1 A PROCESS TO PRODUCE POLYOLS FI LED OF THE | NVENTI ON

. The present invention relates to a process

enconpassi ng purification step of 5intermnedi ate

product during the process of producing
unsaturated oil dnd fat which preferablgmg Mﬂ Bﬂ|“n
renewabl e resource, thus rendering the
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prepared by reaction of dibasic acids with diol or alcohols with higher functionality

alcohol.

However, as the world’s petroleum resources are depleting coupled with its ever-
increasing prices, polyurethane producers worldwide have been looking into
renewable/sustainable raw materials to replace petroleum-based polyols. An ideal
alternative feed stock will be natural oils and fats, which can derive from both plants
and animals sources. Plenty of patent applications have been filed regarding different
approaches in producing the polyols from the natural source in order to provide a
solution to effectively produce polyols with the desired qualities. Nonetheless, polyols
produced by the prior arts are vary in terms of quality as the intermediate product

being employed for producing the polyols are not subjected to prior purification.

Nicolas et al. disclosed a patent application in US patent no. 6548609 regarding a
process for obtaining oleochemical polyols from natural oils and/or fats. The

disclosed process utilizes a planar Lewis acid for the alcoholysis process and large
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Ni col as et al. disclosed a patent application in US
patent no. 6548609 regarding a 30 process for
obt ai ni ng ol eochem cal polyols fromnatural oils

and/ or fats. The disclosed process utilizes a planar
Lewis acid for the al coholysis process and |arge 2
anount of energy has to be provided during the

al cohol ysis as the reaction tenperature is above 200C.
Due to the drastic condition applied and no
purification on the epoxidized oil, the yield of the
desired products via the disclosed process is very | ow
as nost of the substrates are converted to side
products. 5 US patent no. @433121 is another patent
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functlonahty polyols. Therefore, the polyols produced can be varied in terms of

quality. Nevertheless, the polyols shall be purified too before incorporated with other
chemical compounds in manufacturing polyurethane as the remaining chemical
residues are normally capable of initiating polymerization of the monomers which

maybe not desired in production of polyurethane.
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in production of polyols for different applications. 5
Anot her obj ect of the present invention is to disclose
a novel catalyst in enhancing the al coholysis reaction
i n produci ng polyols from epoxidized oil. Stil

anot her object of the present invention is to provide
a solution in controlling 10 quality and property of

t he produced pol yols via epoxidation and al cohol ysis
of the unsaturated oil by purifying and stabili zing
the internedi ate products of the process. Further
object of the present invenition includes providing
steps to purify the polyols produced fromthe natura
oil and/or fat thus ensuring further reaction
iSOOVPSR R OF IFE ENYERTION yol s for different application
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previ ous reaction. At |east one of the preceding
PEqduetioa of Bolygls 1 for f’l#em@wwavoqs n part, by the present
invention, in whi ch one of the enbodiments of the
present invention involves a 20 process for producing
diretieriicte] thaRspsye inveptinpgF fostisglopqonayeleptglygffin enhancing the
QROKdIghisZb oA pASdUEiRg %mlydm fromk! §loR@iRd0iPr gani ¢ acid

toget her with oxygenated water or a per-acid to obtain
epoxi di zed oil; washing the epoxidized oil with salt
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ox enat ed maaﬁr or the per-acid; neutralizing acid
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solution until the pH of e neutralized epoxidized
oil is 6.5to0 7.51to0 rennved t he base residue; and
rFemcetr objgcttol hepGhe Cﬁxv@ﬂi&aﬁﬂdhﬁdé@ﬂroeﬁﬁé Isfépsmqmﬂfyl thd'pdIfbls
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i scl osed process further conprises the step of drying
B RIS EF2ff&0t r al i zed epoxi di zed oil before the
epoxi di zed oil reacts with pol yhydric al coho

At least one of the preceding objects is met, in whole or in part, by the present
invention, in which one of the embodiments of the present invention involves a
process for producing oleochemical polyols comprises the steps of epoxidizing
unsaturated oil using an organic acid together with oxygenated water or a per-acid to
obtain epoxidized oil; washing the epoxidized oil with salt water to remove unused
organic acid together with oxygenated water or the per-acid; neutralizing acidic
condition of the washed epoxidized oil with a base; washing the neutralized
epoxidized oil with a salt solution until the pH of the neutralized epoxidized oil is 6.5
to 7.5 to removed the base residue; and reacting the washed neutralized epoxidized oil
with polyhydric alcohosl in the presence of boron trifluoride-diethylether complex to

produce the oleochemical polyols.



10

15

20

25

30

5 Still another enbodi ment of the disclosed process
i ncl udes the purifying steps of washing the produced
ol eochem cal polyols with salt water; neutrali zing
acidic condition of the wash ol eochem cal polyols wth
a base; and washing the neutralized ol eochem ca
polyols with the salt water until the pH of the.
neutralized ol eochem cal polyols reaching 6.5 to 7.5
to renove the base residue. 10 In the preferred
enbodi nent of the present invention, unsaturated oi
enpl oyed in the disclosed process is any one or

conmbi nation of palmoil, soybean oil, coconut oil
groundnut oil, safflower oil, linseed oil, corn oi
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peroxyform c acid, peroxyacetic acid,

tgilif Anumeloamsdaw@e of it dfidded HEOBY hriaKM&eﬂh%)ﬁfn?ﬁ@ seps of
acid di ni tr gper oxybenzoil ¢ aci d,
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i on-exchange resin. 25 In further enbodi nent of the
present invention, the polyhydric alcohol utilized is

an yheqmerfw eﬁm@!ﬂiﬁn&ﬂ%ﬂh@ Iprsenﬂ Iny&fioR unsaRRAELAT SigMyed & the

e Iene col, col, trinmethyl ol propane,
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fl ow of the di sc|.osed cess jn produ0|ng pm
s e rseses S o T PR e84 AT Sy

the art w il readlly appreci ate that the present

i nventj o adapted to ¢ out the objects and
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tpeesfd delorRd @i thd1@loep onsiHtig FFBOKYIOMmIE adlkE Perokeétic acid,
éeln IS not in as |i tatlgg a%n the scope of

t e

de
FrdfpioRer. 200 TROR P AT BIYEN Ao d Sl moRsEaenzor
tabid o hrohlbropdiexyb@ecic héid.at i on herein refers to both
unsaturated oil and unsaturated fat derive from
naturals source |like aninmals and 10 plants. The term
'"Tnveespchigonel £ the tembedigérdy) thetae: epbayed ircthé distlosae pdicdds to
ngtgtrea ize ﬁw aci 1% c%g uoon in both epoxidized oil and produced polyols can be

ammonia, metal carbonates, metal bicarbonates or anionic ion-exchange resin.

