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gases in the ppm range are too wet. Further, there are a nam er of gases used in the

20  manufacture of high purity products which in the presence of water become highly
corrosive to manufacturing system equipment. Corrosion in turn causes gas leaks
and component failures in valves, regulators, filters, flow controllers, tubing and
fittings. Among the most common gases which are aggressive and corrosive when
they have a high moisture content are the halogen gases, such as the hydrogen

25  halides and the gaseous halides. The halogen gases have been found to be excellent
silicon etchants, and therefore it is important to ensure that they can be used
effectively in the production of the high purity products.

The corrosive effect of the halogen gases in the presence c;f water not only

causes damage to the equipment, it also is detrimental to the products being made
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and are carried into the product formation chanbers,
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leads to Joule-Thompson condensation of moisture. Condensed moisture is
extremely detrimental in an ultra high purity corrosive gas delivery system.
However, purification devices immediately downstream of the corrosive gas source
are susceptible to high pressures and high flow rates that are often in the liquid
regime of the phase diagrém. Furthermore, certain corrosive gases with relatively
low vapor pressure, e.g., HBr, Br,, and SiCly, often liquefy in the purification
device. Therefore, it is highly desirable for a corrosive gas purification device to be
tolerant of high pressure, high flow rate, and liquid phasess. Most purification

technologies currently available for use with corrosive gases do not satisfy the
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25  Those processes which are being used are expensive often because of the very short

service life of the dehydrating materials and the need for their frequent replacement.
In addition, since it is difficult to determine the exact rate of deterioration of the
dehydrating materials in the presence of the corrosive halogen and halide gases,
users of such dehydrating materials must schedule their discard and replacement at

30  intervals less than the shortest expected service life.
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Exanpl es of corrosive gases i ngl ude, HX X
spfzpnaﬁaresrnr%fxem%‘je gayhEFEPles; o CoraTife g m%@eﬁ%g é%
A g, §ifk, hnPSid K@-a),swﬁ%re %.is a halogen, such as F, Cl, BrorIand ¢ is 0, I,
2, 3 or 4. The method comprises passing the gas stream over or through a quantity
of zirconia for a period of time sufficient to reduce the water content of the gas
25  stream to not more than 100 ppb, said zirconia being substantially unaffected by the
corrosive gas. In one embodiment, the water content of the gas stream is reduced to
not more than 10 ppb. In another embodiment, the water content of the gas s‘frearn is
reduced not more than 1 ppb. y
In one embodiment, zirconia is impregnated with a metal oxide selected from
30  metal oxides of Groups 1, 2, 3, 4 or 5. In some embodiments, the metal oxide is
selected from the group consisting of MgO, Ca0, SrO, BaO, Li,0, Na;0, K,0,
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unaf fected by the corrosive ? or

impurities to the specified levels is capable of being regenerated for reuse in the
same purification method. Regeneratlon is a process in which the material is
returned to an active state and has been previously described for a nuxmber of
purification materials. However, the present invention is the first example of a
corrosive gas purification material that is capable of being regenerated for reuse in
the sarme process.

The zirconia may be in the form of a porous solid body, in the form of a

plurality of granular particles, in the form of a high surface area solid material, or

deposited within the pores of a porous solid material. Purification of the gas stream
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FIG. 3 is a block diagram illustrating the use of the pxesent invention in a gas

dehydrating system for a gas- or vapor-deposition manufacturing process.

i

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery that €lectropositive,
oxophilic, and corrosion resistant properties of zirconia (ZrO») make it a superior
purification agent for removal of impurities from corrosive gas and liquid streams,

notably halogen-containing or halide gas streams, for extended periods of time
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level is not sufficient for usage; the material must also be sufficiently resistant to
halogen or halide corrosion that it can be used for extended service periods. For

25  example, where water is an impurity, the device of the present invention can operate
for at least 24 months of maintaining 100 ppb moisture content (or less, usually
significantly less) in the exit gases. Our invention resides in the discovery that
zirconia can be used in this respect.

