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INVENTION OPEN-CELL POLYISOCYANUItA'I'E ROAM 1' OIZ >! IX1NG AND SUPPORTING
PLANTS BACK GItUUND O1~ 'TI-IE 1NVENrfION FIELD 01: TIIE INVENTION The
present invenl.ion relai,es to a supporter for a bud of plant, a tree and a
cut flower or a supporter which ~s suil,ed for growrng of a plant, and more
in del.arl relates to a polyisocyanurate loam Laving open-cell suil,ed for
a supporter 1,0 (ix and support a pant wlric:l leas an improved spec~tic
property. 171~SCl~,IPTIUN Ol: '1'I-lE I'ItIOIi,All.'1' IL rs well known
that a polyurel,hane foam is used as a supporter of plant. For instance, a
lard I,ylre polyuretlane foam is used as a supporter for a growing medium
of plant such as a planted bud or a planted cutting and a cut Ilower, and a
soft type polyurethane foam is used as a nursery sheet for growing a
vegetable plant such as a leek, a lettuce or a spinach or a flower such as
tulip. 'fLe structural feai,ure of the conventional soft type polyurethane
foam is mainly composed by polyalkylene ether bond or polyester bond, which
has an adequate elasl,icity and a hydrophilic and wal,er absorption feature
caused by ether bond and ester bond. however, said soft type polyurethane
form is too soft to support a tall plant such as a plant which bear a
fruits like a tomato, therefore is not on the market for a tomato. Further,
since the soft type polyurethane foam has elasticity) it has a problem of
difficulty to separate the root of plant from the foam when rt is applied
for example to the growing of a leek. Many trials to develop a hard type
polyurethane foam of low elasticity having open cell and to use it as a
nursery sheet for plants are carried out, whose open-cell can be broken
with the growth of root and do not prevent the growth of plant root. In
general, the molecular weight of polyol which composes a hard type
polyurethane loam is smaller than that of polyol which composes a soft type
polyurethane. Further, since the hard type polyurethane foam has a mufti
Iirnctional property, the reacl,ivit,y with isocyanates is very rich and
easily forms closed cell, therefore it is very drf(icult to prepare a hard
type foam whrch has o~~en cell. For the preparation of a hard type
polyurethane loam for a nursery sheet, it ~s 1 



1 4 JAN 2003 necessary to (irrm open cell t.o improve water absorption and
water holding abrlit,y. 'These prior arts are disclosed in ~l:~panese
Pai,enl, Lard-open publication ~IG-741, Jalianese I'at.e~ni, Laid-open
publication 48-25UJ8, Japanese I'at,ent Lard-open luhlo:~l,ion 4S)-637!)G,
~Iapanese Pat,enf, Laid-open publication 49-97897, Japanese Patent
l~arcl-open publication 2-14209 and Japanese Pal,ent Laid-open publication
2-212511. In the document of Japanese Patent Laol-open publication 4G-741,
polyol whose molecular weigh l, is smaller than 500 and polyol of high
molecular weight whose molecular weight is 500^-5000 are used as polyol,
isocyanate index is rest,ru;f,ecl to 20^-8U) Lhe reactivity difference of
polyol and isocyanate index is set up at, low level of 20^-80, loan a
open-cell by preventing the bridging react.ron and Ixarli~rrnS a
Iryclrophilic: feature by matt:ping OI-I group remaining caused by low
rsoc:yrrrrrrl,c~ rrrrlc~x. l Iowevc~r, rca(ierring t,o the foam obtained
lay said mel,hocl, proportion of openc:ell is low, and so the water
absorpi.ron is low level of 51 ^-75/., further remains elastrcii,y caused
by lack of bridging bonds and hard segments. '1'hal, is, since the obtained
foam has problems of lack of hardness and when is used as a planted bud or
a planted cutting and a ctrl Mower, it is very hard to be inserted. This
problem is remarkable for a Ilower of slender stalk such as a baby's
breathe or a flower of soft and thick stalk such as a gerbera. In the
document of Japanese Patent Laid-open publication 48-250J8, the t,echniclue
to prepare a hydrophilic foam with open-cell. Tertiary amine polyol which
are initiated by amine compound is used as a part of polyol to utilize the
reactivity difference of polyols and isocyanate index is restricted to
lower level of ~U^-JU similarly to Japanese Patent Laid-open publicai,ion
4G-741. However) the proportion of open-cell is low and so the water
absorpl,ion is low, further remains elasticity caused by lack of bridging
bonds and hard segments, and as the results it has a similar problem which
lacks of hardness, consequently is very hard to insert a slower of slender
stalk or a (lower of sofa, and thick stalk. I n the document, of ~lapanese
Patent Laid-open publication 49-G379G, a method to prepare a compressed
foam which restores to the original size by wal,er swelling, using a low
molecular weight polyol and a specific modified low reactive aliphatic
isocyanat.e c:ompound is disclosed. I-Iowever, the proportion of open-cell
of I,he obtained foam is low, and l,he foam has an elastic feature caused
by isocyanat.e compound which is used as a starting material, anti has a
similar problem, that is, a lack of hardness, consequently I,he foam is
very hard to insert, a (lower of slender 2   1 4 JAN 2003 stalk or a (lower
of soil, arid i,liick stalk. In tl~e document of Japanese Patent Laicl-open
publication 9J-478f)7, a foam prepared using a tertiary amine polyol, a
poly~l wlric;h sloes not possess i.erl.rary amino group and an emulsifier
under the condition of especially low isocyanate index of 55^-70% is
disclosed. This foam also ul,ilizes the reactivity difference of polyols
and low isocyanat,e index to form a open-cell, however, remains elasticity
caused by a lack of bridging bonds and hard segments, and as the results it
has a similar problem which lacks of hardness, conseduently is very haul Lo
insert, a (lower of slender stalk or a flower of soft and thrc;k stalk.
'The foam disclosed in the document of Japanese Pal,ent Laid-open
publication 2-1 12()J is a foam wlric;h is prepared by using a specific:
amore irolyol and a monoalkylylether polyol of polyei,hylene glycol and
resi,ru;t.ing the rsoc;yanal,e index to the limil.s of 25 ^- JO`%.. 'This
(bam is also combining the reac;i,ivity drfferenc;e ~l' polyols, lower
bridging bonds proportion by mono-of and lower bridging bonds proportion by
isocyanal,e index. Therefore, this foam has similar problems to formerly
mentaoned foams, namely lack of open-cell, elasticity and lack of hardness.
'fhe foam disclosed in the document of Japanese Patent Laid-open
publication 2-212511 uses at least two kinds of polyol and prepares an open
c;ell foam under the presence of acid, however, the proportion of open-cell
is low and consequently the water absorption is not so high. 1! urther, the
obtained foam lacks hard segmenl,s and has an elasticity. Namely it lacks
hardness and has a similar problem, conseduenl.ly is very hard to insert a
(lower of slender si,alk or a Ilower of soft, and thick stalk. As mentioned
above, the proporl,ion of open-cell of convenl.ional foam (br I`ixing and
supporting plant is low and has appropriate elasticity. 'Therefore,
ali.hough the hyclropliilicit,y of the foam is sufficient, the water
absorption is low, and the foam is extended when the plant is inserted.
'that is, the inserting of plant is not uniform buckling against uniform
pressure, and concretely it is very difficult to insert a plant, of soft
stalk. ns clearly understood from the documents mentioned above, since I,he
conventional hard hype polyurel,hane foams of hydrophilic open-cell have a
problem of lack of wai,er absorbancy and lack of easily inseriang, rt is
not prac;tu;ally alrplied as a suppori.er Ior cut Ilower, and so the usage
of it is restrici,ed in a nursery sheet for a rice lrlani, and a spinach.
The market of the supporter for cut, (lower rs almost, 



