e3ePg{Pnvvw@y {6@T{jt GL 20 JUL 2004 TITLE:- TRANS- ACI DOLYSI S PROCESS
FOR THE PREPARATI ON OF CARBCHYDRATE FATTY- ACI D ESTERS 52BAYERZOD®P OF THE
| NVENTION (a) Field of the Invention The present invention relates to
process for production of surfaceactive carbohydrate fatty-acid esters, in
particular, a low 10 tenperature, solvent-free trans-acidolysis reaction
bet ween CHiTha&hy drRANSHGIDOLYSIS FROCESS FOR JHE PREBARATICNI@Fand free
fatty acid under reduced pressure and in the present of acid catalyst. (b)
Description of the PrCé&R Oﬂ'lYLERéaTE(FrNEIT‘ét/%CFQtE§TEan esters are
non-irritant, nonionic surfactants with excellent biodegradability
properties. They are used to sol ubilize nenbrane proteins and to fornul ate
many grades of detergents, pharnaceutical, food and cosnetic products.
Carbohydrate fatty-acid esters are al so used as therapeutic agents. 20 U. S
Pat . . 5,739, 117, Yo i )y 1998, describe the
use o%logl ucose esters ;@@K%ﬁr@r’mﬁgﬁmim% agent. Carbohydrate
esters can al so be used for treating gallstones (U S. Pat. No. 4,264, 583),
colonic disorders (U S. Pat. No. 5,840,860) and hyperchol esterolema (U. S.
Pat. No. 4, Zhl, OFfid othdéhBYeién @l so known to exhibit anti-mcrobial and
i nsecticidal ‘activities. But the synthetic nethods for carbohydrates
fatty-acid ErﬁbeEiSe@érﬁ fraepdion télatento! processi fursproduttith Hflsuatire-
Processes for the synthesis of sucrose fatty acid esters in solvent and
non- sol veadtivenvi canobydsatef ol fatty-acidbatesters,se inr qmarticnlasys aeadowon
reginmes currently exist. Prior art is described in U S, Patent 5 No.

4, 6140718emparaiyre20; spbentdes 4, BapsETidolys®o6, IB@ctiono4 s betweesnd
5,908, 922. The conventional methods, described in the priqr, art_for

pr oduci ngarkpbytiateaesteraalylow : olesuizewaigkt carkaxyimtasiddande 8 | owi ng
di sadvantages and limtagtions: (1) The,transesterificat.i,on t hod,

Cur rent | sl cindsy redubSdGirattdie Ao 1 i perentr SbERENtr e 1 atty
esters, is areversible process with poor conversion equilibria becausethe
substrate sugars and fatty acid noieties are inm scibledue to polarity

differ encesmThu?)esslﬁ?wﬁBb%Hﬁ% Fyliiglldﬂ&har acterize the processes; 15

(2) Fi ndi ng ual” sol ven good safety credentials. Mitual sol vents,

such 1as pyr Pﬁgﬁggy?{v&%dji ﬁwﬂébn r ”%@Eé%@ (DiR , difg-ivitaset amaifiohfVA) |

di met’hyl sul f oxi oroform benzene and toluene, are required to

sol ubi | i zgirfectanits twidh esxcelleps ehidedeadaisilive properties. oxThepndres arseat 20be
renoved to the level conpatible with current regulations,thus limting

product applsohaidilines nienBoams epratethsc artd ytoprfodueiateumhéngagrades of
procedures. (4) Thermal degradation and isonerization of the
react ant cdgteodsntsat e pharrsapeuticaly es fapdve BIW deggasmetic whi preduCtiSnor nal |y
required in nmost known processes. (5)H gh catal yst |oad, esd)eci al IR/ in
enzymat i Carntagiate fatty-acid esters are “also used as therapeutic agerits.
20 U.S. Pat. No. 5,739,117, Yokoyama and Yoneda, issued April 1998,
describe the use of glucose esters as cerebral metabolism improving
agent. Carbohydrate esters can also be used for treating gallstones
(U.S. Pat. No. 4,264,583), colonic disorders (U.S. Pat. No.
5,840,860) and hypercholesterolemia (U.S. Pat. No. 4,241,054).
25 They are also known to exhibit anti-microbial and insecticidal
activities. But the synthetic methods for carbohydrates fatty-acid

esters are faced with many limitations.




U S. Patent No. 5,945,519 describes a process for the solvent-free
preparation of sucrose fatty acid esters and their 30 240jJL28694 3

m xtures wi th nonsugar polyol fatty agid esters. In this process, a sucrose
is reacted with one or nore fatty acid al kyl esters of a chain length of 6
to 20 carbon atons at tenperatures between 120 to 160 degree C and the
reaction mxture is then reacted at reduced pressure 5 with fatty acid

al kyl ester, and then filtered wi thout addition of solvent. To address the
pr obl em assProedssesnifoh theesyrsthesis vbsucrose uattys atick eistersUirs.soRasdnt No.

4, 996, 309 di scl oses a process for lokfprepari n% sucrose fatty acid esters by
react i ng anitr nsp-soldent f anviyormietisil Kpllowdiar batchaivisg u@su CONSRLIOUSN syst em

in the presence of an alkaline catalyst. The, catal yst int ro%ucssé'ﬂrge
anount s deactap fegimes sup@dl. existardtaroartaifd AsscTiPedatn dhS-sPe made

SF[‘?SE?E} At ot Bboh 515 AR BkDh Szmé&“», 635 pr HaB TS0 1 P28 A% y

. , , 5 H I .

Synt hosi fﬁgfﬂ?ﬁaﬁ;g%&h 20987, éileer@@rﬁ{érﬁ@g%@ffﬁgétbﬁﬁﬁzé%%%%fvfﬁ bea
" the prioBoREBorrt i BRAISARE , cRRYERipie aly, Belahsf e HoNeve Foar
gl st Tl HdRMterPIRE RARMANGTREAUITaMBALL AR AnitelibAlsysts, such as 2n. Q.

