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' BRIEF SUMMARY OF THE INVENTION

Disclosed are distillation processes for reduring fluorinated impurities from NF; so as

to produce a purified NF; product. In a first aspect, there is provided a process for reducing
the

concentration of at least one impurity selected from the group consustmg of
dinitrogen difluoride and dinitrogen tetrafluoride i in a first mixture compnsmg
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L gt y-free of N2F2 or N2F4. A stream
corrprl sLNg ai 1 east one of N2F2 and N2F4 is renoved

from t hee¥iey ahthe wwm@é&a&a@pmwm zpr@cgéas%ﬁﬁhat

pridabé Gy 418 hé‘r'b&ﬁllr@alhanF—J eBgAm

ingEe (BHaIOros AT (e SEE e dubrs ua&eﬁe%fqebf’sﬁe?“

_ cﬁbdndrc&miéi(m@y) dntaduitidn, yolrpot@ids Higher ihsileg §tan NFema

b AEH 3] uppen Ay SRR o3 %Z%F%m?a%%&ﬁ%hr?%@ﬁ%fﬁ% e

tomrmhle tret $eparsiivruohthe by and iGhe rExddnpiestdflduahibogher-tdiling

oA AERRO.EEREHERARIA QIR oRH U URALIA) HEn
inoeiPOERp Y reisTBpRAIKLEChIe l‘éﬂ@@ﬂﬂt@ionwﬂmne (CHCIF o1

‘ HCF@E:E difRFoRbiHaAM (GFEFQfor‘l-TFEC 3 Séthbhay CQFIP)C ﬂthH@athane

condensat| on“o

- (GPRF i 384 B DR il F§fd‘|&“é@a4@dpeﬁ’iﬁﬂupf06ﬁ§ane

(Q%H@fsmrrm@t:-tﬂz&y aht ;itroyeskidé (NsOperature in the colum
be above. t he ezl n 0i,, nt

" boiler [RYF &@gﬁeﬂﬂh alysifiplea feﬁgar%gﬁiéo%@gﬂgﬂs l??]é‘g‘?gip

parfortrhasparts ohther lamgnm@ distittatiopOfotess.5SAGirat mixture

cd?ﬁ;?lr iSih ?\Hi; ag'lffaﬂ !8%9@5 gﬂﬁgﬁ Oéﬁcf ﬁlaﬁ‘t {sf]ﬂﬁwth%ﬁ vig %8{1&3;]1 to

dl@tﬂl@@l@ummn Hat %ﬁ@a%@np I@Qmuﬂdlm)gﬁﬁébpﬂleg éhan NF; is also

| suvewsatt%% H%tlﬂé%iﬁheéblﬁl‘?xh' ftHer %étﬁgf*\ggg tgggﬁ’%ﬂﬂ&‘hﬂ@ or

e process di scl osed |n
optionally Nip araliemats feesl peint iadthegrolumnesuehas Mia corduit 3.

The odetiegtididtilaterftoRt m@%&ﬁumh s §8hihiACOMAER @toSédrm'ﬁ\ser 5,

SN NF3 CF4 n as Qne O
ACRERL st Bl shndented dretibis Sasrane ramed s tensqiymn 2 as
reflug 6. | Tledrémaihter. oim&ejmﬁenée@ﬂzstmate’:\lstréﬁbv@f@dmla c&aﬁdu:t 7

o Bl oI BABRRr AL LS oTNLF2SH Rk, e hearh KoniBribidg e

ieast one of NoF2 and NoF4 is removed from the column 6 as a sidedraw 8
from the column. A stream comprising said at least one compound higher
boiling than NF3 is removed from the column 2 bottoms via conduit 9 and may
be recovered as product. Sidedraw 8 may optionally be sent to a process
step where said NoF2 and NjF4 are removed, and said treated sidedraw
stream may then optsonally be returned to distillation column 6 for further
distillation.



with the CF4 renoved in the colum distillate. A
bottons streans conprising NF3, extractant agent, and

wo zinibeast one of N2F2 and N2F4 is then sent tECBRUS2004/011249

10

15

20

25

second distillation colum. In the second distillation
colum, in the presence of said extractant agent,
said at | east one of N2F2 and N2F4 will exhibit a 20

“concentration maxi unum at an i nternediate point within

that columm _and can be renoved fromthe distillation
col unm i n S@idinyeatianmay ke pradliced inNadistliatioacokenrduasinder

2%;@?9{1?@@"{%%@%&&8 and Ip?es°§t9§§ "’f‘g{est{efr\%eas gtetg? top of the

isliaion selpmnasheuld betﬁugﬁil%lai i@tﬁ"@&hﬁiofr@rlsahem obthe NF; at the
Opfdssnadd N‘lefcfdilkrhﬁﬁ?ﬁl ob@rét@@ @htﬁt is| prafdrey fh%?tﬁb loWa&t

fﬁtract? z | enoyved :{1 ?e second col upnn as a
bERPRTEILER 'PECQHEPFI ke éBP‘r’% b freezingRRIntef spid romgounds
t highex boert than Nft. Ufor. eﬂdmmtehfamp@ma% thﬁé tbpl%ﬁﬁé Folumn

oifaind Hoin SHECAB°G: S5t Petaltehs BRinier Rmberatures at o top

mef/thei ealignn b‘easp begeoployed pependdamtyon treshighet boilisgrowmpounds
{8 el Q@E boilers, with the treated bottons
stream’t optionally 30returntothe distillation
train. Fi a—l]?@fQS%HBYﬂtﬂO@aS lopnvenigstly practicedsy sombination

V\ﬂitﬁ 2&'&? Fodéé%.s%%e%& :nngsfeg‘ggsg gﬁg%lt l%n%whq& %:Fdrﬁ’cﬁﬂtl\l%%y use
Peirfgapreent,in e aoamipeats. | breaid progass asigeam

l\ﬁcﬁﬂpnsmgum iOF] ariceat leastding oflR,F-Lafl PLF) Eak beed to a first

STy et ebe SR S e s

dinsthielgrasenoce clcdaithexiractant agéeedhe CFN!)séﬂ&Mélﬂﬁaﬁﬁhe NF3

LT T I ) Y e

s arattagtang agent, prd gtdeasicona-af Naffwand Bbheisdthen sent o a
%ééddd’ cﬁéﬂlé‘tbﬁ'ﬁdﬂ]ﬁnc@ﬁ H’@“sééonosﬁi%lléﬂo% &ﬂﬂﬁ%w in e PrBsence

| east

L Blraciont pgant aicAlieRsiana of Nefg Wi Nabw will exbibit a

r edrioentrifion TheduRim ates imériddiak Cﬁ@iﬁ@*ﬁf‘i’tﬁﬁﬂh@t séluhirAhRd can

G LRV g R ESBtR soMuBR e SpdeRbosieam whisdyFs i
omeeovérekF an wseiziatl. produst rﬁam%&aw&tmdﬂﬁl%@ﬁ’éoptlonally

A 8 PR B e Wb v

imay g bﬁ@ﬂ?lpaalch()f&iumedm the dlisfidlation érairooThe exBactadt is

f FeRavepfrémitRe sb@o %Bldinjg?éé %n%otﬂc?ng %trHHFh R éﬁg ig ?ﬁ%}@ll

istillate from col um

'cf&%@ﬁgetiacﬂo the @?ﬁr@@tme@@@mnz 1if othﬁmommmdsare present that

. 'C@)ﬂﬂm@ﬁ@éoﬁdﬁidlddwﬁtb%ﬁomm tﬁ@éﬂrﬁ&ﬁnf ﬁgéﬁ?s&ﬁlalﬁm’u&ﬁ of
_ refl ux via conduit whi
b foiais SrBaRtmaYictner be PlsaSd s optiaalkreates jo remeve

30

35

otheBE Gtfek, hight bollars| With the tricaited Betiame btrean? Ehe’ﬁ opifEly

' O%?urﬂftol}ﬁg%ls%qgﬂé\l? E’gm\” a conduit 23.

Figure 2 schematically illustrates a system which can be used to
perform aspects of the inventive extractive distillation process. A first mixture
comp'rising PFC-14, NF; and at least one of NoF, and N,F, is supplied via
conduit 10 fo distillation column 11. At least one exiractive entraining agent,
e.g., HCFC-22, is supplied via conduit 12 to distillation column 11 at a feed
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15 A stream conprising at | east one of N2F2 and N2F4 |
is renmoved fromthe colum 19 as a sidedraw 24 from

WO 2004422065 unm. . Extractive entraining agent, PETFS2004/011249

10

15

20

25

30

35

- syhsiantigliv-free of Nfe,

HCFC- 22, with the concentration of non- HCFC- 22

conmpounds reduced conpared to their concentrations in

stream 17 is obtained as the distillation colum

bottons 25. Stream 25 nay optionally be fed to cooler
rned . to still tlon colum 11 a

th 20
pBlPidhe 1P e ladniimn thah e e oint ebhe sttiie to be
shnged,ngt HRFC-dlduamd NRgn Thieadvdrhead aiitinhteTforhBe cohusin is

g}rl é rﬁ%nﬁﬁitbl S@o?‘%rgﬁ%%&_%ﬁ g}q 'If?)a P:ngthf?é@a cloﬁgghséw Sistiliate
stream |naetumed\ntm the kolumm Pt asaefims 160 rrmexmam@erl\dﬂ‘ﬁﬁe
F
b AR SRR B B Sop Tl 1685 PERTR rodhuey
U&@-@Qrm@ﬂﬁd@ﬁt@Mthmuszﬁ
c onsi st iAgreAmRYhpIdhG PR:F@Eéza'NFaoéubsPélﬁiéﬁg ﬁ\@etcgr PFC-14,

