WO 2011/ 042284PCT/ EP2010/ 063467 1 PROCESS FOR MAKI NG A FLEXI BLE
POLYURETHANE FOAM The present invention relates to a flexible
pol yur et hioeofioemsand to a process for making 5 a fl exi lpce/grediposachane
foam to a plant growth nedi um conprising such a foamand to the use of
such a foamas plant gromh nmedium Plant growth nedia conprising flexible
pol yur et hane foans are known. 10 US 3798836 di scl oses a water insoluble
open cell ed foanmed pol yurethane matrix havi ng di spersed therein
thernopl astic particles. US 3889417 nmakes a hydrophilic foam by reacting a
prepol ynmer with a high amount of water. This foam may be used in
horti cul tPRACESHPORCANKING A FLEXIBL EPOINAEREAARINEEOAM. 15 1300-78000. A
simlar process has been disclosed in WO 96/ 16099 wherein no specia
gui dance as to the isocyanate index and the water index has been given; in
the  exanpliasytdf Yobiftion rAUEX ' BAIBIE fohyIAahd WAt bR b &ECKARAKR,| ndeX
was | ess than 6. The prepol yners use re made from polyols havinga
nDIecdlanl%@ughﬂmbmﬂﬁhmméeanywOQ@wﬂZ@U@m39&D®m8mdm9@he§edlaﬁ@mb@nfwte for
cultivati ich s trat a hydrophilic pol yurethane foam nade
by reactﬁﬁgu&”%gPé}%ogmﬁﬁg2m§§“ﬁ”Enw§1yol at a | ow NCO i ndex, the polyo
havi ng an hydr oxyl value of 900- 1800 and the polyi socyanate being a tol uene
dllsocyan te (TDI) type polyis anate. 25 US 5155931 uses a foam as pl ant
clﬂal? ANy han @nwlsrnéaf@ﬂe‘yh%@p%ﬁurs BRnioaMms a5PANEL e, whi ch preferably
|s TDI, and a polyol at an NCO index of 90-120. US 6479433 discl oses a
horticul tural grow ng nmedium nmade by reacting a prepolynmer and water in the
preseMbe‘6$359%§5é@$gdei¢h@@rﬁﬁa@bkkmbncdkd@SHB Bylpursthegsmdirsdiagggs a
process for than ms, including flexible ones, at an
NKI>|nde£9%Fn%§ﬂ%%agak%%%ﬁ'ym rtléfe?entlon has been given to the wat er
i ndex; in the exanples the NCC)lndex was betmeen 85-106 and the water index

i ed be o) Ki bl yureth f
ne o ow VS Sehuldreeh adx sBh G o bRreitans s Arepn DaRrO O OP EGrBbans. boon
descri bedyigr. E%@@%%Lﬁaﬁeéi ukR r%qa%l&nmfa%pﬁ&tah&el Yhe Jexg@i'rlﬂdéxsdpﬁgéd’ls

pol yur et hane foans could be further inproved in particular regarding the

f oam ISt abi300tAB08R. A omniby weacess lsaéthqﬁladiselﬁsw WRe a9 \’dmferlérmcﬁa@a@:h ty
t oget her r%ql&afﬂc@aﬂogtﬂe ﬁs%\El%r ?t%%ﬁ 0 hgagk fé&tfe fabl pI ‘t?ete?rg&'é’n ﬁ”[ﬁé E¥am ples

Sur prisi a nove rocess to nov
pol yur et hhoevdt@aindex s more than 1700 and the isocyanate index was less than 6. The

prepolymers used are made from polyols having a molecular weight of at least 1000.

