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TitNe: "METHOD FOR MAKI NG ARTI FI Cl AL SNOW: BACKGROUND OF THE I NVENTION (1) ¢
FKpel d of the Invention THIS I'NVENTION relates to a nmethod for ‘?gg? _
ificial snow, and to a snow skiing slope using such snow. ) ;§ior

Ar In certain skiing resorts, nman-made slopes are created using

snow machi nes which spray water and com 10 pressed air in a carefully ~f“
control | ed atnosphere (for both tenpdrsature and hum dity) to create a

bl anket of snow. These machi nes are expensive to operate and the

at mospher e '$i9ié§' Culy THO BC TR Max T REIUA RTPFIEERENSNGG @i r condi ti oni ng
equi prent . n-—rede—stopes—oerer——45—atty—onty—extend the operating
life of the slope by éﬁgxﬁfqﬂNilgF?ﬁHﬁn§yVEN# L e tenperate areas,
artificial s{pres are Fglegal &f UsSh&gIAREAt@bnMAL - | i ke | ayers of e.g.
"Dendex", "Delta" or 7 - ae rKS) .materials.. These 20.sl opes
require the use of sp&gi; iﬁygygﬁé pbf §t5ﬁdt8aﬁuﬂéhqﬁﬂyp b-PPE4PE o -
snow coVereardtiifircidab bnbennandortad Apriowask bingios1PEE ASEN 06N -
(Bucceri) tfggéwis di scl osed a nethod for naking artifi- cial snow by

m xing water Wwth a water swel |l able polyner 25 to approxi mately 50-70% of
t he maxi mum{gk er ret Bitliogh Andpacity of the polymer, aerating the mixture
ang TreeZLng ;Pe ni?tq?ec@qua%¥h§wa§?QWbeé¥stehsﬁﬂyfﬁﬁgsﬂbtﬁbéﬁiQren a
refrigerate gor.to forma skiing sl ope. i s_nmethod_has proved very
effective bGt’qarF%r‘E%&?lgBE"SHﬁF“iaGg‘tji"ﬁré %%&o%?rﬁ?' FR&CHoARTECIN o

di sadvand agpre3ddP\RLOFidHE PRESENL IY\\ddii L 1ed atmosphere (for

both temperature and humidity) to create a blanket of c
~ snow. These machines are expensive to operate and the
atmosphere is difficult to control, requiring expensive
air conditioning equipment. The man-made slopes gener-
15 ally only extend the operating life of the slope by
approximately 30 days..
In more temperate areas, artificial slog=s are
"ereated using mats or mat-like layers of e.g. "Dendex",
"Delta" or "Dri Sno" (trade marks) materials. These
20 slopes require the use of special skis and poles and
cannot truly re-create a snow-covered slope.
In International Application No. PCT/AU85/00267
(Bucceri) there is disclosed a method for making artifi-
cial snow by mixing water with a water swellable polymer
25 to approximately 50-70% of the maximum water retention
capacity of the polymer, aerating the mixture and
freezing the mixture to produce snow crystals which can
be laid on a refrigerated floor to form a skiing slope.
This method has proved very effective but in certain
30 applications the cost of the polymer is a disadvantage.
SUMMARY OF THE PRESENT INVENTION
) It is an object of the present invention to
provide a method of making artificial snow whicnis
relatively simple and inexpensive.
35 It is a preferred object to provide a method

oy




artificial snow which is relatively sinple and inexpensive. 35

I} is a preferred object to provide a nethod -2- where the snow can
be.laid in layers e.g. of different crystal size or where a | ayer of
"powdet snow' can be | aid over a,harder base snow. It is a further:
preferred object to provide a nethod 5 where2the water can be recovered,
and the snow refrozen, as required. It is a still further preferred object
to provide a ski-slope incorporating the snow produced by the present

I nvention. 10 Ot her preferred objects of the present invention wll
becone appar ent V?%ﬁ?tggef&QQ“MqﬁPdggcﬁP i i%ﬁgtﬁrSaﬂ'aéﬁ%dﬂlfﬁﬁrent
present inventiaog | des, . for King tyficiLal snow,jncl udjng
Phe steps of - morrecatoaiz® T Thises o JREFaqE "(podady sadh "Sanbe

surface-active-agef§ el thifaddBide 89642ating, aerating and/or bubbling

gas through the mxture to forma foamor Troth of water bubbles; applying

as the mxi nof DR yene
the foamor froth of pubpies f@rél‘i’@r%ﬁéf@?r&‘@'GﬁJ%?Ebg%b*;%EG.‘:.&E anA¥thaa' ©

1t is an obj ect of t he present invention to provide a nethod of making Zij) :
it)..

be created; and 20 freeze the foamor frot to formt
snow crystal s5 Sihdd| EnéUwhBeranhn BRMHeCHVeYe ,Olard® ! tthd I OMdH hee EpbLaW, Ng
group: soaps and detergents; sul phat ed, '

as required.