1 4 JAN 2003 ('ally oo:r,tyiecl by a phenol foam which has a good easily
inseri,ing property, further, the conventional hydrophilic hard hype
open-cell polyurethane foam leave problems of lack of water absorbency and
prevention of root, growth, the current market, is rllalllly occupied by a
phenol foam or a rock wool. Concerning the above mentioned problems which
conventional hard type polyurei,liane loam has, the object of this
invenl,ion is to provide a hard type openc;ell foam which is good at water
absorbing rate and capacity, and have a good easily inserting ability for a
flower of slender stalk or a (lower of soft and thick sl,alk, furl,her
leave a fixing <rnd supporting abilil,y. furl,hermore, l,he object of this
invention is Lo provide a hard type oven-cell (i>am which has a good
abilil,y t,o support a plant,, easily to be broken along with t,lre growth
of a plant, root, and easily I,o be broken afl,er used, Curther has a good
water absorbing ability and a big water bolding c;alracal,y. Since I,he
conventional foam used in this field is proparecl by utilize the
reactivil,y dill'erenc;e of polyols anc~ lower isocyanai,e index, the foam
of unilbrm and perfect open-cell can not be obtained, and the residue of
independent cells generates buoyancy and prevents the foam i,o sink into
wal,er, c;onsectuently causes a lack of water absorbing capacity. And,
since flee foam lacks of bridging bonds and hard segments because of lower
isocyanate index, it remains elasticity, lacks of hardness and breaking and
has a problem of hard inserting of a flower of slender stalk or a (lower of
soft and thick stalk. The object of this invention is to solve above
mentioned problems, further, to provide a foam for fixing and supporting a
plant which does not use a felon type foaming agent and an organic solvent
different 1'rorn I,Ire preparal,ion method of a phenol foam.
I'urt,liermore, since the phenol form is foamed and hardened by acid
catalyst, pH value is low and is not suited as the supporter for a cut
flower, a planted cutting or a planted bud. '1'o avoid said problem, rt, is
necessary t,o wash the foam by fresh water before actual use. This
procedure is called as "removing harshness", and if l,his "removing
harshness" procedure is abbreviated, the life of a cut (lower becomes very
short. This invenl,ion provides a foam for fixing and supporting of plant
which need not a washing procedure by water. DESCLOSURE Oli '1'I-IE
INVEN'I10N 'this invc~ntron is a hard i,ype polyisocyanurat,e foam having
open-cell for a 9 ,   1 4 JAN 2003 sulyort.er to fix and suhporl, a plant,
prepared using a polyisoc;yanurate compound, a lrydroxy compound, a pore
foaming agent, composed by water and/or ol,her agents, a catalyst, a
silicone as foam stallizer, a neutral emulsifier which does not, have an
activated hydrogen and an ronrzed emulsifier at need as a starting
materials wherein, 1) a polyrsocyanate compound is an aromatic
polyisocyanal,e compound, 2) a l~yclroxy compound is a hydroxy compound
whose average number of firnct~onal groups is brgger than 1.0 and c;
onteni,s of oxyet,hylene is bigger than 20'% by weight., 3) a cal.alyst rs
at lead, a ~soc;yanrai,e hype catalyst and ~l) a silk;one as lbam
st,abilrzer is a 1>olysiloxane-polyoxyalkylene copolymer whose
t~olyoxy~alkylene t~olyel,l~er end OI I group is capped by other c;ompound
whcc;h sloes not, ins;lucle active hyclrogon al.om, further, said
polyoxyalkylene contains mare than 30 weight'%~ of oxyel,hylene is used at
the pore formal,ion process, 



further) the strut;aural feal,ures o(said foam are rn the region of 5)
8^-7() kg/m3 specrlic gravil,y, 6) over I,han J8'% open-cell ratio and 7)
whose Q10% compressive hardness to the parallel direr;lion to the form
rising direcl,ion is U.1^-2.U kgf7cm2. BRIER' DESCRIPTION O)i TI-lE
DRAWINGS F'1G.1 is a graph showing the relationship between compressive
ratio and load which regulate the compressive hardness of the foam of this
invention. DE'I'nIL DIsSCRII''fION OF'I'I-iE INVENTION In the present
invention, the term of supporter to fix and support a plant includes a
supporter for a growing medium such as planted bud or planted cutting, a
supporting for fixing and supporting a cut Ilower, a planted cutting and
flowers while they are transported and a nursery sheet of a plant. Wherein
a supporter for plant transporting is a supporter in which many plants are
inserted with water supply. Cspecially, in a case of a supporl,er of
growing plant, medium such as , a planted bud or a planted cutting, cut
Ilower transporting supporter, the open-cell isocyanurate foam of 13 ^- 70
kg/m3 specific gravity is desirable used as i,he supporter for fixing and
supporting of a plant. 10/. or 40'%i compressive hardness of parallel anti
cross direc;l,ion to foam rrsrng direction of sarcl ~socyani~rate foam rs
rn 5   1 4 JAN 2003 the lmotat.~on ol' 0.2-~ 1.5 kgf/cm~, furi,lrer, 90'%,
compressive hardness parallel t,o the foam rising clirectaon is within I,he
regron of plus 20% of 10'% compressive hardness parallel to Lhe foam rising
direction, and 9U'% compressive hardness cross 1,o the loam risrng
direction is wif,hin the region of plus 20'% to nines 20% of 70%
coml~ressme hardness cross to the Loam rising drrect,ion. While, a
open-cell foam of 8^- r0 kg/m' specrlic gravity, having U.1^-2.0 kgl%cm2
hardness to 90% compressed I,o parallel direction to pore forming direction
is desirably used as the polyrsocyanural,e form for I,he supporter of
polyurethane foam for a nursery sheet. ns Lhe aromatic; holyisocyanat,e
used in this invenl,ron, for example,
polyrnethylE~r~c~trolyhherrylenel~olyisocyanal,e,
9,9'-ditrhenylmethandiisocyanat,e, crude
holymel.lrylenepolyplnylenepolyisocyanal.e, 2,9'-clyl~enylmothandiisoc;
y~nate, 2,`Z'-(llt)hE'llylln('.t.llandllSOCyarlate,
2,~1-Lrylenediisoc:yarral,e 2,(i-I,rylc~nediisoc;y:rnai.e
1,5-napl~Lhalenediisoc;yanai,e can be mentioned. In the present invention,
polyisocyanate is restricted 1,0 aromatic polyisocyanate) because the
"easily inserting" of plant is a necessary feature of a planl, fixing and
supporting foam. Thal, is, if an aliphatic and alicyclic polyisocyanal,e is
used, an obtained foam has an elasticity with elongation and lacks of
buckling properi,y, therefore, it is not easy to insert a plant in the
foam. Among these mentioned polyisocyanate, especially,
polymet.hylenepolyphenylenepolyisocyanat.e, 9, ~l'-cliyher~ylmel,handiisoc;
yanat,e and crude polymel,hylenepolyphenylenepolyisocyanate (crude MDI) 



can be preferably used because these component, decreases the elongation of
foam and provides good hardness to I,he foam. ~l'hese polyrsocyanat,e can
be used alone or by adding carbodiimide denatured andlor urethane denatured
andlor urea denatured andlor allophanate denatured and/or isocyanurate
denal,ured ones. As a hydroxy compound used in this invenl,ion, the hydroxy
compound whose average number of lirnct,ronal groups is bigger than 1.0 and
conl.ent,s of oxyethylene rs brgger I,han 2U'%. by weight, and a hydroxy
compound whose average number of functional groups is 1.0^-5.0 and
number-average molecular weight. is smaller G ,   1 4 JAN 2003 I,Iran
20()()0 is l~refera~ly used. ~shecr~rlly, more preferable hydroxy compound
is a hydroxyl compound whose average number of functional groups is 1.0 ^-
3.5, number-average molecular weight, is 5()0^~ 10000 and contents of
oxyet,hylene is 5U ^-JO'% by weight. When I,he content of oxyei.hylene rs
bigger i,han JO wt'%, Lhe hydroxy compound has a tendency to crystalize at
I,he room t,emperal,ure and is not easy I,o be handled. As an example of
hydroxy compound whit;h can be used in Lhis invention, polyeters which are
prepared by addition polymerizal,ion of alkylene oxide such as
eLhyleneoxide or propyleneoxicle wit.l~ monohydric or polyhydric alcohol,
amine compound containing hydroxyl group) polylrydric amino compound,
organic carboxylic acid or alkyl phenol can he mentioned. And as Llae
substantial example, compounds obtained by addition polymerizal,ion of
alkylene oxide e.g. el,lryleneoxide to methanol, ethanol, propanol,
eLhyleneglycol, propyleneglyc;ol, diel,hyleneglycol, sl,earyl alcohol,
oleil alcohol, ceLyl alcohol, allyl alt;ohol, glycerin, LrimeLhylolpropane,
pentaeryLhritol, sorbitol, monoel,hanolamine, dieLhanolamine)
l,rieLhanolamine, ethylenediamine, I,olylenedramine, oleic acid, stearic
acid or alkylhl~enol can be mentioned. further, a hydroxy compound of low
molecular weight such as low molecular weighs, polyol e.g. glycerin,
f,rimet,iryloipropane, diethyleneglycol or polypropylenegrycol c;an be
used, and in Lhis case, it is desirable to mix and blend so as to the
content, of oxyeLhylene is bigger than 20'% by weight. If Lhe conl,ents of
oxyethylene rs smaller I,han 20 wt% of hyclroxy compound, a foam which has
perfec;l, open-cell having normal physical properly can nol, be obtained,
lurl,her, I,he liydrolrlrilicil,y of the foam is deteriorated. As the
isocyanural,e c;atalyst,, a convenl,ional well-known isoc;yanural,e
catalyst c;an be used in this invenl,ion. );or instance, cluaLernary
ammonium salt, organic acrid alkali mel,al salt, mel,allic salt, o(' strong
base and alcoholaLe can be mentioned. And as a subst,anl,ial c;ompouncl,
hol,rrssium ac;el,ate, sodium acetate, pol,assium octylate, sodium oc;
t.ylate pot.assiurn hydroxide, hexalrydro-S-trizine, potassium alcoholaLe
and ol,hers can be mentioned. h'urt,her, catalyst ('or polyurethane such as
tert.rary amine and organic metal cat,alysL can be uscacl together with. I'
url,her, desirably) isoc;yanate index of these catalyst is bigger than 110
'1'Ire kind of a neutral emulsifier which does not have an acLivat.ed
hydrogen atom of Llris invenl,ion is not) especially restricted, however, a
compound which has a following sLruc;l,ural I'eat,ure rs desirably used,
l,hat, is, the c;ompouncl of 7   >>olyoxiei,lrylenc~ polyol whose end rs
cat~l~ecl with l,he compound which does not, have active lryclrogen al,om.
!1s I,he concrete example, the compound whose end is c;ap~c~ol with
dc-functional glycol such as polyethyleneg)yc;iol or polypropylene glycol
or poly-functional compound conf,ainmg hycir~c group such as glyceline or
trrmel,lrylolpropane rs added with ethyleneoxide or propyleneoxide or said
end of poly-font;l,ronal holyol crapped with the compound which does not
have active hydrogen atom rs desirably used. For insl,ance, a compound
whose end is capped with an orgarc acrid e.g. oleic acid ester group, a
compound whose end is capped with an alkoxy group or an acetoxy group or a
compound whose end is capped with bol,h said organic acid ester group and
said alkoxy group. Further, a compound having a structural feature that,
I,he OI-I end group of a c;ompouncl prepared by addition trolyrnerizai,ion
of methanol or alkylphenol wil,h alkylene oxide is capped wit,lr alkoxy
group or organic ester group can be desirably used, and more desirably an
esl,er(ic;ated c;ornpound of fatty acid can he used. 'flat rs, a neutral
emulsifier used in this invention which does not have <rctcvat,ecl hydrogen
alum is a compound which has a polyoxyalkylene chain, and whose end does
not have OH group. >; or example a compound of monoisocyanat,e)
diisocyanate or monoalcohol which is crapped with urethane bond can be
mentioned. 



