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;PCT/ US97/ 02897 HYDROGEN FLUORI DE

COVPCOSI Tl ONS Field of the

| nventi on 97732810 The present invention rel ates tgdiyshougso _
fluoride coﬁ%ggi rons. More partiCdafarly, the present invention
provi des conpositions of hydrogen fluoride and a polyner that are
| ess hazardous and, therefore, nore easily stored, transported,

and handl ed in conparison to pure hydrogen fluoride. 10

Background of the Invention Hydrogen fluoride is a well
known conpound that is used in industry in a variety of processes

i ncluding in alkylation reacti HNPROGEN FRUORIDE COMPOSITIONSat i on

reactions as a fluorinating agent, in .ggagﬁ'mllfacture of fluorides, in the
separation of urani um i sot opes, G 1PvFORT, production of fluorine
cont ai ni ng pl assi cs. |t Thepresdnt inventiod belatesto hydropdncfiuohyeléongpositibhs i Mbde i s a
vol atile, extrenely hazardous substange the high . vapor pressure
of which renders i Pamigaagy, ¢h Yeption provides compositions of hydrogen fiyonde 888 ¢ et

to dimnish the ha &amgimaﬁ %&'ﬂg ' B&?q!!: i
conbined with a var;i%é%eg su stances.B ) %ﬁg{ogehpﬂi%' , ,f‘?ﬂ"’&f‘%‘c’ﬂ oses

a 20 gl ass et aid hapdied &t eomplrisorab lpapcydrogér fluoride.aci d, and anmoni um

fluoride in which the " hydrogen fluoride is fornmed in situ. U S.
Pat ent No. 3, 63%,836 discloses di,spersi ons of hydrogen fluoride,
particul ate pri?ei naceous materi al Mkﬂ"w e Invention anount of carboxyl

substituted vinyl polynHySropéthitkideis aoveikinoWs caviiftivng thabis wedd iR thdustry in a

cl eaners and paint renovers. U S. Patent No, 4,383,868 discloses a nethod
of 25 tr eat | NenesPiRIPEssses InFluding amalkylation irepstionsias g satalystoip Bugringgon
particul ate m xtur : ; { ¥ gﬁ,fﬁgg,e e ylate
to the surface of t eiosnsiafr.ﬂu?\l%nr?{eﬁ%¥ﬁﬁ’ ot ese%omoﬁ@%@;@r’gﬂdes
an intimate m xt ur of ufnitmpdsosopes, and inthe geodustivn of fluorine contaiging plastics.clttisiwell bot h

pori t5 the reddy. FRSgy AR BalfleiEEudil Bl 2fiRe i Brs e iehon,

30 vapor pressure of which renders it readily aerosolizable.

In an attempt to diminish the hazards of hydrogen fluoride, it has been

combined with a variety of substances. U.S. Patent No. 1,470,772 discloses a

20 glass etching paste of mucilage, suifuric acid, and ammonium fluoride in which the
hydrogen fluoride is formed in situ. U.S. Patent No. 3,635,836 discloses
dispersions of hydrogen fluoride, particulate proteinaceous material and 2 small
amount of carboxyl substituted vinyl polymers usefui as pickling agents, plumbing
cleaners and paint removers. U.S. Patent No. 4,383,868 discloses 2 method of

25  rtreating anhydrous hydrogen fluoride spills by appiying a particulate mixture of
polyacrylamide and a polyalkyi(alk)acrylate to the surface of the spill. 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.

30
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Description of the Invention and the Preferred Enbodi nents

The present iﬁ%ﬁn provides liquid and solid hydrogen fl??%g%ﬁ’ﬁw
at ar )

conpositions e a conveni ent neans of using, transpor

storing 5 hydrogen fluoride, the conposptions being | ess hazardous

t han pure hydrogen fluoride. Further, the chem cal properties of
t he hydrogen fluoride in the conposi tions of the present

I nvention are substantially unchanged from those of hydr ogen

fluoride in its pure state and hydrogen fluoride may be quantitatively

recovered fromthe conpositions,. . The. conposi ti ons
of the invention conprise M?ﬁoﬁh%%%?"ﬂdwmmp&mmg) f1uoride
and an effective amunt Uhe prestt invention plovideslijuid et solid W diogedRasiide mer ,

for purposes of this inventi&&ﬂi ncl udes hono opggers, copol yners, and

m xt ur es ferapesytons % & CoEmeRt; 81 tFAREP mdstonmByers in

intimate m xturesw hidrogen flbridd) Y cRpPBsifidrid 8k &ssqm&mﬁummgﬁwen in
whi ch hydrogen fl uor?%rggvol at iéIJi ty ?? ) ¢ di m ni shed. -Addi tiggnal ly,
the conpositions of flupride; Fyehar; tha chemicalpropertiesofhashydrgen fluoride inthehave a

