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SCLUTI ONS CONTAI NI NG HYDROGEN FLUORI DE 5 BACKGROUND OF THE | NVENTI ON The
present iwoeatidam rel ates to a nethod for produci ng a hi geicE/ysas/e78sol ut i on
cont ai ni ng hydrogen fluoride (HF), a salt thereof, or a mxture thereof,
wherein 10 hydrogen fluoride is introduced into an anhydrous solvent as a
gas and/or as a |iquefied gas. The el ectlroni cs and sem conduct or

i ndustries, anmong others, require highly pure process solutions. Anmong

t hese solutions, are solutions containing HF, HF salts or 15 m xtures
thereof, with or without other ingredients. Ammonium fl uoride sol utions,
for which anong the highest purity requirenents are inposed, are generally
produced by dissolving crystalline ammonium fluoride in the corresponding
sol vent, asMETSOR. TPR HRITICINEG AIIFHLWBURE BWNB20RCUE9SOIOTEONH SANTAZY ING IHY R@CEf
this nmethod HIgORKRE® netallic inpurities are generally within the ppm
range, and the solutions are therefore inappropriate for fields of use
having stricter purity requirenents for nmetal content. The additi onal
purification of crystalline amonium fluorides necessary for producing
highly pure %olutions with a sub- stantially |ower netal content is,

however, diffi cghlckGROONDOF EIE INeaddaohage is that it is very di fficult

in nanufacturlng to obtain repro- ducible concentrations of free hydrogen
fluoride in the ammonium fluoride solu- tions frombatch to batch. For sone
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is crucial. 30 WO 03/104144 PCT/ US03/
containing hydrogen fluoride (HF) a salt thereof, or a mixture thereof, wherein
10 hydrogen fluoride is introduced into an anhydrous solvent as a gas and/or as a

liquefied gas.

The electronics and semiconductor industries, among others, require highly pure
process solutions. Among these solutions, are solutions containing HF, HF salts or

15 mixtures thereof, with or without other ingredients.

Ammonium fluoride solutions, for which among the highest purity requirements
are imposed, are generally produced by dissolving crystalline ammonium fluoride
in the corresponding solvent, as is e.g. described in US-A-5,320,709. One disad-

20 vaﬁtage of this method i‘s that metallic impurities are generally within the ppm
range, and the solutions are therefore inappropriate for fields of use having stricter
purity requirements for metal content. The additional purification of crystalline
ammonium fluorides necessary for producing highly pure solutions with a sub-
stantially lower metal content is, however, difficult.

25
A further disadvantage is that it is very difficult in manufacturing to obtain repro-
ducible concentrations of free hydrogen fluoride in the ammonium fluoride solu-
tions from batch to batch. For some industrial applications, however, constant
free hydrogen fluoride content is crucial.

30



-2 There remains a need for solutions of hydrogen fluoride and hydrogen
fluoride salts having greater purity and for solutions of hydrogen

fluori de wealgodims whi ch the concentration of free hydrog@ceTfuSo®risee
remai ns relatively constant frombatch to batch. 5 SUMWARY OF THE

| NVENTI ON This need is nmet by the present invention. The present invention
provi des a nethod by which solutions of-hydrogen fluoride and salts

t hereof nmay be prepared 10 with heretofore-unattained |evels of purity.
Therefore, according to one aspect of the present invention, a nethod is
provi ded f ofp Pk 9HSHOG Meaby sPMfiSnsOf Bjdrogsm fAastide michyydrygimofeoridel uor i de
or one or nore salts thereof, alone or 1 n conbjnation,. naﬂ%\hlch by passing
hydr ogen f | ualts devingt greder purity eadtfon peludensyefr Bifsoss) Rugside %Félwﬁl%he

hydrogen fluoride is jntroduced as i | i t he
anhydrous so &H}E‘CC&%&@?H 9@& %" yd,&%%/engf}\lho%?g cr)%g%slg Fe\#g;\\%%ﬁ\drﬁ%?gﬁéﬂly%?%gen
fluoride is gl e can be used as the anhydrous solvent. Generally, these
are pol ar anhydrous solvents. Thus, the pre- 20 sent invention includes a
nmet hod ass descri bed above, wherein at |east one anhy- drous solvent is a
pol ar sol ven | } so includes enbodi ments in which

hi ghly pure égmﬁgﬁggg%gghgﬁ%Fggﬁggggﬁ&herein at | east one other conponent
is used in addition to hydro- 25 gen fluoride and the anhydrous sol vent or

sol vents. Accordingly, the present invention _also relates.to : d as
descri bed ab®bis, neeghisrBphbytthg EESENORECHIRer TEEQI%SPmaanIeré%és pgor}rg&)e tcs)t er

liquid or at W&%%?Bbgﬁ\pﬁcﬁ %liugoﬁ’sr ofthydBg¢h WuBrid atd¥Alte Ehef@uTendy e srepared

addition to uorirde 1s rntroduced into 30 the anhydrous sol vent
or sol venys. Wb R34l dratREEL USGHY A f8ERy. - 3

Therefore, according to one aspect of the present invention, a method is provided
for producing highly pure solutions containing hydrogen fluoride or one or more
salts thereof, alone or in combination, in which by passing hydrogen fluoride into
15  at least one anhydrous solvent, wherein the hydrogen fluoride is introduced as a

gas and/or liquefied gas into the anhydrous solvent or solvents.

Any anhydrous solvent in which hydrogen fluoride is soluble can be used as the
anhydrous solvent. Generally, these are polar anhydrous solvents. Thus, the pre-
20 sent invention includes a method as described above, wherein at least one anhy-

drous solvent is a polar solvent.

The inventive method also includes embodiments in which highly pure solutions
are produced, wherein at least one other component is used in addition to hydro-

25  gen fluoride and the anhydrous solvent or solvents.

Accordingly, the present invention also relates to a method as described above,
wherein at least one other gas or at least one other liquid or at least one solid or a
mixture of two or more thereof in addition to hydrogen fluoride is introduced into

30 the anhydrous solvent or solvents.



In preferred aspects of this enbodi nent of the inventive nethod, anmonia is
the conponent used in addition to hydrogen fluoride, whereby an ammoni um
fluori de weaBnodian i s produced. 5 Thus, the present invenPceorusal/sssz el ates
to a method for preparing a highly pure amoniumfluoride solution, as
descri bed above, wherein amonia is used as an additional conponent. Wiile
it is possible in principle to use |ligud anmonia, gaseous anmonia is
preferred. 10 In another preferred aspect of this enbodi ment of the
inventive nethod, the addi- tional conmponent is another gas used as a

reactive gasyifefeteliafibctstoranil sodifent o NG veithermethby dmugeniaghther i de and
hydr ogen bromde. Accordi ggl y, the present invention also r,

