
US 20080211118A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0211118 A1 
(19) United States 

Wyse et al. (43) Pub. Date: Sep. 4, 2008 

(54) FLUID STORAGE AND DISPENSING 
APPARATUS 

(75) Inventors: Carrie L. Wyse, Longmont, CO 
(US); Robert Torres, Parker, CO 
(US); Tadaharu Watanabe, 
Saitania (JP); Joseph V. Vininski, 
Boulder, CO (US) 

Correspondence Address: 
TOWNSEND AND TOWNSEND AND CREW, 
LLP 
TWO EMBARCADERO CENTER, EIGHTH 
FLOOR 
SAN FRANCISCO, CA 94111-3834 (US) 

(73) Assignee: Matheson Tri-Gas, Inc., Basking 

(22) Filed: Mar. 18, 2008 

Related US. Application Data 

(62) Division of application No. 11/101,191, ?led on Apr. 
7, 2005. 

Publication Classi?cation 

(51) Int. Cl. 
B01F 3/04 (2006.01) 

(52) US. Cl. ........................................................ .. 261/75 

(57) ABSTRACT 

A method of storing and dispensing a ?uid includes providing 
a vessel con?gured for selective dispensing of the ?uid there 
from. The vessel contains an ionic liquid therein. The ?uid is 
contacted With the ionic liquid for take-up of the ?uid by the 
ionic liquid. There is substantially no chemical change in the 
ionic liquid and the ?uid. The ?uid is released from the ionic 
liquid and dispensed from the vessel. 
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FLUID STORAGE AND DISPENSING 
APPARATUS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a division of co-pending appli 
cation Ser. No. 1 1/101,191, ?ledApr. 7, 2005, entitled FLUID 
STORAGE AND PURIFICATION METHOD AND SYS 
TEM, the entire contents of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] Many industrial processes require a reliable source 
of process gases for a Wide variety of applications. Often 
these gases are stored in cylinders or vessels and then deliv 
ered to the process under controlled conditions from the cyl 
inder. For example, the silicon semiconductor manufacturing 
industry, as Well as the compound semiconductor industry, 
uses a number of haZardous specialty gases such as diborane, 
stibene, phosphine, arsine, boron tri?uoride, hydrogen chlo 
ride, and tetra?uoromethane for doping, etching, thin-?lm 
deposition, and cleaning. These gases pose signi?cant safety 
and environmental challenges due to their high toxicity and 
reactivity. Additionally, storage of haZardous gases under 
high pressure in metal cylinders is often unacceptable 
because of the possibility of developing a leak or catastrophic 
rupture of the cylinder, cylinder valve, or doWnstream com 
ponent. 
[0003] In order to mitigate some of these safety issues 
associated With high pressure cylinders, there is a need for a 
loW pressure storage and delivery system. Additionally, some 
gases, such as diborane, tend to decompose When stored for a 
period of time. Thus, it Would be useful to have a Way to store 
unstable gases in a manner that reduces or eliminates the 
decomposition. 
[0004] It is also desirable to have a method of removing 
impurities from gases, particularly in the semiconductor 
industry. The groWth of high quality thin ?lm electronic and 
optoelectronic cells by chemical vapor deposition or other 
vapor-based techniques is inhibited by a variety of loW-level 
process impurities Which are present in gas streams involved 
in semiconductor manufacturing or are contributed from vari 
ous components such as piping, valves, mass ?oW controllers, 
?lters, and similar components. These impurities can cause 
defects that reduce yields by increasing the number of rej ects, 
Which can be very expensive. 

[0005] Chemical impurities may originate in the produc 
tion of the source gas itself, as Well as in its subsequent 
packaging, shipment, storage, handling, and gas distribution 
system. Although source gas manufacturers typically provide 
analyses of source gas materials delivered to the semiconduc 
tor manufacturing facility, the purity of the gases may change 
because of leakage into or outgassing of the containers, e.g. 
gas cylinders, in Which the gases are packaged. Impurity 
contamination may also result from improper gas cylinder 
changes, leaks into doWnstream processing equipment, or 
outgassing of such doWnstream equipment. Source gases may 
include impurities, or impurities may occur as a result of 
decomposition of the stored gases. Furthermore, the impurity 
levels Within the gas container may increase With length of 
storage time and can also change as the container is consumed 

Sep.4,2008 

by the end user. Thus, there remains a need to be able to 
remove contaminants from gases, particularly to very loW 
levels. 

BRIEF SUMMARY 

[0006] In one aspect of the invention, a method of storing 
and dispensing a ?uid is provided. The method includes pro 
viding a vessel con?gured for selective dispensing of the ?uid 
therefrom. The vessel contains an ionic liquid therein. The 
?uid is contacted With the ionic liquid for take-up of the ?uid 
by the ionic liquid. There is substantially no chemical change 
in the ionic liquid and the ?uid. The ?uid is released from the 
ionic liquid and dispensed from the vessel. The ?uid may be 
selected from alcohols, aldehydes, amines, ammonia, aro 
matic hydrocarbons, arsenic penta?uoride, arsine, boron 
trichloride, boron tri?uoride, carbon disul?de, carbon mon 
oxide, carbon sul?de, diborane, dichlorosilane, digermane, 
dimethyl di sul?de, dimethyl sul?de, disilane, ethers, ethylene 
oxide, ?uorine, germane, germanium methoxide, germanium 
tetra?uoride, hafnium methylethylamide, hafnium t-butox 
ide, halogenated hydrocarbons, halogens, hexane, hydrogen, 
hydrogen cyanide, hydrogen halo genides, hydrogen selenide, 
hydrogen sul?de, ketones, mercaptans, nitric oxides, nitro 
gen, nitrogen tri?uoride, organometallics, oxygenated-halo 
genated hydrocarbons, phosgene, phosphorus tri?uoride, 
n-silane, pentakisdimethylamino tantalum, silicon tetrachlo 
ride, silicon tetra?uoride, stibine, styrene, sulfur dioxide, sul 
fur hexa?uoride, sulfur tetra?uoride, tetramethyl cyclotet 
rasiloxane, titanium diethylamide, titanium dimethylamide, 
trichlorosilane, trimethyl silane, tungsten hexa?uoride, and 
mixtures thereof. The ionic liquid may be selected from 
mono-substituted imidaZolium salts, di-substituted imidaZo 
lium salts, tri-substituted imidaZolium salts, pyridinium salts, 
phosphonium salts, ammonium salts, tetralkylammonium 
salts, guanidinium salts, isouronium salts, and mixtures 
thereof. 

[0007] In another aspect of the invention, a method of sepa 
rating an impurity from a ?uid mixture is provided. The ?uid 
mixture includes a ?uid and the impurity. A device contains 
an ionic liquid and is con?gured for contacting the ionic 
liquid With the ?uid mixture. The ?uid mixture is introduced 
into the device. The ?uid mixture is contacted With the ionic 
liquid. A portion of the impurity is retained Within the ionic 
liquid to produce a puri?ed ?uid. 

[0008] In another aspect of the invention, a method of stor 
ing and stabiliZing an unstable ?uid is provided. The method 
includes providing a vessel containing an ionic liquid therein. 
The unstable ?uid is contacted With the ionic liquid for take 
up of the unstable ?uid by the ionic liquid. The unstable ?uid 
is then stored Within the ionic liquid for a period of time, 
during Which period of time there is substantially no decom 
position of the unstable ?uid. The unstable ?uid may be 
selected from digermane, disilane, hydrogen selenide, 
borane, diborane, stibene, nitric oxide, organometallics, and 
halogenated oxy-hydrocarbons. 
[0009] The foregoing paragraphs have been provided by 
Way of general introduction, and are not intended to limit the 
scope of the folloWing claims. The presently preferred 
embodiments, together With further advantages, Will be best 
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understood by reference to the following detailed description 
taken in conjunction With the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shows an embodiment of a vessel for storing 
a ?uid in an ionic liquid. 
[0011] FIG. 2 shoWs another embodiment of a device for 
storing a ?uid in an ionic liquid. 
[0012] FIG. 3 shoWs an embodiment of a device for puri 
fying a ?uid With an ionic liquid. 
[0013] FIG. 4 shoWs another embodiment of a device for 
purifying a ?uid With an ionic liquid. 

DETAILED DESCRIPTION 

[0014] The invention is described With reference to the 
draWings. The relationship and functioning of the various 
elements of this invention are better understood by the fol 
loWing detailed description. HoWever, the embodiments of 
this invention as described beloW are by Way of example only, 
and the invention is not limited to the embodiments illustrated 
in the draWings. 
[0015] The present invention is directed to the use of ionic 
liquids to store a ?uid material such as a gas or liquid. A vessel 
is con?gured for the selective dispensing of the ?uid and 
contains an ionic liquid. The ?uid is contacted With the ionic 
liquid for take-up of the ?uid by the ionic liquid. This alloWs 
storage of the ?uid for a period of time. In one embodiment, 
the material in the storage vessel is at high pressure, for 
example up to about 4000 psi, preferably up to at least about 
2000 psi. In another embodiment, the pressure of the material 
in the storage vessel is at around atmospheric pressure, Which 
alloWs for safer storage conditions compared to high-pressure 
storage vessels. 
[0016] The ionic liquids may also be used to store unstable 
?uids such as diborane Which tend to decompose. The storage 
in the ionic liquid can reduce or eliminate the decomposition 
of the unstable ?uids. 
[0017] The present invention is also directed to the use of 
ionic liquids to remove impurities from a ?uid mixture. A 
device contains an ionic liquid and is con?gured for contact 
ing the ionic liquid With the ?uid mixture. The ?uid mixture 
is introduced into the device and the ?uid mixture is contacted 
With the ionic liquid. A portion of the impurities are retained 
Within the ionic liquid to produce a puri?ed ?uid. This puri 
?cation method may be combined With the previously 
described storage method. 
[0018] Ionic liquids are a relatively neW class of materials 
Which can offer such physical properties as extremely loW 
vapor pressure, high thermal stability, and loW viscosity. Gen 
erally, ionic liquids consist of a bulky, asymmetric cation and 
an inorganic anion. The bulky, asymmetric nature of the cat 
ion prevents tight packing, Which decreases the melting point. 
Due to the Wide variety of cations and anions possible for 
such ion pairs, a Wide range of gas solubilities is conceivable, 
for a variety of inorganic and organic materials. The physical 
properties of ionic liquids can include good dissolution prop 
erties for most organic and inorganic compounds; high ther 
mal stability; non-?ammability; negligible vapor pressure; 
loW viscosity, compared to other ionic materials; and recy 
clability. 
[0019] The Wide range of chemical functionalities avail 
able With ionic liquids offers possibilities for gas delivery and 
control. For example, ionic liquids may provide the capability 
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to control the release of a gas and/or its impurities via solu 
bility control With temperature or pressure. This may enable 
the storage of a gas and its impurities, While selectively 
releasing only the desired gas by changing certain param 
eters, such as temperature or pressure, leaving the impurities 
behind. Thus there is potential for an ionic liquid system that 
could function as a 2-in-1 system, providing both storage and 
puri?cation in one container. 
[0020] Ionic liquids can have a stabiliZing effect on inter 
mediate reaction species in organic synthesis and catalysis. 
Thus, ionic liquids can offer stabiliZing effects for unstable 
gas molecules. Thus, utiliZation With even a small amount of 
ionic liquid, can reduce or eliminate the decomposition of the 
unstable ?uids. Storage of a gas or other ?uid in an ionic 
liquid may also be combined With the previously mentioned 
puri?cation system to provide a 3-in-1 storage, stabiliZation, 
and puri?cation system. 
[0021] One potential issue in the use of ionic liquids for the 
storage of gases is the vapor pressure of the ionic liquids. The 
vapor pressure of the ionic liquid can contaminate the deliv 
ered gas With ionic liquid. The present understanding is that 
ionic liquids have very loW or possibly no measurable vapor 
pressure of their oWn. This quality is an attractive feature of 
ionic liquids for use With storage and puri?cation of gases. 
Vapor pressures have been reported for mixtures of ionic 
liquids With other dissolved liquids. The vapor pressure of the 
ionic liquids used in the present invention are preferably less 
than about 10-4 Torr at 25° C., more preferably less than about 
10'6 Torr at 25° C. 
[0022] The mechanism for the dissolution of a ?uid Within 
an ionic liquid is believed to be due to intermolecular forces. 
While not intending to be bound by any particular theory, 
possible factors that in?uence the solubility include hydrogen 
bonding, dielectric constant, dipole moment (polariZability), 
high pi interaction, length of carbon chain, number of carbon 
double bonds, the purity of the ionic liquid, chirality, and 
steric hindrance. It is not believed that the ?uids chemically 
react With the ionic liquid; rather, it is believed that the ?uids 
simply dissolve in the ionic liquid Without the breaking of 
bonds. The breaking of bonds in either the ionic liquid or the 
?uids being stored therein Would change the chemical and 
physical properties of the ionic liquid or ?uids and could 
cause the neW species to be considered a neW impurity. It is 
the intention of this invention to store the ?uid of interest in an 
ionic liquid Wherein the ?uid molecules remains intact and 
are removed from the ionic liquid With the same molecular 
structure as they Were introduced into the ionic liquid. 

