1 4-JUN 1005 1 METHOD AND APPARATUS FOR THE PRODUCTI ON OF NI ;ﬁ‘ﬁ&l
.TRI FLUORI DE FI ELD OF THE | NVENTI ON The present invention is dire 5 a
procesy and apparatus for the production of nitrogen trifluoride and

hydrogen fluoride from amoni a and el enental fluorine using an anmmoni um

acid fluoride nmelt intermediate. 5 BACKGROUND OF THE | rogen
trifluoride can be produced by the gas phase reacti on“ (H , and
fluorine. Reaction 1 illustrates the desired gas phase NF;%MP oducti on

'
reaction. 3F2(g) + NH3(g) --*NF3(g) + 3HF(g) (AH = -904KJ/{'Hbl e NF3) 10
Reaction 1 wherein (g) denotes the gas phase. A solid catalyst is often

used to | ower MEHO Pr ABP ABTAIS hORt BHE PRODUETIONI OF NITROGENS t he NF3

yield. However, it is very diffi ntrol the reactor tenperature
with this highly exothermc reactﬁ@h.Lkgnéfnﬁesult, t he gas phase anmoni a
and fluorine reaction produces substantial quantities of 15 HF, N21 N2F21
and NH4F, with NF3 yields typically substantially |ess than ten percent.
United States Patent No. 4,091,081 teaches a higher-yield process that
produces nitrogen trifluoride %NFB and by-product anmmoni um acid fluoride
[ NHAF(HF) x] by contacting a fdEEBORHEH BAIANf | uori de [NHUF(HF)x] with
gaseous fluorine [F2] and ammonia [NH3]. U S. Patent No. 5,637,285
describes a 20 simlar process, wherein yield is further increased by

utilizing a hi ghhd @eent diveiiiof Bdirebtod &S bioke AN APp AT hltih gfddqc@dm” de
having a HE/NH3 nolar ratio greater than 2.55 (equivalent to a nelt
aci dity x Sfantegesfirifperidecandthydrogen $%prideitamenmoniaeny cteoestal fiiesae i bed i n
the 285 i.s undesirahle.for several  reasons. The process discl osed
in the Z%h%eaﬁ?mﬁ?lmcé‘gﬁﬁ?flw?‘ﬁ?ﬁ‘%?éiatﬂe-fI uori de waste stream thereby
creati g
BACKGROUND OF THE INVENTION
Nitrogen trifluoride can be produced by the gas phase reaction of ammonia

and fluorine. Reaction 1 illustrates the desired gas phase NF, production reaction.

3F,(g) + NH,(g) »NF,(g) + 3HF(g) (AH =-904KJ/g mole NF,)

10 Reaction 1

wherein (g) denotes the gas phase. A solid catalyst is often used to lower the
required operating temperature, which increases the NF, yield. However, it is very
difficult to control the reactor temperature with this highly exothermic reaction. Asa
result, the gas phase ammonia and fluorine reaction produces substantial quanﬁties of
15 HF, N,, N,F,, and NH,F, with NF, yields typically éubstantially less than ten percent.
United States Patent No. 4,091,081 teaches a higher-yield process that
produces nitrogen trifluoride [NF,] and by-product ammonium acid fluoride
[NH,F(HF)x] by contacting a molten ammonium acid fluoride [NH,F(HF)x] with
gaseous fluorine [F,] and ammonia [NH;]. U.S. Patent No. 5,637,285 describes a
20  similar process, wherein yield is further inéreased by utilizing a high level of mixing -
intensity and an ammonium acid fluoride having a HF/NH; molar ratio greater than
2.55 (equivalent to a melt acidity x value of greater than 1.55). However, the process
described in the ‘285 patent is undesirable for several reasons. The process disclosed

in the ‘285 patent produces an ammonium acid fluoride waste stream, thereby creating
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1 4-JUN 2005 2 disposal problens. Further, it is difficult to nmaintain the
HF/ NH3 nolar ratio or x value of the bulk anmoni um acid fluori de4 JUN 2005
{NH4F(WF)X] at the desired level. There remains a need in the art for a
hi gh yield process for producing nitrogen trifluoride wthout the

above- nenti oned drawbacks. 5 SUMVMARY OF THE | NVENTI ON The present invention
provi des a net hod and apparatus for producing nitrogen trifluoride using
an amonium acid fluoride nelt internediate without requiring precise
control of the nelt acidity value. The present invention conprises
contacting 10 a fluorine-containing feed streamw th Iiquid amoni um aci d
fluoride, for exanple "having the acid-base stoichionetery NHAF(HF), ,,

wher ei n x ilispodakprobldmsa Fheinky, ivigldu8cult i mint 'l—ﬁ«‘h\ﬁ) g kme and
under conditions sufficient to produce ni trnoaglgﬂlte ri 33@?1%93’.“88{% ng the

cont act i ngv¥dpepf the hulkgmmenivreagid ﬂuon?d @L}w(ﬁg)xq at e dgﬁﬁe\ﬁlllnlkfmj q“ﬂe@gmloﬂi umI
acid fluorjde.contact.i t seous feed i s decreased, ile the bulk nelt
15 aci di tyk’vantf;se;{1 ese%%ﬂ% ar‘ﬂf?é%ﬁ‘}gﬁbﬂﬁ@tp&ﬁ‘ieﬁs for eredugingynitroges taflierds ve nel t
acidity valvitBowtShe #VeSRSRRD ch a}!l?sl ue above the optinmum val ue resulting
in the highest nitrogen tr|1p uoride yield at the reaction zone operating

conditions to approximately the optinmmvalue. A reaction product stream
conprising nitrogen trifluoride is renmoved fromthe reaction zone. In this
manner, production of the UHIMMARRY QF BHBHINWYENIION nitrogen i s suppressed

W t hout sacrifigg | . requirin recise control of the bulk nelt
fh%eyén?kngegéo%Pﬁg!Jeﬁg] 415 Bppages ferrpAdcingBitiegect i ve

acidity x value at” a single'v

Fluor | ne- contai i ng f oed orr eamio O REHIE e ghaub® sAHRbARE M Lori e i n
a series ofefiemeangiobof thaarali sridhoinlee) CBegmbsent invanticd codiprizenéditagin@moni um
o ef eri'ed OB pR 6 SR an ST HY R ameroRmard Therdriyr ke | o
acconpl i shegling the acid-base stoichiometery NH,F(HF),, wherein x is the melt acidity value,

' in a reaction zone for a time and under conditions sufficient to produce nitrogen
trifluoride. During the contacting step, the effective melt acidity value of the liquid
ammonium acid fluoride contacting the gaseous feed is decreased, while the bulk melt

15 acidity value is held roughly constant, Preferably, the effective melt acidity value is
decreased from a value above the optimum value resulting in the hi ghést nitrogen
trifluoride yield at the reaction zone operating conditions to approximately the
optimum value. ‘A reaction product stream comprising nitrogen trifluoride is removed
from the reaction zone. In this manner, production of the undesirable by-product -

20 nitrogen is suppressed without sacrificing yield or requiring precise control of the bulk
melt acidity x value at a single value.

One method of decreasing the effective melt acidity value during the
contacting step is to contact the fluorine-containing feed stream with the liquid
ammonium acid fluoride in a series of reactors, wherein each successive reactor

25 contains ammonium acid fluoride having a pro gressively lower melt acidity value. In
a preferred embodiment, the decreasing effective melt acidity value is accomplished
by forming a gaseous mixture of elemental fluorine and hydrogen fluoride. The
gaseous mixture is contacted with a bulk liquid ammonium acid fluoride in a reaction

zone for a time and under conditions sufficient to produce nitrogen trifluoride. Due to



by form ng a gaseous m xture of elenental fluorine and hydrogen fluoride.
.The gaseous mixture is contacted with a bulk liquid amoni um ach & JuNugms de
ina rgaction zone fora tinme and under conditions sufficient to produce
nitrogéen trifluoride. Due to 1 4 JUN 2005 3 the presence of the hydrogen
fluoride in the gaseous feed, the initial effective nelt acidity value in
the reaction zone will be greater than the nelt acidity value of the bulk
| i quid ammoni um acid fluoride. In one enbodinent, the initial effective
melt acidity value is at |east about 0305 greater than the nelt acidity
value of the bulk Iiquid 5 amoniumacid fluoride in the reaction zone,
preferably at |east about 0.1 greater, nore preferably at |east about 0.3

greater. TR phedeicd oAl i X i lt.acidity value is
preferably I.ergs t han g%gﬁt . 8?%%2“13}%%#%?% sﬁg"q’ Hen t}?gﬁglgcﬁ%’ﬁtmeltl. 6. In
one enbodi #idity value bethe reactipn achCwilbhe @roarectbaP tHeshélOadliity P8O of fhkf | uori de
10 and ent{)qkned.f i @ui d. ammpni um acid fluoride is renoved fromthe

above- descPi &gy PRl 3d flugride. (Ja oo embogineitdhe Bitid effectivenmelt er abl y

i nt r oducedadjditOva I ucg as separate stirred tank,
wher ei n thelop}g‘r/ at) ﬁgdggé%gi%hpg&gggpﬁ%ﬁ%ﬁ?a@ B%EPE@F’E‘EW 28 q%éhqlﬁﬁ}é?lqklﬂan t he
oper at isng gnmesimneand flubddé RABE kABLEPRShe, pRAYHINY; T g%%é ous
hydrogen fluoride fromthe entrained |i qeull)d armgn:; Srgr%t%gé‘g[c(?g ucride. A

