WD 98/,08593 . -1- PCT/ EP97/ 03885 Process for
on-liné recovery of xenon from anesthetic gas The i nvention
relates to a process and a device for separating off one conponent

from-a gas m xtwes e9gyu593 t0 a process- for- recycl i ng eeEEErAVOBE85SUCh
as-an 5 anesthetic gas. The invention finds application, in

particul ar, in Prowesd ifar ont-linastecovaty dbxkeand fromtavdsthpteic ghsxenon
anest hesi a. '€ ti c f h e Wwn
since the 1940s. A m xturée1 ° qblrﬁ% é&%xe%otnt%a%dﬁé%%%%ﬁ %\é@ %e%ﬁl‘}é%%
regarded as a viox us¢paratfaw ofifesuieetdamppment from teh mlemur@dm ages

Over the anesthelig 9aSifecs cbf CURRVRANLLY d nousenigdaeniialh age Based on

| aughi ng toth h Costs of xenon, xenon anesthesia S
practiced har dwn%ﬁtlmnlq n Selse cThﬁu cventdion fAnds PREICAEdud® t hese

costs proposal spheyvecingr ef are ReeRectiofBURithOriex@rhenhtd Borddahl 533
Cl, for anesthetic machgpnes havi n% %E enon recovery system |In the case

of t he reco‘?l%‘r’%}'”s‘?ﬁserﬂ RSPCSefeStBESAR- 11 533 C1, the exhal ed
respiratory gas is firsthelasatheid tdfeﬂédt@mofzecenphesﬁ@@ dednp&ksive | nt o

a pressure vessel i i $hakeny o 0L0 & caolingadlevice, By geans of

the cooling device pressure essel i s coo o suc an extent
that the 10 x@menhm Teganddsk asecovereiglsiy ilqim @desThetgas gods

constituents | nyihe RGRAMLR VEERAcaGRs! Chvat! LK oughedthed: o deaw

val ve. When there Is a sufficient anount uid xenon 1.n the
pressure vesselRPredominaifiedin n‘%%eatOdanUh%ﬁ)éraVés§éFEd on laughingrh;j s

devicte has the gisadydriade ofha Kighldosts &ﬂ)fi&lrﬁih apRAcH Undsthesia
conpressing the, jre vessel I\/br eover,

as_and,tor cooljng.o
the degree of id Prafkierd; ﬁ?afgiré’n ar"ec%%ﬂ tni%ﬁ”r"safjac opya-
DE 35 18 283 Alotderlwsesdacpr thess dasty @molsgls havelmexfﬁq:nﬁ ibiele@s from
gases which are g odu]Q_ed [ Se lnsgﬁn g@ndyctoy | flustfg¥ eftq% gas

to be cleaned i's gul faé&d amEn a “vacuum sygl em~onto’ acol sur ace of a
con- densormac;ihnlm diacioiglenstenarher epy ey sy spem.f ilad the casededfosi t ed

while the nmore wol abLlbEvbpPuslbkeh YR in DE 44 11 533 C1, the

exhaled respiratory gas is first cleaned and then com-

20 pressed and passed into a pressure vessel which is taken
into a cooling device. By means of the cooling device the
pressure vessel 1s cooled to such an extent that the
xenon that is to be recovered is liquefied. The gaseous
constituents in the pressure vessel are let off through

25 an outflow valve. When there is a sufficient amount of
liquid xenon in the pressure vessel, it is pumped into a
further vessel.

This device has the disadvantage of a highly
complex apparatus for compressing the gas and for the

30 cooling of an entire wvessel. Moreover, the degree of
transfer in xenon recovery is not satisfactory.

DE 35 18 283 Al discloses a process for removing
volatile purities from gases which are produced in the
semiconductor industry, where the gas to be cleaned is

35 guided, in a vacuum system, onto a cold surface of a con-
densor, on which condensor the gas to be purified is
deposited while the more volatile impurities are drawn
off continuously in gas form from the vacuum system. In
this process too, the vacuum system used means that the



off cantinuously in gas formfromthe vacuum system In th| S process
tQe, the vacuum system used neans that the

