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Process for Produci ng Wax Ester from Di hydroxv Fatty Acid Field of -

I nvention-5 The present invention relates to a wax ester, parﬂmmlmmmmmwmmla
pal m based wax ester and the nethod for producing ther eof

t he | nvE&oensddidated Spasifiestianss f unctional i zed with hydroxyl _groups i mdfag.

al kyl chain of fatty acid are of considerable industrial interest conpared
with the ordinary vax esters because of their di fferent behavi our i ncl udi ng
solubility, OCSRION (11'e e 1. it : fattyaAcideport ed t hat
t hese types of waxes have a varlety of uses such as plast|C|zers nol d

rel ease agent, enmulsifiers and chem cal internediate. Sul phonated wax
esters Pield ofIveheibe aci d are prom sing surface active 15 conpound.
Currently, the main source of hydroxy fatty acid castor oil and ricinoleic
acid (one hydroxyl ated fatty acid) is the only one used in ol eochem cal
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mar ket method fby mothesing theesyfisi der abl e fluctuations owing to poor harvests in
the main growi ng areas of Brazil and India. Therefore interest has been
focused upon new synt hetic nethods, which are capabl e of producing anal ogue
pr oduct with reasonabl e cost. -\Wax esters are pr oduced
by reac%é%rhﬂ#gts{gﬁggl}'hﬁgﬁ% an alcohol at high tenperatures in the 25
presence of catal yst -acn dic catalysis or netal catalysis. This
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15 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 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 quahtities 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-température process can lead
1o 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 fat&y esters are usually less than the theoretical amount.

30 Moreover, the high acid contents of the reaction complicate the separation and purification of the
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fatty esters and the glycerine. Furthernore, the products obtained are
often rather poor qiinlity and nust undergo various refining steps.
Gnhoshray, -Bhaftacharyya and Mukesh et alL, have produced ricinol ei c wax
ester from5 Rhi zonucor neihei |ipase-catR yzed esterification of

ri ci nol €puschidattd Gpecificatvasysi s of castat oil. Wile Lang et al. synthesized
wax esters of (S)-17hydroxystearic acid and (R)-3-hydroxydecanoic acid with
various |lipases. - Summary of the Invention 10 Taki ng above-nentioned _
aspect sfattitestecoard ther gy¢epme. Burthesmions |theyprodhctawbtaseps arg wdign gather poor quality

bi oconversi qQn, hecone .nore.advant ages Pal m based ol eochem cal s can be

al ternaﬂcgrggsqfu@ g@ﬁovsoﬁﬁﬁf’% sf)eip(gducti on of the hydroxyl ated wax ester
using |li pase-catal yzed reaction. 15 Lipase-catal yzed reacti ons operate at

m | d conditions, which prevent degradation of starting naterials and reduce
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hydr oxywiile €Bigy S epr QluCeghthésiddde fagsediters NNt ()41 7ayeroupaéasic aacid and
surfactants or chemcals. 2Q It is an object of the present invention to
provi de(Fa-IrBydreuydesanas¢ acid oyithgVagions §rasgdial i ty pal m based wax esters.

Anot her object of the present invention is to produce a high quality wax
esters by esterified 25 di hydroxy fatty acid preferably di hydroxystearic
aci d ( CkigAmany tolfi tled Inveatibn one al cohol in the presence of |ipase. A further
obj ect of the present invention is to carry out the above-nentioned process
on | e-scale in a sinple nmanner. 3 ' Consol i dat ed Specifications3 The
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cont ai n t 8 .car bon e | ecul e. In the preferred enbpdi nent of the
b 65 ant SRR PE e HROBRBAT 6 HYGrRy AR d VEh Pyt S Ber-Grie £ et ch
prepared according to Singapore patent 86353. |In another enbodi nent of the

present invention the DHSA may be dpriveq_fron1qgé other oleic acid. The
al coHdl Lipssseratalyzelderepetanns myperate e triideh conditibes, | witieh prevenh degrefatidnad stiaging
contains 8.t.0 18 carbo er. nol ecul e.. 10.Accordi ng. to.Si ngapoy e PRat ent
56355, TBRES 08 e SHE RN (R O L S U RSEG o GRr B ahes
aci d CQfaisahAils Rewsl &RsbIRhed, ahd tHRY RRAVRS AdBRitP bf BALX ¥AFLEd By RSy acid
reacting glacial acetic acid iiith hydrogen peroxide (nornally 30%to 50% .
in theip wel wndya by ariabs evazkeral Heveralbhydresposiag sastesh poddusp@ile the pEesaitt h
per oxyaceti.c_aci tain f.raom st.ep . at sufficient tenperature, with