In further embodiment of the present invention, the polyhydric alcohol utilized is any
one or combination of glycerol, pentaerythritol, ethylene glycol, propylene glycol,

trimethylolpropane, sorbitol, xylitol, sucrose, D-glucose and fructose.

BREIF DESCRIPTION OF THE DRAWING

Figure 1 shows the flow of the disclosed process in producing polyols.



where the washing solvent, salt water in present
invention, is brought into contact to the produced
ol eochenti al by neans of vortex, stirring or agitation

. to renove the 15 unwanted conpounds. The present

invention relates to a process for producing

ol eochem cal polyols conprises the steps of
epoxi di zing unsaturated oil using an organic acid
toget her with oxygenated water or a per-acid to obtain
epoxi di zed oil; washing the epoxidized oil 20 with
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pol yhydric al cohols in presence o _
ttP iRILIBY e ORIPGET ) Qe the cafipinghady ntageomertioned; @s well as
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no catalyst is enployed in the preferre odi nen
tqehefeare b e dnvshtidess for epoxi dation of the
unsaturated oil, but one skilled in the art shall know
that incorporation of a suitable catalyst such as

o derm rasaterated, P psed threpghontothp specifisafiop| heraimrefdseto both

apearirgtad b NinPrasAssed MIdeAWY ORI LLLS: fiResERls and
shall not depart fromthe scope of the present
iMAPBntion. In the preferabl e enbodi nent, the 6

epoxi dation process is perforned at 35C to 65C.

Possi bly, the epoxjdation can be performed at hi gher
tﬁ'ﬁﬂ%‘%t‘ﬂﬁsémg hsg Hhropghopiethe spceficatign kegein gefprs dey ther actipre

Witeat thd whshthgQbiverBit REited WeHreset VAR, tsbréighEihto contact to

ﬁﬁde- roduct instead of the desired epoxidized oil
e produced oleochemcial by means of vortex, stirring or agitation to remove the

~unwanted compounds.

The present invention relates to a process for producing oleochemical polyols
comprises the steps of epoxidizing unsaturated oil using an organic acid together with
oxygenated water or a per-acid to obtain epoxidized oil;, washing the epoxidized oil
with salt water to remove unused organic acid together with oxygenated water or the
per-acid; neutralizing acidic condition of the washed epoxidized oil with a base;
washing the neutralized epoxidized oil with the salt water until the pH of the
neutralized epoxidized oil reaching 6.5 to 7.5 to removed the base residue; reacting
the washed neutralized epoxidized oil with polyhydric alcohols in the presence of

boron trifluoride-diethylether complex to produce the oleochemical polyols.

It is important to be noted that no catalyst is employed in the preferred embodiment of
the disclosed process for epoxidation of the unsaturated oil, but one skilled in the art
shall know that incorporation of a suitable catalyst such as concentrated sulfuric acid
is feasible in the epoxidation process thus any modification thereof shall not depart

from the scope of the present invention. In the preferable embodiment, the
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5 Any unsaturated oil can be enployed in the disclosed
process for producing the polyols. For exanple, but

not limted to, palmoil, soybean oil, coconut oil
groundnut oil, safflower oil, linseed oil, corn oil
sunflower oil, olive oil, canola oil, cottonseed oil
rapeseed oil, tung oil, fish oil, lard, tallow and any

derivatives thereof The oil derivatives nmentioned
herein can be processed oil product such as palmolein
or palm 10 kernel olein. Mreover, it is possible to
mx plurality types of unsaturated oil to produce

pol yol s possessing the desired properties such as | ow
viscosity or high functionality which can be applied
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can be enpl oyed I'n the present Invention to epoxidized
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addi ng or form ng the peroxyacid in the unsaturated
oil. Preferably, the nolar ratio of peroxyacid to nole
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{Pgroyyacifls can be P BFesaRt yFPtR &0 eRoxidized the dmsafysated

[of1 e]&@i'ds&ﬂativb @xdﬁ[;ﬂtsf lﬁft B infiRH @ )éﬂ:%eﬂ)x?ﬁ)rrhi@ Qcid] ;Q:Fbxyacetlc
até‘acentr tion of eroxy®0|d in the organic aci d ¥5
| -

t BHRQIOPIRAYAGHHc pr gy o PERZylPRPereRyIgrmic o1 jagidof
ang:ajpelaxﬁﬁmlct id) st ﬁhgaﬂorﬂﬁb'r@éybd@mb acla he thy Ros PrefdRsble

p aC|d ess js 3: 1- ot her hand,
@ﬁ%@% R PYPRRR 4o %.Pf&?xxagetﬁ ag@l& psel 3 the opislizng: degitm
tThe pemydcdiatdaﬂ e pre-farhed pefote Feactihg ewitto dienBidbturated il or
.he unsaFurated 0|IJ§nd

o i th, |
BIFBRD G SR e el e ShosaiatfpRESE Pt e oty
infatter thén @ernxy;tld rie ptecfofned mé tphellu@ﬂ rmxi%mahetkj)elzﬁohﬁt{aon {hﬁi t be
t.he unsat ur at ed 0i ef er \ e .
SBFely SonB g BRE RS Sheeh e W GodR s ERbtsine
tﬂtaagamfcadgaa@ bdfokaing ekt ]Ddfbe'adldJ inpthe assaturdtel dil. Pleférablyy.the
f bly. .th id.t

T el BBt Tnleca: Bl patt i b et ot 1 o
Br boMsspreferably tHe iholtraratio & perbRgacikiho mbk@fumgtuetedtbohdin the

S only small anount of peroxyacid can
%ﬁﬁ@%@:cﬁns%?ggggch and peroxyaC|d depletes quickly in

the reaction. Formic acid or acetic acid |s enployed
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aci ds and hydrogen peroxide in the production of
per oxyaci ds. After the epoxidation reaction, the
resul tant products consist of an aqueous |ayer and 20

an epoxidi zed oil layer. The epoxidation reaction is
consi dered conpl ete when the oxirane oxygen content of
the epoxidized oil is at |east about 60% of the

t heoreti cal
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oxi rane oxygen content. The aqueous |ayer mainly
constitute of water, organic acid and sone peroxi de.
Wher eas, the epo)ddized oil |ayer contains sone
organi c acid and residual peroxide that nust be
renoved or neutralized as these residue shall 25
significantly affect the yield of the subsequent

al cohol ysis. According to the preferred enbodi nent of
the present invention, the aqueous |ayer can be easily
drai ned of f fromthe reactor by any known nethod.