- 2- apparatus for recovery is highly conplex. It is the
object of the invention to provide a - ginple and econom c process for
separating off one conponent of an anesthetic gas fromthe

expirational Sappapatas ofyr gescaferdn we:_s'lgfhﬂM zedppaki.ent, and an
associ at ed devi ce. Anotfl,gr bkggt °B|t'\ ?ﬁgfhiimc{;:%%t '1%@&1%1%8 fo pr%,q eaan

economi c recycling process or an-a as, especial or a
xenon-based anesimpiéc ajud. economic prodéese fuly estepaaaelaghuceﬁédcme

processes as 10cofibghoRdl ot ChAl AhdopRdr10 A birdn devEcengs Alaidmd 1 n

claim12. as surprisingly been foun al so
still possibBle F@sgbmmm CLE x@ﬁonaw tanesthatdgadappatient, pigndy agi t h

condensati on ungdggodiREESSARIdL. iR thRRIIRbYactl beNMtRe 61kpdnt forl 5 ke -

When the novel recycling process i s, used for nest hetic i
even possi bl e tBroX a gﬂuﬁ‘éo??fél‘buﬁ?‘fxfclr’e‘&ﬂuﬂ?@fé‘?ﬁss ffa‘?fr at%éarfegﬁg}?ts‘tq I I
further, since gasjdespedially oiver Gf xmtigebasked baesehetic gas.ered xenon

can be conpensated for 'Pi?.(eé‘@ a&oi%q:rl at gzrley %ghlevgﬁer}%g a‘%%)a ésoé"es[Of Qxygen

when the anesthetic gas™ 15 geous

t hrough t héOusecbéimededn ekaim 1 am&alwean@dnslastdﬂgmﬁ &B tqjlkaaumd drn ube
bundl e, the eneggyin 12.required to condense out the xenon is reduced,
since it 25 I S now necessary to cool no longer the _entire vessel but
instead a conparativel ylSnapf EURBEASHRILY BaPRaéeuprd that it isedddature

which is requirggdiforpbfeispadessséporaed éb@ xenon XA dr) &ddgtdriran At
the sane tinme this.ope pssibility of controlllng t he | ayer

L chanes | & neButhePSos chb e Prasnaa b ot BErb L Ao R T ERB R Ba D has
an i ng6l at 'fngmecﬁ f&dﬂar ttheldedgbee. afheroalhengooklt hecyal Bid @rocess of

the vessel by thg ug & %X r}ge%%ecg%%p&l%s éi@ t{]{:cgs even %%%%l%flet h:% solid

xenon | ayer grows, §6°t hat
reduce the purlty requirements for the xenon still

further, since residual fractions of oxygen in the recov-
ered xenon can be compensated for by an appropriately

20 lower proportion of oxygen when the anesthetic gas is
remixed.

Advantageously, through the use of a heat ex-
changer consisting of a tube or a tube bundle, the energy
required to condense out the xenon is reduced, since it

25 is now necessary to cool no longer the entire vessel but
instead a comparatively small condensation surface to the
temperature which is required for the condensation of the
xenon in solid form. At the same time this opens up a
possibility of controlling the layer thickness. Since the

30 solid xenon deposited on the heat exchanger has an
insulating effect, the degree of cooling of the interior
of the vessel by the heat exchanger drops as the thick-
ness of the so0lid xenon layer grows, so that the thick-
ness of the xenon layer on the heat exchanger can be

35 deduced from the temperature in the vessel.

The pressure produced when the deposited xenon is
evaporated can be used, in accordance with the invention,
to transfer the recovered xenon to another vessel. Pumps

for conveying the recovered xenon for further processing,



ness af the xenon |ayer on the heat exchanger can be 35 deduced fromthe
tenperature in the vessel. The pressure produced when the
deposited xenon is evapor ated can be used, in accordance with the

I nventi on, to transfer the recovered Xenon to anot her vessel. Punps
for conveying the recovered xenon for further processing,

- 3- t her ef BR@refQFe heCHHIRG Piditach @ SRAEl epaller. The novel

process can be desi gnedrgs v NbirBEEYS can ¥ He@Sgndld h8Va RFaRSHiRdusM th

the respiratory gas, after frrst being, cleaned, flow ng al on t ube
bundl 6 heat 5 BXCRSFREHC HME REASS WiendMethoF AP hF SEREER S R e Shey

advant ageousl y £bnét gbeétgsudkankdl, tflewingw gladrny ad ongbe buhbé eC drdaad
tubes is asclon ossi ble. The pre re af . the gas flow ng through
the depos: t Pon SRRLPRGR i S0¢ nUBePPRAATEE BF, shisn MpY sl e om
0.6 bar to 5 bardvantageaishaltonigsed cuwinddpterihe flesswagh along