t he nnﬂ%v?%¥P5F%é%e F%%ﬁﬁ%gngsgﬁgﬁgygﬂ%leic acid in the range of 0.5:1.0
to abkpgut 15 1.5:1.0 to form an epoxide; and c). hydrolysis of the epoxide
obtained fromstep (b) to dihydroxy fatty acid conmpound. Preferably, said
di hydr dkis amebigetaed| the prsptunvention: thorpyids afecthed, &tproduaing ahighdawakiss pelari c
aci d. . acconplished in accordance with the present invention

t hat t¥g§ﬁﬁ§%§§%&%T 20 di hydroxy fatty acid and al cohol is rotating or
stirring continuously at tenperature in the range from about 30C to 70C.
The esterification reaction may be carried out wi.th Qrganic solvent as, a
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A further object of the present invention is to carry out the above-mentioned process on
large-scale in a simple manner.
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According to the present invention, process for producing wax ester
conprises esterifying di hydroxy fatty aci d conpound preferably

di hydr oxystearic acid (DHSA) with at |east one 30 al cohol in the presence
of |ipase as a catalyst and an organic solvent mediumoptionally. In the
Consol i danselid®pé Spéditieatioons4 preferred Enbodi nent of the present invention
said DHSA is derived from pal mbased ol eic .acid whereas said al cohol is an
al cohol _with 8 to 18 carbon atons per nolecule. Continuous stirring or
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invention, the inmmobilized enzyne is used. There are two main benefits of
using inmobilized enzyme in this invention. Firstly, innDbiIized enzyne 10
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preferably Lipozynme. 15 The DHSA used in the present invention is

9 10-di hydroxystearic acid which represented by fornmula (1)
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obt ai ned fromstep ( to di hi roxy fatty acid co ound. In the preferred
enbodikftl -G fora aaﬁeg@ﬁ% and ﬁmdmlysw REthe £pp¥ide pbgingd ifegm step (b) to dihydroxy

fatty acid compound. Preferably, said 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
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



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 range of 0.75:1.0 to
about 1.0:1.0; and the step (b) is conducted in a Consol i dat ed
Specifications5 tenperature in the range of 60C to 95C, nore preferably at
75C t o Gomsoligyed Sperafieations i on of peroxylacetic acid to the oleic acid is
conpleted, the reaction m xture of step (b) is stirred for about 30 m nutes
-to 3 hours, nore preferably fromone hour 30 mnutes to two hours. Finally,
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hydr ol ysi : ' t f e ' t he present
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characteristics of pal mbased DHSA used in this invention. wever, it may
be var iRsEMHERSFkiahly ad affieieriogaction teghnolngyoMiils eneymie aeusd providesrenumber of
product j . ' 0 i JC e .grude and puri fied .DHSA.
D5 Tabi g™ ARvagiE iRl ReGRE, pReARRISIRY Bk BiSiE e aRhlerlf ieble
Hy dr ox yenzyrat-eetalyzgdpldcess. Lipase used in the present invention is preferably Lipozyme.

15
The DHSA used in the present invention is 9,10-dihydroxystearic acid which represented by
formula (1)
(IDH
CH3—(—CH2—)7-—CH —(IZH—(—CHz-)7—COOH
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
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
25 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
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 range of 0.75:1.0 to about 1.0:1.0; and the step (b) is conducted in a



309.3 Acid Value, ngKOH g 180.3 30 | odine Value, gl2/100g 1.1 _
Saponi fication Value, ngKkOH g 178.5 Melting Point, OC 90.6 Fatty Acid

Conposi tien, % C16:0 2.8
- - Consolidated Specifications 5

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) is stirred for

about 30 minutes to 3 hours, more preferably from one hour 30 minutes to two hours. Finally, the

reaction mixture is separated from unreacted peroxyacetic acid prior to hydrolysis of the epoxide.
5

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

dihydroxystearic acid which derived from palm oil oleic acid.

The ratio of:DHSA to alcohol at the beginning of the reaction may be varied in a wide range. In
10 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
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
15 acid value is measured in the usual manner in mgKOH required per gram of the sample, and is a

measure of residual acid.

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
20 saponification value (AOCS Method) and acid value (AOCS Method). Table 1 shows 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.

