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TeEeNseRar atterand renove by distillation. As the nmethod for
nol ybdenum from tungsten, a nethod is descri bed where a netal

es contraet pwebBntungséfbion relates to a method for purifying
tungsten hexafluoride of high purity, and more specifically
relates to a method for purifying tungsten hexafluoride of high
purityandremovingnwlybdenwnhexafluoride,whichcontaminates

tungsten hexafluoride, both cheaply and efficiently.

BACKGROUND OF THE INVENTION

Known methods used as methods for purifying tungsten
hexafluoride are reactions of chlorides of tungsten with
fluorides such as HF and AsF; and reactions of metal tungsten
with fluorine.

If it is assumed that impurities, other than molybdenum,
whicﬁfhave contaminatéd'tdhqsterlhexafluorickzproduceciby these
methods are those of chlorides and fluorides, these impurities
can be readily separated and removed from tungsten hexafluoride
by using a difference in boiling point and vapor pressure of
tungsten hexafluoride from those of these impurities. However,
molybdenum has similar properties to those of tungsten because
molybdenum is a congener of tungsten and is therefore difficult
to separate and remove by distillation.

As the method for removing molybdenum from tungsten, a

methodisdescribedwhereametal piecemakescontact withtungsten

hexafluoride at a temperature between 100 and 500°C (Japanese
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hexafl uoride at a tenperature between 100 and 500C (Japanese JI| *GDQP
16 JUN 2004 2 Patent No.2848717) . Using this nethod, it is necessary
all of the tungsten hexafluoride to be converted to tungsten trifluoride
and a distillation tower for purification therefore has to keep the
tenperature in a range from 100 to 500C. This 5 nethod is therefore neither
sui tabl e nor effective when running é%sts are taken into consideration.

Mor eover, the above described technology carries out heating to a high

terrperatLsraecer@mulongsfqlmmOOquné%g%e%@ae i deCOmReSIsk0R @BrV\ﬁ by
installation of a packed tower nade of 10 SUS (stainless steel

pr esent unyenheonnﬁﬂpnkﬁeshax@EI@@ﬂli@rtpunuiytngvetuegsﬁﬁﬂ h@M@ét@@rlde of
hi gh purity, wherein production of tungsten hexafluoride of higher purity
than in thelflelatiatr and a dgsposspbienitpuesfpaimghtiffidrasdridmbneeefand at a

| ow cost. 15 DI SCLOSURE OF THE | NVENTI ON Taking into con5|der81|on t hat
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hexaf Puor’ de ' as “an as reactron and / or solid-liquid

reaction C@@@Ss§4éckékégufhggﬁﬁ&ggldgygyicgpecific conditions resulting in

the present 1 nvention and found a nethod capable of purifying tungsten
hexaf | uori de ofMbighvgrlyither eddiviey ,deefdEciddretghraditbgecoaoni €al byt 25 The

present invention provides a method for purifying
heating to a high temperature ranging from 100 to 500C to cause
decomposition of WFg by installation of a packed tower made of
10 SUS (stainless steel.)

The present invention provides a method for purifying
tungsten hexafluoride of high purity, wherein production of
tungsten hexafluoride of higher purity than in the related art
is possible in a straightforward manner and at a low cost.

15
DISCLOSURE OF THE INVENTION

Takingintoconsiderationthatdescfibedabove,thepresent
inventors subjected tungstenhexafluoride (material tobesubject
to purification) coétaihipg' molybdenum hexafluoride as an

20 impurity to solid-gas reaction and / or solid-liquid reaction
and solid-liquid contact under specific conditions resulting
in the present invention and found a method capable of purifying
tungsten hexafluoride of high purity readily, effectively, and
economically.

25 The present invention provides a method for purifying
tungsten hexafluoride of high purity, characterized in that
tungsten hexafluoride, which is the material to be purified,

containingat least molybdenumhexafluoride as an impurity, makes

contactwithanmtaloralloycontainingatleastoneofmolybdenum,
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tungsten hexafluoride of high purity, characterized in that tungﬁWfGUN 2004
hexafl uoride, which is the naterial to be purified, containing at 1east

mol ybdenum hexaf | uoride as an inpurity, makes contact with a netal or
all oy containing at |east one of nolybdenum 1 6 JUN 2004 3 tungsten,
copper, nickel, iron, cobalt, zinc, titanium alumnum calcium and
magnesi um at a tenperature ranging fromO to 100C . In the present
invention, the tenperature at which nol ybdenum hexafl uori de nmakes cont act
with the met@btof, abbpyr, hiickeseti rod , fdapald t i dOOG + M idQPE1aRiAgher, the
rate at which inpurities are renoved deteriorates. On the other hand, at