In accordance wih 1861 daMEHALN 4 S N8B! BA! Bb¥sible 9L A Al DSt o ed
in a pressure vessel 1n which, after "a surficient anount of gas has
flowed in, the %eaofsas flpyipgngbreughothe depeiSigirsr APPATAtHEat Sexidhanger

and 15 the UnC@Hﬂ@”é&QeQ@ﬁ@fc@IRﬂﬁ{ i Ay ardmad Boad rt_cHBEb_ar, _
course of the subsggugg{ eé/a oration of the xenon depos- ited in solid

formin théseaPEd 3 d& FRSPhericH prg§RtLEhout whi ch on the one
hand enabl es the separ alrethccordsimen wichbehpassedntbdn thd wrddieiiratessel ,

without an 20 gdditlanah puip, andon the,oLber nand kg s, nud diange
correspondi ng t he“pr essur e "of” Tomrerci a enon gas bott I'6% f, for
exanpl e, the depbteridrsufdssdlenitsamount defigarediaso faopedsinr ethd XES®har

the pressure mi§hﬁgngenégéub&§ EQr sEFl?dd?BQﬁi bed Xepan %‘ic@%n@é%p%ﬁ i on

s 25 65 bar. T eposition vesse can therefore be use directly
as a storeldf xeRermandengatkoasescassi hgt off as overhepgd gagorbartd® with

an advant ageousc§abgsi dENthdfsubsequleh® eR¥BBrheNont ¥P EEPOS:AdPMepos-
appar atuses are,used; 1N 013 LANSET, TS JT2HEY o085 U G058 4% the
expira-
brought about which on the one hand enables the separated
xenon to be passed into a further vessel, without an
20 additional pump, and on the other hand is also in a range
corresponding to the pressure of commercial xenon gas
bottles. 1If, for example, the deposition vessel is
designed to a pressure of 150 bar, the pressure which
results for the deposited xenon after evaporation is
25 65 bar. The deposition vessel can therefore be used
directly as a store of xenon for further processing.

In accordance with an advantageous embodiment of
the invention, two deposition apparatuses are used in
tandem. This makes it possible to collect the expira-

30 tional respiratory gas and to condense out Xenon in one
of the two deposition apparatuses, while in the other
deposition apparatus the xenon already condensed out is
evaporated.

The novel process and its modifications are also

35 suitable in principle for separating off a component from
a general gas mixture.

Further features and advantages of the invention
will become clear from the following detailed description

of two exemplary embodiments of the invention in refer-



30 tional respiratory gas and to condense out xenon in one of the t wo
dep05|t|on appar atuses, while in the other deposition apparatus the
xenon al ready condensed out is evapor at ed. The nove

process and its nodifications are also 35 4suitable in principle for
separating off a conponent from a general gas mxture.

Furt her feat uresngadtadiaetakfeachdd tdrawimgsnt i on wi ||l beconme clear from
the follow ng detailed description of two exenplary enbodi nents of the
i nvention in refer- -4- ence to
the attached drBhongk. shows, qagrammadicmd lydi 8gR8ieei £aF ISecW ke for
recovering Xener firom apastbRétCcJamdy by | QW eSSt Rsure
process; 5 Fig. 2 shows, diagrammatically, a device for recovering
xenon by a hi gh- pressurRF Protess. Fig. 1 shows a first

enbodi nent of the novel xenon recovery system in which the xenon is
separ at ed o h h e f_t n110
is a dep05|§|o ££ a%at%%éﬁg%ﬁ% éﬁ%ﬁ%l %%§a§ e%c gﬁfgé to %gg%é?&

cooled by liquid n|trog@@nomth%ﬁfh%ﬁhﬁpﬁﬁssure pwhpeHS|n t he drawi ng are

i ndicated nerely in the form of functional synbols. The deposition
apparatus 1 has an |nIet 7 for explratlon of respiratory_gas fron1an
anes- 15 thetic machi Melgnot sHMD andizs§o TRPBMm st o8 gﬁ& giovel  Tpe
heat exchangfer ﬁeﬁ@ﬂsrét:sv@fyaswbexlnbumfll elhtlbhOlttgﬂé xenon\é\/risﬁrsépaxtaﬂiad f
nitrogen is for it cou al so se r.ou surface
havi ng good thegﬁglw{%hcfugow prestg?'lﬂ"‘t?/r%‘f:e%sré‘r‘s}{ﬁ\? StofP I"Fl?}%q‘ii’s?ﬁet“} ogen.