- regener at i BATSHEEIMY 3t leass Ab @B O greatey Hiet budky dquidranfrhoitindeidigoridey dr ogen
fluoride removed fromthe regeneration zone and introduced
into a seg%glé%lpgﬁy %‘Hg 5 Weﬁefﬂ’é)f ?etsﬁt}?@ﬂé?‘gtle&t%emﬁ?’@bbﬁeﬁ then alehait f r om t he
nitrogen t.6ifluoride. At |east a portion of the hydrogen fluoride

separated in the separation zone is preferably recycled and vaporized for

use in the gasdowncieadudimhert n rattivn freduct Otréfa 6oiPRsiAS Afrogkh triffuddldso
pr ef erl%bl e tdo &e.c¥%h.e liquid amoniumacid fluoride fromthe regeneration
zone to tH&YCBERE q'i’éir?gnn??iu@r?élcbﬂ%tﬂenémmo‘teﬁéfdmﬁwabalvedesfcribed:ycl ed

[ 3, e bl A R R PREBSHE D)  c
product i onegdheration atpd, 8uch is P&Ephdatci@iiedAIE wikeid I Jpeiing 3 &s@t ofhe
recycled mrg]é#e%t?o% zdonfe Iisu loor\’Je(r:l ?hagﬁhet:) gpeer‘;tillge}?rzésure of the reaction zone
causing release of gaseous hydrogen fluoride from the entrained liquid ammonium
15 acid fluoride. A regeneration product stream 'compn'sing nitrogen trifluoride and
hydrogen fluoride may then be removed from the regeneration zone and introduced
into a separation zone in order to separate the hydrogen fluoride from the nitrogen
trifluoride. At least a poftion of the hydrogen fluoride separated in the separation
zone is preferably recycled and vaporized for use in the gaseous feed mixture to the
20  reaction zone.

It is also preferable to recycle liquid ammonium acid fluoride from the
regeneration zone to the reaction zone. In one embodiment, the flow rate of recycled
liquid ammonium acid fluoride to the reaction zone is sufficient to counteract the
highly exothermic heat of reaction of nitrogen trifluoride production. For example, it

25  is desirable for the flow rate of the recycled ammonium acid fluoride to be at least
about 1,000 times the stoichiometric flow rate required to react with the fluorine in
the feed stream, more preferably at least about 2,000, or even at least about 2,500

times, the stoichiometric flow rate. The recycled liquid ammonium acid fluoride

preferably passes through a gas-liquid separation tank in order to separate a gas phase



about 1,000 tinmes the stoichionetric flowrate required to react wth . the
01\(,)\4'@@ n

fluorine in the feed stream nore preferably at |east about 2,0

at Iea§t about 2,500 tinmes, the stoichionetric flowrate. The recycled

| i qui d ammoni um acid fluoride preferably passes through a gas-liquid
separation tank in order to separate a gas phase 1 4 JUN 2005 } 4 fromthe
| i qui d ammoni um acid fluoride prior to recycling the anmonium acid

fluoride to the reaction zone. The gas phase collected in the separation
tank is conbined with the regeneration froduct stream A nakeup stream of
ammoni um acid fluoride can be introduced into the 5 process of the present

i nvention as needed. The nakeup stream may be produced by reacting amoni a

wi th hydr ogem fheUiu dnBnRnS RSO Aok erS're%g@gq% ﬁé%%%ﬁ%% ffre makeup

ammoni um acid fluoride streamis introduced I &fi%n zone. In
one enbodi ABAKide torthe paréorpzanemiiic gas plisd cblleoosd idehstdpaaioh $afkast act ed wit h

the regeneration oduct stream for exanple in a demster, in order to
recover enfe’élgf’wgﬁ“R%g%fﬁgﬁﬂ?r%?%moéu‘ftlsﬂé‘%mde fromthe regeneration product

stream Alternaty TR0 . adydirectly to the first reaction
zone to pr oducep\tl}lﬁglk%l%m u%lfamg “Pﬁ&élr%i oride fan ?E’g‘@ﬂi‘chﬂ%’ﬁ fon al so
provi de$ aprogpparaiaisrefent inventbicisigeddd, rn%ﬁakehbisirkéiﬁl"rﬁﬂ% prrP&uc%B% rat us

may include a, supply of a gaseous m xture of elenenta uorine and
hydr ogen f f36%% AEiagvith hydrogeadbitogideiim a séavind rezstion nowat Preferadly, hhé he

gaseous m v . The.reactor pr.eferably conprises a reaction zone
and an ouﬁag%l&) a\%ﬂg%ﬂ}ﬁw %cﬁ(gﬂp%%%ﬁ?r&ﬁ‘%z‘ﬁngQ%BC%lp‘@F"gElP\?@eye%sn £oumda t o
contact t henganeuidentihetnidi@u cRitit laid! flufdyiiad s\?%gﬁ?g’” BB Ry | ll% gride. The
apparatus may further include a regenerator in urd conmmuni cé n wth

t he out | etTegfnarafioniproduct sweam,dor enathil@incodqmistet,rig oder €5 aR6VEH dn@Ring®Ne and a
produc{o ou&h&%niuThe Tigl en&rﬁti og zone is operatively positioned to
separate a regenar &t GHOPT ot ihe resensiiamprpdugt stieam: Adigomtivelyi f | uori de and
hydrogen fim@bhidendy mutel g ' id fluoride. The apparatus, nay
further infcl:l up(lie a s}repareat g#étgn%%?ygggﬁn%%z% eﬁ?é’ﬁo CF@%&%&BP%@N out et
of the uoride.

The present invention also provides an apparatus for producing nitrogen

trifluoride. The apparatus may include a supply of a gaseous mixture of elemental

15 fluorine and hydrogen fluoride and a first reactor in fluid communication with the
gaseous mixture supply. The reactor preferably comprises a reaction zone and an
outlet, wherein the reaction zone is operatively positioned to contact the gaseous
mixture with a bulk liquid ammonium acid fluoride. The apparatus may further
include a regenerator in fluid communication with the outlet of the first reactor and

20 comprising a regeneration zone and a product outlet. The regeneration zone is
operatively positioned to separate a regeneration product stream comprising nitrogen
trifluoride and hydrogen fluoride from liquid ammonium acid fluoride. The apparatus
may further include a separator in fluid communication with the product outlet of the
regenerator, The separator. comprises a gaseous outlet and a liquid outlet, wherein the

25 separator is operatively positioned to separate hydrogen fluoride in liquid form from

gaseous nitrogen trifluoride.



regenerator. The separator conprises a gaseous outlet and a liquid outlet,

wherein the 25 separator is operatively positioned to separate hyérdiegith

fluoride in liquid formfrom gaseous nitrogen trifluoride. 1 4 JUN 2005 5
BRI EF DESCRI PTI ON OF THE DRAW NGS Havi ng thus described the invention in
general terns, reference will now be nade to the acconpanying draw ngs,
whi ch are not necessarily drawn to scale, and wherein: 5 Figure 1 is a
process flow di agram of an enbodi nent o% t he apparatus of the present
invention; Figure 2 is a plot of the estimated F2 reaction distribution
(c,, c2, and c3) as a function of the NHUF(HF) X nelt acidity x value in
batch bench scale experinents; and Figure 3 is a plot of the nitrogen
trifluoride yield as a BRIEFIRESCRIRTHONIOF MeORRAWMGBLt acidity x val ue at
different hydrogen. fluorjde partial pressures in the | uori ne feed.

DETAI LED DESCRI %%Y‘é&ﬂb}—s FEFIekEn v eMionHa genersletatms, referehtOwilngsw Bk ! | be

descri bed maa@td 4k h Lingf W th. 15 reference to the acconpanying
drawi ngs, in which pr AR ol Whiotl e bl frccrpnlychavbie wote. shun | i s

i nvent i on Whgreinhowever, be enmbodied in many different forms and shoul d not
be construed as_limted to the enbodi nents set forth herein; rather, these
enbodi Ment s ar eGPV §@Praesss Aaw disgramadif an bobodienct bl theQpp e Hﬁﬁ)eand

conpl et e, j L1y convey the scope of the invention to those skilled
in the art@Q%B%lvkrgiolri:’mnbers refer to like elenents throughout. As used

herein, the terFipuRPEal i : e’ i.ncludes all ammonjum
pol y( hydr ogen, fluori de) p&?&gﬁ%ﬂ?&%ﬁ% Ig%emae PBH'IS?’%QP(S‘PBK@ Gt it @) as a

pol y( hydr tonfafifler NHeH (HF) mplek xeidity KRQNRTHBRHBeAG Laf LQL onmosi tions
can be generi cei;l.l,%/ 3desc;i bgd by the aci d-_basec. stlg(iq{c P%r?gpyffgg?tg’a%
NHAMYFZ( HF) X, wHeP &S Rt of thegtipgerdrifluprds wdldfasanfuhdtiongsfalp consi sting of

Group 1bA INHSYER) Yislt 4@ V{p" and G oup VIl of the Periodic
Tabl e of El e4ment)s or rrilx%,&&?{e@u{a E{e(g%g%?t (Eggfflgﬁglf%qurt@l pressures in the

fluorine feed.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter with
15 reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein,;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
20 Like numbers refer to like elements throughout.