25 Table 1a: Characteristic of Purified Palm-Based DHSA

_Parameter
Hydroxyl value, mgK OH/g ' 309.3
Acid Value, mgKOH/g 180.3
30 Jodine Value, gl,/100g 1.1
Saponification Value, mgKOH/g 178.5
Melting Point, -C : 90.6

Fatty Acid Composition, % C16:0 2.8



- Consolidated Specifications6 C18:01.8 C18: 20H93. 2 unknown2.2 5 Table I b:
Characteristic of Crude Pal m Based DHSA Paraneter 10 'Hydroxyl val ue,
ngKOH g Acid Val ue, ngKOH g | odi ne Value, g 12/100g Saponification Val ue,
mgKOH g Melting Point, C 15 196.0 179.3 10.2 178.0 61.9 Fatty Acid
Conposi¢onsplidaedlpecigasipn® C12- C1814. 2 bunknown18. 6 20

C18:0 1.8
C18:20H 932
unknown 22

5
Table 1b: Characteristic of Crude Palm-Based DHSA

Parameter
10  'Hydroxyl value, mgKOH/g 196.0
Acid Value, mgKOH/g 179.3
Iodine Value, g I,/100g 10.2
Saponification Value, mgKOH/g 178.0
. Melting Point, °C 61.9
15
* Fatty Acid Composition, % C18:20H _ 67.2
C12-CI8 14.2
unknown : 18.6
20

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 %

conversion of DHSA ester at the end of each cycle.

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

Cycle % Conversion of ester
Cl 92.4
C2 91.8
30 C3 92.2
C4 91.8
C5 90.7
Cé6 - 91.1
C7 89.6
35 C8 ' 88.9
' C9 89.0
C10 87.4
Cl11 874
C12 _ 82,0
40 C13 82.9
C14 79.6
C15 70.5

C16 | 79.8



Table 2 denonstrates the reusability of the inmobilized enzyme (in

particul ar Lipozyine IM used in this invention. The enzyme activity after
repeat ed. use was assessed in termof % conversion of DHSA ester at the end
of each cycle. 25 Table 2: Reusability of Lipozyne on the esterification of
DHSA angonsotidetgd Gpecfieatous Conver si on of7ester C 92.4 C291.8 30C392.2 C491.8
C590.7 C691.1 C789.6 35C888.9 (C989.0 C1087.4 C1187.4 C1282,0 40C1382.9
Cl1479.6 C1570.5 C1679. %17 ' Consol i dat ed Speci7f8i£:at ions7 Cl1778. 4

C18 81.7

C19 81.3

. C20 857

5 Cc21 70.7
C22 67.6

C23 65.2

C24 64.5

10 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-
dihydroxystéaraté which presented by formula (2): |
15 " '
CH;-(-CH;),CH(OH)- CH(OH)- (CH:),— COOR

Formula 2

20 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 processes
embodying the present invention will be described by the way of illustrated in the following

25 examples.
Example 1

A batchwise operation was carried out on a laboratory scale. DHSA (0.1 mol) and 1-octanol (0.1

30 mol) were placed in a 1L rotary evaporator flask with 10% (w/w). Lipozyme IM 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 mixture was then cooled at 5°C for 5h. The
separated crystals were removed by filtration and washed with hexane.

35



C1881. 7 C1981.3 C2085.7 5C2170.7 C2267.6 C2365.2.C2464.5 10 The reaction
was carried out at 50C, at rotating speed of 150 rpmfor 1 hour, nole ratio
of DHSA to 1-octanol = 1:2 Wax ester obtainable fromthe process according
to the present invention is 9, 10- di hydroxystearate which presented by

f or mul ¢ lesplafsclwféca@pes)?m(m) CH(@H)- (CH2)7- COOR Fornula 2 20

wherein R is independently sel ected from l'inear or branched al kyl group

with 8 18 carbon atoms. The pr ven be carried_into
practic qmoq‘éﬁilog an geid Véjé%etozla oy i‘%@& B@ﬂ}i@@%’ fpased

pr esentor GYeda Ak, WIk: PROIGAC(EROh K S 81 f 1144 Hﬁ“rété%lef&hgﬁg 3465
follow ng 25 exarrpl es. Exarrp A batc fation was carried out on a
| abor atamiF332%¢m”’ (OHSAe(ching) nol ) and 1- oct anol (0 1 30 nol) were placed in
a 1L rotary evaporator flask with 10% (w w). Lipozynme | M based on fatty

aci d. Hexane was used as a solvent nedium Stirring was achi eved by :
rotatisnggmpe pl ask using a rotary evaporator. The reaction was allowed to
proceed for |h. After this tine the reaction mxture was separated fromthe
catal yst. The mi xture was then cooled at 5C for 5h. The separated crystals
were r ve y filtratio and washed wi th he e. idated .
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Example 3

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

15 The product has an acid value of about 12.9 mgKOH/g. The yield is about 84.1% based on GC
analysis. FTIR: 1731 cm® (C=O of ester compound), 1178 cm :(C-O stretching), 3467
cm™-3324 cm™ (OH stretching).

Example 4

20
Example 1 was repeated. The mole ratio of DHSA to octanol is 1:2. The reaction mixture 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. FTT R: 1737 cm™ (C=0 of ester compound), 1172 cm” (C-O
stretching), 3464 cm™-3336 cm™ (O-H stretching).