[0023] The solubility of a gas in an ionic liquid varies With 
physical parameters such as temperature and pressure. HoW 
ever, it is also evident that the gas solubilities obtained 
depends on the ionic liquid used, particularly the anion and 
cation used. While not intending to be bound by any particular 
theory, the current understanding is that the anion has a strong 
in?uence on gas solubility. Speci?cally, the more interaction 
betWeen the anion, the more dissolution appears to occur. The 
cation seems to be of secondary in?uence. Thus, several 
properties of the anion, the cation, and the dissolved gas play 
a role in these interactions. In addition, mixtures of different 
ionic liquids could result in unexpected high solubilities of 
various ?uids. 

[0024] The purity of an ionic liquid is also believed to have 
an impact on their behavior. Ionic liquids Which have been 
dried or baked, thus leaving them substantially anhydrous, 
may exhibit greater increased capacity for taking up ?uid 
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components. In addition, the presence of Water or other impu 
rities may decrease the solubility of certain ?uid components, 
especially those gas components that are hydrophobic. 

[0025] The method of storing and dispensing a ?uid 
includes providing a vessel. On embodiment of a vessel 10 is 
shoWn in FIG. 1. The vessel 10 includes a ?uid inlet 20, an 
ionic liquid inlet 30, and a ?uid outlet 32. The ?uid inlet 20 is 
connected to a ?uid source 14 Which is controlled by a valve 
18. The ionic liquid inlet 30 is connected to an ionic liquid 
source 12 Which is controlled by a valve 16. The ?uid outlet 
32 is controlled by valve 26. The vessel is con?gured for 
selective dispensing of the ?uid therefrom. The vessel is 
charged With an ionic liquid 22 through inlet 30. A vacuum 
bake procedure may be conducted on the vessel 10 to remove 
contaminants or other impurities from the ionic liquid, pref 
erably by pulling a vacuum While heating. This is done in 
order to remove any trace moisture and/or other volatile 
impurities from the ionic liquid and the ?uid distribution 
components. The ionic liquid is alloWed to cool to the desired 
operating temperature. 
[0026] The source ?uid is then introduced into the vessel 10 
until the take-up or dissolution of the ?uid by the ionic liquid 
is complete. The ?uid may be a gas or a liquid such as a 
lique?ed gas. The ?uid is contacted With the ionic liquid for 
take-up of the ?uid by the ionic liquid. There is substantially 
no chemical change in the ionic liquid and the ?uid. By 
“substantially no chemical change” is meant that no substan 
tial amount of bonds in the ?uid and the ionic liquid are being 
broken, such that the ?uid and the ionic liquid retain their 
chemical identity. It is undesirable for the ?uid to react With 
the ionic liquid to any signi?cant effect. A reaction betWeen 
the ?uid and the ionic liquid Would be expected to generate 
impurities or consume the ?uid of interest. 

[0027] The ?uid may be introduced at any suitable pres 
sure. In one embodiment, the ?uid is a gas at a temperature of 
about 5 psi. In another embodiment, the gas is introduced at a 
pressure of at least about 100 psi, preferably up to about 2000 
psi. The gas is introduced until the inlet and outlet concentra 
tions are equivalent, indicating the ionic liquid is saturated 
and cannot accept any further gas under the existing condi 
tions. At this time, the source gas ?oW is stopped. 

[0028] In one embodiment, contacting the ?uid With the 
ionic liquid comprises bubbling the ?uid mixture through the 
ionic liquid, as shoWn in FIG. 1. The vessel 10 is charged With 
a ?uid through inlet 28 and through dip tube 20, from Whence 
it bubbles through ionic liquid 22. 
[0029] In another embodiment, the ?uid is ?rst introduced 
and then the vessel is mechanically agitated in order to con 
tact the ?uid With the ionic liquid. FIG. 2 shoWs an embodi 
ment of a vessel 80 for storing a ?uid in an ionic liquid. The 
ionic liquid 22 is put into the vessel before valve assembly 82 
is inserted unto the vessel 80. The ?uid is then added to the 
vessel 80 containing the ionic liquid in the conventional fash 
ion through inlet port 84 in valve assembly 82. The vessel 80 
Would then be mechanically agitated to contact the ?uid With 
the ionic liquid 22. The ?uid may be removed through outlet 
port 86. 
[0030] In one embodiment, the ?uid is a liquid. The vessel 
80 shoWn in FIG. 2 may also be used to store a liquid in the 
ionic liquid. The ionic liquid 22 is put into the vessel before 
valve assembly 82 is inserted into the vessel 80. The liquid is 
then added to the vessel 80 in the conventional fashion 
through inlet port 84 in valve assembly 82. The vessel 80 
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Would then be mechanically agitated to contact the liquid With 
the ionic liquid 22. The liquid may be removed through outlet 
port 86. 
[0031] In another embodiment, countercurrent ?oW of the 
ionic liquid and the ?uid is used to contact the ?uid With the 
ionic liquid. In another embodiment, the ?uid is a liquid, and 
the liquid and the ionic liquid are mixed to contact the ?uid 
With the ionic liquid. 
[0032] The ?uid stored Within the ionic liquid may be 
removed from the ionic liquid by any suitable method. The 
?uid is released from the ionic liquid in a substantially unre 
acted state. Pressure-mediated and thermally-mediated meth 
ods and sparging, alone or in combination, are preferred. In 
pressure-mediated evolution, a pressure gradient is estab 
lished to cause the gas to evolve from the ionic liquid. In one 
embodiment, the pressure gradient is in the range of about 
atmospheric pressure to about 4000 psig. In a more preferred 
embodiment, the pressure gradient is typically in the range 
from 10-7 to 600 Torr at 25° C. For example, the pressure 
gradient may be established betWeen the ionic liquid in the 
vessel, and the exterior environment of the vessel, causing the 
?uid to ?oW from the vessel to the exterior environment. The 
pressure conditions may involve the imposition on the ionic 
liquid of vacuum or suction conditions Which effect extrac 
tion of the gas from the vessel. 

[0033] In thermally-mediated evolution, the ionic liquid is 
heated to cause the evolution of the gas from the ionic liquid 
so that the gas can be WithdraWn or discharged from the 
vessel. Typically, the temperature of the ionic liquid for ther 
mal-mediated evolution ranges from —50° C. to 200° C., more 
preferably from 30° C. to 150° C. In one embodiment, the 
vessel containing the ?uid and the ionic liquid is transported 
Warm (i.e., around room temperature), then cooled When it is 
stored or used at the end user’s site. In this manner, the ?uid 
vapor pressure can be reduced at the end user’s site and 
therefore reduce the risk of release of the gas from the vessel. 
Once the vessel is secured in a suitable location, the vessel can 
be chilled and the temperature can be controlled in such a 
manner as to limit the amount of gas pressure that is present 
in the container and piping. As the contents of the cylinder or 
other gas storage device are consumed, the temperature of the 
cylinder can be elevated to liberate the gas from the ionic 
liquid and to maintain the necessary amount of gas levels in 
the cylinder and piping. 
[0034] The vessel may also be sparged With a secondary 
gas, in order to deliver the stored primary gas. In sparging, a 
secondary gas is introduced into the vessel in order to force 
the primary gas out of the ionic liquid and out of the storage 
container. Sparging of a container can take place Wherein the 
secondary gas is selected from a group of gases that has 
relatively loW solubility in the ionic liquid. The secondary gas 
is introduced into the ionic liquid in a manner Wherein the 
secondary gas bubbles through the ionic liquid and displaces 
the primary gas from the ionic liquid. The resultant gas mix 
ture of primary gas and secondary gas then exit the gas storage 
container and are delivered to a doWnstream component in the 
gas distribution system. The sparging parameters should be 
selected such that the maximum amount of primary gas is 
removed from the ionic liquid. This includes selection of the 
appropriate geometry of the sparging vessel such that the 
secondary gas has an enhanced pathWay for the interaction or 
contact betWeen the secondary ?uid and the ionic liquid. In 
practice, this could be use of a long and narroW storage 
container Wherein the secondary ?uid is introduced at the 
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bottom of the container and the outlet of the container is near 
the top. Additionally, a device such as a diffuser can be used 
Within the storage container that causes the bubbles of the 
secondary gas to be very small and numerous. In this manner, 
the surface area or contact area of the bubbles of the second 
ary gas is enhanced With the ionic liquid. Finally, the param 
eters of temperature and pressure Within the sparging storage 
container can be adjusted such that the desired concentration 
of the secondary gas and primary gas are constant and fall 
Within a desired range. In this example, the sparging vessel 
can be a separate container from the typical storage container 
such as a gas cylinder, or the typical storage container can be 
used as the sparging vessel depending on the requirements of 
the speci?c application. 
[0035] When released from the ionic liquid, the gas ?oWs 
out of the vessel, by suitable means such as a discharge port or 
opening 24 in FIG. 1. A ?oW control valve 26 may be joined 
in ?uid communication With the interior volume of the vessel. 
A pipe, conduit, hose, channel or other suitable device or 
assembly by Which the ?uid can be ?oWed out of the vessel 
may be connected to the vessel. 

