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30 other halocarbons in the electronic gases, even when only present in the
part-per-million level, increases the defect rate in the production of these
high-density integrated circuits. As a result, there has been increasing
demand for higher purity electronic gases, and an increasing market value
for the materials having the required purity. Identification of offending

35 components and methods for their removal consequently represents a
significant aspect of preparing the fluorinated compounds for these
applications.
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method for removal of dinitrogen difluoride from nitrogen trifluoride. The
method involves heating the nitrogen trifluoride in the presence of a
particulate metal capable of defluorinating dinitrogen difluoride, but inert to
nitrogen trifluoride, to a temperature of from about 149-538°C for a time

sufficient to effect defluorination of the dinitrogen difluoride. The metal
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The present invention offers an further improvement over
previous methods by requiring no reagent or supplemental packing
material for removing the dinitrogen difluoride be added or replaced. The
present inventors have surprisingly discovered that passing a gas product
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35 Various heating methods may be used to heat the nitrogen
trifluoride mixture during the heating step, and heating methods are not
particularly limited. The nitrogen trifluoride mixture may be heated in turn
by externally heating the vessel with an electric heater or a burner, or by
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35 so that nitrogen trifluoride product is obtained substantially free of both
dinitrogen difluoride and dinitrogen tetrafluoride impurities, while suffering
no nitrogen trifluoride yield loss. The contact time at a given heating step

temperature necessary to reduce the concentration of dinitrogen difluoride
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The total pressure within the vessel during the heating step is
not critical. To achieve commercially useful process productivity, and to
30 move the nitrogen trifluoride mixture through the vessel during the heating
step in a continuous process, the total pressure within the vessel during
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concentration gradient of a layer rich in metal-containing compounds that

is formed over the microscopic peaks and valleys on the metal surface
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desired shape to just under their melting point, a process called sintering.
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inert carrier gas, for example, 5 volume percent fluorine in helium or
nitrogen. The dilute fluorine is contacted with the inner wall of the vessel
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35 atmospheric to slightly elevated pressure (e.g., 55 kPa (8 psi)) for a period
of time of about 30 minutes. The vessel may then optionally be brought
to a slightly elevated temperature (e.g., 50°C) and the inner wall of the
vessel contacted with dilute fluorine for a period of time of about 12 hours.
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t hrough beds packed with al um na pellets,
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14 seconds 28 seconds 41 seconds
T (°C) N2F2 N2F4 N2F2 N2F4 N2F2 N2F4
200| 226 124 116 7 18 0
213 13 0 1 0 0 0
228 0 0 0 0 0 0
243 0 1 0 5 0 35

Table 4 — Electropolished stainless steel tube, ppm-molar concentration in
25 off gas

14 seconds 28 seconds 41 seconds
T (°C) N2F, N2F4 N2F> NaF4 NaF NaF4
200{ 267 166 162 67 96 7
213 70 0 5 0 0 0
228 1 0 0 0 0 0
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243 0 284 0 278 0 324 20 Table 3 -

Non- el ectropol i shed stainless steel tube, ppm nolar
W@ g e8tssat i on i n off gas 14 seconds 28 SecondBCWﬂSﬂmmenB

second ] N2F3

124 11 ' 06 810 0 .

O 1 050 35 Table 4 - Electropol|shed stalnless st ee

dé’ﬁfﬁé%hﬁé aﬁ,&ﬁ‘iﬁs%ﬁé‘h&ﬁﬂ nhaJ L@éna&{;rc ihbtgas
NZF 2F> oo SoRRdSe, 1y ¢ PEsendndgs T, bl acoqids 5 |y
o%(%)s %ﬁzoLoM Fa. 27%352 047’@‘575691‘125 NaF,

PCT/ USZY/ 028083 893 ¢ 01200 |0 00Tabl e 12 - |Cerfmic
al um na2131be 26ppm nod ar [con8ent{rat@on |in ¢f f |[gasQ 14
second2Z# setonds 43 sgcongls [T(Q NZF2 H2F4 NZ2RpZ

N2F4 N2B3N2ZRF 200 250 §9 1g0 O 1250 (2133261073501 O
2281 0 0 00 02430000 0 0 Tabte 6 —=—Sapphrre
tube, mnolar concentration in off gas 14 seconds 28
STalbleds- Sappreenttbe, gprh@holR E3nbEmtfathidid dfds N2F2
N2F4 200 217G 418coh# 0O lbzgse/phﬁdgb TP Lefondd