) |l ates.to a
net hod, as dwsegonbetdisaddyeddifiastofpdieseh fb‘&ﬁ‘é%d’%hqﬁ%}ﬁ’r@gaéﬂmeﬂliuméIW%r
gaseous hydrogen brom r a mxture thereof is used as an additional
conponent . I%@ﬁ¥¥ﬂﬁggx§§%grding to the present invention, the
stoichionetric ratio of hydrogen fluoride to hydrogen chloride and/or
hydrogen bromide is preferably |less than or equal. to 1, .and . mgr, ef erably
l'ess thars 1. TG, fifepispes dnenting ah0i 6131118 & W@Paé8’ép¥?ﬂ’6‘ﬂ‘i‘%/aﬁ‘gﬁﬁ‘é§£§feuti ons
of hydrogen [l Uop} e rQbwdOFun, AOHEscRBED BrdvREHASEin SHfIdnRAS AREDMI A
fluoride, aloné or in coﬁ%lnatlon, and optionally containing additional
conponent's, pidgsreedoinporeantorilatic & isipossiblesn piboipe degee ligwd RPAYE. The
hydrogen fluoride is added as an anhydrous gas and/or liquified gas to the
25 anhydrousg%%9W%ﬂF@°6@1%B$§%ﬁﬂs by essentially conventional neans. In a
preferred enbodi nent, the anhydrous solvent or solvents are placed in an
appropriate con- tainer. The container materials can be nade of qiﬁentially
any mat eré al npptieppretecd hmpectcdfthiscmbaidinenpd thsjaxertivgarstied dht24dee of

[ ities, t t hi it f . the.. ' SOl Hi t ai
e prof or  cHoRPTRAUEN AR R oo eb Rt At EAYESH L AP Hyieies 8801 L TC0°

that are madg?gﬁg BEEAl hjdregen iR dSlyafvgas bidoktlle.  PFA, pol ypropyl ene,
PVDF, and perfludrinated pol yet hyl ene propyl ene (FEP).

Accordingly, the present invention also relates to a method, as described above,
15  wherein gaseous hydrogen chloride or gaseous hydrogen bromide or a mixture
thereof is used as an additional component. In methods according to the present
invention, the stoichiometric ratio of hydrogen fluoride to hydrogen chloride
and/or hydrogen bromide is preferably less than or equal to 1, and more preferably
less than 1.
20  The present invention also includes highly pure solutions of hydrogen fluoride or
| one or more salts thereof, such as ammonium fluoride, alone or in combination,
and optionally containing additional components, produced in accordance with the
above-described method.
The hydrogen fluoride is added as an anhydrous gas and/or liquified gas to the
25  anhydrous solvents or solvents by essentially conventional means. In a preferred
embodiment, the anhydrous solvent or solvents are placed in an appropriate con-
tainer. The container materials can be made of essentially any material appropriate
for contact with hydrogen fluoride and free of impurities, to guarantee high purity
of the resulting solution. Containers are preferred that have inner walls contacting
30  the highly pure solution that are made of metal-free polymers such as HDPE,
PFA, polypropylene, PVDF, and perfluorinated polyethylene propylene (FEP).



WO 03/ 104144 PCT/ US03/ 17852 -4 Unstabilized HD pol yet hyl enes, such as

HD- pol yet hyl enes with a specific density of 0.940 - 0.970 g/cnB, in
particul awo®3Q4a44 0.961 g/cnB, are anong the polyners tram/Esoy17862 t abl e.
Thi s i ncludes pol yethyl enes distributed under the trademark Lupol en(r)
such as Lupolen(r) 6021D, Lupolen(r) 5021D, Lupolen(r) 4261AQL49, 5 and
Lupol en(r) 4261AQL35. The containers uséd in the nmethod of the invention
can consi st of one or nore |ayers, wherein the one or nore external |ayers
that do not contact the solutions can be nade of essentially any material .

The |ines defjadiling HDd[?]&%Hyléﬁds,Oich%s 3 -gabedyibhos withquipetifid dgagityi nt o t he

con- 10 tainer wherein the anhydrous sol vent
al so consi stoﬁﬂ-94(bsQé’ﬂﬂigéﬂm€ifa]%’/®1ﬁ%%ﬂﬁrQ)%‘pf ‘gBé’Gﬁr&(%?%’ é%h%ﬁ%gmﬁ%%ggagade

of highly pure PFA a p e I i : Jad t ! i on

Shoul d t he g%@%gﬁgs_%ﬁkﬁggﬁhfn%@@%ﬁggﬁgmpgaﬁ?gﬁggiaccggﬁ?ﬁggsgﬁ¥%€ﬂ%ethod

81; t hf—: 15 th : ®,: qmwra}g L@polen®0i021D, hepolgn@AWRADL dupblen@rpdARI49s0l vent
sol vents, i S i quefaction can be perforped be essential ;

convent i ohal anfehwrelen® 42680482 nbhe ePNH erﬁé’??fﬁﬁ‘ e PR Ogroilst@en[&(’faﬁ@éeﬁnt i on

the hydrogen f| é{)?lrsflsﬁsf brie oﬂqﬁ‘%qa}te?s,tvhﬁr&m iRl e \ee i ayeed tends i n

gaseous formas we as 1nthe form 20 of a liquefied gas, it is possible

to first intnedvamcyhseonsiosndntteenadeiafestenbalsnanyanagedt f1uoride. It is

al so possible to first introduce |iquefied and then gaseous hydrogen

fluoride. It is still further possible to sinmultaneously introduce gaseous

and | i quef i egy bydeodenydindonidfshen WAL hstdae agame tidaithadedsiiquethcednhydr ogen
fluo- ride can be co%ne p}Jrior to introduction. 95 Acg%)r iqng to t Z )
met hod oﬁothenmnesbnMthvemhwhnqs$dﬂ@§<§d@b@b¢éﬂﬁdﬂ%ﬁﬂﬁ@nﬁﬁ%’%§§5HPEgen

fluoride, introduced as a gas. and/or. l4 ' ' -
vent or sol vSﬁF’%t}aﬁﬁ'oané( ﬁ??ﬁ%’é’?@r%&ﬁg%}' 8%;‘26;@? gﬁggﬁ%?éf gfrﬁ}lfg%@?prﬁ ggg(r:f?lzn.so: t
also is posg&é@éﬁbmsm infle keehoaryTysh @uental vent or sol vents to a

predet erm ned tenpéra
Should the gaseous hydrogen fluoride be liquified according to the method of the
15  present invention prior to being added to the anhydrous solvent or solvents, this

liquefaction can be performed be essentially any conventional means.

