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Pel yur ¢t hane Foam Pol yurethane Foam and Polishing Sheet Technical Field
The present invention relates to a process for produckrgopohywrgishane foam
having uniformfine cells. A polyurethane foam obtai ned by the process of
the present invention may be suitably used as polishing materials for
resins, glass, lens, rock crystals, and silicon for producing

sem conductors, electronic substrates, optical substrates etc. Especially
a polyurethane foamof the preEBSCRIPTI®N which is cut as necessary,
I's suitably used as polishing sheets for CMP. Background Art As technol ogy
for producing a pol yurethane foam a nethod in which addi ng organic

sol vents having low boiling point, such as fluorocarbons and net hyl ene

chl ori de P 0sanfe g RSl 6eli G0 IRy & 80 had e PEH N0 Ptk u bl BRETA N9, and

then foam ng by polynerization heat” vaporization; a nmethod I'n ch addi ng

wat er i NtFpam | AHEPENsKk o8l for foam ng and di spersing, and 0 7
DEC 2004 F-P02110TR (SG ﬁi}fgn Poaéxng wi th carbon di oxi de gas generated by

a

Technical Field

The present invention relates to a process for
producing polyurethane foam having uniform fine cells.
A polyurethane foam obtained by the process of the
present invention may be suitably used as polishing
materials for resins, glass, lens, rock crystals, and
silicon for producing semiconductors, electronic
substrates, optical substrates etc. Especially a
polyurethane foam of the present invention, which is cut
as necessary, is suitably used as polishing sheets for

CMP.

Background Art

As technology for producing a polyurethane foam, a
method in which adding organic solvents having low
boiling point, such as fluorocarbons and methylene
chloride, into an ingredient composition for foaming and
dispersing, and then foaming by polymerization heat
vaporization; a method in which adding water into a

ingredient composition for foaming and dispersing, and
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reaction of isocyanate groups and water, are well known. In a f r
- ohtai ned by these nethods, dianeter of foamed cells (dianeter Jf?gglips?““‘*

has a m nimum of 100 gmas an average, it is difficul ¥-@20hipaigys)f oam
having nore finely and uniformcells. Follow ng methods are known as a
process for producing a polyurethane foamthat has fine cells. (1) A
method that after fine-particles soluble in a solvent are dispersed into
pol yur et hane polymer and are nolded into a predetermned form the nol ded
body is tilvemr sfohimireg soritdnt clalrdio i sﬁ@imtgasflgenwalﬁéde% byt does
not di ssol ve the pol yurethane polyner, the fine-particles are rénoved by

di ssol vi ng detimhabf 5o Ppasustd @ dohpENanl Waker, LA ke11 PRGYEL hane
f oam (ZPA nmet hod t hat ?lynel y h%lowﬁf oamned materl’a#s are g‘faspersed in an

i ngr edi eln @0ABaTh! bOidH By PRE¥E FIOEAGAI WU et} Sroa5E b e the
abgve-rrentiongg met hoo?l( 1) irlgyused, si nce rruc#oarmun%a soléen al‘gle(?

L oau L ebeRBYAIeR a0 O81c %) Y BRI AR e TOY, B X RS iy

fine-particles is iIndispensa high “cos atura

- : ' , Lhe m.obt ai.ned not be used for
P age whaeisee, BV 18° GRELATE. (oo hRRTHO S FORn eV hey Mkt 2004

' ' and a
F- POleog%?% ﬁﬂﬂ' %ﬂﬁ‘cﬁjxﬁo Pr'obl emthat a dissolving process

sol vent process are aF%A $reeded, and a long tine is

Following methods are known as a process for
producing a polyurethane foam that has fine cells.

(1) A method that after fine-particles soluble in a
solvent are dispersed into polyurethane polymer and are
molded into a predetermined form, the molded body is
immersed in a solvent that dissolves the fine-particles
but does not dissolve the polyurethane polymer, the
fine-particles are removed by dissolving to obtain a
porous polyurethane resin, that is, polyurefhane foam,

(2) A method that finely hollow foamed materials
are dispersed in an ingredient composition forming
polyurethane.

However, in a case where the above-mentioned
method (1) is used, since much amorunt solvent is

-required, and treatment for the solvent containing
material forming fine-particles is indispensable, high
cost naturally occurs. Moreover only open-celled foam
may be obtained, the foam obtained may not be used for

usage where rigidity is needed, usage is limited. Besides,
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needed in order to prepare a very thick nol ded body. On the ot hgj ?hBE@’ 2%}4
t he nethod of (2), since a finely hollow foam has a strong tendency to be

floated up in a pol yurethane form ng sol ution based orp_@@ilflfoqrfﬁr})%q of
density, a uniformfoamis difficult to be produced. Besides, the finely
hol l ow foamis conparatively expensive, and further since the raw materi al
of the finely hollow foamis remained in the foam there is a possible
probl em of i nduci ng danage on a cutting edge in the case where the foam

i's cut. Arklerbeidailsona phriotdenar thates @i€ssPeingr proeedd ¥ Al'G then oreat
costs are needed for facilities of working environhental mal ntenance. By

the vay, sobeéntr drping pewndss Wil ALAhcbaRal i Siag FORE! (]l BLoduCI Ng
ng an

siticon for sem conductors and the Iike, and prdduci &ctronfc

e | oiuen o op O KPR R 2

required based on higher den clrrecurt. end’on types of
par Lol es and soge wile PBEk G Bahte! ipi oW ELNEY ePphi st ST Y
dor i ved Sihey ALuES BRRAT 4 MiBAE URaS gy She diaderbms (s5
boi 1 shi nd 2 A MSITRFBRBATE Al RE sRouBen thaned IR A obidtese men ry.
of density, a uniform foam is difficult to be produced.
Besides, the finely hollow foam is comparatively
expensive, and further since the raw material of the
finely hollow foam is remained in the foam, there is a
possible problem of inducing damage on a cutting edge in
the case where the foam is cut. Anﬂ the hollows
fine-particles are scattered easily and then great costs
are needed for facilities of working environmental
maintenance.
By the way, a polyurethane foam is applied as a
polishing sheet for producing silicon for semiconductors
and the like, and producing an electronic substrates. In
polishing sheet, highly precise polishing properties are
required based on higher density of a formed circuit.
Depend oﬁ types of particles and size of particles that
are contained in polishing slurry used in polishing, a
hardness of polishing sheet (polyurethane foam) and the

like needs to be matched to those characteristics. For

example, ceria derived slurry has a larger particle size
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An object of the present invention is to provide a process for @rpd@ngtrrg]ﬂ@
pol yur et hane foam that have wuniformfine cells and higher hardness than

ones having the sanme density can be produced mﬁthout.Fugbgglg Qggyically
reactive bl owi ng agent such as water, vaporizabl e expandabl e Eﬁomnng agent
such as fluorocarbon, or other substance such as a finely particulate

hol | ow foam or sol vent sol ubl e substance. Furthernore, another object of
the present invention is to provide a polishing sheet adapted to

pol i shingtlsanir§§lien dsirieemPlsiureyhona d Q@Hbﬁbt:%irgﬁddméiv&ﬁeslurr
above-nenti oned process. Disclosure of Invention e present | Aveht or s

found thds askd YWy ?Hﬁgﬁinfgo?giél?i‘ﬁsgﬂmisﬁﬂ!efroh@lfdﬂgg¥ fsfilllleu%ﬁéﬂﬁ ructure

and a hardness hi gher than™o w t h“sanme” densi t be

obt ai ned ttwaﬁqgﬂqgaadgli.ggghegmlgggrarmunt of surfactant into either of

material liquids tor producing ~polyurethane, a first ingredient conprising
compr o1 ng- conharebLegt ek’ Braeh S SavPRIonaS ap AT av b B OTR SO
g ot | ngHaeess i Badigtis A pRIvidihng oas ohet heveas (o prepare
2 bubble o ¥R flhe OIS A nigher Rardness than ones hasing

the same density can be produced without using a

chemically reactive blowing agent such as water,

vaporizable expandable blowing agent such as

fluorocarbon, or other substance such as a fineiy

particulate hollow foam or solvent soluble substance.

Furthermore, another object of the present
invention is to provide a polishing sheet adapted to
polishing slurry by using polyurethane foam obtained by

the above-mentioned process.

