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CRYOGEN!. C REéfIFfCATICN SYSTEM "FOR FLUORI NE COVPOUND FEYV

RECOVERY Technical Field This invention relates to the
separatign and 5 recovery of flTuorine conpounds froma fluorine

conpound-containing stream It is particularly useful for recovering
fluorine conmpounds froman effluegnt of a send conduct or productlon

facility. Background Art 10%"% Fl uori ne conpounds are used in many
manuf acturing processes. |n paGRYOEENIC REST IFICANION SYSIEN i n t he
manuf acture of sem conductors. H#Bﬁl Telage Qﬂﬂﬁ’ : Rt he nore
costly of the nore commonly used -fﬂﬁ'__ H—trent-ac "Yarocesses

and, noreover, are 15 anong-the nore enV|ronnentaIIy detrlnental of such

cheni cal s. ACCOfd'“QL%nﬁESéf Ffefdneed for recovering fluorine

conmpounds used in cesses soO t hat they not cause

envi ronment al probl ens anthassinventionhnelatey taythe sepscati®® and One

met hod currently u§e9e9¥vé99u3%r¥l£8£1§3585ﬁ£9unds from a fluorine
compound~containing stream. It is particularly useful
for recovering fluorine compounds from an effluent of a
semiconductor production facility.

_Background Art
10 Fluorine compounds are used in many manufacturlng

processes. In particular, they are w1dely used in the
manufacture of semiconductors. Fluorine compounds are
among the more costly of the'more commonly used _
chemicals in manufacturing processes and, moreover, are

15 among- the more environmentally detrimental of such
chemicals;- Accordlngly there is a need for recoverlng
fluorine compounds used in manufacturlng processes so
that they not cause environmental problems and also so
that they may be reused. | _

20 ‘One method currently used by industry for ensuring
that fluorine compounds are not released to the
environment involves combustion of the fluorine
compounds contained in an effluent stream. While this
method effectively destroys the fluorine compouhds thus

25 preventing environmental poilution, it also makes it
impoésiblé to reuse the fluorine compounds. This
method is also disadvantageous because it generates
waste gases such as hydrogen fluoride and nitrogen
-oxides which require further treatment. Furthermore,

30 combustion processes require fuel and oxidant to
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that fluorine conpounds are not released to the envi ronment invol ves

- conbustion of the fluorine conpounds contained in an effluent stream
ile this nmet hod effectively destroys the fluorine conmpounds thus 25

preventing environnental pollution, it also nmakes it | npossi ble to reuse

the fluorine conpounds. This met hod i s_ahsg di-sadvant ageous because it

gener at es wast e gases such as hydrogen fluoride and nitrogen oxi des

whi ch require fusibeacLy cahaRAG- FELERUET PEFat By CoREUSELPEa D! 8566558

requi re fuel and oxi
oper at e, adding thetm@muﬁeetuxing eperabpbnal costs to t he manuf acturing

oper ati on. PRoGUELERLAY1 Y Qe&yb& ”gﬂéﬁét’ﬁz OfotNene

recovery of quorlne co ou S I's adsorption ere uori né
conpounds are adswmelrﬁn@ﬁ ﬁb@@tb@mcomp@més ww@seapbx@esuheram

desorbed from &henadpabetie cofihay eHuhadbipedohed ddsdinagyant ageous

because very high power cons tiron 1s needed to carry ou
requi site pressusnderielevatedeapressure zand odesqobedr foomrthe hadsoroenhe

conpound m Xt ur g A4 & um . I8FR] D1 hIPhIE"EE 3! ¥abEMHE L §E0t Y BLELuse

purification
very high power consumption is needed to carry out the

requisite pressurization and depressurization.
10 Moreover, the fluorine compound mixture from the
_ desorption generally reqﬁires further purification
before the components of the mixture can be reused.
Still further, adsorption processes do not have the
flexibility to deal with the dramatic changes in
15 fluorine compound concentrations and flow rates which
characterize manufacturing effluent streams such as
those- from a semiconductor manufacturing plant.
Aécdrdingly it is an object of this invention to
provide an improved fluorine compound récovery system.
20 It is another object of this invention to provide
an improved fluorine compound recovery system which
does not generate significant amounts of waste gas.
| It ié a further object of this invention to
provide a fluorine compound recovery system which can
25 produce fluorine compound product without need for
significant further separation or purification for
reuse. |
It is yet another object of this invention to
provide a fluorine compound recovery system which can
30 operate effectively in spite of large changes in
fluorine compoﬁnd'¢0ncentrations and flow rates in the
stream to be treated.
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before the .conmponents of the m xture can be reused. Still further,
adsorptlon processes do not have the flexibility to deal with the
dr'amati ¢ changes in 15 fluorine conpound concentrations and flow rates

whi ch characterize manufacturing effluent streans such as t hose-from
a sem conduct or manufacturing plant. - FAccordingly it is an object of
this invention to provide an inproved fluorine conpound recovery system

20 It is anel el RPIAC IrHRf Itnl%' diyention to provide an i nproved
fl uori ne conpoun does not generate significant

amounts of waste gas. The above| anids oA hieyr olpdecllsj edxiclf wildils heespmet i on to
provide a fluorin %p%h é._@lg) ersyd_&n%tde \Myh%h %gnpro@é(‘a%lfd f ne
out nee

conmpound product cant separati o
purification for thisr giselosure are tahtslmd &Yottlh@r pcngse@tt émwemtson

I nvention to F v%gié%tfbﬁp?hﬁgﬂpquound recovery system which can 30
oper ate effectlve y in’s argé changes in fluorine conpound

concentrations and fl A/vmed:mgl ifiort kecoveiinga filuoriae coaponds
- 3- comprising: |

(A) passing gaseous feed comprising carrier gas

and fluorine compounds into a mass transfer contacting
10 device, and passing.wash liquid into the mass transfer
contacting device; '

(B) passing fluorine compounds into the wash
liquid within the mass transfer contacting device to
produce vapor comprising carrier gas and fluorine

15 compound-containing wash liquid;
_ (C) passing the fluorine compound-containing wash
liquid into a rectification colump as column feed and
separating the column feed within said rectification
column by cryogenic rectification into fluorine

20 compound-containing top vapor and bottom wash liquid;
and |

(D) withdrawing fluorine compound-containing top
vapor from the rectification column and recovering at
least a portion thereof as product fluorine compounds.

25 Another aspect of the invention is:

Apparatus for the'recovery of fluorine compounds
comprising:

(A) a mass transfer contacting device and means
for passing fluorine compound—containiﬁg feed into the

30 mass transfer contacting device;

(B) means for passing wash liquid into the mass

-transfer contacting device;
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Summary OF The | nvention The above and ot her objects which will

becone apparent to those skil]ed in the art upon a reading of this
di‘scl osure are attained by the present invention 5 one aspect of which is:
A method for recovering fluorine conpounds conpri si ng: (A

passi ng gaseous feed conprising carrier gasg - and fluorine conpounds into
a mass transfer contacting 10 device, and passing mash liquid into the mass
transfer contactin evi,c ) n e nt o
the wash  1iquid within Preossisicabic) Saaaahlanl aghle sBoTpAR Tl 0
vapor conpr|5|nglaaundeﬁrgastandmabaotraanarcan&anﬁluqndawncng1w¢9h
l'iquid; Qﬁé Qgg%iggcgggoklggahﬁs cggapund cont ai ni ng wash liquid
into a rectification col éd separating the-colum
feed within said recti(P)cameans focoremnVBylngyJé@nraneecpmppuadsoMaknno
fluorine 20 co t g p I guid. and
(D) wi thr awi ng. £ra5 (A8 asReB pgressAbsE §8Y, 3ekiFuiatioh Bdun.
recti.fication colum ¥ed aeo@herlagpact OEeabB anwentuon tiser eof as product
fluorine conpounds. 2 0 r n

Appar atus for the recgvgﬁ§h8 ?P%of?%g%%%%%§UEEEOEE£% ko R§°P§8§ (A
a mass transfer compadsing:devi ce and neans for passing fluorine
conmpound- cont ai ni ng f [ S ti :

e ol o {8 Beet s, SAeBES, LRRC LBRoRanAG! LSRN B,
devi ce; 10 high volatility fluorine compounds and low volatility

fluorine compounds into a mass transfer contacting
device, and passing wash liquid into the mass transfer
contacting device;

(B) passing high volatility fluorine compounds

15 and low volatility fluorine compounds into the wash
liquid within the mass transfer contacting device to
produce vapor comprising carrier gas and wash liquid
comprising high volatility and low volatility fluorine
compounds ; '

20 (C) passing the wash liquid comprising high
volatility and low volatility fluorine compounds into a
first rectification column as first column feed and
separating the first column feed within said first
rectification column by cryogenic rectification into

25 top vapor comprising high wvolatility fluorine -compounds
and wash liquid comprising low volatility fluorine
compounds;

(D) withdrawing top vapor comprising high
volatility fluorine compounds from the first .