20  US 3970618 discloses a substrate for cultivating plants which substrate is a hydrophilic
polyurethane foam made by reacting a polyisocyanate and a polyol at a low NCO index,
the polyol having an hydroxyl value of 900-1800 and the polyisocyanate being a toluene
diisocyanate (TDI) 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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Therefore the present invention is concerned with a flexible pol yurethane
foam having a density of 25-70 kg/nB8, a conpression |oad deflection at 40 %
(CLD) of wobbikRRazs4a vol une increase at water saturati oRCOfEPAM10MBHIT 25 %
and a water buffer capacity of 40- 60 % 20 Further the present invention
is concerned with a process for making such a flexible polyurethane foam
whi ch process conprises reacting at an i socyanate index of 20-70 and at a
wat er i ndex of 200-400 - a polyi socyanate prepolyner havi ng an NCO- val ue of

20- 30 % 25 made b actin ol yi so nat onprisjing 30-80
oo by vei ot 250 1 AR g R Ret ROt EEcA & PRy R0 0 S B BBl e o
honol oguesheofat almxls:@lmda@@yanas(e Nd stpeclbmaah@@m beaviiRen nhé saey adak.e
functionality of 3 or nore, anounts both cal cul ated on the anount of

pol yi socyi#rnbg examply the HQ@W@W@% Priwash Syt the Maten ingex Xaiigghtetweens2- 1000
and an avgyage nom nal hydroxyl 30functionality of 2-4, 3 a

pol yoxyet hyl ene pol yoxypropyl ene polyol or a m xture of such polyols, the
pol yol5> or the m xture having an average nom nal hydroxyl functionality of

Comtoar SHSLRAE APLEEL o ke SRR SROP KR Ref Y SRR BRI ©or

m xture rﬁﬁp&dﬁ@yemxmn50fWﬁM&fhaﬁnﬂmnQﬁhﬂQﬁahhyEPSEE&amamﬂ ERagaI2ve chain
extenders and/or cross-linkers having an average nol ecul ar wei ght of

60- 1999, KHFCUEN-i onally in the presence of auxiliaries and additives used
in the polyurethanes art. 10 Preferably the foanms have a density of 26-60
kg/ nBand a conpression | oad deflection at 40 % (CLD) of 5-12 kPa. More

pr ef eifabl Surphenglparedywaditing oaas [cguldahedugherompney ddrig periselaarcgaediog the

sat urati opn of . at t il ngipn is
concer ne Oﬁﬁfﬁ%ﬂpzﬁ?loromfﬁﬂm~%wﬁammzmgﬁé%ngEE% §?$C§B§B}KEW¥§h%g fane foam
accor di nghiglocdmgepiondent ddfievigst 4t dow dédsitel | y, the present invention is
concerned with the use of a flexible polyurethane foam according to the
present invention as plant growh nediumand in green walls and/or green
roofs. Zoﬁfrﬁ%‘ exvefab HIBKIOEd eabva@%e@n@ nfaREIRHUDL APoRRFMRIS hiavd. Ny a
relatively high oxyethyl ene content at a | ow i socyanate i ndex have been

di sclldsed in DE 3710731, US 4833176, US 4365025, US 4910231 US 5459170, US
5521226, HR, §4L1nd hresdhPi {J&ﬁﬁ R AL GO ALEBRAR W FARBNENED H0fl0ams and
t he processes acco arn present |nven I on e no een di'scl osed.
The foans¢ﬂmeyvézy79&@&&bh®oh@ﬁmﬂ&elasdpéﬂmmmgmmw0h6m@ﬁDmnf§+m&EPahey have

et ai n ng GUBEMISHST Bar i Shup el el 28 charLeatedi TaFeREsE Rk " ©

conpr essigpr,def ormati on resi stance, under dry as well as wet circunstances.

