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METHOD OF MOLDI NG RI G D POLYURETHANE FOAMS W TH
ENHANCED THERMAL CONDUCTI VI TY The present invention

w@erwass1s3t o a nol ded rigid pol yuret hane foam PGF/US2006/042979

application in appliance, having a reduced thernal

¢ MBTHOD/OF MO DINGOR IGID ROL WURE TH ANE FREANVSeWITHENHANCED
time at densities between 33 and 38 kg/ nB and a

process for the proWW%@OWCT . P(cj)l %uret hane

f | di | ' | t ur.

i roduci ng s Tear S CRY Bk et | E B AGA EbrrRetonp fgm for
aipblietion ih agiahce havingbesducsd thefndRbAIEANI) Yn cd8ination with a

bl owi ng agent. being rel eased in the course of the
56?%@ derao it imezat i pritigrctensean Preadi38degymnanda prodess for the

ilpa@cﬁl\éﬁ&?{féurcﬁ?c?a%%sve conmponents in the m xture, cau;i ng
X

e reactive mxture to foamand fill the cavity.
Manuf act ur iPefyupstRARSBES nddlding sy @mbeitichhil Safhfabigldhy
pol yur et hane nol ded foans, including those used in
agpiduging epolyanethgne readtivewmixtugeeontaining edipwing agent and water into a

ndbhook .bhy G, Certel, et al., 2nd . .
S E 5 A RCPRRAERH oo 47 tneiibng op e dphaeigition reaction
foerveen theiThodybififte hisd BEERAE YactiPE B6thEéhanfilif thdWRiedcausing the
cavity at atnospheric pressure. Difficulties can be
EREBYMETa to foage apd Blléhecaivityl i ng a nold cavity and |dn
roduci n keces . which are uniformin density. To aj

" the f1 oW B e rlpctsiie gid BRI HcE RErigaobrrapane
inib]dddefoth § S84 thdsb Bsdlih Apsinsletsy ateSwill RRABE ISdedbr example,
specific applications, see tor exanple U S. Patents

Bolypretirae HandbakdmGo@ertel abal, RE” qsidtiqn, FanbearPublistens, i1893. The

[ li.ances, it is so.desi.rabl e f t he foam ,
PSS R TR G R R e b BB B ol vt Hiupheri
brghdle DIffib@ltied ST HBRInc6@keE i ddnipleteliOIliBEH @018 BSvity and in
thermal conductivity of such foans, there are nunerous

PEoduping pisges whigh pes waifoamiin dsnﬂiibfafFOiaﬁtbind\hﬁ flokeoflraatbxird into a

. . ' formyl at.j ons have, peen .
RO B Bl PR e T SRR Brof LR eite
ippiThtiord] e FbosQaldUTE. Paseat 39 70W3NGna G do0

hydrocar bon and/or hydrofl uorocarbon o
As the polyurefhane foam is used in appliances, it is also desirable for

the foam to have good insulation properties, that is, low Lambda or low thermal
conductivity. To reduce the thermal conductivity of such foams, there are numerous
reports on foam formulations that improve the Lambda values. Reports on various
formulations have been particularly prevalent as the industry has converted from
hydrochlorocarbon based blowing agents to hydrocarbon and/or hydi‘oﬂuorocarbon
(HFC) blowing agents. Illustrative of the production of rigid polyurethane foams with a
hydrocarbon blowing agent are EP Publications 421,269; 707,127; 805,831; 832,909;
858,477, 906,354; 991,686; 1,043,350; 1,293,524 and 1,349,883, However there are
still limitations in the way these formulations can be modified to optimize both
processing and foam thermal insulation. Another issue is the increase of foam Lambda

over time due to gas diffusion. There is also an issue with product consistency due to
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(HFC) bl owi ng agents. Illustrative of the production
of rigid polyurethane foans with a hydrocarbon bl ow ng

w@oenossrwe EP Publications 421, 269; 707, 127; 8P&I/83M06/042979

832, 909; 858, 477; 906, 354; 991, 686; 1, 043, 350;

VaB9dqrs dd provelssing oA BB8s, esjoviatlyrdut hevariaioas & bdrbmetric pressure
limtations in the way these fornulations can be

eatRefiby geogaripeal apdier Wsrtherondisions.igpasimertbafranhesnansion,

[ afl | Anot her issue is the increase of foam
Iilgﬁ%gdlgslc})e\?/lg}y'ti me due to gas diffusion. There is also

an i ssue Wwitis apobfiuicsf thopRb&it en@ytich® dpiiviasd BabPR$mbRtions to
processing conditions, especially due to variations in

BEedse Figidpobruatbaedoam haxmenyw fessmebesmideetivitiialuwr at densities of
e . iy Ppodr . e

PE % 38k B Yildbs bR g ERRSHL, B35 LG o SRR EAABR Blsde invention to

adjvetthé aiold ARt BEpbeachiifibhsthihethab ShdhREY G€order to

ri gid pol yurethane foam having | ow thernal
epairetdepsitydistabuitonandpsthstied] deany hopagansitg grellygtivd of voids). It

s itjons, Jt is als obj ect of .the
RS arP OB SRR i o i i Pl ihe Phigieggoduced
Braneesisilcaiitiniigset #dieda. t han chemi stry in order to
optim ze density distribution and esthetical foam

honpgenei t ¥he peigetétes o thsfpresshidisyention arsachicyed &y imjbgtagta

' tion . the d d time of
BotybtaEhaft RG bon e leflinle RSB gteatar S reiiibd ot prgvure
fitljngahé metd afd e![pbgllr[gf BEGRApdcR (@81 i @8RG @ f85H neNELH Mhsity higher

i njecting a polyurethane foamformng systeminto a
then dhermianamAdhdensity). réwuressniprocess else improves theipnoresdability of

[ verpack (that ...s tting a foam
OOk S BR80Tl P 35 ot
TEhetiny stemis bpsedeadtglataalystHaLiaas drdRibl e seatY drhin¥ based
of viscous polyol-isocyanate systens. The process
Bty ERolYqls-t Fetheampiswiherfears of the pfeaett ineeativn hgve good

' |.vst.. packagi ng.or addi.tion,
SYALEI R O DAl BT Jopn S S
fecotdiveslyrprogidet beigldpeTsuethahdifaB RS &M a 1a0Y 8P hiMEdBYE density
0od, conpressive strength and di nensional stability
%@@@ém LagbdarlmeWVip e measuedait 1086, Achorsiifteg|fyam poodudesen,

‘?%‘é’%n&hg% gll(f(ltl %lf %Ecgt?a?}ggd {)}8&1? g)rﬂ:}%c\égsn%;:ﬁ% i?ltq?% a]g)gl]liglgg]é]t cavity a
188on r2ik e b SparkingrfadteRst PT @AUGEHIHRbIn the mold cavity is under a
reduced pressure and the reaction mixtures comprises:

A) an organic polyisocyanate;

B) a physical blowing agent,

C) a polyol composition containing at least one polyol with a functionality of 3
or greater and a hydroxyl number between 300 and 800

D) water present at 0 to 2.5 weight percent of the total polyol formulation;

E) catalyst and

F) auxiliary substances and/or additives;

wherein the foam has a molded density of 33 to 38 kg/m°.
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between 1.8 and 2.15, obtained by the process of
injecting into a closed nold cavity a reaction m xture

wa@rooofsreki ng factor of 1.1 to 1.6 wherein theP@DUS2006/042979

cavity is under a reduced pressure and the reaction
m xt ures cdnpnotbesembmyimentothg prasentriovention dyapratess @) praducing
ical. bl ow ng, a t, C..a polyol conpgsition

AR rieel S B Bivn aslisSioReqatiaealn bgibebraPodipiest the

%ré%éntgﬁ%%ﬁi%h 1R 1Y RN WiniAY T 06 m 9@&&@&6&%&@“ 800"
water present ‘at 0 to 2.5 Wweight percént of the

total pol ydtisfsompnisingtha a;righe pastuathvaté faantadeprdinpciol thefivention

sub nces. and/.or a ditihves; wherein the foam has a

SR Vgérfastcyripg anglopthemnal condiictivity pidheprmal densities of 33 to

syhegi™ ] j Loy ¢ " erti

B g addhiof, BE E5ERbI] AEAY b BERERERy bi¥pertics ar

délsevedsweithaaih saceificing parfbrmdrve in &fie df dRnsichiletadilagent

i nventi.on is an appliance containing a foam as o

QYEREFHEY S%&a@?’f eslen IQPETIPS pife form toametalprgplastic liners used

BOMY WA %ﬂﬁegpﬁﬁﬁ%&g{oﬁgﬂ to the invention woul d

have a fast curing an thermal conductivity at the

nor mal den3ativestenhs 3Bdtio t138eka/f il presenaf@ehtichavt g
vor.abl e density and thermal conductivity properties
WARRIEFHEEW t hout sacrificing performance in terns

' ' . ji ki SSI st engt r
) LML 20N STBL 5 ol pomen o
l'iners used in wh&hmansticacintfoduedd agp! theNfRAMNAesiNTibers when

Various terns used in the text of the present
i nvention have PHEIRELY owi ng neani ng: CGel or gelation

Ris@%imelhe gel tigeext.end L o@lin 0%, L0

the norent from I\%ﬁ?%ﬁ a S?ﬁs%c&s%%?lgeosﬁ%‘gaﬂnW n}%tée g?aoé?ﬁnt

draws fibers whehemfoahchisvigcompeedti me: The rise tine

_Fxtke ds.fromthe start of mxing to the nonent

ack free time: The tack free time extends from the start of mixing to the

moment when foam surface does not stick to the operator finger.

Demolding time: The time between foam injection and mold opening

Polyol Composition: The total set of polyols, crosslinkers and chain extenders present
that can react with isocyanate molecules.

Polyol Formulation: = The polyol composition plus additives, such as catalysts,

surfactant, water,, excluding the physical blowing agent.

Premix: The polyol formulation plus all physical blowing agents.
System or Foam Formulation: Is the combination of premix and isocyanate
component.

Free Rise Density (FRD):  The density measured from a 100x100x100 mm block,
obtained from the center of a free rising foam (at ambient
air-pressure) produced from a total system formulation

weight of 300 grams or more, FRD is reported in kg/m’.
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when foamrise is conpleted Tack free time: The tack
free time extends fromthe start of mxing to the

woreenss7dhen f oam surface does not stick to theRCT/US2006/042979

operator finger. Denolding tine: The time between foam
iMine E1ll DensdiyMAD) 0w degsifadeyaimitnpesitid @mimikeweight
total set of polyols, crosslinkers and chain extenders

present that can readieedidn fillibe mokd eemplstebranddhe volume of this

Pol yol Formul ati on: palal: Lt onsplus
addi tives, such as cg}t@fiyaﬂg,ﬁ lgue?)ggtg(?énnff&%t er,,
dinl Billi Waighb @VPRY)si ¢ lhelhiaithuig vagetineedddanifi: thd Bdld completely.

pol yol formulation plus all physical blow ng agents.
Syst em or Foam For nulM¥FWois tenosted fiiekg.onbi nat i on of

] o anat nent . FEr Ri se .Density. . .
A e AR TR e RERIN R st et 36 20 it in the
bl ock, obtained fromnidle ateitetbliihe 8f thisdRoldl MIING £RAR in
(at anbi ent air-pressure Tgroduced froma total system

0

fornmul ation wei ght ofe300Tge messued monkled BRBItYSs determined from
reported in kg/n8. Mn,. Fill nsi.t D) The.density
deternmined fromthe rtnnhenarV e\%flﬂlﬁ]fﬁhr?igg@épl%ofl Il the

nmol d conpl etely and tibexMokuRRkedsst i GudindEin

reported in kg/nm8. Mn. Fill Wight (MFW: The mm?ryum

wei ght needed to fil Wdﬁ@mbéammm&ﬁyiirag\mwaghtbythe
reported in kg. Mul ded Densi.t T ensity

deltoer nined fromthe P}leja%lg?‘g&‘_’l{f%’lemq Sﬁmﬂieé' nol d and
Overpwat:une of  t s otEpsbk iVBefifedrRMREERM \lvélgﬁttglrl]g@MFWf

measured noul ded density is determned fromt
average of mi ni fAYeIPSck srppasteddf paiBetl 00x"t hi ckness”

‘Ig%?(i/ I' %ngLgd:AE%EE %()iug%/n b%(ét\éﬂs%iﬁﬂgd ElSh mdciﬁ% (ﬁa%si?yr)lgRD]. The
packing factor is reported as a unit-less number.

