1 OPENED-CELL, LOW-DENSITY POLYURETHANE FOAM FIELD OF INVENTION 5 The present
invention relates to polyol component for the production of opened-cell, low-density polyurethane
foams wherein the polyol component is a palm oil based dihydroxystearic acids (hereinafter referred
to as DHSA). The invention also relates to a process using palm based DHSA to produce
polyurethane foams for various applications, specifically for packaging 10 application. BACKGROUND
OF THE INVENTION Polyurethanes are usually formed by the reactions of two 15 preformulated
components, component A and component B in the presence of blowin%a ents. Component A

typically contains an isocHaNERGEFdtnd- QWD ENSI O POL R ERE ANE HAM of the foam

ingredients; namely, polyol, surfactant and amine catalyst. Common blowing agents used in
polyurethane foam production are water and low-boiling inert liquids or 20 solvents. Water is known as
chemical blowirﬁlEE&WMergoes chemical reactions with isocyanates to liberate carbon
dioxide gas. There is no chemical reaction involved between the low-boiling inert liquids or solvents
with any of the foam in‘?redients. These low-boiling inert liquids or solvents are classified as physical

blowing agénts. Occasldfayessil pHriEanTeleies 25 Re¥atcararanesy fardbsorrassieinthfater.
The heat evolveghaaytae| réanieRItNBAQIRANATE fHant BVHEHRmRIRS BRRRPEBIANHHEAORNES is

more than sufficient to polymerize the t%elling mixture and expand into polyurethane foam (hereinafter

referred to as PEIF2TMORrBasod, RN S YRIRRIIEIRSHES dirremnaiisfidsioretiith@ssb Hrfbrials
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polyurethane production, play a vital role . o . .
polyurethane” foams for various applications, specifically for packaging

10 application.

BACKGROUND OF THE INVENTION

Polyurethanes are usually formed by the reactions of two
15  preformulated components, component A and component B in the presence
of blowing agents. Component A typically contains an isocyanate compound
while component B contains the balance of the foam ingredients; namely,
polyol, surfactant and amine catalyst. Common blowing agents used in
polyurethane foam production are water and low-boiling inert liquids or
20 solvents. Water is known as chemical blowing agent because it undergoes
chemical reactions with isocyanates to liberate carbon dioxide gas. There is
no chemical reaction involved between the low-boiling inert liquids or solvents
with any of the foam ingredients. These low-boiling inert liquids or solvents
are classified as physical blowing agents. Occasionally such physical blowing
25 agents are added in association with water. The heat evolved from the
reaction of the component A and B in the presence of blowing agents is more
than sufficient to polymerize the gelling mixture and expand into polyurethane

foam (hereinafter referred to as PUF).
The great versatility of polyurethanes and the variety of starting
30 materials have resulted in the development of a multitude of products.
Polyols, being a key component for polyurethane production, play a vital role

in determining the characteristics of the final polyurethane polymer. The



in determining the characteristics of the final polyurethane polymer. The 2 structures, molecular
weights, functionalities and hydroxyl values of the polyols are the actual basis that contributes in
controlling the degree of crosslinking in the polyurethane polymer. PUF can be classified as
opened-cell, closed-cell or the combination of 5 both depending on the blowing mechanism. Besides
the closed-cell PUF which is widely known for its numerous applications; opened-cell, low-density
PUF also have been used for applications such as packaging foam, as floral foam for flower
arrangements, as an energy-absorbing material in the automobile industry and as a sound absorption
material. The p&H6iLFRSedeoH e Welahdsngltthaionalidissormshyerexyl 43588 0PEBOoNent

for the productigs@hiaPaRechite!laluaflansiiy RhAt: EHRHHBTRA I$PRISHRS '!Mér%gf&thﬁ

epoxidized palm based oleic acids and is known from Singapore Patent No. 86353 and Malaysian
Patent ApplicatiefP 8|t 86the olysiehanse BRYP@5S5 discloses a process for the production of

15 polyurethanes by reaging1JgQa4asmie ¥ s BRNAIN dciBYeINERtHe Refhblhaisiyroxyfatty

acid was used as an additive (structure element) and not as the main polg% component itself in the

preparatiorPof peRir<tBRABLING Al Mg RIRIReh ARRCRABRIRAM EP B Pealitip griassrhRgle SWith
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found to exhibit high opened-celled content and low density. The rise time and tack free time of the PU
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polyoxyalkylene polyol containing long-chain polyether polyols having low double bond content. The
polyoxyalkylene3stiRBrbjlgdadustry and as a sound absorption material. The palm oil based

10 DHSA according to the invention may be used as polyol component for the
production of opened-cell, low-density PUF. The DHSA is obtained by
hydrolyzing the epoxidized palm based oleic acids and is known from
Singapore Patent No. 86353 and Malaysian Patent Application Pl 9804456.

U.S. Patent No. 5,512,655 discloses a process for the production of

15 polyurethanes by reacting an isocyanate with a polyol and a dihydroxyfatty
acid. The dihydroxyfatty acid was used as an additive (structure element) and
not as the main polyol component itself in the preparation of polyurethanes.