I|d f“lég {)des t&ﬁ eco e.and t'hus renov
r5§' allepRboRe of blaF2an ¢ I%ithep reyediram the cobimrd 1
betmdmlslelé c@ﬁ&ui@f}? anH‘e&st-ntlt@ %gbﬁﬂ‘ 19 éiﬁ)(‘j ﬁbﬁl\/\lih;éh% %i‘ﬁd’@ﬁét{llatlon
returne i.sti]lati
b 26 e ol o SRS, 18 i nE 2o fto
convdensen@ Ipr From aohdensertdiasomaambRfof conuynis@dtd’ stillate

MR SRk AR AR

repnakeet raacmw@md 8h qsee@,m NEe GUbataatlally—ﬁfemof PFC-14,
eft?ﬁ&f\}eséﬁlgaln‘?’@@q rNFgfé WREHRe %?N%ﬁ HNZ%% &5t 23.

over a range concen

Astgam GOHPJ{SH‘Q ﬂtﬂ@ﬁ%’i e rid-bzapd Abfn e%@rmve&l fromsthe
conaan 8 0RH 51938RHw E@deﬁtaﬁ@ébwwaxtmcm 'b?ztr‘éﬁ}ﬁﬁﬁh gent,
esen I N onc |.ONs as
&4, é@%ﬁd a%?wﬁe% 8%%0303&0“ ? n%ﬁ&yé? §2rq9@mmd8?ueéuced

coitparedhib f2irdcornmentrations irnsiseam 17 hebthinet a3 the ldfﬁlllbﬁon '

o3 Ghibfin 22, SPeTZ oy FiFell B3 2a FpoF 20 then

rammcﬂbﬁoe:hhill@’ﬂ@n codatnd 13 asexinactant feed fed/entherddlymn at a
b&ﬂf"l‘\i’gl‘u}g?hﬁ%é %Sﬂuﬁrpw*a‘? ?éécpﬂo Bﬁhlénrﬂgpm:xtu%e to be

proce Iﬁ eam CORPI 1 SI
sopyateche.gx fih-d4 and RFs.st ni xture conprising NF3 and

N2F2 tca '

Lhrou 'T%ep'b?gﬁi AdeorPRSs kel BreitEadh e aRA s
KW YRR TSR IPYIg ol 1088 8 5200 SOMPISEIGMGs. iy

eXBApks o dide Qlvawatidant b@:ﬁhp@i& s NHrbe Heakd B{( pB8sing the

sy Friches Beate e ?Q'}F'Q?A dihpastiowna metal, or

padmzﬂ)wrtﬁ salid flusrides to Heatdrnpose the thix réfhbl?@ galdSNoF,,
08¢ 56h ab thddd isPYEATN US 41488 478 &ld Us 5,183,647, The
treated side-draw stream may then be optionally returned to the distillation
train. The current invention provides an advantage over the prior art, in that
the NpF; is concentrated into a small stream which increases the efficiency
and economy of the previously disclosed processes.

The present invention may be practiced on a stream comprising
NzF2 and NoF4 where said impurities occur over a range of initial
concentrations. For example, said invention may be practiced on a first

_8-



15 absolute pressure in a cell of known volune is
nmeasured at a constant tenperature for various

wO cowpessd i ons of the two conpounds.  Use of thg1Aloos011249

10

15

Met hod is described in greater detail in "Phase
Equilibriumin Process Design", WIey-Interscience
Publ i sher, 1970, witten by Harold R Null, on pages

124 to 126; the entire disclosure of which is hereby

i ncor por at ed bﬁ 20 reference. These neasurenents can

b &R WheER Nk enddlFliane presenjrocormehtrationsiag high as 10,000
CQBRPAIIA OBV | INLE, 3 GAGE Vit ons i
cal%‘f\ fi i egt %%\%t i grgg%%gkh t@%tctﬂézg\zz%%@dﬂg’rﬁ“ﬁgﬂgg?‘rﬁmﬂons n
TWoR "isgm' UFRE I§Sselhiaat £.8A0 ppor-melare e prefegably lesathen
n@r00leEdrntielar. Udtserefthanist dotdel bENSEL are hi i
e‘ﬂ%ﬂti(‘}ﬂ" guch as t} he 25 @IRTL eg;ggtsﬁﬁg#)g“%ﬂezs%ﬁ%ggerl r?a'd
greater detdhyere rpRiaBaY ora¢ticed dr combinationwith known
Liptpresses fortreneing Mok, frobt a@ﬂ@én%@ﬁﬁéiﬁ%‘NFa.V\Fbrt &iple, a

b i: ' d i-n n_ page 41 and 387,

At ikt COREC G KBS end R £ an BT 4R 36 b Raernaghe side-draw
pEleaEHBEPUgh Bheatedranenconsistinghefmartiddste, metal sepadked with
Skdl i RA t 44, t entir.e .

di Str:dl %@?&%@? Rfof te%\ edlgﬁfgvr?gﬁ%‘? @h%ggf?f@é'ﬁq%ﬂpp &j said NoF»

r BF e Rrasticing thrpasent iventienat ed by ref er ence.

Wthout wishing to be bound by any theory or

explanation, it is belie t hat the NRTL equati on,
together wth the PTx cel E&ﬂﬁ_@a‘f n sufficiently

“predi ct whetdedermine i relatie volbtikp f ahy GREPHYSompounds in

d i ] er, d

% PRGLEh, HE ETNMEIRE el O B Rsbasdures fastoial
tsclgrpuassire inm calcof knowruvalamelis imi@fur%é&i l@t ial domlsteon -

- P oW

iR K Vo ol oSt ofhe o chihaidss it of the P
tﬁ@gfg}de@éﬁscrl 5 it 9ranterdetal i Rwse Equilichintio Frocads

t Designy Wile-lritbciehcetiiligher, Hig fﬁﬂghgﬁﬂgg@ﬁ@d’ﬁﬁ Z\ﬁm, on

| r
R B St ARSieutaor whishde bergivringommstsd by

20

25

30

35

opéarencanal or 5 perfornmance efficiency. The total
st ages i e nser, and reboiler, with the
c _onplenseﬁ%%%n?%%g'g%@?@aézame ﬁ?nvﬁ'i@dt Ifto equiliprium vagor and
thagticheginpssitions irbthecdd T talyby using &re abwlilyabeTicient equation
888! & < el K 2t
L it e M e T o o repesen
igpicbRiase nenidealitiess UsbEaiiachidly) cosfiiciestemsativne such as the
NRTE S50eibR iR itRalir dbfihn 2PRe! L)
%e ﬁ?c g,gﬁcde{nt rati ?ns ;g eééﬁgfﬂé’%g@&aﬁg %@@?@%’P%’Eﬁag&s and
(ri8figso i Publipled MaGrawhHiy wrides by(ReidnPrausnitz and
oo ompags 50 367 A0S i, Chemica
ﬁﬁ%@f% pUBIIRd By @uﬁemoﬁhwgublish.ers, 1985, written by Stanley
M. Walas, pages 165 to 244; the entire disclosure of each of the previously
identified references are hereby incorporated by reference. .

Without wishing to be bound by any theory or expla'nation, it is
believed that the NRTL equation, together with the PTx cell data, can
sufficiently predict whether or not combinations of compounds described
herein behave in an ideal manner, and can sufficiently predib,t the relative
volatilities of the components in such mixtures during a distillation.
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15 NF3 and N2F2-c, N2F2-t, and N2F4 as inpurities is
to a di stlllatlon colunn operated under the

f ed
WO 200409286t | ons shown in Table 1. The concent r RGYRROBHOHHE

10

15

20

N2F2-c, N2F24 and N2F4 in the feed streamare 1, 000
ppm mol ar each. The colum in this conparative
exanple is operated to renove the NF3 fromthe colum
as an overhead distillate, while recovering the

i ot 1| A7 8o lmpile 868 boRRged REu SR SeipgthBors of
the pregenkinyentipa.grngd are gt intepdedrta diniFthedscaipegef the irB@ntion.
TR fomlﬁgré Eﬁ%g?@ :@%ﬂé&ﬁ HeENRPD) e@Ja'i:longﬁde%tﬁedpéjcfd\}éx In the

75 -75
qu*@gP eézgxawesﬁa@ﬁpbﬁ&agﬁeﬁﬁasgﬂm@r(mpwsmpe%%abor
é)‘fgllfﬂgaﬁws e rlgthgctgﬁd@r% grsﬁﬁcmg@ ccﬁﬂenglﬁpaﬁ(ﬂ ?él%lfe? with
HesRRE cOURI DA S1E08Np | - BH the Fobail 48, Beriidhest
niiaibeoéd siagfee |0RREOIRVIOG c28mPles) ﬁoﬁﬂrat&éi@gw@ﬂtiﬁ
NI e e T

CelSiUSSEOD Hressizas arcexpresspd iFpoundife rRaHassinth-aeschie

(529 RAECHE oo g el o

pis1Peobflipydyancles (ppbmgrrpbemoian).0. 00000 0. 00000
o 00000 N2F2-t (PPH) 0.00000 0.00000 0.00000
Over head NF3 P e It QD N2F2- ¢ ( PPB- MOLAR)
0. 001 0.000 O. AR) 8.809 0.991

0.356 TO{J;"é ygm% ?ﬁwg%séﬁple glcgu e Rl%fgég’ %?ream comprising

- NFzand N2F2-C,l NoFo-t, and Nz_F4 as impurities is fed to a distillation column
‘operated under the conditions shown.in Table 1. The concentrations of the

NzF2-¢, NoFz-t and NoF, in the feed stream are 1,000 ppm-molar each. The
column in this comparative example is operated to remove the NF3 from the
column as an overhead distillate, while recovering the impurities as column
botioms. The results of this distillation are shown in Table 1.