&
greater surface ten : : ftl%%ﬂ ' ' ring
formati on of a hydr%‘g %ﬁg‘r’f‘ﬁ%ﬁ‘gg‘gﬁ“@%ﬁ . W%Hgédﬁj&ntﬂw&e
CGeneral |y, the pol yhpdrogeadlndridenintits puterstatednd dwdrogenfluvride may be quaniitgtively of
from about 5,000 to_about %'()) 00, 000...Preferably, polynmers wth nol ecul ar
wei ghts of from aboﬂ?“’ge,rfﬂ) h adSBWPs'?L?'BO0,000 are used. The pol yners
useful in 10 the conpositions of the invention are water-soluble

pol ymers. By "water-soluble . pal yner" is mean any  hi gh pol ecul ar
wei ght conpound t hat sweEhe&comnosisions pf the ipyegtion compeise intimatg mjxtyres phhydrogen

di ssolves with the fshide Al a®bfebfvedmatin SOAVAECISRBIePolnier. The term polymer,
for purposes of this invention, includes homopolymers, copolymers, and mixtures
thereof. It has been discovered that certain polymers in intimate mixture with

15  hydrogen fluoride provide a composition in which hydrogen fluoride volatility is
diminished. Additionally, the compositions of the invention are more viscous and
have a greater surface tension when compared to pure hydrogen fluoride, hindering
formation of a hydrogen fluoride aerosol cloud.

20 Generally, the polymers used in the invention have molecular weights of
from about 5,000 to about 10,000,000. Preferably, polymers with molecular
weights of from about 5,000 to about 1,000,000 are used. The polymers useful in
the compositions of the invention are water-soluble polymers. By “water-soluble
polymer” is meant any high molecular weight compound that swells, to about twice

25  its dry volume, or dissolves with the addition of water at room temperature.

Water-soluble polymer is meant to include semi-synthetic water-soluble
polymers, synthetic water-soluble polymers, and mixtures thereof. Semi-synthetic

water-soluble polymers are natural water-soluble polymer derivatives. Synthetic



Wat er - sol ubl e pol ymer is neant to include sem -synthetic water-soluble
pol ynmers, synthetic water-sol uble polyners, and m xtures thereof.

Sem -synthetic wat er - sol ubl e pol ynmers are natural water-sol uble
pol ymer deri vghi Synt heti c WD 97/ 32810
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wat er - sol ubl e pol yners are not natural water-%¥el uble polymer derivatives
and are formed only through chem cal reactions.

Exenpl ary sem -synthetic water-sol uble polyners include, wthout 5
limtation, cellul ose ethers, nodified starches rch der,iyat.ives
natural gum thﬂﬂéﬂmﬁappwsmwmﬂ%wg“ﬂ?@?%m? desratiyesand are
synthetic water-sol Gg?tchemxcal reactions'Cl ude, wi thout limtation,
pol yrers, related po ymars pol ymer sa ?t s of acryl am de,

acrylic acid, ethylene oxi de met hacrylic acid, pol yet hyl enei m ne,

pol yvinyl al cohol, pol yvh?ﬁéﬁ%%éﬂp#ﬁ%wﬁ&qoﬁbﬁ std;m&o;mﬁ;(,trel at ed

pol yner 10 is neant repeat or a branch thereof,
i s extended by c&r bdimitation, celluloseahmanoqiﬁedfsardau,ytafdxdmmm patimalgunt ar bon

atons. For exanple, a.relate ol . a ne in
whi ch the vinyl gro®giyatv F&M‘ﬁ;’gm M‘H‘ ﬁf#‘%ﬁsg‘%lgpo‘mg al lyl
group. 15 Mudgwﬂi&immpwmédﬁbbﬁrﬁmﬁﬁmhéﬂaMWHer i s
used. More preferably, cryllc ac s salts is
used. Mst pr ef er ablagrylamide, Mr‘mﬁoﬁ ene oxide, met*-wv?tﬁawwy 'ﬂ’egﬁﬂﬂ"ﬁm
pol yacryl ate. pﬁ&zﬁg&ﬁ IfEmiSRR MRdrbdfOBY rélited
i nvention, an effectpf’\re’m nouml’%c*ly‘]%l wat er - sol ubl e p§ I 'yme pias m xed
wi t h hydrogen fligor iidmemntMeydymmbmmtosamchmerwﬂ|sa(tendedbycarbon
atoms, preferably from one to four carbon atoms. For example, a related polymer
of acrylic acid is one in which the vinyl group is extended by one carbon to form an

allyl group.

15 Preferably, a synthetic water-soluble polymer is used. More preferably,
polyacrylic acid or one of its salts is used. Most preferably, the water-soluble
polymer is sodium polyacrylate.