Pressure: Pressures can either be air pressures in the mold or foam mass
pressure on mold walls. All pressures are reported in absolute
pressure, with the unit mbar (or hPa). The reference pressure is

1000 mbar = 1000 hPa = approx 1 atmosphere at sea level = 0

bar gauge.

The process of the present invention allows for the production of a
rigid polyurethane foam with thermal conductivity values lower than what is
typically observed for a rigid foam having a density of 33 to 38 kg/m>. Injection
of an appliance foam formulation in a mold maintained at a low internal pressure
gives more freedom to adjust the ratio of water to auxiliary blowing agent. The
process allows for better optimization of the water (CO2) to physical blowing
agent ratio, especially a reduction in the level of water used in the polyol
formulation. A reduction in the level of carbon dioxide as blowing agent in the

foam reduces the Lamda increase over time. Additionally the water reduction in
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measured vol unme of the sanples. Overpack: The overpack
is defined as [injected weight* 100/ MFW . Overpack is

WO epossseB i n percent. Packing factor: The packpemyus2006/042979

factor is defined as [noul ded density/FRD]. The
paai fognvlatians allpws fapoetedioasn thetmmidunt eSisocyanier .

Pressurte Pressures can either be air pressures in the
PRI am mass pressure on nold walls. All

pressures are reported in absolute pressure, with the
u nit nbar (Bfheirasent myentier srepkiscpissysiems eitlser 1RO the

h | =
9 ool iR (5 aRARE Tty R CRP BN BoBhoBRr R rvipae
fma[ss bﬂeb@pmdméd ODTheDfresent ilﬁ'bﬁitlcﬁﬂhxyﬁlﬁ‘é QIW f(f)loaat@iﬂ\étfoﬂ in

thermal conductivity val ues | ower

tt%@tzﬁaweylemiﬁ phesdcd] btoveing pgdnd wﬂlmﬁ:ms tt@ ;mlyl&elﬁaﬁey

ect.ion o i ance foam
R s 580 Toral i B R R R bR cispiaal of an
RHFIEE Corthiviiy Sl € fddpeedom t o adj ust the ratio of
water to auxiliary blow ng agent. The process all ows

for better paRLidTisEAl Eﬁﬁlegﬂesteffﬁn%tn%ﬁ egc{%%ﬁop H?Wﬁg lhcaI

bl owi ng agent” ratio, es

lcentein tob onaicee 1sos&‘ﬂ1aterreztd1lﬁ'e [gf:ddp@l gehemliy h@cweq{ydrégen groups,

re uctign in the level of carbon dioxide as bl owm ng
QLIS QR SecoBdrrE smings, andmidli Representative off suitable

%bﬁﬁlseé‘??ég%@ R LA DT R
lpszmean afob. XUhsPopuidimnes, rCHeHﬁstﬁfe&ﬁeFHchﬁélMgﬁ’t b9 BaudfefsC
cous systens either due to the t f ol s or

a Frigehy Igerscagnice Puhlishers, Ne W(Yﬂltlir ¥alsid)Pc éﬁdﬂyé‘l-é}l (H362)

o B A8 80 ) PR P e e R B .
Sinsmlerst @hh}ﬁm&i aref Haih Y hded, pbl m 35 @9ent aﬂ@D@%l&ﬁﬁé)ﬁﬁﬁ
%’Pé po yur et hane fornmul ati on costs and vol ati |

é{’fﬁf “nednfRun d M BWESE ehsAnplind isnse ?abhsbﬁrsapp 1-76
(1978). Representative of suitable polyols include polyester, polylactone,

polyether, polyolefin, polycarbonate polyols, and various other polyols. If desired,
the polyol formulation may also contain copolymer polyols such as those of
étyrene/acrylonitrile (SAN), polyisocyanate polyaddition products (PIPA) or
polyurea polyols (PHD).

Generally the polyol will have a functionality of from 2 to 8.
Preferably the polyol or polyol composition will have an average functionality of
3 to 6. The polyol or polyol composition will generally have a hydroxyl number
of from 150 to 1,200. Preferably the hydroxyl number is from 200 to 1000 and
more preferably from 300 to 800.

Hlustrative polyester polyols may be prepared from organic
dicarboxylic acids having from 2 to 12 carbon atoms, preferably aromatic

dicarboxylic acids having from 8 to 12 carbon atoms, and polyhydric alcohols,

-5-
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- illustrative of which is 6-valerolactone, e-caprolactone, e-methyl-e-caprolactone

appl i ance containing such a foam Polyols useful in
the present invention are conmpounds which contain two

Wr0mOssF93 socyanat e reactive groups, general |l yPCT/US2006/042979

active-hydrogen groups, such as -OH, prinmary or
spé‘tfélﬁbb/r(gola,rhaweg fram@ to 3B} privfepabs fotnal ioviearalf mensiprefblably 2

d are descri.bed . in such
B cFr(ngl er ag%y ”%gflc Q,ig s arywccmlc acid, glutaric acid,

t n ers
s e, ISR P
mlorﬁQ add, pirhéli& deifl,1B6R) hydi db-Modandib ac1deocFecﬁ16dﬂc98acl@9

Pol Ch tr . Saunders,
%r?i?}ﬁﬁﬂdéﬂg %Fﬁﬁﬁic aci rﬂ%tsf?ﬂeggws@z% @%bwbv 3yids arephthalic

nge %{f Bl ‘:'[1 gg %&%ﬁ’%ﬁ a]%ﬁfla%xgrlsso\ﬂ‘i’érs of liap%g% {15 .ﬁé?rboxyhc

Reids.eSwaht a&ids\maydfe lfSHﬂ irabviduIsl orek mxmﬁésu Bxapples 8F Uy dric
pol yl act one 051 15 yet her, polyol efin, polycarbonate
8 i

6’6‘]1 peyaydrigicalglsitagladesthancdio) diehgleng le@fésﬁfke‘éﬁ’lemigéycol

BoL 1 S 0 PN 8, A SRR YRN 01 YO

baﬂayecaaeylam@mammaﬁd|othe@pemmdm§ 9,4- Eé}aﬁédl@r 1,10-
pol yur ea yol's (PHD). Generally the pol wi [l have

deqepedioh & a1=r|01 yné ipetgHiolpreRang. llbsanreit epﬂaeq@enpmrols

?{, Hﬁ{%% (Ié% ﬂa%é)? golgﬂbupr%&%v v gfld‘f‘lv?emre)p g{;'lygqthylene glycol

adip@e) pbly(xnemyllehe gigesiradigaye) f}ﬂﬂﬁh@xdﬁ)ﬂ&bpébydlatéw p@@(eﬂeﬁene
from 150 to 200. Preferably the hydroxyl nunber

Blyephsobrsate) afl}é@]@ﬁldf?d nore preferably from300 to 800.
Illustrative .gol yester polyols nmay be prepared from
organi ¢ di ¥arlsdhspolyestaripatyolrananrvg pmp[amdzmm sdisstandinlip pure

B A BTG ST 85 a0
ateaal) dlasteRdf Qérﬁﬁ ?ééicwegiﬁ'@insthe havhAeutd &l’:ﬁh%alfcoaci]dz ter%phtahc

preferabl rom2 to and nore pref
¥ad tﬁ?ﬂﬁe Q@@Phﬁmmbb@ﬂb’fend ﬁ@aﬂbaimplalnd tlm:]nkts Qther source is
c acid, suberic

BUREHEG 2T, oyl RE fa sty MhhE fudiudin fieab ey | i ¢

@@drﬁicatlon the reaction products can optionally be reacted with an alkylene

oxide.

Another class of polyesters which may be used is polylactone
polyols. Such polyols are prepared by the reaction of a lactone monomer;
E-enantholactone, and the like; with an initiator that has active hydrogen-
containing groups; illustrative of which is ethylene glycol, diethylene glycol,
propanediols, 1,4-butanediol, 1,6-hexanediol, trimethylolpropane, and the like.
The production of such polyols is known in the art; see, for example, United
States Patents 3,169,945, 3,248,417, 3,021,309 and 3,021,317. The preferred
lactone polyols are the di-, tri-, and tetra-hydroxyl functional g-caprolactone

polyols known as polycaprolactone polyols.

-6-
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mal onic acid, pinelic acid, 2-nmethyl-1I,6-hexanoic
aci d, dodecanedioic acid, maleic acid and funaric

wa@eiod/osseef erred aromati c di carboxylic aci ds aP@r/us2006/042979

phthalic acid, isophthalic acid, tereplithalic acid
and i somer sT. f@fpoﬂﬁéﬁﬁm ha]lyelsendudmﬂlbm@’dtmnecaby the alkduglation of

é&‘éﬂ%‘? e %H’rg ‘H‘iylﬁﬁ)’g? g%ﬂa d‘g?sﬂeg}% %mfaﬁs%ﬁ{l"é%é;g{dgﬁq, REQRYHRae,
g@é]ﬁdﬂx’i’&e oflh ﬁ{ﬂ@t}ﬂ'eecﬂgr yl?)&]lm 1@@5&%&3{5’? s inchads water,
propyl ene glycol,

3- pr dopanedi ol _ _
anmama, andthewir pa}yﬁythidtétoﬂmm smokd§ dihgric dlcbhdlehivinednlecular

t 1, 6- hexanediol, 1,10-
bt oh R85 s esiali the akaie polial Rylcissoflycl, propsins

% O}JCHI(’;’ ?]lé%adrl] 613%1191{1 Ehgf" gg)%r%ﬂf“ %I%%th?@h% pérﬁ o ﬁr%e(g@ylol ethane, or the

bl pﬂﬂ@)llar padight atdolible ﬁ@nt@t'n)ﬁg(ﬂth@(@r@ﬁis &hch as dlethylene glycol,
di et hyl ene gl ycol adi pate) gphexane i ol
g‘%ﬁﬁé%ﬁ gly¢nly dipopy P‘éalé“)]g@f)ﬁ@mopéfbbég el) O@mmngTy used
o) are
e e e

mfoem Adtthe ke OthepBiithtors itdud@slidditard SRES LAY co}‘iﬁ)%hﬁds
rap residues fromthe manufacture of phtalic
%1@ mayplep FRMHMN @ téipEY, antinestply ps ethanopdiamingt iethanoldiamine, and

SRS r SBER AR bt B iy P Fpe

emreaaiamﬁmet Narhbthpl-np- e&@hedlarmr@amlﬁ&hypﬁ 3r1ﬁé1§ahb&amme N,N-
products can opti onallglf\J be reacted with an l e
f

ounediey]- 1adretamporsppans, WiN-ginstbdetberolemingh3, ﬁﬂi}mgm%d is

%e! ared .by. t
e T
msxtdrey dheesad] @@éféﬂﬁi are peBirep e ORGde) polyols and poly(oxypropylene-

e- met hyl - e- capr.ol act one, x-enant hol actone, and
?K%@lylwei Rolxplsiinper afl Besemeobiolsars ca@*ﬁnvenal materlals prepared by

L .
&tibnioytvithediabysts sﬁclﬁa&t@ﬁﬁﬁ;ﬁﬂhﬁie, KOH, TON, betdar tfifasede, or a

the |jke. The production of such polyols i s known
(?qp%}%@a% CORPEEX Chsatatypst such i zieghexacyanocobaltate or quaternary

phosphazenium compound . In the case of alkaline catalysts, these alkaline catalysts are

either removed from the polyol at the end of production by a proper finishing step, such
as coalescence, magnesium silicate separation or acid neutralization, or are reacted in
situ. For instance KOH can be acid neutralized and/or can be left in the polyol as an

additional catalyst.