20
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 200-400
- 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 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 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 which
have beerwpropasezs4i n t he past as plant growt h supporti RgTFRR@0I06346T | ke
perlite, gravel, mneral wol, 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 in making the prepolymer

conpri ses oxyet hyl ene groups in an anount of at |east 50 % by wei ght

calculated on the weight of this polyol, this polyol havi an aver age

ol ecul ar el gnPoar saniag ey OBy Erepabrl ot RiteiBir Jarer riBrfofic s a 10
pol yoxyet hyl en@ljol bothe niiamkdlighvary Vv ERAge nsMinaCkildasx yWainghénatity @504 880. | n
the context of the present application the followi ng terns have the

fol | owi ng nearfiVAgee Molseybe et ©f iZARRO%} andory pYrdse ofyeihplfag content of ¢ e
ratio of NCO grsoups iuRliahSQRIAAA G HEATIIY Br BXHAALD: ALAHE rRpEsRRly. [N 2
15f ormul ation, given-as % percentage: | NCOLx100(%". [active hydrogén] n
ot her Swor ds-t heatthiO@®d ndex expresses the percentage of isocyanate actually
used in a for r[)“'tig;[laiﬂpni \(I)Vi taplatlé-ergal%:ﬁ%é clho' tg)g %@%ugﬁd/grf crioss(2ﬁ1¥lge?sa thgvin an

t heoretical ly Tequi ed F0r 4 E4c I hg 28 WTH thé ARolint® o &

i socyanat e- r eastiayemdyduagesighsathol 1998, &ndr mul ation. It shoul d be observed
that the isocyanate index as used herein is considered fromthe point of
view of t he” actPHAPIPORHN P PIE QS SUHHFIVANGA RN Ct Bsdyn i ROy Hthasssent and
t he i socyanat ezf eactive ingredients used in that reaction step. Only the
free i socyanate groups 25and the free isocyanate-reactive hydrogens

(i ncll®di ng those of the water) present at the actual foamng stage are
taken int t. roj i at | Y% (9 n Y is the
amount | of AT I o e deHRo B by et et BRI £ T or
anount of40/at(€LD)pf §rlarkPat Meoar @ticedly the fiemtheddition3I0t e samtunicoinoichat | on so
as to obtain an isocyapate ingﬁx of 100. 5 2) The expression

"i socyandl &HEsUPTAYeN AU BYER At ons” as used herein for the purpose of

cal cul at i ©g] tui@ed (BOpMIIRUR chiFEX c6RERKE Wi JId gtodtRIncafa DMEIFigKYL and am ne
hydrogen atons present in the reactive conpositions in the formof polyols,
pol yami neldexdniepolyuiggans foamricsordimgrie thetwescptgpvenbienpur pose of cal cul ating the

s ocyanat néll - Bt %&eﬁt}]ﬁve%?lgﬁ' ?sl coﬁze%q]\ggh BLQEESE dﬁéﬁbl@&gl&ﬁ%man Q) i S
considered t coﬁ%rlse one reactive hydrogen and one er nolecule is
consi der edctrdingaoprel seschwovantivn weplagtrogtnsediud and hegrestpw disindfor

"pol yuret hane fpanms" as used herein generally refers to cellular products
as obt ai &MY Peacti ng pol yi socyanates with isocyanate-reactive hydrogen

20  Processes for making polyurethane foams using polyols having a relatively high
oxyethylene content at a low isocyanate index have been disclosed in DE 3710731, US
4833176, US 4365025, US 4910231, US 5459170, US 5521226, US 6417241, US
7022746 and WO 2007/110286.

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 properties while retaining good
physical properties, like compression hardness and compression deformation resistance,

under dry as well as wet circumstances.
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10 contai ni ng conpounds, using foam ng agents, and in particular includes
cel lul ar products obtained with water as reactive foam ng agent (involving
a reacti omoabiveemss with i socyanate groups yiel di ng ure&Crinrk@gss34and
carbon di oxi de and produci ng pol yureapo |yurethane foans). 154) The term
"nom nal hydroxyl functionality" or "nom nal functionality" or "hydroxyl
functionality"” is used herein to indigate the functionality (nunber of

hydr oxyl groups per nol ecul e) of the polyol conposition on the assunption
that this.is.the fungctionalit nunber of active hyd n_at er

ol ecul ) T opRs AT PaRy Lt BN R RS ikfariel B anE hEMGABH
practice prbpotti¢s with t8peddeo shvEMbRtiak @dtcRcaWsen pfopsQdEn ey pashad pldx
unsaturation. The term "equival ent wei glht " refers to the nol ecul ar wei ght
per i socyHp¥ihesuppiEng Wtdipd Hegesilites i sinmingg! ok atnod. fibsss, ¢pie Reat 4nd

