, Y& (e3e/ | H @ACLCGE( HT| Hkw -1 DESCRI PTI ON COVPOSI TI ON FOR PRODUCTI ON OF
FLAVE- RETARDANT FLEXI BLE POLYURETHANE FOAMS TECHNI CAL FI ELD 5 The present-
invention relates to a conposition for flame-retardant erﬁWMMmmmmwmmmw
pol yur et hane foam BACKGROUND ART Pol yur et hane resins, whi | of
thernosetting resins, are relatively inexpensive and are 10 easysis¢ nol d,
and the foaned products thereof are wdely used over the entire range of
articles of daily use, including autonotive parts. However, pol yurethane
resins are flammabl e, and once they ignite, they have a major drawback of
carrying out uncontrollable conbustion. 15 Various efforts have thus been
made to produce fl aneretardant p0|yHE§éﬁf?fI¢§a”] Nowadays, fl anme
retardance is legally conpul sory i n"SORE el'ds featuring the use of

pol yurethane, suchcagpaulRFBT K8al BREHCF Sow CBRCERhlY.REPARDART O | mPar
flame retardancy to pol yur et hane, e nethod of "adding a

hal ogen- cont ai ni ng phosphat 18861 RS 3R, ViUt et st 1s adopt ed.
Additive-type flane retardants of hal ogen-contai ni ng nononeri ¢ phosphate
ester are usually used, such as trgsgehter,ogtbyb) phosphate and
tris(chloropropyl) 25 phosphate. However, these flame retardants tend to be
-2 vaporiszed at hrigh pespesat ineetiiood ardineids 1w Mt R@d e wei gdr Waen

t he pol yuret hane foam contai ning such a flane retardant is used for

aut onot i ve sheateanstdhdant kel easoYdepdlgnpertdtatre fiowi.de t he aut onobil e
increases in 5 sumer or under simlar high-tenperature conditions, a
phenonenon of fogging tends to ocEARCKGROMNITBRIhosphat e conponents, am ne
catal ysts contained in the starting naterials, or salts of amne with

hydr ogen hal i des Pe-baueeihadye t Frs detorifoisih ite diyrR¥rapitdsphat e conponent s
10 are vaporized or scattered inside the autonpbile and the glass of the
aut onobi | e b‘é@%ﬁ%%s%’?w.rmrﬁer%rﬁ e 3 e e t IRt Prichentdy 9t t he

f oamed product is, sonetinmes inmpaired. The vaporized or scattered qgterials
50" ot hERsY ShS PO b e bl S TS eSS SIS TR T I has ¢ hus
been proposed._| rder_to reduce e _anmpunt_.of fl ret.ardants which are
vapori zed i sg?%gugs)‘éggdti i%/ré-Jt]g;/epe}%}fgaerreoérjeatra?ldcaln%sg%gff faéalc}gélnscednt ai ni ng
condensed ph | i : qgﬁggﬁg C 1) remain
in an amunt%(?_tlg%%ﬂ Q?%m%tol\g%\,%/%? no |gorfe'r ity%es ot?m?ﬁ;?r!eeaérler%lsar dant s,
SO even whenypti SOMRRab VPESard dhAdTBHS) arflants, alfe Wffhe tEhenPrabl em of

the flame retardant becom ng vaporized "at el evat ed t'enperat ures cannot

still be ovedeowBacitieot ocd hey Pi¢s@ne eartforsiiedl 1091 enad @il 91 opel ght
conponent s.
15 Various efforts have thus been made to produce flame-

retardant polyurethane foam. Nowadays, flame retardance
is legally compulsory in some fields featuring the use of
polyurethane, such as automotive interiors.
Generally, in order to impart flame retardancy to

20 polyurethane, the method of adding a halogen-containing
phosphate ester as a flame retardant is adopted.
Additive-type flame retardants of halogen-containing
monomeric phosphate ester are usually used, such as
tris(chloroethyl) phosphate and tris(chloropropyl)

25 phosphate. However, these flame retardants tend to be
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25 O her known flane retardants are additive-type flanme -3 retardants of
hal ogen- cont ai ni ng hi ghly condensed phosphate esters in which the phosphate
esters are condensed to a higher degree in order to mnimze the anmount of
resi dual nonomer conponents. However, such 5 highly condensed phosphate
esters have poor workability because of their high viscosity, and tend to
deconpose, resulting in the formati on of hydrogen halide salts of am nes,
with the risk of scattering and adverse~éffects on other physical
properties such as scorch resistance. 10 Furthernore, the aforenentioned
types of flame retardants all contain hal ogens, and there is concern that
their vaporization_m,gh L fec d ey.p ey g, 0xi

bur ned. AItthBRr%ﬁ%dugé %gggdé?$#€?9€§%§ ??gn%or%$§$%a%€%q§ ﬂ%§MP§P

hal ogen-free_npt hat t o b e;formation
of hydrogen ngggg'sa Pgﬁofﬁgnﬁﬁggugﬁgﬁgﬁgeggéﬁu%§?§%§%%ﬁ%?%§%ﬁsamhen
burned, the g%gge'%gkbqaagk e ,RRAS AR @ RTHRRS viel Sl tCamrpttHRe 1ike,
prevented. 2 thods that have thus been studied include preventing flane
retardants fpgmpei RgmyapacizediRyiysi BBel hatBnobt Bedantseabéd feactive
functional groups, referred to as reactive flame retardants, which are

i ncor por &g edsipfert be naeser skeletonhofhtbempekyunet haoed26idnam by
reacting with starting materi al s. -4 The pol yurethane foamis formed by

t he reacti onpheheeenonsedcydngtiéngr bapsdsofoaopolyi sncyanahepansphabet ypes of
hydroxyl groups, i.e. hydroxyl groups in the polyol and hydroxyl groups in
wat er servi ngoagponkets,bkminagcagehysteonenepingdennr ehet fvertinge
retardants of phosphate ester containing reactjve functjonal groups are
used, it is metesdaly t ercentisl ofhamiegcribh Brfheennt halidBeyanat e groups
and-three different tépes of reactive function

I gﬁougﬁ tmaking it
di fficult toPFQAMFess WéF?eléePﬁ@pPﬁﬁEHHBdOSrEEEr BSPRRL R oSRABHCBFBETCt i n
t he conventional manner. Japanese, Unexami ned Patent i i
2001113020 f GFCeXaR0Ire e e?&rﬁﬁégtsrﬁétﬁ881gﬁ ﬁhﬁcﬁuggﬁé%%?%vgﬂg§%%eof
phosphat e ester. _contai_Rnin I Li.c r ro | §..US to produce
a flane-retaﬁggﬁF Ple%%ﬁ|%u%8ﬁ§§?éFhS%§° égn?§§ggghegg§tn§§én?ﬁgd Pat ent
Publ i cation Mg, 2001131312 fespliheso? MRLNeahBavBkehubet isa feactive
type of phosphate ester containfng alcoholic hydroxyl groups and an
addi tive typgpfetdthe@l i1GRIBNC. PRAsPRALe reskar oar ecHsedrba preducals flame
retardant flexible polyurethane foamwth good flanme | am nate property..In
these nmet hods,) koW thet riskdickf kewktrskayaaliifeveinbehwakhshal anced
reacti on between the three types of hydroxyl groups and the isocyanate 25
groups. Thus, open oeltlwdahast hbe fbusedelbyp sirgpbped in order to

reduce the amount of flame retardants which are vaporized
is to use additive-type flame retardants of halogen-
containing condensed phosphate oligomer. However, monomer
components generally remain in an amount of about 5 to 20

20 wt% in oligomer types of flame retardants, so even when
oligomer types of flame retardants are used, the problem
of the flame retardant becoming vaporized at elevated
temperatures cannot still be overcome due to the presence
of such low molecular weight components.

25 Other known flame retardants are additive-type flame



-5 varying the amount of the reactive phosphate ester and a cl osed cel
foamtends to be formed, resulting in the low air perneability and the high
conpressive strain of the foanmed product. 5 DI SCLOSURE OF THE | NVENTI ON A
primary object of the present invention is to provide a conposition for

pol yur et hane foam capabl e of overcom ng the drawbacks descri bed above, that
is, a conposition for polyurethane foan1§ontaining a reactive 10 type fl ane
ret ardant of hal ogen-free phosphate estér, which conposition is capabl e of
formng a flanme-retardant fl exible pol yurethane foam w th out standi ng
characteristics such as better flane retardant properties, excellent

resi stance tp.seorch: andsf 009, 80n_a0d: L auExq 16 6RTPr essides sl ai n. AS a

result of exténsive researc overcone t rawbacks descri bed above, the

i nventors acgagplshedLbe.pr eaeh: LAVERLI ooupentd | agkags that a

fl ame-ret ar dant exi bl'e polyurethane foamw th excellent flanme retardant
20 propertieggnfesksliapseat i §EOF CheGhEef 0g0bAGer abd hONERI £ONPHESSI Ve
strain can be obtained by using a specific hal ogen-free phosphate ester
cont ai ni ng rgasthhYeoktunekianal gonupsrasompbhanest efawetaat, i sucknbi nati on
with a salt of a tertiary am ne conmpound with a 25 carboxylic acid. -6
Speci fi cad | yhiyheypreadahsiedvphbsphapeowstesst havé opboni wor kappbstyi ons for
pol yuret hane foam 1. A conposition for flame-retardant flexible

pol yur et hanebkoanseonpr kbeng: hsghi yiacpeiywl ebdpbeedtto(degompose,

pol yi socyanate conponent; (iii) a halogen-free phosphate ester that neets
the fol | owi ngesoAtiingoas thp ferpariomndft hxdregatanaside saiks ohe

al cohol i c hydroxyl group; 10 (a)_ an_acid val ye of K /g or_less, (b) a
vi scosi ty ofaBiP§§roWngs§h§tr25€,°(c§CétﬁﬁaﬁﬁﬁyﬁnsangggFQSeF5e§§6
KCHmg/ g, and (d) a wei ght av rage nngecular %eight of 200 tQS%QQgé 15 (iv)
atertiary affn8t8&FpBRYSACE: PYPPE EFFPCBHE f BBnfSPABI TZErT 3ha (vi) a

DLow 19 B9 2 ey SRR 9Lk B 2 AR oLLeniDeafl yur o hane
retardants all contain halogens, and there is concern
that their vaporization might affect humans and they
produce dioxins when burned.

