1 SPECIFICATION TITLE OF THE | NVENTI ON: et hod f or purifying tungsten

thexa¥f | uor'irde”bf high purity 5 TECHNI CAL FI ELD The present | ion relates
to anmethod for purifying tungsten hexafluoride of high dﬂﬂ%’ﬂmmmﬂmme
of

specifically relates to a nethod for purifying tungsten
hi gh 10 purity and renoving nnlybdenuglhexafluoride, whi ch contsd*nat es
tungsten hexafl uoride, both cheaply and efficiently. BACKGROUND OF THE
| NVENTI ON Known rnet hods used as net hods for purifying tungs

hexaf | uori de are reactions of chipgrgrdasaafrolungst en with fﬂ,@]ﬁ“ﬂ”ﬁﬁmﬁm h as

HF and AsF3 and reactions of netal tungsten wth fluorine.
assuned that inpurities, other than nol ybdenum which have corntamenated
tungst en_hexafl uori de produced by these 20 nethods are those of chlorides

and fluoftdes, PResEHEnplHYENEEOKan Betheddi F§r sepurshed Gnd W&y from

t ungst en_hex ﬁluoride by.using a _difference in boiling point and vapor

pressurehSFa% Hﬁé%?gnoﬁeﬁé %I %F%E% fromthose of these inpurities.

Howewer, mol ybdenum has simlar properties to those of tungsten because 25

nmol ybdenum is a congener of tungsten and is therefore difficult to

separ at ergodnrennverbypdi stillation. As the nmethod for renoving nol ybdenum

fromtungsten, a nethod is described where a netal piece nakes contact

wi th tungsten The present invention relates to a method for purifying
tungsten hexafluoride of high purity, and more specifically
relates to a method for purifying tungsten hexafluoride of high

10 purity and removing molybdenum hexafluoride, which contaminates

tungsten hexafluoride, both cheaply and efficiently.

BACKGROUND OF THE INVENTION
Known methods used as methods for purifying tungsten
15 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,
which have contaminated tungsten hexafluoride produced by these
20 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
25 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 piecemakes contact withtungsten

hexafluoride at a temperature between 100 and 500C (Japanese



hexaf | uoride at a tenperature between 100 and 500C (Japanese 2 Patent

'No. 2848717) . Using this nmethod, it is necessary for all of the tungsten
hexafl uoride to be converted to tungsten trifluoride and a distillation
tower for purification therefore has to keep the tenperature in a range
from100 to 500'C. This 5 nethod is therefore neither suitable nor
effective when running costs are tak into consi deration. Mreover, the
above described technol ogy carries out heating to a high tenperature
rangi ng PraemtOfot 28 590C/ 1 0 Wwsarse thdecnaphsdf iion ief nWEEsbyriynséaldldt i on of
a packed tower made of 10 SUS (stainless steel.) The present invention
provi des©d ngtchodungrtpor iffapafg uanisigst ep Bexaddniordtord of ohitgngafsen y,
wherein production of tungsten hexafl uoride of higher gurit than in the

rel ated afFtfliperpeesimi & #hsal st3YhtPERRars ﬁaﬁﬁgﬁcaﬁ onpithpyefR st . 15

DI SCLOsU THE | NVENTI ON Taki ng i.nto considerati ha cri.bed above,
t hepr eseﬁgs%ﬂvgﬁ?%%%&bﬁ“& re%utr%néélt en" hé %ffe Forh ettﬁnépgﬁsalﬁflos be

subj ept k@ nBHr{ § itGAlF)CRBY 8h 8L NG iR RAgHH M ATRXAfidoKhER Amaih0
inmpurity to solid-gas reaction and / or solid-liquid reaction and

sol i d-1i gusdscanktactkendentspechkideeandlohi ons resulting in the present
invention and found a nmethod capable of purifyin tungst en hexaf | uori de of
high purity reMddirppyessf ddys vabgre aﬁﬁscéé}éﬁ@mtéélglﬂg’.lOQB ThRé& rprés eitt

i nvention provides a nethod for purifying tungsten hex%fkgoride of high
purity, BRataPEekP ZeR1PR G9pperature ranging from 100 to 5001 to cause

decomposition of WF¢ 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

Takingintoconsiderationthat describedabove, thepresent
inventors subjectedtungstenhexafluoride (material tobesubject
to purification) containing 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

