"PROCESS FOR THE REMOVAL OF WATER FROM EVACUATED CHAMBERS OR FROM

GASES" 5 The present invention relates to a process for the renoval
of. “wat er from evacuat ed chambers or from gas oxi de

obt ai ned by boric acid deconposition under v dg {o& gas | ow.
Al t hough the process of the invention could be errpl oyed for I ng quid

wat er, the inportant industrial applicatipns cancern water vaporw?g) p |£
in the 10 foll owi ng text both water in |qU|dformandthe vap of
are neant by the termwater, with particular reference to the latter. As it
i's known, water is one of the maln oIIutants |n s st ens V\/nere vac%umls
perfornmed or -ARQGESS FOR THE REMG VA A4 EVAC

m cr oel ectroni ' 5d ,,The |ndust r | aI appl |cat i ons wherein
wat er renoval TS letieb%uF%élgl(\}fﬁﬁs:Egus Water is one of the gase whi ch
have to be renoved from evacuated systens enployed for thermal ivisul ation,

such as the vitreous or netallic gaps in thernos flasks or the evacuat ed
panels filled with polyneric naterials for refrigerators; the use of gas

sorbing e et al s U YN RANRIRed B, 91 AGLES 3 e emb SRR} Bofn US 20

5.544.490.” O her appllca ons ar n nmech

m crodevi ces, ekagistedahaibers @fr’&@m gaees by&ﬁéaﬂs@fb@ionmﬁdeeib@aaﬁaw}ab@it acid
integrated circuits; one exanple of the use of sorbents for gases, anobng

whi ch water, |dﬁcqmnosutmmmdeuwuws>rugdqlm ganflpwt ent US 4. 768.081. An
| nportant applicatj,Qn n_| aser .devi ces. d.in
ampli £ 6r s or optt ERpeR Ascro@aT At AR TR SPd il HPRGhReIERY )

referred 1o asyA@! ieAimpoiahi MdR&FHAL agplestond Roh6Rs wWité@ VaBoiBsip@dn;an ke ed
chanber, wherein ‘fhe | aser source is contai ned; a control | ed static

at nospher éO of fallowingrtextgeeth watandn diquid foirmr adethe vapert thergofraiermednhdy the t he
chanber. | at el s .manuf act e optical anplifier chanber
cont ai ns hydr @5 B8 #’l‘ﬁ%ﬁ?ﬁ?"&r rechPg%&&%p&f t he production process,
affecting the deviggt %Qmovﬁxo%t%ﬂs d?@%'fﬁié B8in PolluBhfsh sjstertd WhtBFhauibese
inpurities, nitrogen is added with

is performed or in pure gases, these latter being mainly used in microelectronics
industry.

15 The industrial applications wherein water removal is requested are various.
Water is one of the gases which have to be removed from evacuated systems
employed for thermal insulation, such as the vitreous or metallic gaps in thermos
flasks or the evacuated panels filled with polymeric materials for refrigerators; the -
use of gas sorbing materials inside such panels is disclosed e.g. in the ;;atent Us

20  5.544.490. Other applications are in water sorption in mechanical microdevices,
known as micromachines, and in polymer-encapsulated integrated circuits; one
example of the use of sorbents for gases, among which water, in the latter devices
is given in patent US 4.768.081. An important application is in laser devices, such
as powef lasers used in amplifiers for optical fiber communications (in the

25  following simply referred to as optical amplifiers); these devices are formed of a
sealed chamber, wherein the laser source is contained; a controlled static
atmosphere of an inert gas, generally nitrogen, must be maintained in the chamber.
Immediately upon its manufacture, the optical amplifier chamber contains
hydrocarbon impurities as a residue of the production process, affecting the device’

correct operation. In order to eliminate these impurities, nitrogen is added with
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smal | amounts of oxygen which, by reacting with the hydrocarbons, generates
water and CJerr]; the latter does not interfere with the optical anplifier
operation, and therefore water turns out to be the only gas which has to be
renoved fromthe nitrogen atnosphere. This use is disclosed in the patent
application EP-A- 5 707.360. In all the above-nentioned devices water can
result either as a residue of the productipn process, or it can be forned
in situ, such as in the case of optical anplifiers. Further, water renoval
is extremely inportant in case of pure gases, which are mainly used in

m croel ectronics jndustry bpoth as reagents for the manufacture 10 of

| ayers having émélétm%mfslj%exmaw@yh,( b1 reagtingpvit then@(&iF%ﬁaFt??@F’l gEr e
Sicerr] obta Ytk Wha Ok Do hSdsli Tdubefe Whol Ble ddRaCENSIRd: RelITRY Of
3 Fart the ure

portions of these l'ayers”’to o Nt m crostruc S 0 e integrated
el ectroni c devigiétherefbre viaitér thihs lo@y ) e the ablySdas hich hdshe be refieedsBorgalkes ar e
hi gher and hi gher, because nol ecul es of gases different fromthem%%ocess

ones are |eft nigee atmespherer Thib susef ist disclgesd i dhe pmtent tapplication

defects whigh I I th lectrical. properties Qf.1he deyj.: d
causi ng pr _o%uc? Pzﬁgg\égt%ggﬁé’?b&v g'_é’ggﬁéf‘%d, &%6?%‘3’%8655%% ?e(sggggheraqs% ] %%Iﬁlgﬁﬁfand
argon) having e¢npredhdionlprodaasidrtit & bedRRmed HRKinARALH adinP@e tcasePEff oftidal | ON
(ppb) are at present requested. The presence of water traces is then
particul arly semplifistswhen the gas is hal ogen or a hal ogen containi ng gas,
such as chlorine, Rhydyogen, 20 fluoride hydr n chloride hydr.ggen
br o de, 5111 con TEERFABAIS Pl { PiieRisiy SHRSTREC i erSe of RS dsers S
facts these gagfSmaittydell il aBctobRctfoiECRLRA M 65 rdaB&tits Fdr\the fHarBfathse | N
the presence of water to corrosi on phenonena of gas pipelines and reaction

chanbers. Wt eofrleyens hhvihg cieotrie dunctiovalith H(fdreexample, f nsulatings dayersaaf 50,

I ed t b . f em.cal hysi cal ki nds, b . F
exanpl e, “sor bePtinstl T pRAeine Rt ak 5By Selede JSHBuE Sh ARG Shaest || ca
gel . These sor hgRiSHoYbBiNHe ridtdstibtfres OF ﬂ@ﬂﬁéﬁﬂi&@&%‘éﬂﬁ%&%&%‘aﬁs\ﬁ@' ons,

because they provide for a reversible sorption of water (as well t he
ot her gases), adentlsequesstediforithgss pocesargakss are higherahd highdrebgraeanclecdts a

rgh vacuUm O 3 nes Al SRS SRS a0 8 Bl Ml O hORERESS T

15  thus forming defects which alter locally the electrical properties of the device and

causing production wastes. For example, noble gases (above all helium and argon)
having contents of impurities lower than about 5 parts per billion (ppb) are at
present requested. The presence of water traces is then particularly serious when
the gas is halogen or a halogen containing gas, such as chlorine, .hydrogen

20  fluoride, hydrogen chloride, hydrogen bromide, silicon tetrachloride,
trichlorosilane and dichlorosilane; in facts these gases, widely used in
microelectronics ‘industry, give rise in the presence of water to corrosion
phenomena of gas pipelines and reaction chambers.