As used herein, the term “ammonium acid fluoride” includes all ammonium
poly(hydrogen fluoride) complexes and ammonium fluorometallate poly(hydrogen
fluoride) complexes. The ammonium acid fluoride compositions can be generically
described by the acid-base stoichiometry of NH,M,F,(HF),, wherein M is a metal

25 selected from the group consisting of Group 1A through VA, Group IB through VIIB
and Group VIII of the Periodic Table of Elements or mixtures thereof; y is typically 0-
12; z is typically 1-12 and is chosen to maintain the charge neutrality of the complex;
and x is the melt acidity value. In a preferred embodiment, y is 0 and z is 1, thus

yielding a complex with an acid-base stoichiometry of NH,F(HF),. However, other



12; -z is typically 1-12 and is chosen to nmaintain the charge neutrality of
the conplex; and x is the nelt acidity value. In a preferred enbbdilie A y
is O a‘F:ld z is 1, thus yielding a conplex with an aci d-base stoichionetry of
NHAF( HF) X. However, other 1 4 JUN 2005 6 anmoni um acid fluoride conpl exes
may be used w thout departing fromthe present invention. A sinplified
description of the NF3 production process chemstry involved in the
present invention is given below. The amonium acid fluoride nelt
internediate, 5 NHAF(HF)X, wherein x i% the melt acidity value, is
typically formed by the reacti on of gaseous ammonia with either gaseous HF
via Reaction 2 below or NHAF(HF) X nelt via Reaction 3 below. NH3(g) + (1 +
X) HF(g) - drhiMéhiubiFackd fXpriddesmapie ot d (X)) ->
(a + 1) NH4AF(HF) X (X) Reacti oél gé%v\%aef% ﬁr}k??(ﬁ %hggtrl%étggg%%%g}ig@re?eﬁ“the

| i qui d pha8¥entiPle armoni um aci d fluoride product from either Reaction 2 or
3 can react wih.a ) é)us.fluori e feed to produce the desired nitrogen
trifluoride pro agPplgtilaef ef@}'lmlé’é'&fiﬂg‘?ma Prefwstionrocess ghemisiey {rvokved)in

NHAF( HF) X h& i HE) X (k) +. + x). BF(?.
Reac§ i o)n 4th reersgiﬁrlln%%aiegist lgé}% ?%8?:@%8%&%5%@3@&%%& ’é‘é“f‘?’éd‘&?’ pr oduce
NF3 and a NHE(HE),, Mereirt k is the ndeaciRiati) % tgrpicanﬁfcﬂﬂe&fbgtﬁé ﬁa&t%nis&fs

stoichionetric feed rate, The major conpeting redaction, Reaction 5 bel ow,
produces NPSTOUSREYMQna Witkerthergasequs () via Rea¢ton 2 bealpwiANIHEHE), melc2N2 + a
c2 NHAF( HR)i&REa&nB%helowX) HF(A) Reaction 5 wherein c2 is the fraction of
the F2 feed that reacts to produce N2. 25 Alternatively, F2 could pass
t hrough the NF3 reactor w.thout reacting as shown bel ow

NH,(g) + (1 +x) HF(g) -»NH,F(HF), (\)

Reaction 2

10 NH;,(g) + aNH4F(HF)x+(x+ va )= (+1) NH,F(HF), ()

Reaction 3

wherein () denotes a species in the liquid phase.
The ammonium acid fluoride product from either Reaction 2 or 3 can react

with a gaseous fluorine feed to produce the desired nitrogen trifluoride product via

15  Reaction 4 below.

3c,Fy(g) + ¢ (o + 1) NH,F(HF), (A) - c, NF;(g) + a ¢, NH,F(HF), (A) + ¢, (4 +x)
HF(A)

Reaction 4

wherein c, is the fraction of the F, feed that reacts to produce NF, and o is the
20 ratio of the NH,F(HF), (1) product rate to its stoichiometric feed rate.

The major competing reaction, Reaction 5 below, produces N, rather than NF,.

3¢, F(g) + cy(a + 2) NH,F(HF), - ¢,N, + o ¢, NH,F(HF), + c, (8 + 2x) HF())
Reaction 5

wherein ¢, is the fraction of the F, feed that reacts to produce N,.

25 Alternatively, F, could pass through the NF, reactor without reacting as shown below
in Reaction 6.



in Reaction 6. 1 4 JUN 2005 7 ¢3 F2(g) _> c3 F2(g) Reaction 6 wherein c3 is
the fraction of the F2 feed that does not react. The above analys?é JUN 2005
assumeg that Reactions 4 to 6 describe all the fluorine reactions (c, + c2
+ c3 ="1). 5 The HF by-product nmay be renoved fromthe NHAF(HF) X nelt by
vaporization via Reaction 7. C, (4 + x) HR(X) + c2 (8 + 2x) HF(,)->c, (4
+ x) HF(g) + c2 (8 + 2x) HF(g) Reaction 7 Figure 2 is a plot of the
estimated F2 reaction yield distribution (c,, c2, & c3) in 10 bench scale
batch NF3 experinents at a given set of’process parameters. This anal ysis
indicates that, for NHFAF(HF) X nelt acidity values |l ess than the opti num
value (i.e. less than the nelt value resulting in the highest yield of
NF3), Reaction 5 is primarily re i_Ql exf i nferior NF3 conversion. For
NHAF(HF),, nelt acidity val ues grgggg;—gfﬁgﬁgihe opti mum val ue, unreacted
F2 (Reaction 6) is primarily responsRédcgot 6r inferior 15 NF3 conversion.

Figure 2 also illustrates the conventional F2 reaction path A and the
preferred F2 reaetdins ipaidrBtioh Bf HF, 30RMAALISESGLIRE G ent No.
5,637,285, fluorine is contacted with the NME( HF) x Jr?r'eﬁlé?%&éa’ﬁpﬁ@?lsa

si ngl e bubpisemesthahReantions 4ite§ldescsibe mildhk floaite.reRoibhs {cypes +of, actor s
operate. at essenili Y. a single NHAF(HF) x acidity | evel, 20 such that the
F2 feed is convgb?ggquyéprﬂagag?ﬁ%eﬁ}oé@ frem the Nﬁ:E(ﬁ[@& sielt byevaporzitiont y
val ue, as eila®waction path A. In contrast, the preferred reaction path B
initially contacts the fluorine gas with a NHAF(HF),, nmelt having an
which would result in | ower

acidity x val ue gre han _ opti num val ue,

fluorine reactf'é% +r’§#§20‘5 bi&e (%T:?;HEHFM@? cdartenttikie) ¥ ¢, 6t 2xhBR(xubsequent | y
contacts the fluorine with NHAF(HF) ﬁe@&?&nﬁ]ha"i ng 25 progressively | ower x
acidity values to obtain progressively gher F2 reaction rates wth only

nchi ove near oprEHLE REd REHIER ot Fitstitopabel dsuRsRnatce, Sresi her t he
10 bench scale batch NF, experiments at a given set of process parameters. This analysis
indicates that, for NH,F(HF), melt acidity values less than the optimum value (i.e. less
than the melt value resulting in the highest yield of NF;), Reaction 5 is primarily
responsible for inferior NF, conversion. For NH,F(HF), melt acidity values greafer
than the optimum value, unreacted F, (Reaction 6) is primarily responsible for inferior

15 NF, conversion.

Figure 2 also illﬁstrates the conventional F, reaction path A and the preferred
F, reaction path B. In the approach described in U.S. Patent No. 5,637,285, fluorine is
contacted with the NH,F(HF), melt in either a single bubble column or a single stirred
tank. Both types of reactors operate at essentially a single NH,F(HF), acidity level,

20 such that the F, feed is converted to NF, in the presence of a constant melt acidity
value, as shown by path A. In contrast, the preferred reaction path B initially contacts
the fluorine gas with a NH,F(HF), melt having an acidity x value greater than
optimum value, which would result in lower fluorine reaction rates, but higher NF,
selectivity, and then subsequently contacts the fluorine with NH,F(HF), melts having

25  progressively lower x acidity values to obtain progressively higher F, reaction rates
with only modest decreases in the NF, selectivity. With this approach, one could

achieve near optimum NF, conversion without precise knowledge of either the



1 4-JUN 2005 } 8 optinmum NHAF(HF) X nelt acidity value or careful control of
the bulk NHAF(l )X nelt acidity x value. The present invention proviNegsan
efficignt nmethod and apparatus for the production of nitrogen trifluoride
that utilizes an ammoniumacid fluoride 5 internediate without requiring
strict maintenance of the nelt acidity value of the bulk ammonium acid
fluoride at an optinmum setpoint. In the nmethod of the present invention, a
fluorine-containing feed streamis contacted with a |iquid amoni um acid
fluoride, such as [NHUF(HF)X], wherein & is the nelt acidity value, in a
reaction zone for a tinme and under conditions sufficient to produce
nitrogen trifluoride. In order to 10 better enul ate the above-descri bed

reaction papiimfin NHER(BIF) aGbl ¥eiaitplvhiuaet Birbhl Yot HPhetfunt REr B! dermoni um

acid fluoride in contact with the fluorine-contal ning S
decr eased auditng vels. contacting step. The "effective nelt acidity x val ue"

of the liquid Hm)ni um.acid fluoride in contact with the
f1 uori ne- cont ai nPRJGEY BAFHPR Brovidesianeifigient methes] and apppraustthathewoul d be i n

equi i bri Uﬁro\dhéttbntg}qﬁm{é%ﬁggpo%mgtﬂgiz(eg—@ 2 négwﬁﬁlirﬁ Iﬁ‘%}lﬁ r@r egsure in the

fl uori ne-contai ni ng gas es at reac °NE®ndi ti ons (i.e.

t he reatt omtermegiateawitheutaeghipngestsior ®hintdRaedeasraiy ﬁﬁelt%@i@it?%fu@%?it}{'b% ep
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acidity x e li&%’d almrxlnonium acid fluoride in contact with th i ini
e fluorine-containing gas bubbles
is the melt acidity value that would be in equilibrium with the hydrogen fluoride (HF)
15 partial pressure in the fluorine-containing gas bubbles at the reactor operating
conditions (i.e. the reactor temperature and pressure). Preferably, the decreasing step
comprises decreasing the effective melt acidity value of the liquid ammonium acid
fluoride from a value above the optimum value resulting in the highest nitrogen
trifluoride yield at reaction zone conditions to approximately the optimum value. The

20  initial effective melt acidity value is at least about 0.05 greater than the melt acidity
value of the bulk liquid ammonium acid fluoride in the reaction zone, preferably at
least about 0.1 greater or at least about 0.3 greater. For example, in one embodiment,
the acidity value is decreased from an initial value of about 1.8 to about 2.0 to a lower
value of about 1.6 to about 1.8.