Then, the epoxidized oil layer is subjected to washing
by salt water. It is known in the art that epoxidi zed
oil layer can be washed siftply by water to get rid of
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the water. 8 Hence, enulsion Wl % not formafter the
WEIORYARY PEQCESS iEilrly salt water. It is found by the

i nventor of the present invention that the salt water
used shal |l possess a concentration of 4%to 30%in
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drai ned off after the washing step i at el
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when, t he H of th% epox!i di zed ojl reaching basic 1

qoa'figlmtb ereyagf {priped igsitwprgeasyisd: Lp fp 3-8 JIhe ghorteqymipg af
e hpkdaei isahd Qeliysaiall agburitb@ pogmeiatean BY ﬁﬁ‘ﬁmé@%br bRe® @nd
gployed in thekg;sclosedﬂfrocess I s preferabl
Reowyarig deplefeatickly ig dhejreact FPm}lﬁawr&a?twﬁgldtwnployed b
e préfertddZhibadimei o prblaxmeﬂia PbRgRcidSh-sie gevﬁa&ﬁ’d maPbdRAded
used al so.in thg%grese i nventi.on. hgﬁse i's
I

B EF Y ymareY & YR PFERL O§RY 6°“?§oaﬁ‘ Pgfg pgfoxide in
diwpostuctionE babxyaciddonat es, netal bi carbonates and

anionic ion- 15 exchange resin. The concentration of
the base prepared in solution can range from but not
|Aiftet the dpdxtidatidi/rehddion, ARé resultasit fpeodTLS tongisedfan ra@td:ous layer and

nmbodi t di t
B8 PRI TRt ORRoR Setin & Rt SRR weadye
bmmrne oRYgen Chigtent ofithe dpdxatied |og 1% hgeae?amutohoz/fd tﬁe; theorbttttel
di zed e e wat er ., un
BRES rAEA s SR, fudols HP8 5P boisP iy el roni 2

‘Albsometphexglel Whatesk, ahe épexidized oil layer contains some organic acid and

residual peroxide that must be removed or neutralized as these residue shall
significantly affect the yield of the subsequent alcoholysis. According to the preferred
embodiment of the present invention, the aqueous layer can be easily drained off from
the reactor by any known method. Then, the epoxidized oil layer is subjected to
washing by salt water. It is known in the art that epoxidized oil layer can be washed
simply by water to get rid of the organic acids and hydrogen peroxide, but always the
washed epoxidized oil ends up in emulsion form. However, in the present invention,

the salt content in the water has greatly reduced the surface tension of the water.



10

15

20

25

30

20 draimed off. Then the washed neutralized epoxidized
oil is dried until the noisture | evel below 5%
preferably, is bel ow 1% before al coholysis. In the
nost preferred enbodi nent of the present invention,
the al coholysis is conducted in the presence of boron
trifluoride-diethylether conplex as the catalyst. 25
During the al coholysis, alcohols used in the reaction
will substitute the diethyl ether in the catalyst
(boron trifluoride diethyl ether conplex) and forma
conplex with boron trifluoride. The formation of

pol yhydri ¢ al cohol -boron trifluoride conpl ex woul d
enabl e the insertion of polByhydric al cohol onto the
R, ARulsion Wilfl Hoti fhih &itef RIRANYRhSstey dsigSalRhter. 1O WMand By
the art that hi gher the catal yst ‘conCentration tends
tthe dyanter ghdiies Piegsart doventianethple et sanwaterc sedsshall possess a
tdoRddsiestioR bi 4% EAIOR ofdRFltoGh 618 SmbisidK ABRinG Y he Fadhif2disp! S
of higher viscosity and |ower functionality group. It
was found in the present invention that the 9 boron

tElkefvdldéoﬁlb 48 th@lt Witk fﬂeQﬁEml@Q FeYiRs HSBfndd bt B¥Rr the washing
al cohol ysis preferably ranges fromo0.1%to 10% of the

tStPalmmediaitly. Hbasenereferhby '&rﬂ"l“t‘%é?rﬁ’erls Addse rintethe washedr

tePorl@beroiit6 Reutrilifze @l Ridic Rhditidte IShéte spEFid Ul baeE RAMEREH
is the tenperature where the al coholysis is conducted.

§1erﬁef”élx‘“tgoa°@ét°éll‘¥§‘9g"t§‘o??é%‘l*ﬂer‘atq“‘oFPO"WFZ@ﬁé’fl Al ibsercids are

%H51(&Eeﬂetbﬁﬂﬁh€ut¥ahﬁéd5wﬁéncﬁ9 QHY 6f thel §BLiHIZAN ofd YeachifE Badi®
Pd?e Ue:l;} g@)llre eaCtl on such as_transest erlfl cation
hPTSHARY P

T3 Peforegpect Rethe @rpiaTed iembadigent; ¢fthe

qiregah @ivition, BaSe &ﬁ]ﬁﬁﬁﬂ&bhﬁé disBlostd prdredd i\brefeiablyaveak base to
eratur .of 3 to 100C to.dimnish the side
rpé%‘( it .d&ﬁgc mplﬁg g the Rpytglizingstegy N?‘I’?Q“”&%‘sftf"é& base can

[be @EHACAlsS in O pRAgErt RFeition. "ﬂ{ewakw.ls yfefegably fcRPE¥ndRe frond
of the epoxidi zed oi/l be opeped due to:

(TR (51 | AMmOnLAy) gtal oppr atFSh Mgt Yissrbenates and amignis ipBeq

Rehaniget hgin. i The |cU1&iaﬂ3tﬁ1t16ﬁ of fit dhytSfrepated ih BEUtIASIan PAngE GOoMEd
e-m xed with_the

nmen y is first

ﬁ%ﬁ tFifO b gﬁ‘%% t@ﬂ PR prefsed §E‘E?f’é’f‘§‘}§»os°fhﬁ’€‘cfa%bﬂ%ate
@p sodiuth Fy@ebgen tarbonate i vsédin@he ﬂaeseﬂlmhminyml oBdef RABbWRIthe
Still, the disclos oces pro res npot
i bt P GsP Rk o eisprao i B ahed s decoh e
antil thé @Hcl&bahe}ssdbsma&uirﬂngeﬁﬁabtyhe5 e 3l Yhdn, e @k Q&wﬁtiﬁd

acti.on. Th mount. of .the \%
S ABal B ol neli o Rt o! Boareq i moisture
dqyebdietbwz 86| poaférably richedavalth peforetaldobdwist han t he nol e of
oxi rane oxygen retained in the epoxidized oil

Pol yhydri c al cohol in excess anpbunt can be enployed to
b éhee miostppreferred iemhbddimentdeft tha gpredast mlvmhml $he i #lcoholysis is

rcgrel%ct,t!:é) N thg)ﬁl%%lcee 3f gororp g'lfp(th&IEEdle(ihYQetﬁ: er complex TR Ys the catalyst.
During the alcoholysis, alcohols used in the reaction will substitute the diethyl ether in
the catalyst (boron trifluoride diethy! ether complex) and form a complex with boron
trifluoride. The formation of polyhydric alcohol-boron trifluoride complex would
enable the insertion of polyhydric alcohol onto the epoxide ring during alcoholysis. It
is well known in the art that higher the catalyst concentration tends to cause undesired
side reaction such as transesterification and cross-linkage giving products of higher

viscosity and lower functionality group. It was found in the present invention that the
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20 be used in the disclosed process include, but are
not limted to, any one or conbination of glycerol,
pentaeythritol, ethylene glycol, propylene glycol,
trimet hyl ol propane, sorbitol, xylitol, sucrose,

D-gl ucose and fructose. The al coholysis reaction is
consi dered conpl ete when the oxirane oxygen content of
the reactant reaches 0.5% or below. 25 Optionally, the
di scl osed process of the present invention may include
purifying steps to clean the chem cal residue in the
produced polyols after the al coholysis reaction. It is
i mportant to be noted that the boron trifluoride in
the conplex used as catal y$ts may react with the

Wncﬁﬁﬂﬁorﬂé-ﬁiéﬂﬁrleﬂﬁr il saha |thepcﬁ&}{61?§§jpr¥:@raf>19 riReBCtéhh C

gpounds 30 such as boric acid | uor obori c "aci d-

i PPeof thetaigl weighiof the eeagfantcAnnther jneportans &stor to determine

NBE ea&R oy tHenslderﬂi’éth' P6dustRithd fedhperhtuicnfheRy B Hﬁ@l%lﬁﬁ%
products..as it shelf life. 10 The purifyin

<PRYtef  imilape Omgﬁfm@nf%atmo@a@éaewe@m@m ageplerate the

pﬂdohéliyﬁs 16hdtion @t téndWELtRise urdedited ?éabt?dn@ﬂcha& 'tx%s%sté‘rﬁfé%dn' aPn
t he wash ol eochem cal polyols with a base; and

%Wd"’iehéhﬁﬁ%fefﬁ the re*z’@aawr dheealioelysisyis pedarablymeintainigg ¢

Waith@l a tefiperatutend 6pAa t9100°080 Bigtiisathé G@creRHIBRGREFOFAS high
po l¥ﬂh€ éeachln 6.5 to 7.5 to renove the base
P

of¥Rd PEOdUESsons of using salt water and the
base are sane as foregoing description. Likew se the

trati f th .t i refer 4% to 30% and
e Ao s e Bpidna,srdnd tronizan il il be Spopedichunug
aeﬁ&lbopane st ivhaF the @o@xﬁmlp laRSholf us&ﬁﬁddert tﬁ@ﬁﬂu@@?oﬂ?ﬁ@st
t es ven |1 n e S or
T s omalt plerb et LR B RN TR DB e it oD e

Ialchol\baIyUtth déxyg a@:gea mteﬂﬂé/epdxm&eﬂ RMBb Mhifide YRE Adoholysis
ol s. Besi des, anot her enbodi nent

PR St e SRR oS R T ihl S icioe 6 g of
phn’poﬂ)ylycﬁmnldoﬁolzfﬁdi mchtalpftmm@bsmﬂmm@sw i€ reéened dh@ipwRen
per -

REHC s Aot DR A355 lbpERIRH Rt B 502 e
o€ eppoxalized loﬂ,g)réfenabig not less than the mole of oxirane oxygen retained in the
epoxidized oil. Polyhydric alcohol in excess amount can be employed to prevent
polymerization during the alcoholysis reaction. Examples of polyhydric alcohol may
be used in the disclosed process include, but are not limited to, any one or
combination of glycerol, pentaeythritol, ethylene glycol, propylene glycol,
trimethylolpropane, sorbitol, xylitol, sucrose, D-glucose and fructose. The alcoholysis
reaction is considered complete when the oxirane oxygen content of the reactant

reaches 0.5% or below.

Optionally, the disclosed process of the present invention may include purifying steps
to clean the chemical residue in the produced polyols after the alcoholysis reaction. It
is important to be noted that the boron trifluoride in the complex used as catalysts
may react with the hydroxyl groups in the alcohol provided to form acidic compounds
such as boric acid and fluoroboric acid. Therefore, removal of these acidic residues is

necessary in improving stability of the produced end products as well as it shelf life.
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15 in the washed epoxidized oil with a base; and
renovi ng the weak base by washing the neutralized
epoxi dized oil with salt water until the pH of the
neutralized epoxidized oil is 6.5 to 7.5 to acquire
the purified epoxidized oil. It is known in the art
that chem cal residues remained in the epoxidized oi
shall directly affect the subsequent process which

utilizing the epoxidized oil. Thus, the epoxidized oi

shall be cleaned or 20 purified before proceeding to
t he subsequent reactions. The disclosed purifying
process can be adapted into other simlar process as
shown in the foregoing desttiption of another
qm%ki%%t stéfs 1Baﬁ‘dep®%§ﬁ§tthé ProaRted Qﬁoch-gﬁﬁ‘cap BoIyAE With salt
mention can be any one or conbination of
Fyéartq;xryapnglﬁng agjdic Gondé@lﬂ@f(?ﬁé"éf}l qleoghqmical polyols with a base; and

tWdshihg! HeORBIARYAGRbIHEmRG] poly&@mls%m&f il € BHCof the
acid, 3,5-di nltroperoxyben20|c 25 acid

and
neptrgliged gleac BemjeRk RYBP1E eahing 6-p T-heo TSPHY%thh basej residpge The

l#%@dstbrf AbifE s \batér%@fh\é bﬁsféear@é’anﬁ%@dr%idg%s ?tld?latma\@isé
%/C ean oil, coconu roundnut oi | ower

ongenzation @f he palt 1§ B&ef?rft?iw % 103077 Bdhe ceilqentr%lpp olthg,pase

Gii pRIabbi 1% t6 Q040 B%ﬂiel@p@éelntatﬁea@@ﬁxﬁﬁﬂ oPkdit tybdéniid Dhade: are
fls oi | | ard, tall ow and deri vati ves thereof

