1 A PROCESS FOR THE PRODUCTI ON OF POLYURETHANE PRODUCTS FI ELD OF

| NVENTI ON 5 The present invention relates to a process for obtaining
polyols fromused frying oils as the starting ingredient and converting

t he polyols to pol yurethane products. BACKGROUND OF | NVENTI ON 10 Repeat ed
food-frying cycles subject cooking oils vegetabl e-based oils or

ani mal -based oils to extrene tenperature swi ngs and aeration, which
quickly lead to a runaway deconposition profile, resulting in a severely
limted frying lifetime. Therefore, thik used frying oil is generally

di scarded when an unacceptable deterioration in food quality is '

experi enced. i ) 01 i insposed of
by weashi ng- i Ho PRCHES: PoRGERE FROROERTAN of PO 3l RN PR RBUEANN T
stormdrain system Inproperly disposing of used oils may cause property
damage, heal th hazards and environnental problens. Over tine, used oils
rinsed down the plunbing systembuild up and eventually block the entire 20
pi pe, causif@id: ﬂNBEEET As sewer pipes back up, sewage and food
particles that accunulate can attract insects and other verm n and may
create potential health hazards. C ogged sewers can also lead to

overflows. As sewage overflows onto the streets, it L
5  The present invention relates to a process for obtaining polyols from used frying oils as

the starting ingredient and converting the polyols to polyurethane products.
BACKGROUND OF INVENTION

10 Repeated food-.frying cycles subject cooking oils vegetable-based oils or animal-based
oils to extreme temperature swings and aeration, which quickly lead to a runaway
decomposition profile, resulting in a severely limited frying lifetime. Therefore, this used
frying oil is generally discarded when an unacceptable deterioration in food quality is
experienced.

15

Quite often, used (spent) oils are improperly disposed of by washing the used oils down

- the plumbing or by dumbing them down the storm drain system. Improperly disposing of
used oils may cause property damage, health hazards and environmental problems. Over

time, used oils rinsed down the plumbing system build up and eventually block the entire

20  pipe, causing sewer back ups. As sewer pipes back up, sewage and food particles that
"accumulate can attract insects and other vermin and may create potential health hazards.
Clogged sewers can also lead to overflows. As sewage overflows onto the streets, it

enters the storm drain system, where it is then carried straight into our local streams and




enters the stormdrain system where it is then carried straight into our
| ocal streanms and 2 creeks without any treatnent. Polluted storm water
runoff can lead to costly mai ntenance and clean up and could result in
severe fines fromregul atory bodies. Accordingly, it is an object of this
invention to provide a process for obtaining polyols fromused frying oils
as the starting ingredient and converting the polyols to useful 5

pol yur et hane products. It is a further pbject of this invention to provide
a process for obtaining polyols from used frying oils as the starting

i ngredi ent and converting the polyols to useful polyurethane products. 10

3 SUMMARY kil WY b d1thob s1dr VLSRN cdnURND LBy REAMEAIRS. 2

process for preparing polyurethane foans from used frylng oil, the process

conpri si ng Leacti 00, UsehLxhng Qi it BoAAflclySughy as 5 peroxyacetic

acid or per enperature o han 70’ C, and at
at nospheric pressure, reacting the epOX|d|sed used frylng oil with a

nmonohydric or ol yhydric . al co r n a.ca st _t orma
ol yol “at  atserat pangricteetis niwtgs EpiE St ST ph Lo o
wherein t heﬁgrg lu%ec{ %-twlng otfﬁtavé'e Q sgcarr]t?ngn%g% }/(rjltr Iar(l:d converting the polyols to useful

5  polyurethane products.

It is a further object of this invention to provide a process for obtaining polyols from used
frying oils as the starting ingredient and converting the polyols to useful polyurethane
products,

10




or pol yhydric al cohol with unsaturated bonds present in the used frying oi
that has been 10 converted into epoxide rings to form epoxidi sed used
frying oil being >1:3, mxing the polyol with at |east one additive and at
| east one bl owi ng agent at a tenperature of |less than 30'C, and at '

at nospheric pressure and m xing the blended polyol with an isocyanate at a
tenperature of less than 30'C, and at af nospheric pressure to formthe said
pol yurethane foams. 15 Further it is also provided a process for preparing
pol yur et hane products such as coatings and adhesives fromused fiying oil,
t he processSUMVARYIOIINEBENTION used frying oil with an acid such as
peroxyacetic acid or performc acid at a tenperature of |less than 70'C,

and at atnospheric pressure, reacting the epoxidised used frying oil with a
nmonohydri c or 20 pol yhydric al cohol in the presence of a catalyst to forma

pol yol s at g.cheimey, ahdip@sdl ilvefdn prttades I prbces@ffl padpadtidipsipiiethhte pa@assUr e,

