PROCESS FOR MAKI NG A FLEXI BLE POLYURETHANE FOAM The present
invention relates to a flexible polyurethane foamand to a process
for maki ngy§aofileekb! e pol yurethane foam to a plant grpevidpdmaéMEn
conprising such a foamand to the use of such a foamas plant growth
medium Pl ant grow h nmedia conprising flexible polyurethane foans are
known. 10 US 3798836 di scl oses a mateq i nsol ubl e open cel |l ed foaned
pol yuret hane matri x having di spersed therein thernoplastic particles.
US 3889417 nakes a hydrophilic foam by reacting a prepolyner with a
hi gh amount of water. This foam may be used in horticul tural

appl i cat i onEOCASEFORMNAKINGI B 1ADIBLE®OLY UG #8000 ¥8AGA. A simlar
process has been disclosed in WO 96/ 16099 wherein no special guidance
as to the isocyanate index and the water index has been given; in the

exanpl es thR prab@lindeifSXcWas DSkt E§&y&%@\gn@ﬂ@11tah@td @@6&@@&}4 hakingdex
was | ess than 6. The prepolyners used are made from pol yol s having a

nol ecul®ar aWB§*gHe Pelyugthapceiyap, @mdantmhs@fﬂ@@mmaaw&gﬁé% HawuysktPat e
for Cu|tIwgé&Q%kaﬁ@H@HMQhQQH%HQ§ﬁhﬁgﬁnﬂS a hydrophilic polyurethane
f oam made by reacting a pol yi Socyanate and a polyol at a | ow NCO

i ndex, the polyol having an hydroxyl value of 900-1800 and the
polylsocy Hﬁ%ﬁ] |

pol yi socygﬂ% m%h ngggg%gg u%lieﬂslég&%ﬁ%%r%sfgw%% fG}rlrogvﬁl which foamis
made by reactlng an organi c i socyanate, which preferably is TDI, and
a pO! Y 8%%1’589&5 Q&fat(:?@nsél%gﬁ ogg'n ? 4][%8%%%16@ 2 ?l%%e Fhatrix dha\rm
horticu tura grow ng medi yner an Fer
in the prehﬁnsed@ﬁwanbeh@phadnhﬁkkmr naterlal us 2005/0131095

di scl oses a process for making pol yuret hane foans, including flexible
ones, at an NCO index of 40-150. No special attention has been given
to the wat@s 338vdeX makes d In@ragpkdiobas by henctND: bmﬂﬁxmwa\slﬂbenn@eemoﬁ&t-o]fOG

and the mat var be en.93-120. 5 A pr.Qcess .
lexi bl e ooy BS s Ty el MEMuch S doptRatoa®l S e Bl 8fsana
a hi ghiSarYDlUSIOD 70600t ﬁﬂhﬂhﬂﬁo&ﬁﬁﬂasdﬁﬁ@ gisbleckdi in VED 98092497 whdttinmid s389418,
respectiv 10Sur r|S|n rethane f oans coul.d be Eurther
o oved i Rdam Seagainli ThAT A SIGTT R siten Guhe i
saturati orth@rmdudr hedenal &r mbif hed 19@PaE iy $RgalRehdM Was dshitgh 6. The
conpr essi on ?ad defl ection_at | ow density. Surpr|5|n% we al so have
found a nd¥ErChRGTEEd afednady BamebiP Iy e AFRIGE FRIBHES f%]&ﬁsél

Therefore the present invention is concerned mnth a flexible
pol yur et hane foam having a density of 25-70 kg/n8, a conpression_|oad

def i ecld onUadoU§ds derivyesgrsubsinps: fopaultigating plies \Vlﬁeii aibsatafs kdephilic
sat urat i oy &harldQS4m 4raddB PRIt WRlBfisdRirbRrand 3RBELT % AbwAR=0 index,

the polyol having an hydroxyl value of 900-1800 and the polyisocyanate being a toluene

ditsocyanate (TDT) type polyisocyanate,

25 US 5155931 uses a foam as plant mat, which foam is made by reacting an organic

isocyanate, which preferably is TDI, and a polyol at an NCO-index of 90-120.

US 6479433 discloses a horticultural growing medium made by reacting a prepolymer
and water in the presence of a selected filler material.
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60 % 20 Further the present invention is concerned with a process
for maki ng such a fl exible polyurethane foam which process conprises
reacting ayoamisagyanate index of 20-70 and at a wat erpciri®er 0083467
200- 400 a pol yi socyanat e prepol ymer havi ng an NCO val ue of 20-30 % by
wei ght and 25 nmade by reacting a polyisocyanate conprising 30-80 % by
wei ght o f diphenyl met hane diisocyanate (MD) and 20-70 % by wei ght
of honol ogues of this dii socyanatc t he honol ogues havi ng an

oevanat o, LU ORRLL L, SSRGS sk DpCa Gl

mol ecul ar seé, ghin WE06RAKAPA0-AR0L Nspasi €l adgei on Guad mh chwgal oty bvater index;