If, according to the method of the present invention, the hydrogen fluoride is
added to the anhydrous solvent or solvents in gaseous form as well as in the form
20  of a liquefied gas, it is possible to first introduce gaseous and then liquefied hy-
drogen fluoride. It is also possible to first introduce liquefied and then gaseous
hydrogen fluoride. It is still further possible to simultaneously introduce gaseous
and liquefied hydrogen fluoride, wherein the gaseous and liquefied hydrogen fluo-
ride can be combined prior to introduction.
25
According to the method of the present invention, it is possible to bring the hy-
drogen fluoride, introduced as a gas and/or liquefied gas into the anhydrous sol-
vent or solvents, to a predetermined temperature prior to introduction. It also is
possible to bring the anhydrous solvent or solvents to a predetermined tempera-
30  ture prior to introduction. The solution may also be brought to a predetermined

temperature and/or held at a predetermined temperature during the introduction of



30 ture prior to introduction. The solution may al so be brought to a
predeterm ned tenperature and/or held at a predeterm ned tenperature
during thwoioatiogaducti on of WO 03/ 104144 PCT/ US03/ 17852 - Bcrhsohymssngen
fluoride into the anhydrous solvent or solvents. The tenperature

adj ustmrent may be perfornmed by essentially conventional neans. During the
addi tion of hydrogen fluoride into the &rhydrous solvent or solvents, it 5
i s possible to honogeni ze the solution by essentially conventional
techniques. In a preferred enbodi nent of the present invention, the

sol ution is geqj At an@NGe @hydRue spep: oy eslvéitneSha tamperdting shi ng
the addition thg hydr ogen fl uori de. Iyn a preferred enbodi nent of the nethod

of the i nvenidjastmentoaybhyedfosmed by esseniallyqongentiogpl\BEINS: are chosen from
pol yol s, carboxylic acids, derivatives of carboxylic acids, organic sulfur
conpounds, aliphatic or aromatic nitrogen conpounds, and m xtures of two
or nore therpgfing Aeniagditinhgmydroguafinbede mto thelaybydronnesilvené oesdlydnéhiét gl ycol ,
propyl ene glycol, 15 polynethylene glycol, et hyl ene, gl.ycol

gl ycer ol .5 | nisppassiblep APmesenizd ée SQYUEiAn g% PEER 1%@5%9“%%%&1%{19%5?@%
preferred. Furthen, nal QAlventidn? tR&otutionG Y kircPatedaidyhene
glycols wt hprg%em%g%%&%@%@éﬁ%rg%%far wleinéht ofu 250 to 6,000 are al so
preferred, aptmeRRmE,-eialabt yitdrdinskingibt edditian thediyghegenilupgdet o under

5,000 and in particular 250 to 1,000. 20 The carboxylic acids include
ali phatic, cycloaliphatic and aromatic acids that are |liquid at anbient

condi tions, apgd may haven SRl of ME Sndiiddofahe iipentidiieng aslyirowrselveax anpl es
i nclude formc aci dIT acetic acid and propionic acid. Acid derivatiyves of

carboxyl i¢ aoi eolsenth ases chdse fross pelyslsocambpsylic iy dlsrixptives of saosyiori at e
sol 25 vents. is furt

car boxyl i c aé?iléé gty gul @; OSSIP %:%éétBﬁ%&P"fj%n §%¥%1€§gqg§‘b§?g§§ﬁ§%ﬁ gﬁdps and
Q?Ieoglegg ?Lgmgﬂﬁgg@m@gg@?%ﬁ%ﬁfﬁ?bl e substituents. Am no carboxylic acids
Among others, examples of polyols include ethylene glycol, propylene glycol,
15  polymethylene glycol, polyethylene glycol and glycerol. In particular polyols
with relatively low viscosity are preferred. Further, polyalkylene glycols, in par-
ticular polyethylene glycols with a number-average molecular weight of 250 to
6,000 are also preferred, and more preferably have a molecular weight of 250 to
under 5,000 and in particular 250 to 1,000.
20
The carboxylic acids include aliphatic, cycloaliphatic and aromatic acids that are
liquid at ambient conditions, and may have one or more acid groups. Among oth-
ers, examples include formic acid, acetic acid and propionic acid. Acid derivatives
of carboxylic acid such as their esters or their amides are also appropriate sol-
25  vents. It is further possible to use acrylic derivatives the carboxylic acids or the
carboxylic-acid derivatives. Hydroxyl groups and halogens are included among

possible substituents. Amino carboxylic acids are also included among the possi-

ble solvents.

30  Anhydrous organic sulfur compounds, such as sulfates, sulfonates, sulfoxides,

sulfones, or sulfites are also appropriate solvents, including, DMSO, dimethyl



bl e solvents. 30 Anhydrous organic sul fur conmpounds, such as sulfates,

sul fonates, sulfoxides, sulfones, or sulfites are al so appropriate

sol vent s,wpnshiaditng, DMSO, di nmet hyl WO 03/ 104144 PCT/ USO3/,LTABA3/17862
sulfite, diethyl sulfite, glycol sulfite, dimethyl sulfone, diethyl

sul fone, dipropyl sulfone, dibutyl sulfone, tetranethyl ene sulfone, nethyl
sul fol ane, diethyl sulfox- ide, dipropyd—-sulfoxide, dibutyl sulfoxide,
tetramet hyl ene sul f oxi de, ethyl nethane sulfonate, 1, 4-butane

di ol bi s(net hane sul fonate), diethyl sulfate, dipropyl sulfate, 5 dibutyl

sul fate, di hewyl gty E@lﬁtéﬂlg@yéoy lsuiied, fdneth Iaa@lfddae dleitige suFoue, igmopyle,
et hyl ene carbonate, propylene car bonat e, d| nmet éwbcar onate, et hyl

car bonat e, d;ulfomﬁp;mblmﬂr &dﬁ@a@,etetr@m@thblﬁn%ﬁyfon@amﬁ pefolgna, G’t%}?y? SWi¥6nat e are
al so approprlat us, sol.v t venti on.
10 Anhydr oud9 BY %ﬁﬁ%ﬁﬁoﬁhH§E5 X%{ #%%ngﬂ?&gﬁﬁg§B£§gr%%ééﬂfvﬁgr|de is
soluble t heguﬁ'oﬁate Can-takse disiblisacthak ﬁlbﬂomem) silethﬂl wifere, dippertyl suléaie.s are

menti oned as pos- Si bl e substituents, éﬂ‘ 15 Anot her group of
possi bl e 5sol dibatybsudfae, élh%]r\lai“ifétea%“é(} e| én : which may be

substituted, for exanple, am no al cohols such as ethanol am ne. According to
t he nmet hod of the invention the hydrogen fluoride may first be added to a
part of the mtheanors cspllstentarbonass| prepylene Cmbmt@hdlmﬁth}ﬂeqar@pvem' is 20

added after introduction, In the case that t e ydrous
sol vents ar ecth¥eetrhpanaien aliprapylgarbagpicy ﬁ’ésqpﬁw\r(:tl‘)’?%’ﬂna Eglﬁarp ?UOI’I e may be

added first {,180 o Rial {i@d?issﬁﬁéﬁts £SQUs¥ eNtHe ménsd bfmelm@ﬁu@rr more of the

ot her solvents | e resulting mx 25 ture. It is also possible
to produge two or nore solutions of hydrogen fluoride as per the above

described met glcl)}(rjdrgl?sd alTip aﬂc Ség%%ggndasnt l%Utu?erH) Nt H?dr%ﬁ\é}l Alofi® § soRBliti ons.

therein, can also be used as solvents. Halogen substituents are mentioned as pos-

sible substituents, among others.

15  Another group of possible solvents are aliphatic and aromatic amines, which may

be substituted, for example, amino alcohols such as ethanolamine.