To prepare the compositions of the invention, an effective amount of a

20  water-soluble polymer is mixed with hydrogen fluoride in any suitable corrosion
resistant vessel to form an intimate mixrure. An effective amount of polymer 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 polymer
and hydrogen fluoride may be performed in any sequence. Mixing may be

25  accomplished by any means convenient, including without limitation stirring or
dispersing the polymer into a pool of hydrogen fluoride or passing hydrogen
fluoride gas over the polymer. The hydrogen fluoride may be commercially
available anhydrous hydrogen fiuoride having a water content of 0.1 % or less or
aqueous hydrogen fluoride. Preferably, anhydrous hydrogen fluoride is used. The



resistant vessel to forman intimte nmixture. An efftective anount of
polynmer is an anount capabl e of decreasing the volatility and

i ncreasing the surface tension of t he hydrogen fluoride to the

| evel desir egolptigigie end use. Addition of the polymer PCT/USO7/6286%
hydrogen fluoride nmay be performed in any sequence. M xing nay Be 25
acconpl i shed by any neans convenient, includfng without limtation stirring
or di spersing the polyner into a pool of hydrogen fluoride or
passi ng hydrogen fluoride gas over the polyner. The hydrogen
fluoride may be commercially . . aval | abl e anhydr qus hydr pgen
fluoride having a REY®Er ‘E’%‘h%e‘ﬂl‘“’b@"ﬂ.’ﬁ%%’(ﬁ"l xig 3pth ‘X"dhy%mg'“ M‘é‘lﬂfgous

%drggggggsg Iouor | de. iRiRlg! withott HARKRIGY Srdfulélyiade) peliets, Bbers, dp mats. Waiifg wilhe
PCT/ US97/ 02897 occur faster for smaller particle sizes of the polymer and slower for larger sizes.

olymer may be in . for ' el ' uori de
Pnc%/udi ng, yWi t hout W%EQMFJ%%%@?WJ%’%%FP@??% g‘rggfb’?r" mat s.

M xing will 5  preferably fromfabeutcl0 tb abous Hf C.c (Pressure isciotcriticales of t he
pol ynmer and slower for |arger sizes. Typically mxing is
performed at tenperatures fromabout 0 to about 100[err]C., 5

preferably from about 1Gn¢gma@keef hylifogen Altbriteand Polinheruaéd willidepéndlin part on
The anmpount of hydrogen fluoride and polynmer used will depend_in part on

the pol yner sel ect dhe polymer selectedand she desiged ppd-usefor thecompesition; df e polymer; e
| ' e al fis
algl %gf;mar conposi '@?%%&&éﬁlgiwﬁ%&l&be g w&g{}%g | q&@%@ﬁ%’%ﬁ?fﬂ

has a rel ativellp hibgh viscousdighidr Ifthe golymerthaga relatively high moleculat weightctheposi ti on
will be a solid or gel:-like solid..Additionally. t unt. O
pol ymer used wil | d&f‘h\“ﬂr\cﬂ@"m&'ﬁ’@ F’?%‘S‘t"'gﬂz!&‘?é%@? t ?ﬁgwg%%%‘gl oumtof ¢ 4
solid or polyfiéh Gsed Gl @étérintide wivektiR ot wot tise resulting cafiipgitiondsi sdlig or
wei ght, based on the total i ght of ”L% (o) 3sitio of ., pol ymer
is used the conposilﬂP@nWYDyhﬂ'W?\égﬂ‘ng% I‘Y‘tﬁr’}g ‘”&H@&s‘f’ﬂ ons in
which the anmount ofy,dih 4Pk compdtitionSaipolyiiePisusedahe\Edmipdkition will be a vischey cent ,
generally, will take.a gel-like solidform . )

15 liquid. Compositions in which the amount of polymer is at least about 25 weight

percent, generally, will take a gel-like solid form.

It should be noted further that the higher the weight percentage of polymer
used, the greater the reduction in hydrogen fluoride aerosolization. However, with
20  anincrease in weight percentage of polymer, 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 polymer used will depend on a consideration of 2 number of factors.
Generally, from about 2 to about 99.9 weight percent of polymer and from about
25 98 to about 0.1 weight percent of hydrogen fluoride is used. Preferably, from
about 2 to about 50 weight percent polymer and from about 98 to about 50 weight
percent hydrogen fluoride, more preferably from about 5 to about 25 weight
percent of polymer and from about 95 to about 75 weight percent of hydrogen

fluoride is used.



