, €363 6-$c(()D*L(+, 6, T6-HT@ Field of the Invention 5 The present
invention relates generally to nitrogen trifluoride and nore particularl y
to a reactor systemand a nmethod for the production of nltrogen trifluori
from anmoni a, el enental fluorine, and |iquid amoni um acid fl HN Illwﬂm muw u"l",
Background of the Invention Nitrogen trifluoride (NF3) has be

for such products as high energy liquid and solid propellants, andsws* a
fluorine source for the production of sem conductor devices. N trogen
fluoride can be prepared by a variety of 15 processes such as”lﬁluﬁmmmm"m"r
U.S. Patent Nos. 4,091,081 and 5,637,285 and U. S.__Patent Publ

20021 0127167 each of which is&EﬁfﬁM@ﬁbﬁgﬁfm—r_@i ref erence. Thgoooz+
production of nitrogen trifluoride generally results froma series of
reactions as descri bed bel ow in which amonia and fluorine gas are conbi ned
with a liquid anmmoniumacid fluoride intermediate. 20 Reaction 1 represents
the desired NF3 production reacti Bigld Begetinoenttod S the nost rapid

undesi rabl e side reaction. Reaction 3 represents the fluorine gas that does

not react. 2 Reaction 1 : 3c~ F2(g) + Cx+ 41 NH3(g) + ac~/3 NHAF(HF) X(1)
~ x+1 ¢c,NF3 +c~ Ca + 3 ~ NH4F(HF) X(i) 3 x+1 Reaction 2 : 3c2 F2(g) + c2 g+

2x NH3 2a/ = N HA ) 5
2% 8o+ czg E’WFQ@* é‘@z@ap’*eﬂat%geﬁsﬁ"ﬁgamﬁﬁg&apgﬂmﬁ@gm
h React 2, React e the onl uorine consum ng
o) o AR e ML 1R Rl SR PO
reactions that produce N2F2 and N2F4) OF2, and

trifluoride from ammonia, elemental fluonne and liquid ammonium acid

fluoride.

10 Background of the Invention

Nitrogen trifluoride (NF3) has been employed for such products as high
energy liquid and solid propellants and as a fluorine source for the production
of semiconductor devices. Nitrogen fluoride can be prepared by a variety of

15 processes such as disclosed in U.S. Patent Nos. 4,091,081 and 5,637,285
and U.S. Patent Publication No. 2002/0127167 each of which is incorporated
herein by reference. The production of nitrogen trifluoride generally results
from a series of reactions as described below in which ammonia and fluorine
gas are combined with a liquid ammonium acid fluoride intermediate.

20

Reaction 1 represents the desired NF3 production reaction. Reaction 2
is the most rapid undesirable side reaction. Reaction 3 represents the fluorine

gas that does not react.



10 other inpurities. The c~ and c2 values are the estimated fracti ons of

the fluorine feed that react to produce respectively, the desired NF3

product and the undesirable N2 by-product. The c3 fraction represents the

fluorine gas that does not react. The NHAF(HF) X nelt acidity x value is the

nolar ratio of hydrogen fluoride to ammonia mnus one in the nelt. The a

value is the ratio 15 of the actual liquid anmonia acid fluoride nelt

[ NHAF(HF), ~ feed rate to the m ni num stoichionmetric NHAF(HF)x feed rate.

The tenperature of the reaction zone is foder at ed by using excess

NHAF(HF) x. This sinplified process representatlon negl ects other factors,
the s raction_of H me ude NF product. Despite these

|Iﬁltatlong%%§5 n 31 F :} ﬁéﬁﬂ?ﬁ@ﬁ¥§$§ﬁaﬁ§de a good franmework

to describe the state of the art NF3 production and the probl ens

associated therewith as dis gsse el ow. 3 Efforts have been nmade to

i ncrease the conversﬁdﬁ:ﬁﬂhﬁz adVHﬁMHFéﬂ ) States Patent No. 4,091, 081

di scl oses the production of LRF3* spargi ng fluorine and anmonia into

i quid ammonium acid fluoride ggngS columm. United States Patent No.

5, 637, 285 di tha t | 1) f 0 hydr ogen fl uoride

content of t@%cgﬁfr%m% 't:%@m:l? yqukﬁﬂﬁ@ éﬁ@ﬂ%@t%@eq)n% the m xi ng

intensity increases the F2-to-NF3 conversion rate. In particular,

i ncreasing the NHUF(HF) x nekt acidhty "x" val ue decreases the rate of
Reaction 2 relative @NBQ%LEOQLBWFQF(HE)HQS to increase the overall 10
NF3 yi el d. However, higher NBAFEHMHR)x nelt ‘acidity "x" val ues al so sonmewhat
decrease the rate of NF3 production via Reaction 1 for a given interfacial
surface aredReattiom8ugh Rdy)ted; Bi(gt es Patent 5,637,285 achi eves i nprovenents
in 15 NF3 yield, some significant problens remain. First, the highly
exothermc NF3 reaction is nost rapid at the inpeller tip, which causes

mechant cal 1 CTiF SUTPIMSY fFRSBrenglomassHmesdie: RaACHt 11 Reries  Reagaput i on
depth, to increase the gas residence tine, w thout increasing the m xing
shaft | ength3 amitbe anlyofluorine consuming reactions (c1 + c2 + c3=1) and neglects
slower, but important, fluorine reactions that produce N;F; and NxF4, OF», and
10  other impurities. The c¢{ and ¢, values are the estimated fractions of the
fluorine feed that react to produce respectively, the desired NF3 product and
the undesirable N2 by-product. The c; fraction represents the fluorine gas that
does not react. The NH4F(HF) melt acidity x value is the molar ratio of
hydrogen fluoride to ammonia minus one in the melt. The o value is the ratio
15 of the actual liquid ammonia acid fluoride melt [NH;F(HF),] feed rate to the
minimum stoichiometric NHsF(HF), feed rate. The temperature of the reaction
zone is moderated by using excess NH4F(HF),. This simplified process
representation neglects other factors, e.g. the small fraction of HF in the crude
NF3; vapor product. Despite these limitations Reaction 1, Reaction 2,

20 Reaction 3 provide a good framework to describe the state of the art for NF3

production and the problems associated therewith as discussed below.