According to the method of the invention the hydrogen fluoride may first be
added to a part of the anhydrous solvent or solvents, to which further solvent is

20 added after introduction.

In the case that two or more different anhydrous solvents are used in the method
of the invention, hydrogen fluoride may be added first to one or more of these
solvents, and then one or more of the other solvents is added to the resulting mix-
25  ture. It is also possible to produce two or more solutions of hydrogen fluoride as
per the above described method and then subsequently combine the two or more

solutions.

When the additional component or components do not react with hydrogen fluo-
30  ride, the order of introduction is not critical. The additional component or compo-

nents may be introduced into the solution of hydrogen fluoride in the anhydrous



When the additional conponent or conponents do not react w th hydrogen
fluo- 30 ride, the order of introduction is not critical. The additional
conmponentworodgenpb- nents may be i ntroduced i nto the sol urcenuses/118ydr ogen
fluoride in the anhydrous WD 03/104144 PCT/US03/17852 -7 solvent. It is

al so possible to first conbine the anhydrous sol vent or solvents with the
addi ti onal conponent or conponents and %t-Hhen add hydrogen fl uoride. Fur-
thernore, it is possible to introduce the additional conponent or
conponents to- gether with the hydrogen fluoride into the anhydrous sol vent
or 50l vents.sohjenGeA dsoifossiblioMmedr@atind ihdanhytizonasmlimt of xevny withat | east
one additional conponent™ prior to addition to the anhydrous sol yent or

sol vents, ante tadditiopslu¢ampapeni st oemponeals ke Hepadd 859 Hypeidgy, Ydr ous

sol vent or sol vents. .Wen. the addi.t | |, 16: hSnta R dnedtfig-one
anhydr ous S&B?’/@Fﬂre’& ISSB(PS-SlbieO%v@%ggﬁdﬁaq@@ggglggﬁ%;b??{épgh\%\nmth thg% desired amount
of gaseous hydQumh fHeuskishen fluakitetntahhe hnltydeusohvesponstilvrptadburd of

gaseous anmonia is added to it. It is alJso ssible to. first co ct the
sol vent or sl, v hydrageh floprade e P%&né?fJoW %ﬁ%&?@%&é&‘l&ﬂ?}o"&ﬂ%"’% t hen

i ntroduce the. corr Qndy HR}?H? Og 1 BP 481 Qﬁtg,rﬁﬂﬁ!hefrbﬁﬂtingrhﬁiﬁurﬂhe t wo
gaseous conp%ﬁoéntpsa%ﬁgi/o%gqogge%e n{)lﬁso uced int(\), the solvent or sol 15 vents
si mul t aneousday taadhs addeti @b the ankpdroas sdvent br sadveatso possi bl e to introduce
one of the two gaseous conponents and then to start the introduction of

t he ot her gaseous conponent after a certain tine. In a particularly
preferred enhadi ohfe.dihEset is Bihese, heemningdeus ssloent &Osokent or
solvents are f%%lgﬁgiaflgﬁfg{){el%} %ﬁf[iﬁ”l ?ﬂelsdesi red anount o g?seous hydr ogen

f1 uori dej@ndvéri snagobeventadted methi the wesiresdamawnt dufsgaspanschyslbears  H1uprids,
gaseous am nonia is introduced into this honogeniz Lyt angd.d he
resul ting soPlirighch the;gorres 1%@8&?%%@?%?%%?%9&%3@&6 lgnq}:l thus

honogeni zed. 25:7he) & QIBSHAL WeSsolvent BEsol R Wik theatts@edamoins of gaseowd | ed so
t hat during PRtroduction of the gaseous ammoni a it_does not exc%ed a
maxi mum of 3a@moniaedrer thbh yntgpduce the corresponding amount of gaseous hydrogen fluo-

ride. The two gaseous components may also be introduced into the solvent or sol-
15  vents simultaneously and spatially separated. It is also possible to introduce one of
the two gaseous components and then to start the introduction of the other gaseous

component after a certain time.

In a particularly preferred embodiment of the present method, the anhydrous sol-
20  vent or solvents are first treated with the desired amount of gaseous hydrogen
fluoride and this solvent is recirculated, as described above. Then, gaseous am-
monia is introduced into this homogenized solution and the resulting solution is in

turn recirculated by pumping over and thus homogenized.

25  The temperature in the reaction container is controlled so that during introduction
of the gaseous ammonia it does not exceed a maximum of 35°C, preferably a

maximum of 30°C, and particularly preferably is less than 30°C.

The concentration of the highly pure solutions of ammonium fluoride which are
30  produced according to the method of the invention are essentially only dependent

on the solubility of ammonium fluoride in the solvent or solvents and can be any



maxi mum of 30C, and particularly preferably is I ess than 30C. The
concentration of the highly pure solutions of ammonium fluoride which are
30 producwo tageandi ng to the nmethod of the invention are @s¥arsod/aishy only
dependent on the solubility of ammonium fluoride in the solvent or

sol vents and can be any WO 03/104144 PCT/US03/17852 -8 level within this

framework. It is also possible to produge saturated solutions of ammonium
fluoride in the solvent or solvents, and it is also possible that such an
anount of ammoni a and hydrogen fluoride are introduced that ammoni um fl uo-

ride DYECIpIE
1 %t}ﬁﬁ tRis SPledvor®. Tt Bs RsOpebgriead disampdtedolttienspfesent
i nvention, pure zgé{utlons of an“rp noni umpﬁdlsdl}%rlde are prod g{ad in the

sol vent or &ﬁmmemhﬁ1ﬁmmnkdnngamﬂvmh@rﬁdwhmﬂ m%#ﬁtﬂﬁkqpﬂ¥ﬁﬁQ%ﬁth &n

concentration of i ch gener ran rom gent,
Prefe;ably fATRRHTE. ‘ﬂ%@ﬁﬁby%@ % 6&?%@%% y pre gra- 10 ny
rom2.5 to && gmtepgsré:@j{rd In order to avoid the creatl on of explosive

anmoni a-ai r i nert atnos- pheres nay be enployed in and around the
cont ai ners, mhereln t he gaseous ammo- nia is added to the anhydrous sol ution

or solutlons f }ﬁﬁg

di ssol ved. ?e&“fwaflgtﬁ@ lﬁqff%e éﬁgédé ﬁﬁ\éeélﬁowﬁﬂlly GXOIHQM%I ('?re%gen or

argon is appﬁ@ﬂ&hﬁﬂﬁbn&?ﬁ%@ﬁ@ﬁk&dni@@sﬁn@hemﬂmmvaummwphbmgmnhemﬁﬁuéked

inert prior to filling with solvents and,, .if neces q oride.