1 4 JAN 2003 Referring to the oxyalkylene chain of a neutral emulsifier
which does not have an activated hydrogen used in this invention, the
effect, to form a open-cell foam sl,ructure becomes better along with the
increase of polyoxyethylene proportion, and also the hydrophilic feature
and water holding capacity becomes better, however it depends on a kind of
polyol and silicone as foam stabilizer. The proportion of oxyethylene chain
contained in polyoxyalkylene chain is desirably bigger than 2U wt,% to
total molecular weight" and more desirably Nigger khan 50 wt'%. The length
of polyoxyalkylene chain and the containing proportion of oxyethylene chain
can be voluntarily decided according to the kind of polyei,her, silicone as
foam sl,abilizer and isocyanate. As l,he example of said compound, diester
of polyetlryleneglycol linolenic ac;id, diester of polyet,hyleneglycol
linoleic acid, diester of polyeilryleneglycol I,hriallol acid,
ethyleneoxrde added glycerin oleic acid triesl,er f~olyc~tl~yleneglyc:ol
oleic laulic acid diesi,er 8 ,   7 4 JAN 2003 polyel,hyleneglyc:ol sl.earic
ac~cl diester polyethyleneglycol lauric acid diesl,er polyet.hyleneglycol
oleic accd diester methyl polyethyleneglycol stearcc acrd ester
climel,hylpolyel,hyleneglycol polyet,hylenepolypropyleneglyc;ol stearic
acid diester and dimel,hylpolyethylenepolypropyleneglycol can be mentioned.
When these polyalkyleneplycol ester or methoxy polyalkyleneglycol are used
by an industrial scale, since the pure c;hemrcals can not lie used, small
amount, of esters or fal,t,y acids which possess OII group are mixed as an
impurity. However, these materials c;an be used if the amount, of
cmpurrl,ies are not, so bcg. l~sl.ers wlru;lr has OI I group sloes not,
detercoral,e I,he funcl,ion of the emulsclier so remarkably. Meanwhile,
smc;e a li~l,l.y ac;cd not, only increases I,he l~ydrophotc Lenclenc:y of
Llre product largely but, also performs Independent cell, it can not, he
desirably used. Desirably these compounds ca be used in the limit of
smaller than 20 acid value, more desirably smaller than 10 acid value. 11,
is desirable to use I,he neutral emulsifier by 2-35 wt'% to i,he total
weight of total mixture, and 10^-200 weight part of polyol t,o 100 part of
polyol of the reacl,ive mixture, more desirably 90^-150 weight part of
polyol to 10U part of polyol of the reactive mixture. 'fhe chemi<;al strut;
lure of typical neul,ral emulsifier which does not have activated hydrogen
is indicated as follow. (1) polyethyleneglycol oleic acid diester CI I3(CI
I2)7CE1=CI I (CI-IZ),COO(CI I2CI~IzO)~,OC(CI-I2)~CI-I=CI-I(CI-I2),CH3
wherein ", is an integer number. (2) mel,hyl polyethyleneglycol st,ear~c
acid ester Cl-I3(CH2),6C00(CHZCI-Iz0)mC II3 wherein ") rs an integer
number. 



(3) polyet,hylenepolypropyleneglycol lauric acid diester
CI-13(CI-I2),oC00(CHZC1-Il0)m(CHzCI-I CI-I30)~OC(CI-I2),oCH3 wherein ~, and
"is an integer number. The silicone as foam stabilizer used in this
invention is a copolymer of polysrloxane-polyoxyalkylene, and rt is
necessary that the OI-I end group of polyoxyalkylene is capped with other
compound which does nol, have aci,ival,ed hydrogen atom. As a desirable
example, the capped st,rucl,ure by at least, one selecl,ed from the group
composed by alkoxy group of C,-yC4, acetoxy group or J   ~ 4 JAN 2fl03
rrliirlrat.ic: ac:ylerxy grout', and more desir;rlrly allcoxy groulr of
C,^-C~ and ac;ei.oxy gruyn c;arr Ire rrrmol.ronocl. I~,ml the (;onl.enl,s
of oxyel.lrylene c:lrain is desirably nigger Liras .3U wl,'%, f.cr the
I,crl.al weiglrl, of oxyalkyl~nc~ c:lrain. 'I'lro Lylrical c;lremic;al
slruc;lure of copolymer of holysiloxane-polyoxyalkylene is shown by the
following clrernical lorrnula [1]. CH, CH, CH, CH, I I f I CH, --Si- -Si0-
-Si0- -Si-CH, I I I I CH, - CH, - m ~ CH, [1] C,H60(CZH~O)A (C3H60)bR (rn
Llris (ornrula, It rof>rc~sent,s I f, C11;,, C21 Ir" CI 1C0, m is an
integer nigger i,lran 8, rr rs arr irrl,egcrr lriggc~r I,Iran 1, a rs an
integer lrrggor I,Iran 9 and b is an inl,eger lrigt;c~r I,Irart 1) 'I'Ire
clesrrable n/m ral,io is 1/G-r 1/(iU, and more desirable ratio is
1l7^-1/3U. n.long wil,lr the increase of c;ont.arrring proporl.iorr oC
oxyelhylene to t,lre total wc~rglrt, of lrolycrxy;rlkylc~rre in I,Ire
colrolynrer of lrolysrloxane-Irolyoxyalkylene, openc;ell prolrori,ion in
obtained foam becomes nigger, and also hydrophilicil,y and water Irolclrng
capacity of I,lre foam are improved. '1'Ire desirable containing
propori,ion of oxyethylene I,o the total weight, of polyoxyalkylene is
trorn ~U wt'%~ to JU wt"/~, and more desirable proporl,ion is from 7U wt'%~
to JU wi,'%". When l.Ire proporl,ion of oxyet.hylene is bigger than JU
wl,"/", I,he slate of lrolysiloxane-lrolyoxyalkylene is solid and very bard
to handle and the water alrsorlrirrg rate becomes slower. Wlrerr I,Ire
lrrolrorl,iorr of oxyoLI~ylE~ne hc~o;~rnos smaller I,han 5U wt'%", ilre
lrrelrarrrl.i~rr of open-cell of 1 UU '%" lrc~comes di(Iic;ult,, and tire
water absorbing and wal.er Irolcling cajc;rLy, further stability of foam
cell decreases. Md il' trulyoxralkylene end of
Irolysrloxane-polyaxy-alkylene is OI-I group, the wal.er alrsorlrrng
slreecl is rernarkably deteriorated. If it, is necessary t,o int,rocluce
Irolyoxr;rlkylene end UI I group, it, must be srnaller than 2G "/. t,o
I,Ire tol,al number of gI'Olll)9 Ul~ alkoxy group, ac;el,oxy group and
aliphatic; acyloxy group. Along with the increase of 0l1 groulr, l,he loam
becomes more hydrophobic. h'urther, polysiloxanelrolyoxyalkylene copolymer
which has OI1 groulr can be used together with a srlicone type emulsifier
of I,Iris invention, however, l,he foam becomes more Irydroplrobic. '1'lre
mel,hod I,o use a silk;one hype emulsifier which has O1-I groups in the
Irmrt.ation not, i,o slroil t.lre special feature of foam is covered by
this invenl,ion lU '   



