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 fryiA§ROGESS F@R THEPRODECTIONOESOLY FRETHANE PRODYERSr al | y

di scarded when an unacceptabl e deterioration in food quality is
experienced. 15 Quite often, used (spent) oils are inproperly disposed of
by washing the used oils down the plunbing or by dunping them down the

stor m dr aipIEsYsOEINVENTTIORE!r | y di sposing 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, causing sewer back ups. As sewer pipes back up, sewage and food
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create potential he azar ogge s’ can al SO
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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 1s

experienced.

15

Quite often, used (spent) oils are improperly disposed of by washing the used oils down
the plumbing or by dumping 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 object of this invention to provide
a process dregks stithaitring ¢reptoleyio Pelliftedstous water funyif ngn bad & @stly meingmancei ng

i ngredi ent and converting the polyols to useful polyurethane products. 10
3  SUMVARYandfelehiNvirbild cvlddesdridisegls/fines ienpregd oty bodieent i on provi des a
process for preparing polyurethane foans fromused frying oil, the process
conprising reacting used frying oil with an acid such as 5 peroxyacetic

acid or pegdfdindy,atisthnadbjét beRematiHod 9brdvaRS: pladss T CbiaRdg Pblyols
at nospheric pressure, reacting the epoxidised used frying oil wth a

nmonohydr i ¢ @f ysRP krgwméd(;iisc?sa#g%ﬂingih gﬁrﬂ%ge(rfp ragﬁ ‘Sgﬁ\%rt(ﬂ{g the tlﬁhsy &f ulequif orm a

pol yol at a tenperature o ss t at at'nospheric pressure,

mherei@ tQ%b%Rw&mkﬁkkﬁmQEt“Be” t he nonohydric

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 |ess than 30C, and at

at nospheric pressure and m xing the blgnded polyol with an isocyanate at a
tenperature of |less than 30C, and at atnospheric pressure to formthe said
pol yur et hane foans. 15 Further it is also provided a process for preparing
pol yur et ha$ieMM SRYCOE INVENTAON oat i ngs and adhesi ves fromused frying oil

t he process conprising reacting used frying oil with an acid such as
peroxyacetic acid or performc acid at a tenperature of |less than 70C, and
at atnospheric pressure, reacting the epoxidised used frying oil with a

nonohydr i cA@ordil1Pahy Pysshink envahedabyitiéy 4 @ chk esaneRrial palyaRiahy faniso form a
polyols at a tenperature of less than 90C, and at atnbspheric pressure,

wher i n_t NGl dd 01, 6 HBER: EELHRBADNMRE GseadlyiROLY WYHGh Soigkeghal with

unsat ur at ed bonds ‘present in the used frying 0| at has been converted
into epoxide rings to forn1 oxi di. e sed fr il Xi ng
the 4 %pmpquwmefﬁa%dl %dﬁg T |vee%?a% ﬁﬁq At uf “ﬂ%é qIhan 30C,
and at atnospheric pressure and WIXIn t he bl ended poly mnth an

|socyanaté“%fﬂ’e?%ﬁﬁ%?ﬁ?dﬁ@mﬁgtb%§§°¥ﬁﬁﬁiuﬁﬁcﬁﬁéﬁd“ W“Bﬁhﬁ?ﬁﬂ@@?&‘ﬁressure

to formthe said pol yuret hane products.
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 1s 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 atmospheric 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 yurethane products.
Hereinafter, 5 this specification will describe the present invention
according to the preferred enbodi nentsgof the present .invention. However,
it is to be understood that limting the descriptionto the preferred
enbodi ments of the invention is nerely to facilitate discussion of the
present i modysl wdth aamest dnel sldi iy ias i tengbrdnitatof 1RO dan SKPQ,| #d 4t atnidsphatict may
devi se various nodifications and equi val ents wi thout departing fromthe

scope of tﬂ?@ssur@@n@l&ﬁﬁﬁé‘% el DolydN@itR hR ¢RePnkie at @ REAY PG dRPUY Plag from
used frying oils as the starting ingredient and converting the polyols to

pol yur et hape~ nunber of

st eps. %@ Ekﬁqg%%éf |seg%used%ﬁgé?%%%%ﬁﬁogﬂmﬁﬁgpgbad§%y reacting the
used frylng oil with an acid. 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

|l ess 20 than 70C, nost preferably at 65C to 70C and at at nospheric
pressure.




