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Title: "METHCD FOR MAKI NG ARTI FI'CI AL SNOW BACKGROUND OF THE | NVEN TI
Fisel d of the Invention This invention relates to a nmethod for making
artificial snow, and to a skiing sflepe using such snom1 (2) Description
of the Prior JAr n cerg [ S r ,artlflc- |aI
skiing slopegﬁéééiprod ﬁtf%éBaFggngékiN? gﬂ??gﬁgﬁt I~ﬁ)nlques

One nethod is to create arB£ERen 3 NFESMN nes whi ch spray

at om sed matqn)amjg}gmae§pegha|[n0@ﬁtgbher4gas) into a subzero atnosphere i
to create a bIankef‘iﬂ;?ﬂﬂﬂﬂ“'TﬁE‘aﬂrgﬁgr expansion of the air absorbs
heat from the atom setShat2¥eARHORhESHAFERCIL8s 2180 £OTt PFGIB snow

fi akes.‘t%TTheamdmmﬁsJarmmpemavtaota sRifiak asndpepersding swligriag. | arge
vol unmes of ¢ pr ' r n p e of produci ng ski abl e snow
when both thgggir 28 &L 3! °? E £48 pk w [ERR] to prevent the
snow from nel ting. |1%n spintais skb QGSbatgeacapnﬁawh&n@anﬂﬁuanﬁﬁﬁigts
such mmachi ne&a&f%mw%ergicypw A5 Eﬁﬂaﬁgi‘dcﬁﬁ} th‘ﬁgx@etrh%feiﬁ % SEASON by
upto one mo nth in certain resorts. asi ¢’ net for pro UC|ng snow
using this tyEerFLqU&Sni que wa s disclosed in U S. Patent No, 2 676, 25

471 (Pienge). Irrprwd@&ﬂwslsnﬂoa@ﬁa&aéusrwrﬂchlas. ispehniiuar S ee
di sclosed in U ndl of 010, 60 Bar net t 301, 485

716, 190 (L
(Tropeano) ; 3@"6’1‘-‘2 l'*Iio"rk} cRJEY Ba%'ilﬁﬁé t’?’r‘Sﬁeé m&l')ess\??%ﬂl 843
(Rice); 3, 7749843@&1\/\@591 ﬁ':%5a5ﬁﬂbz§¢aabatin):sphe_®@4t2>3&r&&te( H_anson),
4, 0@% 492 (DSW% ’et4’ojf0 s “ﬁ“ﬁ&hﬂi&&aé‘ié'e§89n§i%%3o92%h(e5%sitrls et al)
and Australian
absorbs heat from the atomised water and the particles

15 freeze to form snow flakes. - The machines are expensive

to instal and'operate, requiring large volumes of com-
pressed alr and are only capable of produCLng skiable
snow when both the air and ground temperatures are below
6° C to prevent the snow from melting. In spite of the
20 large capital and operating costs, such machines are
currentiy in.use as they can extend the skiing season
by upto one msnth in certain resorts. |
The basic method for producing_snow using this
type of technique was disclosed in U.S. Patent No, 2,676,
25 U471 (Pierce). Improved methods and apparatus for this
technique are disclosed in U.S. Nos. 3, 716 190 (Llndlof),
3,010,660 (Barnett); 3,307,485 (Tropeano), 3,298,612
(Torrens); 3,761,020 (Tropeano et al); 3,774,843 (Rice);
3,774,842 (Howell);'3;9H5,567'(Rambach); 4,004,732
30 (Hanson) 4,083,492 (Dewey); 4,105,161 (Kircher et al);

"~ and 3, 733,029 (Eustis et al) and Australian Patent
Appllcatlon Nos. 77956/75 (Burns) and 12534/83 (Albert-
son).

The atomised water particles can be fed into an
35 airflow generated by a fan (e.g..as shown in U.S. Patent
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Appl i cHHQ 8WORRES. 77956/ 75 (Burns) and 12534/83 (Al bert- sorBCT/'m.ESSﬂIOGﬂsed ,
WAt er particles can be fed into an 35 alrflom/generated by a fan (e.g. as
shown in U. S. Patent WO 86/ 02936 *
PCT/ AU8B5/ 00267 -2- Nos. 3,760,598 (Jakob et al) and 2, 968 164 (anson) and
ke formation of the snow fl akes or crystals can be accelerated by seeding
nucl eating agents such as ice crystals (see U S. Patent No. 3,596,476

ob 5 t al U. Pat 00, 228 | T
VoS o 9 284, 598 SakRobny e il Sng S S5 o6 R05803 S0 )

d ackemn@ttne)fandaﬂmsnrbﬁntﬁatemwadla&ﬁﬁQ&ﬁr(&&ﬁ@ﬁ@léséadiSC|OS@
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e type used an n|n
over come t&® %ﬁ%mm%&lﬁhéssﬂow Eak@gtmtt iNeg i3, 3, K76 Gdskobe constant