Sn and Pb, 1n a 1on to catalytic anbunt sodi um hydr oxi de. Product

separation (%) aciTheverhrisedienficationi iethed! | @i Rivolined pbgc gssstdoes not
however address the color and artifacts introduced by the presence of

sodi um hydr oxi dejirahbthakt producsrger of t arlediiydraie e fdtgsi estedsf f i eati ati on
of the product m xture of nore-than-six simlar products and reactants
results in 30 rewdsible poozess |wiih pobduponvensiom equilipriac dscagpel e. The
formation of nono-, di-, tri- and polyester cannot, be sel ectively

control | ed, therthe ssubsifaieosboarst@rkaity acid' ragigtiess gse i IMRMSCIBIS! yol s

formed in the process, 5 1t is a i nci pal obpect of the prgsent .invention
to provide a sol ab‘ﬁt-?c} e@oﬁa%tﬁs-ﬁ@{eﬂﬁn $s prt&é%s ﬁQW p?'g)é&q ng/ield
~ surface-active cajyboh tdr.atﬁ fatté- acid esters, which obviates the above

dr awbacks and/ or “'AIRG'SIIFS Qewo ﬁﬁ?% no sol vent during reaction, driving

coteris | s ! BebY B8] s SN Sty WeReHRSR Hkuaf
solvents, such as pyridine, N, N-dimethylformamide (DMF),
dimethylacetamide  (DMA),  dimethylsulfoxide  (DMSO),
chloroform, benzene and toluene, are required to solubilize
the substrates. These mutual solvents are toxic and cannot
20 ' be removed to the level compatible with current regulations,
thus limiting product applications.
(3) Complex and costly product purification procedures.
(4) Thermal degradation and isomerization of the reactant
carbohydrate at temperatures above 100 degree C, which is
25 normally required in most known processes.

(5) High catalyst load, especially in enzymatic processes.

U.S. Patent No. 5,945,519 describes a process for the
solvent-free preparation of sucrose fatty acid esters and their
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SUMVARY COF THE | NVENTI ON Accordi ngly, the present invention provides a
traps-acidolysis 15 process for preparing surface-activegocgypopygaate
fatty-acid esters, conprising a | ow tgnperature, traps-acidolysis reaction
bet ween carbohydrate ester of |ow nol ecul ar-wei ght carboxylic acid (C2 or
C3) and free fatty acid (C6 to C22) under reduced pressure and in the

presence mixt@esaeiith aRdriduRir. pdfydinfaitie sidessterse ilnvéiisi progussyides a
sol vent-free transaci dol ysis process for preparing surface-active

car bohy drsajoeo$eatis yraaicted swith sor® rgrr irmire gfattye asice pikydfestérd ofeaathain

acyl ated carbohydrate with free fatty acid in 25 the presence of an acid
cat al yst ,lengideof fedoc20 parksgurtomehpt dempesaturesgbeaivieext 12 ttondbar
crystallizing out the unreacted fatty acid, fromthe reaction m xture
obt ai ned dagreece ARy thedieacdiopcmixiure dg then regsied gtreduces Brastiirdg out

t he unreact.ed | at ed car pohydrate fr the,reagtian mxture obtained in
step fa) ,W‘hbrfzﬁggyépﬁt,j ﬁ%&ﬂ@%&ec@@@ﬁﬁéW ﬁ'gte(gg bWt @qfﬁp?Q-égter

| ayer, 5 kﬁe%ﬁ preferable that the reaction in step (a) is carried out with
no sol vert®'4dded to the reaction mixture. The reaction is preferably

performed at a tenperature range of 60 to 95 degree C. The precipitation of
the unreacted acyl ated carbohydrate in step (c¢c) may to be achieved by

cool i ng t heTpanhpRusl ahe HROBIENTChESAIARI WP Tihkeo Le! BIPRAAS UnBikat veen -4

and 10 degree By providing a trans-acidolysis process for preparing

sur f aceagjglwentsar holdy dr phgeritat Ny a4 ,8968309 S disclagesr dancgeronekh tfor
i nvention 15 nono-, di- and poly-fatty esters of C2 or C3-acyl ated

car bobydrmeparingi shcids® Vattyeaciof estés 1, reagtibg sbtmiseedirtberfdityg on t he
degree of substitution and chain-length of the fatty acid noiety. In a
further @adalkyf ester imasnaigdepusaraastipir systehatinythes peesence wift anfree
hydr oxyl groups of HLB values 8-16 may be obtained by a further step of
parti al fﬁ?@'b’l%/sfiaialwt-t heheyrealalsd titradiices dacgg AaReuUNts noh $aaf Her aspect
of the invention, the unreacted free fatty acids and the unreacted
car bony b e PSRt SePRGHIGRI G BRCUGHIAN 155 taus nAAS CUPPASANE [ enoved
during puriJication and "ec cled to the . . .

’ Pand expensive, Invo vm@{ a feverse osmosis and an ultrafiltration step.

15 Even then, only 70% product purity is normally attainable.

'US Patent No. 5,872,245 describe a continuous process for the
synthesis of sucrose fatty acid esters by reacting sucrose in limited
amount of methanol, as “ carrier” solvent, with fatty acid methyl

20 ester in the presence of stationary transesterification catalyst and
mechanical emulsification. The process employs heavy metal
catalysts, such as Zn, Cu, Sn and Pb, in addition to catalytic amount
of sodium hydroxide. Product separation is achieved by density
differentiations.

25 }

The process does not however address the color and antifacts
introduced by the presence of sodium hydroxide and heat
Moreover, the effective densily differentiation of the product mixture
of more-than-six similar products and reactants results in
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starting reactant m xture. 6 20 JUL 2004 The advantages of the process in
accordance with the present invention, which circunmvent Zﬁthﬁaf?Oﬂne of the
above limtations of the prior art, age : 5 (1) avoiding solvent as a
reaction nedium The C2- or C3-acyl group attached to the reactant
carbohydrate is a good protecting and | eaving group and, at the sane tine,
enhances g W@%ﬁ@ﬂb'ﬁtﬁeoﬂh e praEeedichs e TRe dbymbflohhsf hdrior, &, d; 10
(2) using low pressure to drive the reaction equilibriumforward at a
reduced drierand ¢oipester Garmot esell selectivaly abontrellat], (12080 is thesefore a

I sonmeri zati on and degradation of products. (3) The feedstock is renewable
nat ur al rsdsckpitecsf “ ovadiasterifie v polyals €or. htheppragessact ed substrates are
recycled. This process is thus conmercially viable. (4) The invention is
applicable to both batch-w se and conti nuous carbohydrate fatty ester
processes. {5) H gh-grade (98% pure), carbohydrate faity acid esters 20 can
be obfai nedft (®) aTHNGIPaL cRIer aﬁamedbpr@sw m‘eﬁﬁf@rﬁgtoa R a

t he

mvent | oM Sp, Ee0S SPIVSISabHRtaRLs 1O REPANUGn Faae e Come

S T Ao el O O B SRl
orocess i BE WA BOURhS o Shlit ST Seatioe nangn.
moNo t o tddtSARGARSH deasianLoRy dpskyesteraBrinitionr eifd," adhéneqdadiskrraci ds

I ncl udes C6-C22 chain-length, wth zero, nono or di-unsaturations.
10  partially deacylate to form target products.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a trans-acidolysis

15 process for preparing surface-active carbohydrate fatty-acid esters,
comprising a low temperature, trans-acidolysis reaction between
carbohydrate ester of low molecular-weight carboxylic acid (C2 or
C3) and free fatty acid (C6 to C22) under reduced pressurre and in

the presence of an acid catalyst.