Although the use of additive-type flame retardants

15 of halogen-free phosphate ester could overcome problems
such as the formation of hydrogen halide salts of amines
and the production of dioxins when burned, the
vaporization of the phosphate esters itself cannot be
prevented.

20 Methods that have thus been studied include
preventing flame retardants from being vaporized by using
flame retardants with reactive functional groups,
referred to as reactive flame retardants, which are

incorporated into the resin skeleton of the polyurethane

25 foam by reacting with starting materials.



20 conprising 1 to 20 parts by weight of the phosphate ester specified in
item (iii), 0.01 to 0.3 part by weight of the tertiary amine carboxyl ate,
0.5 to 2 parts by weight of the silicone foamstabilizer and 0.1 to 40
parts by weight of the blow ng agent, per 100 parts by weight of 25 the

pol yol conponent. 3. A conposition for flanme-retardant flexible

pol yur et hane foam according to the above item1l or 2, wherein the tertiary
am ne carboxylate is a salt of aliphatic4rertiary amne with carboxylic
acid. 5 4. A conposition for flanme-retardant flexible polyurethane foam
according to any one of the above itens 1 to 3, wherein the phosphate ester

<;p>k|1f 2°0 K3 R-cR'D-PRLETEBE TR 20, 68 R Sl i pe A ) ('
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o n P an PEFuEEn FookAniyaRbiancos & Boy oy nlie LanER M ane O
pol yur et hanetggtegﬂ ?5 ;&eremea&ohpg?nil on ﬁggﬁé%ggsgw@?é% OVh &g

conmponents (i as essential conponen a pol yol conponent;
(ii) a polyi Ee@%pamabﬁdmy&%ﬁpl;gzeuﬁsl i) Rabalogepvingeaphesphate ester
e

that neets t ol lowing conditions (a) to (d), and that contains at |east
one al co®l i 1bydnhexybegtOupowever, when reactive flame retardants of
phosphate ester containing reactive functional groups are
used, it i1s necessary to control the reaction between the
isocyanate groups and three different types of reactive
functional groups, making it difficult to fully satisfy
10 the intended properties of foamed product in the
conventional manner.
Japanese Unexamined Patent Publication No. 2001-
11302, for example, describes a method in which a
reactive type of phosphate ester containing alcoholic
15 hydroxyl groups is used to produce a flame-retardant
flexible polyurethane foam. Japanese Unexamined Patent
Publication No. 2001-151919 describes a method in which
both a reactive type of phosphate ester containing
alcoholic hydroxyl groups and an additive type of
20 oligomeric phosphate ester are used to produce a flame-
retardant flexible polyurethane foam with good flame
laminate property.. In these methods, however, it is
difficult to achieve the well-balanced reaction between
the three types of hydroxyl groups and the isocyanate

25 groups. Thus, open cells cannot be formed by simply



(a) an acid value of 2 KOHm/g or less, (b) a viscosity of 5 Pas or
Iess at’ 25C, (c) a hydroxyl value of 5 to 250 KOHrg/ g, and (d) a weight
average nol ecul ar wei ght of 200 to 5 2000; (iv) a tertiary am ne
carboxyl ate; (v) a silicone foamstabilizer; and (vi) a blow ng agent. The
i ndi vi dual components contained in the 10 conposition for pol yurethane foam
of the present invention are described below (i) Polyol Conponent Exanpl es
of polyol conponents which can be used rAcl ude pol yol conponents conmonly
used in the production 15 of flexible polyurethane foam such as pol yet her
pol yol s, pol yester polyols and pol yner pol yols. Exanpl es of polyether

| | | I f
Poout 55 1o SotRERE FAE' HGuhel SETBRL POIYELO: hhdedn bl Suder WIS 0
addi tion of él‘tgxéﬁ %'f'sgmsegndést@tﬂ@alf@ﬁn@aﬂ d:.eeéﬁlﬁt n%pyﬂea?e%@e to

pol yfunctiona anm ne conpounds or the iike.

pol yfunct i onéhrpgémb§bw9wd§nal t’ﬁ@' ﬁléwc&@ér@é@wén@tgém%f afyk
propyl ene glycol; triols such as glycerol trimet hyl ol propane; 25

pol yol s suchf@§m§§n aghythritol, sorbitol and sucrose. -9 Exanpl es of
am ne conpounds i nclude annDnia, tri et hanol am ne, ethyl ene di am ne,

di ethyl erie triam ne, am noeDIBCLOSPREADINEHENANIBNITTION. Pol yester pol yol s
are conpounds having term nal 5 hydroxyl groups obtained by the

pol ycondensat i on Af ppoihgfunchbientl ofathexytesenci tsvemdipol y$ unet i onal
hydr oxyl conpounds, preferably with a nunber average nol ecul ar wei ght of
about 500 t optovede, aandmpos et poef épabbyl ahoethaneof eam 50aab B aebl es of
pol yfunctional 10 carboxylic acids include adipic acid, phthalic acid,
succi ni ¢ aci @vesganang 5%Pdd5ﬂdb§§b§c¢%56€%€edE&%%ﬁ?est%$tpbﬁyf%nct|onal

hyd d | ud h t hyl | |

ol ycol ) Eﬁ??%éﬁp%pigﬁaﬂdfe?h§Pixﬁré%ﬁea?sféaﬁy5§$§ﬂ€a¥$§ 41 ESROT S Stch as

15 ¢l t t thritol | yol

e obt aibd’ BYPR B-ACa=BorS BehEr EOP§§EQ§ﬁ3¥5eéé%ﬁ PRSI P9 ERs At ur at od
d dj

ronorer ., an hg@ﬁhgaﬁpgéieaxgrﬁg LagaGhal 0t EAnSIes 20elae- flopershon

stablllzers an eto I'ng about t cal polynerization of

the ethyl eni %?Ekib&!@s?E?ﬂ?ﬁ&@ghgﬁgoﬁgém' wlmeo@w@gﬁ&fnef a radical
initiator. Exanples o hyl enical | y unsaturated nononers include nononers

contai ning CyARRaBteYRsEYUED B8ScAChY! QRittd & lan@d mRitweaHopiddd&ies,
(meth)acrylic esters such as nethyl 25 (neth)acrylate, butyl
(met h) acryl atgcestieatykesistance to scorch and fogging, and lower

15 compressive strain.

As a result of extensive research to overcome the
drawbacks described above, the inventors accomplished the
present invention upon finding that a flame-retardant
flexible polyurethane foam with excellent flame retardant

20 properties, resistance to scorch and fogging, and lower
compressive strain can be obtained by using a specific
halogen~free phosphate ester containing reactive
functional groups as a flame retardant in combination
with a salt of a tertiary amine compound with a

25 carboxylic acid.