contactwithametaloralloycontainingatleastoneofmolybdenum,



tungsten hexafluorlde which is the material to be purified, containing at
| east nol'ybdenum hexafl uoride as an inpurity, makes contact with a netal
or al'loy containing at |east one of nolybdenum 3 tungsten, copper, nicke,
iron, cobalt, zinc, titanium alum num calcium and rmagnesium at a
tenperature ranging fromO to 1000C. Ln the present invention, the
tenperature at which nol ybdenum hexafl uori de nmakes contact with the netal
or alloy 5 is set to fromO to 100C C. At 100C or higher, the rate at

whi ch | npungbttes, apepeenovetke det o ocabebt, Ohnthe iakheumhaidmiatum,
tenperatures |ower than OC, tungsten solidifies to cause clogging. Wthin
a range €abmiOnt @riHOEIN2G ity $06 tsmpﬂeaemn$eanbdn@réfemdbte TGhd .40 to

70- C ferable. Generally, el |l ked d
packed tover RaviTE aREPRERbAUCTIRORT conand IRALERERy ﬁﬁa%ﬂ"iﬁhl:f' and
suppl|esmgp?bggﬁg&lﬁéxggl€§ gﬁehﬁiﬁﬁsEkﬁﬁb%@er&EﬁrQHEQﬁQQa Qﬁ!%hﬁ%

gaseous or I quli st at tenperature o e materl a UI’I fl ed

intraogduced ciptp.the,pagked tower, preferably ranges from 30 to 800 o
Creating such tenperature makes controlling of the tenperature within the

packed tower sitaioghtfer wagtet-0 t21eabl€e atsihaldrei it {4 o boB refm@aeld on. In
addition, the influence of the material to be 20 purified on a naln portion
of the paekedlbcaeeScaﬁhbeheeUUEﬂdhandhetﬁéﬂ%@d&ﬁuna3¢9W©¥tWhﬁdh t-he

material to be ur|£ ﬁé n contact. with the netal depends on the
surface BrBASHFItAgLY fé?SuEﬁdc%Hﬂetﬂ%pg%&%Sof flow of the introduced gas

I's preferably V?i%k?ir%l.'oa ngannué[eesf‘rom 0 to 100C, 20 to 90C is therefore

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
intothepackedtowerpreferablyrangesfrom30t080T3. Creating
such temperature makes controlling of the temperature within
the packed tower straightforward to enable a stable purification
reaction. In addition, the 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 anount
procéssed per ‘unit time are both desirable from an econonic 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 4 state. In the case where
the material to be purified nmakes conyyact w th the netal in a gaseous
state, as shown in Fig. 1(a), it 1is preferable that the material to be
purified is introduced 5 fromthe bottom of the packed tower and di scharged
fromthestepe.of the packed tower. On the other hand, when the material to
be purified makes contact with the netal in a state where there is a

m xture of bot ANGAE GA8SMIPNSIES S tERARA §MPRIRPT (IR makes icOn5@&tter abl e

t hat the gg%eéhal tg Ee_. urified is introduced th fraomt.he t,on of .t he
packed t 8 g 4rsd argeﬁ FPORT the” bt om® of $He Packsh tlovier. For

packi ng Egepgskélka'gm_et Bﬁa@a{%llé@%é@é“@{aliﬁoi@e peferabl as @ shewmed n Fig.

2, that the neta i's packed in the packed tower 1 to forma space 2

hor i Zpnt akby, t Mgt i useth@ackeat holbrfad tdies dmatrefeddal rom ties pig fi ed 4.
In a vertical -type packed tower shown in Fig. 1, the netal resists the
passi ng of the pamkedi adwen. b@rpiphief pedeandanat rotkict iloh wft qthea Indoessary
anount of material to be purified (flowrate) requires a higher pressure

for suppP§iPigrt hesdiierasaropsage phrt fiEdmehstsHown SEALRI e BEHE the
Do SPaEe My AL DB A e (DS ML o0k e g, advance ot the
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 to be purified and introduction of the necessary amount
of material tobepurified (flow rate) requires a higher pressure
for supplying the material to 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 WFg
Melting point 2°C; boiling point 17C