The heat 10 is a deposition apparatus 1, which has a heat exchanger

3, which is cooled by liquid nitrogen, and a heater 5,
which in the drawing are indicated merely in the form of
functional symbols. The deposition apparatus 1 has an
inlet 7 for expiration of respiratory gas from an anes-
15 thetic machine (not shown) and also two outlets 8 and 9.
The heat exchanger 3 consists of a tube bundle through
which liguid nitrogen is formed. However, it could also
be passed through a surface having good thermal conduc-
tivity of a reservoir for 1liquid nitrogen. The heat
20 exchanger 3 is located in the flow path from the inlet 7
to the outlet 8 and is customarily configured such that
as large as possible an area of heat exchanger comes into
contact with the gas flow. The heater 5 is an electrical
heater which heats the vessel of the deposition apparatus
25 1.

Interposed between the anesthetic machine and the
inlet 7 is an initial cleaning apparatus 10 having four
cleaning stages 10a to 10d. The purpose of the four
cleaning stages is to remove various impurities present

30 in the expirational respiratory gas from the anesthetic
machine. For instance, the cleaning stage 10a can contain
soda lime for removing carbon dioxide, the cleaning stage
10b can contain a molecular sieve for removing moisture
in the respiratory gas, the cleaning stage 10c can

35 contain an active carbon filter for removing hydrocarbons

present as metabolic products in the respiratory gas, and



20 exchanger 3 is located in the flow path fromthe inlet 7 to the
outdet 8 and is customarily configured such that as large as possible
an area of heat exchanger cones into contact with the gas flow. The
heater 5 is an electrical heat er which heats the vessel of the
deposi ti on apparatus_25 | nt er posed between the anesthetic
machi ne and t hethe Cl?‘hﬁé@gFq@%#oﬂnpﬁpa@%\:%|3n§>a&'[§[§5£|1§t t318erhal®hg

four cl eanieRgmptagasHEfR £D1ddd, fUie HeoRasg Qﬁsbéﬁdé@%artlcl@é eani ng
st ages isto rermvef#/)arl ou

jtie resent 0 eeX|rat|o
respiratory gas™FoRPERe ﬁe’é}e"%gi% ST @i E&Faflﬁg‘?aﬂ%% rafs ﬂgam ng
stage 10a can cadst aiohnectesioda |the fwlet em%yngragzardcfomrdlbmtdﬂnedimte

cl eani ng st age Ob,can.con n no. ul sieve for renoving noi sture
in the respl%r at grtf/)rﬁagz ?ﬁg %I %lg togf Ale‘g 10c can 35 contain an active

carbon filter for renovThg ﬁgzns'ocwtbkms 8 of mhesdrpogstienadpparapusduct s

in the respiratQLy g883ecfBd to a membrane p P #6 whlc? passes thé Y¥as
t he cl eaning stage 10d can contalnapartlc it exanple a

HEPA filter, foRtr &vwskisngsusbdiviedintet Fepesree atmﬁ’ﬁ@h@lﬁés oFnd e i ke.

The initial clegakhg- éBBar@élJﬁeél@lon velsgetongst eCéHont)he irAket sdediya way
of an int eégedl ate ., Store 12 (ggﬁ%a shut of f val ve

The
first outlet’ 8 8Pt£LﬁE 4EpOSPREOHE ML @ n°nrre§u€8n‘r€€&’t’%d1¥ pod a
menbr ane punp 1§huwb|fﬁh welsses 20hecq@as colledtiniLkeesnedi taer fomt ochdne
free at rmsphere | al.e42, wast e-gas col | ection vessel (not shown). The
second 10 out | E°PEEEoRnEET R by way of a nonreturn valve 18 and a
shutof f val ve 20 to a cBheectniy viddseitrazeflorinh&ig. 1r eopesabdsxermn.

The unit i 11 ust8tedykd Ehd. rLsPPRARLEY 88s comihd! LAMR: hbCasigsphsatory

gas coning fromthe anéesthetic ine is_passed first of
through tRE& |mAEhane 1s @assscngtapplar afusals, "rhi—’%ﬂl'bhthﬁqu%‘F%lsuch

as hydrocaghensiagd apsdebass and, subﬁt eEsh haviphe 1a jeisghstich  as

freezing point hyggoégggongkigérAlcrégg JQ sdbsta%ggge a35831ahh1gher

freezing point than xenon (H,0, CO,) are removed from the

gas. The initially cleaned gas is then stored in the

20 intermediate store 12. When the deposition apparatus 1 is

ready to receive respiratory gas and/or a sufficient

amount of gas has been stored in the intermediate vessel

12, the shutoff valve 14 is opened and the gas flows

through the inlet 7 into the deposition apparatus 1. In

25 this arrangement, the pump 16 produces a flow over the

heat exchangers 3 whose surface, as a result of cooling

by liquid nitrogen, has a temperature of approximately

-196°C. On the heat exchange surface of the heat ex-

changer 3 the xenon (freezing point: -112°C) is deposited

30 in solid form while the principal impurities, namely

oxygen (freezing point -219°C) and nitrogen (freezing

point: -210°C), remain in gas form and are taken off by

suction as overhead gas by the pump 16. Since the compo-

nents having a higher freezing point than that of xenon

35 have been separated off in the initial cleaning apparatus

10, the xenon deposited on the heat exchanger now con-
tains only very small fractions of impurities.