Disclosure of Invention

The present inventors found that a polyurethane
foam having uniform finely cellular structure and a
hardness higher than other foams with same density
might be obtained by adding a predetermined amount of
surfactant into either of material liquids for producing
polyurethane, a first ingredient comprising an isocyanate
compound (polyisocyanate compound), or a second

ingredient comprising compound containing an active
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subsequént |y polynerizing the liquid by mxed with another ingrgdj (
reactipn. Thus the present invention was conpleted. The presentﬁld;nm 2@%

relates to a process for producing a finely cellular p%dy%féﬁ%ngfoam by
mxing a first ingredient conprising an isocyanate conmpound an a second

i ngredi ent conprising a conpound containing an active hydrogen group,
characterized by conprising adding a nonionic silicone surfactant
containing no hydroxyl group to at |east one of the first ingredient and

the secontydpegedi Ponpsafso AABHRA Yol d1 %ﬁg\@&grﬁlﬁﬁﬁh@mg 5 wt %

based on the total anount of the first “ingre e second

|01 edi egbeteRBSYCUA 2 @0kd A §%H GNP SLRBR AY YA PO 1| nor edi ent

together wth an Uhreactive gas to disp rseht he "urme [ ga;bjas fine
' ' i t hen | the bu e
3?231&?3 g’%e%ete‘gé%ﬁ%ﬁrgﬁg?%?r%b?ﬁé%gg?eﬁ?g&?rceuPeg‘t"ﬁ'ebnfee SREES MRt ure The
- ' f . is,a_nonipnic _siljcone surfactant containing no
ﬁsg\r/gnggtglr%%?ﬁxésﬁg}fawébﬁﬁ “’l’—'tﬁoﬂff(?ﬁ& e rﬁﬂﬁlhur%{’fanle f oam havi ng
' | f | 1 .St abl ptained without failing to
I)Ihggl Zaﬁg&blcj?;ge‘ilﬁ?’?‘st %Op%&grf%rggﬁage?% qu“t;gt'Plemclﬁ?él ikl factant. An
anount of t above-mentioned surfactant added is preferably 0.1 to 5 wt
% excl uﬁﬂfgﬁsewlnﬁr? iend; of teackions nhbas fhe preskBhts that is the

first invention was completed.

The present invention relates to a process for
producing a finely cellular polyurethane foam by mixing a
first ingredient comprising an isocyanate compound and
a second ingredient comprising a compound containing
an active hydrogen group, characteriéed by comprising
adding a nonionic silicone surfactant containing no
hydroxyl group to at least one of the first ingredient and
the second ingredient in an amount of 0.1 to 5 wt%,
excluding 5 wf%, based on the total amount of the first
ingredieﬁt and the second ingredient, subsequently
agitating the surfactant containing ingredient together
with an unreactive gas to disperse the unreactive gas as
fine bubbles to prepare a bubble dispersion and then
mixing the bubble dispersion with the remaining

ingredient to cure the resultant mixture

The above-mentioned surfactant is a nonionic

silicone surfactant containing no hydroxyl groups. A

5



i ngredi ent and the second ingredient. If the ambunt is |ess tha . 9
the foam having fine cells may not be obtained. In the point of n@& #E\zﬁt Z'ﬁl'

reason, the anmpunt of the surfactant is preferably nog hﬁ&
the other hand, in case that the anmount is not |ess than 9 SlI nce a
nunber. of cells in a finely cellular polyurethane foamis excessively

I ncreased, a polyurethane foam having higher hardness is difficult to be
obtained. In the point of such a reason, the amount of a surfactant added

| s preferpBiyurethdienrdath Haviflg masgftaxa 831 folrind gﬁzsrgﬁngosed onl'y

gaseous ‘1 ngfredient contalning no react ty to i socyana or active

hydr ogen { r oS t | veI y
sont 1ot % ety Bly BOLATRE S SRHARY Bt FRHETBBAIER T Ps oA e,

t hr ough | e fipe cells ef er have an average

di anet er I}@wﬂp?g%%\% 'h%&’%%ﬁé?s ‘gf ‘e‘f%e?'é’d‘g not nmore than 40
m crorreters ordi n oce of the resent invention, fine cells
having 6 07 DEdgﬁoﬁin ‘Ho?aﬂgii‘ %"‘é%o‘ﬁ'te% onedsurdagtant of 10

m cronmet er r.oduced The di aneter of cells may be set up and
control | éb‘igg%)s/éﬁelif iﬁﬁr%ﬁgyagy st? R Rl tanexcdysing <§15Wt %uctP as a type
and an anount  added of surfactant to be used, tgltatlon condi tions, and

vi scosi t fafak panenrtiof matgrial daxgre Memasi thasfis wde dirsbbt ai ned i s

preferably apgrom mately 0.6 to 0.95, and a hardness of the foam
ingredient and the second ingredient. If the amount is

less than 0.1 wt %, the foam having fine cells may not be
obtained. In the point of such a reason, the amount of
the surfactant is preferably no less than 1 wt %. On the
other hand, in case that the amount is not less than 5
wt %, since a number of cells in a finely cellular
polyurethane foam is excessively increased, a
polyurethane foam having higher hardness is difficult to
be obtained. In the point of such a reason, the amount
Aof a surfactant added is preferably less than 4 wt %.

An "unreactive gas" is a gas composed only gaseous
ingredient containing no react‘ivity to isocyanate group
or active hydregen group at ordinary temperature,
Besides, gas may be positively sent into the liquid and
only automatically involved into the liquid threugh
agitation., Moreover, the fine cells preferably have an
average diameter of not more than 50 micrometers, more
preferably not more than 40 micrometers. According to

a process of the present invention, fine cells having
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ASKER D) is preferably 30 to 60. Especially as a foam for polighing
g}grdness)is plroeferabl yy50 to 56. Although varied wit h perforrrgan@re];l gﬁ%kﬁﬂ
agitator used and with viscosity of a reaction materialpgohyhiransghhat

forms ‘a pol yurethane foam etc., agitation tine is at |east 30 seconds

and, in order to prepare a stable bubble dispersions therein, preferably

it is approximately 1 to 2 minutes. And as long as flowability is secured,
agitation may be practicable. This agitation time is required to be

| onger t helpout anCaverdns &l Littdd tdOlfULE haerbpRBtess RILFUred. A
di anmeter of the cells may be adjusted based on producing conditions, such

itation tine.
as a typepebdudddct aphel diahee adsegs wxg%e?gﬁg}: uggdaﬁa

In the above-nentioned process of the fin | yuret hane fOﬁ.m of
bubbl o o SaEr STRre OFY et S uPE PR uigtabid b BAP Po3fafBRgR ) o°
F. po21107H 2P RE PR R QAo TR ARRR ot whskectant A0 B8, i gger
i ough 28T, Slao® dPRUORI AR, HABLFRF oSt P ORT Hite amateanipleci | ui ar
"nvent [ ofd Bee SRR, A fBrttviot e i mustiaime diis preferaidy
prepol yn%rljpiaggixit{]at?éfi;ro.té) to 0.95, and a hardness of the foam
(ASKER D) is preferably 30 to 60. Especially as a foam
for polishing, the hardness is preferably 50 to 56.
Although varied with performance of an agitator
used and with viscosity of a reaction material solution
that forms a polyurethane foam, etc., agitation time is at
least 30 seconds and, in order to prepare a stable bubble
R dispersions therein, preferably it is approximately 1 to 2
minutes. And as long as flowability is secured, agitation
may be practicable. This agitation time is required to be
longer than in a case where usual'polyurethane foam is
produced. A diameter of the cells may be adjusted based
on producing conditions, such as a type of surfactant to
be added, an amount added, and agitation time.
In the above-mentioned process of the finely
cellular polyu.rethane foam of the present invention, it is
preferable to further comprise passing the bubble

dispersion thr-ough a sieve mesh. One ingredient that is

bubble dispersion may be passed through a sieve mesh, or
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obtain a pol yuret hane foam havi ng out st andi ng physi cal properti[]e.? ﬁ]?ﬁi
finely and uniformcells, it is especially preferable that the 2004
above-nentioned surfactant is added into the above-neptpgnedopirgqeygnat e

f

prepol yner. An isocyanate prepol yner that has nol ecul ar weight o
approximately 800 to 5000 is preferably excellent in workability, and
physi cal properties and the like. In a nethod that adding the surfactant
into the isocyanate prepolynmer containing i socyanate groups, and m xi ng,

agi t at i ngtwid dlyabenpassied @ fiey athidmenpwld Rntd afy sREREg2 bubbl e
di spersion, then curing the g bubble dispersions by adding a conpound

cont ai ni ng act ipfyg by B aBBIeRSTEHHiSE AuSThe g@fitai%ﬁaa%eba&e%p of the
i socyanate prepolyner Is preferably a conpoln contal ning Isocyanate

r oups_OidSANAL4 AP Pl A A PPYLHEinkS BN LIHUTE IS 180! apcygnal e o oup

originating in aliphatic 1Socyan conpoun ower reacttvity

conmpar ed 4, § it Biee diPés @Egg%ﬂg%%?ebr%ﬁp aar}.i%laggiggﬁ% roup originating

in aromatic 1socyanate compoun eretore, i g time to cure
2ctive nyhiy;Rhe EHaRe Sl i SRR KR B WP i temitye hat
period of Finei requi red for dis er%Lon, [ a process in which the liquid
is poured into & Eﬁé’d&r@rsrﬂlﬁg& FRLIGR. thei AROvsmeationgd tiass | n
\_Nhi ch th?n%ur%bciieergi:si%egﬁ ?Qgciysal?gigegrepolymer, and in order to
obtain a polyurethane foam having outstanding physical
properties and finely and uniform cells, it is especially
preferable that the above-mentioned surfactant is added
into the above-mentioned isocyanate prepolymer. An
isocyanate prepolymer that has molecular weight of
approximately 800 to 5000 is preferably Vexcellent in
workability, and physical properties and the like.