-10 (nmeth)acrylate, hydroxyethyl (neth)acrylate, dimethylan noethyl
(nmeth)acryl ate and di met hyl ami nopropyl (nmeth)acryl ate; nonomers contai ni ng
carboxyl group such as acrylic acid, nmethacrylic acid, itaconic acid,

mal efic 5 acid and fumaric acid; acid anhydride nononers such as mal efic
anhydride and itaconi c anhydride; hydrocarbon conpounds such as but adi ene,
i soprene and 1, 4- pentadi ene; aromatic hydrocarbon conpounds such as
styrene, a-nethyl styrene, phenylstyrené6§nd chl orostyrene; hal ogene 10
cont ai ni ng nononers such as vinyl chloride and vinylidene chloride; vinyl
ethers such as vinyl ethyl ether and vinyl butyl ether; vinyl ketones such
as vinyl ethyl ke i £Vl es S S Vi : : r m des such
as acryl am de, N, g?%% h§¥g¥fy g%i%g€§€P§51¥t%%¢%%@?%ﬁ§§%§@§ theé

N, N-di met hy! ge&mewiﬁaggoﬁﬁ%he%ﬂs apf ggwa{k@eﬁar%sma{! ani de; and

met hacryl am des suc I met hyl nethacryl am de. Such ethylenically

unsat urated nmonongrs nRY-BRHoHSEd: 8h0REr OF 1 e CREPLPARhONSLOki O OF nDre.
20 The af orenenti oned polyo? conponents can be used alone or in

combi nat i onspef yhiwetREnEDFBamdepRpEi Bgngh the properties required of the
pol yuret hane foamthat is to be prepared. For exanple, a foaned product
with higleelasticity 25peagobecohpanand; when the af orenenti oned pol yet her
pol yol -11 and pol yner polyol are used in a proportion, based on the
conbi ned wei ght of(ittheat molydofsoB8@ahatoO0cemponénthe fornmer and 70 to 10 wt %
of the latter, and preferably 40 to 80 wt% of the fornmer and 60 to 20 Wt %
of the latter. 5 ((iii})Psl hréoeganirecCohpenbateErRarpreshat Boeysbeganate
conponents whi ch can be used include various polyi socyanate, conpounds
havi ng two ofCABPEiNgoEyRAZEECHPOURS, tRNilEh, afRIAnERREOFBREALRRAZF N
pol yur et hane _resin conposi tions. anpl es of such 10 pol yi socyanate
conpounds i néegdé SpﬁnﬁﬁFekﬁgFﬁi§§é§ggﬁiegfoﬁpfphatic pol yi socyanat es and
alicyclic, polyisocyagnates, as well as m xt s of two nore of such
pol yi socynat es, angaﬁnanFS&deFéP508§L akégmgzgaPﬁeégé§’the nodi fi cation
of such pol yi socyan s. Specific 15_exanples of, suc lLsocyanat e
conpounds i ncl ude pgﬁiiéoX@SﬁSFégysgéhéagBﬁbfy éﬁg&H??gg%ﬁghate,
di phenyl met hane dii gegyanataroROhYBRLDX! srespebypbenkbang/go! ¥haocyanat e
(crude MDI), xylylene diisocyanate, isophorone diisocyanate and
hexamet hyl ene di i soqyanat Geidftanderagel nedeptioduckaightsugh200 to
pol yi socyanat es, such as carbodiimde nodified products, burette nodified
products, dinmrers and triogers. Prepolynmers with term nal isocyanate groups
obtai ned from such pol yi socyanates and active hydrogen-cont ai ni ng conpounds
can al solbe used. (25)| & iterespeyi ahlinepcetrbprgdainithe present invention
-12 to use, alone or in conbination, tolylene diisocyanates, including
i somers such as Ziﬂﬁt@lﬁﬁéﬁéoaﬁi§@@?aﬁ§?é}l2?6F®I?Pén dii socyanate and the
| i ke. The anount in which_the polyi socyanate conponent is 5 used is not
particularly limt@d) BuPlc¥ig8udPr#tan anount resulting in an i socyanate
i ndex of about 90 _to 120, preferably about 95 to 11 n re

2 ff%POFHFﬁanFgﬁe%ESPSr58ﬁFr%8n$hgl§¥§BlgD

preferably about 700 t ame ret ar dant
s a halern}kﬁ%%r%@%%RQaE%am according to the above item 1, which

20 comprising 1 to 20 parts by weight of the phosphate ester
specified in item (iii), 0.01 to 0.3 part by weight of
the tertiary amine carboxylate, 0.5 to 2 parts by weight
of the silicone foam stabilizer and 0.1 to 40 parts by
weight of the blowing agent, per 100 parts by weight of

25 the polyol component.



ester which neets the followi ng conditions (a) to (d) and which contains at
Ieast one al coholic hydroxyl group (sonetimes referred to bel ow as
"reactive phosphate ester"): 15 (a) an acid value of 2 KOHng/g or less, (b)

a viscosity of 5 Pas or less at 25C, (c) a hydroxyl value of 5 to 250
KOHg/ g, and (d) a wei ght average nol ecul ar weight of 200 to 2000. 20 The

al cohol i ¢ hydroxyl group allows such phosphate esters to react wth the

pol yi socyanate conpound in the starting~” materials so as to be incorporated
into the resin skeleton of the pol yurethane foam thus preventing themfrom
bei ng vapori zed. The Iack of hal ogen can 25 prevent harnful effects on

humans caused by the i ns when
burned, and the I‘?ke %!%Pg{#)%afé?n?h&gg Pé@%&?‘;eﬁée)s J{')g)(lldrgsp KCHmg/ g or
l ess. A hig t C I S of

catal ytic agﬁ)wtﬂgggrﬁ%ﬁ%gg %Igrégcgﬁé \A\Eél%ﬂﬁlé&%é%%:’ljf@et%h%b%gls% f oaned
products. %HQEQDn'Ehé‘%é?tﬁé’?f%mirﬁ‘@tcéﬂ?o pf gajalysirscould be

i ncreased to enhance the catalytic activity, this is economcally

di sadvant ageQusppadi abe gt 88r| cadihO | Danech PsOgyris adid. 10 | ower physi cal
properties, and is therefore not preferred. The phosphate ester has a

viscosity of 5 Pag,or hessmpds2bloantopref @febtytvgamt viseoshly of 4 Pas
or less at 25C. A viscosity higher than that will inpose a greater stirring
| oad duri ng pbeypretheheofioah &beofdimedtdSapy ocuetof atite valbdvenatterhd ow t he
phosphate ester to be uniformy dispersed, which mght adversely affect the
properties ol the3reshereny thenphopplaiuetestee $iyele okigd v uet et t he
phosphat e ester is 250 KOHmg/ g or less. A higher value will nake it
difficult to(2bitohsral CPRROVRACEPRRSSARECHIPY ERpdfebleesng tfoFmMite
formati on of closed cells, thus adversely affecting the properties such as
the air pernéébility and conpressive

R.__ R0 ||
e /PVJF (1)

10
wherein R! is a C; to C4 alkyl group, R? is a C; to Cs
alkylene group, R® is a C; to C3 alkyl group, and n is an
integer of 1 to 10.

15 The composition for flame-retardant polyurethane
foam of the present invention comprises the following
components (i) to (vi) as essential components:

(i) a polyol component;
(i1) a polyisocyanate component;
20 (iii) a halogen-free phosphate ester that meets the

following conditions (a) to (d), and that contains at

least one alcoholic hydroxyl group;



strain of the foamed product. The wei ght average nol ecul ar wei ght of the
phosphate 25 ester is within the range of 200 to 2000. A nol ecul ar -14
wei ght lower than this range will result in the vaporization of the
phosphate ester by the heat of reaction before reaction with the isocyanate
groups, resulting in lower flane retardant properties, and the 5 foaned
product will have coarsely fornmed cells. A nolecular weight higher than the
above range will result in a higher visc8sity, and will thus inpose a
greater stirring load during the production of the foamed product,
resulting in poor phosphate ester dispersion and foaned 10 product wth

inferior properties afgggfggﬁgh?%f¥§§5€rzn@gﬁ&gﬁ%t@@‘ﬁggye condi tions can

bs useg ?f the fla resent ention. 'Specific exanples
of suc ame retar ts |.n hose: repr.esent by . f la (1) to (1V)
bel ow. 15 3 RI1\ i Rggg %'ﬁﬁggggﬁﬁgd9€~ %Qﬁ ?%Il%gﬁ %&hgﬁg?h RlLis acClto
Cq al kyl group, RZ ig) asChylioof) akyhener g5 0up. 258 kouiy /@, tand3 al kyl
group, and nis an integerof 1"to 10). OOHORL GIP O-1P OR1O H ( 11
) | OR2 OR2 n 20 (4% bwherght Rleisga &l éoulir alkydleneogroap,t&RZ is a Cl

to C4 alkyl group, R3 is a Cl to CQ alkylene group, 1 is an integer of 1 to
10, mismn integer of 2000;10 and n is an integer of 1 to 10). OORIO IP
ORR0-P ORBOH( II'') 711 mMmORORS5 N

(iv) a tertiary amine carboxylate;

(v) a silicone foam stabilizer; and

(vi) a blowing agent.

The individual components contained in the

10 composition for polyurethane foam of the present

invention are described below.

(i) Polyol Component

Examples of polyol components which can be used

include polyol components commonly used in the production
15 of flexible polyurethane foam, such as polyether polyols,
polyester polyols and polymer polyols.

Examples of polyether polyols among these include
polyether polyols with a hydroxyl value of about 25 to 70
KOHmg/g, which are obtained by the random or block

20 addition of alkylene oxides such as ethylene oxide and
propylene oxide to polyfunctional polyols, amine
compounds or the like. Examples of polyfunctional polyols
include glycols such as ethylene glycol and propylene
glycol; triols such as glycerol and trimethylolpropane;

25 polyols such as pentaerythritol, sorbitol and sucrose.