30functional it 2-4, e I pr | en ol yol
o & 1 xt UMD Balen TSI o P OSBEYOr- B AR S E R A iy e
average noyy.imal hydroxyl functionality of 2-4, an average nol ecul ar
wei ght of 2000-8000 and an average oxyet hyl ene content of 25-50 % by
wei ght , Scalcul ated on the wei ght of this polyol or mxture

respecti Ve}\){)l@f:@éé%ﬁ&ﬂkiﬁ‘%‘ﬂ@){ﬂﬂ@bb gﬁi@{h'aﬂe foﬁi‘ﬁﬁ:ﬂﬁz{"@hﬁisdc?ﬁﬁ?d M&xGRAgM low
ext enders and/or cross-Tinkers having an avera | ecul ar wei ght of

60- 1999, aind adpgh emapntyof Wa’fehélaﬁ)rk@éléﬁ%@f@ﬁd a’a%ﬂ 13877 lds 2 &F adflPi $-ves
used in the.poj %!}ret hanes art. 10 Preferably the foans have a density
of 26-60 kg7 nBand a conpression | oad deflection at 40 % (CLD) of 5-12
kPa. More preferably the foams additionally have a vol une increase at
water gatu f Id be fRfhdrlimbHVERS! pdfiG1 BT ESEMhg th
mventﬁgn $l§b%sg rpn% Jzﬁié@n%ougrgv&éﬁ Hg%a‘corrp]hé;?%ng a s e
15f | exi bl efogulswbnlér e hed ‘f/nowmlammdmr?gldtthﬁ whigr pwis eapacitnieathcowith a
Finally, [ n ned with the use of a
flexible p?gh E’&%ﬁ%@mu Iéll\éginé%gg%%t ?\gggfso the present invention as

pl ant growt h nedi um and |n green wal | s and/ or green roofs.

20Pr ocesseg for. than f oa '

ol atverySHPginRy seRs FRSE S BN it Bk eR S My,
been discl osed |n DE 3710731, US 4833176, US 4365025 us 4910231 us
5459170, ﬁg USt6411241 Us 70d2 46 ang1 (317/ 1%)(3
25However eée GANsPIETE PRSP Srsedcaredityg denBlems yPh P £&n

i nvention haxgy 8p25-bery/nd scdnpestionhed Hefvtsioanesw by (CISYi dfabl EkPor
use as plant growth rrediumsir_lc.ettge h ood wettin % i
hater T ot cHMOn AHAS B P RPBECE OpropeY £ S St FEt BUBrFRG b6
physi cal ps®merties, |ike conpression hardness and conpression
def or n;)a(t}i on resistance, under dry as well as wet circunstances.

avmg a

Further the present invention is concerned with a process for making such a flexible
polyurethane foam, which process comprises reacting at an isocyanate index of 20-70
and at a water index of 2060-400
- a polyisocyanate prepolymer having an NCO-value of 20-30 % by weight and
25 made by reacting a polyisocyanate comprising 30-80 % by weight of
diphenylmethane diisocyanate (MDI) and 20-70 % by weight of homologues of
this diisocyanatc, the homologues having an isocyanate functionality of 3 or more,
the amounts both calculated on the amount of polyisocyanate, and a polyol having
an average molecular weight of 62-1000 and an average nominal hydroxyl

30 functionality of 2-4,



4 The foans according to the present invention are also superior in
at | east one of the above properties with respect to other materials
whi ch haveybeenpeposed in the past as plant growt h suRAGIFL0D63467
material |ike perlite, gravel, mneral wool, wood fibres, coir, peat
and pol ystyrene foam beads. 5 A preferred process is a process
according to the present invention wherein the polyether polyol used
i n maki ng the prepol ynmer conprises ox?ethylene groups in an anount of

ol yol havi ng PRy YS o et BPP g g Vo or a0 s, sk PBreFePEbl y

this polyether ppbyglithd Sixturd Opohymxareiabyhanealthyiiokyl fikeibndinast 22,enage

o ont s ont o BREr kbl o 05 SR Pra e PEERRge oyt o

i socyanat e i ndex-301% Mo@eiohd @M cited HOBX weight of this bfIGollcdbiiguRfrespectively,

hKI>gL8fps overﬁ#socganate-reactlve hydrogen atonms present in a

15f or ati on, Ygt9¥eti“as a percentage: 1-NCOLx100(% - [active

hydrogen] 1 n gtifiely Weicdshaten@adNGO-d it @Y RE 69888 LNS-1IRRE @RtiRg QnOf

of | Sacyanatc. PHEGHCTTIoRIT yeerebeeh (eIPandr eact i ng. 20w th ¢ he amount.

of isocyanatc ¢ / _ reacting 20wi e anoun

of I socyanal e agiayen M(rQe%R di3eMlikMsank QA ALKANN the paDaUh Qe

observed that the Isbdocyanate index as used herein 1s considered from

t he point of viagw of the actual foam ng process involving the

i socyanpate ingredient and the isocyanate-reactive ingredients used in
Mt € )

Jaicraliodht Aah LGNS i KA A

i socyanat eBre Y the egendenfitn @ ofptdigo qongs@En

at the actyal @;@B LG SEAIRAL Gre e%{%ﬁpthie @éa%s%ﬁ&ﬁb'ﬁ‘ah have Ve RAEX 1S

the ratio 100 ?bggmheréln i'S e ‘anount o ma?er I n grans

actual | y usedter mtarafiorefial abstddi%and Xis the total anount of water in

grans the ical Ly needed in 30t he sane.fo | ati,on so as to aobtain

an i socy aﬁ%ﬁfeﬁﬁﬁ% -élie pd?se&tdb'\_ en{}%n 18 ﬁj’“c?ﬂlggg‘&% Pgagggl(g\l;{?h medsla COMPIISINgG &