In this art, polyurethane was formed by reacting isocyanates with
dihydroxystearic acid where the acid itself is used as the polyol. In this

20 process the PU formed was found to exhibit high opened-celled content and
low density. The rise time and tack free time of the PU formed are also very
fast.

It is known from U.S. Patent No. 6,444,720 that opened-cell rigid foams
containing urethane and/or isocyanurate groups and/or urea groups can be

25 prepared using a polyoxyalkylene polyol containing long-chain polyether
polyols having low double bond content. The polyoxyalkylene polyols used
according to the invention may be prepared, e.g., by polyaddition of alkylene
oxides to polyfunctional starter compounds in the presence of caesium,
rubidium, strontium or barium hydroxide.

30 FR-A 1457824 describes the preparation of opened-cell rigid foams
using a polyether polyol mixture containing a large proportion of a long-chain

polyether polyol having a hydroxyl value from 50 to 200.



according to the invention may be prepared, e.g., by polyaddition of alkylene oxides to polyfunctional
starter compounds in the presence of caesium, rubidium, strontium or barium hydroxide. 30 FR-A
1457824 describes the preparation of opened-cell rigid foams using a polyether polyol mixture
containing a large proportion of a long-chain polyether polyol having a hydroxyl value from 50 to 200.
3 EP-A 622 388 describes the preparation of opened-cgll rigid foams using a long-chain polyether
polyol having an hydroxyl value from 25 to 60, a maximum of 5% of oxyethylene groups and a
maximum of 5% of primary terminal hydroxyl groups, in combination with water as the sole blowing

agent, 5 and a polyethEFpOlySEwi#PEN ARG PVEIGe RFERANFIPT 8D@RANEs188Y Jigith{RAtNE of 5%
of primary tefminéir%@@%%%ﬁsp@wbh@ ORIy N YIS A7 fuRIGHShPSlesws; §-S.

Patent No. 5,538,779 discloses a process to manufacture water- blown methylene .
diphenylisocyarB@Xisadet Poiiredhamey SBHERENIrPORD ARE RiANPATRIALRS pHythTBORMY for use

in packaging of ghfgk ATJRFBHONCFEURLIVR eRpkiBnENE PRIE HACKOIRA S RARAAAP HeAEIINg an

alkylene oxide, such as for examp hylene oxide, propylene oxide, butylene oxide or mixtures of
two or mor® sucExrIPS VatAeinPaLYOk WA rapnydedivayenfiatr1 29 tp SAomwhick a3, 853

and 4,742,087 qR8IHREMBPIERESE 5ﬂma§y Rﬁﬂﬂ%i%@?&?}’@'@ﬁﬁg‘a‘?ﬁpﬁE’é@%B%ﬁ?&t&iﬁEﬁtS-
These epoxidized oils/fats can be reacted with any polyhydric alcohols in the presence of blowing
agents to yield FoR0FA%INE RISRRT MYIRIHSs for preparing closed-cell PUF, which comprises

reacting a 20 polyisocypgatejdtht N0 39 MPOKIIIBE & sRSEsSE ©f mBNdraeaROwAHgWing
agent is described in U.S. Patent 5,451,615. The polyol composition
blown methylene diphenylisocyanate-based polyurethane foam from

10 commercially available polyether polyol for use in packaging of shock or
vibration sensitive goods. The polyether polyols are obtained by reacting an
alkylene oxide, such as for example ethylene oxide, propylene oxide, butylene
oxide or mixtures of two or more such oxides, with an active hydrogen-
containing initiator.

15 U.S. Patent No. 4,508,853 and 4,742,087 describes a process for the
production of polyols from epoxidized natural oils/fats. These epoxidized
oils/fats can be reacted with any polyhydric alcohols in the presence of
blowing agents to yield polyurethane foams.

A process for preparing closed-cell PUF, which comprises reacting a

20 polyisocyanate with a polyol composition in the presence of a hydrocarbon-
blowing agent is described in U.S. Patent 5,451,615. The polyol composition
comprises a polyether or polyester polyol and a castor oil that contains fatty
acids. The fatty acids include ricinoleic acid, dihydroxystearic acid, palmitic
acid, stearic acid, oleic acid, linoleic acid, linolenic acid, eicosanoic acid, or

25  mixtures of two or more thereof.

It is known from U.S. Patent 4,439, 551 that polyol blends comprising
aromatic polyester polyol from recycled polyethylene terephthalate and
alkylene glycol and dibasic acid waste streams may be used to produce
packaging foam.

30 A process for the production of plastics containing amide groups with

elimination of CO, by reaction of polyfunctional isocyanate and carboxylic



comprises a polyether or polyester polyol and a castor oil that contains fatty acids. The fatty acids
include ricinoleic acid, dihydroxystearic acid, palmitic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, eicosanoic acid, or 25 mixtures of two or more thereof. It is known from U.S. Patent
4,439, 551 that polyol blends comprising aromatic polyester polyol from recycled polyethylene
terephthalate and alkylene glycol and dibasic acid wagte streams may be used to produce packaging
foam. 30 A process for the production of plastics containing amide groups with elimination of CO2 by
reaction of polyfunctional isocyanate and carboxylic 4 acids in the presence of tertiary amines is

described in U.@cHisdhthesresarce{dediiy,amingsds desariecieriVed. dirigiohi2ad4t8/ feid

esters. DE1121§Q% dapsaRAR 2BrRSese iCa/0@orcRa 8HBRiIa R MAY RlyktEhgne products by the
interaction of organic polglsoc anates, water, 5 polyethers and polyesters. Polyesters used in this

process are prepared IngpeRRREichIFIRSRSRithEa sy ReeRatatighefadoare acids
used in the procgsigpelydaieiRalEesci he TRBRIBACI BRI IpRIADSFAU P of

castor oil, dihydroxystearic acid, hydroxy- ascg/loxystearlc acids, polyhydroxy acids obtaine
u

