SPECIEFCATICN TI TLE OF THE | NVENTI ON ARTI FI CI AL SNOASEED AND METHOD FOR
MAKI NG ARTI FI CI AL SNOW BACKGROUND OF THE I NVENTION 1. Field of the

| nventi on The present invention relates to an artificia
snowseed and to a nethod for making artificial snow. Mre particularly,
the present invention relates to an artificial, spherical, granularg g,

snowseed of a super wat et -absorbi ngFPECIFICATION

" TITLE OF THE INVENTION
ARTIFICIAL SNOWSEED AND METHOD FOR MAKING ARTIFICIAL SNOW
BACKGROUND OF THE INVENTION
Vot 5 1. Eield of the Inyention
The present invention relates to an artificial

snowseed and to a method for making artifigial snow. More
particularly, the present invention relates to an artificial,
spherical, granular snowseed of-a super water-absorbing

10 polymer which retains the original spherical form after
ébsorption of water without sticking to each other. The
spherical snowseed méy be of a dry or a water-swollen form.
The snowseed can be used for_méking artificial snow having an
appearance of granules or rice~flour cakes by freezing. The

15 resulting artificial snow exhibits good properties for
gliding on skis over the slope covered with such snow, and
the snow conditions may be properly adjusted to skiing.
2. Background Art
(Natural snow) |

20 There have recently been a_mérked decrease in
snowfall and an accumulation of snow. As a result, the
openings of many ski resorts afe often hindered. 1In
addition, in order to prepare a well-groomed packed ski
slope,.the natural snow on ski slopes requires frequent

25 packing by tracksetter because newly fallen natural snow is
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pol ymer which retains the original spherical formafter absorption of
wat er without sticking to each other. The spherical snowseed nmay be of a
dry or a water-swollen form The snowseed can be used for making
artificial snow having an appearance of granules or rice-flour cakes by
freezing. The resulting artificial snow exhibits good properties for

gliding on t§a Sofferandanat gpul takke Pm ekt Igkithing OR sk Ry the
conditions may be properly .adjusted to skiing. 2. Background Art (Natural
snow) other Ipnde the snew @andibians L@ Kewpakss eere-grporedwf al |
and an accumul ati on of snow. As a result, the openings of many ski resorts
are of ten Hinalck et not siiifll iswitablerfyr a el smoing awent grandrethacked
oK trail has to be groomed by treading it underfoot, followed by
5 spfaying water on the spread snow.
The slopes recreated by such means are very
susceptible to thé outside air temperature, and the quality
of the snow varies widely from compact to corn with the
passage of time. This is caused by sublimation and
10 condensation of water molecules inside the snow.layer thereby
causing a change in the structure of snow crystals. It is
not easy for skiers to glide smoothly on skis over slopes
covered with corn snow; thus frequent snow-grooming, e.g.
breaking the frozen crust is indispensable. These attempts
15 are however still unsuccessful in giving a satisfactory
results.
(Artificial sSnow)
Installation of snow machines has been popular in
many skiing resorts to prolong the overall skiing season.
20 Snow machines fall into two groups consisting mainly of a
"gun" type and a "fan" type. A method of making artificial
snow by snow machines comprises atomizing compressed water
into a subzero atmosphere to make fine ice particles with the

aid of adiabatic expansion of compressed air or the aid of

25 cold air. The artificial snow thus produced contains 10% by
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sl ope, the natural snow on ski slopes requires frequent packing by
tracksetter because newy fallen natural snowis
-2-  too soft and not suitable for snmooth gliding on skis. On the other’
hand, the snow conditions on a tracksetter-grooned trail is not stil
suitable for a ski racing event, and the trail has to be groomed by
treadi ng i twedght footmore| dHveatey, andasge vdensity o2fcabputad. 3nbo.
The sl opes recreated by such nmeans are very

about 0.4 g/cm , and a mechanical strength of less than 1

kg/cmz. The slope covered with such artificial snow is not
suitable for skiing without being packed. Such artificial

5 'snow changes in quality more frequently than natural snow,

“\

and in certain cases, forms corn snow having an average outer
diameter of about 1 to 5 mm in a few days. Corn snow is
troublesome for skiers; and hence a measure similar to those
as described above is hecessary to overcome the accompanying

10 problems.

A snow machine capable of shattering ice blocks by
means of physical shock to make ice granules or snow flakes
is also currently in use; however it is only capable of
producing ice shavings or corn snow unpreferably, and it is

15 necessary to take measureé to cbpg with the problems as
described ébove.

© Japanese Patent Publication No.63-500526 discloses
a method fér making artificial snow, which comprises mixing
the granules of a water-swellable material, i.e. water--

20 absorbing polymer with watef, and aerating the water-swollen
granules to the air, followed by.freezing. The snow thus
produced, has an appearance of fine stiff ice, like
"EISBAHN", rather than snow, and has a density of about 0.4
to 0.9 g/cm3 with a mechanical strength of about 10 to

25 several 100 kg/cmz, because these properties are highly
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susceptible to the outside air tenperature, and the quality of the snow
varies wdely fromconpact to corn with the passage of tinme. This is
caused by sublimtion and condensation of water nolecul es inside the snow
| ayer thereby causing a change in the structure of snow crystals. It is
not easy for skiers to glide snoothly on skis over slopes covered with
corn snow, sYseepriglentosrevpbipgnPRgireesing hpeadi FCRfe fWB2BN crust is

i ndi spensabl e. These attenpts are however still unsuccessful in giving a

sati sf act orghatteredsby peansfefiphysheal shock to makesgrpnulasniee Show

machi nes has been popular in many skiing resorts to prolong the overal

skiing seassmow Shakespchuobs"Eidsbahn! oshapedrotpEf choei prodygceai anyyof a
corn snow unpreferably. Therefore, in order to make

5 artificial snow suitable for covering ski slopes by using the
above water-swellable material alone, addition of a
surfactant, regulation of the particle size and the water
content of snow as well as frequent grooming of the slopes
are indispensable to prevent the frozen snow particles from

10 further agglomeration. Such snow is too difficult to handle
for ski hill operators.

As the snow conditions on outdoor slopes are highly
susceptible to the weather, indoor ski resorts that can be
opened the year around have recently become popular.

15 Artificial indoor ski slopes are laid with the foregoing
artificial snow, artificial ice granules, snow flakes, or
artificial snow made from a water-swellable material, e,g. a
water-absorbing polymer and water; however the aforesaid
problems still_remain unsolved in these artificial indoor ski

20 slopes.

Another indoor ski slope is produced by laying a
floor with a paste comprising the aforesaid water-swellable
material, e.g. water-absorbing polymer and water (blending

weight ratio= about 1/80 to 1/100), followed by refrigerating

25 the whole floor to create a surface similar to those of
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"gun" type and a "fan" type. A nmethod of making artificial snow by snow
machi nes conprises atom zing conpressed water into a subzero atnosphere to
make fine ice particles with the aid of adiabatic expansion of conpressed
air or the aid of cold air. The artificial snow thus produced contains 10%

by ' - 3- wei ght or nore of water,
and has a dsfsting ofinkeut The swrfageuis Othexgafifer rgroemed awhbl@ani ca

strength of less than 1 kg/cnferr]. The sl ope covered with such artificial
snow i S notscraping off the surface ice to make artificial snow on top

of an ice bed. 1In addition to the-aforesaid problems, indoor
ski slopes created in this way have an inherent problem in
5 that pole plant is not easy because there is an ice layer,
. like "Eisbahn", beneath the artificial snow.

The aforesaid problems can be solved by employing
the artificial snow made by refrigerating a water-swollen,
super absorbing polymer (Japanese Patent Laid-Open

.10 Application Nos.4-43274 and 4-43275 to the applicant of the
invention). The artificial snow is provided in the form of
frozen granules of a water-swollen'super absorbing polymer
itself or in the form of ice crystals similar to ice needles
or frost columns (Photograph 2) which are formed from the

15 water released by the swollen granules upon éooling. In this
case, the kinematic friction factor (uk) increases
unpreferably to about 0.04 to 0.10, compared to about 0.02 to
0.05 for natural powdery snow, as a result of the contact of
the ski base with the éranules. When the kinematic friction

20 (uk) factor is 0.06 or more, it becomes hard to control skis,
e.g. to turn, because of the slowing-down of speed. It gives
a sense of incongruity, and spoils pleasure in gliding.

Some of the problems assoqiated with natural snow
or conventional artificial snow for ﬁse in creating a ski

25 slope include the following: i) It is not easy to freely
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suitable for skiing w thout being packed. Such artificial snow changes in
quality nore frequently than natural snow, and in certain cases, forns
corn snow having an average outer dianeter of about 1 to 5 nmin a few
days. Corn snow is troubl esome for skiers; and hence a neasure simlar to -
those - as described above is necessary to overcone the acconpanyin

probl ens. @djust the saau.ARREHLKCEaPLERRIBE SRathRFi hf mggchgﬁcggeby
means of physical shock to make ice granules or snow flakes is also
current|y iPREEtcubaneskilltiors preferanas| ef oski@r oduti hgSNe¥ shavi ngs or
corn snow unpreferably, and it is necessary to take nmeasures to cope with
t he probl engonditiensrvery whbdedy over the slgp@awbte Fhecpassagei eftion

No. 63- 500526 di scl oses
time; therefore it is hard to maintain the snow quality at

5 4its optimum. 4iii) Investment and maintenance costs are too
high. iv) Conventional artificial snow made from a water-
swellable material (water-absorbing polymer) and water by
freezing is provided as ice blocks which should be further
shattered for use. v) High kinematic friction factor (uk).

10 It is accordingly an object of the present
invention to provide artificial snow which has a kinematic
friction factor (pk) similar to that of natural powdery snow
and good properties for gliding over on skis, and to provide
an artificial snowseed for making such snow.

15
SUMMARY OF THE INVENTION

The applicant of the invention has intensively
investigated to solve the above-described problems, and as a
result has found a new granular snowseed of a super water-

20 absorbing polymer coated with a fluorine-containing material
and/or a silicone o0il, wherein the granular snowseed of the
polymer can retain the origihal spherical form after
absorption of water without sticking to each other.

In claiﬁ 1 the present invention reéides in an

25 artificial snowseed comprising granules of a super water-
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a method for making artificial snow, which conprises mxing the granules

of a water-swellable material, i.e. water- absorbing polymer with water,
and aerating the water-swollen granules to the air, followed by freezing.
The snow thus produced, has an appearance of fine stiff ice, i ke

"El SBAHN', rather than snow, and has a density of about to 0.9 |
g/cnierr] \ARSPELIRG REIEIRT FIRIRA HYigEh 2 AR ori N CaRA B ng Jerterial
kg/cnferr], because these properties are highly

-4- 'and/or a silicone o0il, wherein said ‘granules can retain the

original spherical form after absorption of water without
sticking to each other.

5 In claim 2 the present invention resides in an
artificial snowseed of claim 1 wherein said fluorine-
containing material is the same dispersant as used in the
manufacture of said super water-absorbing polymer by a
reversed-phase suspension polymerization.

10 In claim 3 the present invention resides in an
artificial snowseed of claim 2 wherein said fluorine-
containing material ié an acrylic copolymer.

In claim 4 the present invention resides in an
artificial snowseed of claim 3 wherein said acrylic copolymer

15 contains 10 to 90% by weight of an acrylic or methacrylic
ester moiety having 3 or more of fluorine atoms.

In claim 5 the present invention resides in a
method for making artificial snow which comprises the steps
of: (a) swelling granules of a super water-absorbing polymer

20 in water to provide spherical water—swollen granules having
an average diameter of about 0.05 to 2 mm, said water-
swellable granules being able to retain the original
spherical form after absorption of water without sticking.to
each other and having a_deionizéd water-absorbing power of

25 about 30 to 500 times its own weight, and said water-
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susceptible to aerating or freezing conditions. Wien shattered by neans of
physi cal shock to make granular ice or snow flakes, such "Ei sbahn"-shaped
stiff ice produces only corn snow unpreferably. Therefore, in order to
make artificial snow suitable for covering ski slopes by using the above
wat er-swel | abl e material alone, addition of a surfactant, regul ation of
t he particl eweltabiedgrapuhesebeingnfunther castedswikh| aaflfipgdnemt
groom ng of the slopes are indispensable to prevent the frozen snow
particl es fcontaivihgemasgylioteandi/on. aSsihicone 031t snddhéfiogl ant o handl e
for ski hill operators. As the snow conditions on outdoor slopes
are highly asesaget dhbmetert b€ 20atbeB00I poipoandk(b)efpeesingatheawalter-
opened the year around have recently beconme popul ar.
swollen granules by at least one means selected from the
5 group consisting of the following steps:
(i) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes,
(ii) freezing the water-swollen granules'by blending
them with at least one coolant selected from the group
10 consisting of dry ice, liquid carbon dioxide, and liquid
nitrogen, and
(iii) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes after
blending them with natural snow, artificial snow made by a
15 snow machine, or icy snow made by shattering ice blocks, or
freezing the water-swollen granules on the refrigerated floor
after blending them with at least one coolant selected from
the group consisting of dry ice, liquid carbon dioxide, and
liguid nitrogen.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a microscopic photograph of artificial
snow according to the present invention.

Figure 2 is a microscopic photograph of artificial

25 snow made by a conventional process.
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Artificial indoor ski slopes are laid with the foregoing artificial snow,
artificial ice granules, snow flakes, or artificial snow made from a
wat er-swel | able material, e,g. a water-absorbing polyner and water;

however the aforesaid problenms still remain unsolved in these artificial
i ndoor ski sl olp Anot her i ndoor_ sKki QPDe | S é)roduced by
laying a EFHILER PESGRERTION R | THE, PREFERRER FMBQPIMENES s e | abl e

material, e.g. mater-absorblnglgolyner and water (blending weight ratio=

about 1/80 to 1/100) Exanpks®@hHytherFyRasn HateF-aneemidie ROLAIeTS creat e
a surface simlar to those of
suitable for the present invention include starch or

cellulose base polymers; and synthetic.polymers, copolymers
5 or terpolymers of acrylamide, acrylic acid, acrylic acid
salt, methacrylic acid salt, styrene, vinyl ether, and the
like. Among them, the preferred are a polyacrylic acid salt,
a vinyl alcohol-acrylic acid salt copolymer, or a saponified
isobutyiene-maleic anhydride copolymer, these being provided
10 as spherical granules by a reversed-phase suspension
polymerization in the presence of an organic solvent.