Jerthe ey pvegy insiBe et REbAdesFiphPn riEptrthiio giabodiment

Ilﬁﬂoﬁfeﬁ 8fyRRGRp URe FA0RMPAIPRE S fe@Svdhhe FRRInGHRON I c&Réht A the
or tpe 30 subsequent reaction. Preferably the salt

tP9B8Si s any one or conbination of potassium

Besides, another embodiment of the present invention may include a process to purify
epoxidized oil produced from a reaction between per-acid and unsaturated oil
comprises the steps of washing the epoxidized oil with salt water; neutralizing acids
in the washed epoxidized oil with a base; and removing the weak base by washing the
neutralized epoxidized oil with salt water until the pH of the neutralized epoxidized
oil is 6.5 to 7.5 to acquire the purified epoxidized oil. It is known in the art that
chemical residues remained in the epoxidized oil shall directly affect the subsequent
process which utilizing the epoxidized oil. Thus, the epoxidized oil shall be cleaned or
purified before proceeding to the subsequent reactions. The disclosed purifying
process can be adapted into other similar process as shown in the foregoing
description of another embodiment of the present invention. The per-acid mentioned
can be any one or combination of peroxyformic acid, peroxyacetic acid,
trifluoroperoxyacetic acid, benzyloxyperoxyformic acid, 3,5-dinitroperoxybenzoic
acid, and ,-chloroperoxybenzoic acid. On the other hand, the unsaturated oil is any
one or combination of palm oil, soybean oil, coconut oil, groundnut oil, safflower oil,
linseed oil, corn oil, sunflower oil, olive oil, canola oil, cottonseed oil, rapeseed oil,
tung oil, fish oil, lard, tallow and any derivatives thereof. Moreover, the type of salts
used shall not pose interference on the properties of the epoxidized oil or the
subsequent reaction. Preferably the salt type is any one or combination of potassium

chloride, sodium chloride and lithium chloride. Meanwhile the weak base is selected
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15

chloride, sodiumchloride and Iithiumchloride.
Meanwhi | e the weak base is selected 11 fromthe group
consi sting of amoni a, netal carbonates, netal

bi car bonat es and ani oni ¢ i on-exchange resin. The
purifying process further conprises a drying step to
renove the remaining water content to bel ow 5%
preferably, to below 1% evel. Meanwhile, the
remai ni ng di ethyl ether would be evaporated as gas by
the drying step 5 wthout |eaving any trace residues
in the produced polyols. Neverthel ess, portion of the
di et hyl ether is evaporated as gas al so under the

i nfluence of the high tenpétature along the process of
{6 3hL %1'3% 36§ds§st1ng of aﬁﬁ@m&%&tglv‘éa?ﬂmﬁésamta? bﬁc%rbbﬁgt&n:gﬁd
to furt l'usttate the invention, W thout any

i #piepict iop- GPFChPJ}ﬂé resiy She PHYing Pioeess furtherexgmprises hérssrggeiﬁpftpc
eRheet HeHiaifRs WateP %Md@% ga@w XAV Bb1, BHelTRA1% level.

bl eached and deodori zed (RBD) pal'm kernel ol ein
(Meporile. fheermpining digthyathst wopld .b@ atappratad gacses by the dryingsiea

bﬁmuplehv%gsﬁ@tra@g’%@ﬂﬁes%%e%&fu@&ﬁpdlﬂﬁs"NE‘Q??thecléngportlon of

vessel he rati:o between RBD pal m kernel ol'ein and

Shedietivkther isievanerakadiss gas dsogindes the ipfinepeecafithpdyigh temperature

adIGHehRy rz«&&aﬁhhealohﬁolys%qwred anount of hydrogen
peroxi de (50% 731.34g) and formc acid (94% 197.899q)

for the epoxidation reaction was m xed and kept cool
athet f@ﬂ@ﬁiﬁ%\fekﬁrﬂ)l@ fs ihfefideli b GUEHRP Wlusi e tHe BRGEGH) withbit! Ay

the oil end was stirred, the_ m xture of hy dro en
paiepPIfRe WKeptipn forhe limited to thespecificembpdinsats éeﬁcwzeé ﬂteFFé“ 20

oils blend (drop-w se). The epoxi dation was conducted
e rature 40C - 60C for about 2 to 3 hours. The
3%8&“5@ fon reaction was conpleted when the oxirane

ORSfBEd) bleadhe € Aid deazah@(ﬁzmj) aléti Rerrdl 815i (27009HRE (c%k%ﬁéutmto
%QEZW which is @60 the theoretica
et ssetl o) sy hen 4l SBO) GOSN et o AR 5L
t(?e 1BRE bétwadi Hsnamgn \kalg}bleaaw ahf) s@%bmaﬁat oﬂqhxtdﬁlfeorzgg %ohl
W Cce (0] we 0 SOQI ym car bgnate unti e
FFPB?“V%‘P{eI’h Lye$ aﬂ"ﬁ’?e‘&‘l‘%‘eél &“’Q“ntl'-‘lfq}yﬂ{iaﬁﬂ’gp?‘ﬁ"d@e (0He
emxnglam fbnmcl achIg94% \193 8% f@gﬂd ¢poidition 404 iNAGlas Bk ddtan® N