(wherein R is a Cl to C al kyl group, R2is a Cl1 to Cq al kyl ene group, R3
isa CZto C9 alkylene group, mis an integer of 1 to 10, and n is an
integer of 1 to 10). 1 ROI , PO-RO~-H(IV) RLORL mn 10 (wherein Rl
is aClto(C9 alkyl group, RZis a C to Cqg al kylene group, mis an integer
of 1 to 10 and nis an integer of 1 to 10). In the aforenentioned general
formulas, ClL to C9 al kyl groups are linear or branched al kyl groups with 1
15 to 4 carbon atons, specific exanpl es=8f which include nethyl, ethyl,

n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. Exanples
of C1 to C9 al kylenes include |inear nethyl enes such as nethyl ene,
ethylene, tr Qeéhyégngfaggiﬁetrgnﬁé@gé nfncf@gebéﬁm§ge%,nethylenes. -16
such as isop o%y?ene and 150 u%yT ne” “The ' Gnount s of ‘the af or ementi oned

reactive phosphal . 851 henk? DEnyPEe! 8: dpt oL m At Reraidi g igsddie | evel

of flanme retardancy 'S desi An Tnsufficient” anount” 5 does’ n

inpart a Sat%ﬁiﬁ&é?ﬁylf$§§§réﬁlﬁéd§ﬂ& ghfecte . I n contrast, an excessive
ect t [

anount may adversely” af e physical properties of the resulting foam

General ly, the ampygp eQ’EeEhﬁoI§@§§iélﬁepclﬂ@rﬁl@@@ﬁ@seﬁé@iﬁ i e phiBhLI abl y about
1 to about 20 parts by weight per 100 parts by 10 wei ght of polyol

conponents (hyc‘draﬁﬁnigwuﬁm o8t £anbaxyy at ke | pol gchedessat yoh cofise a
tertiary am ne carboxylate in the conposition for pol yurethane foam of the
present invepblpfunAtsahtlotaabophhiccatedsi ang polypfunethoddl car boxylic
acid is particularly preferred as the tertiary am ne carboxylate. Am ne
conpounds arbkydeaeyal tymkoondst ophaYerghi gl yitke acruvbey averageti ons

bet ween hydroxgl groups and isocyanate 8roups in Eolyisocyanate conmpounds.
In the 20 compésfulen Weigpbl 9hrebpaheSPBahe cbht @PHi ngR@ PeERti ve phosphate
ester, conmponents with h%droxil ﬁroups incl ude the regctive phosphat ¢ ester
and the bl owPhETageRLYi ALaHHI tPBR 8 PRBOpokyerrlesdot Rlyhgnebhpdtti on

contang @ Lesst L1 ee Lyges, oL SIenents il Mydtenyl cofgugs. 25 The

succinic acid, azelaic acid and sebacic acid. Examples of
polyfunctional hydroxy compounds include glycols such as
ethylene glycol, propylene glycol, butanediol and
diethylene glycol, and polyhydric alcohols such as

15 glycerol, trimethylol propane and pentaerythritol.

Polymer polyols can be obtained by mixing a

polyether polyol and an ethylenically unsaturated monomer,
and, when necessary, adding chain transfer agents,
dispersion stabilizers and the like to bring about the

20 radical polymerization of the ethylenically unsaturated
monomer in the presence of a radical initiator. Examples
of ethylenically unsaturated monomers include monomers
containing cyano group such as acrylonitrile and
methacrylonitrile; (meth)acrylic esters such as methyl

25 (meth)acrylate, butyl (meth)acrylate, stearyl



al one in such a conposition does not result in the proper bal ance of
reacti on between the isocyanate groups and the three types of hydroxyl
groups, and tends to produce conpressive strain in the resulting foaned
product. 5 In contrast, when a tertiary am ne carboxylate is used as a
catal yst, the reactions between the isocyanate groups and the three types
of hydroxyl groups progress with a good bal ance, giving a foaned product

wi th excell ent physical properties. 10'§é€tific exanpl es of tertiary am nes
for formng tertiary am ne carboxylates include aliphatic tertiary am nes
such as bi s(2-di met hyl am noet hyl) ether, N nethylN -(2-dinmethyl am noet hyl)

pi per azi ne, W\ t - = ﬁﬁgﬂL ine, NN NN,N 15
pent anet hyl g&%&ﬁ@%%%i%%?%ﬁ%$2gr%f§f€ﬁifvﬁg%¥gnet yﬁy%$hylenedianine, and
L, 4- di azabi cyey0eh 91 2n 2hs OCK ANE (mEWRMRL £51 8 o CAIB QX e HLdiiEn dod oI M NG
salts with such tertiary ammnes 1 nclude aliphatic nonocarboxylic acids with
about 1 to 8(‘ﬁé£9ﬁ9ca_{/9£rﬁe; SHERoRST § OF & €a Bl Ky ansir BOx T ef i su@cduth The

am no groups of the tertiary amnes in the tertiary am ne carboxyl at es

whi ch can bezysgdrinithgcpagseathaovehitoachde peastdrltyaotdcanmpletel y
neutralized by the carboxylic acid. The tertiary am ne carboxyl ates 25 can
be used & ongcod hndcoukanati aosdefativd anhyoriede meod@ndhe sechiasy ani ne
carboxylate is preferably used in an anount of about 0.01 to 0.3 part by
wei ght per 1081pact snhydwedghandf ipatyoiccanppdehde; Vilpdredrriper al cat al yst
and ordi nary am ne catal yst described below are 5 not used, the tertiary
ani ne car boxgbapeundspseterabl putigdidenn, ahsapbene ahdabottPentadien®i 3 part
by wei ght per 100 parts by wei ght of polyol conponent to ensure sufficient
catal yti c acekromatacphudueraPoRecPBBPANABVFUSH| R oREY FORM KB RYEr 10

Bl ock I f dipethyl sil d | yeth | I d

Si1i cone foaRt¥EBPY i PAFEY.AhAZCHR RAGCULPTOLLY FoPRs, MAbCATAS 1inear,

b hed, dant f but iall - d

ar e usedd n fRRyeRsae. mheReerEBRE Pt aPaorrTat 8t AR Al PR e e

Lnvention 1S R9L RAEL GUhgh! ¥ehbOLl ElcnADY Sihlg00eLY QG READLNAZET

her et of ore us or fl pol'yur et hane foam may be used. The use of

silicone foapygtabilikzer PhaY:desnehf getsnsychuas psevenyingthiie
coal escence g}ﬁggbgkgggaﬁd 20 staB?Iizingnthe gell filnsyin adgition to

facilitatingybhenei;xkAgyandsesuksishipahsoninl 1t heeshaeti agrypaeidass and
t he di spersion of gases involved, thereby enabling foans with good
properties teubt abt actgdamdbthoNgN-tihmeahplintryglanhdesi N-cone foam
stabilizer 25 to be used is not particularly limted, it is preferably
-19 about5 0. Ssbpr2pyaetsdey WeNghtimpshvieoipaptrerky aerghambfepangol
conponent. (Vi) Blomjn% Agent As the blomjn% agent in the conposition for a

methylene bisacrylamide; and methacrylamides such as N,N-

dimethyl methacrylamide. Such ethylenically unsaturated

monomers may be used alone or in combinations of two or

more.

20 The aforementioned polyol components can be used

alone or in combinations of two or more, depending on the

properties required of the polyurethane foam that is to

be prepared.

For example, a foamed product with high elasticity

25 can be obtained when the aforementioned polyether polyol



5 pol yuret hane foam of the present invention, known bl owi ng agents
heretof'ore used in the conpositions for flexible polyurethane foam are
suitably sel ected according to the properties required of the foaned
product. Water is a typical exanple of such a blow ng agent, 10 and ot her
exanpl es i nclude nethyl ene chloride, n-butane, isobutane, n-pentane,

i sopent ane, dinethyl ether, acetone, C02, etc. Depending on desired density
and other properties of the foaned produtts such bl owi ng agents can be used
al one or in conbinations of two or nore in the 15 manner known in the art.
The amount of the blow ng agent to be used is not particularly limted, but
t he amount ordinarily ranges fromabout 0.1 to 4 I 100
parts by wei ght 8?i§%?§oPg£%ﬁ%oﬁ5%tgsﬁg tfh%rgf%g%gﬁééﬁéb%%§g%gggf§§% The
tertiary am ne_ garhgxyl used. | C itiognofdh e p wention
has catalytiEogé%ngt%eiﬁth§§rEg§t%g§’bgfaggnﬁ%hgoh@%?oﬁ?PEggoﬂ%gmgﬁd 25
the | Socyanalfq0h8ues, QU&tbaéfrﬁh@tnggkgrlOMh&a%eéyékgbly-z@ g&tgyity in
the reaction"between the polyisocyanate conponent and pol yol conponent,

that is, theyggsphri theatbeRetearti g0 tKnpwNy€at 8Fyshe COAPOBENtS can
therefore al so be used, when necessary, to pronote the 5 resinification
reactiongn q@ggsp@jyhg@bygagtbvtbmpbﬁémeen t he pol yol conponent and

pol yi socyanate component. Such catalysts include ordinary am ne catal ysts
and netal catal ysEsamgxagpbéspolyosdepanygtancoeponentyswbichctameod0
tertiary am ne conpounds which do not formsalts with carboxylic acids, and
can usual |y beedseédcilndanvambunt pblabeatydndtet cofpoupdst hayingi ghe per
100 parts by wei ght of polyol conponent. Such ordinary am ne catal ysts are
pref erabl y usedmpmeadsarvanatsughounar wWhéchofaP hﬁﬁ@ngQsemPFﬁdth%
aforenentioned tertiary am ne carboxylates is within th range of about
0.02 to 0.3 pRAVUBPtREnghtesér COBPRELE4OBY - wErgRPLEF B§I§BF conmponent .

o e oot eplad stritRat s chrosanpandrahide IR Soft s
Su ™A, p_ , o ) , or el . In
catal ysts S“%33§§aggg;§§hyggggggbggggtsnang1§E9em988p8§y9§58y399wes,

particul arly

as well as mixtures of two or more of such
polyisocyanates, and modified polyisocyanates obtained by
the modification of such polyisocyanates. Specific

15 examples of such polyisocyanate compounds include
polyisocyanates such as tolylene diisocyanate,
diphenylmethane diisocyanate, polymethylene polyphenylene
polyisocyanate (crude MDI), xylylene diisocyanate,
isophorone diisocyanate and hexamethylene diisocyanate;

20 and modified products of such polyisocyanates, such as
carbodiimide modified products, burette modified products,
dimmers and trimers. Prepolymers with terminal isocyanate
groups obtained from such polyisocyanates and active
hydrogen-containing compounds can also be used.