MoFg
Melting point 17°C; boiling point 32C

MoFg



Melting points -and a boiling points of individual conponents are as shown
bel ol. 25 W6 Mel ting point 2C boiling point 17C MF6 Melting point 17C
boili:ng point 32C M F5 5 Melting point 67; boiling point 214C M F3
Subl i mation 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 naterial to be purified in a
gaseous state allows the nmaterial to be purified to becone a m xture of
gas and Mequiidg godnmokybdesumihexabliner pde’C which has contaminated the
tungsten hexafluoride, is reduced by the 10 solid-gas reaction and the
solid-liquid r&&étion to yield stable nolybdenum pentafl uoride and

nol ybdenum trifluoride. If the contact tenperature is set to the boiling
poi nt oPuPdwERtérn: Relnkt P04t to be purified, introducing the materi al

to be purifi Edé?q”é;%&' ir?g"léis%n%t e Aldions the Jimt q{égﬁJe Sa%ul%% Ry ifd &4, 15 to

becone a |i qui I'ybdenum hexaf | doride, wh I contam nated with

t ungs4 en chexabluas hd8e iisssdedyeed hyi 1ihey psoht drlidnd o f eaetipedgyiel d
st abl e nol ybdenum pent af | uori de and nnly%denun1trifluoride. On the ot her

hand, if tbheecpntactetignperatdneing ské mateP0al hieo bwe |pungl ficdahtirora hi gher
of the material 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
tobepurifiedina liquidstateallows 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 hand, if 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 temperature 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 the
matefial to bé purified to beconme a gas and nol ybdenum hexafl uoride, which
has contam 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 tenperatuQF 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 eaeah fgas rane , | vwigudtd hasdond anhidenisd thdexablsteni ioesa hiethi ds,s

contam nated the tungsten hexafluoride, is reduced by the solid-gas

reacti onigngedored-PY dliedspéactrpan reactyil @nst apléedmplgbéenigaction

pent af l uori de. a mol ybdenum _ trifl uoride. Mol yhdenu tu ten, copper,
kel | tPonyi8otal St Be MO LHdanin SaAE AT Seal Ehm B Sie, m
react se ihyel wi t h nol ybdenum hexaf | uori de, but nol ybdenum
hexafluo%ggglgggédeﬁot react under the above described conditions. As

descrgbed aboveol @)d’éﬂ@mpriﬁﬁﬁj‘étérﬂyéﬂﬁpeﬁ, dilcxeas feymndcob@ithatifangst en
hexaf | uori de can be purlfled to a high degree at a tenperature of 100C or
| ower, whiichniceanvehtinonabhy, calbesumotandpergnestihe yeatdi sl aft tuwgigst en
hexafl uoride of a high purity. According to the present invention,

ol ybdenumthhlé&hw@%w@él%ﬁ%ﬂ@sl%l DBE erurisenuar hasaf decande mstsmHdenum

15 trifluoride due to a | id-gas reaction and /.or solid-liquid ti
Wi th ol PBaeReACHIRCSSr LAk CRP s BEACH L bErpEPRRr £ F ange, ol ybdenum

oo A O BRI 05 o R BhicRst Al shat oo 2 1 on
10 that tungsten hexafluoride can be purified to a high degree at
a temperature of 100C 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 molybdenum trifluoride
exhibit a stable state anda lowvapor pressure toallowmolybdenum
to be deposited on a packed layer resulting in collection.
20 Molybdenum hexafluoride exhibits the same reaction with
tungsten,copper,nickel,iroﬁ,cobalt,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. Tungstenisnotproblematicbecause
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 layer resulting in collection. 20 Ml ybdenum
hexafl uori de exhibits the same reaction with tungsten, copper, nickel,
kron,» cobalt, zinc, titanium alumnium calcium and nagnesiumto produce
nmol ybdenum pent af l uori de and nol ybdenum trifluoride. Fluorides of these
netals are also produced sinultaneous}y. Al'l these netals 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
t ungst en rfdtrdr iade.owAc corsdi ngeax dthieorpraesento I Iveamitdromy £ sl ua=1depui off cont act
of the material in the liquid state for purification with the nmetal allows
easy sepdCdtisieraid cediipadtingn 20 fliidoricaés 6f ShehybEBRBAREXAEDI ting a
solid state at such te ratures. Accordin 0 the_present_ inventjon, the
metal used for AKCHASE &P foFy BABREHN6RAPMbOPT det R SHt halt 751y Tahast en