Water removal from evacuated chambers or from gases can be carried out by

25  means of chemical or physical kinds of sorbents.

For example, sorbents of physical kind are zeolites, porous alumina and
silica gel. These sorbents are not suitable for many high technology applications,
because they provide for a reversible sorption of water (as well as of the other
gases), and the sorbed gases can be released in the presence of a high vacuum or

30 as a consequence of heating; further, for instance in the case of HCI purification,



-3- this gas is also sorbed by the zeolites, thus conpeting with water
.which is not efficiently renoved. Chem cal noisture sorbents have been
known for a long time;, the nost effective are al kaline-earth netal oxides,
particularly bariumand cal ci um oxi des; 5 magnesi um perchl orate and

bari um perchl orate; copper sulfate; calciumand zinc chlorides; and
phosphorus pentoxide. These materials arg not all suitable in all the

af ore-said applications; for exanple, alkaline-earth nmetal oxides are basic
and therefore shall not be used for renoving water fron1ha|ogen or

hal ogenat ed gases becguse act with these ses.

materi al s usealﬁ EfDIS §?er‘§¥’¥?}§ Fralitess ‘tﬁ?%‘ﬁp‘%“ Fh@’&?ﬁflwhmkbfs "
titani um basedRidy@ysemeriaeral Iy known as non-evaporabl e getter alloys;
these alloys sorb a"w de range of gases, such as Jerr], CO CJerr], and
wat er. However, t Ghemimabimugstarepsachenys haverbmmk.rmmﬁfcn'tammgl smepthe riosti ted;

besi des, these terials shall sed to i f t| ve ases, such
as the above- Wﬁﬁé‘?jal%%li‘%@‘imdﬁﬁag@“ge%ﬁﬁﬁ’ﬁ éa?l FEHCEF t hei r

reactivitys toﬁﬁ?ﬂ e c%ﬂ:'i\hﬁ hese
gases, netal %é%ﬂ@% a??@%&aﬁ?yﬁﬁ lrﬁtéf E%ﬂpg U %wnst re%‘trnna%%c% he
puri fier.. Thechlarities; ahéphgsphmiu’s pmtohkierfﬂmﬁe mteenalsrawnmaill s‘mtabie i hib ¢ghen or

hal ogenat ed gases hrought to the researc nd develo ew nmaterial s.
Pat ents US 20aforerseid #pplcstions: 108 exampls, @B@ﬁm@ A% esr%,r 1© :Mdom HF,

HCl, HB d
MX[ er r]r \(fmer gli eﬁé}‘é{é’%@ﬂ ﬁﬂ%%g%ﬁqg{] y Vg%ta epﬁéquﬁogé g%l?ééﬁa JdO%agéQngt al
M which is nba&useﬁeyreactmhthevag&eg The netal hali des can al so be

coval entlf/ bonded to the support |n formof radicals - Merr]. US patent
4. 867. 9601%i scl os Séheramaterials iisefill for sistme ehenpeal somﬁmsarsfmom%rm] or of

s patent 5. oS Rsfi PR MR WAL It Ys; nBr OBkl e BRI ela T 1.

chl or osi | oxanaHo§y b &Rlide RSt af gsset)sutls b1, BOEC3) &d&fvat@ﬁ BFRywver, @ligTul a
Rlerr]Md [err], wherein Ris an alkyl, x is in the range fromQ to a, and M

is a metal selSeiRgraaAtHGt 2900 tampesitureds veryumifade besideshthave materiala ghall
al um num 30 not Pe usecc}){oeﬁlsni?rfreg&%epéagéss? gucﬂ nyY ﬁxntéb%r\]/e-ln?entugngf 8&’10&% ghd' OCesS

for water renbva
15  halogenated gases, because of their reactivity towards these gases and because

they form, by contacting these gases, metal halides which are then found in the
flow downstream of the purifier.
The particularly felt problem of water removal from halogen or halogenated
gases brought to the research and development of new materials. Patents US
20  4.853.148 and US 4.925.646 disclose water removal from HF, HCI, HBr and HI
by means of supported metal halides of general formula MXy, wherein X is a
halogen and y stands for the valence of the metal M, which is mono-, di- or tri-
valent. The metal halid;s can also be covaléntly bonded to the support, in form of
radicals - MXy.;. US patent 4.867.960 discloses water removal from HCI by
25  means of SiCly or of a chloride of an at least tetravalent metal, optionally
supported. Finally, US patent 5.057.242 discloses the removal of water and
complex chlorosiloxanes from chlorosilanes by using materials of general formula
R,xMCly, wherein R is an alkyl, x is in the range from 0 to a, and M is a metal
selected among alkali metals, alkaline-earth metals and aluminum.

30 - Object of the present invention is to provide a process for water removal



-4- from evacuated chanbers or from gases. This object is obtained
according to the present invention by neans of a process conprising the
fall ow ng steps: - produci ng boron oxide by boric acid deconposition at a
tenperature in the 5 range from70 to 200[err]C, by operating in a
reaction chanber under a dry gas flow or at a pressure |ower than 500 nbar;
and - contacting the resulting boron oxidg wth the evacuated chanber or
with the gas fromwhich water has to be renoved. The invention will be
disclosed in the following with reference to the 10 Fi gures wherein: -
Fig. 1 shows a_graph wheyrein two I ght increase curves are plotted,

resul ting fronﬁ%ﬁl%ﬁmgﬁﬁiﬁ eﬁﬁﬂggnbﬁﬁﬁhn1 one of which relates to the
process of thexnvantl ] ' e 1o el a
BT R spect rumie gt B ofetied BRoRihEto 12 SrRRRAIAEAIGE by wieh ofa PARES T,

t he process of cotprising thetfolbowing stepg. 3 shows a FT-IR spectrum of wet HO; -

Fig. 4 shows a graph erein one,weight, increase cuyrve is plotted,

resul ting from wat er\gg?lﬁg PBW“%F&Y%@’F&CQ{&&PF’@P?}HW ol2 fsawerayrg in the
enbodi nent of o i ].QQIE : ok 4! ISwA
comonl y cos(r)me?%ll &l O?IIPZ@;? ?(;%FES%PEA/UC ég{;‘bf%gté%f’ ?r}glln}\ eg(aggé}aa d\'(/‘?%r%lsﬁacat I on
agent in the popdicpressaredbwet thas 500 mei@fd conposi tion, but it had never
been industrially enployed for water sorptjon. The production of boragn

oxi de by boric aci dcERiaERedbe reyHing: bosom pise pyigh fhevwiacyaiedhchamber ofddBher i ¢
one, accordi nggo eIk 2 Herr]Bderr] [err]
Blerr]Jerr] + qj%gxﬁ)ﬁ%ﬂ&hv%@erh%?toberemoved. (1) was previously known

from chenmi st ry handhedisgentidt chillabe "distdésgd ninCthSyfollbases withWidféremie Ry the
W Conard Ferneljus, vol. I, MGawH I|l, 1946, pages 22- 23; this text
i ndi cat es M0[ &igures whereiRe deconposition tenperature of boric acid.