25
Example 5

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

30 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.



all owed to proceed for Ih. The product has an acid value of 16.5 ngKCH g.
The yi el d was about 76.6% based on GC anal ysis. FTIR 1731 cni (C=0 of
ester conpound), 1175cm1 (C-0 10 stretching), 3462 cm1-3328 cm1 (CH
stretching) Exa 3 Exanple 1 was repeated. The m xture without organic
sol ventCopasli n&tCtﬁwaﬁ@S in a waterbafh. 15 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 cm1 (C=0 of ester conpound), 1178 cm 1l (C-Q stretchi ng%1 3467 .
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about QOrHs%tbhmg)j on GC analysis. FTI R 1737 cml (C=0 of ester corrpound),
1172 cm3 (C-0 stretching), 3464 cnil-3336 (0-H stretching). Exanple 5 316.5
g (1 nole) DHSA, 260.4 g (2 nole) 1-octanol and hexane (1500 m ) were added
to tth"erJmHn@ck reactor, which was fitted with a nechanical stirrer. The
reaction XtUre was heated to 30 the desired tenperature. Then, |ipozyne
(10% ww) was introduced into the reactor and sti rr| ng begun. The reaction

was co te t IldatedSel 0 The rod t has
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stretching), 3471 cm 1-3322 cm' (0-H stretching). Exanple 6 94.95 g (0.3
nmol e) Deiged td 30:Cythen I6ponyhe) was odrodacegd! intd thahcdetar@dzlﬁmnng bb@mﬂhe weaction
adde(’il to thedl}r%.ll ttjﬂ ck reactor, which was fitted with a nmechanical stirrer.
The I &32 COPAYHSHI9F dhvas heated to 502C then Li pozyme was introduced into
the reactor and stirring begun. The reaction 10 was conducted for 3h. The
product has an acid value of 17.8 nmgKOH The yield i s about 73.3% based
on GC dhelpreduct lay|ar: aqc?s@lmﬁl?@_mg&o st éheoacﬂéourab)out 733% based o1c-GC

stretchifgds. BHR. §Ps-3321cety br(Qad 8ihSdeh), n9271 m? (C-O stretching), 3467
cm™-3324 ¢cm™ (O-H stretching)
15

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
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



It is to be understood that the present invention may be enbodied in other
specifi'c forms and is not linited to the sol e enbodi nent described above.
However nodification and equival ents of the disclosed concepts such as
those which readily occur to one skilled in the art are intended to be

i ncl udé@nsplidated Speeifisetiyye of the cl ai 0 whi ch are appended thereto
Consol i dated Specificationsl0 Clains The invention clained is : 1. A

met hod for produci ng wax ester from di hydroxystearic acid, conprising the
step of1mMsy) esterifying said di hydroxystearic acid with at |east one

al cohol in the presence of |ipase. 2. A nethod of claim1l, wherein the

| i pase is |lipozynme. 103. A nethod of claim1 wherein said al cohol is |inear
or brafbbadeaticotieimediish 8 to 18 carbon atons per nolecules. 4. A nethod of
claim1 erein the nole ratio of said di hydroxystearic acid to said

al cohol :AQ roethad %ﬁ%swgl‘.”ix ggerifrom dihydroxysteams aad compersmgthe stepaky ei n

said gsteri by e&ggi@%gﬁ%ﬁg@gﬁgﬁggﬂg%mm A IEe%FBgé A6 |t NredABY G O

30-70C. eln said esterification process
further inchlipgees addi ng an 20organic solvent. 7. A nethod of claimb5,
wherein said esterification process is carried out at 50C in the presence
of said organic solvent. 258. A nethod of claim1l, wherein the lipase is

|'i pozyme,2 Waehehbd satidinih CRh&kin the lipak@a¢ lipdzyfeanched al cohol with 8 to 18
carbon atons per nol ecules, wherein the nolé ratio of said dihydroxystearic

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

S0- 70t | “Ent” elPEH dai SEREHAL B TRERES bkl ARl 08T Rdailty an

or gani ¢ sol ygBbn atoms per molecules.

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 i, wherein said esterification process is conducted at a temperature in
the range of 30-70°C.
6. A method of claim 1, wherein said esterification process further includes adding an
20 organic solvent.

7. A method of claim 5, wherein said esterification process is carried out at 50°C in the

presence of said organic solvent.

25 8. A method of claim 1, wherein the lipase is lipozyme, wherein said alcohol is linear or
branched alcohol with 8 to 18 carbon atoms per molecules, wherein the mole ratio of said
dihydroxystearic 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 30-70°C., and wherein
said esterification process further includes adding an organic solvent.

30