. wWherein the nole ratio between the nonol aydric or pol yhydric alcohol wth

unsat ur at e&:&%&? N4 RESSENthe Rodeleodh§RRlink VARG Blck fhiRtoinash Regid seanyert ed

into epoxide rings to form'epoxidi sed used frying oil being >1:3, mXxing

the 4 polygl il al.d %?Sﬂerf%prgicagcq& L VE 1Bhpdath@TBENAL Uhtn Ofoeb e84 than
30'C, and éynnspherlc pressure ané HIXI%gf%ﬁe ﬁlende%lpolyol with an
OE N R RS EShg B Sub B 2R SRRk o o5
polyhydric alcohol in the presence of a catalyst to form a polyol at a temperature of less
than 90°C, and at atmospheric pressure, wherein the mole ratio between the monohydric
or polyhydric alcohol with unsaturated bonds present in the used frying oil that has been
10 converted into epoxide rings to form epoxidised used frying oil being >1:3, mixing the
polyol with at least one additive and at least one blowing agent at a temperature of less
than 30°C, and at atmospheric pressure and mixing the blended polyol with an isocyanate
at a temperature of less than 30°C, and at atmospheric pressure to form the said
polyurethane foams.
15
Further it is also provided a process for preparing polyurethane products such as coatings
and adhesives from used frying oil, the process comprising reacting used frying oil with
an acid such as peroxyacetic acid or performic acid at a temperature of less than 70°C,
and at atmospﬁeric pressure, reacting the epoxidised used frying oil with a monohydric or
20  polyhydric alcohol in the presence of a catalyst to form a polyols at a temperature of less
than 90°C, and at atmospheric pressure, wherein the mole ratio between the monohydric
or polyhydric alcohol with unsaturated bonds present in the used frying oil that has been

converted into epoxide rings to form epoxidised used frying oil being >1:3, mixing the




5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
relates to a process for obtaining polyols fromused frying oils as the
starting ingredient and converting the polyols to pol ynet hane products.
Hereinafter, 5 this specification will describe the present invention
according to the preferred enbodi nents of the present invention. However,
it is to be understood that limting the description to the preferred
enbodi ments of the invention is nerely to facilitate discussion of the
present invention and it is envisioned that those skilled in the art may
devi se var ipply®l wittliaf leastt dnerndditing aeq) tempatagme of st thon B0Us pad vt atgofphenct he
scope of the 10 appended clains. The process for obtaining polyols from

used frying&khis afs nlifigs Healéided pbHar Vi enisoeyadate @0 vedifeidhge bhispthayol s to
pol yur et hane products o% t he present invention conprises a nunber of

steps. 15 "_S'OB@ta’nd%PﬁHa%lh%ﬁg §s‘%19let§)rf¥ﬁrﬂﬂe%hpbl§uﬁéﬂﬁﬁéﬁx%ﬁhd@s\! reacting the

~used frying orl aC| For this purpoSe, peroxyacetic acid or
perform c acid, which are generated in-situ, are found suitable. Further
di scussion of the present invention in this specification will be based on

peroxyacetic acid. This epoxidation step is conducted at a tenperature of
less 20 than 70'C, nost preferably at 65 Cto 70'C and at atnospheric
pressure.




The epoxi dation process involves formati on of peroxyacetic acid by reacting
glacial acetic acid wth hydrogen peroxide (35%to 60% in the presence of
a-catalyst. Aratio of 6 2.06:1 glacial acetic acid to hydrogen peroxide
of 30% concentration in the presence of 1%to 2% catalyst is found to give
t he hi ghest peroxyacetic acid content. Once the formation of peroxyacetic
acid is conpleted, the catalyst is neutgalised with sodium acetate and the
actual wei ght of peroxyacetic acid available in the mxture is cal cul at ed.
5 The iodine value of the oil to be epoxidised is determ ned by using ACCS
Official NPERAHLER DIESCIRIPAHOMNQFAtHEE PREFERRED EMBODIMENES per sons skill ed
inthe art. The 1iodine value neasures the degree of unsaturation present
in the used fi-ying oil. Based on the fact that one nole of peroxyacetic
acid will react with one nole of unsaturated bonds 10 present in the used
frying oil,THehRepDMntich r@@EOwyApOLsS f@abehidite pollybly flodtmsed filyidy dikes
..avai | abl e peroxyacetic acid is cal cul ated, weighed and added to

per oxyacet i e aaiig in%%ecli_&mﬁ& ebivertael te pAFEIE So Polifethh®: proGat HRicRtBONdS
present in the used Trying oil to torm epoxide rings. After the

epoxi datq onpjsS s ORhEHE il WilsElbd Shd SHREM BRAnt bRRRAESIENEE Plefckdt he

oxi rane oxygen content of the reduction in peroxyacetic acid content, the

spent aci ddygodl SIRVSne HAReRARKh A Svldr I1Ss IenRaled titinieytral and

dried. The product Torne uring this process Is known as epoxi di sed used

frying oil “description to the preferred embodiments of the invention is merely to facilitate

discussion of the present invention and it is envisioned that those skilfled in the art may
devise various modifications and equivalents without departing from the scope of the

10 appended claims.

The process for obtaining polyols from used frying oils as the starting ingredient and
converting the polyols to polyurethane products of the present invention comprises a
number of steps.
15

First, epoxidised used frying oil is prepared by reacting the used frying oil with an acid.
For this purpose, peroxyacetic acid or performic acid, which are generatéd n-situ, are
found suitable. Further discussion of the present invention in this specification will be
based on peroxyacetic acid. This epoxidation step is conducted at a temperature of less

20 than 70°C, most preferably at 65°C to 70°C and at atmospheric pressure.