1 4 JAN Z003 'fhe desirable amount of l,his silicone as foam stabilizer is
0.5^-G.0 parts to l00 parts of polyet,er. As i,he ionized emulsrfier I,o be
used rr I,his rnvenl.ion at need, anionic type, c:at,ionic hype or
amlrhoterrc type can he used, however I,he anionic type, for instance
sodium dodec;ylbenzenesulphonrc acid, sodium dralkylsulphosuccinic acid or
sodium alkyldiphenyletherdisulplronrc acid can be preferably used. Since
said ionized emulsrlier synergizes with the neutral emulsifier which does
not have an activated hydrogen, and acl,s as a subsidiary for open-cell
forming agent, and loam stability improves a water bolding and water
absorbing ability, it is desrrable t.o be used l,oget.her wrtli the neutral
emulsifier. Tlre l~~lragral~lt "an ronized emulsifier at reed" in claim 1,
means i,hat both use and not use of an ionized emulsifier rs inc;luded in
I,he limit of claim 1. Said ionized emulsifier is generally desirable to be
used within the region of 0^-lU wt.'%~ to I,he tol.al amount of whole
reaction mixture. The densil,y of polyisocyanurate foam of this invention
is necessary to be in the limit of 8^-70 kglm3. When the density is smaller
than 8 kglmg, the supporting ability for planks and water holding capacity
deteriorates. And, when the density is bigger than 7U kglm3) the water
absorbing ability becomes too low. The desirable region of specific
gravil,y of supporting of a cut Ilower, a planted cutting and a flower at
transportation polyisocyanurate foam is 13^70 kg/m3, more desirably is
18^-35 kglrn3, and drat of a nursery sheet is 8^-70 kg/m3, more desirably
rs 13^35 kglm3. The proportion of open-cell of rsoc;yanurat.e foam of this
inveniaon is bigger than 98`%i. Said proportion of open-cell rs measured
according to ASTMD285G-70 procedure B. When the proportion of open-cell is
smaller than 98'%, the proportion of independent cell of over than 2'%
gives buoyancy to the foam as i,o float on the water surface, and needs
several hours until full wal,er absorption. And even if the foam is wetted,
water does not enl,er into 1,11e closed cell) and l,herefore the water
absorbing capacity is small. When i,he proportion of open-cell is bigger
I,han cJ8/., water penel,rates easily inl,o loam wil.lrout using weight)
and it can be sank perfecl.ly under f.lre wafer 11   ~ ~ ~arr 2003
surl~,ace. l~speci,rlly, the prolorl,ion of ol~err-cell I~ecornes 100'%.,
since rl, can be sank under the wal.er surface by seconds t.o several 10
seconds, it is more desirable. In I,he preserrt invention, a polyisoc;
yanural,e foam used for Iixing and supporting of a cul, (lower, a plani,ed
cul,l,ing and a flower at transporl,at,ion has an irreversible compressive
feature. When i,he compressive ratio is in 10^-90%, the compressive
hardness parallel and cross to the foam rising direction are in the range
of 0.2~ 1.5 kgflcm2, furi,lier the 90 "/. compressive hardness parallel to
the foam using direr;lion is in l,he range of plus 20"/" minus 20% of the
10 % compressive hardness parallel i,o l,he foam rising direction, and
desirably in the plus 10'%. range. Further, 40"/" compressive Hardness
cross t.o the foam rising direc;l,ion is wil,liin I,he region of plus 20'%.
to ninus 20"/" of 10"/ compressive hardness cross Lo the foam rising
direction, desirably within plus 10"/". When the compressive liarclness is
smaller than 0.2 kg(%crnz, the fixing and supporting force is t.oo small to
the practical use. Md when it is bigger I,han 1.5 kgflcmz, a plant of
slender si,alk or soft plant, can riot be inserted. 



Further, when the 90 "/" compressive hardness is bigger than 20'%. of the
10 /. compressive hardness, it is t,oo hard I,o insert. Thai, is, a hard
i,ype foam which does not have a buckling area has a bigger elongation) and
4U`%" compressive hardness of it, is more than 2U'% bigger than that of
10/" compressive hardness, so a plant can not be inserted t,o the foam with
buckling sharply and easily. 9U/. compressed hardness parallel to the foam
rising direction of isocyanurate foam of this invention for a nursery sheet
is in the range of 0.1^-2.0 kg(%cm2. When mentioned hardness is smaller
than 0.1 kgf/cmz, the supporting power for a plant, is t,oo small to be
prac;l,ically used, and when rt rs bigger than 2.0 kgf/c:m~, il, does not
give a good influence to the growing of root. The desirable region is
0.1^-1.5 kgflcm2. Pressed hardness of this invention are the value obtained
by measuring a specimen of 30 mm x 30 mm x 20 mm thickness at 5 mmlmin
rate. Said hardness is measurer( by AS'I'M D1621-73, in which the initial
(zero) point of compressive ratio is regulai,ed as shown in FIG.1. Anct
other measuring conditions are also set up accorchng to AS'I'M D1621-73.
The proportion of open-cell of isocyanurate foam of this invention is
bigger khan J8"/", and desirably the poromeric ability measured by JIS
K6900 procedure A poromerrc; mel,hod is bigger i,han 5 rnllcm~/sec.
Accordingly, water absorbing rake becomes Fast, and also water absorbing
rake becomes big and is suited for i,he 12 '   1 4 JA(V 2003 cultivation of
plant. The most desirable range for I,Ire permeal~ilit,y is bigger i,l~an
10.0 ml/cmZ/sec. Above menl,roned value are measured on 10 mm thickness
foam. As the lore foaming agenl,, ~usi, water can be used, however, a
liquid of low boiling point, li>r instance, pentane, hexane,
dichloromet.hane, 1,1-dichloro-1- ' Iluoroethane can be preferably used at
need. 'fhe polyrsocyanurai,e Ibam lravrng open-c;ell for a plant fixing and
supporting of I,his invention can L>e formed only by IIzO pore forming
agent, and rs not a foam formed using felon type tore foaming agent such as
phenol foam. Therefore, it does not occur an environmental pollution caused
by felon type chemicals. In this rnvenl,ron, conventional and well-known
additives and Tillers can be added. I! or example, an inorganic filler such
as talc rum sulfate or barium sulfate, an organic Tiller such as wal,er
absorbing resin, a pigment, an anl,i oxrdal,ron agent, and an anti
ultraviolet agent. Many kinds of polyisoc;yanural,e foam having open-cell
for a plant supporl,er or a nursery sleet have already proposed. I-Iowever,
for the purpose Lo obtain a open-cell and a good hydrophilicity, these
proposals mainly arse glycerin, low molecular weight polyol such as
t,riethanol amine, amine type polyol and high molecular weight polyol, and
utilize a reacl,ivrl,y difference between polyols and low isocyanate index.
However, in a case of these hard type isocyanate foam, it is dilT'icult I,o
raise the proportion of open-cell to over than 95 % level, and further,
since OI-I groups residue of polyol remain in foam, the proportion of
bridging bonds in foam is low and the foam lacks of hard segments. That is,
the obtained foam rs a hard foam with an elasi,icit.y. 'Therefore, the
obl,ained Bard urethane foam can easily float, on water and does not absorb
water easily by buoyancy generated by closed cell remained rn foam, which
also prevent the growth of a plant root. )r either, these foams have a
problem that the pores are easily broken along with the growl,h of a plant
root caused by lack of bridging bonds and hard segments. Meanwhile, a soft
type urethane foam is not sufficient at the supporting power for a plant,,
I,herefore, the market is almost, occupied by a phenol foam in a cut Ilower
market, and by a rock wool rn a planted cutting market. The present
invention is made I,o solve the above mentioned problems, and I,he object
of this invention is to provide with a foam which leas following strong
poinl,s. That is, the foam can easily absorb a large amount, of water
instantly and can hold it, has a good inserting feature like as a phonol
loam, and as the nursery 13   



1 4 JAN 2U03 select, by means of perfect open-cell an(1 hardening to
prevent the elongation of (oam, il, supports plane, and does not prevent,
the growf,h of root and can be easily removed from i,he plant after the
harvest,. The present invention is accomplished by a constant effort of the
inventor an(1 by way of quite different, mef.hod from I,he conventional way
for the development. 'I'llat is) in a conventional urethane foam, it is
obvious that to obtain almost 10U `%" proportion of open-cell by i.he
reactivity difference between low molecular werghl, [)olyol and high
molecular weight polyol, the reactivity difference between amine type
polyol arid not, amine type polyol and by controlling gel forming re ac;
l,ion using low isoc;yanat,e in(lex Is difficult. Furt.hermor(~, the
convenl,ional urethane toarn Inferior in supporting power of plant, growth
of root, and removal (Torn f.lle [)lane, after harvest because of 1,11e
lack of bridging bon(Is and hard SegIl1('rltS. ~hlle t)reSent InV(lntlon
leas solved I,he mentioned pr()1)lenl, that IS, Sll[)portlllg Dower of
plant an(1 removal from the plant after harvest. Md especially, ac(;
omplished the technidue to provide a foam with a open-cell structure and a
hy(Irophilicit.y on polyisocianurate foam. 'That is, the present invention
have solved the problem which conventional foam for a nursery sheet leave,
by [lJ aromatic polyisocyanate, [2] hydroxy compound whose oxyethylene
contents is bigger than 2U "/", [3] silicone as foam stabilizer is a
polysiloxane-polyoxyalkylene copolymer whose oxyalkylene end is capped with
an alkoxy group and/or lower aliphatic acyloxy group and/or an ac;etoxy
group, further oxyethylene chain contents in polyoxyalkylene chain is
bigger than 30 wt"/., [9] a neutral emulsifier which (foes not) have an ac;
tivai.ed hy(lrogen, [5] a pore foaming agent and (G] an inonize(1
emulsifier at need and accomplished a foam for a plant fixing and
supporting. Especially the present invention is a foam which has
accomplished 100"/" open-cell, hydrophilicity, su[)porting power, inserting
abilil,y and removal al~t,er harvest, by the synergizm effect by hydroxy
compound whose oxyethylene contenl,s Is bigger than 20 wt'%^, a
polysiloxane-polyoxyalkylene copolymer whose graft oxyalkylene end is
capped by alkoxy group and a neutral emulsifier. E1 neutral emulsllier
which (foes riot have an activated hydrogen acts to control an(1 i,o
sl,abilize the foaming reaction and gelling reaction, an(1 acl,s as a
open-cell forming agent. By the conventional method using polyols whose
reactivity are different, it rs difficult 1,0 obtain a 100 "/" open-cell
strucl,ure even ii' health bubbles are 14 '   1 ~ ~ar~ 2003 generated, on
i,he conl,rary, i,he present, ~nvenl,ion lras accomplish I,he hyclrophrlcc
rsocyanural,e loam wil,h perfect, open-cell struci,ure. It is dude
epoch-making matter to develop a foam of this invention by improving a
hydrophobic isocyanurate foam. T1115 1S IlOt caused by the react.ivrty
difference of polyol. The neutral emulsrfier whrc;h does not have an
actrvated hydrogen rs solved in hydroxy compound which has oxyethylene
chain by specific concentration, and the solubilil,y i,o polymer
clei,eriorates at, the end of bore foaming and gelling react,ron as to
separal,e in very small size, i,hen i,he poriaon of small viscoelasticrty
forms open<;ell sl,ruci,ure by general,ed C02 gas. `That is, the neutral
emulsifier which does not have an acl,ival.ecl hydrogen does not, only make
an obi,acned loam hydrophilrc, hut, ac;is as a often-c;ell (oarning agent,.
'These functions are c;omtrosed by I,he synergizm effect by slrec;rfic;
polyol, sf~c~c;i(ic; silicone as foam stabclizer and neutral emulsifier
wlric;h sloes not have an ac;t.wal.eel hydrogen. 'fhai, is, i the case of
open-cell forming mel.hod by hydroxy comlround having more than 20 '%.
oxyethylene chain and silicone as foam sl,abilizer whose oxyel,hylene
proporf.ion is large, it is difficult l,o loan a foam with line open-cell
of 100 "/~ open-cell proportion without a neutral emulsifier which does
not, have an activated hydrogen. In general, a polyurel,hane foam is
prepared try i,he effect, of silicone surfactant agent so as to possesses
uniform independent cell or open-cell, however) i,he mei,hod of this
invention is out of conventional mechanism. When the neul,ral emulsifier is
removed from i.he recipe of this rnvenl,ion, i.lre foam bec;omes very
unsl,able and forms trig cells. When the neutral emulsifier whrch sloes
not, have an actrvated hydrogen is used I,ogei,her with, the bore formation
process becomes very si.able and a foam of tine cells can be obtained. The
hydrophilic feal,ure of hydrophobic polyisocyanurate foam is caused by a
specific sclic;one as foam stabilizer and a neutral emulsifier which does
not, have an actival,ed hydrogen. 