30 rectification column and recovering at least a portion
thereof as product fluorine compounds;

(E)  passing wash liquid comprising low volatility

fluorine compounds into a second rectification column
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-4- (©  arectification colum and neans for passing l'iquid
fromthe mass transfer contacting device into the rectification colum,;
and (D) means for recovering fluorine conpounds taken 5 fromthe
upper portion of the rectification colum. Yet anot her aspect of
the invention is: A nmet hod for recowerdng fluorine conpounds
conpri sing:. (A) passing gaseous feed conprising carrier gas, 10
high volatility fJ ' d i MARAY f ' ounds
into a mass trans egégg%ﬁgﬁi%ﬁ %e?giégysae%ﬁss}a g}:h\ﬂﬁa&éﬁﬂdﬁu%&qﬁ%% t he
mass transfer fema atitthig ¢daldidcsecond rectif)igaddsimealiugm vyt atility
fluori ne conpoun I VN flyord ne ggﬁp 1:nds sh
liquid within t hg&r}ﬂaogse rl(rz:ans et\ri@éon ée{'(?ttr%lnlgr{%e\ﬁo%ev% %&(}g’ful(%'%\?tat&g)r"y\a
conpri si ng carri eolgdd ldny, Wdsiodinguiapmpoungisp@insd mpstiidyia lv etassthi |1iitqu iaizd
|l ow volatility¢fl I ne conmpounds; 20 (C© passing the wash liquid
conprising high volatility and low volatility fluorine conpounds into a
(F) withdrawing top vapor comprising low

volétility fluorine compounds from the second
rectification column and recoverihg at least a portion
thereof as product fluorine Compounds.

10 A further aspect of the invention is:

Apparatus for the recovery of fluorine compounds
comprising: _

(A) a mass transfer contacting device and means
for passing fluorine compound-containing feed into the

15 mass transfer contacting device;

(B) means for passing wash liquid into the mass
transfer contacting device;

(C) a first rectification column and means for
passing liquid from the mass transfer contacting device

20 into the first rectification column;

{D) means for recovéring fluqrine compounds taken
from the upper portion of the first rectification
column; '

' (E) a second rectification column and means for
25 passing liquid from the lower portion of the first
rectification column into the second rectification
column; and

(F) means for recovering fluorine compounds taken

from the upper portion of the second rectification
30 column. |

As used herein the term "fluorine compounds” means

one or more compounds comprising fluorine.
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first rectification colum as first colum feed and separating the first
colum feed within said first rectification columm by cryogenic
rectification into 25 top vapor conprising high volatility fluorine
conpounds and wash liquid conprising |ow volatility fluorine
conmpounds; (D) withdrawi ng top vaporgconprising high volatility
fluori ne conpounds frontthe first 30 rectification colunn and recovering at

| east a portion t her£qfse II% ﬁp&.ﬁ}ﬂ) cfg
passi ng wash liquid conpr|3|n om1vo l#% uori ne co&%oun S |rﬁo a
second rect|f|canqmpqnnd§ﬁ1means one Or more fluorlne compounds-nav1ng as

second col um fe t ald
second rectifi cat | on cO q’%ﬁd%écér%éem C rectl cat |%§%&r¥ﬂo op vapor
conprising | ow 15ﬁb‘1!{a-t| |Exqmplfeajolrncrﬂelctmmhm '@ﬁfera:%btm@de WeH ) | andi d;
5 and \%féﬁgéwﬂfikf %ﬂpO( gnpr|5|ng low volatility

S

fluorine conpoun he secon ecﬁ fication colum and recovering at
| east a portion thefsbfused graxhicn ﬁheudrem Ceavpotalkatility fluorine

compounds" means one or more fluorine compounds which
are not high volatility fluorine compounds. Examples
include hexafluoroethane (C,F,), fluoroform (CHF,),

10 methyl fluoride (CH,F), pentafluoroethane (C,HF,} and
sulfur hexafluoride (SF});

As used herein the term "wash column" means a
trayed or packed column in which a gas mixture is
contacted with a liquid for the purpose of

15 preferentially dissolving ohe or more components of the
gas to provide a solution of them in the liquid. The
operation is also known as gas absorptién.

'As used herein, the term "rectification column"
means a distillation or fractionation column or zone,

20 i.e., a contacting column or zone wherein liquid and
vapor phases are countercurrently contacted to effect
separation of a fluid mixture, as for example, by
contacting of the vapor and liquid phases on a series
of vertically spaced trays or plates mounted within the

25 column and/or on packing elements such as structured or
random packing. For a further discussion of
rectification columns, see the Chemical Engineer's
Handbook fifth edition, edited by R. H. Perry and C. H,
Chilton, McGraw-Hill Book Company, New York, Section

30 13, The Continuous Distillation Process.

- Vapor and liquid contacting separation processes
depend on the difference in vapor pressures for the
components. The high vapor pressure (or more volatile
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10 A further aspect of the invention is: Apparatus for the

recovery of fluorine conpounds conpri si ng: (A) a mass transfer
coant acting devi ce and neans for passing fluorine conpound-containing feed
into the 15 mass transfer contacting device; (B) means for passing
wash.liquid into the mass transfer con[gc}Lpg devi ce; (O a

first rectification colum and neans for passing liquid fromthe nass
transfer contactigg-device 20 i.nto the tion co

fi,rst. regtifi umy . .
(D) neans for re é‘rol%é)%]lﬂ’rq)n < onﬁﬂﬁé"”tl&kg‘%end ro(fﬁrﬁ%“:d%{ﬂeer Bortion
of the first rectile cmpgor phaswlwhivreas the ldvE)vapcare prebssiad | (o didsmn
colum and means far ,2 assi.ng.l i.qui.d fromthe | r..partion, Qf the first
rectification colvt?%‘?tllﬁ't 0 %é@&&%& )i ﬁogﬁqrb%% wa@ﬁmﬁgn%?ﬁ)
(F) neans for recomentrateudm rthec dnpmintl pHaseen Parbiad tdomdeysartimarti on
of the second rectificationh _3Q .col unn. used .herein the term
"fluorine conp Htfs'thr?ezfr??ar %rprrﬁﬁeesscmd%ﬁ’ 5 G (ﬂ%&ﬂ%i"%g F V@9 me.

mixture can be used to concentrate the volatile

component (s) in the vapor phase and thereby the less
volatile component(s) in the liquid phase.
Rectification, or continuous distillation, is the

10 separation process that combines successive partial

. vaporizations and condensations as obtained by a
countercurrent treatment of the vapor and liquid
phases. The countercurrent contacting of the wvapor and
liquid phases is.generally adiabatic and can include

15 integral (stagewise) or differential (continuous)
contact between the phases. Separation process
arrangements that utilize the principles of
rectification to separate mixtures are often
interchangeably'termed rectification columns,

20 distillation columns, or. fractionation columns.
Cryogenic rectification is a rectification process
carried out, at least in part, at temperatures at or
below 150 degrees Kelvin (K).

As used herein, the term "indirect heat exchange"

25 means the bringing of two fluid streams into heat
exchange relation without any physical contact or
intermixing of the fluids with each other.

As used herein the term "recovery as product”
means removal from the system. Preferably fluorine
30 compounds recovered by the practice of this invention
are reused, either directly or after further '

processing. '
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- 6- As used herein the term"high volatility fluorine

conpounds" neans one or nore fluorine conpounds having a normal,
atnospheric pressure, boiling point bel ow 150[ err] K. Exanpl es include
carbon tetrafluoride (CF4) and 5 nitrogen trifluoride (NF[err]).

As used herein the term"low volatility fluagine conpounds" means one or
nore fluorine conpounds which are not high volatility fluorine

ds. Exanpl i af | . rrl), form
(ORTer Ty 1o et nyt A4 (e aaa il 4% SR S dog & Rdd il g 0] 21 01
and sul fur hexXdfdwerr iptert(iSfF{'eraf )a column meEn udexbdesentridre dfran "wash
col umm" neans a

traye [ K cQlu | 1C as, . xt | S
contacted with a qq]ﬂ‘ﬁ l?deo %ﬁ%g%%%po%eo‘gﬁn ?121 \[;grge Jelf 3}1}% %ﬁ%&%@oﬁéi% one
or nore conponentcolafmitihe | gas to provide a solution of themin the
l'iquid. The perati,on is al.sg known a S rPRtion ., As used
herein, the term"r ectpfsf iu(f"zﬁcf&?rce&%%e St%én&s)espgutﬁ%ﬁrﬁqrat i @
fractionati on colheat exchamyer’ @rd @ mass draadfary destioe) wiriclzadree wherein
liquid and vap

r_.phas are counter.gurrentl.y contacted..t o effect
separation of a HPR t%'-t?reo,pegsa eorw%rﬁﬁ‘%fnglrreé%%?f&q%fr? of*R%e
vapo[ Snd. ![ ihqui ;:Iamizagespfmd avist&gijmsthe pHs segyds ol an?pm:en:bne eq:tsr.;ms?.l at gs :
nmounted wit hin 25 co and/ or_ o C e Su ruct ure
or random pacKi ng. %&uﬁamqﬁﬂﬁ(gfssd{ksrgﬁ#% boéft%reeerhr Ztéﬁfl ag%sgn "‘(;:i})li#{ms,
see the Chem ddl dryiremovexl frdiampposdte farldsedf ithe exbiaydyy, R H.
Perry and C. H iJton,. MG aw . H lJ. Bog n w York, Section 30
13 The Cont i nuodE R 4l G BERRALECH UF CHHent !

cess.

Brief Description Of The Drawings

Figure 1 is a schematic flow diagram of a

preferred embodiment of the fluorine compound recovery
15 system of this invention wherein a wash column is
employed as the mass transfer coqtacting device.

