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"WURETHANE FOAMS FROM PALM O L AND PALM O L PRODUCTS TECHNE-CA); {F! lgL,D» f o~
he present invention relates to a process for the produc- tion ofi
;’pofyuret‘hane foams (hereinafter referred to as 5 PUFs), and in

“ pakticular, to a process that can redi ctably produce various types of

pol yol's from pal moil and pal moil groducts (hereinafter referred to as
POP) to yield tailor nade PUFs depending on the choice of -raw materials and
additives. 10 BACKGROUND ART The main raw materials used for the
production of PUFs are pol yols, diisocyanates and bl ow ng agents. More than
90% of the polyols currently used for the production of PUFs wor | d- wi de
are baséd on pol yethers derived from ethyl ene or é) | ene oxi des.
The ot (RUGRIRETHANE FRALTS VTR AL (AN RAETG BT e pol yol s
play a vital role in determning the properties of the final polyurethane
pol yner. The char- acteristics of the polyols used to nmake flexible and

"191d  technIcAL FIELD
The present invention relates to a process for the produc-
tion of polyurethane foams (hereinafter referred to as
5 PUFs), and in particulér, to a process that can predictably

produce various types of polyols from palm oil and palm .oil
products (hereinafteh referred to as POP) to vyield téilbn
made PUFs depending on the choice of raw materials and

. additives.

10 BACKGROUND ART
The main raw materials used for the production of'PUFs are
.pblybrs, diisocyanates and blowing agents. More than 90% of
the polyols currently used for the production of PUFs world—
wide are based on polyethers derived from ethylene or pro-
15 pylene oxides. The structures,'molecular weights and func-
tionalities of the polyols play a vital roie in determining
the properties of the final polyurethane polymer. The char-
actéristics 6f thé polyols used to make flexible and rigid

polyurethane foams are as given below. ®
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pal yur et hane foans are as gi ven bel ow. 2 Characteristics

Fl*exi bl e Ri gid of polyols PUF

PUF Mol ecul ar Wei ght 1000-.6500 150- 1600
Funetionality 2-3 3-8 5 Hydr oxyl Val ue
28- 160 250- 1000 Source: Ceorge Wods (1987) Several aromatic

and al i phatic diisocyanates are avail abl e. However, nore than 95% of the
PUFs produced are based on two of themi.e. toluene diisocyanate (TDI) and
nmet hyl ene di phe- 10 nyl diisocyanate (MDI). OnMng to the high volatility
of TDI, MDI is gaining in popularity. Water is added in the pol yurethane
formul ation-to-react-wth-the-di-i-socyanates—to-y+eld-carbon-di-ox-de-gas

whi ch acharastarhkedesg agent to geneFaesibhe foam structBieidNormal |y

‘of polyols PUF PUF
Molecular Weight 1000-6500 150-1600
Functionality 2-3 3-8

5. Hydroxyl Value _ 28-160 250-1000

Source: George Woods (1987)

Several aromatic and aliphatic diisocyanates are available.
However, more than 95% of the PUFs produced are based on two
of them i.g. toluene diisocyanate (TDI).and methylene diphe-—
10 nyl diisocyanate (MDI). Owing to the high volatility o% TDI,

MDI is wgaining in popularity.

Water is added in the polyurethéne formulatibn to react with
the diisocyanates to yield carbon dioxide gas which acts as
a blowing agent to generate #he foam structure. Normally
15 other blowing agents ére added to boost the performance. The.
normal blowing ageﬁts added into the polyurethane formula-
tion used to be chlorofluorocarbons (CFCs). However, due to
the harmful effects of CFCs to the environment, other blow-
ing agents are being sought after and pentane and cyclopen—

20 tane are possible alternatives.
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15 ot her bl owi ng-agents are added to boost the performance. The nornal
bl-owi ng agents added into the pol yurethane fornula- tion used to be

chl’or of Fuor ocar bons (CFCs). However, due to the harnful effects of CFCs to
t fefenvi ronment, other blow ing agents are being sought after and pentane’
ang cycl open- 20 tane are possible alternatives. Besi des these three
raw materials, other additives are fre- quently added to the pol yurethane
formul ation either to increase the rase of reaction, to inprove the foam
"struc- ture/performance, to assist denoulding and/or to retard 5

f | amrabBleisigesDtinisgee threie inesn gmaterfizdisantothefr| adelitistesy @reantfeeand
organotin conpounds are frequently added into the fornulation to increase
t he rat @usNtl¥acedsies Hodithe Fed umehhaney c ifigraulatd ored eddherambsbi | i ty.

Moul d rel easing agents are al so used for easy renoval of the cured PUFs
fron‘101ncrﬁ@3ﬁou%&§.rate of reaction, to improve the foam stiruc-

ture/perfofmance, to assist demoulding and/or to retard
5 flammability. Diamines, silicone surfactants, flame retard-
énts and organotin compounds are frequently added into the )
formulation to increase tﬁe rate of reactions, modify the
foam structures and reduce flammability. Mould releasing.

agents are also used for easy removal of the cured PUFs from

10 the moulds.

Except for organotin compounds, all of the above materials

are petrochemical-based. There has been'interest fo find
alterﬁatiyé sources for raw_materials used in PUF production

and materials from renewable resources such és oils/fats

- 15 which offer interesting possibilities as disclosed in US
Patent Nos. 5,075,417, 4,825,004.04 and 3,637,540. The
Proceedings of PORIM International Palm 0il Conference, 1993

and - US Patent Nos. 4,508,853 and 4,742,087 have indicated

that when oil/fats (including palm oil) are epoxidized, they

20 ¢<c&n be reacted with any polyhydric alcohols to yield poly-

ols. These polyols can be reacted or mixed with diisocy-



Except for organotin conpounds, all of the above materials are
petrochenmi cal - based. There has been interest to find alternative sources
for raw:materials used in PUF production and materials fromrenewabl e
resdurces such as oils/fats 15 which offer interesting possibilities as
difsclosed in US Patent Nos. 5,075,417, 4,825,004. 04 and 3,637,540. The
Proceedi ngs of PORIM International Palm G|l Conference, 1993 and US Patent
Nos. 4,508, 853 and 4, 742,087 have indicated that when oil/fats (including
Pal moil) are epoxidized. they 20 can’ be reacted with any pol yhydric

al cohols to yield poly- ols. These polyols can be reacted or m xed with

di i socyanatesie exiebd ywel vupetiyanet hrosreobryeeos yueed mabnlymin| ythe the
adhesive fields as disclosed in US Patent Nos. 4,508,853 and 4,742,087. In
Mal aysi adhesitve nfielbds ap gisgleeedolpiVs PebanbNafoi4-508,838p0dd in

t he Iatf ;igﬁéégs and early nineties. Although

In Malaysia, the interest to produce polyols from palm oil
5 started in the late eigﬁties aﬁd early 'nineties."Although
there were severai fechnologies available to produce polyols
from oils/fats, there were doubts on the .suitabilities of
these technologies to be used for palm oil since it is semi-
solid at room temperature {(and not liquid compared to other
10 oils). Early attempts indicated difficulty in getting repro-
‘ducible PUFs despite_fhe fact that similar raw materials
were being fed into the process. In these cases however, tﬁe

type of POP used was never clearly specified.

DISCLOSURE OF THE INVENTION
15 The present invention comprises a specific combination of
process steps, with the aim to produce polyurethane foams of

predictable propernties from POP based polyols and other non—

petrochemical based raw materials.