Other polyether polyols include the poly(tetramethylene oxide)
polyols, also known as poly(oxytetramethylene) glycol, that are commercially
available as diols. These polyols are prepared from the cationic ring-opening of
tetrahydrofuran and termination with water as described in Dreyfuss, P. and M. P.
Dreyfuss, Adv. Chem. Series, 91, 335 (1969).
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States Patents 3,169, 945, 3, 248, 417, 3,021, 309 and
3,021,317. The preferred | actone polyols are the di-,

W 2007/058I0%1 t et ra- hydroxyl functional e-caprol aR€DOg2006/042979

pol yol s known as pol ycaprol actone pol yol s. The
pol yet her pisilycettonaiecbodminginsieonh geiups thdydetthese known per

3 RO dhe BibaBers SHiatvRd Sout Treachn BF Syt b o5 propgedint-
QK B¥ DutRAEdipls 13513 Wh&/ok Hé{aﬁ%ol-ﬁ@?@igﬁlﬁr}eﬁg i;ig'Pf, bR ene

nol ecul es i nc e water, ammo
hicphyrteiraetylemhglyeol suthhdiaglcaiboyates; fal @@hpls having a

l.ecul a i ght. of 62-399, especially the al kane
%lﬂ?@iga‘r&ﬁ%@ g%p}élsﬁ?’reene gl ycol , propyl ene gl ycol,
hexanet hyl ene di ol , 1%I ycerol, trimethylol propane or
t ri met hyl oflllestiativeof tbe veties|ather polyets duitablemieaht styrene/allyl

310§@§%0§R}&ﬁ%%ﬁ?igﬂi p{g]fd%tgh crlucgﬁr %t?cﬁ%&;ﬁ%ﬁ)z dgq§/§]$pglg)tggilc3§er;] (\e/inyl

bhlbﬁﬂéfpﬁiyﬁﬁ@t@é/yﬁﬁl alcGid? @6poq§aﬂa§mmy1%%qemﬁ§1at ors

i ncl ude pentaerythritol, xylitol, arabito sorbitol,
sepsatebEdropEpraPYlaicryldse sevdyrodrs Aopniynteneof 3-kpdroGdigiiacrylate,

ARl 2l 0 W e BREon SR e Suemiess o
aydrarrehaatReate, lktye ?;2?1&&:, P l‘ﬂﬁ?rl RARAa¥ L hOUs | soners

of toluene diamne, hyl di phenyl am ne,
sthyheerlpsylotep andatherdike. et hyl enedi ami ne,
N- et hyl -1, 2- et hanedi am ne,

N- et hyl - | Capalympapasiola coimteinindoNty @iz |styrene and acrylonitrile
1§113- di a%nlﬁnggr opane, N, N-dj met hyl et hanol ani ne,

Hogs gom, Alse B° RFRsk ISR AR farmuiation.
N, N-di et hyl di propyl enetri am ne, am nopropyl -i m dazol e
and m xt ur Ber ehenang thempplubiity efia hlowipphgehhsogy4 Anerinated

B o3k Y SR R o
caipeysitiing fulgiabedinye ©anyehiloeas! ErRifedst subRbAinttoftaining

for this polynerization can be either "‘anionic or

WHtaIRpEe SR #povat al ysts such as tertiary am ne, KOH,
ex
c

CsOH, bor i flyuoride. or. a.doub ani de conpl

(DVO) cata ?/gc{&%ﬁ% ttilg\r_glfnglzl icﬂ%duﬁgxlg%fjgﬁSg%aﬂ%W‘gg@ Sgg‘
Aitadaedl Ry offeoh) agiolial eiiiaed GAHRAYFsatidUmih8 & 8RR included
al kal i ne catal ysts, these al kaline catal ysts are

withindhe pdpphromposigient Baappley of sugh polyelssndludé an alkylene oxide

[ rfinishing.ste uch_.as .,
o O BB e R e 38 RS o ygnict
podydly sukch aatlisclosedoih ABEPAtEAE 863,806, 4,939,182 and 5,120,315,
Polyether polyols based on an aromatic polyamine include those initiated, for example

with 2,3-, 3,4-, 2,4- and 2,6-tolulenediamine, 4,4, 2,4’- and 2,2°-

>

diaminodiphenylmethane, polyphenyl-polymethylene-polamines, 1,2-, 1,3- and 1,4-
phenylenediamine and mixtures thereof. Such polyols are disclosed, for example in
U.S. Patents 5,895,793 and 5,962,2542, the disclosures of which are incorporated by
reference. When used, the aromatic amine initiated polyols are used at a level of 3 to

90, preferably 10 to 60 parts by weight of the polyol composition.
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situ. For instance KOH can be acid neutralized and/or
can be left in the polyol as an additional catalyst.

w@ehensged yet her pol yol s include the PCT/US2006/042979

pol y(tetramet hyl ene oxi de) polyols, also known as
poI y(oxyt et r ametThglpoiy) Cglhp@ﬂ])ﬂlon nnhmlsacentamrmmrc‘a@tbbatalytw”
bIe as di ol s. E ols are prepared from
Do GHER 1 RRC i ChEs G Yot M gpse peisdamthe polyol
t |
afﬁﬁﬁﬂl\l/lﬁ'tﬁ% @%ﬁl@%ﬁt}&gﬂs%% g@ﬁ%ﬁ%ﬁﬁ{agpﬁ%éspoxgl_tgﬁ%@%hme, and
(piﬂﬁlﬁbly%leﬁsiamb N}aﬂ@l sitiearaipyhdiyee (pxefbrag Isast one N,N-
%de t hose k per se such as the ucts
J&r HERORFH WH® fssalkyl Ganigims diast & ta g chrbas atoms. Examples of

BRI Bk by in DAL 8081 et p g
@Q/zaéoz ael toxtlaenemgleytolk amuﬂsaogbdanwpc;ﬂfbh@aﬂimssﬁpg Integration

exanpl e di phenyl carbonate or phosgene. Illustrative o
ChisTiaty iR fypdiians %F}leoéyoi ohaim pebedanettiyaising an alkylaziridine as

ﬁtc}%l%ﬂ%ﬁxj \JV1¥+1 188% Fﬂe FP nfe(t)haa\fg)ﬁ IV h{éﬁ a th‘?ag d ad y&@ pre

acieteatieday pﬂlybls ahpmqmﬂ@@mhmﬁﬁne gtbﬁp’ bs @é’sbﬁbédjlﬁ/WD‘M/O%zs
acet at e/ hydr oxypropyl acrylate corgqm ymers, copolyners
Wh%qﬁ% sash arpsptad e pelye, compﬁws Ylta88 and pne/fmmy from 5 to

g&lceﬁ )(,J,efil 16 thh%g@g%c” Itlgﬁcryl ate; copolynmers of

roxyp acry [ Fylate, and/or butyl
acr yl ate OIf 18okigg Byl diexpctradnyt badpeiticd 08 tHeBarh! H&: to the flame

Copql ymer pol yol's containing polynerized styfrene and
Fafé%rg}% Prenertics apsociagqdswitla arogiatie-inidiated palyiots, tth%aCb@h'gﬁgbous to use

bi | t a bl ow
L O OB oSS A o o e,
Bysinpleaotmomatid-itiated fo ?&Méﬂicﬁlﬁﬁ A AIRyIeACHHES adldhct H&
pol yol corrp03| tion a po containing tertiary

P.lil B@é‘ﬁa dediudepan, 5 callgsl aEneeaciinolysd, suph es disdosed in
{e}{FS% @}901\/1% and % 64%\9/5{ the thermal conductivity of
oam a sofne :

Wh1le it is generally preferred to use a polyol or polyol composition
having a low viscosity for ease of processing, the process conditions of the present
invention allow use of a polyol formulation having a viscosity of 3000 mPa.s or greater
(measured at 25°C.) without the auxiliary blowing agent. Polyol formulations having
higher viscosity result in higher viscosities of the system formulation. It is believed that
a higher viscosity of the system formulation hinder the drainage of liquids in the cell
structure during foam rise giving smaller cell size which aids in getting lower lambda
values with good retention over time.

Suitable polyisocyanates used in the present invention are aliphatic,
cycloaliphatic, alicyclic, arylaliphatic, aromatic polyisocyanates and derivatives thereof,
Such derivatives include allophonate, biuret and NCO terminated prepolymer.
Aromatic isocyanates, especially aromatic polyisocyanates are preferred. It is preferred

to use aromatic diisocyanates such as isomers of toluene diisocyanate (TDI), crude TDI,

-9-
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autocatal ytic effect, a polyol initiated with an
aromatic amne is preferably included within the

wp@oioyoss7ebnposi ti on. Exanpl es of such pol yol s PaDUsINe6/042979

an al kyl ene oxi de adduct of
pioares$ Of diphedytislethded diidoapaiataynnend sphenfidispegmtate) and higher

alled a "Manpi.ch" polyol, such as disclosed in U S
Bicsispd P@}%@%ﬁ@?& POM@@YIMYI%&@% Ppmpatis trifsgpyamatee such as
YO1_5; T j Ly W hose ..
B phEn xR f RO BT, 9, EMB e LGSR 16 Ratic
ZthidooyanatspaliphaticBocyindtes suth4s hegdigbtByldie=1,6-diisocyanate; and
i.nodi phenyl net hane,

dj.
ﬁiﬁ? Ré&Tppyangtss pheh anhverpsugiaylens diskenyldiisocyanatg- and

1, 4- phenyl | & 1 ng.n t hereof ... Such

pol yol s ar éﬁ gl?égéclﬁ%gsdég?ﬁf grl R)é{;eﬁ%peﬁzo Ry }{ﬁ}%l.let %Fg?]?%lyphenylene
PoBADCM3tes (MMDE). YPusdBhrein MDIefed RIHBSCOinatdYi selRcRH $rom
g&iprporated by reference. When used, the aromatic

reyimsthene diéseciparipopemers eoalmdgnpipodymestdenayfol giseayanates and
8911%%&9{ &felaeekrgeam ho1ehq RRTIR. grp wel ght of the polyol
conposition. The p%l yo corrpos?' 6engr al so contain

ot her "aut Ghataldy,iolymé ofguse MDI @H b6 Seabhe \ﬂﬂp}lsmyo@%r
elling or blow ng catal yst needed in the polyo

%@Vﬁﬂiﬂ&ﬁ toyicldapeditied MddatTheNDE agisiniageenstidras anavage of from 2

t j j . and f bl I :
TR R R S PPl Py oS Py
PisRdied| aty mathylene-Briapdl pAIgEIRNYINEOIALKY hn R Hnd S tfrEOMbrbof with
to_ 3 carbon atons. Exa es of such polyols are
¢ride fipberyimsthencgliipgyasates de: Wibeioalifrd casybink 2Metpol AGTthane.