20 increases nmechanical reliability problens. United States Patent
Application Publication No. US/ 200210127167 Al enpl oys the advant ages of

hi gher m xing intensity as disclosed in United 4 States Patent No.
5,637,285 and higher circulation rate to increase the effective a value to
decrease | ocalized overheating, increase F2-to-NF3 conversion (c~ ), and
decrease the inpeller corrosion. However, this approach does not address
the issue concerning the inpeller shaft %ength or the 5 conbi nation of high
m xi ng rates and high fluorine concentration. In addition, the NHAF(HF)x
melt recirculation rate is limted by gaseous product flow rate and
gas-liquid separation. It would therefore be a significant advantage in the
art to provide a NF3 10 production systemw th inproved yields w thout the

probl ems associ atEfforid thHaveobe@si madeftot herease nBe acsRpsivn (6f &, 10MNH,l er)
due to the corrosive nature of the fluorine gas reactant and hi gh shear

rates. Summayyitf Sthfes! PAtHH R, woﬁﬁ%aﬁr%%%mﬁés”l’ﬁé“ r88ubtorf TeNRh | By

directed to the production of by reactlng | uori ne gas, anmon| 3 gas and

l'iquid amo i r r n QVi: cess in
whi ch | ow en@g%gé/'ﬁgngld{) 'rl%s) épn%gva}n%§n!%nefw m'ﬂ‘i"p p‘%?@f’ﬁ[ ﬁfécf?ﬁf??é% L
concentration of th rr r nt _fl uo e.gas 20 and_hi gher energy

i nput i s%prcﬁﬂhﬂﬁﬂ i n&g %@i BP?‘?"@ @91 59:‘\% ééﬁv MM|WHR@F9W%¥5H ne.
As a consequence of the pr esent i nvention, a NF3 producing systemis

provi ded wi tincreagingvibe yydrpgen diorigs apintentaf thecaveioniun aaidduoridefmelhe

m xi ng assenbly. The bal anci ng of energy input and fluorine 5
concentr at i and inepdasing the aikingnintensityoinorsdses tat Fsto-NEs copndisidry eated

corrosion. In particular, the aspect ratio of the reaction zones and the
power In particular, increasing the NH4F(HF), melt acidity “x” value decreases the
rate of Reaction 2 relative to Reaction 1 which tends to increase the overall
10  NF;3yield. However, higher NHsF(HF), melt acidity “x” values also somewhat

decrease the rate of NF3; production via Reaction 1 for a given interfacial

surface area.

Although United States Patent 5,637,285 achieves improvements in

15  NFj3 yield, some significant problems remain. First, the highly exothermic NF3
reaction is most rapid at the impeller tip, which causes localized overheating,
accelerated corrosion at the impeller tip, and mechanical reliability problems.
Second, one can not increase the solution depth, to increase the gas
residence time, without increasing the mixing shaft length, which also

20  increases mechanical reliability problems.

United States Patent Application Publication No. US/2002/0127167 A1

employs the advantages of higher mixing intensity as disclosed in United



i nput supplied to the reaction zones are selected to construct reaction
zones in which conditions which tend to cause corrosion (e.g. high shear
rates, high 5 energy input, and high concentration of fluorine gas) are
bal anced with conditions that tend to favor | ow corrosion (low shear rates,
| ow energy input, and | ow concentrations of fluorine gas). The process is
conducted in two reaction zones in which the first 10 reaction zone is
characterized by a relatively high aspect ratio and | ow power input and is
the zone used to react fluorine gas at rélatively hi gh concentrations. The
second reaction zone enables the process to proceed with a relatively | ow
aspect rati States Majentpdleer 5,631 128 5wamde higher coinadatioratraten tof intteasei the gas
is relatively | ow because sonme of the fluorine gas has already 15 reacted.

In a parti CUfRLtidEP&ClaRb tHCdOErBaSE! I0CBNLSY | Gorhb S Intréd<y i FOR-NA,
process for the production of NF3 conprising: a) reacting fluorine gas at

an initial A i i aui ni cid fluoride in a first
Feact i on zonn e o lg-darBliocredib thé oBETRaishEl ol eiph dfisbeioren
reacti on progduct ipclydin F3. and at | east sone unreac eglt [gl uorine 'g%s;
and 6 by 1ASES PRl AGHETT 1Be [SSUE( FRRFSERBGULHC IIBRIAT hatn englh carct
fluorine gas in a second reaction zone in a relatively high energy
envi ronmént cosbinatier ef highembing ratesanshhighduesine cansestratiome In agdiion; gy
environment in the first reaction zone and the high energy environnent in
t he second 3he dNidiF(bifF)z ovedt sadirstumtivhatatey isc bimited thyt dasdédusopiodect flowt iatdlF3 i n
a manner which at |east substantially decreases corrosion in the first and
second reactdigdfigsiddepatatidie corrosive properties of the fluorine gas.
In a preferred enbodi mrent of the present invention, an inmpurity gas 10
formed as part of the process of produci ng NF3 which contains at |east the
inpurities N2F4 and NH4(HF) x are reacted with fluorine gas at el evated
tenperatures to nve at least sone.of the inpurity to NF3 an
cosent ally complhBiiy HeheiofBeaaonipapt fvatBoem ke Bt Ardlies WFe ne
Dr awi ngs
g 10 production system with improved yields without the problems associated with

corrosion of the mixing assembly (e.g. impeller) due to the corrosive nature of

the fluorine gas reactant and high shear rates.