For the purposes of this invention POP consists of the

20 folloging:—



t here were several technol ogies available to produce polyols . from
oils/fats, there were doubts on the suitabilities of these technologies to
be used:for palmoil since it is sem- solid at roomtenperature (and not

| i*\gyi d conpared to ot her 10 oils). Early attenpts indicated difficulty in
getting repro- ducible PUFs despite the fact that simlar raw materials
were being fed into the process. In these cases however, the type of POP
used was never clearly specified. DLCLOSURE OF THE | NVENTI ON 15 The
present invention conprises a specific conbination of process steps, with
the aimto produce pol yurethane foans of predictable properties from POP
based pol yol s and ot her non- petrochem cal based raw materials. For the

pur poses) of this ¢russtpaln REPL odtiibdts t s ofhé hei ROextriadted firgom the - 5-

mesocarp of an oil palm fruit;

b) Crude palm olein which is the liquid fraction ob-

tained after fractionating crude palm oil;

5 cl Crude palm stearin which is the solid fraction

obtained after fractionating crude palm oil;

d) ~ Refined, bleached and deodorized palm oil which is
the product obtained after crude palm oil has been subjected
partially or fully to physical or chemical refining. Herein
10 physical refining refers to the process where crude oil is
subjected to dégumming with phosphoric acid, bleaching with
bleéching.earth and deodorization under vacuum at high
temperature; and chemical refining reférs to the process
where crude oil is subjected to neutralisation with caustic
15 soda, bleaching with bleaching earth and deodorization under

vacuum at high teﬁperature;

e) Refined, bleached and deodorized palm olein is the

product obtained after crude palm olein is subjected either
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a)- Crude palmoil which is the oil extracted fromthe nesocarp of an
oil palmfruit; b) Crude palmolein which is the liquid fraction

ob- -tained after fractionating crude palmoil; 5 c) Crude palm
st®earin which is the solid fraction obtained after fractionating crude
pal moil; d) Refi ned, bleached and deodorized palmoil which is the
product obtained after .crude pal moil has been subjected partially or fully
to physical or cheni cal’ refining. He-ein 10 physical refining refers to
the process where crude oil is subjected to degumrming with phosphoric acid,
bl eaching with bl eaching earth and deodorizati on under vacuum at high

t enper aagteéaland ohenfaoallyr €bi thegphebécalt oorhecpendesd whefdndngde oil is
subj ected to neutralisation with caustic 15 soda, bleaching with

bl eachpngceast horndtdéedbhez AdppdduftectiobuebtainedghesnpEriinee. o)
Ref i ned, bl eached and deodorized palmolein is the product obtained after
crude palm oiidi Asi Sragbiepeéadei t her

f) Refined, bleached and deodorized palm stearin is
5 the pfoduct obtainéd after crude palm stearin is sdbjected
either partially of fully to the physical or chemical refin-
ing process or it is the solid fraction obtained when re-

fined palm oil is fractionated; and
g) Palm kernel oil which is 0il extracted from the
10 kernel of an oil palm fruit. .

The present invention provides a process for preparing
polyurethane foam from palm oil or a product thereof, the

process comprising:

(1) preparing epoxidised palm oil by epoxidation of

15 palm oil;
. (ii) reacting the epoxidised palm oil with a monohydric

or polyhydric alcohol in the presence of a catalyst to form

a polyol;



partially or fully to the physical or cheni cal refining process or it is
the liquid fraction obtained when refined palmoil is fractionated. f)
Refi ned,- bl eached and deodorized palmstearin is 5 the product
obt ai ned after crude palmstearin is subjected either partially or fully
to the physical or chemcal refin- ing process or it is the solid fraction
obt ai ned when re- fined palmoil is fractionated; and g) - Palm
kernel oil which is oil extracted tmam the 10 kernel of an oil palm
fruit. The present invention provides a process for preparing polyurethane
foam frompalmoil -or a product thereof, the process conprising: (i)
preparing epoxidised pal moil by epoxidation of 15 palmoil; (ii) .
reacti ngiiihle epoxi di seaalpihgn with ihd o PsD Yk | & afioP®| Yhydit Dvéd cohol in
the presence of a catalyst.to form
that are conventional in the preparation of polyurethane
foams; and
(iv) ‘mixing with the polyol of step (ii) or the polyol
5 mixture of step (iii) with an isocyanate to form a polyu-
rethane foam,
characterised by preparing the epoxidised palm oil
in step (i) by reacting palm 0il with an acid selected from
peroxyacetic acid aﬁd performic acid, and by the mole ratio
10 monohydric or polyhydric alcohol to unsafurated groups
originally present in the palm o0il that has been converted

into epoxide rings to form epoxidized palm oil and palm oil

products [EPOP] in step (ii) being ) 1:3.

The mole ratio monohydric or polyhydric alcohol tp unsatu-

15 rated groups originally present in the palm oil that has
been converted into epoxide rings to form EPOP in step (ii)

is in tﬁe 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, 1:1, 1:2 and 1:3.

20 The process as hereinbefore mentioned is preferably carried

out at atmospheric pressure.

The epoxidized palm oil and palm oil products [EPOP] accord-
ing to the invention may be refined, bleached and deodorized

palm olein (RBDPOo), refined, bleached and deodorized palm



a.polyol; - -7- (iii) m xing with the polyol one or nore
additives that are conventional in the preparation of pol yurethane foans;

—and (iv)- . m xing with the polyol of step (ii) or the polyol 5
mxt-ure of step (iii) wth an isocyanate to form a polyu- rethane foam
characterised by preparing the epoxidised palmoil in step (i) by reacting

palmoil with an acid selected from peroxyacetic acid and performc acid,
and by the nole ratio 10 nonohydric or polyhydric alcohol to
unsaturated groups originally presesd in the palmoil that has been
converted into epoxide rings to.form epoxidized palmoil and pal m oi
products [EPOP] in step (ii) being [err] 1:3. The nole rati o nonohydric or
pol yhydeii¢ &RBDROD ,t pefiipetiu- bleached and deodorized palm stearin
(RBDPOs), crude palm oil (CPO)}, crude palm olein (CPOo} or

crude palm stearin (CPOs).

In step (ii) any suitable monohydric or polyhydric alcohols
5 may be utilised. For example, glycerol derived from POP may

be used.

It may be appreciated that a wide variety of auxiliary addi—.
tives may be added to contrél and modify both the polyureth-
ane foam producing process itself and the properties of the
10 final polyurethane foam product. These additives known from
prior art include blowing agents, surfactants, catalysts and
flame retardants. In this invention water is the only blow—
iné agent_uséd. Alternatively other suitable blowing agents

such as pentane and cyclopentane may be used.

15 As is already known, thé_reaction.between polyols and iso-
cyanates is the most important reaction for the preparation
of polyurethane. In step (iv) the isocyanate of preferred
use is 4,4’-dipﬁenylmethane diisocyanate (MDI). Optionally

toluene diisocyanate (TDI) may be used.



15

rated groups originally present in t he palmoil that has been

converted into epoxide rings to formEPOP in step (ii) is in the range of

1:0, 6:2, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2 or 1:3.

rati-os to obtain maxi mum input are 3:1, 2:1, 1:1, 1:2 and 1:3. 20
process as hereinbefore mentioned is preferably carried out at atnospheric

pressure. The epoxidized pal moil and pal moil

to the invention nmay be refined, bleached and deodori zed pal mol ein
(RBDPQo), refined, bleached and deodorized pal m oil (RBDPO, refined,
bl eached and deodorized palm steari® (RBDPGCs), crude palmoil (CPO),
crude palmolein (CPOo) or crude palmstearin (CPOs). In step (ii) any
sui t abl e nonohydric or pol yhydric al cohols 5 may be utilised. For
exanpl e, glycerol derived fromPOP nay be used.