’ : TABLE 1

CASE NUMBER — 1 2 3

| # of Stages 42 42 . 42
Crude Feed Siage 30 30 30
Column Top Temperafure (°C) ' 75 | -75 . =15
Reflux Temperature (°C) ' 75 -75 -75

| Distiliate Temperature (°C) : -75 75 75
Boftoms Temperature (°C} . -51 -66 - -2
Crude Feed Temperature (°C) -60 -60 -B0
Top Pressute {psia) : 215 215 215
Condenser Pressure (psia) 215 215 215
Botioms Pressure {psia)’ : 217 217 217
Qverhead Takeoff Rate (PPH) ' 99,65 99.20 97.20
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00
Botioms Takeoff Rate (PPH) 0.35 0.80 2.80
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NF3 (MOLE % 100. 000 100.000 100.000 Bottoms Takeoff -

NF3 PPH 0. 0500 0.5000 2.5000 N2F2-c PPH 0.1000 0.1000

woj@oﬂz&b@ﬁhﬁ N2F2-t PPH 0. 1000 0.1000 0.1000 NZ2RpgriRoos/011249

10

NOED2k(PRAY  and N2F4 are at arolind 0. 4Wtlageq 1@ S ap)

2.0 0O 0O . — v

0. 1000 0..1000 0.1000 WMaxi mum Internal Concentrations
& Stage at Which It Cccurs N2F2-c¢ (MOLE 9% 32. 6000

13. 7000 3.8600 MAX N2F2-c STAGE NO. 41 42 42 N2F2-t
(I\/QE %9 36.7000 13.7000 3.8600 MAX N2F2-t STAGE NO.
N2F4 (I\/[lE % 20 50 0 8.7100 2. 4500 Mﬁp(

VNLDEAMETER (1N
i tions showsin TholE-A fﬁémn.xaewf
P i ch bf {00 INoEBIRj g 010

Z

NholPEH peci fically at around {he &¥Hoi | @d0 or Wokdtjons
raw 5 of the distillation columm. |ndreasing the

|Overhpad(Takeadf f rate and changi hg thg reboiler

fpérRiflur es _does not change t h| soges nt 99£0 nhx§7eom
ahEen{RPM) i on. Conpar ati ve Exanpb.eodoli®.d0000 hoS0000
Nppar@PHye exanpl e, a crude NFBobewd |Sfaoeamm 0.00000
onprising NF3 and hexafl uoroefhane (JPFCG1 §6), and
Q5\arifeadNES PrdauceCehpi@ithnas - 1L VO 20047 092P66
GLE] BLARAT T npurit1es, |5 g&f [T 00@00 | 0.000
ISE){ (PRBIMBLARY! UMM _OpeT at €d Unpiery £43e CHUE] T Wlkse
R IvP Pra MBI3RY- reconcent TatTogyg [0 ARG ET
dﬂ-l:é(_rhoecﬂq)l\lél-Ll- [ILA llle IEEU St mldoﬁl uloép J:‘U:)CL‘QD‘Q

Q

ﬁ

M 11O at t:‘aul Fhe—cot uu|| mTthis—cofpatrat - ye—exanpl e
. Y .
1 a.lt cl oTrenove—the N3 omthg—ecol urh—as—at
O s 1 a eori_i_l__l__a_t_e__S_M\i |l o vaobrnuonri da + ho npouret +h
y 1 C Ibuuvbéllyol.llb T L5J|0|||.|es
e~ -bot-tofs—HA—thi-s—conppit Q04— 050004 e Pner e

MNabac (BEHL o1 : 19004+ 03909 | 79,4000
ég'g-ff(E’P#} this distillation a 0. $008\in 01806 b 9. 2009
ABEHPYHEASE NUMBER 4 5 6 # of t 9-30f8d 84080 41000

_IW Q). QL. _'f

Maximum Internal Concentrations & Staae
at Which It Occurs

NzFz-c (MOLE %) : 32.6000 | 13.7000 | 3.8600

| MAX N,F»-c STAGE NO. 41 | 42 42
NoFo-t (MOLE %) 36.7000 | 13.7000 | 3.8600

| MAX NoF-t STAGE NO. 41 a2 | a2
‘N,F,4 (MOLE %) {20.5000 | 8.7100 | 2.4500
MAX N.F, STAGE NO. . 42 42 | 42
COLUMN DIAMETER (IN) . ' g | s 8

Under the conditions shown in Table 1, the point of maximum

' concentration of each of the NuF,-cis, NaFs-trans, and NoF, are at around

stages 41 and 42, or more specifically at around the reboiler or bottoms draw
of the distillation column. increasing the bottoms takeoff rate and changing
the reboiler temperatures does not change this point of maximum
concentration.

Comparative Example 2

In this comparative example, a crude NF3 feéd stream comprising
NF3 and hexafluoroethane (PFC-116), and NoFa-¢, NaFo-t, and NoF4 as

-11-



Crude Feed Stage 30 30 30 Vapor - Side-Draw Stage 35
35 35 Colum Top Tenperature (OC) -75 -75 -75 Refl ux
WO 20043¥ér ature C -75 -75 -75 Distillate TenpSiTAUSGHIT1249
-75--75 -75 Bottons Tenperature (OC) -9 -11 -17
Crude Feed Tenperature (OC) -60 -60 -60 Top Pressure
sia 215 215 215 Condenser Pressure (psia) 215 215 215
Bottoms Pressure (psia) 217 217 217 Overhead Takeof f

Al TR IR A e T R .

- insDatde 25 2Tigdconeaniratitinded tiavNZRs-e, NP afd ORFQ irdthe(f=q

SRR, TS e B il S

is(gpegaiedripremore the F ofrao therslirarPrE)arooderhead gigiilate,

_ . f 2 . -
o AR SRS A SRt e
exanplgo thasedppodnaterial rrenevad-as prdrdravceligani tiherresults of
thifidtiNatiIBarddrdPir? Fable 2005 0. 001 N2F2-t (PPB- MOLAR)
574.047 23.133 2.585 -12 WO 2004/ 092066

CT/ US2004/ 011249 TOT | VP (PPB- MOLAR) 574.298 23. 139

2.586 NF3 (MOLE % 100tABME 2100. 000 100. 000 Bot t s
TekSHNUMBER (PPH) 0. 0500 0.5000 Z.5000 5F116 'gPPH)
50. 0000 .50. 0000 50:. 0000 -N2F2{c (PPH) 0.0997 0.1000
10 di¥Hddhes N2Frt (PPH) 0.0994 0f 0989 U. 1Q®0 42
| Crude Feed Stage 30 30 30
Vapor Side-Draw Stage 35 35 35
Column Top Temperature (°C) -75 -75 -75
Reflux Temperature (°C) -75 -75 -75
Distillate Temperature (°C) -75 =75 ~75
Bottorns Temperature (°C) ' -9 -11 -17
Crude Feed Temperature (°C) -60 60 -60
Top Pressure (psia) 215 215 215
Condenser Pressure {(psia) 215 215 215
Bottoms Pressure (psia) 217 217 217
Overhead Takeoff Rate (PPH) 99.65 | 99.20 97.20
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00 |-
Bottoms Takeoff Rate (PPH). 50.35 50.80 52.80
Vapor Sidedraw Rate (PPH) {1 000 | 0.00 0.00
Crude NF; Feed : . '
NF3 {PPH) , - 99.70 99.70 99.70
1 F116 (PPHY 50.00 -50.00 50.00
N.F,-c {PPH) 0.10 - 0.10. 0.10
NoFo-t (PPH) 0.10 0.10 0.10
N.F4 (PPH) L 0.10 0.10 0.10
| Overhead Takeoff .
NF; (PPH) 99.65 99.20 97.20
| NoFo-c (PPH) _ 0.00000 | .00000 | 0.00000
{ NoFo-t (PPH) . ' 0.00005 | 0.00000 | 0.00000
Overhead NF; Product Composition :
NoF2-¢ (PPB-MOLAR) 0.251 0.005 0.001

| NoFo-t (PPB-MOLAR) - 574.047 | 23.133 | 2.585
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N2F4 PPH 0. 1000 0.1000 0.1000 Col umm Si dedraw NF3
(PPH) 0.0000 0.0000 0.0000 F116 (PPH) 0.0000 0.0000

wo 20989 N2F2- ¢ PPH 0. 0000 0. 0000 0. 0000 md%gg%%g(g‘wluw

10

0. 0000 0.0000 0.0000 N2F4 PPH 0.0000 0.000
Maxi mum | nternal Concentrations & Stacie at Which It
OCccurs N2F2-c (MOLE %9 36. 2000 17.7000 4.8500 MAX