The methods of the present invention employ zirconia alone or in

30  combination with oxides of Zr-like metals of Group 3, Group 4, Group 5, such as
oxides of Ti, Hf, V, Nb, Ta, and La or the Lanthanide metals. “Zr-like metals™ are
defined herein as metals of Groups 3, 4 or 5, or Lanthanides that are highly
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nore dopants.
solution (E)ontaining a reactive precursor of the salt. However, the method of doping

is not a limitation of the present invention and a number of methods are know to
25  those skilled in the art, including but not limited to incipient wetness and
sublimation.

The purification material comprising zirconia has a surface area of not less
than about 10 m? per gram (1m?/g), preferably greater than about 50 m?*/g, more
preferably greater than about 100 m?/ g. High surface area partially reduced

30  materials comprising zirconia as a major component are difficult to produce. In one
embodiment of the present innvention dopants, i.e., non-zirconium additives, are

intimately mixed with the material by methods known to those skilled in the art, e.g.,
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augnent the renoval of water froma stream of
corrosi ve gas because, due t@-their ionic binding
properties, these oxides readily react wwth water. The
nmetal oxi des that can be used include but are not
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not exceed about 25 % preferably is less than
Example 1.

For purposes of this invention, "halogen-containing gases" may be defined as
those gases in which the predominant component is a gaseous halogen, a gaseous
hydrogen halide, a comparable gaseous compound containing an active halide
moiety, or a gas having equivalent corrosion properties in the presenice of water.
Principal examples include HX, X,, BX3, GeXy, SiX4 and SiH.X4-a), where X is a
halogem such as F, Cl, BrorIand ais 0, 1, 2, 3 or 4. Examples of corrosive gases
that can be purified by the devices and methods of the present invemtion include
HCl, HBr, HF, F,, Cly, Bry, BCl; and CIF; as well as a number of silicon based
compounds including SiCly, SiF4, SiH,Cl, SiHCl;, CH3SiH,Cl, Cls Si-SiCl; and



about 1 0 % and nore preferably about 5% The surface
area of the dehydrating material of the present
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Brunauer- Emmett-Tell er method (BET nethod). Briefly,
the BET net hod determ nes the-anmount of an adsorbate
or an adsorptive gas (e.g., nitrogen, Kkrypton)
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dried overnight or up to 24 hours at about 1500C
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productlon of high punty materlals that are to be used in extreme environments such

as products for use in spacecraft or artificial satellites.

One skilled in the art will readily understand that any of the standard
1methods for measuring impurity content in gases can be used.

For example, the moisture content of a sample can be measured using a
Fourier Transform Infra Red (FT-IR) spectroscopy method described by D. E.
Pivonka, 1991, Applied Spectroscopy, Vol. 45, Number 4, pp. 597-603, the relevant
teachings of which are incorporated herein by reference. An example of a method

for measuring moisture content is described below.
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f course in any gas m xture, the gasesnust be
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t he rel evant
tellurium alloy detector is held at -190 °C. The FT-IR measurement is based on the

change in the water absorbance. The run is continued until a breakthrough occurred,
meaning a sudden and drastic increase in water level downstream of the purifier.
The breakthrough point is generally defined and calculated as the cross-section of
the baseline representing moisture removal to the full efficiency of the purifier
(usually, below the FT-IR detection limit, i.e., about 100 ppb) and the tangent of the
breakthrough line showing a gradual increase in water level (as higher intensity
absorbance). The transformation of the collected data and the breakthrough point
into capacity terms as liter moisture (gas phase) per liter purifier, was done by

straightforward arithmetic calculations.
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spectroneter equi pped with an MCT (nmercury cadm um
telluriumalloy) detector caniZbe used, for exanple the
Ni col et Magna 760 FT-IR detector. The spectronmeter was
equi pped with a 10 cmstainless steel cell in the
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By way of example, the MgO-impregnated zirconia can be activated before use as a

dehydrating agent. Briefly, the zirconia in a housing, container or other erad use
devices is exposed to a mixture of 95% argotfl (Ar)/5% hydrogen (Hz) at room
temperature until the arnount of water being released from the zirconia has reached a
sufficiently low level and is preferably no longer detectable. This activation step
increases the efficiency” of the subsequent conditioning step (see Example 1).