. . : . ol
B B b Oy i o 0B e sty B
digsotymate isdthéere. functions in the polyol chain can be

done by using an alkylaziridine as a conononer when
maki ng t heMpBre Ohispcysopips pnd apude polyisoeisantas pelyisocyanates as

[ (Y o]o! I apped. with a .
PO AR DY AIS o BRl Horfor AP Bl i mongmere M1
mspealso belakedautincmhelcgtof ¢hip dvepliorconpri ses from 2 to 80
and preferably fromb5 to 60 percent by weight of the
pol yol conpdsiotal amountiof pebrsosyrnate Ysed tasprepara thtaform in the
' f, . ; fl ame retardant
AESRELY bER sho oy Aok S o o G T BB Ty of from

10 toi IS0 oviase) 2 B eetiersbly ehaidele:afs fdr0 100 tCH400INIbRtRE erably the index

pal yether or polyester polyol as part of the polyo
1@%&5%}%)@1 4 tod30- E)An 1)s/ocyanate ?eac 1on index gf 100 correspondg to ?)/ne isocyanate

group per isocyanate reactive hydrogen atom present, such as from water and the polyol

composition.

Suitable physical blowing agents for use in the present invention are
those having a boiling point above freezing. Preferably the blowing agent has a boiling
point above 10°C and more preferably 15°C or higher. In particular, use is made of
low-boiling hydrocarbons, lower monofunctinal alcohols, acetals or partially
halogenated hydrocarbons, known as hydrochlorofluorocarbons (HCFCs) or

hydrofluorocarbons (HFCs), formic acid and methyl formate. Preference is given to
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Exanpl es of aromatic-initiated pol yether polyol is an
al kyl ene oxi de adduct of a phenol/fornmal dehyde resin,

wo e@qusstdd y cal l ed a "novol ac” pol yol, such asPCT/US2006/042979

disclosed in U S Patents 3,470,1 18 and 4, 046721,
Whielicearidtaciyeliqgatieatad hydrpeabensriadingaipiis @ 2@afoh ymsorThe blowing
polgﬁol cg)rrpos' rion h@vi ng a,low viscosity for_ ease of

BB Tey by Usehndiyidiply T Munituses ithone endthey: dsehsical grade of
oY SRS f a polyol formulation having a
v?scosljibtggs%%&g%%géﬁ%éaa. s or greater (nmeasured at 25C.)

wi t hout t hdlglwdatboarblowingueags aghik folfdatle, propane, n-butane,
formul ations havi ng hi gher viscosity result in higher
i5obutsastipRutene, p-Rentayss {SeReHteRayaenaatane, eyclobulsae.iZedred

DR SR By LI PRI BHA S e

@othinP s fof 2NCsios BTFA Y (Hydr SRk kane Binkludb 26 eAbinple tAFldSrocthane,
in getting |lower |anbda values with good retention

pedptlgqrpethamg, penipiluorglyitgned Bl timefs), psxtioraeyelhbutane,

j t |iphat i I ' t
BBt UGN 40 207 bR oS, PRI O ratappropane,
tefaflvaitoeitage (HIBC @84a), toifieBrodestham! div1asrontehaad Shexafluorobutane
al | ophonat e, biuret and NCO term nated prepol yner.

W%ﬁ@ﬂp@eﬁ@@@-yanat es, especially aromatic
ol Vi SOCY aRAL 65 ;e BNEL S el dund BIRNEL SELET L0 SR

aromati ¢ dil'socyanates su

Bbilise pyanahe if, BbbYe S0°CUARN HRLyEISRBAS oPfne @ RARMHexane can be
net hane di i socyanate, m and p-phenyl diisoCydnate, ang

nieghin thef pragent twantiquol ynet hyl ene pol yphenyl

pol yi socyapat.e; .aromatic triisocyanates such as. .
a2 DRl a4 SO GERiE iR O sius, such as for
#isthnbe fsObWERS cid bd SRMIAKENRR (1R ARBRHISwing agents listed heretofore.
tetrai socyanates; aliphatic isocyanates stch as

hexamet | i yOées blovengagestroyhinh ey bandediin cydination with these

' t h h t hyl
o e B e KSR Yt Berene . 10 i s
f d X i .
B0l yi Socyanat ee D ) AeY Ll ¢l RAPLRRSARTR used as e

tEransBisya ellas nystuesstad these vanialisphgsiplinkewiagegents.
di i socyana | SONErs ol yphenyl [Lynet hyl en

pol yi socy a_{n)\j'jlatte(]er P 8‘? ?%/%&?e\%l alfﬁ-ﬁqlé\gpg@égﬁti %ﬁgqally due to
the a&ducédprebS0E YaBiathe refér@HRSpreskife GH10068 mbAB! WAE'ik Bre@ént in a
pure MDI can be reacted wth polyols or

level of 2.5 weight percent or less of the total polyol formulation. Preferably the
amount of water is from 0.1 to 2 weight percent of the total polyol formulation. More
preferably the water is present at 0.2 to 1.5 weight percent of the polyol formulation. In
an even more preferred embodiment, the amount of water is less than 1.0 weight
percent of the polyol formulation composition. A water content which is too high can
lead to increased brittleness and thermal conductivity of the foam, and the aging of the
foam (increase with time of the thermal conductivity due to cell gas diffusion of formed

CO, out of the foam)
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pol yam nes to yield nodified MDI. The M
advant ageously has an average of from2 to 3.5, and

w@e@ess y from2.0 to 3.2 isocyanate groups PET/US2006/042979

nmol ecul e. Especially preferred are nethyl ene-bridged
pol ypheny| Thelapisotyhyat@srtenddRCdr arcembittios tfersdt] Will

Foretr ) o B 3% S D R LLRSR Gy Lip ok 2ol IrRMBH e Proirably the
RERUA G si%&l'ﬂl@\ivﬂ]% a%&ﬁ'@iﬁ Be B9 gggs BFfegﬁér h%cérgd pptts of the

di phenyl'met hane dii'socyanate i soners. xtur

ipslyol fonauisioan Braferably thmémbm?bofp]mﬁ@g}améﬂgt yﬁnﬁinef $2t0 25
as well as NDI and TDI_ prepol ynmers, ends ereo
Wﬁtﬁpeﬁ&“?ﬁ’@ﬁipéﬁéﬁgthﬁ@ﬁbfﬁ%m“ gy al so be used icn

the practi NLSod | . ot.al .amount .

pol y !Os ocy a‘ri[glte gﬁou\élgg Q%%n@ %s?ﬂg%i;e?agi}{ ﬁ-ﬂé} %fl %%%%y&mpwg %?tg%déﬁ?to at

leavteotiei fonsatBle@dhgbohent $vifthé polgmietiafe, K6l hfie PBlyisocyanate or
I socyanate reactjon index of from70 to 150 (or |ess).

pplypkiosBuiptione lfidesiesd the blomarg ageot mey badntravueed directly into the
3 ' i:S. 0 . 130, ' nat e
i R R A

gartitplaite thel Igdescarthdlewiag histe, MyEbOeRA iR i oRh 8% 8Emulsion in
such as fromwater and the pol yol conposition.
theinokyol &rpwjadional bl owi ng agents for use in the

' ' . i ng. & boilj i nt. .
g [3 g\s/ 2 n]E r gg??%ig’%spsg}seé gorrgg)g(?@l%{%gﬁ%ﬁg%afﬂggéatﬁg pﬁe%lgr?tdnventmn are,
boparticugarpeirmipoualde weichQRen p dcdBiiBte RheFRE R OF thdSorRiFounds

higher. In particular, use is made of |ow boiling _
Fﬂfg%%lg repstiye hydrpeen #emefin petticalar hydrosyl@reupsawish Siesorganic,

j.al i cgrhons, known_as, .
B ek Y Bl O A SRR o Bis memetene
teHk0s amirfes) ik andalsibeluthndnipotdgs] alkeli FREL anPLREBAEHSA th&tal
gi ven_tocyclic and acyclic saturated hydrocarbons

FrabexyEptes duaerperyanmpeRiua: sels s-TeRahyshewazigesapant s may
/ inﬂﬁ'! ' I r in mxtures with one another.
%@:ﬂlﬁgg g%%%”gzjfheﬁ?}grocar bons may al so be used.
Hydr ocar boBxdhsies ofsuitghle icatalysts latlerghfit n@XABhPounds, preferably
ropane, n-butane, isobutene, isobutene, n-pentane,

ﬁ?f%ﬁé HR SABPOERAS yple At GHE) sadipoff opganiprrarbaxylic acids, eg. tin(Il)
acetate, tin(Il) octoate, tin(Il) ethylhexoate and tin(Il) laurate, and the dialkyltin(IV)
salts of organic carboxylic acids, eg. dibutyltin diacetate, dibutyltin dilaurate, dibutyltin
maleate and dioctyltin diacetate. The organic metal compounds are used alone or
preferably in combination with strongly basic amines. Examples of amines are
amidines such as 2,3-dimethyl-3,4,5, 6- tetrahydropyrimidine, tertiary amines such as
triethylamine, tributylamine, dimethylbenzylamine, N- methylmorpholine, N-
ethylmorpholine, N-cyclohexylmorpholine, N,N,N',N'- tetramethylethylenediamine,
N,N,N',N'-tetramethyl-butanediamine, N,N,N', N'-tetramethylhexane-1,6- diamine,
pentamethyldiethylenetriamine, bis(dimethylaminoethyl) ether,
bis(dimethylaminopropyl)urea, dimethylpiperazine, 1,2-dimethylimidazole, 1-

azabicyclo[3.3.0]octane and preferably 1,4-diazabicyclo[2.2.2]octane, and alkanolamine
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di met hyl but ane, di nethyl ether, nethyl ethyl ether,
nmet hyl butyl ether and diethyl ether. Exanples of HFCs

W@eo0HB#879% (hydr of | uor oal kane) include for exaP@El/ES2006/042979

trifluoroethane, pentafluoroethane, pentafl uorobutane
(ceFrpogaBrsich) as lpeﬂfahulannnmqﬂmﬂmiprﬁpaﬂdamh&pNaﬁlbﬂ.ll@hii)ﬁh@ﬁ?dhﬁne and

R R R T NG —
t r I t
gr’@]é f’ég??itgg}r%l?@%ggng& %)ugat %ﬁ?ﬁe@ an ePo 1‘38 Igfocggg 13 Dabco T-
d2d3xbao EMB{20uwailgblfesth 8\11’131\()&13]@5 an&CEthni@@lls lihd)IK RO NGurithane
? above 5Q0C, such as cycl ohexane or

é@tﬁt%w 1& Qﬁﬂexane can be used in the present t

n oin
bel ow 0 Cel oA SRR B AR e Bhe can

hex ahydivitreethes) infpattivalHtHaN ,Nldﬁﬂbtﬁﬁlaﬁ'ﬁlﬁﬂir(ﬁaﬂl) stiRdan gdrotnazme
heret of ore. O her bl ow n gents which may ‘be use
il ieyianrennivin e dropredss segwctametbylamnm hydroxlacaikali metal

ntio Si c
Bt Qen b sCR0R g o Rl AT b Ao s sty
agethivxidelting pooissitMESEHrygsias) and HM§ hikali n@tﬂ%ﬁgoﬂgﬁg‘ tBain fatty
Water may be used as a cheni cal co- bl owi ng agent
14

egidepaying frome Oty wwgrhoamaqﬁrmsmyéateml drokgl groups
Stfag nﬁﬂ Eethif e}?‘o%%rs of)ctl gbar C t 1%)/ {2 nate andablends
G B 4ostie, Gomyaie

ﬂ@k@(ﬁl forrrul ati on Pr eferably t he anmount of vvater S
from0.1 to 2 weight percent of the total polyol
f or mul at i ofs alyeady fp@@foﬁﬁé pdditienséd catalytie aﬂmtyrm&ebﬁ pravided by

i ght .cent of the e}
ook e WA ¥ coB B0t 4 B 45t mu RN olsor
pellyels inifate@ S&&thtm MUA Web&hindedrRantesOhlifHigic Bﬁﬁﬂ[é@lcon’[ammg
formul ation conposition. A water content which is to

Nrigethylor N-dipethy meistiessereguibination grees&omnd t her nal

(o ease 55 el € dsARTreRRRy RS Elinde tritsGipion,
g@letallgarontl 00D US DM p@ﬁeﬁt%ﬁﬁﬁg@% rakticul foneokasmg Jé?@ent by

anpunt of hydrocarbon, HFC or a conbi nation thereof
Weight, of catalyst or catalyst combination, based on the total weight of the polyol

formulation. Ifa catalytic polyol is present in the polyol composition, the level of
typical polyurethane catalyst in the polyol formulation can be reduced.