"aver age" JihREs hom baktber average”. 256) The wording "one shot"” refers to
a way of reacting the ingredients to prepare the foamwherein all polyols
havi ng an average nol ecul ar wei ght of nore than 1000 are reacted with

pol yi socyanate in the presence of ter, 7 nsity: densit asured

becor i ngtep e b REPENEalord L Bpp bes g R sbon RS BT on
40 % nmeaspulyd vaaCardakige the pr&Ol3Bd Gbhpvikdshoxiybylpnoyioaps Inhat anhduat beutdness i s
measured during the first cycle. 9). Foam stabjljty AV is the vol ume

| ner ease 166 P00 aRateight saletfel oon the We'@gt eiatpis Yalolyaliy oS! dpviRgeed n V2
is the volwpge oholeBQard %E@h‘(“éthin-S(Y@tI@I'bstVBre%?&lﬁiieth%nﬁolgéthéﬁ pbRR1YQlume of
the foam at maxi mal water absorption both at 23" C and 50 %relative

humi di® y. polypxgettizlent Bioddeeingionevarpge moleclyaraighi of ApEBe&d in water for 24h
at anbi ent pressure and 23 C. 10 10) Water buffer capacity (WBC, % is
0-32, wherein (Do= V. x 100 (% and Vf 032 = x 100 (%, wherein 15Vf M is
t he vol unia tid canlst b Dtmpsacmlapplicatiod the Yolldvang teemwaierthafollaiwengahedniigs f oam

sanple in. n when j r i.n, water for 24 h and Vr is the volunme (in m)

of the wab dFoy Al ngxE%rfsﬁ(gp ip{FXOTiYle¥s sanpl e containing the water has been
subj ected tife dafdd &FSNCO-Qbups3vEMsbAneRlr¥avE Qfyddskeh- atéfls Wreset imRd Vr are
determ ned as follows: A foamsanple is cut to obtain dinensions 100x120x75

mm (1!éngt h fermpplation, giveepyhpyrcentggsce Vf of the sanple is 900 m. The dry

wei ght of the foam sanpl ﬁd Xg erm neg/at 105 C. Then the foam sanple is
i mrersed for 6 hours at Lat-rgols-p@eric pr §)s‘ure and 23 Cin a water bath in

such a way [active hydrogen]
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 free 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.



25that 1 cmof the sanple in the height direction extends above the water
surface. Then the sanple is imersed conpletely for 18 hours at atnospheric
pressur e WORAA42284 Subsequent |y the sanple is placed onPaT&ireme/oessbh a nmesh
of 0.5-1 cmat the sane pressure and tenperature and allowed to rel ease
water for 30 mnutes. Finally the weight of the foam sanple (containing the
remai ni ng water) is determ ned again and V. is calculated, assumng a
density of the H20 of 1 kg/dnB. 7 Then the sanple (with the water) is

pl aced f 4 hin.a ¢losed en 23 .C and sub-at nospheric

bt ossur e Dol spI S tamPRarmE R rraed iy b Ep T RO PREE 6 1 s

- 32 cm H24F dafcamtihf ehdrisdelfaatofinddrere @l gie total of hydroxidlahy akfige M\ﬁlrgﬂgﬁn of the
sanple is determ ned again and the volunme Vr. of water 5 retained jn the
sanpl e i sMET IASEtel hasEGHYhgoEPREton? Bdhts A off PAlYRly rptEmings elice whi ch
may be us\@geﬁ Thi REhE tﬁat%&bm@gjﬁﬁ%gg%?bﬁclﬁﬂt‘i’ﬂ ALTRR AR Hhi& Raht QST face
of the sanple is a so-cal andbox obtainable fromthe Dutch firm