Figure 2 is a schematic flow diégram of another
embodiment of the fluorine compound recovery system of
this invention wherein an additionél rectification

20 column is employed. '

Figure 3 is a schematic flow diagram of another
embodiment of the fluorine compound recovery system of
this invention wherein a dephlegmator is employed as
the mass transfer contacting device. '

'25 Figure 4 is a schematic flow diagram of another
embodiment of the fluorine compound recovery systém of
this invention wherein two spray chambers are employed

as the mass transfer contacting devicé.

Figure 5 is a schematic flow diagram of another

30 embodiment of the fluorine compound recovery system of
this invention.
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Vapor and liquid contacting separation. processes depend on the
difference in vapor pressures for the . conponents. The high vapor
preessure (or nore volatile - _ -7- or
| ow boiling) component will tend to concentrate in the vapor phase
whereas the | ow vapor pressure (or |ess Jﬂq atile or high boiling)
conponent will tend to concentrate in the’iquid phase. Parti al
condensati on 5 is . the separation process whereby cooling of a vapor
m xture can be used to concentrate the volatile conmponent (s) in the
vapor phase and Dedrdlyd Desordptionol atile conponent(s) in the liquid
phase. Rectificatio%q I 1:NUO ti t t S atlon
process that conbines cggg’%%&el g‘aﬁ% be \d%éfﬁgja‘% g‘rrlls%%r%q'l ensat i ons
as obtained by arefcalwmmd:@rrtmu dnaeangmt of t he vapor and I|qU| d
phases. The countercurrent _co f ses is
general |y adi abatic and caﬁgﬁ% %‘& r‘#gg:r %?’st g‘g)%\ﬂil Q-‘?Teerent I al
(continuous) 5 dmwbmmﬁOMemmEEmlmh¢hphamss tﬁamnﬂﬁn<gmm®qm@mng device
arrangement st haty Utf Ljag g CllfErthg ndiPEd FigAHT,t G301 ©
feed 1 which has been pressurized to a pressure of at

least 18 and preferably at least 20 pounds per square
inch absolute (psia) and has been treated to remove
10 particulate and chemically active impurities such as
hydrogen fluoride, carbon dioxide and water, and which
comprises nitrogen carrier gas, high volatility
fluorine-compounds and low volatility fluorine
compounds, is cooled by indirect heat exchange in heat
15 exchanger 2 with return nitrogen-containing top vapor
taken-from the wash column to a temperature somewhat
above that at which some of the fluorine compounds
would begin to condense, either as solid or liquid.
Generally such temperature is within to range of from
20 150 to 130°K. The carrier gas of the gaseous feed may
comprisé other gases in addition to or in place of
nitrogen such as oxygen, argon, helium and/or hydrogen.
Copléd gaseous feed 3 is then bassed into the
lower pdrtion of wash column 4. Temperature controller
25 5 controls vélve 6 to ensure that the temperature of
gaseous feed 3 is within the desired range. Wash
liquid 7 ;s passed into the upper portion of wash
column 4. Wash liquid 7 has a freezing point lower
than the temperature of the gaseoué feed as it enters
30 the mass transfer contacting device such as wash column
4 and has a vapor pressure at that temperature less
than 1.0 mmHg and preferably less than 0.01 mmHg. A
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I nt erchangeably terned rectification colums, 20 distillation columms, or
fractionation col ums. Cryogenic rectification is a rectification process
carried out, at least in part, at tenperatures at or- bel ow 150 degrees
Kel vin (K). As used herein, the term"indirect heat exchange" 25
neans the bringing of two fluid streams intqdeat exchange rel ation

W t hout any,physical contact or interm xing of the fluids with each

ot her. e ans renova

fromthe systen1 ?%?géﬁyw?%ﬁo%%ﬁﬁféo oﬁ%%ﬁ ?é%%gered(%gﬂ?he practice

of this |nvent|onOthearﬁlmedsedhlehtmey Heresedyasrwaﬁhe11Qu1dh@rinclude

proceSS|ng o As used herein
aneﬁ a%%ane a?d mlxtur?? Eher%

the ternms "upper % 'on OwWer™ por Of'colunn mean t hose
sections of a coIunﬁheeg@seemsefgedbﬁbewandpbuash/CObummdboand thet he

ggLﬁgEger and a %§§t+g§%f%rf%£€? Q% lggf@%§3|g%§ nf%35%€?§%3c5f§h
countercurrent flhighfvobhpbility fluorlne compounds and low volatility
fluorine compounds pass from the gaséous feed into the
downflowing wash liquid to produce nitrogen-containing
top vapor and wash liquid comprising high VOlatility
10 and low volatility fluorine compounds. In the
embodiment illustrated in Figure 1 upflowing gas, which
has been partially depleted of fluorine compounds, is
withdrawn from wash column 7 as stream 8 and cooled by
indirect heat exchange in heat exchanger 9. Resulting
15 cooled stream 10, which may contain some liquid, is
passed into wash column 7. The gas then continues up
the wash column in countercurrent contact with the
descending wash liquid to continue carrying out the
aforesaid mass transfer of the fluorine compounds into
20 the wash liquid.
The nitrogen-containing vapor is withdrawn from
the upper pbrtion of wash column 7 as stream 11.
Liquid -cryogen such as nitrogen stream 17 is withdrawn
froﬁ tank 16, passed through part of heat exchanger 9,
25 through valve 18, and then combined with stream 11.
The resultant stream is then passed through a portion
of heat exchanger 9, and then combined with nitrogen
vapor stream 13 which is supplied from tank 16 through
valve 15. The combined stream is divided into streams
.30 12 and 14. Stream 12 is passed, at least in part,
through heat exchanger 2 to carry out the
aforementioned cooling of gaseous feed 1 and ié then
passed out of the system. Stream 14 is employed in a
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and liquid within thée passages of one or nore streans. This results in
mass transfer between the phases, which 10 are renoved from opposite ends
of’ t he exchanger, resulting in a separation of conponents. Bri ef
Description O The Draw ngs Figure 1 is a schematic flow di agram of
a preferred enbodi ment of the fluorine cogpound recovery 15 system of
this invention wherein a wash colum is enpl oyed as the nmass transfer
contacting devic Ej . ' ' ' I di,agr . t her
cnbodi ment. of |t PSR SRR df BRI B (UM A ]
wherei n an additilat®rorectification 20 colum is enpl oyed. Figure 3
Is a schematic flow di Qf . <Y AP | qtihe, f rqi

conmpound recovery systvgngrg@lc&mﬁ:%&ﬂnrvlesnﬁn%q l{ersggllnaoéalldlggﬁléel{gé?mdéf i's
enpl oyed as t hvo Tradsisl ittnarfifuar ioentcompoupdievis aovitigirawn fquurthet is a
schemati ¢ f1 owliagiam of, AU N wactt AP £ deiedd Y gy comPound
recovery systemo I'sTinvention wherern two spray chamnbers are

enpl oyed as t prefimablnpessed ditrmighgradard &0 into first datelb is a
schemat i c {1 ow di4r,apof ANPLACTLAG LTRPY ool 44t Y iferfioPOUNd
recovery -systemo I's T hventi on.

: batch-wise processing. The use of tank 21 is

" advantageous when there is a significant variance in

10 the fluorine compound concentration in the gaseous feed
and/or in the gaseous feed flow rate. Any liquid that
is vaporized within tank 21 may be passed out from tank
21 through.valve 22 in line 23 and combined with

. gaseous feed stream 3 and then into wash column 4.

15 Wash liquid comprising high volatility and low
volatility fluorine compounds is passed from tank 21 in
-stream 24 through valve 25 as first column feed into
the lower portion of first rectification column 26
which is driven by external heat input through heat

20 input line 27.

The rectification steps may be operated in a batch
mode. Within first rectification column 26 the first
column feed is separated by cryogenic rectification
into top vapor comprising high volatility fluorine

25 compounds and wash liquid comprising low.volatility
fluorine compounds. It will be recognized by those
skilled in the art that the top vapor from column 26
may initially contain some carrier gas which has been
dissolved in stream 24, and may also contain some low