In a method that adding the surfactant into the
isocyanate prepolymer containing isocyanate groups, and
mixing, agitating with a unreactive gas as fine bubbles to
prepare a bubble dispersion, then curing the g bubble
dispersions by adding a compound containing active
hydrogen as curing agent, the isocyanate group of the
isocyanate prepolymer is preferably a compound
containing isocyanate groups originating in aliphatic
isocyanate compounds.

An isocyanate group originating in aliphatic

isocyanate compounds has a lower reactivity compared
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through a sieve mesh are secured. An isocyanate group originati g QEQ @w4
aromat i c polyi socyanate conpounds may be coexistence in this isocCy t
prepol yner. Moreover, an aliphatic isocyanate conpounde%quqb@@gg S an
i socyanat e conpound whose isocyanate groups are not directly bonded to
aromatic rings, and as a matter whether or not the isocyanate conpound has
aromatic rings. The present invention relates to a polyurethane foam

obtai ned by the process and further to a polishing sheet using the

pol yur et hafiehf oaph TheoehRmiateé FrI@pt UdGednddihdr 0 esatr%%ati?
denonstrate a function i n which polishing ste and poli1shing agent are

removed gidcyadi e C@é‘hﬁﬁéiugtﬂéficerﬁ%tr‘@g%'}ea E@Cféakegbg Bg it%'ﬂffgagg_”.d N

pol i shing sheet to the o , and are repdred on d_e t sur a |
d e J:eacti I_ngredi ent na pour e
?Etegt amngﬁgfegragﬂycﬁggg&gﬁ - Oﬁ\ﬁg%ﬁ%(tgé) nﬁl(} eﬁq&jb%eaiﬂnct:rg?ﬁgesane
' ' { be ,manufactured with the

ol yur et oo s PRIRECEs “n ¥y, W 210kééhaaetavfeommmdcngppﬁéneethi o a
| ' t hi ck : t hi ck of the polishing sheet is

0. 5 mm t 92 PR TR AP B (K F1S o Pahi IV SRESES 43 bt yo & thimn ¢ hi ok

are used. Although_.a formof groove is not especially limted, a cross

section cffquéf%ﬂgf‘éf ‘ﬁ‘?%ﬁﬁ?g‘?neh H& HreFemgpén which the liquid

is poured into a predetermined mold for molding, and for
a process in which the bubble dispersions is passed
through a sieve mesh are secured. An isocyanate group
originating in aromatic polyisocyanate compounds may
be coexistence in this isocyanate prepolymer.

Moreover, an aliphatic isocyanate compound is
defined as an isocyanate compound whose isocyanate
groups are not directly bonded to aromatic rings, and as
a matter whether or not the isocyanate compound has
aromatic rings.

The present invention relates to a polyurethane
foam obtained by the process and further to a polishing
sheet using the polyurethane foam. The sheet is
characterized with grooves that demonstrate a function
in which polishing waste and polishing agent are removed
off from a contact surface between a face to be polished
and a polishing shéet to the outside, and are pr'epared on
a sheet surface. A sheet may be produced by a method

where reaction ingredient may be poured into a metal
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semcircle and the like may be illustrated, and the grooves prefﬁnabb¥ have
a,cross-section that permts passing through of fine particles. ¥Tihe C 2004
grooves are arranged in a shape of concentric CirC|esFD§0911@ﬂk?§Gﬁnd t he
| i ke on a sheet face. A depth of the groove is dependent on thickness of
the sheet etc., and is approximately 0.4 to 0.8 nm Since a polishing
sheet of the present invention has finely and uniformcells and has higher
har dness conpared with the pol yurethane foam of sane density, it is

especi al InioldebyuMhPadoRiith €8d Yatn® Walvithaxisng i.fﬂ%gs%if’?hx | ar ger
e or

particle size is used as polishing slurry. Best M rrying Qut the

| nvent i oy piéé ¢ |l eyl | i 7 DEC 2004
F- P02110'I%R (se)ﬂﬁ;?y?ﬁlﬁ %ir/%t?ﬁggg?%ﬁ e usEeig'é % ‘%%‘Eﬁ?g%{r}?ﬂ‘?d#?’a PO as

| SocyanatetSAEROWISS NI bRl (08A BIBUuLOUCHIO e BhbohriaNate

conpounds an eir derivatives, especl ¥ ners are

Finely  ehaRfowiEh 8 upEe a el IR R A 8ae" Dauci ng et hods for
B any one.of A RESERHEERAE S REDuirE P RAEL AR iR 20 I n the
present invention, as ani ¢, di | socyanates that nmay be used, foll ow ng
conpound& iy 24K s‘b%ﬂiagigaﬂ’? sdl'ung gllaleets approximately 1.2 mm
thick are used.
Although a form of groove is not especially limited,
a cross section of rectangle, triangle, character U-shape,
semicircle and the like may be illustrated, and the
grooves preferably have a cross-section that permits
passing through of fine particles. The grooves are
arranged in a shape of concentric circles or of grids and
the like on a sheet face. A depth of the groove is
dependent on thickness of the sheet etc., and is
approximately 0.4 to 0.8 mm.
Since a polishing sheet of the present invention
has finely and uniform cells and has higher hardness
compared with the polyurethane foam of same density, it
is especially useful when ceria derived slurry having a
comparatively larger particle size is used as polishing

slurry.

Best Mode for Carr&ing Out the Invention

Well known polyisocyanate compounds in the field
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Il lustrated. Aromatic dil socyanate conpounds, -4,4'-diphenyl ngt

di,i socyanate, 2,4'-diphenyl nethane diisocyanate, 2,4-to!y|engﬁfh1ﬁﬁ;2mu
diisocyanate, 2,6- tolylene diisocyanate, naphthal ene deb§qu%@g%%q

1, 4-phenyl ene diisocyanate, etc. Aliphatic diisocyanate conpounds,”
-aliphatic diisocyanates, such as, ethylene diisocyanate, 2,2, 4-trinethyl
hexamet hyl ene diisocyanate, |, 6-hexanethylene diisocyanate (HDI);
-alicyclic diisocyanates, such as, hydrogenated 4, 4'-diphenyl nethane

di i socya IPete thadtenAEsy Y& haled Wi Phedict LAY i Hul s AG),
1,4-cy)é| crﬁte;?gne di?so?yanatﬁ(]—lDl), | sophor one ﬁ{#ﬁ%ggﬁo 4 F-P02110TR

(S o Searyahate BdmpdUAOSI %hdp Lo/ g ol ARUAHG (D).

nor bor nane dii socyanate - Xy ene dii socyanate _
et anet i e SARRANE STV D bar 5 SeiTReb SR 8050, o
conpoundd S8 SRR bR RIS 05 PIRLC TSRS 4. RECHHSE t hr ee or
o5 A B P e A5 A O B " 0

cellular polyurethane foam obtained. As producing

methods for polyurethane, a prepolymer method and a
one-shot process are well known, and any one of these
methods may be used in the present invention. In the
present invention, as organic diisocyanates that may be
used, following compounds may be specifically
illustrated.

