PF 55462PE 55882 hod for the production of polyner foans based on reactive
pol ycondensation resins - Description 5 The invention relates to a process
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below the critical pressure and below the critical temperature of the liquid phase of the

gel and

the gel not being brought into contact with an organic liquid to replace the water
25 presentin the gel by this liquid after step 3) and before step 4).

Furthermore, the invention relates to the polymer foams obtainable by the process. A
foam is a material which, for the purposes of the present invention, is not obtained by
foaming but in another way. For the present purposes, the term “foam” refers to porous
30 material and does not mean “obtainable by foaming”. In particular, a polymer foam is a
structure made up of gas—filled, spherical or polyhedral cells which are bounded by
semiliquid, highty viscous or solid cell struts. The celi struts, which are bound via triple
points, form a coherent framework. The cell struts are spanned by the foam lamella (in
the case of a closed-celled foam). If the foam lamella are destroyed or flow back info
35 the cell struts at the end of foam formation, an open-celled foam is obtained.

Nanoporous polymer foams (foams) having a pore size of significantly below 1 um and
a total porosity of over 70% are, due to theoretical considerations, particularly good
: thermal insulators. |
40 :
Polymer foams comprising polycondensation resins such as melamine-formaldehyde
| resins or other crosslinked polymers can, for example, be produced by a sol-gel
process. Here, a sol is firstly prepared from the polycondensation resin and the sol is
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gel is then replaced by acetone by storing the gel in acetone, and the acetone is finally
removed by extraction and drying by means of CO; under supercritical conditions. This
25 gives an aerogel.

In J. Non-Cryst. Solids 188, 34-40 (1995), Pekala et al. describe a similar process in
which a phenol-furfural gel is prepared, the liquid phase of the gel (1-propanol) is
replaced by COs3 and the CO», is then removed by supercritical drying.

30
In Carbon 38, 1499-1524 (2000), Li et al. describe the production of cresol-
formaldehyde aerogels by preparation of corresponding water-containing gels,
replacement of the water preéent in the gel by acetone, subsequent replacement of the
acetone by COy and supercritical drying.

35
In J. Vac. Sci. Technol. A, 6 (4), 2559-2563 (1988), Hair et al. describe the production
of resorcinol-formaldehyde aerogels by preparation of corresponding aqueous gels, '
treatment with trifluoroacetic acid, replacement by acetone and subsequent
replacement of the acetone by CO» and supercritical drying.

- 40 ‘

Drying under supercritical conditions is very complicated in terms of apparatus, since
defined pressure and temperature conditions have to be maintained in closed vessels.
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gels, replacenent of the water by acetone and subcritical drying of the

gel at S NoNCC9sdisBR221 M4SUBEIH§d70 a8 adEYE. desBReRE BrodibSEBt 1 n the

gel firstly has.to repl ace I n cunbérsonme and tire-consum ng manner
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be necestplacement gf théwates by anetone end egtedritical daiimgeof the gehat38°C.hydr ogel can
then be dried. The earlier patent application DE No. 10353745.7, which is

not a pr hgéorBnglk!,' if ashb&‘ﬁicglfdnl/iha,gche water present in the gel firstly has to be replaced
in a cumbersome and time-consuming manner by a more volatile, organic solvent. Two
25  different solvents may even be necessary. Only this organic solvogel obtained from the

hydrogel can then be dried.

The earlier patent application DE No. 10353745.7, which is not a prior publication {filing
date November 17, 2003}, describes nanoporous polymer foams which are obtainable
30 by curing of microemulsions composed of an aqueous reactive polycondensation resin,
an oil component and an amphiphile. Acids such as phosphoric acids as catalyst and
ammonium chloride as accelerator have to be concomitantly used for this purpose.

It is an object of the invention to remedy the abovementioned disadvantages. In
35 particular, a process which makes it possible to produce nanoporous polymer foams
having extremely small pores and is notable for its simplicity is to be provided.