II 2 \%l nﬁl plzgs)ft ﬁlel inyentigie tb%@?éceég%?ﬂ 96 Fhieh \géﬂ?fg ?f}/gﬁé \é%négpgg quent s
ic I r

anhydr ous poYVf?l P%rcar egégger%ﬁl? i 1 t8ajé \gr ?g rgérﬁyﬁjﬂf{e@ﬁrle e%bmggldlnenﬁ?t

anhydroug)etbwwﬂﬂﬂzghw10Q0hguqmu$ﬁd The present invention also provides a

nmet hod allowing for the production of 25 highly pure ammonium fluoride
sol utions, having a constant content of free hy-

In order to avoid the creation of explosive ammonia-air mixtures, inert atmos-
pheres may be employed in and around the container, wherein the gaseous ammo-
nia is added to the anhydrous solution or solutions, into which hydrogen fluoride
15 may already have been dissolved. Essentially any inert gas such as, among others,
nitrogen or argon is appropriate. Preferably, the container atmosphere is rendered

inert prior to filling with solvents and, if necessary, hydrogen fluoride.

In principle, all of the above-described solvents can be used as solvents in which
20  the ammonium fluoride is produced. In a preferred embodiment, anhydrous poly-
ols are used, and in a particularly preferred embodiment anhydrous ethylene gly-

col is used.

The present invention also provides a method allowing for the production of
25 highly pure ammonium fluoride solutions, having a constant content of free hy-
drogen fluoride that can reproducibly be set. The content of free hydrogen fluo-
ride contained in the highly pure ammonium fluoride solutions produced accord-
ing to the present invention can be set by simple stoichiometric addition of the
gaseous hydrogen fluoride and the gaseous ammonia into the solvent or solvents.
30 The exact measurement permiited by the use of gaseous components, makes it

possible to produce highly pure solutions with a precisely defined content of free



drogen fluoride that can reproduci bly be set. The content of free hydrogen
fluo- ride contained in the highly pure anmoni um fl uori de sol utions
produced wOo®ana44 ng to the present invention can be set RPETAiSoplmss2
stoichionetric addition of the gaseous hydrogen fluoride and the gaseous
ammoni a into the solvent or solvents. 30 The exact neasurenent permtted by
the use of gaseous conponents, nakes i1{9-possible to produce highly pure
solutions with a precisely defined content of free WO 03/104144

PCT/ US03/ 17852 -9 hydrogen fluoride that can be accurately reproduced. In

particul ar, Rigiey Mibrfie ®El i BOScQira@lyRptadumcéd. darpacutan highlyppoduced,
having | ess t'hat™ 0. 01 wei ght percent free hydrogen fluorid

' ﬁ 15 ‘IThﬁ|
hydr ogen f | usolitthes | ammorigmideridsy canhbe pEadNbef. drvingdess BabHOLi WY&t i on are
used in etchin ocesses. Jdhe.nethod of the present invention can be used
to prepare %EG?WHIS?‘IEY%SE?I}%%O% ching process purity requirenents. The
met hod of the present invention can also be used to produce solutions with

her et of or e-unknown concentrati ons of hydrogen fl ide. Preferre
sol uti ons5 actls hydigearoflegridesolikions mage ibé\}éfh%e dc‘ﬁﬁf‘%?ﬁs?mdﬂegg%gl “0 to
about 35 wei %tg ige':c@ﬁl?% Bméggsgge'ﬁfhyﬂﬁﬁ&f%f tﬂen%{@%énﬂﬂxﬁhﬁen 8k bOfuséd®

above- nent i onhe n s solvents can be use or this enbodi nent of the
met hod in acgepaarckitiohs mette qicldag ptocessvemity mapirgmevs.débe method of fee
addi ti onal gaseous conponent. or conponents are sol ub i ] t or 15
sol vents. | nPlﬁﬁ@Fé‘?‘fe@HO’éﬁﬂbﬁﬂ?ﬁ@ﬁﬂ’ég’é’c@f’é‘éceasé’ﬁﬂmm Wé%h%ex$8¥02§8m50e ic acid
and acetli CI ?&{cgﬁtratﬁfns df @&D%és%ﬂﬁg)ﬂ@@e%d%ﬁ@ﬁg asteedin@ o theepresehy dr ous

a 0 a

sol vent s. m xture nd DVA is used, the stoich-ionmetric m xing
rati o of 10 DMs®entiteh Eiviain Sronmatioe 19 enajwubdS wetgh Beseent hydrogen flBotifout  70: 30.
In a particu- larly preferred enbodi nent of the present invention, highly
pure solutions of hy 20 drogen fluoride are produced in a DMSO / DVA

m xture, whegehbanydr eOeR thd MovelthélfionEMBRhydasut SoMentsacen teheseddfoethiei ght
portions. Wen the additional conmponent is another reactive a%le&’ﬁm%? in
et chi ng, suchmhsediment of the method in accordance with the present invention, provi
the additional gaseous component or components are soluble in the solvent or
15 solvents. In preferred embodiments, acetic acid or a mixture of acetic acid and
acetic ester, or a mixture of DMSO and DMA are used as the anhydrous solvents.
If a mixture of DMSO and DMA is used, the stoich-iometric mixing ratio of
DMSO and DMA is in the range of from about 30:70 to about 70:30. In a particu-
Jarly preferred embodiment of the present invention, highly pure solutions of hy-

20  drogen fluoride are produced in a DMSO / DMA mixture, wherein hydrogen fluo-
ride, DMSO, and DMA have the same weight portions.

When the additional component is another reactive gas used in etching, such as
hydrogen chloride or hydrogen bromide, the order of adding the gases to the an-
25  hydrous solvent or solvents is not critical. It is possible to add the gases into the
anhydrous solvent or solvents in sequence or simultaneously, and, if necessary,
spatially separated or together in one feeder. It is further possible to liquefy the
other gaseous component or components prior to addition into the anhydrous sol-
vent or solvents accordance to conventional techniques such as the methods re-
30 ferred to above for the introduction of hydrogen fluoride, and to introduce the

liquefied gas or gases into the anhydrous solvent or solvents.



hydrogen chl ori de or hydrogen brom de, the order of adding the gases to the
an- 25 hydrous solvent or solvents is not critical. It is possible to add

t he gasesworBao4ihe anhydrous sol vent or solvents in sequemRCE/03/17852

simul taneously, and, if necessary, spatially separated or together in one
feeder. It is further possible to liquefy the other gaseous component or
conmponents prior to addition into the -afhydrous sol- vent or solvents
accordance to conventional techniques such as the methods re 30 ferred to
above for the introduction of hydrogen fluoride, and to introduce the

liquefied gag i9'als8 SibleNdcRoriding RNty dhatisd sbtheeprtsent ipehtientsintwiu@s/ 104144
PCT/ US03/ 17852 gﬁ@ is al so possi ble accordi n to the hhod