- Fig. 1 shows a graph wherein two weight increase curves are plotted,

resulting from water sorption under vacuum, one of which relates to the process of
the invention and the other is comparative;

- Fig. 2 shows a FT-IR spectrum of HC! from which water has been

15  removed according to the process of the invention;

- Fig. 3 shows a FT-IR spectrum of wet HCI;

- Fig. 4 shows a graph wherein one weight increase curve is plotted,
resuiting from water sorption relating to an alternative possible embodiment of the
process of the invention. )

20 Boron oxide is a commonly commercially available product employed
mainly as a vitrification agent in the production of glass of mixed composition,
but it had never been industrially erﬁployed for water sorption.

The production of boron oxide by boric acid decomposition at a pressure
lower than the atmospheric one, according to the reaction:

25 2 H3BO; — B,0; + 3 H,0 )

was previously known from chemistry handbooks, such as “Inorganic
Syntheses”, written by W.Conard Fernelius, vol. II, McGraw-Hill, 1946, pages 22-
23; this text indicates 200°C as the decomposition temperature of boric acid.
Although in the above reaction the starting reagent is orthoboric acid, H;BOs, also

30 metaboric acid, HBO,, which is by the way intermediate in the total reaction (I),



Although in the above reactron t he startrng reagent is orthoboric acid,
Herr]BJerr], -also 30 nmetaboric acid, HBJerr], which is by the way

- internmediate in the total reaction (1), -5- can be enpl oyed by the
process of the_i-nvention; any one of the two above recalled forns of boric
acid is neant by the general definition of boric acid in the description
and in the clainms. The first step of the._gr.ocess of the invention consists
in boric acid 5 deconposition, according to reaction (1). The tenperature
during reaction (1) can vary in the range of about 70 to 200[err]C, at

| ower tenperature there ctiqn rate is gligible, while terrp ratures
hi gher than t &% \3?1@8&4% oNe etPF@“E?SernmSXIPH%‘t’lS’& ﬁﬁyfoBFrga&’g VPeduced

porosity, resulbiiig fofin oi’%ﬁ@{&&‘ ﬂéan%?tl’(@ée‘r‘&ra?ﬁéﬂmeﬁ‘oﬁbﬁ{@ﬁ@m filel Cs.
10 : In the case of dry gas flow detonposition, the gas flowis -
preferably hi'gﬂmnﬂpﬁmrarﬂnﬁth&ﬂlmms]/m n, wherein Cis the volune of the
reacti on chanber s;#red in cpB. gh flaw rates guarantee.an effective

removal of the wat SdgRd® %(?F‘?“t?ssa dthg ey £oRsIsts AR P9 pEidor e a
| ow wat er part r us enhanci ng conpl ete

deconposi trgon Hégon%bgﬁags%gbﬂng&?g&g%g%g&can be used, 15 but preferably
nitrogen or air arTheteahmraat duingceactioncd) can earydm. thAa-amgedom@mm 70nm
preferred errbodr ment of the process of the invention, reaction

carried out at290°Ceatlontsr traresgiviss thereactionaateds negligitle whilags trrea?retums
porous septum hé: @6 HE I Eed 'fEHe% 8 GRTRP Skidle OLirt rggﬁﬁztn:e? E'abf‘edﬁ@erd“ ed

out at pressure ar or [ess; |ower pressu aster
reactions. Si nperogify, resluttmgrmaoxrommgedﬁhsezateMxpnoxvmterisﬁes vacuum has to
be dynamic, that is the reaction has to be carried out under_contjnuous

punpi ng, sifch as bip Wsicass of dyeas floydepompesition; shepgastilpw isamefigmbbebighes i s

I ntended to pr f d,
from bei ng suc%agr&go%q%%}fe%gﬁ#hgﬁé 9‘Illle por%%gg%%@u%%%@% %ﬁa;lﬂéma di sk
of sintered net@af. HPNOR6W. raRb guarantee AROSHELIRE ir€nbtal W%@W&Et}/prb@lhdédlb”y t he
reaction chanber so that the bed of material to-be treated has a | ow

t hi ckness; i n bemg¢ acifidgpormpositione e8d therefers ®low water partial pressure in chamber,

thus enhancing complete decomposition. As dry gases, noble gases can be used,

15  but preferably nitrogen or air are preferred on economical grounds.
According to one. preferred embodiment of the process of the invention,

reaction (I) is carried out at a reduced pressure, in a chamber connected by means
of a porous septum to a vacuum pump. The decomposition reaction can be carried .
out at pressures of 500 mbar or less; lower pressures allow faster reactions. Since

20  the reaction releases water vapor, the vacuum has to be dynamic, that is the
reaction has to be carried out under continuous pumping, such as by using a rotary
pump. The use of the porous septum is intended to prevent powder of boric acid,
or of the oxide being formed, from being sucked in the pumping line; the poreus
septum can be e.g. a disk of sintered metal powders. |

25 Boric acid is preferably laid in the reacﬁon chamber so that the bed of
material to 1_3_e treated has a low thickness; in fact, high thickness value_s of the
boric acid bed have been found to slow down the r,vater emission, and can cause
an mcomplete decomposition of the acid which is positioned in the Iower portlon
of the reacuon bed. Preferably, the reaction bed height is less than 1 cm. On the

30 _contrary, an 1ncrease of the surface of the boric acid bed enhances the reaction,



boric acid bed have been found to sl ow down the water enission, and can
.cause an inconpl ete deconposition of the acid which is positioned in the

| ower portion of the reaction bed. Preferably, the reaction bed height is

|l ess than 1 cm On the 30 contrary, an increase of the surface of the
boric acid bed enhances the reaction, - -6 - which therefore is preferably
carried out by formng a thin and wide acggd bed; arranging in the reaction
chanber a plurality of boric acid beds stacked one over the other is also
possible. In many of the above recalled industrial applications, boron