t enper at ucescl anerartchangf€s i uaigst eamsotd tdifd esntongaiisen € ogdioddC . Wt hi n
a range fromO to 100C, 20 to 90C is therefore 10 preferable, and 40 to
70C i s nore preflerdbice. PEeaghhl Iy veatheral e ahCBPEEGtHESpatkeNilRbi de a
packed t ving an_introduci ng orifice and. a di,schar.gi.ng orifice and
suppl i es @%@%ﬁ?@%me%%f%é%ﬁ% f“iag( S romt g 'n rot u%i“ﬁegt%lo%rf f"%éoiyn a

gaseous of | Lgui dostatg. 019, Thggtenperature of the naterial to be purified
introduced 1nto the packed tower preferably ranges from 30 to 80C C

Creating such penper@tsor mgalé@s teRNE 4104 bt Aghieh trieudt ey aturemaivishi N the
packed tower straightforward to enable a stable purification reaction. In

addi tion, deherinthtience @f thhetmtreniamd, ho trenRO giuniefs bawen thamed @ ,porti on
of the packed tower can bhe reduced. The period of time for which the
materi al FBNBELROr PPLAEIILES| ROCOAESRtCIRIN R*%e netal depends on the

surface area of the .netal used. and_.the of, fl ow.pé~ the intraqduced gas
is preferably 5&%8h16 ?ﬁ?ﬂﬁ%§;¥rom 0 Qo 586%3, 20 to 98(: is theré%%re

10 preferable, and 40 to 70C is more preferable.

Generally, a metal or an alloy is packed inside a packed
tower having an introducing orifice and a discharging orifice
and supplies the material to be purified from the introducing
orifice in a gaseous or liquid state.

15 The temperature of the material to be purified introduced
into the packed tower preferably ranges from 30 to 80C. Creating
such temperature makes controlling of the temperature within
the packed tower straightforward to enable a stable purification
reaction. In additién, thg influence of the material to be

20 purified on a main portion of the packed tower can be reduced.

The period of time for which the material to be purified
is in contact with the metal depends on the surface area of the
metal used and the rate of flow of the introduced gas is preferably
5 to 10 minutes.

25 The setting of this range ensures that both reactivity
and the amount processed per unit time are both desirable from
an economic point of view.

The material to be purified is generally introduced into

the packed tower in a gaseous state, but may also be in a liquid




25 The setting of this range ensures that both reactivity and the amugity 2004
processed per unit tine are both desirable from an econom c point of view
The material to be purified is generally introduced into the packed tower
in a gaseous state, but may also be in a liquid 1 6 JUN 2004 4 state. In
the case where the material to be purified nakes contact wth the netal in
a gaseous state, as shown in Fig. 1(a)§ it is preferable that the materi al
to be purified is introduced 5 fromthe bottom of the packed tower and

di schargedtatemthe top of the packed tower. On the other hand, when the
material to be purified makes contact with the metal in a state where
there is a m xtoridotapotiegastamaddtiegiiad ;o &s mhownidhmEkgs chiitact it is
preferable,tgat the material to be purified is introduced 10 fromthe top
of the patkEd tBRePChAd HNsRhSPEROUT rohithe DOt ofn tg pdcledd tidwer .

F Ki € in.t ked t it f bl e, h [
Fro. "o, t Rt PORGSRRPAr Sor L HBEVERC POt Ret pin o P ol T Tt pace 2
hori zant alek ¥ MhE b dioisede RS ghdatd bR hOohnting dmlard f}cgmb@n@%g led 4.
In a vertical -type packed tower shown in Fig. 1, the netal resists the

passi ng obft bee pateedatotwer be urind edhardhbnbr oduehi Re afatdiei megessary
anount of material to be purified (flowrate) requires a higher pressure
for suppl Pengurhéledterked condabé puthftihed meAs lshown sitmtii ghepe @2Gkid t he
path (space 2) for the terial to be purified 4 is made 1in advance at the
packed t owér & QWEBE@S%E&"?‘F%V\?%%@% Tyt dredushivg™ % pressur &)

it is preferable that the material to be purified is introduced
10 from the top of the packed tower and discharged from the bottom
of the packed tower.