Summary of the Invention

15
The present invention is generally directed to the production of NF3 by
reacting fluorine gas, ammonia gas and liquid ammonium acid fluoride. The
present invention provides a process in which low energy input is provided in
vicinity of relatively high concentration of the corrosive reactant fluorine gas
20  and higher energy input is provided in vicinity of relatively low concentrations
of fluorine. As a consequence of the present invention, a NF3 producing
system is provided with improved yields of NF3; without excessive corrosion of

the mixing assembly. The balancing of energy input and fluorine



The fol'lowng drawing is illustrative of an enbodi nent of the invention and
isnot intended to limt the invention as enconpassed by the clains 20
form ng part of the application. Figure 1 is a schematic view of one
enbodi nent of the invention showing a dual reaction zone system and an
optional assenbly for treating inpurity gas with a fluorine gas treating
assenbly. 5 Detailed Description of the Invention The present invention is
directed to a process for producing NF3 froma reaction m xture contai ning
fluorine gas and liquid anmoniumacid fltforide. As will be described bel ow,
the reaction is conducted in two reaction zones 10 characterized as having
di ff erent erm@ngegntratiom ocneatdss.a Thactiorergrwirenmentntiatt isi fegsheondusiver ¢éact i on
zone where the concentration of fluorine gas is relatively high is

charact eri zegrssidiei yparticalad! ihechspdct watih OF tye PERCHOANIBHYs add & pEMEY
environnent in the second reacti on zone where the concentration of fluorine

gas is less iw@tnsdélﬁ;ieﬁitbst err%%ttiér?Qgﬁlé?%%{e%ieseﬁcp%cfft?ﬁéﬁ?t}@ct%abﬁ?ﬁIEghQs part

sonme of the uori gas has reacte reacti on zone

characteriz ing..a relatively, high energy environnent. The term

"rel ativel yqﬂuvﬁﬂ°€§85§&9‘38ﬁ§¥ﬁ’% o %%éﬁel C%&%OB??@ag‘fqugﬁh%nr@??%mri‘ch
reaction _conditions and/or features of the reaction zone are 20 selected to
provi de Ror ENSAGY JPPHE am@ high agonsenimtioneof Iflusringeggsk areakalaneed nuith woul d
appear in a relatively | ow energy environnent. Exenplary reaction

condi ti ons aemdiionstthattandalo fayadlow oogosinol (lave shbat rates, lowt ehéngytiegut, o,
the power input provided to the reaction zone and the aspect ratio of the

8 reaction Zamielowﬁaﬂﬁdeadtﬂaﬁbnklbgﬂ@dsrimwpés).i nputs and | ower aspect ratios
favor high energy environments while [ower power inputs and hi gher aspect
rati os favor |ow energy environments. 5 In a particul ar aspect of the
present invention, the two reaction zones are characterized as having

o Terent #spect 1ol 05caid o SoHEBEER! (PRUE' el ool SR 48 "

energy environne iTstU reaction z

relatively high.while m xjng is. conducted at a.relatively |ow ener i nput

such as eltohe "838@%?@“% Ehaﬁ%&l%{l}&?’ﬂ@ﬁatrsgﬁlM@'ygF'%ﬁSR@Ctg%vyélof%HF%p It he

10 fluorine gas with the other reactants in the presence of static

structured rR¥h@nd is the zone used to react fluorine gas at relatively high
concentrations. The second reaction zone enables the process to proceed
with a relatively low aspect ratio and high power input where the concentration

of fluorine gas is relatively low because some of the fluorine gas has already

15 reacted.

In a particular aspect of the present invention, there is provided:
A process for the production of NF3 comprising:
a) reacting fluorine gas at an initial concentration and liquid
20 ammonium acid fluoride in a first reaction zone in a relatively low energy
environment to produce a first reaction product including NFz and at least

some unreacted fluorine gas; and



assenblies in which mxing is acconplished in the absence of noving parts.
In-the high energy input reaction environnment of the second reaction zone,
the aspect ratio of the reaction zone is reduced and the power input is
increased so that a m xing assenbly typically including an inpeller may be
used to mx 15 the reactants. The effect of the present process is to
overcone difficulties in obtaining effective yields of the desired product
(NF3) froma reaction which is characteristically highly exotherm c,

i nvol ves corrosive reactants and typicalﬁy enpl oys a m xi ng assenbly
generating high shear. In particular, the reaction of the fluorine gas with
l'i qui d amroni um aci d fbuori wactey thafidtaeeotiora pgehic ihalidihg the unrepsted
anmonium acid fluoride is conducted in a systemthat is designed to

m ni mi ze reafidrive §a8 Mﬁ@@eg@ﬁ@%@t@ﬁﬁdﬂ@in@%léﬁ@%h% @ﬁ@kﬁg@mﬁbﬂﬁxm_

m xi ng assenbly typically including an inpeller. e high héat, corrosive
reactants a i t : J i 9
damages any n%r %Fgg%lé \%?%Cg;pgr%%f g&g.ﬁﬁ%’r\%g@iﬁ gwghémeé%ﬁn%gﬁée#m The
conmbi nation @f high he ol I 0S| reactants and high shear rates

associ at ed V\ﬁ%tehﬁt%ere%pg@sgc’%%s ﬁpergﬁhdﬂ)e@?’r FSHE&”WﬁQFi'Hp{Qq &ec8dsi ng
shut down of the process assenbly and | ost production tine to replace the

i npel ler > 5 Fﬁ?@“ﬁ'ﬁé@@ﬁts‘ﬁbﬁmw%ﬁoaﬁw&%@Eoﬁ'% gasdadNis inj gnprannar whiglge by
conducting the process under conditions and in a manner which reduces

and/ or el i nmi atateast isupstantiallyl dengeasesd cogosioadinh theeifinstt ard tsecont argaetion
rati 0" refers to the ratio of the length of a reaction zone to the wi dth of
the reacti onzarmsedud tiuthe darrosivapriperties oftaetfiueningqss. conpri sed of a
cylindrical vessel having an aspect ratio of 2 wll have a length tw ce as
| arge as the width. Conversely, an aspect ratio of 0.5 refers to a reaction
zone having a length which is one half the wwdth. For a 15 reaction zone

