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Description

BACKGROUND

Field of Invention:

[0001] The present invention relates to hydrogen fluoride compositions. More particularly, the present invention pro-
vides compositions of hydrogen fluoride and a polymer that are less hazardous and, therefore, more easily stored,
transported, and handled in comparison to pure hydrogen fluoride.

Description of Related Art:

[0002] Hydrogen fluoride is a well known compound that is used in industry in a variety of processes including in
alkylation reactions as a catalyst, in fluorination reactions as a fluorinating agent, in the manufacture of fluorides, in the
separation of uranium isotopes, and in the production of fluorine containing plastics. It is well known that hydrogen
fluoride is a volatile, extremely hazardous substance the high vapor pressure of which renders it readily aerosolizable.
[0003] In an attempt to diminish the hazards of hydrogen fluoride, it has been combined with a variety of substances.
US 1,470,772 discloses a glass etching paste of mucilage, sulfuric acid, and ammonium fluoride in which the hydrogen
fluoride is formed in situ. US 3,635,836 discloses dispersions of hydrogen fluoride, particulate proteinaceous material
and a small amount of carboxyl substituted vinyl polymers useful as pickling agents, plumbing cleaners and paint re-
movers. US 4,383,868 discloses a method of treating anhydrous hydrogen fluoride spills by applying a particulate mixture
of polyacrylamide and a polyalkyl(alk)acrylate to the surface of the spill. However, none of these compositions provides
an intimate mixture of hydrogen fluoride and a substance that both reduces the hazards of hydrogen fluoride and, at the
same time, permits the ready recovery of the hydrogen fluoride from the composition.
[0004] To overcome these problems, it has been suggested to provide a mixture of hydrogen fluoride and water-
soluble polymer. For example, US 6,177,058 describes gelatinous mixtures of hydrogen fluoride (HF) and sodium poly-
acrylate or polyacrylamide.
[0005] Notwithstanding these compositions, there remains a need for polymers having superior mixing properties with
hydrogen fluoride, such as higher capacity for HF per unit mass of polymer. The present invention satisfies these needs
among others.

SUMMARY OF THE INVENTION

[0006] The invention is as described in the appended claims. The present inventors have found that polyacrylate-
polyacrylamide cross-linked copolymers have a much higher capacity for retaining HF and other advantages compared
to other polymers known in the art. The surprisingly large increase in capacity is particularly advantageous in certain
applications of the copolymer, such as the formation of a copolymer/HF gel that can safely be transported. For example,
a large capacity means that the relative proportion of HF to copolymer in the gel is high which reduces shipping costs
because more of the desired HF is transported per unit mass.
[0007] In addition, it has been discovered that intimate mixtures of polyacrylate-polyacrylamide cross- linked copoly-
mers and hydrogen fluoride form a composition in which hydrogen fluoride volatility is diminished. This composition is
also more viscous and has a greater surface tension when compared to pure hydrogen fluoride, thus hindering formation
of a hydrogen fluoride aerosol cloud. Therefore, the compositions of the present invention are less hazardous compared
to anhydrous hydrogen fluoride in liquid or gaseous form. The polyacrylate-polyacrylamide cross-linked copolymers
polymers can also be used to treat spills or leaks of HF, making them less hazardous and easier to clean up. The
composition of the present invention can also be used in processes as an HF catalyst and as a fluorinating agent. It can
also be used to etch silicon based materials and clean oxide scale.
[0008] Accordingly, the present invention provides a composition comprising hydrogen fluoride in an amount from 80
weight percent of the composition to 98 weight percent of the composition and a cross-linked copolymer in an amount
from 2 weight percent of the composition to 20 weight percent of the composition, the cross-linked copolymer comprising
acrylamide and acrylate units, wherein the composition is in the form of a solid or a gel. In highly preferred embodiments
of the invention, the composition comprises anhydrous hydrogen fluoride, a cross-linked copolymer comprising acryla-
mide cross-linked with an acrylic acid salt, wherein the composition is in the form of a solid or a gel.
[0009] Another aspect of the invention is a method for preparing a hydrogen fluoride composition comprising the steps
of (a) providing a cross-linked copolymer comprising acrylamide and acrylic acid salt; and (b) contacting said cross-
linked copolymer with anhydrous hydrogen fluoride to form a composition according to claim 1.
[0010] Another aspect of the invention is a method for storing hydrogen fluoride comprising the steps of (a) preparing
an HF/cross-linked copolymer composition as described herein; and (b) storing the composition in a storage container.
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[0011] Another aspect of the invention is a method for recovering hydrogen fluoride comprising the steps of (a) providing
an HF/cross-linked copolymer composition as described herein; and (b) treating the composition so as to liberate a
hydrogen fluoride vapor. Yet another aspect of the invention is a method for transporting hydrogen fluoride comprising
the steps of (a) preparing HF/cross-linked copolymer composition as described herein; (b) storing the composition in a
storage container; and (c) transporting the storage container to a destination.