One skilled in the art will understand that any activation procedure that

reduces metal oxides (or hydrates) can be used. Activation can be performed at the
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of the breakthrough |ine showi ng a gradual increase in
wat er | evel (as higher intenspty absorbance). The
transformation of the collected data and the
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Qf‘ox% /f&ﬁ‘d%e of hydrogen, approximately 150-300n2/g
is preferred in the instant invention. In one

errbodl ment t he cdpits BEL thérQ@lyedt00n can be

here? i’mtial exposure of the zirconia to halide results in an increase in the

amount of water released from the dehydrator. It has been noted, that there is an
increase im temperature to 90-100 °C outside the canister during; the halide
conditioning step, indicating a higher temperature inside the canister. This drives
off any remaining water in the system resulting in an eventual d ecrease in the
amount of water present.

A particularly advantageous aspect of the present invention is the ability to
regenerate the purification material for reuse in the method described above.

Regeneration according to the present invention comprises returning the purification



thereby allow ng the use of non-calcined zirconia
whi ch i s advant ageous due to its substantially higher
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zirconia. By way of exanple, the MO i npregnat ed
zirconia can be activated before use as a dehydrating
agent. Briefly, the zirconia in a housing, container
or other end use devices is exposed to a m xture of
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proposed that the step of conditioning with the halide
réstffts in the rel ease of

Referring to FIG. 1, in the present invention it is most convenient to have the
zirconia (doped or undoped) contained within a corrosion-resistant housing or
canister 30. Typically, canister 30 includes gas ports 32 and 33 for attaching to gas
flow lines. Typically, for flow lines for various common gas streams to be
dehydrated, one will be dealing with gas flow rates in the range of about 1-300
standard liters of gas per minute (slm) and desired lifetimes in the range of 24
months. Operating temperatures of the gases may range from -80 °C to +100 °C and
maximum inlet pressures to the canister 30 are commonly in the range of about 0

psig to 3000 psig (20;700 kPa). While any convenient container may be used,



hydroxyl (OH) groups that would normally be driven off
by heat when the zirconia is calcined at extrene
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ZrOc(OH) y, such as ZrQ(CETh. Wen exposed to halide
(e.g.HA), the product is a-h$xed oxide/ halide:

ZrgOoH 2 + HO - zZrod 2 + HO. Therefore, initial
exposure of the zirconia to halide results in an .
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f ﬁwmwglwqup%lﬁiqwnsfened to the cylinders or trailers by the

manufacturer is usually such that it is not economically justified to try to reduce the

water content down to the final 100 ppb for delivery to the gas manufacturer's
facility. Normally some water is likely to reenter the gas while being connected to
the customer's gas supply system. Also, dehydration to the final level for such a
large volume of gas will take longer than is justified when filling large numbers of
cylinders 38 or trailers 40. However, the value of usage of the system of this
invention is that the cylinders 38 or tube trailers 40 of gas then arrive at the ultimate
manufacturers' facilities with a greatly reduced water content, such that they can be

attached to the gas feed line 44 and passed through the dehydration unit 46 of the



material. Deconditioning is optional in sone
enbodi nent. Any regeneration procedure that partially
WO edaoes4d he purification material and, thus, PEL/USI984/020120
it to a state that is satisfactory for use in the
met hod of the present inventilén can be used. A
preferred regeneration procedure involves
decondi ti oni n%g the zirconia or. doped zirconia
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25  invention comiprises:

1. Mixing Mg(OCOCH;), with ZrO, in water and allowing the insoluble

magnesium impregnated zirconia to collect on a surface. ZrO contained about 1.5
wt. % hafnium and has a single point surface area of about 35 m*/g.
2. The magnesium-zirconium-water mixture is filtered, optionally pellitized,
30  and the insoluble material is dried about 16-24 hours at about 150°C.
3. The material is then subjected to heating at about 300°C for about 15

hours.