refrigeratdonpf ike §§.‘@€"ef‘9§”‘?ge€ g..shy pfaft%n@ WEe dooFioeg, Wil

eventual Iy turn to a glaze of ice, unsui tabl e for skiing,’as heat fromthe
air above tWREERRW i s absorbed via the snowto the refrigeration. In nore
tenperate zones Tcarwév@mal tB&i aBﬁiﬂema& Rave raeim deyed oped using mats,

br1 ot o8 Y PR 8 e O3 43 DN (TRLEHLBhy RIS Flgppe are sol d under
U. S. Pat erﬂumarﬁ EE]D%ISMSNQ HoBﬁé9§2ahU13hial,1923 d(l@q]smas) mechddist ral i an
Pate”UOAp@ﬂ(FyééHEng or cooling the ground using refrigeration
systems of the type used for skating rinks and in J
mining. These methods do not overcome the problem of
the snowflakes melting in the air and the constant
refrlgeratlon of the snow formed e.g. by the Pierce
15 method, will eventually turn to a glaze of ice, unsultable
for skiing, as heat from the air above the snow is
absorbed via the snow to the refrlgeratlon.
In more temperate zones, artificial skiing slopes
have been developed using mats, bristles or carpets
20 of synthetic materials. Such slopes are sold under the
Trade Marks "Dendex", "Delta", and "Dri-Sno" and form
the subjecﬁ'of U.S. Patent Nos. 3,400,643 (Holley) and
3,731,923 (Grieve) and Australian Patent Application
No. 71499/74 (Snow Products Inc). These slopes require S
25 the use of special skis and poles and cannot truly
recreate a snow-covered slope. |
SUMMARY OF THE PRESENT INVENTION
It is an object of the present invention to provide
a method for making artificial snow which is relatively
30 simple and inexpensive.
It is a preferred object to prov1de a method which
enables the snow to be used and maintained at temperatures

not previously considefed possible.
It is a further preferred object to provide a method
35 where the snow can be laid in layers e.g. of different
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-No. 71499/74 (Snow Products Inc). These slopes require 25 the use of
speci al skis and pol es and cannot truly recreate a snow covered sl ope.,

- SUMMARY OF THE PRESENT I NVENTION It is an object of the present inven

- to-provide a met hod for . ‘making artificial snow which is relatively 30

sinple and inexpensive. It is a preferred object to provide a method

enabl es the snow to be used and naintained at tenperatures not previo

considered possible. It is a further Pererred object to prOV|de a met hod

35 where the" %%e% n Ry i 'r%ég%%rs"?ogrde‘ij" g fwerae‘rat h ga)réﬁ?%l Si ze

to recreate snow and har SNOW. - st _
pref erred objg@bwto provi de a nmet hod where the. snom/can be recovered and
reusedXzor 5 retreated, as required. It is a still further preferred

object to produce Ttskis 3 @GR4 LlNEwRMeE! pe flete edN OB jRcd YL ity ildee a
present nmethod. Qther preferred objects will becone apparent from 10 t he
- foll ow ng desaeithioidon whiereotheasneat chahe bpr esediverede RnNdon redsiedss ior a
‘nmet hod of making artificial snowincluding the steps of: (a) m xing water
with a waber gedireattled,nasereguiged.ess than the maxi num water retention

capacity of 15 the material; & ) aerating the m xture; and
' It is a still further preferred object to produce a

ski-slbpe incorporating the snow produced by the.present
method.
Other preferred objects will become apparent from-
10 the following description.
In one aspect the present invention resides in a
method of making artificial snow including the steps of:
(a) mixing water with a water swellable material at
less than the maximum water retention capacity of
15 | the material;
(b) aerating the mixture; and
(c) freezing the mixture to form snow crystals.
N Preferably the water sweilable materials include
all polymers, copolymers énd terpolymers caéable of
20 ~swelling in an aqueous solution. These include the
éolymers and copqumers of acrylamide, acrylic acid,
polyacrylate salts, vinyloxazolidinane, methacrylate
salts, styrene, vihyl ether and salts. of styrene
sulphonates, together with.polymers and copolymers poly-