Any reversed-phase suspension polymerization may be
employed. A typical example is a reversed-phase suspension
polymerization of a solution of acrylic acid and a salt

15 +thereof. The aqueous solution of acrylic acid and an acrylic
acid salt thereof is prepared by partial neutralization of
monomeric acrylic acid with an agueous solution of an alkali
metal salt such as sodium hydroxide, potassium hydroxide, or
ammonium hydroxide. The preferred degree of neutralization

20 is within the range of from 60 to 85 % from the viewpoint of
water-absorbing power and safety. Monomer concentrations in
the aqueous solution are in the range of 35 to 75% by weight,
preferably 40 to 70% by weight.

An unsaturated monomer capable of copolymerizing it

25 with acrYlic acid or its alkali salt may be used additionally
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- 5- skating rinks. The surface is thereafter groonmed while scraping off
the surface ice to nmake artificial snow on top of an ice bed. In addition
to the aforesaid problens, indoor ski slopes created in this way have an
i nherent problemin that pole plant is not easy because there is an ice
| ayer, |ike "Eisbahn", beneath the artificial snow. The
af or esai d pF8bleng éﬁnab§u§9FvH§tﬁy ehprehing pehemart cancbal pravkdedde by
refrigerating a water-swollen, super absorbing polyner (Japanese Patent
‘Lai d-Open Applicati owhﬁos.the48@var§ﬁd-nha3e7suspenaeoappblme.riaattme
invention). The artificial snowis provided in the form of
of the aqueous solution of acrylic acid and its alkali salt
is carried out, a water-soluble persulfate such as potassium
5 persulfate or ammonium persulfate, or hydrogen peroxide is
preferably employed as an initiator because of the self-
crosslinking nature of the polymer. The amount of initiator
is within the range of from 0.1 to 2.0% by weight, preferably
0.2 to 1.0% by weight based on the monomers used.

10 Examples of the aliphatic hydrocarbon solvents
suitable for use in the reversed-phase polymerization include
aliphatic hydrocarbons such as n-pentane, n-hexane, n-
heptane, and n-octane; alicyclic hydrocarbons such as
cyclohexane and methyl cyclohexane, and decalin, with the

15 preferred ones being n-hexane, n-heptane and cyclohexane.

Another requisite for preparing the super water-
absorbing polymer is that the resultant polymer is
crosslinked by using a crosslinking agent in the presence or
in the absence of an inorganic substance.

20 ' Any compound having two or more of the functional
-groups capable of reacting them with carboxyl group or
carboxylate group may be used as the crosslinking agent.
Examples of the agents include, e.g. polyglycidyl ethers such
as ethylene glycol diglycidyl ether, polyethylene glycol

25 diglycidyl ether, glycerine triglycidyl ether; haloepoxy
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frozen granul es of a water-swollen super absorbing polymer itself or in
the formof ice crystals simlar to ice needles or frost colunmms
(Phot ograph 2) which are formed fromthe water released by the swollen
granul es upon cooling. In this case, the kinematic friction factor
([err]k) increases . unpreferablg to about 0.04 to 0.10, conpared to about
0.02 to 0.eoupPeundst gieh pswapighipsahydsia, resuethplchhereBraRiR i of the
ski base with the granules. \Wen the kinematic friction ([err]k) factor is
0.06 or noreolyaldebydes Burh 88 gdutaspldehgde, eglyoxralt uvhthhEbBguse of
the sl owi ng-down of speed. It gives a sense of incongruity, and spoils
pl easur e i npyeferngd crosslinkingSagentfbehagpethyieneagiverit gdyaidyl
natural snow or conventional artificial snow for use in creating a sk
sl ope incluethene following: i) It is not easy to freely
5 The amount of crosslinking agent is preferably

within the range of from 0.05 to 2% by weight, depending on

the particular crosslinking agent or dispersant employed.

When the amount is less than 0.05% by weight, the fluidity

and mechanical strength of the water-swollen granules become

10 poor, and inversely when it is more than 2% by weight, the
crosslinking density becomes too high, with the result of a
marked decrease in water-absorbing power.

When the crosslinking is carried out in the
presence of an inorganic substance, the fluidity of the

15 resulting granules increases. Examples of the inorganic
substance include white carbon, talc, hydrotalcite, and
pulverized silica such as aerosol. A surfactant such as the
conventional nonionic one may be used together with the
inorganic substance.

20 The crosslinking agent may be added in the drying
step for the resulting granules by azeotropic distillation or
heating in vacuo, with the preferred step being ézeotropic
distillation.

Any process to coat the surface of granules of the

25 super water-absorbing. polymer with a fluorine-containing

This Sheet Has Been Replace.

[T

- 11 -




-6- adjust the snow density or strength so that it matches the particular

skill or preference of skier. ii) Snow conditions vary w dely over the
slope with the passage of time; therefore it is hard to maintain the snow
quality at its optimum iii) Investnent and nai ntenance costs are too

high. iv) Conventional artificial snow made froma water- swellable

material (veateridlopdi aflherpaerilRay vRE cHSey- f FRRz9Fe 1R 8Yi Bed as
i ce bl ocks which should be further shattered for use. v; Hi gh ki nematic
friction fostper (yetetkabsorbing polymer may be coated with a fluorine-

containing material or silicone oil by a conventional
blending or mixing process. When the super water-absorbing

5 polymer is prepared by a reversed-phase suspension
polymerization, the surface coating may also be carried out
simultaneously by usihg an aliphatic hydrocarbon solution in
which thé fluorine-containing material or silicone oil is
dispersed as a dispersant.

10 The amount of fluorine-containing material or
silicone oil used as the dispersant is within the range of
from 0.1 to 10% by weight, prefe;ably 0.5 to 3% by weight on
the basis of the totai amount of acrylic acid and its
monomeric élkali salt. When the amount is less than 0.1% by

15 weight, an improvement effect on the gliding properties on
skis cannot be exerted sufficiently, and the disperéibility
of colloid during polymerization becomes poor, inversely when
it is more than 10% by weight, any additional improvement
effect on the gliding properties cannot be produced, and

20 moreover often uneconomic because extremely fine granules
form.

Examples of the fluorine-containing materials
suitable for the invention include polymers and copolymers
obtained by a suspension (co)polymerization or solution

25 (co)polymerization of a fluorine base compound as a monomer.
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It is accordingly an object of the present invention to provide artificial
snow whi ch has a kinematic friction factor ([err]k) simlar to that of
nat ural powdery snow and good properties for gliding over on skis, and to
provide an artificial snowseed for making such snow. SUMVARY COF THE
| NVENTI ON The applicant of the invention hag intensivelg
i nvest i gat EiraRpLes vef { Hee EhVRT iR PRFR IPRMR R ENCLde Q2ne SYERPRE fRas
found a new granul ar snowseed of a super water- absorbing polyner coated
with a fluoflvereatkyl n( ngthhacrybate abhe of lupxine catem dpeingHeesl hipned
granul ar snowseed of the polyner can retain the original spherical form
after absorptthe ndieky evhikh hdoes snotkpagticipake b hehe

polymerization. . Another monomer is a compound the fluorine

5 atom is positioned on the moiety which participates in the

polymerization.

Example of the fluorine base monomer containing
fluorine atom on the moiety which participates in the
polymerization include, e.g. vinyl fluoride, vinylidene

10 fluoride, l-chloro-l-fluorcethylene, trifluoroethylene,
chlorotrifluorcethylene, tetrafluoroethylene,
hexafluoropropylene, hexafluoroisobutylene,
perfluoro(methylvinylether), perfluoro(n—propylvinyléther).

Examples of the fluoroalkyl (meth)acrylate include

15 heptafluorobutyl acrylate, heptadecafluorooctyl acrylate,
hexafluorobutyl methacrylate, heptadecafluorooctylethyl
methacrylate, trifluoroisopropyl a-cyanoacrylate, tri-
fluorocethyl a-chloroacrylate, 2,2,2-trifluoroethyl acrylate,
2,2,3,3-tetrafluoropropyl acrylate, 1H,1H,5H-octafluoropentyl

20 acrylate, 1H, 1H, 2H,2H-heptadecafluorodecyl acrylate, 2,2,62-
trifluoroethyl methacrylate, 2,2,3,3-tetrafluoropropyl
methacrylate, 1H, 1lH,5H~octafluoropentyl methacrylate,
1H, 1H, 2H, 2H-heptadecafluorodecyl methacrylate, and the like.

The preferred fluorine-containing material is an

25 acrylic (co)polymer obtained from a fluoroalkyl
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In claim1 the present invention resides in an artificial snowseed
conprising granules of a super water- _

-7- absor bi ng pol yner coated with a fluorine-containing material and/or
a silicone oil, wherein said granules can retain the original spherical
formafter absorption_of water without sticking to each other. ]

In claim2 {Rethasamlate,emoren Prefegablvn agn acxylill dicsl) PodomsTe vhdich

claim1l wherein said fluorine- :
contains 10 to 90% by weight of a fluoroalkyl (meth)acrylate

moiety having 3 fluorine atoms. When the fluofoalkyl
(meth)acrylate is less than 10% by weight, an improvement
5 effect on the gliding properties on skis cannot be exerted
sufficiently, and inversely when it is more than 90% by
weight, blocking sometimes occurs inithe preparation step of
the super water-absorbing polymer.
Examples of the monomer capable of copolymerizing
10 it with the fluoroalkyl (meth)acrylate include é
(meth)acrylaté or a (meth)acrylamide and/or an alkyl
(meth)acrylate having at least one alkyl group. These
copolymerizable unsaturated monomers have a functional group
such as carboxylic acid, hydroxyl, amino, or amide group.
15 The amount of (meth)acrylate or (meth)acrylamidg
moiety in the aforesaid acrylic (co)polymer is preferably
within the range of from 5 tol40% by weight. When the amount
is less than 10% by weight, blocking sometimes occurs in the
preparation step of the super water-absorbing polfmer. When
20 it is more than 40% by weight, the above acrylic (co)polymer
to be used as a dispersant-becomes hard to dissolve in the
aforesaid aliphatic hydrocarbon solvent.
The amount of other copolymerizable unsaturated
monomers is preferably within the range of from O to 85% by

25 weight.
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-containing material is the sane dispersant as used in the manufacture of
sai d super water-absorbing polyner by a reversed-phase suspension

pol ymeri zati on. In claim3 the present invention resides in an
artificial snowseed of claim2 wherein said fluorine- containing material
s an acrylic copol yner. In claim4 the present inventjon

resides in an artifi®dhyl sthiopeceibfineluding WHawe Mmediymaayd; pigh-
copol yner _cpntains 10 to 90% by weight of an acrylic or nethacrxlic ester
moi ety havivigs@st tyroprodicts ueay ke aueed. Typical ex3amplesi Hnclude
present invention resides in a nethod for nmaking artificial snow which
conpri ses tmetsykpsilibtone¢ adpiboel fluoromethybssbiicorepeilaat er - absor bi ng
polymer in water to provide spherical water-swollen granul es having

phenylmethyl silicone oils, methylhydrogen silicone oils,

5 silicone oil-polyether copolymers, and amino-modified

silicone oils.

The form of the super water-absorbing polymer of
the present invention is preferably in the form of granules,
the more preferred form being spheres. The preferred average

10 particle size of the super water-absorbing polymer is within
the range of from about 20 to 500 pm before absorption of
water, and within the range of from about 0.05 to 2 mm after
absorption of water. When the particle size before
absorption of water is about 20 pm or less, very hard snow is

15 obtained because the granules are too fine. When it is more
than about 500 pm, artificial snow in the form of corn is
obtained unpreferably. |

Spherical granules of a shper water-absorbing
polymer is preferred for the following reasons: i) It is

20 easy to handle. ii) The resulting artificial snow granules
are also in the spherical form, and can provide good gliding
properties. iii) If can be readily blended with natural
sSnow.

In order to make the granules to retain the

25 original spherical form with good fluidity even after
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an average di anmeter of about 0.05 to 2 mm said water- swellable granules
being able to retain the original spherical formafter absorption of water
wi t hout sticking to each other and having a deioni zed wat er - absor bi ng
power of about 30 to 500 tines its own weight, and said water-

-8- swellable granules being further coated with a fluorine-_ containing
mat eri al an8PSPTRPM efn¥ader add HEvPRFiZALLEy Epadacara®e dhepf 20 to 500

[err]m and (b) freezing the water-
crosslinking degree of the super water-absorbing polymer by

using a polyvalent epoxy or amine cbmpound as a crosslinking
agent while regulating the amount so as to produce proper

5 water-absorbing power. When the crosslinking degree is too
high, the water absorbing power decreases unpreferably.

One of the good reasons why the super watér-.
absorbing polymer according to the present invention can
retain the original spherical form with good fluidity even

10 after absorption of water may be that there is little
clinging water among the water-swollen granules, and the
opening in the granules increases due to the sliding of the
granuies with each other.

A water-absorbing polymer is also known in the

15 market which becomes pasty after absorption of water. Such
paste forms a large block of ice when it freezes. The ice
block is nof suitable as artificial snow for ski élopes
without a shattering step. Of coursé, it is hard to maintain
the shattered snow under suitable conditions for skiing as

20 described above.

Depending upon the freezing method, the average
particle size and the amount of water absorbed, the
artificial snowseed of the invention can be provide a series
of different forms ranging from the form of finely disper#ed

25 powder to the form of ricefflour cakes wherein the individual
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swol | en granul es by at | east one neans selected fromthe group consisting
of the foll ow ng steps: (i) freezing the water-swoll en granules on a
refrigerated floor laid with refrigeration pipes, (i1i) freezing the
wat er-swol | en granules by blending them wth at |east one cool ant
selected fromthe_group consisting of dry ice, liquid carbon dioxide, and
l'i qui d nitPGﬁEﬁFlﬁﬁdcontaCt(#ngtheSQPHgthﬁrmater-smolIen granul es on a
refrigerated floor laid with refrigeration pipes after blending themwth
natural snow, artificAg Pbaseoragk %y5§°W§nomﬁﬁﬁcﬁhﬁeérﬁif¢§9aén§ﬂ0W§G€dby
shattering ice blocks, or freezing the water-swollen granules on the
refri ger at edff £ber inuyensiopl Eneergst heatert hsaporedsoutnefctbeant sel ected
from : _
artificial snowseed, and the surface of the granules are

5 covered with frozen ice shells formed from the oozed water.
Therefore, when an artificial ski slopé is produced by laying
it with the artificial snow of the invention, the ski base
and the granules be&ome hard to contact each other. 1In
addition, as the surface of the granules are coated with a

10 fluorine-containing material ana/or a silicone oil, the
artificial snow has a kinematic friction factor (pk) similar
to that of natural powdery snow, e.g. of about 0.02 to 0.05
(pk), indicating a significant improvement in lubricating
properties.