10

15

A publication describes the productioﬁ of polyurethane
prepolymers having excess isocyanates. The forming of this
prepolymer is to avoid Qiscosity increase during the storage
of polyols. However, in the present invention the polyol
mentioned in step (ii) is produced only prior to its. reac—
tion with the isocyanate and subsequent formation of the
polyurethaae foam in the same pot to overcome said viscosity

problems.

Another advantage of this invention is that by selecting the
mole ratio between said monohydric or polyﬁydric alcohols
and the degree of unsaturation.originally present in the
palm oil that has been converted into epoxide rings to form

EPOP, and the type and concentration of the additives used,

the hydroxyl value of the polyol and thereby the nature of:

the polyurethane foam may be predictably forecast.

However the preferred

The

products [ EPOP] accord- ing



It-may be appreciated that a wide variety of auxiliary addi- tives may be
added to control and nodify both the pol yureth- ane foam produci ng process
itself and the properties of the 10 final pol yurethane foam product.
Thése additives knowmn fromprior art include blow ng agents, surfactants,
catal ysts and flanme retardants. In this invention water is the only bl ow
ing agent used. Alternatively other suitable blow ng agents such as pentane
and cycl opentane may be used. 15 As is already known, the reaction between
pol yol s and iso- cyanates is the npbst inportant reaction for the
preparation of polyurethane. In stepiBtv) the isocyanate of preferred use
is 4,4 -di phenyl met hane diisocyanate (MDI). Optionally toluene diisocyanate
(TDI) may be used. -9- A publication describes the production of

pol yur et hane prepol ynmers havi ng excess isocyanates. The formng of this

The present invention allows the production of tailor made
polyurethane foams for use as thermal insulators, c¢onstruc-
tion materials, furniture and many other .Varied applica-

tions.

5 BEST MODE FOR CARRYING OUT THE INVENTION'
In order that the invention may be more readily understood
and put into practical effect, the invention will now be
described with reference to the accompanying flowchart,

tables, figures and specific example.

10 The process as hereinbefore described involves initislly
the formation of EPOP in what is known as the epoxidation
process. For this purpose, peroxyacetic acid [PAA] and per-—

formic acid [PFA] generated in situ is Tfound to be suitable.



pr-epol yner is to avoid viscosity increase during the storage of polyols.
However, in the present invention the polyol 5 mentioned in step (ii)
is produced only prior toits reac- tion with the isocyanate and
subsequent formation of the polyurethane foamin the sanme pot to overcone
said viscosity problens . Another advantage of this invention is that by
sel ecting the 10 nole ratio between said nonohydric or polyhydric

al cohols and the degree of unsaturaty.on originally present in the palm
oil that has been converted into epoxide rings to form EPOP, and the type
and concentration of the additives used, the hydroxyl value of the polyol
and thereby the nature of 15 t he pol yuret hane foam may be predictably

f or ecastHowevethe AL SHNes Y Gdt - tielus drive e dassty iodmtdfort aidraye-made

pol yur et hane foans for use as thermal insulators, construc- tion materials,
f ur ni t uresssanick rMEFBtert emtrasl bed gapdacially at pilot plant scale. In

this invention therefore the use of PAA is preferred.

The said epoxidation procesé involves formation of PAA by
5 - reacting glacial acetic acid with hydrqgen peroxide (35% to
60%) in the presence of a catalyst. A ratio of 2.06:1 gla-
cial acetic acid to hydrogen peroxide (of 30% concentration)
in the presence of 1% to 2% catalyét is foﬁnd to give the
highest PAA content. Once the formation of PAA is completed,
10 the catalyst is neutralised with sodium acetate and the
actual 'weighf of PAA available in the mixture is

calculated/determined.

The iodine value of the oil to be epoxidized is determined
by using the AOCS Official Method Da 15-48. The iodine value

15 measures the degree of unsaturation presént in the o0il.
Based on-the fact that one mole of PAA will,réact with one
mole of unsaturation, the amount of POP fo fully react with
the available PAA is calculated [see Method 2], weighed and
added to the PAA.

20 PAA reacts with the unsaturated bonds present in the oil to
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ti.ons. 5  BEST MODE FOR CARRYI NG OQUT THE | N\VENTI ON I n order that the
invention may be nore readily understood and put into practical effect, the
invention will now be described with reference to the acconpanyi ng
floowchart, tables, figures and specific exanple. 10 The process as :
her ei nbef ore described involves initially the formation of EFOP in what is
known as the epoxidation process. For this purpose, peroxyacetic aci d [ PAA]
and per- formc acid [PFA] generatedipn situ is found to be suitable.
However, PAA gives a better yield and the epoxidation proc- ess is better
control |l ed especially at pilot plant scale. In this invention therefore the
use of PAAis preferred.  The said epoxidation process involves formation
of PAAfobym Bproxidecadhiosg  @if&eraltheceroxidetdon dis rpaprdgtadpwhdghde (35%
to 60% in the presence of a catalyst. Aratio of 2.06:1 gl a-

is determined by the presence of the oxirane oxygen content

[see Method 3] or the reduction in PAA coritent, the spent

acid is removed. The epoxidized oi;_is then washed until

5  neutral and dried. The product formed during this process is'
known as epoxidized palm oil and palm oil products [EPOP]

(see Table 1(a) and 1(b)).

It may be noted that the higher the degrée-of unsatﬁration_
present in the o0il, the higher is the oxirane oxygen con-
10 tent. Therefore due to its higher degree of unsaturation,
palm olein is found to produce epoxidized products having
the highest oxirane oxygen content as compared to palm oil

and palm stearin.

The resulting EPOP is then reacted with pure glycerol (99%)
15 (preferably derived from palm oil and palm oil products), in
the presence of boron trifluoride in ether (as catalyst) to

yield polyols.

The best characteristic that describes polyols is their
hydroxyl values. In this process, depending+* on the mole

20 ratio between glycerol and the degree of unsaturation origi-
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cial acetic acid to hydrogen peroxide (of 30@6concentration) in the
presence of 1%to 2% catalyst is found to give the highest PAA content.

Once the formation of PAA is conpleted, 10 the catalyst is neutralised
w th sodium acetate and the actual wei ght of PAA available in
t he m xture i s cal cul at ed/ determ ned. The iodine value of the oil to be

epoxi di zed is determ ned by using the ACCS Oficial Method Da 15-48. The
i odi ne val ue 15 nmeasures the degree of unsaturation present in the
oil. Based on the fact that one nol ex8-PAA will react with one nole of
unsaturation, the amount of POP to fully react wth the available PAAis
cal cul ated [see Method 2], weighed and added to the PAA. 20 PAA reacts
wi th the unsaturated bonds present in the oil to -12- form epoxi de

rings. Aalkky mnesgdkikat itre irakom bikhpithas been converted into

epoxide rings ' to form EPOP, polyols of Qarious hydroxyl
values can be obtained. The hydroxyl value in turn deter-
,mines. th; type of polyurethéne foam obtained. Since the
5 amount of uﬁsaturation ofigiﬁally present in the oil has
been determined, the mole ratio can now be calculated. As a.
result, the hydro*yl values of the polyols produced can be
reliably predicted and so similarly the types of foams to be

produced from them.

10 The polyols obtained from EPOP are then allowed to react
with 4, 4°-diphenylmethane diisocyanéte [MDI] with wvigorous
stirring. Water is used as the only blowing agent in this
process. The polyols react with MDPI to - form polyurethane
polymers while the presence of water helps in the geheration

15 of carbon dioxide in situ thus resulting in the formation of
cell structures or foams. The production of polyols and PUFs
are. carried out in one pot. The polyols are prepared just
érior to the production of the said foams.