"I socyEnat fexitdagdlywrehing doageroalis thegsesusidavehédsei n for t he purpose

f calcul at.i he | te ind f to t t f h |
and" am ne TIRoBARSTOR BRBGHPoried R PEA o o d e bRUBL R L © ne

form of polcy@litg tdPOk yrednd @S c@ibe/0 hlawddrewth rddiiin HREASrdeh atalld Mkl/ok he
punose of cal culating the isocyanate index at the actual 5foam ng
process ond“MVP'exyl group is considered to conprise one reactive
hydr ogen and one water nolecule is considered to conprise two active
hydrogens._ 3) The expression "pol yuret hane foans" as used herejn
gener q y Fefsies $os “é"’éﬂ“l‘%l’%llyufﬁi iiscloamy S gt RAlRR'Y haymﬂéal@éthgly high

pol yi socyangt@§icht Edhedr3 QCY RRALSeyafAE tldve nhWdI09 8818 Q& dGR BIEA 710 7H , US
conmpounds, u5|ngdgoanln agﬁnts d articular includes cel
t

, t I ul
product s obi3all Red e hoGidt B HY 028 hai$ vesT G4nt g A48kt (3 AObTAInGSa
reaction ofpwedel,gWhhobhspeyafnate groups yielding urea |inkages and

carbon di oxi de and produci ng pol yur eapol yur et hane foans).

25  However the foams and the processes according to the present invention have not been
disclosed. The foams are very suitable for use as plant growth medium since they have
good wetting, wicking, water retention and water release propertics while retaining good
physical properties, like compression hardness and compression deformation resistance,

under dry as well as wet circumstances.



154) The term™ nom’ nal hydroxyl functionality" or "nom nal
functionality" or "hydroxyl functionality" is used herein to indicate -
the functivgasihy2énunber of hydroxyl groups per nol ecgcgpfiohdiesr
pol yol conposition on the assunption that this is the functionality
(nunber of active hydrogen atons per nolecule) of the initiator(s)
used in their preparation although in practice it wll often be
somewhat | ess because of sone term nal” 20unsaturation. The term

"equi val i ght" ref to th i ght te
react | ve. rya O s 0 hEsorp meETiol o e Ho b Ry PR EER R
to "numberpr @eetreagxefh.;eslﬁﬁ)to bher wafetlhla grhichriavs bah prapefelris thopaat asgyamf

reacting the redients t re the foa e all polyols
havi ng o SoRhageoredEr i | %@Pﬁﬁ&e PV ShgPROERERC Y %ﬂn ies. Rt ddti ¢ h

pol yi socya}ja,%gfrdnef(;ahegjdaa@sence of water. 7) Density: density neasured
according to SO 845. 6 8) Hardness CLD: conpression | oad
defl ection at 40 % measured accor di ng to I SO 3386/1 wth the proviso

that the hapdness pao%cﬁe@& HFoRéhs ditobdifh fohBe fikdeit inCaiSib® wheiih thROFIcther
stability AV is the volunme increase at 100 % water saturation, in %

SAV= VI -Polxpl Necq o muingyiles ISPRe LYRCTiCOMPRESS GBYCHEe S BIQURS I AN Plctit

vat er i ntakg: and; Yy \bégi‘ith&lcﬁ%ltédnﬁl af \W&@ﬂtfmms%imxm lol})/ﬁ@thﬁﬁng an
absorption both at "23 cc and %relative humd ) In or der

det er mi ne ayprage weolgcykem W@gﬁfnfi’fe?%%&oq Mot Referagly Qum Dalyméﬁ*bpéh@ ta

8;25 S \"Ij\%dg ! gﬂwﬁr égeﬂgl%ﬂe%ol%lg%un %(felp f%@écu%%%’h% ¥ Ash 6‘0 | %\/\hiaf el( ;0 1'5\/

Vf is the volume of the foamsanple inm, Vi, is the wat er upt ake of

this foamy ﬁ?g%)clog?kﬂﬁ*%e &%%PE@EBB?%Q f#lf&u)ﬂ?ottﬁl fh? c ﬁéfﬁlo@ﬁl‘g n\{éanf.n@: the

vol ume (in al ne ter 1t oam sa
cont ai ni ngl)tlm,ywatcendehasNlijf@eind@ﬂmqngtctied to a pressure of 32 cm FLO

colum for n car e 0 a
carpie is cdte raioonf G aroblh ot HoguBEh SHR L hdSekub B redug AT
hei ght)s Herfommlc;tloofgwdmass@moblﬁages 900 m. The city weight of the

foam sanple i s determ ne (‘? C. Th@”B the foam sanple is inmersed

for 6 hours at atnospher ure an 3 Cin awater bath in such
a way 25that 1 cm of theisafalaesn the height direction extends above

the water surface
In other words the NCO-index expresses the percentage of isocyanate actually used in a

formulation with respect to the amount of isocyanate theoretically required for reacting

20 with the amount of isocyanate-reactive hydrogen used in a formulation.