The desired reactivity should provide a foaming profile giving good
mold filling under the conditions of this invention. that is reduced in-mold pressure.
Good mold filling means that the mold is completely filled with the rigid foam without
internal voids. The foam formulation, including the blowing agent and the isocyanate,
should produce a rigid foam having very fine cells, fast curing, and enhanced thermal
conductivity. Furthermore the foam should have good physical strength and proper
resistance to heat and humid aging while maintaining low lambda value over time.

The polyol formulations used in the invention will generally result in a

gelation time of 15 to 50 seconds, preferably 18 to 45 s and more preferably from 20 to
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generally be at least 5 parts per hundred parts of the
pol yol fornmulation. Preferably the anount of physical

whb@riosgyongent will be 30 parts or |ess per hupdr/Es2006/042979

parts of the polyol fornulation. Preferably the anmount
60 Spﬁﬁ@nmg istslooovimdpr dige mise canditiam ukgtachiZlo pfessirs nfacKine, such

ft f | ati on. The bl ow ng
38 B Pl anir%g‘lﬁb@%%uW%%meﬁﬂh%H@e|eﬁte@ds from
I {
o st LT S
didlsng mne slhmlcbb@m-ﬂg pa@emtt faﬁa;ythble thergter ey cte dlldinasikt fhore

he reaction means of suitable m xing nmeans
:L'ﬂ Qfglf‘ampld ‘Wi]éﬂ}ﬁl tonegd ayeiding, vo;fbfomemlaatltbe interface

form
gﬁ%ﬁ% ?(Ss#g%n% e po yofﬂe¥'or w?—%q‘f%ﬁges&? 8?@6( %ar’(ﬁ’ggﬂ tune the
fiblingntirnel irclimegwitl therdebtighef 0ans of the present invention

are, in part| cul ar, .conpounds whi ch strongl
accel er at e dsaireds yatiousradgitivep ear: bnﬁmmat@@nmathmm@tmn

arti c L. ar dr
ARG pIRCRER A T SLBPplead afnlbiaAptes are suface-
petivei sabstyeg tfedn sfAbizeds) €l 1@ gllaloys fiamb Q6tatdah, ﬂl‘l@rﬁ’qg@
are tertiary am nes, tin and bi smit h conp ounds I’k

Rigmentsa By Rléﬂflhi\@t%&rfwglﬁﬁétlwnctlzﬁcmwyﬂa‘a@ sgastances
h h otriazj nes and
T VRO BB A SOk e

savatoyAd shediotoRemiatich df&h@btaﬁﬁgnw&%s af BALEIBOLY suitable for
organi c tin_conpounds such as tin(ll) salts of organic

@&P@BR& Fhecseﬂ étra@ureegf the foaml | Those eesupplied; um(len the trademarks

Bl TEBOSEAR! By BRRL AR PritithRYEn fERssa,

&gpeoﬁiv&lyt X/Jtﬁdr Rx&thgle e tvaich, mal Besyhtidred did @iﬂﬂﬁﬁ@ﬁs such as the
dlbutyltln mal eate and dioctyltin diacetate. The

WYuR seltspicastoraihpblatrgor af Etiyaenls and also eminsy @ite pﬁfaltty ac1ds eg.
| nes

éh@t ﬁﬂﬁﬁg%‘glte%t%rh %&elg)l%%%i%% ayaée %%e&ﬁar]?gﬁwpe 1§c1£o%n868_a?ts of

Mfonmwdfrsp@/ aikali ghetd or btitdndin salfd SRR ISHMEndSne- or

t am ne, tributylame, dinethyl benzylamne, N
(ﬁ'}ﬁﬂﬁ? %lﬁ%ffdil anq@phiya,qm«:pm@plp geid. Foam stabilizers include for

example, siloxane-oxalkylene copolymers and other organopolysiloxanes, ethoxylated

alkylphenols, ethoxylated fatty alcohols, paraffin oils, castor oil or ricinoleate esters,
Turkey red oil and peanut oil and cell regulators such as paraffins, fatty alcohols and
dimethylpolysiloxanes. The above-described oligomeric acrylates having
polyoxyalkylene and fluoroalkane radicals as side groups are also suitable for
improving the emulsifying action, the cell structure and/or stabilizing the foam. The
surface-active substances are usually employed in amounts of from 0.01 to 5 parts by
weight, preferably 0.5 to 4 parts per 100 parts of polyol formulation.cleating agents,
such as perfluoroalkanes, are important additives in the field of ri gid foam since they

help regulate foam cell structure, hence they can be used with the present invention.
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N- cycl ohexyl nor phol i ne, N5N5- SP5N -
t et ranet hyl et hyl enedi am ne,

WORMN7AE87D8 - t et r anet hyl - but anedi ar nme, NSNSN , PCT/US2006/042979

N -tetranet hyl hexane-1,6- diamne, _
pent anmet hy | Ahyetrdoyindmpid oresviid dlants refagdane tdnyeantd tethb ptdsent
| )urea,

AR T ve———
?E@éﬂhﬁﬁé@s&[rsg’ %}lzl?%%lgr%@%‘?ergggd leo?%ln gcaﬁ’e{rﬂe proofing agents. Generally

4-di aza oct ane,
ahdtafrrharatardan apeninats halogbn-asbstituted phosphates, inorganic flame

trietlianolam ne, trjisorropanol am ne, .
REQPEHR RS PRI HRIFBARH FONDORT Ay | Giremna ol sor ibstitsd

Bhaphas Sl tARRS A B AR P R SR G Pl fiRCE 3-
Bibirymaprop ) pﬁl@d@h@teﬁﬁS@\éhlt‘@@?@@yﬁgl&’ph@%F’ EislorbivRopa1

vai l able from Air Products and em cals inc., KAO 1,

(remaprorsh phosphptersad tetbs. (2 chimpetbylataens diphasphate.s

SR ' ] I -shexahydratriazipes,, in .
B ek DB BBl amimony
trivxédvy din@ioniai stléate, legpdndiable\phaHe Nirss b MEk A8 anSt e br
as tetranet hyl ammoni um hydr oxi de, al kali netal
PEPESR of atsleagl dwo Aams arfpidaninylarasnerdl whe pedskat) flametegdrdants are

' [ t hoxi de an t assi :
AL 83-BR7S 3048} AL J5 L BE0 5% B barts by weiae
dithg flah@iretafdahi erd 00 @srtpativiggtit'of Mclfdl§d? fandaidnon -

atons and possibly |ateral hydroxy! groups, potassium

acet at e, pgii%l@ﬁl'ﬁmf Blarpinchide ddes, ghyacdicas,ealciumpparbonates,

: . t her eof . | r ead
a5Abls, 268 QAL PO BRI s B0k 445 G5 B8 o o
qranicsladt poyynidie subhlay blyRn@Rd pidp§Tent br fRHIIE HSlyielhRORAm.
as it is the case with Mannich polyols or polyols
initiated hn ¢rtatyst, blnming agepeand aithes ogtienal aomp@strlltsl are

' e ' L0 N h . N di et
A b AT Ao A AP e ot

fdenulaton bedittieiisoclshaef contidneis keiBprdkitndf V°€SEMe presence of the
invention, generally fromO0.001 to 10 percent by
Blevgigand;ipjeping inta 4 Beldqexity whieh kes gn jutermelnir pipssies oglow

SR gh8h- 98160 Sh SRR 0ok LRGBS i
redyiy@iyandse(sy eaenhd icre! Mieis POUaYI§Inot AERRORI oQte-htdi€hd Et8honents
o% apply heat to the reaction mixture in order to obtain a good reaction and cure but
heating may be used if desired. However, the mold cavity is generally heated,
preferably heated at 30 to 60°C, more preferably from 40 to 50°C, to provide efficient
adhesion of the foam to the mold or to the plastic and metal liner. The mold has an
internal air pressure, according to this invention, which is sufficient to provide a good
filling with the used foaming composition. The internal mold pressure can vary between
300 and 950 mbar, preferably between 400 and 900 mbar, and more preferably from
500 to 850 mbar. The internal air pressure is controlled in such that the moulded density

can be obtained with the right balance of filling vs. gelling time. Alternatively, applying
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typical polyurethane catalyst in the polyol
formul ati on can be reduced. The desired reactivity

WG h@alsB7ps ovi de a foami ng profile giving good Pol/tis2006/042979

filling under the conditions of this invention that is
reecheued just-aftet e puj estonrod .the(h@ﬁhin”g)doﬁlp;]olsitiohmlg‘%yr‘@f&ailﬁlemmthis is
th ld is conpletely filled with the rigi oam .
I HE R CTEE L PRAD- o Hi‘?ctl?ﬁ #ngdes aeduced Fimald prgssure, or applying

[ [ | t the | n : d.__.
SPEAHELRgaR SR BpBORR fo Rl Pipb G RLAL quf Bl thdeavit

auidkegandamdreasfiicimmtbdthbi eriiethe FiREh Cdchidlbyy bdsdd bh afmidbBeric
the foam shoul d have good physical strength and proper
PESTUE aPROSE PR BISEOUSNQN THONRIreRckiy e rfgamfprneulatignstcan he nepd with the

I . va ' .The | yol farnul ati,ons

PSRRI 1 G b Pl B ol S8y e
Gabwhiiwthetartyeeeofor dantysle B0S FReRRAS 4505 8f £1dENHY2, 16D, LI8iAt %o
s and nore preferably from 20 to40 S if foam ng is

