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This invention relates to atmosphere control and more
particularly i1s concerned with a novel process for providing
nucleation in fogs, clouds and supersaturated water vapor.

Conventionally, the usual method of i1ce nucleation for
cloud "seeding" involves dispersing a fine smoke, dust or spray
of a solid substrate, silver iodide being widely used, into the
cloud, This solid substrate apparently causes the water mole-
cules to assume the lce lattice structure under the influence of
its surface force field,

In this conventional process, operability is present
only when cloud and fog water droplets are below the freezing
point'(0°) of water. Further, in the traditional aerosol treat-
ment of cloud seeding, i1ce nucleation is induced heterogeneously
by collislon of the solid substrate particles with the water drop~-
lets. By their very nature, these conventional processes are not
highly efficient.

It 1s a principal object of the present invention to
provide a novel method for promoting nuecleation of cloud and fog
water droplets which 1is operable at temperatures above the freez-
ing point of water.

It 1s also an object of the present invention to provide
an efficient method for producing water precipitation from’clouds,
fogs and ailr supersaturated with water vapor wherein a volatile
liquid is sprayed into the visible mass of water droplets or the
vapor,

- It 1s another obJject of the present invention to pro-
vide a novel process for cloud seeding which provides a multil-
plicity of low temperature nucleation sites within the mass of
supersaturated water vapor or cloud of water droplets of the
atmosphere thereby inducing precipitation at temperatures above

the normal freezing point of water,
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It is an additional object of the present invention to
provide a novel cloud and fog seedlng method that gives homo-
geneous nucleation.

It is also an obJect of the present invention to provide
a novel method for promoting cloud and fog dispersal and for
inducing rain and snow precipitation from fogs, clouds and non-
~visible masses of alr supersaturated with water vapor.

It is a further object of the present invention to pro-
vide a novel process for producing raln and/or snow from clouds,
fogs and atmospheres supersaturated with invisible water vapor.

It is another obJect of the present invention to‘provide
a novel process for dlspersing and promoting nucleation of fogs,
mists‘and other water and water vapor containing atmospheres for
purposes of air pollutlion control,

These and other objects and advantages readily will
become apparent from the detailed description presented herein-
after, '

The novel process of the present lnventlon comprises
Introducing at hydrate-fonmipg conditions a volatile hydrate form-
ing material capable of forming a solid hydrate into a cloud, fog,
other mags of visible water droplets of ice crystals, or atmos-
phere supersaturated wlith water vapor and forming solid hydrate
particles therein which serve as a multlipllicity of nucleatlion
sites., Hereilnafter the term "hydrate-former" will be used %o

describe operable llqulds which form solid hydrates,

The terms "atmospheric water mass" or "atmospheric water
masses" as used herein are meant to describe and identify visible
masses of water droplets and ice crystals such as clouds and fogs
as well as atmospheres supersaturated with invisible water vapor

which are suitable for treatment by the present novel process.
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The term "hydrate-forming conditions" as used herein
refers to those temperatures and pressures at which the hydrate
1s thermodynamically stable such that a solid hydrate forms when
a single hydrate~former or mixture of hydrate-formers are con-
tacted with supersaturated water vapor, water droplets, dilute
aqueous solution or ice. Certain of the hydrate-formers form
stable hydrates at temperatures up to about 20°C. and atmospheric
pressure., It 1s a particular advantage of the present process to
provide for precilpitation of "water masses" both at temperatures
above the freezing point of water and at temperatures where lce
or snow are produced directly.

. Ordinarily, in carrying out the present process, a
single hydrate-former or mixture of hydrate-formers is sprayed
as liquld droplets, for example from an atomizing nozzle, into an
atmospheric water mass. As these hydrate~forming liquid droplets
are released, they partially evaporate.thereby inducing localized
supercooling within the mass. Such supercooling provides highly
favorable hydrate-forming conditions and solid hydrate particles
form through coalescence of the droplets of liquid hydrate-former
wlth the further supercooled water droplets. These particles
grow rapidly beyond a critical size by contact with additional

" water from the atmoSpheric water masses such that they do not

evaporate thereby providing a multiplicity of nucleation sites
for precilpltatlon and dispersion of the water mass és discrete
particles usually as rain and/or snow depending upon the tempera-
ture of the atmospheric water mass,

In a practical application of the present process, the
liquid hydrate-former or mlxture of hydrate-formers is placed in
a suitable contalner under pressure, Affixed to the container is

an atomizing nozzle or other means for dispersing the liquid
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hydrate-former into an atmospheric water mass at a predetermined
time and in a predetermined manner,

For cloud seeding, for example, the assembly can be
carried or mounted on an aircraft., For dispersal of fog, smog
or low hanging ground mist, the assembly can be carried on a
motorized vehlcle or a hand powered carrier, for example., Like-
wise, these latter water masses can be treated by low flying air-
craft dispersing the liquid hydrate-formers in accordance with the
present process,