Aromatic diisocyanate compounds,

-4,4'-diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, 2,4-tolylene
diisocyanaté, 2,6- tolylene diisocyanate, naphthalene
diisocyanate, 1,4-phenylene diisocyanate, etc.
Aliphatic diisocyanate compounds,

-aliphatic diisocyanates, such as, ethylene
diisocyanate, 2,2,4-trimethyl hexamethylene
diisocyanate, 1,6-hexamethylene diisocyanate (HDI);

-alicyclic diisocyanates, such as, hydrogenated
4,4'-diphenylmethane diisocyanate (HMDI, tradename
Hylene-W, product manufactured by Hulls AG),

1,4-cyclohexane diisocyanate (CHDI), isophorone
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mar ket ed as Desnodul N (Beyer AG) and tradenane Duranate (proﬂg?t ﬂ@gﬁ Ey
Asahi Kasei Corporation). Since gelling will easily be causedVi Q ; 0
pol y-functional polyisocyanate conpounds having three p0p,3598 ﬁ&gﬁ%lonal
groups are used independently in preparation of prepoFyner, tEe y be
preferably used in a formof being added into diisocyanate conpounds.

| socyanat e conpounds suitably used as a first ingredient in the present
invention is an isocyanate prepolyner that is a reactant of the

bove- : . ) taining active
Pydr ogen oy soss 2 hAtE! FPPDY) SHIMEORE i & MPAYIVI SR

hydr ogen groups. |v£e1 I:yclil)r gg(langRE gg)os,

ol yol c c hat t . 0 -

ﬁen%/i one?‘]ﬁgprebsﬁ}rgg’qgePﬁg{eha?i(Tﬁe%ﬁ(?%&%?%c@alna?g%oa‘b?gﬁo?gf%r s that are ]
ol i goners havi nglé',t1 lginnealdil}lgg r oups ﬁg aIi ni?tg'\é h%%%lir}(nlg anild reacting the
above- ment i oned - corpSands T RO&N l"e‘ﬁﬁ.'&a Rl detram FYEdsRLnat e

gr oups (Ngog and aggiv gi)olﬁen ‘groups (H*) of 1.6 to 2.6, preferably of
1.8 to 2931SOLFARA Faﬁ‘y{ ' & i socyanat e prepol ymelrs may al sob be
used suitably. ,J.socyanate groups in,the isocyanate prepol yner my be

obt ai ned usi ng'lltlh% %ﬁﬂ\?’@-‘ﬁ’gﬁf’itdﬂyc?‘él‘F‘bﬁbl’%m‘%o@)%é!% @8ffounds as at

formng ingredients. As |long as unreacted NCO

| t f ' | r
g?gapsongﬁglte géggfe %?FY SitRee PHINOire, ofr throo @#-’bﬂ%@e ousgidnat ed

together in combination.

Besides the above-mentioned diisocyanate
compounds, poly-functional polyisocyanate compounds
that have three or more functional groups may also be
used. As isocyanate compounds having
poly-functionality, a series of diisocyanate adducts are
marketed as Desmodul N (Beyer AG) and tradename
Duranate (product made by Asahi Kasei Corporation).
Since gelling will easily be caused if these
poly-functional polyisocyanate compounds having three
or more functional groups are used independently in
preparation of prepolymer, they may be preferably used
in a form of being added into diisocyanate compounds.

Isocyanate compounds suitably used as a first
ingredient in the present inventioh is an isocyanate
prepolymer that is a reactant of the above-mentioned
isocyanate compounds and compounds containing active
hydrogen groups. As such compounds containing active

hydrogen groups, polycl compounds and chain extenders

12



in aliphatic isocyanate conpounds, aromatic diisocyanates may be used as
pr.epol ymer synthesis ingredients. Conpounds containing active h ?O@EB 2004
groups used in the present invention are organic conpqu@@glh@@RQ%G)two or
nore active hydrogen atons, and are usually conpounds referred to as

pol yol conpounds and chain extenders in the technical field of

pol yur et hane. Active hydrogen groups are functional groups containing
hydrogen atons reactive with isocyanate groups, and hydroxyl groups,

primary omemtioferd 1ateom Dy BeSusé .0l THOYPSré Si"s‘)ocf%ﬁat@y be
mentioned. 13 07 DEC 2004 F-P02110TR(SG Polyol conpounds are oligoners

having appepeilyahelrs BAA tt 808P Sin dPd %&b%g"‘fé?fﬁiﬂ’ﬁ ;ﬁg?ﬁ by end

group determ nation nmethod, and the follow ng xanpl es nay be specifically

i 11 ustratggeupl omﬁﬁmrby%xa'tﬁggsamgﬁ{gﬁong%? s, pol yoxypropyl ene

pol yol s ‘obtained by adding propy e oxl nd or two kinds or
e L BPYUAIhE UG o Dua S B0 g Bl RN o7 0L reo
o koo TR B R BB PR o B I L e SEen 1 s
obt ai ned é%u%%d}ﬁg) %Lfl Xl.gngoofig?’prsé errea elygxci)id?l’.Settg' 2'[.8.one kind or
Commercially available isocyanate prepolymers may also
be used suitably.
Isocyanate groups in the isocyanate prepolymer
may be obtained using the above-mentioned aliphatic
isocyanate compo.unds as at least one of prepolymer
forming ingredients. As long as unreacted NCO groups
that exist at terminal position are NCO groups originated
in aliphatic isocyanate compounds, aromatic
diisocyanates may be used as prepolymer. synthesis
ingredients.
Compounds contaihing active hydrogen groups used
in the present invention are organic compounds having
- two or more active hydrogen atoms, and are usually
compounds referred to as polyol compounds and chain
extenders in the technical field of polyurethane.
Active hydrogen groups are functional groups
containing hydrogen atoms reactive with isocyanate
groups, and hydroxyl groups, primary or secondary amino

groups, thiol groups (SH), etc. may be mentioned.

13



two kinds or nore of the above-nentioned pol yhydric al cohol s; EF DEP U4
pol yoxyt et ranet hyl ene pol yol s obtai ned by adding tetrahydrofura By ﬁ@
openi ng polynerization to the above-nentioned pol yhydrippahggheal gy be
menti oned. Copolynmers in which two or nore kinds of above- nentloned cyclic
ethers are used may also be used. (2) Polyester polyols As polyester
polyol's, condensation polymers obtained fromone kind or two kinds or nore
of ethylene glycol, propylene glycol, butane diol, pentane diol, hexane

diol, cycl ohexamnﬂomdlﬁfpbuxﬂdy@felollgh%r@Eﬁ F- PO2110TR( SG)
trlrret hyl ol propane, pentaerythritol, or other |ow nolecular weight

pol yhydr iscp pregish §te 205 OFF tl 1OOO0 b¥Orld [ESukr P fefit ghithiidy 20 &
|

adi pi ¢ aci pinmelic acid, suberic acid, sebacic aci terephthalic acid,

| sopht haly d r teetfh C o] th | ow
nol gcul e dfc%?goxz)'/g:u gc‘?ﬁ%ﬁng?yﬁ%@r ac?I %ﬁd£%8I fo 1% g?gl ned by

| t
ring Ope'yw dgr%"ﬁ ero{'},&@éfﬁxb&l tﬁrir?a‘ﬁtt?g%g&as(g; Og\lc(r)yfifcoggl yol s As

caprol act one, one na e | YT
acrylic I} or nore hydroxyl groups in one
con%ri5| gwgéﬁggéﬁ?ﬁgf %%noner whi ch i s nono-ethyl eni ¢ unsat urated

o ST B o S S B TERY ety
obtained by adding propylene oxide to one kind or two
kinds or more of polyhydric alcohols, such as ethylene
glycol, diethylene glycol, propylene glycol, dipropylene
glycol, giycerol, and trimethylol propane;
polyoxyethylene polyols obtained by adding
ethyleneoxide to one kind or two kinds or more of the
ébove—mentioned polyhydric alcohols; polyols obtained by
adding butylene oxide, styrene oxide, etc. to one kind or
two kinds or more of the above-mentioned polyhydric
alcohols; and polyoxytétramethylene polyols obtained by
adding tetrahydrofuran by ring opening polymerization to
the above-mentioned polyhydric alcohols may be
mentioned. Copolymers in which two or more kinds of
above-mentioned cyclic ethers are used may also be used.
(2) Polyester polyols

As polyester polyols, condensation polymers
| obtained from one kind or two kinds or more of ethylene
glycol, propylene glycol, butane diol, pentane diol,

hexane diol, cyclohexane dimethanol, glycerol,

14



acryl ate, 3-hydroxypropyl acryl ate, beta-hydroxy butyl acrylatq]glpg 2004
4- hydr pxybutyl acrylate, and beta-hydroxy pentyl acrylate; or sim P
hydroxy al kyl esters of methacrylic acid; furthernorep_ggbyhps §$&?
nonoesters of polyhydric al cohols, such as glycerol and trlnetﬁy 0
propane; or simlar nethacrylic acid nonoesters; N-nethylol acrylamde or
N- net hyl ol net hacryl amide, may be used. Mreover, as acrylic polyols,
telechelic acrylic polyols nmay al so be used. The telechelic acrylic

pol yol s Jt*:riﬂi’eBﬁgrlaqoﬁrolﬁal?pe}w&%}y%wn%my'd':C_oC{q{éYQGgfol yners

cont ai ni ng hydroxyl groups fromwhich the polynerization t he

Unsat Ur aliak GBI ERPh 81 S TERGIENY Q1K A1Ch S FYSE kBpdaRE o out by

an initiator containing organi’c peroxide under ° exi stenc an~al coholic

ol phati ¢ 0 BFafleof fof|CERIRARE (8T ARIP (Y S4fF pimie M Conol <

al i phatic alcohols, such as ne hano %ﬁcohols are
Compoundd iinerte TE Aetlsee Bafie Refd, R bRt p iy mors contai ni ng
e, BRI b PO AT TR TeB S5 B
D e B B Y LR A o e a i O
and polyols obtained by ring opening polymerization
cyclic esters, such as propiolactone, caprolactone, and
valerolactone may be mentioned.
(3) Acrylic polyols.