The epoxi dation process involves formati on of peroxyacetic acid by reacting
glacial acetic acid with 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.sOnce the formation of peroxyacetic
acid is conpleted, the catalyst is neutralised with sodium acetate and the
actual wei ght of peroxyacetic acid available in the mxture is cal cul at ed.
5 The i odi DETAALED DESCREP KN OF TIRE PREFERRED EMBORIMENTSd by usi ng AOCS
Oficial Method Da 15-48 or any other nethods known to the persons skilled
inthe art. The 1iodine value neasures the degree of unsaturation present
in the used frying oil. Based on the fact that one nole of peroxyacetic

acid Wi Il TiRaatse e rapr.leetooé pfée&@tfwakﬁqnggagazsmmeaeﬂhng pid fie used

frying oil, the ampunt of pefex ac tic acid used frying oil to fully react

Wi th the atl{é“sﬂaﬁ%ﬁ ‘?n%%&%%ﬁ&%&ﬁv%n tg Félg&l@lt&yd)lﬁl%glﬁn l,ahed rand,agded to

per oxyacet I C acl er oxyacet IC a cts e nsat ur at e onds

present, i h 1949 t 15 epoxi de rings
Gpoxi at | oiet LR SiSuRbine Ml Sidlbor BT SRR e Bl

oxi rane ox cont of the reductjon in, pero |c a ﬂ cant t, t he
spent aci #g?glqeé‘f‘?o@%e PRt AR Sloresn tig i ﬁ% ﬁ?} g ESt ral and
dried. The product forne

description to the preferred embodiments of the invention is merely to facilitate

discussion of the present invention and it is envisioned that those skilled 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
convertiﬁg 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 generated in-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




during this process is known as epoxidised used frying oil. 20 Later, the
epoxi di sed used frying oil is reacted with a nonohydric or polyhydric

al cohol in the presence of a catalyst to forma polyol wherein the nole
rati o of the nmonohydric or polyhydric alcohol to unsaturated bonds present
in the used frying oil that has been gonverted into epoxide rings to form
epoxi di sed used frying oil is ?1:3. This step is 7 conducted at a
tenperature of |ess than 90C, nost preferably at 60C to 65C and at

at nospher i Zo@I ghsiaf ecetit Acitlhe hpdrogar peeskidnbOlvresicetfatioh én pfeghe®ice sgfvent i on,
the preferred nonohydric or 5 polyhydric alcohol is glycerol (99%,

et hyl ene giloyael29%rcadlyePil B0 8 ¥&R! the Mdest pirSfyacaR! aicbibnendd weol . An
exanpl e of the catal yst, which can be used is a conposition of boron

triflurori@gndidned roxy-g&%icn&ids is" @Jrﬁ;ﬁet&i, ﬂﬁ@%ﬂ}ﬁg{ iCndMiraRQl g b &l cohol
to unsaturated bonds present in the 10 used frying oil that has been

Ced | . . > C L is in th
Fange of 1ie0nRgR e Ral Y PR dBeb LYRANRH N KARE bl ikt Glated |11 118
prefer%ed ratios to obtain maxi muminput are 3:1, 2:1, 1:2 and 1:3. Later,

t he pol'yols obtained fromthe earlier step are mxed with an additive or a
15 conbi nation of additjyes and a bl ow ng. agent_ or .a conbinati of bl owi ng
agents. ThAHS 10 3l ofoHE Rk B ePerd e BREeR Y| B8 ALY SHERlst
preferably at room tenperature ) )

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 perexyaeetieaeid used frying oil to fully

react with the available peroxyacetic acid is calculated, weighed and added to

peroxyacetic acid.

Peroxyacetic acid reacts with the unsaturated bonds present in the used frying oil to form
15  epoxide rings. After the epoxidation is completed, which is determined by the presence of
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.