[0036] The present invention also provides a ?uid storage 
and dispensing system. The system includes a ?uid storage 
and dispensing vessel con?gured to selectively dispense a 
?uid therefrom. A suitable vessel is, for example, a container 
that can holdup to 1000 liters. A typical vessel siZe is about 44 
liters. The vessel should be able to contain ?uids at a pressure 
of up to about 2000 psi, preferably up to about 4000 psi. 
HoWever, the vessel may also operate at around atmospheric 
pressure. Preferably, the container is made of carbon steel, 
stainless steel, nickel or aluminum. In some cases the vessel 
may contain interior coatings in the form of inorganic coat 
ings such as silicon and carbon, metallic coatings such as 
nickel, organic coatings such as paralyene or Te?on based 
materials. The vessel contains an ionic liquid Which revers 
ibly takes up the ?uid When contacted thereWith. The ?uid is 
releasable from the ionic liquid under dispensing conditions. 
[0037] A variety of ionic liquids can be used in the present 
invention. Additionally, tWo or more ionic liquids may be 
combined for use in any of the aspects of the present inven 
tion. In one embodiment, the ionic liquid is selected from 
mono-substituted imidaZolium salts, di-substituted imidaZo 
lium salts, tri-substituted imidaZolium salts, pyridinium salts, 
pyrrolidinium salts, phosphonium salts, ammonium salts, 
tetralkylammonium salts, guanidinium salts, isouronium 
salts, and mixtures thereof. In this context, the listed salts 
include any compound that contains the listed cation. In 
another embodiment, the ionic liquid is selected from a sub set 
of the previous list and includes phosphonium salts, ammo 
nium salts, tetralkylammonium salts, guanidinium salts, isou 
ronium salts, and mixtures thereof. In one embodiment, the 
ionic liquid includes a cation component selected from mono 
substituted imidaZoliums, di-substituted imidaZoliums, tri 
substituted imidaZoliums, pyridiniums, pyrrolidiniums, 
phosphoniums, ammoniums, tetralkylammoniums, guani 
diniums, and uroniums; and an anion component selected 
from acetate, cyanates, decanoates, halogenides, sulfates, sul 
fonates, amides, imides, methanes, borates, phosphates, anti 
monates, tetrachoroaluminate, thiocyanate, tosylate, car 
boxylate, cobalt-tetracarbonyl, tri?uoroacetate and tris 
(tri?uoromethylsulfonyl)methide. Halogenide anions 
include chloride, bromide, iodide. Sulfates and sulfonate 
anions include methyl sulfate, ethyl sulfate, butyl sulfate, 
hexyl sulfate, octyl sulfate, hydrogen sulfate, methane sul 
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fonate, dodecylbenZene sulfonate, dimethyleneglycol 
monomethylether sulfate, tri?uoromethane sulfonate. 
Amides, imides, and methane anions include dicyanamide, 
bis(penta?uoroethylsulfonyl)imide, bis(tri?uoromethylsul 
fonyl)imide, bis(tri?uoromethyl)imide. Borate anions 
include tetra?uoroborate, tetracyanoborate, bis[oxalato(2-)] 
borate, bis[l,2-benZenediolato(2-)-0,0']borate, bis[salicy 
lato(2-)]borate. Phosphate and phosphinate anions include 
hexa?uorophosphate, diethylphosphate, bis(penta?uoroeth 
yl)phosphinate, tris(penta?uoroethyl)tri?uorophosphate, tris 
(nona?uorobutyl)tri?uorophosphate. Anitmonate anions 
include hexa?uoroantimonate. Other anions include tetra 
choroaluminate, acetate, thiocyanate, tosylate, carboxylate, 
cobalt-tetracarbonyl, tri?uoroacetate and tris(tri?uorometh 
ylsulfonyl)methide. Various ionic liquids are available from 
BASF, Merck, Strem Chemicals, and Aldrich. 
[0038] Preferred ionic liquids used in the present invention 
may be divided into the folloWing categories: standard, 
acidic, acidic Water reactive, and basic. Standard ionic liquids 
include but are not limited to l-ethyl-3 -methylimidaZolium 
chloride, l-ethyl-3-methylimidaZolium methanesulfonate, 
l-butyl-3-methylimidaZolium chloride, l-butyl-3-meth 
ylimidaZolium methanesulfonate, methyl-tri-n-butylammo 
nium methylsulfate, l -ethyl-2,3 -dimethylimidaZolium ethyl 
sulfate, l,2,3-trimethylimidaZolium methylsulfate. Acidic 
ionic liquids include methylimidaZolium chloride, meth 
ylimidaZolium hydrogensulfate, l-ethyl-3-methylimidaZo 
lium hydrogensulfate, l-butyl-3-methylimidaZolium hydro 
gensulfate. Acidic Water reactive liquids include l-ethyl-3 
methylimidaZolium tetrachloroaluminate and l-butyl-3 
methylimidaZolium tetrachloroaluminate. Basic ionic liquids 
include l-ethyl-3-methylimidaZolium acetate and l-butyl-3 
methylimidaZolium acetate. 
[0039] Another Way the preferred ionic liquids in the 
present invention may be categoriZed is by functional group 
of the cation. This includes but is not limited to the folloWing 
categories: mono-substituted imidaZoliums, di-substituted 
imidaZoliums, tri-substituted imidaZoliums, pyridiniums, 
pyrrolidiniums, phosphoniums, ammoniums, tetralkylam 
moniums, guanidiniums, and uroniums. Mono-substituted 
imidaZolium ionic liquids include l-methylimidaZolium 
tosylate, l-methylimidaZolium tetra?uoroborate, l-meth 
ylimidaZolium hexa?uorophosphate, l-methylimidaZolium 
ti?uoromethanesulfonate, l-butylimidaZolium tosylate, 
l-butylimidaZolium tetra?uoroborate, l-methylimidaZolium 
hexa?uoropho sphate, l -methylimidaZolium ti?uo - 
romethanesulfonate. 
[0040] Di-substituted imidaZolium ionic liquids include 
l,3-dimethylimidiaZolium methylsulfate, 1,3-dimethylim 
idiaZolium tri?uoromethanesulfonate, 1,3-dimethylimidi 
aZolium bis(penta?uoroethyl)phosphinate, l-ethyl-3-meth 
ylimidiaZolium thiocyanate, l-ethyl-3-methylimidiaZolium 
dicyanamide, l-ethyl-3 -methylimidiaZolium cobalt-tetracar 
bonyl, l-propyl-3-methylimidaZolium chloride, l-butyl-3 
methylimidaZolium hexa?uoroantimonate, l-octadecyl-3 
methylimidaZolium bis(tri?uoromethylsulfonyl)imide, 
l -benZyl-3 -methylimidaZolium bromide, l-phenylpropyl-3 - 
methylimidaZolium chloride. 
[0041] Tri-substituted imidaZolium ionic liquids include 
l-ethyl-2,3-dimethylimidaZolium chloride, l-butyl-2,3-dim 
ethylimidaZolium octylsulfate, l-propyl-2,3-dimethylimida 
Zolium chloride, l-hexyl-2,3-dimethylimidaZolium tet 
ra?uoroborate, l -hexadecyl-2 ,3 -dimethylimidaZolium 
iodide. Pyridinium ionic liquids include n-ethylpyridinium 
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chloride, n-butylpyridinium bromide, n-hexylpyridinium 
n-octylpyridinium chloride, 3-methyl-n-butylpyridinium 
methylsulfate, 3-ethyl-n-butylpyridinium hexa?uorophos 
phate, 4-methyl-n-butylpyridinium bromide, 3,4-dimethyl-n 
butylpyridinium chloride, 3,5-dimethyl-n-butylpyridinium 
chloride. 

[0042] Pyrrolidinium ionic liquids include 1,1-dimeth 
ylpyrrolidinium tris(penta?uoroethyl)tri?uorophosphate, 
l -ethyl-l -methylpyrrolidinium dicyanamide, l, l -dipropy 
lpyrrolidinium bis(tri?uoromethylsulfonyl)imide, l -butyl-l - 
methylpyrrolidinium bromide, l -butyl-l -ethylpyrrolidinium 
bromide, l-octyl-l -methylpyrrolidinium dicyanamide. 
[0043] Phosphonium ionic liquids include tetraoctylphos 
phonium bromide, tetrabutylphosphonium bis[oxalato(2-)] 
borate, trihexyl(tetradecyl)phosphonium dicyanamide, ben 
Zyltriphenylphosphonium bis(tri?uoromethyl)imide, tri-iso 
butyl(methyl)phosphonium tosylate, ethyl(tributyl) 
phosphonium diethylphosphate, tributyl(hexadecyl) 
phosphonium chloride. 
[0044] Ammonium ionic liquids include tetramethylam 
monium bis(tri?uoromethylsulfonyl)imide, tetraethylammo 
nium bis-[salicylato-(2-)] -borate, tetrabutylammonium tetra 
cyanoborate, methyltrioctylammonium tri?uoroacetat. 
[0045] Guanidinium ionic liquids include N,N,N',N',N" 
pentamethyl-N"-isopropylguanidinium tris(penta?uoroet 
hyl)tri?uorophosphate, N,N,N',N',N"-pentamethyl-N"-iso 
propylguanidinium tris(penta?uoroethyl) 
tri?uoromethanesulfonate, hexamethylguanidinium trs 
(penta?uoroethyl)tri?uorophosphate, 
hexamethylguanidinium tri?uoromethanesulfonate. 
[0046] Uronium ionic liquids include S-methyl-N,N,N',N' 
tetramethylisouronium tri?uoromethanesulfonate, O-me 
thyl-N,N,N',N'-tetramethylisouronium tris(penta?uoroet 
hyl)tri?uorophosphate, O-ethyl-N,N,N', 
N'-tetramethylisouronium tris(penta?uoroethyl)tri?uoro 
phosphate, S-ethyl-N,N,N', N'-tetramethylisouronium trif 
luoromethanesulfonate, S-ethyl-N,N,N', N'-tetramethyl 
isothiouronium tri?uoromethanesulfonate. 

[0047] In one embodiment, the ionic liquid used to store a 
?uid does not include imidaZolium compounds. In another 
embodiment, the ionic liquid used to store a ?uid does not 
include a nitrogen-containing heterocyclic cation. 
[0048] The ?uids Which may be stored, puri?ed, or stabi 
liZed in the ionic liquids include, but are not limited to, alco 
hols, aldehydes, amines, ammonia, aromatic hydrocarbons, 
arsenic penta?uoride, arsine, boron trichloride, boron tri?uo 
ride, carbon dioxide, carbon disul?de, carbon monoxide, car 
bon sul?de, chlorine, diborane, dichlorosilane, digermane, 
dimethyl disul?de, dimethyl sul?de, disilane, ethane, ethers, 
ethylene oxide, ?uorine, germane, germanium methoxide, 
germanium tetra?uoride, hafnium methylethylamide, 
hafnium t-butoxide, halogenated hydrocarbons, halogens, 
hexane, hydrogen, hydrogen cyanide, hydrogen halogenides, 
hydrogen selenide, hydrogen sul?de, ketones, mercaptans, 
methane, nitric oxides, nitrogen, nitrogen tri?uoride, noble 
gases, organometallics, oxygen, oxygenated-halogenated 
hydrocarbons, phosgene, phosphine, phosphorus tri?uoride, 
n-silane, pentakisdimethylamino tantalum, propane, silicon 
tetrachloride, silicon tetra?uoride, stibine, styrene, sulfur 
dioxide, sulfur hexa?uoride, sulfur tetra?uoride, tetramethyl 
cyclotetrasiloxane, titanium diethylamide, titanium dimethy 
lamide, trichlorosilane, trimethyl silane, tungsten hexa?uo 
ride, Water, and mixtures thereof. 