- pLPER CORETTeIRd Ry BEbaR yoPeker Wl hop Had vas

20
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Attitred, thehaixturd éfchyt@gén gekdxide iné ;ﬁﬁmﬁdjdciﬂeﬂbs Glowlyraddedl [nfo thers
O o ol S GRS B
adbowt12 tal 8 Yburg The 8pdXidathom rastion Wes cdthpleted wWhig® the ¥ YigB oxygen
Cc%ntter%n(bo\@ of ‘the m%alem} reacIE:I'?(A Mgoul% 2202%, which is about 89% of the
theoretical OOC value. Then, the epoxidized oil were separated from the spent acids
and washed with 4% NaCl solution (twice), followed by 1% sodium carbonate until
the pH of the aqueous reached 8 to 9. Following that, the epoxidized oil were washed
again with 4% NaCl solution in. order to remove the residual sodium carbonate
solution, until the aqueous layer was neutralized. After that, the neutralized
epoxidized oil mixture was dried under vacuum. The yield of the epoxidized oils
blend is about 89%. The moisture content in the oil after drying was 0.05% and the

oxirane oxygen content was 2.02%.
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The dried and neutralized epoxidized oils blend
(2745g) fromexanple 1, with oxirane oxygen content of
2.02% and noi sture content of 0.05%was charged into a
10L 5 reactor flask and then heated up to 60C. The
requi red amount of ethylene glycol needed for epoxy
ri ng-openi ng reaction (al coholysis) was about 193g,
based on the oxirane oxygen content of the epoxidized
oils. The amount of ethylene glycol weighed was m xed
with 12.15 m of boron trifluoride (BF3) (48%in
diethyl ether) to forma conplex. Wen the tenperature
of the epoxidized oils m xture reached 60C, 10 the
prepared conpl ex of ethylel® glycol and boron
trifluoride was charged in portions into the sane
reactor. During the reaction, the oxirane oxygen
Edecreases fromthe initial value of 2.02%to

qll’x@ Hﬁe(pang h&traliRtdlepcXidid ofldBledd (FB5 E}Qm elihwil Bylage
(SRR DRl

The product was washe sol ution

DGR PE Eos 2, oL BT Mo s bt B

Rdactoh EladOaROHh Keatedtupab 6890 Uthe Réduited Snlnt SHatRylkde %q?e%l
15 washed again with 4% NaCl solution to renove t

meeded o1 sPexsy TREnRPeRIng FRaction dplcohplysiswest soqpt L93g bassdypn) the

Pk DahE Coxy &S céhidn® Gf URK 8poxiiiss LUil‘s a‘l‘heg Qﬁoﬁr@ R éﬂ%letng &lycol
deslagd pol yol s of about 90-9 roperties

Wisdhised Wity - pemkefbatep |tri%{9r '%(BPQI (F%W“h‘@emé@tha‘)) to
@ a IR hKOH e Réipe e b SHBEBY oRidized oﬂ’s\'{nlxgn@releh%@o"&g"

r gra 5g 12 per, . 100g sanple, d)
5 redhareA oo et eas Beaa hgragubtucside gatchamebnaprany
\itS €he Shrhy/ rea@&ODﬁﬂlg&Q@&Rtlaﬁ tl?e'igur@wh S(E’%elﬁ cgrata_ﬁsi gedi’ézag&s%ﬂf e
|n X si.hg. the en In

a‘zvafﬁiﬁgo%&&ééba ot ?h%gér Reetipe dheringapepine itk ataeren

@@Ga The PRIt was wldSheldi Wil 3% 8blutibroFollbRed Bp 1% sodium

5$XIdat [an rea ct|?b he re uHred nount of ogen

SEPYRIcTE eyl e PToofdhe agerus §RlaR abeyt @ Biad) 'I%?/\‘i'é’s‘t was

adhed ggainl With RYONAC soMEG 10Q6K@E theretidual Eebonstd 3blutiBANTRY

neutralized polyol product was dried under vaccum at 80°C to give the desired polyols
of about 90-95%yield.

Properties of the polyol can be summarized as following:
a) OHV: 70-90mg KOH per gram sample,

b) AV: 0.3-1.0mg KOH per gram .sample,

¢) IV: 5-15g I, per 100g sample,

d) moisture content: less than 0.05%,

e) 0O0C: 0.01%

f) viscosity: 600 to 800cP at 25°C

EXAMPLE 3

The procedure in example 1 was repeated using the blend 80: 20 in which 2400g of
RBD palm kernel olein was blended with 600g of SBO in a 10 liters vessel. For the
epoxidation reaction, the required amount of hydrogen peroxide (50%) was 940g and

formic acid (94%) was 254.4g. The product was worked-up in the usual manner
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13 described in exanple 1. The yield of the epoxidized
oi | obtained was about 88% The noisture content after
drying: 0.04% and 00C. 2.6% EXAMPLE 4 5 About 28109
of the dried epoxidized oils fromexanple 3 was

subj ected to al coholysis reaction with ethylene glyco
and boron trifluoride conplex as described in Exanple
2. The required amount of ethylene glycol and boron
trifluoride are 280.93g and 12.43nl respectively. The
product was worked-up in the manner described in
exanple 2 to give the yield of the desired product
about 90-95% 10 Properties of the polyol can be
sunmmari zed as follow ng: a)3 OHV: 80-100ng KOH per gram

S&Wibgd mQ)(aJﬁ)\{e 1 Ol"hg ykl@dﬁhe&?&kl@l%d &I R Wk QoouPQS"/A Yhe

159 12 per 2 noi sture cont ent
mw%cwter@e@fdumi%) %294 Q06576%: 3200- 3800cP at 25C.
EXAMPLE 5 20 The procedure in exanple 1 was repeated
usinﬁ a bIend of RBD pal mol ein and RBD pal m ker ne

1) where 2700g of RBD pal molein was bl ended

VA B0t 3@ . of tHR3BE AR LpOxldRed edils Ofr6th Nexamp® 3 Quas | dubfested to

vessel or, the epoxidation reaction, the required
Aohelysivreattion Mty éﬁ‘y}ﬁé‘f 8iFad ang bxyon tr\nagrldzas@plams deserived
af iBkatiPd %) W Sequitbd! athBunt DR HIIeAE YhicoM@R BYRInKSBustRie! e
%gs S r descrlbed in exanple 1. The yield of
o ° (ﬁ)o‘gaéﬁn SEHPSHYEt T i BOGUCA st Werbisd-upr s Theo manngt o
CdREbri6et in @kdngle Tho)piveGhe yield o fABL 36 ReuhrEHAEt absut 309394 %0

Properties of the polyol can be summarized as following:
a) OHV: 80-100mg KOH per gram sample,

b) AV: 0.3-1.0mg KOH per gram sample,

c) IV: 5-15g I, per 100g sample,

d) moisture content: 0.04%,

e) OOC: 0.01%,

f) viscosity: 3200-3800cP at 25°C.