30 volatility fluorine compounds. Similarly, the wash
liquid from column 26 may contain some high volatility
fluorine compounds. |
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-9- Det ai | ed-Pescription The invention will be déscribed in

detail wth reference to the draw ngs. Figure 1 illustrates
an enbodi ment of the 5 invention wherein the mass transfer contacting

devi ce is a wash colum. Referring nowto Figure 1, gaseous feed 1
whi ch has been pressurized to a pressure ofj{at_ -least 18 and preferably
at . | east 20 pounds per square inch absolute (psia) and has been treated
to renove 10 parti cul I4 fdstals

hydrogen fl uori de, ca?é n ngI %F%;ﬁ% ﬁgaﬁtl%l cggggFgés ni t rogen

carrier gas, higlcompoanidsi the w1thdmammef¢@mp¢MMd@p@m¢ Powtionaofl ifiyst
fluorine  COMPOYRE #12a000Le Lol Jef 88! ReanSENARE o 0GR 10

exchanger 2 with™retarn nitrogen-cont ai ni romt he
wash columm to apbetpemat@eeegdhgwhg@covegbGVQStmapdwmtwﬁlmhrS@me of the
fluorine conmpoyn | d g fQ N, e | Gy ui d.
Ceneral | y such%t (%%pgr g\té@%e | ?gmet n@%’&i‘fn ot l H%%m %ds%’ %E%J(?[ g'lll’] K.
The carrier gas Gtrbhm.@@seaupaseew mhyoughc¢mmh dé amhemdgm§@§ iheadddi ti on
to or in place of h r d/ or

hydr ogen. x&@@ﬁ@% %%%@bﬁggfeegugﬁy%ﬂ l% Q%%%EE t%e | ower
portion of wash (ptalrdtmldy cms&rekmmmﬁﬁbﬂml% walyw bes to

ensure that the LoTIPBugh va1d®3sd 537 6d byplsd i elesi T ol

10 Resulting partially condensed stream 31 is then passed
_into phase separator 32. Vapor, comprised primarily of
carrier gas, is passed out from phase separator 32 in
stream 33, through valve 34 and combined with stream 10
~and then into wash column 4. Liquid is withdrawn from
15 phase separator 32 as stream 35. A portion 36 of
stream 35 is passed through valve 37 and into the upper
portion of first rectification column 26 as reflux.
After'eSSgntially all of the carrier gas has been
exhausted from the first rectification column through
20 stream 33, another portion 38 of stream 35 is passed
through valve 39 and recovered as product fluorine
compounds comprising primarily high volatility'fluorine
compounds. |
- Following removal of most of the high volatility
25 fluorine compounds from column 26 through stream 38,
wash liquid comprising low volatility fluorine
compounds is withdrawn from the lower portion of first
rectification column 26 as stream 42 and passed through
valve 43 into second batch storage tank 44 where it is
30 stored for subsequént batch-wise processing. The use
of tank 44 is advantageous when there is a significant
variance in the fluorine compound concentration in the
gaseous feed and/or in the gaseous feed flow rate. Any
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liquid 7 is passed into the upper portion. of wash colum 4. Wash liquid

7 has a freezing point |ower than the tenperature of the gaseous feed as
it enters 30 the mass transfer contacting device such as wash col um 4
and has a vapor pressure at that tenperature |ess than 1.0 mmHg and
preferably less than 0.01 mmtHg. A 13 - 10
- preferred wash liquid is perfluoropropane (Cerr]F[err]). O her

fluids which ”Hvlfguf&eéhéghfesva%agyk i?ﬁiﬂdeankaQPﬁQg &' B2ggegnd

m Xt ures thereof ous up wash c t he
5 wash liquid flows fvom bhask é&lbhnoughnmalﬁetﬁé pnobess 4ﬁ|ghdvolatlllty

fluorine Conpoungé?ﬁfﬂeéowiﬂﬁ'fiiétthluﬁﬁlEQé&”EtEQ&HogﬂdénBaEﬁeﬁrQﬂkéhe

gaseous feed int downf dto
ni t r agen- cont ai nfhyst reoplﬁapatlgmdcqbgmnlz U|dW%§hpliGUh@ no@prwaiaguluty

10 and | ow vol gt ibi, 4o 1LUPTL0G EPABPIRGSCohflotlRs, 1 BRRELAP Pk tuakr 2t o

in Figure 1 upflow partiall uori ne
conpounds, is 4ﬁniMdsamnamr6W1Uhshucbluaﬁvé 48 ssreemosdamdlumoléde@y

| ndi rect heat exf§€89€h%”a€§§£ §§£@f€996f IseE6RY! £500; £Pc5LPEE 81 tumd™ 10,

whi ch may containi Sone
49 which is driven by external heat input through heat

~ input ‘line 50.

10 Within second rectification column 49 the second
column feed is separated by cryogenic rectificatién
into top vapor comprising low volatility fluorine
compounds and residual wash liquid. Top vapor
comprising low volatility fluorineléompounds is

15 withdrawn from the uppér portion of second
rectification column 49 as stream 51 and at least a
portion thereof is recovered as product fluorine
compounds. In the embodiment illﬁstfated in Figure 1,
stream 51 is condensed by passage through heat

20 exchanger 52 in indirect heat exchange with stream 14
which is then passed out of the system. Resulting
stream 53 is withdrawn from heat exchanger 52 and a
portion 54 is passed through valve 55 and into the
upper portion of second rectification column 49 as

25 reflux. Another portion 56 of stream 53 is recovered
as product fluoiine compounds. When more than one '
fluorine compound is to be recovered, each compound may
be recovered'sequentially.

Residual wash liquid is withdrawn from the lower
'~ 30 portion of second rectification column 49 as stream 61
and passed through valve 62 into wash liquid storade
tank 63. From tank 63 the residual wash liquid is
passed as stream 64 through tank 16 wherein it is
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passed into wash colum 7. The gas then continues up the wash colum in
countercurrent contact with the descendi ng wash liquid to continue
carrying out the af oresaid nass transfer of the fluorine conmpounds into

20 the wash |iquid. The nitrogen-containing vapor is withdrawn from
t he upper portion of wash colum 7 as stre 1. Liquid cryogen such as
nitrogen stream17 is w thdrawn fromtank 16, passed through part of

heat exchanger coaﬁeahﬁgugﬂdx%xe B8 taesiﬁaaﬁg CREhneflet §Buibr G3Eh L

The resultant streamis then ssed t rou exc anger
9, and then conbtanl mﬁthonattegparatuvapbelQWréaﬁf53and|pﬁefsrgbéwl|ed

fromtank 16 t hrggggeegt Yy gﬁ 1§z he 'ﬁPmé%qﬁf eas aégdfe(ii é&?%{jﬁ#ﬁfh

streans 30 12 an ream 2 I's passed part,
heat exchanger 2isopaased 6uomthenk 1éfmnénenhEOnppeCODprhgoufogawechs f eed

1 and is then d,o ystem Stream 14 is enployed in a
domnstrean1porPlSﬁigﬁﬁtﬁegéyg%5%$§s§MAII be descri bed | at'er. Wash

li quid conprising hi gFiguket Bl iljuabhdatew another embodiment of the
invention wherein the initial rectification steps are
preferably carried out continuously. The numerals in
Figure 2 correspond to those of Figure 1 for the common

10 elements and these common elements will not be
described again in detail. 1In the embodiment
illustrated in Figure 2, first rectification column
feed 24 is passed into the upper portion of first
rectification column 26. Stream 31 is passed into the

15 upper portion of additional column 57 wherein it is
separated by cryogenic rectification into carrier

- gas-containing vapor and into liquid containing high
~volatility fluorine compounds. The vapor is passed out
from column 57 in stream 33, through valve 34 and

20 combined with stream 10 and then passed into wash
column 4. The liquid is withdrawn from column 57 and
recovered as;product fluorine compounds comprising
primarily high volatility fluorine compounds.

Figure 3 illustrates another embodiment of the

25 invention wherein the mass transfer cbntacting device

is a dephlegmator. The numerals in Figure 3 correspond
to those of Figure 1 for the common elements. In the
embodiment illustrated in Figure 3, cooled gaseous feed
3 is passed into the lower portion of dephlegmator 58.
30 Wash liquid 7 is passed into the upper portion of the
- same passages of dephlegmator 58. The gaseous feed
flows up dephlegmator. 58 and wash liquid flows down
dephlegmator 58 and in the process high volatility
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volatility fluorine conpounds is withdrawn fromthe 5 |ower portion of
wash colum 4 as stream 19 and preferably passed through valve 20 into
fi‘'rst batch storage tank 21 where it is stored for subsequent

bat ch-w se processing. The use of tank 21 is advant ageous when there is a
significant variance in 10 the fluorine canggund concentration in the

gaseous feed and/or in the gaseous feed flowrate. Any liquid that S
vaporized w thin §ankes R3S S8 OLbw i voTa ¢ flKey FRIoEPROUIN val ve 22
in line 23 and coﬁggie mF?%FﬁEh %Ya d t%en I nto wash

gaseous feed stream 3 an
colum 4. 15 Washcompenpds ipd$s stremhtk® gaseens | feedntntovthevol atility

fluorine conpoundé%@fp@ﬁﬁgﬁl Wi i idld rbro?‘g,?gag&gﬁéprough val ve 25

as first colum feed into ~“the lowel portion of first rectification colum
26 which is drigesregniairing torayapepuand Hvashyhl heaid 2comppisingne 27.
The rectificati 3 t i 1OEEindY L& St
rectification égpﬁ%%§2%°¥€%l$?$gﬁgﬁéb§ uﬁﬂo?%ggifgys%para%%%yééﬁé?é%ﬁghic

rectification iThe repulbbeg CRPEFiLs ridithdrawn| Exomidsphlegrater 2
conmpounds and wasfg i £hCPfPrééﬁé§?+?2%¥€ﬁa§ tédn 13 dAORLPERELPPOUNdS.

It will be recognized by those In the art. that the top vapor

fromcolum 26 Pregessedias|Jezoniked Wbkl the rprevigus vemkodimenben
di ssolved in str : NBYm 3 | O %t | Bdoe | 1LY

fluorine conpoungs. %?%% aﬁ?g, t efﬁggﬁnﬂf¢$i%U|d #?%%?g%¥%n%6g6 may
contai n sone hi@webrtilityytluorinereompewngsuhgisyithdrawn from the

lower portion of dephlegmator 58 as stream 19 and
further processed in a manner similar to that of the
embodiment illustrated in Figure 1. In the embodiment
illustrated in Figure 3, streams 12 and 17 each pass

15 through dephlegmator 58 as heat exchange streams. The
resulting warmed streams are combined to form stream 59
which- is passed at least in part through heat exchanger
2 to cafry out the cooling of gaseous feed 1 and is
then passed out of the éystem. Also, stream 33 is

20 passed into stream 23 which is then combined with the
cooled gaseous feed 3 upstream of dephlegmator 58.