Sep.4,2008 

[0049] In another embodiment, the ?uids Which may be 
stored, puri?ed, or stabiliZed in the ionic liquids includes a 
subset of the previous listed ?uids and include alcohols, alde 
hydes, amines, ammonia, aromatic hydrocarbons, arsenic 
penta?uoride, arsine, boron trichloride, boron tri?uoride, car 
bon disul?de, carbon monoxide, carbon sul?de, chlorine, 
diborane, dichlorosilane, digermane, dimethyl disul?de, 
dimethyl sul?de, disilane, ethers, ethylene oxide, ?uorine, 
germane, germanium methoxide, germanium tetra?uoride, 
hafnium methylethylamide, hafnium t-butoxide, halogenated 
hydrocarbons, halogens, hexane, hydrogen, hydrogen cya 
nide, hydrogen halogenides, hydrogen selenide, hydrogen 
sul?de, ketones, mercaptans, nitric oxides, nitrogen, nitrogen 
tri?uoride, organometallics, oxygenated-halogenated hydro 
carbons, phosgene, phosphine, phosphorus tri?uoride, n-si 
lane, pentakisdimethylamino tantalum, silicon tetrachloride, 
silicon tetra?uoride, stibine, styrene, sulfur dioxide, sulfur 
hexa?uoride, sulfur tetra?uoride, tetramethyl cyclotetrasi 
loxane, titanium diethylamide, titanium dimethylamide, 
trichlorosilane, trimethyl silane, tungsten hexa?uoride, and 
mixtures thereof. 

[0050] By Way of illustration, examples of some of these 
classes of ?uids Will noW be listed. However, scope of the 
invention is not limited to the folloWing examples. Alcohols 
include ethanol, isopropanol, and methanol. Aldehydes 
include acetaldehyde. Amines include dimethylamine and 
monomethylamine. Aromatic compounds include benZene, 
toluene, and xylene. Ethers include dimethyl ether, and vinyl 
methyl ether. Halogens include chlorine, ?uorine, and bro 
mine. Halogenated hydrocarbons include dichlorodi?uo 
romethane, tetra?uoromethane, clorodi?uoromethane, trif 
luoromethane, di?uoromethane, methyl ?uoride, 1,2 
dichlorotetra?uoroethane, hexa?uoroethane, 
penta?uoroethane, halocarbon 134a tetra?uoroethane, dif 
luoroethane, per?uoropropane, octa?uorocyclobutane, chlo 
rotri?uoroethylene, hexa?uoropropylene, octa?uorocyclo 
pentane, per?uoropropane, 1,1,l-trichloroethane, 1,1,2 
trichloroethane, methyl chloride, and methyl ?uoride. 
Ketones include acetone. Mercaptans include ethyl mercap 
tan, methyl mercaptan, propyl mercaptan, and n,s,t-butyl 
mercaptan. Nitrogen oxides include nitrogen oxide, nitrogen 
dioxide, and nitrous oxide. Organometallics include trim 
ethylaluminum, triethylaluminum, dimethylethylamine 
alane, trimethylamine alane, dimethylaluminum hydride, tri 
tertiarybutylaluminum, Tritertiarybutylaluminum trimeth 
ylindium (TMI), trimethylgallium (TMG), triethylgallium 
(TEG), dimethylZinc (DMZ), diethylZinc (DEZ), carbontet 
rabromide (CBr4), diethyltellurium (DETe) and magne 
socene (CpZMg). Oxygenated-halogenated-hydrocarbons 
include per?uoroethylmethylether, per?uoromethylpropy 
lether, per?uorodimethoxymethane, and hexa?uoropropy 
lene oxide. Other ?uids include vinyl acetylene, acrylonitrile, 
and vinyl chloride. 
[0051] Other ?uids Which may be stored, puri?ed, or sta 
biliZed in ionic liquids include materials used for thin ?lm 
deposition applications. Such materials include, but are not 
limited to, tetramethyl cyclotetrasiloxane (TOMCTS), tita 
nium dimethylamide (TDMAT), titanium diethylamide 
(TDEAT), hafnium t-butoxide (Hf(OtBu)4), germanium 
methoxide (Ge(OMe)4), pentakisdimethylamino tantalum 
(PDMAT) hafnium methylethylamide (TEMAH) and mix 
tures thereof. 

[0052] The ?uids Which may be stored in the ionic liquids 
may be divided into categories including include stable gases, 
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stable lique?ed gases, unstable gases, and unstable lique?ed 
gases. The term stable is relative and includes gases Which do 
not substantially decompose over the shelf life of a storage 
vessel at the typical temperatures and pressures at Which 
those skilled in the art Would store the gases. Unstable refers 
to materials Which are prone to decomposition under typical 
storage conditions and thus are di?icult to store. 
[0053] Stable gases include include nitrogen, argon, 
helium, neon, xenon, krypton; hydrocarbons include meth 
ane, ethane, and propanes; hydrides include silane, disilane, 
arsine, phosphine, germane, ammonia; corrosives include 
hydrogen halogenides such as hydrogen chloride, hydrogen 
bromide, and hydrogen ?uoride, as Well as chlorine, dichlo 
rosilane, trichlorosilane, carbon tetrachloride, boron trichlo 
ride, tungsten hexa?uoride, and boron tri?uoride; oxygenates 
include oxygen, carbon dioxide, nitrous oxide, and carbon 
monoxide; and other gases such as hydrogen, deuterium, 
dimethyl ether, sulfur hexa?uoride, arsenic penta?uoride, 
and silicon tetra?uoride. 
[0054] Stable lique?ed gases include inerts such as nitro 
gen and argon; hydrocarbons such as propane; hydrides such 
as silane, disilane, arsine, phosphine, germane, and ammonia; 
?uorinates such as hexa?uoroethane, per?uoropropane, and 
per?uorobutane; corrosives such as hydrogen chloride, 
hydrogen bromide, hydrogen ?uoride, chlorine, dichlorosi 
lane, trichlorosilane, carbon tetrachloride, boron trichloride, 
boron tri?uoride, tungsten hexa?uoride, and chlorine tri?uo 
ride; and oxygenates such as oxygen and nitrous oxide. 
[0055] Unstable gases include digermane, borane, dibo 
rane, stibene, disilane, hydrogen selenide, nitric oxide, ?uo 
rine and organometallics including alanes, trimethyl alumi 
num and other similar gases. These unstable gases may also 
be lique?ed. 
[0056] In one embodiment, a ?uid such as ?uorine could be 
stored With fully ?uorinated ionic liquid such as per?uori 
nated ammonium hexa?uoropho sphate. 
[0057] The present invention also provides a method of 
separating an impurity from a ?uid mixture. In this instance, 
the ?uid mixture includes a ?uid and the impurity. FIG. 3 
shoWs an embodiment of a device 40 for purifying a ?uid With 
an ionic liquid. A device containing the ionic liquid is con 
?gured for contacting the ionic liquid With the ?uid mixture. 
A source 46 for the ?uid mixture is controlled by valve 48. 
The ?uid mixture is introduced through inlet 50 into the 
device 40 and contacted With the ionic liquid. The ionic liquid 
is introduced through inlet 52 from ionic liquid source 42 by 
valve 44. A portion of the impurities is retained Within the 
ionic liquid to produce a puri?ed ?uid. The puri?ed ?uid is 
released from the device through outlet 54, Which is con 
trolled by valve 56. 
[0058] FIG. 4 shoWs another embodiment of a device 40 for 
purifying a ?uid With an ionic liquid. Contacting the ?uid 
With the ionic liquid comprises bubbling the ?uid mixture 
through the ionic liquid. The vessel 60 includes a valve 
assembly 62, an ionic liquid inlet 64, a ?uid inlet 66, and a dip 
tube 78. The valve assembly 62 includes an ionic liquid inlet 
valve 68 and a ?uid inlet valve 70. The vessel 60 is charged 
With an ionic liquid 22 through inlet 64. The vessel 60 is 
charged With a ?uid through inlet 66 and through dip tube 78, 
from Whence it bubbles through ionic liquid 22. 
[0059] Alternatively, as Will be described beloW, the impu 
rity may retained on a solid material that has been introduced 
into the ionic liquid. In addition, mixtures of one or more 
ionic liquids can be used With or Without the additional solid 
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phase puri?cation material to adjust the solubility of the ?uid 
as Well as the purifying ability of the ionic liquid. Addition 
ally, non-ionic liquids can be mixed With the ionic liquids to 
either capture impurities present in the ?uid or to substan 
tially modify the impurities into a form that is retained by the 
purifying liquid or ionic liquid. The net effect is that the 
impurities are separated from the ?uid and the puri?ed ?uid is 
then released from the device. 
[0060] It is understood that the ?uid and ?uid mixture may 
include liquids, vapors (volatiliZed liquids), gaseous com 
pounds, and/or gaseous elements. Furthermore, While refer 
ence is made to “puri?ed,” it is understood that puri?ed may 
include puri?cation to be essentially free of one or more 
impurities, or simply loWering the loWer level of impurities in 
the ?uid mixture. Impurities include any substance that may 
be desirable to have removed from the ?uid mixture, or are 
undesirable Within the ?uid mixture. Impurities included can 
be variants or analogs of the ?uid itself if they are undesirable. 
Impurities that Would typically be desired to be removed 
include but are not limited to Water, CO2, oxygen, CO, NO, 
NO2 N204, S02, S03, SO, S202, S04, and mixtures thereof. 
Additionally, impurities include but are not limited to deriva 
tives of the ?uid of interest. For example, higher boranes are 
considered impurities Within diborane. Disilane is considered 
an impurity in silane. Phosphine could be considered an 
impurity in arsine, and HF could be considered an impurity in 
BF3. 
[0061] The ionic liquid used in the puri?cation process may 
be any of the previously mentioned ionic liquids. HoWever, it 
should be understood that certain ionic liquids Will be better 
suited to removing certain impurities. It should also be under 
stood that certain ionic liquids Will be better suited to Working 
With certain ?uids. In one embodiment, the ionic liquid used 
for puri?cation does not comprise a nitrogen-containing het 
erocyclic cation. The ?uid Which may be puri?ed includes 
any of the previously mentioned ?uids. In one embodiment, 
the method is not used to purify any of the folloWing ?uids: 
carbon dioxide, Water, methane, ethane, propane, noble 
gases, oxygen, nitrogen, or hydrogen. 
[0062] Contacting the ionic liquid With the ?uid mixture 
may be accomplished in any of the variety of Ways. The 
process is selected to promote intimate mixing of the liquid 
ionic compound and the ?uid mixture and is conducted for a 
time suf?cient to alloW signi?cant removal of targeted com 
ponents. Thus, systems maximiZing surface area contact 
betWeen the ionic liquid and the ?uid mixture are desirable. 