For packing themetal in the packed tower, it ispreferable,
as shown in Fig. 2, that the metal 3 is packed in the packed
tower 1 to form a space 2 horizontally, which is used as a path

15 for the material to be purified 4. In a vertical-type packed
tower shown in Fig. 1, the metal resists the passing of the
material tobe purified and introduction of the necessary amount
of material tobe purified (flow rate) requires a higher pressure
for supplying the matérial:pp be purified. As shown in Fig. 2,

20 if the path (space 2) for the material to be purified 4 is made
in advance at the packed tower, a.necessary flow can be regulated
using low pressure.

Melting points and a boiling points of individual
components are as shown below.

25 WFEg
Melting point 2°C; boiling point 17TC

MoFg
Melting point 17C; boiling point 32T

MoF's



Melting points and a boiling points of conponents are as shown bel ow.g JBN 2004
WF6 Melting point 2C, boiling point 17C M F6 Melting point 17C, boiling
point 32C M F5 individual 1 6 J UN 2004 5 Melting point 67; boiling

point 214C M F3 Sublimtion point 800C In the present invention, if the
tenperature at which 5 contact is made is set to the boiling point or

| ower of the material to be purified,introducing the material to be
purified in a gaseous state allows the material to be purified to becone a

m xture oﬁega%@n?ohhguw; 8oy mpLybdeaum heraf | uori de, which has
contam nated the tungsten hexafluoride, is reduced by the 10 solid-gas

reaction and thdogelid-liquid reaction to yield stable nolybdenum
pentaf | uori de and nolybdenumtrifluoride. If the contact tenperature is set
to the boPhbhagmpbiian pointo®@Pof the material to be purified, introducing

the material tqQ be purified in aliquid state allows the material to be
purified 15 to chgﬁl& I o (1 s IR (h7 M |“ybdén&ﬁﬁehé>?§‘ﬂeﬁ&ﬁu&é‘; akhiveH-Ghs
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trifluoride. pEnptikerether iRarddutlinghencontestiiemenat ure i s setifo 20
the boiling point or higher of the naterial to be purified,
gaseous state allows the material to be purified to become a
mixture of gas and liquid, and molybdenum hexafluoride, which
has contaminated the tungsten hexafluoride, is reduced by the
10 solid-gas reaction and the solid-liquid reaction to yield stable
molybdenum pentafluoride and molybdenum trifluoride.

If the contact temperature is set to the boiling point
or lower of thematerial to be purified, introducing the material
tobepurifiedinaliquidstate allows thematerial tobepurified

15 to become a liquid, and molybdenum hexafluoride, which is
contaminated with tungsten hexafluoride, is reduced by the
solid-liquid reaction to yield stable molybdenum pentafluoride
and molybdenum trifluoride.

On the other hénd,"ig the contact temperature is set to

20 the boiling point or higher of the material to be purified,
introducing the material to be purified in the gas state allows
the material to be purified to become a gas and molybdenum
hexafluoride, which has contaminated tungsten hexafluoride, is
reduced by the solid-gas reaction to yield stable molybdenum

25 pentafluoride and molybdenum trifluoride.

If the contact teﬁperature is set to the boiling point
or higher of thematerial tobepurified, introducing thematerial
to be purified in the liquid state allows the material to be

purified to become a mixture of gas and liquid and molybdenum




introducing the material to be purified in the gas state allows the6 JUN 2004
material to be purified to beconme a gas and nol ybdenum hexafl uoride, which
has cont ami nated tungsten hexafluoride, is reduced by the solid-gas
reaction to yield stable nol ybdenum 25 pentafl uoride and nol ybdenum
trifluoride. If the contact tenperaturg is set to the boiling point or

hi gher of the material to be purified, “introducing the material to be
purified in the liquid state allows the naterial to be purified to becone

a m xt ur ehextafhsoraide | whqucd readcnotyhdeated Lhe TN 2004 hé xhéxabrlideri de,

whi ch has contam nated the tungsten hexafluoride, is reduced by the

sol i d- gasi¥ emducnd aydtieelgalidgidd reasétioonand ¢34 e d istudls gegsitybdenum

pent af l uori de and nol ybdenum trifluoride. 5 | ybdenum , tungst en, copper,
ni ckel , iF%n,yﬁgﬁﬁlﬁF fc, MOYPERMHR %?%%?%fﬁﬁﬁl %JéVUh]”Qaa%ﬁﬁ@H@Sium
react selggi%%g£¥idgﬁth nmol ybdenum hexaf | uori de, but nol ybdenum
hexaf | uorrde does™ "hot react under the above described conditions. As

descrigoed aboveyoi PrlibuR) @SR tiehy et b, hicwas, fiownd cOohbal Aiwrgsten
hexaf | uori de can be purified to a high degree at a tenperature of 100C or
| ower, whithancomyenturival dry, ckdesiungt anpemayhes hemyiedai g lefc ttivmrgst en
hexafl uoride of a high purity. According to the present invention,

nol ybdenuii hBxXed ¥ YRstgEn pesadéss risey baeh inlydsearrue X ekl apEl doIdasdenum