BRIEF DESCRIPTION OF THE DRAWING

[0012] The Figure is a graphical representation of vapor pressure as a function of temperature and HF- Gel composition.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

[0013] The present invention provides solid and semi-solid compositions comprising hydrogen fluoride compositions
that facilitate the safe use, transport, and storage of hydrogen fluoride. Further, the chemical properties of the hydrogen
fluoride in the compositions of the present invention are substantially unchanged from those of hydrogen fluoride in its
pure state and, thus, hydrogen fluoride may be readily and quantitatively recovered from the compositions. In certain
preferred embodiments of the invention, provided are compositions comprising intimate mixtures of hydrogen fluoride
and an effective amount of a polyacrylate/polyacrylamide crossed-linked copolymer. These mixtures preferably are solid
or semi-solid (e.g., gelatinous).
[0014] As used herein, the term "copolymer" means a polymer having two or more different monomer residues that
have been polymerized and constructed as one or more chains. The arrangements of these monomer units in the chain
include those that regularly alternate the different monomers or those that repeat monomer units in regular or random
sequences. In addition, the chain can be straight, branched, or grafted, or can exist as a block copolymer.
[0015] As used herein, the term "cross-linked" means the attachment of two chains of polymer molecules by bridges
composed of an element, a functional group, a compound, or a polymer unit, which join certain atoms of the chains by
primary chemical bonds. In certain embodiments, cross- linking occurs between two or more polymer chains to form a
copolymer structure. In certain other embodiments, cross-linking occurs between two or more copolymer chains that
are similar in arrangement. Preferably, cross-linking occurs between amide groups and carboxylic groups of the copol-
ymer.
[0016] The cross-linked copolymer of the present invention in its dry form is preferably solid in the form of a powder,
granules, pellets, fiber, fabrics, mats, and pads and the like. When exposed to hydrogen fluoride, the copolymer chains
expand or unfold and uptake or absorb hydrogen fluoride to form a solid or a semi-solid material, such a gel. Due to the
copolymer’s cross-linking, the copolymer is insoluble in hydrogen fluoride and water.
[0017] Though not intending to be bound by a particular theory, it is believed that hydrogen fluoride uptake by the
copolymer is facilitated by the negative carboxylic groups of the copolymer and their solvation with hydrogen fluoride
molecules. For embodiments in which the copolymer comprises an alkali metal or ammonium ion (e.g., copolymers
formed with an acrylic acid salt), it is believed that, in the presence of hydrogen fluoride, the alkali metal or ammonium
disassociates from the carboxyl group creating two ions: a carboxyl (COO-) and an alkali metal or ammonium ion (e.g.,
Na+). The carboxyl groups begin to repel each other because they have the same negative charge. This repulsion unfolds
or swells the polymer chain. The swelling action also allows more hydrogen fluoride to associate with the polymer chain
and reside in the spaces within the polymer’s network. The cations are also likely to associate with the hydrogen fluoride.
Furthermore, HF is also known to form complexes with amines and the N groups in the polymer may also facilitate
uptake of HF by the polymer.
[0018] The cross-linking between polymer chains prevents the copolymer from dissolving in liquid hydrogen fluoride
or other liquids. When the chains become solvated, the cross links prevent them from moving around randomly. In
general, the cross-linking affects the copolymer’s adsorption capacity, with more cross links in a chain corresponding
to a decrease in the polymer’s ability to adsorb liquids. (See, e.g., Osmosis and Super Absorbent Polymers, U. of Illinois
at Urbana- Champaign.) However, the inventors have surprisingly found that cross-linked copolymers of the present
invention have a significantly higher capacity for liquid hydrogen fluoride compared to the copolymer’s constituent pol-
ymers individually.
[0019] Preferred cross-linked copolymers of the present invention are constructed of both acrylamide units and acrylate
units. Within the scope of the term "acrylamide", included is acrylamide itself (i.e., 2-propenamide), polyacrylamides,
polyalkylacrylamides (e.g., polymethylacrylamide), monomer residues of such acrylamides, and derivatives thereof. As
used herein, the term "derivative" means a compound or chemical structure having the same fundamental structure or
underlying chemical basis as the relevant related compound. Such a derivate is not limited to a compound or chemical
structure produced or obtained from the relevant related compound. Acrylamide units that can be utilized in the present
invention include individual structural units of acrylamide, repeating units of acrylamide, and polymer chains constructed,
at least in part, of acrylamides.
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[0020] Within the scope of the term "acrylate", included is acrylic acid (i.e., 2-propenoic acid), acrylic acid salt (e.g.,