Er Ssent i nvegaseows hpdioger ehlgside agdios oIS dh¥igRss CIPHOHP?i‘Hé’C%{ T/ 8?3%8‘éseous
ydrogen br O%gg%egﬁ '%(?r? 2 SREERUSS s ANSbRLS Rl thE Anh AfodNELIgET ]R WS1VRARDNI a

into the anh ven vents. The order of introducing the

i ndi vi dual cyhpeRRAbSIntBdiding therindipidealnoimdonents &dn peinTipte fotdimitedf use of
the highly pure solutions or the present invention, wherein at |east one
further r®active gas is also used as a conponent in addition to gaseous

hydrogen flu Bé‘i’%db 08t thi Mid®PpiR sbiifioad ey BrefBlchPRREn ST M 30 Th
term "puri ty? i Srh%erethn r%%d Pes to all pos?bl e i rfprlil’lri;l ehs&g?rrl]at a ©

sol uti on, rrwiet om: ﬁmzheJr rtacl:q:\e: gistib atshespdt @sewpmpﬁn@ﬁtm @Aditien {0 BAFEYS Anpng

ot hers, metal ions enl es chl ar Q m de, f

ani ons such &¥ HgW}QEQP e gﬁa?a%%ﬁléﬁP nh%FgﬁﬁwgkgonpoundgftgggeralIy
particular inpurities, V|ruses bacteri a, and their by-products, such as
endot oxi nes or nycotoxines, are all in- 15 cluded anong the possible

i npurities. The ttrar fipdrityyhd ysediherein a@atas tjalh gpsitie Hepwlss B SRLI® purity

regarding a ce tain be|n n 2
Hi ghly pure é‘?ﬁdﬁtlpcﬁ‘fgoréﬁeb‘gltﬁé e PR acl{:n(’)r gﬁc%a%wﬂ%ve tE %t ﬁ%% g{‘agtl he0
present i nvestd @RIdeBRkHebRchhbgBhride® tibinide; fgahet drdomsl buchosss hitlage,
inpurities. In a preferred
phosphate or sulfate, organic compounds, generally particular impurities, viruses,
bacteria, and their by-products, such as endotoxines or mycotoxines, are all in-

15  cluded among the possible impurities.

The term “highly pure” as used herein denotes degrees of purity regarding a cer-

tain impurity, being in a range of less than 1 ppb.

20  Highly pure solutions can be made in accordance with the method of the present
invention that are highly pure with regard to all possible impurities. In a preferred
embodiment of the method of the present invention, highly pure solutions are

made which have a very low content of metal ions.

25  According to the method of the method of the present invention, components are
used that have a degree of impurity regarding all possible impurities that is so low
that the highly pure solutions can be produced from the components without a

further purifying step and with the purity required by the user.

30  According to the degree of purity required for the highly pure solution to be pro-

duced, it is possible according to the method of the present invention to use highly



enbodi nent of the nethod of the present invention, highly pure solutions
are nmade which have a very |ow content of netal ions. 25 According to the
nmet hod ofwbDhg/1emthod of the present invention, conponentsPamaSosrsmsa2 t hat
have a degree of inpurity regarding all possible inmpurities that is so | ow
that the highly pure solutions can be produced fromthe conmponents w thout
a further purifying step and with the-purity required by the user. 30
According to the degree of purity required for the highly pure solution to
be pro- duced, it is possible according to the nethod of the present
I nvention t Op%ﬁ}ﬂ@%ﬁd@@d@éé%ﬂ&%ﬂ?@%ﬁ@@ﬂgﬁl@%&e sol¥dnt Wherhytdeasgen
fluoride gas and/or "one or nore highly pure solvents. Wen at |eas one
addi ti onal conpeddifionasonpsesrit e dessbibod abayeys gepd, {H SOBBARSThEM 218ARC al so be
highly pure. 5 Wth regard to producing the highly pure solutions that, as
descri bed ab&#%{yﬂgﬁe very |l ow contents of netal ions, nethods according
to the present invention use gaseous hydrogen fluoride, the netal -ion
content of which is lower than 1 ppb, preferably |ower than 100 Qt. 10
Exanpl es 6f Véitaregarduo prodedieg thedughly PHFs LhtaRs ¢ 1%&%&?&"%@?’&% ©
accordance wth the pr L ti [ | iR diset her s,
al umi num ant't%Y an/cfrge ?égg%%ew\égl% %@3%{;{}}@% %Oﬁgggfesgfggrgum cal ci um
chromnmi um ir%ﬁﬁmQQMymbg&ﬂEMQﬁdaﬁhémmmdgomdonmmw6MWhmbd$éswémﬁ$ndomst,
copper, lithium naqnesiunl manganese, nolybdenum sodium nickel,
pl ati num si IpseferablyilpwenthandP@8pti um 15 thallium titan, vanadium
bi smuth, zinc, tin, or zirconium Depending upon the required purity of the
solution to be made, it is possible, if necessary, to |lower the inpurity
content of t Mexaatpiasdsfomstadowitnteferensotovwhich the sokitieny aude dn icegidance
conventional prior art nmethods, so.,that it ranges |o t . 0, pb, and
preferably | oW thenesendgnpon  ae Y SlfCa e %?nsofligl cﬁg%rﬁ’o%ﬁﬂne%h%’d%rﬁgan be
used to purify the anhydrous SQYNGR, 104, SRINenT, Salchims chasmbum,nean gabf
conmon

lium, germanium, gold, indium, potassium, cobalt, copper, lithium, magnesium,

manganese, molybdenum, sodium, nickel, platinum, silver, silicon, strontium,

15  thallium, titan, vanadium, bismuth, zinc, tin, or zirconium.

Depending upon the required purity of the solution to be made, it is possible, if
necessary, to lower the impurity content of the anhydrous solvent or solvents in
accordance with conventional prior art methods, so that it ranges lower than 1
20  ppb, and preferably lower than 100 ppt. In particular, distillation methods can be
used to purify the anhydrous solvent or solvents, such as by means of common

distillation or by distillation using microwave radiation.

Accordingly, the present invention thus also provides highly pure solutions having
25  ametal-ion content of less than 100 ppt per metal. The highly pure solutions made
in accordance with the present invention can be used in all possible applications
where solutions of hydrogen fluoride or one or more salts thereof, alone or in
combination, are used. In particular, applications are found in the field of semi-
conductors and in the electronics industry, and in analytical chemistry, as well as

30 in (bio)pharmaceuticals.



distillation or by distillation using mcrowave radiation. Accordingly, the
present invention thus also provides highly pure solutions having 25 a

met al - i orwowmatienss of | ess than 100 ppt per netal. The hi giC/yses/e78sol ut i ons
made in accordance with the present invention can be used in all possible
applications where solutions of hydrogen fluoride or one or nore salts
thereof, alone or in conbination, are-iu&ed. In particular, applications
are found in the field of sem - conductors and in the electronics industry,
and in analytical chem stry, as well as 30 in (bio)pharnmaceuticals. WO