15 trifluoride due t | i d- ti d /. .or.solid-liquid ti
w th ol yBBENGRF-FOREYEF, C\Ft AR SUCh-5 {&Rer At & Fange, mol ybdenum -

pent af uor | de apd %%%%ﬁe{ﬁj%gg%[‘lrri]qplﬁhgepreeﬁgﬁtbii.ﬁvénﬁiépl e Shateand a low

vapor pressure t
10 that tungsten hexafluoride can be purified to a high degree at

a temperature of 100°C or lower, which, conventionally, does not
permit the yielding of tungsten hexafluoride of a high purity.
According to the present invention, molybdenum
hexafluoride produces molybdenum.pentafluoride and molybdenum
15 trifluoride due to a solid-gas reaction and / or solid-liquid
reaction with molybdenum. However, within such a temperature
range, molybdenum pentafluoride and moiybdenum trifluoride
exhibit astable state anda low vapor pressure toallowmolybdenum
to be deposited on a-packeg layer resulting in collection.
20 Molybdenum hexafluoride exhibits the same reaction with
tungsten,copper,nickel,iron,cbbalt,zinc,titanium,aluminium,
calcium, and magnesium to produce molybdenum pentafluoride and
molybdenum trifluoride. Fluorides of these metals are also
produced simultaneously. All these metals except tungsten
25‘ exhibit stable solid states and can be collected from the layer
inwhich themetal is packed. Tungsten isnot problematicbecause
it becomes tungsten fluoride.
According to the present invention, solid-liquid contact

of the material in the liquid state for purification with the




to be deposited on a packed | ayer resulting in collection. 20 Ml ybdenum
hexaf | uori de exhibits the sane reaction with tungsten, copper, nifckadUN 2004
iron, cobalt, zinc, titanium alumnium calcium and nagnesiumto produce
mol ybdenum pent af | uori de and nol ybdenumtrifluoride. Fluorides of these
netals are also produced si rrultaneousJ7y. Al'l these netal s except tungsten
25 exhibit stable solid states and can’be collected fromthe layer in
which the nmetal is packed. Tungsten is not problematic because it becones

tungsten htuQri deioRecerdingebarkbeonr es@ntol i¥entbONorsol bdrk hgyi drcont act
of the material in the liquid state for purification with the 1 6 JU 2004
7 et al arlndnby\)sdea\sry sepapating ansbliod | sttomtofsufdhudreangpes agfuresnl ybdenum

exhibiting a solid state at such tenmperatures. According to the present

i nvention, the hefardimedtd okhe reppirnt ﬁnWan%%é@éﬁllub‘lsﬁ@efor

contam nat i n ng exafl or is.not restricted. ual i ty, but
used geneFﬁi“ a:fn Qaftli“ﬂ(]-}%{? eE‘\‘ﬁErf ’%F(rjfgup?aﬁdi cl &° %‘%%{Tlena%%e ugggren

particul a r ;e t agt é%f aken
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with the ngtallised Prsaved., éﬁd E@ﬁ&M@sﬂ%&kicP@w&ézeﬂﬁﬂ¢%%iﬂdﬁﬂﬂﬁwlty to
be poor and a particle size of Immor snmaller is therefore preferred. If
particl e sicaeceserceedseiemaplspavesrderurhdetowmernmagr arfultdre retsalts: kemat

allow fluid constituting the material to be ?urlfled to flow easily | f
the flui daGo&senBRterdtime ¢ Wil feid rafner lﬂH%f%?ﬁu%P%&?%aHSJhFWhys

flowthrou h.the sa p han .l therefore always react wth the sane
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nmet al , ﬁemlgeact on i performed in a sufficient
manne{e

Excessiveparticle sizecausesreactivitytobepoorandaparticle
size of lmm or smaller is therefore preferred. 1If particle size
exceeds 1 mm, spaces occur between granular metals that allow
fluid constituting the material to be purified to flow easily.
If the fluid does not flow in a turbulent manner, the fluid will
15 always flow through the same path and will therefore always react
with the samemetal, whichmeans that the reaction isnot performed
in a sufficient manner.
A lower limit of the particle size is preferably 1 #m. If the
particle size 1is smailer“than 1 mm, surface area becomes large
20 excessively and causes an increase in an amount of an oxide film
formed on the surface which inhibits the reaction.
Particle distribution is not restricted. Because molybdenum
pentafluoride and molybdenum trifluoride produced by the
reduction reaction of molybdenum hexafluoride with the metal
25 (or alloy) covers the metal (or alloy), the surface area of the
metal used is preferably large. The larger the surface area of
themetal (oralloy) themoremolybdenumhexafluoride iscollected.
The particles of metal used for the packed tower are therefore

preferably small in size.