It is presumed that, to the rib surface of the obi,ained foam) specrlic
silicone as foam and a neul,ral emulsifier are oozed out and make a surface
hydrophilic, and the moleculars of these specific silicone as foam are
lined up al, the rrb surface of the foam so I,he hydrophilic alkoxy groups
are faced t.o the surface. In i,he present rnveni.ion, it, grves very big
difference to i.he water absorbing alrclil,y of i,he foam that whei.her the
oxyalkylene end of a lrolysrloxane-polyalkylene 15   1 4 JAN 2003 copolymer
is capped by alkoxy group or not. In 'fable I, the dvfference of wai.er
absorbing abilii,y between foams whose polyalkylene encl of a
polysiloxane-polyalkylene copolymer is OH group, is masked 1>y ac;ei,oxy
group anal met,oxy group. I' oam recipe and other features are also
summarized in ~l'aule 1. That is, R of chemical formula [1] is I-I, CH3C0
and CH3. lG   1 4 JAiJ 2003 ~),av le 1 mater~al/ex ~erimental
No.123hlcmclingPolyol-1100100l00recipeIIzO3.53.53.5I'olyc;at
4G0.50.40.4Polyc;at 421.81.81.8Sc. as foam sl,abilizer-13.000Si. as Loam
stabilizer-2U3.00Sc. as foam stabilizer-3003.0lonet DO-G0010010010USanmorin
O'I'-70N2U2020CaC03202020Corunate 111U2U0200200physicalspecific gravity
(gk;rn3)0.034U.0330.035property10/. comp. I Iarclness (c;
ross)0.370.3GU.3540'%. comp. I-Iardness (cross)0.370.350.37open-c;cll
ratioJ8S)8JJwater aclsorptiun rateJO mcn1 sec2 sec; unil, of compressive
hardness is (kgl%c;m2) Polyol-1 Primary alcohol of OI-I value 42.U
obl,ained by addition polymerization of ethyleneoxicle/propyleneoxide by
75I25 to stearic alcohol Polycat 4G >Jl,hylene glycol solution of
pol,assium acetate (product of Japan IJmuls~lier Co., Ll,d.) 



Polycat 42 Mixture of potassium 2-ethylhexane and N,N',N"-iris (climethyl
amino propyi) hexahyciro-s-t,riazin (procluc;t of Japan Lmulsitier Co.)
Ltd.) Sil~corte as foam stabilizer-1 Polysiloxane-polyalkylene copolymer)
polymerization degree dimethylsiloxane ~s 30 (m of chemical formula [1] cs
30), polymerization degree of polyoxyalkylene graft met,hylsiloxane is 3 (n
of chemical formula [1] is 3), oxyetylene in polyoxyalkylene is 75 wt,'%.
and others is oxypropylene and oxyalkylene end is OF3 group Silicone as
foam stabilizer-2 Polysiloxane-polyalkylene copolymer, polymerization
degree of dimethyl srloxane is 30 (m of chemical lormula [1] is 3U),
polymerization degree of polyoxyalkylene graft mel,hylsiloxane is 3 (n of
chemical formula [1] is 3), oxyel,ylene in polyoxyalkylene is 75 wl,'%. and
others is oxypropylene and oxyalkylene encl is met,hoxy group Silicone as
foam stabilizer-3 I'olysiluxane-polyalkylene copolymer, polymerizai,con
degree of dimet,hyl s~loxane is 17   1 4 JAN 2003 ;30 (m of c;hemic;al
formula [1J is 30), holymerizal.ron degree of polyoxyalkylene graft)
methylsrloxane is 3 (n of chemical formula [1) is 3), oxyet,ylene in
polyoxyalkylene is 75 wt,'%, anti others rs oxypropylene and and
oxyet,hylene end is acel,yl group Ionet DU-G00 Oleic acid diesier of
polyethylene glycol product of Sanyo Chemical Co., Ltd.) Sanmorin U'f-70N
SollltlUrl UI'soclitim droctylsulfo-succinate (product of Sanyo Chemical
Co.) Ltd.) Corronat,e l110: Crude MDI, NCU 31.G % (product of Nippon
Polyurei,hane Industries Co., Ltd.) 10'% compressed hardness Specimen of 30
mm x 30 mrn x 20 mrn I,hrckness is compressed parallel t,o i,he (imm rising
dirc~c;tion by 5 mrn/min rate and hardness aL 10'% compressed point, is
measured 



~t0'%~ c:ompressed hardness Slwcimc~n of 30 mm x 30 mm x 20 mm thickness is
compressed parallel I,o t,le foam rising cliroct.ion by 5 mm/min rate and
hardness at. 90'%~ compressed pornt is measured Open-cell proporl.ion
Measured by ~1STM-D-2856-70 Water absorption rate One drop of pure wal,er
is dripped by a syringe with needle (needle standard 22G x 1.25" : product
of Nipro Co., Ltd.) on the specimen and the rate that the drop is absorbed
inl,o the specimen is measured. /1s clearly understood from Table 1,
density, compressed hardness and openc;el1 proportion of
pofysiloxane-polyalkylene copolymer whose oxyalkylene end is ca~~t~ecl with
OI I group, acei,oxy group or mel,laoxy group are almost same, however, the
wal.er absorption rate are remarkably different. Since the ground of this
hl~enomena can not, be clearly explained, it is caused by a synergism of a
specit`ic silk;one which does not have OH group, a specific neutral
emulsifier which does not lave an aci,ivated hydrogen and a specific polyol
containing ethylene oxide, and said water absorbing ellect can not
generated without, a neutral emulsifier whrch does not have an actival,ed
hydrogen. As above meni,ioned, a polyisocyanurate foam wlrch absorbs wal,er
instantly can be developed, consequently a polyisocyanurate foam of
open-cell for a plant fixing and supporting can be developed. The
polyrsocyanurate foam having open-cell for a nursery sheet, of this 18 '
14 JAN 2003 inve~it,~or~ hossE~sses not, oily isocyanccrai.e lroncl bul.
also trolyt~rei,lrane bond and urea bond and the microorganism
decomposition property is remarkably big. 1n comparison wil,h a phenol foam
or rock wool which can not be decomposed by mic;roorganism, the foam of
this invention can be said as a good product which is gentle i,o the
environment because it decomposed naturally when is left in nature.
IJs~~ecially, derivatives of oxyalkylene glycol promol.es the microorganism
dec;oml~osi Lion. CX~1MP1~LS nND COMPARATIVL >JX~1MPL>;S '1'11e present
invention is illusl.rated in more detail by al,t.ac;hed L;xamples and
Comparative l;xamples, l~xaml~le 1 Polyisoc;yanural.e foam is prepared by
l~olyel,l~er~~olyol (polyol-2) of about 3UUU molecul:ar weight, which is
produced by random aclclil,ion reacl.ion ol' ethylene oxide <ancl propylene
oxide t.o glycerin by 8U/20 weight proporl.ion) crude polymethylene
holyl~l~er~ylene l~olyisoc;yanal,e, neul,ral emulsifier and anionic
emulsifier. Rec;ipe of sl.art.ing mal:erials and characl,erisl.ics of
obl,ained foams are summarized in Table 2. );xample 2 