N2F2-c STACGE NO 37 38 39 N2F2-t (MOLE % 42.1000
196000 5. 5700 MAX N2E2.t STAGE NO. 343739 N2F

( NLET P (PPESMBLARROS0 02460 AR 2BHA2BIIGE ROES 4
40| Mfs (MQHE %N D AVETER (1 N) 88 809.800c|0190:088 { 16%,000
copparative exanple 1, the presence ofl PEFG1]|16 in
t h| BottompAaksofifye exanpl e_causes|the pgi nt of |maxi mum
cohbEnPPEl i on for each of N2F2{ a.05hR2H2e50@Nnd NDBE fto -
octBt16aPPH) gher points in the disb.obdoatsomood | soboom|.
W | Regrute (PPIS) dedr aw stream the. ¢alagan [conemnt reetooon| of
eafLR,F.4t (FFgase si-gnificantly, up depsd? 40880 ¢ Phdod one

CapR,F,pERIPr € these inpurities appRab || B1661¢F | 1000 .
st feéam andcan be renoved from the col gmm. Exanpre 1| 10

Thl 8okt Bihi&iraw | dentical TO cofparative exaypre 1]

Wi FWQH eXC,pII onm that a4 ppiT idF '&%60‘.‘:’_ 'dsdb'dHEd
frpg ‘ﬁG'lEPHj st ! —atTomnm—Totl arm at U'L 3y’ 0001_ 'EJ mﬁ@wl

Of "ﬁ.‘z" #.lll'ldllull dl T DIIUVVII

CA 2 e pobd Niadoatooo  drnoy
PORMEROE 011240 & of Stages ha-0pa0 4508000, 04000
st <80 20" Vapor—Si-de—braw] S XGR (28000 50.0088, |
I 75 - 7% __Refllux Temper at urle
e Tefrperatyre (OC) -75 -{75
-7 NgFa-¢c (MOLE %) 36.2000 | 17.7000 | 4.8500
MAX NoFo-c STAGE NO. 37 38 - 38
NzF -t (MOLE %) 42.1000 | 19.6000 | 5.5700
MAX N,Fo-t STAGE NO. 34 37. 39
NF, (MOLE %) - 0.3380 | 0.3050 | 0.2460
MAX N.F, STAGE NO. - ' 40 40 41
COLUMN DIAMETER (iN} 8 8 8

In contrast to comparative example 1, the presence of PFC-116 in
this comparative example causes the point of maximum concentration for -
each of NaF2-¢, NoF»-t and NoF, to occur at higher points in the distillation

* column. Without a sidedraw stream, the column congcentration of each
increase significantly, up fo 42.1 mole % in one case, before these impurities
appear in the botiom stream and can be removed from the column.

Examgle 1
This exarhple is_identical’ to comparative example 1,'with the

exception that a 4 pph sidedraw is removed from the distillation column at
‘stage 35. The results of this distillation are shown in Table 3.

TJABLE 3
CASE NUMBER -

I~
Joo
O+
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WO 2009092066 214. 7 Condenser

Bottonms Tenperature (OC)

Tenperature C -60 -60.

214.7 Battonms Pressure (psia) 216.7 216.7 216.7
Over head Takeoff Rate (PPH) 96. 11 95.38 93.26 Refl ux
Rate PPH 2000. 00 2000. 00 2000.00 Bottons Takeoff Rate
(PPH) 49.89 50.62 52.74 Vapor Sidedraw Rate (PPH)

-8 -10 -17 Crude NF3 Feed
-60 Top Pressure (psia) 214.7
Pressure (psia) 2140GT/D32494011249

% 0044 00 GCrude NF3 Fee('_ Fé ( .\P.,':Ql.gc 7 .92 18
. Falk L FFETT DU UU DU Uy DU U I =y U
el ) 2 e o Lo @0 o4 lprelo t0
VRoPpSIEeDEAW 250¢ 1o oo Fakeof f—NE3—PRH-D6-PL g5, 3808, 26
N2F2-—¢ PPH 000000 _0-000 00000 N21724 IPPH 0. D0000
@vamlhm erorsiaie (8ler hea Préduct CHwmdsitiPon
Refi » TempeopireNf§IAR)  0.004 b o-7800] . NPE2r 75
Digtittete \lempetature B65" 5 271 1 841 TOH | Mo (PR MBAR
| Bottoms Tempargture (1C1842  NE3 MOLE| % #0. p061910d. 0fi@ |
G1ege BB FecBJetoerstulsR@of f NF3 PPH60. 05006®. 500802, 5000
F116 (PPH)_ 49,7380 49.9710 49,9810 N2F2-c |{(PPH)
ThploeGu@.(P84)3. 0. 0893 N2F2-t | (PR D.DQO6 (020483
Corldenr PAaSHe i) 0. 0983 0. 1000 014P0P 217 Unu1dy dedr aw
B3mé PRIdu (S 7/ 3. 8202 3. 9418 24sl6] (HBH) 1022618
0.02940.0194 N2F2-c (PPH) 0]0994 0} 0687 Q. 0107 | -14
Ry NI LIRS oN (Bﬁﬁé Us2004/011/2488941 | 9538 | 93.26 :
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00
Bottoms Takeoff Rate (PPH) 49.89 50.62 52.74
Vapor Sidedraw Rate (PPH) 4.00 4.00 4.00
Crude NF; Feed
NF; (PPH) 99.70 | 9970 | 99.70
‘| F118 (PPH) 50.00 | 50.00 | 50.00
N,Fa-c (PPH) - 0.10 0.10 0.10
N,F;-t (PPH) 0.10 0.10 0.10
NoFs (PPH) 0.10 010 | 0.10
Overhead Takeoif _
NFs (PPH) 96.11 | 9538 | 93.26
NzFz-c (PPH) 0.00000 | 0.00000 | 0.00000
NoF,-t (PPH) 0.00000 | 0.00000 | 0.060000
Overhead NF, Product Composition
NoFo-c (PPB-MOLAR) 0.004 | 0.002 | 0.000
NoF ot (PPB-MOLAR) 7405 | 5271 | 1.841
TOT IMP (PPB-MOLAR) 7408 | 5273 .| 1842 |
| NF;5 (MOLE %) - 100.000 | 100.000 | 100.000
Bottoms Takeofi :
NF; (PPH) 0.0500 | 0.5000 | 2.5000
F116 (PPH) 49.7380 | 49.9710 | 49.9810
NoFp-¢ (PPH) - 0.0006 | 0.0313. | 0.0893
NoFo-t (PPH) 0.0006 | 0.0183 | 0.0719
NoF, (PPH) 0.0983 | 0.1000 | 0.1000
Column Sidedraw '
NFs (PPH) 3.5377 | 3.8202 | 3.9418
F116 (PPH) 0.2618 | 0.0294 | 0.0194
NoFa-c (PPH) 0.0994 | 0.0887 | 0.0107



OO =TT A O

N2F2-t (PPH) 0.0994 0.0817 0.0281 N2F4 PPH 0. 0017
Concentrations & Stage
Woﬁbm\@lgb&h I't Qccurs N2F2-c¢ (MOLE % 3.5100 9.

00 NMAX NZFZ-c STAGE NO. 35 37 39 N2F2-t
2 9000 5.8900 4.1200 MAX N2F2-t STACE NO 35 37 39
N2F4 (MOLE % 0. 4650 0. 3230 0.2470 MAX N2F4 STAGE NO.
37 40 41 COLUWN DI AMETER (IN) 8 8 8 This exanple
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Comparaﬁve Example 3

In this comparative example, a crude NF; feed stream c:omprlsmg
NF; and hexaﬂuoroethane (PFC-116) and NaFz-c, NoFa-t, and NyF,4 as
impurities isfed to a d_istiliatuon column operated under the conditions shown
in Table 4. The concentrations of the NaFs-c, NoFs-t and NoF 4 in the feed
stream are _1000 ppm-molar each. The feed rate of PFC-116 is 5000 pph.
The column in this example is operated to remove the NFs from the column -
as an overhead distiliate, while recovering the impurities as column bottoms.
in this comparative example, there is no material removed as a sidedraw
stream. The results of this distillation are shown in Table 4. - ‘

‘TABLE 4 .