15 The deionized water-absorbing power of the super
water-absorbing polymer is within the range of from about 30
to 500 times its own weight, preferably about 50 to 200
times. When the water-absorbing power is less than 30 times,
it becomes hard to maintain the resulting snow in desired

20 conditions because of its inability to absorb the liquid
water being'forméd on melting. When it is more than 500
times, the gel strength after absorption of water is
impaired, énd the water-swollen granules become fragile
against pressure unpreferably. |

25 The snowseed of the invention may be shipped before
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the group consisting of dry ice, liquid carbon dioxide, and |iquid

ni trogen. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
m croscopi ¢ phot ograph of artificial snow according to the present
i nventi on. Figure 2 is a mcroscopi c photograph of artificia

snow made by a conventional process. The space between the lines is 1 mmin
Figs 1 and @bsorption of water, or as water-swollen gganules.

Any absorption method may be acceptable for making
the water-swollen granules of the super absorbing polymer. |
The granules may be placed in water while stirring, followed

5 by allowing them to stand for several minutes. Temperature
has impact on the absorption rate. As temperature becomes
higher, the rate becomes higher or wvice versa; therefore it
is desirable to heat. the water properly when the temperature
is below 10°C.

10 Any method may be employed for refrigerating the
snowseed of the invention. Examples of the method include
refrigeration of the snowseed with the aid of a coolant such
as dried ice, liquid nitrogen, liquid air, or liquid carbon
dioxide while mixing. A typical method comprises placing the

15 snowseed on a refrigerated floor laid with refrigeration
metal pipes. Another method comprises using the aforesaid
snow~falling or snow-making machine. The most preferred
method may be selected on the desired snow quality. The
refrigerating method by using liquid nitrogen, liquid air or

20 1liquid carbon dioxide is preferably accepted because these
liquid coolants are mixed readily with the water-swollen
granules of a super water-absorbing polymer, and the snowseed
may be refrigerated in a short period of time by the aid of
vaporization latent heat of these coolants. Other coolants

25 similar to these may be also employed, with liquid carbon
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS Exanpl es of
. the super water-absorbing polynmers suitable for the present invention
~include starch or cellulose base polyners; and synthetic pol ymers,
copolymers or terpolyners of acrylam de, acrylic acid, acrylic acid salt,
met hacrylic acid salt, styrene, vinyl ether, and the I|ke Anong t hem the
preferred addoxigls \oeing inrefenredhl t Liquid marhon sHetxisde @xhibits aal t
copol ymer, or a saponified |sobutylene mal ei ¢ anhydri de copol yner, these
bei ng provi @94 Fefiplgeratingrefifigcts WndG inexpewive el Rasents diendle
pol ymeri zation in the presence of an organic sol vent. Any
rever sed- ph&nd getpensi on pol yneri zati on may be enployed. A typical
exanple is a reversed- phase suspension polynerization of a solution of
acrylic acid and a salA typical method of making snow of the invention
5. .comprising the steps of: swelling the water-swellable
granules of a super water-absorbing polymer in water until
water-swollen granules'having an average particle size of
about 0.05 tb_z mm can be obtained, wherein the water-
swellable granules have an average particle size of about 20
10 to 500 pm and a deionized water-absorbing power of about 30
to 500 times its own weight, and can retain the original
spherical form after ébsorption of water without sticking to
each other, mixing the water-swollen granules with natural
snow, artificial snow made by a snow-falling machine, or icy
15 snow made by shattering ice blocks, and refrigerating the
- mixture by blending it with liquid carbon dioxide. 1In this
case, the water-swollen granules alone may be refrigerated.
Liquid carbon dioxide is obtained from the market.
Liquid carbon dioxide has a vaporization latent heat of 15.1
20 Kcal/Kg (at 30°C), 48.1 Kcal/Kg (at 10°C), and 56.1
Kcal/Kg(at 0°C). The latent heat is utilized favorably for
cooling or refrigerating.
Liquid carbon dioxide is manufactured by liquefying

gaseous carbon dioxide at a pressure of about 40 atm under

25 hgooling. Resources of carbon dioxide are natural gas, off-
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t hereof . The aqueous solution of acrylic acid and an acrylic acid salt
thereof is prepared by partial neutralization of nononeric acrylic acid
wi th an aqueous solution of an alkali netal salt such as sodi um hydroxi de,
pot assi um hydr oxi de, or ammoni um hydr oxi de. The preferred degree of
neutralization is within the range of from60 to 85 % fromthe viewoint
of wat er - agesr frog powoniznd menudertuvingndd andsc emfifagasngriom t he
aqueous solution are in the range of 35 to 75% by weight, preferably 40 to
70% by wei gpetroleum refindmgumsel ertihiydeénen mamufacApating @gllandisol yi@dheat ng
it with acrylic acid or its alkali salt nmay be used additionally
off-gas or tail gas evolved in petrochemical plants or steel
works may also be uséd as the source.

5 Any method, such as manual labor or a mechanical
automatic means, may be employed for mixing the water-swollen
granules of a super water~-absorbing polymer with liquid
carbon dioxide, for freezing the mixture, and for laying the
resulting powdery artificial snow over a floor of an indoor

10 ski slope. Although the aforesaid snow-falling or snow-
making machine may be emploved, a quick-freezing method under
the direct contact of ligquid carbon dioxide with the water-
swollen granules may be preferably employed for this purpose.

Any amount of carbon dioxide or coolant may be

15 emploYed so far as the temperature of the resulting
artificial snow is within the range of from about O to minus
30°C. The preferred temperature will depend on various
conditions.

Any known method for mixing the water-swollen

20 granules of a super water-absorbing polymer with natural snow
and the like may be used. The granules/snow ratio is
preferably within the range of 99/1 to 1/99 by weight, more
preferably 99/2 to 20/80, depending on the purpose.

Ski slopes may be laid with the artificial snow

25 alone made from the snoﬁseed of the invention. Such
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- 10 - so long as a super water-absorbing polynmer can be provided.
When t he reversed- phase suspension polynerization of the aqueous sol ution
of acrylic acid and its alkali salt 1is carried out, a water-sol uble
persul fate such as potassium persulfate or amoni um persul fate, or.

hydr ogen per,oxi de is referably enployed as an initiator because of the
T e Do dPpERG Rt e GaNeR TR FIOPS PASYA LR C0iCe At S A b -
within the range of fromO0.1 to 2.Q0% by weight, preferably 0.2 to 1.0% by
wei ght basededHTede sidon@rdifdsial snow or” icy, $nowedage bye ohethati c

hydrocarbon solvents suitable for use in the reversed-phase pol ynerization
i ncl ude methods may be properly blended.

In producing an artificial ski slope, the floor may
5 be laid with snow, e.g. in the form of rice-flour cakes,
followed by laying the surface with powdery snow, whereby a
ski slope troubleless and easy to plant poles can be
produced.

The snowseed of the invention may be recycled for

10 reuse after drying.

In addition, it is environmentally safe to dispose
the used snowseed because the snowseed of the invention is
photodecomposable and/or biodegradable; however a known
accelerator, catalyst, additive may blended, added,

15 impregnated or coated, if early degradation is desired, to
accelerate photodecomposition or biodegradation. The
snowseed of the invention are not harmful to the health;
therefore these additives should be properly selected after
due consideration of safety first. |

20 The snowseed of the invention may be colored with
known pigments or dyes. The artificial snow made from the
colored artificial snowseed looks beautiful, and a commercial
value maf be added to it. For example, discrimination-of ski

slopes by coloring for beginners or experts may add a more

25 fun.
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al i phati c hydrocarbons such as n-pentane, n-hexane, n- heptane, and

n-octane; alicyclic hydrocarbons such as cycl ohexane and net hyl

cycl ohexane, and decalin, with the preferred ones bei ng n-hexane,

n- hept ane and cycl ohexane. Anot her requisite for preparing the

super water- absorbing polyner is that the resultant polymer is

crosslinked by using Buckbesliakhey adéhtives: he.gr cpenfumegy fragraasce,

absence of an inorgani c substance. Any conpound havi ng two or

more of theofuaromanmay beoagdedapabl e of reacting themwi th carboxyl group

or carboxylate group may be used as the crosslinking agent. Exanples of

t he agents include, eAp. aptigglidantyl udthaviolethabaerbenyl éhvogegcent

di gl yci dyl ether, polyethylene glycol diglycidyl ether, glycerine

triglyci dyl agéheg ; nbhaleapdry agent, extender, friction improver, and the
5 1like may also be added so far as the properties of the

resulting snow are not impaired.

The invention is further illustrated by the
following examples which are set forth by way of illustration
only and not by way of limitation.

10
[EMBODIMENT ]
Performance test procedures in the following

examples are as follows:

15 (Deionized Water-Absorbing Power)

The dry granules of a polymer in an amount of 0.5 g
are dispersed in 1000 ml of deionized water and allowed to
stand for about 24 hours. The resulting water-swollen
granules are filtered through a 60-mesh wire net. The water-

20 swollen granules are weighed to measure the weight.(W). The
water-absorbing power is determined by dividing (W) by (W,),

wherein W, is the weight of dry granules.

(Fluidity after Absorption of Water)

25 The dry granules of a polymer in an amount of 1.0 g
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conpounds such as epi chl orohydrin, a-nethyl chlorohydrin; polyal dehydes
such as gl utaral dehyde, glyoxal, wth the preferred crosslinking agent
bei ng et hyl ene glycol glycidyl ether. The amount of
crosslinking agent is preferably wthin the range of fromO0.05 to 2% by
wei ght, depending on the particular crosslinking agent or dispersant
enpl oyed. Airenadidedartmurfo imd |ofs Setiloani zed Woter Wwo Hiturddwe.f| widididity
are evaluated visually under gentle vibration and reported as

O (for good), x (for bad) or a (for normal).

5 (Bulk Density after Absorption of Water)

Into a 100-ml beaker are added the water-swollen
granules of a super waterFabsorbing polymer in an amount of
about 20g at a time until the beaker is packed with the
granules up to the 100 cc marked line while holding the

10 surface down. The bulk density is determined by dividing the

weight by the volume.

(Density of Artificial Snow after Freezing)
Frozen snow with known volume is weighed. The

15 density (g/cma) is determined by dividing the weight by the
volume. When the sample snow is soft, a thin sfainless steel
box with known volume for sticking it into snow is
conveniently used for the purpose; inversely when the sample
snow is hard, thé volume calculated by measuring the

20 dimensions of a snow cube made by sawing the frozen snow is

used instead.

(Mechanical Strength of Artificial Snow after Freezing)
A disc in an adapter is released to fall straight

25 on to an artificial snow sample. Repeat the procedure by a
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and nechani cal strength of the water-swollen granul es becone poor, and

i nversely when it is nore than 2% by weight, the crosslinking density
beconmes too high, with the result of a narked decrease in water-absorbing
power . When the crosslinking is carried out in the presence of
an inorgani c substance, the fluidity of the resulting granules increases.
Exanpl es of Ktheshhoa$anHardaebst Zastern(irnddewName )cahlbde, chahging the
hydrotal cite, and pulverized silica such as aerosol. A surfactant such as
t he convenadapabrnsdi éhat @he dagcbeansednkogot Aedepthhofhabouto7gani 80
subst ance. The crosslinking agent may be added in the drying

step for thamrBbeHehtRgtBeaBur€acky aThet sepefigdhsikl tallctlated bgausigg n
vacuo, with the preferred step being azeotroplc
a conversion table. In case of powdery snow, the feeling of

- 5 the snow sample is noted, e.g. by "powdery".

(Kinematic Friction Factor pk after Freezing)
The water-swollen granules of a water-absorbing
polymer are spread in a layer to a depth of about 5 cm over
10 an inclined floor (10°) laid with flexible plastic cooling
pipes having an inner diameter of 5 mm, followed by
refrigerating the layer by circulating brine at minus 20 °C
for about 20 hours to make artificial snow. A ski slope (13
m in length) is produced by treading the snow. The time (t)
15 required for gliding over the slope on practical skis coated
with only.base wax alone is measured. The kinematic friction

factor is calculated from the following formula:

pk=(gsinB-2x/t?) /gcosb
wherein,
g : kinematic accelerated velocity (9.80 m/sec’)
20 0 : inclined angle of slope (10°)
X : length of slope (13 m)

t : time required (sec)

[Preparative Examples 1-8]
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distillation. Any process to coat the surface of granules of the
super water-absorbing polyner with a fluorine-containing

- 12 - material or silicone oil may be used. The granules of a super

wat er - absor bi ng pol yner nay be coated with a fluorine- containing nmateri al
or silicone il by a conventiaonal _blending or mxing process. Wen the
super wat er £ 'Qﬁjvﬁxﬁ Qélbrepared by a reversed- phase suspensi on

Spherical Granules of Super Water-Absorbing Polymer and the
Properties of Artificial Snowseed and Snow
Into a 500 ml-separable flask equipped with a
= 5 stirrer, a reflux condenser, a dropping funnel, a
thermometer, and a nitrogen inlet tube was fed 150 g of
deionized water, followed by addition of 0.2 g of a partialiy
saponified polyvinyl alcohol (available from NIPPON GOSEI
KAGAKU K.K., under Trade Mark GH-23). After melting of the
10 éontents, the flask was purged with a nitrogen stream.
Separately, into an Erlenmeyer flask were fed 25.0g
of heptadecafluorodecyl methacrylate (available from Osaka
Organic Chemical Industry Co. Ltd., under Trade Mark VISCOAT
V-#17FM), 5.0g of hydroxyethyl methacrylate (HEMA), 5.0g of
15 methacrylic acid (MMA), 15.0g of methyl methacrylaté (MMA),
and 1.0g of azobisdimethylvaleronitrile to dissolve. - The
resulting mixture was added dropwisely to the aforesaid
separable flask over a period of one hour while bubbling a
nitrogen stream. After holding for 5 hours at 65°C to
20 complete reaction, the solid matter was filtered after
cooling and washed with water, followed by drying it in vacuo
whereby a dispersant (a fluorine-containing acrylic
copolymer) in the form of beads was obtained.
The dispersant in an amount of 4.32g and n-hexane

25 in an amount of 360.7g were added to a 1000-ml separable
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pol ymeri zation, the surface coating may al so be carried out sinultaneously
by using an aliphatic hydrocarbon solution in which the
fluorine-containing material or silicone oil is dispersed as a dispersant.
The amount of fluorine-containing material or silicone oil used as the
dispersant is within the range of fromO0.1 to 10% by wei ght, preferably
0.5 to 3% bflaskgiitded widhhasistigtrerhe at mluamnde@sea’orpl droppidgand
its nmononeric alkali salt. Wien the amount is less than 0.1% by weight,
an i npr ovenfmnneilf,ea thexremederdiang pgr ayddrogen dmletkitsbeanndhebe exert ed
sufficiently, and the dispersibility of colloid during polynerization
becones pooconterdss slereM@mated tics 505:1Ce tich&dd spe¥sey and dlitssodve,addi ti onal
i nprovenent effect on the gliding properties cannot be produced, and
followed by nitrogen purging.
5 Separately, acrylic acid in an amount of 72.0g was
neutralized with 32.2g of sodium hydroxide dissolved in
103.6g of deionized water in an Erlenmeyer flask, followed by
further addition of potassium persulfate (0.24g) while
dissolving it at room temperature. The agueous monomer
10 solution was added dropwisely to the aforesaid separable
flask while stirring at 300 rpm under the bubbling of a
nitrogen stream over a period of one hour. After reflux for
two hours, 0.1g of 30%-hydrogen peroxide was added and the
reflux was further continued for a period of one hour to
15 complete polymerization. Thereafter, 0.73g of ethylene
glycol diglycidyl ether was added, and the contents were
dehydrated by azeotropic distillation, filtered and dried in
vacuo whereby a super water-absorbing polymer in the form of

white beads, already coated with the above-~described

20 fluorine-containing acrylic copolymer, was obtained.