As acrylic copolymers, having two or more hydroxyl
groups in one molecule, comprising a copolymerized
monomer, which is mono-ethylenic unsaturated
monomers, example, hydroxy alkyl ester of acrylic acid,
such as beta-hydroxyethyl acrylate, beta-hydroxypropyl
acrylate, 3-hydroxypropyl acrylate, beta-hydroxy butyl
acrylate, 4-hydroxybutyl acrylate, and beta-hydroxy
pentyl acrylate; or similar hydroxy alkyl esters of
methacrylic acid; furthermore, acrylic acid monoesters of
polyhydric alcohols, such as glycerol and trimethylol
propane; or similar methacrylic acid monoesters;

N-methylol acrylamide or N-methylol methacryl amide,
may be used.

Moreover, as acrylic polyols, telechelic acrylic

polyols may also be used. The telechelic acrylic polyols

15



pol ybut adi ene pol yol s, pol yi soprene pol yols, polyester-polyet hep P%éf@lzﬁ
pol ymer polyols in which polynmers of acrylonitrile or styrene afe 04
di spersed or vinyl-addition, urea dispersed polyols, %a@t@@qeito%Rp(%l ol s,
etc. may be used as polyols of the present invention. Mreover, pol'yol
conpounds that have active hydrogen groups of aromatic am no groups

obt ai ned by condensation of these polyol conpounds with p-am nobenzoic
acid may al so be used. 16 .07 DEC 2004 F-P02110TR (SG As chain extenders

anong corpeeingdsr goiY dd¥ive &%Mﬁgﬁwg% eI AYRT b dPEx R SPEQggvent | on

are conpounds havi ng not nore t ecufar wei ght.

Speci fi crloim @/ h t{ﬁedgpgggﬂqewl e%ﬁ?#eawltg?gl'xﬁglaiﬂdﬁée# ols that are

represented by ethyl ene ene yco p&opy e gl yC(ﬁ| ,

1, 4- but ' ' l.Ql. e i I am .

ret nyl enaigRomebf CERAi Y RIEn) S6 e ERERL e SRR ERISH G i ne:
(Cur ot € 7 A thitiadiok, R i arzanit ReroideRndets )y,  and
m xyl yl ene_di,ol rrangf actﬁgi ed, by, M t subi shi s .Chem cal Conpany, Inc,)

may be usBHStARGH2fAaRn Alephaligcomposind and ag ergawic bubbl es, gases

t hat do n({{})ﬁav‘_e conbustibility are preferable, and, specifically,
ni t r ogen SUNQFHE acid,gompounde As algahokigicampennds.and argon, and

m xed aliphatic alcohols, such as methanol and ethanol or
alicyclic alcohols are preferable, and if mono-functional
alcohols are used as alcoholic compounds, substantially
bi-function.al acrylic derived polymers containing active
hydrogen groups will be obtained, and if diols are used as
alcoholic compounds, substantially tetra-functional
acrylic derived polymers containing active hydrogen
groups will be obtained.

(4) Other polyols
In addition, phenol resin polyols, epoxy polyols,
polybutadiene polyols, polyisoprene pdlyols, |
polyester-polyether polyols, polymer polyols in which
polymers of acrylonitrile or styrene are dispersed or
vinyl-addition, urea dispersed polyols, carbonate ﬁolyols,
etc. may be used as polyols of the present invention.
Moreover, polyol compounds that have active hydrogen
groups of aromatic amino groups obtained by
condensation of these polyol compounds with

p-aminobenzoic acid may also be used.
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gas of the above-nentioned gases are illustrated. Especially, b ,ed
ai,r fromwhich noisture is renoved is the nost preferable in cg?temf&s%m

noni onic silicone surfactants used in the present invenbpongogrkagtants
that have a function of form ng fine bubbles stable when agitated with the
above-nentioned first or second ingredient in the presence of the
unreactive gas may be used without any 17 .D 7 DEC 2004 F- P02l 10TR( SG
limtation. Especially, surfactants that have good conpatibility with

pol yol conpoundss atllaifoextedicer PO NEFLE6mpdainis 68t aan firpanm ng
stabilizers in polyurethane technical flel d, and that do not have active

hydr ogen af £i%is h PE €6 gasn el apy! 1ﬁr9HeSpi-8§‘é§itV?nWetth1d:§%é’@”at € groups,
as nentioned above may be used. Specificall y, SI i cone foamng stabilizers

SH- 190, %ﬁ%u%&%&%}ﬁ’ﬁdﬁﬁ n'PBWeCE’ﬁB'xPQ PE6 ﬁl%&&&‘%(ﬁg pfttd-).

L-5340 (Ni ppon Unicar etc. are il € present

I nventi oqnoggcqﬂlatlaw%ﬁgw @Eﬁfd‘g 5, dhf %lgn%gngﬁé as into a

first ingredient or a econ ngre ape € bubbl es,
e {1 RS RSN ALY CAT R
(P! anet 2otuD e RSBt oy LAEHFS ST, afla Baon sl Jomict, el oo
1,4-butanediol, trimethylol propane, etc.; aromatic
diamines, such as methylene bis-o-chloro aniline (MOCA),
dicyclohexyl methane-4,4'-diamine; and aromatic derived
diols, such as 1,4-bis-hydroxy ethoxy benzen.e {Cureamine
H1 (manufactured by Ihara Chemical Industry Co., Ltd.))},
and m-xylylene diol (manufactured by Mitsubishi Gas
Chemical Company, Inc,)_ may be used.

As unreactive gases used in order to form fine
bubbles, gases that do not have combustibility are
preferable, and, specifically, nitrogen, oxygen, carbon
dioxide, rare gas, such as helium and argon, and mixed
gas of the above-mentioned gases a.re illustrated.
Especially, use of dried air from which moisture is
removed is the most preferable in cost.

As nonionic silicone surfactants used in the
present invention, surfactants that have a function of
forming fine bubbles stable when agitated with the
above-mentioned first or second ingredient in the

presence of the unreactive gas may be used without any
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bubbl es use of whipper type inpeller is preferable. Mreover, i”[P?eDECdgmm
present invention, an agitation for preparing a bubble dispersions, and a
agitation for adding remaining ingredients and m Xi ngF-&0e 1qaATRI (&d)out .
Especially in the second agitation, since agitation for formng bubbles is
not required, an agitating equipnment that does not involve |arger bubbis
Is preferably used. 18 ,0 7 DEC 2004 F-P02110TR(SG) As such an agitating
equi pnent, a planetary type mxer is suitable. Mreover, even if the sane
agitati ndineitapitent is used as an agitating equipnent for the first and
the second agitation, no problemoccurs, and it is also suitable that

adj ustnent of a@kpaldianlgPrAitfatitantsUehadshadieUgb@dt of a rotating speed
of inpellers if needed, Is carried out. Al though conditions for producing

bubbl'e_dicat phembiNeFewlel Bo1gioeRanilhiad bHid Shadgahaie as fine

bubbl es are formed and a curga product predetermi ormis
Firet | ndve Sy REAS? (P LA8TSRY Ak P adiing READTHAY BOL ! coperature
docs not FoREEBEEAYGRLn RIASICANE, PR TAK REAE X PEPBRHE GE0  ces
et veen LAY RS Frdu s, SRR DY GAFBL TGP amE SRS BT eoRoHer m ¢
reacti On’is%r}%rgngitg gr%rtlltpsl,e\a/\%l n‘%n ?(a)tneg(? .nael;ggrieognggfybgeused.
Specifically, silicone foaming stabilizers SH-190, SH-192
(product made of Dow Corning Toray Silicone Co., Ltd.),
L-5340 (Nippon Unicar Co., Ltd.), etc. are illustrated.
In the present invention, as agitating equipments
that disperse unreactive gas into a first ingredient or a
second ingredient in a shape of fine bubbles, well-known
agitating equipments may be used without any Iimitation,'
and, specifically, homogenizer, dissolver, biaxial
planetary type mixer (planetary mixer), etc. may be
illustrated. Although a form of impellers of agitating
equipments is not especialiy limited, in order obtain fine
bubbles use of whipper type impeller is preferable.
Moreover, in the present invention, an agitation for
preparing a bubble dispersions, and an agitation for
adding remaining ingredients and mixing, are carried out.
Especially in the second agitation, since agitation for
forming bubbles is not required, an agitating equipment