20 Later, the epoxidised used frying oil is reacted with a monohydric or polyhydric alcohol
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




and at atnospheric pressure. Blowi ng agents are required in the process of
producti on of pol yurethane foans only. In 20 the production of other types
of pol yurethane products such as coatings and adhesives, blow ng agents
are not required. s Additives are added to control and nodify the final
properties of polyurethane polyner, t® increase the rate of reaction, to

i nprove the foam structure/performance, to assist denoulding and/or to
retard flammubility. The additives used in the present invention are

sel ect ed faoadocsdd dtcoempaatuiact By thatl OD°@E smbd prefdrbifl3 at 80ihe 65Candsdt such as
triethylene 5 diam ne in dipropylene glycol (e.g. A33), tin catalyst, flane
retardant ,a;RbGNBAY prel@ss | inkers and chain extender. Particularly,
surfactant is added to control cell size of the pol yurethane foans,

catal ysts are added to accelerate the blowing and gelling reactions in the
pol yneri sation process, 10 cross linkers are for branching and

crossl i nki i X L. increase the size.of the rigi.d segnent
and_ hydr odBrnpdagedd EhBRH R 1, bR BTN ALY o Bt APadbRHE T ng

and the pi nt .is.to .introduc ur_.to the ppol yurethane fo . _The
Arount Sof Poag Rl B eBinh (690 bk Bl o PoRISR AL oo ro 50
parts per hundred polyol  (pphp). It nust be noted that the selection of
the addit iPFesraply Btgﬂéﬁlﬁdémwgw HEaBpl of shey spiplvetatWideh $pn the U9l Vuket hane

products. » ) o
composition of boron trifluroride in ether.

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 carlier step are mixed with an additive or a
[5  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.




Bl owi ng agents are added to generate the cell structure of the foam There
are two types of blow ng agents, which are chem cal bl ow ng agents and
physi cal bl owi ng agents. An exanple of chem cal blow ng agents is water
and exanpl es of physical blow ng agents 20 are nethyl ene chloride,

hydr ochl or of | our ocar bon- 141b ( HCFC- 141p), pentane and cyclopentane. In the
preferred enbodi nent of the present invention, water is selected as the
only bl owi ng agent and the amount of the water required will be 1 to 5
pphp. |f aAdditwbiarmidded tofonwal atd modiynmht MyhleprepaetdsarfipdButahans gdlyasr,t he

bl owi ng agent, the anpunt of 9 nmethylene chloride is O to 20 pphp, whereas
i f a conbipghéredteQhe Yaé OF réfodiGbGmbAll thé fodad efludsre/pbforlavd, g 8gant, the
anount of and HCFC-141b is 0 to 20 pphp. Persons skilled in art appreciate

that wat ergchRagriis Mtloh tcdﬂe&a%&ﬂéﬁﬁﬁ@lﬁlﬁﬁr TRe ﬁcﬁﬁtWeyﬂ%HE}J?lt}ﬁ: preser@hRafbea@ci d,
whi ch deconposes to urea and carbon "di oxi de. Carbon d|0X|de obt ai ned from

the afor ess@iegthc?tﬁ%& Hﬁé’o‘ﬂe%ﬁ?faét{]g st ”ﬁia?%‘éﬁ HolE & ﬁ?tvéluﬁig a&é)?(rkceg sﬁén%”‘:t ure

of foam e prlor art ur et ane prepol ymers

pol yo s e‘fa“%gf %?énc;epsa?%%o biadDr AR Bl BROETRE AL ity 70 ©
i nvention a e €quc prlor to their reaction with the isocyanate and
subsequent™KgF Aad ¢ polyurethane foans. Accordingly, the present
invention will not face the viscosity problem as the pol yurethane

prepol yners will not be required.

Particularly, surfactant is added to control cell size of the polyurcthane 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




15 Finally, the blended polyols are mxed with an i socyanate to form

pol yur et hane products. This step is conducted at a tenperature of between
25C to 30C, preferably at room tenperature and at atnospheric pressure.
Several aromatic and aliphatic diisocyanates are available. The preferred
i socyanates are toluene diisocyanates §TDI) and nethyl ene di phenyl

- diisocyanates (MDI). The nost preferred isocyanate is MO, as TDI is highly
20 volatile. In the preferred enbodi nent of the present invention, the

pol yol s obtiethyleet dhiwitetih@to Hppghp dvisechs uSecnitiydtiog odwhteaand HRCFOWeth iso r eact
with MDI with vigorous stirring. The 10 mxing is done at 2000 rpm until

the ni xt unged sy thsbohaaiBeent) Mk amoing of SROHESCIAeL QU (¥ 20RbEM Ng agent in this
process. The polyols react with MD to form pol yurethane polynmers while
the presence of water helps in the generation of carbon dioxide in-situ
thus resulting in the formation of cell structures or foans. The polyols

are preparg ohé‘§1fi11&i[ irpé\% gagérfecih@qh&%rv%ié{‘:}e' A8 with dild6cyariedh &Ofo}ﬁﬂrnﬁltsﬁﬁi@g f oans.