Alower |imt of the particle size is preferably 1 tim If the particle

size is smaller than 1 mm surface area beconmes |arge 20 excessivelysahﬂqzw4

causes an increase in an anount of an oxide film fornmed on the surface

which inhibits the reaction. Particle distribution is not restricted.

Because nol ybdenum pentafl uoride and ﬁnlybdenun1trifluoride produced by

the reduction reaction of nol ybdenum hexafluoride with the netal 25 (or

all oy) covers the nmetal (or alloy) , the surface area of the netal used is

pr ef er abl $CFargéngTiethamyes antel et zios anebevials heerdial tiieraldiey) the

nore nol ybdenum hexafl uoride is collected. . The particles of netal used for
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BRIEEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a conceptual view showing a method for introducing
the material to be purified to the packed tower.
Fig. 2 is a conceptual view showing a method for packing a metal
15 in the packed tower and a method for introducing the material

to be purified to the packed tower.

BEST MODE FOR CARRYING OUT THE INVENTION

Thefollowingiéeaspecificdescriptionof1ﬂuaembodiments

20 of the present invention.

Embodiment 1-14; Comparative Example 1-2
In a purifying step of the present invention, the source
gas to be purified is passed through a metal packed tower so
25 astomakecontact andmolybdenumimpuritiesarecollected. Next,
purifiedgasiscollectedbyacolleétortoyieldpurifiedtungsten
hexafluoride.
The metal-made packed tower used is made of stainless steel

(SUS 316L) and has an interrnal diameter of 50 mm and is 1000mm



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The following is a specific
description of the enbodiments 20 of the present invention. Enbodi mentg Jyy 2004
1-14; Conparative Exanple 1-2 In a purifying step of the present invention,
the source gas to be purified is passed through a netal packed tower so

25 as to nmake contact and nnlybdenun1igpurities are coll ected. Next,

purified gas is collected by a collector to yieldpurified tungsten
hexaf | uori de. The netal - nade packed tower used is made of stainless steel

(SUS 316L}caad has an internal dianeter of 50 nmand is 1000mm 1 6 JUN 2004

9 long. 1700cc of netal is packed in the packed tower. Metals used were (1)
nol ybdenum (2)1?996§t8ﬁ,mﬁg?lcbﬁpﬁﬁ§ke?4&“n?%%e@?c%%ﬁ PR (6) cobal t,

7 inc, (8) titani 5 al.um ni 10 | ci 11 [
These metal s ar HGRAHAIEE FEFEpaekTAD TR HE HAked (vl (38 SRRAtai th &
parti ¢l e gigengkidiams INerSOUreH Gamaia bepupihbed be suppligd afop. rate
of 1 L/ mn. 10 The collector use or a purified product 1s cyli drlcal,

is mde ohlskanAahess (3eekaarduhasafn i(DDErmdyasetien,. of 75mMm and a | ength
of 500mm (SUS304). The tenperature of the collector is kept in a range from

0 to 100C. 15 TUhgstemehekafdneopirdparsdpioi predtingden threpeokdittemnsr shown
in Table 1. The results are shown in Table 1.
as power with a particle size of 1 fm.
The source gas tc be purified is supplied at a.rate of
1 L/ min.

10 The collector used for a purified product is cylindrical,
is made of stainless steel and has an inner diameter of 75mm
and a length of 500mm (SUS304).

The temperature of the collector is kept in a range from
0 to 10C.

15 Tungsten hexafluoride is purified under the conditions

shown in Table 1.

The results are shown in Table 1.

It can be seen that purification according to the method
of the present inveniionup;ovides very preferable removal of

20 molybdenum hexafluoride cdﬁtaminating tungsten hexafluoride.