‘oxi de can not he .5 ont act e {th the evacuyated volume or .with,th as as
a | oose pomderwa“ghfhef"t oﬁﬂétprﬁtgf%c?%@gwhg%&lm{l&iap o B@f %X@}o?‘édwﬁggses,
but able to s‘aﬁﬂm g%_npme%@m'cﬂm%&q phifal sfﬁ?ﬁ&gayi& e ﬁaé@p%ewﬂh the

operation of the ices. Inthis case, particular en small quantities
of the mat eri ahe ather isalyuipossibley t he i nt ended use of the boron oxide, it is

possi ble to prepare the i de by d nposi ng bori¢c acjd 10 ., direct

i nsi de the final &@%&Pﬁ@&@ﬁ@%@ﬁﬁ%ﬁﬁe&s EPRISAHORS, ?’-'OEé’ﬁldrecﬁaninﬁE{’%nce be
formed of st [ | i :sept um
for inst an%e c?? ﬁdtaﬁtggélﬁgﬁlﬁah%bﬁc?e@ivﬂtg %?Z% é’%‘%?%@mﬁzg%ﬁgo@\%g’oﬁo{? 1;ishi S
kind i s di scl ametlbe enclosed ih heopainen perappabledatdases, W Hld heaKoutipowtders, nanme

of the Applicant, which _is referred to for greater etg#ls. Thi s procedure
i s advant ageod® o195t to BYQid Haslr ingrferenge vithcin OBEratien ef Bigdieriget dniais £aw: by
conpressi on t 'c‘ﬁfb&@%lgéﬂ' a1 %@&tc{ftﬁ :n%te?ﬁfgre.tr@%&{eﬁ%%ﬁe i fieRGL 1 S
whi ch subsequently can be 1 hsefted Into the container having a portiron of

the surface eafithybgenvride| it ibpogitets prpavaties ogide by dgcateposig Bdriccadid
contain the powders, of borgn oxide is directly obtained by carrying out the
aci d decoAPosidirestly inside thefinal ganpameable confaingi. Ihe gautainer can for jnstagpe be

posst Bl e, 1 S\ aThe. A8 SRR SRBRRLIMBSIYSEE  SBE A ShARGhE

punpi ng |i ne, _ \ resence of
the porous sephstinceloft the ldadimalepel sarkid stell bowdn! andevtslef thisodud asl
according to one of the so far described nethods, is then contacted with

t he evacuat ed ditslased og. W tthe paeny application WQ HMWER8E4, fmghe rame of the
Applicant, which is referred to for greater details. This procedure is advantageous

15  because boric acid can be more easily compacted by compression than boron
oxide, so that it is easy to produce acid pellets which subsequently can be inserted
into the container having a portion of the surface easily permeable by gases; a
water sorbing device able to contain the powders of boron oxide is directly
obtained by carrying out the acid decomposition in such a container. In this case it

20  is also possible to eliminate the porous septum between reaction chamber and
pumping line, because powder transportation is avoided by the presence of the
porous septum of the device permeable wall.

Boron oxide, produced according to one of the so far described methods, is
then contacted with the evacuated volume or with the gas from which water has to

25  beremoved. -

In simple applications, such as in refrigerator jackets, boron oxide could be
used in the form of a loose powder, while in all the other applications (such as
optical amplifiers) confinement of the powders by a suitable gas permeable
container is requested. Even when employment of the loose powders would be

30 possible, use of a container could be preferred because of the practicality of



25 _be renoved. In sinple applications, such as in refrigerator jackets,
.boron oxide could be used in the formof a | oose powder, while in all the
ot her applications (such as optical anplifiers) confinement of the powders
by a suitable gas perneable container is requested. Even when enpl oynent of
t he | oose powders would be 30 | possible, use of a container could be
preferred because of the practicality of _4_ - 7 - enploynent in automated
production lines. The enploynent tenperature can vary in the range of 0 to
120[ err] C, though, when operating under vacuumis preferable to limt the
upper tenperature to maxi num val ues of gbout 80[err]C, in order to avoid
rel ease of t hetpPloymeRidn puty roductigB t18gs- The wat er sorpti on
characteristics of ola i [, I [ [Hobda se
i ndi cated. The IO\AE%O eggéggﬁeﬁ@@%ﬂ?%%%kl%ﬁﬂﬁﬁgé g%n%;érogpagieln ed|?)’e{rillél){e1 t’ on
the material clbémoberiing vhder beutg BSpeferatde [ty ltnie the uppdretemperatiarstat i on

at tenperatures below O[err]C, which does not any nore_ all ow water vapor
transport at i onMEROBR FRes eiabeut 80°E, in order tojgyoid isleassef the PIRYIQUELY SORRSGal

f rom evacuat ed, yol U, Bhec? Lablifn YARacrBRARR oPXoflSh bl WREGH Al mbaeRrdsnS! de
of a gas peérneabl’@ contal nér *as above described. I'n the particular case of
optical anplifhigher e these dhdibaed Mg icieeratRetitng limitt 3eon rtkue rdontraryof fer s
a particular advantage, conpared to the known systens: duri %ﬁt he sealing

of these devi cdepsnderth opstheamapesial pharagieristicsp deing reasenbilly kgt tor oqter r | C,
. sHoal dodo b aboH
L semmoneac RS BRER T AR WP e YR ey BTRRORED o

consequence, i ron oxi e prévious produc

wat er by exposiigod frahspotthornéitd BbfeIokidd.t 1S regenerated during this
operation, thus elimnating the need for all the production steps to be
carried o0 in an Byvthewreseel mmpvalnfr@meevga@éesgwomeqr fietitogas bpragim

flows of gas used i.n the.,m craqel ectronics 20 | ndustry oce
contact betweeR” §8& & T@g“? Bsﬁead&sil e :asgaéglﬁgn%a(?leo "‘d:%?éf!aﬁgf’%‘% c%gfrgoﬁ?ig% de
i nsi de a cont aheepar@ifist dibe LAIPEGIP AFIpliieRNHS usé B bbioAVb:ige hterdias td B de

the container with the two open ends used as the inlet of the inpure gas
invention offers a particular advantage, compared to the known systems: during

the sealing of these devices, which is carried out at temperatures of about 100°C,
15  an evacuating operation is provided, by means of pumping; as a consequence, if
boron oxide during the previous productive steps had sorbed water by exposition
to the atmosphere, it is regenerated during this operation, thus eliminating the

need for all the production steps to be carried out in an evacuated chamber.
In the case of water removal from flows of gas used in the microelectronics
20  industry processes the contact between gas and boron oxide is carried out by
laying boron oxide inside a container open at two opposite ends, and flowing the
gas inside the container with the two open ends used as the inlet of the impure gas
and the outlet of the purified gas; the whole, consisting of container and oxide,
forms a purifier, which can have varying sizes from the small purifiers of a few
25  centimeters, generally used upstream of and next to the process chambers, to
purifiers of the volume in the order of cubic meters. Purifiers useable in the
process of the invention can be manufactured according to procedures known in
the field, for instance by employing stainless steel for the body of the purifier with
internal electropolished surfaces. Porous septa are preferably positioned at the

30  inlet and outlet of the purifier, thus preventing boron oxide powder from being



and the outlet of the purified gas; the whole, consisting of container and
.oxide, forns a purifier, which.can have varying sizes fromthe snall '
purifiers of a few 25 centineters, generally used upstream of and next to
the process chanbers, to purifiers of the volume in the order of cubic
meters. Purifiers useable in the process of the invention can be
manuf act ured according to procedures knowg.in the field, for instance by
enpl oyi ng stainless steel for the body of the purifier with internal

el ectropol i shed surfaces. Porous septa are preferably positioned at the 30

being -6 - G s g BB PACGR THIY Yea s B g RE i O
referred to foklfgla the mdhbichgof #gdsiRritRpuf acture of a gas purifier.