Figure 4 illustrates another embodiment of the

invention wherein the mass transfer contacting means is
a spray chamber. The numerals in Figure 4 correspond

25 to those of Figure 1 for the common elements. In the
embodiment illustrated in Figure 4, cooled gaseous feed
3 is passed into first spray chamber 70. Wash liquid 7
is also passed into first spray chamber 70 and the
contact between the feed and the wash liquid produces a

30 vapor enriched in carrier gas and a first liquid
enriched in fluorine compounds; Thefvapbf is withdrawn
from first spray chamber 70 as stream 71. A portion is
passed through heat exchanger 9 and combined with
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- 12 - Top vapor conprising high volatility fluorine conpounds is
wi t hdrawn from the upper portion of first rectification colum 26 as '
stfeam 28 and at least a °~ portion thereof is recovered as product fluorine
5 conpounds. In the enbodinent illustrated in Figure 1, stream 28 is
passed through tank 16 in indirect heat -eddghange with the liquid within
tank 16 and is partially condensed. A portion 29 of stream 28 may be
passed t hrough vastvee®f 33 ts f@rhy@@n@amana ﬁﬁlcﬂ015@9m$$é@gln®0téétbﬂd

condensed stream 31 is th assed par at or Vapor,
conprised primari?5FdY © a@%ﬁ?lif 9B, p €b§§a25 %ﬁt #F%ﬁmpﬁﬁéﬁa¥ Qr at or
32 in strean1Sﬁass@doagheaalyelﬁﬂoa@dc@mabspmawvmhémbéreanm10Washand
then into wash ¢ i %é Li gui g fron1%§ hase sﬁgatoz 32 as
stream 35. A porttd bris a ??é%i?% gn As2EHR ﬁﬂyvﬁ &% LAd into
t he upper p05twhmméinfthetrésaltimgaémmuacblhmﬂwéénathee@épmr and AEher
essenti.ally all { he.carrier é 2 aust ed fronthS first
rectification col %ﬂr%ﬁ%ﬂu 5?7555?§39a3n5?ﬂ 7 ?&Fg|¥ﬁp%ﬁ ¥ s?ream 35
I s passed throwgbomdlyfqﬁﬂda@ﬂrieh@deiﬁdfhuopimduc¢m¢¢wmdsne The
conpounds conprisin | mar h volatility.flup ounds
Fol | owi ng renoval © %? ﬂ%§t95§ %ﬁ%£%+5ﬁnng%??¥l}§ w1£hdrawn FréRsecond
spray chamber 72 as stream 11 and further processed
10 similarly as described with the embodiment illustrated
in Figure 1. The first and second liquids are
withdrawn respectively from first and second spray
chambers 70 and 72 as streams 74 and 75, passed
respectively through valves 76 and 77, and combined to
15 form stream 19 which is further processed as previously
described.
The embodiments of the invention illustrated in
Figures l1-4 are preferred embodiments, in part, because
they enable the separate recovery of high volatility
20 fluorine compounds and low volatility fluorine
compounds as the product fluorine compounds. When the
incoming gaseous feed does not contain appreciable
amounts of both high volatility and low volatility
fluorine compounds; or when separate recovery of high
25 volatility and low volatility fluorine compounds is not
desired, the embodiment of the invention illustrated 1n
Figure 5 may be employed. The embodiment of the
invention illuStrated in Figure 5 shows the invention
employing a wash column although it will be recognized
30 that the systems illustrated in Figures 2, 3 and 4 may
also be employed with the embodiment illustrated in
Figure 5.



¥
25 fluorine conpounds from col umm 26 through stream 38, wash liquid
conprising low volatility fluorine conpounds is withdrawn fromthe | ower
portion of first rectification colum 26 as stream 42 and passed through
val ve 43 into second batch storage-tank 44 where it is 30 stored for
subsequent batch-w se processing. The use_ j90L tank 44 is advantageous
when there is a significant variance in the fluorine conpound

concentration in the Re&aﬁﬁ%bs _Jogpq:oarﬂ_{% [B,t fbeaﬁgélaoéﬁsloﬁe{?eﬁq)f lvﬁl"iéﬁ”‘?e'

Any at™ 1’s 'vapori zed
wi t hin tank 44 ninasbhédeeas parkssumited rtoma presthnehrafugit Malast 48 iand i ne

foctificati on corli TR e Fkd au i HeA Ay (U EG® (| yori ne

rectification co ‘conpri sing ow Vv ori ne
conpounds i s pasgatificuhatenlend chenicaliineaatdve Hmpnpi tids/swuh & second

whi oh s dri vers BYEefE, diiloattd, Mator S A Ed VA" sl WHien )%
W thin second recdnprisesomidoiagen 46 tihe swounicer gasolanth flamtine
separated by, cry QS 114 @ by |HA AR YRAY SATREG T e
exchanger 102 with return nitrogen-containing top vapor
taken from the wash column to a temperature somewhat
10 above that at which some of the fluorine compounds
~would begin to condense, either as solid or liquid.
.Generally such temperature is within to range of from
150 to 130°K. The carrier gas of the gaseous feed may
comprise other gasés in addition to or in place of
15 nitrogen such as oxygen, argon, helium and/or hydrogen.
' Cooled gaseous feed 103 is then passed into the
lower -portion of wash column 104. Temperature
controller 105 controls valve 106 to ensure that the
temperature of gaseous feed 103 is within the desired
20 range. Wash liquid 107 is passed into the upper
portion of wash column 104. Wash liquid 107 has a
freezing point lower than the temperature of the
gaseous feed as it enters the mass transfer contacting
device such as wash column 104 and has a vapor pressure
25 at that-temperature.less than 1.0 mmHg and preferably
less than 0.01 mmHg. A preferred wash liquid is
perfluoropropane (C,Fy). Other fluids which may be
used as wash liquid 107 include propane, ethane and
mixtures thereof. o .
30 The gaseous feed flows up wash column 107 and the
wash liquid flows down wash column 107 and in the
process fluorine compounds pass from the gaseous feed
into the downflowing wash liquid to produce nitrogen-
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conpounds and residual wash liquid. Top vapor conprising low volatility
fluorine conpounds is 15 withdrawn fromthe upper portion of second

rectification colum 49 as stream 51 and at |east a portion thereof is
recovered as product fluorine conpounds. I n the enbodi nent illustrated
in Figure 1, stream 51 is condensed by_pgagsage through heat 20 exchanger

52 in indirect heat exchange with stream 14 whi ch is then passed out of
the system ResultinRg ;i (yqp | S W QMY 4 &@ﬁ%l RANGEM % and a
portion 54 is pagg)g&%tlt?rlg{?{:]h alﬁ;\%go?S\ggﬁg(ﬁ%ntoltr{fg@ ppenr%- orti or?lgfg
second rectificamaslh ddiawid.49 Ins the exkogimentotiddusigratiesh 136 Eifgune dam
53 is recovered f r

AR s il B B Sy deIst O

fluorine conpounauﬁs to be relovere each co

sequential ly.  fluorimesicemgourgsh lisquithdrawn Hhoawwashomalvan Gk 30

portion of sec@n | f1Caty ld45 iSios e
t hrough val ve gzﬁéltgoqf\ﬁaaghitqsg%ngpst or f;azﬁ lt ar%k%f?fﬁ?ragm%?%ﬁ%@ 9}1{%
resi dual wash | i dueiat iexchangessdd®%s Resadrhisw doodegh staeam d Ihemdiich t

s may contain some liquid, %%'passed into wash column

107. The gas then continues up the wash column in
countercurrent contact with the descending wash liquid

10 to continue carrying out the aforesaid mass transfer of
the fluorine compounds into the wash liquid.

The nitrbgen—containing vapor is withdrawn from-

the upper portion of wash column 107 as stream 111.
Liquid nitrogen stream 117 is withdrawn from tank 116,

15 passed through part of heat exchanger 109, through
valve 118 and then combined with stream 111. The
resultant stream is then passed through a portion of
heat exchanger 109, and then combined with nitrogen
vapor stream 113 which is supplied from tank 116

20 through valve 115 to form stream 112. Stream 112 is
passed, at least in part, through heat exchanger 102 to
carry oﬁt the aforedescribed cooling of gaseous feed
101 and is then passed out of the system.