It is a still further preferred object to provide a

W ski-slope incorporating thesnow produced by the present
invention.
10 Other preferred objects of the present invention

will become apparent from the following description.

In a broad aspect the present invention resides in a
method for making artificial snow including the steps of:

mixing water with a surfactant (i.e.

15 surface-active-agent or wetting agent);

agitating, aerating and/or bubbling gas through the
mixture to form a foam or froth of water bubbles;

applfing the foam or froth of bubbles to the area on
which the artificial snow is to be created; and

20 freeze the foam or froth of bubbles_to form the snow
crystals.

Suitable surfactants comprise one or more from the
following group: sbaps. and detergents; sulphated,
aliphatic or aromatic alcohols; 1linear or branched chain

25 alkybehzehe sulphonates; alkyarine sulphonates; sodium
dodecylbgnzene sulphonate; alkyl sulphonates; anionic,

cationic and non-ionic surfactants.



atic or aromatic alcohols; linear or branched.chain 25 alkybenzene

| phonat es; al kyari ne sul phonat es; sodi um dodecyl benzene sul phonat e; al kyl
phonat es; anionic, cationic and non-ionic surfactants. - 2a -

ionic surfactants are preferred as these forma resilient foamw th. - .
sirél | / mi nut e bubbl es which on freezing, produce high quality snow crysta+s
down to powder snow si ze. Preferably th@aswfactant formng 5 0.03%to
5% of the m xture by weight. For environnmental reasons, bio-degradable
surfactants are preferred. A bulk volunme of the m xture may be agitated or
-3- aerated to produce a foam of bubbles on top of the m xture and the foam
may be transferred Nont¥onikposurfacbanhe areapwefernede amoheset fope a
created. The mix- ture may be aerated by punpping air through the mxture 5
at the ratio wmaetlient:: foam 1witl, \F)@aszg‘ﬁwtér&!‘%%ﬁﬁi ofih i ghgeon

beingl:2 to 1:3 (v/v). Alterpatively, the mxture may be n xed d sprayed
from equi prrentf?ﬁeﬂfégtyp%r‘aggﬂef igh  gupldihy, nﬁnPUarﬁ’iYs%’f‘fﬁ %ﬁ to
generator), the foam of 10 bubbl es i ng sprayedq.over the are ere.the
snow i s to be RPEERdS A% ?béﬁ'myqﬁree%f%bg§e&}%e sﬁFFEGC aé‘g:emgﬁﬁmmg

5 0.03% to 5% of the mixture by weight. For environmental

reasons, bio-degradable surfactants are preferred.

A bulk volume of the mixture may be agitated or



fTrozen by the cold anbient air -or nay be | aid over an area covered by a

flexi ble cover or structure into which 15 is punped cold air or iy
ré¢frigerant. The foammay also be laid over artificial snow formed by gﬁ- i

met hed. of | ntefnational Application No. PCT/AU85/ 00267 to forma |ayer ,
powdeéy snow. Preferably the foamis |aBd over a refrigerated grid, so that
t-he bubbl es break down 20 thenselves into the snow crystals. (The m xture

s frozen I rom,bRQ R0l LN RIA Ya Apdah NG VBLBRY o8 3 dpase apye the:

frozen bubbl es assists 1n breaking d bbl es int e sSnow
crystals.) SnaRE&tupebisinds the fRAPre2Erbedtranshessesd o F AP IR st ent

(i-e. |ess |ikebyehe Wirdak iahd cxhe ogoul 8) tangeMereatenl Cr yal fi 2t e
prO uce e rozen u es e CorT'pr esse Qr usne aSS| n

e et T hEUPa, BRds Dasaataied ey SATERLOE FUE BRARHERS thf Wikt To
enabl e thes i nvant tae ratie fudtder taiter st votlo & :Burflven )qf tpreefpafermbred

enbodi nents w | | w_be descrlbed h epc o the acconpanyi ng
drawi ngs, in V\ﬁ?ﬁﬁglﬁpdaﬁg?sbe&ns%hé%a’f?c v? 3/ ZF’)a first enmbodi- nent; and
35 FIG 2 is Alsermatiivelyiethef md xtewenmaynitelimixed-andnent.