25 In one embodiment, the contacting step occurs in a series of reactors or stages,
such as stirred tanks or bubble columns, wherein each successive reactor contains
ammonium acid fluoride having a progressively lower bulk melt acidity x value. In
this embodiment, the fluorine-containing gas is preferably contacted with the

ammonium acid fluoride in counter-current flow. As the fluorine-containing gaseous



this enbodi ment, the fluorine-containing gas is preferably contacted with

the ammoniumacid fluoride in counter-current flow. As the 14 JUN 2005

tluoriqe-containing gaseous 1 4 JUN-2005 9 stream | eaves a first reactor or
stage, the HF partial pressure in the fluorine-containing streami's in
equilibriumwith the bulk nelt acidity x value of the amoni um acid
fluoride of the first stage. As a result, the initial effective nelt
acidity x value of the anmmoniumacid fluoride in the second stage will be
hi gher than the bulk nelt acidity 5 x Yalue of the second stage and so on.
In a preferred enbodi ment requiring only a single reaction stage, hydrogen
fluoride [HF] is added to the elenental fluorine feed, so that, as the

gaseous f estleantiosiey £fitsbidatik b ste@d) HaoHs o Q- oni um aci d
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15 pressure in the gas bubble at the reactor operating conditions. The initial effective
melt acidity x value as the bubble enters the reaction zone is the melt acidity x value
that would be in equilibrium with the HF partial pressure in the fluorine-containing
feed stream to the reaction zone. By the time the gas bubble exits the reaction zone,
the HF partial pressure of the gas bubble is essentially in equilibrium with the bulk

20 melt acidity value. Therefore, the effective melt acidity x value and the bulk melt
acidity value are roughly eqﬁal as the gas bubble exits the reaction zone. The melt
acidity x value of the bulk ammonium acid fluoride is defined as the acidity value of
the bulk volume of ammonium acid fluoride contained in the reaction zone. Since the
ammonium acid fluoride is typically well-mixed within the reaction zone, the bulk

25  acidity value can be assumed to be uniform throughout the reaction zone. The
reaction zone is defined as the site in which the ammonium acid fluoride and the

fluorine-containing feed are contacted under conditions capable of producing nitrogen

fluoride.



fluorine-containing feed are contacted under conditions capable of

producing nitrogen fluoride. 1 4 JUN 2005 10 In essence, the ad’d‘f*tJLchZMS

gn fluoride to the reactor feed allows each gaseous feed bubble to
P?/g\r/glg?al ong the preferred reaction path B shown in Figure 2. For ex?rrpl e,
as each F2-HF bubbl e passes through a bulk ammoniumacid fluoride nmelt
having a nelt acidity value at or slightly below the optinumlevel, th_ed.
effective 5 nelt acidity value is initially at or above the optinumacidity
val ue, and then declines as the bubbl el0i nteracts with the ammoni um acid
fluoride. By the tine the fluorine- containing bubble I eaves the reaction
zone, the hydrogen fluoride pa;lti ;I ,B,r E;sure wi thin éhfl bgb?g: IS "
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Equation E1 provides a useful estimate of the effective NH,F(HF), melt

acidity x value for a hydrogen fluoride and elemental fluorine containing feed gas.

5;1}— 0.5559 +6.642x107¢

LogP = [ u

0.1620+1.147x107%¢
Equation' E1
15 wherein t is the NH,F(HF), melt temperature in °C, x is melt acidity value, and
P is the hydrogen fluoride vapor pressure in mm Hg. One complicating factor is that
the actual hydrogen fluoride partial pressure can be a significant function of other
reactor zone operating conditions, particularly water content. The hydrogen fluoride
partial pressure dramatically decreases with small increases in the ammonium acid
20  fluoride water content. Despite this and other similar limitations, practical experience
shows that Equation E1 provides reliable guidance for setting the hydrogen fluoride
partial pressure in the elemental fluorine containing feed gas. As noted above, the HF
partial pressure in the fluorine feed is set such that the initial effective melt acidity x
value of the ammonium acid fluoride is greater than the measured bulk ammonium
25 acid fluoride melt acidity x value.
An embodiment of the apparatus 10 of the present invention is illustrated in

Figure 1. As noted therein, a feed stream 1 containing elemental fluorine is fed into



val ue of the ammoniumacid fluoride is greater than the neasured bul k

ammonium 25 acid fluoride nelt acidity x value. An enbodi nent of1'q,h§u~ m
ed

apparatus 10 of the present invention is illustrated in Figure 1. As
therein, a feed stream 1 containing elenental fluorine is fed into - 0.5559
+ 6.642x10-3 t 14 JUN 1005 11 reactor 100. The feed flux of stream1l is
typically between about 0.01 and about 0.05 cubic neters per square neter
of tank cross-sectional area per second. As noted schematically in Figure
1, the fluorine containing gaseous feedlstream1l is mixed with a gaseous
hydrogen fluoride streamat m xing point 12. Typically, a recycled liquid 5
hydr ogen fluoride stream5 is vaporized using heater 1000 prior to m xing

With the fdactor 108 TROR MuRBFERES $td ﬁiﬁf@aﬂ}é bIt%F{é g?%ﬂ&bid]garﬁaa%ggﬁpgﬁ xture

14 of fluorine and hydrogen fluoride s then di intore 100.
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this enbodi ment, the "reaction zone" w inclu e por e
pi pi ng | eddidRg ieptive ammonigaracid liGtdeatek ncidit xtwtuesifiae Ras abet TTHXEd.
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4'is about 15 to about 60 kPa, preferably about 30 to about 50 kPa at the operating

conditions of the reactor 100.

15 A recycled ammonium acid fluoride [NH,F(HF),] stream 6 is also directed into
reactor 100. As shown, although not required, the gaseous feed mixture 14 may be
combined with the recycled stream 6 prior to entry into the reactor 100. In this
embodiment, the “reaction zone” will include the portion of the piping leading into
the reactor 100 after the two streams are mixed. Alternatively, the two streams, 6 and

20 14, could enter the reactor 100 at separate locations. The recycled ammonium acid

 fluoride stream 6 preferably enters the reactor 100 at a flow rate at least about 1000
times greater than the stoichiometric feed rate, more preferably at least about 2000
times the stoichiometric feed rate, and most preferably greater than about 2500 times
the stoichiometric feed rate.

25 In one embodiment, the ammonium acid fluoride melt entering reactor 100 has
a bulk melt acidity value of less than about 1.8, more preferably less than about 1.6.
In one embodiment, the bulk melt acidity value in the reactor 100 is about 1.5 or less.
As explained above, the presence of the hydrogen fluoride in the gaseous feed stream

14 causes the initial effective melt acidity value of the liquid ammonium acid fluoride



the-stoichionetric feed rate. 25 In one enbodi ment, the anmoni um aci d
fluoride nelt entering reactor 100 has a bulk nelt acidity val wa gin!z®gms
than about 1.8, nore preferably less than about 1.6. In one enbodinment, the
bulk melt acidity value in the reactor 100 is about 1.5 or less. As
expl ai ned above, the presence of the hydrogen fluoride in the gaseous feed
stream 14 causes the initial effective nelt acidity value of the liquid
anmmonium acid fluoride 1 4 JUN 2005 12 contacting the gaseous feed to be

hi gher than the acidity value of the bufk nelt nmaterial in the reactor
100. Preferably, the initial effective nelt acidity value is at |east

about 0.05 greater than the nelt acidity value of the bul k ammoni um acid
fluoride i eonttéuzingeneaeodsORed ABEhiphtRAARE Ycidlty L8RS br ARk x%]e greater or
at |east about, 5 0.3 greater. Since nitrogen trifluoride yie i ncreases
with decr e®élergl indhpesagtond B0.uRraferabliiethe imtial effpciped melt atidith@akmenoati um aci d
fluoride ! gache i.f 1s advantageoys to operate the reactor 100
at | ower P%%gpg?tﬁc?@sgrgﬁ%rﬁ{aﬂitﬁﬁ glt agidiy valug ok thebydk apmeniumacidi t e t he very
hi gh exot hfdhde iA¢ed req j ' j ion of 1 itrogen
trifluoride, the nmaxi n‘f’fﬁf?@%&%@%ﬁ#ﬁ%ﬁgléﬁ%att"ﬁ‘g”%%getﬂg?ﬁogéble%séﬁg%‘g limted
to no mor@3meaterabout 4-5C by using a high amoniumacid fluoride stream 6
flow rate. In ditjon, the reactor 100, the regenerator 200 (discussed
bel ow) and t he “PRE BILOSHM EHivorige yigld ingreapesovithdecaensing températiee antélahé or
renoval of . f L i RE ratus .10. Further .if the

i nter connelg:ltgl?l?llg%g?{gi%%hebet mlg{ﬁ&[%gpﬁg%%{e eliltﬁ(?pgw&cq%’ ftdyadvantaggrusieo i s

si zed appragpratathel ryactér 0N ¢y\draBmpéra Ry aﬁadfnhiﬁﬁhi&@tér‘nlﬁe%atﬁﬁbgr%&ixnts. _ _
proportional to the fluorine-containing feed stream1 flowTate, which, in
turn, is YERYRRE Yy piehiexethermicheahef thetiondiivatesichitimprodinetion dfhe maxi mum

t enperat ur i | . he reactor 100 will only increase nodest|ly, if at
all, V\nﬁ)t h Ilﬁtﬁééezlgls‘l Et]rqané?’glber THAEITYR frmperature Hse i fhsjegcierd 00 xan prdingiteddeor 100
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configurations known in the ay;t, suclﬁhgs u 39%10 t?r?ﬁlg,%&gn%nﬁ6%°vﬂsed. In a
pr ef er r ed raignihoaddition, the teactoe460,ahe Addenéraet 2OREiRUEILE BERV)QRdAder stirring

devi ce knq

%rcioﬁnécrtll%g piping, provide ample surface area for removal of excess heat from
the apparatus 10. Further, if the interconnecting piping between the reactor 100 and

15 regenerator 200 is sized appropriately, the recycled stream 6 flow rate is roughly
proportional to the fluorine-containing feed stream 1 flow rate, which, in turn, is
roughly proportional to the heat of reaction. Thus, the maximum temperature rise in
the reactor 100 will only increase modestly, if at all, with increasing fluorine feed
stream 1 flow rate.