20
In one aspect the invention provides a solvent-free trans-
acidolysis process for preparing surface-active carbohydrate fatty-
acid esters comprising the steps of:
(a) reacting acylated carbohydrate with free fatty acid in
25 the presence of an acid catalyst, under reduced

pressure;
(b) decolorizing and extracting or crystallizing out the
unreacted fatty acid, from the reaction mixiure

obtained in step (a), for recycle;




10 In the present process, the acid catal ysts includes concentrated

sul phuric acid and canphorsul fonic acid, in the case of 2ghguUL 2004
nonosacchari des; and boron trifluoride diethyl etherate, al kyl sul phonic
acid polysiloxanes and tosylic acid, in the case of the diand
tri-saccharides. 15 The carbohydrate fatty ester of the present process has

the follow ng ch@si capredipitating esut RRe 2fhrehetedl nadRatedB, carbohydratach
selected fromthe group consisting of H CHsCO CHsCHzCO, and C6-C22 fatty
acyl group; R1, and Riomr etheacreaddionctmikitireonobteéngd oip stesi @)i niprof a
partially or peracylated nono- or di-saccharide, H, CHsCO CHsCHzCO or C6
25 C22 fatty acyl grolggycgi®mdis an integer with value equal to 1, 2, or

8 20 JUL 2004 3; erein the primry nonosaccharide unit could be a
furanosyl, pyranksyl Fﬁc%’%@&‘% o&]yglir@,tesfcgt’qy@%@ﬁa@rg ep 1: A C2- or
C3- acgl ated carbohydrate , (preferably, nono to trisaccharide) is reacted
wth C6-C22 free fatty acid in a reactor . The reaction is carried out in

ange from 601 SRR IE @%2‘%3%%@?@@ﬁb;?téﬁ#ﬁ@?i%ﬁé@% LR MG, ne-
oducet precuivetAdBRd By Hhe R miRfurbTC The rRACHON: BORTEEI Y torr)

and, wi t Kaorged nat 28y teRlperafure 19anfe bpashi @9 195 cereruad. f oThd- 6 hours
after which it is then stopped and thé reaction mxture is then taken up in

an or ganigresipitetion sfictheaurireacisd priytdtedn carlogiadrate ehhgtemoel atnayor

et hanol . The | ow nol ecul ar wei ght C2- or C3-carboxylic acid, which is a 20
by- priédudie cichieeed r by scoalintp| thei sarbehydrapedattyy acith zstentlayear dodakept f or
ot her uses. Step 2: The reaction mxture is then passed onto a decol ori ser

where it tempera?ure between —4 and 10 degree C.

By providing a trans-acidolysis process for preparing surface-

active carbohydrate fatty-acid esters in accordance with the invention

15 mono-, di- and poly-fatty esters of C2 or C3-acylated carbohydrates,
with HLB values of 1 to 10, may be obtained depending on the

degree of substitution and chain-length of the fatty acid moiety.

In a further aspect of the invention, carbohydrate fatty esters
20 with free hydroxyl groups of HLB values 8-16 may be obtained by a

further step of partial hydrolysis in the presence of an acid catalyst.

In a further aspect of the invention, the unreacted free fatty
acids and the unreacted carbohydrate esters of low molecular-weight
25 carboxylic acids are removed during purification, and recycled to the

stariing reactant mixture.




25 is decolorized by contact with an adsorbent, such as activated carbon,
and then filtered. 9 20 J UL 2004 The unreacted freedpgagtyy aopg and the
unreacted acylated 5 10 carbohydrate may then be recovered and recycl ed by
either step 3 or step 4 as described below. Step 3: The solvent in step 2
is removed by vacuumdistillation, in a distiller at tenperature between 30
and 50 degree C and the unreacted fatty acid is then extracted w th hexane.
Hexane is then vacuumdistilled, at tenperature between 30 and 50 degree C,
to recover thelharadvanddgéat ofy tiaei procEss iremmicordance avith dhenpresard i s

redi ssolved in the solvent used in Step 2 to form30 - 40% w v sol ution and
cool to -inventian adyeBecicumventhal leasts opgr &f otha @hpvee limitatiane Pfacyl at ed
car bohydrﬂte recipitate. The filtrate solvent is then vacuumdistilled off
to give pP8AIAr ¢y ed carbohydrate fatty 15 esters . The recovered

4 Ao San al terbiat] vel yNYAEKL 3N e gS i BERHAN MRy hc d NS Bg OF o
e cool i g the. sof ut | G 2o/ dfouBE AERned R 8 crectint GrrsBdhnay
o1 6ol pi tat & by cool  ngt A SN LTSI R HoByirly, Jieto eph gt ORe o
The filtrate solvent igghben faeuumghngdricelsed @ t Sokbilly Ve gfr odnet
acyl ated carbohydrate fatty esters. The recovered unreacted fatty acid and
acyl ated carbohydrat e earpokgdtrateanoietgyiglike fatht@cki;ep 5: 20 JUL 2004
10 (2) using low pressure to drive the reaction equilibrium
forward at a reduced energy demand. This results in
high vield (>90%), Iless isomerization and
degradation of products.
(3) The feedstock is renewable natural resources, readily
15 available and cheap. Unreacted substrates are
recycled. This process is thus commercially viable.
(4) The invention is applicable to both batch-wise and

continuous carbohydrate fatty ester processes.

(9) High-grade (98% pure) carbohydrate fatty acid esters
20 can be obtained.
(6) This process is adaptable for producing a number

carbohydrate fatty acid esters.

Without limiting the scope of the invention, other objects and
25 advantages of the invention will become apparent upon reading the

following detailed description.