The process should ailow drying of the polymer gel with low energy consumption and in
high space-time yields. In particular, the process should make do without the use of
40  supercritical conditions or supercritical fluids. '



dat e -NovBFi8#627, 2003), describes nanoporous pol ymer foanms which are
obtai nable 30 by curing of m croenul sions conposed of an aqueous

. reactive polycondensation-resin, an oal conmponent and an anphiphile.
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f or mal dehyde or .substituted formal dehydes such as furfural. Exanples are
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resin is ol ahehABbNentH &isil HOh &g Urss, BRRIdGuMhhInY, RESIFLRP! Y an
catechol, hydroquinone, melamine, phloroglucinol, aniline and cresol. The reactive
25  polycondensation resin is preferably water-soluble and is particularly preferably an
amino resin. The amino resin can be unmodified or modified, for exampie etherified
with alcohols such as methanol or ethanol.

In particular, a urea-, benzoguanamine- or melamine-formaldehyde resin can be used.
30 Very particular preference is given to using a melamine-formaldehyde resin, for

example an alcohol-modified melamine-formaldehyde resin having a

melamine/formaldehyde ratio in the range from 1:1 to 1:10, preferably from 1:2 fo 1:6.

Such resins are known and are commercially available, for example as Luwipal® 063
35 from BASF.

The choice of solvent naturally depends on the resin used. All solvents which give a
gelable mixture, i.e. allow gel formation, are suitable. In the case of the preferred water-
soluble resins, water is preferably used as solvent.
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2- et hy| hsgylpte, and the corresponding methacrylates, e.g. methyl methacrylate %/IMA).
25 _
Polymer particles based on acrylic compounds such as acrylic acid, acrylamide,
acrylonitrile, methacrylamide; on compounds containing acetate groups, e.g. vinyl
acetate; olefins such as ethylene, propylene; and on carboxylic acids such as ifaconic
acid and fumaric acid are likewise suitable. Copolymers such as ethylene-vinyl acetate
30  copolymers are also suitable. Further monomers which are suitable for the particles are
mentioned in DE-A 196 33 626 on page 3, lines 5-50 under M1 to M10, which is hereby
expressly incorporated by reference. Polymer particles based on polyurethanes are

likewise possible.

35 The polymer particles can be homopolymers or copolymers, i.e. it is also possible to
use polymer particles comprising mixtures of the abovementioned monomers, for
example particles of styrene-butadiene copolymer which can, for example, be a
random or block copolymer, or of styrene-a-methylstyrene copolymer.

40  The polymer particles preferably comprise polymers based on monomers selected from
among styrene, butadiene, alkyl acrylates and alky! methaqrylates. Particular
preference is given to using polystyrene particles. For example, particies comprising a
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25 amines, also amphoteric surfactants such as N-(acylamidoalkyl)betaines and amine
N-oxides. Particularly useful surfactants are anionic surfactants, e.g. soaps,
alkylbenzenesuifonates (ABS), alkylsulfonates, atkyl sulfates and alkyl ether sulfates.

Suitable nonionic surfactants are, for example, fatty alcohol ethoxylates, alkylpheno!
30 ethoxylaies, sorbitan fatty acid esters, alkyl polyglycosides and N-methylglucamides;

also block copolymers comprising ethylene oxide and/or propylene oxide.

Very particular preference is given to using anionic surfactants, for example sodium

dodecylsulfate.
35 ‘

" The proportion of surfactants in the dispersion in step 2) is generaily from 0 to 5% by
weight, preferably from 0.3 to 5% by weight, particularly preferably from 0.5 to 3% by
weight and in particular from 0.7 to 2% by weight, based on the polymer particles as
such, i.e. without the water present in the dispersion. ’ '

40

It is possible to use various polymer particles and sutfactants, and in this case the
- amounts indicated are based on the sum of the particles or surfactants.



renoval PF58462r. 20 In a preferred enbodi nent, the aqueous di spersion
fromstep 2) contains a surfactant, particularly preferably an ionic or
noni oni ¢ surfactant. lonic surfact ant.z may be cationic surfactants, for
exanpl e quat ernary amoni um  conpoundS havi ng one or two hydrophobic
groups and salts of long-chain primary 25 am nes, al so anphoteric