20 The reactor 100 is preferably a stirred tank reactor, although other reactor
configurations known in the art, such as bubble columns, may be used. In a preferred
embodiment, the reactor 100 includes a turbine or other stirring device known in the
art as useful for agitating gas-liquid mixtures. As shown, in one embodiment, the
stirring device includes an aeration impeller 130 and a riser 18 to direct the feed

25  streams into the impeller. The power input to the turbine or other stirring device is
preferably greater than about 1 kilowatt per cubic-meter of ammonium acid fluoride
melt, more preferably greater than about 5 kilowatts per cubic meter of melt. The
ammonium acid fluoride melt depth in the reactor 100 is preferably greater than about

one meter, more preferably greater than about two meters. The reactor 100 preferably



art ‘as useful for agitating gas-liquid mxtures. As shown, in one

enbodi ment, the stirring device includes an aeration inpeller 1304 awg o5
riser 18 to direct the feed 25 streanms into the inpeller. The power input
to the turbine or other stirring device is preferably greater than about 1
kil owatt per cubic nmeter of ammoniumacid fluoride nelt, nore preferably
greater than about 5 kilowatts per cubic neter of nelt. The ammoniumacid
fluoride nelt depth in the reactor 100 is preferably greater than about

one meter, nore preferably greater thart?about two neters. The reactor 100
preferably 1 4 JUN 2005 13 operates at a pressure of about 80 to about 200
kPa and a tenperature of about 120 to about 150C. In one enbodi nent, a
gaseous pr stbs By, i t t or to
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react or 10®ahds®¥s regenerator 200. The prinmary purpose of the bypass |ine
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fromthe riodwevethei@pabibitytaeumsihe reactosd00 pribi tireacorshurdoiiny Thhdditoaf er r ed
operating .ce. essi ve ass line 30 flow rates fromthe reactor
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i r oduced

7 compyises nitrogen trifluaride, . hydrogen fluoride and nitrogen
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stream 7 is typically between a ou ers per
squar e netpgactok. Eaodssive bypassdinie 30w MtRardL thexReR80100 { HE.YRRIrSYGh as

during start-up of the apparatus 10, a nitrogen stream 28 can be introduced
into the canlead to adecrease in the elevation difference 120 between the reactor melt
elevation 110 and regenerator melt elevation 210, which is undesirable.

15 A reactor product stream 7 is withdrawn from the reactor 100 and fed to a
regenerator 200. The reaction product stream 7 comprises nitrogen trifluoride,
hydrogen fluoride and nitrogen produced in the reactor 100, as well as entrained
ammonium acid fluoride melt and small amounts of unreacted fluorine. The feed flux
of the reactor product stream 7 is typically between about 0.1 and about 0.5 cubic

20 meters per square meter of tank cross-sectional area per second. If needed, such as
during start-up of the apparatus 10, a nitrogen stream 28 can be introduced into the
reaction product stream 7.

The regenerator 200 may comprise the same type of agitated tank as the
reactor 100. As with the reactor 100, the power input to the turbine or other stirring
25  device is preferably greater than about 1 kilowatt per cubic meter of ammonium acid
fluoride melt, more preferably greater than about 5 kilowatts per cubic meter of melt.
As shown, the stirring device preferably includes an aeration impeller 220 and a riser

22 to direct the feed stream into the impeller.



reaction product stream 7. The regenerator 200 rmay conprise the sane e
~o$aagitatgd tank as the reactor 100. As with the reactor 100, th 4n8hé&m5
input §o the turbine or other stirring 25 device is preferably greater
than about 1 kilowatt per cubic neter of ammoniumacid fluoride nelt, nore
preferably greater than about 5 kilowatts per cubic nmeter of nelt. As 4
shown, the stirring device preferably includes an aeration inpeller 220 an
ariser 22 to direct the feed streaminto the inpeller. 1 4 JUN 2005 } 14
Regenerator 200 is operated at a | ower b%essure than the reactor 100.
Preferably, the operating pressure of the regenerator 200 is at |east about
50 kPa | ower than the operating pressure of the reactor 100. In one

nbodi ment, t he Regessatoe2@0 istoperatéded anewat messafohhs 1R A g0 about 20
EPa. The | qw rlgfure of the regenerator 2%8 5 faC|f|tates rel ease of
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[ 120 between the ammonium acid fluoride nelt surface 210 in the
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reach the gRstickst 100823 ¥Esendiatdr08 f)r%ker%bﬁ?ﬂglﬁg\?e%tﬂyna%f i lést ng a typical

ammoni um acid fluoride neft spem?lc gra justnents to
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the anmonragenaeiod260 simviedke reattor 100, 80EHOMYt hB pkddurk WP tHeABkSor 104 !
could be used 15 tg@control t he nelt elevatlog 210 in the regenerator 200.

In one enbBEFREMPET 20hpresureplys rlwdiqpi@rﬁeeasl Ifgssffﬁt m?gt;;f;c?r; Fﬁ %e?io?ﬁ; e
et TS e et R M Bk o 100
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t he needed to reach the desired pressure differential can be estimated using a typical
ammonium acid fluoride melt specific gravity of 1.3. Minor adjustments to the
ammonium acid fluoride melt inventory in the two tanks, 100 and 200, could be used
15 to control the melt elevation 210 in the regenerator 200. In one embodiment, the
elevation 120 is at least about 6 meters, more preferably at least about 8 meters. The
operating temperature of the regenerator 200 is preferably no more than about 5°C
less than reactor 100.
A regeneration product stream 16 comprising nitrogen trifluoride, hydrogen
20 fluoride, nitrogen and entrained ammonium acid fluoride is removed from the
regenefator 200 and fed to a demister 500, wherein the entrained ammonium acid
fluoride is recovered by counter-current contact with a makeup ammonium acid
fluoride stream 9. As will be understood in the art, other types of equipment may be
used to separate the entrained liquid from the product stream 16.
25 The makeup ammonium acid fluoride is produced in a second reactor 400,
wherein a hydrogen fluoride stream 8 and an ammonia stream 2 are mixed and reacted
to form the ammonium acid fluoride melt. Since the reaction is highly exothermic, a
cool wall falling film reactor is preferred. Preferably, the melt acidity value of the

ammonium acid fluoride stream 9 leaving the second reactor 400 is at least about 1.8,



regenerator 200 and fed to a dem ster 500, wherein the entrained ammoni um

-acid fluoride is recovered by counter-current contact with a mak&uyuN 2005

ammoni ym acid fluoride stream9. As will be understood in the art, other
types of equipment nay be wused to separate the entrained liquid fromthe
product stream 16. 25 The makeup amoni um acid fluoride is produced in a
second reactor 400, wherein a hydrogen fluoride stream 8 and an amoni a
stream 2 are m xed and reacted to formthe ammoniumacid fluoride nelt.
Since the reaction is highly exothernmicl®a cool wall falling filmreactor
is preferred. Preferably, the nelt acidity value of the ammonium acid
fluoride strgam 9 leaving the second reactor 400 is at |east about 1.8, 1 4
JUN 2005 13nandrepreterpislgfaeteakt apoat2.b eas i : f. el atively
high melt acidity value for makeup str&eEﬁwpg*'%%@ﬁ“&éﬁ%&%&h@%@i‘&f% it
rapidly deé‘?%ﬁ‘é%ér?aﬁbs’ iafyantagenus besaushis rapidlyaieercases thedteagefiturs bF gam 16,

whi ch m ni @ J .fluorni.de deconposition. Additionally, higher
melt aci di ?%/g% 5%3*&"@i’f‘&ﬂﬁ%f'stéﬁraiﬂoﬁmg%@w%?@g&gsn triffieprids deeorspesifeah. 5 wi t h
convent i on&lddad@aliydighieg nvet fidit ni.u id fluoride nelt
from regenerator 2%0 %s recycl ﬁg%&ﬁﬁg(@g&@%ﬁ&\%mﬁ{%gm%beF’?oé’rl%fabl Y,
t he recgcl T LRRpItioRRIAN°E coblingwiatte. passes through a gas-1iquid separator

300, which provkdes?g agui escent .zone, conducive for gas/liquid separation.
The gaseous str&3f° PY¥nagaRoy el Bugsideandt fromOe@MOratar 2006 er abl y

conbi ned Wdchicle@aLRecst S 6 .upstreamof the dem ster 500
or fed di rec??y to the g“eomﬂé?g?&%ere Fid r%edﬁ?bfa?@%emwomﬁ@ - | i quid

separ at or fo@ridepassesthreagiea gud-figwid eBsarsteN0¢. YLl n streams 6
and 7 so thatd 1 hg(gpr e; erred ammoni ﬁﬁm acid fl uor}{%g(@ﬁg)qu?%%éé%?ﬁon& ream 6
i s achi eved PR IEBas/lignighieparation. Bn gasconvestreannf20feen igas/ HiiigaBpHaean be

t ol er aieed 3gp ; I: 1V ion. 15 Follow ng renoval of the entrained
amoni um aci dlE fel%al e, }n(y “g%i;‘e‘g%fh?g%%%eiodg%%@ﬁmll@ upstreapi & from t he

demi st er Si¥nistadSEUr &f fed dlreytly ©4hé D& ' rQcess steps designed

to separate the crude ni trog)fan tri frag%?'i ggegﬁgféﬁi?&;’?%rﬁ%ﬁ?%@ﬂﬁgﬂ uori de.