The amount of water added influences the structure and

20 density = of foams produced. In this invention, this finding
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| s-determ ned by the presence of the,oxirane'oxygen content [see Method 3]
or the reduction in PAA content, the spent acid is renoved. The epoxi di zed
oil is then washed until 5 neutral and dried. The product formed during

‘thi's'process is known as epoxidi zed palmoil and pal moil products [EPOP]

(sée Table 1(a). and 1(b)). It may be noted that the higher the degree of
unsaturation present in the oil, the higher is the oxirane oxygen con- 10
tent. Therefore due to its higher dagyee of unsaturation, palmolein is
found to produce epoxidi zed products having the highest  oxirane oxygen
content as conpared to palmoil and pal mstearin. The resulting EPOP is
then reacted with pure glycerol (99% 15 (preferably derived from pal m
oi | and jpdinodudesprapthlities) panandiermdsiaicecai bon@aried fWwhey iadaning et her
(as catalyst) to yield polyols. The best characteristic that describes

pol yol s fiar thad Jornwade prroduatisidsee |Tehde Rlr ocess, depending on the

nol e 20 rati o between glycerol and the degree of unsaturation origi-
Other additives such as silicone surfactants (e.g. Tegostab

B4-113}, ' triethylene diamine in dipropylene glycol (e.g.
5 A33), diethanolamine (99%) and flame retardants aEe added to
the polyols before the addition of water. The typical exam-
pies of foams produced in this invention are giQen in Table

2.

This process of producing PUFs has been extensively and
10 comprehensively tested using commercially available POP. In
all these cases the process has produced predictable results
(see Figure 1) allowing the forecast of the types of PUFs to

be produced (see Figures 2 to 5).

This predictability =a2llows the produgtion of tailormade
15 foams required for various applications such as insulators,
construction materials, furniture etc. depending on the type

of raw materials and additives chosen (see Table 2).



nally present in the palmoil that has been converted into epoxide rings to
form EPOP, polyols of various hydroxyl values can be obtained. The hydroxyl
value in-turn deter- mnes the type of polyurethane foam obtained. Since
the 5 anmount of unsaturation originally present in the oil has been
determ ned, the nole ratio can now be cal culated. As a result, the hydroxyl
val ues of the polyols produced can be reliably predicted and so simlarly
the types of foans to be produced fr~asm+them 10 The polyols obtained
fromEPOP are then allowed to react with 4, 4'-di phenyl nethane

dii socyanate [MDI] with vigorous stirring. Water i's used as the only

bl owi ng Iagemideirn thaits thiec dswertiomoiayobe reasily thdepstoedor the

pol yur et hane polynmers while the presence of water helps in the generation
15~ of whexlieon Peiosikickd om peiqaessh gs desandbeg iin hd s Jnventderor 3 |

structures.or foans. The production ofhpolyols and PUFs
" indicated in the flowchart below wherein:

Step i indicates the production of epoxidized
palm oil and palm oil products [EPOP]
Step 2 indicétes the production of polyols

Step 3 indicates the production of

polyurethane foams [PUFs]



are carried out in one pot. The polyols are prepared just prior to the
production of the said foans. The anount of water added influences the
structure and 20 density . of foanms produced. In this invention, this
findi ng i ntroduces another paranmel®r which can be varied when aining for
t'di | ormade products (see Table 2). Qther additives such as silicone
surfactants (e.g. Tegostab B4-113), triethylene diam ne in dipropyl ene

gl ycol (PHE. PRODUCEEON, PROCESSNAS aDISCLOSRD) INNBHISaXNVENTIONant s are added
to the polyols before the addition of water. The typical exam ples of
foanms produced-in this invention are given in Table 2. This process of

produci ng PUFs has been extensivel B conpr ehensi vely tested using
commercd ally available POP. 1In all these gaes t he process has produced
predi ctlabl e results (see Figure ﬂbc%#i wﬁﬁg he forecast of the types of
45°-50°C 2) Hp0; - 50%
* . ' - .
CH,CO;H + HyO + HpS0, + X8 HyOp )
14-22% concentration)
[?groxyacetic acid- (PAA)]
- oc | 1) cHyco; Nat
STEP 1 . 45°-50°C _ 3%
i
CH,CO,H + CH,COzH + H,0
60°~70°C RBDPOO
. N
ERBDPOOC +
R
. CH3COH v
ERBDPOO
- H,0
CH,CH CH, +
step 2 - OH OH OH
' BF; .in (CH,;CH)),0
v .
—— Polyols ,
1) ﬁéo + additives
STEE. 3 2) MpI

- v
—— Polyurethane foams
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be produced (see Figures 2 to 5). This predictability allows the production
of- tail ornade 15 foans required for various applications such as

i nsul ators, construction materials, furniture etc. depending on the type of
raw:materials and additives chosen (see Table 2). -15- In order that
thi,s invention may be readily understood, the whole production process as
described in this invention is indicated in the flowhart bel ow wherein:
Step 1 indicates the production of ea®d dized pal moil and pal moil

products [EPOP] Step 2 indicates the production of ponoIs Step 3 indicates
t he productlon of pol yuret hane foans [ PUFs]

SPECIFIC EXAMPLE USING REFINED, BLEACHED AND DEODORIZED PALM
OLEIN . (RBDPOO) IN THE PRODUCTION OF POLYURETHANE FOAMS AS
INSULATORS

Chemicals Used

1. Glacial acetic acid

2. Hydrogen peroxide (35% - 60%)
3. Concentrated sulfuric acid

4. Sodium acetate (1.5%)

5. Refined, bleached and deodorized palm olein (RBDPOo)
6. Anhydrous sodium sulfate

7. Epoxidized RBDPOoO

8. Glycerol 99% pure

9. Boron trifluoride in diethyl ether (48%)
10 4, a’—Diphenylmethane diisocyanate (MDI)
11. Water

12. Silicone surfactants (e.g. Tegostab 34—113)

13. Diethanolamine 99% pure (DEA)

14. A33 (NIAX catalyst, 33% triethylenediamine and 67%
monopropylene glycol, a product of Union Carbide, USA).

15. Flame retardants (e.g. Antimony trioxide or Melamine)

16. Mould releasing agent (preferably water based).
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THE PRODUCTI ON PROCESS AS DI SCLOSED I N TH'S | NVENTI ON [err] [Acetic Acid]

1) [err] 45[err]-50C 2) [err] - 50%([err] (14 -22% concentrati on)
[ Peroxyacetic acid (PAA) ] STEP 1. 45[err]-50[err] 1)
[err] [err] 60[err]-70[err] RBDPCo ERBDPCo + [err] + [err] [err]

STEP 2 [err] Polyols 1) [err] + additives

-18—-

Procedure

In the production of epoxidized refined, bleached and deo—
dorized palm olein (ERBDéOo] using peroxyacetic acid (PAA),
glacial acetic acid and 1 to 2% sulfuric acid which is used
5 as a catalyst are mixed together'in an_apparatus that has
been passivatgd; equipped with a stirrer and condenser; The
mixture is stirred for about 30 minutes. The concentration
of commercially available hydrogen peroxide ranges from 35%
to 60%. Any of these concentfationé may be used and a  50%
10 concentration is given as an example in this invention.
Hydrogen peroxide is added to the mixture dropwise .with
continuous stirring. The temperature increases, however, the
addition rate is controlled so that the temperature of the

reaction is not allowed to exceed 45°C.