Any of a wide varilety of liquid hydrate-formers can be
employed in the present process 1ncluding those molecular épecies
forming hydrates with 5.75 molecules of water per molecule of
hydrate-former (M*5.75H20), those with 7.66 molecules of water per
molecule of hydrate-former (M-7.66H,0) and those with 17 mole-
cules of water per moleculelof>hydrate—former (M°17H-0) where "M"
stands for a molecule of the hydrate-forming species,

Especlally suitable hydrate-~formers are mixtures of
compounds which form stable hydrates at temperatures up to 20°C.
or more at about 1 atmosphere pressure. These materials are par-
ticularly suitable for use at temperatures above the freezing‘
polnt of water., Other materials, the solid hydrates of which
dedompose at lower temperatures, can be used for treating atmos-
pheric water masses at correspondingly lower temperatures.

The mixed hydrate-formers offer the additional advant-
age of providing for the use of materials which normally are
gaseous, e.g. HzS, but which glve mixed hydrates stable at higher
temperatures.> With these combinations, usually a liquid material
is admixed with a second member which is ordinarily gaseous at
normal atmospheric pressure at room temperatures, e.g. 15-30°C.

The resulting mixed hydrates produced by the mixtures of these
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hydrate formers have been found to be stable at temperatures up
to about 20°C. or more.

In the actual preparation of a solld hydrate, for most
efficient operation of the present novel process, the hydrate is
formed at a temperature somewhat lower than 1ts decomposition
point. Very satisfactory, rapid hydrate formation is achieved,
for example, by use of hydrate-forming temperatures which ére as
little as 10° lower than the maximum exlstence temperature of the
80l1id hydrate.

Table I which follows lists a number of representative
liguids which form mixed hydrates with HzS and the decompoéition

temperature of the sollid milxed hydrates produced therefrom.

Table T
Decomposition Temp.
Ligquid Component © M*2H5S5:-17H20
No. (M) °c. at 1 atm,
1 eyclopentane (CsHyg) - - 21.1
2 tetrahydrofuran (C4H80) 18.8 to 21
3 cyclopentane + tetrahydrofuran 17.3
4 furan (C4H40) 15.3
5 ethylene oxide (CzH40) 13.1
6 1,3-dloxolane (CHz)302 124
T cyclohexane (Cele) ' 12.5
8 carbon tetrachloride (CCl,) 19.2
9 1,1,1-trichloroethane (CClsCHg) 18.6
10 chloroform (CHClsz) 16.2
11 methylene chloride (CHzClz) 13,4
12 isopropyl chloride (CHsCHC1CHs) 15.5
13 dichlorofluoromethane (CHC1lzF) 12,4
14 trichlorofluoromethane (CClsF) 17.3
15 methylene bromide (CHzBry) 11.7
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Table I-contilnued

Decomposition Temp.,

Liquid Component M+2Hz8-17TH-0
No. (M) °C. at_1 atm,
16 ethyl bromide (CoHsBr) 12.5
5 17 ethylene chloride (CHxC1CHxC1) 11.0
18  dichlorobromomethane (CHBrCl.) 1% .3
19 chlorobromomethane (CH-C1Br) 12.7
20  nitromethane (CHaNOz) 8.3
21 pyrrole (CgaHsN) 7.9
10 22 ethyl lodide (CpHsI) 10.5
25 1isopropylbromide /(CHs ) 2CHBr7 12.8
24 cyclopentylfchloride (05H901) 7.8
25 . tetrahydropyran /{CHz)s0/ 10.8
i 26 carbon disulfide (CS») .9.5
.15 27  cyclopentanol /{CHz)sCHOH/ 9.0
28 p-dioxane /{CHz)a0z2/ 10.1
29 propylene oxide (CH-CHOCHs) 9.7
30  acetone (CHaCOCHa) 8.5?
1 31 tertiary butanol ZIUH3)3CQE7 7.3
% 20 32 isobutanol (CHacHOHCchﬁs) 2.5
é 33 tetrahydrothiophene /{CHz)aS/ 18.6
34 cyclopentanone (C4H800) 11.% ‘
35 cyclopentene (CsHB) 14,7

Preferably for use in the present process mixtures of
25 Csﬂlo + HzS, C4H80 + HaS, CsHlO + C4HgO + HaS, CaHsO + HeS,
C4HgS + HaS, CCls + H2S, CClaCHs + HaS and CC1lsF + HoS all of
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which undergo ready hydrate formation and have high hydrate decom-
posltion temperatures are used in the present process,
! Other materials which are gases at atmospheric pressures

30 and ordlnary temperatures can be substituted for the hydrogen
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sulfide in these liquild mixtures to form the solid mixed hydrates
under comparable condltions. Suitable gases include, for example,
krypton, xenon, argon, carbon dioxide, oxygen, nitrogen, methane,
methyl fluoride and selenium hydride.