As shown, SRArai0e 38isdaicrante suffitientyensionudifferande bbtwebh 68806 1RES $€FaE NT ough
d

a vacuum ed cool er 600, Preferably, the vacuum pu fee
QHéTBre?eef\‘re% animonium acid ﬂuor?de flow rrzce in stream 6 is achi%vgjl). However,

significant entrainment of gas in stream 6 can be tolerated in the present invention.

15 Following removal of the entrained ammonium acid fluoride, a gaseous
product stream 10 is removed from the demister 500 and preferably fed through a
series of process steps designed to separate the crude nitrogen trifluoride product from
hydrogen fluoride. As shown, in one embodiment, the gaseous product stream 10
passes through a vacuum pump feed cooler 600. Preferably, the vacuum pump feed

20-  cooler 600 reduces the temperature of product stream 10 to less than about 50°C. The
product stream 10 then passes through a vacuum pump 700, which preferably
comprises a dry vacuum pump with inter-stage cooling. The discharge pressure of the
vacuum pump 700 is preferably slightly greater than atmospheric pressure.

Thereafter, the product stream 10 enters a gas-liquid separator 800, which is

25  preferably equipped with a reflux condenser 900. The separator 800 comprises a
gaseous stream outlet 26 and a liquid stream outlet 24. The crude nitro gen trifluoride
stream 3 preferably contains less than about 1% of the hydrogen fluoride found in

product stream 10. This can be achieved using a reflux condenser 900 temperature of



-about 50C. The product stream 10 then passes through a vacuum‘,pgng?OO

20 cool er 600 reduces the tenperature of product stream 10 to | ess than

whi ch preferably conprises a dry vacuum punp with inter-stage ¢ namsThe
di scharge pressure of the vacuum punp 700 is preferably slightly greater

t han at nospheric pressure. Thereafter, the product stream 10 enters a
gas-liquid separator 800, which is 25 preferably equipped with a refl ux
condenser 900. The separator 800 conprises a gaseous streamoutlet 26 and
a l'iquid streamoutlet 24. The crude ni¥rogen trifluoride stream 3
preferably contains | ess than about 1% of the hydrogen fluoride found in
product stream 10. This can be achi eved using a reflux condenser 900

t enper at ur ebait ~30%C.JThe &85 pifluatadiehm 3G th-EH%egngﬁ@d Paﬁzfa;iﬁée aﬁagaﬁo%“ 3 may

then be purified to produce a salable product dsing pu I ca
t echni quesPIOHBGHising RusHication teakniquesdehoinm ifitlguare 1, the |iquid outlet 24 of
the separator 8 s q:nof | Ui CO. nicatjon with two hydrogen fluoride
streans used inggﬁé)?egrlgg&ug? ?5th5218u : ‘@ef%?@l}ﬁs%ﬂalf%% sheflagcycl e of
hydr ogen f tammutieatidiiwal tivb hOdso éhﬁi{'ﬂ?dé)sg}é fLyocidecstream 4
may be renpved fromthe pr ocgssgas n%ede .gﬁlﬁlgx%%@ﬁggfﬁ)ﬁesﬁr %cgﬁ’re may be
used t 0 setheiehy ajpwing thereoyrless bydwgef fitbride. riaaddivion 108y-prsiuehgy drsggner at or
niumacid fluoride nmelt acidity val'ue.” As noted

200 and to r the a

above, it flhgoq{pgreesgg?lgﬁf@agggb%qv dromp thensegesscacaedehser 900 at a 10

sufficiently | sentially.all of the dr ogen

fluoride f rgm O{)\}rl%?algt%g I?Fgg?ﬁu%ﬁﬁg%%g?cﬁe Sﬁﬂﬁ?ﬁﬁpg%f”é%ﬂreéﬁr%%?ﬁtggf I ogv rate
nq?sl{i mat ed
0

and the byepatodUk andryelrapgrerafor 300 bekPtoSdonBBMHE afdnfMifiAla id%fbn%
based on the.fluorine feed I flowrate and the expected val ues c,, c2,

and c3 in aﬁ&’&'t‘f s s potedr h@ﬁe,i‘higprpfeg@gm}meomrate ﬂfea*eﬂi:geaitgreﬁsawgé(agarmy be

set togpr am 6 and 8.f|ow rates. not ed above,

this gg ne%‘gri?&;erﬁtfé?éﬁ}%%agﬁ% gogrgﬁ%‘feétef‘fqreméﬂg' %/} %@i‘ﬁ?‘@d@ﬂe‘i Auoidmiemof about

520 kPa. producpstréanti0. BOASHS @ARitniPfecd BeATTIWNARI(IE UL S, !
uct™'s

acidity i ei ther recycle stream 6, reactor pro rea t he
react or 10Wdensen dyeride strasm 4 Gow matel danibe estihateyt baswd| ot the fluseEk fedypdat e t he

o A 0 i S A 6 i M2, T e ™™

in the regenerator 200 may be set to provide reasonable stream 6 and 8 flow rates. As

15 noted above, this generally results in a regenerator 200 pressure in the range of about
5-20 kPa. The periodic measurement of the ammonium acid fluoride melt acidity in
either recycle stream 6, reactor product stream 7 or the reactor 100 or regenerator 200
melt inventory could be used to update the estimated values of ¢,, c,, and'c3 and the
flow rates of streams 2 and 4. Since the hydrogen fluoride inventory in the reactor

20 100, regenerator 200 and interconnecting piping is large relative to the by-product
stream 4 flow rate, even substantial errors in the estimates for the fluorine feed rate,
ammonium feed rate or the values of c,, Cy, and ¢, would result in a slow change in the

ammonium acid fluoride melt acidity values in stream 6 and 7.

Tables 1-3 below provides a summary of exemplary stream properties for
25 several of the labeled streams in Figure 1.



20 100, regenerator 200 and interconnecting piping is large relative to the
‘by-product stream4 flow rate, even substantial errors in the'#?&&ﬂ@@@f
for th§ fluorine feed rate, amoniumfeed rate or the val ues of cT,

and c3'would result in a slow change in the amoniumacid fluoride nelt
acidity values in stream6 and 7. Tables 1-3 bel ow provides a summary of
exenpl ary stream properties for 25 several of the |abeled streans in

Figure 1. 1 4 JUN 2005 17 Table 1 y M'1~1'"ms ~ w "4, ~wt", ~+ >ti. ~~e nw
ala nll ~~, ~ nth;wlyd, ~+I ~T, ~f~D~' SCA71Pt 1, ~T~~t -{3~, ~Enl. I~7r1 j r
e) x+~d "'"tf~ + . 4IMIf ~, { paFl 3,r~s1h4;..1 11~~y97h 1l ai 1 A
r: Es. -- C11F" '

Table 1

F2(g) 66.12 - 1.98 -

NF3(g) - - 31.71 -

N2 (g) ' - - 3.25 -

NH3(g) - 11.56 - -

NH4HF2(melt) - - - -

HF (g) 1.30 - 1.38 -

HF(1) - - - 40.65

HF(melt) - - - -

Total, kg/hr 67.42 11.56 38.33 40.65
T, °C 25.0°C 25.0°C -30.0°C | -30.0°C
P, kPa 144 140 120 120
x, NH ,F(HF), - - - -
Average MW 37.35 17.03 56.04 20.01
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F2 kgjhr 11~ F 66.12-1.98- 2(g) NF3(g)--31.71- N2 (qg)--3.25-
NH3(g) - 11. 56- -

Tot al ,

kPal44140120120 x,

2005

NHAHF2( el t) - - - -

HF (g)1.30-1.38- HF(1)---40.65 HF(melt)----
kg/ hr 67. 4211. 5638. 3340. 65 T, C25.0C25. 0C 30. 0C-30. 0C P,
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Table 2

NH, F(HF) X---- Average MAB7.3517.0356.0420.01 1 4 JUN

F2(g) - - 1.98 -
NF3(g) . - 31.71 .
N2 (g) - - 3.25 -
NH3(g) - - - -
NH4HF2(melt) - 84,052.82 |  84,014.11 -
HF (g) 14.36 - 1.80 -
HF()) - . . 45.58
HF(melt) - 14,650.88 |  14,732.62 -
Total, kg/hr 1436 | 98,703.70 | 98.785.47 45.58
T, °C 250°C|  126.0°C 130.0°C | -30.0°C
P, kPa 144 120 148 120
x, NH,F(HF), - 1.497 1.500 -
Average MW 20.01 44.75 4470 20.01




SCripti ~ ) ~' o~ ~ i Fyyai , ".1f M Tr1l
~Descriptionr T tre a . r {d {16~ it | 3 Fy . _ T
~l ~l,{ E f~flr A 443 M~11"h f Nn~ J~ry W~ { Y~CY ~ . | ~}r1|I.NﬂgN.§ms_~
& ~ it )F ~ kg/hr F2(g)-- 1.98 - NF3(g)-- 31.71 - N2 (g)-- 3.2? - (25_58
- - NHAHF2(nel t)-84,052.82 84,014.11 - HF (g)14.36- 1.80 - HF(1)- - - .