[0063] In one embodiment, the device is a vessel and the 
step of contacting the ?uid mixture With the ionic liquid 
comprises bubbling the ?uid mixture through the ionic liquid, 
as shoWn in FIG. 4 and previously described. In another 
embodiment, a scrubbing stack is used to contact the ?uid 
mixture With the ionic liquid, With the ?uid mixture and the 
ionic liquid ?oWing into the scrubbing stack. In another 
embodiment, the vessel containing the ?uid and the ionic 
liquid is mechanically agitated in order to contact the ?uid 
With the ionic liquid. In another embodiment, countercurrent 
?oW of the ionic liquid and the ?uid is used to contact the ?uid 
With the ionic liquid in the device. In another embodiment, the 
?uid is a liquid, and the liquid and the ionic liquid are mixed 
to contact the ?uid With the ionic liquid in the device. 

[0064] In another aspect of the invention, a method of sepa 
rating an impurity from a ?uid mixture is provided Which 
used a small amount of ionic liquid. The ?uid mixture is 
contacted With the ionic liquid for the purpose of puri?cation 
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only and not for uptake of the ?uid by the ionic liquid. Thus, 
a device or vessel is used to contact a small amount of ionic 
liquid With the ?uid mixture. In this manner, a substantially 
less amount of ionic liquid could be required to obtain the 
puri?cation effect compared to the previous illustration 
Wherein the unstable ?uid could be taken up completely or 
dissolved Within the ionic liquid. A portion of the impurity is 
retained Within the ionic liquid to produce a puri?ed ?uid. 
[0065] In another aspect of the invention, a method of sta 
biliZing an unstable ?uid is provided Which uses a small 
amount of ionic liquid. The unstable ?uid is contacted With 
the ionic liquid for the purpose of stabiliZation only and not 
for uptake of the ?uid by the ionic liquid. Thus, a device or 
vessel is used to contact a small amount of ionic liquid With 
the ?uid. In this manner, a substantially less amount of ionic 
liquid could be required to obtain the stabiliZation effect 
compared to an illustration Wherein the unstable ?uid could 
be taken up completely or dissolved Within the ionic liquid. 
No decomposition products, or substantially less decompo 
sition products, are produced as a result of the contact of the 
unstable ?uid With the ionic liquid, producing a stabiliZed 
?uid. 
[0066] Ionic liquids Which have been dried or baked, thus 
leaving them substantially anhydrous, may exhibit greater 
overall capacity for removing some gaseous components. The 
presence of Water or other impurities in the ionic liquid may 
reduce the capacity of the ionic liquid for dissolving ?uid 
components. In addition, the presence of Water or other impu 
rities may decrease the solubility of certain ?uid components, 
especially those ?uid components that are hydrophobic. 
Dried baked ionic liquid may exhibit differential selectivities 
betWeen various ?uid components When compared to those 
ionic liquids containing measurable amounts of dissolved 
Water, such as ionic liquids having been exposed to humid 
atmospheres. Ionic liquids may be dried by conventional 
methods, such as by heat treatment, exposure to a reduced 
pressure environment, or a combination of heat and reduced 
pressure. 
[0067] It is knoWn that gas solubility in various liquids, 
including ionic liquids, is dependent upon temperature and 
pressure. Different gas components may each elicit a differ 
ent sensitivity to temperature and/or pressure changes as per 
tains to the solubility of the gas component in the ionic liq 
uids. This differential temperature and/or temperature 
dependence may be advantageously exploited by conducting 
variations of the process of the present invention at different 
temperatures and pressures to optimiZe gas component sepa 
ration. 

[0068] The present invention also provides a method for 
both storing and purifying a ?uid mixture comprising a ?uid 
and an impurity. A vessel contains an ionic liquid and is 
con?gured for contacting the ionic liquid With the ?uid mix 
ture. The ?uid and the ionic liquid may be any of the previ 
ously mentioned ?uids and ionic liquids. The ?uid is con 
tacted With the ionic liquid for take-up of the ?uid by the ionic 
liquid. This may be accomplished by any of the previously 
decribed methods of promoting intimate mixing of the liquid 
ionic compound and the ?uid mixture, or any other suitable 
method. A portion of the impurities is retained Within the 
ionic liquid to produce a puri?ed ?uid. The puri?ed ?uid can 
then be released from the device. 

[0069] The present invention also provides a method of 
storing and stabiliZing an unstable ?uid. The unstable ?uid 
may be any of the previously mention unstable ?uids, or any 
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other ?uid that tends to decompose. The ionic liquid may be 
any of the previously mentioned ionic liquids. The unstable 
?uid is contacted With the ionic liquid for take-up of the 
unstable ?uid by the ionic liquid. The unstable ?uid may be 
then stored Within the ionic liquid for a period of time, during 
Which period of time the decomposition rate is at least 
reduced, and preferably there is substantially no decomposi 
tion of the unstable ?uid. In one embodiment, the rate of 
decomposition is reduced by at least about 50%, more pref 
erably at least about 75%, and most preferably at least about 
90%, compared With storage of the ?uid under the same 
temperature and pressure conditions Without using an ionic 
liquid. In the context of an unstable ?uid, substantially no 
decomposition means that less than 10% of the molecules of 
the unstable ?uid undergo a chemical change While being 
stored. In one embodiment, the proportion of molecules that 
undergo a decomposition reaction is preferably less than 1%, 
more preferably less than 0.1%, and most preferably less than 
0.01%. Although it is most preferable for the decomposition 
rate to be less than 0.01%, it should be noted that in certain 
applications a rate of decomposition of less than 50% over the 
storage period of the ?uid Would be useful. The period of time 
may range from a feW minutes to several years, but is prefer 
ably at least about 1 hour, more preferably at least about 24 
hours, even more preferably at least about 7 days, and most 
preferably at least about 1 month. 

[0070] The unstable ?uid may be selected from categories 
such as dopants, dielectrics, etchants, thin ?lm groWth, clean 
ing, and other semiconductor processes. Examples of 
unstable ?uids include, but are not limited to, digermane, 
borane, diborane, disilane, ?uorine, halogenated oxy-hydro 
carbons, hydrogen selenide, stibene, nitric oxide, organome 
tallics and mixtures thereof. 

[0071] The present invention also provides a method of 
storing and purifying a ?uid mixture. The storage vessel is 
provided With a purifying solid or liquid for contact With the 
?uid mixture. The purifying solid or liquid retains at least a 
portion of the impurity in the ?uid mixture to produce a 
puri?ed ?uid When the ?uid is released from the storage 
vessel. The purifying solid or liquid may be used With any of 
the previously mentioned ?uids and ionic liquids. 
[0072] Various purifying materials may be used With the 
present invention. The puri?cation or impurity removal can 
be used to remove impurities from the ionic liquid Which 
could change the solubility of a ?uid in the ionic liquid. 
Alternatively, the puri?cation material could remove only 
impurities present in the incoming gas or contributed from the 
?uid storage vessel that Will be stored in the ionic liquid. 
Finally, the puri?cation material could have the ability to 
remove impurities from both the ?uid of interest and the ionic 
liquid simultaneously. The puri?cation materials include, but 
are not limited to, alumina, amorphous silica-alumina, silica 
(SiO2), aluminosilicate molecular sieves, titania (TiOZ), Zir 
conia (ZrOZ), and carbon. The materials are commercially 
available in a variety of shapes of different siZes, including, 
but not limited to, beads, sheets, extrudates, poWders, tablets, 
etc. The surface of the materials can be coated With a thin 
layer of a particular form of the metal (e.g., a metal oxide or 
a metal salt) using methods knoWn to those skilled in the art, 
including, but not limited to, incipient Wetness impregnation 
techniques, ion exchange methods, vapor deposition, spray 
ing of reagent solutions, co-precipitation, physical mixing, 
etc. The metal can consist of alkali, alkaline earth or transition 
metals. Commercially available puri?cation materials 
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includes a substrate coated with a thin layer of metal oxide 

(known as NHX-PlusTM) for removing H2O, CO2 and O2, 
H28 and hydride impurities, such as silane, germane and 
siloxanes; ultra-low emission (U LE) carbon materials 
(known as HCXTM) designed to remove trace hydrocarbons 
from inert gases and hydrogen; macroreticulate polymer 
scavengers (known as OMATM and OMX-PlusTM) for remov 
ing oxygenated species (H2O, O2, CO, CO2, NOX, SOX, etc.) 
and non-methane hydrocarbons; and inorganic silicate mate 
rials (known as MTXTM) for removing moisture and metals. 
All of these are available from Matheson Tri-Gas®, Newark, 
Calif. Further information on these purifying materials and 
other puri?cation materials is disclosed in Us. Pat. Nos. 
4,603,148; 4,604,270; 4,659,552; 4,696,953; 4,716,181; 
4,867,960; 6,110,258; 6,395,070; 6,461,411; 6,425,946; 
6,547,861; and 6,733,734, the contents of which are hereby 
incorporated by reference. Other solid puri?cation materials 
typically available from Aeronex, Millipore, Mykrolis, Saes 
Getters, Pall Corporation, Japan Pionics and used commonly 
in the semiconductor gas puri?cation applications are known 
in the art and are intended to be included within the scope of 
the present invention. 
[0073] Additionally, any of the previously described stor 
age, stabiliZation, and puri?cation methods and systems may 
be combined to provide multiple effects. One, two or all three 
methods can be independently combined to obtain a process 
that is best suited for the application of interest. Therefore, it 
is conceivable that any one method or the combination of any 
of the methods could be used for different requirements and 
applications. The basic steps of these combined methods will 
now be set forth. It will be apparent that the information 
previously described for the individual methods will also be 
applicable for the combined methods described below. The 
?uids and the ionic liquids used in the combined processes 
may be any of the previously mentioned ?uids and ionic 
liquids. 
[0074] The storage method may be combined with the 
method of purifying using a purifying solid. In this method, a 
vessel containing an ionic liquid is provided. The ?uid mix 
ture is contacted with the ionic liquid for take-up of the ?uid 
by the ionic liquid. There is substantially no chemical change 
in the ionic liquid and the ?uid. A purifying solid is provided 
for contact with the ?uid mixture. A portion of the impurity is 
retained by the purifying solid to produce a puri?ed ?uid. 
[0075] The methods of storage, stabiliZing, and purifying 
using a purifying solid may also be combined. A vessel con 
taining an ionic liquid is provided. The ?uid mixture ?uid is 
contacted with the ionic liquid for take-up of the ?uid mixture 
by the ionic liquid. A purifying solid is provided for contact 
with the ?uid mixture. A portion of the impurity is retained by 
the purifying solid to produce a puri?ed ?uid. The ionic liquid 
is stored for a period of time of at least about 1 hour, during 
which period of time there is substantially no degradation of 
the unstable ?uid. 