15 After the addition of hydrogen peroxide is completed, the
mixéure is stirred until a maximum percentage of PAA 1is
formed (measured by using Méthod.ll or when .the hydrogen
pqrdXide has been exhausted. This normally takes about 4
ﬁours. The maximum percentage of PAA obtained ranges from

20 14% to 22% depending on the concenthation of hydrogen perox-—

ide used. Oncé the maximum.percéntage of PAA is obtained,



STEP 3 2) MDI Pol yur et hans foam -17- SPECI FI C EXAMPLE USI NG REFI NED,
BLEACHED AND DECDORI ZED PALM OLEI N (RBDPOGo) | N THE PRODUCTI ON OF
POLYURETHANE FOAMS AS | NSULATORS Chemical s Used 1. d aci al acetic acid 2.
Hydr-ogen peroxide (35% - 60% 3. Concentrated sulfuric acid 4. Sodi um
acetate (1.5% 5. Refined, bl eached and deodori zed pal m ol ein (RBDPQo) 6.
Anhydrous sodi um sul fate 7. Epoxi di zed RBDPCQo 8. A ycerol 99% pure

-19—

the catalyst is neutralized with an appropriate amount of
sodium acetate. It is added to the reaction mixture and

stirred for 1 hour.

Based on the percentage of PAA obtained and assuming thét
5 one mole of PAA will_heact'with one mole of unsaturation (as
indicated by 'thé iodine value) the maximum amount of re-—
fined, blegched and deodorized palm olein (RBDPOo) that can
react with the available PAA is calculated using Method 2.
For a given amount of PAA, the maiimum amount of RBDFOo that
10 can be epoxidized will vary depending on the degrée of
unsaturation present iﬁ the oil. The higher the unsaturation

the lower the amount.

The RBDOPOo is then added to the PAA. Alternatively the PAA
may be added to the oil. It is more convenient to add the
15 oil to the PAA when a small amount of sample is being pre-
pared. However, when a large amount of sample needs to be
prepared, it is difficult to control the temperature of the
reaction due to the reactivity of the oii. In this case it

is better to add the PAA to the oil. The PAA is added slowly
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9.- Boron trifluoride in diethyl ether (4896 10

di i socyanate (MDI) 11. Water 12. Silicone surfactants (e.g. Tegostab
13. Di et hanol ami ne 99% pure (DEA) 14. A33 (N AX catal yst, 33%

B4-113)
tritet hyl
Cat bi de,
16. Moul

enedi am ne and 67% nonopr opyl ene glycol, a product of Union

4,4' -Di phehylnethane

USA). 15. Flame retardants (e.g. Antinony trioxide or Melanine)
d rel easing agent (preferably water based). Procedure In the
production of epoxidized refined, bleaghed and deo- dorized pal molein
(ERBDPQo) using peroxyacetic- acid (PAA), glacial acetic acid and 1 to 2%
sulfuric acid which is wused 5 as a catalyst are m xed together
apparatus that- has been passivated, equipped with a stirrer and condenser.
The m Xt tbe theSRBDPOO Wwithakontidlolisnstdsrihbe Theceembatreture of

the reaction will slowly incremse with the addition of PAA.

The rate of addition is confrolled in such a way that the

~ temperature of the reaction is not allowed to exceed 70°C. A

10

15

constant rate of addition may be properly controlled if the

temperature of the reaction is maintained between 55°C to

60°C.

Once the addition of PAA to the oil or oil to the PAA is
completed, the mixture is stirred for an additional 30
minutes. The presence of epoxide rings [measured in terms of
the oxirane oxygen content using Method 3] indicate that

reaction has taken place. The reaction is monitored for the

maximum oxirane oiycen content. Once obtained, the stirring

is stopped and the epoxidized RBDPOo (ERBDPOo) is allowed to

separate from the PAA. The spent PAA is removed and  the

‘ERBDPO0o is washed several times with water until neutral.

The epoxidized o0il is then dried using anhydrous sodium:

suiphate if the amount is small, or a vacuum dryer if the

auantity is large. Following this, the mixture has to be

in an



of. commerci ally avail abl e hydrogen peroxi de ranges from 35%to 60% Any of
these concentrations nmay be used and a 50% 10 concentration is given
as an exanple in this invention. Hydrogen peroxide is added to the

m xt:ure dropwise wth continuous stirring. The tenperature increases,
however, the addition rate is controlled so that the tenperature of the
reaction is not allowed to exceed 45[err]. 15 After the addition of
hydrogen peroxide is conpleted, thesm xture is stirred until a maxi mum
percentage of PAA is formed (neasured by using Method 1) or when the
hydrogen peroxide has been exhausted. This normally takes about 4
hours. The nmaxi mum percent age of PAA obtained ranges from 20 14% to
22% depeiditegea blegotenteiet epbixddizedipdilogenusedotori ¢beusertodagee t he
nmaxi mum per cent age of -PAA is obtained, -19- the catalyst is neutralized
wi th antdppr ofr P8e.anount of

In the production of a small volume of PUFs (referred to as
Procedure 2a in Table 2), an appropriate amount of glycerol

5 is weighed and placed into a heat resistant and. non-break—
able container. The glycerol is heated to 90°C. After which
1% of tota} weight (amount of glycerol and 150 g of epox-—
idized 0il) of boron trifluoride in diethyl ether (48%) is
added to the glycerol and stirred vigorously (>1000 Epm);

10 150 g of ERBDPOo is added to the glycerol ﬁixture and vigor-
ously stirred for 10 - 15 minutes. Tﬁe product formed js a
polyol. A 100 ¢ of the said polyol while still hot is
weighed and added into anothér heat resistant and non-break-
able container. For this purpose a plastic cup that has been

15 cut on one side.and resealed with a tape may be used. The
said polyol is then mixeq with 1g. of silicone surfactant, 19
of A33, 1g of DEA, 10g of flame retardant and the desiréd
émount of_wéter. The mixture is vigorously stirred for 3
minutes until all the additives are thoroughly mixed with

20 the polyol. Then 60g of MDI is added and the vigorous



sadi um acet at e.
hour .

i odi-ne val ue) the maxi num amount of re- fined, bleached and deodori
pal mol ein (RBDPOo) that can react with the avail able PAA is cal cul ated

using Method 2. For a given anount of PAA
t hat 10

anount .

It

10

15

20

one

react with one nole of unsaturation (as indicated by

zed

t he nmeaxi num anobunt of RBDPQOo

~can be epoxidized wll asy depending on the degree of
unsaturation present in the oil. The higher the unsaturation the |ower the
The R8DPQCo is then added to the PAA. Alternatively the PAA may be

added to the oil. It is nore convenient to add the 15 oil" to the PAA
when a sseirrbieurdorttfirsaeg| cuntsibeibupbles- eein. teuarpeanhenThe® | ar ge
anount of sanple needs to be prepared, it is difficult to control_the
t enper atstrwing hels edchenrstopped endicthepeinney bt (TRMYYSI- | nTi s case
is better to add the PAA to the oil. The PAA is. added sl ow

polyurethane foam is allowed to rise freely in the pf;stic
cup and it is allowed to stand until it is fully cured. The
tape on the plastic cup is removed, the foam is taken out of
the plastic cub by opening the cup at the cut. The
polyurethane foam is then cut into cubes and tested for
density, thermal insulation characteristics and flame
retardant characteristics if necessary (see Table 2 and

Figures 2 to 5).