sodium acrylate, potassium acrylate, and the like), alkylacrylates (e.g. methyl acrylate, butyl methylacrylate, and the
like), polyacrylates, polyalkylacrylates, polyacrylic salts, monomer residues of such acrylates, and derivatives thereof.
Acrylate units that can be utilized in the present invention include individual structural units of acrylates, repeating units
of acrylates, and polymer chains constructed, at least in part, of acrylates.
[0021] Particularly preferred acrylic acid salts include potassium acrylate, sodium acrylate, and ammonium acrylate,
with potassium acrylate being particularly preferred. Polyacrylate-polyacrylamide cross-linked copolymers are commer-
cially available from a variety of sources including Degussa AG of Krefeld, Germany (sold under the trade name STOCKO-
SORB®), Kyoritsu Yukikogyo Kenkyusho of Japan (sold under the trade name Hymosab® 200), and Aldrich of Milwaukee,
Wisconsin (Cat. No. 43,277-6).
[0022] Copolymers of the present invention preferably comprise from about 1 to about 99 weight percent, and more
preferably from about 5 to about 60 weight percent, of acrylamide units based upon the total weight of the copolymer.
Copolymers of the present invention also preferably comprise from about 1 to about 99 weight percent, and more
preferably from about 5 to about 60 weight percent, of acrylate units based upon the total weight of the copolymer.
[0023] Generally, the cross-linked copolymers used in the invention have molecular weights of from about 5,000 to
about 10,000,000. Preferably, cross-linked copolymers with molecular weights of from about 5,000 to about 5,000,000
are used.
[0024] To prepare the compositions of the invention, an effective amount of a cross-linked copolymer is mixed with
hydrogen fluoride in any suitable corrosion resistant vessel to form an intimate mixture. An effective amount of cross-
linked copolymer is an amount capable of decreasing the volatility and increasing the surface tension of the hydrogen
fluoride to the level desired for the end use. Addition of the cross-linked copolymer and hydrogen fluoride may be
performed in any sequence. Mixing may be accomplished by any means convenient, including without limitation, stirring
or dispersing the copolymer into a pool of hydrogen fluoride or passing hydrogen fluoride gas over the cross-linked
copolymer. The hydrogen fluoride may be commercially available anhydrous hydrogen fluoride having a water content
of 0.1% or less or aqueous hydrogen fluoride. Preferably, anhydrous hydrogen fluoride is used. The polymer may be in
any form suitable for mixing with the hydrogen fluoride including, without limitation, granules, beads, pellets, fibers, or
mats. Mixing will occur faster for smaller particle sizes of the polymer and slower for larger sizes. Typically mixing is
performed at temperatures from about 0 to about 100 °C, preferably from about 10 to about 40 °C, and even more
preferably from about 10 to about 25 °C. Pressure is not critical to the mixing operation, although capacity is generally
lower at increased pressure.
[0025] The amount of hydrogen fluoride and cross-linked copolymer used will depend in part on the particular cross-
linked copolymer selected and the desired end-use for the composition. If the cross- linked copolymer has a relatively
low molecular weight, the resulting HF/ cross-linked copolymer composition will be a viscous liquid. If the cross-linked
copolymer has a relatively high molecular weight, the resulting composition will be a solid or semi-solid material (e.g.,
gel). Additionally, the amount of cross-linked copolymer used will determine whether or not the resulting composition is
a solid or liquid. Generally, up to about 1 percent by weight, based on the total weight of the composition, of cross-linked
copolymer is used the composition will be a viscous liquid. Compositions in which the amount of cross-linked copolymer
is at least about 2 weight percent, generally, will take a gel-like semi-solid form.
[0026] It should be noted further that a higher weight percentage of cross-linked copolymer will lead to a greater the
reduction in vapor pressure and an increase in surface tension. In certain embodiments, the reduction in surface tension
will reduce hydrogen fluoride aerosolization. However, with an increase in weight percentage of cross-linked copolymer,
the weight percentage of hydrogen fluoride in the composition decreases which may affect the composition’s suitability
for a desired end-use. Therefore, the effective amount of hydrogen fluoride and cross-linked copolymer used will depend
on a consideration of a number of factors. Generally, from about 0.5 to about 99.9 weight percent of cross-linked
copolymer and from about 99.5 to about 0.1 weight percent of hydrogen fluoride is used. Preferably, from about 2 to
about 50 weight percent cross-linked copolymer and from about 98 to about 50 weight percent hydrogen fluoride, more
preferably from about 2 to about 20 weight percent of cross-linked copolymer and from about 98 to about 80 weight
percent of hydrogen fluoride is used. The inventors have found that the cross-linked copolymers of the present invention