; ;; I ?gb ?mi I%H%uaﬁ of¥hé %g%é%l?&g%kégﬂﬂaﬂﬁ%@% nggarﬁaei offTh REcustin®arl, des.
al kyl benZeNEaPE %’f?&?pi% Y Rijd W%‘tekﬁ"é’mer’é’ﬁ%'f’@ a”QISHWCQ@@FT Eartoniile o kyl

et her suligirg esstom@yintising eppraiuses such asi tivesm ustishepolyoer rarielps ae fatty

al fors)l @wﬁmwl dtRSutecBinkthid BGIRL p &3& qarté}msﬂl edlpRBmeT Mthk lsarelighby aci d-
esters a

copol y rreﬁ?lé é’rég@?gé %lﬁéé%gsqqﬂgé Hgggn)énlsa rﬂ#pg sﬂﬁgﬁé&% ’the lQ‘L’&@‘ tme @ﬁ%hed

parti cul laiexgsloes @Pb@‘l@é‘dv §0f¢fﬁ'@éh'0?ﬂ 8 Sugﬁﬁgntaﬁh%ﬁ’ihéf @Bﬁ*ffga‘%ﬁnﬂﬁ@ﬁs a'f%‘FOtex anpl e

sodi um glnidaic o euhrhale emixify cEhebet=il dut @Drootn Bipkesttrént s in the
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2). This gives a water-containing gel.
The mixture comprising the resin and the polymer particles which is obtained in siep 3)
usually has a total solids content of from 0.5 to 25% by weight, preferably from 1 to
25  20% by weight and in particular from 5 to 15% by weighi.

The mixing in step 3) is carried out in a customary fashion, e.g. by combining the resin
mixture from step 1) and the polymer dispersion from step 2). This is preferably done
using a stirrer or another customary mixing apparatus in order to achieve good mixing.

30  The other mixing conditions are not critical; for example, mixing can be carried out at
from 0 to 100°C and from 0.1 to 10 bar (absolute), in particular, for example, at room
tfemperature and atmospheric pressure.

The gel is formed from the resulting mixture by aliowing it to rest, e.g. by simply leaving

35  the container in which the mixture is present (gelation container) to stand. During
gelation (gel formation), the mixture is preferably not stirred or mixed in any other way,
because this could hinder formation of the gel. It has been found to be advantageous to
cover the mixture during gelation or to close the gelation container.

40  The duration of gelation varies according to the type and amount of the components
used and can be a number of days. It is usually from 1 minute to 10 days, preferably
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25  gelation for some time. This can be done using, for example, a heating bath or an
aven.

In general, aging is carried out at temperatures of from 30 to 150°C, preferably from 40
to 100°C, and the aging temperature should be from about 10 to 130°C, in particular

30 from 20 to 80°C, above the gelation temperature. If gelling has been carried out at
room temperature, aging can be carried out at, for example, from 40 to 80°C,
preferably about 60°C. The pressure during aging is not critical and is usually from 0.9
to 5 bar {absoiute). The duration of aging is usually from 10 minutes to 30 days,
preferably from 20 minutes to 20 days and particularly preferably from 30 minutes to 5

35 days. Depending on type and composition, the gel can shrink slightly during aging and
become detached from the wall of the gelation container. The gel is advantageously
covered during aging or the container is closed.

According to the invention, the gel is not brought into contact with an organic liguid in
40 order to replace the water present in the gel by this liquid after step 3) and before step
4). This applies regardless of whether the gel is or is not aged.
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To accelerate this evaporation, it is advantageous to remove the gel from the container.
in this way, the phase interface gel/fambient air via which evaporation takes place is
increased. For example, the gel can be placed on a flat substrate or a sieve for drying.

30 The gel can be dried in air or, if it is oxygen-sensitive, under other gases such as
nitrogen or noble gases, and a drying oven or other suitable apparatuses can, if
appropriate, be used for this purpose.

The temperature and pressure conditions to be selected during drying depend on the

35  liquid phase. According to the invention, drying is carried out at a pressure which is
below the critical pressure pe; of the liquid phase and at a temperature which is below
the critical T, of the liquid phase. Accordingly, drying is carried out under subcritical
conditions.

40 For the present purposes, “critical” has the following meaning: at the critical pressure
“and the critical temperature, the density of the liquid phase is equal to the density of the
gas phase (known as critical density), and at temperatures above T, the gas can no
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Naturally, the gel dries faster, the lower the humidity of the air. The same applies
analogously to liquid phases other than water and gases other than air.

During drying in step 4), the liquid phase is generally removed completely or to a
30 residual content of from 0.01 to 1% by weight, based on the polymer foam obtained.

The process of the invention gives a polymer foam having a mean pore diameter of not
more than 1 um. The mean pore diameter is preferably from 10 nm to 1 um, particularly
preferably from100 nm to 500 nm.