0.05 ppm to meximze the efficiency and service life
of the systemof this invention. A solid particulate

WO 20poMal44uni t may al so be placed upstream of tPET/BEyRD€MR0120
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ofthis invention, to renove particulate matter from
the gas stream Also as ill-ustrated in FIG. 3, it
wi || be advantageous to use the process, nmaterial and
equi prent of the present invention in gas production
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40 for shipnent to the custoners. It wll be
understood that the volune of gas being transferred to
t he cylwhiidelis iventidndiab Béed phitictilagy sintil and deusetibddsyith

usually such that jt_is not econom.cally justifjed {.
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BRENE 9f 16k bhrYRE ¥hir@ed MG @RS ATRANE 86Y Weahade thasinlvithout
Normal |y sone water is likely to reenter. the gas while

enagingdiore theagorefithranyapspn Fsemeagged by (isnrpeedrd camps-
Al so, dehydration to the final level for such a | arge
vol une of gas will take longer than is justified when
filling large nunbers o f cylinders 38 or trailers 40.
However, the val ue of usage of the systemof -this
invention is that the cylinders 38 or tube trailers 40
of gas then arrive at,the ultimte manufacturers’

‘facilities with a greatly reduced water content, such

that they can be attached to the gas feed line 44 and
passed through the dehydration unit 46 of thepresent
invention for the final reduction to the water content
needed fo t the production process 54, w thout
requiring an internedi ate water reduction step 50.
(Such a step may be advant ageously used, however, if
the gas in cylinders 38 or trailers 40 has not had a
prior partial drying in unit 42. Partial dehydration
50 may thus be an alternative to partial dehydration
42, to reduce the anount o f water which nust be
renmoved in the final dehydration unit 46.)



It is also advantageous in nost gas delivery systens
to include a solids renoval unit 4 8 as shown in FIG
W@200500H9 m nate any particul ate matter whi ch PEBUS2004/020120
entered froma cylinder 38 (or sonme other source).
Such solids renoval units ar@8eonventional, and w ||
be of a type made of chlorine-corrosion-resistant
materials. Referring to FIG 1, in one enbodi nent,
canister 30 has a wall 34 nmade of stainless steel or
other metal which is resistbMMPo hal ogen corrosion.
| Ry highegidodi nent, the inside surface of wall 34
can be coated with a corrosion-resistant coating 36.
| a nost cases these coatings will sinply be inert
terial ' ' 3 i
R B S e S T T A
5 cont ri bornprisiigy passing dlret day s troard eMgrchr shrowgh aduaniey of gisconia for
However, .t be I: I [
the 1 nepald ST RASEER Skl PR LYT piahicRthe st Aam o
so t hahotnerecian 160 pph,said etiscdniatbeing sebstmtjalihenaffattbdbypthe
the container 30 in addition to the dehydration
occur r PHER 8Fie zirconi a bodi es, coated substrates,
coati ng porous bodies, etc. wthin the container
itsel f. EXENVPLIELCATION ' . | e .1:. Preparation of
10 zi% coniTQ‘FW%é@f%j}?lq‘ﬂéﬂﬁé%‘gﬁﬁe%gﬁﬁ?yﬁ? . preferred
nmet hod for preparation of zirconia for use in the
instant _invention conprises: 1. MXxih ) 2
Wk b Z TR TERdat TR VST PP R A3 bIBeGl Coitpound.
magnesi um i npregnated zirconia to collect on a
surface. ZrO contai ned about 1.5 wt. % hafni um and, has