As nmentioned earlier, reacts wth Il socyanat'es to form unstabl e

car baric agidy. 10) GGCEATRGSES | GicileR ARf, SALRRNCBLaX e ANdu g car bon

di oxi dé provi expanston  or “gener ates UEtGre O oam It
was found ha&l'ﬁt Iftue ar(rjount of.dc%r%bon 10 di oxi de g%‘odtig&ted inthis stepis
directly prOpBPAFBHAC ¥ RRECSRURPHET OV EEPIHER TS CCUsME HgPY™ by havi ng
a higher anount of water in this step, and therefore producing a

In the prior art, polyurcthane 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




hi gher anmount of carbon di oxide, the structures and density of the

pol yur et hane foans can be inproved. 15 Muld rel easing agents are al so
used for easy renoval of the cured pol yurethane foans fromthe noulds. By
selecting the nole rati o between the nmonohydric or polyhydric al cohol and
unsat urated bonds present in the usedffyrying oil that has been converted
into epoxide 20 rings to form epoxidised used frying oil, and the type and
concentration of the additives used, the hydroxyl value of the polyols and
t her eby t heixivgtisrdenoht 2006 rpml il eichaivent oans creamy. Datepriediedtalthy oflgr ecast .
11 The present invention allows the production of the pol yurethane
products fiwingegeh®in thid @Fdteds. TRSpU1RIOFcact Wi VDI tCotR BolyBictiah@pdymémr ni t ur e,
beddi ng, cushion, packaging naterials, coating material, adhesives and
nany ot heryMRr ih8GrdRRld AR ShelpR it (HIUStheBorRBPIBHoAt B6killd 3 sihh endsed
frying oil used in the present invention can be obtained fromvegetable
sources s : Pl ar J f 1 - The
fol |l ow ngqg%g?%l lg@l:wrs]@olﬁiril%ngﬁg Jefgg%lo lrt}lrr?#err fﬂﬂ? l}gl tg ggggis{sﬁé e’ Il%ﬁ%/}é(ﬁ I tollaﬂlr,lo-gwi t hout
any intent.for fhe i ntion.to be |imted to the specific enbodi nent
descrigedqéig gW%@&xT8¥ﬁﬁm(ﬁ%ﬂ ngﬁﬁFﬂb%?%duction of peroxyacetic acid,
glacial acetic acid and 1% to 2% sul phuric

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.

[5  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 type and concentration of the additives
used, the hydroxyl value of the polyols and thereby the nature of the polyurethane foams

may be predictably forecast.




acid, which is used as a catalyst, are m xed 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. 15 The concentration of hydrogen
peroxide used in this step ranges from35%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 addition of hydrogen

per oxi de. Thecpmosalt mgleytion dlldves the geoduotieonf kel pdirecthckeh pioducts ddreusofast he

hydr ogen peroxide so that the tenperature of the reaction is not allowed
to exceed #héfual Ahbuddtolsheoadaictidd Mm&éridly dfivgiene, 20ediigd XéudRiohS packipingt ed, the
m xture is stirred until a maxi num percentage of peroxyacetic acid is

formed or whemald, BEarhy HHARN BRSLAXE SR HaS FRSVafdRYBLEEns, Thi s normal |y
takes about 4 hours. The maxi num per cent age of peroxyacetic acid obtained

ranges from 14% to 22% dependi ng on the concentrati on of hydrogen peroxide
used. Once the maxi mum 12 percentage of peroxyacetic acid is obtained, the

catal yst i/p NEPLLabhSaMidD @D ABPEORE! B GecadTOHD Y QlySAdiym, agetat e 1t
e react S II]

is addéd to fon m xtufrée an irred for our. 'Based on the

per cent age_, of. roxyacetj c acid obtai ned..and assum ng t hat .one nole of 5
Dor oxy acat PUD I P BRI T B IIa" SP O AP B OR S BFbsent | n
the used frying oil, the maxi rum anount of used frying oil that can react

with the avail abl e peroxyacetic acid is calculated. For a given anount of

peroxyacetic acid, the maxi num anount of used
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 stirring.
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 noted 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 when 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




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 |ower the anount of 10 epoxidised used frying oil wll
be obtai ned. The peroxyacetic acid is added slowy to the used frying oi