Polyisoc;yanurate foam is prepared by polyel,herpolyol (polyol-3) of about.
2UUU molecular weight which is produced by random addition reaction of
el,hylene oxide and propylene oxide 1.o glycerin by 80/2U weight
proportion, crude polymethylene polyp henylene polyisocyanal,e, neutral
emulsifier which sloes not have an actival.ed hydrogen and anionic;
emulsifier. Recipe of starting materials and characterisl,ics of obtained
foams ire summarized in'f able 2. IJxample 3 Polyiso<;yanurate foam is
prepared by polyel,herdiol ~~olyol-~1) of 5.G1 (7II Vallre Whlch 1S
produced by random addition reac;t,ion of ei,hylene oxide and propylene
oxide by 80I20 weight. proporl.ion, crude
polymethylenepolyphenylenepolyisocyanal,e, neul,ral emulsifier which does
not, have an activated hydrogen and anionic emulsifier. Recipe of
sl,art,ing mal,erials and clraracl.erisl,ics of obtained foams are
summarized in'I'al~le 2. 19   14 JAN 2003 nxan,yle ~I I'olyisoc:yanural,e
foam is prepared by polyetHerpolyol (polyol-2) of about, 30()0 molecular
weigHi, which is produced by random addii,ion reaction of ethylene oxide
and glyc;erin by 8()I20 weight, propori,ion, crude polymethylene
polypHenylene polyisocyanate and neutral emulsifier which does not have an
acl,ivat,ed hydrogen. I~,ecipe of starting mal,erials and characteristics
of obtained foams are summ ar,zed ,n 'fable 3. l;xarnple 5 I'olyisoc;
yanurat,e foam is prepared by po)yet,Herpolyol (polyol-7) of about, 1000
rnolocular wfngl,l, winch rs produc:ed by random addii,ion reaci,ion of
etHylene oxide and glyc;orin l>y 80/2U weight, proporfaon, crude
polymetHylene polypHenylene t,olyisoc;yanaf.e and neul,ral emulsifier
wl,ic:H does not, have an activated Hydrogen and anionic; emulsifier.
Recipe of sl,arl,ing materials anti cHaracterisl,ica of obtained foams are
summarized in 'f ~lrle 3. 20   1 4 JAN 2003 



r~i~l)le2 mater~al/ex ~erimental No.)Jxm .1IJxm ~.2Lxm
~.3recyePolyol-210000I'olyol-301000Polyol-900100Hz07.57.57.5I'olycat
9GO.G0.GO.GI'olycal, 921.91.41.4Si. as foam sta~~lizer-43.03.03.0Si. as
foam stahil~zer-5000Ionet DO-G00100100l00Newc;
a112715202020CaC03101010Coronate 111U350350350physicalsl~ecilnc; gravity
(gh;m')0.01J0.018O.OIJproperly10'% compressive hardness0.450.3GU.9190".. c;
ompressive hardness0.450.360.90o~~en-cell ratio ('%.)100100100water
aclsorpl,ion speedrapidrapidralmlwater sinking speed38 secGO sec;3G
secI-Il0 absorption rake V/V0.8J0.J1O.JG1-120 holding rate
V/V0.70U.780.7GInserting ability (C*)goodgoodgoodinserting ability
(P**)goodgoodgoodI IZO hold rate of plantgoodgoodgood unit of compressive
hardness is (kgl7cmz) *cross direction **parallel direction Z1   14 JAN
2003 '1'tal~le ;3 material/ex ~erimeni,al No.Cxm ~.4~xm .5rec;
ilrcI'olyol-2lUU0I'olyol-3U1U0I'olyol-4t)UI-I20l4.017.5Polycal,
4G0.80Polyc:at 41U2.0I'olycal, 421.80Si. as (bam st,alrilizer-53.U0Si. as
foam stabilizer-G03.0Ionet, DU-GOU14075Newc;all 271S00CaCU;,2U20Coronate
1110350440physccalspE~c;ific; gravity (g/cm3)U.021)0.023properlylU'%" (;
01T1[)reSSIVe hardness0.004U'%. compressive hardness0.52O.~It)open-c:ell
ratio ("/.)100lU0water aclsorpf,ion speed3 socL sec;wal,er sinking speedGU
sec4U sec;hI20 ahsorpi,ion rake V/VU.J4U.~)5I-120 holding rake
V/VU.G40.74inseri,ing ability (C*)goodinserting ability (P**)goodI-120 hold
rate of plantgoodseedlin rowin abilitoodood unit of compressive hardness is
(kgflcmz) * cross direcl,ion **para11e1 direction Silicone as foam
stabilizer-4 L'olysiloxane-polyalkylene copolymer, average polymerization
degree of dimethyl siloxane is 2U (m oCchernical formula [1] is 2U),
average polymerization degree of polyoxyalkylene graft met.hylsiloxane is
13 (n of chemical formula [1] is 1.3), oxyel,ylene in polyoxyalkylene is 7G
wt'% and others is oxypropylene and and oxyel,hylene end is metoxy group,
molecular werght of polyoxyalkylene is about 1 G00 Silicone as foam
st,ahrlizer-5 1'olysiloxane-polyalkylene copolymer, average polymerization
degree of dimethyl siloxane rs 30 (m of chemical formula [1] is 3U),
average polymerization degree of polyoxyalkylene graft methylsiloxane is 10
(n of chemical formula [1] is 1.0), oxyei,yfene in polyoxyalkylene is 75
wt"/" and ol,hers is oxypropylene and and oxyethylene end is metoxy group,
molecular weight of polyoxyalkylene is about, 22   1 4 JAN 2003 l;io0 



Sclic;one as foam stabrlczer-G Polysilox,rne-polyalkylene copolymer,
average polymerization degree of dimethyl siloxane rs 20 (m of chemical
formula [1] is 20 and n is 1.0), oxyetylene rn polyoxyalkylene is ?5 wt'%~
and others is oxypropylene and oxyet.hylene end is metoxy group, molecular
weight, of polyoxyalkylene is about 1GUU Newcall 2? I S Q18'% aqueous
solution of sodium alkyldiphenylether sulfonate (product of Japan
):rnulsifier Co., Lid.) Sinking time into water ; A specimen of 2U mm x 40
mm x 15 mm thickness is lloatecl on pure water and the tirrre the whole
surface ol' specimen rs sank into water (not, the time when I,lie surface
become wel, try a capillary phenomenon), or if the specimen does not sink
into wal.er, the thickness where the specimen is sank is measured. Wal,er
absorpl,ion rate A specimen of 2U rnm x Q10 mm x 15 mm thickness is floated
on water and after whole surface of specimen is sank into water or after 5
minutes if the specimen does not sink into water the specimen is picked up
and left for 1 minute on polyethylene film sheet,, I,lren the amount of
absorbed water is measured. The volume of absorbed water is divided by
volume of the specimen. Water holding rate After the measurement of wal.er
absorption rate, further the specimen is left for another 24 hours on
polyethylene Glm sheet, then the amount of remained water is measured and
lg of water is converted t,o lcm3. The volume of remained wai,er is divided
by volume of the specimen. Inserting abilil,y I,o a cross direction A
baby's breathe is inserted into a foam to the parallel direction of pore
forming direction. The resistance for rnsert,ing from the starting to the
end is measured. 1! wither, judged by easy inserting using gerbera.
Inserting abilil.y i,o a parallel direci,ion A baby's wreathe is inserted
into a foam to the cross direction of pore forming direction. The
resistance for inserting from I,h~ starting t,o the end is measured. l~
url,her, judged by easy inserting using gerbera. Wal,er holding rate of a
plant A specimen of 80 mm x 1U0 mm x ?0 mm i,hic;kness is solved into water
and make absorb wai,er, ilren a baby's breathe and gerbera are inserted
into a foam and leave 23   



1 4 JAN 2003 ;l days In room i.ornprai,ure wil,houl, wal,er autrfrly, and
olrsc~rvt t.lre afrfrearance of l,lrese (lowors. Sc~colling growing
abilif,y Seecl of leak rS soWl1 oIl the foam of I,his invenl,ion and after
germinated, judged by growth of root, growth of plant by a hydroponic
cultivation, supporting ability and easy removrng of I,he foam after
harvest nlthough not indicated in 'fable 2 and Table 3, the 40"/"
compressive hardness to i.lre cross clirc~c;taon t,o a pore forming
direction is in the range of plus 5 "/" of the 10'%. comfrressive hardness
I,o I,he cross drrection to a pore forming direction Ids c;learly
undorst,ood fry 'gable 2 and Table 3, all of five types of foam of this
invonl,ion disclosed in above mentioned l;xarryles have 100 "/" open-cell
proporl,lon and Dave I;~sl, water ahsorlring i,ime and good water holding
rake. Moreover, I,he frlanl, of slenclc~r and weak stalk suc;l~ as baby's
breathe can oasily be inserted ini,o LV~ Grams, and (IO('s nol, wil,her
afl,or ;l flays wlt,hout water sutrtrly. Comparative Examples 1 and 2
1'olyisoc;yanurate foam is prepared fry polyetherpolyol (polyol-2) of about
3000 molecular weight which is produced by random addition reaction of
ethylene oxide and propylene oxide to glycerin by 80l20 weight propori,ion
and polymethylenepolyphenylenepolyisocyanate, while neul,ral emulsifier
which does not have an act,ival,ed hydrogen and anionic emulsifier are not
used. Recipe of sl,arting materials and characteristics of obtained foams
are summarized in Table 4. Comparative Isxamples 3 Polyisoc;yanurate foam
is prepared fry polyetherpolyol (polyol-2) of about 3000 molecular weight
which is produced by random addition reaci,ion of ethylene oxide and
propylene oxide t.o glycerrn by 80/20 weight, proportion,
polymethylenepolyphenylenepolyisoc;yanaf,e and anionic emulsifier. Recipe
of starting materials and characterisi,ics of obtained foams are summarized
In'I'able 4. Comparal,ive Lxamples 4 I'olyisoc;yanurate foam is prepared by
polyel,herpolyol (,)~olyol-2) of about 3000 molecular weight which is
produced by random addil,ion reaci,ion of ei,hylene oxide 2~1   ~ 4 JAN
2003 