S hexaf'%%&k%%&ﬁ509°%mh$§£ﬂ%ﬁﬁﬁfgégﬁg9 ££éé *@&htﬂ%ﬁﬁﬁgﬁﬂﬁraédﬁ%%ﬁgfe

linear, swarf, and particle sta er and particulate” stat

pr ef eg able JaF 10ided hat neentagt r okt ddeirgamaiaksn) pas tbednpdesiallyo be
purified and a liquefied material to be purified with the netal is

i nproved.inl@ Ekcessi vevgdrt iacldepsizéctausest o e&owideirt gntgodet pookataad a
particle size of 1nmmor smaller is therefore preferred. If particle size
exceeds PBURReSspdCePIEEEEAPEE WheRTHrPaNGNEF RREBRSTtRAtthE I W FRiRW

ot 11 owAn thet DFBRFaAt Rarters o Theldd ar i et Radat e Fbnt b dugh the
same pat b, and wd l,;therelore :ahways i[eagLeqwi th the same netal, which neans
that the'reaction is not perf ornmed 1In a sufficient manner.

10 Excessiveparticlesizecausesreactivitytobepoorandaparticle
size of lmm or smaller is therefore preferred. If 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 reactionisnot performed
in a sufficient manner.

A lower limit of the particle size is preferably 1 #m. If the
particle size is smaller 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 limt of the particle size is preferably 1 4m If the particle
size'is smallér than 1 mm surface area becones large 20 excessively and
causes an increase in an anmount of an oxide film formed on the surface
which inhibits the reaction. Particle distribution is not restricted.
Because nol ybdenum pentafl uoride and %:DI ybdenum trifluori de produced by
the reduction reaction of nol ybdenumhexafluoride with the netal 25 (or
all oy) covers the nmetal (or alloy) , the surface area of the netal used is
pr ef er abPygcloadgeg Thehegrapsrenthensenf hee, aprearod lstiseveiar thormdlsd the
nore nol ybdenum hexaf | uoride is collected. The particles_of netal used
for the PRUREPEDReFChrCtherdrorkor SrEfRr-ghl S- $59 AtEF2e. NIt di ng to

t he present, i.nventi mat er i sed f h C : d.a collector
are, for a@%a%ﬁ?@?rs?gki&%lpeas?s S léé ,grnllsclgglre,fter%n %cgggé?&gﬁgelgjge&ae%? ower is

prefer ab'aYc%Y!LhHQE@:Q@' sHBGAUSCe 2 &y W AL Cat 2 STAPSs Isg c@ASYNY de?;!%ar
Stai nless steel and copper 5 are used as the material of the pipe.

Accorsli ngrio ulskkel pres@rt maneentions the phpent of nol ybdenum hexafl uoride
contam nating tungsten hexafluoride before and after purification is
measur edAboyolr@EngVBo The ameaantofnventyddentine camobwet measwrlathdgnymo 0. 04
ppm (detection limt.) 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
concept uBRXGELNOSHOR P & FERGd Mot FREE6du IS T 11408 TGt 55T &k

P SOk P PRSI Pl o ponegpiuel Wi s o 7 e o
the mat episalpd@ule cRYr bhi gdatartheupacked. 6 OWekm (detection limit.)
10
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
The following is a specific description of the embodiments

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 astomakecontactandmolybdenumimpuritiesarecollected. Next,
purifiedgasiscollectedbyacollectortoyieldpurifiedtungsten
hexafluoride.
The metal-made packed tower used is made of stainless steel

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



BEST MODE, FOR CARRYI NG QUT THE | NVENTION The following is a specific
description of the enbodiments 20 of the present invention. Enbodiment
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 nnlybdenun1i¢murities are coll ected. Next,
purified gas is collected by a collector to yield purified tungsten
hexaf | uori de. The netal - nade packed tower used is nmade of stainless steel
(SUS 3160prgnd has an internal diameter of 50 nmand is 1000nm 9 | ong.

1700cc of nmetal _is packed in the packed tower. Metals used were (1)
mol ybdenum  ( 2)! 198gsten TG cGpperied( A1 APEKBRCXES) LPFBR; (6) cobal t,

(7) zinc, (8) tj i_u 5, k0l 10),.cal.cj a ( ghesi um
These netal s a&%ﬂggébg%%%%%%ﬁ bgiﬁgkgbﬁghﬁﬁé %gcgéﬁbgg%%qugséééﬂgg’mﬁth a
particle sizegiefel ams)Theogaouree @asa 110 be)purinti edghstsuppiigd @) a rate
of 1 L/ mn. 10 The collector used for a purified product is cylindrical,
is mafle oflwstiaiiningss(ist)eelalarnidirhasnan (lnnemadhasetmr of 75nm and a | ength
of 500mm (SUS304). The tenperature of the collector is kept in a range from
0 to 10C . 15 Tinegst patheradtacregeres oy iPkickd ngnderthcheachrdi tPons  shown

in Table 1. ,
as power with a particle size of 1 Um.