CASE NUMBER 10 11 12
# of Stages 42 42 42
Crude Feed Stage - 30 30 30
Vapor Side-Draw Stage 35 35 35
Column Top Temperature ~75 ~75 “—75
(°C) '

Reflux Temperature {°C) ~75 . -75 75

-15 -



WD 2004/ 092066 PCT/ US2004/ 011249 Distillate
Tenperature (C -75 -75 -75 Bottons Tenperature (C) -8
WO 200+@20& Crude Feed Tenperature -60 -60 -60 pCT/TSH004/611249
Pressure (psia) 214.7 214.7 214.7 Condenser Pressure
(psia) 214.7 214.7 214.7 Bottonms Pressure (psia)
216.7 216.7 216.7 Overhead Takeoff Rate 99.83 99. 20
97.19 PPH Refl ux Rate (PPH) 5000. 00 5000. 00 5000. 00

N nn_ 1') r:nnn _IE :nno 7 PPH

. 65 Gude NF3
6--£RPH)Y 5000. 00
C10P%. 14 NeF2-t
\l Pl |/ O. ERv) U. LU . LU LI/~ | \I T 0 O o. 10 F. 10
Quor head-Takeol {_INF3-(BPH) 99,6592 4719 F116(PP
Top %ﬁ?ﬁﬁlfﬁ (Rs'ﬁnnnn d. o&ih«? f\qg_l;ﬁ"ﬁ- (PH l:n7._2ﬁ459210 0. (6)80050
PRAOTESRYS )(Dp@ﬁ‘*ﬁ 0d94@18700d4aa A4d00ds
Bﬁ?ﬁﬁﬁ&?—ﬁ?“fﬁi@s}qﬁr oduct 15‘1_6'rmr9| 14184 F116 {PEBR- NOLAR)-
3.232 0-000_0.00 N2F2- ¢ {(PPB- MOLAR) 897199. 403

Overhesg J aleadidiate N2F2- t99@BPB-MOSBRP 14708319558 4752 819
IPEEE 402  TOT | MP{(PPR-MOLAR) 1968104 193 4770. 483

' [RefixRele PPRE: (\y|E 500086 d0FOPBAC 0o 5A8A9B00 Bot t ons

B reJeketifaty ppH) obiC@@d% d. 589675, 3008027814 ( PPH)
&gbw , 59350-4999. 4640_N2E3- c_(PDH) 10. 0165
Vapopeigedraw Baig PP E2. 9-99 ppy  00-Bhos {0 0469 0.]0993

Crude NF, Feed

NF; (PPH) 99.70 29.70 99.70
1F116 {(PPH) 5000.00 5000.00 5000.00

NzFo-¢ (PPH) ‘ 0.10 0.10. 0.10.

NoF»-t (PPH) 0.10 0.10 - 010

NyF, (PPH) , . 0.10 010 0.10

Overhead Takeoff :

NF; (PPH) 99.65 99.2 97.19
1F116 (PPH) 0.00000 | 0.00000 0.00000

"~ {NoFo-c (PPH) - 0.08330 0.00000 0.00000

NoF.-t (PPH) 0.09940 0.00044 0.00004

Overhead NF; Product Composition .

- {F116 (PPB-MOLAR) 3.232 0.000 0.000
NzF2-c (PPB-MOLAR) 897199403 17.664 0.862
NzF2-t (PPB-MOLAR) 1070901.558| 4752819 435.402

{TOT IMP (PPB-MOLAR)  |1968104.193| 4770.483 436.264
- |NFs (MOLE %) © 99,803 100.000 160.000
Bottoms Takeoff
NF; (PPH) : 0.0500 0.5000 -2.5000
F116 (PPH) ' | 4999.9490 | 4999.9550 | 4999.9640
NoFo-c (PPH) _ 0.0165 0.0985 0.0987
INoF ot (PPH) 0.0006 0.0989 0.0993
NoF4 (PPH) 0.1000 0.1000 0.1000
Column Sidedraw .
NF; (PPH) 0.0000 - 0.0000 -0.0000
F116 (PPH) 0.0000 0.0000 0.0000
|NoF2-c (PPH) S 0.0000 0.0000 - 0.0000
N.Fz-t (PPH) 0.0000 | 0.0000 0.0000
NzF, (PPH) 0.0000 0.0000 0.0000
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N2F4 (PPH) 0.1000 0.1000 0.1000 Col unm Si dedraw NF3

(PPH) 0.0000 0.0000 0.0000 Fl

16 (PPH) 0.0000 0.0000

wo B090A066 N2F2-c (PPH) 0.0000 0. 0000 0.0000 NaFRu2004/011249
(PPH) 0.0000 0.0000 0.0000 N2F4 (PPH) 0.0000 0.0000

10

15

0. 0000
I nt er nal

-16 WO 2004/ 092066 PCT/ US2004/011249 Maxi mum
Concentrations & Stage at Which It Cccurs

N2F2 ¢ (I\/QE % 86.2000 40.2000 17.5000 MAX N2F2-c
9000.
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CedrtntBen PhaamufPofR,FRc and NoF -t versus comparative example 2.
Combined, these cause a significant increase in the concentration of each of
N2F2-c, NoFo-t and NoF, in the NF; product in the colurn distillate.

Example 2

This Exampie is identical to comparative example 3, except that
there is now a 10 pph sidedraw and the number of stages has been
increased from 42 to 62. The results of this distillation may be seen in Table

5.
TABLE 5

CASE NUMBER 13 14 15

# of Stages 62 - 62 62

Crude Feed Stage 45 45 45

Vapor Side-Draw Stage 50 50 50
{Column Top Temperature 75 75 75

(°C)

Reflux Temperature ( °C) -75 -75 ~75

Distillate Temperature (°C) -75 -5 ~75

Bolttoms Temperature (°C) -8 -8 -8
|Crude NF; Feed -60 -60 ) B0
{Temperature (°C)
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Vapor Side-Draw Stage 50 50 50 Colum Top Tenperature

-75 -75 -75

Tenperature (OC)
Tenperature (OC)

Top Pressure (psis) 215 215 215 Condenser

WO 2008)206d | at e Tenperature (OC)

oC Refl ux. Tenperature (C -75 -75 -75
-75 -75 -75 DBoIT/US04/011249

-8 -8 -8 Crude NF3 Feed -60 -60 -60
-17 WD 2004/ 092066 PCT/ US2004/ 011249

Pr

essure

(psia) 215 215 215 Bottonms Pressure (psia) 217 217

W4

PPH .
ot t ons

\VVapor
NF3 Feed

.00

N2F2-t
.10 :
89. 98000

217 —Cver head Takeoff—Rat g 98869453899
Téb‘jfb"eé’éhféi%‘sﬁ) Py o000 0015008780 :lqeee?_igu\ i
R I AN LR A CHAN N LI
8'%* SRR o 22180 Fo. Rlke. PP L00G
: 50qu\nn_ /50nn_ 00 IN2E2..C (EPH) 010 lo 100
S‘{%ﬁ%ﬁé“iﬁr@tio 0. 10°¥r4 (PP 0.110 B:%0 g
hoad Talcanf f F\IIE’J H 9 9
S T P T
P‘f G4~ 600 ol ot¥Hd*
- ( A (DD N
dSﬂé&?@ﬁ%m Pﬁ}“ ~fogn .
fDD%§M¢Q§5'5.£3' 0-048-0.1024—N
ff NE3_(IPPH)Y 0.0 00 0 500
3 (PPH 99.70 99.70 99.70
F1 16 (PPH) 5000.00 5000.00 5000.00
NoF»c (PPH) 0.10 0.10 0.10
NoFo-t (PPH) 0.10 0.10 0.10
N,F4 (PPH) 0.10 0.10 0.10
| Overhead Takeoff _
NF; (PPH) 98.86000 94.53000 89.98000
NoF.-¢ (PPH) 0.00000 0.00000 0.00000
NzFz-t (PPH) 0.00000 0.00000 { 0.00000
Overhead NF; Product Composifion -
1NoF-c (PPB-MOLAR) 0.000 0.000 0.000
NoFo-t (PPB-MOLAR) 0.496 0.048 0.024
TOT IMP (PPB-MOLAR) - 0.496 0.048 0.024
NF3 {MOLE %) 100 100 100
Bottoms Takeoff :
NF3 (PPH) - 0.0500 0.5000 2.5000
F116 (PPH) 4500.9880 | 4994.8650 | 4997.4100
 INaFo-c {(PPH) 0.0005 - 0.0007 0.0034
N;Fo-t (PPH) 0.0016 0.0016 0.0044
{NoF4 (PPH) 0.0996 0.0998 0.0999
1Column Sidedraw
NF; (PPH) 0.7902 - 4.6670 .7.2175 .
{F116 (PPH} 9.0115 5.1351 2.5903
NoFo-c (PPH) 0.0995 0.0993 0.0966
NoF-t (PPH) 0.0984 0.0984 - 0.0956
NaF, (PPH) 0.0004 0.0002 © 0.0001
Maximum Internal Concentrations & Stage at Which It Occurs
NoFo-¢ (MOLE %) 13.8000 1.8700 0 9480
MAX NxF2-¢c STAGE NO. 44 44 44
NoF2-t (MOLE %) 19.9000 3.5000 13100
IMAX NgF-t STAGE NOG. 43 44 C 44

( PPH)
.
. 000

41100 100

2. 5000
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~ woGo@MIA6s N2F4 (PPH) 0.0996 0.0998 0.0999  Col HEmus2004/011249

10

15

20

Fi

16 (PPH) 4990. 9880 4994. 8650 4997.41.00 N2F2-C

(PPH) 0.0005°0.0007 0.0034 N2F2-t (PPH) 0.0016 0.0016

Si dedraw NF3 (PPH) 0.7902 4.6670 .7.2175 F116 (PPH)
9.0115 5.1351 2.5903 N2F2-c (PPH) 0.0995 0.0993
0.0966 N2F2-t (PPH) 0.0984 0.0984 0.0956 N2F4 (PPH)

0. 0004 0.0002 0.0001 WMaximum Internal Concentrations
& Qf ana ai'_ Vhi-ch |t n‘r‘llrc R2E2. ¢ (!\' E-94-.13 8000
11NaE K % vax hp BR042 oria©- an PP%A NoF2-t
( W&NST BMEh 2 Fo0o®4 a1ba  #ax NpE2-%8 STAGE NO
4 44 44 -18 V\D 2004/ 0920668 PCT/ US2004/ 011240 N2F4
([ASLEMY DRMETER (B) 040 6. 0037 MAR N2F¥ STARGE NO. 52 55