The epoxidation process involves formation of peroxyacetic acid by reacting glacial

acetic acid with hydrogen peroxide (35% to 60%) in the presence of a catalyst. A ratio of




Later, the epoxidised used frying oil is reacted with a nonohydric or

pol yhydric al cohol 20 in the presence of a catalyst to forma polyol
wherein the nole ratio of the nonohydric or polyhydric al cohol to

unsat urated bonds present in the used frying oil that has been converted
into epoxide rings to form epoxidised used frying oil is ~J:3. This step is
7 conducted at a tenperature of less than 90'C, nost preferably at 600C to
650C and at atnospheric pressure. In the preferred enbodi nent of the
present invention, the preferred nonohydric or 5 polyhydric alcohol is

gl ycerol (9206:] g&tcfaj/ heatie agidyto diydrogempenpyidenic3 (b yomsentratios tin therpeésenciify

et hyl ene glycol. An exanple of the catalyst, which can be used is a

conposi t i onl%wftolxys aatatyst id fouad itel giventhe thightest Jdrexyandtie dct cantadfi. Goceothgdri c or
pol yhydric al cohol to unsaturated bonds present in the 10 used frying oi

that has bepmm@@AVES b@oxyabBitR SO d@nﬁlbtegSthE Qafabismise paxiatited edithisedhuhr yi ng
-~ oil isinthe range of 1:0, 6:1, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2 or 1:3.

However , th&eﬁfe%artﬁe%ma[ iAo ftperoRPlcalidadiBalBBIE i B8 nidie iskaleulagsdl, 12
and 1:3. Later, the polyols obtained fromthe earlier step are m xed with

an addit4ve or a 15 conbination of additives and a bl owing agent or a
combi nation of blow ng agents. This step is conducted at a tenperature of

Lfiisﬂ han 390CiodiRStanky 8 #el Yo 8L hOREMLRPRIGIHEA by P hRISTOHRIA | ©
Method Da 15-48 or any other methods known to the persons skilled in the art. The
iodine value measures the degree of unsaturation present in the used frying oil. Based on
the fact that one mole of peroxyacetic acid will react with one mole of unsaturated bonds

10 present in the used frying oil, the amount of peroxyacetic acid to fully react with the

available peroxyacetic acid is calculated, weighed and added to peroxyacetic acid.

Peroxyacetic acid reacts with the unsaturated bonds pfesent in the used frying oil to form
epoxide rings. After the epoxidation is completed, which is determined by the presence of
15  the oxirane oxygen content of the reduction in peroxyacetic acid content, the spent acid is
removed. The epoxidised oil is then washed until neutral and dried. The product formed

during this process is known as epoxidised used frying oil.

Later, the epoxidised used frying oil is reacted with a monohydric or polyhydric alcohol
20  in the presence of a catalyst to form a polyol wherein the mole ratio of the monohydric or
polyhydric alcohol to unsaturated bonds present in the used frying oil that has been

converted into epoxide rings to form epoxidised used frying oil is >1:3. This step is




Bl owi ng agents are required in the process of production of polyurethane
foams only. In 20 the production of other types of pol yurethane products
such as coatings and adhesives, blow ng agents are not required. Additives
are added to control and nodify the final properties of polyurethane
polymer, to increase the rate of reaction, to inprove the foam

structure/ performance, to assist denoulfding and/or to retard flanmability.
The additives used in the present invention are selected fromsilicone
surfactant such as N ax L603, am ne catal yst such as triethylene 5 diam ne
i n di propyl| emndugjed, alod tepwegptura s fess than SO amgss tpreferablyent 681G A AN a8 Ynent |
cross |linkers and chain extender. Particularly, surfactant is added to
control cel itmespheriopresdmes. pol yur et hane foans, catalysts are added to
accelerate the blowing and gelling reactions in the polynerisation process,
10 cross linkers are for branching and crosslinking, chain extender is to

- increase the size of the rigid segnent and hydrogen bond density, flane
retardant im R prefiuee ohitb@inht BONY P@sendiflvention, Phe Referréd nloBokhydiit aguce
colour to the pol yurethane foans. The amount of additives used in the
process | hotbig/dkie 41bghol Qgigl?ceﬂfl Bovn, ohhyRat ggﬂymrorhﬁﬂﬁfil%ﬂe R ¥R moétPpPhp) .
It nust be noted that the selection of tge additives is dependent on the
end 15 appllefatbiPRiafient NayRH! WAr elh@ne oprduGtasyst, BLRW NGnagent& & @ added
to generate the cell strucyure of the foam There are two types of blow ng

agents, “hi&ﬂmﬁ%ﬁoﬁB?&h&?hﬁﬁhﬂﬂk%gmﬁ&?”t5 and physical bl ow ng agents. An

The mole ratio of monohydric or polyhydric alcohol to unsaturated bonds present in the
10 used frying oil that has been converted into epoxide rings to form epoxidised used frying
oil is in the range of 1:0, 6:1, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2 or 1:3. However, the preferred

ratios to obtain maximum input are 3:1, 2:1, 1:2 and 1:3.

Later, the polyols obtained from the earlier step are mixed with an additive or a
15  combination of additives and a blowing agent or a combination of blowing agents. This
step is conducted at a temperature of less than 30°C, most preferably at room temperature

and at atmospheric pressure.

Blowing agents are required in the process of production of polyurethane foams only. In
20  the production of other types of polyurethane products such as coatings and adhesives,

blowing agents are not required.




exanpl e of chem cal blow ng agents is water and exanples of physical

bl owi ng agents 20 are net hyl ene chl ori de, hydrochl orof | ourocar bon-141b
(HCFC-141b), pentane and cyclopentane. In the preferred enbodi ment of the
present invention, water is selected as the only blow ng agent and the
amount of the water required will be 1 to 5 pphp. If a conbination of

wat er and net hyl ene chloride is used asgthe bl ow ng agent, the anmpbunt of 9
nmet hyl ene chloride is 0 to 20 pphp, whereas if a conbination of water and
HCFC-141b is used as the bl ow ng agent, the amount of and HCFC- 14 |b is O
to 20 pphp. Additissrse added teconitio! and madifir the ifmplepropeatiesvedtpolyuratizant polyineh
diisocyanates to formunstable 5 carbam c acid, which deconposes to urea
and carbon wi mxieake. th€antbaf redotivn,die aipraienide fodm atrudtive/paffomeses, do sbep

provi des the expansion or generates the cell structure of foam hi the
prior art, @ehonldiet AN tPFeLRo NymBRBilina The gddkes as:diis deyrashitavaition preoduced