In order to nodify the HLB profile of the product to a desirable level, the
product acyl ated carbohydrate fatty ester obtained in SbhgpjgLopog4may be
passed onto a second reactor , whereinn free hydroxyl 5 groups are |ibrated
by partial hydrolysis in the presence of an acid catal yst to produce the
required HLB profile depending on the degree of substitution, deacylation
and chain length of the fatty acyl group. The free fatty acid, which may be
| i brated during hydrolysis, is 10 renoved by crystallization in the chiller
separat or and DEJWILED DESCRIPTHON OF THEr BRESENJadNWENTIOMNNd fatty acyl
chain length in the carbohydrate fatty acid esters, products having

di stinct HLB val ues may be produced. These products have varying 15

solubilities %nd subl imation tenperatures and are thus s%faéa%eﬁﬁanto
carbohydrat e fiHt AFCREHANERt Mith pihes; RIRGESSo o n@PreRAlIBEN 4HBONYMRAat ur es

Che pPoadaty 2 asten o, e dlebenBanbagiss s ihg, BleiefeiL ERnah e % ccca
s potl et 1 RERRRd e ateg GRS, (pfiolR i (orSRRRRARICT Uears

25 1120 bhyA0Rds T ol RXAMHERS ity ! abliE NABide 20221 he
el e et Y d

present inventfion. eparation of acetylated glucose laurate
and the Raydinaehythd MY Leie nghy (SE-Urisgtations, Preparation of acetyl ated
gl ucose laurate.” 10 0.03 ol (6.00g) of lauric acid (Fluka Cheni ka,
Switzerland) was added into a three-necked, round-bottom fl ask equi pped
wth a magnetic stirrer, stopcocks, a vacuumtake-off line leading to a

| i quilé nitrogdn thel @resant pnocess;atheumcilgatalgstsl imiudés. emperdratetucose

pent aacetate, GPA, (Fluka Chem ka, Switzerland) was added and the
sulphuric acid and camphorsulfonic acid, in the case of the

monosaccharides; and boron frifluoride diethyl etherate, alkyl
sulphonic acid polysiloxanes and tosylic acid, in the case of the di-

and tri-saccharides.

15
The carbohydrate fatty ester of the present process has the
de[owing chemical structures:
Ry— I R,
20

wherein R2, R3, R5 are each selected from the group
consisting of H, CHsCO, CHsCH2CO, and C6-C22 fatty acyl group;
R1, and R4 are each selected from the group consisting of a partially
or peracylated mono- or di-saccharide, H, CHsCO, CH3CH2CO or C6-

25 C22 fatty acyl group; and n is an integer with value equal to 1, 2, or




15 m xture was heated to 80-100 degree Cin an oil bath wth continuous

stirring until a honbgenous solution was forned. 0.1 vv/g (j)Up_lg? 8f
concentrated sul phuric acid (or 0.2% ganphorsul foni c aci 8) was %en added

and 5 -10 Torr pressure was applied. The reaction was continued for 3 to 6
hours. The reaction 20 was then stopped and taken up with 100mL of

n- propanol . The solution was then neutralized with agqueous 1 M NaHCGCs, 12
20 JUL 2004 decolourised with 1.0 g activated charcoal and filtered warm N

propanol 3rawHeareln rtheo\ginayy yvaonosadeisaridé athitncould deet adflramosyl, aci d was
extracted with 50 X 4 m hexane. 5 Hexane was vacuumdi stilled to recover
unr eact epyranosy arca €206 apen-chain stragture. The gl ucose fatty ester was
redi ssolved in warmn propanol to form30 - 40% w v solution, cool to -4 to
O degree C and filtered to give unreacted GPA as precipitate. The filtrate
n propanol was_ then vacuumdistilled off to give 70-85% pure io acetyl ated
gl ucose Iaura@@plﬁépeat ed fatty acid extraction and GPA precipitation gave

o0 9576 pure PTACHES GOSN cofb bR ARy oLt B S U
vat er an%a%%ﬂhiriﬂg)tige reacted with a C6-C22 free fatty acid in a reactor .
The reaction is carried out in the presence of an acid catalyst, with
continuous stirring at a temperature range from 60 to 95 degree C
10 (preferably from 80 to 90 degree C for the monosaccharides and 60
to 75 degree C for the di- and trisacchrides), under reduced pressure
ranging from 4 to 20 Torr, (preferably from 5 to 10 Torr) and,

without adding any solvent.

15 The reaction is continued for 3-6 hours after which it is then
stopped and the reaction mixture is then taken up in an organic

solvent such as iso-propanol, n-propanol, ethyl acetate or ethanol.

The low molecular weight C2- or C3-carboxylic acid, which is a
20 by-product of the trans-acidolysis, is trapped by condensation and

kept for other uses.

Step 2.
The reaction mixture is then passed onto a decoloriser where it
25 is decolorized by contact with an adsorbent, such as activated

carbon, and then filtered.




solution to between 8 to 12 degree C, and then renoving the unreacted GPA
as precipitate by cooling the solution further to betmegg ngﬂdoﬂ degree
C. Either method of extracting the fapty acid may be use % ependi ng on
conveni ence and choice of facility 13 20 JUL 2004 b) Partial deacyl ation
of acetylated glucose laurate A portion of acetylated glucose |aurate

obtai ned abovery@syhraisied freCHAHYORAHEO (ahd) tHe hifeaotedO acyRiédW v
solution and agitated for a duration of time between 15 mnutes to 2 hours,

at room tearbehpdrate (B3y-thdd PYegeeevEjed RPard redydeddaceitheedigh B ose fatty
esters of various HLB val ues, depending on the duration of treatnment, fatty
acyl chaigstepdnas ldesoribaddralewof substitution was 10 obt ai ned. The sol vent
was distilled off under reduced pressure. The product is separated into
carbohydrate fatty acid esters of varying degree of deacylation and or
substitution hy staged cooling between the tenperatures of 10 and -15
degreé C. 15 &@Pﬁe 2: Preparation of acetylated sucrose ol eate and the

partially deacylateq sicrose of sate 20-2) R EPAALIMN Alsiishby! dheg sucrose
distiler at temperature between 30 and 50 degree C and the
unreacted fatty acid is then extracted with hexane. Hexane is then
vacuum distilled, at temperature between 30 and 50 degree C, to
10 recover the unreacted fatty acid. The remaining reaction mixture is
redissolved in the solvent used in Step 2 to form 30 — 40% wiv
solution and cool to —4 to 10 degree C in a chiller separator to give
unreacted acylated carbohydrate precipitate. The filtrate solvent is
then vacuum distilled off to give product acylated carbohydrate fatty
15 esters . The recovered unreacted fatty acid and acylated

carbohydrate are kept for recycle.