El (elggr |H SEF'a VU"YF:‘{ :uu hrmLN'zT:%r Mabzent Mafiag,
in off :J_mg&rn 1: 28 mnrdq q ecd®ds |T (Q:\
N2F2 NoBD N2F4 QeE2 N4 0 1 0
228 2 0 0 0 0 0
243 0 0 0 0 0 0
5
Table 7 - Electropolished nickel tube, ppm-molar concentration in off gas
14 seconds 28 seconds 41 seconds
T (°C) NaoF > N2F4 NaoF2 N2F4 N2F2 NoF4
200; 252 118 163 21 91 7
213 101 0 20 0 4 0
228 6 0 0 0 0 0
243 0 0 0 0 0 0

As may be seen from the Table 2-7 data, increasing the
heating step temperature reduced the amount of dinitrogen difluoride
10 remaining in the nitrogen trifluoride gas. There are slight differences in
effectiveness of the several tube materials of the present invention at the
various temperatures, but overall they are very similar in ability to remove
dinitrogen difluoride. As may be seen by comparing the data, the longer
the contact time, the more effective the removal of dinitrogen difluoride
15  from the nitrogen trifluoride gas.

The Table 2-7 data shows that at the lower temperatures
tested, heating the nitrogen trifluoride gas stream in each of the several
tube materials was also effective at removing dinitrogen tetrafluoride from
the nitrogen trifluoride gas. However, at the higher contact time and

20  higher temperatures, carbon steel and non-electropolished stainless steel
begin to show increases in dinitrogen tetrafluoride concentration. The
vessel materials of the present invention (i.e., electropolished stainless
steel, electropolished nickel, ceramic alumina and sapphire) could be
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deddiagries 0T eXbRl ifvERBPs Rkre Bbiét%%?rcftﬁiréﬂe'agﬂdhqs& Bf

et
" tiPG9 tiierGe i iCsy drpeTogeHOR in abiasest peagess by
Wi tlhfraeed apectresadpy. For exaphsie apere ﬁlﬁ‘ﬁ@@ﬂi ﬂ’iﬂdfo‘?i&et\@as passed
f ortﬂ@glé{h é ggpa?ﬂlcﬁtﬁr{'\ﬁ?otu% %ggﬁlf?ﬁé%gy%oa ?g}g 8{3‘13%] seconds,

20t haandhit Mmgiatermmeﬂlusmg m&ar-redcsmecmsd:omotbmthe upper level of
St &{iBtr&§en frife®ride Fld 26 y getéth 9 {lo ?Y]ﬁfog;%n trifluoriqe,was

eratures to gi've rogen PLO
71q£§ eId The present |nventors accurately nmeasur ed
dinitrogen tetrafluoride in 10 thernolyzed nitrogen

trifluori dmby gas- chr omat ogr aph- mass-
spect ronet erm ned that absence of dinitrogen
25t et raf | uor lﬁfgaseous beeaml of 7gogen frﬁl@@ﬂdér(ka)U&ﬁmdmm%448
t sel ec
ar Gvaaoler biRRelt il Boq [N B pestiann Thilar diebden
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deconp05|t|on I n nner
sufeatedt bﬁw@'\émwﬂ bﬁrﬂx@htcm s Mg tibgsinay be comprlsed of

30 comopbaIestrepsiishad! P& stlinless steel and electropolished 316 stainless
steel with Ra (surface roughness) of 15 microinches. These tubes will not
be passivated with a passivating composition comprising fluorine gas prior
to treatment of a nitrogen trifluoride mixture. The aforementioned gaseous
stream of nitrogen trifluoride containing dinitrogen difluoride and dinitrogen

35 tetrafluoride will be fed to the tubes at atmospheric pressure (101.3 kPa,
14.7 psia) and at a rate providing contact times within the tube heated
zone ranging from 14 to 41 seconds. The product gas composition will be
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expected are reported in Tables 8 and 9. Table 8 -

10Non passi vat ed stainless steel tube, ppm nol ar
concentration in 5 off gas 14 seconds 28 seconds 41
seconds T (O N2F2 N2F4 N2F2 N2F4 N2F2 N2F4 200 300
448 200 400 100 420 213 50 30 100 00 22800000
O 243 0 300 0 400 0 170707d Table 9 - Non-passivated
el ectropol i shed stainless steel tube, ppm nolar
concentration in off gas 14 seconds 28 seconds 41
seconds T (C N2F2 N2F4 N2F2 N2F4 N2F2 N2F4 200 230
150 150 20 30 5 213 2003 00O

-15 -
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2004/ 087569 PCT/ US2004/ 009183 CLAIMS What is cl ai ned

WO 2004/087589 A process for reduci ng the concent r BCT/082004/009183
at | east one inpurity selected fromthe group
consi sting of dinitrogen di QLAIMSIie and di nitrogen
tetrafluoride in a mxture of nitrogen trifluoride and
said at |east one inpurity, conprising: heating said
m xt ur e \Whabistelaipgdiisir e of at | east about 150C in the
10 gas phase in a vessel with an inner wall select ed

fromthe roup .consjsting of ele
Scerhnic %?’[Hﬁ% fahee ﬂ}eecortmaﬁﬁ ﬁ@hﬁfﬁessone impurity

n| tgeeistad tiom theagrcﬂxp wlmibtmb oftinitrogen eifluceide and dlmtrogen

or deE8biGd .7 iRt ofhiveSeR e fiidide Mol pakcariSadtonklc
at impurigmoenygirising:of from about 150C to about 300C. 3.