Usi ng the process of the invention provides for some advantages wth
respect to water résingahe fprosesgaf the dmeentian rprevidessforb yorke admantegdsowith

First, 5 boron oxi de does not require, any supporting nmaterial qUS
i 2ing. ¢ he SR e WBEE RS S SR seRe Bt by ARG ciotBeds U o
wei ght bei Bg Be g &ﬁﬁ‘@ | : g Siindizi | i on
has an opeg stegdtjg% 8)#15,@-%\?%%@& r-a Io&rg??lg%&gg% I%lﬁc}g%ﬂf ggqges drgﬁ#\l ?Féegdrdn&glF t he
purifier. Borooccopieddyi thegfufrifiet,i with ithe activer materialvweight being raqualmBesides)r e,

t hus sinplifying manuf acture and of purifiers 10 that do, not —need
heat er's. " The prOER O8It Provgs:t G e BHOT s, Pl e BT HBE R c RGO HORG s,

w th respect taghhg 1@+cf fORER &%EQT"H BP&'Egﬁﬁﬁe}. %&&i‘o{?ﬁé tid EffAve A Nt
wat er renoval from hal ogens or hal ogenat gases. t he processes
descri bed i n tiemoahloateroomnteinpamtiire/Shps sientlying \ndnuéacture and ivsa bf pgrifiers

condi tioni Bg O@EI‘ tion of the material 15 enpl oyed for the purification,
before usé! toepQheatefe not required by the process of the present

i nvention. Furt her&%ﬁ?c&@%‘ﬁ%&%&ﬁﬁﬁﬁa@sﬁ%&ﬁﬁeé St ;{ceadU | n@@ &zﬁﬁrﬁsﬁ&&"e

material in suppor orm besides ove- oned onveni ence of

the increased tothengiredde khowh hrogesssse e eheopardiculap paset of suteh remsuylpfom | S
often alum na,_ which at high hal ogenated gas pressuyres can react with the
gas itsel f, thbalogays or palggenatedgases Allithe processesdeseribedin thealoremeationgde t hen

found in the gpg Bétgﬂ’fsf{nggllve an activating or conditioning operation of the material

15  employed for the purification, before use; such operations are not required by the

process of the present invention. Further, the known processes often require use of
the active material in supported form: besides the above-mentioned inconvenience
of the increased volume due to the presence of a support, such a support is often
alumina, which at high halogenated gas pressures can react with the gas itself, thus
20  producing volatile aluminum trihalides which are then found in the gas flow from
the purifier outlet, which is therefore polluted. This fact reduces employment of
the purifiers which make use of the known processes at low gas pressure values,
reduction which is not present with the process of the present invention.
The invention will be further illustrated by the following examples. These
25  non-limiting examples illustrate some embodiments intended to teach those
skilled in the art how to put the invention into practice and how to provide the best
considered way for carrying out the invention. |
EXAMPLE 1
This example refers to preparation of boron oxide by boric acid

30 decomposition under vacuum.



the purifier outlet, which is therefore polluted. This fact reduces

enpl oynent of the purifiers which nmake use of the known processes at | ow
gas ‘pressure val ues, reduction which is not present with the process of the
present invention. The invention will be further illustrated by the '
foll owi ng exanpl es. These 25 non-limting exanples illustrate sone

enbodi nents intended to teach those skill<€d-in the art how to put the

i nvention into practice and howto provide the best considered way for
carrying out the invention. EXAMPLE 1 This exanple refers to preparation of
boron oxi de by borigg ?‘Uf?o@@ered@ﬁB@}Bﬁ}ihﬁty%.S’)ﬂ}jﬂd Yt Aldricl, MifkRO 9 of
powdered Herr]Bderr[ of purity 99.5% sold by the TirmA drich, MIan,
cat al ogue nunbeatagnéasmber 23,646 madprwad over s sufzeaf@boathddtmDinGa sfeek r] i n

a steel container;.the boric acjd bed thicknessg is out 3 mm . The

container is i ﬁ?’?t@’cﬁ‘ﬁﬁéhe ‘P?ﬂ‘bacé&b%ijctg‘lfgf‘ﬁ?éﬁ? ‘B&'rir%@ngg%?mﬁa‘?‘%ft‘épymﬁﬁﬁig t he

oven pressure i r rs er

cont i nuous purrpulﬁ?lg “ﬁ‘l&g o(f‘}le%'\?\nB%g t %%Pn%?é%g%me%n%? %?ﬁgg%&%hﬁggti ng

of 1[err] C/Ti n6fHxdAT metam dndrhyeopetating uhderkd@firuous Gumpingatha faliowing tiermal

120[err]C for 6 hours; - heating of 2[err]C/mn up to 140[err]C, 10
SeiRDy s merionno:

- mai ntai ni ng 17 hours. During the treatnent the oven

pressure reaches a_ﬁ‘gﬁ{dr&l{ﬁﬂ\i f&fﬁ hak i ng wat er rel ease.
Thi s powder constitutes sar%p?}éﬁ% %%l{eﬁpe Rl in parallel in a

e test "I s repeate
CAHN t her nobal ance - nmaitteinidd a2 000°Cifor 6totfy; g of boric acid. A nass
spectroneter, branching fromthe punping line, is connected to 15 the

t her nobal ance, provit‘ﬁﬁulgr?itrgm%?éfml 3 rel eased during the test. The
wei ght | osggof the_ tlﬁi%'{l@.l t e test is about 44.1% against a
theoretica?So val ue o 3 . oaftcl)?@?(ﬁf;bqézfgghrr%bsition of boric acid to boron

oxi de; the differeleingale beatmenythd oder gresduee whelies b mypxdatmovaliei of about i ni ng
physically sorbed water, The . . )
mbar following water release. This powder constitutes sample 1. The test is

repeated in parallel in a CAHN thermobalance, model D 200, using 50 mg of
boric acid. A mass spectrometer, branching from the pumping line, is connected to
15 the thermobalance, proving that only water is released during the test. The weight
loss of the sample at the end of the test is about 44.1%, against a theoretical value
of 43.7% for the decomposition of boric acid to boron oxide; the difference can be
ascribed to the starting boric acid containing physically sorbéd water. The
thermobalance test results confirm that sample 1 is formed of boron oxide.
20 EXAMPLE?
This example refers to the preparation of boron oxide by boric acid
decomposition in a dry gas flow.
The procedure described in example 1 is repeated, with the difference that
operations are carried out in a nitrogen flow of 1 standéfd liter per minute (slpm)
25  instead of under vacuum. In order to guarantee the absence of water from the
nitrogen flow, this latter is passed, upstream of the reaction oven, on a powder bed
of an alloy having weight composition Zr 76.5% - Fe 23.5%, maintained at 350°C;
this alloy is produced and sold from the applicant under the name St 198, and it is
known in the field for its capacity to remove, among others, oxygenated gases.