25 merized with cellulosic fibres. Suitable polymers are
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(c) freezing the mxture to formsnow crystals. Preferably the water
swellable materials include all polyners, copolyners and terpolyners

capabl e of 20 swelling in an aqueous sol ution. These include the
pol yners and copol yners of acrylanide, acrylic acid, polyacrylate salts,
vi nyl'oxazol i di nane, methacrylate salts, styrene, vinyl ether and
salts of styrene sul phonates, togg}her wi th polyners and copol yners poly-

erized with ceIIuI03|c fibres.®@ Suitable polymers are - 3a -

) e e sl Vo 00 Bt
o PBIOEER (Tﬁqﬁf%%ﬁq%q’(em oI OB e a2

the pO' ymsr :Mm 2Pspr b apiy opd SRt elpatihtl 00 AdBfied £ Sol®WN 1Of Bplodd) water
to provide goo gel” strength, mninmm evaporation and decreased

permeabi | i t y¢cHéhmical Di¥&fwimidy, Sy haid migvrihaanatmitSye! )] e
WO8B6/ 02936 2191570 PCT/ AUS5/ 00267 - 4-

pol ymer §s mMe&es7 v (Thé MMowetesmida 1B CdS4nyos e preferably 50-70% of its

maxi mum wat er retention capacity. This may be at e.g. a nature of 50 parts

wat er: 1 part pol¥terig moreippefierrdd dilataliihe fpowlymer will absorb
approximately 30-100 times its own weight in water to
provide good .gel strength, minimum evaporation and \,)
decreased permeability.

10 Preferably, for hard snow the water swellable
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preferably 5-15% of its maxi numwater retention capacity. Such m xture
iancl ude 5-15 parts water: 1 part polyner ‘(by weight). A surfactant nay
added to the mixture to.10 reduce the surface tension of the water an
produce mnute bubbles within the matrix of the snow crystals to create
honeyconb efgpetymeBuisamicesiunfidat eittes watod midet SRAP8 SN flerer gent s;
sul phat ed, LpRat. I =R Gat i | . hinear. or branched chain
al kyl ben. - %Qgg;ﬁégégl saoﬁyﬁés%fglﬁgﬁxnled’%&ul% %ﬁrét ‘é%;@eé‘ga."am dodecyl -

benzene sul pPRPAEEEYal kfhisSumaiYorts &b vl ahiwaterecafi BAi paasd non-ionic

surfaclants. wJ¥ep: ani BAFE Bb 1GHeronivy Hfact pnt SP@é?e!ﬁiSﬁy FRe pol yner

beconeszani onj ¢ or cationi C and causes t he. snow crystals t0 20 oppose each
ot her. 'ﬁe' xR Sir BOVAG T &Y Sed ARL YOGy hPh FRdughth RBezNEEET by
mechani cal aghtS450% R6rehppRiresablya 5u 19Nh ChpretaxThenmvatere may be
frozen at 0 C or gelom%-the.§5 har dness, q; t he ice;bein& |€cq§ased with
decreasi ng tEHpe At 0P eaRaAGAEY i o AChAE T YRS IR RA 8§ sPAl % s  caused to
freeze. (1t pmstvevatebsenvedrthaboliymersnay areisdiet 5. are fornmed when
approxi mately 5% of ,t r.contained wihint 0 r.turns toice. A
pPacthaI 30 ninin%n??gﬁ%éggpgr@agéggpégééqni%J%b{ékéfEu%%eegnow is
preferadldy Ingdiiem bheesurfacat sensiom ofo thale@trenfand- Loopnpdroee

preferably 125 JOO0mube1E0r Mienski kA HadRex Reft{abiyod herpoouiis laid in
| ayers in a manner simlar to natural snow. The refrig- 35 ‘erated floor

may be of t o tSRA R el PORCYERMBK ARG Lr-i nBuitable surfactants

include soap and detergents; sulphated, aliphatic or
aromatic alcohols; linear or branched chain alkylben-

15 zéne sulphohates; alkylarine sulphonates; sodium dodecyl-
benzene sulphonate; alkyi sulphonates; and anioniec,
cationic and non-ionic surfactants. When anionic or
cationic surfactants are used, the polymer becomes
anionic or cationic and causes the snow erystals to

20 oppose each other. _ _ _

_ The mixture may be aerated by spraying through a
nozzle or by mechanical agitation or whipping in a
mixing chamber. .
. Thé mixture may be frozen at 0°C or below, the

\_ 25 hardness of the ice being increased with decreasing

temperature as additional water within'éach crystal is

caused to freeze. (It has_been observed that the snow

crystals are formed when approximately 5% of the water

contained within the polymer turns to ice. A practical

30 minimum temperature is approximately -20°c. _

The snow is preferébly laid on a refrigerated
floor to a depth of 75;200mm,'more preferably 125-150mm
to form a skiing slope. Preferably the snow is laid in
layers in a manner Simiiér to natural snow. The refrig-

35 erated floor may be of the type used for ice skating rink
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_5- floors and suitable exanples are descrlbed21492J§7(;an Pat ent No. '
363962 (Mchaelis); U S Patent Nos. 3,893,507, 3,379,031, 2,878,651 and
3 751,935 or the "Hol nmsten Rink-. - master"” sold by Hol nstten Ice Rinks Inc.