Fluorine compound-containing wash liquid is

25 withdrawn from the lower portion of wash column 104 as
stream 119 and preferably passed through valve 120 into
batch storage tank 121 where it is stored for
subsequent batch-wise processing. The use of tank 121
is advantageous when there is a significant variance in

30 the fluorine compound concentration in the gaseous feed
and/or in the gaseous feed flow rate. Any liquid that
is vaporized within tank 121 may be passed out from
tank 121 through valve 122 in line 123 and combined



¥ .

cool ed by indirect heat exchange with the liquid within tank 16 to a
tenperature bel ow 100[err] K and preferably between 91 and 93[err] K The
re’sulting cool ed wash |iquid is passed fromtank 16 into the upper
portion of wash. 5 colum 4 as stream?7. Figure 2 illustrates

anot her enbodi nent of the I nvention wherepn_the initial rectification
steps are preferably carried out continuously. The nunerals in . Figure

2 correspond to e of Figur f t PNy Iﬂﬁg %ng

common el enent s VRJ]'I r?%}ségge“%u %ee?sdcrl J& aglal nin eegllle"'. ns"{ e eéré)lo%gl trent
illustrated in Fild.e ZEludmiste reampduncitdantaciolingn washedd qrid sipassed

i nto the upper pqrti.o fir. raCts fi ' qﬂniéﬁa; &AM S
passed into the %?g&peprbegrﬁg* ttlsaé%k 0 a(f'd-{ ts‘l%(?tnéaﬁ%clg}iunn S;rdgi n ilt | £°
separat ed by cryapdninn rfieed fimda ithre iluwer podtdion ofaeatufidatiion vapor
and into |Iiquid containi hi, ah Vo |1 flyori Q ' The vapor
I s passed out % #ﬂ%&%@fzqr‘?’sﬁ Igé}rﬁ%?& t%&o%f%gelv%é\?gg%%}ntd 20

conbi ned wi th st rdanoukh dredtt hierpytadsied 1127 wash colum 4. The liquid
is withdrawn from col 57 and., . ..eqavered (o flugrjne £o nds
conpri sing primari m% Rfoqtgﬁﬁ‘:.#&‘g} f@rlﬁﬁ“épcl%wb%hr?ds&q fceer@iq:::]éur e
3 illustrates ancdparastsibdyremyafertite et irfideyati icon vitrdreeifil udmEinmens s
transfer contacti i £e .S qgﬂlggﬁﬁt Ml I in Fi.aure 3
correspond to %%‘c?gogl\ﬁocf qﬂngtuarl}]%gfdor he co]:(r)rr"r’lnnr'i‘i Igi%erren s"'?g s‘f}’n Jiqh(ﬁ‘{l%'
enbodi nent il st r at edlien Hapyurapdd;  aoop e iges diluw fics] compurglsgpdssed i nto
the 1ower port!on:dn Gl ST Ynedppkl W iditd fodiy Aaaaad nto the
upper portion of e sane passageg)o ephl"egmat or s e gaseous feed
flows up dephl egretlomrb 8 2 svatirdamui2B famphsatddeast a portion thereof

is recovered as product fluorine compounds. In the

embodiment illustrated in Figure 5, stream 128 is

15 passed through tank 116 in indirect heat exchange with
the liquid such as liquid nitrogen within tank 116 and
is partially condensed. A portion 129 of stream 128
.may be passed through valve 130 so as to bypass tank
116. Resulting partially condensed stream 131 is then

20 passed into phase separator 132. Vapor, comprised
primarily of carrier gas, ‘is passed out from phase
separatér 132 in stream 133, through valve 134 and
combined with stream 110 and then into wash column 104.
Liquid is withdrawn from phase separator 132 as stream

25 135. A portion 136 of stream 135 is passed through

~ valve 37 and into the upper portion of rectification
column 126 as reflux. After essentially all of the
carrier'gas has been exhausted from rectification
column 126 through stream 128, another portion 138 of

30 stream 135 is passed through valve 139 and recovered as
product fluorine compounds.

Bottom wash liquid is withdrawn from the lower

portion of rectification column 126 as stream 142 and



dephl egmat or 58 and in the process high volatility

- 15 - fluorine conpounds and | ow volatility fluorine conpounds pass
fromthe gaseous feed into the downf |l owi ng wash liquid to produce
carrier gas-contai ning top vapor and wash liquid conprising 5 high
volatility and low volatility flourine compg nds. The resulting vapor is
w t hdrawn from dephl egmat or 58 as stream 1, conbined with stream 13 and

e oty S ot ARSI b L A B Al LA T BT
is wthdrawn frorm44n.e Any dviquipbrihain o8 vmﬂmﬁmtvmtlﬁﬁm asarsit rieddnndy and
e processed,d sSSP c{odd var BOPRS TR0y ape,
streans 12 and 17143@cztn¢)mnlﬂﬁuéd1mtgh mte;philregfmd)rsﬁ&m l%tamicltt&nge
AT TN o VAR Gl SR £ SOTRARE Sl LAY e %0
t he cooling of gdssten fvesh liqulid sis pddsed pes sstirenn 1017 ttheroygtt drank
Also, stream 33 i 20,Pa08R0 {005 UISAM 5y WU AL d St WSk SRR With the
the.llquld within tank 116 to a temperature below 100°K
and preferably between 91 and 93°K. The resulting
10 cooled wash liquid is passed from tank 116 into the
upper portion of wash column 104 as stream 107.
Now by the use of the cryogenic fluorine compound
recovery system of this invention ohe can effectively
and éfficiently recovery fluorine compounds from a
15 carrier gas stream, such as an effluent stream from a
semiconductor production facility, without generating
significant amounts of waste gas or requiring |
significant fufther separation to produce fluorine
compound products suitable for use. Furthermore, the
20 invention enables one to effectively handle a feed gas
stream which has a highly variable flow rate and/or
fluorine compound concentration.
Although the invention has been described in
detail with reference to certain embodiments, those
25 skilled in the art will recognize that there are other
embodiments of the invention within the spirit and the
scope of the claims.
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cool ed gaseous feed 3 upstream of dephl egmat or 58. - Figure 4

il lustrates another enbodi nent of the invention erein the mass

transfer contacting neans is a spray chanber. g*ﬁT n
correspond 25 to those of Figure 1 for the conmobn ’I erren}@fléi gﬁ%ﬁ’u

enbodi nent illustrated in Figure 4, cool ed @dseous feed- P S..passedl into -
first spray chanber 70. Wash liquid 7 Is al so passed into flrst.spray
chanber 70 and the contact between 't heg and the wash |iquid produces
a 30 vapor enriched |n carrler and a tfirst ligquid , enriched i

fluori ne conpounds. The éﬁ?@u ?Ek%ﬁﬁ?ver¥qﬁn#%WQE&n%nﬁQﬂP er 70
as stream 71. /\¢nmprxslng passed t hrough heat exchanger 9 and conbi ned

wth 3 ream
10 which is passed into secg'}?d pag prré%/ %%gerﬁ)uesr fﬁeéﬁ{&@g Eﬁi‘r{}é;:g O1%’!1'ie,‘€%sr eam
71 may be pasmsduhmlwlandmmmw Qnmmmdwanw\ﬂmw liquid 7
I s al so passed i @cﬁrﬁ{@’%&ﬂ oz%xds'a Mhes &f q“atg'ge deE gdd

e vapor an

contact between t produces carrj er. gas-containi ng
vapor and a s RBHPGEIRT Aricenand rPaFEFEEPd?Q TR i 1 the carrier

gas-cont ai ni ng Vaies | Sransiel aavhidotimeadmdice; spray chanber 72 as stream

11 and further processed_ (B) passing high volatility fluorine
compounds and low volatility fluorine compounds into
the wash liquid within the mass transfer contacting
device to produce vapor comprising carrier gas and wash
liquid comprising high volatility and low volatility
fluorine compounds;

(C) passing the wash liquid comprising high
volatility and low volatility fluorine compounds into a
first rectification column as first column feed and
separating the first column feed within said first
rectification column by cryogenic rectification into
top vapor comprising high volatility fluoriné compounds
and wash liquid comprising low volatility fluorine

~ compounds;

(D) withdrawing top vapor comprising high
volatility fluorine compounds from the first
rectification column and recovering at least a portion
thereof as product fluorine compounds;

_ (E) passing wash liquid comprising low
volatility fluorine compounds into a second
rectification column as second column feed and _
separating the second column feed within said second
rectification column by cryogenic rectification into
top vapor comprising low volatility fluorine compounds
and residual wash liquid; and .

(F) withdrawing top vapor comprising low
volatility fluorine compounds from the second

T “I‘]fjﬁ[[|i‘ii;ﬂi|i"|i‘| i
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10 simlarly as described with the enbodinment illystrated in Figure 1.

The first and second |iquids are W t hdr awn resf’“* - ___nglflrst and
second spray chanbers 70 and 72 as streans 74 § O
respectively through valves 76 and 77, and conbi ngd Epyl QL0 BEEAedm 19
which is further processed as previously = d&&cribed. ' .
enbodi nents of the invention illustrated in Figures 1-4 are prererred

enbodi nents, in peé&um@aui@n conhﬁm aﬁablrecbbersﬁgaaet Eeh8E04CHYrefioli gh
volatility 20 qu |ne ou agag EOM/VO atl|ltﬁﬂé uori ne conmpounds
as the product fI FFﬁQ cggpgﬁﬁ Ctyf&HorfBe ¢© flg gaseous feed does
not contain appreciable anmounts of both high volatility and | ow

volatility quorlne CoanHQdﬁetﬁBdeﬁncigﬁﬁritﬁhégg?ﬁe£X8 éagégns

volatility and | ow vol atili uor 1 ne conmpounds I's
enbodi ment of t heEpadedsi 6RO BﬂubYr&F@érEﬁt heFFga#@hgnﬁﬁywbéhehbeoYéﬁorThe

embodi ment  of thecomptﬁ%&ﬁ?'Earkhbﬁséé§t§§1b9 Ebgﬁéﬁng gagéédthﬁtbnﬁﬁét'on
enpl oyi ng a wash col um al Sgrecognlze 0 that the systens

illustrated in Fi BaF8styang Sﬁdcﬁnﬁﬁﬁtlnga Y168 enpl oyed with the
enbodiment illustrated in =~ Figure 5

3. The method of claim 1 whe#ein a portion of
the top vapor comprising high volatility fluorine.
compounds withdrawn from the first rectification column

. is passed into the mass transfer contacting device.