30 The resulting powder forms sample 2.



t her mobal ance test results confirmthat sanple 1 is fornmed of boron oxide.
.20 EXAMPLE 2 This exanple refers to the preparation of boron oxide by boric
aci d deconposition in a dry gas flow. The procedure described in exanple 1
is repeated, with the difference that operations are carried out in a
nitrogen flow of 1 standard liter per mnute (slpn 25 I nstead of under
vacuum . In order to guarantee the absenceypf water fromthe nitrogen flow,
this latter is passed, upstream of the reaction oven, on a powder bed of an
al I oy having wei ght conposition Zr 76.5% - Fe 23.5% nuaintained at
350[err]C thims produced and sold fromthe applicant under the
nane St 198, a known in the field for its capacity to renove, anong
others, oxygenat edI'Ei@%ﬁﬁn?l'éQefersT@@vafe?%b&lphbﬁ'gn&?‘()‘g&fmﬁBiéﬁnpié"ﬂ)' e 2. - 10-
EXAMPLE 3 This exanple refers to water Sorption under vacuum by sanple 1.
51 ng of powder arl imgadfpowddrare handediintb ehé samiple lmﬂddrloé'thmdteumbhalme CAHN

.D 200. During S the.tenperature of the t n e rreasurjng 5.
chamber is 25] m%é?p t%Ft’rﬁlFé??p?fGWfF Fﬁ@”%

measuring ghangkes i§ 2duce [ d ¥ tﬁeh oAbl S
excl uded and, by ngaﬁgs ou@ ﬁ da}lg (\ili; ? ?s?%du%ed |anto t fe
chanmber up to ehthessmm:iuoéd Eo rtﬂérmba'thubseqnyMlyJ ﬂrerpmlels)éxtﬂh@dsmd;)lb@' i's
recorded. The test resul%1 Iotted |nc€]ﬁ‘{) has cu ve 1 infig %

whi ch reports PEEeSRfAReRdle hWa%#S.latfq niq e cham ersu@rfﬁ |aé>r%smﬂ9¢ as a

function of thgpbi e (el Htrhéﬂedgyb?ﬁle s%é‘ﬂépkﬁec%rcfew Tﬂ%@ 1s?6£edelﬁaa”pl e

refers to water sor ptlon unaer vacuum a comercla oron o sarrp e.

The test of exgrphasure I épdigured] bwhichimporBOthe pprezht Bletght [vafiatior] obthepurity
15 99.98% sold by the firmA drich, Mlan, wth a catal ogue number
33,907-5. Hhe ﬁ%%ﬁe(@%@?ﬂﬁmﬁﬁlm?@heﬂﬁl%{ﬁgnaﬁh‘l@% curve 2 in figure 1.

EXAMPLE 4 (COMPARATIVE)

This example refers to water sorption under vacuum by a commercial boron

oxide sample.
The test of example 3 is repeated by using 291 mg of B,O; of purity
15  99.98%, sold by the firm Aldrich, Milan, with a catalogue number 33,907-5. The
test result is plotted in a graph as curve 2 in figure 1.

EXAMPLE 5
This example relates to water sorption in an inert gas atmosphere by sample
L .
20 A gas purifier is prepared, formed of an AISI 304 steel cylindrical container

having an internal volume of 15 ml, and end openings provided with fittings for
the gas lines and sintered steel porous septa for the confinement of powders; the
purifier inner chamber is filled with sample 1 powder. The purifier is slowly
heated up to 140°C for 10 hours in a dry nitrogen flow, in order to allow complete
25 - degassing of the purifier walls. Subsequently, the purifier is allowed to cool to
room temperature, and then the water sorption test is started. Nitrogen containing
7 ppm of water is allowed to pass through the purifier with a flow of 0.5 slpm.
The gas from the purifier outlet is analyzed by a moisture analyzer Microdowser™
MD2, manufactured and sold by the applicant, which has a water detecting lower
30  limit of 5 ppb. At the beginning of the test the quantity of water in the gas flow



EXAVMPLE 5 This exanple relates to water sorption in an inert gas atnosphere
by sanple 1. 20 A gas purifier is prepared, fornmed of an Al SI 304
steel cylindrical container having an internal volume of 15 nm, and end
openings provided with fittings for the gas lines and sintered steel porous
septa for the confinenent of powders; the purifier inner chanber is filled
wth sanple 1 powder. The purifier is sloy heated up to 140[err]C for 10
hours in a dry nitrogen flow, in order to allow conplete 25 degassi ng of
the purifier malls Subsequently, the purifier is allowed to cool to room

t enperature, ent r ti st.is started...N.t en .

eont ai ni ng 7 p er, @ gu ¢ 163@%6% g‘%‘a@? osirene W& Lyt #ﬁgrte% Bh a

flow of 0.5 sl gftink

moi sture anal ymfmﬁ%&im% st R4 e RO b Pt

appl i cant, whi mdidating thawedeqpurifiet kastlostdtseffieiency?this bcthiIi‘staftei' aBoxpprO bAtirst he

begi nni ng of t?te test the quantity of, water in the_gas fl fromthe
¢

purifier outle @thrOPFW&ﬁnPﬁ@el%lﬁ%m theég)qulqdrgppfthpﬁ@stp@@gnqegs
t d t f th
pur frer. ihat o RO Shter KIRRLEE Whidkis Bhofto MBSt ol (07

af ter about 64®atespes litk orfcbmtcbmumds tedp Riel test Was I'épeatﬁdlltwfdeaﬁoref irDBobthhe
know edge of the test paranet ers, t he, wat er caﬁ)am ty of the purifier is
cal cul at ed, whfasgs 1e§ aasmayaterpaaam'éalgebughgrdh% Mvat er per liter of boron
oxi de bed). Thgm%s repeated twice nore, in both cases resulting in a
wat er capacity rgher than 9 |/|. EXAMPLE 6 This exanple refers to

wat er sorption in Thisiex@inplegReratorwarhesrptiby ibeh Qﬁbrﬂ?as atfobpiRrdbEparord as
in exanple 2. The test of exanple 5 is repeated, by ading the purifier

wi t h powdel0 of oxidprprepared ayfreexamnle 2er capacity turns out to be 4 I/I
EXAMPLE 7 ( COVPA V| Jer r o] r SQEPLi o ert
gas at nosphere b>|:/\)'av-§1elga’)st -&CJS%WS{P&% al® * 7?%‘7% %Xflo%%la% < F Wi pow o Otn

sample 2. The purifier capacity turns out to be 4 /.
EXAMPLE 7 (COMPARATIVE)

This example refers to water sorption in an inert gas atmosphere by a

15  commercial sample of boron oxide.