F Paul, 5 M nnesota, U S~&~ TO control any likelihood of environ-
R danage shoul d the snow nelt, the floor is prefer- ably surrounded by
‘yal | s fhe refr f% tonna to mai ntai n the snow frozen will be
dent o AT e?f? %%Sr&xﬁf“ ESTRE S G ST Yo r L b AYRET LABw
3 s rmﬁatmnsH&wed36396énﬁMedhhedusﬂheUﬁSmm?aﬁéﬁtchsta3$893L§e¢ back
é orei e A d ef.qre i ezing,a
rel ayi ng on ?_ﬁg’ﬂfrt?’ﬁ glﬁﬁgnggioéah ? 9‘3@[ gﬁ%t ol%esttcai"n ?/LE 1|‘Z"?)rr11 Eagg 15
“in a sk||m?%ﬂ?ﬁﬁf|$Rk#p%YaH9hQSFHB épﬁlﬁ#@kﬂ ﬁnﬂMNQﬁuﬁtbyPa%b,above

met'hod.5s BRIMidd=3# PTwCSJ £F TrE QBAWU@Sam q&a@ﬁﬁm '&fve%mﬂo{a]@ be

fully understoo eferred%ﬁnbodlnen w [l now be describ

ref erence ﬂ?ﬁ%ﬁirﬂ? rﬁﬁﬁ? g BFaﬁPH@smeﬁﬁ’wmhﬁ1 flgqg ¥sjgrefer-
part-secti ey, suﬂﬁounﬁﬁﬂmmyCsﬂdewwailbhe skiing slope and FI G 2is a

25 DETAL LED TG BRI SH SRt PRER RS mrna T ot
swel | abl e gologesr wid b eri dependentt be aabeenanalrr¢ampannqumnhme The snow
g;gi;?g% ”géﬁfiM¥¥F“3¥féﬁ%“éﬁ@hf8¥§9@éﬂg ha9" 8d haSred YoV Pedd v

from the slope, the crystals melted back to the gel and

any foreign matter filtered out before refreezing and . \_)

relaying on the slope.
In a second aspect the present invention resides

15 1in a skiing slope incorporating the artificial snow made

by the above method.
BRIEF DESCRIPTION OF THE DRAWINGS

" To enable the invention to be fully understood, a
preferred embodiment will now be described with reference

20 tq the accompanying drawings, in which:
FIG. 1 is a part-sectional, part-schematid view
of the skiing slope; and
FIG. 2 is a schematic layout of the alternative

~

*

snow-¢rystal manufacturing equipment. U

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
' The water swellable polymer to be mixed with the
water and frozen to prbduce the snow crystals may be formed
from the foliowing ingredients, by way of an example:
100ml water
30 20 ml Acrylamide Monomer
1 ml Tetramethylethylenediamine
4 ml 7% Ammonium Persulphate
O0-4 gm Methylene Bisachylamide (0.002 - 0.005%)
10-50 ml detergent surfactant (optional)
35 The ingredients are mixed well and allowed ﬁo react
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30 20 m Acryl ani de Nonomer 1 m Tet r andh s athyl @nedi BGHAUISIOP2ET,,
Ammoni um Per sul phate 0-4 gm.Met hyl ene Bi sachyl am de (0.002 - 0.005% 10-50-
nt detergent surfactant (optional) 35 ' .The ingredients are m xed
wel | and al |l owed :to react -6- egqothermcally to produce a highly
cross-1inked polymer, matrix capable of retaining 50-100 tines.its own
vei ght of walh@thered EB IE@ngrsebclesadh5$91§n@r9@%uﬁqmo0 a powder
- cast into flakes or. granul es. - The praoduction of a skiing §
using the p&RRYREST FaLEHE PIRRRIeWPF| TREALBENEe20r100d tdime? ridf®r ence
FIG 1. .Theosin iweightopef Waterl ai Theuresnlthatsigdd dfs anpeitaid or hil
to proeyide il . h o] LS del t si de
wal ls I whgggﬁﬁgkﬁéﬁiqgn &Q%%§O?¥ %?sghgnaétgﬁfgg yaﬁjgﬁ%éq%{?éhould t he
snow crstals nelt . ThEhigr titon hef | akekihogdsdppgnyusdamdha eake-
surroundi Ng a1 RN o EXT L £1 78641 967 8L50P 1 BLRES dradfhd N a sand
15 bed 13 oﬁ aw;ubsoil %%se 14. %%eﬁrefr?gerggt;BFpeslgﬁéqgghﬁgited to
respective &Eniffld ds! 15, which are connected to a refrigeration unit -16.