After the collector is heated to 20°C and tungsten
hexafluoride is vaporized to be discarded from the collector,
molybdenum impurities are not collected by the collector, but

are collected completely by the metal packed tower.
25

Embodiment 15-26
In a purifying step of the present invention, a source
gas to be purified is passed through a metal packed tower so

as to make contact with the metal and molybdenum impurities are



It can be seen that purification according to the nethod of the pi %ﬁﬂ$3m4
i nvention-provides very preferable renoval of 20 nol ybdenum hexaft ["'uori de
contam nating tungsten hexafluoride. After the collector is heated to 20C
and tungsten hexafluoride is vaporized to be discarded fromthe collector,
nmol ybdenum i npurities are not coll ect by the collector, but are
collected conpletely by the netal pack tower. 25 Enbodi nent 15-26 In a
purifying step of the present invention, a source gas to be purified is
passed throlghchedet die:packées tonMbecsor @sllartmbe rddikacyawith kg et al
and nol ybdenum inpurities are 1 6 JUN 2004 10 col |l ected. Next, the

col | ect or Pebiféeetstpugpeerdhgasfieoyietd purified tungsten hexafl uori de.
The netal packed, towe sed |s de of stainless steel (SUS 316L) with an
Tner dranbrer  SPeoBerplabantta TeRaeruStE 1B0GTSES (1 it Ve Srackiat lampunt
was 1700 . : : ) ( S nd. 7(
aIuninun1Q%Hgggiﬁ%faﬁgﬁgﬁge%ggégr%ggg%ggfgﬁgéOdﬁhﬁ%%g%rE%Bgﬁga?ﬁéuﬁ% a

parti @ e shzenaf tlelpadkta dmBUhtlQaihesbenperature for purification is
50C. The source gas to be purified is supplied at a rate of 1 L/ mn. The
col l ector used Meraflheupadiwers (rjodudtybidentyd,i ndni cahgstand smder of)
stainless steel with an inner dianeter of 75mmand 15 a |length of 500mMm

( SUS304) . aluminum.

These metals are prepared as grains of powder or grains
of a particle size of 0.1 #m to 1 mm.

10 The temperature for purification is 50C.

The source gas to be purified is supplied at a rate of
1 L/ min.

The collectorused for the purified product is cylindrical,
and made of stainless steel with an inner diameter of 75mm and

15 a length of 500mm (SUS304).

The temperature of the collector is kept in a range from 0 to
10C.

Tungsten hexafluoride is purified under the conditions
shown in Table 2. )

20 The results are shown in Table 2 and It can be seen that
purification according to the method of the present invention
provides very preferable removal of molybdenum hexafluoride
contaminating tungsten hexafluoride.

After the collector is heated to 20T and tungsten

25 hexaf}uorideisvaporizedsoastobediscardedfromthecollectorf
molybdenum impurities are not collected by the collector, but

rather collected completely by the metal packed tower.

(Embodiments 27-36)

e



The tenperature of the collector is kept in arange fromO to 10C .
Tungsten hexafluoride is purified under the conditions shown in TabbeJt& 2004 -
20 The results are shown in Table 2 and It can be seen that purification
according to the nethod of the present invention provides very preferable
removal of nolybdenum hexafluoride coptam nating tungsten hexafl uori de.
After the collector is heated to 20C and tungsten 25 hexafluoride is
vapori zed so as to be discarded fromthe collector, nolybdenuminpurities
are not conl ebeedubylyhegcoatépcrdrihduiresatthemveoltieot edheonpltetrelay by t he
met al packed tower. (Enbodinents 27-36) 1 6 JUN 200 4 11 In the purifying
step of the 35 esEAf irAvEhPREfedt He anhi@ridistats B Pl pinakasppaksed in a
liquid state through a_petal  packe tower, sp_as t ke contact, with the
retal < and RGPS BAGHUN TRBGFAEBCT ‘o 10 Tt bt Re v PRF Rt Bbtece e
collects ik t ogyi €l ol Fe - [ : met al
packed t ogg% Cli)lél g% cig%%ﬁndgé%fg' g'P gi%r?lq gse' sC tg t% g:gﬂ%%%ﬁ%!%ﬂ}gﬁé@daﬁ% Eggflg-rlli@?nner

di ametzer phrd@iem andgsseh0NBxaPLubONge. and t he packed anopunt is 1700 cc.
Metal s used are (1) hastelloy, (2) nonel, (3) stainless 10 steel, (4)

mol ybdenum andTh§) metiagspenkeThesecnetsdd b enguepdr ed adsi ipewdertekd m i n

size and 1 n’mEarti cle grains. The tenperature for purification is 50C
The sour céSHas3t6F) parff Nedt pBninResuphrTetratol Yt gnd 5 4090 mm,