have an exceptionally high capacity for hydrogen fluoride. It is possible to measure the capacity of a polymer for HF by
mixing the polymer with an excess of HF, allowing the mixture to stand for a period of time such that the polymer becomes
saturated, gravity or suction filtering off the excess HF, and weighing the saturated polymer as well as the excess HF.
[0027] Although cross-linked copolymer capacity is important to a practical HF-gel system, other properties should be
considered as well. Other properties of interest include an exotherm upon mixing the copolymer and HF, vapor pressure
of the resulting composition, viscosity of the composition, gelatinization time, density per unit volume of the starting
polymer, capacity of the composition under pressure, ease of recovery of the HF from the composition, reduction in HF
aerosol formation by the system, and mixing or dispersing of the polymer into HF. It is contemplated therefore, that in
addition to polyacrylate/polyacrylamide crossed-linked copolymers, other HF-absorbing polymers and copolymers may
be practiced with the present invention. Preferably, these other polymers and copolymers will be mixed with the poly-
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acrylate/polyacrylamide crossed-linked copolymer to optimize several properties of the composition. For example, for
applications in which the time required to gel a given quantity of HF is important, the invention involves a mixture a
copolymer having high HF capacity and another polymer or copolymer which gels quickly. The evolution of excessive
heat may accompany the formation of the gel when HF and a copolymer or polymer are mixed. Accordingly, certain
embodiments of the invention utilize a mixture of a high capacity cross-linked copolymer and a polymer or copolymer
with a lower capacity that exhibits a smaller exotherm.
[0028] Examples of other polymers that may be mixed with a polyacrylate/ polyacrylamide crossed-linked copolymer
include those described in US 6,177,058. Preferred polymers include water soluble polymers selected from the group
consisting of cellulose ethers, modified starches, starch derivatives, natural gum derivatives, polyacrylic acid salts,
ethylene oxide polymer, methacrylic acid polymer, polyethyleneimine polymer, polyvinyl pyrrolidone polymer and mixtures
thereof.
[0029] Without departing from the scope of the invention, it will be recognized that other components also may be
included in the compositions of this invention. The specific nature of these components will depend on the desired end
use of the compositions. In general, any component that does not deleteriously effect the surface tension of the com-
position, or undesirably increase the volatility of the hydrogen fluoride component, may be used.
[0030] Hydrogen fluoride may be recovered readily from the composition of the invention by treating the composition
so as to liberate hydrogen fluoride vapors. One means of treating the compositions in order to liberate hydrogen fluoride
vapor is by heating the composition at elevated temperatures, generally from about 0 to about 200 °C, preferably from
about 80 to about 150 °C, resulting in the liberation of hydrogen fluoride vapor. The vapor may then be condensed by
any convenient means. Alternatively, the hydrogen fluoride may be liberated by decreasing the pressure over the com-
position or increasing both the pressure and temperature and then condensing the vapors. This alternative means for
recovering hydrogen fluoride may be accomplished at pressures of from about 60 to about 1 psia and temperatures of
from about 20 to about 50 °C. As yet another alternative, hydrogen fluoride value may be recovered from the compositions
by use of the compositions in any of the wide variety of processes that use hydrogen fluoride, such as those involving
a HF catalyst, fluorinating agent, chemical synthesis, etching processes, and cleaning processes.
[0031] The compositions of the invention provide a convenient and safe method for storing hydrogen fluoride. Because
the compositions exhibit little or no volatilization of hydrogen fluoride, the hazards of storing the hydrogen fluoride are
significantly reduced. Further, the hydrogen fluoride may be recovered from the stored composition by the means
described herein. Additionally, the stored material may be safely transported. The compositions of the invention may be
prepared and then placed in a storage container by any convenient means. Alternatively, the compositions may be
prepared in the storage container. Suitable storage containers are those containers made of, or lined with, a hydrogen
fluoride resistant material such as carbon steel, fluoropolymers, MONEL®, and the like. Storage of the compositions
may be for any length of time provided that the compositions are not exposed to air or other chemicals. Preferably,
storage is under ambient conditions. The stored composition may be safely and efficiently transported to a destination.
Transporting of the composition may employ any conventional means such as rail car or truck. Once delivered to the
destination, the stored composition may be treated to recover the hydrogen fluoride from the composition for use.