[0076] The methods of storage, stabiliZing, and purifying 
using the ionic liquid may also be combined. A device con 
taining an ionic liquid and con?gured for contacting the ionic 
liquid with the ?uid mixture is provided. The ?uid mixture is 
introduced into the device. The ?uid mixture is contacted with 
the ionic liquid. The ?uid mixture may then be stored within 
the ionic liquid for a period of time of at least about 1 hour, 
during which period of time there is substantially no degra 
dation of the unstable ?uid. A portion of the impurities are 
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retained within the ionic liquid to produce a puri?ed unstable 
?uid, and the puri?ed unstable ?uid may then be released 
from the device. 
[0077] The two puri?cation methods may also be com 
bined. A device containing an ionic liquid and a purifying 
solid therein for contact with the ?uid mixture is provided. 
The ?uid mixture is introduced into the device. The ?uid 
mixture is contacted with the ionic liquid and with the puri 
fying solid. A ?rst portion of the impurity is retained within 
the ionic liquid and a second portion of the impurity is 
retained by the purifying solid, to produce a puri?ed ?uid. 
The puri?ed ?uid may then be released from the device. 
[0078] The storage method may be combined with both 
methods of purifying. A vessel containing an ionic liquid and 
a purifying solid therein for contact with the ?uid mixture is 
provided. The ?uid is contacted with the ionic liquid for 
take-up of the ?uid by the ionic liquid. A ?rst portion of the 
impurity is retained within the ionic liquid and a second 
portion of the impurity is retained by the purifying solid, to 
produce a puri?ed ?uid. The puri?ed ?uid may then be 
released from the device. 
[0079] The storage and stabiliZation methods may be com 
bined with both methods of purifying. A vessel containing an 
ionic liquid and a purifying solid therein for contact with the 
?uid mixture is provided. The ?uid mixture is introduced into 
the device. The ?uid is contacted with the ionic liquid for 
take-up of the ?uid by the ionic liquid. The ?uid mixture is 
stored within the ionic liquid for a period of time of at least 
about 1 hour, during which period of time there is substan 
tially no degradation of the unstable ?uid. A ?rst portion of 
the impurity is retained within the ionic liquid and a second 
portion of the impurity is retained by the purifying solid, to 
produce a puri?ed unstable ?uid. The puri?ed ?uid may then 
be released from the device. 
[0080] The stabiliZation methods may be combined with 
both methods of purifying. A vessel containing an ionic liquid 
and a purifying solid therein for contact with the ?uid mixture 
is provided. The unstable ?uid mixture is introduced into the 
device. The unstable ?uid is contacted with the ionic liquid 
primarily for the purposes of stabiliZation and puri?cation 
only, and not for the purposes of uptake of the ?uid by the 
ionic liquid. Thus, a device or vessel is used to contact a small 
amount of ionic liquid with the ?uid. In this manner, a sub 
stantially less amount of ionic liquid could be required to 
obtain the stabiliZation effect and the puri?cation effect com 
pared to the previous illustrations wherein the unstable ?uid 
could be taken up completely or dissolved within the ionic 
liquid. No decomposition products, or substantially less 
decomposition products, are produced as a result of the con 
tact of the unstable ?uid with the ionic liquid, producing a 
stabiliZed ?uid. The ?uid mixture is stored within the ionic 
liquid for a period of time of at least about 1 hour, during 
which period of time there is substantially no degradation of 
the unstable ?uid. A portion of the impurity is retained within 
the ionic liquid to produce a puri?ed ?uid. The puri?ed ?uid 
may then be released from the device. 

EXAMPLES 

[0081] For all the following Examples, a canister of ionic 
liquid is prepared by the following method. A stainless steel 
canister with a dip tube is charged with a known quantity of 
the ionic liquid. The charged canister is thermally controlled 
by a PID temperature controller or variac with a heating 
element and a thermocouple. The canister is placed on a 
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gravimetric load cell or Weight scale and a pressure gauge is 
connected to the canister to measure head pressure. This 
canister is connected to a manifold With vacuum capability 
and to a gas source. The canister is also connected to an 

analyZer (such as FT-IR, GC, APIMS, etc.). 
[0082] A vacuum bake procedure is conducted on the can 
ister charged With the ionic liquid and the manifold up to the 
gas cylinder, by pulling a vacuum While heating. This 
removes any trace moisture and other volatile impurities from 
the ionic liquid and the gas distribution components. The 
ionic liquid is alloWed to cool to the desired operating tem 
perature. The mass of the vacuum baked canister and ionic 
liquid is recorded. 

Example 1 

Storage of an Unstable Gas in Ionic LiquidiBZH6 
Stored in BMIM[PF6] 

[0083] A canister of BMIM[PF6] is prepared as described 
above. 

[0084] The source gas, BZH6 or a gas mixture containing 
B2H6, is then introduced into the canister, at 5 psig, until the 
uptake of BZH6 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the B2H6 can be mea 
sured at the inlet of the canister and the outlet of the canister. 
BZH6 Will continue to be introduced until the inlet and outlet 
concentrations are equivalent, indicating the BMIM[PF6] 
?uid is saturated and cannot accept any further BZH6 under 
the existing conditions. At this time, the source gas ?oW is 
stopped. 
[0085] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored B2H6. The delivered gas is 
analyZed for BZH6 content. This can be determined gravi 
metrically or analytically. The total amount introduced is 
compared to the total amount removed to determine the load 
ing factor of the cylinder. 

Example 2 

Storage of a Stable Gas in Ionic LiquidiSiF4 Stored 
in BMIM[PF6] 

[0086] A canister of BMIM[PF6] is prepared as described 
above. 

[0087] The source gas, SiF4 or a gas mixture containing 
SiF4, is then introduced into the canister, at 5 psig, until the 
uptake of SiF4 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the SiF4 can be measured 
at the inlet of the canister and the outlet of the canister. SiF4 
Will continue to be introduced until the inlet and outlet 
amounts are equivalent, indicating the BMIM[PF6] ?uid is 
saturated and cannot accept any further SiF4 under the exist 
ing conditions. At this time, the source gas ?oW is stopped. 
[0088] The BMIM[PF6]-charged canister is stored for a 
period of time. It is then heated, a pressure differential is 
applied, or it is sparged With an inert gas, in order to deliver 
the stored SiF4. The delivered gas is analyZed for SiF4 con 
tent. This can be determined gravimetrically or analytically. 
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The total amount introduced is compared to the total amount 
removed to determine the loading factor of the cylinder. 

Example 3 

Storage of an Unstable Compressed Lique?ed Gas in 
Ionic LiquidiSbH3 Stored in MTBS 

[0089] A canister of MTBS (methyl-tri-n-butylammonium 
methylsulfate) is prepared as described above. 
[0090] The source gas, SbH3 or a gas mixture containing 
SbH3, is then introduced into the canister, at 5 psig, until the 
uptake of SbH3 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the SbH3 can be mea 
sured at the inlet of the canister and the outlet of the canister. 
SbH3 Will continue to be introduced until the inlet and outlet 
amounts are equivalent, indicating the MTBS ?uid is satu 
rated and cannot accept any further SbH3 under the existing 
conditions. At this time, the source gas ?oW is stopped. 
[0091] The MTBS-charged canister is then stored for a 
period of time. It is then heated, a pressure differential is 
applied, or it is sparged With an inert gas, in order to deliver 
the stored SbH3. The delivered gas is analyZed for SbH3 
content. This can be determined gravimetrically or analyti 
cally. The total amount introduced is compared to the total 
amount removed to determine the loading factor of the cyl 
inder. 

Example 4 

Storage of a Stable Compressed Lique?ed Hydride 
Gas in Ionic LiquidiPH3 in BMIM[PF6] 

[0092] A canister of BMIM[PF6] is prepared as described 
above. 
[0093] The source gas, PH3 or a gas mixture containing 
PH3, is then introduced into the canister, at 5 psig, until the 
uptake of PH3 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the PH3 can be measured 
at the inlet of the canister and the outlet of the canister. PH3 
Will continue to be introduced until the inlet and outlet 
amounts are equivalent, indicating the BMIM[PF6] ?uid is 
saturated and cannot accept any further PH3 under the exist 
ing conditions. At this time, the source gas ?oW is stopped. 
[0094] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored PH3. The delivered gas is 
analyZed for PH3 content. This can be determined gravimetri 
cally or analytically. The total amount introduced is com 
pared to the total amount removed to determine the loading 
factor of the cylinder. 

Example 5 

Storage of a Stable Compressed Lique?ed Acid Gas 
in Acidic Ionic LiquidiHCl in EMIM[AlCl4] 

[0095] A canister of EMIM[AlCl4] is prepared as described 
above. 
[0096] The source gas, HCl or a gas mixture containing 
HCl, is then introduced into the canister, at the vapor pres sure 
of HCl, until the uptake of HCl is complete. The uptake can be 
determined gravimetrically, or by analytical methods. For 
example, the concentration or absolute amount of the HCl can 
be measured at the inlet of the canister and the outlet of the 
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canister. HCl Will continue to be introduced until the inlet and 
outlet amounts are equivalent, indicating the EMIM[AlCl4] 
?uid is saturated and cannot accept any further HCl under the 
existing conditions. At this time, the source gas How is 
stopped. 
[0097] The EMIM[AlCl4]-charged canister is then heated, 
a pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored HCl. The delivered gas is 
analyzed for HCl content. This can be determined gravimetri 
cally or analytically. The total amount introduced is com 
pared to the total amount removed to determine the loading 
factor of the cylinder. 

Example 6 

Puri?cation of an Unstable Gas With Ionic Liquidi 

BZH6 With BMIM[PF6] 
[0098] A canister of BMIM[PF6] is prepared as described 
above. 
[0099] The source gas, BZH6 or a gas mixture containing 
B2H6, is then analyZed While by-passing the BMIM[PF6] 
charged canister, in order to determine the concentration of 
impurities. Once the impurity concentrations in the source 
gas have been established, source gas is ?oWed into the can 
ister containing BMIM[PF6] at a pressure of 5 psig. The 
delivered gas from the outlet of the canister is analyZed for 
impurities. 
[0100] Puri?cation of the source BZH6 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas compared to the source gas. The capacity of the 
BMIM[PF6] for impurities is calculated by measuring the 
total moles of impurities removed for the moles of BMIM 
[PF6] With Which the canister Was charged. 

Example 7 

Puri?cation of a Stable Gas With Ionic LiquidiSiF4 
With BMIM[PF6] 

[0101] A canister of BMIM[PF6] is prepared as described 
above. 
[0102] The source gas, SiF4 or a gas mixture containing 
SiF4, is then analyZed While by-passing the BMIM[PF6] 
charged canister, in order to determine the concentration of 
impurities. Once the impurity concentrations in the source 
gas have been established, source gas is ?oWed into the can 
ister containing BMIM[PF6] at a pressure of 5 psig. The 
delivered gas from the outlet of the canister is analyZed for 
impurities 
[0103] Puri?cation of the source SiF4 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas compared to the source gas. The capacity of the 
BMIM[PF6] for impurities is calculated by measuring the 
total moles of impurities removed for the moles of BMIM 
[PF6] With Which the canister Was charged. 

Example 8 

Puri?cation of an Unstable Compressed Lique?ed 
Gas With Ionic LiquidiSbH3 With MTBS 

[0104] A canister of MTBS is prepared as described above. 
[0105] The source gas, SbH3 or a gas mixture containing 
SbH3, is then analyZed While by-passing the MTBS-charged 
canister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
MTBS at a pressure of 5 psig. The delivered gas from the 
outlet of the canister is analyZed for impurities. 
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[0106] Puri?cation of the source SbH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas compared to the source gas. The capacity of the 
MTBS for impurities is calculated by measuring the total 
moles of impurities removed for the moles of MTBS With 
Which the canister Was charged. 