ARy mder Keducedmressuedh dheholdsavisy, te eavity @tayme%ng%ngvith an
' . ilt by Ca S- i
TR Bl 0 Y o B B W e

i therfodrh Mpr@ailaton.t o the tinme at which the nold is
completely filled. The filling time should be 10-30
percent f adtercuteddpam peclerablytexhibit alomhiis value defastor) measured

iaqui d).. filli h ld wwth t f d
TSkl Yk s bl PO aveRiandBrfostes o Wt R
PRIEUBEIRGL 1885 tRARS0 bW, }nifll_ﬁ,leifrefeﬂ&@y TeBs 1B 6o BIWARKT SnCifbre

be varied to tune the filling time in line wth the

geatfergblirdess thandldsinMethK. v Bhd wokled ddisity\od shecfanmbie generally from 33

ted.into.the reactio ' re for produci
IREhPB G S el PR B (Tl i ansre ehatiph Bufedn a4 o 36
sp/hi’aqeadidiv eheSfobmk #1688 ihe liearddeatity 1aA &S 8ndef el partial vacuum
regul ators, flame retardants, fillers, dyes, pignents,

prBloypd, andstoj assiirp theonsire ghiyiagitais property ikt theimsltiat ganerally

e i.tabl.e surface-active substances are,
PR LR e TP rrBt e G ECT B PR B 8 Brcterabty the
paviiagettonls senfrom I.o®toSE @kkd MBrd WERFILY FoRNd] Y 52l SO
be suitable for regulating the cell structure of the

f oam Thoséhademaldijme, éxidaierauncd ethe tiawerradadsfoMXanmd, object
GPACh 0BT CERIATT, 5 S0 e o v i
Whe @dmoTayinkeis esitdbOneema © 7afitutds] prefesatty &ls fn Khfinutes, and
more preferably from 2 to 5 minutes for standard European refrigerators and freezers
with a wall thickness of 4 to 7 cm, thicker walls will obviously require longer demould
times eg. 10 minutes for a 12 cm thickness. A way to compare demold time
performance of the polyurethane formulation is to measure the post expansion of the
molded foams without liners, produced with the different polyurethane formulations.
The measure is performed 24 hours after foaming. Foams are demolded at different
times to allow sufficient mass expansion which can be compared relative to the original
mold thickness. The post expansion (at time t) is the maximum thickness of the foam

divided by the mold thickness. The results are reported in percent. Currently, a total
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sodium salts of castor oil sulfates or of fatty acids
and also amne salts of fatty acids, eg. diethylam ne

wWOLk@anss79xli et hanol am ne stearate, di et hanol an P&T/US2006/042979

ricinoleate, salts of sulfonic acids, eg. alkali netal
oleformation of toad tran o bathdebipebealkevfe: reﬁ"[gerator for the European

d| n ht h nedi l1| fonic acid and ricinoleic aci
¢ 8%1 q%%ﬁe ?C?H@? frde for exanpl e,
Si | oxane- OXaeH¥h BMEra66 ROMhY T8 osoﬁlgéjmlg&ﬁﬁ dﬁnsrg/ (Sn kg/m3) to the

or gari opol ysi | oxanes, et oxy ate

ehahﬂmdy Ivalue of fhetfoym gincaMohsk) messafdd A 101’(13 aver@ge%ﬁﬁgeﬁtdre 24
r r| | eate esters, Turkey red oil and peanut oil

lr orRRPAIion) Jiedncad bb theatregess of thaprasentl ivvdntios, the
qﬁﬂﬂbﬂ 15&54%’&:'1191%1 %?L@é@ﬁﬁg h)%ﬁél’? e‘erﬁ%l?f%%@ter than 1.70 and

oneric acry es hav

fnhcua presdriislp @rdabd iteeal 57RSWEh d@le&hﬁtﬂrﬁ%@lﬂé‘d éérﬁ,ﬁ?r SinE3RG/m’.

for |nprov the enul sifying action,
gean the C@Wﬁ%ﬁ@’{ts of thp pplysiethyne Rstdrocthe laTliIi?&ia ratio values will

| | d
Eﬁﬁo%%@%a@%t?‘%%nﬁ OBy BT RdTET50li gnt. breferabl y
0.5 to 4 paht sighepolHABthRRS foame hrddRbyPlrom the process ¢ of the 5plresent

formul ation. cleating agents, such as perfluoroal kan
&?Vén'ﬁl‘?fmfﬁ praferablydised omkeat-instlating fCefIfdaln-fﬁlhngczifltﬁasanhousmgs for

ulat foa str ture
8Pt O S Bt OB ks o
howuthter Qbrag@‘calnﬁs.f TB@OH@@@M&? Aiso®8 ﬁhs&ﬁasuas&gnﬁd%ﬁ& Ql%ment in such
present invention neral ly such flane retardant

A@@Wfémﬁre hal ogen-substituted phosphates, phosphate

b oot ng” ag b0Vl SRS & Eivep R AERle ienciageng should
astebelinlengend sylimitidgih ey whp SDhBteated HRELAL %llfﬂaﬁgﬁer hundred

proofing agents or organo-phosphous conpounds
H@T%@@@? 3ttt ed phosphates are tr| cr esyl

tp P?g?gage’ étdg rﬁgfr?rﬁ gggll‘lcl:el;rlao [{g%r Qa1 ésed ?hép examples is as follows:
.s(2-¢chl oropropyl)-rhosphat e, chl oropropyl

bgb(%ﬁ dﬁopr opyl ) phodpREngaisdgolyet W&kﬁélydroxyl number of 365, a

(2-chl oroethyl)ethyl g g@o ﬁgg{;%g;r ous sga%ralacwgt content of

retardants include re un num oxi
hydrate, antinony tr26>p|erbent Avaiiaté &m:ﬁlllhef Bb®, Chermcal Company.

ﬁ-fﬂ)%? %ﬁg(g% graphi te, ur ea or nel am ne cyanurate or
G at | east Adosaylatgdrpolyak with adydroxyhnuges o§B8S, a
when present, flane {;lggogftgﬁggsscq{f?g?gg}% Ahhad \%aet%{eé%gent of

from5 to 50 parts by welight, pre e from
parts by wei ght 2.4 percent commercially available from The Dow

Chemical Company.

Polyol formulation A A formulated polyol identical to Voractec SD 308 except
ot contains only 1.0 percent water

Voranol RN 482 Propoxylated sorbitol with a hydroxyl number of 490
available from The Dow Chemical Company.

Voranol CP 1055 Propoxylated glycerol with a hydroxyl number of 156

available from The Dow Chemical Company.
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of the flanme retardant per 100 parts per weight of the
pol yol fornulation. Exanples of fillers include talcs,

w@b@ym38783 | i cas, cal ci um carbonates, graphitespChUSNE6/042979

carbon bl ack, plastic powders such as ABS; gl ass
fVayenad Kok 640 her cer afirasoxytateethylmmadsansine withsa hydroxyl number of

pol yam de, propylene gr recycled p ret hane foam
The catal yst, bl owi n&%gg%‘ﬁﬁggﬁ o8t ﬂggB}fﬁ' fal Company.

GemapsIisSIane pref erablyiBhysdsid Jdiydi Bfai
coénp'gogents. The foamis rralg]g %Stgrﬁé(%g%%%%%%%lsmp an and
formul ati on and the ihsemgaristisxgbhmpnobee of 315t

aIp ro>ii ge 20Cin tg)e prflfsence of the blow ng and

RUR A ii@ into a nol dT¥EVaSA tpiycapdipgine syith #n Bydiexyl apmber of
pressure bel ow refer f r, And

under such conditi on?atéﬁg@[%%ﬁezﬂ%%@glﬁs&gﬁgém%al éompany.
Polypl docyanat e(s) re@edpoxylhteiimemonib with algidady¥ ni@ber of 500.
necessary to pre-heat the conponents or apply heat to

the reaction m xture in order to obtain a good

Repetd 8P @gd cure but LOG Y. i sired. .
Hovveve?, 1? Ee mol d cat) }E@%éﬁgeneraé}[a ﬁ%/blf%grglgle@?edﬁow Ceimical
preferably heated at C3thpgafly60C, nore preferably from

%450 to 50C, to provide effjcient adhesion of the foam
BYEHS nol d or to t hénmmise catakysevadable frpmpdir Pradvsts &
nol d has an internal ~aL[ . ure, according to this

i nvention, which is gﬁ%ﬁ%lisglﬁ to provide a good

Polycatrsg wi th the usednfssint bgalganRedtld 86m AR Products &
internal nold pressure can vary between 300 and 950

nbar, preferably bet(BgRicabdnand 900 nbar, and nore
PasietRid Yo from 500 {0 aﬁﬁ%‘c Haphalilfoq? Iﬁkgll %ga(g%gzl Ehemicals Inc.

pressure Is controlled in suc

.ty can be obtained.wi.th the right bal gance o )
Slﬁgﬁlr‘% vs. gelling ﬁ%g\nf%r? %?r%ﬁﬁng%‘fa&‘}?g]ﬁ%@% Qﬁgﬂi"hmldt'
vacuum just after thpepitis®hde®MOfadeR@rid PRAORGAB™ A silicon
conposition may be done, but this is not the preferre
option. By injectionsuwifigtant.reduced in-nold pressure,
or applying vacuum just after injection, allows the
$idisom By conpositi on Aaidid 6mnandfictant avaligble @vint GE Plastics
qui cker and nore efficiently than with the present
t echnol ogy based on %‘?Hﬁ@ﬁﬁ&@?réﬁ?ﬁ%‘?é%ﬂé?} ¢ surfgptant.
viscous, or npre reactive, foamfornulations can be
used with tHdoppeemade pyaatihieh preessim{ewen nhaphine equipped

b ] t0o.a d. cavity. are.kng

FRRp R PRichb s KT BBl PO i 8B
BirdFzhe?io PresRure @y abioat 1,000 mbar (or hPa). Premix and isocyanate are injected

at a pressure of 90 bars or higher. The Brett mold is made of aluminum with
dimensions of 194x35x6 cm and has no venting to allow the creation of an under
pressure in the mold during foaming, therefore there is no extrusion of the foaming
mass. The internal pressure of the mold is controlled via a pipe connected to a 500 liter
buffer tank that is connected to a medium capacity vacuum pump (1500 I/min). The
vacuum in the buffer tank, and thus the in mold air pressure, is maintained with control
valves. The foams produced in this Brett mold can be used to measure lambda,

compression strength, molded density, and density distribution. A second mold (Jumbo
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i njection under reduced pressure in the nold cavity,
the cavity nmay be purged with an inert gas, such as

woeaorosgsny for safety reasons when fl anmabl e bPOUUISZP06/042979

agents are used in the foamfornulation. The cured
facld) with demersions §Rdb10 can Isahitalyviajeotd(té obtant foaths demolded at

oA eh i R HRst 1wl BB Gaes o hEiec (GG of foam

tchARg 20n & Pr, i
T P L e ) T RS s eI 6 the
ivdd iABMGS 8062 adubplidd foom IRenias. IGpligatith offthefeelimiddgy is done
the density is from34 to 37 and nore preferably from
ATl Tglds PEMIE o Hat I aseddanibe apmlisbee 1Hestde Siaberg the
@ﬁ@gfefsé’nt%@ﬁg&aﬂlﬁif’e%h%r%eﬂe?a”i al vacuum enpl oyed and to

I're no

assure the ent cavity is properly filled, the

nol d iLampdnéymedsyreldiak R4C &10ata 0P@ CdeieRbe t@RPp@ituR) according to ISO
%reater than 1.03 and is not higher than 1.9.

PR3P HIPRN 36 2p Fermrsgmples eesrcuit Srogethe borsmf the@olded pai 24 hours

; 1 to 1.5 Th ld ting,
ARt 3R DAl B % e’ st g™ EPiReliiEN <G efite To
gieasura fandbdaipfgd fleat@Emb@idied SathpleGd #3hduYed at specific intervals of
di mrensi onal | y stabl e when taken out of the jig. The

timewifigrwarde while faagi saatplyistmaintathetlat 2596 and #bpercent Relative
ef.era | ess..t han 6 ,m nutes, .an e preferabl

PIBHES” teecRPRUy acoep5r T i 54 REthepaahee between the lambia

FRliRd Msssale % 180dd hEREZR N dfekbﬂa_oﬁs ¥t bihels 'L%ffﬁ)dg(fwé =

to 7 cm thicker walls will obviously require [ongé
Bambdddecs b4 mey/m.KD minutes for a 12 cmthickness. A

way t re d |d ti.me performance of the
pol yulsisehiBaR anihlies ise o, ddtstits Axupeashicd sptuging to ASTM
expagsi on of the nol ded foans without |iners, produced
with the different polyurethane formul ations. The
meas uFeanm somprebverstength ih&la $s mbaseredf avaonding, to BINMS4at ©6-84.
dermllgled at different . tinmes to aIIFwsuffitgiint SS .
expans T ORPOFCERATEION PHCTERGHS APt A% FnFsuTe the oyl of foam curing
&1d tg1co afétﬂeﬁl(iﬂﬂiﬁé(ﬁﬁ§§forTﬁlﬁpr@@é&ﬁoﬁ)&?%ﬁg&améiigt d am

- by

t) is the maxi mumthickness ‘of the foam divi
fopnylatipn ésahenged. e postsurpassien is crleplataddibrh theppaxiemin foam

t t ot al def.qr npti on of to. 4 mm ot h
B ERR P ab8h B Rt e pdetof! el Bickndit BiekRm s demolded
dupllids the ipstCRPEsitar Wil ROESRIraBlBilarly a reduced foam expansion at same

demould time will allow such foam formulations to be demolded earlier.