4. The method of claim 1 wherein residual wash
liquid is withdrawn from the second rectification
column and passed into the mass transfer contacting
device.

5. Apparatus for the recovery of fluorlne
compounds comprising:

(A) a mass transfer contacting device and
means for passing £luorine compound-containing feed
into the mass transfer contacting device; '

| (B) means for passing wash liquid into the
mass transfer contacting device;

(C) a first rectification column and means
for passing liquid from the mass transfer contacting
device into the first rectification column;

(D) means for recovering fluorine compounds
taken from the upper portion of the first rectification
column; ‘ . |

(BE) a second rectification column and means
for passing liquid from the lower portion of the first
rectification column into the second rectification |
column;'and

R |l lIIl HIIIIH IIIIH ml lll ﬂl’




- 17 - Referring now to Figure 5, gaseous_feed 101 which has been
pressurlzed to a pressure of at |east 18 and ;
been treated to renove particul ate and cheni cd
as 5 hydrogen fluoride, carbon dioxide and wat Xata AV
nitrogen as the carrier gas and fluorine = -c&pounds, is: cooled by I ndi rect
heat exchange i n heat exchanger 102 with return nitrogen-containing top

vapor  taken fromthe vvash(s-sol umeahl ﬂoi‘eﬂ‘aebeéﬂiﬁ Sﬁmwihelﬁoﬁ\ﬁéﬁﬁdkhat
at whi ch sone of é E E ng gg to cq ndense, either
as solid or Iiquig@<en ﬁ8Wa R BﬁrtBHﬁEFﬁPu?g emFFﬁ?ﬂ to range of from
150 to 130[err]K.réb91facateongeslumnthe gaseous feed may conpri se ot her
gases in addition to or in place of 15 nitrogen such as oxygen, argon,

hel i um and/ or hydrogen. Cool ed gaseous feed 103 is then passed into
t he | ower - portion of.wasEheoppparatus o8npbaimusewhereint thel wass0s
control's val ve 1OéréﬁsE@fUESnEQéE:LthdeVJ.ESnESt'hﬁi'i!éés05. Gé‘éﬁoﬁélﬁtﬁﬁg 103 1s
w thin the desired 20 range. Wash ITquid 107 is passed into the upper
portion of wash columm 104. MWash liquid 107 -has a freezing point |ower
than the tenperature of.theThegappavatteedfaslaimestwheréln thesmassnsfer

tacti d 25 at
Chat temperat ure FEeabFRancotfate s hvide, BhppTsed 4 MGbnTadRstes. 1, 0
A preferred wash liquid is per fl uor opr opane (C[err]F[err]) Clher
fl uids which may be susedﬁﬁé &@ggrﬁt glgf ?faiﬁcéuﬂﬁe ﬂﬂaﬂﬁe ﬁéggne and

m xt ures thereof. ous oWs up mas colum 1 and t he
transfer contactlng dev1ce comprises a spray chamber.

9. A method for recovering fluorine compounds
comprising: _

() passing gaseous feed comprising carrier
gas and fluorine compounds into mass transfer -
contacting device, and passing wash liquid into the
mass transfer contacting device; '

(B) passing fluorine compounds into the wash
liquid within the mass transfer contacting device to
produce vapor comprising carrier gas and fluorine
compound-containing wash liquid;

(C) passing the fluorine compound-containing
wash liquid into a rectification column as column feed
and separating the column feed within said
rectification column by cryogenic rectification into
fluorine compound-containing top vapor and bottom wash
liquid; and | e

(D) withdrawing fluorine compound-containing
top vapor from the rectification column and recovering
at least a portion thereof as product fluorine
compounds . '

IIIIlIII ) |II| Thﬁﬁ}iimiliilmelnli{eﬁm




]

wash liquid flows down wash colum 107 and.in the p'rocess fl_gg.r,June

corrpounds pass fromthe gaseous feed into the.- nlfiquid to
produce nitrogen- _ A THIS SF i *,,_Eg\lgé%on aining .
top vapor and fluorine conpound-containing washi | i quﬁdm‘ odi nent

illustrated in Figure 5 upfl owi ng gas, whi2h -ha n partially depleted
of fluorine conpounds, is wthdrawn from wash col um 107 5 as stream

108 and cool ed by lnd|1ect hepargrebange the réesveryChangRio2dfe Resul ting
cool ed stream 110 ain some |liquid, 1s passed into wash

col um 107. The %o?ﬂ%ﬁ Eﬁlﬁﬂ:ﬁﬁ% Up the wash col um in count ercurrent
contact with the descendi ng(mhshalmqsnsdtmsf)erormmmetzmr@évgc@LEndhe

e anS ooy BEAhE! £8L pallfnl! HARLAENS BBANAGA] DA A1V NG SFedd T O

The nitrogen-contarning va e upper t| on of wash
col um 107 as striage1the maﬁq‘er@ms\f@rog@mt%ﬁmqgm%.wthdr awn from

tank 116, 15 passed through(pﬁrtmggnge%reggggwrwém 1i@5mlgd'_htova{é(e 118

and then conmbined with stream 111. 9Fs;:sul tant stream'is then passed
through a porti orfd$S tranRsg eExE‘I’\%’%@‘éF“i@ €Yt hen conbined with nitrogen
(C) a rectification column and means for

passing liquid from the mass transfer contacting device
into the rectification column; and

(D) means for recovering fluorine compounds
taken from the upper portion of the rectification

AR AV
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vapor stream 113 which is supplied fromtank 116 20 through valve 115 to
formstream 112. Stream 112 is passed, at least in part, through heat
exchanger 102 to carry out the aforedescribed cooling of gaseous feed

101 and is then passed out of the system ' Fl uori ne
conpound-contai ning wash liquid is 25 withdrawn fromthe | ower portion of
wash columm 104 as stream 119 and preferably passed through valve 120
into batch storage tank 121 where it i} stored for subsequent

bat ch-w se processing. The use of tank 121 i s advant ageous when there is
a significant variance in 30 the fluorine conmpound concentration in the
gaseous feed and/or in the gaseous feed flowrate. Any liquid that S
vaporized within tank 121 may be passed out from tank 121 through val ve
122 in line 123 and conbi ned - ' - 19 -

w th gaseous f ' ~| uori ne
conpound-cont di ning wash liquid is passed fromtank 121 [ggfream 124

t hrough val ve ]125 as colum feed into the |ower portion ¥ rkctification
5 colum 126 ich is driven by external heat input hﬂ I nput
line 127. -

24




Wthin rectification colum 126 the colum feed is separated by

cryogenic rectification into fluorine conpound- cont ai ni ng top vapor and
bottom wash liquid. 10 - The top vapor conprising fluorine conpounds is
wi thdrawn fromthe upper portion of rectification colum 126 as stream
128 and at |east a portion thereof I's recovered as product fluorine
conpounds. In the enbodi nent illustrated in Figure 5, stream 128 is 15
passed t hrough tank 116 in indirect heat change with the liquid such
as liquid nitrogen within tank 116 and is partially condensed. A portion
129 of stream 128 may be passed through valve 130 so as to bypass tank

116. Resulting partially condensed stream 131 is then 20 passed into phase
separator 132. Vapor, conprised primarily of carrier gas, is passed out
from phase separator 132 in stream 133, through valve 134 and conbi ned

W th stream 110-—aha—thaR—itH-0=—iNarsimtol-tHi— g M-t-bidr awn from
phase separatdr 132 as strean125 135. A portlon 136 of streann 35 i s passed
t hr ough valjve 37 and into the upper portion of rectlflcd2|0r col um
126 as reflux.| After essentially all of the carrier S QEQ!
exhausted fromrectification col um 126 t hrough str8a her
portion 138 off 3p—siteam-L135i-s—passed tAra@ugh val ve 139 g recovered as
product fl uorijne] conmpounds. T2 rPp t gl wash liquidis t hdrawg from
t he | ower gorgion of rectificatidonics m126ﬁs -.r. A rw
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- 20 - passed through valve 143 into wash |iquid storage tank 144. Any
liquid that is vaporized within tank 144 may be passed out fromtank 144
t irough val ve 145 in line 146 and conmbined with colum feed stream 124

and then 5 into rectification colum 126. Fromtank 144 the bott om wash
liquid is passed as stream 147 through tank 116 wherein it is cool ed by