HF(nel t) - 14, 650. 88 14, 732. 62 -

19

F2(g) - 1.98
NF3(g) - 31.71
N2 (g) - 3.25
NH3(g) - -
NH4HF2(melt) 38.71 -
HF (g) - 101.98
HF(1) - -
HF(melt) 18.43 -
Total, kg/hr 57.14 138.92
T, °C 80.0°C 78.9°C
P, kPa 140 15
X, NH,F(HF), - -
Average MW 35.72 24.32
EXAMPLE 1

The data in Figure 3 illustrates the usefulness of adding hydrogen fluoride to a
5 fluorine feed. At the reactor operating conditions given in Figure 3, the optimum melt
acidity x value is about 1.7. The HF pértial pressure of 35 kPa is equivalent to an
initial effective melt acidity x value of about 1.8. The data in Figure 3 show that the
addition of HF to the F, feed dramatically decreases the adverse effect of bulk
NH,F(HF), melt acidity x values less than the optimum value of 1.7. Above the
10 optimum NH,F(HF), melt acidity x value, the addition of HF to the fluorine feed has a
small effect on the relationship between the NF, conversion and the NH,F(HF), melt
acidity value. The optimum performance would be achieved with the initial effective

melt acidity value at the optimum bulk melt acidity value. However, one of the



26. 0C330. 0C-30.0C P k ,
" hr 14. 3698, 703. 7098, 785.4745.58 T, (C25.0C1
‘122?561539.20 Pa x, NHAF(HF)x-1.4971.500- Average MAR0.0144.7544.17020NOZ005L8
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advantages of the present invention is that the user can select an initial effective melt
acidity x value that is slightly greater than the optimum value and a bulk NH,F(HF),
melt acidity value slightly below the optimum value and be assured that NF,
production rate will be much less sensitive to changes in the optimum NH,F(HF), acid
5 value due to undetected changes in reactor operating conditions or excursions in
NH,F(HF), acidity value. In addition, the presence of HF in the fluorine feed also
improves the reliability and operation of the sparger or other bubbling device by
reducing the likelihood of blockage by ammonium acid fluoride.
Many modifications and other embodiments of the invention will come to

10 mind to one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are

15 employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.



| Kg/hr F2(g)-1.98 NF3(g)-31.71 N2 (g)3.25 NH3(g)-- NHAHF2(nelt)38.71- HF
(g)-101.98 HF(1)-- HF(melt)18.43- Total, kg/hr57.14138.92 T, C8 0C78 9C P,
kPal4015 X, NH4F(HF)-- , Average MAB5.7224.32 EXAMPLE 1 The dat AU¢ﬂ@5re
3 illustrates the useful ness of adding hydrogen fluoride to a 5 fluprlne
feed. At the reactor operating conditions,given in Figure 3, the optinum
nmelt acidity x value is about 1.7. The H& partial pressure of 35 kPa is
equi val ent t itial effective nelt acidity x value of about 1.8. The
data in Figur Qa3W%%€%W%W§F dthe addition of HF to the F2 feed dramatically
decreases the adverse effect of bulk NHAF(HF),, nelt acidity x values |ess
than the optinmumvalue of 1.7. Above the 10 opti mum NHAF(HF),, nelt acidity
x value, the addition of HF to the fluorine feed has a snmall effect on the

rel ationshi p1beAweslod dfprdfingorivesai wifluafide, cbephbkigg( HF) ., melt acidity
val ue. The opti num performance woul d be achieved with the initial effective

nmelt acidity valrg@idalg gﬂ&rﬁﬁtdomam&%kééd@ggémam dity val ue. However, one of
the 1 4 JUN 2005 20 advant ages of e present invention is that the user

can selecf an igj, a'cﬁhg ﬁ{effﬁﬁ)h'ng-%o%{ngng feed stream with liquid ammonium acid fluoride

in a series of reactors, wherein each successive resctor contains liquid ammonium acid
fluoride having a lower bulk melt acidity value than that of the immediately preceding
reactor; and

removing a reaction product stream comprising nitrogen trifluoride from the last

10  reactor in said series.

2. A method according to claim 1, wherein said bulk melt acidity value of the first
reactor in said series is above the optimum value resulting in the highest nitrogen
trifluoride yield and said bulk melt acidity value of the last reactor in said series is

15  approximately the optimum value.

3. A method according to claim 1, wherein the fluorine-containing feed stream

comprises elemental fluorine and hydrogen fluoride.

20 4. A method according to claim 1, wherein the ammonium acid fluoride has an acid-
base stoichiometry of NHsMyF,(HF), wherein M is a metal selected from the group
consisting of Group IA through VA, Group IB through VIIB and Group VIII of the
Periodic Table of Elements or mixtures thereof; y is 0-12; z is 1-12; and x is the melt

acidity value.



acidity x value that is slightly greater than the optinmm val ue and a bul k
‘NHAF(HF) X nelt acidity value slightly below the opti num value apg 005
assured that NF3 production rate will be much | ess sensitive to changeg

t he opti mum NHAF(HF) X acid 5 value due to undetected changes in reactor
operating conditions or excursions in NH4F(HF) X acidity value. In
addition, the presence of HF in the fluorine feed also inproves the
reliability and operation of the sparger or other bubbling device by
reduci ng the likelihood of blockage by ammoni um acid fluoride. Mny

nodi fications and ot her enbodi nents of the invention wll conme to to mnd
to one skil | édAimethedacgerdingtoiaihl twhesein theeamiomiupescidflnerideches ng atide
benefit of the teachings presented in the foregoing descriptions and the
associ at ed dbawishgehioméirg DENSLE(HE);, viteerdin xhethematdr slidipdvdliiat the invention
is not to be limted to the specific enbodi nents disclosed and t hat

nodi fications and other enbodi nents are intended to be included wthin the
scope of the appended claims. Al though specific terms are 15 enpl oyed

herein, theyca |ve sense .only and not for
pur poses gc])f Aei?é{@l?cg%f &f&ﬁ&%ﬁwﬂ %%J?@glt‘gﬁﬁ nélﬁlg %1’08 ée.‘se‘il.ls R hod
of producing |tro triflu S|n rOV|d|ng a

f1 uori ne-conf ?lﬁfnﬁé}t P@‘é‘&“&%’@iﬂﬁ%ﬂe grrgré gﬁge BRIFOPS MBS HRE atepgioneed
streamwith |iquid ammoniumacid fluoride in a series of reactors, wherein

each successPRE GoBkRiag abyl ammeniumapagidiflaeridss Fonmeiinigdhe gasaous Mixturawitly a

| ower bulk nelt acidity value than that of the inmedi ately preceding

react or; andthedmblyliggid ammecsdteniddtudide forst tireaand ader cenditonsi suffidgean to
trifluoride fromthe last 10 reactor in said series. 2. A nmethod according

to claiml, phdued nitdgértiriilibkideBlieréls ithl faitiay affettiveimdihRidity llue sfaREt Or 1N
said series is above the optinmumvalue resulting in the highest nitrogen

trifluorige Xﬂnﬁ{o‘ihtﬁﬂgcﬁ@u%l@é'l %r@ﬁ Fthé}ﬂhg'rﬁéft é’cﬁ? ﬁreva(l)lje dthtfie bR lighgActor 10

said series is 15 approxi natel e optinmum

ammonium acid fluoride; and removing a reaction product stream comprising nitrogen

trifluoride from the reaction zone.

7. A method according to claim 6, wherein the initial effective melt acidity value is at
15 least about 0.05 greater than the melt acidity value of the bulk liquid ammonium acid

fluoride in the reaction zone.

8. A method according to claim 6, wherein the bulk liquid ammonium acid fluoride melt
acidity value is less than about 1.8.

20
9. A method according to claim 6, wherein the bulk liquid ammonium acid fluoride melt

acidity value is less than about 1.6.



3. A nmethod according to claim1, wherein the fluorine-containing feed
‘stream conprises elenental fluorine and hydrogen fluoride. 20 4.4 Aunexisod
according to claim1, wherein the ammonium acid fluoride has an acid- base
stoi chionetry of NHAMYFZ(HF),, wherein Mis a netal selected fromthe group
consisting of Goup IA through VA, Goup LB through VIIB and Goup VIII of
the Periodic Table of Elenents or m xtures thereof; y is 0-12; z is 1-12;

and x is the t cidity.value. 1 4 JUN 2005 22 5. A method according to
claimi, whe#gf‘% rrgql‘llio arﬁ%%ﬂ%?ﬁo ‘fﬁ}l’al & |vﬁlgpquaﬁ1e&>é§k ﬁ‘ﬂ\mgé‘m&lo@%@ agiddluokidenet ry
of NHAF(HF),,, wherein x is the nelt acidity value. 5 6. A nethod of

produci ng ni WB@@Wl&yrwafqeu@}qsa&an@bwrli-%i ng: providing a gaseous nmi xture of
el enental fluorine and hydrogen fluoride; feeding the gaseous m xture into
a reaction zone containing a bul k amonium acid fluoride; contacting the
gaseous m xture with the bulk Iiquid amoniumacid fluoride for a tine and
under condi t il bn& nsutiidd dxicerding! 10 cladha wherei theagieinl pariidl prasiddrf hpiheEs N t he
initial effective nelt acidity value of the 10 amonium acid fluoride is

greater thanflbgddmlthe psdedid Mixvak 'i'@atQ{:jasE Boupyb kpl LAyl d er?‘%?%}r&r@}oag%% dnd

fluoride; and renoving a reaction product stream conpris

trifluoride r . one. 7. A nmethod according to claim®6,
wherein the P%e?ﬁrépfetehpsgaﬁlpggo It acidity value is at 15 |east about 0.05

greater than the nelt acidity value of the bulk |iquid anmonium acid
fluoride in the reaction zone. 8 A nethod according to claim®6, wherein
the bulk liquid anmoniumacid fluoride nelt acidity value is |ess than
about 1.8. 2b2.9A methasiageerdingde ctiim®, whersimihmimitialyeetia ipressire oy dropémui d
ammonium acid fluoride nelt acidity value is | ess than about 1.6. 1 4 JUN
2005 23 10. flpomdst inchk gaseousdhixgurt ds atll@istatbut MhRPEatthE beerbtifldtchipatahide and
ammoni um acid fluoride

10 pressure of the reaction zone.