that does not involve larger bubbls is preferably used.
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denonstrated according to types or conbinations of isocyanate(cpnPoOrEm4
and active hydrogen conpounds selected. Wen a tenperature rise of a
system by heat of reaction is |arge, bubbles m ght berupdesibeRl¥c)
expanded i n bubble dispersion therein. In such a case, it is preferable
that a reaction systememtting little heat 19 07 DEC 2004 F-P02110TR (SQ
of reaction is adopted, or it is preferable that sufficient tenperature
control is carried out when a reaction systemis adopted that emts a

| arge anAmtswéhheat agiitaténgt equipmedie, ar planse tofr @ t§3) ¢ Undkdangs f oam of
the present invention, it is very suitable that a foam which have

react ed snitiayleui diMNr'e&vkﬁgt e¥icierifat REDSA the U SNGIEMQPS therein is
poured into a nold, is heated and post cured in order t0 expect an effect

i nprovi ngqeiyfiéakt W WAAILS Hh 4 pt_é?;g{r% %?gﬁéh?nf&srﬂié%ﬁg eferabl e

I n which bubbl e dispersion is poured in nol d, and a posSt cure is

e g el f6ce Wi AL b Blioh MALuLS, Moty TR oLl ¥

transmtted to the reaction ingredien suc ti N
Form i1 480 e EaBRpoeRat 2AFAREmERNhr A 1B EEn S Bitiombapher ic
Pol yur ot RANE: ¥ Hdingemelp b L3 Ho e shee L5 Lulinantets Brount - added
are sel e%teeeddéai,tiaéblc%'rried out. Although conditions for

producing bubble dispersion therein are not especially

limited, as long as fine bubbleé are formed and a cured

product with predetermined form is obtained.

Temperature is necessarily no less than melting point of

the first ingredient and the second ingredient and no

more than a temperature at which a curing between

isocyanate groups and active hydrogen groups does not

advance rapidly. And it is preferably O degrees C to 140

degrees C, and more preferably 10 degrees C to 120

degrees C. Moreover, curing between isocyanate groups

and active hydrogen groups is an exothermic reaction,

and a different level of heat generation may be

demonstrated according to f:ypes or combinations of

isocyanate compounds and active hydrogen compounds

selected. When a temperature rise of a system by heat

df reaction is large, bubbles might be undesirably

expanded in bubble dispersion therein. In such a case, it

is preferable that a reaction system emitting little heat
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In the process of a finely cellular polyurethane foam of the g;z ﬁg§
I pventjon, both of a batch production systemin which each in d t
nmeasured, introduced and agitated in a container, andrapgentbnHOYE)
production systemin which each ingredient and an unreactive gas 20 ,0 7
DEC 2004 F-P02110TR (SG are continuously supplied to an agitating _
equi prent and agitated, and subsequently an obtained bubble dispersion is
sent out to produce a nol ded body nay be adopted. Since a sieve nmesh used

in the prefeatdtiventsondoptad d gust iseppeTesamlar thintelu rbididypbl es in a
bubbl e dispersion therein, a sieve nesh finer than 80 neshes is suitably

used i n GedRpdia OPF € Fo A tEeaNsNicdt rdedTBA whenDHbPLECRioR0 MOT € than 50
m cronmeters. In the case of a continuous production system it is suitable

to be i nghaideash ig é&&?t@%{ thpe dﬁzisp%qg&g]t%:ﬁww?g%éb Jf esent

I nvention, other ingredients my be 0 polyurethane orm ng _
mat eri al %ea%qﬁfb'ﬂ.i cally, fillers, such as resin fine powders and inorganic
fine powders, catalysts or retarders for adjusting a curing rate of

rleﬁﬁtslt ?gi eg?l E;&mgsigﬁerel naqt b%qxgﬁl%éh%fl g?agn p?nggg’rﬁ ietn\(iéntrr?)c/)nb\?vi N
be descr piede AXAIN Entich!, 016 TOF 08:84B8PL RSl S133, a0t
have reacted until fluidity is lost after a bubble
‘di-spersions therein is poured into a mold, is heated and
post cured in order to expect an effect improving
physical pro-perties of the foam. A condition is also
preferable in which bubble dispersion is poured into a
metal mold, and a post cure is immediately carried out in
heated oven. Since heat is not immediately transmitted
to the reaction ingredients under such a condition, a
diameter of cells does not become larger. In order to
stabilize cellular form, it is preferable to carry out a
curing reaction at atmospheric pressure. Moreover, in
the present invention, catalysts that promote
polyurethane reactions may be used. Type of catalysts
and an amount added are selected suitably,
In the process of a finely cellular polyurethane
foam of the present invention, both of a batch production
system in which each ingredient is measured, introduced
and agitated in a cbntainer, and a continuous production

system in which each ingredient and an unreactive gas
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made of Dow Corning Toray Silicone Co., Ltd.) was added as a SL@!}@ %nQUM
I pt o Adi prene L-325 (isocyanate term nated prepolyner, NCO = 9.2

manuf actured by 21 07 DEC 2004 F-P02110TR (SG Uni rOY@I—P@Z@.WO%@{d(

nmelted and adjusted to 70 degrees C of tenperature (first ingre |ent)
100g. The m xture obtained was agitated by a foam ng mxer (inpeller
rotational frequency = 3500 rpm), for approxinmately one mnute and 50
seconds until it becane creamlike (a state of nmeringue) to obtain a

bubbl e  di sparsihtin ubuslypsbp plik dPes Saﬂ”ag\@ﬁati’rﬁgséfﬁ'iﬁ‘i‘nbﬁtaarfq anetary
type m xer, and Cuream ne MI (nethylene bis-o-chloroaniline actured

by Ihara 00l , aidUStb¥eGuen'tl§. an(asea@ﬁddﬁwﬂhwt& g@ %g,ﬁgﬂat was

mel ted and kept at 120 degree C was™ i ntroduced into en the

m xture %ssgﬁte@,jplfoa?gq,%ggtgl m?%d%gu%erﬁggk%g aﬁ‘iﬁgg‘?,\ﬂ This m xed

H g\l;l\g.[)l },V?ts :NQJ et ecltI |n o e I nga o past. cure was
carried ou%/ fo?%?oélﬁ%hoﬁﬁgglsﬁ%ggéeﬁlltﬁy vﬁﬂgﬁgi’gn{)’éyﬁﬂﬁ 1@ Ras

vas prodocsid e B Ao unafifidely g Sibhisk i hubisne "
pol yur et RARD SRR AT RoAmeiens Fiesl JUAEF (hBR 6 é;g,?gzs;’,;'r dnees

ter of c of 30 to 40 m croneters.
( ASKER Q)ui%a Eiy u%r}edddilnarcrﬁ'deer to o tain a foam with diameter of

bubble of no more than 50 micrometers. In the case of a
continuous production system, it is suitable to be
installed in strainer type in a producing system.

In the present invention, other ingredients may be
added into polyurethane forming materials. Specifically,
fillers, such as resin fine powders and inorganic fine
powders, catalysts or retarders for adjusting a curing rate
of reaction, colorants, such as coloring matters and

pigments, etc. may be illustrated.

EXAMPLES
Hereinafter, the example of a present invention will
" be described.
Example 1
Silicone foaming stabilizer SH-192 1g (product
made of Dow Corning Toray Silicone Co., Ltd.) was added
as a surfactant into Adiprene L-325 (isocyanate

terminated prepolymer, NCO = 9.25 %, manufactured by
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Exanples 2 to 5 22 07 DEC 2004 F-P02110TR (SG The sane net hod as gﬁ§g3¥@ 1
was repeated, and finely cellular polyurethane foans were prod c@ ; ﬁt
that the anount of silicone foam ng stabilizer SH 192 ruspediapT® (u;factant
in Exanple | was changed as shown in Table 1. The density, hardness, and
di aneter of cells of finely cellular polyurethane foam obtained are shown
in Table 1. Exanple 6 The sane nethod as Exanple 1 was repeated, and a
finely cellular polyurethane foam was produced except that isocyanate

ter m nat édnireyaly Gdre ANGROOMA , Yim el@ed awhd cidj@s ebdatsegoby reacting
tolyl ene diisocyanate (mxture of 2,4-.isoner / 2,6-isomer = 80 / 20,

abbrevi atdeégreesDC bdr et nepeeaturd. PArear isghu dieind)t 10y Jr opgpat ed
4, 4" - di phenyl net hane di igg%yanat e abbr evi gt ed tg&p—INDI o;lgerei na?t er) 16.28

parts by weixihire oiaibédowaishukqes el 6 :ﬂ( %HQF;gm@t ﬁ{ji:% r PTMG

herei nafter) having 645 of nunber average“nol ecular “weig 45. 12 parts by
by vl gni ThRe e FUR L £ QR PSR Tl i nared
beeh TRV AR ofla 0 fECURIRINAA B BensiL T
the T1inglde £l 11kd" (£ YL { 280U £o "ShedlS £ oubpin
| dispersion. This bubble dispersion was transferred to a
planetary type mixer, and Cureamine MT (methylene
‘ bis-o-chloroaniline, manufactured by Ihara Chemical
Industry Co., Ltd.) (second ingredient) 26.2g that was
melted and kept at 120 degree C was introduced into the
mixer. Then the mixture was mixed for approximately
one minute and 10 seconds. This mixed liquor was
injected into an open mold within a working life while
ﬂowability was maintained, and was cured. Subsequently,
post cure was carried out for 10 to 12 hours in an oven in
which temperature was controlled to 80 to 85 degrees C,
and a finely cellular polyurethane foam was produced.
Used surfactant was 0.79 wt % to a total amount of the
first ingredient and the second ingredient.
The obtained finely cellular polyurethane foam had
“uniform cells with density of 0.8 g/cm?3, hardness (ASKER

D) of 56, and diameter of cell of 30 to 40 micrometers.