Step 4.
As an altematively to Step 3, the unreacted fatty acid is
20 crystallized out by spiking the solvent in step 2 with 10 =20 % VIV
water and cooling the solution to between 8 fo 12 degree C in the
chiller separator . The unreacted acylated carbohydrate is then
removed as precipitate by cooling the solution further to between -4
and 0 degree C. The filtrate solvent is then vacuum distilled off to
25 give product acylated carbohydrate fatty esters. The recovered

unreacted fatty acid and acylated carbohydrate are kept for recycle.




0.06nmp1 (16.93g) of oleic acid (Fluka Chem ka, Switzerland) was wei ghed
into a three-necked, round-bottom flask equipped with aofrgQet boatirrer,
stopcocks, a vacuumtake-off line |leagyng to a liquid nitrogen cold-trap
and a vacuum punp. 0.01 nol (6.79g) of sucrose 14 20 JUL 2004
octaacetate, SOA, (Fluka Chem ka, Swtzerland) was added and the m xture
was heated to $f@p595 degree Cin an oil bath with continuous stirring
until a honmopbgenous solution was formed. 0.01 %wwtosylic 5 acid (or alkyl
sul foni ¢ aci d {pobpder toxanedifp rth8FEILEEprofileast the pradded . toRe adesinable
tenperature was then reduced to between 60 - 75 degree C and 5 -10 Torr
pressur e lewsl, syl ipedduthaaytaiedi oarbwhydrate ifatigdestar ebtainedhisbursiepThe
product was taken up in 250nl of iso-propanol, to neutralized with agueous
1M NaHCOs3 Qfeé omayr B@eaaasedn antogaasecand deastalr c ydereindrae hysragyl

| so- propanol was then repoved, by vacuumdistillation. Unreacted oleic acid
was ext r osgsaredibg Wﬁ%ﬂﬁ%@y&'ﬁhjﬁ@%m %%PWWO AB AQ@rose fatty

ester was redissolved in warmiso-propanol to form30 - 40% w v sol ution,
cool to -4 to 0 15 degree Cand filtered to give unreacted SOA as

precipit fi el SQ- n e LSt kve
e pﬁéﬁag’gﬁ% gt%c{}?ée thé FeRLARANHILB St ofifle BePehlind Th #hé d&yrel
of substitution, deacylation and chain length of the fatty acyl group.
The free fatty acid, which may be librated during hydrolysis, is

10 removed by crystallization in the chiller separator and recycled.

By varying the degree of deacylation and fafty acyl chain
length in the carbohydrate fatty acid esters, products having distinct
HLB values may be produced. These products have varying

15 solubilities and sublimation temperatures and are thus separated into
carbohydrate fafty acid esters by staged cooling beiween the
temperatures of 10 and -15 degree C, depending on the esters

present.

20 Step 6:

After the product separation by staged cooling, the product
may then be passed through quality assurance and onfo the former to
give the desired form such as pellets, flakes, powder, paste or liquid
for supply to downstream users.

25




sucrose ol eate. Repeated hexane extraction and SOA precipitation gave

90- 95% pure product (87% vyield). 15 20 JUL 2004 b) Palej?Ldgggul ation of
acetyl ated sucrose oleate A portion ofi acetyl ated sucrose ol eate obt ai ned
above was added to 5 CFsCOOH HzO (7:3) to form20 - 50% w v solution and
agitated for a duration of time between 15 mnutes to 2 hours, at room
tenperature (22 - 33 degree C). Partially deacyl ated sucrose fatty esters
of various HLB val ues, depending on the duration of treatnent, fatty acyl
1o chain | engtfhendolimgimee ekasyilesi twill ofuriieer obilusinadel. thike presenit was
distilled off under reduced pressure. If desirable, the product is

separ at ednventiorcar bohydrate fatty acid esters of varying degree of

deacyl ation and or substitution by staged cooling between the tenperatures
of 10 and -15 degree C. 15 EXAMPLE 3: Preparation of acetyl ated raffinose

I :
ratt fose per aEXMPIERAY FABRGHENE rAtetyiat ofetetiatiaft phE e <o
60g anhydrous sodi um aC%E?E:Su;?%a%&iéte@gfd&o%%%ﬁ‘raf& acetic anhydride

a) Preparation of acetylated glucose laurate.

10 0.03 mol (6.00g) of lauric acid (Fluka Chemika, Switzerland)
was added into a three-necked, round-bottom flask equipped with a
magnetic stirrer, stopcocks, a vacuum take-off line leading to a liquid
nitrogen cold-tfrap and a vacuum pump. 0.01 mol (3.90g) of Glucose

pentaacetate, GPA, (Fluka Chemika, Switzerland) was added and the

15 mixture was heated to 80-100 degree C in an oii bath with
continuous stirring until a homogenous solution was formed. 0.1 %
w/w  (0.01g) of concentrated sulphuric acid (or 02%
camphorsulfonic acid) was then added and 5 -10 Torr pressure was
applied. The reaction was continued for 3 to 6 hours. The reaction

20 was then stopped and taken up with 100ml of n-propanol. The

solution was then neutralized with aqueous 1M NaHCOs,




20 J UL 2004 16 previously equilibrated to 100 degree C. Conplete
honpbgeneous solution is obtained in 30 - 50 mnutes. Thegreaet2e04is |eft
to continue for 1 - 2 hours, after whixh the reaction mxture was 5 poured
into 4 litres of ice and left to stand for 2 hours. The raffinose
peracetate precipitate formed is separated fromthe supernatant sol ution,

redi ssol rboldurised| @ithet Dang asiivatedhetharboale dridefilteviech watmr aNed sodi um
bi carbonate solution at neutral pH The dichl oromethane sol uti on was then

decolorized with 2. activ lo charc d vacuumdried to give 492¢g
(90% yi eIRf?pﬁf‘or‘é’ﬁfs&ﬁﬁgéeﬁé‘?%gpﬁtvé‘%m '%'ﬁg@ﬁgp b) Preparation of
acetylated raffinose laurate. 0.06nmo1 (12.0g) of lauric acid (Fluka

Chem ka, Switzerland) 15 was wei ghed into a three-necked, round-bottom
flask equi pped with a magnetic stirrer, stopcocks, a vacuumtake-off |ine

| eading to a liquid nitrogen cold-trap and a vacuum punp. 0.01 nol (11.54Q)

of raffinose pénrerted elaurd @eidpaasdertragdd Waith aBtleX andnt Heexane.ure was
heated to 80-100 degree Cin an oil bath with continuous 20 stirring until

a hormge us_sol ution was 01 % w w BFs r.tosyli cid or
al kyl 2sulTMRE aVPg YaryEN o‘;('gﬁ@%d rPﬁQHe'éa‘d@r@a% céqu(S'r?t eSFiQ ure was
reduced to between 60 and 75
kept for recycle. The glucose fatty ester was redissolved in warm n-
propanol to form 30 — 40% wi/v solution, cool to —4 to 0 degree C
and filtered to give unreacted GPA as precipitate. The filtrate n-
propanol was then vacuum distiled off to give 70-85% pure

10 acetylated glucose laurate. Repeated fatty acid extraction and GPA

precipitation gave 90-95% pure product (90.2% yield).