Post expansion is measured both on Brett molded foams and Jumbo molded
foams. Because post expansions are also dependant on the mold dimensions, results
from different molds cannot be compared to each other.

For the cabinet comparison, completely assembled refrigerator cabinets are
taken from a pre-assembly line and placed in a tightly closed jig, having a wooden mask
well fitted to the plastic inner liner of the cabinet. Both “interspaced” areas between jig
and metal outer liner and wooden mask and plastic inner liner could be evacuated. The

internal pressure, in these “interspaced” areas, is controlled via a pipe connected to a
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The |l anbda ratio is the ratio of the nolded density
(in kg/nB) to the Lanbda value of the foam (in mMN m K)

wore@3nsssed at 100C aver age tenperature, 24 hourBCHUS®N6/042979

f oam production). Produced by the process of the
pr@diggitbuifiey tankitld is ednaedtedrodemediviompaetyeraaliin phaye 1500
. reater,than 1. 65 referably greater than 1.70 '

A P B iy bppdieEitihn iabradt fShenLk hetarommincinl and plasti
MRk Sleffirty vARINBhoRS ik HeTRrer BRASE €,; »
cons?r ai ntsrofvt hé}%pgl ylﬂr etehaneé syé,?teC Po%h%elr}t%rﬁ%aﬁgd areas,
rallowdhe/mitaraal prgdsiirege e reeiched inghd ebén ddt ba\rity&h&(hﬁs to filled with
preferably | ess than 2.15 The rigi ol yur et hane .
PO S doRE The AL heRE (BT, and ik dismold air pressure, i
NS E@ il SnRbESFYARP! Y used as heat-insulating for
foamfilling cavities in housings for refrigeration
equi pnent, in particular for refrigerators and
eezers, and as 'ckgts*of hot - wat er storage tanks.

Frodheiglibgy al dB0 e ysed as a conposite el enent
in such app| iGAL) . | S_.Al ive
to illustr %t% thié@(?}%%/iéoﬁlﬁloaﬁgékg sgioﬁuﬁédgﬁgb g@'é% F:4 Percent water)
| presepiyeted iathd industiy(@xamplamyl)ays a Hab ﬁgédéisfty 8£22.2 kg/m’.

herwi se, all parts per hundred parts polyo
f%is? ?Hﬂ”é‘i%“&ﬁ.wa}& lglégfeii i1r§9 Rarpldat arpbicniamessttecatiapet 1068 dnbar to
' I I By, : 287. 02 A_fornmyl.at
BRI oo R 16 (S Sre B ron OB G i B4t so0
Afbar (Hxa2PROCHPAllsesabeinpariigicasxabtPlis@hbw Mhat AsSoPREERAtn-mold

avai | abl e from The Dow Chem cal Conpany. Voratec SD
BEFaSUS PRlyna taved by erigbirt.Woehnet mEgdde jyprovemends inofoasghermal

' i f n wat er. cont en
Eylg0d obo3el] 980,080 A ) i 5Rph ns  me

Styenied atduStiop anfpamRidnyioy, if Peratnath aizhér ah a6HRH AV&Pack had to

ol ?.I identical to Voractec SD 308 except ot contains
Eq.ﬁq%% 1gd gt 1§gp%e@rﬂreweép avoid immediate shrinkage of the resulting foam. The

produced foam with molded density of 32.6 kg/m? remained dimensionally stable. In

= %:: Y e

both cases the demolding time of the Bretts is 7 minutes to minimize post expansion
and skin formation. Post expansion of the Jumbo molded foams shows the increase in
post expansion with shorter demould time and the similarity in results, provided the
foam formulation is similar and molded density differ not more than 8 percent. The

formulations and the foam properties of C1 and C2 are given in Table 1.
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Iolded cimeﬁm it o KEKABNAT 1 00T fhar (or hBAYS
Prgres Coam. S&o@\()aﬁﬁa &Pare inject &d33 120
Post exp. Jumbo, 7min % 3.0 3.1
Post exp. Jumbo, 6min % 3.9 3.8
Post exp. Jumbo, 5min % 5.5 5.2

* not part of this invention

These comparative examples use 0.337 méles of gas for the foam

expansion of which 39.5 percent was carbon dioxide, generated by the water-isocyanate

reaction. It is well known that CO, tends to diffuse quickly out of polyurethane foam.

Example 1

The formulation of examples C1 and C2 is modified by decreasing the

water content of Voratec SD 308 and adding Polycat 5 and Polycat 8 (Table 2). The

level of cyclopentane is also increased slightly, to compensate for the reduction of

water. A clear reduction ( 5 percent) of thermal insulation (Lambda) is observed with

foam of examples 1 versus foams of examples C1 and C2. Also post expansions values

are significantly less versus the reference foams of C1 and C2. This means that the

demolding time of refrigerators produced with the foam of example 1will be shorter. If

the same PU formulation is molded at reference pressure of 1000 mbar (comparative

example C3), it results in equal lambda but much higher molded density and post
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at a pressure of 90 bars or higher.

made of al um num w th di nensi ons of 194x35x6 cm and

wha®7nos879enting to allow the creation of an unPE&F/US2006/042979
pressure in the nold during foam ng,

therefore there
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Foam characteristics, especially, compression strength and dimensional

stability, are comparable to foam of example C1. The Brett demolding time is less than
5 minutes for example 1. The post expansion data and the lambda data of example 1
are significantly less than comparatives 1, 2 and 3, while the molded densities of

10 example 1 is comparable to the molded densities of comparatives] and 2. The molded

density of comparative example 3 is significantly higher than example 2, this reveals

the advantage of the present invention , that is use of low in-mold pressure.

Example 1 and comparative example 3 are based on 0.281 moles of gas

of which 20.0 percent is CO,. Hence there is a significant reduction of CO2 with the
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and to conpare denmoulding tinmes for the production of
refrigerators if the foamfornulation is changed. The

w@omy/0s8pansi on i s cal cul ated fromthe maxi munP¢DEN006/042979

thi ckness after 24 hours divided by the original nold
mfﬁsékﬁiég@-tlonf Alditeeaally thedeveb blmdeanteiielso tddacqiosith example 1

ansi on her arly a reduced foam
%8% S?IBB”%V%%{WE’PE“@W& ‘?W%L%usyst@m i e alposigden of 115.
fornulations to be denol ded earlier. Post expansion is
nmeasured both on Brett nolded foans and Junbo nol ded
fExamples Bendibs e post expansi ons are al so dependant on

the nold di i o results fromdifferent nolds
cannot be 6@3 a tjop o gxpmBlerlels maefied hiea fatbpriagrease of

SRR S Oan ! B S 3338 P%t‘f?ﬁ%ﬁﬁf‘e g?lgépcoon&al%u 8! Srhe

are 't aken ma pre-asse (5] an

tungtintl of isdoysiede jsibglanbaio mmlﬁtaﬂﬂﬁé @itleR @6 K1 38Tk féintill&fbns and
to the plastic inner liner of the cabinet. Both

PIOREEes ﬁgé%ns prpdicsd egivgein Tably hnBothshaw apdmpertatner

ﬁ‘%rc uat g‘? ﬁ&% gorf @l‘ae?ﬁ%fr %ggﬁggﬂty Vﬁ?ﬁ%{g ggeoc%mpara%ve examples

Cil mhé IC2p akied theqj’oeaacpansiorcﬁllws ak 5 eginiegd@m@ilA®han the comparative
connected to ab00 liter buffer tank that is connecte

PP IRl g slemoyldy St Ipﬂmﬁle@q@@@emﬁwmachw without
RO B LR 80 A Ep COPRERETERR v ent i ng

holes in the inner liner, etc) to the "interspaced”
areas, allow the internal pressure to be reached in
the cabinet cavity that has to filled with

pol yur et hane foam The vacuumin the buffer tank, and
thus the in nold air pressure, is maintained with
control valves. Conparative exanples C* and C2* A
conventional fornulation (VORATEC SD308 with 2.4
percent water) , presently used in the industry
(Exanmple ) has a free rise density of 22.2 kg/nB.
The formulation was injected into a nold at anbi ent
pressure of about 1000 nbar to produce standard foam
This systemwas then injected in the nold maintained
at 800 nbar (Exanple C2). These conparative exanpl es
show that use of reduced in-nold pressure only, as
taught by prior art, does not provide inprovenents in
foam t her nal
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The faster gelation time of examples 2 and 3 gives improved thermal
insulation (Lambda) over example 1. Further the post expansion data of examples 2
5 and3 are improved over comparative examples C1 and C2. Additional aromatic polyol
(example 3 vs. example 2) gives further lambda reduction. Hence fast gelation systems
with high aromaticity are preferred with the present invention.
The gas level in the foam of example 3 and 4 is 0.281 moles with 20.0
percent CO;.
10
Example 4
Example 4 is based on another foam formulation confirming the

enhanced thermal insulation and fast demold of the technology.
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Foam characteristics, especially, conpression strength

and di nensional stability, are conparable to foam of
we@x@mpsss9ll . The Brett denolding tinme is | ess PCEHOSEH6/042979
m nutes for exanple 1. The post expansion data and the
| anbda data of exanple 1 are significantly |ess than

E tives 1, 2 and 3, while the nol ded densities of

Cﬁgﬁg 1 is conparable to the nolded densities of
conparativesl and 2. [hé nolded density 1Y rative

anple 3 is significantly higher than exan%ffpg % this
Méoread] RN #&2 advant age partd he present i nVM| on , that

I wiT=Totd SSure— :)\culpl € atd

\%r aoﬁacﬁil\pggpyanpl e 3 ﬁ ® based on 0.28 Jlr(?DI es of gas
a?erwnlcﬁﬁoéo 0 percent |p&t<€CO2. Hence therld5is a
Syges T1 cant reduction B£ﬂ< Wi Th TTepr gsegit

Ln\lnnfl on /\r‘lr‘ll fl r\hﬂl e | Q\IQ' of _isg f‘\/ﬂnat e | S

| CIITU T OUTT,

okysat 2duced wit h examfluféS 1 versus conparledive
e)gw@irgﬁ{goand 2 \Nhl| ,pggth systems are [rypsat an

I X Ti5—Exanptes—2—antd—3—TFheformiation—of
Pljé’ ﬁe 1is nodified B¥S further mcre&s@ of
SilicahyBst s f or exanpl e IaartsExaan e 3 has a3t(pt ally

SR E=TA pOI yot—conb o, The anount—gf—+socyanate
anced to mainta ]é} e index at 115 1gThe

N@F@‘i@ﬂ%@lléﬂs and propgpartses of foanms prodd6ed is given
Ga,la'ﬁabltlﬁleS Bot h show @i hdgoor t ant |n‘pr0\3§msnt (> 6
a

nnnnn tharnnml -~ nrhlr\fl\llf\l versus
T

| LII\,I AT A>3

CT L;CIIL} +
E P ey exanpl es IK&Bnd 2. Al so t he 2hdst
Enemh‘spmssures | ess at Bmbamut es denoul d tbg@ t he