. ! y
hydroxylation ofPRYYEHRS raRch PRyeatsas Juelyastens HeRM BhitiscarageffRigEenaeshBean or
linseed oils, and:pREERSIHRE DURFRRIIJGHY SIS ESfbaRfieleieiasidTAB ARSIk a5iss
GB869988 refers to a process for the manufacture of foamed or non- foamed polyurethanes from
diisocyanates (WS IvicHNBapBEeRKdBChISI iERRIpisteaTidndhIvistneleic iehs Bixture
polyesteramide%b'{gqg&g)lyg§te F@G?@ﬁ?&or%‘i’ar@é’s{@m SiccH i?y(ﬁ@b@}@t&lﬁ@”%o‘f@,beﬁw g@@}aic,
sebacic, alkyladipic, citric, phthalic, isophthalic, terephthalic and trimesic acids, and the

acyloxystearic acids, polyhydroxy acids obtained by hydroxylation of
10 unsaturated fatty acids such as the acids obtained by hydrolysis of soya bean
or linseed oils, and polymerised unsaturated fatty acids such as dioleic acid

and trilinoleic acid.
GB869988 refers to a process for the manufacture of foamed or non-
foamed polyurethanes from diisocyanates (with which may be mixed
15 triisocyanates) and polyethers, polyesters or polyesteramides. The polyesters
can be prepared from succinic, adipic, glutaric, suberic, azelaic, sebacic,
alkyladipic, citric, phthalic, isophthalic, terephthalic and trimesic acids, and the
polybasic acids obtained by polymerization of unsaturated long-chain fatty
acids. Monobasic acids and ricinoleic and dihydroxystearic acids may also be

20 used

SUMMARY OF THE INVENTION

A process for preparing an opened — celled low density rigid

25 polyurethane foam which comprises reacting isocyanate with a polyol
component in the presence of a blowing agent and additives wherein the
polyol component consists of dihydroxystearic acid (DHSA) derived from oleic
acids. The oleic acids are derived from palm oil. The DHSA used in this
invention is 9, 10-dihydroxystearic acid (9, 10-dihydroxyoctadecanoic acid).

30 The isocyanate used is an aromatic isocyanate, polymethylene polyphenyl
isocyanate having functionality of 3.0. The blowing agent is water. Physical

blowing agent such as hydrocarbons can also be used in association with



polybasic acids obtained by polymerization of unsaturated long-chain fatty acids. Monobasic acids
and ricinoleic and dihydroxystearic acids may also be 20 used SUMMARY OF THE INVENTION A
process for preparing an opened - celled low density rigid 25 polyurethane foam which comprises
reacting isocyanate with a polyol component in the presence of a blowing agent and additives wherein
the polyol component consists of dihydroxystearic acigy (DHSA) derived from oleic acids. The oleic
acids are derived from palm oil. The DHSA used in this invention is 9, 10-dihydroxystearic acid (9,
10-dihydroxyoctadecanoic acid). 30 The isocyanate used is an aromatic isocyanate, polymethylene

polypheny! isocyakfitdonaeiner aliedhienB ofExamplas mbvieyaskacahene raEnikicab dibiling agent

such as hydrocqyegns.¢3 2150 Henishe, In. peResHali g Vi) ANRIRRI SRR BiSeisa Wel Exginples of
the hydrocarbons are HCFC-141b, HCFC-134a, n-pentane, i-pentane and cyclopentane. An opened

-cell low densit§eRHpHYIGOPNHEIbARENAARY RavIseABPRMNEh N epRiefifycasding
produced in the@seseatiRyantion. i BREAdserl IverRBRIDATIBSLA 9 vUEthane deRskpragiced can

be used as packaging material, floral foam for flower arrangements, energy absorbing or acoustical

material. PRce£OBUsRsaRRM foahr MEaded Falt RSty SRAGSORATEAMNG Palaral. fialdeamelow.
The starting magriglsriAaREEATES ALY @ REAGY RIS DRTARA Ml Sli¢RAR AYIfactant, amine

catalyst, diethanolamine, 10 triethanolamine and flame retardant are mixed in a container normally a

plastic cup using a high’§58s8 PEEFRHENSIPRENEHSBIHAN, dpneividigid rehvistaans-deamat
ambient temperafuia iaisetP beIBRatTHIrstaig GASteRMsdebhedifivRivatbealioes theanfdin of other

ingredients. The mixture is vigorously stirred for about 30 seconds until all the ingredients are
thoroughly DHSA, water, silicone surfactant, amine catalyst, diethanolamine,

10 triethanolamine and flame retardant are mixed in a container normally a
plastic cup using a high-speed mechanical stirrer. The DHSA, which in the
form of semi-solid at ambient temperature have to be heated first up to 60°C
in order to liquefy it before the addition of other ingredients. The mixture is
vigorously stirred for about 30 seconds until all the ingredients are thoroughly

15 mixed with the DHSA. The isocyanates are then added into the plastic cup to
react with the mixture. The stirring process is stopped when the polyurethane
mixture turns creamy. The polyurethane foam is allowed to rise freely in the

plastic cup until it is fully cured.