03/104144 F’Cﬁfhle’%@%i{1%§§é2m1utﬂo%smehh abdorddnee avigoihetrhethsd phte preseatiner dance
with the method o e present in- vention are_particularlﬁtgell fﬁgjitedfor
use as et chi vgntgeaepartieaynwelh suitedclor Upmts cteliag pgents Jasret e M4l ont ent

of the highl re anmmmni um f | i [ lutidh @Rt | on
can be consi¥Q£H¥§9g$£ﬁ?%5%k§ﬁﬂ%%Ogﬁggﬁéﬁggﬁﬂfgﬂ%g?%ﬁgﬂﬁggéia%m
advant ageous thel hieSertaiRtivh cpo$6 icbhsstémlyprepadiddesdaim mrtuationl iy padicrlodlypr ocess

wi ndow for the etching rate of the sol ution. {# ¥arti cular, the hi‘tgshl y pure
sol uti ons Sradévaniageoenr dave akey H RSEDIFenBYVEE hexrgPIX AOVRISE™ on ar e

used as_et ching, 3988} fic LA SShEGElofufofToVi ng organo- 10 metallic

residues or organic silicon€ residues I1n plasnma etching nmethods of pro
ducing wafers. Wth regard to this selectivity, the nethod of the present

invention can be particularly advantageously used to trol ch

selectivity g P@ﬁioglﬁfd?f'i% highly %’/‘Eﬁﬁﬂ@u@fgﬂ@? ep'r%%&?’%?‘écse, W%@meh etgé&(;?{ ?ltce)n of

addi ti onal r%?%&ehé’ Fgpass a?éjﬁgkﬂhcfiﬁs e&lﬁﬂ{goﬁg%ﬁtsCerOsrele@ﬁvél& faydrpgesehiem de,
above. n anot her

as descri bed enbodi nent of the nethod of the present
i nventi omo wahenllicassibees o orgehit nilisondheesiiugh iy plasima esding msHods ofBER-f y

T T T K
pure anmmoni umyflydakERiaR) AdvhRRgSRBlyRBed isitl tHesdtdtgsedasigity of solutions
by, among other properties, by the addition of additional reactive gases such as
hydrogen chloride or hydrogen bromide, as described above.
15
In another embodiment of the method of the present invention, water can be
mixed into the highly pure solution to modify etching selectivity. A considerable
advantage of the method of the invention is that the highly-pure solution is anhy-
drous, e.g. a highly pure ammonium fluoride solution can be produced using gase-
20 ous hydrogen fluoride, gaseous ammonia, and anhydrous solvent, so that an
extraordinarily precise and reproducible water content can be set by the addition

of water after the production of the highly pure solution.

It is also possible to add aqueous solutions of additional components to the solu-
25  tion after producing the anhydrous, highly pure solution of the invention. The ad-
vantage is, among others, that the water content of the solution to be produced can
be set precisely and based on the anhydrous solution in a single step that also in-
troduces one or more additional components. Examples are, among others aque-
ous acids such as e.g. phosphoric acid, aqueous hydrochloric acid, or aqueous

30 acetic acid.



20 ous hydrogen fluoride, gaseous ammoni a, and anhydrous sol vent, so that
an extraordinarily precise and reproduci ble water content can be set by

t he addi twors/iefi4wat er after the production of the highlyPpPgeoresoyoissti on. |t
is al so possible to add aqueous sol utions of additional conponents to the
solu- 25 tion after producing the anhydrous, highly pure solution of the
invention. The ad- vantage is, anong otl3ers, that the water content of the
solution to be produced can be set precisely and based on the anhydrous
solution in a single step that also in- troduces one or nore additional

conponent s. Exanpkies Ay refeFBNemBbdIfTkat 0the-pressst mveutions atkasione .sgb-
phosphoric acid, aqueous hydrochloric acid, aqr. agueous lc.acid WO

_ 30
03/ 104144 PCRA808AddaER the amyrrpus Splé(?l@q%%@rl&flfivloa?e RBERETHTEAR of the
Colvent as. af e SnORoRaatE OUPPCr et PSSR IRr egap e e

sol vent as aff ‘onents, ecti surface-active
properties, Mg THeRSH Sappedprizigpolyr paimellss| niin-polausehdtaasesezamhintsedagent s.
Therein, appropriate polar as wel| as, non-pol ar substances can etge{m%ed. 5

Exanpl es #r e Exampleg ats 8@0ag ofierp REPRALCHT A5 BaG RN NEAUARTINE'C ani nes
wth a chain engfe{x‘gﬁhfé:i d{ooll%l%arﬁaﬁ Qﬁiﬁlsa&@?ei@fa%l}pﬁé%ﬁﬂfﬁ@aﬁﬁm%ay Be

am nes may b& “N&lp§ necessary f pur poses of solubility,

wher ei n OH grgsspsuted, ihabeessare fodpurpesss ddeslubilgy pobeiell O gi98ps PUBALs, anpng
others. 10 In order to obtain the required deg ee of purity of the highly
pure sol ut i ogenide rsigpes g NosHRSUPSINFGS, gPORS {hﬁﬁs'substances af f ecti ng
surface activity prior to use. Herein, essentially any appropriate
conventional prior art method may be used. The follow ng non-limting
exanpl es 1get If ordeh thebtrimihe lrewitetl Idagtee of pudieraf shahighlyse selutio 1t Hay

invention. Al parts and percentages are i n I\ not ed
and al | tenp®FaResPEsaafie NUR Ty Ay éggﬁf&g?ssiaﬁé?t%%xgg%n%ﬁ%eé&%%ﬁ@a%lﬁ% 1:
Product i on ofg ol ity ahy BystoRaRe cbdveatimde piior &t mettedeng beaskd.

The following non-limiting examples set forth hereinbelow illustrate certain
15  aspects of the invention. All parts and percentages are by weight unless otherwise

noted and all temperatures are in degrees Celsius..

Examples:

20  Example 1: Production of a solution of hydrogen fluoride in ethylene glycol
800 g ethylene glycol was placed in a 1,000 ml batch container. By means of an
injector, approx. 80 g anhydrous hydrogen fluoride was condensed and dissolved
in the ethylene glycol. Therein, the increase of content of hydrogen fluoride was

analytically monitored. The addition of the liquid acid was terminated at a content

25  of 10 weight percent.

After termination, the solution was recirculated and homogenized for 1 hour by
means of a pump-over line. The solution had a metal-ion content of less than 100
ppt per metal.

30  Example 2: Production of a solution of ammonium fluoride in ethylene glycol



800 g ethylene glycol was placed in a 1,000 m batch container. By neans of
an injector, approx. 80 g anhydrous hydrogen fluoride was condensed and

di ssol vedwoioa/1041e4 et hyl ene gl ycol. Therein, the increase @CTASNY/ €852 of
hydrogen fluoride was analytically nonitored. The addition of the liquid
acid was term nated at a content 25 of 10 weight percent. After
termnation, the solution was recirculated and honogeni zed for 1 hour by
means of a punp-over line. The solution had a netal-ion content of |ess
than 100 ppt per netal. 30 Exanple 2: Production of a solution of ammnium
fluoride in g hyhena worsn il HAAGROTIRRENR 1o 35Rour: Siiheduei§0O

bat chi ng contai’ner was ni ttogen blanketeé for 1 hour. Subsequently, the
process as ofheeprargsk @s bf wasmplepewnetpeaiedive abiima solutien oh HHf inthyIRNG%t hy| ene
glycol. 5 Gaseous amoni a was introduced into this solution of HF in

et hyl ene egébF?L wherein the nolar ratio of anmmoni a and hydrogen fluoride
was 1:1. The tenpera- ture was controlled by external cooling and by

controlling the ammonia addition rate, sq that theoéngnﬁﬁ%atlure di d not
exceed 30€ Csodus emieninodascingduced ik e sahiianof JiE dmfdyiene gelsol ution

was recircul ated.for 0 m.n Wi ol 1. UL 1,09 1S Ofétib@Bedad a
net al -i on coﬁ@’@rﬁn g’F Ip‘glggraflﬂé)ﬁna}‘%?apﬁdqgg ro ﬁtfgﬁ%ﬁﬂgdgﬁgilegm?%}%ﬁ?g For
Exanpl e 3, ExaoRi® cbn¥dBed Bpeatedl setisig dndtbyngpnylotigahe avendnia addidor or

ethyl - ene glycol. For Exanple 4, glacial acetic acid was used again as the
solvent in aratQ,CB.OIbatvté@@ﬁtpefaéﬁmélqﬁoth#‘?ee@@o&g d acial acetic acid, 80 g