EXAMPLE 5

The procedure in example 1 was repeated using a blend of RBD palm olein and RBD
palm kernel olein (9: 1) where 2700g of RBD palm olein was blended with 300g of
RBD palm kernel olein in a 10 liters vessel. For the epoxidation reaction, the required
amount of hydrogen peroxide (50%) was 288g and formic acid (94%) was 1064.4g.
The product was worked-up in the usual manner described in example 1. The yield of
the epoxidized oil obtained about 88%. The moisture content after drying is 0.062%
and OOC is 3.017%.

EXAMPLE 6
3000g of the dried epoxidized oils from example 5 was subjected to alcoholysis
reaction with ethylene glycol and boron trifluoride complex as described in example

2. The required amount of ethylene glycol and boron trifluoride are 348.75g and
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EXAMPLE 6 3000g of the dried epoxidized oils from
exanple 5 was subjected to al coholysis 30 reaction
with ethylene glycol and boron trifluoride conplex as
descri bed in exanple 2. The required anount of

et hyl ene gl ycol and boron trifluoride are 348.75g and
14 7.96nl respectively. The product was worked-up in

t he manner described in exanple 2 to give the yield of
desi red product about 90-95% Properties of the

pol yol can be summarized as followng: 5 a) OHV
100-120ng KOH per gram sanple, b) AV: 0.3-1.0ng KOH
per gram sanple, c) IV: 5-15g 12 per 100g sanple, d)
noi sture content: 0.04% e)400C. 0.08% 10 O

V7| %ﬁﬁ’%sbé&twéf’ﬁ Gfi= 3R80E Ra@%o&é@up m&ﬁegdey?ﬁecpfn%ﬁ ?!ﬁ#ié e

exanp was repeated using a bl end
cﬂt@ﬂﬁegﬁd‘%dfﬁﬁ PS’)’“%@“E%Z Bg of RBD pal m oI ein
was bl ended with 150g of SBOin a 10 liters

Properties of the polyol can be summarized as following:
a) OHV: 100-120mg KOH per gram sample,

b) AV: 0.3-1.0mg KOH per gram sample,

¢) IV: 5-15g I, per 100g sample,

d) moisture content: 0.04%,

e) OOC: 0.08%,

f) viscosity: 3000-3600cP at 25°C.

EXAMPLE 7

The procedure in example 1 was repeated using a blend of RBD palm olein and SBO
(95: 5) where 2850g of RBD palm olein was blended with 150g of SBO in a 10 liters
vessel. For the epoxidation reaction, the required amount of hydrogen peroxide (50%)
was 324.5g and formic acid (94%) was 1199.2g. The product was worked-up in the
usual manner described in example 1. The yield of epoxidized oil obtained was about

88%. The moisture content after drying is 0.048% and OOC is 3.38%.

EXAMPLE 8

About 2820g of the dried epoxidized oils from example 7 was subjected to
alcoholysis reaction with ethylene glycol and boron trifluoride complex as described
in example 2. The required amount of ethylene glycol and boron trifluoride are 353.0g
and 12.5ml respectively. The product was worked-up in the manner described in

example 2 to give the yield of the desired product about 90-95%.

Properties of the polyol can be summarized as following:
a) OHV: 110-130mg KOH per gram sample,

b) AV: 0.3-1.0mg KOH per gram sample,

¢)IV:5-15¢g L per 100g sample,

d) moisture content: 0.04%,



15 vessel. For the epoxidation reaction, the required
anount of hydrogen peroxide (50% was 324.5g and
formc acid (94% was 1199.2g. The product was
wor ked-up in the usual manner described in exanple 1.
The yield of epoxidized oil obtained was about 88%
The noisture content after drying is 0.048% and 00C is
3.38% 20 EXAMPLE 8 About 2820g of the dried
epoxi di zed oils fromexanple 7 was subjected to
al cohol ysis reaction with ethyl ene glycol and boron
trifluoride conplex as described in exanple 2. The
requi red amount of ethylene glycol and boron
trifluoride are 353.0g and142.5ml respectively. The
pgqﬁypm(mﬂs wor ked-up in the manner described in 25
exa l e ive the yield of the desired product
d@&@%“§079@b% PePa@?’Ci es of the pol yol can be
sunmari zed as fol | owing: a) OHV: 110-130ngy KOH per

am sanpl e, b) AV: 0.3-1.0ng KOH per qran1sa le, 30
gxhelwﬁsers disglgsueingfuges mgtaglaﬁm the apgsndad,laimsras weld ay thattof
Oth® fo¥egoing AeRiptiA CA 1K U Bils iBvertiSHCIRS ibbath: desePBQ if 99 BreRrl
%gc The present disclosure includes as contajned in

& fa@ee o particularity st ysnfersigod thafrihecpressntydigglosure of the
f;ﬁéf@ﬁ&l 136n HRYRE Bide@Rly Y waH Qe i ahd kHAY Btk S chi@ges i in
g H E§cr|bed inits preferred formwith a g@%ree of
AT G71Rits Afrqopspruction and th epmbinaion and, afrangsmeentsrof pafiy may be
- Gesopte@BUNito@dep (?cmm € 5RFe sk mitatoPeen made only by
way of exanple and that nunerous changes in the

details of construction and the conbi nati on and
arrangenents of parts may be resorted to w thout
departing fromthe scope of the invention.
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16 CLAIMS: 1. A process for produci ng ol eochem ca

pol yol s conprising the steps of: (a)
epoxi di zing unsaturated oil using an organic acid
toget her with oxygenated 5water or a per-acid to
obtai n epoxidized oil; (b) washing the epoxidi zed oi
wth salt water to renove the unused organic acid
together with the oxygenated water or the per-acid;