25 It is especially preferred in the present invention



Metal catalyst is preferably used in an anmount rangi ng between about 0.01
and 1 part by weight per 100 25 parts by wei ght of polyol conponent. -21
The use of the netal catalyst within the aforenentioned range, together
with a am ne catal yst such as the tertiary am ne carboxylate or a m xture
of the tertiary am ne carboxylate and the ordinary amne 5 catal yst, can
allow the resinification and foam ng reaction to progress with a good

bal ance. (b) Flame Retardant Phosphate ®52®rs with no reactive functional
group (additive type of phosphate ester) may al so be added, if 10 needed,
as flame retardants to the conposition for pol yurethane foam of the present
i nvention, praovided t he foaned, product i ot thereby adversely
afTocted EXEApPEe of 1208n5ad Rt FORPLDRnr  DROSHRAF et LorRr e r ALt tie
ol i goner typ S S , ~Sush,a oL &l _
bis(diphenylgﬁgggﬁggg)gggﬁgﬁﬁeﬁgFﬁAé%ig(éiEﬁ%2§%§%oégkggéy?n?ggbr%1%ol

bi s(bi s(2, 6di pher a , d i none

b1 o bi o( 2, o uet Pyl phemy Y Bhacshar ) Snd by henol

bi s(bi s(2, 6di net hyhehgaylhpheaphat eh; tARdpBPPOBBEYLNRES 8bmpPHRSRhal s 20
esters, such as triphenyl phosphate, naph?hy dlpﬁenyl phosphat e,

di napht hyd phesgd pbosphaperttitucaesyl 1phosphat Butt ikbusaxyeyhyh phosphate
and di phenyl -2 et hyl hexyl phosphate. Additive types of phosphate esters are
preferably 2&8mused rasahtanmguhh eh abouyadltpathdekyoveapbtitofll ess, -22

120, preferably about 95 to 115, and even more preferably
about 100 to 110.

(iii) Flame Retardant

10 The flame retardant is a halogen-free phosphate
ester which meets the following conditions (a) to {(d) and
which contains at least one alcoholic hydroxyl group

(sometimes referred to below as “reactive phosphate

ester”):
15 (a) an acid value of 2 KOHmg/g or less,
(b) a viscosity of 5 Pa's or less at 25°C,
(c) a hydroxyl value of 5 to 250 KOHmg/g, and
(d) a weight average molecular weight of 200 to
2000.
20 The alcoholic hydroxyl group allows such phosphate

esters to react with the polyisocyanate compound in the
starting materials so as to be incorporated into the
resin skeleton of the polyurethane foam, thus preventing
them from being vaporized. The lack of halogen can

25 prevent harmful effects on humans caused by the



and nore preferably about 0.1 to 30 parts by weight, per 100 parts by

wei ght ‘'of pol yol conponent. The aforenentioned additive types of phosphate
esters are preferably hal ogen-free oligoner types of 5 phosphate esters for
t he sake of preventing foggi ng and adverse effects on humans. It is
effective to use lowviscosity additive types of phosphate esters together
with reactive phosphate esters in order to |lower the viscosity of the 10
pol yur et hane conposition as a whol e andqﬁhbrove the workability, so as to
gi ve foaned product with better physical properties. (c) O her Conponents
Addi tives such as colorants, crosslinkers, 15 antioxidants, UV absorbents,
agents for preventing. hydr S| i S : i dded,

i f needed, t%a}?%]él%%gn%)g%i t?%% é%?d%%?%%/ure ﬁ%leé%%ém%&r?ﬁ%h%{rezcge%ﬁl@
invention. The typg,and amount of such additives are not particularly
limted. Conmonly used additives can 20 be used in the normally used range.

Met hod for Productng Foageds Prodyet tifol yws sihane &oeen can bexguragused from

t he conposition for polyurethane foam of the present invention according to

met hods usuably188®l oxeli et heewdl ast . tHd1ea PO yvd Blidanel T osgs clan e
obt ai ned, for exanple, -23 by one-shot nethods in which the polyol
conponents, weher losatafysataliyame aetavitantdufoag Soahing zenalamdy tie |i ke
are simultaneously m xed with the pol yi socyanate conponent to bring about
f oami ng t hrodgfiftbeit teacbtann Hoagmepopyoduchet hbtshémomhithweulsbrti on of
the pol yol conponent is reacted with all of the polyisocyanate conponent,
and the ot heappeaponeatstheeampyet of t pathbyseserelhgoprepergmeddte bring
about a reaction; and other nethods. In these nethods, the catalyst is
usual |y pre eohangedthet RAEALYpoFyaFt EbipBnehlplf oS LRECTAMFRLEYr m of a

honogenous sal ution or dispersion. .
d disadvantageoug and can also lead to foamed products with

10 lower physical properties, and is therefore not preferred.
The phosphate ester has a viscosity of 5 Pa's or less
at 25°C and preferably has a viscosity of 4 Pa's or less
at 25°C. A viscosity higher than that will impose a
greater stirring load during the production of the foamed
15 product, and will not allow the phosphate ester to be
uniformly dispersed, which might adversely affect the
properties of the resulting formed product.
The hydroxyl value of the phosphate ester is 250
KOHmg/g or less. A higher value will make it difficult to
20 control the reaction, and will tend to result in the
formation of closed cells, thus adversely affecting the
properties such as the air permeability and compressive
strain of the foamed product.
The weight average molecular weight of the phosphate

25 éster is within the range of 200 to 2000. A molecular



The conposition for flame-retardant flexible polyurethane foam of the
present invention results in flexible polyurethane foamthat has
satisfactory flame 15 retardant properties, as well as outstanding
characteristics such as good heat resistance, excellent resistance to
foggi ng and scorch, and extrenely | ow conpressive strain. Such
flame-retardant fl exible pol yurethane foam can be effectively used, for
exanpl e, 20 in autonobile seats or furnftére such as sofas and beds. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON The invention is illustrated in further
detail with reference to the follow ng exanples. Exanples 1 to 5 and

Compar at  ve Bxauples oheto o 25 Flexi bl palyuretbane {pagpovere produced by

t he -24 fol g one-sho od usrng e conpositions having the

formul ati ons ;38w ;bR 1 babbes theaBflgonbbSksral! noorRanaBLe gxcept for the

pol yi socyanat e”conponent were Dl ¢ I'n the predeterm ned proportions, 5
and were un'E%%@EXo%n%QQ%erXeQ%E@gns%EEhe@hétiggggaﬁﬁﬁbfgfoépgante In a
stirring device. The polyi socyanate conponent was added, fhe m xture was

stirred for geeihenns @ 1owegordsmat r308QdERM padgekbeep] xanaetnas qui ckly
poured into cardboard boxes with a square cross section. 10 Foam ng took

pl ace i medi #Foahgdapeodaxitmuhlvohare waarsedghédrabtiecedlbewAn nutes. The
m xture was cured for another 15 minutes in an oven at 80C. The resulting
f oamed produab lwas larf Wexighlte hilghee pbeputbehabeveoasnget Ribpeneselts. 15
The synbols in Tables 1 and 2 indicate the follow ng conponents. 1. Polyol
conponent ( 1inva- 30sbeTr iviigeosiidyal apcopylénshbgsénrpsryet BERaperyol 20
(nunber average nol ecul ar wei ght: 3000; hydroxyl value: 56.0 KOHg/ g)
(tradenane: 3050 90N ch U 1N t e UHeRt A5 1. JoameRaaedF et/
phosphate ester flanme retardant (1) TF-J12 25 Phosphate estgr reﬁrgsented
by fol | owi ngTREMHiIA%Ad POOF5 PREFPRE “ChESEEFI GhCRG ™S 8BePPFesOfBF Dai hachi
Chem callg)nd%srtord){lc%o.w,itlht q‘r)fe'il?i-o\r /p%lal%e(% iIeCS]_ CH3 CP O HHC \CH2 O ~O
Any phosphate ester meeting the above conditions can

be used as the flame retardant in the present invention.

Specific examples of such flame retardants include those

represented by formula (I) to (IV) below.