20 DETAILED DESCRIPTION OF THE INVENTION

It is an object of the invention to provide a process for the production of
opened-cell, low-density PUF from palm oil based DHSA.
It is a further object of the present invention to provide an opened-cell,
25 low density PUF as packaging foam produced using palm oil based DHSA
and having properties comparable to the commercially available foams made
from other types of polyols. In addition, this PUF can also be used for various
applications including as floral foam for flower arrangements, as an energy-
absorbing material and as a sound absorption material.
30 The method of producing DHSA from palm oil and its characteristics in
terms of iodine value, acid value and the fatty acids composition (hereinafter

referred to as FAC) that are suitable to produce PUF in accordance with this



15 mixed with the DHSA. The isocyanates are then added into the plastic cup to react with the
mixture. The stirring process is stopped when the polyurethane mixture turns creamy. The
polyurethane foam is allowed to rise freely in the plastic cup until it is fully cured. 20 DETAILED
DESCRIPTION OF THE INVENTION It is an object of the invention to provide a process for the
production of opened-cell, low-density PUF from palmgpil based DHSA. It is a further object of the
present invention to provide an opened-cell, 25 low density PUF as packaging foam produced using
palm oil based DHSA and having properties comparable to the commercially available foams made

from other typedyEh&I9RIE IpisEeRfrsh IRhRIMEIPQSn R dNiseB0dr d Al Malsymiandhateitiuding
as floral foam fox fonvarisH aBOSRIEAUSEASTRE THREX- &@%Wﬁ%eﬁ%mﬁs G SOhEEl fbsgrption
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material. 30 The method of producing DHSA from palm oil and aracteristics in terms of iodine
value, acid valuel&i¢dariglsathna RPOXIHEEESRIBIE (Reisnate PrRstueRd t9oaY aiaic)asidedie\Yifable to

produce PUF iniggrrdaiiGe WitBANS & iy eMiongs ARCIrRgE Brad'gradisRaigntdie-sisrdiand
Malaysian Patent Application Pl 9804456. The DHSA are formed by hydrolysis of epoxidized oleic

acids. The @8poxldiSe@IsiSicasiilss HRprothRe PhomMkitaiidaRabgaleRinsodiue oPEXIHEe00
12/100g. The 0'%?&@@1%@6%@&6@9@@”@%&@5 >l Beneleisicile ftasiother clsyaibiaissman be

also used to produce epoxidized oleic acids. Examples of other oils are castor oil, Soyabean oil, corn
oil, sesame oil, 6@ il rapREVBE ofilpe@NR oflil suiFRtFEREi CbotRFRRI Bil-asyMficwed Ail.Table 1

ilustrates the vasiatigisierans fdchrsasigrisics sbalm nildased aric Asidsvhich BAYdDpSed to
produce 10 DHSA. The iodine value, acid value and the FAC of the oleic acids are determined

according to thefh AF8RLRIIRICA OERAR At Rased oleic acids which may be used to produce
10 DHSA. The iodine value, acid value and the FAC of the oleic acids are

determined according to their respective AOCS Methods.

Table 1 : Characteristics of Palm QOil Based Oleic Acids

Fatty Acid Composition (%)
C10:0 0.14
C12:0 0.48
C14:0 2.15
C16:0 32.24
C18:0 8.48
C18:1 49.13
C18:2 7.38
lodine Value (g 12/1009) 56.8
Acid Value (mg KOH/qg) 205.7

15
The invention mainly involves a process for making opened-cell, low
density PUF by reacting isocyanates with a mixture comprising DHSA,
silicone surfactants, water, amine catalyst, diethanolamine, triethanolamine
and flame retardant. The preferred characteristics of DHSA used in this

20 invention are tabulated in Table 2.



Table 1 : Characteristics of Palm Oil Based Oleic Acids

................................................................................................................................ Fatty Acid
Composition (%) !" C10:00.14 C12:00.48 .........uuuuiimrimieiiiiiiiiiieeeaeeeeaaeaaassssnnnnnnns C14:02.15 C16:032.24
C18:08.48 C18:149.13 ....... O3 S 0 1 J lodine Value (g

12/1009g)56.8 Acid Value (mg KOH/g)205.7 15 The invention mainly involves a process for making
opened-cell, low density PUF by reacting isocyanates with a mixture comprising DHSA, silicone
surfactants, water, amine catalyst, diethanolamine, triethanolamine and flame retardant. The preferred
characteristics of DHSA used in this 20 invention are tabulated in Table 2. 7 Table 2 : Characteristics

of DHSA Hydroxyl Number (mg 124.3 46p190)) Characteristics of DHSA -+ pH 3.0

Hydroxyl Number (mg

KOH/q)) 124.1
pH 3.0
lodine Value (g 12/1009) 12.32
Acid Value (mg KOH/qg) 178.9
5 The polyol component used in this invention is 9,10-dihydroxystearic

acid (9,10-dihydroxyoctadecanoic acid). The DHSA is produced by
hydrolyzing the epoxidized palm oil based oleic acids in an aqueous solution.
The oleic acids having iodine value of 55 to 100 g 1,/100g are preferred. This
invention is also applicable to oleic acids derived from other types of oils/fats.