Wi th 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

al | oned t opeeseoregel ofiB@xyAceatio psit anebtaiatde thefcalydi is nawtratsed Wwith pr appeiprigte
controlled if the tenperature of the reaction is maintai ned between 55C to
65C. Once dnrenadtotivarcetitepk ixaddatetthereadiod nigtutdwndusaed for yihogr. oi | i s
conpleted, the mxture is stirred for an additional 30 m nutes. 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
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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




(equi pped with stirrer). The m xture is heated to 60-65C. After which, 1%
of total weight (anount of ethylene glycol and epoxidised used frying oil)
of boron trifluoride in diethyl ether (48% is added to the m xture and
the mxture is stirred vigorously (>1000 rpm. The reaction takes about
30-45 mnutes to conplete. The productijsformed 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 anot her heat resistant and

non- br eakaising T ontwmimédryer Thtba, quasiddiis ilmgs Thd fequieed miostamerwomentsefictheas 1. Og
of L603, 1.5g of A33, 0.5g of dinethyl 15 phthalate and 0.2g of tin

cat al yst agpexidide®cket dryidgoiliobyad 6.29%4. Og water which acts as the bl ow 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 the polyol and
m xture turns creany. Next, 70g of MD is added and the vigorous stirring

conti nued pynhd bro@h'&f&h%? p@%lsn tHeOaplpgﬁg%rmoﬂﬁ@oﬁéﬁo&fdis@@ ub& Prfi gt&gped and

the stirrer 1s renoved f oam lowed to rise 20 free in the
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cal cul at edwglgrh? ?gll’rel())(LBII{i gfs ethylene glyco d gpo?uc{lseg Iuse:d frygqug 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.




5 Percentage open-cell content - The test is conducted by using

M croneritics AccuPyc 1330 Pycnoneter. The test is conparable particularly
to ASTM D2856. Conpressive stress - this is the hardness at 40% strain from
t he conpression hardness test. The test is conducted according to DIN 53
577. Hysteresis - it neasures the areggbetween | oadi 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 Theetoainl 8 ablovydite e rbonnenpdracic for deddyi Inafore (it angitngtoftegm 5 to 6
m nutes), density (ranging from40 to 50 kg/ nB), percentage open cell
content (repagdineg b shysiRS feindt%he phkiday $dsar 88 ipsrifmaid gicbedfng o sndird 609 .
15 However, it nmay be noted that the procedure involved in the production
of noul dednethdxi bl e pol yuret hane foans varies slightly fromthat of
free-rise polyurethane foans. In this procedure, a suitable nmould is
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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/m3), percentage open

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

15  However, it may be noted that the 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 5¢cm). 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.




CLAIMS 1. A process for preparing pol yurethane foans fromused frying oil,
the process conprising: 5 (a) expoxidising used frying oil by reacting
used the frying oil with peroxyacetic acid or performc acid at a
tenperature of |less than 70C, and at atnospheric pressure; (b) reacting

t he epoxi di sed used frying oil with a monohydric or polyhydric alcohol in
the presence of a catalyst to forma polyol at a tenperature of less 10
than 90C, and at atnospheric pressure, wherein the nole ratio between the
nmonohydr i cCbAIMSI yhydri c al cohol with unsaturated bonds present in the used
frying oil that has been converted into epoxide rings to form epoxidi sed
used flying oil being ?1:3; (c) mxing the polyol wth at |east one
additive and at | east one blowing agent at a 15 tenperature of |ess than

30C, and at at RIS for PrPasAY me@,@maﬁéﬂ}oamsxrraﬁ usBe fitensiedndpteds Wi th an
i socyanate at a tenperature of [ess than 30C, and at atnospheric pressure
to formthe saggmgggggrethane foams. E E 2. The process as clainmed in claim
1, wherein the used ying oil is obtained from 20 vegetable sources such

as pal 03 oi I or (%Oé%gﬁﬁisﬂligluséf gy&é ik b?r}!sm{lg I &E ﬁ’ying oil with 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
alcohol in the presence of a catalyst to form a polyol at a temperature of less
10 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;
(c) mixing the polyol with at least one additive and at least one blowing agent at a
15 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 foams.