35
The foam preferably has a porosity of at least 70% by volume, in particular at least
90% by volume, i.e. at least 70% or 80% of the foam volume consists of pores. The
porosity can be determined, for example, in a porosimeter by mercury intrusion. Here,

“mercury is pushed under pressure into a sample of the foam. Small pores require a

40  higher pressure in order to be filled with Hg than do larger pores, and a pore Slze

distribution can be determined from the corresponding pressure/volume curve.
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- etherified with methano! as a 70% strength by weight solution in water. The molar ratio

25 - of melamine:formaidehyde:methanol was 1:3.6:2.

A polystyrene latex (aqueous dispersion of polystyrene particles, obtained in a
conventional way by free-radical polymerization using sodium persulfate as initiator)
was used as polymer dispersion. The mean particle diameter was 119 nm, and the
30 polystyrene comprises 97% by weight of styrene, 1.5% by weight of acrylamide and
 1.5% by weight of acrylic acid. The latex contains 1% by weight of sodium
dodecylsulfate as anionic surfactant, and the solids content of the latex was 48.4% by
weight.

35 Example 1:

2.14 g of the 70% by weight agqueous solution of the melamine-formaldehyde resin
were diluted with 25.4 ml of water at 20°C with stirring. This gave a clear, 5.5%
_ sti'ength by weight solution to which 3.1 g of the polystyrene latex were subsequently.
40 added at 20°C while stirring. The mixture obtained was milky white and had a total
~ solids content of 10% by weight. The weight ratio of melamine-formaldehyde resin to
polystyrene particles in the mixture was 1:1, disregarding the water.
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20

Accordingly, 88% by volume of the pores were smalier than or equal to 1 um. The
number average pore diameter was 160 nm.

The éxample shows that a nanoporous foam having a high porosity could be produced
25  in a simple manner and without conventional foaming by means of the process of the
invention. ‘ :

Example 2:

30 Example 1 was répeated, but gelation was carried out at 80°C instead of 20°C. This
" resulted in the duration of gelling being shortened to 4 hours.



35 Exarrpf’E'j?.fw%. 14 g of the 70% by wei ght aqueous sol ution of the
mel am ne-formal dehyde resin were diluted with 25.4 m of water at 20C
. Wth stirring. This gave a clear, 5 5% strength by weight solution to
which 3.1 g of the polystyrene | atex were subsequently 40 added at 20C
‘while stirring. The m xture obtained was mlky white and had a total

sol i ds cBraraplie 36 for Coribarismei without fdigstyienglaiex at i o of _
- mel am ne-formal dehyde resin to polystyrene particles in the m xture was

1:1, disgegardi,ng the r. PE Lner, I d and
gel ati oné\)f\%gp lgérvgﬁ'se% S%%Y?{ﬂ,b it QFIPE))&?&%%F ﬁ%‘e)r(n;u)% ? § ?@é}{ ?)‘JO éa&@fﬂsovc\:nﬁ?rﬁ%ﬁt
stirrfng at 20C. After 4 days, a white gel had formed, which could be

seen by, Exariples 48ltd 8C fohenaddriese disingLaeid a1 1$19,40) thetdrainof b stereriatsal | of
the contai ner was tapped. 5 The gel was subsequently subjected to aging

by heating the cloosed container at 60C in a water bath for 12 days.
Duri ng t f9<f thendd% shangila by weichihraugoug selufionplidhe melaraine-damaidedide r om t he
cont ai neresinalvére dilGted nthald eplofoedtemat20f € méth Isyirrhg aTte gaveealclbag20¥he

cont a4 ne =t e g ' bif sl t;
at mi%he%?%r%tr?%ggg@gt %‘?R’%g%@ tgﬁ m{) 'l(‘atr@a EM%@P? %‘?iﬁn%ﬁmﬁﬁgeg\}rén for 3
days unt faPl& \é’afo?'él%S@GP%“tin?dfjﬁ‘éaB@/éﬂ“Wﬁ?'ya‘%%’ﬂ"eﬂ@tﬁﬁas withy MQQ ve a

fi ne- cel stedng dihgmeiktufenaas thEheciddied svithycoacehttakes poirechidriz@cidi tstarpHbat | on
were 15 pmapgured by nmercury intrusion. The total porosity was 71 % by
vol une, and the pore size distribution is reported in Table 1. Table 1:
Pore size distribution Pore size %by volune 10 to s 50 nm 6. 66

50t 0¥ 00hhe eOntaiger vxOtloseBiGdrgelation vassaUiedmuk by etivingrite. migture tcostashm 7. 66

St 0<10pnwithckit stiriRg ar2@WMakerdife tRRGILAEHT BbIRE, aRO(FrappeddicdBeb. 47
table 2) had formed, which could be seen by, inter alia, the altered sound when the
outer wall of the container was tapped.