long, .and the packed amount is 1700 cc.
Metals used are (1) hastelloy, (2) monel, (3) stainless
10 steel, (4) molybdenum, and (5) tungsten.
These metals are prepared as powder 10 Um in size and 1
mm particle grains.
The temperature for purification is 50C.
The source gas for purification is supplied at a rate of
15 1 L/ min.
The collector used for a purified product is cylindrical,
made of stainless steel, and has an inner diameter of 75 mm and
a length of 500 mm (SUS304).
The temperature of tﬂe collector is kept to a range from 0 to
20 107C.
Tungsten hexafluoride is.purified under the conditions
shown in Table 3.
The results are shown in Table 3 and it can be seen that
purification according to the method of the present invention
25 provides very preferable re@oval of molybdenum hexafluoride
contaminating tungsten hexafluoride.
After the collector heated to 20 C  and tungsten
hexafluoride was vaporized to discard from the collector,

molybdenum impurities are not collected by the collector, but



The coll ector used for a purified product
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a length of 500 mMm

(SUS304). The tenperature of the co3,.lector is kept to a range fromO to
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After the collector
was vaporized to discard fromthe collector
collected by the collector,
entir et WHYSTREAIeh BPL PakEI THwer .
t he present

t
obt ai ned readtF§Or et FeLCi

con entégtiqgﬁgnpyfgt§oggkti

hexaf | uori de.

(OC

i nventi on,

but

ungst en hexaf !l uori de

kg)en g%rﬁrg'ingst

A fezﬁyaa‘ﬂ@%tddq

Tungsten hexafluoride is purified under the conditions
Table 3. The results are shown in Tdd e.

shown in

3 and it can be seen that
purification according to the nethod of the present

to 20 C an

E%eéﬁi

i nvention

tungsten

25 provi des

éﬁﬁggéyﬁggyg g tungsten

iexaf | uori de

mol ybdenum i npurities are not
14 1 6 JUN 2004 12 are collected in their

| NDUSTRI AL APPLI CABI LI TY According to

5 of high purity can be

T Presrgt SeeHoni Cal FyRIgrabine *pf imeridecat i on Mo
dPretEgatgent Post -t r eat nent
Yy, effectively, d

(ppm (P an
economically.
(Table 1)
PurlflpaFlon Mo concentration in WFg
condition
Temp. Pretreatment | Post-treatment

o Metal used

(C) (ppm) (ppm)
Embodiment 1 20 Molybdenum 300 <0.04
Embodiment 2 100 Molybdenum 2000 <0.04
Embodiment 3 20 Tungsten 3500 <0.04
Embodiment 4 50 Tungsten 3500 <0.04
Embodiment 5 80 Tungsten 3500 <0.04
Embodiment 6 50 Tungsten 3500 <0.04
Embodiment 7 50 Nickel 3500 <0.04
Embodiment 8 50 Iron 3500 <0.04
Embodiment 9 50 Cobalt 3500 <0.04
Embodiment 10 50 Zinc 3500 <0.04
Embodiment 11 50 Titanium 3500 <0.04
Embodiment 12 50 Aluminum 3500 <0.04
Embodiment 13 50 Calcium 3500 <0.04
Embodiment 14 50 Magnesium 3500 <0.04
ngiigizlze 300 Tungsten 2200 10
Comparative | 154 | Molybdenum 300 100

Example 2




Enbodi nent 120Mbl ybdenunB800<0. 04 Enbodi nent 2100Mdl ybdenun000<0. 04

Enbodi ment 320Tungst en3500<0. 04 Enbodi nent 450Tungsten3500<0.04'Eﬁbw i%@%t
580Tungst en3500<0. 04 Enbodi nent 650Tungst en3500<0. 04 Enbodi nent

750Ni ckel 3500<0. 04 Enbodi nent 8501 ron3500<0. 04 Enbodi nent
950Cobal t 3500<0. 04 Enbodi nent 1050Zi ¢ 3500<0. 04 Enbodi nent

1150Ti t ani unB8500<0. 04 Enbodi ment 1250A um nunB8500<0. 04 Enbodi nment

1350Cal iggQS 0<0. 04 Enbodi nent 1450Magnesi unB500<0. 04 Conpar ati ve
300Tungs?en.2 0010 Exanple 1 Conparative 150Mbl ybdenunB00100 Exanple 2 1 6