Refrigerant e.g. brime dyind helppdeso 12si sapassad bAr ewegh sa dweade exchanger
17 and returned via .a brlﬂﬁéfugP 18. TQ; heaﬁ fron;éhe refrig- 20 erant is
di ssi pated By ®PMQFEt i bl ROUGHAE R RRURRLkEnENGer 17 and a cooling
tower 190by a punp T2 SiMdps ,id rded tnesaped ybyaskddlwaddd tiHe widatacryl a-
controls any run-off of the'water/polymer mixture. should

LJ. the snow crystals melt. This avoids the likelihood of
any damage to the surrounding environment.
Flexible refrigerétion‘pipes 12 are laid in a sand
15 bed 13 on a subsoil base 14,  The refrigerant pipes are
connected to respective manifolds 15, which are connected
to a_refrigeratidn unit 16. Refrigerant e.g. brine from
the pipeé 12 is passed through a heat exchanger 17 and
returned via a brine pump 18. The heat from the refrig-
20 erant is dissipated by liquid circulated through the heat
exchanger 17 and a cooling tower 19 by a pump 20.
Water, from a supply tank 21, and the polyacryla-
mide powder, from a supply hopper 22, are fed into a
mixing chamber 23 at the rate of 50 parts water: 1 part
25 polymer by weight and are mixed so that the polymer
- absorbs the water to approximately 50% of its maximum
water retention capacity. '
. The resultant gel is pumped through a line 24 into
which is injected air by an air compressor 25. From the
30 air compressor, the aerated gel is carried through lines
26 into manifolds 27 fitted with a series of spaced
nozzles which spray the aerated gel over the refrigerated
~ floor 28 created by the fefrigeration pipes 12 and sand
" bed 13. | ' | |
35 : As the air above the floor is below 0°C, the water
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mde powder, froma supply hopper 22, are fed ialngi‘fn"?gng cha Lssggz

ARe\rate of 50 parts water: 1 part 25 polyner by weight and are m xed so
t hat\ t he pol yner absorbs the water to apprOX|nater 50% of its maxi mum

- viatlet retention capacity. The resid tant gel is punped through.a |ine 24
i p@)which is injected air by an air conpressor 25. Fromthe 30 air
c

(tt

essorint e aBPAYBANgER Nt A& SRTAMRDUGeT | e nezrARs manifol ds 27
d w ttk‘ed@.}.zlssrtSSf'ﬁéea:paan ft(marZ]|%M%@I§Yaﬁéefaﬁﬁaaegggel gvgrdt he
. refrigerate reat the refrigeration es 12 and sand be
13. 35  Soon a%gsf ?a?S 33 RS S TS %%@0m£?gﬁRT gFﬁe water:  -7-
in the polfommingrai EreseSpsayé.d. fa:r'@mrtd]e:l’m)zlzdba;ndnegoﬂsthe fraéere and t
snow @y yst f a as, .24 C s
Y Vslalso M gal R TBAeaRoI90R A2 dA1C VBLEL, DECOAES Pég%sabsorbe g

water form rozen s roun t he
in the pol ightyieress-lpgakadse thise PosIgaen i Bhei gl ymeroparti-nked, the

pores in tﬂtelé)@lw@rv@aytsmaﬂegnar@ovqmetqr@ur@éw.fpnhﬁglseeaes -11nking
the ice In the crystal, occurs.

The | ayer S SEAFLH st Pe EPeChE] 87 E9e TS x| TR o5 25h ERFck at a t1me
until the cyrystdls apPuexi MBTREY1326r550 fM¥nidy erys¥dls herenDyidn these
R oL e o g SRR s
| ai d. TheaﬁnnaxxMhtqkwyhéi iiﬁlmmlshneﬁucedhl)ﬁhafsqnﬂtknwhmese 1 part
pol y- layers have the nature of natural hard packed snow.
A thin layer e.g. 6-12 mm thick of fine powdér snow
is then formed on top of the snow already laid. The water
15 polymer ratio is.reduced to 5-15 parts water: 1 part poly-
mer. Because'of the higher polymer content, the snow
acts as an lnsulator against absorblng heat from the
ambient air and the CO- NH2 side chains absorbs UV radlatlon
If rain should fall, the polymer can absorb some of the
20 water without'damaging the skiing surface.
_Tests have shown that by reducing the temperatures
e.g. to —20°C, the percentage df'water absorbed in the

o

polymer which freezes increases e.g. to 85% and if the
temperature is allowed to increase e.g. to -2°C, the ice
25 within the frozen ice shell will melt without causing the
snow crystals to break down and reform the gel. However,
as the temperature is reduéed, the'crystals become harder

(

due to the higher ice content.
This phenomenon leads to Significant savings in

30 the operating costs for the reffigeratioﬁ unit 16. At

night, when the ambient air temperature is low, the

refrigeration unit caﬁ be operated to lower the snow

cerystal temperature to e.g. -18%c. . During the day, the

higher ambient air temperature heats up the c¢rystals but
35 provided the snow temperature does not exceed e.g. -1.8°

»
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mer. Because 04 t he hi gher polymer content, the snod Qdi3 Tl aRST/ALBSpD8767 ‘
agai nst absorbing heat fromthe anbiient air and the [ERR] side chains '
absorbs WW.radiationm |f rain should fall, the polymer can absorb sone g
the 20 water w thout damagi ng thg skii-ng surface. Tests have shown th
reduci ng the tenperatures e.g. to [ERR], the percentage of water absor