20 - The aged gel was then transferred from the container to a glass plate and dried, firstly
in air at 20°C at atmospheric pressure for 10 days and then at 60°C in a drying oven for

3 days until the pressure in the oven was about 20 mbar.

The porosity was calculated by determining the density of the foam and comparing this
25  with the density of the unfoamed melamine-formaldehyde resin. It is reported in table 2.

Table 2: comparative examples

Example 4C 5C 6C 7C 8C

Amount of 0.14 - 10.28 0.42 0.56 0.70

NH,CI [g]

Gelation 23 20 18 16 14

time [min] |

Appearance | blue tinge, colorless, | colorless, colorless, colorless,

of the gél semitransparent | translucent | opaque ocpaque opague

Porosity 0 0 74 83 83

[% by

volume}] | _

Comment no foam no foam macropores | large large
macropores | macropores




20 AccorpFss482z 88% by vol une of the pores were snmaller than or equal to
Im The nunber average pore dianeter was 160 nm The exanpl e shows that
a nanoporous foam having a high porosity could be produced 25 in a
" sinple manner and without convent i ondf foam ng by neans of the process of
the i nvEm paymerixaomberalve 8hnipleadC @antl SGa:dreparasigdef 0PUby gel@t) ion was

carried .ﬂﬁ%@ ' | Sy il i (P17 of

gel l'ing ‘géé% ]‘r]l&tasfﬁ%ﬁt}éne 1?[ % @5TH%%SOJ%IE&%@@?&%&QEES%%PES g% t?toarb(’)n
conpar i s¥# MAFPRIGHSpol ystyrene | atex Exanple 1 was repeated, but no

pol ystyrene | atex was added. No gel ation occurred. 5 Exanples 4Cto 8C
for conparison: using acid and NH4Cl instead of polystyrene. latex 4 g
of the 70% strength by wei ght aqueous solution of the

nmel am ne-f or mal dehyde. resin were diluted with 11 g of water at 20C with
stirring. This gave a clear, 20% 10 strength by wei ght solution to which
t he anobunt of ammonium chloride indicated in table 2 was subsequently
added and conpletely dissolved at 20C with vigorous stirring. The

m xture was then acidified with concentrated hydrochloric acid to a pH of
about 4. 15 The contai ner was cl osed and gel ati on was carried out by
allowing the m xture to stand w thout stirring at 20C. After the tine
indicated in table 2, a gel (for appearance, see table 2) had forned,
whi ch could be seen by, inter alia, the altered sound when the outer
wal | of the container was tapped. 20 The aged gel was then transferred
fromthe container to a glass plate and dried, firstly in air at 20C at
at nospheric pressure for 10 days and then at 60C in a drying oven for 3
days until ‘the pressure in the oven was about 20 nbar. The porosity was
cal cul ated by determ ning the density of the foam and conparing this 25
with the density of the unfoanmed nel am ne-fornal dehyde resin. It is
reported in table 2. Table 2: conparative exanples Exanple 4C 5C 6C 7C
8C Anount of 0.14 0.28 0.42 0.56 0.70



NH4Cl [g]P%gP%ﬁ% on 23 20 18 16 14 tine [m n] Appearance blue tinge,
colorless, colorless, colorless, colorless, of the gel semtransparent
-transl ucent opaque opaque opaque Porggity 0 0 74 83 83 [% by vol une]
Comment n8 f oam no foam macropores |arge |arge macropores nacropores PF
55462 14 CRHES pol ymer in conparative exanples 4C and 5C had a porosity of
0% by volune, i.e. was not a foam Al though a foam was obtained in

conpar at i ¥e- exnigses i erddichig polyiner WemWEER BRY K8ted dRireW62 15 C ai s