Alternatively, unreacted fatty acid is crystal.lized out by spiking

15 the n-propanol solution with 10 -20 % V/V water and cooling the
solution to between 8 to 12 degree C, and then removing the
unreacted GPA as precipitate by cooling the solution further to

between 4 and 0 degree C.

Either method of extracting the faity acid may be used

20 depending on convenience and choice of facility.




20 J UL 2004 17 degree C and 5 -10 Torr pressure was applied. The reaction
was continued for 2 to 6 hours. The product was taken up gﬁﬂgg of et hyl
acetate, guenched with aqueous 1 M NapCGOs, decol ouri sed 8 W th 6
activated charcoal, and filtered. Ethyl acetate was then renoved by vacuum
distillation. Unreacted lauric acid was extracted with 50x4 m hexane and
kept for reuse. The raffinose fatty ester was redissolved in warmi so
propanol to form 30 - 40% w v solution, cool to between -4 and 0 | 0 degree
C, and filtered th) Bartéaludeaadationref asetylatecdbglucaese Buratél trate

| so- propanol was then distilled off to give 70 - 85% pure acetyl ated
raffinose | aurate. Repeated hexane extraction and RA precipitation gave
90- 95% pure product (85%yield). 15 c¢) Partial deacylation of acetyl ated
raffinose laurate A portion of acetylated raffinose |aurate obtained above

o e o TSSO o il D TR By 1

tenperature (22 - 33 degree C). Partially deacyl ated rafflnose Iaurate of
vari ogs Hddledhltoe GFPOMIHLY 0h3) e domat ao20cf 500k awmiersolutiant anecy!
chain | ength and degree of substitution

agitated for a duration of time between 15 minutes fo 2 hours, at

room temperature (22 — 33 degree C). Partially deacylated glucose

fatty esters of various HLB values, depending on the duration of

treatment, fatty acyl chain length and degree of substitution was

10 obtained. The solvent was distilled off under reduced pressure. The
product is separated into carbohydrate fatty acid esters of varying

degree of deacylation and or substitution by staged cooling between

the temperatures of 10 and —15 degree C.

I5
Example 2: Preparation of acetylated sucrose oleate and the partially
deacylated sucrose oleate
20 a) Preparation of acetylated sucrose oleate.

0.06mol  (16.93g) of oleic acid (Fluka Chemika, Switzerland)
was weighed into a three-necked, round-bottom flask equipped with a
magnetic stirrer, stopcocks, a vacuum take-off line leading to a liquid

nitrogen cold-trap and a vacuum pump. 0.01mol (6.79g) of sucrose




18 20 JUL 2004 was obtained. The solvent was distilled off under reduced
pressure. -The product is separated into carbohydrate fabpyjp¢i dogdters of
varyi ng degree of deacyl ation and or substitution by staged cooPlng bet ween
the tenperatures of 10 and -15 degree C. 5 Wile the invention has been
described with respect to preferred enbodinent, it will be apparent to
those skilled in the art that nodifications and inprovenents nmay be nade to
the invention w thout departing fromthe spirit and scope of the invention.
1o Therefore, the invention is not to be limted by the specific

illustrative e di t, t only by.the_scope of, the ap ded cl ajns. 19
QANG 206rCoR8, BOR. fibisds Chamiisnp SHitzaTaRdh oMgs, e A by
esters 5 conprising the steps of: (a) reacting, by solvent-free

trans- aciipitus svasihieatéd docsl bolpaltelgees € Nnf ageoif datly wwith dearitinuris
presence of an acid catal yst, under reduced pressure; (b) decolorizing and

separating. qut the unreacted fatty.acid, fo fr he reacti on m xture

bt ai ned TG0 atE 2 HOTEHeRPuS SIS MPS AR U1 CALE G 1osgicnt od
carbohydrate fromthe reaction m xture obtained in step (b); and (d)
recovering carbohydrate fatty ester fromthe reaction m xture obtained in
step 6C). 15 2. The process of preparing carbohydrate fatty-acid esters of

claiml1l, wherein in the unreacted fatty-acid in the reaction mxture in
step (b) is renoved by precipitation froma solvent mxture at controlled

of o1 & mAcd b Bl SRR S SRR of BREREREias Bhe diSaT
step (b) is renoved fromthe reaction m xture by solvent extraction.
Reaction temperature was then reduced to between 60 — 75 degree C
and 5 —10 Torr pressure was applied. The reaction was continued for 3
to 6 hours. The product was taken up in 250ml of iso-propanal,
10 neutralized with aqueous 1M NaHCOs, decolourised with 2.0g
activated charcoal, and filtered. Iso-propanol was then removed by
vacuum distillation. Unreacted oleic acid was exiracted with 50x4 ml
hexane and kept for reuse. The sucrose fatty ester was redissolved in
warm iso-propanol to form 30 — 40% w/v solution, cool to 4 to 0
15 degree C and filtered to give unreacted SOA as precipitate. The filtrate
iso-propanol was then distil[ed off to give 70-85% pure acetylated

sucrose oleate. Repeated hexane exiraction and SOA precipitation

gave 90-95% pure product (87% vyield).




25 4. The process of preparing carbohydrate fatty acid ester of claim1l
wherein the unreacted acyl ated carbohydrate is precipitajgegypupopa step (c)
by cooling the reaction mxture in step (b) to a tenperature 1 n the range
of -4. to 10 degree C. 20 20 JUL 2004 5. The process of preparing
carbohydrate fatty acid esters of claim1l, wherein the unreacted free fatty
acids and the unreacted C2 or C3-acyl ated carbohydrate esters which are
renoved during 5 purification steps (b) and (c) are recycled to the
reactant m xture. 6. The process of preparing carbohydrate fatty-acid ester
of claim1l wherein i Ay e | he range of 4
- 20 Torr. 10 7. Th?’ﬁ'ﬁ%‘&@sd%c%{éhﬁqu%é%@f’%%%%ﬁéﬁg% gH}véaci d ester of
claiml1 wherein step (a) is carried out at a pressure in the range of 5-10
Torr. 15 8. The process of preparing carbohydrate fatty-acid esters of