I n the pol yggr i f | hcreases _e.g. .t 0, 85%and if the tenperat

s alloed F8S; g@’?&g&f 23855 ?%@f%%R] BRENLE 3B° APDHEAt heMRLRAT T e

shel | will hecemgist makatdsinghise esngw 6ryoPal s the hregals giovit mowl ref orm

the gel. Hougyer S uge e crystals becone harder
_ nedd I BPE :=J£S€e rhEHYS gpgg‘gs pte(s%oda tq maintaig

due tq the E' her ice content. . phenonmenon "I sign I ngs
in 30 “he b r SPPHg CeFREratoire reekev rtaeraribacedi temperasunms gt , when

theI anth enth eagr tanpécat ?”mé droye i ¢ t@fﬁbé%&gggfﬁi‘igh foeC UL at ﬁd
to lower t S Crys tenperature to e.q. . ring the day, the
hi gher anbigﬁtsg?% Pé4§§%HQﬁH}¥ﬁﬁﬁ%?LRP{ﬁ%gEryéFﬁps but 35 provided the
snow tenperature dées imsubxtedd eover [ERR],of plAstiBewmat ewiaf)f efded.
Even if th ' [ r eco latively_high.e.qg. [ERR] the
refrigerat %ﬁ”ﬁ%??hﬁgggpgrﬁ’“&2’%%‘%@&%%# aaghﬁrf’gﬁggieg&rg"(??ﬁai ntain
the snow-t MpRYhelr Eoherefeche tdrg tskiadrs efpred atedecef the absgrotERy (The
criticalot Pehaayr syWkhe BRUCRGMANNL Y dnNal g particul ar pol yrer

a

used). An insulateg cover e.g. of plastics materi nag_be supported over
the slope to act asCal@eBtRe OGS Ferin&rsunfanodi cat thha RVErs ceande

réggce t he sthwwePt PN and placed in side drains 29 along the sides
of the slope 10. The snow melts and is drawn off via

pipes 30 to a filter unit 31 where any foreign matter
15 e.g. dirt is removed. (Because the highly cross-linked
polymer particles have a small pore size, little foreign
matter will-enter.phe particles). The now cleaned gel
is returned to the mixing_chamber 23 for return to the
" slope where it can be sprayed onto the existing snow in
20 the fine powder snow layer. : (It may be necessary to
maintain the necessary water/polymer ratio).
By laying the refrigeration pipes 12 out in sections
down the slope, the length and width of the slope can be
varied_throughout the year. For example, in mid-summer,
the slope may be 100 metres long. As summer turns to
autumn, and the ambient air temperature drobs, additional
sections of the slope can be provided with the artificial
snow until in mid-winter, the slope may be e.g._UOO-SOO
metres long. As spring brings warmer ambient temperatures,
30 and natural snowfalls decrease, additional arfificial snow
is produced to maintain the slope at maximum length énd
the normal skiing season may be extended bi e.g. 30 days.
Then as spring turns to summer, sections of the slope may
be closed. -

35 To save costs, the melted snow can be drained off
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10 of heat by the snow fromthe anbient air). Tglrgijr‘\f’al n the skiing
surface, a thin |ayer can be shaved off and placed.in side drains 29 al ong
t he sPdes of the slope 10. The snow relts and is drawn off via pipes 30 to
i 1eN unit 31 where any for®tgn matter 15 e.g. dirt is renoved.

‘NIsg the highly cross-1linked polyner particles have a small pore size,

| ilt t\l & flor ei gn matter will-enter the particles). The now cl eaned gel is
re urned t oafHe FlLtieRgdc fitberheEbrteted nfPE PREESEEFEMMere it can be

. Spray€d ont @ Ifrhgrefie¥inedy HHBY pdl Aer they f boedpoedeandnewdrayer. (It may
be necessarx to ngintgjn tﬁe necessary water/polyner ratio). By laying the
refrigeratioft BPEEST12°0R/ 1 n sections down the slope, the Iength and width
of the slope can Ha eamced ftiledulprmtof hehgednverbioaxdisglee FIG. nid-sdﬁﬁer,
25 - thegslo b rs;ju m, and the