However, it may be notéd thét the procedure involved in the
production of a large volume of PUFs (referred to as Proce-
dure 2b in Table 2) varies slightly from that of a small
volume of PUFs. 1In this procedure, a suitable ‘mould is
selected (e.g. 35cm x 35 cm X 4.5cm internal measurement,
45cm x 45cm x 10cm external measubement, aluminium block
with cover, 44.3 cm X 44.3 cm x Scm). The mould is thorough-
ly 1lubricated with a suitable releasing agent, preferably
water-based (e.g. Acmos 35-3053H). An appropriate amount of
glycerol (99% pure) is weighed and added into a heat resist-

ant and non—-breakable container. The glycerol is heated to

It is added to the reaction mxture and stirred for 1
Based on the percentage of PAA obtained and assumng that 5
nol e of -PAA wil |

t he



-20- to the' RBDPOo with continuous stirring. The tenperature of the
‘reaction will slowy increase with the addition of PAA The rate of
addition is controlled in such a way that the tenperature of the reaction
allowed to exceed 70[ervr]. A5 constant rate of addition may be

i S* not
proper|

y controlled if the tenperature of the reaction is nmintained

between 55[err] to 60[err]. Once the addition of PAAto the oil or
the: PAA is conpleted, the m xture-R&-stirred for an additional 30 10

m nut es.

oxygen

reaction is nonitored for the maxi mum oxirane o§¥gen cont ent.

obt ai ne@8°Fhe 40 PPPRgPriateoppeHNingTt Rerepokr

al | owed

the ERBPBOS'i {4%3&

10

to 15 te f PAA,
Ber §6aRShLa oaverAES, FhEcohYeRmRA: BPELAEAFRELL YAPSFouS

for 10 to 15 minutes. An appropriate amount of ERBDPOo is
added to. the glycerol mixture and vigorous stirring is
continued for 10 to 15 minutes. An appropriate ' amount of
silicone surfactant, A33, 99% DEA, the desired amount of
water as the blowing agent and the desired amount of flame
retardant(s) are added to the polyol. The mixture is wvigor-
ousiy stiréed until all additives are thoroughly mixed with
the polyol. An appropriate amount of MDI is added and vigor-
ous stirring is continued until. bubbles begin to appear. The
stirring is stopped and the.stirrer is removed. The polyu-
rethane foam is poured into the mould and covered. The

polyurethane foam is allowed to cure in the mould (4-5hrs).

oil to

The presence of epoxide rings [neasured in ternms of the oxirane
content -using Method 3] indicate that reaction has taken place

The

HarRABPED EERBDPED) i's
The s PAA is _.renove g and
Buﬁ%? 4



The epoxidized oil is then dried wusing anhydrous sodium sulphate if

the anobunt is small, or a vacuumdryer if the quantity is |large.

Following this, the m xture has to be -21- filtered, before the

epoxi dized oil is used for the produc- tion of PUFs. In the production of a

snmal | volune of PUFs. (referred to as Procedure 2a in Table 2), an

appropriate anount of glycerol 5 I s wei ghed and placed into a heat

resi stant and non-break- able container. The glycerol is heated to

90[err]. After which 1% of total weight (ambunt of glycerol and 150 g of

epox- idized oil) of boron trifluori-a- n diethyl ether (48% is added to

the glycerol and stirred vigorously ([err] 1000 rpnm). 10 150 g of ERBDPCo

is added to the glycerol mxture and vigor- ously stirred for 10 - 15

m nutes. The product fornmed is a pEBIY®ID 1A 100 g of the said polyol while
i1l hot i . _

St : %kAﬁ%SIs OF HYDROGEN PEROXIDE AND PEROXYACETIC ACID CONTENT

Chemicals used:-

. Sample = 0.5 om
5 2. H2304 4N = 50 ml
3. Saturated KI solution = 2 ml
4. KMnOo,; (0.1 N) = x ml
5. NayS,03 (0.1 N) =y ml
6.’ Starch indicator
10 Procedure:-
The 4N sulfuric acid is first cooled to 0°C.- 5°C. After

which 50 ml of the said acid is added fo the sample. Titra-—
tion is immediately done with O.IN KMnO, till a pink end-
point (x ml) is reached. To the same solution is then added
15 2 ml of KI solution. The starch indicator is added and the

liberated iodine is titrated with O.1N Na,S,05 (¥ ml).

Calculation:—

1. Amount of KMnO4 consumed is equivalent to amount
: of H202 left.

20 _ % H,0, %.1.7 x ml of KMnO, x N of KMnO,

Weight of sample

2. aAmount of Na S'O consumed is equivalent to
amount of CHscosH present.

% PAA = 76 x ml of N323203 x N of Na2$203

25 . , 20 x wt. of sample



wetr ghed and added into anot her heat resistant and non-break- able
container. For this purpose a plastic cup that has been 15 cut on one
side and resealed with a tape may be used. The said polyol is then m xed
wi th 1g of silicone surfactant, 1g of A33, 1g of DEA, 10g of fl ane
ret.ardant and the desired anbunt of water. The m xture is vigorously
stirred for 3 mnutes until all the additives are thoroughly m xed with 20
the polyol. Then 60g of MD is addecSand the vigorous -22- stirring
continued until bubbles begin to appear. The stirring is then stopped and
the stirrer is renoved. The po| yuret hat&ETH®M2 s al'l owed to rise freely in
the plastic cup and it is allowed to stand until it is fully cured. The 5
tape on the pl asti CAEYLHAT TANGN:FHE MIOGUWHMAFs QI P &R USED METH asti c
cup by opening the cup at the cut.PER@XHAFEIIEtAGER foamis then cut into
cubes and tested for

Let the percentage of the
5 peroxyacetic acid obtained be A

Let the total weight in g of the
peroxyacetic acid solution be

(weight glacial CHZzCOOH + H,0,)** ' B

] Let the iodine value of

10 palm oil and palm oil products be : 100g sample
Molecular weight of peroxyacetic acid : 76
Molecular weight of iodine - 253.8
Calculation:-
B g of preformed peroxyacetic acid solution B*A/[100]

15 contains ¢ of peroxyacetic acid.

This is equivalent to .
mole of peroxyacetig acid . B*A/[76*100]

1 g of 0il will consume _
g of iodine c/{100]

20 This is equivalent to mole of
iodine and mole of unsaturation c/[(253.8*100]
Assuming that:—
One mole of iodine will react dith one mole of

unsaturation and one mole of unsaturation will
25 react with one mole of peroxyacetic acid



density, thermal insulation characteristics and flame retardant
characteristics if necessary (see Table 2 and 10 Figures 2 to 5).
However,- it may be noted that the procedure involved in the production of a
| arge volunme of PUFs. (referred to as Proce- dure 2b in Table 2) varies
sliightly-fromthat of a small volume of PUFs. |In this procedure, a
suitable rmould is 15 selected (e.g. 35cmx 35 cmx 4.5cm internal
measur enent, 45cm x 45cm x 10cm ext ernal neasurenent, alum nium block with
cover, 44.3 cmx 44.3 cmx 5cm. Thezgould is thorough- |y lubricated with
a suitable rel easing agent, preferably water-based (e.g. Acnps 35-3053H).
An appropriate amount of 20  glycerol (99% pure) is weighed and added into
a heat meenst- ant and non- breakabl e contai ner. The glycerol is heated to

-23- 90[err]. An appropriate amount of boron trifluoride in diethyl
Mole of unsaturation required to react with

the available peroxyacetic acid is : B*A/[7600]
Thié unsaturation is contained in B*A*253.8

5 g of oil sample ' : ' [76*C]

* X The total weight of peroxyacetic acid can be assumed to be
equal to the weight of glacial acetic acid + hydrogen
peroxide. However, if the PAA solution has to be taken out
from the reactor, some loss is expected. In this case, it is

10 better to weigh the available PAA solution exactly.



ether (48% is added to the glycerol and stirred vigorously for 10 to 15

m nutes. An -appropriate anount of ERBDPQo. is added to the glycerol mxture
and vigofous stirring is 5 continued for 10 to 15 mnutes. An appropriate
anount of silicone surfactant, A33, 99% DEA, the desired anbunt of water as
t he. bl owi ng agent and the desired anount of flane retardant(s) are added to
~the polyol. The m xture is vigor- ously stirred until all additives are

t horoughly m xed with 10 the pol yol-224n appropriate amount of MD is added-
and vigor- ous stirring is continued until bubbles begin to appear. -The
stirring is stopped and the stirrer is renoved. The pol yu- rethane foam’
is poured into the nould and covered. The pol yurethane foamis all owed
to cure in the nould (4-5hrs). -24- METHOD 1 ANALYSI S OF HYDROGEN
PEROXI DE AND PEROXYACETI C ACI D CONMETIRHPD 3 : -

DETERMINATION OF OXIRANE OXYGEN CONTENT.