15
1 2 Q RS
R\ __ ROl

R1//C\\R2CY/ N O-~H (1)

O

(wherein R! is a C; to C4 alkyl group, R? is a C; to Cs
alkylene group, R® is a C; to C; alkyl group, and n is an

integer of 1 to 10).

0 0
n n |
H-+or"-o0—Pp OR%0—P o—R'0+H (1)
ToR'f-0— oL
OR? OR?
m

20



n n=1 "~ 5 hydroxyl value: 225 KOHng/g 5 acid value: 0.08 KOHmg/g viscosity
(25C) : 4.0 Pas wei ght average nol ecul ar weight: 243 (2) Exolit OP-550
Phosphat e ester with hydroxyal kyl groups having the 10 foll owi ng properties
(tradenane: Exolit OP-550, by dariant Corporation) phosphorus content:
- 17. 0% hydroxyl value: 130 KOHng/g acid value: 1.3 KOHg/g 15 viscosity
(25C) : 2.1 Pas weight average nol ecul ar weight: 863 (3) Fyrol-PNX
Phosphate ester with hydroxyal kyl groupslhaving the follow ng properties
(tradenane: Fyrol -PNX, by Akuzo 20 Nobel Chemicals Co., Ltd.) phosphorus
content: 19.0% hydroxyl value 20 KOHm/ g acid value: 1.5 KOHng/ g -2 6
viscosity (2

ht I La :

Additive-typgc%ﬁ5§6ﬁaﬁe e%te aﬁ§§;§? gcgﬁaF%ge%gffééiéﬁogghgfe
esters) 5 3. type 3S R
bls(dléhenylpﬁgg §?§9F(¥§dé&%ﬁeqﬁcé% gésgiggihagh%c%upthenlca? | ndustry
Co., Ltd 3 B t t
(17 adenant:  TAXP by Cbai hacnt Chan caf | ntSEry bb. o LPaLy aa § is
Polylsocyanagg caregrent (1) £ 5-80) 15 TonIene dllsocyanate (2,4-/2,6-isoner
ratio 80/ 20) (tragenane CbsnDnate T-80, by Mtsui Takeda Chenlcals Inc.)
5. Catalyst 20 5.1 Ti?tlary m ne caphoxylate (1) TOYOCAT- ETF Salt of

| C?

Bi s(2-di met hyl am noefthyl ) ether wi t hjacetilc acid (tradename: TOYOCAT- ETF,

by Tosoh Cor ;In_?fdti on| R2O— R30 H (nr)

OR’

(wherein R! is a C; to C4 alkyl group, R* is a C; to C4
alkylene group, R} is a C; to C4 alkylene group, m is an

integer of 1 to 10, and n is an integer of 1 to 10).

ﬁ ]
R1O——I|° O\/\/\/\ _P o—[a%}—H (IV)
R! O |L1 m
n
10 (wherein R is a C; to Cq alkyl group, R? is a Co to Cy
alkylene group, m is an integer of 1 to 10 and n is an
integer of 1 to 10).
In the aforementioned general formulas, C; to Cy
alkyl groups are linear or branched alkyl groups with 1
15 to 4 carbon atoms, specific examples of which include
methyl, ethyl, n-propyl, isopropyl, n-butyl, isocbutyl,
sec-butyl and tert-butyl. Examples of C; to C4 alkylenes
include linear methylenes such as methylene, ethylene,

trimethylene and tetramethylene, and branched methylenes



5.2 Odinary
BIS(2 di met h

am ne catal yst 25 (1) TOYOCAT-ET  -27
yl am noet hyl ) ether (tradenanme: TOYOCAT ET, by Tosoh

Corporation) (2) TEDA-L33 1, 4-diazabicyclo-[2,2,2]-octane (33% di propyl ene

5 glycol solution (tradenanme: TEDA-L33, by Tosoh corporation) 5.3 Tin

Catal yst (1) DABCO T Stannous octoate (tradename: DABCO T, by Sankyo Air 10

Pr oducts Co.,

Ltd.) 6. Silicone foamstabilizer (1) L-580 (tradenane:

L-580, by Nippon Unicar Co., Ltd.) (2) t1688 15 (tradename: L-688, by Wtco
(3) Sz-1136 (tradenane: SZ-1136, by N ppon Unicar Co., Ltd.)
Sanmpl es were cut out fromthe pol yurethane foans 20 obtained in the manner

Que, andlg Pyenﬁaigﬁdm@gﬁﬁHFﬁfgﬂgd by the foll ow ng test

Cor por ati on)

descri bed ab
nmet hods. The
proportions

on FMWSS- 302

resufts*ar € cohponents and their

in Taghgsaﬂﬂoaﬂgs of%)lthegggmﬁtwnJ&s;e?%& 172 pilE oYl

oam pl ece:

13 mm Eval uaggdcbhy EBebEOhEQ&AQQ Q@%é?mlned according to the level of

10

15

20

25

flame retardancy that is desired. An insufficient amount
does not impart a satisfactory flame retardant effect. In
contrast, an excessive amount may adversely affect the
physical properties of the resulting foam. Generally, the
amount of the reactive phosphate esters is preferably
about 1 to about 20 parts by weight per 100 parts by
weight of polyol component.

(iv) Tertiary Amine Carboxylate

It is necessary to use a tertiary amine carboxylate
in the composition for polyurethane foam of the present
invention. A salt of aliphatic tertiary amine with
carboxylic acid is particularly preferred as the tertiary
amine carboxylate.

Amine compounds are generally known to have
catalytic activity in reactions between hydroxyl groups
and isocyanate groups in polyisocyanate compounds. In the
composition for polyurethane foam containing a reactive
phosphate ester, components with hydroxyl groups include
the reactive phosphate ester and the blowing agent in
addition to the polyol, and thus the composition contains
at least three types of components with hydroxyl groups.

The use of ordinary amine catalyst or metal catalyst

based

oam t I’IESSI



NB: no burning; SE: self-extinguishing; 5 BN: burning (2) Conpression
Strain Test method: based on JI'S K- 6382 Foam pi ece: length 6 cm width 6
cm thickness 5 cm The surface of 6 cmx 6 cm foam pi eces was 10 conpressed
to 50% thickness for 22 hours at 70C, the pressure was rel eased, the foam

t hi ckness was then neasured, and the percentage of the reduction in

t hi ckness relative to the thlckness bef ore conpressi on was eval uated as the
conpression strain. For exanple, if 15 thé-thickness returned to 4 cm the
conpression strainis (1 - 4/5) x 100 = 20% (3) Scorch Test Sanples were
treated for 3 minutes in a mcrowave oven (500 W and then heated for 2

hours at 140918]§Qel%0s% ange A %Q?t%k%oéécﬁgrﬁhk@%l?‘c 1£h€h%efs£o Lpces at

that tinme was determ ned on t asi’s of t | ow ng scal suring

the yellow i I r 0 a in
color) 25 B: %%ﬁég%gtéfS %s|ﬁ6ﬁtggﬁg§%§ FRQCOEBC?QHQE% g§éu§Q a%? ?%570

(color changed) el +¥hell @ h 8§bqg%ab£ﬁd09éﬂgg LB gebanteTable 1
Exanple512395PonoI 305010 001 0100Conponent Terti ary

am neTOYCCAT cohbRe3@12@. 2@ rd@n2ear l@ﬁél @b@&ﬂﬁﬂﬂbsgabﬁé&ispmduct Ordi nary
am ne ~ TOYOCAT- EF lyst cataTEDA-L

5 In contrast, when a tertlary amine carboxylate is

used as a catalyst, the reactions between the isocyanate
groups and the three types of hydroxyl groups progress
with a good balance, giving a foamed product with
excellent physical properties.

10 Specific examples of tertiary amines for forming
tertiary amine carboxylates include aliphatic tertiary
amines such as bis(2-dimethylaminocethyl) ether, N-methyl-

- (2-dimethylaminoethyl) piperazine, N,N,N’N’-
tetramethyl-1, 6-hexamethylenediamine, N,N,N’N’,N”-

15 pentamethyl diethylenetriamine, N,N,N’N’-tetramethyl
ethylenediamine, and 1,4-diazabicyclo-[2,2,2]-octane.
Examples of carboxylic acids for forming salts with such
tertiary amines include aliphatic monocarboxylic acids
with about 1 to 8 carbon atoms, such as formic acid and

20 acetic acid.

The amino groups of the tertiary amines in the
tertiary amine carboxylates which can be used in the
present invention are partially or completely neutralized
by the carboxylic acid. The tertiary amine carboxylates

25 can be used alone or in combinations of two or more.



33.1 00 .10.1 (weight_ Tin catal yst _ .DABCO T_
0.25_ 0.25_ 0. 25 0. 25

0. 25\t er 2. 54. 54. 54. 54. 5part s) Met hyl ene3533chl ori deReact i veTF- J122515phosph
ate esterExolit OP-55010fl ane

r et ar dant Fyr ol - PNX10Addi ti ve-typeCR- 733S15phosphat e est er TBXP5f | ane
retardant Silicone

f oantzZ- 113611st abi | i zer L- 68B1L- 58011Po|yﬁ§ocyanateT 8038. 554. 156. 255. 153. 3C
onponent PropertiesFl anmabi l ity test SENBNBNBSEConpr essi on strain

(%) 4. 25.37.48.29. 3Scorching propertyAAABB -30 Table 2 Conparative
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parts by weight of polyol component. When the metal

catalyst and ordinary amine catalyst described below are
5 not used, the tertiary amine carboxylate is preferably
used in an amount of about 0.02 to 0.3 part by weight per
100 parts by weight of polyol component to ensure
sufficient catalytic action in producing the resin.