10 The DHSA corresponding to this invention is used in an amount preferably
from 35 — 50 percent of the total ingredient in the polyurethane formulation,
and more preferably from 36 — 42 weight percent. The preferable hydroxyl
number of DHSA is from 100 to 200 mg KOH/g.

OH
|
CH,-(CH,),-CH— CH-(CH,),COCH
|

OH

9, 10 - DIHYDROXYSTEARIC ACID
15

The isocyanate preferably to be used in this invention is an aromatic
isocyanate having functionalities from about 2.5 to 3.0. The preferred

isocyanates for PUF production according to this invention are liquid aromatic



lodine Value (g 12/100g) 12.32 Acid Value (mg KOH/g) 178.9 5 The polyol component used in this
invention is 9,10-dihydroxystearic acid (9,10-dihydroxyoctadecanoic acid). The DHSA is produced by
hydrolyzing the epoxidized palm oil based oleic acids in an aqueous solution. The oleic acids having
iodine value of 55 to 100 g 12/100g are preferred. This invention is also applicable to oleic acids
derived from other types of oils/fats. 10 The DHSA corgesponding to this invention is used in an
amount preferably from 35 - 50 percent of the total ingredient in the polyurethane formulation, and

more preferably from 36 - 42 weight percent. The preferable hydroxyl number of DHSA is from 100 to
200 mg KOH/g.moiKuresof eaiemetmens- olyPhrmOosPaysngtad COMMMDREDKY STERRIRNACID 15

The isocyanate&g;joﬁéq_llll%lyigb H%%g'Mi?iwﬁ@ti%wwmt&lmi?& d vingidupctionalities

from about 2.5 to e preferred isocyanates for PUF production accor his invention are

liquid aromatic SEREOBEISENEn Y IaRY [RAGHREALE iSOBIRAURSS c&ashpRMPaURdthaR it
bispheny! isocyapa{er(M@ibnihg PPhERIDY enscRelvAs M Becyarsts is ﬁomﬁéwer Reisiing of many
|

isocyanate compounds. Each compound has its own functionality. The MDI functionality of 2.5 to 3.0
is normally Pequ@dl s pigidudeaigrl fdaesiuncdionabtibh Hkiher thel yagHveRre rRophPsRshy
isocyanate is 3.f5oH)8patsAsYAITREEE B Staly AuadshitPREnpallaiatier pasAily,
isocyanates may be used. The amount of isocyanate preferably .
other types of isocyanates may be used. The amount of isocyanate preferably
to be used in this invention is from 50 - 60 by percent weight. The mass ratio
between the isocyanate and DHSA can significantly influence the structure
10 and density of the foams produced. The preferable mass ratio of DHSA to
aromatic isocyanate is from 1:1 to 1:1.5.
Water is used as the principal source for blowing in this process.
However, physical blowing agent such as hydrocarbons can also be used in
association with water to generate the PUF. The blowing agent is selected
15 from a group consisting of HCFC-141b, HCFC-134a, n-pentane, i-pentane
and cyclopentane or in any combinations. The water, which acts as the
chemical blowing agent, reacts with the isocyanates to produce the carbon
dioxide gas thus resulting in the formation of cell structures and foams. The
amount of water added influences the structure and density of PUF produced.
20 The preferred amount of water for PUF for this invention is from 0.05 - 6 parts
per 100 parts by total weight of polyol component.
Effective amounts of ingredients such as silicone surfactant (e.g. Niax-
L6900 from Witco), amine catalyst (Niax-A33 from Witco), diethanolamine
(from BASF), triethanolamine (from BASF) and flame retardant (TCPP from
25 Akzo Nobel) are added in the PUF formulation mainly to enhance the rate of
reaction and improve the formation of foam structure. Other conventional
auxiliaries such as colouring pigments, tin catalyst, reinforcing fillers may be
incorporated during the mixing process in order to modify the properties of the
final polymer.
30 In order that this invention may be readily understood, the whole
production process as described in this invention is indicated in the following

example:-



to be used in this invention is from 50 - 60 by percent weight. The mass ratio between the isocyanate
and DHSA can significantly influence the structure 10 and density of the foams produced. The
preferable mass ratio of DHSA to aromatic isocyanate is from 1:1 to 1:1.5. Water is used as the
principal source for blowing in this process. However, physical blowing agent such as hydrocarbons
can also be used in association with water to generatgthe PUF. The blowing agent is selected 15
from a group consisting of HCFC-141b, HCFC-134a, n-pentane, i-pentane and cyclopentane or in any
combinations. The water, which acts as the chemical blowing agent, reacts with the isocyanates to
produce the carbon dioxide gas thus resulting in the formation of cell structures and foams. The
amount of wateggdgggifluences the structure and density of PUF produced. 20 The preferred
amount of waterfor for this invention is from 0.05 - 6 parts per 100 parts by total weight of polyol
component. Effective amounts of ingredients such as silicone surfactant (e.g. Niax- L6900 from Witco),