f.o glycerine fry 80l20 weight hroporl,~on,
polymet,hylenepolyphenylenepolyisoc;yanal,e, neul,ral emulsifier whcch does
not have an aci,ival,ed hydrogen and anionic: emulsifier. Recipe of
sl,arting materials and characteristics of obtained foams are summarized in
Table 4. Table 4 Material/ex rerrment.al No.C. Ex .1C.Ex .2C.Ex r 3C.Ex
.4recipePolyol-21U01U010U1U0II2U6U9.04.090I'olycat 4GU.80.80.50 GPolycal.
42I 81 81 31.4Si. as foam st.ahrlizer-53 03.03 03.0loncl,
DU-GUUU005UNewca112715002010CaCO., ~2U202020Coron rrl.e
111()35035035035UphysicalSlrecrfic gravity (g/crn')U.032O.U2~10
U24prolrcrt.yappearancecle(bamed(lCfOi3111(1gU0<lg00(1lU'% compressive
hardnessU.BJ0.800.(iU40`% compressive hardnessU. J30 91U. GBopen-cell
ral,io (%)G8. LSJ.G72 2water adsorption speed120 min1U5 min1 secwater
sinking speed2mm sank2mrn sank3mrn sankin ~ minin 5 minin 5 minIIzO
absorErtion ral.e V/V0.070.U50.1(lIllO holding ral.e V/V'--. U0
030.U3inserting alrilit,y (C~gooclgoodgoodinserting ability
(P**)goodgoodgoodI I20 hold rate of plantnot oodnot. goodnot, rood C. Exp.
: Comparative Example unit, of compressive hardness is (kgf/cmz) * cross
direction **parallel direction In Table 9, t,lre open-cell proportion of
foams ol' Comparative Example 1 and 2 is not, so high. In these cases, rt
is difficult to prepare a foam of open-cell constantly because a neutral
emulsifier or others are not used. '1'1a1, is, srnc:e the generated
independent cell breaks suddenly if' at least a neutral emulsifier is not
used, the constant, preparation of the foam is not possible. Md, in these
Comparative Example) polysiloxane-polyoxialkylene copolymer whose end is
capped by met,hoxy group ~s used and the wal,er absorption rake is very
slow. Thai, is, if' a neui,ral emulsifier or an anionic emulsifier are not
used together wil,h, the stable preparation of high open-cell proportion
and quicker wal.er absorption speed foam rs very difficult,. 25   1 4 JAN
2005 I: niftier, as obvious from Comparaf,ive Cxample 3, the hreparatron of
high open-cell proportion and quicker wai,er absorption speed loam is
diI'(icult without a neutral emulsc(ier even if an anionic emulsifier is
used. The open-cell proportion of the foam of Comparai,ive example 4 is
low, However i,lie water absorption speed of it is very high. This foam is
lower open-cell proportion, wHic;h is caused by lack of amount, of use of a
neutral emulsifier which sloes noi, lave an acl,ivated hydrogen and an
anionic emulsirier. Tlrus, for the preparation of high open-cell proportion
and quicker water absorpl,ion speed foam, it is necessary t,o use polyol of
high oxyethylene rate, polysiloxane-polyoxialkylene copolymer whose end is
capped by metHoxy group and neul,ral ernulsiGer. l: uriher, the wal,er
absorpl,ion and wal,er holding ability can lie imtrroved by the arse of an
ionic emulsifier togel,Her wil,h. l~xamt~le (i I,o 11 well be illustrated.
ti,esull,s of Cxarnple G to 11 are summarized in'1'able 5 and G. 2G 



1 4 JAN 2UUS 'I'~al~le 5 material/ex errmental No.)Jxm ~.(i>:xm .7l~xm ~
8rocyePolyol-230J001'olyol-570100I'olyol-G0()100I-IzOl7.5l1.5l1 5Polycat ~
13.02.52.5Si. as foam stabilizer-73.U00Si. as Imam si,abilizer-8UG.00Si. as
foam sl,abilizer-cJ00G.0Ionet DO-G0010U00lonet, DO-90000120Neutral
emulsrlier-1U900Newell 271 S010I UCrrCO~2U2020lrganox 1U1()1 U1.U1.0I'a
ri-135~1()Uf00100trl~ysicalstrecrfic: gravity
(g/cma)U.0210.U200.021propertyl U% c;ornt>ressive
Imrclness0.2UU.52U.35~10'%~ cornl>ressrve hardness0.2Ui).51().37open-<:ell
ratio ('%)10U100100water adsorption speed5U secrapid3 secwater sinking
speed3min 45sec13 sec50 sec:II~0 absorpi,ion rate VIVU.J4O.J8U.U5I120
holding rate V/VU.750.8U0.7Ginserting allity (C*)goodgoodgoodinserl,ing
ability (P**)goodgoodgoodIIzO hold rate ol'plantgoodgoodgood unit of
compressive hardness is (kg1cm2) * cross direction **parallel direction 27
1 4 JAN 2003 '1'~rl~lc~ G rnal,erial/ex erimental No.Cxm .9IJxm .lU);xm
.11recipeI'olyol-290l0U0Polyol-51000Polyol-?U01001~~U11.51l.51l.5Polycat ~!
12.52.52.0Si. as foam stabilizer-lU6.000Si. as foam stabilizer-ll0G.00Si.
as foam stabilizer-12UU6.UNeutral emulsifier-29UU0Leo
l~at,-11()M()11UUfonet DU-GUUU0100Nc~wc;all2?1SlU10lUCaCUa202U2UIrganox
IUIU1.U1.U1.UPa ~i-1354UU4UU9UUphysicalspPC;ific gravil,y
(g~cm')U.0250.021U.021property10"/. c;ornpressive
hardness0a180.51U.SI)~lU'%~ c;omtrre5sive hardnessU.~1S)U.5?0 GUo~~c~n-cell
ratio ("/")l0Ul00lUUwater adsorption speedrapid1 sec~l secwai,er sinking
speed23 sec32 sec40 secI-Iz0 absorption rate V/V0.990.9IU.9?I-I20 bolding
rate V/V0.820.?90.7Ginserting ability (C*)goodgoodgoodinserting ability
(P**)goodgoodgoodHBO hold rate of plantgoodgoodgood unit of compressive
hardness is (kgf/cm2) * cross direction **parallel direction Silicone as
foam st,abil~zer-? I'olysiloxane-polyalkylene copolymer, in chemical
formula [1], m is 20 and n is 1, oxyetylene in polyoxyalkylene rs 80 wt'%"
and others is oxypropylene, and oxyalkylene end is mef,hoxy group,
molecular weight of polyoxyalkylene is 13U0 Silicone as foam stabilrzer-8
Polysiloxane-polyalkylene copolymer, in chemical formula [1], m is 20 and n
is 1, oxyel,ylene in polyoxyalkylene is 80 wt"/" and others is
oxypropylene, and oxyalkylene end is mef,hoxy group, molecular weight, of
polyoxyalkylene is 135U Silicone as foam stabilizer-9
Polysiloxane-polyalkylene copolymer, in chemical formula [1], m is 2U and n
is 1, oxyetylene in polyoxyalkylene is GU wt"/" and ol,hers is
oxypropylene, and 28  



1 4 JAN 20D3 oxyalkylene end is met.hoxy group Silicone as foam
stabilizer-10 1'olysiloxane-polyalkylene copolymer, in chemical (brmula
[1], m is 30 and n is 1, oxyel,ylene in holyoxyalkylene is 80 wt'% and
ol.hers is oxyl~ropylene, and oxyalkylene encl is methoxy group Silicone as
foam si,abilizer-11 Polyslloxane-polyalkylene copolymer, in chemical
formula [1], m is 30 and n is 4, oxyet,ylene in polyoxyalkylene is 80
wt,'%~ and others is oxypropylene) and oxyalkylene enci is methoxy group)
molecular weight of polyoxyalkylene is 1000 Silicone as foam stabilizer-12
Polysiloxane-t~olyialkylene copolymer, in chemical formula [1], m is c30
and n is 4, oxyet,ylene in polyoxyalkylene is 80 wi,'% and others is
oxypropylene, and oxyalkylene anti is rneLlroxy group, molecular weiglrL of
polyoxyalkylene is 8U0 Neuiral emlilsilier-1 Both ends of Irolyel,hylene
glycol of molecular weigliL (i0U are esLerCcal,ed by lauric acid. Neutral
emulsifier-2 Both ends of polyoxyel,hylenepropylenediol composed by 80 wL%
of ethylene oxide and 20 wL'% of propylene oxide of molecular weight 800
are est,erricaLed by oleic acid. Leofat-110M Produca, of Lion Co., Ltd.
st,earic acid methyl ethyl ester I,o which ethylene oxide is added lonet
Do-900 Neutral emulsifier, oleic acid diester of polyethylene glycol
(product of Sanyo Kasei IndusLried Co., Ltd.) Irganox 1U10 Product of Gaigy
Co., Ltd. Anti oxidation agent. Papi-135 Procluci of Dow. Polyurethane
Japan Co., I,LcI. Lxample 6 