(v) Silicone Foam Stabilizer

10 Block copolymers of dimethylsiloxane and a polyether
are usually used as silicone foam stabilizers, and can
have various forms, such as linear, branched, or pendant
form, but especially, branched or pendant copolymers are
used in many cases. The silicone foam stabilizer used in

15 the present invention is not particularly limited. Any
silicone foam stabilizer heretofore used for flexible
polyurethane foam may be used.

The use of silicone foam stabilizer provides effects
such as preventing the coalescence of bubbles and

20 stabilizing the cell films in addition to facilitating
the mixing and emulsification of the starting materials
and the dispersion of gases involved, thereby enabling
foams with good properties to be obtained.

Although the amount of the silicone foam stabilizer

25 to be used is not particularly limited, it is preferably
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anm ne -31(9§5b%§§h§h§sAggBEonly reactive phosphate ester flane
retardants, product with | ow comercial val ue due to
hi gh conpression gkraihg andy9agaayanal i8CenehkBlpodition for a
5 polyurethane foam of the present invention, known blowing
" agents heretofore used in the compositions for flexible
polyurethane foam are suitably selected according to the
properties required of the foamed product.

Water is a typical example of such a blowing agent,

10 and other examples include methylene chloride, n-butane,
isobutane, n-pentane, isopentane, dimethyl ether, acetone,
CO, , etc. Depending on desired density and other
properties of the foamed product, such blowing agents can
be used alone or in combinations of two or more in the

15 manner known in the art.

The amount of the blowing agent to be used is not
particularly limited, but the amount ordinarily ranges
from about 0.1 to 40 parts by weight per 100 parts by
weight of polyol component.

20 Other Components

(a) Catalyst

The tertiary amine carboxylate used in the
composition of the present invention has catalytic
activity in the reaction between the hydroxyl groups and

25 the isocyanate groups, but has relatively low catalytic



-32 CLAIM5 1. A conposition for flane-retardant flexible polyurethane foam
comprising: 5 (i) a polyol conponent; (ii) a polyisocyanate conponent:
(i1ii) a halogen-free phosphate ester that neets the foll ow ng conditions
(a) to (d), and that contains at |east one al coholic hydroxyl group; 10 (a)
an acid value of 2 KOHmg/g or less, (b) a viscosity of 5 Pas or |ess at
25C, (c) a hydroxyl value of 5 to 250 KOHmg/ g, and (d) a wei ght average

mol ecul ar wei ght of 200 to 2000; 15 (ivy28-tertiary am ne carboxyl ate; (V)
a silicone foam stabilizer; and (vi) a blow ng agent. 2. A conposition for
flame-retardant flexible pol yurethane foam according to claim1, which

comr e 1 20,40,80, B3 (9P MRS, oL Phaselaic setecspectil ed I

item(iii), part "by Wei g ne car boxyl at e,

0.5 to 2 part 1+g f.he silii oa abili and 0.1 to 40
parts by meié%?ﬁ%¥ﬂfﬁégﬁrgifﬁ' éggﬁb%gggpkiogh%%r?E’bgﬁ&eight of the polyol

25 conponent .resinifddatich GURIIch ORnbI¥n LhadByset abAdBheht8xLRhe
pol yur et hane foam according to claim1l or 2, whefein the tertiary am ne

carboxyl ate itheresalrde AflR) iRNalsE,t @henankcazisaeyWi B pabhexyl kgeacid. 5
4. A conposition for flane-retardant flexible
5 resinification reaction in cases of low reactivity
between the polyol component and polyisocyanate component.
Such catalysts include ordinary amine catalysts and metal
catalysts.
Examples of ordinary amine catalysts include
10 tertiary amine compounds which do not form salts with
carboxylic acids, and can usually be used in an amount of
about 0.01 to 0.1 part by weight per 100 parts by weight
of polyol component. Such ordinary amine catalysts are
preferably used in an amount such that the total amount
15 with the aforementioned tertiary amine carboxylates is
within the range of about 0.02 to 0.3 part by weight per
100 parts by weight of polyol component.
Metal catalysts are typically organometallic
compounds containing metal component such as tin, copper,
20 lead, zinc, cobalt or nickel. Tin catalysts such as
dibutyl tin dilaurate and stannous octoate show
particularly good catalytic activity.
Metal catalyst is preferably used in an amount
ranging between about 0.01 and 1 part by weight per 100

25 parts by weight of polyol component.



pol yur et hane foam according to any one of clains 1 to 3, wherein the
phosphat e ester specified in item (iii) is a conpound represented by the
following formula (I1): 3 R1\ i RROv RR1,C~- RR0O PLOOH ( t ) n 10 wherein
R is aCl toC9 alkyl group, RZis a Cl to C3 alkylene group, R3is a Cl
to C3 alkyl group and nis an integer of 1 to 10. 15
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dimethylphenyl)phosphate), hydroquinone bis(bis (2, 6-
dimethylphenyl)phosphate) and biphenol bis(bis(2, 6-
dimethylphenyl)phosphate); and monomer types of phosphate
20 esters, such as triphenyl phosphate, naphthyl diphenyl
phosphate, dinaphthylphenyl phosphate, tricresyl
phosphate, tributoxyethyl phosphate and diphenyl-2-
ethylhexyl phosphate.
Additive types of phosphate esters are preferably

25 used in an amount of about 40 parts by weight or less,
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The aforementioned additive types of phosphate

esters are preferably halogen-free oligomer types of
5 phosphate esters for the sake of preventing fogging and
adverse effects on humans.

It is effective to use low-viscosity additive types
of phosphate esters together with reactive phosphate
esters in order to lower the viscosity of the

10 polyurethane composition as a whole and improve the
workability, so as to give foamed product with better
physical properties.

(c) Other Components

Additives such as colorants, crosslinkers,

15 antioxidants, UV absorbents, agents for preventing
hydrolysis, fillers and the like can also be added, if
needed, to the composition for polyurethane foam of the
present invention. The type and amount of such additives
are not particularly limited. Commonly used additives can

20 be used in the normally used range.

Method for Producing Foamed Product

Polyurethane foam can be produced from the
composition for polyurethane foam of the present
invention according to methods usually employed in the

25 art. The polyurethane foam can be obtained, for example,
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z 10% "' & §) - pkepoDyther- WeXhpd¥. in=which a portion of the polyol
component is reacted with all of the polyisocyanate
component, and the other components are mixed with the
resulting prepolymer to bring about a reaction; and other
methods. In these methods, the catalyst is usually pre-
10 mixed with the polyol component for use in the form of a
homogenous solution or dispersion.

The composition for flame-retardant flexible
polyurethane foam of the present invention results in
flexible polyurethane foam that has satisfactory flame

15 retardant properties, as well as outstanding
characteristics such as good heat resistance, excellent
resistance to fogging and scorch, and extremely low
compressive strain. Such flame-retardant flexible
polyurethane foam can be effectively used, for example,

20 in automobile seats or furniture such as sofas and beds.

BEST MODE FOR CARRYING OUT THE INVENTION

The invention is illustrated in further detail with
reference to the following examples.

Examples 1 to 5 and Comparative Examples 1 to 4

25 Flexible polyurethane foams were produced by the
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5138:§?i§2i3£§§§?§§§§§ é??g%*i é¥ﬁ&gg$§i£%'¥ﬂe compositions having
the formulations shown in Tables 1 and 2.
First, all components except for the polyisocyanate

component were blended in the predetermined proportions,

5 and were uniformly kneaded by being stirred at 3000 rpm
for 1 minute in a stirring device. The polyisocyanate
component was added, the mixture was stirred for another
5 to 7 seconds at 3000 rpm, and the mixture was quickly
poured into cardboard boxes with a square cross section.

10 Foaming took place immediately and maximum volume
was reached after a few minutes. The mixture was cured
for another 15 minutes in an oven at 80°C. The resulting
foamed product was a flexible white polyurethane foam
with open cells.

15 The symbols in Tables 1 and 2 indicate the following
components.
1. Polyol component
(1) MN—BOSO

Trifunctional propylene-based polyether polyol

20 (number average molecular weight: 3000; hydroxyl value:
56.0 KOHmg/g) (tradename: MN-3050 ONE, by Mitsui Takeda
Chemicals Inc.)
2. Reactive phosphate ester flame retardant
(1) TF-J12

25 Phosphate ester represented by following formula and



10z 10z-!'10%& ()-Z <<<2=>0C>>dEbC

10! f @ 10%4& () - L#10%4& () - 10%& ()-s:!10%4& ()- GLO%& ()-S, 10%4& () ->>>, ?e??
?dEbC! 10! Y(10%&' () -y&10%& () -$ 1094H& () - "10%H& () - ! GLO%H& () -

10%K () -?72@ @@ EbC!