Ei | ke|5kar@ammmreqepk@ieﬂafdwxabgwulamtouséﬁed @rcom@eommme{t hgdrogedThe WBC
Of t he foam SQC(%Lrlrll qecu?e 18 COIISI eredatg%ooo Eert%foearcﬁ d@()o C%SO and most pr ef er abl y
65-75 % O The yi soCyanates usedPHy waKs Y% yi'socyanat e prepol yner
are known |n the art. 15 They are w dely called polynerlc or crude MDI and

m Xt ures pol ymerjc or cru and MDI Polynerlc or crude | conprise
MDI and r%}eoe&g%sswav. Rogy At 5o eﬁataé ¥56th T aenep L prelgrsp o r‘rl?\)‘/ﬁﬁarand are

vel I knovgoped Be o%faﬁnedTbyexeﬁhﬁ MRUGsRYardafi€ wih ARRSHERALdOH Ohy cﬁsogenxt ure of
pol yam nes obt ai ned by the aC|d condensatlon of aniline and formal dehyde.

The nidhufceotainieg edfmpasnds, uhag feinyiagigtyriand Uy restiuat indledep o¢Nilaraugdnetst e
m xtures (gb§a1¥vecfr Lmﬂé”&‘é‘fér ap} accfgnqﬁgﬁl%tgl %np élﬁa&k/lnl ng . (STIIQII focfrvqgt 1d %Jt%de in

the presence o rong aci ds suc I'ori acl Ives a reactl on

pr oduct cem@mnm¢@gn@s@nﬂmﬂgmnhemymgaimahenaﬁlﬂmg&kh&ﬂlnbmhugppyymeylene

pol yphenyl ene |y es of higher functionality, the precise conposition
dependlnd“ﬁﬂ"?ﬁ@%ﬁgﬂﬁﬁner inter alia on the aniline/formal dehyde ratio. The

pol yi socyanates are nade by phosgenation of the polyanine m xtures and the
vari ous prrﬁmrtlons of diam nes, triam nes and hi yam nes give ri se

to relSat e Bicosart P@mﬂlabh}@ipﬂéoﬁi%l@aﬂlég” of f mrgee&glﬁaweh%wrﬁm@rew
pol yi socygnal BT hakln R AP0 Ral nbeP 6Y | cyanat e
and hlghé? a(1 hgogﬁgﬁgtggniﬁlég&ﬂgc?u é:%ra ’H%éffg ﬁ%ﬁ%%y ?gﬁgens
det erm nemblleeﬂa)veff ti@epdlywlatdnmmajtuoh yonofhetetsmmpirqnomait thon s, theSﬁJnctlonahty
(number of active hydrogen atoms per molecule) of the initiator(s) used in their
preparation although in practice it will often be somewhat less because of some terminal

20  unsaturation. The term “equivalent weight” refers to the molecular weight per isocyanate

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

pol yi socysioabe/maeasposi ti ons can be varied fromlittle mpCE/EPR@0/0E46D 3 or
even higher. In practice, however, the average isocyanate functionality
preferably ranges from 2.3-2.8. The NCO 5 value of these polyneric or crude
MDI's is at |east 30% by weight. The pgymeric or crude MD contain

di phenyl net hane dii socyanate, the renai nder bei ng pol ynet hyl ene

yph ¥ functionality, han two. [Lf desired
ol Yo e SCEASREL 3, 1, UL B SE EB s 4b o517

pol yi socyzssatiewvittaseiphdidoatiatithelhran®uRtmaiured istoptasatsesyadnd honol ogues
havi ng an i socyanate functionality of 3 or nore. 10 For exanpl e such

pol yi socyanates nay be made by m xing in appropriate relative anmounts
SUPRASECR)) M 20, 428 AV RBAEy S ERHE S B 100 09 ARt Rirfidi 3 aid,. 80 parts by