conposed of a conguit Y. h . r tigQn zone
cspect ratio i s it praterfe ditodtngAE RFI rBhofRIBRIGY $RamERER, RS
hydraul i ¢ dianeter. Th raulic dianmeter for channel or assenbly of
channel Sﬁ)l s @é’f‘?ﬁe%s Béﬁf%&‘et PWé’?s?ﬁg QfﬂgH?fBg ME@)%‘E‘“ ceniding aéfe&ﬁtdhgi ded
by channel wall area per unit length. 20 The term "power input" refers to

t he mechani daPusitiesgzinAnd INHdHDe@re eegactesh wilhdluasine ges ahealeyated
transferred between the reaction zones. Typically, a mxer, punp, or
conpressed demperatisesl té conuertat peastr same af ttherimputify tee Nf:iand 2esentiallpe
power input is nmeasured in terns of Watts per cubic nmeter of the total

NHAF( HF} X me¢dmplelteli®embvingehbiimplrind second reaction zones. In accordance
Wi th a particul ar aspect” of the present invention, two

15

Brief Description of the Drawings

The following drawing is illustrative of an embodiment of the invention
and is not intended to limit the invention as encompassed by the claims

20 forming part of the application.



reaction zones are provided, the first having a relatively high aspect
ratio (i.e. 5 the length of the reaction zone exceeds the wi dth) and | ow
power input (e.g. noderate pressure fluorine feed). A second reaction zone
is provided which is essentially the converse of the first reaction zone in
that the second reaction zone wll have a relatively | ow aspect ratio and a
relatively high power input. 10 Referring to Figure 1, there is shown a
nitrogen trifluoride production system2 having a first reaction zone 4 and
a second reaction zone 6. In accordance With the present invention, the
first reaction zone 4 is typically in the formof one or nore conduits or
channel s havi ng aFigateti vela/ schgmatispdew 06 orst iembodimeat lof thiet fiventibe
range of from about 5 to 150, preferably fromabout 10 to 100. The second

reaction zor@ndvm?@bhw bedction! Meﬁlwﬁéﬁn baaléh 8btigRalt élss%mﬁlylﬁfb%ﬂe'avngbout
1. The first reaction zone 4 has a relatively | ow power 1nput of typi

500 vat 1o/ g Th8 haRsd A 5 U freBRhTasBREV L oot ants 20 thr OLSﬁ”

the use of static mxing elenments which are identified by the nuneral 14
and include static mxing elenents in the conduit 40. Static m xing

el ements including heat exchange capability are available under the
trademar K Kenics from Cheni iatailed Bescriptiomeidhetmyentidrow f |l ux in the first
11 reaction zone 4 is typically in the range of from30 to 300

cnB/ cn?/ second, preferably from50 to 200 cnB/cnR/ second. More power is
inputted into the second reaction zone 6 and is sufficient 5 to operate a

dynanmi ¢ mi xer assE®pyedbnt TiventibAdgdiresicdatd R EFERE YoSplodieingoNe, Frof dde
decreasing the gas bubble size in the first reaction zone 4 product stream

10, recycli %a@tu@ﬁ’rrﬁb(ﬁﬂeoéorﬁgﬁlrféiaflﬁé%ﬁgﬁ%g'n% :ﬁapﬁgéwpﬁ&qﬁﬁ* aéitg][ ﬁ‘?‘ﬁ]' | rst

the first reaction zone via str portion

reaction zon tre ml0.to the mx ta econd reaction 10
zone to reco&érw'{? ﬁ???@&é’n oW 1R reaetion b"dﬁ%‘ﬂdu"gﬂﬁ ugei\gﬂsrre@p PR FoRes
portion of the NHAF(HF) X nelt fromthe second reaction zone nix tank with a
| ower NI-WF( aragtert eQ P8l J@Vﬂ?ﬁj difgEant g SOeEBn cORAYIFRAMORtSt o fihest eRIAYt i on

zone 4 via stream 38. Al of these functions can be perforned by the
i npel | er environment in the first reaction zone where the concentration of fluorine gas

is relatively high is characterized as being a relatively low energy
environment. The energy environment in the second reaction zone where the
concentration of fluorine gas is less than the first reaction zone (i.e. because
15  atleast in part some of the fluorine gas has reacted in the first reaction zone)

is characterized as being a relatively high energy environment.

The term “relatively high energy environment” shall mean a reaction

zone in which reaction conditions and/or features of the reaction zone are

20 selected to provide more energy at the location of the fluorine gas reactant
than would appear in a relatively low energy environment. Exemplary
reaction conditions and/or structural conditions include, but are not limited to,

the power input provided to the reaction zone and the aspect ratio of the



contained within the dynam c m xing assenbly 8. Additional inpellers 12 can
15 ‘be used to increase mxing within the second reaction zone mx tank. The
dynam ¢ m xi ng assenbly 8 also provides a | esser quantity of energy input
to the static mxer elements 14 in the first reaction zone 4. The second
reaction zone 6 is preferably in the formof a closed, 20 upright
cylindrical tank which in addition to the dynam c m xer assenbly 8 incl udes
a feed stream 10 fromthe first reaction zone 4. 12 The second reaction
zone 6 also includes a crude nitrogen tri%fluoride gas product outlet 16

t hrough which the crude nitrogen trifluoride gas product obtained fromthe
second r eactieactiaozené. | Gererallyf highkripolver inpwstarehiower aspeepratsmfavaspect
of the present invention as hereinafter described. 5 The outlet 16 which

enabl es aer ahigH sHBFGP iewMrasmantd Wlle dSWEEpbWRY iR whi rﬁignéﬂ; éﬁﬁéct?ﬂaﬁeggh a

conduit 18 to an optional vessel 20 preferably fitted w eating | acket

22 for assisgy ] S&E% | of the NH4F(HF)x by product fromthe
crude NF3 pr%ggg!tdwzgﬁ%ysu stgmeﬁ]‘g?' portion of the entrained 10 NHAF( HF) X

crude nitrogen trifluoride product 26 can be advantageously renpoved using a
conventional dem ster 28 to produce a substantially amonium acid fluoride
free crude nitrogen trifluoride product 30. The second reaction zone 6 al so
i ncl udes an i nl etN32 pagtiguar aspent of the Presentdoventiasy, the dweopeattion zohes
starting material amonia to the second reaction zone 6 froma source (not
shown) . Fl uoatenehayasterizgegas\haling differére aspecbgatiostwith ifferéntepgweadinputson
system 2 froma source (not shown) via a conduit 34 into a gas sparger 36.