The deposition process described above is con-

tinued until there is a sufficient layer thickness of the



gas, The initially cleaned gas is then stored in the 20 I nternedi ate

store 12. Wen the deposition apparatus 1 is ready to receive
respiratory gas and/or a sufficient anount of gas has been stored in
the internedi ate vessel 12, the shut & f val ve 14 is opened and the gas
fl ows through the inlet 7 |nto t he deposition apparatus_1. In 25

this arrangenmerffSNQheohHRe 18ERF oBHERINGEY | dw Sher PrRgence pap &xhangers

3 whose surfacelclaanta I&;ﬁéﬂ triofclerR@d ’RGn be Rsddradiched,t fRGERXxa@I ed
tenperature of pr oxr

196 err e heat exchange rface
of the heat ex-® %nﬁg %3 fhew B T ( ?e&gigné e é_}fle_LZ Btf ’fc?
deposited 30 smcsa)la cbémamn/\/ranicmrtmélmwmrgr pﬂiroru.gitnurcromreSpondarmbya

oxygen (11 g7l g Ralal TR Sl AN 0 aden o 186G cxorlBal:

-210[err] Q) remainin OF M and ar & t aken o 'on~as
over head gas b%n@qmrmoiﬁlbﬂh@e Lhe teometect, inemegnlsa\nﬁwgaathmgher

freezing point ;Sé'!rae[’t&ﬁ@tséﬁsd&enﬂﬁ‘ 8Re {8¥scbese %ﬁ@aa%b%l@&fﬁnl %pbﬁ?—

initial cleaning apparatus t he xenon deposited
exchanger now c®is. by boyi R BCBn‘F]S’/e \F@“P%r?é'-luiref ﬁ&cﬁ‘%n‘ée%?e]i r‘?ﬁﬁ irt1§§§

Th]t?f depositti on ﬁi;}ﬁqaﬁ:l@@sw brd sthome Jfs theNdepositidMypebdadd.| siheee i Z a
surrticien yer LCKNEeSS - b-
xenon on t:hé: e e?%ﬂ%ﬁ’g'é?gisxe‘fﬂ% GPSULALESofthg NfFE exchangen 3| afer

thi ckness can bmertscier tlayeed thiiocknesanpberespondly neanscaftaan kdwemsher in

the line to theté'r&gee}at re i %h%cgegls r&é' E‘h?”&"%&g)n On“}% %%ptﬁ%%%h

corresponds to a ain Q%er f ness eat exchanger .
Anot her possi bihery the tdesiatasttlaygyr rduipknessa isemeachedpetheuseprpdiisor in

the vessel of the ngﬁmtapyaaa@r “from aﬁésunmérﬁ@mgegh sttf&et efpergature
In the vessel has risen In“relation to the start o eposrtlon

process. Shhce WtFeryyptefepysreansxehdhs vadivs é4 .t ae h’é‘&? %r%néef:’ 3, a

certain |ayer t{A&kagsssLOIsESAPPEBate@s aigerdidised.i Sthd Nvessel eat)eltateure in
t he vessel of the depasrtlon i.red Ia

t hi ckness is r B, agasgggara 145 %ll@fﬁqugpgﬁ-y Eggg?ﬁoqx fea Y

i nt ernedi at e stthe Aatsr 5 so that the xenon deposited on the heat
exchanger 3 is evaporated. As a result there is a buildup
20 of pressure in the vessel of the deposition apparatus 1.
Following the evaporation of the xenon, the outlet 9 and
the valve 20 are opened, so that the gaseous xenon in the
deposition apparatus 1 flows as a result of the built-up
pressure into the xenon vessel 22 via the nonreturn valve
25 18 and the valve 20.

The embodiment described above can be modified in
various respects. For instance, the connection between
the anesthetic machine and the intermediate store 12 can
be designed such that when the valve 14 is closed a

30 moderate pressure, for instance in the range from 3 to
5 bar, is established in the intermediate store. In this
case the pump 16 can be omitted and the outlet 8 can be
connected directly to the atmosphere. The gas present in
the intermediate store 12 then flows, after the valve 14

35 has been opened, and as a result of the pressure gradient
relative to the atmosphere, via the inlet 7 and the
outlet 8 through the deposition apparatus 1 and the heat
exchanger 3.