amine catalyst (Niax-APRdre Vs thalistHRN RIS RINGN(rMeBAR b R DR DIAS AR @ASF) and

flame retardant (TCPP from 25 Akzo Nobel) are added in the PUF formulation mainly to enhance the
rate of reaetionSRPNBpTEUaGRMoATHNBIFBIGY M dsthanclamingr BiglvermbraIng3NAf8eSuch as

colouring pigmeylg, rHa PR Thikel TRr dneosiSaN A pka I Ca PRI L BT GG Mg R PERRESS In
order to modify the properties of the_final polymer. 30 In order that this invention maY be readily
[

understood, theMARI8NKBUSESH- pfdi&e Aie¥eHsR d'n s fiekenabs emharlideatiPmeiedtowing
example: 9 Exafapipdragustarigteaieialsteanipining eife0?es inorueiI QiR itWiRle the

addition of other ingredients. The mixture is vigorously stirred for about 30

10 seconds until all the ingredients are thoroughly mixed with the DHSA. The
isocyanates are then added into the plastic cup to react with the mixture. The
stirring process is stopped when the polyurethane mixture turns creamy. The
polyurethane foam is allowed to rise freely in the plastic cup until it is fully
cured.

15 The foaming characteristics in terms of cream time, gel time, rise time
and tack free time are determined at this foaming stage. As the normal
practice, the foam is conditioned at room temperature (30°C) for at least 24
hours before testing. The foam is then cut according to the dimension as per
the requirement of testing standards. Table 3 shows the density, opened-cell

20 content, compressive stress and the thermal conductivity of the foam are

determined by the following test methods:-



5 silicone surfactant, amine catalyst, diethanolamine, triethanolamine and flame retardant are mixed in
a container normally a plastic cup using a high-speed mechanical stirrer. The DHSA, which in the
form of semi-solid at ambient temperature has to be heated first up to 60C in order to liquefy it before
the addition of other ingredients. The mixture is vigorously stirred for about 30 10 seconds until all the
ingredients are thoroughly mixed with the DHSA. The qigocyanates are then added into the plastic cup
to react with the mixture. The stirring process is stopped when the polyurethane mixture turns creamy.
The polyurethane foam is allowed to rise freely in the plastic cup until it is fully cured. 15 The foaming
characteristics in terms of cream time, gel time, risel@ 3nd tack free time are determined at this
foaming stage. As the normal practice, the foam is conditioned at room temperature (30C) for at least
24 hours before testing. The foam is then cut according to the dimension as per the requirement of
testing standards. Tabl® Bogertieshe density, opened-cell ZDestrethadsipressive stress and the

thermal conductivi'g of the foam aredetermined by the following test methods: 10 Table 3
) A foam sample of regular shape and reasonable

...................... Properties Test Methods Dgpaitys(kgdigBkd 9N srESIRS regidadshape and
reasonable size|is weighed and measured. The density is calculated from the expression : weight

(kg) / volume (m3) Opened-cell content DeGHHGEHATBIHhavVIRFBIRESIRES AcKBIB (88) 1330
Pycnometer. The test is comparable in all jggpaetgrifthe ASTM standard method
Opened-cell content | Determination using Micromeritics' AccuPyc
(%) 1330 Pycnometer. The test is comparable in all
respects to the ASTM standard method
particularly ASTM D2856.

Compressive Stress | According to DIN ISO 3386.

(N)

at 40% deformation

Thermal Determination using “Kemtherm QTM-D3”. The

Conductivity, test is based on transient hot wire method.
k-value (W/m.K)

The PUFs according to this invention is suitable for numerous

5 applications, preferably for packaging application. The typical example of
packaging foam formulations used in this invention is given in Table 4. These
formulations are expressed in parts (by weight) per hundred parts of polyols,

abbreviated as pphp.

10



particularly ASTM D2856. .........cuuuuiiimiiiiiiiiiiiiiaeeeee s

PP PPP TP Compressive Stress '
According to DIN ISO 3386. (N) at 40% deformation .................coceveneee Thermal Determination using
"Kemtherm QTM-D3". The Conductivity, test is based on transient hot wire method. k-value (W/m.K)
OO ¥ DR PPPPTP _ The PUFs

according to this invention is suitable for numerous 5 applications, preferably for packaging
application. The typical example of packaglng foam formulatlons used in this invention is given in
Table 4. These formulations are 4 S g eH MO MARBE parts of polyols,
abbreviated as pphp. 10 11 Table 4: Packaglng Foam Formulations PU Formation 100.0pphp*100.0 D
H SA Niax-L69002.02.4 Niax-A331.51.5 Diethanolamine2.02.0 Triethanolamine2.02.0 TCPP15.0-