(Preparative Examples 2 to 8)
Similarly, a dispersant (a fluorine-containing
acrylic copolymer) of the composition as set forth in Table 1

25 was prepared. A super water-absorbing polymer in the form of
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noreover often unecononic because extrenely fine granules form

Exanpl es of the fluorine-containing nmaterials suitable for the invention
i ncl ude pol ynmers and copol yners obtai ned by a suspension
(co)polynerization or solution (co)polynerization of a fluorine base
conmpound as a nononer. - 13 -
Exanpl es ofwhitee f beads nalpesdy nepabed vhthutke ohbuertnezgoptainipgoal kyl

(meth)acrylate the fluorine atom bei ng positioned
acrylic polymer was obtained by using the dispersant.

Test results of the resulting polymers for the
5 water-absorbing power, average particle size, fluidity and
bulk density after absorption of water, snow density and
structure of snow crystals (whether ice crystals in the form
of shells are present or not) are also set forth in Table 1.
In this case, the water-swollen particles (absorbed
10 water is 50 times its own weight) were spread in a layer to a
depth of 50 mm over a copper plate (2 mm thick) equipped with
brine pipes, followed by refrigeration by circulating brine

at minus 25 °C for 20 hours to make the sample snow.

15 [Comparative Preparations 1 to 4]
Spherical Granules of Super Watér—Absorbing Polymer and

Properties of Artificial Snowseed and Snow

(Comparative Preparation 1)

20 A dispersant (an acrylic copolymer which does not
contain a fluorine moiety) of the composition set forth in
Table 1 was prepared in a similar manner. A super water-
absorbing polymer_in the form of white beads was obtained by
using the dispersant. The test results of the resulting

25 polymer for the water-absorbing power, average particle size,
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on the noiety which does not participate in the polynerization. Another
nmononer is a conpound the fluorine atomis positioned on the noiety which
participates in the polynerization. Exanpl e of the fluorine
base nononer containing fluorine atomon the noiety which participates in
the polynerization include, e.g. vinyl fluoride, vinylidene fluoride,

1- chl or o- 1- ffluddddiyhanehdulik idensdruye tafilean @bsagiptdiont off Madresnt ansity
tetrafl uoroet hyl ene, hexafl uoropropyl ene, hexafl uoroi sobutyl ene,

per f | uor o( manidy lstirudtetriecdf ey fdridrfdoi-alr egmdw i(nHediear ice crystals in
Exanpl es of the fluoroal kyl (nmeth)acrylate include heptafluorobutyl

acryl ate, hepeaderaf loforghedild sae praisent loex aidtjo raoiel tallsoretedtadind €t ein
hept adecaf | uor ooct yl et hyl
Table 1.

(Comparative Preparation 2)

A dispersant (an acrylic copolymer which contains a
fluorine moiety) of the composition set forth in Table 1, the
composition being not within the scope of the present

10 invenfion, was prepared'in a similar manner. A water-
absorbing polymer in the form of white beads already coated
with the fluorine—containing acrylic copolymer was obtained.
The test results of the polymer for the water-absorbing
power, average particle size, fluidity and bulk density after

15 absorption of water, snow density ahd structure of snoﬁ
crystals (whether ice crystals in the form of shells are

present or not) are also set forth in Table 1.

(Comparative Preparation 3)

20 Attempts to prepare a super water-absorbing polymer
by using a dispersant (a fluorine-containing acrylic
copolymer) of the composition outéide the range of that of

the method of the present invention were unsuccessful.

25 (Comparative Preparation 4)
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met hacryl ate, trifluoroisopropyl a-cyanoacrylate, tri- fluoroethyl

a-chl oroacrylate, 2,2,2-trifluoroethyl acrylate, 2,2,3,3-tetrafl uoropropyl
acrylate, 1H, 1H, 5H oct af |l uoropentyl acrylate,

1H, 1H, 2H, 2H hept adecaf | uorodecyl acrylate, 2,2,2- trifluoroethyl

nmet hacryl ate, 2,2,3,3-tetrafluoropropyl nethacrylate, '

1H, 1H, 5H oct af | uor opeat gupeet wateyt+absorbiny 1ppyines fapthdefarmuefodecyl
nmet hacryl ate, and the |ike. The preferred fluorine-containing
mat eri al i schshédrpiéceécwapodpteinedt by nedingom disbevsantk(available

from NIPPON SHOKUBAI K.K., under Trade Name Aqualic CAW) in a

similar manner.

The test results of the polymer for water-absorbing
power, bulk density after absorption of water, snow density
and structure of snow crystals(whether ice crystals in the

form of shells are present or not) are set forth in Table 1.
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such as carboxylic acid, hydroxyl, am no, or am de group. The
anount of (neth)acrylate or (meth)acrylamde noiety in the aforesaid
acrylic (co)polyner is preferably wthin the range of from5 to 40% by

wei ght. When the amount is less than 10% by wei ght, bl ocki ng soneti nes
occurs in the preparation step of the super water-absorbing polynmer. Wen
it is nore (REPWSHIS, R dmtifiliedadpSkd iaegr Pliope(co) pol ymer to be used as
a di spersant becones hard to dissolve in the aforesaid aliphatic

hydr ocar bon E¥gmpdier 1 The anount of other copol ynerizabl e
unsaturated nononers is preferably within the range of fromO to 85% by
wei ght . The water-swollen granules (absorbed water is 50

times its own weight) of the super water-absorbing polymer
5 prepared in Preparative Example 1 were spread in a layer
(about 5 cm'in thicknesé) over an inclined floor (10°) laid
with flexible plastic brine pipes having_an inner diameter of
about 5 mm.
When brine was circulated at minus 20°C for about
10 20 hours, the polymer layer froze thereby producing powdery
artificial snow. A snow-covered slope suitéble for gliding
on skis was recreated by treading the snow. The test results
of the artificial snow for the shape, density, hardness and
kinematic friction factor on the slope are set forth in Table

15 2.

Example 2

The water-swollen granules (absorbed water is 120
times its own weight) of the super water-absorbing polymer

20 prepared in Preparative Example 1 were spread in a layer

(about 5 cm in thickness) over an inclined floor (10°) in a
similar manner as Example 1.

When brine was circulated at minus 20°C for about
20 hours, artificial snow was produced in layers, i.e.

25 powdery snow on top of an ice bed. A snow-covered ski slope

- 31 =~
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Any silicon oil including | ow, nmedium and high- viscosity products nmay
be used. Typical exanples include nethyl silicone oils, fluoronethyl
silicone oils, phenylnmethyl silicone oils, nethylhydrogen silicone oils,
silicone oil-polyether copolymers, and am no-nodified silicone oils.

The form of the super water-absorbing polynmer of the present invention is
pref erabl y switdlelé ofor oflidimyl ever ihecompshliprersrreeredratn®¥ng spheres.

The preferred average particle size of the super mater-absorbing pol ymer
is wthin treading the snow. The test results of the artificial snow

for the shape, density, hardness and kinematic friction

factor on the slope are set forth in Table 2.

Comparative Example 1

The water-swollen granules (absorbed water is 50
times its own weight) of the water-absorbing polymer prepared
in Comparative Preparation 1 were spread in a layer (about 5

10 cm in thickness) over an inclinéd floor (10°) in a similar
manner as Example 1.

When brine was circulated at minus 20°C for 20
hours, the layer froze. Powdery artificial snow was
'produced. A snow-covered ski slope was recreated by treading

15 the snow. The test results of the snbw for the shape,
density, hardness and kinematic friction factor on the slope

are set forth in Table 2.

Comparative Example 2

20 The water-swollen granules (absorbed water is 120
times its own weight) of the super water-absorbing polymer
-prepared in Comparative Preparation 1 were spread in a layer
(about 5 cm in thickness) over an inclined floor (10°) in a
similar manner as Example 1.

25 When brine was circulated at minus 20°C for 20
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the range of from about 20 to 500 pm before absorption of water, and
within the range of fromabout 0.05 to 2 mmafter absorption of water.
When the particle size before absorption of water is about 20 pmor |ess,
very hard snow is obtained because the granules are too fine. Wen it is
nore than about 500 pm artificial snowin the formof corn is obtained
unpr ef er abl iours, the laygphdirioz®l. gPawdery show supdropvatferambiss hed)
polymer is preferred for the following reasons: i) It is easy to handle.
ii) The reswvias pgodhuced.ci M swowopvendde skiasd oples wasn pregluggderbxal form
and can provide good gliding properties. iii) It can be readily bl ended

w t h nat uraltresddng the snow. [Theortehst treswlls dfe thveamnoss fiaxr rdiaai n t he

shape, density, hardness and kinematic friction factor on the

S5 slope are set forth in Table 2.

Comparafive Example 3
Attempts to.recreate a snow-covered slope by laying
the water-swollen granules of the water-absorbing polymer
10 prepared in Comparative Preparation 4 were unsuccessful.
Table 2 shows the results. Any snow-shape matter could not

obtained.
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absor bi ng pol ymer according to the present invention can retain the
original spherical formwith good fluidity even after absorption of water

may be that there is little <clinging water anong the
granul es, and the opening in the granules increases du ml” I ﬂm”H“lof
the granules with each other. A wat er - absor bt ng¢ padl ymer si s*al so

known i n t h&/HATaXIScICLATMED [XSxones pasty after absorption of water. Such
paste forns a | arge block of ice when it freezes. The ice block is not
sui tabl e asilarti frcisattisfiei d10rsmiisedd pomprisimguigramilald &f g supgr O
course, it is hard to maintain the shattered snow under suitable

condi tions weterdabi®rasingl @liynedd cta®ed with a fluor2eRssdni iy t he
freezing nmethod, the average
material and/or a silicone o0il, wherein said granules can
5 retain the original spherical form after absorption of water

without sticking to each other.

2. An artificial snowseed according to claim 1 wherein said
fluorine-containing material is the same dispersant as used
10 in the manufacture of granules of said super water-absorbing

polymer by a reversed-phase suspension polymerization.

3. An artificial snowseed according to claim 2 wherein said

fluorine-containing material is an acrylic copolymer.

15
4. An artificial snowseed according to claim 3 wherein said
acrylic copolymer contains 10 to 90% by wight of an acrylic
or methacrylic ester moiety having three or more of fluorine
atoms.

20

5. A method for making artificial snow which comprises the
steps of:

(a) swelling granules of a super water-absorbing
polymer in water to provide spherical wéter-swollen granules

25 having an average diameter of about 0.05 to 2 mm, said water-
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particle size and the anbunt of water absorbed, the artificial snowseed of
the invention can be provide a series of dlfferent forns “ﬂmuﬂmﬂma
formof finely dispersed powder to the formof rice- rou ‘mﬂn

t he indi vi dual : 17 -+ parti ¢l ed
cont act Ilghtl each ot her. As Photograph 1 shows, when the
artifi-cial abde @?amwéqsn@@ﬁmﬂb@bﬂﬁeé@e§etﬂape¢hﬁsOgéﬂé@adut of the

artificial snomseed and the surface of the granules are
spherical form after absorption of water without sticking to

each other and having a deionized water absorbing power of
about 30 to 500 times its own weight, and said water-

5 swellable granules being further coated with a fluorine-
containing material and/or a silicone o0il and having an
average diameter of 20 to 500 pm before absorption of water,
and

(b) freezing the water-swollen granules by at least one
10 means selected from the group consisting of the stéps:
(i) freezing the water-swollen granules on a
refrigerated floo: laid with refrigeration pipes,
(ii) freezing the water-swollen granules by
blending them with at least one coolant selected
15 from the group consisting of dry ice, liquid carbon
dioxide, and liquid nitrogen, and
(iii) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes
after blending them with natural snow, artificial
20 'snow made by means of a snow machine, or icy snow
made by shattering ice blocks, freezing the water-
swollen granules on the refrigerated floor after
blending them with at least one coolant selected
from the group consisting of dry ice, liquid carboh

25 dioxide, and liquid nitrogen.
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covered with frozen ice shells forned fromthe oozed water. ™ Therefore,
when an artificial ski slope is produced by laying it with the artificial
snow of the invention, the ski base and the granul es becone hard to
contact each other. In addition, as the surface of the granules are coated
with a fluorine-containing material and/or a silicone oil, the artificial
snow has a kinematic fricti onABGERBET (PErTHE) DESGLPSYREt 0 t hat of natura
powdery snow, e.g. of about 0.02 to 0.05 ([err]k), indicating a

si gni ficant inprovenedn iartifddicd: ismpwseashdm ithe form of grartiies of a
dei oni zed wat er - absor bi ng power of the super water-absorbing polyner is

wi thin the sapges ofatfercrabEombig) palyned? alimesxly tcoabad wdithhta finedmeiredt y
about 50 to 200 tines. Wien the water-absorbing power is | ess than 30
tines, - containing material and/or a silicone 0il. The granules can

5 retain the original spherical form after absorption of water
without sticking to each ofher. Further the present
invention provides a method for making arfificial sSnow
comprising freezing the above artificial snowseed after
absorption of water.