At the poi ntintthe ihitidbiowengray edWirehmenbef fHe fiist FRELhGBNEO Bfe dspéiiatio
ammoni um acid fluoride velocity is sufficient to ensure that essentially

all 20 of thg rféna&%iyiﬂgirggwhﬂéimﬁéﬁdgfso%ga&ctéa LA 9BIA0BE, oy efetGP thatl" eam

10. The second react one 6 ed wth an out

recycl abl e agmmnidrg.ach gkl opinds, 10 alp%ﬁ‘élg 5 ReSHESL I’ggg.CeriGSHtOZPnI’IJ)? the ¥
10 fluorine gas with the other reactants in the presence of static structured mixing
assemblies in which mixing is accomplished in the absence of moving parts.
In the high energy input reaction environment of the second reaction zone, the
aspect ratio of the reaction zone is reduced and the power input is increased
so that a mixing assembly typically including an impeller may be used to mix
15 the reactants. The effect of the present process is to overcome difficulties in
obtaining effective yields of the desired product (NF3) from a reaction which is
characteristically highly exothermic, involves corrosive reactants and typically
employs a mixing assembly generating high shear. In particular, the reaction
of the fluorine gas with liquid ammonium acid fluoride melt and ammonia gas
20  with the liquid ammonium acid fluoride is conducted in a system that is
designed to minimize reaction between gaseous ammonia and fluorine and
contains a mixing assembly typically including an impeller. The high heat,

corrosive reactants and high shear rates generated from the reaction typically



13 recirculate into the first reaction zone 4 and eventually back to the
second reaction zone 6 via feed stream 10. The pathway for the travel of
the recycled ammonium acid fluoride is through a conduit 40 having one or
nore cooling jackets 42 with cooling fluid inlet 44 and outlet 46 to renove
the large heat of 5 reaction and control the reactor tenperature. Both the
first and second reaction zone tenperatures are typically operated between
110 and 150C, nore preferably between 120 and 140C. The nitrogen
trifluoride production system 2 can oper&te over a variety 10 of conditions
providing that the first reaction zone 4 is operated in a relatively | ow
ener gy envi rdamagées \sinyl prateetivee tayeds r(eag tfluohideokgefs)i on ¢herigipiier.n Bhe
relatively high energy environnment and therefore provides operating

condi ti ons r&?ﬁbﬁ@ﬂé’#%\‘ﬁﬁ%ﬁ Iﬁ’eéthﬁoﬂéﬁdé%é@cﬁn&far'NFﬁéanét % f]’:luoff‘sgs?}c | tdi .

corrosion. In carrying o the production of nitro

1 uor ne. gas L e, RheesE des by ?E?P‘*{"V’C@g@?’%%&ﬁse@h&h?rai%%ﬁfif %ﬁﬂtg&ﬂ?'? fhgen

trifl de.,, Prefer abl f il as to first
react i on pr HBAOTESSe%SY ARdhpeleRlgten Umadpyohlededas impelier The

reaction of fluorine gas in the first reaction zone 4 reduces the
concentr&tion of fluorine gas in the second reaction zone 6 to 20 enable
the use of a higher energy environment therein including, for exanple, |ow
aspect ratios forThéeresent irmentioneaddrésses ehat isseé yofhirgpelferwdamagpuby
sufficient to operate the m xi ng assenbly w t hout undue corrosion. 14 It

i's desirabl ecdriiuefiRg Weaphdcads undd¢sidiNore landafi @ hiérfheYahhi@h' redugs r ange
of fromabout 1.2-2.2, preferably fromabout 1.4-2.0 and nost preferably at

a vol une rat to ammoni um acid fluoride hydrogen
fluoride to %’ﬁ%@ﬂ?i‘“ﬁ‘gﬁ%’?@%w@%@ "2-3.2:1, 2.4-3.0:1 and 2.6 5 2.8: 1,

respectively. The crude nitrogen trifluoride product obtained fromthe
outlet 16 wll

10 As used herein the term “aspect ratio” refers to the ratio of the length of
a reaction zone to the width of the reaction zone. Thus, for example, a
reaction zone comprised of a cylindrical vessel having an aspect ratio of 2 will
have a length twice as large as the width. Conversely, an aspect ratio of 0.5
refers to a reaction zone having a length which is one hélf the width. For a

15 reaction zone composed of a conduit or channel or assembly of channels, the
reaction zone aspect ratio is defined as the ratio of channel length to the
channel hydraulic diameter. The hydraulic diameter for a channel or
assembly of channels is defined as four times the channel cross sectional
area divided by channel wall area per unit length.

20

The term “power input” refers to the mechanical energy input to either
reaction zone, but not energy transferred between the reaction zones.