EXAMPLES

[0032] The invention will be clarified further by a consideration of the following examples that are intended to be purely
exemplary.

Example 1:

[0033] Approximately, 0.5 grams of Stockosorb M (acrylamide/potassium acrylate copolymer, cross-linked), commer-
cially available from Degussa AG, of Krefeld, Germany, was placed into a perfluoroalkoxy (PFA) vessel fitted with a
screen above the polymer, and evacuated. The PFA vessel was then weighed, and cooled to about -78°C. About 29
grams of anhydrous HF were distilled onto the polymer. The PFA vessel was warmed to room temperature and weighed.
After about two hours, the PFA vessel was inverted and the excess HF drained into a second, evacuated PFA vessel.
The HF- polymer gel reamined on the filter screen in the first PFA vessel. The vessel containing the polymer gel was
again weighed and the polymer found to have absorbed about 45.6 grams of HF per gram of polymer. This experiment
was repeated several times and the average capacity was found to be about 45.2 grams of anhydrous HF per gram of
polymer, which is reported in Table 1.

Examples 2 - 4:

[0034] The procedure in Example 1 was repeated for Examples 2 -4, except that Stockosorb M was substituted for
Stockosorb CW, FW, and SW, respectively. The results for each composition are reported in Table 1.
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Example 5:

[0035] The procedure in example 1 was hard to perform with small particle sized polymers and had unacceptable
scatter in the results, so a different approach was taken to characterize their capacity. Approximately 0.5 grams of
Stockosorb CW was placed in a PFA vessel, connected to a vessel containing HF, and the system was evacuated. The
valve of the EDF container was opened and the polymer allowed to absorb HF vapor for two days. At the end of this
period the polymer had adsorbed 37.62 grams of HF/gram of polymer. The experiment was repeated with fresh polymer
which was allowed to absorb HF vapor for about 4 days. At the end of this period the polymer had adsorbed 40.90 grams
of anhydrous HF per gram of polymer. The average of these two measurements is reported in Table 1. Although this
technique is different than the approach described in example 1, it shows the polymer absorbs much more HF than
previously reported systems.

Example 6:

[0036] The procedure in example 2 was repeated with Stockosorb FW. The average of multiple runs for each com-
position is reported in Table 1.

Comparative Examples 7 - 15:

[0037] The procedure in example 1 was repeated, except with the polymers listed Table 1. The HF capacities of these
polymers is summarized in Table 1. The test results show that acrylamide/potassium acrylate cross-linked copolymers
have a much higher HF capacity compared to acrylate polymers.