Th
The o1 ougagldih il BUSIEBEFALE HERILEE A ANSDLCth o
1020 gps phesedngt vessabwilky an iner wadsalectedf r@mhﬂm greypi s

Carédr%ﬂ;ti?u of%tleélr fiSRed Mathe cefardiRAimiEdANd Sa Eﬂ'ﬂ?e and

process o claim ereﬁ_? an .1 ner %grrj er gy

present resaveiinghagifregen wiflyped %lﬁ’l“i’c’{'tf 2VEIHE: Pﬁ% 6.

Thecancentratio®bf saidi anldastiriesinipusity.d vessel is

cylindrical. 7. The process of claim1l wherein said

vessel is free of packing. 30 8. The process of claim
151 viher ei n shihel provess ofadlainot whaireinsadd beéatingisprdrded out at a

el qEhiRakie BPfofPABduSRIRE! BLHdRAYRE 0T ouP

consi ng 0 m num- chrom-um "cobalt, copper,

gol d, |ron ni ckel, silver, tin, titanium and zinc.

58, e, sl din R e ik gucalon
ni degperatyige f?@bﬁ'?%‘ﬁg{ﬁb %@@ng& 09183 10. The

20process of claim9 wherein said netal conprises

I nc‘EneI (r) ' The process of claim 1 wherein said heating is carried out at a
temperature of about 235°C.

5. The process of claim 1 wherein an inert carrier gas is present
25  with said mixture during said heating.

6. The process of claim 1 wherein said vessel is cylindrical.
7. The process of claim 1 wherein said vessel is free of packing.
30
8. The process of claim 1 wherein said inner wall of said vessel
comprises electropolished metal selected from the group consisting of
aluminum, chromium, cobalt, copper, gold, iron, nickel, silver, tin, fitanium
and zinc.
35
9. The process of claim 1 wherein said inner wall of said vessel is

electropolished metal comprising nickel.
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Hastel l oy(r) or Monel (r). 11. The process of claim1
werein said inner wall of said vessel has 5 an Ra

wQ 200487569 about 70 m croi nches or |ess. 12. TheCpUSmess09183
of claiml1l werein said inner wall of said vessel has
an & val ueTbe paperas Jfrlaint® sihereiessaid metgkcompriges Inconel®,
TheHBft%ﬁS?@ Fiveha®n 1 werein said inner wall of said
vesse an Ra val ue of about 10 m croi nches or
| ess. 14. The process of claim1l further conprising

th te1h step of The rpir@céssrtﬁf clélmt d Wdiéiﬁfsam||rines?f\/\i§5lﬁdf)1ldsa4§$/§§éel has
Wi passi v osition c i si ng uori ne
gas? %@ E?H g?bSS%EZ&ﬂPCFEF%hﬁPPA érmpser ein said

contacting is carried out at a tenperature of about

25Gand a pias %&% ofIQH 1 %‘?eﬁlt@@@ﬂ% ?N%lﬁgldseﬁﬁ'vgssel has

passi'vating coO on conprises
f | v Raevalue opabael melcmmchea@rrjﬁs&;ess of claim1
wherein said nitrogen trifluoride product contains

about 10 ppm nol ar or s of sajd at |east one

10 rrpijﬁl ty. 2&h & Progessr cfj%'gl 1 sereBoraid yareall of said vessel has
conge Raailu@bf aboat 10 Aachirohesionsgd.ty sel ected from
the group consisting of dinitrogen difluoride and

dinitrogen tetrafluoride in a mxture of nitrogen
trit4.uori deThegrecass dtclalafamfurmmf canmising yhe step of contacting

co n?él r{b'q aN@f o é%% R‘/gs%\@ﬁr bap agg‘l%a’mg@ ?é@\ﬁ%:‘s‘tio?lf coMibiding

is se rom consi
15 efduqu‘@cﬂla%hed metal , ceram ¢ al unmina and sapphire,

form ng a passivated vessel by contacting said inner

wal | _of said vessel with a passivating conposition

conp?i si ng fhesreerssiclaim bnhegeinaaid rpRiactng iy cayried out
t en@t&l ﬁdmp@ra@;ﬁrefdf@bo@b 08¢C bﬁ@% pl@ssahﬂ@ﬂt a&ﬂﬁ%nenaﬂﬁb%phere