The quantitilies of gaseous hydrate~former and liguid
hydrate?former to be employed in the mixture can be varied over
wilde ranges. Preferably, however, about one gram mole of the
liquid and at least about two gram moles of.the gaseous member are
employed in the hydrate-forming mixture. With those materials
which can be compressed into liquids but which are gases at
étmOSpheric pressures and temperatures above about 0°C., e;g.,
ordinarily these are used in large excess in the application mix-
ture..,This offers two advantages; the material serves as a pro-
pellant for inJecﬁing the hydrate-formers into the atmospheric
water mass and upon evaporation it cools the liquid mixture there-
by pfomoting the ready formation of solid hydrate particles.

For use at lower temperatures of operation, any of a
variety of single hydrate formers can be employed if desired.
Table II presents a number of representative members although

these are not meant to be limiting.
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Because of its applicabllity at relatively high temper-
atures, e.g. up to about 20°C. at 1 atmosphere pressure the pre-
sent process finds application not only for cloud precipitation,
in which visible water masses usually are at a relatlvely low
temperature, but also for dilspersing gfound fogs, smogs and mlsts
as well as for precipitating rain and snow from atmospheric ailr
masses supersaturated with water vapor.

Example 1

A mixture of hydrogen sulfide and tetrahydrofuran hav-
ing gram mole proportions of at least about 2/1 (st/C4H80) is
gpggye@wﬁngm,awpnessurized contalner 1nto a cloud of superoooled
water droplets which are at about one atmosphere pressure and a
maximum temperature of aboub 19°C. As the hydrogen sulflde evap-
orates, the 11qu1d mixture cools with water condensing and forming
solid hydrate particles with the hydrate-formers

As the hydrate particles fall freely through the cloud,
they collide with addltional water droplets which adhere to the
cooled surface of the solid hydrate. As this agglomeration
effect continues, condensed water particles are bullt up. These
act as nucleation sites and cause further precipitation of the
cloud as rain thereby serving the dual purpose of eliminabing
undesirable visible water masses and promoting rainfall or snow.

Similarly a mixture of hydrogen sulfide and trichloro-
fluoromethane at a gram mole proportion of at 1east about 2/1
(H28/CC1aF) can be sprayed into a mass of water which is at’a
pressure of about one atmosphere and a maximum'temperature of
about 17.3°C. to provide precipitation and dispersal through
hydrate formation,

Also, a mixture in the proportions of at leas?® about

2 gram moles HzS to 1 grem mole CCls can be used to promote
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cloud and fog dispersal when sprayed into a correspondling mass of
the vislble water droplets which 1s at a maximum temperature of
about 19°C. at about 1 atmosphere pressure,

Example 2

Liguid sulfur dloxide was sprayed from a pressurlzed
container into a cloud at a maximum temperature of about 7°C. and
one atmosphere pressure to achieve cloud precipitation and rain-
fall by nucleation from the solid sulfur dioxilde hydrate corre-
sponding to the enipirical formula S05°'5.75H,0.

In a second run, nucleation and dilspersal of water vapor
was achleved by spraying liquid HzS from a pressurized contalner
into a supersaturated mass of water vapor which was at a maximum
temperature of about 0°C. and one atmosphere pressure,

Similar results are obtained when dilchlorodifluorometh-
ane 18 sprayed into a cloud having a maximum temperature of about
5°C, at normal abtmospheric pressure. The soiid hydrate particlés,
corresponding to the formula CClzFz+1THz20, which are formed serve
as nucleation sltes for precipltation and clOud‘dispersal.

In‘a manner similar to thét_described’foﬁ the'foregoing
Examples any of the hereihbefqre 1isﬁed hydrate formers of com=-
binations of these can be sprayed or otherwise injected into
atmdspheric water masses whicﬁ are at hydréte-forming conditions
for the speciﬂic hydrate-former'of specific combination of hydrate—
~formers used thereby to provide nucieation sités in the mass of
water and in time effecting dispersal of the mass as rain or

snow,

et g o e e
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY COR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for promoting precipitation within a
molsgt alr mass by nucleation with an aerosol suspenslon char-
acterized in that an aerosol containing one or more ligquid or
gaseous materials whigh form a so0lid hydrate is employed at a
temperature below phe deﬁomposition temperature of the hydrate.

2. A process as claimed in Claim 1 charaéterized in
that an aerosol contalning at least two mole proportions of
HoS for each mole proportlon of cyclopentane is employed at a
temperature below 21°C.

3. A process as claimed in Claim 1 characterized in
that an aerosol containing at least two mole proportions bf
HoS for each mole proportion of tetrahydrofuran or carbon tetra-
chloride 1s employed at a temperature below 19°C.

4., A process as claimed in Claim 1 characterized in
thaﬁ an aerosol containing at least two mole proportions of
HpoS for each mole proportion of tetrahydrothiophene or 1,1~
trichloroethane ls employed at a temperature below 18.5°C.

' _ 5. A process as clalilmed in Claim 1 characterized in
that an aerosol containing at least two mole proportions of
HoS for each mole proportion of trichlorofluoro methane is

employed at a temperature below 17°C.
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