Typically, a mixer, pump, or compressed gas is used to input power to either



typical'ly be under pressure at about 0.5 to 5 bar absolute, preferably 0.75
to:3 bar absolute and nost preferably fromabout 1 to 2 bar absolute. 10
The invention as descri bed above has several advantages over the prior art.
The present invention avoids the accelerated corrosion associ ated by the
conbi nation of high fluorine concentrations and high sheer rates which is
typical of prior art processes. Because the fluorine feed is first
contacted 15 with the liquid annoniun1acid fluoride in a first reaction
zone having a relatively | ow energy envi Gnnent (e.g. low power input and
hi gh aspect ratio), corrosion in the first reaction zone is essentially
avoi ded whi |reaatien qroinki cdive poweantnmit isl measuked i termeeiof Mlatts pearecutsisi r ed
nitrogen trifluoride product (i.e. conversion rates typically greater than
359 . The semetut ofetind total NHE(AY 2Ritbeolusrdin eherdirst ahd eeowndr@aetionf the
fluorine gas despite the declining fluorine partial pressure wthout

excessive c i 0 fial L ﬁ%’?\tt Wi
fluorine gagicgfr%' nlfht ?g%@gapﬁ?Wﬁg%ﬁ%ﬁemgggﬁ%ﬁgté&g?gfheegp%eﬁg| by 'teh'elt\ggnam' C
m xi ng assenply..8 in {he second reaction zone 6 15 can, be adyant ageously
Fecycled to ergtion eBntF Bt Frefided iBethaRRE ecreiatien| Ailhcreriet A AR
residence time wthout having to substantially nodify the inpeller such as
by i ncreasi ri§eileadiheplgihe. reactign zopgraxeepdadhe widihy andelow BawaF inAMEdatd- on,
the crude nitrogen trifluoride gas obtained fromoutlet 30 nmay be further
treated to rreedeeatampressureifiuprigafecdrr &f segandyrsiaction yooeniprirevidgd Netigh and
NHAF(HF) X nmelt alone or in conbination with N2F2. The inpurity gas fromthe

outl et 30 i sisressdrtidliyithe tbovarseeodise ifirst reactionl zéBeemuithatethenisicbonsdt al
packi ng, preferably nickel 10 packing. The reaction tenperature wll

typically bergaBtion z8R8 WilPhalé aTefiiNelyQoddpatt tdticalda ré%ii&@ﬁ:ﬁﬁ@h o Of

about one second. These operating conditions renove essentially all the
subf l uori natiﬁﬂu{ npurities [ N2F4, NzZF2, and NH4F(HF)~j and produce sone
nitrogen tritruoride. 15 The foregoing enbodi nents are illustrative of the
i nventi olrb and

Referring to Figure 1, there is shown a nitrogen trifluoride production
system 2 having a first reaction zone 4 and a second reaction zone 6. In
accordance with the present invention, the first reaction zone 4 is typically in
the form of one or more conduits or channels having a relatively high aspect

15 ratio typically wifhin the range of from about 5 to 150, preferably from about
10 to 100. The second reaction zone typically has a low aspect ratio of up to
5, typically about 1. The first reaction zone 4 has a relatively low power input
of typically less than about 1000 Watts per cubic meter NH4F(HF),, preferably
less than 500 watts/m® and makes use of a static mixing of the reactants
20  through the use of static mixing elements which are identified by the numeral
14 and include static mixing elements in the conduit 40. Static mixing
elements including heat exchange capability are available under the

trademark Kenics from Chemineer, Inc. The NH;F(HF), flow flux in the first



nodi fications and expansions of the invention within the routine skill of
the art are enconpassed by the present application. 16 What is d ai ned
is: 1. A process for the production of NF3 conprising: a) reacting fluorine
gas at an initial concentration and liquid 5 ammonium acid fluoride in a
first reaction zone in a relatively | ow energy environnent to produce a
first reaction product including NF3 and at | east sonme unreacted fluorine
gas; and b) reacting the first reaction product including the unreacted
fluorine gas in a second reaction zone ihla relatively high energy
environment 10 to produce a second reaction product, wherein the | ow energy
envi ronnent reactibe Zohest is eatddllyrinztbeerangd dfifeorni 30 ©BNBOQ ENEromY/sewoat, i n
t he second reaction zone substantially convert the fluorine gas to NF3 in a
nmanner whi chpferaBRSfFomWISIAPA0 ehPieniZpshieepg. corrosion in the first and
second reaction zones due to the corrosive properties of the fluorine gas.
15 2. The process of claim1l wherein the first reaction zone has a first
power input and a first aspect ratio and the second reaction zone has a
second power input, higher than the.first power input and second_aspect
Patio | over than MeEe Bprer i Spulted nipithe sBE0RI raqlion Giesd adfl e PaTAnt
further conprising separating the NF3 fromthe second reaction product.
17 4. Thé prigceperate adynamic wpixeeiassemdlf Br sl hesgwramicamixer asseroblyabout 5
to 150. 5. The process of claim4 wherein the first aspect ratiois fromb5
about 10 to fudétios iMbkiderdexzesasing thée gam Bublile siEenint the first séagtionezonendut i n
the reaction zone is |less than about 1,000 watts/per cubic neter of
l\lE4F]g HF) i( ISroductl BereBRPABS Fedyclih 3 Pt ahe fire réadtiin BOMET4 ipRddlicti N

e firs :

stream 10 to the first reaction zone via stream 38, transferring a portion of the
first reaction zone 4 product stream 10 to the mix tank of the second reaction
10 zone to recover the nitrogen trifluoride product, and transferring a portion of
the NH4F(HF)x melt from the second reaction zone mix tank with a lower
NH4F(HF)x melt x value and lower gas concentration to first reaction zone 4
via stream 38. All of these functions can be performed by the impeller
contained within the dynamic mixing assembly 8. Additional impellers 12 can
15 be used to increase mixing within the second reaction zone mix tank. The
dynamic mixing assembly 8 also provides a lesser quantity of energy input to

the static mixer elements 14 in the first reaction zone 4.