Furthermore, the heater can be operated such that



15 interrupted by neans of the valve 14, and the outlet 8 of t he

deposition apparatus is closed. The vessel of the deposi tion apparatus
1 is subsequently heated by neans of the heater 5 so that the xenon
deposited on the heat _exchanger 3 i Tevaporated. As a result there is

a buildup 20 of pressure i.n the vessel of_the_deposition apparatus_1l.
Fol | owi ng the RN dtheordndet HebrenbRent ALOBEE| Bhe reppp 1s indfdaldive 20

are opened, so &ABf Ihﬁ;aﬁ%@ueoxeaeﬁ ifptbeties 1x€J@nQ§édI1Qﬂ @BRpacatids 1
flows as a result of the bui %}‘r apﬁ pressure in o e Xxenon vessel 22
d e

via the nonret F$PAAI 96325re S o av‘?ﬁ vEEBgVe er suckipn a

enbodi ment desceovéxtiteab e Q@n t:th@ pehiof 16d i n vari ous respect s. For

i nstance, the connecti bet anest het i

internedi ate store 12 gfa]lzn eo's‘srgglnri:gL sq-‘ucbror%sﬁlatq_'h e vgl fﬁl i's
cl osed a 30 nn:kerlai@me&sme!;o fdre ixestaancddne 2% rIaJng:éufSr oMmSE, t@he 5
bar, is establig e LEied N2tk &l § ga he gpunp
16 can be omtte nd t(%re ou&f :%ggggég% %i;&ﬁ) fleé(l:o‘_rlmecte rlec?ﬁmbtost he

at nosphere. TheP¥REL G skEhtthe conneqtiien heatwesa &he %rlétlf eﬁen theows,
after the val veyddsa3b 22has been opened, and as a resuIt of the pressure

gr adi ent relative to t spher e, Vip?gft | et .7 .and the outlet
8 through t%e depositi c}:rr%géﬁf att€ ekl eposéfcll‘?&n@é:\paéa
Furt hernore, t heaﬂnwlm T nf Dre: eap esreltye dvisiic lart kattlet 8, through which

et car oo B2 S k1008, BEeny Ehgsedd NEHENIA SobD! [UBlnino o1 Y

l'i quefied, so t res included inth Xenon ar é rereased
and are renovedlmmdtelrtls&ﬁ:.t iionthe courswarhdéhe depobytibe mpuonesks. ang,

It is also posswz&@rt%hféa%scweﬁ@acreaﬁéﬁd wisPR multrraai,'m&e %%s@ﬂq the

xenon store 22.”1n this case deposited xenon is only uefred and
a liquid plbPp ithe emprgingedapn eiffBeordid i REDRIPRITR Nt F@t teand
t he vessel ¥Znond&tore 22. Finally, the vessel of the deposition

appar at us .
PP Fig. 2 shows a system for recovering xenon from

anesthetic gas in a high-pressure process, where gas
lines are shown by solid lines and measurement and
20 control lines (temperature, pressure, pneumatics, flow)
are shown by dashed lines. This system again has an
initial cleaning apparatus 10 with cleaning stages 1l0a to
10c for cleaning the expirational respiratory gas coming
from the anesthetic machine. The cleaning stages in the
25 initial cleaning apparatus 10 are indicated only by way
of example. It is of course also possible here to employ
a HEPA filter and/or further cleaning stages. The initial
cleaning apparatus 10 is connected by way of a pressure-
less pump control 112 or buffer with a pump 114 which
30 passes the precleaned respiratory gas via a branch
changeover unit 116 to either of two deposition vessels
120, 220, which are identical in construction. The
description given below of their construction relates to
the first deposition apparatus, with the reference
35 numerals for the second deposition apparatus being
indicated in brackets. Each of the two deposition appara-
tuses consists of a pressure-resistant vessel which is
designed for a pressure of 150 bar and has an inlet valve
122 (222) and an outlet valve 124 (224). A pressure



can. also be fitted only with an outlet 8, through which It is possible
to- ead off both the gas containing I mpurities, in the course of the
deposition process, and, | ater, the recovered xenon, with a nultiway
val ve passing 15 the errergi ng gas either 8§ rto the atnosphere or to the
xerion store 22. Fig. 2 shows a systemfor recovering xenon from
anest heti ¢ gas Sens®thil@t pl2@Sdurdetincsseshe Bressugesin thej yessgle Ehown by