It should be noted further that the higher the weight percentage of polymner
ysed, the greater the reduction in hydrogen fluoride aerosolization.
However, wth 20 an increase in weight percentage of polyner, the

wei ght per cer{@efsgfe hydrogen fluoride in the conpegkishiidser
decreases which may affect the conposition's suitability for a-

désired end-use. Therefore, the effective amount of hydrogen
fluoride and pol yner used will depend on a consideration of a nunber of
factors. Generally, fromabout 2 to about 99.9 wei ght percent of

pol yner and from about ,;Paﬁacp%gtf?oﬁhﬁ%oﬂéohw\&Mo@%ﬁlemreecigwrogen
fluoride is used. Preferab from about 2 to about.50 wei ﬂpt

per cent pol ymer andﬂﬁtvhvfm%w@fb%ﬁlﬂd%@%mwmms°f‘h'5m"fﬁ§‘PEe
hydr egen fl uori de, 2FeniRkabE th
Wfroma out cé&ﬁto about ?ﬂﬁ%ﬂqm‘ %

percent of polyner 5 wei ght percent of hydrogen
fluoride is used. compositioniD If ged@d, 1My component that does not deleteriously effect the
PCT/ US97/ 02897

Wt hout departi n@ fmfmmfﬁmmﬁ'é"’ﬁw ?es%ablym?reaselﬁrevgléu} coggt:]hrfl zed

that ot her conponenhgdrogen flaGride Wripdficht, maytbdaseonposi tions of this
I nvention. The specific nature of these conponents will depend on

the desired end use of the conpositions. In general, any

conponent that does not egd Rigy g;ens&aee PHaly BE recbte@ed readily %ommu itioﬁlasion
of the conposition, or undesirably increase the volatlllt

hydrogen fluoride cdheinvestion byrmtmthasempos&tton 50 as to liberate her ogen ﬂﬂ?@dﬁydr ogen
fluoride may be ecovere [ hvd t he
i nvention by t r t | Hﬁpqﬁido'v;: 'ﬁ%“s | on %’Qggﬁﬁémﬁﬁggroa e%gbmegeyn r?qeﬂor I de
10 vapors. One meaffisoride vaperds byipatisigthe oompsitioh eveieviated deroperatures, igenesalint e
hydr ogen fluori de vapor y | ti t at ed
t enper at ur es, generé’Pf"&"’ou ‘g"“‘zpﬁ ﬁ\qﬁ&&’b&%ﬂb%ﬁ)ﬁgﬁﬁtés %'es"l“ﬁ'\é
preferably from abo‘tﬁm@ﬁb&ﬁﬂ%ﬂ}&é&ﬁmbﬁae@apéﬁsﬂk%ﬂﬂ may then be condenseti be
| i beration of hydrogen fluoride vapor. The vapor may n be c ndera’yd by
any convenient means. Alternatively, the hydrogen ﬂuon e may be hberate
1S  decreasing the pressure over the composition 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
20  use of the compositions in any of the wide variety of processes that use hydrogen

fluoride.

The compositions of the invention provide a convenient and safe method
for storing hydrogen fluoride. Because the compositions exhibit little or no
25  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.



any conveni ent neans. Alternatively, the hydrogen fluoride may be I|iberated
by 15 decreasing the pressure over the conposition or increasing both
t he pressure and tenperature and then condensing the vapors. This
al ternati ve weanasieOr recovering hydrogen fluori gg,l.g]?y 67
acconpl i shed at pressures of from about 60 t o about 7p5| a and
tenperatures of from about 20 to about 50[e'r?] C. As yet another
alternative, hydrogen fluoride value may be recovered fromthe conpositions
by 20 use of the compositions in any of the wide variety of processes
that use hydrogen Ha5asHE the inventi b itions
of the invention provi d‘tla.heam(':'t r?veni ent é?]‘éfnslfg%lglyn&lﬁaa dmmﬁpﬁg@ﬁ?
storing hydrogen f stomgedentaifierdxanye convenient meansi iAliemativelyh thieicompositidnemsy no

hydr ogen 11 vor  de. 3 Brepate e Elofal Glkfife SRLETERIER aiinh B didhe | 2

hydr ogen fl uori de rcontaibers madoofordihed with) & bydrogen fluoride resistanometgrisicughasi t i on
by the neans described herein. Addjtl |y, . the or ed .. aterial
mgy be safely t # an&47Bon sigel, pol m,wg%gééﬁﬁke %ttorage of the compositions may