1. A process fgr_ producin 0l r. foans_which base - I e | ye
pol ycondensat P&S%coﬁggﬁ}s@ogg%s?rﬁa%n%ﬁ %nrgjgrr'_beé\%?rﬁgé Sﬁ'@?‘ﬁ“ﬂ?@ﬂ%{ %oﬁ%g "ot
nmore % than thamloym §ebekformationonhichvaproprisssiipe foflewingistersol | owi ng st eps:
1) preparing a gelable mxture of the reactive pol ycondensation resin in

a solvent or,dispersion U 10 preparing an eous..di. sper si on
corpri 51 ng. polymireusaps AGERle Bt of heTeRaR pRSeF R BB Bt E Lo

pol ycondensat i on spientpridispaisianepediymwi t h  t he di spersi on conpri si ng

pol ymer particles fromstep 2) to give a water- containing gel, and 15 4)
dryi t he er - al nj . [ . f with drying in
step bei \rll\gé)catp ?%hﬁggb rég’tj &gjsp&r'%se gdqrgcéﬁﬁlsﬁ%l[ %%?ra{% Ufe Wwhich are
below the critical pressure and below the critical tenperature of the
liquid 20 phase ntifing e pxtur@dtiht headjed poigtordensmiohresig fromi siém1 owitt act

W th an organi ¢ ki OukshLiBn t6RbAGRy b§mLPSSHicles from step 2) to give a water-

containing gel, and

15
4) drying the water-containing gel to give the polymer foam,
with drying in step 4) being carried out at a pressure and a temperature which
are below the critical pressure and below the critical temperature of the tiquid
20 phase of the gel and

the gel not being brought into contact with an organic fiquid to replace the water
present in the gel by this liquid after step 3) and before step 4).

25 2. The process according to claim 1, wherein the polymer particles have a mean
diameter of from 20 to 500 nm.

3.  The process accerding to claim 1 or 2, wherein the reactive polycondensation
resin is an amino resin.
30
4, ‘The process according to any of claims 1 to 3, wherein the amino resin is a
melamine-formaldehyde resin.

5.  The process according to any of claims 1 to 4, wherein the polymer particles
35 comprise polymers based on monomers selected from among styrene,
butadiene, alkyl acrylates and alkyl methacrylates.

6.  The process according to any of claims 1 to 5, wherein the dispersion from step .
_ 2) comprises an ionic or nonionic surfactant. ‘ |
40 | o
7. The process according to any of claims 1 to 6, wherein the gel obtained in step 3)
is subjected to aging before step 4). '



present 58482 gel by this liquid after step 3) and before step 4). 25 2.
The process according to claim1l, wherein the polyner particles have a
mean dianeter of from20 to 500 nm 3. The process according to claim1
or 2, wherein the reactive poncondeﬁ@ation‘ resin-is an amno resin. 30
4. The mlr,oc_ema PRSReS BbaBding taayy @cl&dw@i}l_ﬁ@?iwhéreﬁi,th&\kﬁcﬁ@eﬁ the anino ][esi n
i's a nelamne- . PIO, o]
ciaims L o AToReAE iR R i poliner i ECEETTAE M the'hodedlt [
on nonomner s ¥EP@EAtePt freghd Gkt 18t djsresrrdingmatelaneriihersoentser yi at es and
al kyl et hadispkaicesmedia, itlse&epm@)ocess according to any of clains 1 to 5,
whergi n the dispersion fromstep 2) conprises an ionic or nonionic

surfactant. _40 7. The process according to any. of clains to 6, erein
The gel Jobi AMReipceRs sriiag © o & Araciled. vBo Srynadt e A fpisd B
55462 16 8oufiten pessues sf acodrBioRbarandrayteoipectat mé framtloto7100Wher ei n t he
reactive polycondensation resin and the polyner particles are mxed with
one another in a mxing ratio of from10;1 to 1:10, disregardi ng water
ond. ot ndb 538 e Aokl Encat dATER A 10 Pristeh (85 bolel PRI Dceas
accdfdi ng t pomsity of atdéasit i % kyoroBimesherein drying in step 4) is carried
out at a pressure of fromO0.5 to 2 bar and a tenperature of fromO to

ool ymer ool TG 1045 014 & P PPerR st dbaieg X ictie® 133 O porymer

f oam obt ai nabl e by the process according to any of clains 1 to 10.