DETAI LED DESCRAEFLﬁé‘dO?rEHEePﬁﬁFﬁ@FP SMBERL - £ PhRTasBRl @ AP FIG 1,

wat er and |inea
fighting foam (i.e. a foam generator), the foam of

10 'bubbles being sprayed over the area where the snow is to
be created. ' '

W The foam may be laid over a skiihg slope and
frozen by the cold ambient air or may be laid over an
area covered p} a flexible cover or structure into which

15 is pumped cold air or refrigerant. The foam may also be
laid over artificial snow formed by the method of
International Application No. BCT/AU85/00267 to form a
layer of powder snow. Preferably the foam is laid over
a refrigerated grid, so that the bubbles break down

20 themselves into the snow crystals. (The mixture is
frozen from the bottom upwardly and the weight of the
foam above the frozen bubbles assists in breaking down
the bubbles into the snow crystals.)
Smaller bubbles may be preferred as these are

25 more persistent (i.e. less likely to break before freez-
ing) and more ice crystals are produced. The frozen
bubbles may be compressed or crushed by passing a roller
over the bubbles.
| BRIEF DESCRIPTION OF THE DRAWINGS

30 To enable the invention to be fully understood,
a number of preferred embodiments will now be described
with reference to the accompanying drawings, in which:

FIG. 1 lS a schematlc view of a first embodi-

ment; and
35 FIG. 2 is a schematic view of a second embodi-



5 al kyl benzene sul phonate are stored in Separate W, S tanks, and are
yXey in a mxing head Min a ratio of e.g. 97% wat er: 3% sul phonate and
8yyed froma foam nozzle N of a foam generator FG used to spray fire
ing foam the foam m xture being sprayed in the 10 form of "a* f oam of-_
bubbl es, the foambeing-laid in layers 10 over. the area of the proposed%ﬂﬁ
sl ope 11. The bubbl es have a skin witl#-a | ow gas pernea- bility and sothe
entrained air .in the bubbles cannot readily escape. The anbient air e.qg.
bel ow -5, C cags®s, 15 the skins of the bubbles to freeze to forma frozen

foam of bubbles with tBﬁlﬁiﬂ&bﬁgﬁggﬁﬁﬂﬁﬁﬂﬁi%ige%' | ler is passed. over
the frozen layer to br¥ | &E ? geﬁﬁp P~ and
conpressi ng MENTSubbl es to forntsnOM/crystaIs 20 The resulting
artificial snow has sk ara i C Iar t gtural snow and by
varying the-size of thgeggBBE gﬁéﬂ ﬁt efhﬁngngﬁpfﬁ,t@} &% f er ent

| ayers c&n belkambamzeneusulphendee|aee s@nreﬂtinn&epﬁﬁate W, S

Referring toaﬁkﬁs Z’an"t\fitaerre anﬂijx ﬁUéf Fc% g[%&gdg%tf‘% ggnl;ig/g_gm t anks,

WS are nmixed in the m xi.ng surfactant
and the mi xt afe®i-&-a&T eeavcg/r puBﬁbl aglahpnameoame snsayed hEadmMef r om ai r

ai r conpressebaiCndlazilie N 3¢ 0 O oMl gEndbatdf rfuASy 16d Syphympival ume).

The resultant foantof bubbles is laid over a frozen flexible grid system 20
(e.g. of thefigpkl §&«JQiﬂkﬂtﬂ%ef°§%eﬂﬁFtUFFaGGQﬁﬁﬂéﬂﬁat% nheg the
Manuf actig i ngofar per at ifvam o EgbELesd, thewrdamsdeing S4id-1hhgagers

subj ect of U 'oggre%%eN%%ea o?lt§§5p93go§e§9%f¥)Qlope 11.
The bubbles have a ‘skin with a low gas permea-
'bility and 8o .the entrained air in the bubbles cannot
readily escape. The ambient air e.g. below -5 C causes

15 the skins of the bubbles to freeze to form & frozen
foam of bubbles with the air remaining entrained.

_ - A roller is passed over the frozen layer to
break the frozen bubble skins, releasing the air,_and

o compressing the bubbles to form snow crystals.