PCT/ US97/ 02897 £ time provided that the compositions are not exposed 1air
The conpositions O]b%ﬁogaln%l\?g tioon n‘gryo be prepar edpoand t hen plxgced c??] %r

storage contai ner loshenchemicalsy @raferably,starage is uidecamhient vesiditions.ne conposi ti ons
may be prepared in the storage container. Suitable storage
containers are those containers made of, or lined with, a

hydr ogen fl uoride resi sThestored campasition maly be safely and éificientiy transportéd-wla,

e Tor any FendPh @epRRD. THASPOrNos o4t e Bon BAL 1t PLARY Sl BB scd 1 0

air or Olgfid as B PiildaPbrctruck! €nbé ddiiveted folthé diGnation, theiRbred Thi ent
condi ti ons. .. The stored conposition may be safely and
ef ficiently transpepmpesition may be treated to regvsr thy hydregen fipp thesgmpesitiqne

conposition may beggy . any conventional neans

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

Examples
20 Example 1

7 g sodium polyacrylate, m. wt. 1,000,000, were weighed in a
perfluoroalkoxy (“PFA™) cylinder into which 28 g anhydrous hydrogen flucride
were charged. At ambient temperature, the mixture tumned into a viscous solid
with a gel-like consistency. The PFA cylinder containing the mixture was heated

25 to90° C liberating HF vapors and the HF collected into another cooled cylinder.
Essentially all of the HF was recovered.



such as by rail car or truck. Once delivered to the destination, the stored
conposition may be treated to recover the hydrogen fluoride fromthe

conposition for use. 15 The invention will be
clarified furtygeydiea consideration of the follow ng PCTIUS

that are intended to be purely exenpl ary. 20

Exanple 1 7 g sodium pol yacryl ate, m wt. 1,000,000, were
wei ghed in a per fl uoroal koxy ("PFA") cylinder into which 28 g
anhydr ous hydrogen fluoride were charged. At anbi ent
tenperature, the mxture turned into a viscous solid with a

gel -l1i ke consistency. The PFA cylinder contExample® t he m xture was heat ed

25 to 90 C liberating HF'Fﬁ/ﬁa or o?E%?tERIHg colle ecfel% tL nt %%qgggg{es&nal ed

cylinder. Esse recove

97/ 32810 of sodium polyacrylate. Essentially all of the HF was recovered each time.
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Exanpl e 2 The procedure of Exanple 1 was repeated 15 tines
with the sane sanple of sodi um POExpleyd ate. Essentially all of
the HF was recovered each tine.

Exanpl e 3 Themceplm@@mlei was peeg lexcept thats7 gpelyrceslandide, m: hat

7 g polyacryl am de, Y 100,000, were substituted for the sodium polyacrylate of Example 1.
Recovery of HF was 70 % from the gel-like viscous solid.

10 Example 4
The procedure of Example 1 was used except that 7 g polyacrylic acid, m.
wt. 1,250,000, were substituted for the sodium polyacrylate of Example 1.
Essentially all of the HF was recovered from the gel-like viscous solid.

15 Example S
The procedure of Example 1 was used except that 5 g polyacrylic acid, m.
wt. 250,000, were substituted for the sodium polyacrylate of Exampie 1. The
resultant mixture was a viscous liquid from which essentially alt of the HF was
recovered.
20
Example 6
The procedure of Example 1 was used except that 7 g sodium salt of
polyacrylic acid copolymerized with S0 wt percent maleic acid, 50,000 m. wt.
available from Aldrich Chemicat Co. were substituted for the sodium polyacrylate
25 of Example 1. The resultant mixture was a viscous liquid from which essentially all

of the HF was recovered.



wt. 100, 000, were substituted for the sodium pol yacrylate of Exanple 1.

Recovey of HF was 70 % fromthe gel-like viscous solid. 10

Exanpl e 4 The procedure of Exanple 1 was used except that
7 g pol yacryhygoas@d, m wt. 1,250,000, were Sumi’ﬁ’%ﬁg”%& r the
sodi um pol yacryl ate of Exanple 1. Essentially all

recovered fromthe gel-like viscous solid. ~-8- 15

Exanpl e 5 The procedure of Exanple 1 was used except that 5
g -pol yacrylic acid, m wt. 250,000, were substituted for the
sodi um pol yacryl ate of Exanple 1. The resultant m xture was a
viscous |liquid fromwhich essentially all Expmplad HF was

recover ed. 20 g?ag,

The procedure of Exanple %gdutﬁ%dﬁgngeptw%shuas?d%xcemst%aézgSOdm '-:;?8 fire

poI yacrylic acid coopblymesized cwitln2Q wt prycent, S.60¢ axiwt. mwbmdmmhlemmoo m

gt ot yacr ) B B Y G B kY,

viscous liquid f& oMmsnham:mmwdslaywsbﬁshqmdﬁ'omwhcbéssMIyﬂuﬂaheHFwas
recover ed. WD 97/,32810

PCT/ US97/ 02897 recovered. Exanpl e 7
The procedure of Exanple 1 was used except that 2 g sodium polyacrylate
copol ynerized with 20 wt percent, 50,000 m wt. acrylam de available from
Al drich Chemical Co. were substituted for Exa@pleddi um pol yacryl ate of

Exanpl e 1. 5 The r f(ﬁi%ﬁ S ‘i!:ﬂa whi ch
essentially all of the mu\k/adg%urgb e PRasbsld Mb% it "
10  copolymerized with 10 wt percent, 200,000 m. wt. acrylamide available from
Aldrich Chemical Co. were substituted for the sodium polyacrylate of Example 1.
The resultant mixture was a viscous liquid from which essentially all of the HF

was recovered.