The source gas to 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 invention provides very preferable removal of

20 molybdenum hexafluoride contaminating tungsten hexafluoride.

After the collector is heated to 20T 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



The results are shown in Table 1. It can be seen that purification
accordlng to the nmethod of the present invention provides very preferable
renoval of 20 nol ybdenum hexafl uori de contam nating tungsten hexafl uoride.
After the collector is heated to 20C and tungsten hexafluoride is
vaporized to be discarded fromthe cohbector nmol ybdenum i npurities are
not collected by the collector, but are collected conpletely by the netal
packed tower. 25 Enbodi nment 15-26 In a purifying step of the present

i nvent i ogoldestedce Ngas, ttthdeqpueidtioadcpsl pass athitiHriqasglyas hetwlelbacked
tower so asFIo make contact with the netal and nol ybdenuminpurities are a
10 col | eBHéd iRk EUnERE SRoPrESEdHOCdPPect s purlfled gas to yield purified
tungst en hexaf rld%ﬁlThe netal Racked towner na e of sta1€%ess

steel (SUS 31 fRer C8 Sﬁe?e?do%SS%age %ndS 2SN H o005

mm and th@u@agkgﬂ Wtaﬁva%n%w@lgﬁeté@t@é $ ousRch N8 1 6L robybdesym  (2)
tungsten, and 7(3 ﬁ al um num These netals are prepared as grains of powder

or gr&i ngm ahdatpar baekedsameuat @at Umvocd.mm 10 The tenperature for
purification is 50C. The source gas to be purified is supplied at a rate of
1 L/ min. The deltkést oeedsedréofl) heo pdrdemuved pgRodbongssenyl amdri 3l ,

aluminum.
These metals are prepared as grains of powder or grains
of a particle size of 0.1 #4m 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 collector used for thepurifiedproduct iscylindrical,
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
10TC.

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 20°C and tungsten

25 hexafluorideisvaporizedsocastobediscardedfromthecollector,
molybdenum impurities are not collected by the collector, but

rather collected completely by the metal packed tower.

(Embodiments 27-36)



and made of stainless steel with an inner dianmeter of 75mmand 15 a length
of 500nn1(SU8304). The tenperature of the collector is kept in a range from
Q 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 nethod q the present invention provides
very preferable renoval of nol ybdenum™hexafl uoride contam nating tungsten
hexaf | uoride. After the collector is heated to 20C and tungsten 25

hexaf | uorirdehes prapdniized ssera® it ahlee pdieseardédvénomohheticel hetéoial

nmol ybdenum inpurities are not collected by the collector, but rather

col | ect ed cBAPIWE I 4Dy StPRSFRA AR pddieid ¢t dwre thERBER Ewitaloragksd 11 In

th i fvi t f th t.i ti - th terial .to b ified

s phssed T d Fau A e (AT otk SEREELr Y V™ SPUST E b frake

contact wth-ihe.mei@l apdmalybdsnum 5@85&%8§?P§[&§f§85|§:;%%tt‘?ﬂ'iyﬁft’ the
d d 5 e Xa

collector collects purified gas to yie pur i tungsten uori de.
The nBt alpypacked tomefstusethd:s ATRde iek .st ai nl ess steel (SUS 316L) and has

an inner dianeter of 50 M and is 1000 mm |ong, and the packed anobunt is
1700 cc. Metal Sheseetarle pebkedasoeielroysefi2)smade, cf 3jtsinlatesstedD steel,
(4) nnlygdenuwnéanda%%)hggn%%F?gheIhgigmggéglgfagg g&epared as powder 10
Jimin siZ¥Sand°f) and 1s 1000 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 the collector is kept to a range from 0 to
20 10C.
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 removal 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



mm particle grains. The tenperature for purification is 50C. The source gas
for purificati‘on is supplied at a rate of 15 1 L/ nin. The collector used
f.or a purified product is cylindrical, made of stainless steel, and has an
inner dianeter of 75 mmand a length of 500 mm (SUS304). The tenperature
of the collector is kept to a range fremO to 20 10C . Tungsten