a 4si nglThe prsthed of Gleirad evhsreia tht walpoinntent pd the gasstrearp s
magnesi Z 6 G8NL L Males,yn xture is filtered,
15 opti ona y pe;ﬁ] Pjtnzljlllzg‘recﬁﬁqaﬁ%ljthe insoluble material is
dri ed about 16-24 hours at about 1500C. 3. The
eri gh,l el inttfe PERE dHenbs @00 s 3HRAC
frr’st(;r ab?&?n%g{oﬁggpga. .%g&ﬁg?%r?g{ ({ﬁs nt%en utS into
cani st eedical navtriver themtippise devi ces. 5. The material is
activated at about 200-5000C , preferably in 95% Ar/5%
Rz, until the anobunt of novisture rel eased drops to an
20 aagept dik enckiedel Clalhilsvieeginiziresnia is doped with a metal oxide selected

from metal oxides of Groups 1,2, 3,4 or 5.

7. The method of Claim 6 wherein the metal oxide is selected from the group
consisting of MgO, Ca0, BaQ, Na,0, Na,0, Li;0, K»0, V,0s, Tay0s, HfO,,
25 szOs, Y203, La203 and CBOZ.
8. The method of Claim 6 wherein the metal oxide is selected from the group

consisting of the oxides of Ca, Mg, Si, Sc, Y, Hf, V, Nb, Ta, La, Ce, and Pr.

30 9. The method of Claim 8 wherein the metal oxide is selected from the oxides

of Y, Hf, La or Ce.



typically, 1.5 to 4 hours. The end use device is
shi pped to the end user. 6. The device is
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rel eased drops to an acceptable level and the
correspondi ng netal halide sabpt is fornmed and the
dehydrator is ready for use. Wiile this invention has
been particularly shown and described with references
to preferred enbodi nent st hereof, it will be understood

DY ot NOSE. 2ot ifle! 7'Endbh A @gtareaae WRggehanges in

fray t>e na erein fout
departl ng fromthe scope of the inventi on encorrpassed

by 1L he1appended Clal e, CLALNS AL e LALIEG L Phurhicdinn

COfrosbﬂl%t%@mhﬁmmmmlﬂbperrgms(m’@)t he gas stream over
or through a quantity of zirconia for a period of tine

sufficient to reduce the inpurity content of the gas

stiheamrh O mp@bAT(Raihl @R hdBRRRBeniS &l dbpéd £i€RdRiachabehngace area
substantial ly unaffected, by the corrosive gas. 2. The

et hodobtot [sathamabaRei0sn gt he i mpurity is water. 3.

The nethod of Claim1 wherein the inpurity is a

vol atile nmetal conmpound. 4. The method of Claiml

wHar ei The tethadtadClajont whereinfzireonda gradpped Figcgmiaihgs ¢ sfacsprea

to not The nethod of Claim1l
wher ei nfr;t?cﬁ%sgt}?%r co‘p{&ntﬁ%f the gas streamis reduced
not nore than 1lppb. 6. The nethod of Caim1 wherein
zi,r,con dap ' f
el Ok BRLOSRT € ol bl R SEhGRg oL Bk ope of
of d aizmcﬁnamerme intetdl beidorby abntacting eaifl sirgmiagy ttedmétplomxide
t he grou% co stra'ggg of MgGBCaO BaO Na20 Naz20,

R’é ar

Li 20 ) Hf G2, Nb205, Y203, La2(3 and
CeO 2. 8. The nmethod of Caim6 wherein the netal

O, e A T IS RSN, O (1
and Pr.
16.  The method of Claim 6, further comprising activating the metal oxide-doped
zirconia to reduce said metal oxide for a period of time until the moisture
released is sufficiently low before the corrosive gas stream is passecl over or

through a quantity of zirconia.

17. A method of regenerating a purification material, said method comprising:
optionally removing residual corrosive gas from said purification
material; and
partially reducing zirconia by contacting said purification m aterial
with a reducing agent,
wherein the purifying material comprises zirconia optionally doped with a

metal oxide selected from metal oxides of Groups 1,2, 3,4 or 5.