. to avoid viscosity increase during the storage of polyols. It nust be

appreci at edsdlddadd ftd¥® silidéhePRMEAS dubh hOFIRITEHE Nimin® CRRAlEOSCR LS wdtBdeeed only
prior to their reaction with the isocyanate and subsequent formation of the

pol yur etﬁanﬁa&%mﬁ-diﬁs@&&i@ cﬂ,(e.?.hﬁﬂb[ &5 QAtalysi, NARR deRfdan, g , frage the
viscosity problem as t'he polyurethane prepolyners will not be required.

15 Finally’hﬂﬁﬁuﬁh%ﬁﬂﬁgm oyols are mxed with an isocyanate to form
pol yur et hane products. This step is conducted at a tenperature of between

25'Cto 30'C, preferably at room

Particularly, surfactant is added to control cell size of the polyurethane foams, catalysts
are added to accelerate the blowing and gelling reactions in the polymerisation process,
10 cross linkers are for branching and crosslinking, chain extender is to increase the size of
the rigid segment and hydrogen bond density, flame retardant is to reduce rate of burning
and the pigment is to introduce colour to the polyurethane foams; The amount of
additives used in the process will be in the region of 0 to 50 parts per hundred polyol
(pphp). It must be noted that the selection of the additives is dependent on the end

15 application of the polyurethane products.

Blowing agents are added to generate the cell structure of the foam. There are two types
of blowing agents, which are chemical blowing agents and physical blowing agents. An
example of chemical blowing agents is water and examples of physical blowing agents
20 are methylene chloride, hydrochloroflourocarbon-141b (HCFC-141b), pentane and
cyclopentane. In the preferred embodiment of the present invention, water is selected as
the only blowing agent and the amount of the water required will be 1 to 5 pphp. If a

combination of water and methylene chloride is used as the blowing agent, the amount of




tenperature and at atnospheric pressure. Several aromatic and aliphatic

di i socyanates are available. The preferred i socyanates are tol uene

di i socyanates (TDI) and nethyl ene diphenyl diisocyanates (MDI). The nopst
preferred i socyanate is MO, as TDI is highly 20 volatile. In the
preferred enbodi nent of the present invention, the polyols obtained from
the epoxidised used frying oil are allBwed to react with NM w th vigorous
stirring. The 10 mixing is done at 2000 rpmuntil the mxture turns

creany. Water is used as the only Dbl ow ent_in_this pr
pol yol s r eal®f Mke%cb%@rdeﬂ%ﬁf%%%vp&m VW%H%%@’%HP%W@%“%?W@&E@ Iﬂué§ence of

wat er helps in the generation of carbon dioxide in-situ thus resulting in
the for mat i wiedes theblawing saset theemonnt of gdECFERIt 1pdi 416129 PRPR prepared j ust
prior 5 to the production of the said pol yurethane foans. As nmenti oned
earlier, water reacts wth diisocyanates to form unstable carbam c acid,

- whi ch deconposes to urea and carbon di oxi de and the carbon di oxi de provides
t he expansPoronsrskiied én attepptehietectbh waitr tratts vathofliisboamuted to fem drstabld t hat

t he amount of carbon 10 di oxide produced in this step is directly

pr opor t i Hnatarbamit heid awhidh ide@imposdsao vusethd cadoa diakidegCyrboty idzadel abgpigedhi gher
anount of water in this step, and therefore producing a higher anount of
car bon di oxfrol@,thd 4Teresdid stef proeidesfieletRnsion yr gherbfee theablY unetaoeioch@ans can

be i nproved.
In the prior art, polyurethane prepolymers having excess isocyanates are produced to
avoid viscosity increase during the storage of polyols. It must be appreciated that the
10 polyols in the present invention are produced only prior to their reaction with the
isocyanate and subsequent formation of the polyurethane foams. Accordingly, the present
invention will not face the viscosity problem, as the polyurethane prepolymers will not be

required.

15  Finally, the blended polyols are mixed with an isocyanate to form polyurethane products.
This step is conducted at a temperature of between 25°C to 30°C, preferably at room
temperature and at atmospheric pressure. Several aromatic and aliphatic diisocyanates are
available. The preferred isocyanates are toluene diisocyanates (TDI) and methylene
diphenyl diisocyanates (MDI). The most preferred isocyanate is MDI, as TDI is highly

20  wvolatile.

In the preferred embodiment of the present invention, the polyols obtained from the

epoxidised used frying oil are allowed to react with MDI with vigorous stirring. The