%Qéfp&'ern?ollﬁl\ﬁ,v'ﬁ} dllpl [ arb:}g}{ LLILI Ilut eS—aetfbth éd WI t hout

urpnrisi no ehpqp pro tl es are achie

Nagmumy &llidepsist on nolkated density and Foa.fh

PRIRCRSST Ve Strengt N.|TABLE 3. The fastel gefationm tine
Wﬁ%@k 25~ i npr oved t hernmal nsul atian
casHBeanokled deRsiynpl o X/MFur t her t he pos®7-éxpansi on
d&é@aﬂ;f exarrpl es 2 and%3 are |rrproved ovel conparative

f&%ﬁg and—C2: uw ttonal—arofat+erpe ‘y’GI
exa vs. exanplie 2) gives further F§ da
L@db@tmcon Hence fast|m@/atKon systens M9.h hi gh

o etty—are—preferred wth the present |nventiaon
fr}ﬂ]éb‘gaéécl evel in the |MBYHndE exarrpl e 3 Rh¥64 is 0.281
MDICEQ d&enst hLE&ﬁb(ﬁ(looc) kg K/mWw. m 2.011
Average Comp. Str. (10%) kPa 121
Post exp. Jumbo, 7min % 1.0
Post exp. Jumbo, 6min % 1.7
Post exp. Jumbo, 5min % 2.2

Again a foam has been produced with improved thermal insulation
5  (Lambda) over comparative examples 1,2 and 3 and examples 2 and 3. Where typically
the demould is improved at expense of lambda and/or density, or the lambda is

improved at the expense of demould and/or density, the foams produced with this
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percent CO2. Exanple 4 Exanple 4 is based on anot her
foam formul ati on confirm ng the enhanced ther mal

w0 p®absg7pdn and fast denold of the technol ogy. FEBLUR046/042979

Again a foam has been produced with inproved thermal
ITREINgR caminfiravbldatbdeved demoyid vatileveaintamingy the cdmzhepdislly
%cgeng Zexarrcmie 2 and 3. Where typically the denould is
i“ip L% mldeddsBila of | anbda and/ or density, or the

| anbda is iTger, f I L
donsi Ly, 1 e R L R IR0 R 17.8 percent
iGw ove | anbda and dermoul d whil e mai ntai ning the
commercially acceptabl e nol ded density. The gas | evel

in the foam of exanple 5 is 0.309 noles with 17.8

RlivEe: C@%mgﬁggég'hg}ées G4, G5 and Exanple 5.
%'a ive a Exanple 5 are appliance
cabi net s mitbenpaiative Carandl @8 ieh BRI 8 drdldplieQRRAINGE Bade

nor mal ampunt of g?h(i/Si cal bl ow ng agent at anbient
prelaien RSRA% - 12h eorapasing a rrmehingoustt ofphypicad blowing agent

B
- : s were e .on
e R G el R B TR B B R h pgosgre
Theezaped@eits 0Rrd Madesh ¢adinem dith VB Hifh 6KMABISS iR}, having a
Omm and, a refrigerator section in the bottomwth
pAer $¢RtOR Axthe toit WEh vall tickness uide Smmoandd nefiigsragbr section in
' - ' i ndtes. The fornul atiogns and
BBy BN Ak Rsd O S TRt er iR GRS T
fedis per@bosain Sinoinsted.| ThePodm B SorERAT W GHbriR ov;%dlﬂﬁoellh&fet%given
e

of the_cabinet and averaged per position in top,
Wtrbs ght Theingat expapsins (aemay ercpawsaredidnsarionpplaetsof the cabinet

' . . | t 5 . 6
BOEREE% B ARRLETh o3, BIEHUAR O C P 0 o coluiipe
Ebicktceddaded 30 Ombieat prastiraaimdsndrtticdtat 5§ aAdl BYhiBHtes {espectively.

ﬁur prisingly these properties are achi eved w thou

EERIP S 7 ssailer cehnouediead detdi mbarand droawided at 5 minutes.
gﬂﬂﬂﬁiﬁéﬁ/’ tHése %Mp%ﬂgsts Qre&%%h’e%eé without negative impact on moulded density

and Foam Compressive Strength.
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The Ionger demould tine of conparative exanple C
gi ves inproved side wall deformation over conparative

we@x@mpsss9A. Usi ng | ess physical bl owi ng agent PCTUS2006/042979

exanpl e 6 and reduced in-nold pressure can
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number between 300 and 800 D) vvat er present at 0 to

2 S RSB O Bl LB OO
side wall deformation over comparative example C4. Using less physical blowing
agent in example 6 and reduced in-mold pressure can surprisingly obtain similar
molded density and better density distribution. The better density distribution results in
less stress in the foam and to the mold walls which allow to obtain similar to better
deformations at shorter demould time. The lower physical blowing agent level gives
slightly higher lambda but VOC’s will be reduced when dismantling the appliance at
the end of its life.

Other embodiments of the invention will be apparent to those skilled in
the art from a consideration of this specification or practice of the invention disclosed
herein. It is intended that the specification and examples be considered as exemplary
only, with the true scope and spirit of the invention being indicated by the following

claims.
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wherein the foam has a nol ded density of 33 to 38
kg/n8. 2. The foamof claiml1l wherein the nold cavity

WO 200a05819pr essure from 300 to 950 nmbar. 3. ThePEDHN2006/042979

claim2 wherein the nold cavity has an initial

PYESIASCANYBD kS0 850 nbar. 4. The foam of any of the

precedi ng clainms wherein the packing factor is from

1.1 to 1.6. 5. The foamof any of the preceding clains

wher eiin

foam éf %Eﬁ)ld}) %gﬂglﬁygrg lte}gl?ﬁg) ('131? %%ers eh:oéém?qﬁed E’gm density

ék@mn) to Ipoibdag po)(ariine Ki) smeasusmd Pdettdues ffel Yo:m0 ppoanétidd, from
and 2, 2'- di phenyl nmet hane

538 é;]gn 8{)‘[@11’163&}/9%@%%%8 Bg}r%ggpg yitg gelosed mold cavity a reaction
Bﬁkﬁﬁkesﬁ%ﬁ’a@ 1:11%%0’531’ & 1 2 bRy g 1! ca\é%v% %itr ﬁsréduced

or m xtures tHereof oam o ai m
ptessuve gadihe rp&ﬂtmnmxmmair@rissS a m xt ur e of

di phenyl met hane dij socyanate and

pol yp%ﬁ?lor%%‘ll%/ PRIYIEQqYaRae;pol yi socyanate wherein the

di phe%h?ﬁgﬁ@ﬁ%ﬂbhg%ﬁ%{ﬁmate i soner content is from 30

to 60 by we ‘of the polyisocyanate.8. The

f oam 6 apbbjolrcdmpébsitic dontaeng eelendt dse bOIGOIRIh a functionality of 3
conductivjty of 18 to 2 1 to 2 1 nWmK measur ed at

PHECHGL? Y& apd nymbeebetweenfidrand§00er f oam

rodu T n.th
P a2y s prent 9,10 93 AbyReBlo gt MR B el oo
1 wheEptatalyfteandhysi cal bl ow ng agent has a boiling
poi nt reat er than 10C. 11. The foam of claim 10

wher eFhewsléany suhstangesasiar additixesiy dr ocar bon, a
el ﬁlfthe%a%ﬁwﬂlglﬁﬁ%% 0105k Kt ocar bon, met hyl

rmate or trans l'oro
The foam of claim 1 wherein the mold cavity is at a pressure from 300 to

950 mbar.

3. The foam of claim 2 wherein the mold cavity has an initial pressure of
500 to 850 mbar. '

4. The foam of any of the preceding claims wherein the packing factor is
from 1.1 to 1.6.

5. The foam of any of the preceding claims wherein the isocyanate index is
105 to 125.

6. The foam of any of the preceding claims wherein the organic

polyisocyanate is an aromatic polyisocyanate selected from 4,4°-, 2,4°- and 2,2’-
diphenylmethane diisocyanate, polyphenyl-polymethylene polyisocyanates, 2,4- and
2,6-tolylene diisocyanates, or mixtures thereof.

7. - The foam of claim 6 wherein the organic polyisocyanate is a mixture of
diphenylmethane diisocyanate and polyphenyl-polymethylene polylsocyanate wherein
the diphenylmethane diisocyanate isomer content is from 30 to 60 percent by weight of

the polyisocyanate.
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12. The foam of claim 10 wherein the blow ng agent is
245f a, 365nfc, 227 or a m xture thereof. 13. The foam

w@boockss7as 10 wherein the bl owi ng agent is a hyPeDUS2006042979

sel ected from n-pentane, iso-pentane, cyclopentane,
n- but ahe, djelfoamerbiolaini vehensin therfoamihas defmalldbndiidtiyity of 18 to

foamof claim 10 wherein the physical blow ng agent is
&3 38 %ﬁ@‘&ﬂni{?naﬁ%mﬁ atflDomaeraguienpeiRggms raveelir fofm
ER’,E&“EBMOI conposition. 15. The foamof claim1

erein the denold tine is less than 6 mnutes. 16.

The f oam ofThe lfednirof civne N eviierdik enecfeiimHﬁs b i.leﬁ‘Ebda_Sofl 19S® 20
than 5 mnutes. 17. The foamof claim1l wherein the
B%)W{IBiK-conpositi on has a viscosity of 1000 nPa.s at

comosti i o SERLPEUags Tidicto BRaPydledsdFo B g boiting
Pbin® pictteP@apadeit i on of at !e_as_t one al kyl ene oxi de
onto at | east one aromatic initiator nolecule

cont ailhi ng The feam oeclain® 10 Wherefrothmbioving Iagémﬁslﬁh%dmraiebdm, a

he .niti ' cted fromaro i.c polycarboxylic
gty Shat oL B s, BEN) FRb g ree Kichloroethene
an nogar boxyé ksanf6f dgim 84 %&tehmle'ar&ﬁngggerm y@g, Ifs§§mfc, 227

condensates of phenols, formal dehyde and option
di ahiieinisithereoles, or a mixture thereof. 20. The foam of

20 35 Vg L P41, P\ GEALe b3 L L
%1%@@6%'@15&%@3@[@53—%2m%n§ 'é:y%llgpéh;a}]ng,sn—‘ﬂm?aﬁg,zcygfohexane or a mixture

t ol yl enedi am nes, 4,
thegeodli ani nodi phenyl met hane, pol ypehnyl pol ynet hyl ene-

ool vag) e BTt e Lhersol 2 g doemel Ehal
%rgﬁr?gglgrft?ll%cr)r% I @0 FPwthBHer¥int BETHe $RlyoPEorhP&iifRsH. ¥ ©!

15.  The foam of claim 1 wherein the demold time is less than 6 minutes.

16.  The foam of claim 1 wherein the demold time is less than 5 minutes.

17. The foam of claim 1 wherein the polyol composition has a viscosity of
1000 mPa.s at 25°C.

18.  The foam of claim 1 wherein the polyol composition contains at least
one polyol prepared by anionic polyaddition of at least one alkylene oxide onto at least
one aromatic initiator molecule containing an amine.

19.  The foam for claim 18 wherein the initiator is selected from aromatic
polycarboxylic acids, aromatic hydrocarboxylic acids and aromatic aminocarboxylic
acids, aromatic mono- and polyamines, condensates of phenols, formaldehyde and
optionally dialkanolamines, or a mixture thereof,

20.  The foam of claim 18 wherein the initiator molecule is an aromatic
polyamine selected from 1,2- 1,3- and 1,4-phenylenediamine, 1,3-, 2,4-, 3,4-and 2,6-
tolylenediamines, 4,4°-, 2,4’ and 2,2-diaminodiphenylmethane, polypehnyl-

polymethylene-polyamines, and mixtures thereof,
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21. The foam of claim 20 wherein the aromatic amine initiated polyol

comprises from 10 to 60 wt percent of the polyol composition.
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