solid lines an%ﬂ@%@é‘?“&hé‘f@ EQ aC@lféta’i:O'e:th'&%%e&t S Uf &rm PEESEUT €,
pneumatics, flow . are shown dashed lines.” This system again has an

initial cleani fagpast usteas! chﬁ{épgarﬁ%be sf-%@es 2284 through 1yRich,
cl eaning the expidutd m&]rolg@@pbaﬂt wagaﬁ cafpehture den@®rt heoanesovhetic

nmachi ne. T(k)k% cl eani es |n t he 25 . tlal cl eanin aratus.10 are
Tndi cated ohl y GRSy Ch 78 47 PR ofRESEHSE AT sbRpoYSERR” her e
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deposi tion vessglitet va140122202231 560 QG ldeRl {£8! tihd i E‘Pﬁahea- The
description given belqw of their construction relates to the first
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deposi tion app uses, con |st e-resistant, ve | which
PO st et eiar (PLEETrESOPY] coh e RaRiinatRepTeR Wb ellt. 125
(222) and an omd;mndnajg/eodzzih(eﬁé4)hr,écpu.essure:he multiway wvalve 140
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vessel there is eat exchange ess St eel
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tenperature sensgfp 1%.(2@(% cSol 483 eﬁ&tbﬁst@wﬁf al 41 BohRetBEQi BbERI OF Of
t he vessel, while a tenperature sensor 132 (232) detects the tenpera-
supply of liquid nitrogen 150, and a temperature contro
152 uses the measurements from the temperature sensors
130 (230) and 132 (232) to determine the amount of liquid
20 nitrogen flowing through the cooling tube. The liquid
nitrogen evaporated in this process is led off as waste
gas via the line 154 (254).
The system illustrated in Fig. 2 operates as
follows. The expirational respiratory gas from the
25 anesthetic machihe, first cleaned in the initial cleaning
apparatus 10, is passed first of all via the pump con-
troller and the pump 114 solely to one of the two deposi-
tion apparatuses, for example apparatus 120, with the
outlet valve 124 of this apparatus remaining closed. On
30 reaching the final pressure of 150 bar in the vessel of
the deposition apparatus 120, the branch changeover unit
116 closes the inlet valve 122 and passes all further
respiratory gas coming from the pump 114 to the other
deposition apparatus 220. In the interim, the temperature
35 controller 152 passes liquid nitrogen from the nitrogen
reservoir 150 into the cooling tube 128, so that solid
xenon is deposited on the cooling tube 128. When the
xenon in the gas mixture has been substantially depos-
ited, which can be ascertained, for example, by measuring



ture on the outer wall of the vessel. The vessel itself i's surrounded

by -an i'nsul ating jacket 134 (234). The I nlet valve 122 (222) is
connected via the branch change- 10 over unit 116 to the punp 114, while
the outlet valve 124 (224) is conneet2d-to a nmultiway val ve 140 (240)
whi“ch is | i kew se directed by the branch changeover unit 116.
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for exanpl e, bylgeeﬁﬂﬁ'ﬂgssgd via the outlet valve 124 and the ‘Ffoduct When
a characteristic tinme period has el apsed or_ by measuring the

tenperature pat &P 141t o Vi Gyurg  14g, whilh passes the xenon to a
downstream analysis stage or processing stage. After

this, the deposition apparatus 120 is again ready to

20 receive expirational respiratory gas from the pump 114.
As soon as the maximum pressure of 150 bar is reached in
the second deposition apparatus 220, into which all of
the expirational respiratory gas produced in the interim
has been pumped, the associated inlet valve 222 is closed

25 and the pump 114 is reconnected, by means of the branch
changeover unit 116, to the first deposition apparatus
120. The two deposition apparatuses 120 and 220 therefore
operate in tandem, so that there is continuous processing
of the expirational respiratory gas produced.