15 Example 9
The procedure of Example 1 was used except that 2,100 m. wt. sodium
polyacrylate was substituted for the sodium polyacrylate of Example 1. The
resultant mixture was a viscous liquid from which essentiaily all of the HF was
recovered.
20
Example 10
The procedure of Example 1 was used except that sodium acrylate
copolymerized with 10 wt percent, 15,000 m.wt. methyimethacrylate available
from Aldrich Chemical Co. was substituted for the sodium polyacrylate of Example
25 1. The resuitant mixture was a viscous liquid from which essentially all of the HF

was recovered.



recover ed. Exanpl e 8

The procedure of Exanple 1 was used except that 7 g acrylic acid 10
copol ynerized with 10 wt percent, 200,000 m w. acrylam de avai I abI e from
Al drich Cheni sedomasiovner e substituted for the sodi um pol yacr gk

Exanpl e 1. The resultant m xture was ¢ Vi scous I I qui d rom V\:hl ch-
essentially all of the HF was recovered.

Exanpl e 9 The procedure of Exanple 1 vvas used except that
2,100 m wt. sodium pol yacryl ate was substituted for the sodium
pol yacryl ate of Exanple 1. The r eEwkthpgletl m xture was a vi scous

liquid fromwhich essentiagll II of he Lecover ., 20
Exanmpl e 10 'fl Qéﬂ é%\@we“ﬁ“\mﬁ'ﬁg %@ﬂ’f‘dﬁrhat

sodi um acryl ate into wh.aosmk wmo wdermt by WelghM HESidGaér, mnhﬁr&@&e ewged
met hyl met hacryl ate avail abl e fromAl drich Chem cal
substituted for the Shmbrhirgmmedintgpgelliksviseous splids ThePIsﬂcyh&derwrgmwesmet ant

mxture was a vi gou&%%%%%%%@ﬁéﬁﬁﬂ%kmhﬁn ird¥Gnt Squeous HF

was recover ed.

PCT/ US97/ 02897 collected into another cooled cylinder. Essentially all of the HF and Water were
Exanpl e 11 od 7 g sodi um pol yactylate, 1,000,000 m wt., were
wei ghed in a PFA cylfeﬁﬁvéf " into which 30 g of a 40:60 percent by
wei ght HF and water m xture were charged. The m xture turned into
a gel-like viscous solid. The PFA cylinder _containing the
Example 12
10 The vapor pressures of a number of HF/sodium polyacrylate mixtures were

measured. For each example, weighed amounts of the polymer and HF were
mixed together in 8 MONEL™ cylinder and the cylinder was repeatedly degassed
by freeze and thaw cycles for approximately 4 cycles. The cylinder was placed in a
temperature regulated bath and a pressure gauge with a range of 0 to 1000 mm Hg

15 was connected to the cylinder. The vapor pressures were read from the gauge at
various bath temperatures and the resuits are shown on Table 1. The vapor
pressures of the mixtures were found to be lower than that of pure HF.

Table 1
HF w1 percent VPat25°C VPat 50°C VPat75° C VPat 100°C
40 31 143 408 933
60 436 626 1003 Over range
70 502 over range over range over range
80 631 over range over range over range
100 914 2049 4146 7743

20 ~ "iarstre velue



5 nmixture was heated to 120[err]C liberating HF and water vapors and the

aqueous HF collected into another cooled cylinder. Essentially
all of the HF and water were recover ed.

Exanpl e 12 woo3sio The vapor pressures of a nunber P%#/Mi um
pol yacryl ate m xtures were measured. For each exanple, wei ghed
anmounts of the polyner and HF were - 104 xed together in a MONEL[err]
cylinder and the cylinder was repeatedly degassed by freeze and

thaw cycles for approximately 4 cycles. The cylinder was placed in a
tenperature regul ated bath and a pressurﬁ tll‘_g%]with a range of 0 to 1000
ﬁ‘ei"r%.