It should be observed that the isocyanate index as used herein is considered from the
point of view of the actual foaming process involving the isocyanate ingredient and the
isocyanate-reactive ingredients used in that reaction step. Only the fice isocyanate groups
25  and the free isocyanate-reactive hydrogens {including those of the water) present at the

actual foaming stage are taken into account.

Water index is the ratio 100Y/X (%) wherein Y is the amount of water in grams actually
used in a formulation and X is the total amount of water in grams theoretically needed in

30  the same formulation so as to obtain an isocyanate index of 100.



Then the sanple is imersed conpletely for 18 hours at atnospheric
pressure and 23 C. Subsequently the sanple is placed on a sieve with
a mesh of Wedsleemzat the same pressure and tenperat ur @cang@&bheued
to rel ease water for 30 mnutes. Finally the weight of the foam
sanple (containing the remaining water) is determ ned again 30and V,,
is calculated, assum ng a density of %he H20 of 1 kg/drn3. 7 Then
the sanple (with the water) is placedfor 24 h in a closed

envi ronmne t 23 C.and a sub-at nospheric pressure is appligd on the
Dot t om sur 08 SRR SHFIES 1 P ECRT ARSI o P TR

m ddl e of dffeglcBROR e isocyanate iilgxadefeys tohfie wilgITthyafoxtihedsaiiid Rydrsgen
determned again and the volune V, of water 5 r ta'an in the sanple
i's cal cul AU PEESHM HY 'S2NEE EPBRSHINE Y 8K f?“&g’%d’ﬁje’)’.& PO RHEVP e ch
may be useghitOTEE @dlafs haSRP IR FIRSRE ST b @M IRNRBRanAN inlBe aat haml
surface of the sanple is a so-called Sandbox obtainable fromthe

Dut ch 3 r iPERPREMREHIT WA PIRBP KehpS 557 0 RIS €© fegFtive hydrogen and
pF- det er m Hatj.@MgolctRc [N@nMBGPh bhgiladashrulydobes40- 60 % and 1)0
preferably 60-80 and nost preferably 65-75 % he pol yi socyanat cs
used to nmake the polyisocyanatc prepolyner are known in the art.

15They ar eswhilely cabl ef,pakhams R’o%fngﬁ £ hle%élane1f'%pa@f{ Mk UEL SeRlar
e MDI Po e M I

polyneric or cru I and M. ynmeric or cru conprise M
and honol agedstshasy pigineth by soeyfiag arodyifogrmricsd vall ispoyphatg-resetivep hxdreged

are we | o 3 j f..a
it urs) o Sahilaboblpnls ueink At SRRt e RASAB R Rk
and f or mal aédiyedewitl heaterasufeactvar @amingbageht (ifreolypog yareretennéfxvateesvithnd
t he pol yi sgocyanat e _m Xt.ur i |l K . The ¢ i on, .
ani 11 ne. vi R RRTn G SRR o HPea ARG o AN SRRRRULS By
hydr ochl orpotyracthshegé¢aned a reacti on product contai ni ng

di am nodi phenyl met hane 25 together wi th pol ynet hyl ene pol yphenyl ene
pol yam nes of higher functionality, the precise conposition depending
i n knovih rgrfiertcinnt@rmiadlilydonylt fuectimblityhef fammad] delyidealitgt érdhydiosyl

pol yi socyanat es ar.e. made b hosgenation of .th | yam ne m xtures
Bnd t he vaPMgEBY olsdred SRR B D tdweipps inn PR eral By gip gl grours B
pol yam nesmgleMge)r dfSte tpalyoe katifshition 0po thicl RASnRion dhat B Vianad @fctionality
triisocyanates and higher polyisocyanates. The relative 30proportions
of di i sooyHEPE, _0'? AT SoRYlrRet e aY T gﬁl@?w&& | LEPuirel et B
crude or patyiRioh GlthMdeh GO PROSIt @S0 the kBl Beh bt NSs BALAIBGE some terminal
functionality of the compositions, .8 . .
unsaturation. The term “equivalent weight™ refers to the molecular weight per 1socyanate

reactive hydrogen atom in the molecule.
5) The word “average” refers to “number average”.

25  6) The wording “one shot” refers to a way of reacting the ingredients to prepare the foam
wherein all polyols having an average molecular weight of more than 1000 are reacted

with polyisocyanate in the presence of water.

7) Density: density measured according to ISO 845.



that is the average nunber of isoeyanate groups per nolecule. By
varying the proportions of starting materials, the average

functi onalwbyoeQfosd28e pol yi socyanate conpositions can becyafrbadiedsiem
little nore than 2 to 3 or even higher. In practice, however, the
average i socyanate functionality preferably ranges from 2.3-2.8. The
NCO 5 val ue of these polyneric or cru%e MDls is at | east 30% by

wei ght. The polyneric or crude |IVID contain dlphenylnethane

di i socyan the renmi nder beln nmet h hen

ol v <oy andiuiiSs CRTREPPGTesoe Jo g PR nATn il Fube Y P RGBS 5 15
polyner|c nméﬂnudﬂh&ﬁhﬂ@a&mhﬁeﬁmx@ﬁsMmkhawmkmphgﬂwdﬁﬂcphe