(c) neutralizing acidic condition of the washed
epoxi di zed oil with a base; (d) washing the
neutralized epoxidized oil with the salt water until
pH of the 10neutralized epoxidized oil is 6.5t0 7.5
to renoved the base residuly (e) reacting the washed
reniIves i zed epoxi di zed oil with polyhydric alcohols in
the presence of boron trifluoride-diethylether conplex
to produce the ol eochem cal polyols. 152. A process
accnr dipagedsdorpraiubing oltothéhisl poRoR compridvthgtiitasteps 6p Of

dr t washed neutral i zed epoxi
o e theA it S, o ing o A s o ey By Poyesaled

pol yhyvdtléié‘raqieﬁﬁbﬁﬁ)ﬂ)%btam epoxxdlze'& oilA process accordi ng to

r|S|n t he

il Hehinadbe oozt S oviesdr s O S freais p1
vvat er togéther mmulﬁerabfgezmt&gwaeﬂ diltlce peamki tion of the wash
oIe cheni cal | e; washi ng
heCh B e A sPediarhe R hoR o Ehe e
wat @) washing| the Hel@ﬂ‘allieHEBpﬁﬂdite’dabll it thd edchaen wail pHOdfYhHE S
reac h}lerllg'allzeg epoxxdlzeg 0111 1S 6r5€tm} Sto ¥err]xle()vedatlsle base residue;

(e) reacting the washed neutralized epoxidized oil with polyhydric alcohols in the

presence of boron ftrifluoride-diethylether complex to produce the

oleochemical polyols.

2. A process according to claim 6 further comprising the step of drying the
washed neutralized epoxidized oil to achieve moisture content below 1%

before reacting with polyhydric alcohols.

3. A process according to claims 6 and 7 further comprising the steps of:

(a) washing the produced oleochemical polyols with salt water;

(b) neutralizing acidic condition of the wash oleochemical polyols with a base;
and

(c) washing the neutralized oleochemical pdlyols with the salt water until pH of
the neutralized oleochemical polyols reaching 6.5 to 7.5 to remove the base
residue.

(d) drying the washed neutralized oleochemicals polyols to achieve moisture

content below 1%

4. A process according to claims 6 to 8, wherein the epoxidizing step is

performed at a temperature of 35°C to 65°C.
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25residue. (d) drying the washed neutralized

ol eochem cal s polyols to achi eve noi sture content

bel ow 1% 4. A process according to clains 6 to
8, wherein the epoxidizing step is 30perforned at a
tenperature of 35Cto 65C. 17 5. A process according
to clains 6 to 8, wherein the step reacting the washed
neutralized epoxidized oil with polyhydric al cohol in
t he presence of boron trifluoride-diethyl ether conplex
Is perforned at a tenperature of 60C to 100C. 5 6. A
process according to clains 6 to 8, wherein the
unsaturated oil is any one or conbination of pal moil
soybean oil, coconut oil, HBfoundnut oil, safflower

oi | 5. Al pre@edacoording corhingi 6 to & wheteinihe s@p Ireactingi thie washed
canola oil., cottonseed oil . .rapeseed,oil, tung oj

b BrPalieg EROXGERTS v pordhIRE EBRAAR b EREr 8 oron g
7. A pifnoddesdiainydahali compler ic|paiformed at @ Bmpanktene edfn60CE eo
organh&p@cid is selected fromthe group consisting of
formc acid, acetic acid, trifluoroacetic acid,

benzyl oxy form c acid, 3,4-dinitrobenzoic acid

m chl qQr | c..aci d. and i,nat jon r.jv

e e PPORERABLE Rl it B¥ wAAURUII GG X ome o
8, whewahimrtibinef gabu oil Goybearsoik edcemtt ©d, groumdmit bid, safflower oil,
groupgenst shi 09eTRCr T TICafilco LAY A LLEAT o,
trifluoroperoxyaceti caci d, benzyl oxyper oxy brnlca0|& ,
5- rapeseed oil, tung oil, fish oil, lard, tallow and any derivatives thereof.

7. A process according to claims 6 to 8, wherein the organic acid is selected from
the group consisting of formic acid, acetic acid, trifluoroacetic acid, benzyloxy
formic acid, 3,4-dinitrobenzoic acid m-chlorobenzoic acid and any

combination derives thereof.

8. A process according to claims 6 to 8, wherein the per-acid is selected from the
group  consisting of  peroxyformic acid, peroxyacetic acid,
trifluoroperoxyacetic acid, benzyloxyperoxyformic acid, 3,5-

dinitroperoxybenzoic acid, and , m-chloroperoxybenzoic acid.

9. A process according to claims 6 to 8, wherein the salt water has a salt

concentration of 4% to 30%.

10. A process according to claims 6 and 14, wherein type of salts in the salt water
is any one or combination of potassium chloride, sodium chloride and lithium

chloride.

11. A process according to claims 6 to 8, wherein the base is selected from the
group consisting of ammonia, metal carbonates, metal bicarbonates and

anionic ion-exchange resin.



di ni t roper oxybenzoic acid, and , mchl oroperoxybenzoic
acid. 9. A process according to clains 6 to 8, wherein
the salt water has a salt concentration of 4%to 30%
10. A process according to clains 6 and 14, wherein
type of salts in the salt water 25is any one or
conbi nation of potassium chloride, sodiumchloride and
['ithiumchloride. 11. A process according to clains
6 to 8, wherein the base is selected fromthe group
consi sting of amoni a, netal carbonates, netal
bi car bonat es and 30ani oni c i on-exchange resin. 18 12.
A process according to clainms 6 and 16, wherein the
base is prepared in a solutd§on with a concentration
r angesa fprdeBds hdbokding2fd %ids W%hghg wherelﬂ-are pasd QFpREd jn a
according to 6 to 8, wherein th ydrlc al cohol s
are affltioR&vitye copcsptrtipmEangss figm lgf) f}@@/odw weight.
pent aeyt hritol, ethylene egcoI propyl ene gl ycol,
trlﬂﬁtgglolprop ne, sorbitol ylitol, sucrose,
AdEeesspgcording oddta 8. Yhere%ﬂﬁrpekyésg%w alcekaleare any age gr

t o 8, comfitiabibi of F8/cE6r PBnthdythkitd) Oéthﬂ&redglﬁ,‘thﬂr&;yibﬁE ghycol

conplex a concentration of 0.1 to 10% by wei ght
t ot a| f ?pane sorbitol, xylitol, sucrose, D-glucose and fructose

14. A process according to 6 to 8, wherein the boron trifluoride-diethylether

complex has a concentration of 0.1 to 10% by weight of total reactant.