wei ght of "4,4"-NMDl and about 20 parts by weight of 2,4"-MD and |less than 2
parts by weAyhtVof V2 x2'00 ¥hiwhendn SuPRASEGR2 b8 Bic(feam Mathbeimeatyr, a pol ymeric
MDI having an NCO/val ue of 30. 7% by wei ght; conprising about 38% by wei ght

of diisocyanate, t 15 renai nder, bei ng honol ggues havin nis nat e
functional i ﬂ}al‘iﬁfanéh@rlsﬁ]ﬁ‘é‘gﬁ%‘%gfh%@% QR T H%Oraﬁlﬁg%ﬁ%bahgf 2 el ng
2,4" - VDI angdnd 869, fchaRe h¥mbioyWai gt Bfdct-Raidiv, S ae¥enRtiemBasalindvader M .
M xtures of Suprasec 2185 and Suprasec MPR (4, 4' - di phenyl net hane

di i socyanat &r 2dh gbarelxictHipnessuraahd PhyCal so be used. 20 The pol yi socyanate
conprﬂﬁes 30-80 and preferably 50-70 % by wei ght of MDI and 20- 70 and
preferably 30-50 % by wei ght of honol ogues of MDD, the honol ogues havi ng an
i socyanat g)Wwaet budRatdphyitofWwBC %) DL, OWhekR&kia both amounts are cal cul at ed
on the anmount of polyisocyanate . 25Pol yol s, having an average nol ecul ar
wei ght of 6RFAOX EHN%arindver age noni nal hydroxyl functionality of 2-4,

whi ch may be uséd in nmaking the polyisocyanate prepol yner include ethyl ene
gl ycol, diethyl ene col .. triethylene glycol, propylene glycol
diprqﬁyleneh%?y F}gérgbﬁgﬁy?%ne gl ycol , butanediol, glycerol,

triethanol am ne,'ftri net hyl ol propane, 1,2, 6-hexanetriol, pentaerythritol,

pol yoxyet hy hepanp bk 9t thdFo R kMANY Y SPW 80 the R AUptake BRI OMYAsBMbRNEe
pol yoxypr opyl ene polyols and m xtures thereof 9 Preferred are polyols

obt ai ned by 11t fé vhenyrararsest ingyater fos 2 avkVokithie velssmedipn mbhell thy Witapy| ene
oxide in th . i j niti S.

Sui tabl o i T arEag s SR iR AR (BB K RE PRI QAR BRE o
and i ncl udeofvdlem Hidtenedifol 24 let hyl ene gl ycol , propyl ene gl ycol

di et hyl ene glycol, triethylene glycol, 5 dipropylene glycol, ethanol am ne,
di et fanol am ne, tri et hanol am ne, cycl ohexanedi net hanol, glycerol,

trimet hyl ol gt opatRL v lard déchiexad el follelys aRdo e Base Y4 At itd SbtainMidmbais Of
initiators and/or cyclic oxides nag_be used. The
f1

pol yoxyet hy 1 @dxd 20wl yas/(nsiy widh paeighl) Hence Vot 4F sedrlpy 0enk Theifityaneous
or sequenti gl.: et n _ R i to, I Ni.Liatars as
fully descr ?thgggl%lrfl tltlﬁgo%frli%%@gelr %:S 8%&%%%% gﬁ%ﬁfy%%ﬁ%ﬁ%é&ﬁ%a@g%o yners
and conbi naimoasecd fve bdofirsmaytnipephesiepresRire hed 228C onewar bath hosehhavdyng at

| east, part gn referably. all. of .the.oxyethylen rqups at the end of the
ol it chafit | B St sache R p R s p s e RS YHrE: mmy be used
as wel | . Mghepirf @rpedisaindd@dy@upeitély fenes poby ok stnaighdRl prexyet il ene
pol yoxypropyl ene_pol yol s havi ng an average nom nal hydroxyl_functionality
of 2-4 and %%sfi- prise@reaty yheormple woplagd 97 arsigys Wi eaisplaef &é'rlgﬁ’fl apthen50- 800
and an oxyeldyl aea fOMERMpBanAL o R0 el hiMr 36k atgRign the
wei ght of the polyol. Such polyols are commercially available. An éxanple
i s Polyol 3880vaghtRditixt orm. safipée (sohtyingrgtha nerh@nipgepdéry medescrameedrmgdie i n