20 -_-‘; e The resulting artificial ‘snow has skiing
eharacteristics 31milar to natural snow and by varying
the size of the bubbles, the_nature of the snow in the
different layers_can_be varied to suit the desired con-

O

ditions, _ _ _

25 . .. Referring to FIG., 2, water and the surfactant
e.g. detergent from tanks, W, S are mixed in the mixing
head M in the ratio 99% water: 1% surfactant and the
mixture is aerated by pumping air into the mixing head
M from air air ‘compressor AC at the ratio of water:air

30 equale 112 (volume/volume)

" The resultant foam of bubbles is- laid over a
frozen flexible grid system 20 (e.g. of the type sold
under the "Icemat" trade mark by Calmac Manufacturing
Corporation, of Englewood, New Jersey, U.S.A. - the

'35 subject of U.S. Patent Nos. 3,751,935 and 3,893,507),



the flexible grid system 20- being cooled by a refri- geration unit R The.
bubbles in the foam freeze fromthe bottom upwards and break down into E§“
sffow cry- stals which forma |ayer 21 over the grid. To build 5 up t‘g' :
desired thicknéss of snow, additional g yers of foamare laid down and
allowet to freeze to formsnow crystals? If the ambient air tenperature is
not | ow enough to freeze the foam of bubbles, cold air e.g. in 10 the form
of a curtain nbjebElBKaRd cova1id 1Ry $bem 28 cee fng copledl ber aatiefalis a
flexible covergdPatssn Th@t . Mhded @ e VEA Ehe Peam %?de%_' G OF
refrigerant (e g é §n1refr erator unit .12) may be pu hrough or under
the cover 30 tbifrBeEECMY 4s gnd break dowpninhet f P éﬁBUdPMMﬂ t he

m xture may besaslated1WhtUdﬂM'd(l({HﬁNZbe¢@ﬁntﬁédg?h§n frez@n iy passing
C2 gas t roqu tpg ggn&rét of the ski $§§Q E the air
tenperature i s Above BSEITFRe PHSHNRTT I3y 7 bgnay ba¥§rId8s e
surfactant hasfoamnansedaidi titolwm arfd alyl owxd| bgi fatedamtgeforhnl saeaur to

t he surroundl %gtchnent may be provided at the base of the ski-slope

11 to collect the melt snow. To enable the skiing surface to be nmintai ned,
25 the surface may be "Ihdhairamiihent eabvctienperatiireed sandtr dfiavozen and

laid or a freshdwglertof rhBez8N@WeCPbulmAlor BUb e 2i doDyeaibhe, gXi $hi ng
sur f ace. ?8 m¥ggf$wlng %he gercenta%F of surfactant and the aeration of

t he orm-o urtain may be blown over the foam (see
FIG. 1). Alternatively, a flexible cover 30 (see FIG.
w 2) may be laid over the foam and cold air or refrigerant

(e.g. from reffigerator unit 12) may be pumped through
or under the cover 30 to freeze the foam. _

15 In anotber embodiment, the mixture may be
aerated with air to form the foam and then frozen by
passing CO2 gas through the foan. |

At the end of the ski season, when the air
temperature is above 0°C, the snow will melt and if a

20 biodegradable surfactant has been used, little, if any,
ecological damage will occur to the surroundings. A
catchment may be provided at the base of thé-ski-slope 11
to collect the melt snow. _

. To enable the skiing surface to be maintained,

~ 25 the surface may be "shaved", the removed snow melted and
refrozen and laid or a fresh layer of the snow crystals
may be laid over the existing surface. By controlling
the percentage of surfactant and the aeration of the
mixture, the fresh layer can comprise powder snow

30 ecrystals.

It will be readily apparent to the skilled
addressee that a wide range of suitable surfactants
may be used and that many alternative methods for mixing'
the constituents, generating the foam of bubbles, and

35 laying the foam, are available without departing from the



ture, the fresh layer can conprise powdér snow 30 crystals. It wll be
eadi |y apparent to the skilled addressee that a w de range of suitable

factants may be used and that many alternative nmethods for m xing the
coMmstituents, generating the foam of bubbles, and 35 laying the foam are
avai l abl e wi thout departing fromthe -6- scope of the present inventidn
defined in the appended clains.. 5 10-65 20 25 30 35 CLAI M5 A net hod for
making artificial snowincluding the steps of: mxing water with a
surfactant; ggbf)at bE‘gtF%er&té%@ngﬁQEnéﬂgw WRT G LN OlKd 4 pgeRtislure to
forma foamor froth of water bubbles; applying the foamor froth of
bubbl es to t®&24P8a on which the artificial snowis to be created; and

10

15

20

25

30

35

iy



freeze t he foanlor.froth of. bubbles to formthe snow crystals. 2.
A nmethod as claimed in CQaim1 wherein: the surianLanL_ggg%L%ngbgpe
gore fromthe group: soaps and detergents; sul phated, aliphafic aro I C

al cohol s; linear or branched chain al kyl benzene yl ari ne
sulphonates sodi um dodecyl benzene sul plyanate; &# ; anioni c,
cationic and non-ionic surfact- ants. 3. A 'met'hod as clainmed in