13. A method according to claim 6, wherein the initial partial pressure of hydrogen
fluoride in the gaseous mixture is at least about 40 kPa at the operating temperature and
pressure of the reaction zone.

15

14. A method according to claim 6, wherein the operating temperature of the reaction

zone is about 120 to about 150°C.

15. A method according to claim 6, wherein the operating pressure of the reaction zone

20  is about 80 to about 200 kPa.

16. A method according to claim 6, wherein said contacting step occurs in a stirred tank

reactor.



nmelt acidity value is less than about 1.5. 11. A method according to claim
"6, wherein the initial partial pressure of hydrogen 5 fluoride infghgy 2?95
gaseous mxture is at |east about 15 kPa at the operating tenperature an
pressure of the reaction zone. 12. A nethod according to claim®6, wherein
the initial partial pressure of hydrogen ,fluoride in the gaseous mxture
is at | east about 25 kPa at the operating tenperature md 10 pLessuy?_ O}‘
the reaction_ zope. 13 A nmethod according tq. claim®6, erein the initia
partial pr esézr‘g ‘WhQWB@é‘H% torl iRy ,a@wr $HE regsd o dpestrgaa CPEIPHESS| east
about 40 kPa at the operating tenperature and pressure of the reaction
zone. 15 14. njfroger Hifpoaide ond entgpine qud amgronivve aeiil dluotide;opet sid mgthod
tenperature of the reaction zone is about 120 to about 150C. 15. A nethod
accordi ng t ofwther corfiprisdseliecstepstdfe oper ating pressure of the reaction zone
20 i s about 80 to about 200 kPa. 16. A nethod according to claim®6, wherein
sai d cont act ifigdstiap tm&ag&ﬁmgﬂoem@ ktkdaneHhid @Fégeﬁﬁaﬁérpione,lwﬂexéﬁ{'\dhgggéa@ﬁg 17.
A nmet hod according to claim®6, wherein said reaction product stredm

conpri sess ni I ks i | QUi ' id..

i tor i de: * and SareOL B HerOR 23R ERE bR b Al HRETRN 8 Biong ne
reaction product streamint re eration zone erein, the, operating
pressure gf R1] srugggﬁgg%epgﬁh%%%e%ﬁﬁmﬁ ) refeq flq%'td .fémeﬂlgl% Zs?re OIh
the reaction zone such that gaseous hydrogen uoride is rel ease romthe
entrained | i GUMPMHRAGH ST IdeTEmPYing airgRencraiinp Praskycisticagdiam sha saepraiduct
stream fromthe regeneration zone, the regeneration product stream

conpri si ng niene wrregancfdtioo pratuchsictamyemyysing fitrogeni tel@poridit anddhydiropgnt he
regeneration product streaminto a separation zone to separate 10 hydrogen
fluoride frofiuoiide; dgesdutingfthe@pembeationgiydict Bigedm Gt & searamdnYh@ s @phlateor | de
fromthe regeneration zone to the reaction

10 hydrogen fluoride from nitrogen trifluoride;
recycling liquid ammonium acid fluoride from the regeneration zone to the reaction
zone; and recycling at least a portion of the hydrogen fluoride separated in the
separation zone for use in the gaseous mixture of elemental fluorine and hydrogen
fluoride.

15
18. A method according to claim 17, wherein the reaction zone and the regeneration

zone are located within separate stirred tank reactors.

19. A method according to claim 17, wherein the operating pressure of the reaction zone

20 is at least about 50 kPa higher than the operating pressure of the regeneration zone.

20. A method according to claim 17, wherein the operating pressure of the regeneration

zone is about 5 to about 20 kPa.



zone; and recycling at |east a portion of the hydrogen fluoride separated
‘in the separation zone for use in the gaseous m xture of el emedtalJUN 2005
fluorine and hydrogen fluoride. 15 18. A nethod according to claim17,
wherein the reaction zone and the regeneration zone are |located within
separate stirred tank reactors. 19. A nethod according to claim 17, wherein
the operating pressure of the reaction zone 20 is at |east about 50 kPa
hi gher than e operating pressure of the regenerati.on zone, 20. A method
accor di ng toyg'l ' O%tac\ﬁﬁg‘@ﬂ%tﬁ H@ lfpwhgieihige pegeasiatien geneip docaledahal at i on
zone is about 5 to about 20 kPa. 1 4 JUN 2005 25 21. A nethod according to
claim 17, whelegitipndideaseahontd ateteynhisbercthps thesleyation of thameactipevend. on at
| east about 6 nmeters higher than the el evation of the reaction zone. 22. A
met hod according to claim 17, wherein said step of recycling liquid
ammonium 5 acid fluoride fromthe regeneration zone to the reaction zone
conprises: pagsA mgthdduscordaipiortidim & lefelrtisid 68p bf REYIING L RUEARMBhIRD ZONe
to a gas-liquid separation tank in order to separate a gas phase fromthe
l'i quid anponi I Lde. i Nl gelel ' he
MroNLURRGHe BJOHIOC&E \?\fgpﬂ&? a0 S eadRB ZBH@&@}H%%?%EQQ Qﬂ%ﬂ

gas-liquid separation tan e regeneration produ r‘eam

passing liquid anmoni u Ci. | uoride fromthe separation tank.to the 10
reaction zongm%}u%aﬂg]tfﬁﬁﬂgﬁg%]r%? ﬁe(fepgaﬁqnh;qﬂeﬁ, gﬁﬁlﬂﬂ [SEPHRLEANE [ g
liquid anmoniumacid fluoride fromthe regeneration zone is mxed with the
gaseous ni xt QFAST i seppiaifemgasiphasq fuernithaligid ammonsye acid fyeridelsombining the ent ry
into the reaction zone. 15 24. A method according to claim 17, wherein the
fl ow rate of gadphaseprpdiiend ihitlpged-liquidsepatativacinld vithuthe refenenatien progutthe
reaction zone is at |east about 1000 tines the stoichionetric flowrate.
20 25. A et bipehng o paisig liduid haitnAdn asib €ueiide fro@ the Sparatios tafk thhiee
recycled liquid anmmoniumacid fluoride entering the reaction zone is at

| east aboeyt ZROEQoH kdmes t he

23. A method according to claim 17, wherein the recycled liquid ammonium acid
fluoride from the regeneration zone is mixed with the gaseous mixture of elemental
fluorine and hydrogen fluoride prior to entry into the reaction zone.

15
24. A method according to claim 17, wherein the flow rate of the recycled liquid
ammonium acid fluoride entering the reaction zone is at least about 1000 times the

stoichiometric flow rate.

20 25. A method according to claim 24, wherein the flow rate of the recycled liquid
ammonium acid fluoride entering the reaction zone is at least about 2000 times the

stoichiometric flow rate.



stoichionetric flowrate. 1 4 JUN 2005 26 26. A nethod according to claim
17, further conprising: reacting amonia with hydrogen fluoridd § ryyg 2005
second reaction zone under conditions sufficient to produce amonium acid
fluoride; renmoving a liquid amoni um acid fluoride product stream fromthe
second reaction zone; and introducing the,amoni umacid fluoride product 5
streaminto the regeneration zone. 27. A nethod according to cl aim 26,

further conpgjsjng., contactin he |jquid ammoniumacid fluoride product
stream from ?heAgg CF%r(é:lb"t%t r‘?ﬁai%‘nlj ’ gWEhﬁr EOMBPIISIRG; dpRSHAE PBMOiDWIBt St ream
fromthe regeneration zone in order to renove entrained 10 amoni umacid
fluoride froRydrRgen Bywiderinrisesondireattion zena waler caglitionsseffivtmt acpotdieng t o
claim 27, wherein said step of contacting the anmonium acid fluoride

product st r eammfonom téid fmeridedemeviap iadiguidodemvhiuh AEAHAURREAN Yeanp’ OdUCt
stream fromthe regeneration zone conprises contacting the amonium acid 15

d
f1uoride pro@ustthstécdadra@rton Réher SUEMEOLAGIANHRT ﬁﬂﬂ&ﬁ f%iafgil ' &ﬁ{%}' ster.
29. A nethod according to clai m 26, V\herein(ril@at 8 easturgta%or |d(§{r¢eg’1r e

hydrogen { | U&Féaﬂ?int&&@%g%h&qtihﬁﬁ&e separation zone is recycled for
i .

reaction with the ammonia 1n the second reaction zone. 20 30. A nethod
according to claim 17, wherein at |east a portion of the hydrogen fluoride
separated in the separation zone is collected in a byproduct stream

27. A method according to claim 26, further comprising: contacting the liquid
ammonium acid fluoride product stream from the second reaction zone with the
regeneration product stream from the regeneration zone in order to remove entrained

10 ammonium acid fluoride from the regeneration product stream.

28. A method according to claim 27, wherein said step of contacting the ammonium
acid fluoride product stream from the second reaction zone with the regeneration
product stream from the regeneration zone comprises contacting the ammonium acid

15 fluoride product stream and the regeneration product stream in a demister.

29. A method according to claim 26, wherein at least a portion of the hydrogen fluoride

separated in the separation zone is recycled for reaction with the ammonia in the second

reaction zone,
20

30. A method according to claim 17, wherein at least a portion of the hydrogen fluoride

separated in the separation zone is collected in a byproduct stream.