pol yi socyanate has the required anmount of diisocyanates and

honol ogues having an i socyanate functionality of 3 or nore. 10 For
exanpl e smf}:olaﬁalswbﬂ@aamnaﬂqesolmy iRecafRd e 0BY, Watkd sB@rakiBn, PP Opri at e
relative amounts SUPRASECR M 20 V,(obtalnable ex Huntsnah% cont ai ni ng
about 80 par ¢ R{wbs YRV G wheran Mgy the pjume alite bemygiiodt Wyewei ght  of
2,4 -MDl and | ess ¥han 2 parts by weight of 2,2'-MD and SUPRASECR
2185 (ex HuntsmmnR)g \@lmwgﬁme%f&@ foha\éi PGt D M@blﬁsﬁommﬁ@t Yoby
wei ght; conprising about 38% by weight of diisocyanate, the

r emai nder beﬂmbﬁhéﬁdBEQHE§Uﬁavbngd@ﬁOﬂS@U¥ﬁﬁéﬁ€h¢ﬁh@¢$Uhﬂﬂﬁwvﬂ@ﬁﬁg or
nor e; about Lsocyanates being 2,4 -MDl and | ess
t han 1% by mg Q¥M%$h%%&p§5m§%§9g%a es being 2,2'-MDl. M xtures of
Suprasec 2185 and Suprasec MPR (4,4' - dlphenylnethane di i socyanate,

al so ex Hu al so used. . 20 Th ol yi socyanate conpri ses
30-80 and 'B)bgﬁr’m y BPRCHY 0&%@% B P R and 20- 70 and
preferably BQmEQ;%@@M (yghaht of honol ogues of MDD, the honol ogues
having an isocyanate functlonallty of 3 or nore, wherein both amounts
are cal cul ated on the anount of polyisocyanate. 25Polyols, having an
aver age nol e8ui=zal: wedlyfit), wherg2- 1000 and an average nomi nal hydr oxyl
functibnality of V2-4, which may be used in naklng t he pol yi socyanate
prepol yner i jelygle, %ncy+fqﬂ§fo%qupe SRENL EDG O MGl orlfil RLOXLERR

gl ycol , propyfene ﬁ 1 ene gly
butanedlol giy@eﬁomunmpmedhaw@kaﬁnhﬁélmnkvmmﬁmWWﬁmp¢bpaﬂéoffw‘ﬁﬂcl
1,2, 6- hexane% f Iu(i)ed’ af{%eP ;saf%g%tsamll 1%%01‘12&15 0¥1(1)e \¥5Er as% 589 e&?cll Ra ple sure
30po|yoxypropy?ene ol's, or e Vle e ene 1

and nlxturesofﬁémeﬁmi)@mﬁmeheﬁ4hd are polyols obtalned by the
polynehisatlon of ethyl ene oxide and optionally propyl ene oxide in
the presence, where necessary, of polyfunctional initiators. Suitable
i nitiator cofpod s \Q@I‘ti@ItemmazcﬁIaufcalokVEyAﬁanasmmﬂelshydx)@g'am dtensomand

e e o Bt TR AL caL a2 8L i

et hanol am ne,wedghetohamlfﬁm Renplé nd Qtbaneddan m@s °tcytrh@hel>eafoeldl aeipkanol |

gl ycerol, trinmeth [ ane, 6- hexanet and thritol.
M xt ur es of -“ﬂm%{fgrg13@8%@%%?@?*}6&1%%8&& ‘(fg%fg’at Tﬂg chaway
pol yoxyet hyl ene: paloy exypaepyi 1@6ﬂe1@1@d&’l@J;tﬁ)n%E;@ﬂ@%@Vd‘tﬁ@lwb&l dubfce.

si mul t aneous _or sequenti.al addition of ethrlene and propyl ene oxi des

toinitiatord 15.%ﬂwpmyled@éremplﬁféhcqwlftﬁﬂé foyr { ooy gt atmaﬁ&laﬂ‘f BEHHIeyHEr s,
bl ock 10 CODGBYGESL%s&ﬁQntﬁPﬂHP'sﬁ%SIb M§a&a%fl%%ﬁe\thlbcﬁt1lg§xeﬁ0 Pr efwex tpd
ones are those having at 'l east part an refera all of the

oxyet hyl ene §HBUPSSHES %qqléelématme aﬂlﬁ@11%¢£héﬁieeaﬁaﬁf%er(fera%b@wu&ﬁ Finally

tipped). MX ttlycr\gé gl@fof Tﬂl’é%%ﬁ'sﬁnlﬁf? kéﬁ‘ﬁla"ﬁnﬁ@ﬁﬁe benmiisag \\%ﬁ:r)w? biktern¥R&f again
preferred are poly ene polyols and poly t hyl ene

poIyox?%ropyh@hgup@ﬁé@h@dhﬁvmh@gé@ﬁ&%ﬂ@ﬂé@éﬂﬁbﬂﬁh diydr oxyl
functionality of 2-4 and nost preferably of 3, 15 an average

nol ecul ar wei ght of 250-800 and an oxyet hyl ene content of at |east 50
% by weight, calculated on the weight of the polyol. Such polyols are