The second reaction zone 6 is preferably in the form of a closed,
20 upright cylindrical tank which in addition to the dynamic mixer assembly 8

includes a feed stream 10 from the first reaction zone 4.



reaction zone is |l ess than about 500 watts per cubic neter of NHAF(HF) X 8.
The process of claim2 wherein the second aspect ratio is up to about 5 15
9. The process of claim8 wherein the second aspect ratio is about 1. 10.
The process of claim2 wherein the second power input in the 20 second
reaction zone is at |least 5,000 watts per cubic neter of NHaF(HF)x. 18
11. The process of claiml1 wherein the reaction of fluorine gas in the
first reaction zone converts at |east 35%of the fluorine gas to the first
reaction product. 5 12. The process of cl4im 11 wherein the reaction of
fluorine gas in the first reaction zone converts at |east 45% of the
fluorine gas to tHe Secand reactiarorome @édalsb. indlBdes e cpidec aikogen wriflaoridd 2
wherein the reaction of fluorine gas in 10 the first reaction zone converts
at | east 65%afprlodect bukst 18 tia8agh vHitle thd Efide’ ﬁ%bbﬁﬂrlﬂlﬁ&ﬂi&éas pfoduthe
process of claim1l wherein the first power input in the first reaction zone

Is in part %télh@@qrérffocﬁbﬁicdn'at Fe2dHGh 1\z%'ﬂreoé i ?gn@c fdtHuttAEr %%tnh@nt{ (heart>

first reaction zone process o alm 1 conprising conducting the
second reacti.on zqnes. a a,te ture of from

reaction in t rst
Cbout 110 1 #PHEpal ESbedt B 13 BRERoE ERENYBN AR KRirBNeRRSTRN Conduct i g t he
reaction _in the first and second reaction zones at a tenperature of from
about 128 to 140C. 19 17. The process of claim1l wherein the |iquid
NHAF(HF) x melt acidity x value is fromabout 1.2-2.2. 18. The process of
cl ai m 17 wher ei n Theeontiet 1Govhich gnablesl agrated amonorfuabacitl fllotide. delt1y- The
process of claim 18 wherein the nelt acidity x value is from

product to travel through a conduit 18 to an optional vessel 20 preferably fitted

with a heating jacket 22 for assisting in the separation of the NH4F(HF), by-

product from the crude NF; product 26. A substantial portion of the entrained

10 NH4F(HF)« crude nitrogen trifluoride product 26 can be advantageously
removed using a conventional demister 28 to produce a substantially

ammonium acid fluoride free crude nitrogen trifluoride product 30.

The second reaction zone 6 also includes an inlet 32 in the form of a

15  conduit for transporting the starting material ammonia to the second reaction
zone 6 from a source (not shown). Fluorine gas is provided to the nitrogen
trifluoride production system 2 from a source (not shown) via a conduit 34 into

a gas sparger 36. At the point the fluorine gas enters the first reaction zone 4,

the ammonium acid fluoride velocity is sufficient to ensure that essentially all

20 of the fluorine gas exits the first reaction zone 4 via feed stream 10.

The second reaction zone 6 is provided with an outlet 38 to enable

recyclable ammonium acid fluoride to leave the second reaction zone 6 and



about 1.6-1.8. 10 20. The process of claim1l wherein the first reaction
pr.oduct contains an inpurity gas conprising N2F4, said process further
conprising reacting the inpurity gas with fluorine gas at an el evated
tenperature to convert at |east sonme of the inpurity gas to NF3. 15 21. The
process of claim20 wherein the inpurity gas conprises N2F4 and N2F2. 22.
The process of claim 20 conprising reacting the inpurity gas with fluorine
gas at a tenperature of 200 to 400C. 20 gg% The process of claim1l wherein
the first reaction zone includes a static¢’ m xing el enent. 20 24. The
process of claim1l wherein the second reaction zone includes a dynam c

m xi ng assengcifculale inp ghedirat réastionhzone ddaod ieventiallyFsadotpthaisegond a) a
first reaction zone for reacting fluorine gas at an initial concentration
and |iquid awaotionzoaeibovid fesd stteamb)0.nTha patiiwapfarthditragebof the reogdigy
environment to the first reaction zone to produce a first reaction product

i ncl udi ng NE3mahidh é@@?boﬁ@gﬁs Hﬁf&l@ﬁ%‘éOf\HUi@WO@@\ﬁﬁ? onjeooﬁhcﬁfe%%ﬂﬁg
reaction zone for receiving the first reaction product and for reacting the

unreacted fl gy
envi r onnent JF Bﬁétﬁgzg@(ﬁ:gngghﬁg% fogir;:]?eztg&n‘legﬁ@%ijg%f)é? ? %@% E ?I%ng% %5 NF3
in a mn er whi ¢ch tan red ces corrosion _jn the first
reaction zon@@cg‘ﬁ’é Erﬂg t%érrreé‘é’ Qf eleRRRIEIPes aﬂthttﬁ@ %‘!S&cﬁmﬁéeg
. Aa. A&2. AU. AAl . A. . AU .A.Y.AA2.AAY A& | . AU. AA. A&A. A. | . AUR Ah. A

. A AAL. AsUe"e@6tion Zoreviemparajuses are dyeically: speraipd batwepoal t9 apdrMICE, ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cfa]cTa]cTa]ca! % Y@

) nU% k more preferably between 120 and 140°C.

OB8{vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] c”a] ca! #sC

segond

The nitrogen trifluoride production system 2 can operate over a variety

10  of conditions providing that the first reaction zone 4 is operated in a relatively
low energy environment while the second reaction zone 6 is operated in a
relatively high energy environment and therefore provides operating
conditions most conducive to the production of NF3 without excessive
corrosion. In carrying out the production of nitrogen trifluoride, it is desirable

15 thatin the first reaction zone 4, at least 35% of the fluorine gas is converted to
a first reaction product containing nitrogen trifluoride. Preferably, the
conversion of fluorine gas to the first reaction product is at least 45%, most
preferably at least 65%. The reaction of fluorine gas in the first reaction zone

4 reduces the concentration of fluorine gas in the second reaction zone 6 to

20 enable the use of a higher energy environment therein including, for example,
low aspect ratios for the reaction zone and a relatively high power input

sufficient to operate the mixing assembly without undue corrosion.
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10% & ()-fY@ )dEa?y6 10%y. 10% & ()-9, #10%W & ()-y* 10% & ()-yY(