15 Moul d rel easing agents are al so used for easy renoval of the cured

pol yuret hane foans fromthe noulds. By selecting the nole ratio between

t he nonohydric or polyhydric al cohol and wunsaturated bonds present in the
used fi-ying oil that has been converted into epoxide 20 rings to form
epoxi di sed used frying oil, and the type and concentration of the additives
used, the hydroxyl value of the polyol sgand thereby the nature of the

pol yuret hane foans nay be predictably forecast. The present invention
al l ows the, production of the pol yurethane products for use as thernmal

i nsul at or s, mixongsis oot ROR0GYatpeY Wil ghe fixture ttume crelgw dWater it usediagrihe prlgkagi ng
materials, coating material, adhesives and many other varied applications.
5 1t nust Hdowinprgei af thid prévats. ThepalgdsirehttywirigVdil ko fosre ghoiynrettase polgmenst

i nvention can be obtained fromvegetable sources such as palmoil or
soybean oi |wigRdther proteatd wBlwa@Ulidssin thEhgenkatibo wif ngriexadiptide ims-sinnttended to
~further illustrate the invention, without any intent for the invention to
be |imted gaidiinIREfhrhhoncsten ishidtired @SPhink EThetpdBioB die prepiled fust figori N- si tu
production of peroxyacetic acid, glacial acetic acid and 1% to 2% sul phuric

aci d, Wy cholas H58HHES oAKE 8li@pM§hrethafolnxed together in an apparatus that
has been passivated and equi pped with a stirrer and condenser. The m xture

is stirred for about 30 m nutes. Hydrogen peroxide is added to the m xture
dropwi se with continuous stirring.

As mentioned earlier, water reacts with diisocyanates to form unstable carbamic acid,
which decomposes to urea and carbon dioxide and the carbon dioxide provides the
expansion or generates the cell structure of foam. It was found that the amount of carbon
10 dioxide produced in this step is directly proportional to the. amount of water used.
Accordingly, by having a higher amount of water in this step, and therefore producing a
higher amount of carbon dioxide, the structures and density of the polyurethane foams

can be improved.

15 Mould releasing' agents are also used for easy removal of the cured polyurethane foams

from the moulds.

By selecting the mole ratio between the monohydric or polyhydric alcohol and
unsaturated bonds present in the used frying oil that has been converted into epoxide
20  rings to form epoxidised used frying oil, and the typé and concentration of the additives
used, the hydroxyl value of the polyols and thereby the nature of the polyurethane foams

may be predictably forecast.




15 The concentration of hydrogen peroxide used in this step ranges from 35%
to 60% However, for the purpose of this exanple, a 50% concentration is
used. It is noted that the tenperature of the reaction increases with the
addi ti on of hydrogen peroxide. Accordingly, it is wise to control the
addition rate of the hydrogen peroxide so that the tenperature of the
reaction is not allowed to exceed 45' C11After the addition of hydrogen 20
peroxide is conpleted, the mxture is stirred until a maxi num per cent age of
peroxyacetic acid is formed or when the hydrogen peroxi de has been

exhaust ed. Thsi prespot myienyjon alkasws thainseductdorh ol the, potyiscthane praficifefog alse 4ge of
peroxyacetic acid obtained ranges from 14% to 22% dependi ng on the

concent r at i thermpi  ihgdatoge reopsiruotidid enaiereds, Onowre, hbeddmg nawshid® ppkagiesit age of
peroxyacetic acid is obtained, the catalyst is neutralised with an

appr opri at ematarials) rbatmf neodialraixsseasel mity dtler aahikeldipplicatibies. r eact i on m xt ure
~and stirred for 1 hour. Based on the percentage of peroxyacetic acid
obt ai ned and assum ng that one nole of 5 peroxyacetic acid will react with
one nol e of unsaturated bonds present in the used fitying oil, the maxi num

anount of useslst bYiapreOinted tthat the ABed 83i@E oM tkdtiiana padstdbheenpien exy deetic
acid is calculated. For a given anount of peroxyacetic acid, the nmaxi num

anount  of - usRglned Fofh D&bettible dolidts ©BRaNRLBRASE SHy®esh WM ddd fHAf dhilBIRendiNg on
t he unsaturated bonds present in the used frying oil. The higher the

degree of unsaturation, the | ower the anount of 10 epoxidi sed used frying
oil will be obtained.

The following example is intended to further illustrate the invention, without any
intent for the invention to be limited to the specific embodiment described therein.
10
In the in-situ production of peroxyacetic acid, glacial acetic acid and 1% to 2% sulphuric
acid, which is used as a catalyst, are mixed together in an apparatus that has been
passivated and equipped with a stirrer and condenser. The mixture is stirred for about 30
minutes. Hydrogen peroxide is added to the mixture dropwise with continuous stirting.
15 The concentration of hydrogen peroxide used in this step ranges from 35% to 60%.
However, for the purpose of this example, a 50% concentration is used. It is ﬁoted that
the temperature of the reaction increases with the addition of hydrogen peroxide.
Accordingly, it is wise to control the addition rate of the hydrogen peroxide so that the
temperature of the reaction is not allowed to exceed 45°C. After the addition of hydrogen
20 . peroxide is completed, the mixture is stirred until a maximum percentage of peroxyacetic
acid is formed or wheh the hydrogen peroxide has been exhausted. This normally takes
about 4 hours. The maximum percentage of peroxyacetic acid obtained ranges from 14%

to 22% depending on the concentration of hydrogen peroxide used. Once the maximum