55 COLUWN DI AVETER (IN) 8 8- 8 This exanple shows how

a sidedraw stream may be used to renove N2F2-t,

N2F2- ¢ andihgetamplershdwes bonrai,dedestreaa'dmm béaised o
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arative crude NF3 feed stream
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|rrpur|t| es is fed to a distil I ation coI um oper at ed
under the conditions % ! ﬁl E 85 The '
concentrations, of t ég,?, HVJ nd N2F4 in the
feed stre e

ijt ﬁfgﬁc&%q%%%\%g%%mh@ a cﬁﬁge N fe@%ﬁ“e@nﬁﬂ@&rnpnsmg

no- ad g conpoun

ca%.Fes antLiNpler-g, N1 and Naf 4 ag impurities ISw@da‘od& distiliafion column
%Eré}@u hRider ﬁF&céﬂcﬁnom\&é n*??abl'éﬁg; ?ﬁe c'dﬁgeﬁt%at?d}% of the

spect | ar e e colum I n
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?r@gﬁe{mﬁ?b@ Bt Rlifichal A @é:ﬁ conipolinYgs féte Ndase
r GO 1B e PrpR.AM PLdheE el e P 416-HCFC-

c@RpuFt-R8eHEXaBP laad HFC- '125 respectively-are also fed to the column in

the crude NF; feed steam. The column in this comparative example is
operated to remove the NF3 from the column as an overhead dIStI"ate while
recovering the impurities as column botioms. In this comparative example,
there is no material removed as a sidedraw stream. The resulis of this -
distillation are shown in Table 6. '

- Table 6

|CASE NUMBER 15 16 17 18 19 20
High Boiler None | PFC-116 | HCFC-22 | HFC-23 | HFC-32 | HFC-125
# of Stages 42 a2 42 42 42 42
Crude Feed Stage 30 30 30 30 30 30
Vapor Sidedraw Stage 35 35 35 35 35 35
Column Top Temperature (°C) =75 -75 -75 -75 75 ~79
Reflux Temperature (°C) -75 -75 -75 -75 -75 -75
Distillate Temperature (°C) -75 -75 -75 - -75 -75 757
Bottoms Temperature (°C) -51 -9 36 -19 18 268
Crude Feed Temperature (°C) -60 -60 -80 -60 - -60 -60
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there is no mat

eri al

renoved as a sidedraw stream The

results of this 20 distillation are shown in Table 6.
WO 20047832066 6 CASE NUMBER 15 16 17 18 19 20 Hi gRCBESE@H011249

None PFC-116 HCFC- 22 HFC- 23 HFC-32 HFC- 125 # of

Stages 42 42 42 42 42 42 Crude Feed Stage 30 30 30 30
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30 30 Vapor Sidedraw Stage 35 35 35 35 35 35 Columm

Top Tenperature (OC) -75 -75 -75 -75 -75 Refl ux
Top PresstRIBEEATUTE (U 245 -0 60 | Mp15/01- /215 DI[SThg alle 215
Condensef PIESH@JEREE (O] 25 -5 2185 {7575/ |- /215 BATT OB 215
Bottoms PIESIENESAT € C =519 3p 2§9 18 2ZH7 CjudgFeqd 347 217

enperature (O -060 -p0 ~60 60 =60 =60 19 WO
Overead 4 SREHIFAD P C 1! Coora ™ Oddes 9| 4585 M e 9885 [( Boa 21865
Reflux Rafe(PPH) > <2 < %OOWQ BoE] 200650 4T 2000.85 11 %2006.68_ [22600.00
Bt iy #0219 Bston PEOSFOPUEEEPITAb 38 11 Sbisg” 17 5035
Vapor Sikdii Rie (PETh) VT BBA¢ el T Re g € Py 9-16%0 8965 0.00

LUV JJI. VI IJI.j00 IJI.UD \C1 I UAX cTrerriry 00UV, U

"\I'\I'\ aYaliKeYaYaVaWilial 2000 N 2000 alilkoYaYaYali NaYa) Dotlt ~ e
Crude NFeFeed /') - " "o 0 oF o ol op 4o on od on oo o
NFg (PPHY, o o ot o, 109970 o5 99'70° (17 80.280 1™ od70~ 1 "89. 70" [7~69.70
Fioh Bole} 1R o1 cec o B TS o0 e 09 1ot o000 st 5000
NoFoe (PRI 79 0970 +ilghUaRiHbe U18prt 1o lsd0-Hh do Bd05g oR10
NFAPPE 0g  Npro-c (ppPai0g ho 00101 o 00 g 1080 14 9419 10
NzFs (PPHipED .+ (PR 0.11093%10l 098 ol 1B 14 P-1% !\").E'Z.O’( Epuf-10

RA9Q 65 0.10 010 O. 10 b 10 010 . Ouérhead Takeoff INE3
Overhead Takenff 99 g5 99 ls5 09 65 99 _65[99_65 |N2E2- ¢ |(PPH)
NFs (PPHh 00000 _0.00000 02H#nob B9-8000 2888090 §9-68p H2-39-65pp) 99.65
NoFz¢ (PRH)n0005 0_0000a BOBRA80n SR8 o @498 ahP00P §nl. el 0.00000
NoFt (PPHPPH) 0. 00000. 0 BEARRY h OGE6Rn | @-9960ha T0888 0l 00000 | 0.00000
High BoileO(Riffhead NE3._Prioduct: ChRPA89G § ALOOR i1 e00PPHRRD-RRFOAR) 0.00000 -

: 0,001 0.251.0.004 0,000 0.00410,007 |N2F2-t .

Overhead i rosych pogiionss 74 DA7 17, 943 35,429 16.086 24. 168
N.F.-¢ (PPB-MOLAR) 0.001 0.251 0.004 0.009 0.004 0.007
N.F.-t (PPB-MOLAR) 8.809 574.047 1 17.943 | 35429 16.086 24.168

. |High Boiler {PPB-MOLARY) e 0.000 0.000 28.205 0.000 0.000
TOT IMP {(PPB-MOLAR) B8.810 | 574.298 | 17.947 63.644 16.090 24175
NFs (MOLE %) 100.000 | 100.000 } 100.000 | 100.000 { 100.000 | 100.000
Bottoms Takeoff ]

NF3 (PPH) 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500

High Boiler (FPH) e 50.0000 | 50.0000 | 50.0000 | 50.0000 | 50.0000
NaFo-¢ (PPH) 0.1000 0.0897 0.1000 0.0099 - 0.0999 0.0999

NaFot (PPH) 0.1000 0.0994 0.0999 (.0998 0.0989 0.095%
NoF4 (PRPH)Y 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

Column Sidedraw :

NF; (PPH) 0.0000 | 0.0000 0.0000 0.0000 {.0000 0.0000
High Boiler (PPH) ~- | '0.0000 0.0000 0.0000 0.0000 0.0000

NoF.-¢ (PPH) 0.0000 | 0.0000 0.0000 0.0000 7 - 0.0000 0.0000

NaFo-t (PPH) - 0.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000

NF4 (PPH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Maximum Internal Concentrations & Stage at Which It Oceurs :

- INgFo-c (MOLE %) 32.6000 | 36.2000 | 32,7000 | 20.8000 | 31.6000 | 32.8000
MAX NaoFs-c STAGE NO. 41 37 39 37 39 38
NgF -t (MOLE %) 36.7000" | 42.1000 | 30.0000 | 24.6000 | 29.2000 { 28.8000
MAX NoFo-t STAGE NO. 41 34 39 37 39 38
NoF; (MOLE %) 20.5000 | 0.3380 2.1500 0.1530 1.6300 | 1.0800
MAX NoF; STAGE NO. 42 40 40 40 40 39
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H gh Boil er (PPB-MOLAR) 0. 000 0.000 28.205 0.000
0.000 TOT IMP (PPB-MOLAR) 8.810 574.298 17.947 63.644
wo 3R49Re24. 175 NF3 (MOLE 9%, 100.000 100. 00Gsc98 /300011249
"7100. 000 100.000 100.000 Bottons Takeoff NF3 (PPH)
0. 0500 0. 0500 0.0500 0.0500 0.0500 0.0500 High Boil er
(PPH) -- 50.0000 50.0000 50.0000 50.0000 50.0000
N2F2-c¢ (PPH) 0.1000 0.0997 0.1000 0.0999 0.0999 0.0999

N2F2-t {PPH) 0 1000-0.0994-0.099Q 0_0998 0_0999 0_0999
N2E4 (PPH) 01000 01000 ©.1000 0. 1000 d_1000 0. 1000
Column Dizpetes (eheshw NER (BPH) Lo 600010, 0900 10. 0800 10. 0800

0.0000 0.0000 High Boiler (PPH) 0.0000 0.0000 0. 0000
0.0000 0.0000 N2F2-c (PP;?ﬁ 0. 0000 0.0000 0.0000
0. 000dnEopbest B EEsEMUMPETiA of febig 6pwbernno addiional high
oilBr - ‘ i R
boilg %g%% %?8@%%@89%%%%”98‘.’%8%%"e'%ﬁé;?ﬁ%%%n%rﬁﬁﬁ%w%
of tabJR Letrysa the Mot asmgdmym seneantrationdeneacheflole-gbfe-
t arR)NF2 16 QRBuBEt @ﬁ@r BANEIAhE QistiliAforsdolRaf) 32. 8000
MAX N2F2-c STAGE NO. 41 37 39 37 39 38 NJF2-t (MOLE
% 36.7000 42.100Q.30. 0000 24. 6000 29.2000 28.8000
MAX N2F2-t STAGE NEamRiegdd 39 37 39 38 N2F4 (MOLE %)
20.500Q .0, 3380, 2, 1500. 0, 1530 . 1. 6300 1. 0900 = NAX N2F4
STAGEQ&QQ@ eX3MpP i¥d a@iw@bfl%@asa 7 900 dovghes of