The test of example 5 is repeated by loading the purifier with 15 ml of B,O3
as used in example 4. The purifier capacity turns out to be about 0.5 I/l. The same
test is repeated twice, giving the results of 0.9 and 0.3 1/ capacmes
EXAMPLE 8 _

20 This example refefs to water sorption from a HCI flow by the boron oxide
prepared in example 1.

A purifier is prepared as described in example 5. The purifier is subjected to
a degassing treatment in a dry nitrogen flow at 140°C for 10 hours, then the water
sorption test is started. A 0.2 slpm flow of a 1:1 by volume mixture of HCl and

25  nitrogen containing 15 ppm of water is allowed to pass in the purifier. The outlet
gas is analyzed with a Protege’ FT-IR spectrophotometer, of the company Nicolet,
Madison, WI, USA; the measuring chamber is the model 4Runner of the company
CIC Photonics, Albuquerque, NM, USA. The use of the mixture HCl/nitrogen is
rendered necessary by the analytic insirument erhployed. The instrument has a

30  water detecting lower limit of 30 ppb. In parallel, also the gas being let into the



The test of -exanple 5 is repeated by loading the purifier with 15 m of
B203 as used.in exanpl e ‘4. The purifier capacity turns out to be about 0.5
1/1. The sane test is repeated twice, giving the results of 0.9 and 0.3 I/]I
capacities. EXAMPLE 8. 20 This exanple refers to water sorption from -
a HO flow by fhe boron oxi de prepared in exanple 1. A purifier is prepared
as described in exanple 5. The purifier ig subjected to a degassing
treatment in a dry nitrogen flow at 140[err]C for 10 hours, then the water
sorption test is started. A 0.2 sipmflow of a 1:1 by volune m xture of HG

o2 TS SRS e S0 Al Rt AR ARk
Spect  ophot OelAE uBkgtt Wi ERARNCNoGRkRing MUl Sl ’seﬁ{sﬁ) HeEndpREUT | Ng

chanmber is the nodel 4Runner of the conpan C Phot oni cs, Al buquer que, NM
USA. The use oFigutes 2rindtdshewi@speativelygthe spectracfitieR eﬂtheegaesﬂsmgg fromt dnd

analytic instrule d. The instrunent_h ter detecting
| over 1inmit of1 B}?;ﬂi’ﬁyﬁe rSPEetEs shoyy thg Sﬁﬁéleg%o“gé‘i‘%gml%\g 2 AT A P
purifier is ﬁﬁﬁf&uoﬁ% el fa\‘lLa'ﬁSnvaan@&u%eB 'B EiHebitd El%v&tﬁﬁ iRdhdel 1 €7 @

secondary I|ne t rough e wat er contarl nirfg I's directly sent-to
t he anal yzer. Ee@L(umca&da\mhAmhhmgraphs;mgmedetbﬁClt heomjeof pealéﬁsé@wdf t he -

2Esorbancel: ' GER a1 bt g Bt e O B o
wave nunber (c ﬁ’éﬂﬂ ﬁ%’rﬂ(?ﬂ th A
in the graphs)g;a Iéslr ggr{le ﬁé?&ﬁgbggygﬁoé‘a@%) ng S agg%%g g% %ﬁ;gﬁﬂ@

(i n'?lh cated WI t to eoa The kpec‘gumpdfgf)g 3afe[f)“e1$ed '?Lthdnmp{ﬁn?as%ajgﬁdthbbt ?smseuwl o] (C
in egr e ern i n the, graphs) .of dou u

assi gnment! prsﬁiitﬂ @@Bg%@ﬂiﬂm e?éﬁlgeﬁﬁfequf‘?fg}” igh aﬁeaoépwéﬁﬁt%thene
non-purified g k r

figure) assi gng%:cfr[u'x{ Bgure\sl\gqx‘é’}fler{gr eono uﬁ?ge?e}r% ft%@st getﬁ%{qhg | gure
2, referred tothehpurifies iohiletchasi@ wateh vonteitduivethahabe hhﬁu@\&ﬁt detm’mtghﬁmt
purifier outlet has-a water caontent |ower than the |nstrurrent det ect.i ng

limt. The testh¢iest wasiornedwhen thepurifier had sorbedien amewr of 211 afwiater vath 9 | /1
of water W th ., ater detected by the analytic instrument in the gas from the purifier outlet.

15 EXAMPLE9

This example refers to the preparation of boron oxide by decomposition of
boric acid inside a capsule.
51 mg of boric acid employed in example 1 are loaded into a cylindrical
container having the bottom closed and an internal diameter of 7,5 mm and height
20 of 1,5 mm, made with AISI steel 304; the upper opening of the container is closed =~
with a porous septum of sintered steel AISI 316 L, having a porosity of I um. The
resulting capsule is mounted on the sample-holder of a thermobalance CAHN
model D 200. The thermobalance chamber is evacuated at a residual pressure of
10™* mbar, and a thermal treatment of boric acid decomposition is started, which |
25  consists of heating the sample from room ltemperah.lre to 105°C -at a rate of
2°C/min, and of maiﬁtaining the temperature at 105°C for 23 hours. A weighfc loss
of 20.3 mg, corresponding to 3'9.8%, is registered, slightly lower than the
theoretical value of 43.7%; this differen@:e can be ascribed to an incompleté'.
decomposition of boric acid, due to the porous seprum delaying water emission.

30  The measuring chamber of the thermobalance is allowed_ to cool (still under .



no water detected by the analytic instrunment in the gas fromthe purifier
outlet. 15 EXAMPLE 9 This exanple refers to the preparation of boron

oxi de by deconposition of boric -acid inside a capsule. 51 ng of boric acid
enpl oyed in exanple 1 are |loaded into a cylindrical container having the
bottom cl osed and an internal diameter of 7,5 nmand height 20 of 1,5 nm
made with Al SI steel 304; the upper openitg-of the container is closed with
a porous septumof sintered steel AISI 316 L, having a porosity of 1 '
[err]m The resulting capsule is nmounted on the sarpl e-hol der of a

st duar pr essOPRPBE BipaR ERREae. and AR SRR Bhe Sy BYSPB 8T, 5 °
deconposi tion pessutedbt §ehbatTHe weight in6RBs 6fithe Ampieak RHYC iR gRaMR. Ther om

roomtenperature to 105[err]C at a rate of 2[err]C mn, and of maintaining
t he t enper at uresalt ofihsftest isjpdottedin 28 graph &s infignes flas weigh inprese IIBmgRs a