hexafl uoride is purified under the conditions shown in Table 3. The
results are shown in Table 3 and it can be seen that purification

accor di ngco add emdteldod nofthieleg pnésertyi hyetiheonetas peovedetovery
preferable renmoval of nol ybdenum hexafl uoride contam nating tungsten
hexafl uori de. After the collector heated to 20 C and tungsten hexafl uoride

was vaporizedt-g »di fram-the collector, nolybdenuminpurities are not
coIIecte& by E%%Agbr%ggﬁgﬁPgﬁﬁ?Q12 are collected in their entirety by the

metal packed t QRio.rdiNgUST RhALy ARRLCABL Eh T Yo AC 6omdish@nt e k11 s £5&0t

i nvention, tungsten hexafluoride 5 of high purity can be obtained readily,
ef fechi velfy, hagid pecdngm cal | pe (kattdimel) Peaadflgat edieb iceigentaradi on in
WF6 condition

economically.
(Table 1)
Pur1f¥c§tlon Mo concentration in WFeg
condition

T%pp. Metal used Pretreatment | Post-treatment

(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
C;Zg;;izlze 300 | Tungsten 2200 10
comparative | 154 | yoiybdenum 300 100

Example 2




Tenp. Metal usedPretreatnent Post-treatnent (oC ) (ppm (ppm Enbodi nent
120Mdl ybdenunB800<0. 04 Enbodi ment 2100Mdl ybdenun2000<0. 04 Enbodi ment
320Tungst en3500<0. 04 Enbodi nent 450Tungst en3500<0. 04 Enbodi nent
580Tungst en3500<0. 04 Enbodi ment 650Tungst en3500<0. 04 Enbodi nment

750N ckel 3500<0. 04 Enbodi nent 850Ironi 00<0. 04 Enbodi nent
950Cobal t 3500<0. 04 Enbodi nent 1050Zi nc3500<0. 04 Enbodi nent

1150Ti t ani unB500<0. 04 Enbodi ment 1250Al um nunB8500<0. 04 Enbodi nment
1350Ca|cHGm&5@020 04 Enbodinent 1450Nhgnesiun8500<0 04 Cbnparative

Cvea 2

13

300Tun(pr etrr220016 |:)\cnp atiVv \JUIVUT}'UUCIIUIIDUUJ.UU EAarrpTc z
(Tabl e|2) Purificatiagn NbpggbééﬁfFéPPon in WM concentration in WFg
Particle Pretreatment | Post-treatment
. Metal used
size (ppm) (ppm)
Embcdiment 15| 0.1 #m |Molybdenum 300 <0.04
Embodiment 16| 0.5 um |Molybdenum 300 <0.04
Embodiment 17 1 4m Tungsten 3500 <0.04
Embodiment 18| 0.5 Um Tungsten 3500 <0.04
Embodiment 19 1lim Tungsten 3500 <0.04
Embodiment 20 21m Tungsten 3500 <0.04
Embodiment 21 5Um Tungsten 3500 <0.04
Embodiment 22 154m Tungsten 3500 <0.04
Embodiment 23 1 mm Tungsten 3500 <0.04
Fmbodiment 24 2 Um Aluminum 3500 <0.04
Embodiment 25 15um Aluminum 3500 <0.04
Embodiment 26 1 mm Aluminum 3500 <0.04
C;zg;gizlge 2 mm Tungsten 2000 10
nggi;izlze 3 mm Molybdenum 300 30




condi tion Partlcle Met al usedPretreatnent Post-treatnent size(ppm (ppm
Enbodi nent 150. 1 anmvbl ybdenunB800<0. 04 Enbodi nent 160.5 gmvbl ybdenunB800<0. 04
Enbodi ment 171 U Mrungst en3500<0. 04 Enbodi nent 180.5 Umlungst en3500<0. 04
Enbodi ment 191Ji nmlungst en3500<0. 04 Enbodi nent 202aj niTungst en3500<0. 04
Enbodi nent 2159Mrungst en3500<0. 04 E ngglnent 22159Mrungst en3500<0. 04

Enbodi nent 231 mmlTungst en3500<0. 04 Enbodi nent 242 u mAl um nunB8500<0. 04
Enbodi ment 2515g mAl um nunmB500<0. 04 Enbodi nent 261 mmAl um nunmB500<0. 04
Conparatﬂﬁ@l% manngsten200010 Exanple 3 Cbnparatlve 3 nanbedenunBOOBO