10 pol yoxyet hyl ene- pol yoxypropyl ene pol yols are obtai ned by the

si mul t aneous or sequential addition of ethyl ene and propyl ene oxi des
to initiatwhSe@pyhid |y described in the prior art. RangemEeReLysIEr S,
bl ock copol ynmers and conbi nati ons thereof nay be used having the

i ndi cat ed anount of oxyethyl ene groups. 5M xtures of polyols may be
used as well. When m xtures of polyol% are used the m xture should
have an average nom nal hydroxyl functionality of 2-4, an average

25- 50. 56 by wEGHES G0N it B0 BROC LB B o 4 e eheR a2 °C'

pol yol s. Thearfuod ydl8mePNstd pruisugs bfiRictiioX tihy Botdhsarheyef the BNl dthe
hydroxyl functionality of 2-4 and |_.ecul ar, wei ght of 2000-8000. |
0 The indiviHﬁﬁPmﬁBﬁéépkHéiﬁg??@H@%ngﬁﬁgSﬁpﬁfure may have an

oxyet hyl ene eppteie wafigid Ot 1050y isWRt @RincdG@htnatRdvabme he omeiagdht
of the polyol concerned, provided the nmixture has, an average

oxyet hyl ene E&dit hspamge soalpigipd \espypipg a dgice dengtteef lo'%sffilﬂ‘g- wei ght  of
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diisocyanates being 2,2°-MDI. Mixtures of Suprasec 2185 and Suprasec MPR (4,4'-

diphenylmethane diisocyanate, also ex Huntsman) may also be used.

20  The polyisocyanate comprises 30-80 and preferably 50-70 % by weight of MDI and 20-
70 and preferably 30-50 % by weight of homologues of MDI, the homologues having an
isocyanate functionality of 3 or more, wherein both amounts are calculated on the amount

of polyisocyanate.

25  Polyols, having an average molecular weight of 62-1000 and an average nominal
hydroxyl functionality of 2-4, which may be used in making the polyisocyanate
prepolymer include ethylene glycol, dicthylenc glycol, tricthylenc glycol, propylenc
glycol, dipropylene glycol, tripropylence glycol, butanediol, glycerol, triethanolamine,
trimethylolpropane,  1,2,6-hexanetriol, pentaerythritol, polyoxyethylene polyols,

30  polyoxypropylene polyols, polyoxyethylene polyoxypropylene polyols and mixtures

thereof.
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Preferred are polyols obtained by the polymerisation of ethylene oxide and optionally
propylene oxide in the presence, where necessary, of polyfunctional initiators. Suitable
initiator compounds contain a plurality of active hydrogen atoms and include water,
butanediol, ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol,
dipropylene glycol, ethanolamine, diethanolamine, tricthanolamine, cyclohexane-
dimethanol, glycerol, trimethylolpropane, 1,2,6-hexanetriol and pentaerythritol. Mixtures
of initiators and/or cyclic oxides may be used. The polyoxyethylene-polyoxypropylene
polyols are obtained by the simultaneous or sequential addition of ethylene and propylene
oxides to initiators as fully described in the prior art. Random copolymers, block
copolymers and combinations thereof may be used. Preferred ones are those having at
least part and preferably all of the oxyethylene groups at the end of the polymer chain
(capped or tipped). Mixtures of the said polyols may be used as well.

Most preferred are polyoxyethylene polyols and polyoxyethylene polyoxypropylene
polyols having an average nominal hydroxyl functionality of 2-4 and most preferably of 3,
an average molecular weight of 250-800 and an oxyethylene content of at least 50 % by
weight, calculated on the weight of the polyol. Such polyols are commercially available.

An example is Polyol 3380 ex Perstorp.

The polyisocyanate prepolymers are made in known manner by combining and mixing
the polyisocyanate and the polyol in such relative amounts that a prepolymer is obtained
having an NCO-value of 20-30 % by weight and allowing them to react. If desired a

catalyst may be used which enhances the formation of urethane groups.

Polyols which may be used in making the flexible foam according to the present
invention and which are to react with the polyisocyanate prepolymer include products
obtained by the polymerisation of ethylene oxide and propylene oxide in the presence,
where nccessary, of polyfunctional initiators. Suitable initiator compounds contain a
plurality of active hydrogen atoms and include water, butanediol, ethylene glycol,
propylene glycol, diethylene glycol, triethylene glycol, dipropylene glycol, ethanolamine,
diethanolamine, triethanolamine, cyclohexane dimethanol, glycerol, trimethylolpropane,

1,2,6-hexanetriol and pentaerythritol. Mixtures of initiators may be used as well. The
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polyoxyethylene-polyoxypropylene polyols are obtained by the simultaneous or
sequential addition of ethylene and propylene oxides to initiators as fully described in the
prior art. Random copolymers, block copolymers and combinations thereof may be used
having the indicated amount of oxyethylene groups.

Mixtures of polyols may be used as well. When mixtures of polyols are used the mixture
should have an average nominal hydroxyl functionality of 2-4, an average molecular
weight of 2000-8000 and an average oxyethylene content of 25-50 % by weight,
calculated on the weight of the mixture of polyols. The polyols constituting the mixture
also have a nominal hydroxyl functionality of 2-4 and a molecular weight of 2000-8000.
The individual polyols constituting the mixture may have an oxyethylene content of 20-
90 % by weight, calculated of the weight of the polyol concerned, provided the mixture
has an average oxyethylene content of 25-50 % by weight, calculated on the weight of
this mixture.