Caim 1, ahssgion BIngcetyidtedaRtchsdey -dlahtey distafhe’b latigvefwad -added3cy! at ed
car bohydrates of various HLB val ues are obtained. 9. The process of

Vel o8 ofCEHSORYataY Casbat @it 20  6)%harl soBien and"RANEIE fdhde of 1
to 10. 10. The process of preparing carbohydrate fatty-acid esters of Caim

1, furthefuragBmnr bfititge t betweaPs1 Dfmimies e D houps, Bg rfooee tensisarailiregr oups
by partial hydrolysis of the C2or C3-acyl ated carbohydrate fatty acid ester

in the presence,of an acid, cat t for a det er m ned iod. of ti to
bt ai 1 CAZBory Pt 65088y Gl o AR haeARYIAPEe SHYTRSS 1Al RSIDrof -
predeterm ned HLB val ues. 21 20 JUL 2004 11. The process of preparing
car bohydngiripusAHLB whés,eaégéﬁdmfg @h@iﬁ@ﬂl@atim@f@e@tmt,ﬂaﬁfwﬁwes of the

product carbohydrate fatty acid esters are in the range of 8 to 16.

10 chain length and degree of substitution was obtained. The solvent was
distilled off under reduced pressure. If desirable, the product is separated
-into carbohydrate fatty acid esters of varying degree of deacylation
and or substitution by staged cooling between the temperatures of 10

and —15 degree C.

15
EXAMPLE 3: Preparation of acetylated raffinose laurate and the
partially deacylated raffinose laurate
20 a) Preparation of raffinose peracetate (RA)

Anhydrous raffinose (252g, 0.50 mol) was added to 60g

anhydrous sodium acetate and stirred in 800 ml. of acetic anhydride




12. The process of preparing carbohydrate fatty-acid esters of Claima1l,
wherein step (a) is processed at a tenperature ranging gbqyuﬁngg495 degree
C. 10 13. A process of preparing carbphydrate fatty acid esters conprising
the steps of: (a) reacting, by solvent-free trans-acidolysis, acylated
carbohydrate with free fatty acid in the presence of an acid 15 catal yst,
under reduced pressure; (b) decolorizing and separating out the u,reacted
fatty acid, fromthe reaction m xture obtained in step (a); (c)

precipitating out the unreacted | at ed ca:;go drate fromthe reaction
i xture GSENIONE | RIGUBERED, : ©2ofid) Bedies! o RTGIREadtanOBPBEORS! ( v
aci ds and carbohydrate esters of | ow nol ecul ar-wei ght carboxylic acids

during pwoliifiGit isorobtalited ey c3d ng B miiEteed Theesehedor r e [Bflt tty aci ds
and carbohydrate esters to the starting reactant m xture; and (e)

i berating free hydrgxyl grqups by partial hydrolysis of the z5
acyl zzzz E&%&gﬁfzaziZZ ngﬁgﬁzz%gﬁEzﬁﬁfgkzgﬁh %%¥§8HydPB§%“?dW?§ aci d
ester in the presence of an acid catalyst for a predeterm ned period of

time 50 qiaed maobphitssiof itatand deftdicestad Har i giourse Thedraffinbser oups of
predeterm ned HLB val ues. 22 20 JUL 2004 14. Carbohydrate fatty-acid

esters produced .in accordance with the process,of claim1l or 13..5 15. The
o octes MATBRRTHG IS CCImIle  JoBNeRs IanRnaTaler o dhe SN os

i nclude the group consisting of partially or peracylated nono-, di- and

tri-sacchyliii@s, radisbbived: e diskiesaeetitand eantivashed thdeddimebunithosyl ,
pyranosyl or a C2-C6 open-chain structure. 10 16. The process according to

clainms 1, 13 qr .15 whegrein the acyl group .in the reactant acyl at
car bohyd,s(g]fgga%gg aSodiymy, t?jpgli;g}ﬂvgt@g solution at neu ral pM. fl"ﬁe
dichloromethane solution was then decolorized with 2.0g activated

10 charcoal and vacuum dried to give 492g (90% yield) of raffinose

peracetate white powder.

b) Preparation of acetylated raffinose laurate.

0.06mol (12.0g) of lauric acid (Fluka Chemika, Switzerland)

15 was weighed into a three-necked, round-bottom flask equipped with
a magnetic stirrer, stopcocks, a vacuum take-off line leading to a
liguid nitrogen cold-trap and a vacuum pump. 0.01mol (11.54g) of
raffinose peracetate, RA (prepared above) was added and the mixture

was heated to 80-100 degree C in an oil bath with continuous

20 stirring unti a homogenous solution was formed. 0.01 % w/w
BFs.OEt2 (or tosylic acid or alkyl sulfonic acid polysiloxane) was then

added. Reaction temperature was reduced to between 60and 75




acyl

tri-sacc

group. 15 17. The process according to clains 1 or 13 wherein,

acid catalysts includes sulphuric or canphorsul fonic achgsyy
t he nmonosacchari des;
sul phoni c acid polysrloxanes or tosylic acid,

hari des.

t he
case of
etherate Lﬂ%ﬁﬂ@

in the case of the di- and

and boron triflupride diethyl

20 18. The process according to clains 1 or 13 wherein the
wor kup sol vents includes water,

et hanol , iso-propanol, n-propanol and et hyl

acetate. 25 19. The process according to clains 3 wherein the extraction
solvent is hexane 23 20 JUL 2004 20. The process accor ding to clains 1 or
13 where the f éa,é ds have (C6- C22 chai n- eiﬂ wrtth zerQ, nono
or diuns §?| qfﬁepﬁ‘?wgs Was ARR! g eaelian Wes13

wherein the hydrolysrs acid catalyst is trifluoroacetic acid. 22. The
process agftingicdd foro Zltei 85 hdOrer The \Wredath wide takehi apl in B&0mI yfed

car bohydrate fatty acid esters are further separated by stage cooling, at
ggg? regl L?e g\ély ec-r[t%ieuricgjéinn Wrt aq1u5ec§uos 19 Npeﬁaﬁﬁ:&a % é:gélghﬂ e(tio their

5 with 2.0g activated charcoal, and filtered. Ethyl acetate was then

removed by vacuum distillation.

Unreacted lauric acid was extracted with 50x4 ml| hexane and
kept for reuse. The raffinose fatty ester was redissolved in warm iso-

propanol to form 30 — 40% wi/v solution, cool to between -4 and 0

10 degree C, and filtered to give unreacted RA as precipitate. The filtrate
iso-propanol was then distilled off to give 70 - 85% pure acetylated
raffinose laurate. Repeated hexane extraction and RA precipitation
gave 90-95% pure product (85% yield).