'con&@iféﬁﬂ@@ﬁbﬁﬁﬁ[bltfﬁ&ceﬁbﬂhlaﬂﬁibd&? wfﬁb\ﬁ][a fip{)pilhfm%édr\%hv@ Bhé 8
nt.r . Lo _case nu e a e , ere no .
resdfig (i it Aion T BE SRENTT Tt |

‘he presence of the
hi gh boilers is case nunbers 16 through 20 of table 6

cause the point of naxilapiai¥concentration for each of
N2F2-c, N2F2- 5 tj and NJF4 to occur at{higher[points
CASENUMBERI still.atijon 2ol ym.22ExamplE 3 Thi g4 exanpks 1§
i dentical to casq nunber|s 16 thfough 20 of
~ |High®airar at i ve exanplRFod1 16epHoRei2 NRFCIZBE [ GIRCS3 N OWFB-135 |
' pph sidedraw. The T0 rdsults of this @gistilration nay
# of BRg&een 1 n Tabl e [7. 4pablje 42CASE NQIVBER 24222123324 25
CruddFéBd Bebé er PFC 116 IgCFT- Z5p0HFG 2330°FCG 32341 C 1250
"|Vapor Sidedraw Stage 35 35 35 35 35
Column Top Temperature (°C) ~75 -75 -75 -75 =75
Reflux Temperature {°C) -75 -75 -75 -5 -5
Distillate Temperature (°C) -7 - 75 C-75 -75 -5
Bottorns Temperature (°C) -8 37 -18 - 19 27
Crude Feed Temperature (°C) -80 -60 -60 . 80 60
Top Pressure (psia) 216 . 215 215 215 215
'|Condenser Pressure (psia) 215 215 . 215 215 215
Bottoms Pressure (psia) 217 217 217 217 217
Overhead Takeoff Rate (PPH) 96.11 | 95.80 95,98 9582 | 9581
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00 § 2000.00 | 2000.00
Bottoms Takeoff Rate (PPH) - 49.89 50.20 50.02 50.18 50.19
Vapor Sidedraw Rate (PPH) 4.00 4,00 4.00 4.00 400 |-
Crude NF; Feed .
- INF; (PPH) 99.70 89.70 99.70 | _ 99.70. 99.70
{High Boiler (PPH) 90.00 | 50.00 50.00 50.00 0.10
NzF2-c (PPH) - 0.10 0.10 0.10 0.10 0.10
NoFt (PPH) 0.10 0.10 0.10 0.10 0.10
NoF4 {PPH) 0.10 0.10 0.10 0.10 50.00
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Tenperature (COC)
Tenperature (OC)
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# of Stages 42 42 42 42 42 Crude Feed Stage 30 30 30
Si dedraw Stage 35 35 35 35 35 Colum Top

30 30

Vapor

pCtampextature C -8 37 -18 .
Terrperature (OC)

19 27 Crude Feed

-75 -75 -75 -75 -75 Ref | eRT/US2004/011249
-75 -75 -75 -75 -75 Distillate
-75 -75 -75 -75 -75 Bottons

-60 60 -60 -60 -65 Top Pressure

! bUIIUE 1SET I"I goS Ul © pb.l d)
NEIBPAFS 215 21 SR R T TN LT R W T
N (A 2 o oS ob bodtBT Epobngf | Yooban 175 0000
N e o 06 sogoy L0000 0 0bode™ T 0looeat V1106t 5, 9ddoo
righ Bl pesif00 00 200 Hibon 5o bBSHy_[T81bi5HAd | trooa koo
9. OIJ JU. 20U 09U U4 U. L0 JU 1 J vapuotl OO avw 1 TC
LDDLND 1. N0 A o0 A NN A 0400 Crida RIE2 Cand NE2
O LB OB ™ oo 20 ob 2o loh ot for
NeFeolb Py 0-00-Ho. ER4Ed B0%2 1h 008, | (0085, | 0.002
NS [PPEMRARY 0 01 74085 1t 4348 | oBD5 0, 1@9&81, 3
T M SRR AR Lo P01 A PepO8d: | 30l Bada 4558
_dsT0pf0 MHQQOQ,QOU ) 1§8.0 100.000
= IDDI—I) 0. 00000 0.-00000- 0. 00DOO0 0. 0BO00. 0. 00000
B a H) 0.00000..0.00000.Q_00000_0_00000_0.-0000Q
GRHBai | er — (PPH) 0. 888%H 0 0S8R0l -¢R880n §OF8N(00-0500
H h P 15388 dut9-2% 8 A3 LG n 49R5ED | 49.9900
§gpﬁ°iﬁm AR) 0 004 ( 8896 |0@P488 opL.¢2190p O-f$H9 |1 0.0283
INFROIRR AR) 7. 405 4. 848065 {08d226 o). 02556 0.8363h | BBPT1 %
NFRBIPHYO AR) 0. 000 d. 688825, 611809, o@WOoooowﬂeT | §P099
( PPB- I\/[lAR) 7.408 4.347 30.654. 31910 4.558 NF3 (MOE
Columnciidesiyaw 100. 000 100. 00d _100.000 100.000 Bottions: -
NFARBY] f 35377 | 3.8505 | 36700 | 3.8290 | 3.8360
High Boiler (PPH) 02618 | 0.0129 | 0.1643 | 0.0452 | 0.0100
NoFo-c (PPH) 0.0994 | 0.0592 | 0.0781 | 0.0521 | 0.0717
NLF.-t (PPH) 0.0994 | 0.0774 | 0.0875 | 0.0737 | 0.0822
N,F, (PPH) 0.0017 | 0.0000 | 0.0000 | 0.0000 | 0.0001
Maximum Internal Concentrations & Stage at Which It Occurs .
NoFo-¢ (MOLE %) 35100 | 25.8000 | 9.5100 | 25.2000 | 19.3000
MAX NoF,-C STAGE NO. 35 39 37 30 - 38
NoFzt (MOLE %) 2.9000 | 12.6000 | 5.8700 | 13.1000 | 9.9200
MAX NoF,-t STAGE NO. ° 35 39 37 39 38
NoF, (MOLE %) 0.4650 | 2.6800 | 0.1650 | 2.0100 | 1.8800
MAX N,F, STAGE NO. 37 - 40 39 40 39
Column Diameter (inches) 8 8 8 8 -8

This example shows how a sxdedraw stream may be used to
remove NaFo-t, NoFo-c and NoF4 from the column, and so reduce the
maximum concentration of each developed. The points of maximum
concentration of each impurity in cases 16 through 25 where a high boiler is
added is stili at a higher point than in case number 15 where no high boiler is

- added, but the maximum concentrations of NaF2-¢ and NyF2-t are

considerably reduced compared fo each high boilers respecitive case in

- comparative example 4.
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NF3 (PPH) 0.0500 0.0500 0.0500 0.0500 0.0500 High
Boi | er (PPH) 49.7380 49.9870 49.8360 49. 9550 49. 9900

PPH) o 0006 0.0408 0.0219 0.0479 0.0
wo %@2@4( PPH) 0.0006 0.0226 0.0125 0.0263 O. d’%gfguszf{&‘l’f’im‘)
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19

20

25

30

35

(PPH) O. 0983 0. 1000 0.1000 0.1000 0.0999 Colum

Si dedraw NF3 (PPH) 3.5377 3.8505 3.6700 3.8290 3.8360
Hi gh Boiler (PPH) 0.2618 0.0129 0.1643 0.0452 0.0100
N2F2-c¢ (PPH) 0.0994 0.0592 0.0781 0.0521 0.0717

N2F2-t (PPH) 0.0994 0. 07740@_;ng§)0 0737 0.0822 N2F4
(PPH) 0.0017 0.0000 0.0000 0. 0001 Maxi mum
Internal Concentrations & Stage at Wiich It Cccurs
N2F2- ¢ V{hMLIE cigimad34.00 25. 8000 9. 5100 25. 2000 19. 3000
MAX N2F2- C STAGE NO. 35 39 37 39 38 N2F2-t (MOLE %
2.9000 12.6000 5.8700 13.1000 9.9200 MAX N2F27t STAGE
NO 35A3Frogessfpr3sdudiagthg Moneridationads i 808 ithplLEB0

P00 900 I, S S Mg g e

higlraflugridedp airst adyrefpynpising sifragen tnﬂuwte andsaid at feast
Nefig imipant), Naiprotess étﬁ]ﬁ fgth and so reduce the :

-maxi mum concen&lr atio eﬂgg devel oped The pojnts of

ot MG GROAG et Bt By R 2 fisifiation ralupsiasthe presence
t of @ egmpiundteninga higher morhar bmﬁn %ﬂﬁ‘ﬂhaﬁ nﬁrfdde'n tAflucride;

hlgher 0|n n_in case nu mhere

boi | er ¢ E%IEQ‘@ NG5 qug ﬁﬁﬂ%ﬂ%?? tg‘?\%’; one
I\lzﬂz.ir(tyémin NaiXistilation cobmsn denginlint beteendhe toppandthe

t ective case in conparative
eggﬁ&ﬂbf? aﬂ?ggﬂgét%d;%% 092066 PCT/ USZOO4;T811249

CLAI MBIC) \WhEgmpWYng [adhird dnixiire comprisingsaid essnfaamd having a
r iGdHer nem%&w B8t ﬂidn%tr@@eﬁfnﬂ&?@b Cfﬁﬂﬁ thé‘BBﬁbWaf sald

sting o trog

s romthe group cons
ﬁ'ﬁfﬁ%}qwgm 8Mfitrogen tetrafluoride in a f| rst
i xt ur (sd)corr_mm@vmg am:trbg@emfmblr‘uletmbudﬁ rfa%gmcmcea

Igoa dent&ien'd 24id alylé:ass’taone 1R1pur ?ro O{H% top onfgsald dlstillatlon
column.