Water4.03.8 MRUAB@&B]ion pphp*
DHSA 100.0 100.0
Niax-L6900 2.0 2.4
Niax-A33 1.5 1.5
Diethanolamine 2.0 2.0
Triethanolamine 2.0 2.0
TCPP 15.0 -
Water 4.0 3.8
MDI 148.0 133.0
Cream time (secs.) 4.0 5.0
Gel time (secs.) 5.0 7.0
Rise time (secs.) 25.0 90.0
Tack free time (secs.) 30.0 180.0
Density (kg/m?®) 17.0 19.4
k-value (W/m.k) @ 29°C 0.0357 0.0387
Open cell content (%) 98.0 89.6
Compressive stree, N 153.2 113.0
(40%)

*parts per hundred parts of polyol

5 The opened-cell, low-density foams are highly desirable particularly for
packaging foam due to its excellent dimensional stability and lightweight,
which are in contrast to closed-celled foams. This opened-cell, low-density
PUF can be used for the pour- in-place packaging of delicate objects and
shock-sensitive goods. The packaging method is known as direct

10 encapsulation in which the liquid polyurethane mixture is filled into a carton
box whereby the packaged good will be surrounded by foam and thus
protected. This packaging technique allows adaptation to any shape of the

goods.



.......................................................................... Cream time (secs.)4.05.0 Gel time (secs.)5.07.0 Rise
time (secs.)25.090.0 Tack free time (secs.)30.0180.0 Density (Ig/m3)17.019.4 k-value (W/m.k) @
29C0.03570.0387 Open cell content (%)98.089.6 Compressive stree, N153.2113.0 (40%)
......................................................................... ettt PATTS per hundred
parts of polyol 5 The opened-cell, low-density foams afg highly desirable particularly for packaging
foam due to its excellent dimensional stability and lightweight, which are in contrast to closed-celled
foams. This opened-cell, low-density PUF can be used for the pour- in-place packaging of delicate

objects and shock-serf2RRREG0eRIS. FPREND IR FHP nieaRsHNiZaeh dA theiniRispalirs neeRidsligbn in
which the liquid;gelydiRihapf puKies M'%%m@s%&aré?naaﬁm%ﬁ%bw&e RaflRge9Beswill be

surrounded by foam and thus protected. This packaging technique allows adaptation to any shape of

the goods. 12 GPERERESPIBEANS dRealddieRigiisetnieintiiy aipaire A@llisHied ifRIurEBIR"
properties and g{ggiieatldAs APRICHI NS bRIRLER IRB DPE S SPHRE BRSeERtCRs fiBRRLYT #f this

invention are also well suited for similar applications. This type of opened-cell PUFs may also be used
as flora foafn inSBagiatrar BaHSHIMRAB A SRAEBEIRY SEFiRTies. Besides these applications, DHSA

derived from palm oil h3sg@igdeihese applications, DHSA derived from palm oil based oleic

acids can be mixed with other polyols to produce rigid PUF. Besides using

DHSA as polyol component, it also can be used as additives with other

polyols to improve foaming reactivity in terms of rise time and tack free time.

10 The incorporation of DHSA in the polyurethane formulation can significantly
accelerate the rising time, reduce the density and improve the curing time.

The results presented in Table 4 confirm that when DHSA according to

the invention are used, PUF having higher percentage of opened-cell content

exceeding 95% and low density can be obtained. These PUFs characteristics

15  are suitable for use for various applications mainly in the packaging industry.



acids can be mixed with other polyols to produce rigid PUF. Besides using DHSA as polyol
component, it also can be used as additives with other polyols to improve foaming reactivity in terms
of rise time and tack free time. 10 The incorporation of DHSA in the polyurethane formulation can
significantly accelerate the rising time, reduce the density and improve the curing time. The results
presented in Table 4 confirm that when DHSA accordipig to the invention are used, PUF having higher
percentage of opened-cell content exceeding 95% and low density can be obtained. These PUFs
characteristics 15 are suitable for use for various applications mainly in the packaging industry. 13
CLAIMS 1. A prgéég\ﬂﬁr preparing an opened - cell polyurethane foam which comprises reacting
isocyanate with a polyol component in the presence of a 5 blowing agent and additives characterised
in that: i) the polyol component consists of dihydroxystearic acid (DHSA) derived from oleic acids. 2. A
process for preparing dh BIRGR5§ -FeEINBRATB Ak apaRess —16”larrbiigthrng fopAerwiiehe DHSA

is formed by hydgHysits 85 sRariige i MRt AfemolRiy 8Ct HeiQH Bge B3 &> & 400
12/100g. 3. A process of preparing an Q[.I).ened - cell polyurethane foam as claimed in claim 1 and 2

wherein theoleelQWiig ASEHE @Y yefpharastersaddmErals of preparing an opened - cell

polyurethane foam as plaimeghdnsdpidl LyrssRerNedASISA isrbiiyaiBxgseRteatra@hh)10-
dihydroxyoctadecanoic acid) and its OH value in the range of 100 to 200 mg KOH/g. 20 5. A process

of preparing an openede R BRMrelRiRCIgEm as claimed

2. A process for preparing an opened — cell polyurethane foam as
10 claimed in claim 1 wherein the DHSA is formed by hydrolysis of epoxidized

produced from oleic acids having iodine value of 55 to 100 1,/100g.