kno nner conbi ni ng_and. m xj ng, 2Q. t o}y sqQcyanate and the pol yol
in 2ﬁ%ﬂarel%?&véwéggﬂﬁ%@’?ﬁ%?mgapfgggvgﬁ%$ﬁ¥£0%%k%ﬁﬁﬁd havi ng an NCO val ue
of 20-30 % by weight and allowing themto react. If desired a catal yst may
be used whi ch enhances the formation of urethane groups. Polyols which may
be used in making the flexible foamaccording to the present 25 invention
and which are to react with the polyi socyanate prepol yner include products
obtai ned by the polynerisation of ethyl ene oxide and propyl ene oxide in the
presence, where necessary, of polyfunctional initiators. Suitable initiator
conpounds contain a plurality of active hydrogen atons and include water,
but anedi ol , et hyl ene glycol, propylene glycol, diethylene glycol,
triethylene glycol, dipropylene glycol, ethanolam ne, 30di et hanol am ne,

tri et hanol am ne, cycl ohexane di net hanol, glycerol, trinethylol propane,

1, 2, 6-hexanetriol and pentaerythritol. Mxtures of initiators may be used

—— A~




pol yoxyet hyl ene- pol yoxypr opyl ene pol yol s are obtai ned by the sinultaneous
or sequential addition of ethylene and propylene oxides to initiators as
ful ly deswoi2bad4p234t he prior art. Random copol yners, bl ecit/Epe@ologiser s and
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polymeric MDI compositions determine the average functionality of the compositions,
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Amounts are in parts by weight (pbw) 1 is a conparative exanple.
WO 20101/ 0Z2284POiy mely@emeatesl@@xbm@elbm n@xing in appropriate relative

amounts SUPRASEC® MI 20 (obtainable ex Huntsman), containing about 80 parts by
weight of 4,4°-MDI and about 20 parts by weight of 2,4’-MDI and less than 2 parts by
weight of 2,2°-MDI and SUPRASEC® 2185 (ex Huntsman), a polymeric MDI having an
NCO value of 30.7% by weight; comprising about 38% by weight of diisocyanate, the
15  remainder being homologues having an isocyanate functionality of 3 or more; about 6%
by weight of the diisocyanates being 2,4’-MDI and less than 1% by weight of the
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, diethylene glycol, triethylene glycol, propylene
glycol, dipropylenc glycol, tripropylene glycol, butanediol, glycerol, tricthanolamine,
trimethylolpropane, 1,2,6-hexanctriol, pentaerythritol, polyoxyethylene polyols,

30  polyoxypropylene polyols, polyoxyethylene polyoxypropylene polyols and mixtures
thereof.
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Preferred are polyols obtained by the polymerisation of cthylene 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, dicthylene glycol, tricthylene glycol,
dipropylene glycol, ethanolamine, diethanolamine, triethanolamine, cyclohexane-
dimethanol, glycerol, trimethylolpropane, 1,2,6-hexanctriol and pentacrythritol. Mixtures
of initiators and/or cyclic oxides may be used. The polyoxyethylene-polyoxypropylene
polyols are obtained by the simultancous 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 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,
dicthanolamine, tricthanolamine, cyclohexane dimethanol, glycerol, trimethylolpropane,