10% & ()-f, & 109 Bng inygntioma@s dgscribed YAl Dass sevgral gdvantages “over the
10"910% & ()-&7@10% & ()-f5 10% & ()-93 10% & ()-yl 10% & ()-% k dEYNCy6
1099 S 10%&nor-art.1 ¥@eprasenSnvVEdHBa’ dVoidkdthe accelerated corrosion associated
1096& () -, 109%B& ()- s10%& ()-OBdAEYNCy6 109 f!z109%%& ()-S

1096& () - S#1HPANE ¢dmbiaatidli@¥ High fludAf® &ohtefrdtiffedand highCsHREYPafes1WAfchy O
1096& ()-f. 10%& ()-ff, 109%B& ()-f9* 109%B& ()- (#10%& ()-,%0%& ()-OC
WCy6 109 S i$Q¥piEal bf pridPUpprobesdd® Because the fluorine feed is first contacted

15  with the liquid ammonium acid fluoride in a first reaction zone having a

relatively low energy environment (e.g. low power input and high aspect ratio),
corrosion in the first reaction zone is essentially avoided while a significant
amount of fluorine is converted to the desired nitrogen trifluoride product (i.e.
conversion rates typically greater than 35%). The second reaction zone can
20 be used to maintain conversion of the fluorine gas despite the declining
fluorine partial pressure without excessive corrosion rates. A substantial
portion of bubbles containing fluorine gas and nitrogen trifluoride gas that are

entrained by the dynamic mixing assembly 8 in the second reaction zone 6
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5 - In a further aspect of the present invention, the crude nitrogen
trifluoride gas obtained from outlet 30 may be further treated to remove an
impurity gas therefrom typically comprising N2F4 and NH4F(HF), melt alone or
in combination with NoF,. The impurity gas from the outlet 30 is reacted with
fluorine gas in a vessel 48 equipped with metal packing, preferably nickel

10  packing. The reaction temperature will typically be in a range of from 200 to
400°C with a gas residence time of about one second. These operating
conditions remove essentially all the subfluorinated impurities [NoF4, NoF2, and

NH4F(HF)] and produce some nitrogen trifluoride.

15 The foregoing embodiments are illustrative of the invention and
modifications and expansions of the invention within the routine skill of the art

are encompassed by the present application.
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1. A process for the production of NF; comprising:
a) reacting fluorine gas at an initial concentration and liquid
5 ammonium acid fluoride in a first reaction zone in a relatively low energy
environment to produce a first reaction product including NF3 and at least
some unreacted fluorine gas; and
b) reacting the first reaction product including the unreacted
fluorine gas in a second reaction zone in a relatively high energy environment
10 to produce a second reaction product, wherein the low energy environment in
the first reaction zone and the high energy environment in the second reaction
zone substantially convert the fluorine gas to NF3 in a manner which at least

substantially reduces corrosion in the first and second reaction zones due to

the corrosive properties of the fluorine gas.

15
2. The process of claim 1 wherein the first reaction zone has a first
power input and a first aspect ratio and the second reaction zone has a
second power input higher than the first power input and a second aspect
ratio lower than the first aspect ratio.
20

3. The process of claim 1 further comprising separating the NF3

from the second reaction product.
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o4 R' - o4 R' - o4 R' -
10% & ()-1 10% & é.) L‘ique/opgfoééss %?'élgiPnH4 wherein the first aspect ratio is from

5 about 10 to 100.

6. The process of claim 2 wherein the first power input in the

reaction zone is less than about 1,000 watts/per cubic meter of NH;F(HF ).

10 7. The process of claim 6 wherein the first power input in the first

reaction zone is less than about 500 watts per cubic meter of NH4F(HF ).

8. The process of claim 2 wherein the second aspect ratio is up to

about 5
15
9. The process of claim 8 wherein the second aspect ratio is about

10.  The process of claim 2 wherein the second power input in the

20  second reaction zone is at least 5,000 watts per cubic meter of NHsF(HF),.
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5 12.  The process of claim 11 wherein the reaction of fluorine gas in
the first reaction zone converts at least 45% of the fluorine gas to the first

reaction product.

13.  The process of claim 12 wherein the reaction of fluorine gas in
10  the first reaction zone converts at least 65% of the fluorine gas to the first

reaction product.

14.  The process of claim 1 wherein the first power input in the first
reaction zone is in part obtained from the introduction of the fluorine gas to the

15 first reaction zone.

156.  The process of claim 1 comprising conducting the reaction in the

first and second reaction zones at a temperature of from about 110 to 150°C.

20 16.  The process of claim 15 comprising conducting the reaction in
the first and second reaction zones at a temperature of from about 120 to

140°C.
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18.  The process of claim 17 wherein the melt acidity x value is from

5 about 1.4-2.0.

19.  The process of claim 18 wherein the melt acidity x value is from

about 1.6-1.8.

10 20. The process of claim 1 wherein the first reaction product
contains an impurity gas comprising NzF4, said process further comprising
reacting the impurity gas with fluorine gas at an elevated temperature to

convert at least some of the impurity gas to NF3.

15 21. The process of claim 20 wherein the impurity gas comprises

N2F4 and N2F2.

22. The process of claim 20 comprising reacting the impurity gas
with fluorine gas at a temperature of 200 to 400°C.
20
23. The process of claim 1 wherein the first reaction zone includes a

static mixing element.
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25.  Apparatus for the production of NF3 comprising:
5 a) a first reaction zone for reacting fluorine gas at an initial
concentration and liquid ammonium acid fluoride;

b) means for providing a low energy environment to the first
reaction zone to produce a first reaction product including NF3 and at least
some unreacted fluorine gas;

10 C) a second reaction zone for receiving the first reaction product
and for reacting the unreacted fluorine gas therein; and

d) means for providing a high energy environment to the second

reaction zone to convert the fluorine gas to NF3; in a manner which

substantially reduces corrosion in the first and second reaction zones due to

15 the corrosive properties of the fluorine gas.