Such polyols are known and commercially available. Examples are Daltocel® F489 and
Datocel™ F442. An example of such a mixture is a mixture of Daltocel® F489 polyol and

Daltocel®

F442 polyol in a weight ratio of 4:1. Both polyols have a nominal hydroxyl
functionality of 3 and an average molecular weight between 2000 and 8000. Their
oxyethylene contents are about 27 and 76 % by weight respectively, calculated on the
weight of the polyol. Daltocel F489 and F442 are both obtainable from Huntsman.
Daltocel is a trademark of the Huntsman Corporation or an Affiliate thereof which has

been registered in one or more but not all countries.

Water is used in such an amount that the isocyanate index is 20-70 and the water index is
200-400.

Further a catalyst may be used which enhances the formation of urethane groups.
Preferably it is used in an amount of 0.1 - 2% by weight (on all isocyanate rcactive
ingredients). Such catalysts are generally known in the art. Examples are amine catalysts,
like triethylenediamine, N,N-dimethylethanolamine, bis (N,N-dimethylaminoethyl)ether,
2-(2-dimethylaminoethoxy)-ethanol, N,N,N’-trimethyl-N’-hydroxyethylbisaminoethyl-

ether, N-(3-dimethylaminopropyl)-N,N-diisopropanolamine, N,N’-diethylpiperazine and



0.5 0.05 0.05 0.05 0.05 Catalyst 3 0.5 - Surfactant 1 - 0.25 0.25
0.25 0.25 Surfactant 2 0.3 -

WO 2011/042284 PCT/EP2010/063467

11

1-(bis(3-dimethyl-aminopropyl)amino-2-propanol and organometallic compounds like

stannous octoate and dibutyltin dilaurate. Mixtures of catalysts may be used as well.

Optionally the foams may be made in the presence of additives and auxiliaries used in the
5  polyurethanes art, like fire retardants, surfactants, other blowing agents, smoke-
surpressants, colouring agents, carbon black, anti-microbial agents, anti-oxidants, mould

release agents, fillers and fertilizers.

The foams are made by combining and mixing all ingredients and allowing the reaction
10 to take place. The foams may be made according to a free risc process, a moulding
process, a slabstock process, a lamination process or a spray process.
Iirespective of the type of process, the foams are made in such a way that the rise of the
foam is not restricted or restricted in a limited way to such an extent that the density of
the foam is at most 20 % and preferably at most 10 % higher than the free rise density of
15  this foam. A “free rise” foam is a foam which has been made by allowing the ingredients
for making the foam to react and by allowing the reacting and foaming material to expand
freely in vertical direction. When “restricted free rise” is employed, means are used in
order to make foams with a more rectangular shape and in order to avoid the formation of
an uneven upper surface. This reduces the amount of foam waste. Several ways exist to
20  achieve this more rectangular shape. Examples known in the art are the use of a so-called
floating lid, the Draka/Petzetakis process, the Maxfoam process, the Panibloc process, the
Quadrofoam process and the Vertifoam process. When “restricted free rise” is employed,
it is to be understood in the context of the present application that the restriction applied
is of such a nature that the density increase is as limited as possible and as indicated

25  above. All densities are measured according to ISO845.

The ingiedients may be fed independently to the mixing hecad of a foaming machine.
Preferably the isocyanate reactive ingredients are premixed, optionally together with the
additives and auxiliaries used in the polyurethanes art, before they are mixed with the

30 polyisocyanate.
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The foams obtained have a density of 25-70 and preferably of 26-60 kg/rn3 . The foams

have a level of air flow and cell openness which makes them suitable for use as plant

growth medium, in particular for growing vegetables and flowers and for use in green

walls and/or green roofs and other applications related to water economy management for
5 plants,

The invention is illustrated with the following examples.

Examples 1-5

Flexible foams were made by allowing the following formulations to react under free rise
10 conditions, The foams were subjected to physical tests in order to determine the density,

the hardness (CLD), the foam stability AV, the WBC and @,

The formulations and the physical propertics were as follows. Amounts are in parts by

weight (pbw). Example 1 is a comparative example.
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Example | 2 3 4 5
Polyisocyanate | 35.1 - - - -
Polyisocyanate 2 - 36.2 38.2 - -
Polyisocyanate 3 - - - 36.6 36.5
Polyol 1 58 11.6 11.1 [1.6 11.5
Polyol 2 - 46.4 446 46.2 46.1
Polyol 3 1.8 - - - -
Catalyst 1 - 0.6 0.6 0.6 0.6
Catalyst 2 0.5 0.05 0.05 0.05 0.05
Catalyst 3 0.5 - - - -
Surfactant 1 - 0.25 0.25 0.25 0.25
Surfactant 2 0.3 - - - -
Water 3.8 49 52 4.7 5.0
Isocyanate index 54 40 40 40 38
Water index 200 280 280 280 300
Density, }fcg/mj 26 35 30 37 36
CLD-40 %, kPa 2.2 10.7 11.3 7.0 7.0
AV, % 65 15 11 19 22
WBC, % 60 | 48 55 48 53
Dy, % 91 73 75 69 73

Polyisocyanate | is a mixture of 47.6 pbw of Suprasec 2020, 10.4 pbw of Suprasec 2185
and 47.6 pbw of Suprasec MPR; all these polyisocyanates are obtainable ex Huntsman.
Polyisocyanate 2 is a prepolymer obtained by reacting 93 pbw of Suprasec 2185 and 7
pbw of Jeffox WL-440 (a polyoxyethylenetriol ex Huntsman having an OH value of 344
mg KOH/g) and having an NCO value of about 26.7 %w.