Polyisocyanurat.e Loam is prepared by polyetherpolyol (polyol-2) of about
3000 molecular weight Which 15 produced by random addil.ion reaction of
ethylene oxide and propylene oxide to glycerin by 80/20 weight proporl,ion,
polyei,herpolyol (holyol-5) of propylene oxide of about 3000, crude
polymet,hylene polyphenylene 2~   1 4 JAN 2003 ~x>lyisoc;y;mat.o and
neul,ral emulsifier wlric;h sloes not have an actival,ed hydrogen. recipe
of sl,arl,ing mai,erials and characl,eristics of obl,ained foams are
summarized in ~l'able 5. ~xarnple 7 Polyisocyanural,e foam rs prepared by
polyetherpolyol (polyol-2) of about 3000 molecular weight Whrch 15 produced
by random addition reaction of ethylene oxide and propylene oxide to
glycerin by 80I20 weight proportion, polyetherpolyol (polyol-5) of
propylene oxide of about 300U) crude polymet.hylene polyphenylene
t~olyrsc~c;yanat,e, a neutral emulsilier which sloes not lxave an activated
hydrogen and an anionic emulsifier. li.ecrpe of starting materials and c;
haracteristic;s of obtained foams are summarrzed rn'fable 5. I~xarnt~le 8
L'olyisoc;yanurate foarn is prepared by polyel,hert,riol (~~olyol-(i) of
about 2500 molecular weight which is produced by random addition reaction
of ethylene oxide and propylene oxide to glycerin by 5U/50 weight
proportion, crude polymethylene polyphenylene polyisocyanate, a neutral
emulsifier which does not have an activated hydrogen and an anionic
emulsifier. lZ.ecipe of starting materials and characteristics of obtained
foams are summarized in fable 5. Lxamtrle J Polyisocyanurate foam is
prepared by polyetherpolyol (polyol-2) of about 30U0 molecular weight which
is produced by random addition reacl,ion of ethylene oxide and propylene
oxide t,o glycerin by 80/2U weight proportion, polyetherpolyol (pUlyOl-J)
of propylene oxide of about 30U0, crude polymethylene polyphenylene
polyisoc;yanate, a neutral emulsifier which sloes not, have an activated
hydrogen and an anionic; emulsifier. IZecipe of starting mal,erials anti
charact,erisiics of obtained foams are summarized in'I'able G. l~xample 10
Polyisocyanurate foam rs prepared by polyetherpolyol (polyol-2) of about
30U0 molecular weight which is produced by random addition reaction of
ethylene 



30   1 4 JAN 2003 oxnle and propylene oxide l,o glycerin by 80/20 weight
proportion, c;rucle lrolymethylene polyphenylene polyisoc;yanate, a
neul,ral emulsifier whrch does nol, have an activated hydrogen and an
anronrc emulsifier. l3,ecipe of starting materials and characteristics of
obi,ained foams are summarized rn Table 6. Lxample 11 Polyisoc;yanurate
foam rs prepared by polyetherpolyol (polyol-7) of about 10U0 molecular
weight which is produced by random additron reaction of ethylene oxide and
propylene oxide to glycerin by 80l20 weight proportion, crude
trolymet,hylene polyphenylene polyisoc;yanat.e) a neutral emulsifier which
does not have arr activated hydrogen and an anionic emulsifier. Recipe of
startrng m:zl,erials and characl,eristics of obtained foams are surnmariLed
in `I'ahle G. Possibrlil,y for the industrial use The convenl,ional lard
type polyurethane loam used as the supporter for fixing and supporting a
plant is usually prepared usrng more khan two kinds of polyol whose
reactivil,y are different and rn lower rsocyanate index, to provide
open-cell and water absorbing ability. Conseduent,ly, the obtained foam
remains elasticity which affec;t I,he inserting property for a cut flower,
further surd foam lacks water absorbing capacrty and water holding ability
caused by insuflicrent open-cell, and the market of the supporter for
fixing and supporting a plant, is occupied by a phenol foam. Meanwhile,
since the phenol foam is prepared using lirlon type pore lormrng agent and
using formalrn as a reacting agent,, rt has a possibility to cause a
serious environmental problem for atmosphere. 13y the present invention, rt
becomes possible to prepare a foam by I-I20 pore forming agent alone
without using a futon i,ype or an organic solvent type pore forming agent,
f.herefore, i,he hard hype polyurethane foam which leas an excellent
inserting property and water holding ability can be provided. 31   1 4 JAN
2UU3 WI-I~1'1' 1S CLAIM t. A hard Lylre lrulyico,;y;~nurate foam having
open-cell for a supporter to rx rrnd S~rl~lrurl, a hlarrl. prepared using
.a pulyisocyanural.e compound, a hydroxy compound, a bore (i>amii~g agent.
c;ornhosed by wafer andlor ol:her agents, a catalyst, a silicone as fonrn
St.nl~ilizer, a neutral ernulsilier whic;lz sloes not lave an activated
hydrogen ;rrrd nn ior~iz~~l emulsifier at need as starting materials
wherein, 



a holyisocyanal.e compound is an aromal.ic polyisocyanate compound) a
lydroxy comt~ound is a hydroxy compound whose average number of functional
groups is bigger I:h:rn l.U and conl:enhs of oxyel:hylene is bigger than
20'%. by weight, :a cal.alysl. is al. least a isocyanurate type cai.;~lyst
and n silicone rrs !i>:rm stnbili~er is a polysiloxane-polyoxyalkylene
copolymer whose trolyoxyalkylene t~olyel.l~er end OI-1 group is cat~ped by
other compound which clues ~~c~t ins;lucle ac:l.iv~l.ed I~y~lrogen :rt.orn,
further, said polyoxyalkylene contains more than 30 weight % of oxyethylene
and is used at the pore formation process, furi.her, l.t~e sl.rucl.ural
ft~al.ures of s:ri~l foarn ;rrP,in the region of 8^-7U kglm~ specific
gravity, over than 98^/^ open-cell r:~tio arid whose 4U/^ cornpressive
hardness to the parallel direction to the pore forming direction~is
0.1^-2.0 kgl%cms. 2. In the hard type polyisocyanurate foam having
open-cell for a supporter to fix and support a planted, butting. anal a cut
llowe.,r .and for a supporter of Ilower transportation of claim 1, when the
compressive ratio is 10---40%~ the compressive hardness parallel and cross
to the foam rising direction are in the range of 0.21.5 kgf/cm2, further
the 40 % compressive hardness is in the range from minus 20% to plus 20% of
the 10 compressive hardness. 3. 'fle hard type polyiso<;yanurate foam
having open-cell for a supporter to fix and support a plant of claim 1,
wherein the polyisocyanate is polyme t hyleneholyphenyleneisocyana te,
4,9'Cliplenylrnet.hanecliisocyanate, c;ru~le
polymetl~ylenepolypl~enylenepolyisocyanat.e or modifiecl polyisoc;yanate of
polymethylenepolyhhenylenepolyisocyanate 'I'le hard Lype polyisocyanural.e
foam having open-cell for a supporter I;u (ix 32   1 4 JAN Z003 and support
a plant pf claim 1, wherein the polyoxyalkylene polyether end OH group of
sr rleul.ral emulsifier is cat~hecl by c:ornpouncl wl~ic;h sloes nol,
include an acl:ivated hydrogen. 



5. The hard type polyisocyanurate foam having open-cell for a supporter to
fix and suppox-t a plant of claim 1, wherein the polyoxyalkylene polyether
end of a polysiloxanepolyoxyallcylene copolymer is capped with at least one
member selected from a group consisting of an alkoxy group of carbon number
1 to 4, an aliphatic acyloxy group and an acetoxy group. 6. The hard type
polyisocyanurate foam having open-cell for a supporter to fix and support a
plant of claim 1 or claim 4, wherein a neutral emulsifier is an esterified
compound of polyoxyalkylenepolyol by oleic acid, stearic acid, linolenic
acid, linoleic acid, stearol acid or lauric acid. 7. 'I'lre hnrcl i.ylre
trolyisocyanural.e foam having open-cell for a supporter i:o fix and
support a piant of claim 1 or claim 4, wherein a neutral emulsifier is an
esterified and allcoxide compound of polyoxyalkylenepolyol by oleic acid,
stearic acid, linolenic, . acid, linoleic acid, stearol acid or lauric
acid. ' 8. 'Ihe hard type polyisocy~nurat;e Coam having open-cell i'or ~
supporter i:o fix and support n plant of claim 1, cl~rim 9 or claim G,
wherein the amount of a neul:ral emulsifier which clues not have an
actival:ecl hydrogen is in i,he region o1'20 to 2~U parts by weight Lo the
IUU parts ol' polyoxyalkylenepolyol whose proporl.ion of ca.hyleneoxic.le
is hi66er Lhr~n 2(). 3.3 .Aa9.AN%.A`.y.A9.ALL.A(9.AL_.A_.A9aSL.A%.ALa.AsN
9.A.,r.Af%.A&@%.A%.Ay9.AL;.AU9.Ar.A.A.A!,.Ar.A.A&.A;
.As.r.A99.As(.AsNf.A&9.A9;
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