The peroxyacetic: acid is added slowy to the used frying oil with
continuous stirring. The tenperature of the reaction will slowy increase
with the addition of peroxyacetic acid. The rate of addition is controlled
in such a way that the tenperature of the reaction is not 15 allowed to
exceed 70'C. A constant rate of addition may be properly controlled if the
tenperature of the reaction is maintairiéd between 550C to 650C. Once the
addi ti on of peroxyacetic acid to the used frying oil is conpleted, the

m xture is stirred for an additional 30 mnutes. The presence of .epoxide
rings indi dEreEstaghefiperaxyagetipacid Jxptiaaed; ﬁlﬁé#ﬂbﬁ%éé@uw%eds)’fltbr% aﬁgfopgatgt opped
and the epoxidised used frying oil is separated fromthe peroxyacetic acid.
The spent perogiefcediim agetaig. It s addebipdbe @Mloﬂmﬁ@{ﬂﬁ@ﬁdt’%@@p T 4S8 fryi ng oil

is washed several tines with water until it is neutralised. The epoxidi sed
used frying oil is then dried using anhydrous sodi um sul phate if the anount
~is small, or 13 wusing a vacuumdryer if the quantity is large. The

requi red nmoBstdioe tieopdremtagofof phexyepiix hdd sbdingd edd fasspinigg thafi onesm@le of t o
0.2% In the production of polyols, the appropriate anmount of epoxidi sed
used frys Ngpepixyaciit acil well Fyskenieh gletaealt ofuimanaiglteddsapresept iadiecisedfroing heat
resi stant and non- breakabl e contai ner (equipped with stirrer). The m xture

is heated tg @RvAXikumAfdoaht oFkédhryiddoi0that @habact With i aveiddblitro:ghcetithy | ene

gl ycol and epoxi di sed used frying oil) of boron trifluoride in “diethyl
et her (48%,ciis afd@sted Fob B Eivh YhbiiR ofPdok A8t abfdUihe nhakirfirh hinB6ht b GRAOUS| Y

(>1000
frying oil that can be epoxidised will vary depending on the unsaturated bonds present in

the used frying oil. The higher the degree of unsaturation, the lower the amount of

10 epoxidised used frying oil will be obtained.

The peroxyacetic acid is added slowly to the used frying oil with continuous stirring. The
temperature of the reaction will slowly increase with the addition of peroxyacetic acid.
The rate of addition is controlled in such a way that the temperature of the reaction is not

15 allowed to exceed 70°C. A constant rate of addition may be properly controlled if the

temperature of the reaction is maintained between 55°C to 65°C.

Once the addition of peroxyacetic acid to the used frying oil is completed, the mixture is
stirred for an additional 30 minutes. The presence of epoxide rings indicates that reaction
20  has taken place. The stirring is stopped and the epoxidised used frying oil is separated
from the peroxyacetic acid. The spent peroxyacetic acid is removed and the epoxidised
used frying oil is washed several times with water until it is neutralised. The epoxidised

used frying oil is then dried using anhydrous sodium sulphate if the amount is small, or




rpm. The reaction takes about 30-45 mnutes to conplete. The product
formed is a 10 polyol. For the production of snall scale free-rise

fl exi bl e pol yurethane foam 100 g of the polyol is weighed and added into
anot her heat resistant and non-breakabl e container. Then, additives with
certain anmount such as |.QOg of L603, 1.5g of A33, 0.5g of dinethyl 15

pht hal ate and 0.2g of tin catalyst arei1added to the polyols. 4.0g water

whi ch acts as the blowi ng agent is also added to the m xture. The m xture
is vigorously stirred at 2000 rpm wuntil all the additives are thoroughly
m xed with wsmg polgwin drver i she quantityrip daree cBipyrequirgsk moistume) comtenyryt the added
and the vigorous stirring continued until bubbles begin to appear. The
stirring i sepohigised hapd pchganlds DHao §20.rer is renoved. The foamis allowed to
rise 20 freely in the container. The foam ng characteristic such as tack
free time is recorded. 14 The foamis allowed to cure at roomtenperature
. for 1 day before it is cut into test specinen for physical testing. The
physi cal t eBitthe afRlugenf @rpoiola teoigidpgate anstancbedxidived hedisfryibepdishg - t he
density is calculated from expression: weight (kg)/volune (In"). 5

Per cent age @RAMCAYdol G@RERFHed and PRcddEiSto d ieaCRBigkdet ad nby-bigkatde dntaiereritics
AccuPyc 1330 Pycnoneter. The test is conparable particularly to ASTM

D2856. Conpifsiphiewith 888 Thdhixth@ fhRalang s @t ARG avdichailny 6f eIt he
conpr essi on hardness
| weight (amount of ethylene glycol and epoxidised used frying oil) of boron trifluoride in
diethyl ether (48%) is added to the mixture and the mixture is stirred vigorously (>1000

rpm). The reaction takes about 30-45 minutes to complete. The product formed is a

10 polyol.

For the production of small scale free-rise flexible polyurethane foam, 100 g of the polyol
is weighed and added into another heat resistant and non-breakable container. Then,
additives with certain amount such as 1.0g of L603, 1.5g of A33, 0.5g of dimethyl
15  phthalate and 0.2g of tin catalyst are added to the polyols. 4.0g water which acts as the
blowing agent is also added to the mixture. The mixture is vigorously stirred at 2000 rpm
until all the additives are thoroughly mixed with the polyol and mixture turns creamy.
Next, 70g of MDI is added and the vigorous stirring continued until bubbles begin to
appear. The stirring is then stopped and the stirrer is removed. The foam is allowed to rise

20  freely in the container. The foaming characteristic such as tack free time is recorded.