Example 9 

Puri?cation of an Unstable Compressed Lique?ed 
Gas in the Liquid Phase With Ionic LiquidiSbH3 

With MTBS 

[0107] A canister of MTBS is prepared as described above. 
[0108] The liquid phase source material, SbH3, is ?oWed 
through the apparatus, by-passing the MTBS-charged canis 
ter, vaporiZed, and analyZed in order to determine the con 
centration of impurities. Once the impurity levels in the 
source ?uid have been established, liquid phase source mate 
rial is ?oWed into the canister containing MTBS, at the vapor 
pressure of SbH3. The delivered liquid from the outlet of the 
canister is vaporiZed and analyZed to determine the concen 
tration of the impurities. 
[0109] Puri?cation of the source SbH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered liquid When compared to the source liquid, as deter 
mined by analysis in the vapor phase. The capacity of the 
MTBS for impurities is calculated by measuring the total 
moles of impurities removed for the moles of MTBS With 
Which the canister Was charged. 

Example 10 

Puri?cation of a Stable Compressed Lique?ed 
Hydride Gas With Ionic LiquidiPH3 With BMIM 

[PF6l 
[0110] A canister of BMIM[PF6] is prepared as described 
above. 
[0111] The source gas, PH3 or a gas mixture containing 
PH3, is analyZed While by-passing the BMIM[PF6]-charged 
canister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
BMIM[PF6] at the vapor pressure of PH3. The delivered gas 
from the outlet of the canister is analyZed for impurities. 
[0112] Puri?cation of the stored PH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas compared to the source gas. The capacity of the 
BMIM[PF6] for impurities is calculated by measuring the 
total moles of impurities removed for the moles of BMIM 
[PF6] With Which the canister Was charged. 

Example 11 

Puri?cation of a Stable Compressed Lique?ed Acid 
Gas With Ionic LiquidiHCl With EMIM[AlCl4] 

[0113] A canister of EMIM[AlCl4]is prepared as described 
above. 
[0114] The source gas, HCl or a gas mixture containing 
HCl, is analyZed While by-passing the EMIM[AlCl4] 
charged canister, in order to determine the concentration of 
moisture. Once the H20 concentration in the source gas have 
been established, source gas is ?oWed into the canister con 
taining EMIM[AlCl4] at a pressure of 5 psig. The gas is 
bubbled through the EMIM[AlCl4] inside the canister and the 
delivered gas at the outlet of the canister is analyZed to mea 
sure the moisture content. 
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[0115] Puri?cation of the stored HCl is determined by the 
lack of, or a decrease in the H20 impurity concentration 
detected in the delivered gas compared to the source gas. The 
capacity of the EMIM[AlCl4] for impurities is calculated by 
measuring the total moles of H20 removed for the moles of 
EMIM[AlCl4]With Which the canister Was charged. 

Example 12 

Puri?cation of a Stable Compressed Lique?ed Gas in 
the Liquid Phase With Ionic LiquidiNH3 With 

EMIM[Acetat] 
[0116] A canister of EMIM[Acetat] is prepared as 
described above. 
[0117] The liquid phase source material, NH3, is ?oWed 
through the apparatus, by-passing the EMIM[Acetat] 
charged canister, vaporized, and analyzed in order to deter 
mine the concentration of impurities. Once the impurity lev 
els in the source ?uid have been established, liquid phase 
source material is ?oWed into the canister containing EMIM 
[Acetat], at the vapor pressure of NH3. The delivered liquid 
from the outlet of the canister is vaporized and analyzed to 
determine the concentration of the impurities. 
[0118] Puri?cation of the source NH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered liquid When compared to the source liquid, as deter 
mined by analysis in the vapor phase. The capacity of the 
EMIM[Acetat] for impurities is calculated by measuring the 
total moles of impurities removed for the moles of EMIM 
[Acetat] With Which the canister Was charged. 

Example 13 

Stabilization of an Unstable Gas With Ionic Liquidi 

BZH6 With BMIM[PF6] 
[0119] A canister of BMIM[PF6] is prepared as described 
above. 
[0120] The source gas, BZH6 or a gas mixture containing 
B2H6, is analyzed While by-passing the BMIM[PF6]-charged 
canister, in order to determine the concentration of BZH6 and 
decomposition products. Once these concentrations in the 
source gas have been established, source gas is ?oWed into the 
canister containing BMIM[PF6] until it has equilibrated to a 
pressure of 5 psig. At this time, the ?oW of the source material 
is stopped. 
[0121] With the source gas ?oW off, the gas from the outlet 
of the canister containing the BMIM[PF6] is then analyzed 
for BZH6 and decomposition products. 
[0122] Stabilization of the source BZH6 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of B2H6. 

Example 14 

Stabilization of an Unstable Compressed Lique?ed 
Gas in the Liquid Phase With Ionic LiquidiSbH3 

With MTBS 

[0123] A canister of MTBS is prepared as described above. 
[0124] The liquid phase source material, SbH3, is ?oWed 
through the apparatus, by-passing the MTBS-charged canis 
ter, vaporized, and analyzed in order to determine the con 
centration of decomposition products. Once the decomposi 
tion levels in the source ?uid have been established, liquid 
phase source material is ?oWed into the canister containing 
MTBS, at the vapor pressure of SbH3. At this time, the ?oW of 
the source material is stopped. 
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[0125] With the source ?oW off, the delivered liquid from 
the outlet of the canister is vaporized and analyzed for SbH3 
and decomposition products. 
[0126] Stabilization of the source SbH3 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of SbH3. 

Example 15 

Storage and Puri?cation of an Unstable Gas in Ionic 
LiquidiBZH6 With BMIM[PF6] 

[0127] A canister of BMIM[PF6] is prepared as described 
above. 
[0128] The source gas, BZH6 or a gas mixture containing 
B2H6, is analyzed While by-passing the BMIM[PF6] -charged 
canister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
BMIM[PF6] at a pressure of 5 psig, until the uptake of BZH6 
is complete. The uptake canbe determined gravimetrically, or 
by analytical methods. For example, the concentration or 
absolute amount of the BZH6 can be measured at the inlet of 
the canister and the outlet of the canister. BZH6 Will continue 
to be introduced until the inlet and outlet concentrations are 
equivalent, indicating the BMIM[PF6] ?uid is saturated and 
cannot accept any further B 2H6 under the existing conditions. 
At this time, the source gas ?oW is stopped. 
[0129] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored B2H6. The delivered gas 
from the outlet of the canister is analyzed for impurities. 
[0130] The canister is then stored for a period of time. 
Samples of B 2H6 are taken at time intervals in order to deter 
mined the stability of the BZH6 in the BMIM[PF6]. Puri?ca 
tion of the source BZH6 is determined by the lack of, or a 
decrease in the impurities detected in the delivered gas from 
the canister compared to the source gas. The capacity of the 
BMIM[PF6] for impurities is calculated by measuring the 
total moles of impurities removed for the moles of BMIM 
[PF6] With Which the canister Was charged. 

Example 16 

Storage and Puri?cation of a Stable Gas in Ionic Liq 
uidiSiF4 With BMIM[PF6] 

[0131] A canister of BMIM[PF6] is prepared as described 
above. 
[0132] The source gas, SiF4 or a gas mixture containing 
SiF4, is analyzed While by-passing the BMIM[PF6]-charged 
canister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
BMIM[PF6] at a pressure of5 psig, until the uptake ofSiF4 is 
complete. The uptake can be determined gravimetrically, or 
by analytical methods. For example, the concentration or 
absolute amount of the SiF4 can be measured at the inlet of the 
canister and the outlet of the canister. SiF4 Will continue to be 
introduced until the inlet and outlet concentrations are 
equivalent, indicating the BMIM[PF6] ?uid is saturated and 
cannot accept any further SiF4 under the existing conditions. 
At this time, the source gas ?oW is stopped. 
[0133] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
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gas, in order to deliver the stored SiF4. The delivered gas from 
the outlet of the canister is analyzed for impurities. 
[0134] Puri?cation of the source SiF4 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the BMIM[PF6] for impurities is calculated by 
measuring the total moles of impurities removed for the 
moles of BMIM[PF6] With Which the canister Was charged. 

Example 17 

Storage and Puri?cation of an Unstable Compressed 
Lique?ed Gas in Ionic LiquidiSbH3 With MTBS 

[0135] A canister of MTBS is prepared as described above. 
[0136] The source gas, SbH3 or a gas mixture containing 
SbH3, is analyZed While by-passing the MTBS-charged can 
ister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
MTBS at a pressure of 5 psig, until the uptake of SbH3 is 
complete. The uptake can be determined gravimetrically, or 
by analytical methods. For example, the concentration or 
absolute amount of the SbH3 can be measured at the inlet of 
the canister and the outlet of the canister. SbH3 Will continue 
to be introduced until the inlet and outlet concentrations are 
equivalent, indicating the MTBS ?uid is saturated and cannot 
accept any further SbH3 under the existing conditions. At this 
time, the source gas How is stopped. 
[0137] The MTBS-charged canister is then heated, a pres 
sure differential is applied, or it is sparged With an inert gas, in 
order to deliver the stored SbH3. The delivered gas from the 
outlet of the canister is analyZed for impurities. 
[0138] Puri?cation of the source SbH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the MTBS for impurities is calculated by measur 
ing the total moles of impurities removed for the moles of 
MTBS With Which the canister Was charged. 

Example 18 

Storage and Puri?cation of a Stable Compressed 
Lique?ed Gas in Ionic LiquidiPH3 With BMIM 

[P136] 

[0139] A canister of BMIM[PF6] is prepared as described 
above. 
[0140] The source gas, PH3 or a gas mixture containing 
PH3, is analyZed While by-passing the BMIM[PF6]-charged 
canister, in order to determine the concentration of impurities. 
Once the impurity concentrations in the source gas have been 
established, source gas is ?oWed into the canister containing 
BMIM[PF6] at a pressure of 5 psig, until the uptake of PH3 is 
complete. The uptake can be determined gravimetrically, or 
by analytical methods. For example, the concentration or 
absolute amount of the PH3 can be measured at the inlet of the 
canister and the outlet of the canister. PH3 Will continue to be 
introduced until the inlet and outlet concentrations are 
equivalent, indicating the BMIM[PF6] liquid is saturated and 
cannot accept any further PH3 under the existing conditions. 
At this time, the source gas How is stopped. 
[0141] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored PH3. The delivered gas from 
the outlet of the canister is analyZed for impurities. 
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[0142] Puri?cation of the source PH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the BMIM[PF6] for impurities is calculated by 
measuring the total moles of impurities removed for the 
moles of BMIM[PF6] With Which the canister Was charged. 

Example 19 

Storage and Puri?cation of a Stable Compressed 
Lique?ed Gas in Acidic Ionic LiquidiHCl With 

EMIM[AlCl4] 

[0143] A canister of EMIM[AlCl 4] is prepared as described 
above. 
[0144] The source gas, HCl or a gas mixture containing 
HCl, is analyZed While by-passing the EMIM[AlCl4] 
charged canister, in order to determine the concentration of 
impurities. Once the impurity concentrations in the source 
gas have been established, source gas is ?oWed into the can 
ister containing EMIM[AlCl4] at a pressure of 5 psig, until the 
uptake of HCl is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or ab solute amount of the HCl can be measured 
at the inlet of the canister and the outlet of the canister. HCl 
Will continue to be introduced until the inlet and outlet con 
centrations are equivalent, indicating the EMIM[AlCl4] liq 
uid is saturated and cannot accept any further HCl under the 
existing conditions. At this time, the source gas How is 
stopped. 
[0145] The EMIM[AlCl4]-charged canister is then heated, 
a pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored HCl. The delivered gas from 
the outlet of the canister is analyZed for impurities. 
[0146] Puri?cation of the source HCl is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the EMIM[AlCl4] for impurities is calculated by 
measuring the total moles of impurities removed for the 
moles of EMIM[AlCl4] With Which the canister Was charged. 

