of ester conpound), 1171
cm (G O stretching) Y47 cm 1-3324 CHHOPESPEYSEhing) 1t is to be
undér st ood that the pﬁé%ent invention may b <&nbodi ed in ot her specific
forms and is not limted to the sole enmbodi t descri bed above. However
nodi fi cation and equi @&} ents of 30 the di scPd3ed concepts such as those
whi ch readily occur tdChne skilled in the aPt.8are intended to be included
within the scope of tHeSclains which are appeéfided thereto 10 Cains 1. A
prdoess for produci ng @x ester conprising 9hé steps of: (a) preparation of
di hydroxy fatty acid o@npound fromoleic acBgp 5 (b) esterification of said
di hydroxy fatty acid cogrpound fromstep (a)ggwth at | east one al cohol to
formwax ester; and (cggfiltration of said gag ester fromstep (b). 2. The
process for produci ngcygx ester according tgyglaiml, wherein said
preraration of 10 di hydroxy fatty acid conpgsnd fromoleic acid conprising
the steps of: a) prepgngtion of peroxyacetig,gcid by reacting glacial
acetic acid with hydr%§§n per oxi de (nornallgi 0%to 50% in the presence of
1

a suitable catalyst; epoxi dation of oleic,acid with peroxyacetic acid
obt ai ned from step (a) ét suf ficient tenper g re, with the nole ratio of
per oxyacetic acid to §ildic acid in the range.gf 0.5:1.0 to about 15 1.5:1.0
t 0 2%r m an epoxi de; aﬁ:l6c) hydrol ysis of th 9. poxi de obtai ned fromstep (b)
to a corresponding di @{%r oxy fatty acid con%i&gnd.

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 50°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-
dihydroxystearate which presented by formula (2):
35
CH;-(-CH,);CH(OH)- CH(OH)- CH;);— COOR

Formula 2

40  wherein R is independently selected from linear or branched alkyl group with 8 to 18 carbon

atoms.



3. The process for producing wax ester according to Claim2, wherein the
ratio of glacial acetic 20 acid to hydrogen peroxide is 2.06:1.0 4. The
process for produci ng wax ester according to Caim2, wherein the nole
rati o of peroxyacetic acid to oleic acid is in the range of 0.75:1.0 to
about 1.0:1.0. 25 5. The process for %%oducing wax ester according to Caim
2, wherein the tenperature range for the reaction is 60C to 95C, nore
preferably at 75Cto 80C. 6. The process for producing wax ester according
to d ai di.tion t

nci d | et aaenph sy ok S B b pPRHE R PES 0 BB D Bo%hRT, s
to 3 heuibedyiABtiee presdnglidm@niiod Malnbendesdribed B30theiwayt @[Slllhﬁratwd)lmﬂwrthllowmgl 7.
The process for producing wax ester according to Claim?2, wherein the
reacti GRARPEure is separated from unreacted peroxyacetic acid prior to
hydrol ysis of the epoxide. 8. The process for produci ng wax ester according
to dains 1 to 7, wherein said dihydroxy fatty 5 acid conpound is

di hydr dxgeplal i c acid. 9. The process for produci ng wax ester according to
Clainms 8, wherein said dihydroxystearic acid is derived from pal m based
oleic acid or any other oleic acid. 10 10. The process for produci ng wax
ester ageackividgoperatidnalas Qrristhest eha lsmirzdoxgﬁ sba/ldrIDHSAt(ea mael) amd toctana (0.1

pal m based di hydroxyst earic acid. 11 pr od X .ester
accor dig)) tsrealasedn @, ypparyievanosater fas ‘H‘aL‘E% ?‘Wy&‘ ?il}il]rl?ag d\gg‘? ftys o,
1 O-di hydi ex¥sleSRhs fse@ Gl Qsol%énlﬁemhesmﬁg Qas ameveaw%&hng tHeoPasR BLRE 2

according to Claim1l, wherein said al coho | i near branched al cohol
wi tle 8 rptamsvaparamrn The aeastipe rwasolllsowetl e PI‘SI!@ed'Ifhé 1pr éétégéhm élrmepﬂv@d@ethg wax
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for pr @dpmatl@cmlsmefeme@bydﬁhgtnbmaﬁ wadhed withthexaien sai d est erification
process is conducted at a tenperature in the range of 30C to 70C. 25 15.

The process for producing wax ester according to Claiml, wherein said

est eri f"ll“}flée}}rbcﬁi&t DSBS Rask il deliEVal &OOMHbLSH 407 MERDHIE. "l@@%é]&ls%{wm%%%b%@m
optiona
P I5 on GC analy31s FTIR: 1729 cm™ (C=0 of ester compound), 1175 cm’ ! (C-O stretching), 3465

em™'-3329 om’ " (OH stretching)
Example 2

20 Example 1 was repeated. The mixture was heated to 50°C in a waterbath. The reaction 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 ecm™ (C=0 of ester compound), 1175¢m™ (C-O
stretching), 3462 cm™-3328 cm™ (OH stretching)

25  Example 3

Example 1 was repeated. The mixture without organic solvent was heated to 70°C in a waterbath.