test. The test is conducted according to DIN 53 577. Hysteresis - it
nmeasures the area between | 6adi ng and unl oadi ng curves plotted on the 10
stress vs. strain curve during the conpression hardness test according to
DIN 53 577. Typical results of the properties of free-rise flexible

pol yur et hane foans: tack free tinme (ranging from5 to 6 mnutes), density
(ranging from40 to 50 kg/ nB), percentage open cell content (ranging from
95 to 96% and hysteresis (ranging from56 to 60%. 15 However, it nmay be
noted that the procedure involved in the production of noulded flexible
pol yur et hanEhe amsis\allowed ta |cpgghat| spomtgmperpiare B 1f davebelpigdt Foryfupiet i¥ne
foans. In this procedure, a suitable nould is selected (e.g. 35cm x 35cm x
4. 5cm i nt er spatimenders plrysiveh testings dive phydeaintsstsl@e peemmadnasicondmgsta rséandarnd,

alum nium block with cover, 44.3 cmx 44.3cmx 5cm). The nould is

t hor oughl y methodscated with a suitable rel easing 20 agent, preferably

- silicone-based. 300 g of polyols is weighed and added into a heat

resi stant aDehsitpniterdesdimli latnédbi-ne exprdfipn; wadsh(kgadurid (@it).cert ai n amount
such as 3.0g silicone surfactant, 4.5g am ne catal yst, 1.5g di nethyl

pht hal at® apdcéitdeg obtiicdlBéaianst- Pceiestas desliutied bhensp@l MekmerltiRe AccdiBg wat er
is added to the m xture. CLAIMS 1. A process for preparing polyurethane

foans from usedytiihddd. Did testif@niPpaf®RSBrticiRAPEI ARTREDZB56a) reacting used
frying oil with an acid such as peroxyacetic acid or performc
Compressive stress - this is the hardness at 40% strain from the compression hardness
test. The test is conducted according to DIN 53 577.
Hysteresis — it measures the area between loading and unloading curves plotted on the
10  stress vs. strain curve during the compression hardness test according to DIN 53 577.
Typical results of the properties of free-rise flexible polyurethane foams: tack free time

(ranging from 5 to 6 minutes), density (ranging from 40 to 50 kg/ms), percentage open

cell content (ranging from 95 to 96%) and hysteresis (ranging from 56 to 60%).

15 However, it may be noted that tﬁe procedure involved in the production of moulded
flexible polyurethane foams varies slightly from that of free-rise polyurethane foams. In
this procedure, a suitable mould is selected (e.g. 35cm x 35cm X 4.5cm internal
measurement, 45cm X 45cm X 10cm external measurement, aluminium block with cover,
44.3 cm X 44.3cm X 5cm). The mould is thoroughly lubricated with a suitable releasing

20  agent, preferably silicone-based. 300 g of polyols is weighed and added into a-heat
resistant and non-breakable container. Then, additives with certain amount such as 3.0g
silicone surfactant, 4.5g amine catalyst, 1.5g dimethyl phthalate and 0.6g tin catalyst are

added to the polyols. Then,12g water is added to the mixture.




acid at a tenperature of |ess than 701C, and at atnospheric pressure; (b)
reacting the epoxidised used frying oil with a nonohydric or pol yhydric

al cohol in the presence of a catalyst to forma polyol at a tenperature of
|l ess than 90' C, and at atnospheric pressure, wherein the nole ratio

bet ween the 10 nonohydric or pol yhydric al cohol w th unsaturated bonds
present in the used frying oil that has been converted into epoxide rings
to form epoxidised used frying oil being >1:3; (c) mxing the polyol wth
at | east one additive and at | east one blow ng agent at a tenperature of

| ess than JL.AIMENnd at at nospheric pressure; and 15 (d) m xing the bl ended
polyol with an isocyanate at a tenperature of less than 30'C, and at

at nospheric pressure to formthe said pol yurethane foans. 2. The process as
claimed in claiml1l, wherein the used frying oil is obtained from vegetable
sources such as pptodeRifor repmpbpalpurethhneafodmt rim asidnfrying aily desprodBs 3. The

process as clainmed in claiml, wherein the acid is generated in-situ. 16
4. The process @gmfhighgred in claim1l, wherein the nonohydric or polyhydric
al cohol is selected fromthe group consisting of glycerol (99%, ethylene
glycol ar propyleRsctdbXs& frying oil with an acid such as peroxyacetic acid or performic
acid at a temperature of less than 70°C, and at atmospheric pressure;
(b) reacting the epoxidised used frying oii with a monohydric or polyhydric
alcohol in the presence of a catalyst to form a polyol at a temperature of less
than 90°C, and at atmospheric pressure, wherein the mole ratio between the
10 monohydric or polyhydric alcohol with unsaturated bonds present in the used
frying oil that has been converted into epoxide rings to form epoxidised used
frying oil being >1:3;
(c) mixing the polyol with at least one additive and at least one blowing agent at a
temperature of less than 30°C, and at atmospheric pressﬁre; and

15 (d) mixing the blended polyol with an isocyanate at a temperature of less than

30°C, and at atmospheric pressure to form the said polyurethane foams.

2. The process as claimed in claim 1, wherein the used frying oil is obtained from
vegetable sources such as palm oil or soybean oil and from animal sources.
20

3. The process as claimed in claim 1, wherein the acid is generated in-situ.




5 5. The process as clainmed in claim1, wherein the catalyst is a
conposition of boron trifluroride in ether. 6. The process as clained in
claim1l1, wherein the blow ng agents are selected from the group consisting
of water, nethylene chloride, hydrochl orofl ourocarbon-141b 10 (HCFC 141b),
pent ane or cycl opentane. 7. The process as clained in claim1l1l, wherein the
additives are selected fromthe group igonsisting of silicone surfactant
such as N ax L603, am ne catalyst such as triethylene dianmne in

di propyl ene glycol (e.g. A33), tin catalyst, flane retardant, 15 pignent,
cross i nker s4aridepresess asxlasmerbin clam Thseisingbe Bwnahydsk af Relphidec élcalilqh 1,

wherein the isocyanate is selected fromthe group consisting of toluene
di i socyanat es ( TDisylected fromt Hid emaipdéqphisting of dhicet (207aY. esthylavBl Jlycc @r9.
Pol yur et hane foans obtained froma process according to any of the
precedi ng cl ai peopykae gh@ol. Use of the pol ynet hane foans according to claim
-9 as thermal insulators, construction materials, furniture, bedding,
cushi on, packaging material, coating material and adhesives.