55| 0BG MBKePRa1RP MHid epsoa]!ﬁﬁl?ri ! T8 ih E?étﬁgxé]‘ﬁtg;

anbi ent“ai r "t énperature drops, sections o e can be
provi ded wi Ghaggéfa?t3i piscihareinhe {ane 1descni bedi Brér thendediad®é may be
e.g. 400-50gemefkesnk@Bat14S YW i N0era@siRE aAbtent Leipgr atures, 30
and natural _snowfal | s decreas additional, artifircial snow is produced to
mai ntai n t hd18réPen&ErRgLMum %d’i?ﬁ%’ba‘i%es‘t‘\%‘?’nﬁryﬁlaaﬁgc?é’ag&r‘?”nay be
ext ended bybg. §preé@ddayer then dAoEPrifiandirmsiltd apnimr layeetsi ons of the
sl ope b To save costs, the nelted snow can be

closed. 35
dr ai ned ff€° LgﬁdgFFFFSPegeiﬁﬁlthe gel . stored for next season. (If
preferred, the poLyneildapebe eddidd ampmbatentedtdnthpewnwdbi liedn) .

addressee that the embodiments described are by way . \_j
of illustrative examples only. In particular, by
varying the ratio of water to polymer in the described
15 ranges, and the temperature'at which the snow is frozen,
the characteristics of the snow crystals can be varied.
" The charadteristies will also be dependanﬁ on the
degree of cross-linking of the polymer and the crystal

size and the particular polymer used.
20 Various changes and modifications can be made to
the embodiments described without departing from the

scope of the appended claims.

25

30

35



In a nDdlfled forntof t he invention (see—FtGr—S———z}——the_meter and polm“

are mxed in the mxing chanber 23 -as ore described but t
aerated gel, is instantly frozen in a fr ﬂﬂ gu" [Mﬂﬁ’ ng |iquj
nitrogen. The resultant. snow crystals ca over tHe s

'-and built up in layers 10 to the desired depth IT wil* be rea
to the skilled addressee that the eanf nent's descri bed are by .
illustrative exanples only. In particu by varying the ratio of water o0

olymer in the.gdepgsi bed 15 ranges, and the tenperature at which the snow
Ps ?rozen thejgﬁaracteristics gf the snOM/crystaIs can be varied. The f
char act erlstlc-vm'll al df&,_er].glﬁgg e C o]
the por¥ner an% t he %ry@%@%i ze an e paﬂ‘tafl cu f sr? vi/n%r?éﬁls(iea’p& @Qe

Vari ous changestapel ¢@gdi fications can be nmade to the enbodlnents descri bed
~Wi thout departing fromthe scope of the appended cl ai ns. 25 30 35 - 10
- CLAIMB 1. A ngd hodnf:oingrakiaterdi i G afa e Wl disi 19 it siLps of :
(a) mxing water with a water swellable material at less than the
maxi mum water retenti@t5 less than thmpacidnimim t heate¥ erdelleéntion

5 _ - capacity of the material; -
(b) aerating the mixture; .and

(c) freezing the mixture to form snow crystals.

~ 2. A method as claimed in claim 1 wherein:
the water swellable material is a polymer, copoly-
10 mer or terpolymers capable of swelling in an aqueous
solution.e
3. A method as claimed in claim 2 wherein:
the water swellable material will absorb approxim-
ately 30-100 times its own weight in water.
15 4. A method as claimed in claim 2 wherein:
| the water swellable material includes the polymers
— and copolymers of acrylamide;. acrylic acid; polyacryl-

ate Salts; -vinyloxazolidinane; methylacrylate salts;
styrene; vinyl ether and salts of styrene sulphonates.
20 5. A method as claimed in claim 4 wherein the polymers
and copolymers are polymerized with cellulosic fibres.
6. A method as claimed in claim 1 wherein: _ |
for hard 'snow, the water swellable material is

mixed with the water_at 30-85% of its maximum water
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(b) aerating the mxture; and (c) freezing the mxture to form snow

crystals. 2. A nethod as claimed in claim1 wherein: the water swell abl e
mat er | is a polyner, copoly- 10 mer or teeee#yﬂees—eapab#e—ei

swel g\ n an aqueous solution. 3. met hod as clainmed in claim

whey \he water swellable material wi I | absor glﬂlﬁ“ﬂj“ﬂ“"ﬂlk 30- 100
ti 3 jown wei ght in water. 15 4, A neth laim 2
whe he water swellable materiall%nd udes the polyners and copol yners
of

_ ide; .acrylic acid;, polyacryl- ate salts; vi nyl oxazol i di nane;
met hysa Iatrétseé! ﬁiﬂ"éﬁ'ég"\/l nyl ether and salts of styrene

sulphonates t ho aimed i,n ¢ ereln t he pol yners
and copol yner's ar@ %W q\ﬁ %céﬂ lﬁq(?éﬂbdf A method a%
clained in claim erei f water s I ' terial
is mxed wth t%%&ﬂaﬁﬁﬁ%ﬁ_%ﬁ?%ﬂ%%ﬁ%:ﬁaﬁﬁgia&a%ﬁnmﬁ ?ﬂn giﬁ%ﬁﬁ‘ﬂg

retention cag@g xiﬁum §g§IQ%%e®%&ﬁh?| gé Q | ai m 6 wherein: phe wat er

swell able material 1s m xe nun1mater retention

capacitys 5 g.8. A AeTROALL16!iHERd N '%l%.llﬂl m %mh gj;n: for fine powder
snow, the water swellable material is mxed wth the water at 5-50%of its