JUN 2004 14 Table 3|PurifPiucationaccendi tipnM concentration in VWG
Parti ¢l eMetal usedPi et r eatdwntiRoshr t r eat rent!1osiCLECSEHFESPRY Emb&disment 2710
I'i nHast el 1 oy300<0. 0 P%@Q%'l@en&etéaﬁll u”;g‘éa PELE DY IUNMSENt YPost -t reatment
size (ppm) (ppm)
Embcediment 27 10 Um Hastelloy 300 <0.04
Embodiment 28 1 mm Hastelloy 300 <0.04
Embodiment 29| 10 4m Monel 3500 <0.04
Embodiment 30 1 mm Monel 3500 <0.04
. Stainless
Embodiment 31 10 Um steel 3500 <0.04
. Stainless
Embodiment 32 1 mm steel 3500 <0.04
Embodiment 33 10 Um Tungsten 3500 <0.04
Embodiment 34 1 mm Tungsten 3500 - <0.04
Embodiment 35 10 #4m | Molybdenum 3500 <0.04
Embodiment 36 1 mm Molybdenum 3500 <0.04




Enbodi nent 2910 J mvbnel 3500<0. 04 Enbodi nent 301 mmvbnel 3500<0. 04

Enbodi ment 3110 Untt ai nl ess3500<0 04 steel. Enbodi ment 321

Bt ai nl ess3500<0 04 steel. Enbodi ment 3310 gnifungst en3500<07 64JEn3di ment
341 mmilungst en-. 3500<0. 04 Enbodi ment 3510 J nivbl ybdenunB8500<0. 04

Enbodi ment 361 mmivbl ybdenunB8500<0.04 1 6 JUN 2004 15 WHAT IS CLAIMED I S: 1.
(Amended) A method for purifying turdgsten hexafluoride of high purity,
characterized in that tungsten hexafluoride, 5 constituting a material to
be purified, 1§antR2twtHo &t | east nol ybdenum hexafl uoride as an inpurity,
makes contact wth a nmetal or an alloy containing at |east one of

nol ybdenum tungsten, copper, nickel, iron, cobalt, zinc, titanium

al um num calcium and magnesium at a tenperature ranging fromat |least 0
Cto 10 [Assndddn AQfethod. fdheumwifothd aurEtdyimgdangstien of
hexaf |l uori de of high purity according to claiml1, characterized in that
sai d Mt aPUrd tybe prrddedc hakds ivoritedt Withbis sepovteradil ndidegr

grapular nmetal .15 or alloy. 3. The nmethod for purifying tungsten
hex fId%??%%l%?th?%hapﬁF%F%laicEBranBuFéf&FQPnF?Pt@H§ﬂéﬁkéﬂ%ﬂ%ﬂ“ﬂh that a

par ti ¢l &, 8y 26eflmSALLa POWELIEH A0 Al AN A RISl A QY s & m or
metal or analloy containingat least one of molybdenum, tungsten,
copper, nickel, iron, cobalt, zinc, titanium, aluminum, calcium,

and magnesium at a temperature ranging from at least 0 °C to:

10 less than 100 °c.

2. The method for purifying tungsten hexafluoride of high purity
‘according to claim 1, characterized in that said material to

be purified makes contact with a powdered and/ or granular metal

15 or alloy.

3. The method for purifying tungsten hexafluoride of high purity
according to claim 2, characterized in that a particle size of

said powdered and/ or grariﬁlar metal or alloy is 1 mm or smaller.

) 20
4. The method for purifying tungsten hexafluoride of high purity
according to any one of claim 1 to clam 3, characterized in that
sald material of purification makes contact with a metal or an
alloy that is a mixture of a gas and a liquid.
25

5. The method for purifying tungsten hexafluoride of high purity
according to any one of claim 1 to clam 3, characterized in that
said tungsten hexafluoride contéining molybdenum hexafluoride

as an impurity makes contact with a metal or an alloy.



20 4. The nethod for purifying tungsten hexafl uoride of high purity
according to any one of claim1l to clam3, characterized in that 9& duN 2004
mat erti al of purification makes contact with a netal or an alloy that is a
m xture of a gas and a liquid. 25 5. The nmethod for purifying tungsten
hexaf | uoride of high purity accordifsg to any one of claim1l to clam 3,
characterized in that said tungsten hexafl uoride containing nol ybdenum
hexaflgorlde %1‘? n_inpurity makes contact with a netal or an alloy. 1 6

JUN 2084 18" BCTRRE RRT RO ot fouk PRYP hign Dieigdtere Hekea? | daindausit hi gh
t f tg clam5, characterized in that
o o paeheray endy P Bl Al Tl 8y AT S RRE A Phitked 1 over

to Cre@%@dap%@@%%éda%%ﬁalb% andntierspacgli srugedoySiaspacpath; for the
material to be purified.

packed tower to create a space laterally and the space is used

5 as a path for the material to be purified.