5 5. The process as claimed in claim 1, wherein the catalyst is a composition of boron

trifluroride in ether.

6. The process as claimed in claim 1, wherein the blowing agents are selected from
the group consisting of water, methylene chloride, hydrochloroflourocarbon-141b

10 (HCEFC-141b), pentane or cyclopentane.

7. The process as claimed in claim 1, wherein the additives are selected from the
group consisting of silicone surfactant such as Niax [.603, amine catalyst such as
triethylene diamine in dipropylene glycol (e.g. A33), tin catalyst, flame retardant,

15 pigment, cross linkers and chain extender.

8. The process as claimed in claim 1, wherein the isocyanate is selected from the
group consisting of toluene diisocyanates (TDI) and methylene diphenyl
diisocyanates (MDI).

20
9. Polyurethane foams obtained from a process according to any of the preceding

claims.




5 11. A process for preparing polyurethane products such as coatings and
adhesives fromused frying oil, the process conprising: (a) reacting used
frying oil with an acid such as peroxyacetic acid or performc acid at a
tenperature of less than 70'C, and at atnospheric pressure; (b) reacting

t he epoxi dised used frying oil with a nonohydric or polyhydric 10 al cohol
in the presence of a catalyst to forma7polyols at a tenperature of |ess
than 90' C, and at atnospheric pressure, wherein the nole ratio bet ween the
nmonchydric or pol yhydric al cohol t h unsat urated. bg ds pres n t he used
frying oil &B Ii‘ln%/?sggél?fnp SHER% o3 A°c8 E‘? ’H’Ia i i sed
used frylng oil bein m Xi ng the ponoI with at | east one

additive at a téﬁﬁ%ﬁﬁ?ﬁ%émHPaFeggmﬂﬁﬁﬂméémﬁimm@ﬁ@léFhﬁF%bgﬁﬁﬁ? i eotingssur e;

and (d) mxing the bl ended polyol with an isocyanate at a tenperature of
less than 30" Cmapidpland athasisgsheric pressure to formthe said pol yaret hane
- products. 20 12. The process as clained in claim1l, wherein the used
ftying oil is obtained from vegetable sources such as palmoil or soybean
oil and from ani mal sources. 13. The process as clainmed in claim1l,
wher ei n § he adildAifsowgener prepdring pelytugthaiel profings prabcaseatisgscdrdi avbebives ¢l ai m
11, wherein the nonohydric or polyhydric alcohol is selected fromthe
group consi sti ngfréh ugddyseigodil, (29¥9)cessadonyprieing: gl ycol or
(a) reacting used frying oil with an acid such as peroxyacetic acid or performic
acid at a temperature of less than 70°C, and at atmospheric pressure;
(b) reacting the epoxidised used frying oil with a monohydric or polyhydric
10 alcohol in the presence of a catalyst to form a polyols at a temperature of less
than 90°C, and at atmospheric pressure, wherein the mole ratio between the
monohydric or polyhydric aleohol with unsaturated bonds present in the used
frying oil that has been converted into epoxide rings to form epoxidised used
frying oil being >1:3;
15 (c) mixing the polyol with at least one additive at a temperature of less than 30°C,
and at atmospheric pressure; and

(d) mixing the blended polyol with an isocyanate at a temperature of less than

30°C, and at atmospheric pressure to form the said polyurethane products.

20 12. The process as claimed in claim 11, wherein the used frying oil is obtained from

vegetable sources such as palm oil or soybean oil and from animal sources.

13. The process as claimed in claim 11, wherein the acid is generated in-situ.




propyl ene glycol. 5 15. The process as clained in claim1l, wherein the
catalyst is a conposition of boron trifluroride in ether. 16. The process.
as clainmed in claim1ll, wherein the additives are selected fromthe group
consisting of silicone surfactant such as N ax L603, amme catal yst such as
10 triethylene diamne in dipropylene glycol (e.g. A33), tin catalyst,
flame retardant, pignment, cross |linkerg and chain extender. 17. The
process as clained in claim1l, wherein the isocyanate is selected fromthe
group consisting of toluene diisocyanates (TDI) and netbyl ene di Bhenyl 15
di i socyanat es 14Nl procds8. asPRdhigned dnhedsim ph.odhereis hechonebydisael nglyhydsis
adhesi ves obtained froma process according to any of the preceding

clainms. 20 19. Usdeohof istélectabiym tiet dramecopsistihgatf glyserobtddPagethydens| dhyonl a8 as
coating material and adhesives.

propylene glycol.

5 15. The process as claimed in claim 11, wherein the catalyst is a composition of

boron trifluroride in ether.

16. The process as claimed in claim 11, wherein the additives are selected from the
group consisting of silicone surfactant such as Niax L603, amine catalyst such as
10 triethylene diamine in dipropylene glycol (e.g. A33), tin catalyst, flame retardant,

pigment, cross linkers and chain extender.

17. The process as claimed in claim 11, wherein the isocyanate is selected from the
group consisting of toluene diisocyanates (TDI) and methylene diphenyl

15 diisocyanates (MDI).

18. Polyurethane products such as coatings and adhesives obtained from a process

according to any of the preceding claims.

20 19. Use of the polyurethane products according to claim 18 as coating material and

adhesives.