I ndi rect heat exchange with the liquid %ﬁthin tank 116 to a tenperature .
bel ow 100[err] K and preferably between 91 and 93[err] K The resulting 10
cool ed wash liquid is passed fromtank 116 into the upper portion of wash

colum 104 as stream 107. Now by the use of the cryogenic fluorine
conpound recovery systemof this invention one can effectively and
efficiently recovery fluorine conpounds froma 15 carrier gas stream such
as an effluent streamfroma sem conductor production facility, w-thout
generating significant anounts of waste gas or requiring significant
further separgtion to produce fluorine conpound products suitable for
use. Furthermgre, the 20 invention enables one to effectivgly h e a feed
gas streamjwhi ch has a highly variable flow rate and/ I i ne
conpound concgntration. Al t hough the inventiongag b described in
detail with reference to certain _enbodi enhs, those 25 sKilfjed in §he aLt
will recogniz¢ tlhat there are J di mrents of theTnventi Wi t hin
the spirit and tlhe Q% N - o w
M we ¥ > -
| a/ /AHZL® 9\ S
il =
5 ° 3
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scope of the clains. - 21 - CLAI M5

1. A method for recovering fluorine conpounds conprising: (A
passi ng gaseous feed conprising carrier gas, high volatility fluorine
conpounds and |ow volatility fluorine conpounds into a mass transfer
contacting device, and passing wash liquid into the mass transfer

contacting device; (B) passing,high volatility fluorine
conpounds and | ow volatility fluorine conﬁounds into the wash liquid within
the mass transfer contacting device to produce vapor conprising carrier gas
and wash liquid conprising high volatility and |ow volatility fluorine
conpounds; (C passing the wash liquid conprising high volatility
and low volatility fluorine conpounds into a first rectification colum as
first columm feed and separating the first colum feed within said first
rectification coluon by cryvogenic rectification jnto top vapor conprising
hi gh volatilitly fluorine conpounds '
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and wash liquid conprising |low volatility fluorine conpounds ;

(D) withdrawi ng top vapor conprising high volatility fluorine conpounds
fromthe first rectification colum and recovering at |east a portion

t hereof as product fluorine conpounds; (E) passing wash liquid
conprising low volatility fluorine conpounds into a second rectification
colum as second colum feed and separatipng the second colum feed within
said second rectification colum by cryogenic rectification into top vapor
conprising low volatility fluorine conpounds and residual wash |iquid; and
(F) withdrawi ng top vapor conprising low volatility fluorine conmpounds from
t he second - 22 - rectification colum
and recovering at |least a portion thereof as product fluorine conmpounds.

2. The nethod of claim1l wherein the seous feed is cooled by indirect
heat exchange with the vapor

=)

147

125

124

121
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conprising carrier gas prior to being passed into the mass transfer
“contacting device. 3. The nethod of claim1 wherein a portion of
the top vapor conprising high volatility fluorine conpounds w thdrawn from
the first rectification colum is passed into the mass transfer contacting
devi ce. 4. The met hod of claim 1l wherein residual wash liquid is
w thdrawn fromthe second rectification colum and passed into the nass
transfer contacting device. y - covery of

fl uori ne conpounds conprisin§$XOGEﬁic Rﬂ@%;ﬁﬁ?ﬁ&f&ﬁ'§¥§% r contacting
devi ce and neans for passi ng FORIGLUOR INENCOMBROUNEN (REIGUVERY eed into the
mass transfer contacting device; (B) neans for passing wash
liquid into the mass transfer contacting device; (C a first
rectification colum and neans for passiABSTRAQTN d fromthe nmass transfer

contacting device int i L fi i C ; means
for recovering quorr%eégg%%%u%%séfgiéé ??%n?@%egé%%g?r%o?Fi%%u%¥£§%e first
rectification cotompounds from a(&rrnisecgas sereami suchoas cahuefif lmenteans
for passing liquid fr 0, . [ f L]S Lflcation_ colum
into the second ?gﬁ??’?rt%‘fk&?o% g\gﬁlggﬁ&uggox? fégfl:“:{( éotﬁﬁfiéiﬁ& é Ras$

- transfer contacting device, such as a cryogenic wash

column, integrated with a cryogenic rectification
column system.

Figure 1
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col*Urtn; ™ and - 23 - §5' &%1?$@n64097 i
for recovering fluorine conpounds taken fromthe upper port aniof i
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second rectification colum. 6. The apparatus of cl & S=whebeb N |
the mass transfer contacting device conprises a wash colunn 7.

The appar at us of the mass transfer contacting device

conprises a dep mmmnmmmm The™ %gar atus of claim5 wherein the
mass transfer contacti ng Hew ce conprlses a spray chamber. 9. A

met hod for recovering fluorine conpounds ﬁkﬁ¥£§3|ng ' (A passing

gaseous feed comprising can wRitHiRp il rcéverifgt #TRRH IR Ripolads-
transfer comprising: |

(A) passing gaseous feed comprising carrier
gas, high volatility fluorine compounds and low
volatility fluorine compounds into a mass transfer
contactihg device, and passing wash liquid into the
mass transfer contacting device; '

- (B) passing high VOlatllltY fluorine
compounds and low volatility fluorine compounds into
the wash liquid within the mass transfer contacting
device to produce vapor comprising carrier gas and wash
liquid comprising high volatility and low volatility
fluorine compounds;

- (C) passing the wash liquid comprising high
volatility and low volatility fluorine compounds into a
first rectification column as first column feed and
separating the first column feed within said first
rectification column by cryogenic rectification into
top vapor comprising high volatility fluorine compounds
and wash liquid comprising low volatility fluorine
compounds ; -

(D) withdrawing top vapor comprising high
volatility fluorine compounds from the first
rectification column and recovering at least a portlon
thereof as product fluorine compounds;

(E) passing wash liquid comprising low
volatility fluorine compounds into a second
rectification column as second column feed and _
separating the second column feed within said second
rectification column by cryogenic rectification into '
top vapor comprising low volatility fluorine compounds
and residual wash liquid; and o

(F) withdrawing top vapor comprising low
volatility fluorine compounds from the second



cdhﬂac?ing device, and passing wash liquid into the nass%ii%@%ﬁéé;m_,W”mn_,
contacting device; (B) passing fluorine conpougids into the wash
liquid within the mass transfer contacting device to produsgeVvapop MAY 193 ;

conprising carrier gas and fluorine conpound-containi ng Wash—ti-tui-e
(© passing the fluorine conpound-containinpg wash liquid into a
rectification colum as colum feed and separating the colum feed within

said rectificatiQm. H50 PYn G [ L L.l ' | nt ri .
conpound- cont ai n%% va%%lr} %gng Eotaﬁ%dme%aés%}%ﬁ&d 21!"ne8‘agt-1 < ﬂ&etn.?rb)

Wi t hdr awi ng f | udrhereeh i pPredeek dinoninecarpmdsom the rectification
colum and recovering at |east a portion thereof as product fluorine

conmpounds. -24 - ., 10. Apparatus for

the recovery of fluordne COMpIRIRCT Rpriidify1 wherein thevgaseaus;

transfe(rj cont actfiewsl gmhwom ?miﬁcmaf}a!mgeidmg@with the vapor

conpound- cont ai nj eed into the mass transfer .contacting device;

(B) means for pé%gﬁﬁﬁ}é%ﬁﬁl%?%ﬁﬁ%Fi?ﬁc)RﬁhSr to being paSéédjlntO the
mass transfer contacting device.

3. The method of claim 1 wherein a portion of
the top vapor comprising high volatility fluorine
compounds withdrawn from the first rectification column
is passed into the mass transfer contacting device.

4. The method of claim 1 wherein residual wash
liquid is withdrawn from the second rectification
column and passed into the mass transfer contacting
device.

5. Apparatus for the recovery of fluorine
compounds comprising:

() a mass transfer contacting device and
means for passing fluorine compound-containing feed
into the mass transfer contacting device;

(B) means for passing wash liquid into the
mass transfer contacting device;

(C) a first rectification column and means
for passing liquid from the mass transfer contacting
device into the first rectification column;

(D) means for recovering fluorine compounds
taken from the upper portion of the first rectification
column;

(E) a second rectification column and means
for passing liquid from the lower portion of the first
rectification column into the second rectification
column; and

A A




nmass transfer contacting devi ce; (O a rectificapten—coranm armtr—

means’ for passing liquid fromthe mass transfer contactind| GEPLAGENEHG HHET

rectification colum; and (D) neans for recoverijpg quozanAX‘BQT

conpounds taken fromthe upper portion of the rectificati ghDa uak . oo
- 23 - S=E= :

(F) means for recovering fluorine compounds
taken from the upper portion of the second
rectification column.

6. The apparatus of claim 5 wherein the mass
transfer contacting device comprises a wash column.

7. The apparatus of claim 5 wherein the mass
transfer contacting device comprises a dephlegmator.

8. The apparatus of claim 5 wherein the mass
transfer contacting device comprises a spray chamber.

9. A method for recovering fluorine compounds
comprising:

(A) passing gaseous feed comprising carrier
gas and fluorine compounds into mass transfer
contacting device, and passing wash liquid into the
mass transfer contacting device;

(B) passing fluorine compounds into the wash
liquid within the mass transfer contacting device to
produce vapor comprising carrier gas and fluorine
compound-containing wash liquid;

(C) passing the fluorine compound-containing
wash liquid into a rectification column as column feed
and separating the column feed within said
rectification column by cryogenic rectification into
fluorine compound-containing top vapor and bottom wash
liquid; and

(D) withdrawing fluorine compound-containing
top vapor from the rectification column and recovering
at least a portion thereof as product fluorine
compounds.

A