V\rrEXI mum wat er ret € cfrineamw show, Athet hadeds se:lea.llﬁwiel &a%le&u@lS
erein:
is mixed with the water at 5-50% of its maximum water
retention capacity. U

9. A method as claimed in claim 8 wherein:
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the water swellable material ‘is n1xed with mafEF*EF_E*TBW66T—1ts nexi
water retention capacity. 10. A nmet hoﬂmmm ﬁ ai m2 2
tthe water swell'able-material wll absorb J"n ﬂ"a wei ght
and for hard snow the water and-weter smellable ﬁatErla «dr e H}xei
ratio 50 parts water: t bl e wei ght . )
net hod aspcl ai med in (Eljﬂ&o% té’m‘ﬁesﬁ'ge‘?gf%%g %Y F‘Faﬂﬁéeﬁa?’értlhalt : -
absorb 100 Y#REE Bfts Sovird e fyhit imaned mym mmdeforetenELpnmdaba%ﬁ&W t he

water and the . water AS\?@.'t'hQM %sﬂ&.lleiin?éd o ﬁéﬁﬂ bn BQFeEﬁ“O of 5-15 parts
water: 1 part water | I'abl. e mat er al 1% met hod as

by we
clained in laiml whé @lHaqﬁﬁaﬁﬂ%&%ﬁQQ?s#%ﬁﬁ%&%ﬁ Bylheéhaﬁr@aﬂoﬁgltatlon
or conp# esseimeasr ibs gaa wkight irAwaddrod @sdclainmed in Caim1l wherei n
the m xture is frozen g hg te er ture rang

met hod as cl ai med in CPAi M EH%PJ %%géﬁoﬁW8$§éP&Ps are
f or med wheragertastasg mﬂ-xtenle l\mattére atastord:)eﬁﬂ ipatthe patyrer] papel yner and

ter- poly c t QLG Sl éﬁ§llnk|ng occurring between the
respegtlvgﬂ§?§§€a€£¥§i56@e ﬂat%?la% E gl ned in Claim1 wherein: a

surfactant 1% added?®t BeERednisst Gﬂ-élm?dr édh@é-atm Suiiereinensi on of the

wat er and produce nminghe hebbkegswehilahier %tt%ﬁﬂonﬁyx:p@bgéﬁs%wth' n the
snom/cryst%

imes its own weight of water; and
o for fine powder snow, the water and the'water
\,) swellable material are mixed in the ratio of 5-15 parté
water: 1 part water swellable material by weight.
12. A method as claimed in Claim 1 wherein:
' the mixture is aerated by mechanlcal agitation
or compressed air or gas.
< 13. A méthod as claimed in Claim 1 wherein:

the mixture is frozen in the éemperature range
of -20°C to 0°C.

14, A method as claimed in Claim 4 or Claim 5 wherein:

the snow crystals are formed when at least 5%
of the water absorbed in the polymer, copolymer and ter-
polymer is converted to ice, little crosslinking occurring
between the respective crystals.

15. A method as claimed in Claim 1 wherein:

a surfactant is added to the mixture to reduce
the surface tension of the water and produce - minute bubbles
which create a honeycomb effect within the snow crystals.
16. . A method as claimed in Claim 15 wherein the surf-
actant includes: '

| soap; detergents; sulphated, aliphatic or
aromatic alcohols; linear or branched chain alkylbenzene
sulphonates; alkylarine sulphonates; sodium dodecylbenzene
sulphonate; alkyl sulphonates; and anionie, cationic and
non-ionic surfactants. ' |
17. A method as claimed in Claim 1 wherein:
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16. WO 86{?12356% clainmed in CI ai m'15 wherein the surf- actgl‘aﬁl"bsﬁlg%%l
soap; detergents, sul phated, aliphatic or aromatic al cohols; |inear or

br agzreked chai n al kyl benzene sul phonat'es; al k sodi um
godecyNpenzene sul phonate; al kyl sul phonat esﬂl“l”lmu“ "Imm‘ltl oni ¢ and

mon-\onkc surfactants. 17. -A2nethod as clai med Fn ' & m*1 wherein:
g snow crystals are sprayed or laid on a refrigerated floor in
o0 a depth oftﬂé 206w mary&8als arA spinaypds|apelaint| omi ag: a

tﬁ%ﬁ f|(¥¥at als % roinnggg tgy g1,S o% o. 6¥gy§§aé§0c ¥er|ng t he

crys ein t he any one-of C ains 1 to
17. _ A skiing slope 1nclud1ng -
a refrigerated floor; and §¥
one or mobe layers of snow erystals covering
the floor, the snow crystals being made by the methoq
of any one of Claims 1 to 17.
o