Example 20 

Storage and StabiliZation of an Unstable Gas in Ionic 
LiquidiBZH6 With BMIM[PF6] 

[0147] A canister of BMIM[PF6] is prepared as described 
above. 
[0148] The source gas, B2H6 or a gas mixture containing 
B2H6, is analyZed While by-passing the BMIM[PF6] -charged 
canister, in order to determine the concentration of B 2H6 and 
decomposition products. Once these concentrations in the 
source gas have been established, source gas is ?oWed into the 
canister containing BMIM[PF6] at a pressure of 5 psig, until 
the uptake of B 2H6 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the BZH6 can be mea 
sured at the inlet of the canister and the outlet of the canister. 
BZH6 Will continue to be introduced until the inlet and outlet 
concentrations are equivalent, indicating the BMIM[PF6] 
?uid is saturated and cannot accept any further B2H6 under 
the existing conditions. At this time, the source gas How is 
stopped. 
[0149] The BMIM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
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gas, in order to deliver the stored B2H6. The delivered gas 
from the outlet of the canister is analyzed for BZH6 and 
decomposition products. 
[0150] Stabilization of the source B2H6 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery to the source material. 

Example 21 

Storage and Stabilization of an Unstable Compressed 
Lique?ed Gas With Ionic LiquidiSbH3 With MTBS 

[0151] A canister of MTBS is prepared as described above. 
[0152] The source gas, SbH3 or a gas mixture containing 
SbH3, is analyzed While by-passing the MTBS-charged can 
ister, in order to determine the concentration of SbH3 and 
decomposition products. Once these concentrations in the 
source gas have been established, source gas is ?oWed into the 
canister containing MTBS at a pressure of 5 psig, until the 
uptake of SbH3 is complete. The uptake can be determined 
gravimetrically, or by analytical methods. For example, the 
concentration or absolute amount of the SbH3 can be mea 
sured at the inlet of the canister and the outlet of the canister. 
SbH3 Will continue to be introduced until the inlet and outlet 
concentrations are equivalent, indicating the MTBS ?uid is 
saturated and cannot accept any further SbH3 under the exist 
ing conditions. At this time, the source gas How is stopped. 
[0153] The MTBS-charged canister is then heated, a pres 
sure differential is applied, or it is sparged With an inert gas, in 
order to deliver the stored SbH3. The delivered gas from the 
outlet of the canister is analyzed for SbH3 and decomposition 
products. 
[0154] Stabilization of the source SbH3 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of SbH3. 

Example 22 

Stabilization and Puri?cation of an Unstable Gas 
With lonic LiquidiB2H6 With BMIM[PF6] 

[0155] A canister of BMIM[PF6] is prepared as described 
above. 

[0156] The source gas, BZH6 or a gas mixture containing 
B2H6, is analyzed While by-passing the BMlM[PF6]-charged 
canister, in order to determine the concentration of B2H6, 
impurities, and decomposition products. Once these concen 
trations in the source gas have been established, source gas is 
?oWed into the canister containing BMIM[PF6] until it has 
equilibrated at a pressure of 5 psig. At this time, the source gas 
How is stopped. 
[0157] With the source gas ?oW off, the gas from the outlet 
of the canister containing the BMIM[PF6] is then analyzed 
for B2H6, impurities, and decomposition products. 
[0158] Stabilization of the source B2H6 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of B2H6. 
[0159] Puri?cation of the source BZH6 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the BMIM[PF6] for impurities is calculated by 
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measuring the total moles of impurities removed for the 
moles of BMIM[PF6] With Which the canister Was charged. 

Example 23 

Stabilization and Puri?cation of an Unstable Com 
pressed Lique?ed Gas With lonic LiquidiSbH3 

With MTBS 

[0160] A canister of MTBS is prepared as described above. 
[0161] The source gas, SbH3 or a gas mixture containing 
SbH3, is analyzed While by-passing the MTBS-charged can 
ister, in order to determine the concentration of SbH3, impu 
rities, and decomposition products. Once these concentra 
tions in the source gas have been established, source gas is 
?oWed into the canister containing MTBS until it has equili 
brated at 5 psig. At this time, the source gas How is stopped. 
[0162] With the source gas ?oW off, the gas from the outlet 
of the canister containing the MTBS is then analyzed for 
SbH3, impurities, and decomposition products. 
[0163] The MTBS-charged canister is then heated, a pres 
sure differential is applied, or it is sparged With an inert gas, in 
order to deliver the stored SbH3. The delivered gas from the 
outlet of the canister is analyzed for SbH3, impurities, and 
decomposition products. 
[0164] Stabilization of the source SbH3 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of SbH3. 
[0165] Puri?cation of the source SbH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the MTBS for impurities is calculated by measur 
ing the total moles of impurities removed for the moles of 
MTBS With Which the canister Was charged. 

Example 24 

Storage, Puri?cation, and Stabilization of an 
Unstable Gas With Ionic LiquidiBZH6 With BMIM 

[PF6l 

[0166] A canister of BMIM[PF6] is prepared as described 
above. 
[0167] The source gas, B2H6 or a gas mixture containing 
B2H6, is analyzed While by-passing the BMIM[PF6] -charged 
canister, in order to determine the concentration of B2H6, 
impurities, and decomposition products. Once these concen 
trations in the source gas have been established, source gas is 
?oWed into the canister containing BMIM[PF6] at a pressure 
of 5 psig, until the uptake of BZH6 is complete. The uptake can 
be determined gravimetrically, or by analytical methods. For 
example, the concentration or absolute amount of the BZH6 
can be measured at the inlet of the canister and the outlet of the 
canister. B2H6 Will continue to be introduced until the inlet 
and outlet concentrations are equivalent, indicating the 
BMIM[PF6] ?uid is saturated and cannot accept any further 
BZH6 under the existing conditions. At this time, the source 
gas How is stopped. 
[0168] The BMlM[PF6]-charged canister is then heated, a 
pressure differential is applied, or it is sparged With an inert 
gas, in order to deliver the stored B2H6. The delivered gas 
from the outlet of the canister is analyzed for B2H6, impuri 
ties, and decomposition products. 
[0169] Stabilization of the source BZH6 is determined by 
the lack of, or a decrease in the decomposition products 
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detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of B2H6. 
[0170] Puri?cation of the source BZH6 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the BMIM[PF6] for impurities is calculated by 
measuring the total moles of impurities removed for the 
moles of BMIM[PF6] With Which the canister Was charged. 

Example 25 

Storage, Puri?cation, and Stabilization of an 
Unstable Compressed Lique?ed Gas With Ionic Liq 

uidiSbH3 With MTBS 

[0171] A canister of MTBS is prepared as described above. 
[0172] The source gas, SbH3 or a gas mixture containing 
SbH3, is analyZed While by-passing the MTBS-charged can 
ister, in order to determine the concentration of SbH3, impu 
rities, and decomposition products. Once these concentra 
tions in the source gas have been established, source gas is 
?oWed into the canister containing MTBS at a pressure of 5 
psig, until the uptake of SbH3 is complete. The uptake can be 
determined gravimetrically, or by analytical methods. For 
example, the concentration or absolute amount of the SbH3 
can be measured at the inlet of the canister and the outlet of the 
canister. SbH3 Will continue to be introduced until the inlet 
and outlet concentrations are equivalent, indicating the 
MTBS ?uid is saturated and cannot accept any further SbH3 
under the existing conditions.At this time, the source gas ?oW 
is stopped. 
[0173] The MTBS-charged canister is then heated, a pres 
sure differential is applied, or it is sparged With an inert gas, in 
order to deliver the stored SbH3. The delivered gas from the 
outlet of the canister is analyZed for SbH3, impurities, and 
decomposition products. 
[0174] Stabilization of the source SbH3 is determined by 
the lack of, or a decrease in the decomposition products 
detected in the delivered gas compared to the source gas, in 
addition to quantitative recovery of SbH3. 
[0175] Puri?cation of the source SbH3 is determined by the 
lack of, or a decrease in the impurities detected in the deliv 
ered gas from the canister compared to the source gas. The 
capacity of the MTBS for impurities is calculated by measur 
ing the total moles of impurities removed for the moles of 
MTBS With Which the canister Was charged. 
[0176] The embodiments described above and shoWn 
herein are illustrative and not restrictive. The scope of the 
invention is indicated by the claims rather than by the fore 
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going description and attached draWings. The invention may 
be embodied in other speci?c forms Without departing from 
the spirit of the invention. Accordingly, these and any other 
changes Which come Within the scope of the claims are 
intended to be embraced therein. 
What is claimed is: 
1. A ?uid storage and dispensing system, comprising: 
a ?uid storage and dispensing vessel con?gured to selec 

tively dispense a ?uid therefrom; and 
an ionic liquid that is not substantially chemically reactive 

With the ?uid, the ionic liquid disposed in the vessel, 
Wherein the ionic liquid is selected from the group con 
sisting of pyridinium salts, pyrrolidinium salts, phos 
phonium salts, ammonium salts, tetralkylammonium 
salts, guanidinium salts, uronium salts, and compounds 
comprising: 
a cation component selected from the group consisting 

of mono-substituted imidaZoliums, di-substituted 
imidaZoliums, and tri-substituted imidaZoliums, and 

an anion component selected from the group consisting 
of acetate, cyanates, decanoates, halogenides, sul 
fates, sulfonates, amides, imides, methanes, anti 
monates, tetrachoroaluminate, thiocyanate, tosylate, 
carboxylate, cobalt-tetracarbonyl, tri?uoroacetate 
and tris(tri?uoromethylsulfonyl)methide; 

and mixtures thereof; 
Wherein the ionic liquid reversibly takes up the ?uid When 

contacted thereWith, and from Which the ?uid is releas 
able under dispensing conditions. 

2. The ?uid storage and dispensing system of claim 1 
Wherein the ionic liquid comprises 

a cation component selected from the group consisting of 
pyridiniums, pyrrolidinium salts, phosphoniums, 
ammoniums, tetralkylammoniums, guanidiniums, and 
uroniums; and 

an anion component selected from the group consisting of 
acetate, cyanates, decanoates, halogenides, sulfates, sul 
fonates, amides, imides, methanes, borates, phosphates, 
antimonates, tetrachoroaluminate, thiocyanate, to sylate, 
carboxylate, cobalt-tetracarbonyl, tri?uoroacetate and 
tris(tri?uoromethylsulfonyl)methide. 

3. The ?uid storage and dispensing system of claim 1 
Wherein the ?uid storage and dispensing vessel is con?gured 
to bubble the ?uid mixture through the ionic liquid. 

4. The ?uid storage and dispensing system of claim 1 
Wherein the ?uid storage and dispensing vessel is con?gured 
to mechanically agitate the ?uid and the ionic liquid. 

* * * * * 