corresponding to 39.8% 1S registered, slightly lower than e theoretical
val e or a3, JohBetien St the B AiheSisEaS o b einh O i) ARG i ST el
deconposi tison §k sheplevaghtds indkasddofi1ne ﬂaﬁ,r 2 BbtBnd Ha B Ak WEERY of

em ssion. 30 The neasuring chanber of the thernobal ance is allowed to

cool (still unwafer lost during hamiecidglecomposidon.t enperat ure, and water is let in
t hrough a needle valve_ up to a ssur e of ar. Th i ght increase of
Lhe sanpie at - 26] erppetccensfs HBE qosulis ot B AoV pepoited Frlible P8 tRod i n

the graph as i ghhrbGate® tiht b8Ron g bbthided B9 SBerhidl BBcofpoditiod WEiHofR {d 4the
time in hours; as it can be seen in the figure, after 16 hours of test 5

t he sanpl e wei ghipetatures oy thasangeaff 7000 2008C, welsnvadomadramdena dryhgdsfflof, t he
wei ght of ter |.pst during boric acid. deconposition. Fromthe anal ysis of
the resul t of SEECaYAPIIETERORE) GIaYRL} losver thap a feppho e VTR SRYE bor on
oxi de obt ai nedirayt anh§e4BRve %%‘é&rmﬂﬁéﬂ ﬂﬁrboﬁ{rgaﬂé’éﬂ GetREdIFRIR (SPERAY GFiftphbsy 1 N

the range of 70 to 200[err under vacuum or under a dry gas flow, 10 is

effective in waked 3rshowy iat atgas panifidrSot water reanhaval svhichvengpitys the geocessaafuum

under inert an&er,eactlve ases; Eurther thﬁ conpari son bet,mﬁen FT-1R
outlet ic

spectra of fig olnvention does not release in the gas impurities which come from
reactions between the inlet gas and the materials of the same purifier, as it happens

15  onthe contrary by using processes of the known art.



2 and 3 shows that a gas purifier for water renoval which enploys the
process of the invention does not release in the outlet gas inpurities

whi ch conme fromreactions between the inléet gas and the materials of the
same purifi [ 15 on the contrary by using processes of the
known art. 'mmﬂmlnmﬂm}mrl A process for the renoval of water from
evacuat ed clranisers om T$ 0om gases conprisgng the follow ng steps: -

produci ng boron oxide by boric acid deconposition at a tenperature in the
range from 70 to 200[err]C, by operating in a reaction chanber under a dry
gas flow or at a pressure |ower than @g@n\@%ar; rand - contacting the
resulting boron oxide with the evacua |l ume or wwth the gas from which
water has o b prwessefbr the rembvdlr O Qafer AR VaflfhtddOckdnferd br HHRh §aBed0r i C
acid deconposition, s carried out under a dry gas flow 3. A process
accordi ng to crempiisinghedellowingstepsiow rate i s hi gher than 5xC cnierr]/mn,

wherein Cis th . f the .reaction, chanber..neasured in cnB,, 4. A
process accordi 50\6 1(’)lﬂgl‘a 8&#1%“‘%{1% 5 atcwegeﬁggppgmm -gtraogjmgpragge nthe TaRges s
according to chemTiltodiere] by biteatiiRGaBRes foh QRariberiRHbCa 85 dhs| V\F@x]fe{tiaed out

by laying boric acid in the reaction chanber in the form ¢f beds o
t hi ckness not RBre§HEe lovyes thap S9fhmigyr; and process according to claim1 wherein

boric acid deco ﬂﬁhfi is carried out, by laying boric acid inside a
cont ai ner whi cﬁglgs pélg#g%ﬁqs 8b@é%gld%t‘j%{thﬁ?@v%&a@@%hmﬁ°rp dhesgasy A
process accor dfragh Whick hatdihds i Rrembv&pr on oxi de is contacted with the gas
fromwhich water has to be renoved at a tenperature in the range of 0 to

120[ err] C. 28. Anprgeess aéseordingde dlavy 1 whetedn borid avitl aleeompdsiti@nisocarded bet
cont act ed vvithg&&g VAU ed volunme at a tenperature in the range of 0 to
80[err]C. 9. pS g 0(%rdingto claim1 wherein water is renoved from

a flow of Bal ogegtocess according to claim 2 wherein the flow rate is higher than 5%C cm®/min,
wherein C is the volume of the reaction chamber measured in cm®,

4. Aprocess according to claim 2 wherein the gas is nitrogen.

5. A process according to claim 1 wherein the decomposition of boric acid is carried
out by laying boric acid in the reaction chamber in the form of beds of thickness
not higher than 1 cm.

6. A process according to claim 1 wherein boric acid decomposition is carried out by

laying boric acid inside a container which is permeable to gases, but able to seal

-

out powders.

7. A process according to claim 1 wherein boron oxide is contacted with the gas
from which water has to be removed at a temperature in the range of 0 to 120°C. |

8. A process according to claim 1 wherein boron oxide is contacted with the
evacuated volume at a temperature in the range of 0 to 80°C.

9. A process according to claim 1 wherein water is removed from a flow of halogen
or halogenated gas selected among chlorine, hydrogen fluoride, hydrogen chloride,
hydrogen bromide, silicon tetrachloride, trichlorosilane and dichlorosilane and
mixtures thereof.

10. A process according to claim 1 for water removal from a sealed chamber,
containing a controlled atmosphere of an inert gas, of an optical amplifier.

11. - A process according to claim 1 for water removal from a gas flow by passing said



or hal ogenMrmng chlorine, hydrogen fluoride, hydrogen
chloride, h mmm‘jt ‘\si |icon tetrachloride, trichlorosilane and
¥ “wml“ t hereof . 10. A process according to claim1 for
']

di chl orosil: ﬂ

wat er renmpoval* fconta %eal ed chanber, contai ni ng a control |l ed atmosphere of
an inert gas, of an optical anplifier. 11. A process according to claim1l
for water renoval froma gas flow by passi ng said - 15 - gas flow
through a purifier. 12. An optical anplifier for carrying out the process

according to claim 10, conprising a seal ed chanber wherein a | aser source

i s contained Laﬁ%gﬂm%‘{éh% ghf ol I ed atnosphere of an inert gas is
mai nt ai ned, further contairning boron oxide laid in a container having a

surface whizh As ¢ptivap eamplifier efob udargririge o theaprocsst oveling .to 1daind Yys
purifier for carryjng out the process accaording to,claim1]l, conpri sing
boron oxi de i rCORMREBHE} seatled phambsp ahiersdn atlasersogpp dsrataiperiand whaetsiniad wi t h

fittings for %%Hollé@%ﬂﬂ&%h&%r&‘én S %asarls i’?akxﬂaiﬁgcfnﬁ%& containing boron
oxide laid in a container having a surface which is gas permeable but able to seal
out powders. |
13. A gas purifier for carrying out the process according to claim 11, comprising
boron oxide in a container with opening at two opposite ends, provided with

fittings for gas lines and porous septa at said openings.