Examples 2 to 5
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23 .0 7 DEC 2004 F-P02110TR (SG Table 1. Exanple 7 The sane r’rmx?@szumt
Exanple 1 was repeated, and a finely cellular polyurethane foa
produced except that isocyanate term nated prepol ymer E(J}l(@@f_tglo]{ﬂ;{ ¥y 1009,
which is obtained by reacting TDI 31.32 parts by wei ght, HWVDI 5 parts
by wei ght, PTMG 52.62 parts by weight having 844 of nunber average
~ nol ecul ar weight and DEG 6.62 parts by wei ght, was used instead of
Adi prene L-325 (isocyanate terni.nated prepolynmer) 100g and that the anount
of silicone foalieg satmlei inheehoSHald Exisatples] cRast £ b'&tt%cﬂganwe
density, hardness, and. diameter of cells of the finer cel l'ular

pol yur et heinee 1§ asetlalaai podyaire thwne Foahibd wete ﬁ%ﬂg&ggg\/usegégﬂéﬂ

Except havi ng not added silicone foam ng stabilizer

surfact angha® €xé@hfodnt bE sATR r{'@ti&%’j ted, and a

finely cellular pol yurglt hane foar% was pro um‘q%enm %l;/ rdness,

and di a oh gCHl f | qr obtalned
e §6dOhsCE é-ﬁrﬁilcfﬁ t iﬁ:ig&faﬁﬁglg b %Lﬁgh%df& ‘F’ﬁ‘am nas

are shown in Table 1 taln y Ce

E T e AR Wit

Concentrige #fnely cellular polyurethane foam obtained are shown
in Table 1.
Example 6

The same method as Example 1 was repeated, and a

finely cellular polyurethane foam was produced except
that isocyanate terminated prepolymer {(NCO=9.06 %)}
100g, which is obtained by reacting tolylene diisocyanate
(mixture of 2,4-isomer / 2,6-isomer = 80 / 20,
abbreviated to TDI hereinafter) 32.52 parts by weight,
hydrogenated 4,4'-diphenylmethane diisocyanate
(abbreviated to HMDI -hereinafter) 16.28 parts by weight,
polytetramethylene glycol (abbreviated to PTMG
hereinafter) having 645 of number average molecular
weight 45.12 parts by weight and diethylene glycol
(abbreviated to DEG hereinafter) 7.40 parts by weight,
was used instead of Adiprene L-325 (isocyanate
terminated prepolymer) 100g and that the amount of
silicone foaming stabilizer SH-192 used was changed into
4g. The density, hardness, and diameter of cells of the

finely cellular polyurethane foam obtained are shown in
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7 DEG 2004 F-PO2110TR (SG circle-1ike grooves were prepared on Z EEQL@@
of, the, obtained polishing sheet, doubl e-faced pressure sensitiv Fve
tape (Doubl e Tack tape # 5782 nanufactured_by SEKI SUI rCHBNh @A RGSG) LTD.)
‘was adhered onto a backside, and a polishing pad was obt ai ned. Eval uation
of polishing properties of the obtained polishing pad was carried out
usi ng CWP polishing equi pnent (SPP-600 S by Okanpoto Machi ne Tool Works.
Ltd.) Aceria slurry (ceria sal by N SSAN CHEM CAL I NDUSTRIES, LTD.)

adj ust ed TableHB. was passed by a flow rate of 150g/minite, and polishing
was carried out under a condition of polishing Ioad 200 g/cn2, polishing
pad rot atExashpleequency of 35 rpm and wafer rotational frequency of
33rpm Following itens were eval uated as pollshlng properties. Eval uation

o ty)
A Ter a ther mal oxi Cati on T by vas doaa ?’934” AR
6-i nch sifiLeqqy %ﬁ?ﬁlaf)?(ﬁf}‘ﬁkagh‘ﬁfnel-f b S;gp‘ﬁﬁgl%%%t%’fg crorreters

/ 5 mcronmeters m crone

mgfg;rg?grlfﬂ tlsﬁ grtg\r/]vil: H‘ éIgﬁlﬁrrgﬁ” Eﬁﬁérﬁew}gu fference of

0.5 T T30 S0 HKCGHES TP iyl g PFCSTER G s i o Uner

weight, HMDI 15.75 parts by weight, PTMG 52.62 parts by
weight having 844 of number average molecular weight
and DEG 6.62 parts by weight, was used instead of
Adiprene L-325 {isocyanate terminated prepolymer) 100g
and that the amount of silicone foaming stabilizer
SH-192 used was chanted into 4g. The density, hardness,
and diameter of cells of the finely cellular polyurethane
foam obtained are shown in Table 1.
Comparative examplé 1

Except having not added silicone foaming sfabilizer
SH-192 used as a surfactant in Example 1, the same
method as Exaﬁxple 1 was repeated, and a finely cellular
polyurethane foam was produced. The density, hardness,
and diameter of cells of the finely cellular polyurethane
foam obtained are shown in Table 1.

The obtained finely cellular polyurethane foam was
heated at approximately 50 degrees C and sliced with a
slicer (VGW-T25 by AMITEC Corporation}) by 1.27 mm in

thickness to obtain a polishing sheet. Concentric
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F-PO2110TR (SG the above-nentioned polishing conditions, and (pn Eunﬁmq
renoved in a bottom of 25-m croneter space was neasured when a gl oba
difference in |l evel was no nmore than 2000 angstrom topoppainopkasayity. If
a value of planarity is small, it means that the planarity is excellent.
(Uniformty within a surface) A thernmal oxidation filmwas deposited with 1
m croneter on a 6-inch silicon wafer, and under the above-nentioned
pol i shing conditions, polishing was <carried out until the thernal

oxi dat i oreifricllerlidte grdoveiscwam @ire parélli elnassurdadesylpsegeently film
t hi ckness within a surface of the wafer was neasured at 28 points.

Uni f or ni tojb v irhé d pbewhiﬁgceh\m,cabmﬁpé-qqcﬁw prd byl %‘%n]g%ﬁ]&é“ on. If
a e

a value of uniformty within a surface is snmall, "It neans

uni f or m M hesiP¥CeA (no%f@wﬁéx/w;zgai B 8783 [RGGH G o bPp M 1L

gn
t hi ckness - m ni num #’i | m t hi ckness) X average Tl 5} x100
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m crometer on a 6-inch silicon wdfer

Ot | R FEMEL 4P G A S | BRI
of poli'shing properties of the obtained polishing pad was
carried out using CMP polishing equipment (SPP-600 S by
Okamoto Machine Tool Works. Ltd.) A ceria slurry (ceria
sol by NISSAN CHEMICAL INDUSTRIES, LTD.) adjusted to
PHS8 was passed by a flow rate of 150g/minite, and
polishing was carried out under a condition of polishing
load 200 g/cm?2, polishing pad rotational frequency of 35
rpm, and wafer rotational frequency of 33rpm.

Following items were evaluated as polishing
-propefties. Evaluation results of each polishing property
are shown in Table 1.

(Planarity)

After a thermal oxidation film was deposited with
0.5 micrometers on a 6-inch silicon wafer, patterningrof
L/S (line-and-space) = 25 micrometers / 5 micrometers,
and of L/S = 5 micrometers / 25 micrometers were
prepared. Furthermore, an oxide film (TEOS) was
deposited with 1 micrometer, and a wafer with a pattern
with an initial level difference of 0.5 micrometers was

produced. Polishing was performed to this wafer under
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m croneters of thickness. Average polishing velocity was obtaq Qeﬁgf -r%ﬁlf
pelishing time needed for polishing. If a value of average polYsh &
velocity is larger, it means that polishing property IES—EQPQQLQJd'IQ:D(tsg)ZI?I 07
DEC 2004 xd.:,, iOLD0O N W~+MOW 4-J 0 O od-6 WaoMN cd cu00ONO 000 ''0

acop[1)tCd"ON o O h0Oco),N o0 ~ WO Mo o 00 M'IN

the above-mentioned polishing conditions, and an
amount removed in a bottom of 25-micrometer space was
measured when a global difference in level was no more
than 2000 angstrom to obtain planarity. If a value of
planarity is small, it means that the planarity is
excellent.