nm Hg 15 was connected to the cyli e vapor pressures were read
fromthe gauge at The surfiuze tensionsfiseverad Hffpolytmer mixtunesiwede meanwed usiigar e
Shown on Tabie 1. @ e ierturiat pensiomefdt. 55 Hhif emBd, o gftinllh'thad oGS ol found
Table 1 %Hirdﬁr thEGigh tlie mixivire. SThedoice heeded toMiR the rib® b of e liqui®
at 75[err]C VP at 100[err]C . 40 . ) &1 )
143 524 was measured by the tensiometer and is propostjonal to the surface tepsign
626 108 be liquid. TRe'Rkults BBfifhed at 15° C are shown on‘flble 2, The 502
over range over r%'hge OVEr range 0
631 over HP/poigmer mixturesttensiomsgeere found to/erhighenthen that of pure HF which 100
914 2049 4146 7743 20 WO
97/ 32810 15 8.6 dyne/om.
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Exanpl e 13 The surface tensions of several HF/ pol yner
m xtures were Heasured using Table 2

Polymer Wt % Polymer Surface Tension (dyne/cm)

Example 1 10.5 19.3

Example 4 10.0 13.4

Example 7 98 17.1

Example 8 100 15.2

Example 14
15 A mixture of 30 wt percent sodium polyacrylate and 70 wt percent HF is

prepared as in Example 1 and the mixture is stored in a vessel equipped with a
valve. The mixture formed is a solid as in Example 1. The mixture is stored at
room temperature for a week with no apparent visual changes. After that time, the
valve is opened to vent for 1 minute at ambient temperature and pressure. The

20  amount of HF vented to atmosphere is determined by the difference in weight
before and after venting. The fraction of HF vented is determined to be
significantly less than the HF that would be vented from a vessel of 100 % HF
under identical conditions.



a DuNouy interfacial tensioneter. In this nethod, a platinumring was drawn
upwardly through the m xture. The force needed to lift the ring off of the

liquid 5 surface was neasured by the tensioneter and is proportional
to the surfacewoemssm of the liquid. The results olpg

15[err] C are shown on Table 2. The HF/ pol ymer m xtures' tensions:
were found to be higher than that of pure HFE=WAT ch : Is 8.6 dyne/cm
10 Table 2 Pol yer
W. % Pol yner Surface Tension (dyne/cm Exanple 1
10.5 19.3 Exanpl e 4

10. 0 13. 4 Example 1“2 P e 7

9.8 A mibiture of 30 wt percent sodium polyderylaty krad 70 wt percent HF is
10.0

15,2 Y . . cy s
Ecanple 14 15 Prevaredasin Refmal | snd gred ip yaived vesh Tenmitime it e AP o
and 70 wt percent HFEkfinple 1. The vesse! intaining the mixturkispioked id ansgproghateri xt ur e
is stored in a vessel equipp i The m xture formed is

d th . | ve.
a solid as in Exa?rpl@“l!'“qtﬂﬁﬁi’;m?ﬂ?‘@a%@@m% \alﬁ’e\‘/’g”‘l"@w“ﬂ'sm@m&t ure
for a week with no W%ngimhﬂw m@fﬁ%&&t@%ﬁﬁmﬁﬂﬁ
vent for 1 mnute at a nd pressure.

val ve is opened to I ent tenperature

The 20 anount of HF vented to atnosphere is determ ned by the
di fference in weight bef ore and @I&“g{e ¥enting. The fraction of HF
vented is determ ned to be signiticantly | ess than the HF that

woul d be vented from a veHrgiroca8urd @OERankgle 1 is repeated excepicthat 1i gipolyetipyddne oxide,
diti . WO 97/ . .
E’(C):[I]'/ IUS|9(7)/n82897 10 mwt 18%800 and 19 g HF are substituted for the sodium polyacrylate and HF

of Example 1.

Example 17
The procedure of Example 1 is repeated except that 7 g poly(methacrylic
15 acid),'m. wt. 2,500,000 and 13 g HF are substituted for the sodium polyacrylate
and HF of Example 1.

Exampie 18
The procedure of Example 1 is repeated except that 17 g
20 polymethacrylamide, m. wt. 250,000 and 3 g HF are substituted for the sodium
polyacrylate and HF of Example 1.

Example 19
The procedure of Example 1 is repeated except that 50 g polyvinyl alcohol,
25 m. wt. 500,000 and 1 g HF are substituted for the sodium polyacrylate and HF of
Example 1.



Exanpl e 15 A mxture of 30 wt percent sodi um pol yacryl ate
and 70 wt percent HF is prepared as in Exanple 1 and stirred in a
val ved vesel. The mixture is a solid as in Exanpl e 1. The vessel
cont ai ni ng t{BoFhghe!r € 1S packed in an appropriate BenbARNEr and
transported over a distance. The vessel containing the HF/ pP({ryrre

m xture i s unpacked and heated and the HF cdRBlrected as in Exanple 1.