1,2,6-hexanctriol 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 thercof 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 reactive
ingredients). Such catalysts are generally known in the art. Examples are amine catalysts,
like tricthylenediamine, N,N-dimethylethanolamine, bis (N,N-dimethylaminoethyl)ether,
2-(2-dimethylaminocthoxy)-cthanol,  N,N,N’-trimethyl-N’-hydroxyethylbisaminoethyl-
cther, N-(3-dimethylaminopropyl)-N,N-diisopropanolamine, N,N’-diethylpiperazine and
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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  polyurcthanes 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 rise process, a moulding
process, a slabstock process, a lamination process or a spray process.
Irrespective 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 ingredients may be fed independently to the mixing head 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/m’. 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
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
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.

i ndex
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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 11.6 11.5
Polyol 2 - 46.4 44.6 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 4.9 5.2 4.7 5.0
Isocyanate index 54 40 40 40 38
Water index 200 280 280 280 300
Density, kg/m’ 26 35 30 37 36
CLD-40 %, kPa 22 10.7 11.3 7.0 7.0
AV, % 65 15 11 19 22
WBC, % 60 48 55 48 53
@, % 91 73 75 69 73

Polyisocyanate 1 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 oxyethylene and oxypropylene
groups, the amount of oxyethylene groups being about 27.5 % by weight (on polyol).
Polyol 3: Jeffox WL 660, a polyoxyethylene monol having an OH value of about 31 mg
KOH/g.

%
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Sur f act angfﬁl af@ﬁﬁgsg]%cfggwiw reglicpssbiiioRs SEHPAN BpkalEOuREBt o DC2525, ex
Air Products Suprasec, Daltocel, Jeffcat and Jeffox are trademarks of the
Hunt sman Cor poration or an Affi I iate thereof which have been registered in
one o0 norusthign€omparatayd cxamplesr i es. 10 Furt her Conparative exanpl es

1) Example 2 has been repeated at the same isocyanate index and water index with

Suprasec 2591 polyisocyanate instead of Polyisocyanate 2. The foam obtained
had a CLD-40 % of 1.8 only. Suprasec 2591 is a prepolymer made from a polyol
having a molecular weight of about 6000 and was used in comparative experiment

15 1 of example 7 of US 2005/0131095.

2) Example 2 has been repeated at the same isocyanate index and water index with
Suprasec 1002 polyisocyanate instead of Polyisocyanate 2. The foam collapsed.
Suprasec 1002 is similar to the prepolymer used in experiment 5, example 1 of
WO 96/16099.

20 3) Example 4 (above) was repeated with isocyanate index and water index both
being 100. The foam showed inferior wicking propertics and the water buffer
capacity was 26 % only. The wicking performance was tested by allowing the
foam sample (1 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 all while the foam of example 4
sank within 20 seconds.

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

30 water index was about 4000).
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polyol or mixture respectively,

- water, and
- optionally isocyanate-reactive chain extenders and/or cross-linkers having
25 an average molecular weight 0£60-1999, and
- optionally in the presence of auxiliaries and additives used in the
polyurethanes art.
4. Process for making a foam according to claim 3 wherein the polyol used in
making the prepolymer comprises oxyethylene groups in an amount of at least
30 50 % by weight, calculated on the weight of this polyol, and wherein this polyol

has an average molecular weight of 250-800.



4. Process for making a foam according to claim3 wherein the polyol used
i n maki ng the prepol ynmer conprises oxyethyl ene groups in an anount of at
| east 30500%0twyo4easiight , cal cul ated on the wei ght of thi #CpaPyaio/o6xaT
wherein this polyol has an average nol ecul ar wei ght of 250-800. 16 5.
Process for making a foam according to clainms 3-4 wherein the foamis nade
according to the free rise process or the restricted free rise process. 6.
Pl ant growth nediun1 green wal | and/ or green roof conprising a foam
according t and/ o % to cl |ns 3-5, 57. The
e ot a’f odmaRiesy e e el S i P St e BB o o
clainms 3-5 as qet@tingds ehotfieciBe prbdtssion tigrre@nctedatsriangdbasrss.i n green wal | s.
6. Plant growth medium, green wall and/or green roof comprising a foam according
to claims 1-2 and/or a foam made according to claims 3-5.
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.