9. The nethod of Claim8 wherein the netal oxide is
selected fromthe oxides ofY, H, La or Ce.10. The
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The nethod of Claim6 wherein zirconia or doped
zirconia has a surface area-ab-not |ess than about 10
nm2 per gram (n2/g). 12. The nethod of C aim6 wherein
zirconia or doped zirconia has a surface area of not

| €8s t hAn caiberine &9 pwifiey, cor@risife net hod of C aim 6

wherein zirconia. or LI, [ :

of not | ess "?lﬁdélnn b%%? @I?g[@%n’g/ag&gf% &@%@%ﬁ%ﬁ&g;@ﬁ% and
d ai m 6houkingtabein finohpmisimetipgrandal |y reduci ng at

| east one of_.zircopia or th . 0X] : kng
sai d zi rconid Bt Hid ie Vglghng&hl é@gﬁ %oﬁ agfuraeésgsl%%&&hw
agent . rkBuceTheameinnofla peddBiranimed ihpuditg ire arstritére of eclusiviegas
agent is H2. 16 TP@ r@t hod of Claim®6, further

conpr i sPHgtHets et {PPPPhe nmetal oxi de- doped zirconi a

to reduce said netal oxide for a period of tinme until
the noisture released is suffjciently | ow before the, .
cdPr osi T RESEpE QA | WBEEBEF BB IS EgRoSYe 88 is n
quant i te efnog inoaPiHodt -8 7C tohbEBE-N0d °0 ahd HROGRRERE ighdis Ander
purification material, said nethod conprjsing:

opt i onatPsPureaRdhA TArger g aleaf O ErtoBO0gER2. £ 1 om sai d
purification material; and partially reducing zirconia

by contacting said purification material with a _
r @uci nbheapyetiier offlete i hwhereinghe inpige Frgfaagod hpyging is coated with

conpri ses S{Oglgrg%igcfdg%&glgal Iy dopei with a netal oxide

sel ected Trom ne oxli de&s of Goups 1, 2, 3, 4 or
5.18 . An corrosive gas purifier, conprising: a

hausi n a i t [ .gas: O - :
el oS b il PO P 235 Rl PR e i
comuni seidctedfronandtal oxidsif &Grows $JoIBAVIOL Ni.n t he
housing in a quantity sufficient to reduce the anmount
of a predetermned inpurity in a stream of corrosive

gaz. The purifier of Claim 21 wherein the metal oxide is selected from the group
consisting of MgO, Ca0, BaO, Na,0, Na,0, Li;0, K>0, V105, Ta;0s, HfO,,
szOs, Y203, L32Q3 and CCOQ.

23. The purifier of Claim 21 wherein the metal oxide is selected from the grou'p

consisting of the oxides of Ca, Mg, Si, Sc, Y, Hf, V, Nb, Ta, La, Ce, and Pr.

24. The purifier of Claim 21 wherein the metal oxide is selected from the oxides

of Y, Hf, La or Ce.
25.  The purifier of Claim 21 wherein the metal oxide is magnesium oxide.

26.  The method of Claim 21 wherein zirconia or doped zirconia has a surface

area of not less than about 10 m? per gram (m?*/g).



to not nore than 100 ppb. 19 . The purifier of Caim
18 wherein the tenperature o f the corrosive gas is in

wo b@soenage from about -80 O0C to about +100 OC eemU$S194/020120
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corrosive gas is under pressure in the range from
about 0 to about 20,700 kPa-220 . The purifier of
Claim 18 wherein the inside surface of housing is
coated with a corrosion-resistant coating. 21 . The
pafi f i &he mbthGll af Gabd Aiheliezein zirtmizordoped zirdosiadepeshrace
with a et ?I t?xi R]e sa\el?l etcéoedz/from nmet al oxi des of

G oups 28 O 1OL95F (A A90Ut U Ry 822 The purifier of
Claim 21 wherein the netal oxide i s selected fromthe

gr.oup nsi sti ng_of O, Ca0, . BaQ, 2Q Naz2Q .Li 20
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