10
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i t Betones hard to maintain the resulting snow in desired- conditions.
because of its inability to absorb the liquid water being forned on

melting. When it is nore than 500 tines, the gel strengthT dmxd
of water is inpaired, and the mater-smollen granul es beco

agai nst pressure unpreferably. The snowseed of t
be shi pped before - absorptlon
of water, or as water-swollen granules Any absorptlon met hod

may be acceptable for maki ng

Fig. 1




13

REPT QBAﬁﬂ¥E ETS

L T

=)

the water-swollen granul es of the super absorb
may be placed in water while stirring, followed
for several mnutes. Tenperature has inpact on o a q—
tenperature becomes higher, the rate becomes h ragin cePa@E §gt° page """
therefore it is desirable to heat the water prppg@rAtstiften (Hged emiehaged o
I's below 10[err]C Any net hod™nay be| enpl oyed for refrlgeratlng
the snowseed of the invention. Exanples of the NBATBEJORNRECEPT .5712.7119¢6

refrigeration of the snowseed with the aid of acoolant such as drired 1ce,
liquid nitrogen, liquid air, or |igpgdrparR®@fondi Oxide while m xing. A
typical nethod conprises placing the snowseed on a refrigerated floor laid

wWth refrigeiagi@f raBt fhvBkpeény Another nethod conprises using the
af oresai d
ARTIFICIAL SNOWSEED AND METHOD FOR MAKING ARTIFICIAL SNOW
BACKGROUND OF THE INVENTION
1. Field of the Invention

The preseﬁt invention relates to an artificial
snowseed and to a method for making artificial snow. More
particularly; the present invention relates to an artificial,
spherical, granulér snowseed of a super water-absorbing
polymer which retains the original spherical form after
absorption of wéter without sticking to each other. The
spherical snowseed may be of a dry or a water-swollen form.
The snowseed can be used for making artificial snow having an
appearance of granules or rice~flour cakes by freezing. The
resulting artificial snow exhibits good properties for
gliding on skis over the slope covered with such snow, and
tﬁe snow conditions may be properly adjusted to skiing.

2. Background Art
(Natural snow)

There have recently been a marked decrease in
snowfall and an accumulation of snow. As a resulf, the
openings of many ski resofts are often hindered. In
addition, in order to prepare a well-groomed packed ski
slope, the natural snow on ski slopes requires frequent

packing by tracksetter because newly fallen natural snow is

This. ise
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snowfalling or snow nmaki ng machi ne. The nost preferred nethod may be
sel ected on the desired snow quality. The refrigerating nmethod by using
[iquid nitrogen, liquid air or liquid carbon dioxide is preferably
accepted because these liquid coolants are mxed readily with the

wat er-swol I en granul es of a super water-absorbing polyner, and the
snowseed may be refrigerated in a shost2period of time by the aid of
vapori zation | atent heat of t hese coolants. O her coolants simlar to

these nayg%%i§é¥%eg d t sultgbieqylg gggg%k gliding on skis. On the.
other hand, the snow conditions on a tracksetter-groomed
trail is not still suitable for a ski racing event, and the
trail has to be groomed by treading it underfoot, followed by
spraying water oh.the spread snow.

The slopes recreated by such means are very
susceptible to the outside air temperature, and the quality
of the snow varies widely from compact to corn with the
passage of time. This is caused by sublimation and
condensation of water molecules inside the snow layer thereby
causing a change in the structure of snow crystals. It is
not easy for skiers to glide smoothly on skis over slopes
covered with corn snow; thus frequent snow-grooming, e.g.
breaking the frozen crust is indispensable. These attempts
are however still unsuccessful in giving a satisfactory
results.

(Artificial snow)

Installation of snow machines has been popular in
many skiing resorts to prolong the overall skiing season.
Snow machines fall into two groups consisting mainly of a
"gun" type and a "fan" type. .A method of making artificial
snow by snow machines comprises atomizing compressed water
into a subzero atmosphere to make fine ice particles with the
aid of adiabatic expansion of compressed air or the aid of

cold air. The artificial snow thus produced contains 10% by

This is the-replacement sheet
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di oxi de being preferred. Liquid carbon dioxide exhibits a good
refrigerating effect, and inexpensive and easy to handle and get.
A typical nethod of making snow of the invention conprising the steps of:
swel ling the water-swellable granules of a super water-absorbing polyner
in water until water-swollen granul es having an average particle size of
about 0.05 to 2 mmcan be obtained, wher®ih the water- swellable granules
have an average particle size of about 20 to 500 pm and a deionized
wat er - absor bi ng power of about 30 to 500 times its own weight, and can
retain theygigfithak moRBELIEC afatiear, Maakl tasalas deptsidly aff vetiest WD t Hoto
sticking to each other, mxing the water-swollen granules wi th natural
about 0.4 g/cm’, and a mechanical strength of less than 1
kg/cmz. The slope covered with such artificial snow is not
suitable for skiing without being packed. Such artificial
snow changes in guality more frequently than natural snow,
and in certain cases, forms corn snow having an average outer
diameter of about 1 to 5 mm in a few days. Corn snow is
troublesome for skiers; and hence a measure similar to those
as described above is necessary to overcome the accompanying
problems.
A snow machine capable of shattering ice blocks by
means of physical shock to make ice granules or snow flakes
is also currently in use; however it is only capable of
producing ice shavings or corn snow unpreferably, and it is
necessary to take measures to cope with the problems as
described above.
Japanese Patent Publication No.63-500526 discloses
a method for making artificial snow, which comprises mixing
the granules of a water-swellable material, i.e. water-
absorbing polymer with water, and aerating the water-swollen
granules to the air, followed by freezing. The snow thus
produced, has an appearance of fine stiff ice, like
"EISBAHN", rather than snow, and has a density of about 0.4

to 0.9 g/cm3 with a mechanical strength of about 10 to

several 100 kg/cmz, because these properties are highly
This is the replacement sneet
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snow, artificial snow made by a snowfalling nmachine, or icy snow nade by
shattering ice blocks, and refrigerating the mxture by blending it with
I"'i quid carbon dioxide. In this case, the water-swollen granul es al one may
be refrigerated. Li quid carbon dioxide is obtained fromthe
market. Liquid carbon dioxide has a vaporization |atent heat of 15.1

Kcal /Kg (at 30[err]C), 48.1 Kcal/Kg (at 40ferr]C), and 56.1 Kcal/Kg(at
O[err]C). The | atent heat is utilized favorably for cooling or

refrigerating. uid carbon d|0X|de I . manuf act
I|quefy|n§u5§§§@éﬁ§eb§Fb@ﬁ9ﬁ 9 @Tatt TE YR é%t%ﬂﬂﬁn ?bg?n1under

cooling. Resources of carbon dioxide are nat r , off- .
shattered by means of physical shoc ake granular ice or

snow flakes, such "Eisbahn"-shaped stiff ice produces only
corn snow unpreferably. Therefore, in order to make
artificial snow suitable for covering ski slopes by using the
above water-swelléble material alone, addition of a
surfactant, regulation of the particle size and the water
content of snow as well as frequept grooming of the slopes
are indispensable to prevent the frozen snow particles from
further agglomeration. Such snow is too difficult to handle
for ski hill operators.

As the énow conditions on outdoor slopes are highly
susceptible to the weather, indoor ski resorts that can be
opened the year around have recently become popular.
Artificial indoor ski slopeé are laid with the foregoing
artificial snow, artificial ice granules, snow flakes, or
artificial snow made from a water-swellable material, e,g. a
water-absorbing polymer and water; however the aforeséid
problems still remain unsolved in these artificial indoor ski
slopes.

Another indoor ski slope is produced by laying a
floor with a paste comprising the aforesaid water-swellable
material, e.g. water-absorbing polymer and water (blending
weight ratio= about 1/80 to 1/100), followed by refrigerating

the whole floor to create a surface similar to those of

‘This is the replacemeat sheet
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- 20 - gas from anmmoni um manufacturing plants, off-gas from petroleum
refining and et hyl ene manufacturing plants. O her off-gas or tail gas
evol ved in petrochem cal plants or steel works may al so be used as the
sour ce. Any net hod, such as manual |abor or a mechani cal
automati c neans, may be enployed for m xing the water-swollen granul es of
a super water-absorbing polymer with |ljgid carbon dioxide, for freezing
the m xture, and for laying the resulting powdery artificial snow over a

fl oor of an indoor  ski slope. Although.the aforesaid i r snow
-skating rinks. ge surface is gereaf%er gr%ggg— %JJJQQ or snow

scraping off the surface ice to make artificial snow on top
of an ice bed. In addition to the aforesaid problems, indoor
ski slopes created in this way have an inherent problem in
that pole plant is not easy becéuse there is an ice layer,
like "Eisbahn", beneath the artificial snow.

The aforesaid problems can be solved by employing
the artificial snow made by refrigerating a water-swollen,
super absorbing polymer (Japanese Patent Laid-Open
Application Nos.4-43274 and 4-43275 to the applicant of the
invention). The artificial snow is provided in the form of
frozen granules of a water-swollen super absorbing polymer
itself or in the form of ice crystals similar to ice needles
or frost columns.(Photograph 2) which are formed from the
water released by the swollen granules upon cooling. In this
case, the kinematic friction factor (pk) increases
unpreferably to about 0.04 to 0.10, compared to about 0.02 to
0.05 for natural powdery snow, as a result of the contact of
the ski base with the granules. .When the kinematic friction
(pk) factor is 0.06 or more, it becomes hard to control skis,
e.g. to turn, because of the slowing-down of speed. It gives
a sense of incoﬁgruity, and spoils pleasure in gliding.

Some of the problems associated with natural snow
or conventional artificial snow for use in creating a ski
slope include the following: i) It is not easy to freely

This is the replacement shaet
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maki ng machi ne may be enpl oyed, a quick-freezing nethod under the direct
contact of liquid carbon dioxide with the water- swollen granules nay be
preferably enployed for this purpose. Any anmount of carbon

di oxi de or coolant may be enployed so far as the tenperature of the
resulting artificial snowis within the range of fromabout O to minus
30[err]C. The preferred tenperature willgdepend on various conditions.
Any known nethod for mixing the water-swollen granules of a s

uper
wat er - absomlijmg tpdihensman [densdity A STFReNGY Ft%e‘cfl'ﬁel?ra‘ya*ﬁ%h§§e&?‘eThe
granul es/snow ratio is preferably within the range of 99/1 to 1/99 by
wei ght, noparticefleraldkildo/or t prafeaenarepehdkieon the) pBRe¥se.
Ski slopes may be laid with the artificial snow
conditions vary widely over the slope with the passage of
time; therefore it is hard to maintain the snow quality at
its optimum. iii) Investment and maintenance costs are too
high. iv) Conventional artificial snow made from a water-
swellable material (water-absorbing polymer) and water by
freezing is proVided as ice blocks which should be further
shattered for use. v) High kinematic friction factor (pk).
It is accordingly an object of the present
invention to provide artificial snow which has a kinematic
friction factor (pk) similar to that of natural powdery snow

and good properties for gliding over on skis, and to provide

an artificial snowseed for making such snow.

SUMMARY OF THE INVENTION

The applicant of the invention has intensively
investigated to solve fhe above-described problems, and as a
result has found a new granular snowseed of a super water-
absorbing polymer coated with a fluorine-containing material
and/or a silicone oil, wherein the granular snowseed of the
polymer can retain the original spherical form after
absorption of water without sticking to each other.

In claim 1 the present invention resides in an
artificial snowséed comprising granules of a super water-

This is the replacement sheoet
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al one made from the snowseed of the invention. Such

- 21 - i ndependent use makes the slope easy to produce and naintain
Nat ural snow, artificial snow or icy snow made by ot her nmet hods may be
properly bl ended. In producing an artificial ski slope, the

floor may be laid with snow, e.g. in the formof rice-flour cakes,
followed by laying the surface with powdery snow, whereby a ski slope
troubl el ess and easy to plant poles can be

absorbing polymer coated with a fluorine-containing material
and/or a silicoﬁe 0il, wherein said granules can retain the
original spherical form after absorption of water without
sticking to eacﬁ_other.

In claim 2 the present invention resides in an
artificial snowseed of claim 1 wherein said fluorine-
containing matefial is the same dispersant as used in the
manufacture of séid super water-absorbing polymer by a
reversed-phase éuspension polymerization.

In claim 3 the présent invention resides in an
artificial snowseed of claim 2 wherein said fluorine-
containing material is an acrylic copolymer.

In claim 4 the present invention resides in an
artificial snowseed of claim 3 wherein said acrylic copolymer
contains 10 to 90% by weight of an acrylic or methacrylic
ester moiety having 3 or more of fluorine.atoms.

In cléim 5 the present invention resides in a
method for making artificial snow which comprises the steps
of: (a) swelling granules of a super water-absorbing polymer
in water to provide spherical water-swollen granules having
an average diameter of about 0.05 to 2 mm, saidlwater4
swellable granules being able to retain the original
spherical form after absorption of water without sticking to
each other and having a deionized water-absorbing power of
about 30 to 500 times its own weight, and said water-
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pr oduced. The snowseed of the invention may be recycled for
reuse after drying. In addition, it is environnentally safe to
di spose the used snowseed because the snowseed of the invention is
phot odeconposabl e and/ or bi odegradabl e; however a known accel erator,
catalyst, additive may bl ended, added, inpregnated or coated, if early
degradation is desired, to accelerate phptodeconposition or
bi odegradati on. The snowseed of the invention are not harnful to the
heal th; thswelbaklehgsenudeist beéngsfiogitihere coedes Wi tdeleedlapiiner due
consi deration of safety first. The snowseed of the invention may
be col or ed eohbaikibognmptgménlsaod/dyes. sTidcane 0idi @Andhavim@erromt he
average diameter of 20 to 500 uym, and (b) freezing the water-
swollen granules by at least one means selected from the
group consisting of the following steps:

(i) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes,

(ii) freezing the water-swollen granules by blending
them with at least one coolant selected from the group
consisting of dry ice, liquid carbon dioxide, and liquid
nitrogen, and

(iii) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes after
blending them with natural snow, artificial snow made by a
snow machine, or icy snow made by shattering ice blocks, or
freezing the water-swollen granules on the refrigerated floor
after blending them with at least one coolant selected from

the group consisting of dry ice, liquid carbon dioxide, and

liquid nitrogen..