2. The process of claim 1 wherein said compound having a higher normal

~ boiling point than nitrogen trifluoride is infroduced into said distillation column

during said distiliing step in the liquid phase at a point in said distillation
column above the point at which said first mlxture is mtroduced info said
distillation column. '

3. The process of claim 1 wherein said first mixturé comprises up to
about 5,000 parts-per-million-molar of said at least one impurity.

4. The process of claim 1 wherein said compound having a higher normal
boiling point than nitrogen trifluoride has a normal boiling point of from about -

90°C to about -20°C,

5. The process of claim 4 wherein said compound having a hlgher normal
bomng point than nitrogen tnﬂuorlde is at ieast one compound selected from

“23 -



(a) distilling said first mxture in a distillation
colum in the presence 10 of a conpound having a

WO 200309586 normal boiling point than nitrogen techfdsd®iaiod o
(b) .renmoving a second m xture conprising said at | east
one inmpurity fromsaid distillation colum at a point
between the top and the bottomof said distillation
colum; (c) renoving a third m xture conprising said
ﬁogﬁound having a 15 higher normal boiling point than

the %‘é@ﬁ%?iﬁﬂ%@f hn@mamﬁnsméydmfb@mceﬁrb@m d

dsdehibaifiuero
g‘i{# fluoride gﬁgﬁ(ﬁ:@ hrg\%rggeogguce %%@cdgg% at@ﬁghorgfanlc

& apd fnRrgenig X ‘??purlty fromthe top of said

distillation colum. 20 2. The process of claim!]l

5 Goor nt Akt EEBEIRS AR s p&MBrupd aavie 4 Rlaher homal

bedling poist iHaranitroge dxﬁﬂlmmdeda rit fgast @ing cbnyiourld $@lestedifrom

d di I
403> AR PLPSAA, ARBLE, e SRV LT
difftaremnatiaane, dluer @%thanqm d;btriﬂumethane,opantaﬂu@oeﬂﬁme
cBIce8FIoR mEINRIng %dﬁ}ﬁ rcﬁ'ldho@'h‘éx%ﬂu&%efﬂ 'hﬂrous s oxide,

‘ i,ses . up er-
10 C@f%n@'hfji?xﬁe |C§§gqﬂyzﬁ@0ﬂ¢ﬁ)Jrifltﬁtyroaggtyhﬁumn@e -pr ocess of
claim 1 wherein said conpound having a hi gher nornal :
oi li oint t nnltr entr uori de has, a nornal
Tooi | T BEeRbs G SRS A WBRGHn Saistesraowb hevingachiober nomal
bﬁﬁmgmmn’e&anaﬂtro@m trifliovideriei ammﬁ 8né @ERpothdIéSBddrom
t han |tr
it BRI B0HsTing drimBiiyt OGBS oot Bane.diliiosthane.
15 chmomgmemgeﬁandamtvmzmdeonmg the group
' conS|st|ng of hydrocarbons, hydrofluorocarbons,

hydr Iorofluorocarbons -hydr ochl or ocar bons,
Bper f 1Ty FOEPEDH RECIAER édﬁh@fe"bﬁa@e@mnwnmba‘gag|a:hfgher normal

beHinggsoinfihén nTﬂﬂ@géH fresfdefis altrRiu® &,ﬁ;@er ein said

conmpound having a higher normal boiling point than
nitrogen trifluoride is at | east one conmpound sel ected

20  Of r omThighsrogessipf clains it Sﬁlﬁ@@:mfhsetéﬁ%‘@atmé%@%ﬁ@top of said first

d%%lﬂ%ﬁ%@?ﬁlgﬂﬂ?&q%g iafﬁoc{@ﬂﬁ%g g fl“ rg)?ﬂrr% 030 %0°C to about -

5ﬂgﬁtafluoroethane chlorodlfluoronethane nethyl A

chl ori de, hexafl uoroet hane, nitrous oxide, - 10 carbon

di oxi de, carbonyl fluoride, trifluoroacetyl fluoride.
THEemeeess obelaimn 4 whereihsaidi remavint obsaid wedohd whistpre

25  frénlsSIRisIRfiBR! column is sufficient to maintain the maximum
concentration of said at least one impurity in said dlstlilatlon column below
about 2,000 ppm-molar.

11.  The process'of claim 1 wherein said point between the top and the

. 30 botiom of said distillation column is located within the bottom 50% of the total

number of theoretical stages in said distillation column.
12.  The process of claim 1 wherein said point between the top and the

bottom of said distillation column is located within the bottom 25% of the total
35 number of theoretical stages in said distillation column.
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boiling point than nitrogen trifluoride is at |east
one conpound selected from the group consisting of

wo Rl aydecd | uori de, difluoronethane, fluoroet hq{FﬁP/US;Z%O-UOl]ZE
e

10

-~ PCT/ US200

15

20

25

30

chl orodi f| uor omet hane, andni trous oxi de. 8.

process of claim5 wherein said conmpound having a

hi gher normal boiling point than nitrogen trifluoride
is nitrous oxide. 20 9. The process of claim1l wherein
the tenperature at the top of said first distillation
colum during said distilling step is from about -90C

t gqabo - : .of . im. ei

sald r ?#gwfﬁg%% SRelpl IR S S iy Bl fpuct
diceniginaigssrihanpbout 0.4 panistper-milior-malar oftsaichat least one
w%b[mq\ concentration of said at |east one inpurity

in sald distillation colunm bel ow about 2,000

ppm ol ar. 11. The process of claim1 wherein said

paint Bepuress fdigetosing e tbAcaRrdiRnt &t Mast dn@ impurity

di S{I I I{;\fsl onthcol um i s | ecatfa. v¥| thin _hhe_ ottgm 0%

o SRR BPH) e QIRNR FORFISHME 8t Einftiogenditiyeride gnd ginjtrogen
diteitaflucsidiedn aciobtumixture2conidsing otesnafificbideaid said at least

' j ' the top and the bottom of
ﬁﬁ%qﬁ’.&é’ﬁﬂ %g[ﬁf%@%g%%%ﬁﬂg:hgmat ed within the bottom
25% of (@he dintifling s3dd fitstb¥ixtues int & distiiation bolsayipsthierpresence
Saf Hitl%u‘étdj}&@“ on colum. -24 WD 2004/ 092066

011249 13. The process of claim1 wherein
sai d ni®k ogEMeYiNg|asGaNg PPédROMpTERING Faid Atdeastiang
abapiri)-florR @Blddigflatibh! doltin R aaoiff betReln dhe k5 ahd e
|gﬁ§r| t¥f 9 ﬁ.4. A{g{)ro‘gess.for reducing the
c BREQm ¢131d :nga N YL one inpurity selected from
Ej he grée)p cosvabsingrpthirtl mMrérom?ﬁTis?id hmt@hbdﬁ(ic@ﬂom the
0 - . u .in,a first mxture
cg%éﬁ]s(?rﬁ%l%bﬁ'g%&p &N’"?\%ngfide and said at |east one
i npuri {§), saemiopingcesitrogeninifiusiridg: préduétdaviig rédudealg
sal . ) iy Cetilbati r _
o Pofoorti oot & lelsfbrr, Mhu? oD uEPIoW B sl iy tation
nPRIUIE conprising said at |east one inpurity from
said distillation colum at a point between the top
and th bottom of ,said distillation colum;
rzgmvi 2&}3

IRCERT 1 TRAYGIRY AN BARRaNITaNgN 4 et lnast oRRdePLIb:
t belecteat from thé gsausicensistid et dinirogehuMiorRiedakd Hinitrogen
" EHRRHORGR i b AR oSS RS il gnd Sl &east
one impurity, said process comprising: _
(a)  distilling said first mixture in a distillation column in the presence

- of nitrous oxide;

(b)  removing a second mixture comprising said at least one
impurity from said distillation column at a point between the top and the
bottom of said distillation colfumn; .

(c)  removing said at least one impurity from said second mixture to
form a third mixture, and feeding said third mixture fo said distillation column;

(d)  removing a fourth mixiure comprising nitrous oxide from the
bottom of said distillation column; and |
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concentration of said at-|least one inpurity fromthe
top of said distillation colum. 20 15. A process for
WO 200080966 Ng t he concentration of at | east onepdvRBfI0EINI1249
- selected fromthe group consisting of dinitrogen
di fluoride and dinitrogen tetrafluoride in a first
m xture conprising nitrogen trifluoride and said at
| east one inpurity, said process conprising: 25 (a)
distilling said first mxture in a distillation colum
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