Exarrpl —A4—1A4—Tablte—3Puri | l IIUI t—onivb—eonecentration—+n— W6
Parti clleMet al usedPretreatﬁgﬁﬁfoétiﬁ ment Mo concentration in WFg
Particle Pretreatment | Post~-treatment
) Metal used
size (ppm) (ppm)
Embodiment 27 10 Um Hastelloy 300 <0.04
Embodiment 28 1 mm Hastelloy 300 <0.04
Embodiment 29 10 Um Monel 3500 <0.04
Embodiment 30 1 mm Monel 3500 <0.04
Embodiment 31| 10 um | Srainiess 3500 <0.04
steel
Embodiment 32| 1 mm | Scainless 3500 <0.04
steel
Embodiment 33 10 4m Tungsten 3500 <0.04
Embodiment 34 1 mm Tungsten 3500 <0.04
Embodiment 35 10 #m | Molybdenum 3500 <0.04
Embodiment 36 1 mm Molybdenum 3500 <0.04




S|ze(ppn)(ppn) Enbodi ment 2710 gnHast el | oy300<0. 04 Enbodi nent 281
rmrHast el | oy300<0. 04 Enmbodi nent 2910 gmivbnel 3500<0. 04 Enbodi ment 301

nmvonel 3500<0. 04 St ai nl ess Enbodi nent 3110 gnB500<0. 04 steel Stainless
Enbodi ment 321 mmB500<0. 04 st eel Enbodi ment 3310 9mlungst en3500<0. 04

Enbodi nent 341 mmlungst en3500<0. 04 En?gdinent 3510 Ji mvbl ybdenunB8500<0. 04
Enbodi nent 361 nmvbl ybdenun8500<0. 04 WHAT IS CLAIMED IS: |.A nethod for
purifying tungsten hexafluoride of high purity, characterized in that

t ungst en WhiéXafllSuGLAd&EDc@Rstituting a 5 material to be purified, containing
at | east nol ybdenum hexafluoride as an inpurity, makes contact with a
nmetal or an aIon containing at | east one of nDbedenun1 tungsten copper,

ni ckel , n zing, . titaniu mn ne5|un1at
a tenper &tg‘r@ Egﬂg %%r oMo EBB%‘C Li'f alﬁe Cﬁ rﬂ‘%f'g Lﬁ‘luf
tungst en aexafluon z@% Qfy Rirght PUH ok o RORALLH NG 1101 %dﬂ&blﬁl\l\% “ zed
inthat said material to be purified makes contact with a powdered and/ or
granub ar mgktealial to be purified, containing at least molybdenum
hexafluoride as an impurity, makes contact with a metal or an
alloy containing at least one of molybdenum, tungsten, copper,

nickel, iron, cobalt, zinc, titanium, aluminum, calcium, and

magnesium at a temperature ranging from 0 to 100C.

10
2. The method for purifying tungsten hexafluoride of high purity
according to claim 1, characzerized in that said material to
be purified makes contact with a powdered and/ or granular metal
or alloy.

15

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

saild powdered and/ or granular 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
said material of purification makes contact with a metal or an

alloy that is a mixture of a gas and a liquid.

25 5. Themethod for purifying tungsten hexafluoride of high purity
according to any one of claim 1 to clam 3, characterized in that
said tungsten hexafluoride containing molybdenum hexafluoride

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



or alloy. 15 3. The nethod for purifying tungsten hexafluoride of high
purity according to claim2, characterized in that a particle size of

sai d powdered and/ or granular netal or alloy is 1 nmor smaller. 20 4. The
met hod for purifying tungsten hexafluoride of high purity according to any
one of claiml to clam 3, characterizg? in that said material of
purification nakes contact wth a net or an alloy that is a mxture of a
gas and a liquid. 25 5. The nethod for purifying tungsten hexafl uoride of

hi gh pur bt yThaceohddnfpt puany yang ningdtaimhéxt ol abamid,ofchaghgtaritzed i n
that said tungsten hexafluoride containing nol ybdenum hexafluoride as an
i mpuri t y2RARESIBENtACWMPERA f rdPAM brtcadlaml by chegagteThge et hddaftor

PR L e e e e ML S A p%v&d%\fd ks gt Bt o
met al oo Lkgx téw@g%gdcége%at ggggg JRUBL 10, GLRALRA SPACE '_aterda"y and

t he spac used er| to bep
5 as a path for the material to be purified.