BRIEF DESCRiPTION OF THE DRAWINGS

Figure 1 is a microscopic photograph of artificial
snow according to the present invention.

Figure 2 is a microscopic photograph of artificial

snow made by a conventional process.

The space between the lines is 1 mm in Figs 1 and 2.
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colored artificial snowseed | ooks beautiful, and a commercial value may be

added to it. For exanple, discrimnation of ski slopes by coloring for

begi nners or experts may add a nore fun.

- 22 - Further, other additives, e.g. perfune, fragrance, or

aroma may be added. An antioxidant, ultraviol et absorber,

fluorescent agent, nucleating agent, extender, friction inprover, and the
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the super water-absorbing polymers
suitable for the present invention include starch or
cellulose base polymers:; and synthetic polymers, copolymers
or terpolyﬁers of acrylamide, acrylic acid, acrylic acid
salt, methacrylic acid salt, styrene, vinyl ether, and the
like. Among them, the preferred are a polyacrylic acid salt,
a vinyl alcohol-acrylic acid salt copolymer, or a saponified
isobutylene-maleic anhydride copolymer, these being provided
as spherical Qrénules by a reversed-phase suspension
polymerization in the presence of an organic solvent.

Any reversed-phase suspension polymerization may be
employed. A typical example is a reversed-phase suspension
polymerization of a solution of acrylic acid and a salt
thereof. The aqueous solution of acrylic acid and an acrylic
acid salt thergof is prepared by partial neutralization of
monomeric acrylic acid with an aqueous solution of an alkali
metal salt such as sodium hydroxide, potassium hydroxide, or
ammonium hydroxide.' The preferred degree of neutralization
is within the range of from 60 to 85 % from the viewpoint of
water-absorbing power and safety. Monomer concentrations in
the aqueous solution are in the range of 35 to 75% by weight,
preferably 40 to 70% by weight.

An unsaturated monomer capable of copolymerizing it

with acrylic acid or its alkali salt may be used additionally
' - 3 1» the replacement sheet-
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i ke may al so be added so far as the properties of the resulting snow are
not i npaired. The invention is further illustrated by the
fol |l owi ng exanpl es which are set forth by way of illustration only and not
by way of limtation. [ EMBODI VENT] Per f or mance test
procedures in the followi ng exanples are as foll ows: ( Dei oni zed
WAt er - Absor bi ng Power) The-diLg granul es of a polyner in an
anount of 0.5 g are dispersed in 1000 mM of deionized water and allowed to
stand for about 24 hours. The resulting water-swollen

so long as a super water-absorbing polymer can be provided.

When the'reversed-phase suspension polymerization
of the aqueous solution of acrylic acid and its alkali salt
is carried out, a water-soluble persulfate such as potassium
persulfate or ammonium persulfate, or hydrogen peroxide is
preferably employed as an initiator because of the self-
crosslinking nature of the polymer. The amount of initiator
is within the range of from 0.1 to 2.0% by Weight, preferably
0.2 to 1.0% by weight based on the monomers used.

Examples of the aliphatic hydrocarbon solvents
suitable for use in the reversed-phase polymerization include
aliphatic hydrocarbons such as n-pentane, n-hexane, n-
heptane, and n-octane; alicyclic hydrocarbons such as
cyclohexane and methyl cyclohexane, and decalin, with the
preferred ones being n-hexane, n-heptane and cyclochexane.

Another requisite for preparing the super water-
absorbing polymer is that the resultant-polymer is
crosslinked by using a crosslinking agent in the presence or
in the absence of an inorganic substance.

Any compound having two or more of the functional
groups capable of reacting them with carboxyl group or
carboxylate group may be used as the crosslinking agent.

' Examples of the agents include, e.g. polyglycidyl ethers such

as ethylene glycol diglycidyl ether, pblyethylene glycol

diglycidyl ether, glycerine triglycidyl ether; haloepory
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granules are filtered through a 60-nmesh wire net. The water- swollen
granul es are wei ghed to neasure the weight (W. The water-absorbing power
I's determ ned by dividing (W by (Werr]), wherein Werr] is the weight of

dry granules. (Fluidity after Absorption of Water) The dry
granul es of a polymer in an amount of 1.0 g

- 23 - are added to 50 ml of deionizediwater to saturate. Fluidity

compounds such as epichlorohydrin, a-methylchlorohydrin;
polyaldehydes such as glutaraldehydé, glyoxal, with the
preferred crosslinking agent being ethylene glycol glycidyl
ether.

The amount of crosslinking agent is preferably
within the range of from 0.05 to 2% by weight, depending on
the particular crosslinking agent or dispersant employed.
When the amount is less than 0.05% by weight, the fluidity
and mechanical strength of the water-swollen granules Eecome
poor, and inversely when it is more than 2% by weight, the
crosslinking density becomes too high, with the result of a
marked decrease in water-absorbing power.

When the crosslinking is carried out in the
presence of an inorganic substance, the fluidity of the
resulting granules increases. Examples of the inorganic
substance include white carbon, talc, hydrotalcite, and
pulverized silica such as aerosol. A surfactant such as the
conventional nonionic one may be used together with the
inorganic substance.

The crosslinking agent may be added in the drying
step for the resulting granules by azeotropic distillation or
heating in vacuo, with the preferred step being azeofropic
distillation.

Any process t0 coat the surface of granules of the

super water—absorbing polymer with a fluorine-containing
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are evaluated visually under gentle vibration and reported as

0 (for

good), x (for bad) or [err] (for normal). (Bul k Density after Absorption

of Water) Into a 100-m beaker are added the water
granul es of a super water-absorbing polymer in an anmount of

time until the beaker is packed with the granules up to the
line while holding the surface down. Thezbul k density is det
di viding the weight by the vol une. (Density of Artificial
Fr eezi ng)

. Fraqze
(g/ cnf er r] P2t87d8te PH Fd 6P Ridi MG

super water-absorbing polymer may be coated with a

-swol | en

about 20g at a
100 cc marked

erm ned by
Snow after

rozen snow_withﬁrﬁ%m\;ﬁv%ﬁ?rrgryﬂés#é&hfgs él'?ea density

fluorine-

containing material or silicone oil by a conventional

blending or mixing process. When the super water-absorbing

polymer is prepared by a reversed-phase suspension

polymerization, the surface coating may also be carried out

simultaneously by using an aliphatic hydrocarbon solution in

which the fluorine-containing material or silicone

dispersed as a dispersant.

oil is

The amount of fluorine-containing material or

silicone -0il used as the dispersant is within the range of

from 0.1 to 10% by weight, preferably 0.5 to 3% by

weight on

the basis of the total amount of acrylic acid and its

monomeric alkali salt. When the amount is less than 0.1% by

weight, an improvement effect on the gliding properties on

skis cannot be exerted sufficiently, and the dispersibility

of colloid during polymerization becomes poor, inversely when

it is more than 10% by weight, any additional improvement

effect on the gliding properties cannot be produced, and

moreover often uneconomic because extremely fine granules

form.

Examples of the fluorine-containing materials

suitable for the invention include polymers and copolymers

obtained by a suspension (co)polymerization or solution

(co)polymerization of a fluorine base compound as a monomer.
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Qolune. Wien the sanple snow is soft, a thin stainless steel box with
known vol unme for sticking it into snowis conveniently used for the
pur pose; inversely when the sanple snowis hard, the volune cal cul ated by
measuring the dinmensions of a snow cube nmade by sawi ng the frozen snow is
used i nst ead. (Mechanical Strength of Artificial Snow after Freezing)
A disc in an adapter is released to fal R3straight: on to an artificial snow
sanpl e. Repeat the procedure by a
Examples of the fluorine base monomer include one such as a
fluoroalkyl (meth)acrylate the fluorine atom being positioned
on the moiety which does not participate in the
polymerization. Another monomer is a compound the fluorine
atom is positioﬁed on the moiety which participates in the
polymerization.

Exampie'of the fluorine base monomer containing
fluorine atom.on the moiety which participates in the
polymerization include, e.g. vinyl fluoride, vinylidene
fluoride, l-chloro-l-fluoroethylene, trifluoroethylene,
chlorotrifluoroethylene, tetrafluoroethylene,
hexafluoropropylene, hexafluoroisobutylene,
perfluoro(methyléinylether), perfluoro(n-propylvinylether).

Examples of the fluorocalkyl (meth)acrylate include
heptafluorobutyl.écrylate, heptadecafluorooctyl acrylate,
hexafluorobutyl methacrylate, heptadecafluorooctylethyl
methacrylate,{trifluoroisopropyl a-cyanoacrylate, tri-
fluoroethyl a-chloroacrylate, 2,2,2-trifluoroethyl acrylate,
2,2,3,3—tetrafluofopropyl acrylate, 1H,1lH,S5H-octafluoropentyl
acrylate, 1H,lHQZH,2H-heptadecafluorodecyl acrylate, 2,2,2-
trifluorcethyl méthacrylate, 2,2,3,3-tetrafluoropropyl
methacrylate, 1H;1H,5H-octéfluoropentyl methacrylate,
1H, 1H, 2H, 2H-heptadecafluorodecyl methacrylate, and the like.

The preferred fluorine-containing material is an
acrylic (co)polymer obtained from a fluoroalkyl
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- 24 - Ki noshita's Hardness Tester (Trade Name) while changing the
adapter so that the disc can sink to a depth of about 7 to 30 nm beneath
the surface. The strength is calculated by using a conversion table. In
case of powdery snow, the feeling of the snow sanple is noted, e.g. by
"powdery". °~ (Kinematic Friction Factor pk after Freezing) The
wat er - swol | en granul es of a water-absorbiseg- polynmer are spread in a | ayer
to a depth of about 5 cmover an inclined floor (10) laid with flexible

Ple?fit i C COPJn'éEH)aekgiatEth‘B%?agFg?g%b ARt abrOh s _r(TBo)ng].'ﬁr\’&d WWich
gerating the layer by circaratrng I ne at mnus 20
contains 10 to 90% by weight of a fluoroalkyl (meth)acrylafe
moiety having 3 fluorine atoms. When the fluoroalkyl
(meth)acrylate is less than 10% by weight, an improvement
effect on the giiding properties on skis cannot be exerted
sufficiently, and inversely when it is more than 90% by
weight, blocking SOmetimes occufs in the preparation step of
the super water-absorbing polymer.
Examples of the moﬁomer capable of copoiymerizing
it with the fluorcalkyl (meth)acrylate include a
(meth)acrylate or a (meth)acrylamide and/or an alkyl
({meth)acrylate having at least one alkyl group. These
copolymerizable unsaturated monomers have a functional group
such as carboxylic acid, hydroxyl, amino, or amide group.
The amount of (meth)acrylate or (meth)acrylamide
moiety in the aforesaid acrylic (co)polymer is preferably
within the range of from 5 to 40% by weight. .When the amount
is less than 10% by weight, blocking sometimes occurs in the
preparation step of the super water-absorbing polymer. When
it is more than 40% by weight, the above acrylic (co)polymer
to be used as a dispersant becomes hard to dissolve in the
aforesaid aliphatic hydrocarbon solvent.
The amount of other copolymerizable unsaturated
-monomers is preferably within the range of from 0 to 85% by

weight.
This i thsfroplécemwu sheet
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for about 20 hours to nmake artificial snow. A ski slope (13 min |ength)
i s produced by treading the snow. The tine (t) required for gliding over
the sl ope on practical skis coated wth only base wax al one is measur ed.
The kinematic friction factor is calculated fromthe follow ng formul a:

[err] wherein, g : kinematic accelerated velocity (9.80 nisec[err])
[err] : inclined angle of slope (10) - 15 x : length of slope (13 m
t : tine required (sec) [ Preparative Exanples 1-8]

Any silicon oil including low-, medium- and high-
viscosity products.may be used. Typical examples include
methyl silicone oils, fluoromethyl silicone oils,
phenylmethyl siliéone oils, methylhydrogen silicone oils,
silicone cil-polyéther copolymers, and amino-modified
silicone oils.

The form of the super water-absorbing polymer of
the present invention is preférably in the form of granules,
the more preferfed form being spheres. The preferred average
particle size of the super water-absorbing polymer is within
the range of from about 20 to 500 um before absorption of
water, and within the range of from about 0.05 to 2 mm after
absorption of wétef. When the particle size before
absorption of water is about 20 #m or less, very hard snow is
obtained because the granules are too fine. When it is more
than about 500 pm, artificial snow in the form of corn is
obtained unpreferably.

Spherical granules of a super water-absorbing
polymer is preferred for the following reasons: i) It is
easy to handle. ii) The resulting artificial snow granules
are also in the spherical form, and_can provide good gliding
properties. iii) It ﬁan be readily blended with natural
SNow.

In o;der'to make fhe granules to retain the

original spherical form with good fluidity even after
| This is the replacement sheet
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- 25 - (Preparative Exanple 1) Spherical G anul es of Super

WAt er - Absor bi ng Pol yner and the Properties of Artificial Snowseed and Snow
Into a 500 m -separable flask equipped with a stirrer, a reflux condenser,
a dropping funnel, a thernoneter, and a nitrogen inlet tube was fed 150 g
of deionized water, followed by addition of 0.2 g of a partially
saponi fi ed pol yvinyl al cohol - (avail able ¥& om Nl PPON GOSEI KAGAKU K. K.

under Trade Mark GH23). After nelting of the

abéorption of water, it is desirable to increase the
crosslinking degree of the super water-absorbing polymer by
using a polyvalent epoxy or amine compound as a crosslinking
agent while regﬁlating the amount so as to produce proper
water~-absorbing power. When the crosslinking degree is too
high, the water absorbing power decreases unpreferably.

One-of the good reasons why the super water-
absorbing polymer according to the present invention can
retain the original spherical form with good fluidity ewven
after absorption of water may be that there is little
clinging water'émong the water-swollen granules, and the
opening in the grénules increases due to the sliding of the
granules with each other.