10! 310%44&' () -110%& () -/10%K ()--10%K ()-, 10%K& ()-f9*10%H& () - @ Af AQAhAI
AnA=BgBbC! 10! T1I0% & ()-1 '"10% & ()-,10% & ()- 10H 10H 10HY7-

10%4& () -ff510%4& ()- qBSCxCCCDI DdELC! 16L530% & ()-!310% & () -

10% & ()-f@OW & ()-&s10% & ()- 10% & ()-1 DLD[ DDDDEa?bC! 10! 9@

109%&x& ()-/10% & ()--F10% & ()- S&10% & () -! S&lO%—lH& ()-&$

105 10300@ T4 ) ST-CH0 B O oo WER R et he et O 107
10%z& ()-f10%% g .(985( %'&fd%9 10% & ()- " 1096& ()-C Q 10%" +" & () - CFF6GTGGG

G ~?~ =1 10! '()-s* 10% & ()-(&10% & ()-!0& 10%& ()-!d &
10%[ >[ & () - GBHIIIIII_FId\ JFPI 00/@&'() !C‘_%O%&' )-y1096& ()- 10" 10"
~
P O+H
H3C/ \CHQ o~ o

n n=1~15
hydroxyl value: 225 KOHmg/g
5 acid value: 0.08 KOHmg/g
viscosity (25°C): 4.0 Pa‘s
weight average molecular weight: 243
(2) Exolit OP-550
Phosphate ester with hydroxyalkyl groups having the
10 following properties (tradename: Exolit OP-550, by
Clariant Corporation)
phosphorus content: 17.0%
hydroxyl value: 130 KOHmg/g
acid value: 1.3 KOHmg/g
15 | viscosity (25°C): 2.1 Pa's
weight average molecular weight: 863
(3) Fyrol-PNX
Phosphate ester with hydroxyalkyl groups having the
following properties (tradename: Fyrol-PNX, by Akuzo
20 Nobel Chemicals Co., Ltd.)
phosphorus content: 19.0%
hydroxyl value: 20 KOHmg/g

acid value: 1.5 KOHmg/g



10" 1Y10% & ()-&0 10% & ()-1JJI1KK LL{Y7_=!

101 ' 10%vv& ()-!}nt 10965& ()-! nf 109%&' ()- Hm' 10%4& ()-! nf 10%5p5& () -

1 1096& ()-yLLMNNNNNN~_=! 10111 110%"& ()-z10% & ()- 10 10
10& F"10%&' ()-z! & F" 10%p5p5& () - znt 10%r& () - N, OO PP+QR} A<~ _=!
10! | 8&Z" 109&' () - &@Z" 10%& ()- S &@"10% "]1" & ()-S& 10%& ()-f1& 10%"]1" & ()-fl
1 1098 ()-zRR S(S)S*S/ ST@-~\=! 10! F 1 10%& ()-z!F ! 10%9& ()-z-10%&' ()- 10"
10" 10" &&Z"10% & ()-! &&Z"10%"b" & () - @RBUW W Y7~\ =!

10! smi' 10%##&' () -! st 10%& () -! ~sm' 10%s& () -sm 10%& ()-g s 10% 8

& ()-g! ~sm' 10%& ()-g WAQXRXSXTXYXXXr S4! 1°10% & () - 10%'&' ()-10% & ()- 10
10 10! I snt 109 ()- ! xsm' 109&. ( % " é aBr S4!
1" S10% & () - F10% &"(35%% Vi YP/Y Fi5109% " & () flO%&' ()-YY. Z[' [ Y[[dEr

S0 E () el 100 & %(%y%%“ef?ﬁk@ﬁé\rdae ht:
1 56ﬂ0?6&f() 31@&:% ﬁ%elé Rate ester flame retardant
A0 & ()-@10% & () - L10 ?\\\\]]a~:. 1ML

(halogen-free phosphate esters)
5 3.1 Oligomer type
(1) CR-733S
Resorcinol bis (diphenylphosphate) (tradename: CR-733S,
by Daihachi Chemical Industry Co., Ltd.)
3.2 Monomer type
10 (1) TBXP
Tributoxyethyl phosphate (tradename: TBXP, by
Daihachi Chemical Industry Co., Ltd.)
4, Polyisocyanate component
(1) T-80
15 Tolylene diisocyanate (2,4-/2,6-isomer ratio =
80/20)
(tradename: Cosmonate T-80, by Mitsui Takeda
Chemicals Inc.)
5. Catalyst
20 5.1 Tertiary amine carboxylate
(1) TOYOCAT-ETF
Salt of Bis(2-dimethylaminoethyl) ether with acetic
acid (tradename: TOYOCAT-ETF, by Tosoh Corporation)
5.2 Ordinary amine catalyst

25 (1) TOYOCAT-ET
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1,4-diazabicyclo-[2,2,2]-octane (33% dipropylene
5 glycol solution (tradename: TEDA-L33, by Tosoh
corporation)
5.3 Tin Catalyst
(1) DABCO T
Stannous octoate (tradename: DABCO T, by Sankyo Air
10 Products Co., Ltd.)
6. Silicone foam stabilizer
(1) L-580

(tradename: L-580, by Nippon Unicar Co., Ltd.)

(2) L-688
15 (tradename: L-688, by Witco Corporation)
(3) sz-1136

(tradename: SZ-1136, by Nippon Unicar Co., Ltd.)

Samples were cut out from the polyurethane foams
20 obtained in the manner described above, and the
properties were measured by the following test methods.
The results are given along with the components and their
proportions in Tables 1 and 2.
(1) Flammability Test

25 Test method: based on FMVSS-302
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Evaluated by the following basis:
NB: no burning; SE: self-extinguishing;
5 BN: burning
(2) Compression Strain
Test method: based on JIS K-6382
Foam piece: length 6 cm, width 6 cm, thickness 5 cm
The surface of 6 cm x 6 cm foam pieces was
10 compressed to 50% thickness for 22 hours at 70°C, the
pressure was released, the foam thickness was then
measured, and the percentage of the reduction in
thickness relative to the thickness before compression
was evaluated as the compression strain. For example, if
15 the thickness returned to 4 cm, the compression strain is
(1 - 4/5) x 100 = 20%.
(3) Scorch Test
Samples were treated for 3 minutes in a microwave
oven (500 W) and then heated for 2 hours at 140°C. The
20 change in the color (scorching) of the test pieces at
that time was determined on the basis of the following
scale by measuring the yellow index (YI) with a
colorimeter.

A: YI 30 or less (no change in color)

25 B: YI 31 to 50 (slight change in color)
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D: YI 71 or more {(considerable change in color)

Table 1
Examples
1 2 3 4 5
Polyol MN-3050 100 100 100 100 100
Component
Tertiary amine TOYOCAT-ETF 0.3 0.2 0.2 0.2 0.2
carboxlate
Amounts | catalyst Ll
Ordinary amine TOYOCAT-EF 0.1
catalyst L’ TEDA-L33 ... 0.1 1 0.3 | ____.|. 0.1,
(weight Tin catalyst DABCO T 0.2510.25}0.25|0.25|0.25
Water 2.5 4.5 4.5 4.5 4.5
parts) Methylene 3 5 3 3
chloride
Reactive TF-J12 2 5 15
phosphate ester | Exolit OP-550 10
flame retardant | Fyrol-PNX 10
Additive-type CR-733S 15
phosphate ester | TBXP 5
flame retardant
Silicone foam SZ-1136 1 1
stabilizer L-688 1
L-580 1 1
Polyisocyanate T-80 38.5|54.,156.2)55.1|53.3
Component
Properties | Flammability test SE NB NB NB SE
Compression strain (%) 4.2 5.3 7.4 8.2 9.3
Scorching property A A A B B
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The above results clearly show that the composition

for flame-retardant flexible polyurethane foam of the

present invention, which contained a reactive phosphate

ester flame retardant and a tertiary amine carboxylate,

resulted in foamed products with excellent properties,

i.e.

extremely low compression strain.

In ¢

ontrast,

the compositions of Comparative

Examples 1 to 4, which contained no tertiary amine

good flame retardant properties, no scorching and
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10 15 (iv) a tertiary amine carboxylate;
(v) a silicone foam stabilizer; and
(vi) a blowing agent.
2. A composition for flame-retardant flexible
polyurethane foam according to claim 1, which comprises 1
20 to 20 parts by weight of the phosphate ester specified in
item (iii), 0.01 to 0.3 part by weight of the tertiary
amine carboxylate, 0.5 to 2 parts by weight of the
silicone foam stabilizer and 0.1 to 40 parts by weight of

the blowing agent, per 100 parts by weight of the polyol

25 component.
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tertiary amine with carboxylic acid.

5 4. A composition for flame-retardant flexible
polyurethane foam according to any one of claims 1 to 3,
wherein the phosphate ester specified in item (iii) is a

compound represented by the following formula (I):

1 2 O Rs
R\ ROl
1//C\\ 2 P O H (1)
R RO @)
10 wherein R! is a C; to C4 alkyl group, R? is a C, to Cs

alkylene group, R® is a C; to C3 alkyl group and n is an

integer of 1 to 10.
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