Polyisocyanate 3 is a prepolymer obtained by reacting 54 pbw of Suprasec 2185 and 36
pbw Suprasec MPR and 10 pbw of Polyol 3380 (a polyoxyethylene triol ex Perstorp
having an OH value of 382 mg KOH/g) and having an NCO value of about 25.9 %w.
Polyol 1: Daltocel F442, a polyether polyol ex Huntsman having a nominal functionality
of 3, an OH value of about 42 mg KOH/g and comprising oxyethylene and oxypropylene
groups, the amount of oxyethylene groups being about 76 % by weight (on polyol).
Polyol 2: Daltocel 489, a polyether polyol ex Huntsman having a nominal functionality of
3, an OH value of about 28 mg KOHg and comprising oxyecthylene and oxypropylene
groups, the amount of oxyethylene groups being about 27.5 % by weight (on polyol).
Polyol 3: Jeffox WL 660, a polyoxyethylene meonol having an OH value of about 31 mg
KOH/g.
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20 3) Example 4 (above) was repeated with isocyanate index and water index both
being 100. The foam showed inferior wicking properties and the water buffer
capacity was 26 % only. The wicking performance was tested by allowing the
foam sample (I x wx h=2 x 2 x 7.5 cm) to float on water and to monitor the time
to sink to the bottom in a glass bottle of 75 ml filled with water to 2.5 cm from the

25 bottom. This comparative sample did not sink at ail while the foam of example 4
sank within 20 seconds.

4} Examplc I, cxperiment 5 of WO 96/16099 was repeated. The foam was totally
closed and useless. Repeating the experiment with 70 pbw of water gave a foam
with a density of 86 ke/m’ (dry) and a volume increase at saturation of 106 % (the

30 water index was about 4000).
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2. Foam according to claim 1 wherein the density is 26-60 kg/m’, the CLD is 5-12

15 kPa and the volume increase is at most 15 %.
3. Process for making a flexible polyurethane foam according to claims -2
comprising reacting at an isocyanate index of 20-70 and at a water index of 200-
400
- a polyisocyanate prepolymer having an NCO-value of 20-30 % by weight
20 and made by reacting a polyisocyanate comprising 30-80 % by weight of
diphenylmethane diisocyanate and 20-70 % by weight of homologues of this
diisocyanate the homologues having an isocyanate functionality of 3 or
more, the amounts both calculated on the amount of polyisocyanate, and a
polyol having an average molecular weight of 62-1000 and an average
25 nominal hydroxyl functionality of 2-4,
- a polyoxyethylene polyoxypropylene polyol or a mixture of such polyols,
the polyol or the mixture having an average nominal hydroxyl functionality

of 2-4, an average molecular weight of 2000-8000 and an average
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t he polyol or the m xture having an average nom nal hydroxyl
functionality of 2olyol erinxiwe sgeechitldcul ar wei ght of 2000- 8000 and an
average 16 oxyethylene content of 25-50 % by wei ght, calculated on
the wei ght of this polyol or mxture respectively, water, and
optional | y i socyanatienatlgaedcyweteiractiveesttagn darsicanaddior apssslskdersnbesim:

havi ng. 5an aver age nol ecul ar i ght. of -1999, and optionally in the
preserce of auxil iaa@ygggearﬁalegﬁ%\gqlglggfgg-gg& ’ﬁ"_nflhe pol yur et hanes art.
4. Process for. malghiighallyf @RMACHHEN DIt Qubliaid SndhRERIVEs tied PRl YR
used in making the lﬂ;g&?l ynmer conprises oxyethylene groups in an

anount of at |east? Wepyrt-wei ght, cal cul ated on the weight of this
pol yol , and i I I r i f.

D507 800. 5. “Prioecss HobR ¥ R 3R 4G ARG TRueHhThe VLA bl i
the foam i s nadekiag dergepgymer tdrepiisee exydtisderpr grogssinoan theurt edtar ilakied

free Jjse procgss. : . .Plant grow I u reen wal.l and/or

o eertG oot Pcont Tatpmeiats sARIEER O dg SEBt  cisciie 9 i h pp S
made accor di Nghas@n al@hg®Bmdulariveidli®rus@god. a foam according to
clainms 1-2 and/or a foam nade according to clainms 3-5 as plant growh

medi um in §r eRACeHdPIsmakag ¢r form eewinangl ¢laims 3-4 wherein the foam is made
according to the free rise process or the restricted free rise process.

6. Plant growth medium, green wall and/or green roof comprising a foam according
15 to claims 1-2 and/or a foam made according to claims 3-5.
7. The use of a foam according to claims 1-2 and/or a foam made according to

claims 3-5 as plant growth medium, in green roofs and/or in green walls.