A water-absorbing polymer is also known in the
market which becoﬁes pasty after absorption of water. Such
paste forms a large block of ice when it freezes. The ice
block is not suitable as artificial snow for ski slopes
without a shattering step. Of course, it is hard to maintain
the shattered snow under suitable conditions for skiing as
described above.

Dependihg upon the freezing method, the average
particle size and the amount of water absofbed, the
artificial snowseed of the invention can be provide a series
of different forms ranging from the form of finely dispersed
powder to the form of rice-flour cakes wherein the individual
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contents, the flask was purged with a nitrogen stream

Separately, into an Erlenneyer flask were fed 25.0g of

hept adecaf | uor odecyl nethacryl ate (avail able from Gsaka O ganic Chem cal

I ndustry Co. Ltd., under Trade Mark VI SCOAT V-#17FM, 5.0g of hydroxyet hyl
nmet hacryl ate (HEMA), 5.0g of nethacrylic acid (MW, 15.0g of nethyl

met hacrylate (MMA), and 1.0g of azobisdimethylvaleronitrile to dissolve.
The resulting m xture was added dropwisely to the aforesaid separable
flask over per od of one hour while bubbling a nitrogen stream After
hol di ng foPa§ 8:5?5 SPNESLEr Aiehtdy e8Rp é’tbe eaction, the solid matter was

filtered after cooling and washed with mate fo | ove -§¥ dr '

vacuo whereby a d|sﬁér?&ﬁﬁoeiaphuérFﬁéwéonF PRI e H(%c%ﬁﬂxﬁkﬁﬁﬁie?n

t he form of beads was obt ai ned. .

of the invention freezes, water is ocozed out of the
artificial snowseed, and the surface of the granules are
covered with frozen ice shells formed from the oozed water.
Therefore, when an artificial ski slope is produced by laying
it with the artificial snow of the invention, the ski base
and the granules become hard_tp:cpntact each other. 1In
addition, as the surface of the granules are coated with é
fluorine-containing material and/or a silicone oil, the
artificial snow'has a kinematic friction factor (uk) similar
to that of natural powdery snow, e.g. of about 0.02 to 0.05
(nk), indicating'a significant improvement in lubricating
properties. |
The deionized water-absorbing power of the super

water~absorbing polymer is within the range of from about 30
to 500 times its own weight, preferably about 50 to 200
times. When the water-absorbing po&er is less than 30 times,
it becomes hard to maintain the resulting snow in desired
conditions becauée of its inability to absorb the liquid
water being formed on melting. When it is more than 500
times, the gel strength after absorption of water is
impaired, and the water-swollen granules become fragile
against pressure ﬁnpreferably.

The snowseed of the invention may be shipped before
This is the replacement sheet
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The di spersant in an amount of 4.32g and n-hexane in an anmount of 360.7g
were added to a 1000-ml separabl e : - 26
- flask fitted with a stirrer, a reflux condenser, a dropping funnel, a
thernoneter and a nitrogen inlet tube. The contents were heated to
50[err]C to disperse and dissolve, followed by nitrogen purging.
Separately, acrylic acid in an anmount of31g2.0g was neutralized with 32.2g
of sodi um hydroxi de di ssolved. in 103.6g of deionized water in an

Erl enneyer absadptifoN |¥8hddt, or as water-swollen granules.

Any absorption method may be acceptable for making
the water-swollen granules of the super absorbing polymer.
The granules may be placed in water while stirring, followed

' by allowing them to stand for several minutes. Temperature
has impact on the absorption rate. As temperature becomes
higher, the rate becomes higher or vice versa; therefore it
is desirable to heat the water properly when the temperature
is below 10°C. |

Any method may be émployed for refrigerating the
snowseed of the invention. Examples of the method include
refrigeration of the snowseed with the aid of a coolant such
as dried ice, liquid nitrogen, liquid air, or liquid carbon
dioxide while mixing. A typical method comprises placing the
snowseed on a refrigerated floqr laid with refrigeration'
metal pipes. Another method comprises using the aforesaid
snow-falling or snow-making machine. The most preferred
method may be selected on the desired snow quality. The
refrigerating method by using liquid nitrogen, liquid air or
liquid carbon dioxide is preferably accepted because these
liquid coolants are mixed readily with the water-swollen
granules of a super water-absorbing polymer, and the snowseed
may be refrigerated in a short period of time by the aid of
vaporization latent heat of these coolants. Other coolants

similar to these may be also employed, with liquid carbon
This is the replacement sheet
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further addition of potassium persulfate (0.24g) while dissolving it at
room tenperature. The aqueous nononer solution was added dropwi sely to the
af oresai d separable flask while stirring at 300 rpm under the bubbling of
a nitrogen streamover a period of one hour. After reflux for two hours,
0.1 g of 30% hydrogen peroxi de was added and the reflux was further
continued for a period of one hour to -cxepl ete pol ynerization. Thereafter,
0. 73g of ethylene glycol diglycidyl ether was added, and the contents were
dehydrated by azeotropic distillation, filtered and dried in vacuo whereby
a super watddexdsieohaing pughianred: t Helqwidn SRATOR FLontaqsexhBiPdLdy 2coat ed
w th the above-described fluorine-containing acrylic copolyner, was
obt ai ned. good refrigerating effect, and inexpensSive and easy to handle
and get. -
A typical method of making snow of the invention
comprising the steps of: swelling the water-swellable
granules of a super water-absorbing polymer in water until
water-swollen granules having an average particle size of
about 0.05 to 2 mm can be obtained, wherein the water-
swellable granules. have an average particle size of about 20
to 500 pm and a deionized water-absorbing power of about 30
to 500 times its own wéight, and can retain the original
spherical form after absorption of water without sticking to
each other, mixing the water-swollen granules with natural
snow, artificial snow made by a snow-falling machine, or icy
snow made by shattering ice blocks, and refrigerating the
mixture by blending it with liquid carbon dioxide. In this
case, the water-swollen granules alone may be refrigerated.
Liquid carbon dioxide is obtained from the market.
Liquid carbon dioxide has a vaporization latent heat of 15.1
Kcal/Kg (at 30°C), 48.1 Kcal/Kg (at 10°C), and 56.1
Kcal/Kg(at 0°C). The latent heat is utilized favorably for
cooling or refrigerating.
Liquid carbon dioxide is manufactured by liquefying
gaseous carbon dioxide at a pressure of about 40 atm under’

cooling. Resources of carbon dioxide are natural gas, off-

This is the replacement sheet
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(Preparative Exanples 2 to 8) Simlarly, a dispersant (a
fluorine-containing acrylic copolyner) of the conposition as set forth in
Table 1 was prepared. A super water-absorbing polynmer in the form of

- 27 - white beads already coated with the fluorine-containing acrylic
pol ymer was obtai ned by using the dispersant. Test results of
the resulting polyners for the - 20 -

gas from ammonium manufacturing plants, off-gas from
petroleum refining and ethylene manufacturing plants. Other
off-gas or tail gas evolved in petrochemical plants or steel
works may also be used as the source.

Any method, such as manual labor or a mechanical
automatic means, may be employed for mixing the water-swollen
granules of a super water-absorbing polymer with liquid
carbon dioxide, for freezing the mixture, and for laying the
resulting powdery artificial snow over a floor of an indoor
ski slope. Although the aforesaid snow-falling or snow-
making machine may be empioyed, a quick-freezing method under
the direct contact of liquid carbon dioxide with the water-
swollen granules may be preferably employed for this purpose.

Any amount of carbon dioxide or coolant may be
employed so far as the temperature of the resulting
artificial snow is within the range of from about 0 to minus
30°C. The preferred temperature will depend on various
conditions.

Any known method for mixing tﬁe water-swollen
granules of a super water-absorbing polymer with natural snow
and the like may be used. The granules/snow ratio is
prefefably within the range of 99/1 to 1/99 by weight, more
preferably 99/2 to 20/80, depending on the purpose.

Ski slopes may be laid with the artificial snow

alone made from the snowseed of the invention. Such
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wat er - absor bi ng power, average particle size, fluidity and bulk density
after absorption of water, snow density and structure of snow crystals
(whether ice crystals in the form of shells are present or not) are also
set forth in Table 1. . In this case, the water-swollen particles
(absorbed water is 50 tines its own weight) were spread in a layer to a
depth of 50 nm over a copper plate (2 smzihtck) equi pped with brine pipes,
followed by refrigeration by circulating brine at mnus 25 [err]C for 20
hours to nake the sanple snow. [ Conparative Preparations 1 to 4]

Spheri cal Gradpgafddit UREMAE LD SO db 1 &%) VIR pidducer aper haeatalin.
Artificial Snowseed and Snow
Natural snow, artificial snow or icy snow made by other
methods may be properly blended.

In producing an artificial ski slope, the floor may
be laid with snow, e.g. in the form of rice-flour cakes,
followed by laying the surface with powdery snow, whereby a
ski slope troubléless and easy to plant poles can be
produced. |

The snowseed of the'invention may be recycled for
reuse after drying.

In addition, it is environmentally safe to dispose

.the used snowseéd because the snowseed of the invention is
photodecomposable and/or biodegradable; however a known
éccelerator, catalyst, additive may blended, added,
impregnated or éoated, if early degradation is desired, to
accelerate phdtodecomposition or biodegradation. The
snowseed of the invention are not harmful to the health;
therefore these additives should be properly selected after
due consideration of safety first.

The sﬁowseed of the invention may be colored with
known pigments 6r dyes. The artificial snow made from the
colored artificial snowseed looks beautiful, and a commercial
value may be adde§ to it. For example, discrimination of ski
slopes by coloring for beginners or experts may add a more

fun. .
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(Conparative Preparation 1) A di spersant (an acrylic copol ynmer
whi ch does not contain a fluorine noiety) of the conposition set forth in
Table 1 was prepared in a simlar nmanner. A super water- absorbing pol yner
in the formof white beads was obtained by using the dispersant. The test
results of the resulting polynmer for the water-absorbing power, average
particle size, - 22 - - 28 - ‘fluidity and
bul k density after absorption of water, density and structure of the
artificial snow (whether ice crystals in

Further, other additives, e.g. perfume, fragrance,
or aroma may be added.

An antioxidant, ultraviolef absorber, fluofescent
agent, nucleating agent, extender, friction improver, and the
like may also be added so far as thé properties of the
resulting snow are not impaired.

The invention is further illustrated by the
following examples which are set forth by way of illustration

only and not by way of limitation.

[EMBODIMENT]

Performance test procedures in the following

examples are as follows:

(Deionized Water-Absorbing Power)

The dry granules of a polymer in an amount of 0.5 g
are dispersed in 1000 ml of deionized water and allowed to
stand for about 24 hours. The resulting water-swollen
granules are filtered through a 60-mesh wire net. The water-
swollen granules are weighed to measure the weight (W). The
water-absorbing power is determined by dividing (W) by (W,).,

wherein W, is the weight of dry granules.

(Fluidity after Absorption of Water)

The dry granules of a polymer in an amount o6f 1.0 g
Th is is .
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the formof shells are present or not) are also set froth in Table 1.
(Conpar ative Preparation 2) _ A di spersant (an acrylic copol yner
whi ch contains a fluorine noiety) of the conposition set forth in Table 1,
the conposition being not within the scope of the present invention, was
prepared in a sinilar nmanner. A water- absorbing polynmer in the form of
white beads already coated wth the fluRBi re-containing acrylic copol yner
was obtained. The test results of the polynmer for the water-absorbing
power, average particle size, fluidity and bul k densitg after agsor tion
of water, swewagsed tso & mk raf (ARIOREZRHHRLRF yEP aPRCEFAERher FHEALTY

crystals in the formof shells are ,
are evaluated visually under gentle vibration and reported as

O (for good), x (for bad) or a (for normal).

(Bulk Density after Absorption of Water)

Into a 100-ml beaker are added the water-swollen
granules of a sﬁper water-absorbing polymer in an amount of
about 20g at a time until the beaker is packed with the
granules up to the 100 cc marked line while holding the
surface down. The bulk density is determined by dividing the

weight by the volume.

(Density of Artificial Snow after Freezing)

Frozen snow with known volume is weighed. The
density (g/cms) is determined by dividing the weight by the
volume. When the sample snow is soft, a thin stainless steel
box with known volume for sticking it into snow is
conveniently used for the purpose; inversely when the sample
snow is hard, the volume calculated by measuring the
dimensions of a snow cube made by sawing the frozen snow is

used instead.

(Mechanical Strength of Artificial Snow after Freezing)
A disc in an adapter is released to fall straight

on to an artificial snow sample. Repeat the procedure by a
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present or not) are also set forth in Table 1. (Conpar ative Preparation
3) Attenpts to prepare a super water-absorbing polynmer by using
a dispersant (a fluorine-containing acrylic copolymner) of the conposition
outside the range of that of the nethod of the present invention were
unsuccessf ul . (Conparative Preparation 4)

- 24 -
Kinoshita's Hardness Tester (Trade Name) while changing the

adapter so that the disc can sink to a depth of about 7 to 30
mm beneath the surface. The strength is calculated by using

a conversion table. 1In case of powdery snow, the feeling of

the snow sample is noted, e.g. by "powdery".

(Kinematic Friction Factor pk after Freezing)

The waﬁer-swollen granules of a water-absorbing
polymer are spread in a layer to a depth of about 5 cm over
an inclined floor (10°) laid with flexible plastic cooling
pipes having an inner diameter of 5 mm, followed by
refrigerating the layer by circulating brine at minus 20 °C
for about 26 hours to make artificial snow. A ski slope (13
m in length) is produced by treading the snow. The time (t)
required fpr gliding over the slope on practical skis coated
with only base wax alone is measured. The kinematic friction

factor is calculated from the following formula:
pk=(gsinb-2x/t?) /gcosb

wherein,

g : kinematic accelerated velocity (9.80 m/secz)

e

inclined angle of slope (10°)
x : length of slope (13 m)

t : time reQuired (sec) .