Chemicalslsolvent; used: -
1. Toluene 10ml
5 2. Crystal violet indicator

3. 0.1N hydrogen bromide

solution O.1N : X ml
4. Sample 0.5 g
Procedure:-

10 0.59 of sample is weighed and placed into an Erlenmeyer
flask and dissolved in toluene. The crystal viclet indicator -
is added and titration is done with 0.1N HBr solution till a
bluish green end-point that persists for 30 seconds is

reached.

15 Oxirane Oxygen Content (%) = ml of HBr soln X N HBr X 1.6

weight of sample used



Chem cal s used: - -1. Sampl e = 0.5 gm5 2. [err]
AN 50 . 3. Sat urated KI sol ution =2 nm 4. [err]
(0.1 N x m 5. [err] (0.1 N) =y m 6. Starch
i ndi cator 10 Procedure:- The 4N sulfuric acid is first cooled to O[err]-
5[érr]. After which 50 mMl of the said acid is added to the sanple. Titra-
tionis immedi ately done with O.1N [err] till a pink end- point (x m) is
reached. To the sane solution is thergadded 15 2 nm of Kl solution. The
starch indicator is added and the liberated iodine is titrated with 0. 1N
[err] (y mM). Calculation:- 1.  Amount of [err] consuned is equival ent
to anount of [err] left. 20 TABLEeA = 1.7 x m of [err] x N of
[err] Weight of sanple

EXAMPLE OF EPOXIDATION RESULTS

CHEMICALS USED EXAMPLE 1 _ EXAMPLE 2

‘Glacial acetic acid  2a22 ¢ 1211 g
5 Concentrated sulfdric acid | 46.5 g 23.5 g
Hydrogen peroxide (concentration) 50% 35%
Hydrogen peroxide (amount) 2224 9 1112 g
Peroxyacetic acid (ﬁoncentration) 21% 14.2%
Sodium acetate _ 69.7 © | 35.5 g
10 Refined, bleached and deodorised 5726 ¢ 1936 g

palm olein (IV = 56.9)

Weight of PAA

obtained 4646 g . 2323 9
15 Procedure PAA is added 0il is
to oil added to
PAA
Epoxidized RBD Palm Olein* 5000 ¢ 1690 ¢
Oxirane oxygen content (%) ) 3.18 3.15

*Maximum oil loss occurs during the washing step,
drying and filtration.
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2.~

PAA = 76 x ml of [err] x N of [err] 25
-25- METHOD 2 CALCULATION ON THE AMOUNT OF O L TO BE USED W TH
PEROXYACETI C ACI D Let the percentage of the 5
A Let the total
peroxyacetic acid solution be (weight glacial
B Let the iodine value of 10

sanpl e

be”-

10

15

pal m-gg- and pal m oi |

Amount of [err] consuned is equival ent to amount of [err] present. %
20 x wt. of

per oxyacetic acid obtai ned
in g of the

CH3COOH + H202) **

products be

100 g sanpl e Mol ecul ar wei ght of peroxyacetic acid 76
TABLE 1B: CHARACTERISTICS OF EPOXIDIZED PALM OIL
AND PALM OIL PRODUCTS
PARAMETERS EPOXIDIZED EPOXIDIZED EPOXODIZED EPOXIDIZED
: CRUDE PALM REFINED REFINED REFINED PALM
OIL PALM OIL PALM OLEIN STEARIN
Oxirane
Oxygen .
content (%) 2.53 2.84 3.15 2.37
Iodine Value '
(final) " 0.57 0.51 0.44 0.19
Acid Value 1.33 0.53 1.14 0.32
Refractive
Index (at 20°C) 1.465 1.464 1.466 1.454
(at 50°C)
Color ' _
(Lovibond) iR 8Y 1.7R 9Y 1R 4Y 1R 5Y
Apparent
density 0.923 0.921 0.941 0.905
-at 50°C at 50°C at 25°C at 60°C
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Mol e of unsaturation required to react with the avai | abl e peroxyacetic acid

BAr253:8 5 g of ol sample oo e OIS C°”‘lﬂ||||1ﬂ|l||l|||||||I||||I||

[76*C] ** The total weight of peroxyacetic acid can be assuméd fo be equal
to.the wei ght of glacial acetic acid + hydrogen peroxi de. However, if the
PAA solution has to be- taken out fromthe reactor, sone loss is expect ed.

In this case, it is 10 better to weigh the avai | abl e PAA sol ution
exactly. -27- METHOD 3 DETERM NAIg@eN .OF CMIRANE OXYGEN CONTENT
Chem cawents used: - 1. Tol uene 10m 5 2.
Crystal violet indicator 3. O 1IN hydrogen brom de

1. A process for preparing polyurethane foam from

palm oil or a product thereof, the process comprising:

(1) preparing epoxidised palm oil by epoxidation of palm
5 oil; .

(ii) reacting the epoxidised palm oil with a monohydric or

polyhydrie alcohol in the presence of a catalyst to form a

polyol;

(iii) mixing with the polyol one or more additives. that
10 are conventional in thé preparation 6f polyurethane foams;

and

(iv) mixing the polyoi of step (ii) or the polyol mixture of

step (iii) with an isocyanate to form a polyurethane foam;

characterised by preparing the epoxidised palm oil in

15 step (i) by reacting palm oil with an acid selected from

peroxyacetic acid and performic acid, and by the mole ratio

monohydric or polyhydric alcohol. to unsaturated groups

originally present in the palm oil that has been converted

into epoxide rings to fon epoxidized palm oil and palm - oil
20. pfoducts feEPOP] in steéé(ii) beiné 2 1:3.

B
2. ' A process according to claim 1, wherein the mole

ratio is in the range 1:3 to 6:1.

3. _A process according to claim 2, wheréin the mole

ratio is selected from 3:1, 2:1, 1:1, 1:2 and 1:3.



solution 0.1N x m 4. Sanpl e ' 0.
g £rocedure:- 10 0.5g of sanple is weighed and pl aced”u{"y””m IUM,

Erl enneyer flask and dissolved in toluene. The crystal violat 1 (”J"]S
added and titration is done with 0.1N HBr solution till a bluish greén*
end- poi nt- that persists for 30 seconds is reached. 15 xirane Oxygen
Content (%9 = m of HBr soln X N HBr X 1.6 weight of sanple used - 28-
TABLE 1A EXAMPLE OF EPOXI DATI ON RESULTS CHEM CALS USED

EXAMPLE ‘1 EXAMPLE 2 G aci al acefsize acid 2422 ¢

1211 g 5+ Concentrated sulfuric acid . 46.5 3 23.5 ¢

4. A process according to ¢laim 1, wherein the epoxi-

dised palm oil is fully saturated.

5. " A process according to claim 1, which is carried

out at atmospheric pressure.

5 6. A process according to claim 1, wherein the epoxi-
dised palm‘oiL is selected from refined, bleached and deo-
dorised palm olein; refined,_bleached and deodorised palm
0il; refined, bleached end deodorised palm stearin; crude

palm oil; crude.palm'olein; and crude palm stearin.