Example 16:

[0038] A small amount of Stockosorb M was placed into a previously weighed FEP vessel. The vessel was evacuated
and weighed again to determine the weight of polymer (0.1111 grams). The sample was then reconnected to the metal
vacuum line, cooled to -78°C and an excess of HF distilled onto the polymer. The weight of the vessel + polymer + HF
was then obtained. The vapor pressure of this system was measured at 20°C. A small amount of HF was then distilled
from the vessel and the weight of the vessel + polymer +HF was then obtained. The vapor pressure of this reduced HF
system was again measured at 20 °C. This procedure was repeated multiple times until nearly all of the HF had been
removed. This experiment was run in triplicate, the vapor pressures were then calculated at several standard compositions
and plotted in Figure 1. The results demonstrate the low vapor pressure of the composition.

Example 17:

[0039] Example 16 was repeated at 0 °C. The results are shown in Figure 1.

Example 18:

[0040] Example 16 was repeated at 40 °C. The results are shown in Figure 1.
[0041] Example 19: Example 16 was repeated at 60°C. The results are shown in Figure 1.

Example 20:

[0042] About 8 grams of Stockosorb M was quickly added to a cylinder containing about 180 grams of HF at 20°C. In
about 160 seconds the HF was about 65% gelled based on the height of the expanding polymer in the cylinder. Shortly
afterward, the HF was completely gelled. The temperature of the cylinder contents reached 29°C before cooling to 20°C.
This test demonstrates the rapid uptake of HF by the copolymer.

Example 21:

[0043] Approximately, 0.49 grams of Stockosorb M (acrylamide/potassium acrylate copolymer, cross- linked), com-
mercially available from Degussa AG, of Krefeld, Germany, was placed into a perfluoroalkoxy (PFA) vessel fitted with
a screen above the polymer, and evacuated. About 78.8 grams of aqueous HF (49 wt %) transferred onto the polymer.
The PFA vessel was weighed. After about two hours, the PFA vessel was inverted and the excess HF drained into a
second, evacuated PFA vessel. The HF-polymer gel remained on the filter screen in the first PFA vessel. The vessel
containing the polymer gel was again weighed and the polymer found to have absorbed about 72.5 grams of aqueous
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HF per gram of polymer.

Comparative Example 22:

[0044] About 150 grams of water was added to 0.5 grams of Stockosorb M and allowed to sit for about 2 hours. The
mixture was then filtered. Based on the weight increase, the polymer absorbed about 254 grams of water per gram of
polymer.

Comparative Example 23:

[0045] About 165 grams of deionized water was added to 0.58 grams of [rho]oly(acrylic acid) partial sodium salt from
Aldrich, mixed, and filtered as in comparative example 14. The polymer absorbed about 231 grams of water per gram
of polymer. The Stockosrob M therefore absorbed about 10% more water than this Aldrich polymer. Based on these
water examples the two polymers have very similar absorbent capacities for water. It is therefore completely unexpected
that the Stockosorb absorbs about 22 times more HF than the Aldrich polymer (Table 1).

Example 24:

[0046] Polymer A, which quickly absorbs HF will be mixed with polymer B which absorbs HF more slowly, but yields
a gel with a lower vapor pressure than polymer A. This polymer mixture will then be added to HF. The resulting gel will
form quickly and will have an acceptably lower vapor pressure and reduced tendency to form HF aerosol droplets.

Example 25:

[0047] Polymer C, which quickly absorbs HF, will be mixed with polymer D which absorbs HF more slowly, but has a
higher capacity for absorbing HF. This polymer mixture will then be added to HF. The resulting gel will form quickly and
will have an acceptably high capacity for HF.

Example 26:

[0048] Polymer A, B, and D will be mixed and then added to HF. The resulting gel will form quickly, will have a good
capacity for absorbing HF, an acceptably low vapor pressure, and a reduced tendency to form HF aerosol droplets.

TABLE 1

Polymer Capacity (grams HF/gram polymer)

Ex. No. Avg. Value Avg. Value (vapor

1 Stockosorb® M (polyacrylate-polyacrylamide cross-linked copolymer) 45.20

2 / 5 Stockosorb® CW (polyacrylate-polyacrylamide cross-linked copolymer) 52.72 39.26

3 / 6 Stockosorb® FW (polyacrylate-polyacrylamide cross-linked copolymer) 75.42 27.14