(Uniformity within a surface)

A thermal oxidation film was deposited with 1
micrometer on a 6-inch silicon wafer, and imder the
above-me:itioned polishing conditions, polishing was
carried out until the thermal oxidation film wase 0.5
micrometers of thickness, and subsequently film
thickness within a surface of the wafer was measured at
28 points. Uniformity within the surface was calculated
by a following expression. If a value of uniformity
within a surface is small, it means that the uniformity is
excellent.

Uniformity within a surface (%) = {{maximum film
thickness - minimum film thickness) / (2 x average film
thickness)} x100
(Average polishing velocity)

A thermal oxidation film was deposited with 1
micrometer on a 6-inch silicon wafer, and under the
above-mentioned polishing conditions, polishing was

carried out until the thermal oxidation film was 0.5

26
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micrometers of thickness. Average polishing velocity
was obtained from polishing time needed for polishing.
If a value of average polishing velocity is larger, it means

that polishing property is excellent.
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Applicability The present invention is useful as a porcess of a

pol yur et hane foam having uniformfine cells. A polyurgthapeibeansabt ai ned

may be suitably used as polishing materials for resins, glass, |lens, rock

crystal, and silicon for producing sem conductors, electronic substrates,
optical substrates etc. Especially polyurethane foam of the present

i nvention, which is cut as necessary, is suitably used as polishing sheets

for CVP. Inghaséfiak AppEiqalkildty i nventi on has a high industrial
applicability. 29 .0 7 DEC 2004 CLAI M5
The present invention is useful as a porcess of a

polyurethane foam having uniform fine cells. A
polyurethane foam obtained may be suitably used as
polishing materials for resins, glass, lens, rock crystal,
and silicon for producing semiconductors, electronic
substrates, optical substrates etc. Especially
polyurethane foam of the present invention, which is cut
as necessary, is suitably used as polishing sheets for CMP.

Therefore, the present invention has a high industrial

applicability.
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' [ [ hane foam
| .. "Amended) A-process % for producing a finely cellular polyuret
by m xi ng a)firgt i ngredient conprising an isocyanate conpoungﬁpgngyému4
second ingredient conprising a conpound containing an active y ¥ gt .
group, characterized by conprising adding a nonionic silicone surfacta g
cont ai ning no hydroxyl group to at |east one of the first !ngredleg} gn 4
the second ingredient in an- amunt of 0.1 to 5 wt% excluding 5 w% base

on the total amount of the first ingredient and the second ingredient,

' ' i_ni [ dient together with
ubsequently agitating the surfactant _containing ingre
zn un?eactize gas, whi ch is. contaldFH@JﬁGSreactlylty to isocyanate group
o _di sperse the unreactive gas as fine bubbles

2o propare albbaretRell: & oRTaRRSENdRr MuBdHeiaE BulBheldi spdtalan v t

a bub - '
to prepare cure the resultant m xture and form ng the

L : ont ul : . - .
]Eihﬁe[gnrg;ln: [?%Irg"g?éfﬁé%rféoan?%ﬁ“’f he BY ne bl &s of tthtEUbu%.@mp?{:?rginhg
‘ ' ' | lul ar pol yuret hane foam a
2. The proce S fOII_’. erlodum ng a finely ce . . c
i mSr 38246 t k@ BPoieddi spat sion sécongh a
eve mei ?SUIH%&S o Slwﬁoducigng a finely cellular 30 07 DEC 2004

[ . T, rocess for, _ L _ _
;S)Iole;ﬁr etrrﬁ;rr}e"f%'aﬁé}g?dﬁor‘bqﬂ’g}"?ﬁl@lgai% qogipoungheenhaimingf anstadtigeedi ent

IS an isocyq{'&a&go'gggpglrgg%r’ and addi ng
characterized by comprising adding a nonionic silicone
~ surfactant containing no hydroxyl group to at least one
of the first ingredient and the second ingredient in an
amount of 0.1 to 5 wt%, excluding 5 wt%, based on the
total amount of the first ingredient and the second
ingredient, subsequently agitating the surfactant
containing ingredient together with an unreactive gas,
which is containing no reactivity to isocyanate group or
active hydrogen group, to disperse the unreactive gas as
fine bubbles to prepare a bubble dispersion and then
mixing the bubble dispersion with the remaining
ingredient to cure the resultant mixture and forming the
finely cellular of the foam by the fine bubbles of the
bubble dispersion.
2. The process for producing a finely cellular
polyurethane foam according to cla;im 1, further
comprising passing the bubble dispersion through a sieve
mesh,

3. The process for producing a finely cellular
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the surfactant into the isocyanate prepolynmer. 4. The process for producing

a finely cellular polyurethane foamaccording to Caim 3, V\:hel’fl n H}e
i socyanate prepol yner contains an isocyanate group originated- i Q ipB&ﬂJﬁ C
i socyanate compounds. 5. (Anended) A process for producing a finely
cellular pol yurethane foam used for a polishing sheet according to any
one of clains 1 to 4. 6. (Arended) A finely cellular polyurethane foam
obtai ned by the process according to any one of clains 1 to 4. 7.

(Anmended) A p%lli shi r]:g1 sheett conpri si n(ig, the finely cellular polyurethane

f oam accor di 8§ TSQE 8. tad m Agrandingdid SHaamp sheet 2acehedieny theC ai m
7, Wwherein groqves arg_grep_ared gn a surface of a finely cellular

pol yur et hane*Ponf "1 BFC BE 1§ 2dbispeppona bap(isG) o BSERAGT d Adatieness for
produci ng a Iti]nel el Jul ar, pol yuret hane foam by m xing a first ingredient
conprisi  an P'§oRPatAt AR it d hehdsa cyeounte ipnprmalyamter.conpri sing a
conpound conaainhﬂg an active hydrogen group, characterized by conprising
addi ng a nonir'oni sPFPESSE toF inkaducingnaafimely celhyldrroxyl group to at

| east one of tE)E fi rﬁt in(%r edi ent and the second ingredient in an anount of
0.1 to 5 wt WOLXEFGIPAF S IRamM ageeading theClaiml 3anoheredh the first

i ngredient and the

isocyanate prepolymer contains an isocyanate group
originated in aliphatic isocyanate compounds,

5. (Amended) A process for producing a finely cellular
polyurethane foam used for a polishing sheet according
to any one of claims 1 to 4.

6. (Amended) A finely cellular polyurethane foam
obtained by the process according to any one of claims 1
-to 4.

7. (Amended) A polishing sheet comprising the finely
cellular polyurethane foam according to Claim 6.

8. (Added) A polishing sheet according to Claim 7,

wherein grooves are prepared on a surface of a finely

cellular polyurethane foam.
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second ingredient, subsequently agitating the surfactant cont@igge 29%
-i"'ngredi ent together with an unreactive gas to disperse the unreactive-gas
as fine bubbles to prepare a bubble dispersion and the&rPOL2Lil0gRi(BE)bubbl e
di spersion with the remaining Ingredient to cure the resultant mxture.
Thus, a polyurethane foam having uniformfine cells and a higher hardness
than ones having the sane density can be produced without using a
chem cally reactive bl owi ng agent such as water, vaporizable expandable
bl owi ng agent such as fluorocarboABSTRARS substance such as a finely
particul ate holl ow foam or solvent sol uble substance. 32 |
A process for producing a finely cellular

polyurethane foam by mixing a first ingredient comprisi

an isocyanate compound and a second ingredient

comprising a compound containing an active hydrogen

group,'characterized by comprising adding a nonionic

silicone surfactant containing no hydroxyl group to at

least one of the first ingredient and the second

ingredient in an amount of 0.1 to 5 wt%, excluding 5 wt%,

based on the total amount of the first ingredient and the

second ingredient, subsequently agitating the surfactant

containing ingredient together with an unreactive gas to

disperse the unreactive gas as fine bubbles to prepare a

bubble dispersion and then mixing the bubble dispersion

with the remaining ingredient to cure the resultant

mixture. Thus, a polyurethane foam having uniform fine

cells and a higher hardness than ones having the same

density can be produced without using a chemically

reactive blowing agent such as water, vaporizable

expandable blowing agent such as fluorocarbon, or other

substance such as a finely particulate hollow foam or

solvent soluble substance.
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