Claim1 OrCEA%@EJG'n the surfactant fornms 0.03%to 5% of the m xture by
wei ght. 4. A method as clainmed in any one of Clains 1 to 3
wherein: the m xture |s aem&w@@dnfqnrmakﬁnsmarbibeﬁaﬁesnawrihmhudimgnge
1:1to 1:5 ggoggg§/ A nethod as clainmed in Caim4
wher ei n: e r at mater alr |s in the range 1:2 to 1:3 (volune/volune). 6.
A net hod as claimed in O aPfxingh&atian « fdaswofaebantés is laid over a

refriger- ated grid systenaghtatlig, n&eﬁl% tdyed pePbbEBoL R ngNgals0am
freezing and breaki down 1nto the snow ¢crystals. 7. A net hod
as cl ai med® F“Flmélgg an‘% Wtane thef Ind of°%bﬁFe§’P§hl &ifd VRS aP%hkt?Jr%

sl ope and the foam of bubbhepliyink ehen flyad her cbsitmnbfentbbiles to &n
A met hod a§r3£abHEghighaQ%eO@%é¥}f%fﬂfmﬁgbw is to be created; and '
freeze the foam or froth of bubbles to form
the snow crystals. -
2. A method as claimed in Claim 1 wherein:

A\ the surfactant comprises one or more from the
group: soaps and detergents; sulphatéd, aliphatic or aromatic
aleohols; linear 6r branched chain alkylbenzene sulphonates;
alkylarine sulphonates; sodium dodecylbenzene sulphonate;
alkyl sulphonates; anionie, cationic and non-ionic surfact-
ants.

3. . A method as claimed in Claim 1 or 2 wherein:
the surfactant forms '0.03% to 5% of the
mixture by weight. )
4. A method as claimed in any one of Claims 1 to
3 wherein: '
the mixture is aerated by air in the ratio
L water:air in the range 1:1 to 1:5 (volume/volume).
5. ' A method as claimed in Claim Y wherein:
the ratio water:air is in the range 1:2 to
1:3 (volume/volume).
6. A method as claimed in Claim 1 wherein:
the foam of bubbles is laid over a refriger-
ated grid system on a skiing slope, the bubbles in the foam
freezing and breaking down into the snow cryséals.
7. A method as claimed in Claim 1 wherein:
_ the foam of bubbles is laid over a skiing
slope and the foam of bubbles is frozen by the cold ambient

air.



5 wherein: the foam of bubbles is laid over a. skiing slope and I's covered

bya™ %! exi bl e cover, and cold air or refrlgerant—rs—pUﬂped—%hfough or under

t cgver to freeze the foam of bubbles, 9. as cl ai ned
i one of Clainms 1 to 5 wherein: the foam J!!'“Hm"e“'mmi ﬁﬂ?en by, ..~
punping [err] gas through the aerated m xture neth d as<’
claimed in any one of Clainms 1 to 5 wBerein: the mxture is aerated in a

fire fighting foam generator and the foan1of bubbles i s sprayed over the

-skiing s{ope froma no a ener ag pr A
“met hod 3% clainmed in d%%h%%@&%fﬁglglEQm%ﬁf é$§%n$9 ﬁl;#rozen Subbl es
are cond edve bn crushed to formthe snom/crystals - 12

A skiing slope i ncl udi nggp @ fg&&lgﬁ;ﬁ% Olggqg'fgi@réﬁeragdsgggngranore

| ayers of snow crystals coverin or or grid e snow crystal s.being

made by qk@mmdlefcanyreﬁebaf agfdienible cqder, and cold air or
refrigerant is pumped through or under the cover to freeze

the foam of bubbles.

9. A method as claimed in any one of Claims 1 to
5 wherein: o . . T

the foam of bubbles is frozen by pumping
CO2 gas through the aerated mixture.

10. A method as claimed in any one of Claims 1 to -\)

5 wherein: S _
the mixture is aerated in a fire fightihg
foam generator and the foam of bubbles is sprayed over the
skling slope from a nozzle attached to the foam generator
11. A method as claimed in any one of Claims 1 to
10 wherein: L : . _ ' :
) 'L;,. ” . the frozen bubbles are compressed or-crushed
to form the snow erystals. E '
12.. | A skiing slope ihcluding'

a refrlgerated floor or grid; and

one or more layers of ‘snow crystals covering
the- floor or grid, the snow_crystals being made by the method
of any one of Claims 1 to 11,

€