4 Stockosorb® SW (polyacrylate-polyacrylamide cross-linked copolymer) 57.56

7 AQUAKEEP® (sodium polyacrylate) 3.50

8 Luquasorb® 1030 (sodium polyacrylate) 2.50

9 Luquasorb® 1270 (potassium polyacrylate) 1.70

10 Luquasorb® 1210 (sodium polyacrylate) 2.30

11 AP73 (cross-linked sodium polyacrylate) 1.50

12 Aldrich® Na+ salt (sodium polyacrylate) 1.90

13 Aldrich® K+ salt (potassium polyacrylate) 1.92

14 AP80HS (sodium polyacrylate) 2.52

15 SXM 70 (salt of polycacrylic acid) 1.83
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[0049] Having thus described a few particular embodiments of the invention, it will be apparent to those skilled in the
art, in view of the teachings contained herein, that various alterations, modifications, and improvements not specifically
described are available and within the scope of the present invention. Such alterations, modifications, and improvements,
as are made obvious by this disclosure, are intended to be part of this description though not expressly stated herein,
and are intended to be within the scope of the invention. Accordingly, the foregoing description is by way of example
only, and not limiting. The invention is limited only as defined in the following claims and equivalents thereto.

Claims

1. A composition comprising:

hydrogen fluoride in an amount from 80 weight percent of the composition to 98 weight percent of the composition;
and
a cross-linked copolymer in an amount from 2 weight percent of the composition to 20 weight percent of the
composition, the cross-linked copolymer comprising acrylamide units and acrylate units, wherein the composition
is in the form of a solid or a gel.

2. The composition of claim 1 wherein said acrylamide units are polyacrylamide units.

3. The composition of claim 1 wherein said acrylate units are polyacrylate units.

4. The composition of claim 1 wherein said acrylate units are polyacrylic acid salt units.

5. The composition of claim 1 wherein said copolymer comprises an ion source selected from an alkali metal and
ammonium.

6. The composition of claim 1 wherein said copolymer comprises from about 0.5 to about 50 weight percent based on
the total weight of the composition.

7. The composition of claim 1 wherein said hydrogen fluoride is anhydrous hydrogen fluoride.

8. The composition of claim 1 further comprising a water soluble polymer selected from the group consisting of cellulose
ethers, modified starches, starch derivatives, natural gum derivatives, polyacrylic acid salts, ethylene oxide polymer,
methacrylic acid polymer, polyethyleneimine polymer, polyvinyl pyrrolidone polymer and mixtures thereof.

9. A method for preparing a hydrogen fluoride composition comprising:

(a) providing a cross-linked copolymer comprising acrylamide units and acrylic acid salt units; and
(b) contacting said cross-linked copolymer with anhydrous hydrogen fluoride to form a composition according
to claim 1.

10. The method of claim 9, further comprising:
treating the composition so as to liberate a hydrogen fluoride vapor.

11. The method of claim 9, further comprising:
using said composition as a catalyst, fluorinating agent, or chemical reactant in a chemical reaction.

12. The method of claim 9, further comprising the steps of:

storing the composition in a storage container; and
transporting the storage container to a destination.

Patentansprüche

1. Zusammensetzung, umfassend:
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Fluorwasserstoff in einer Menge von 80 Gewichtsprozent der Zusammensetzung bis 98 Gewichtsprozent der
Zusammensetzung; und
ein vernetztes Copolymer in einer Menge von 2 Gewichtsprozent der Zusammensetzung bis 20 Gewichtsprozent
der Zusammensetzung, wobei das vernetzte Copolymer Acrylamideinheiten und Acrylateinheiten umfasst, wo-
bei die Zusammensetzung in Form eines Feststoffs oder eines Gels vorliegt.

2. Zusammensetzung nach Anspruch 1, wobei die Acrylamideinheiten Polyacrylamideinheiten sind.

3. Zusammensetzung nach Anspruch 1, wobei die Acrylateinheiten Polyacrylateinheiten sind.

4. Zusammensetzung nach Anspruch 1, wobei die Acrylateinheiten Polyacrylsäuresalzeinheiten sind.

5. Zusammensetzung nach Anspruch 1, wobei das Copolymer eine Ionenquelle ausgewählt aus einem Alkalimetall
und Ammonium umfasst.

6. Zusammensetzung nach Anspruch 1, wobei das Copolymer etwa 0,5 bis etwa 50 Gewichtsprozent umfasst, bezogen
auf das Gesamtgewicht der Zusammensetzung.