3. A process of preparing an opened - cell polyurethane foam as claimed
in claim 1 and 2 wherein the oleic acids are derived from palm oil.

15
4. A process of preparing an opened - cell polyurethane foam as claimed
in claim 1 wherein the DHSA is 9,10-dihydroxystearic acid ( 9, 10-
dihydroxyoctadecanoic acid) and its OH value in the range of 100 to 200 mg
KOH/g.

20
5. A process of preparing an opened — cell polyurethane foam as claimed
in claim 1 wherein amount of DHSA used is between 35 and 50 percentage

by weight of the total ingredients in the polyurethane formulation.

25 6. A process of preparing an opened — cell polyurethane foam as claimed
in claim 1 wherein amount of DHSA used is between 36 and 42 percentage

by weight of the total ingredients in the polyurethane formulation.



in claim 1 wherein amount of DHSA used is between 35 and 50 percentage by weight of the total
ingredients in the polyurethane formulation. 25 6. A process of preparing an opened - cell
polyurethane foam as claimed in claim 1 wherein amount of DHSA used is between 36 and 42
percentage by weight of the total ingredients in the polyurethane formulation. 14 7. A process of
preparing an opened - cell polyurethane foam as claimgd in claim 1 wherein the isocyanate is an
aromatic isocyanate having functionalities from about 2.5 to 3.0. 5 8. A process of preparing an
opened - cell polyurethane foam as claimed in claim 1 wherein the isocyanate is polymethylene
polyphenyl isoc%nate%ﬁ@ﬁ@ﬁﬁr@t@%ﬁf@@o@@.@P@U%@mdé@!;ﬁ'@ﬁldf@g@ﬂfgfaﬁrﬁﬁlé@mm

polyurethane fopn ggippimedy HEHICIHB SiydigrsiaRMRUNs T BRGIMAIEYIRBR RRIYRICRYhsRCYanate

is between 50 and 60 percentage by weight of the total ingredients in the polyurethane formulation.
10. A process ofieliiriian hpenabautdipilsiéthane foam as claimed 15 in claim 1 wherein mass
ratio between isocyanates (polymethylene polyphenyl isocyanate) and DHSA (polyol component) is

from 1:1to 1: 1.5. 11. A process of preparing an opened - cell polyurethane foam as claimed in claim
1 wherein the b®wing édé’ﬂ%%e@d?@ﬁﬁﬁ%ﬁ@r@ﬁﬁ'@%ﬁéﬁg%'Wﬂaﬁ?maﬂqwmed

HCFC-134a, n-Renigie, HPRMHERSH 1IN CIOBSyEABEOS hAPeaRRINBLIBBR pheryIPISSepsritereparing

an opened - cell polyurethane foam as claimed in claim 1 wherein the blowing agent is water in an
amount from 0.6%Y98 fo8ginRltigs Lhddkess of preparing an opened - cell polyurethane as claimed
in claim 1 wherein the DHSA are mixed with one or more surfactants, catalysts

9. A process of preparing an opened — cell polyurethane foam as claimed
10 in claim 8 wherein amount of polymethylene polyphenyl isocyanate is
between 50 and 60 percentage by weight of the total ingredients in the

polyurethane formulation.

10. A process of preparing an opened — cell polyurethane foam as claimed
15 in claim 1 wherein mass ratio between isocyanates (polymethylene

polyphenyl isocyanate) and DHSA (polyol component) is from 1:1 to 1: 1.5.

11. A process of preparing an opened — cell polyurethane foam as claimed
in claim 1 wherein the blowing agent is selected from a group consisting of
20 water, HCFC-141-b, HCFC-134a, n-pentane, i-pentane or cyclopentane or in

any combinations.

12. A process of preparing an opened — cell polyurethane foam as claimed

in claim 1 wherein the blowing agent is water in an amount from 0.05 to 6

25 pphp.

13. A process of preparing an opened — cell polyurethane as claimed in
claim 1 wherein the DHSA are mixed with one or more surfactants, catalysts
and other additives.

30



and other additives. 30 15 14. A process of preparing an opened-cell polyurethane foam as claimed in
claim 1 wherein the DHSA besides being used as polyol component, it also can be used as additives
with other polyols to improve foaming reactivity in terms of rise time and tack free time. 5 15. Opened
cell, low density rigid polyurethane foam produced according to the process as claimed in claim 1 to
14. 16. Opened-cell, low density rigid polyurethane fogm having an opened 10 cell content of
exceeding 95%. 17. Opened-cell, low density rigid polyurethane foam produced according to claim 1

to 14 used as packaging material, floral foam for flower arrangements, energy absorbing material or
acoustical matefidl. A process of preparing an opened-cell polyurethane foam as claimed in

claim 1 wherein the DHSA besides being used as polyol component, it also
can be used as additives with other polyols to improve foaming reactivity in

terms of rise time and tack free time.

15.  Opened cell, low density rigid polyurethane foam produced according

to the process as claimed in claim 1 to 14.

16.  Opened-cell, low density rigid polyurethane foam having an opened

10  cell content of exceeding 95%.

17.  Opened-cell, low density rigid polyurethane foam produced according
to claim 1 to 14 used as packaging material, floral foam for flower

arrangements, energy absorbing material or acoustical material.