15

c) Partial deacylation of acetylated raffinose laurate

A portion of acetylated raffinose laurate obtained above was
added to CFsCOOH:H20 (7:3) to form 20 — 50% w/v solution and
agitated for a duration of time between 15 minuies to 2 hours, at

20 room temperature (22 -~ 33 degree C). Partially deacylated

raffinose laurate of various HLB values, depending on the duration

of treatment, fatty acyl chain length and degree of substitution




ABSTRACT OF THE DI SCLOSURE 20 JUL 2004 A SOLVENT- FREE TRANS- ACI DOLYSI S
PROCESS FOR PREPARI NG 5 SURFACE- ACTI VE CARBOHYDRATE FATE?— SGILDEGAERS The
present invention relates to a | ow tepgperature, solvent-

trans-aci dol ysis process for preparing surface-active carbohydrate
fatty-acid esters conprising the steps of: 10 (e) reacting acyl ated

car bohydngas aptathdd eThlalsbwerti tash didirlerl et ierlcd! rexfickd girebymte. under
reduced pressure, and wi thout adding any solvent; (f) decolorizing and

separat i t he reactjon m xture qbtaine into unreacted fatty
aci d Iaygl%%rmo%da (Sar BRPTHE e"f"é’ct(}a&%qmlrds"ﬁgefaath?cﬁ 8PS atd ?ng out
the unreacted acyl ated carbohydrate; (h) librating the hydroxyl groups by

partial Regyiplgydeyred t g PiReRYRRioH adndci ércaipsiitition(i Doy tagedg t he
unreacted free fatty aci ds and Unreacted 20 carbohydrate esters of |ow

nmol ecul ar t carbo | c acids durin ation,. and recycling the
r enoved: @ﬁ&gq&hﬂﬁ% tapgat H@%ﬁfﬂ@@ﬁ%ﬁﬁéﬁg@%g ers to the starting
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1. A process for preparing carbohydrate faity-acid esters
5 comprising the steps of:

(@) reacting, by solvent-free trans-acidolysis, acylated
carbohydrate with free fatty acid in the presence of an acid
catalyst, under reduced pressure;

(b) decolorizing and separating out the unreacted fatty acid,

10 from the reaction mixture obtained in step (a),

(c) precipitating out the unreacted acylated carbohydrate from
the reaction mixture obtained in step (b); and

(d) recovering carbohydrate fatty ester from the reaction

mixture obtained in step (C).

15
2. The process of preparing carbohydrate fatty-acid esters of
claim 1, wherein in the unreacted fatty-acid in the reaction mixture in
step (b) is removed by precipitation from a solvent mixiure at
cbntrolled temperature.

20

3. The process of preparing carbohydrate fatty-acid esters of
claim 1, wherein the unreacted fatty-acid in the reaction mixture in

step (b) is removed from the reaction mixture by solvent extraction.

25 4. The process of preparing carbohydrate fatty acid ester of claim
1 wherein the unreacted acylated carbohydrate is precipitated out in
step (c) by cooling the reaction mixture in step (b) to a temperature in

the range of —4 to 10 degree C.




m n t R ! co#! cp#l0%' () - cp#10%&' () - o#! cp#10%&' () - cp#10%&' () -o# KkJ)
C<l0% #& ()- c6:10% #& () - 20 JUL 2004
CO@BL0% #& () - cp#10%& () - o#! cp#10%&' ()0 ' cp#10%& ()-{vU4c c 6#10%IE#d& () -
hc 6#10%E#k& ()- [0"10%E#& ()-  bO"109&#& ()- cC
\ 3109&#&' () - 10( #10( #10(#| [ : - 410E# cF<10%&#&' ()- co3! 10%E#& () -]
CF210%E#& () -b F#p#109E#& ()- ¢ VF#p#10%E#& ()- cc 6#10%& ()- KbA410E# ¢ ¢
#109&' ()-Z $ #10%@#@ ()-Z cO0 10%#& ()- c \10% #& ()-
¢’ 10% #&'§.) - 10610 BrOGRESZ 9l 1P acitR+ gdrate- datty acid esters’ of
CP+p#10%i(I#d&' )- & ccCp#10%&' () - & cCp#10% (#\ & ()- & C%:Cp#lO%t#gi &-&
c10% #& ©lamA,usherein thasinreacted figpadalty -acids @wigihe (yoreacte
! 0/5=0 ! -

10%%& o(r) &%Qa#éﬁg#elc? (%arbohydrate esters which are removed during

5  purification steps (b) and (c) are recycled to the reactant mixture.

6. The process of preparing carbohydrate fatty-acid ester of claim
1 wherein step (a) is carried out at a pressure in the range of 4 — 20
Torr.

10
7. The process of preparing carbohydrate fatty-acid ester of claim
1 wherein step (a) is carried out at a pressure in the range of 5-10

Torr.

15 8. The process of preparing carbohydrate fafty-acid esters of
Claim 1, wherein mono-, di- and poly-fatty acid esters of C2- or C3-

acylated carbohydrates of various HLB values are obtained.

9. The process of preparing carbohydrate fatty-acid esters of
20 Claim 1, wherein the HLB values of the product carbohydrate fatty-

acid esters are in the range of 1 to 10.

10. The process of preparing carbohydrate fatty-acid esfers of
Claim 1, further comprising the steps of:-

25 (e) liberating free hydroxyl groups by partial hydrolysis of the C2-
or C3-acylated carbohydrate fatty acid ester in the presence of an
acid catalyst for a predetermined period of time to obtain
carbohydrate fatty acid ester having free hydroxyl groups of

predetermined HLB values.
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(e) liberating free hydroxyl groups by partial hydrolysis of the
25 acylated carbohydrate fatty acid ester in the presence of an acid
catalyst for a predetermined period of time to obtain carbohydrate
fatty acid ester having free hydroxyl groups of predetermined HLB

values.
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25 19. The process according to claims 3 wherein the exfraction

solvent is hexane
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15

20. The process according to claims 1 or 13 wherein the free fatty
acids have C6-C22 chain-length, with zero, mono or di-

unsaturations.

21. The process according to claims 10 or 13 wherein the

hydrolysis acid catalyst is trifluoroacetic acid.

22. The process according to claims 10 or 13 wherein the partially
hydrolysed carbohydrate fatty acid esters are further separated by
stage cooling, at controlled temperature ranging from -15 to 10

degree C, according to their degree of acylation.