10 7. A process according to claim 1, wherein the alco-

" hol used in step (b) is glycerol.

8. A process according to claim 7, wherein the glyc—

erol is derived from palm oil, or a product thereof.

9., A process according to claim 1, wherein the one or
15 more additives are selected from a blowing agent, a surfact-

" ant, a catalyst, a flame retardant and mixtures thereof.

10. A process according to claim 9, wherein a blowing
agent is mixed with the polyol, the blowing agent being

water.

\

5



Hydr ogen peroxi de (concentration) 50% - 35% Hydr ogerTeroWdE\

(dgount) 2224 ¢ 1112 g- Peroxyacetic acid ( 1%
14, 2% Sodi um acet ate 69.7 g ﬂnm mg" ,HI

bl eached and deodorised 5726 ¢ 1936 g pal m ol e| n*(I
V‘élrght of PAA obt ai ned 4646 ¢ + 2323 g 15
Procedure PAA is added Ol is to oil added
t o PAA Epoxi di zed RBD Pal m A ei n* 5000 g 1690 g Oxirane
oxygen content (% 3.18 ~-38- 3.15 *Maxi num oil | o0ss occurs
during the washing step, drying.and filtration. °-29- '

11. A process according to claim 1, wherein the acid

is peroxyacetic acid.

12. A process according to claim 1, wherein the isocy-
N4

-

anate is 4,4’ —diphenylmethane diisocyanate.

5 13. A process according to claim 1, which comprises
selecting said mole ratio and the cémponents, and their
amounts, that are used, thereby controlling the hydroxyl
valué of the polycl and thus the nature of the polyurethane

foam.

10 14. A process according to claim 1, which is carried

out in one pot.

15. A polyurethane foam obtéined by & process accord-— '

ing to any preceding claim.

16. Use of a foam'as defined in claim 15, as.a thermal

15 insulator or a building material.

17. Use of a foam according to claim 15 in furniture.



TABLE 1B: CHARACTERI STI CS OF EPOXI DI ZED PALM O L AND PALM O L PRODUCTS

PARAMETERS EPOXI DI ZED EPSXL DI ZED EPOXODI ZED :
EPOXI DI ZED CRUDE PALM REFI NED - REFI NED REFI NED
PAtM 5 ' - AL PALM O L PALM
OCEl N - STEARI N Oxi rane content (% 2.53 2. 84
3.15 2.37 lodine Value 10 final) 0. 57 '
0.51 0.44 ’ 0] 1§Ci d Val ue 1.33
0.53 1.14 0f32-Reftiacii ve Index (at 20[err])
1. 465 N 1. 464 1.466 O ' 1.454 (at 50[err])
Color 15  (Loyi bond) 1R 8Y ~—~ ;‘: 1. 7R 9Y 1R 4Y
1R 5Y Apparent |density 0.923 g T 0.921
0.94 0.905 at 50[err] ~ @ bO[err] at -
25[ e at 60[err] o L .
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-30- [err] [err] [err] -36- CLAIMs: 1. A process for preparing
pol yuret hane foam from pal moil or g product thereof, the process
conprisirng: (i) preparing epoxidi &d pal moil by epoxidation of palmb5
oif; (ii) reacting the epoxidised palmoil with a nonohydric or polyhydric
al’'gohol in the presence of a catalyst to forma polyol; (iii) m Xi ng
with the polyol one or nore additives that :
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10- are conventional in the preparation of polyurethane foans; and (iv)
m-xing the polyol of step (ii) or thesgaolyol mxture of step (iii) with an
i socyanate to forma pol yurethane foam characterised by preparing the
epoxi dised palmoil in 15 step (i) by reacting palmoil with an acid
.sél.ected from peroxyacetic acid and performc acid, and by the nole ratio
nmonohydri ¢ or polyhydric al cohol to unsaturated groups originally present
in the pal moil that has been converted into epoxide rings to form
epoxi di zed pal moil and palm—ort—20—products—{EPOP] in step (ii) being
[err] 1:3. 2. A prodese-aceerdivg tONcl @m |, wherein the nole ratio
isinthe range 1:3 to 6:1.f 3x N O prwress—according to claim 2,

wherein the|nole ratio is delRteir@n 3: 3 222, (L:1, 1:2 and 1:3.
5 :
G

e3
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Figur

( with Antimony Trioxide )

15 20 25 30 .35 40 45 50
Addition of Water ( ml ) |

Effect of Water Addition on the Density of PUF

Density ( kg/m? )
10
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4. A process according to claim1, wherein the epoxi- dised pal moi
Is fully saturated. 5. A prgigss according to claiml, which is
“.carried out at atnospheric pressure.” 6. A process according to claim
=1, wherein the epoxi- dised palmoil is selected fromrefined, bleached and
.deo- dorised palmolein; refined, bleached and deodorised pal moil;
~-refined, bleached and deodorised palmstearin; crude palmoil;

‘ol ein; and crude palmstearin. 10 7

crude palm
1, wherein the alco- hol

. A

A—fr ocess according to claim
used in step (bgyg 1 sergl Ycerol . 8. A @FoOcess
according{to claim?7, whegreln tﬁé glgpc- efolvrs iderived frompalmapl, or a
product tHRereof. 9. Kpr es C diz-to claim 1, wherein33he one
or 15 nord additives are |sel&ct f§§§1a | owhng agent, a surfact- 8nt, a
catal yst, |a flane r et ar dajnt =and 'x%ﬁ*es he(50f. 10. A procédbs
according ffo claim9, whet e a @ o g ent; i sl mxed with the polyol, the
bl ewi ng agent bei ng wat er * + * *
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-38- 11. A process according to claim1, wherein the acidis
péroxyacetic acid. 12. A process_ggcording to claim1, wherein the

i socy- anate is 4,4[err]-diphenyl methane diisocyanate. 5 13. A
process according to claim1, which conprises selecting said nole ratio and
t he conponents, and their anounts, that are used, thereby controlling the
hydr oxyl val ue of the polyol and thus the nature of the pol yurethane foam

10 14. A process according to claim1, which is carried out .in one
pot® 15. A pol yuret hane foam obtai ned by a process accord- ing to any
preceding cliaim 16. Use_of a foam as del%ned in claim15, as a
they mal 15 |n§ulator or a U|t3|nQGnat§§|aﬁE — ©
2 2 zZ2 z 2 o
2 2D D 2D D - 3
OO0 C OO0 2
b+ ok b X

( with Antimony Trioxide )

'Heat Loss Characteristics Of PUF
Addition of Water ( mi )

15 20 25 30 85 40 45 50

Temp. Drop per minute (°C/min. )
10
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17. e Use of a foamaccording to claim15 in furniture.
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ABSTRACT

POLYURETHANE FOAMS FROM PALM OIL AND PALM OIL PRODUCTS

This invention relates to the production of polyurethane
foams (PUFs) from palm oil and palm oil products [POP]. The

production involves the epoxidation of the POP using pre-

formed peroxyacetic acid to form epoxidized palm oil and

palm o0il products (EPOP); the production of polyols from
said epox;dized POP [EPOP] and a monohydric or polyhydric
a1¢0h01 in the presence of a catalyst; and the production of
polyurethane foams by reacting said polyols with diisocyan—
ates in the presence of water aa.the only blowing agent, and
other effective amounts of additives comprising a surfact-
ant; a catalyst and é flame.retardant. The. polyﬁrethane
foams broduced are suitable for a variety of applications.
This said procedure also.ensures reliable prediction of the
types of polyols to be produced and consequently the pﬁedic—

tion of the types of foams to be obtained.
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