BF.) Exanples 5 and 6 repeated Exanple 4 using 80:20 and 70: 30 wei ght
ratios of glacial acetic acid to BF. (640 g G acial acetic acid and 160 ¢
HF; and 560 o\fgrasi@lucagehé entheiachoandof 40maHiR, the Bplutipe gyse aegirgalajed) for

30 min with cooling. The resulting solution had a metal-ion content of less than

100 ppt per metal.

Examples 3-6
15  For Example 3, Example 1 was repeated substituting glacial acetic acid for ethyl-
ene glycol. For Example 4, glacial acetic acid was used again as the solvent in a
90:10 weight ratio to HF. (720 g Glacial acetic acid, 80 g HF.) Examples 5 and 6
repeated Example 4 using 80:20 and 70:30 weight ratios of glacial acetic acid to
HF. (640 g Glacial acetic acid and 160 g HF; and 560 g glacial acetic acid and
20 240 g HF, respectively.)

The foregoing examples and description of the preferred embodiments should be
taken as illustrating, rather than as limiting the present invention as defined by the
claims. As will be readily appreciated, numerous variations and combinations of
o5 the features set forth above can be utilized without departing from the present
invention as set forth in the claims. Such variations are not regarded as a
departure from the spirit and script of the invention, and all such variations are

intended to be included within the scope of the following claims.



The foregoi ng exanpl es and description of the preferred enbodi nents shoul d
be taken as illustrating, rather than as limting the present invention as
defi ned byotobao41ed ai ns. As will be readily appreciated, nBCFUSOF1II8EY i ati ons
and conbi nations of 25 the features set forth above can be utilized w thout
departing fromthe present invention as set forth in the clains. Such
variations are not regarded as a deparibure fromthe spirit and script of
the invention, and all such variations are intended to be included within
the scope of the follow ng clains. WO 03/104144 PCT/US03/ 17852 -15- Wat
is clainmed igihatis daikddi®d for producing a highly pure solution containing
hydro- gen fluoride, one or nore salts thereof or a mxture of two or nore
thereof, com 5 prising addi ng hydrogen fluoride to at |east one anhydrous
sol vent, wherein from abo t 9 L : fddseride is
added to the anhyLr ou IB%%‘%%%?I ’%P a@%ﬁ%gﬁﬁgﬂ 1%)11%‘%%&?%?1?#%@%%9@%}” or as a
liquefied gagPfiudtiledod ¥t tbse @lits gaseofaunch mixjuiefaf éeto gasnorg thepeofTen et hod
according toclaim1, wherein at |east one anhydrous solvent isca polar

sol vent. 8. mhengreddiog hadesenfHerideoiodtdrast 9ne FHYAEUS sgveple JFShEBhhy dr ous

solvent is sel ected fr fodbd hd®dsto ®ardapydtbue aci ds,
deriva- 15 t'f?l?f’élg 1@“%%?’%%?5% %%%g%@%#%g%@ogg?%r conpounds, ng i phatic
or aromatic RilER@eBolvemaspothedsrm ahd gad ort asralsquefied ges o asroRYRS €3F . 4.
The met hod according to claim3, wherein at |east one anhydrous solvent is
acetic acid. ambligiifighgasaet hod of claim 1, wherein at |east one additional

gas or at |east one additional liquid or at |east one additional solid or
a mxture of two or nore thereof is used as conponent in addi tili on to
hydrogeni$| uori de2. The method according to claim 1, wherein at least one anhydrous

solvent is a polar solvent.

3. The method according to claim 1, wherein at least one anhydrous
solvent is selected from the group consisting of polyols, carboxylic acids, deriva-
15 tives of carboxylic acids, organic sulfur compounds, aliphatic or aromatic nitrogen

compounds, and mixtures of two or more thereof.

4. The method according to claim 3, wherein at least one anhydrous

solvent is acetic acid.

20
5. The method of claim 1, wherein at least one additional gas or at
least one additional liquid or at least one additional solid or a mixture of two or
more thereof is used as component in addition to hydrogen fluoride.
25 6. The method according to claim 5, wherein gaseous ammonia is

used as an additional component.

7. The method according to claim 6, wherein at least one anhydrous
solvent is DMA, DMSO or a mixture thereof.

30



25 6. The nethod according to claim5, wherein gaseous ammonia is used as
an additional conponent. 7. The nethod according to claim®6, wherein at

| east onewanbgadrieus solvent is DVA, DVBO or a m xture theceafso3/BBsaN0
03/104144 PCT/US03/17852 -16 8. The method according to claimb5, wherein
gaseous hydrogen chlo- ride or gaseous hydrogen brom de or a m xture

t hereof is used as an additional conpd6ent or conponents. 5 9. The nethod
according to claim1, wherein hydrogen fluoride is wused having a netal-ion
content less than 1 ppb per netal. 10. The nethod according to claiml,
wherein the sol utd on hag RetBY @bcordiad 16 BRIRMT, whkrdie gamebixahydgenuhio-per
metal. 10 11. A high purity solution conprising from about 10 é.o. about 35%
by wei ght afidehgdgmgeus hydrogeanderopide pr ﬂéﬁlé(iur%ﬁléef%ﬁfﬁﬁdﬁsﬁfgés apiagditienaly > - the
solution of claim111l, wherein said solvent is acetic acid. 15 13. The

sol ution of YBRWFALT RARPETHS t he sol ution has a netal -ion con- tent of

| ess than 100 ppt per netal. 14. The solution of claim11l, further

conprising one or nore conpo- 20 nents selected fromihe gro consi sting
of water,5 anmoni udn f | b asthodyarcering (@ 13 HeW ‘T’F&lnht}&ﬁBg@nHﬁ?% te.

used having a metal-ion content less than 1 ppb per metal.

10. The method according to claim 1, wherein the solution has a metal-

ion content of less than 100 ppt per metal.

10
11. A high purity solution comprising from about 10 to about 35% by
weight of hydrogen fluoride in at least one anhydrous solvent.
12. The solution of claim 11, wherein said solvent is acetic acid.
15

13. The solution of claim 11, wherein the solution has a metal-ion con-

tent of less than 100 ppt per metal.

14.  The solution of claim 11, further comprising one or more compo-
20  nents selected from the group consisting of water, ammonium fluoride, hydrogen

chloride and hydrogen bromide.