The product has an acid value of about 12.9 mgKOH/g. The yield is about 84.1% based on GC

analysis. FTIR: 1731 em’ (C=0 of ester compound), 1178 cm™ (C-O stretching), 3467
30  cm™-3324 cm™ (OH stretching). '



16." The process for producing wax ester according to Cains 14 and 15,
wherein said esterification process is naintained at tenperature
approximately 50C in the presence of a 30 organic solvent or approximtely
65C to 70C wi t hout addi ng organi c sol vent . 12 17. The process for
produci ng wax ester according to Claim1, wherein said esterification
process further conprising step of addfng catalyst. 18. The process for
produci ng wax ester according to Claim17, wherein said catalyst is |ipase.
5 19. The plrocess for producing wax ester according to Caim 18, wherein
sai d | ify4®@lei% Li pozyme. 20. The process for produci ng wax ester according
to daim1l, wherein said esterification process further conprising the step
of continuous rotating or stirring. 10 21. The ?(ocess for produci ng wax
ester dixewpli hiyas sereptai.nhelmpls rado ofREISH o ertaftel dohde ks pactim maguresyasr can

obt ai ndBHE 1o e 3h AR ROE ENPRREEh i 6 vl 010 Bk DU, TR 5P b

repsesaotieth bysed onnGC anaR}is. FHRR( 1T RImTHCER) of GitirQidmpo@hd)) +172008R (@h@r ei n

R i s independe sel ed,f | i near. or branched al kyl group with 8 to
18 car lﬁgﬁt%‘f‘&’rg%%@nﬁgg c%oﬁé‘ﬁ?ﬁtﬁtg‘r‘ln%f wax ester conprising of: -
di hydroxy fatty acid fromoleic acid; and - at |east one al cohol 25 24. A

product including a wax ester according to any one of Clains 1 to 23.
. AQY. Adixample 5 AL. A9

10 316.5 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.

The product has an acid value of 3.4 mgKOH/g. The yield is about 92.3% based on GC analysis.

15 FTIR: 1733 cm™ (C=0 of ester compound), 1175 cm’! (C-O stretching), 3471 em™-3322 cm™
(O-H stretching).

Example 6

94,95 g (0.3 mole) DHSA, 117 g (0.6 mole) isostearyl alcohol and 450 ml hexane were added to
20 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.

The product has an acid value of 17.8 mgKOH/g. The yield is about 73.3% based on GC
25  analysis. FTIR: 1735 cm™” (C=0 of ester compound), 1171 cm" (C-O stretching), 3467
cm™'-3324 cm™ (O-H stretching)

It is 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
30 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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2. The process for producing wax ester according to Claim 1, wherein said preparation of
10  dihydroxy fatty acid compound from oleic acid comprising the steps of:

a) preparation of peroxyacetic acid by reacting glacial acetic acid with hydrogen peroxide

(ndrmally 30% to 50%) in the presence of a sui.table 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
15 1.5:1.0 to form an epoxide; and

¢) hydrolysis of the epoxide obtained from step (b) to a corresponding dihydroxy fatty acid

compound.

3. The process for producing wax ester according to Claim 2, wherein the ratio of glacial acetic

20  acid to hydrogen peroxide is 2.06:1.0

4. The process for producing wax ester according to Claim 2, wherein the mole ratio of

peroxyacetic acid to oleic acid is in the range of 0.75:1.0 to about 1.0:1.0.

25 5. The process for producing wax ester according to Claim 2, wherein the temperature range for

the reaction is 60°C to 95°C, more preferably at 75°C to 80°C.

6. The process for producing wax ester according to Claim 2, wherein when the addition of
peroxyacetic acid to the oleic acid is completed, the reaction mixture is stirred for about 30

30 minutes to 3 hours, more preferably from one hour 30 minutes to two hours.
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10  10. The process for producing wax ester according to Claim 9, wherein said dihydroxystearic

acid is a palm-based dihydroxystearic acid.

11. The process for producing wax ester according to Claim 10, wherein said palm-based
dihydroxystearic acid is 9, 10-dihydroxystearic acid. |

15
12. The process for producing wax ester according to Claim 1, wherein said alcohol is linear or

branched alcohol with 8 to 18 carbon atoms per molecules.

13. The process for producing wax ester according to Claim 1, wherein the mole ratio of said

20  dihydroxy fatty acid to said alcohol is in the range of 1:1 to 1:2.

14. The process for producing wax ester according to Claim 1, wherein said esterification

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

25 15. The process for producing wax ester according to Claim 1, wherein said esterification

process further comprising step of adding organic solvent optionally.

16. The process for producing wax ester according to Claims 14 and 15, wherein said
esterification process is maintained at temperature approximately 50°C in the presence of a

30  organic solvent or approximately 65°C to 70°C without adding organic solvent .
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