Exanpl e 16 The procedure of Exanple 1 is repeated except
that 1 g pol yet hyl ene oxi de, 10 m wt. 10,000,000 and 19 g HF are
substituted for the sodium pol yacryl ate a%?mgg of Exanple 1.
Exanple 17 The procedure gﬁ'pl e 1 is repeated except

that 7 g poly(net hacrylm meda&oiwplernswmaei&@;mosgpaymyxg HF are
substituted for the SOdI um pol yac

Exanpl e 18 pyrrolidone, mr g gkg&FﬁM@gﬁ?gég;%%Mt

that 17 g 20 ped MPOFBamiplé £M de, m wt. 250,000 and 3 g HF are

substituted for -the sodium pol yacryl ate and HF of Exanple 1.
Exanpl e 19 5 The pr ocedure of Exanple 1 is repeated except
that 50 g pol yvinyl al cohol, "ﬁ’g“"ﬁEO‘ 1000 and 1 g HF are
substituted for the sodium poI yacryl at e an Exanple 1.

The procedure of Example 1 is repeated except that 5 g polyethyleneimine,
m. wt. 750,000 and 15 g HF are substituted for the sodium polyacrylate and HF of

Example 1.
10

15

20

25
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Exanpl e 20 The procedure of Exanple 1 is repeated except
that 5 g pol yyi's¥hasie pyrrolidone, m wt. 50,000 and Xerepdohsée
substituted for the sodi um pol yacryl ate and HF of Exanple 1.
Exanpl e 21 The procedure of Exanple 1 is repeated except
that 5 g pol yet hyl enei m ne, m wt. 750,000 and 15 g HF ae
substituted for the sodium pol yacryl ate and_Hg of Exanpl e 1.
10 15 20

What is claimed is:

1. A composition comprising an intimate mixture of hydrogen fluoride and an

effective amount of a water-soluble polymer.

2. The composition of claim 1 wherein the water-soluble polymer is a

synthetic water-soluble polymer.

3. The composition of claim 2 wherein the water-soluble polymeris a

10  synthetic water-soluble polymer.

4. The composition of claim 3 wherein the synthetic water-soluble polymer is
acrylamide polymer, acrylic acid polymer, ethylene oxide polymer, methacrylic acid
polymer, polyethylenéimine polymer, polyvinyl alcohol polymer, polyvinyl

15  pyrrolidone polymer, or mixtures thereof.

5. The composition of claim 4 wherein the acrylic acid polymer is sodium
polyacrylate.
20 6. The composition of claim | wherein the amount of water-soluble polymer

is from about 2 to about 50 weight percent based on the total weight of the

composition.
7. A method of storing hydrogen fluoride comprising the steps of:
25 (A) preparing an intimate mixture comprising hydrogen fluoride and an

effective amount of a water-soluble polymer; and

(B) storing the intimate mixture in a storage container.
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-What is clained is: 1. A conposition conprising an intinate
m xture of p‘ydr o?en fluoride and an ef f ecti ve anop@imsiozse?
wat er - sol ubP® 5 2. The conposition of claiml
wherei n the wat er-sol ubI e polyner is a synthetic water-sol uble
pol ymer. 3. The conposition of claim2 wherein the
wat er - sol ubl e polyner is a 10 synthetic-wggter-sol ubl e pol ymer.

4. The conposition of claim3 wherein the synthetic water-soluble
pol ynmer is 8.acr ylhamettodf cipime7 furﬂictrgdmpn'siagtld siepl(Cireecovering Heene

pol yror . pol yvi ny| TAREGE e Fm e pimats AR oy QB Rade ¥ o Rtmmors e

or m xtures thereofasto liberate a hydrbgen fluofithcvaporanaii} dondenting qieaibeaaeed\nb&rogém t he
acrylic acid polyner i s sodi um pol yacryl at e. The

conposi tion of ciaifORdeWAPPEI n t he anpunt of wat er-sol ubl e poI yrrer
5

9. The method of claim 8 wherein the intimate mixture is treated by
simultaneously heating the intimate mixture and increasing the pressure over the

mixture.

10 10. A method of transporting hydrogen fluoride comprising the steps of:
(A) preparing an intimate mixture of hydrogen fluoride and an effective
amount of a water-soluble polymer;
(B) storing the intimate mixture in a storage container; and
{C) transporting the storage container to a destination.
15
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is fromabout 2 to about 50 weight percent based on the total wei JF¥ &PY-he

conposi tion.

conpri s
conpris
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In a storage co

A net hod of
ing the steps of: 25
i ng hydrogen fluoride and an
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(54) Title: HYDROGEN FLUORIDE COMPOSITIONS
(57) Absiract

The present invention provides compositions that are intimate mixtures of hydrogen finoride and a polymer. The compositions of the
invention are less hazardous and, therefore, more conveniently stored, transported, and handled in compatison to pure hydrogen fluoride,
Further, the hydrogen finoride may be readily recovered from the compositions of the invention for use.