2. The process as claimed in claim 1, wherein the used frying oil is obtained from

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

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




3. The process as clained in claim1, wherein the acid is generated
in-situ. 16 4. The process as clainmed in claim1l, wherein the nonohydric
or polyhydric alcohol is selected fromthe group consisting of glycerol
(99%, ethylene glycol or propylene glycol. 5 5. The process as clained in
claim1, wherein the catalyst is a congosition of boron trifluroride in
ether. 6. The process as clained in claim1, wherein the bl ow ng agents are
selected from the group consisting of water, nethylene chloride,

hydr ochl or of holhepaschsrss thihed hQ1QEGhirdithe mpestiydtie oopolghpakiopkohane. 7.
The process as clained in claim1l, wherein the additives are selected from

the group consi sticéigl TonSitd GRNE @usik@R! aNklycad] MBwRtRlYEe Ayed @s
triethylene diamne in dipropylene glycol, tin catalyst, flane retardant,
pi gment, cross gbiikaEgy@d 15 chain extender. 8. The process as claimed in
claim1l1, wherein'the isocyanate is selected fromthe group consisting of
tol uene diisocyanates (TDI) and net hyl ene di phenyl diisocyanates (NM). 20
17

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 (HCFC-141b), pentane or cyclopentane.

7. The process as claimed in claim 1, wherein the additives are selected from the
group consisting of silicone surfactant, amine catalyst such as triethylene diamine
in dipropylene glycol, tin catalyst, flame retardant, pigment, cross linkers and

15 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. A process for preparing pol yurethane products such as coatings and
adhesi ves fromused frying oil, the process conprising: (a) expoxidising
used frying oil by reacting the used frying oil with peroxyacetic acid or
performc acid at a tenperature of less than 70C, and at atnospheric 5
pressure; (b) reacting the epoxidisedysed frying oil with a nonohydric or
pol yhydric alcohol in the presence of a catalyst to forma polyols at a
tenperature of less than 90C, and at atnospheric pressure, wherein the
nol e rati o bt weernctdsdfor prpatngdpolgurethapopyhiyds siwchadscalathgsvwaridhadhnsetsur at ed
bonds present in the used 10 frying oil that has been converted into
epoxi de rings tienf wedfigpexildihs gebcusedmpfisiyg:ng oil being ? 1:3; (c) mxing
the polyol with at | east one additive at a tenperature of |ess than 30C,
and at at nosphei)i &ppri@sidhsed Bdg of)byTbacting ihehBed,irpingd od WAt pebxyabdid an

i socyanate at a tenperature of less than 15 30C, and at atnospheric

pressure to T orm J ey Saldl el SLNARGALAN IS ) Oo-d a0k 68REAR ¢! ai med

in clainB, whereint frying ol tal ne om veg e sources
such ag pal moil or soybean oil and from animal sources. 11. The process as
claimed in clai n™#&ein the acid is generated in-situ. 20 12. The

process as clained in cl]ainm, wherein_ the nonohydric or_ polyhydric al cohol
(b) reacting the epoxidised used frying oil with a monohydric or pdlyhydric

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
10 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 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

15 30°C, and at atmospheric pressure to form the said polyurethane products.

10. The process as claimed in claim9, wherein the used frying oil is obtained from
vegetable sources such as palm oil or soybean oil and from animal sources:
11. The process as claimed in ¢laim9, wherein the acid is generated in-situ.
20 12. The process as claimed in claim9, wherein the monohydric or polyhydric alcohol
i1s selected from the group conmsisting of glycerol (99%), ethylene glycol or

propylene glycol.




is selected fromthe group consisting of glycerol (99%, ethylene glycol or
propyl ene glycol. 18 13. The process as clained in clainB, wherein the
catalyst is a conposition of boron trifluroride in ether. 14. The process
as claimed in clainm®, wherein the additives are selected fromthe 5 group
consisting of silicone surfactant, amjge catal yst such as triethyl ene
diamne in dipropylene glycol, tin catalyst, flame retardant, pignment,
cross linkers and chain extender. 15. The process as clained in clainB,
wherei n the isxdtypracs dsslaatdit@admbr ohertinahe dBalg aup canmsitehioipoh t ol uene
di i socyanates (TDI) and net hyl ene di phenyl diisocyanates (MD). 16. A
process subst anfifliablide @eteer ei nbef ore descri bed.

14. The process as claimed in claim9, wherein the additives are selected from the
5 group consisting of silicone surfactant, amine catalyst such as triethylene diamine
in dipropylene glycol, tin catalyst, flame retardant, pigment, cross linkers and

chain extender.
15. The process as claimed in claim9, wherein the isocyanate is selected from the

10 group consisting of toluene diisocyanates (TDI) and methylene diphenyl

diisocyanates (MDI).

16. A process substantially as hereinbefore described.