reco
2" o 858 PabeR A g R QAR PR YPinis pigreent Fuorife in
20conoedimm.at i on of said at |east one inpurity. -17 WO
2004/ 087569 PCT/ US2004/ 009183 18. A process for
purifying a nitrogen trifluoride conposition
cont&i ni ng Thepreegrss afralainubmheseinrapicinitrages triflieride product

' Wﬂtéhﬁs%oﬁ%@ﬁ;ﬁ d%léh@r @58 'OP sERINSt Ié&ét‘;t%?é)fm pu |ty

dinitrogen diflu e and dinitrogen tetr uor|
conprising: heating said nitrogen trifluoride

25c0NPPSi tAg\o@éssafot' eS| @g tHeccaricehtrationof be iast DA imnPurity
vl Tolg7 o0 it g Srehedhiiaing o BaERsuiariieing yiifgen
r ecletrafluoxida ima miriyea of nltlfdgeortnﬂhsonﬂe)dmt saitbait least orge
?ﬁ‘gur ILﬂ,Qy mp@h&r or less of said at |east one
providing a vessel the inner wall of which is selected from the
30 group consisting of electropolished metal, ceramic alumina and sapphire,
forming a passivated vessel by contacting said inner wall of
said vessel with a passivating composition comprising fluorine gas,
heating said mixture at a temperature of from about 150°C to
about 300°C in the gas phase in said passivated vessel, and
35 recovering a nitrogen trifluoride product having reduced
concentration of said at least one impurity.

1
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10 19. A process for purifying a nitrogen trifluoride
conposition conprising nitrogen trifluoride and at

WO e@gssre | npurity selected fromthe group cPEBEUS10041009183
of dinitrogen difluoride and dinitrogen tetrafluoride,
contB.i si Agrogesaviod podfying/a sitedgerhieifluonee coalpositfonvduintdining
i's r [
er daPEEh ML et e asPlrR naRisBlecie Rom e grou
f oreansistingpefdliniragen difsmside and dioi’(tmi tetrafluoride, momprising:
vval ! Of ﬁé’étﬁ Vseéla‘?llltrdgﬁéﬁ‘tnﬂ Bﬁéébéﬂﬁn? Sloﬁoéf%o(%nﬁrpé?ature of

sing ori ne heat I Ng

5 ¢ omauS 1887 de abpRh3ee° Ca'nt'@ﬁpgﬁsa‘? 12s 72 Vessakwith an

abqnheﬂ\@aﬁdf@l@h@pbna%ﬁﬂetbltc%ﬁw@mgoh@kél iaRgsai d
passi v ated 20.v

D vy el B dtragst BITHPGS Shediict bontaiRl ahoyt 1g,ppm-

| esmoladr Fdest oftsdidasteasheneimppurityy. 20. A vessel for

the selective renmoval of inpurities dinitrogen 25

difluoride and dinitrogen tetrafluoride fromnitrogen
10t ri $9.uor i deA proegss for pyrifying ainitnogen trflubritie compasition

SeCéHPHpr‘i’élﬁgst r&r%erﬁl?iﬁuﬁﬁdé 3R " N@%#t gﬁ%‘ ﬁ@‘tﬁﬂ/ §él88?edtfﬂﬁn the

group cons ectrop o
al UBHOHR Gangistisg s H.Imtéogmétf@pﬁd@ and dinijegendeiraiuaride,
beegorfigiidingt ed Wi th a passi vatl ng conposi tion

conprising ;gll'ol\J/?Jihé] G vissel t:?'ne |nner wall of which is selected from the
15  group consisting of electropolished metal, ceramic alumina and sapphire,
forming a passivated vessel by contacting said inner wall of
said vessel with a passivating composition comprising fluorine gas,
heating said nitrogen trifluoride composition at a temperature of
from about 150°C to about 300°C in the gas phase in said passivated
20 vessel, and
recovering a nitrogen frifluoride product containing about 10

ppm-molar or less of said at least one impurity.

20. A vessel for the selective removal of impurities dinitrogen

25 difluoride and dinitrogen tetrafluoride from nitrogen trifluoride, comprising a
cylinder with first and second open ends and an inner wall selected from
the group consisting of electropolished metal, ceramic alumina and
sapphire, wherein said inner wall has been contacted with a passivating
composition comprising fluorine gas.

30
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