[Preparative Examples 1-8] .
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- 29 - A super water-absorbing polyner in the formof crushed
pi eces was obtai ned by using a dispersant (available from N PPON SHOKUBA
K. K., under Trade Nane Aqualic CAW in a simlar nmanner. The
test results of the polymer for water-absorbing power, bulk density after
absorption of water, snow density and structure of snow crystal s(whether
ice crystals in the formof shells arezgresent or not) are set forth in
Tabl e 1.
(Preparative Example 1)
Spherical Granules of Super Water-Absorbing Polymer and the
Properties of Artificial Snowseed and Snow
Into a 500 ml-separible flask equipped with a
.stirrer, a reflux condenser; a dropping funnel, a
thermometer, and a nitrogen inlet tube was fed 150 g of
deionized water, £ollowed by addition of 0.2 g of a partially
saponified polyvinyl alcohol (available from NIPPON GOSEI
KAGAKU K.K., under Trade Mark GH-23). After melting of the
contents, the flask was purged with a nitrogen stréam.
Separately, into an Erlenmeyer flask were fed 25.0g
of heptadecafluorodecyl methacrylate (available from Osaka
Organic Chemical Industry Co. Ltd., under Trade Mark VISCOAT
V-#17FM), 5.0g of hydroxyethyl methacrylate (HEMA), 5.0g of
methacrylic acid (MMA), 15.0g of methyl methacrylate (MMA),
and 1.0g of azobisdimethylvaleronitrile to dissolve. The
resulting mixture was added dropwisely to the aforesaid
separable flask over a period of one hour while bubbling a
nitrogen stream. After holdihg for 5 hours at 65°C to
complete reactidn, the solid matter was filtered after
cooling and washed with water, followed by drying it in vacuo
whereby a dispersant (a fluorine-containing acrylic
copolymer) in the form of beads was obtained.
The dispersant in an amount of 4.32g and n-hexane

in an amount of 360.7g were added to a 1000-ml separable
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- 26 -
flask fitted with a stirrer, a reflux condenser, a dropping
funnel, a thermometer and a nitrogen inlet tube. The
contents were heated to 50°C to disperse and dissolve,
followed by nitrogen purging.

Separately, acrylic acid in an amount of 72.0g was
neutralized with 32.2g of sodium hydroxide dissolved in
103.6g of deionized water in an Erlenmeyer flask, followed by
further addition of potassium persulfate (0.24g) while
dissolving it at room temperature. The agueous monomer
solution was added dropwisely to the aforesaid separable
flask while sfirring at 300 rpm under the bubbling of a
nitrogen stream over a period of one hour. After reflux for
two hours, 0.1g of 30%-hydrogen peroxide was added and the
reflux was further continued for a period of one hour to
complete polymerization. Thereafter, 0.73g of ethylene
glycol diglycidyl ether was added, and the contents were
dehydrated by azeotropic distillation, filtered and dried in
vacuo wheréby a Super water-absorbing polymer in the form of
white beads, alféédy coated with the above-described

fluorine-containing acrylic copolymer, was obtained.

(Preparative Examples 2 to 8)
Similarly, a dispersant (a fluorine-containing
acrylic copolymer) of the composition as set forth in Table\l_

was prepared. A super water-absorbing polymer in the form of
This is the replacement sheet
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Exanmple 1 The water-swol |l en granul es (absorbed water is 50
times its own weight) of the super water-absorbing polyner prepared in
Preparative Exanple 1 were spread in a layer (about 5 cmin thickness)
over an inclined floor (10) laid wth flexible plastic brine pipes having
an inner dianmeter of about 5 mm When brine was circul ated at
m nus 20[err] C for about 20 hours, the Zlyner | ayer froze thereby
produci ng powdery artificial snow. A snow covered slope suitable for

gliding ophikespeads QreAdd duaddeadivl dHe sy iddecdesdineaylts  of
the artificial snow for the shape, density, hardness and kinematic

friction fgetgnien pblgmeoRAsA b tHaindd By Udinp¥ie dispersant.

Test results of the resulting polymers for the
water-absorbing power, average particle size, fluidity and
bulk density after absorption of water, snow density and
structure of snow cryétals (whether ice crystals in the form
of shells are present or not).are also set forth in Table 1.

In this case, the water-swollen particles (absorbed
water is 50 times its own weiéht) were spread in a layer to a
depth of 50 mm over a copper plate (2 mm thick) equipped with
brine pipes, followed by refrigeration by circulating brine

at minus 25 °C for 20 hours to make the sample snow.

[Comparative Preparations 1 to 4]
Spherical Granules of Super Water-Absorbing Polymer and

Properties of Artificial Snowseed and Snow

(Comparative Preparation 1)

A dispersant (an acrylic copolymer which does not
contain a fluorine moiety) of the composition set forth .in
Table 1 was prepared in a similar manner. A super water-
absorbing polymer in the form of white beads was obtained by
using the dispersant. The test results of the resulting

polymer for the water-absorbing power, average particle size,
This is the replacement sheet
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Exanpl e 2 The water-swol |l en granul es (absorbed water is 120
tinmes its own weight) of the super water-absorbing polymer prepared in
Preparative Exanple 1 were spread in a layer (about 5 cmin thickness)
over an inclined floor (10[err]) in a simlar manner as Exanple 1.

When brine was circulated at mnus 20[err]C for about 20 hours, artificial
snow was produced in layers, i.e. powlegy snow on top of an ice bed. A
snow covered ski sl ope

fluidity and bulk density after absorption of water, density
and structure of the artificial snow (whether ice crystals in

the form of shells are present or not) are also set froth in

Table 1.

(Comparative Preparation 2)

A dispersant (an acrylic copolymer which contains a
fluorine moiety) of the composition set forth in Table 1, the
composition beihg not within the scope of the present
invention, was prepared in a similar manner. A water-
absorbing polymer in the form of white beads already coated
with the fluorine-containing acrylic copolymer was obtained.
The test reéults of the polymer for the water-absorbing
power, average particle size, fluidity and bulk density after
absorption of water, snow density and structure of snow
crystals (whether ice crystals in the form of shells are

present or not) are also set forth in Table 1.

({Comparative Pfeparation 3)

Attempts to prepare a super water-absorbing polymer
by using a dispersant (a fluorine-containing acrylic
copolymer) of the compositibn outside the range of that of

the method of the present invention were unsuccessful.

(Comparative Preparation 4)

This is the replacement sheet
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- 32 - suitable for gliding over it on skis was recreated by treading
the snow. The test results of the artificial snow for the shape, density,
hardness and ki nematic friction factor on the slope are set forth in Table
2. Conpar ative Exanple 1 The wat er-swol | en granul es (absorbed
water is 50 tines its own weight) of the water-absorbing polynmer prepared
in Conparative Preparation 1 were spread2gn-a |layer (about 5 cmin '
t hi ckness) over an inclined floor (10[err]) in a simlar manner as Exanple
1. When brine was circulated at mnus 20[err]C for 20

A super water-absorbing polymer in the form of
crushed pieces'was obtained by using a dispersant (available
from NIPPON SHOKUBAI K.K., under Trade Name Aqualic CAW) in a

similar manner.

The test results of the polymer for water-absorbing
power, bulk density after absorption of water, snow density
and structure of snow crystals(whether ice crystals in the

form of shells are present or not) are set forth in Table 1.

This is the replacement sheet
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- 33 - hours, the | ayer froze. Powdery snow on top of an ice bed was
produced. A snow covered ski slope was produced by treading the snow. The
test results of the snow for the shape, density, hardness and ki nenmatic

friction factor on the slope are set forth in Table 2. Conparative
Exampl e 3 Attenpts to recreate a snow covered sl ope by | aying
' - 31 -

(Production of Arrificial Skiing Slope)
Example 1 |

The_@ater-swoilen granules (absorbed water is 50
times its own Qeight) of the super water-absorbing polymer
prepared in Preparative Example 1 were spread in a layer
(about 5 cm in thickness) over an inclined floor (10°) laid
with flexible biastic brine pipes having an inner diameter of
about 5 mm.

When brine was circulated at minus 20°C for about
20 hours, the polymer layer froze thereby producing powdery
artificial snow. A snow-covered slope suitable for gliding
on skis was recreated by treading the snow. The test results
of the artificial snow for the shape, density, hardness and
kinematic friction factor on the.slope are set forth in Table

2.

Example 2

The water-swollen granules (absorbed water is 120
times its own weight) of the super water-absorbing polymer
prepared in Preparative Example 1 were spread in a layer
(about 5 cm in thickness) over an inclined floor (10°) in a
similar manner as Example 1.

When brine was circulated at minus 20°C for about
20 hours, artificial snow was produced in layers, i.e.
powdery snow on top of an ice bed. A snow-covered ski slope

«a1i$ 18 the replacement sheet
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t he wat er-swol | en granul es of the water-absorbing polynmer prepared in

Conparative Preparation 4 were unsuccessful. Table 2 shows the results.
Any snow shape matter could not obtained. - 34-
- 35 - - -

- 32 -

suitable for gliding over it on skis was recreated by
treading the snow. The test results of the artificial snow
for the shépe, density, hardness and kinematic friction

factor on the slope are set forth in Table 2.

Comparative Example 1

The water-swollen granules (absorbed water is 50
times its own wéight) of the water—absorbing polymer prepared
in Comparative_Preparation 1 were spread in a layer (about 5
cm in thicknesé) over an inclined floor (10°) in a similar
manner as Examble 1.

When 5£ine.was circulated at minus 20°C for 20
hours, the layer.froze. Powdery artificial snow was
producéd. A snow-covered ski slope was recreated by treading
the snow. The test results of the snow for the shape,
density, hafdngss and kinematic friction factor on the slope

are set forth in Table 2.

Comparative Example 2

The Qafer-swollen granules (absorbed water is ;20
times its own weight) of the_super water-absorbing polymer
prepared in Compérative Preparafion 1 were spread in a lafer
(about 5 cm in thickness) over an inclined floor (10°) in a
simiiar manner as Example 1.

When brine was circulated at minus 20°C for 20

itus is the replacement sheet
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WHAT IS CLAIMED 1IS: 1. An artificial snowseed conprising granules of a
super water-absorbing polyner coated with a fluorine-containing material

and/or a silicone oil, wherein said granules can retain the original
spherical formafter absorption of water w thout sticking to each other.
2. An artificial snowseed according to claim1 wherein said

fluorine-containing material is the sane3gi spersant as used in the
manuf act ure of granul es of said super water-absorbing polyner by a
rever sed- phase suspensi on pol yneri zati on. 3. An artificial snowseed
according to claim2 wherein said fluorine-containing material is an
acrylic copmyr®).the layer froze. Powdery snow on top of an ice bed
was produced. A snow-covered ski slope was produced by
treading the snow. The test results of the snow for the
shape, density;'hardness and kinematic friction factor on the

slope are set forth in Table 2.

Comparative Example 3

Attempts to recreate a snow~-covered slopé by laying
the water-swollen granules of the water-absorbing polymer
prepared in Comparative Preparation.4 were unsuccessful.
Table 2 shows the results. Any snow-shape matter could not

obtained.
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noi ety having three or
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- 36 - swel | abl e granul es being able to retain the original spherical
formafter absorption of water without sticking to each other and having a
dei oni zed wat er absorbi ng power of about 30 to 500 tines its own wei ght,
and said water- swell able granules being further coated with a fluorine-
containing material and/or a silicone oil and having an average di aneter

of 20 to 500 [err]m before absorption of3sater, and (b) freezing the
wat er - swol | en granul es by at |east one neans selected from thhe group

consi sti ng WiAT I8 QLAHIMED IS: (i) freezing the water-swollen granules
on a

1. An artificial snowseed comprising granules of a super
water-absorbiﬁg.polymer coated with a fluorine-containing
material and/or'a silicone oil, wherein said granules can
retain the original spherical form after absorption of water

without sticking to each other.

2. An artificial snowseed according to claim 1 wherein said
fluorine-containing material is the same dispersant as used
in the manufacture of granules of said super water-absorbing

polymer by a reversed-phase suspension polymerization.

3. An artificial snowseed according to claim 2 wherein said

fluorine-containing material is an acrylic copolymer.

4. An artificial snowseed according to claim 3 wherein said
acrylic copolymer contains 10 to 90% by wight of an acrylic

or methacrylic ester moiety having three or more of fluorine

atoms.
5. A method for making artificial snow which comprises the
steps of:

(a) swelling granules of a super water-absorbing
polymer in water to provide spherical water-swollen granules

having an average diameter of about 0.05 to 2 mm, said water-

This is the replacement sheet.
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refrigerated floor laid with refrigeration pipes, (ii) freezing

t he water-swol | en granul es by bl ending themwi th at | east one
cool ant sel ected - fromthe group consisting of dry ice, liquid
car bon di oxi de, and liquid nitrogen, and (i)
freezing the water-swollen granules on a ' refrigerated floor laid
with refrigeration pipes ~aft+es6 bl ending themw th natural snow,
artificial snow nade by nmeans of a snow machi ne, or icy snow
made by shattering ice blocks, freezing the water- swol | en

Peast one SyataablelpEBriyBt beiflo BohE co roratn Ll U of dry | ce,
liquid Cargggerical form eVsrdGrs3PP it} WaltedIGRthout sticking to
each other and having a deionized water absorbing power of
about 30 to 500 times its own weight, and said water-
swellable granules being further coated with a fluorine-
containing material and/or a silicone o0il and having an
average diameter of 20 to 500 pm before absorption of water,
and
(b) freezing the water-swollen granules by at least one
meaﬁs selected from the grou§ consisting of the steps:
(i) freezing the water-swollen granules on a
refrigérated floor laid with refrigeration pipes,
(ii) freezing the water-swollen granules by
blending them with at least one coolant selected
from the group consisting of dry ice, liquid carbon
dioxide, and liquid nitrogen, and
(iii) freezing the water-swollen granules on a
refrigerated floor laid with refrigeration pipes
after blending them with natural snow, artificial
snow made by means of a snow machine, or icy snow
made by shattering ice blocks, freezing the water-
swollen granules on the refrigerated floor after
blending them with at least one coolant selected
from the group consisting of dry ice, liquid carbon

dioxide, and liquid nitrogen. |
' This is the replacement sheet

Date: “Sl { ?’P\ b



- 37 -

ARTIFICIAL SNOWBEED AND METHOD FOR.MAKING ARTIFICIAL SNOW

ABSTRACT OF THE DISCLOSURE

An af#ificial snowseed in the form of granules of a
super water—éb#orbing polymer already coated with a fluorine-
containing matéfial and/or a silicone o0il. The granules can
retain the origiﬁal spherical form after absorption of water
without stickihg fo each other. Further the present
invention provides a method for making artificial snow
comprising freézing the above artificial snowseed after

absorption of water.

FIGURE 1.
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