7. Zusammensetzung nach Anspruch 1, wobei der Fluorwasserstoff wasserfreier Fluorwasserstoff ist.

8. Zusammensetzung nach Anspruch 1, ferner umfassend ein wasserlösliches Polymer ausgewählt aus der Gruppe
bestehend aus Celluloseethern, modifizierten Stärken, Stärkederivaten, Derivaten von natürlichen Gummis (Pflan-
zenschleimen), Polyacrylsäuresalzen, Ethylenoxidpolymer, Methacrylsäurepolymer, Polyethyleniminpolymer, Po-
lyvinylpyrrolidonpolymer und Mischungen davon.

9. Verfahren zur Herstellung einer Fluorwasserstoffzusammensetzung, umfassend:

(a) Bereitstellen eines vernetzten Copolymers, das Acrylamideinheiten und Acrylsäuresalzeinheiten umfasst;
und
(b) Kontaktieren des vernetzten Copolymers mit wasserfreiem Fluorwasserstoff, um eine Zusammensetzung
nach Anspruch 1 zu bilden.

10. Verfahren nach Anspruch 9, ferner umfassend:
Behandeln der Zusammensetzung, um so einen Fluorwasserstoffdampf freizusetzen.

11. Verfahren nach Anspruch 9, ferner umfassend:
Verwenden der Zusammensetzung als Katalysator, Fluorierungsmittel oder chemischer Reaktant in einer chemi-
schen Reaktion.

12. Verfahren nach Anspruch 9, ferner umfassend die Schritte:

Lagern der Zusammensetzung in einem Lagerungsbehälter; und
Transportieren des Lagerungsbehälters zu einem Ziel.

Revendications

1. Composition comprenant :

du fluorure d’hydrogène en une quantité de 80 pour cent en poids de la composition à 98 pour cent en poids
de la composition ; et
un copolymère réticulé en une quantité de 2 pour cent en poids de la composition à 20 pour cent en poids de
la composition, le copolymère réticulé comprenant des motifs d’acrylamide et des motifs d’acrylate, la compo-
sition étant sous la forme d’un solide ou d’un gel.

2. Composition de la revendication 1 dans laquelle lesdits motifs d’acrylamide sont des motifs de polyacrylamide.

3. Composition de la revendication 1 dans laquelle lesdits motifs d’acrylate sont des motifs de polyacrylate.
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4. Composition de la revendication 1 dans laquelle lesdits motifs d’acrylate sont des motifs de sel de poly(acide
acrylique).

5. Composition de la revendication 1 dans laquelle ledit copolymère comprend une source d’ions choisie parmi un
métal alcalin et ammonium.

6. Composition de la revendication 1 dans laquelle ledit copolymère comprend d’environ 0,5 à environ 50 pour cent
en poids sur la base du poids total de la composition.

7. Composition de la revendication 1 dans laquelle ledit fluorure d’hydrogène est du fluorure d’hydrogène anhydre.

8. Composition de la revendication 1 comprenant en outre un polymère hydrosoluble choisi dans le groupe constitué
d’éthers de cellulose, d’amidons modifiés, de dérivés d’amidon, de dérivés de gomme naturelle, de sels de poly(acide
acrylique), de polymère d’oxyde d’éthylène, de polymère d’acide méthacrylique, de polymère de polyéthylénimine,
de polymère de polyvinylpyrrolidone et de mélanges de ceux-ci.

9. Procédé de préparation d’une composition de fluorure d’hydrogène comprenant :

(a) la fourniture d’un copolymère réticulé comprenant des motifs d’acrylamide et des motifs de sel d’acide
acrylique ; et
(b) la mise en contact dudit copolymère réticulé avec du fluorure d’hydrogène anhydre pour former une com-
position selon la revendication 1.

10. Procédé de la revendication 9, comprenant en outre :
le traitement de la composition de façon à libérer de la vapeur de fluorure d’hydrogène.

11. Procédé de la revendication 9, comprenant en outre :
l’utilisation de ladite composition en tant que catalyseur, agent de fluoration ou réactif chimique dans une réaction
chimique.

12. Procédé de la revendication 9, comprenant en outre les étapes de :

conservation de la composition dans un récipient de conservation ; et
transport du récipient de conservation vers une destination.
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