30 In this second embodiment of the novel recovery
system, too, it is possible to provide modifications as
in the case of the first embodiment described above. For
example, here too the cooling tube 128 can be configured
as a tube bundle. The product pump 142 may, depending on

35 the nature of further processing, be omitted. Since the
pressure of the vaporized xenon (typically 65 bar)
corresponds to the pressure of customary commercial xenon
bottles, the vessels of the deposition apparatuses 120
and 220 can also be used directly as compressed gas



deposition apparatus 120, the associated nultiway val ve 140 is set such
that” the gas conming fromthe outlet valve 5 124 is led off as waste gas,

and the outlet valve 124 is opened. The overhead gas in the vessel,
whi ch cont ai ns t he uncondensed compaifents of the gas m xture
i ntroduced, is let off and led off as waste gas. The outlet valve 124
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compressed gas Since the recovered xenon is reused as anesthetic
20 gas, the recovered xenon need not be of high purity. In
accordance with the invention the recovered xenon is
analyzed before the anesthetic gas is remixed ang, if
there are residual concentrations of oxygen and nitrogen,
the corresponding proportion of oxygen or nitrogen which
25 is added to the xenon when the anesthetic gas is remixed
is reduced accordingly. Any other residual concentrations
of impurities, for example CO,, are physiologically
unobjectionable and can, moreover, be taken into account
accordingly, following an analysis of the recovered

30 xenon, in the anesthesia supply.
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camponent to be separated off.
2. The process as claimed in claim 1, wherein the
gas mixture is brought into contact with the cooling
surface at a pressure of more than 600 mbar.
3. The process as claimed in claim 1 or 2, wherein
the cooling surface is cooled by heat exchange with a
ligquid coolant.
4. The process as claimed in one of claims 1 to 3,
wherein the gas mixture is passed as a gas flow over a
cooling surface which is cooled to a temperature below
the melting point of the component to be separated off,
the gas flow being led off as waste gas after passing
over the cooling surface.
5. The process as claimed in one of claims 1 to 3,
which comprises the following steps:

- passing the gas mixture into a vessel in which
the cooling surface is arranged,

- sealing the vessel,

- cooling the cooling surface to a temperature
below the melting point of the component to be
separated off, and

- letting off the overhead gas from the vessel.

6. The process as claimed in one of claims 1 to 5,
wherein the step of heating the component condensed on

the cooling surface comprises the evaporation of this

THIS SHERT MAS BEEN |

! 'REPLACED

| B

cbo1i8G! QW BECE L UM BnQmd 1161 4 PIH S £3PnexeNON.



Cememen e e s —
1.. A .process for sep: ﬁ ﬁmﬁxﬁ\h non froma gas mxture/p,r,edﬂ’cﬁln

d
amaet hesi a, which he following steps: —  a) s BER e
. %\\\\ 0.6
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gas mixture into sa tooling S surface whi ot
tenperature bel ow the rreltl ng poi nt - B2 xenon, at a pr

to 150 bar, b) | eading off those conponents of the gas\ whi ch
are not conderﬁﬂé@qnﬁrﬁbl Id state on the cooling surface, and 10 c)
heating the conponent py J&%scg@d%n%qﬁeanlhhene of egg_unggls%f gce to
above the nelting point. of xenon, step of heati t he xenon
condensed on tHFRSE i kg Ste%uPF‘-aclée%‘b%ﬁﬁ‘l $hgg ERPTIHRIET SOMPBREBE thi s
conmponent. combr A dY oaes sl {@ie HobilcH 6l thd xefePnddtONta Bassepxture
pr oduced i-ﬂ anaet hecf(ic%f which 15 conprises the follow ng steps: a)
bringi ng the ture into contact with a cooling surface which is

at a tenperat Be bel owhehereesisngspeailatimed inobnrenfnclatima mressmre of

from0.6 to 1 f opRONE ofct
m xture which lanr eth%t Q%%éﬁjé(g&g ?% S%ng% ? gg’ ﬁer%rhe %:foo ng gurfaoe
and c) hemiergrartel ednplarasti tilene lappeg atosgsnséd whicheprocesgool i ng

surface to abcli&?rltx{bfe tiel tiag @P'Hgaﬁnd(%@l%ncoﬁagnsed cdripforsiRanat bae i s
effected by neans

two or nore 25 paralle|] deposition par atuses, in

whi ch prot®ss,dqRASigon apregatysepthe ﬁ%%tIPW@t‘PF% F&?rﬁad’é:ﬁéﬁésxé’ﬁéﬁeiin one

deposi tion at apeasat s, dote MATHEXAEEo PTHOIHIC esbpsrass edoat cbgast to

one further (P05|t|on %p%%rat us for %o depsi n out xenon to be
d b P

t
separated of f .99 D CACPMBEBEE 1 Ecy "fuﬁ@t %%ﬁest heti c gas whose
conponent S comprise xemen pamd:e(srse asr cdiariemedi dposakl ef claimgaiesp 8hich

comprises the Lol AU 6.\ EhToneny £cAbSERRLALIG SIL LDS Agon Lo De

recovered from am nat process for
separ at i nkp of f10. 35 Mmmrpc@ﬁSaf%sreﬁmlum amhii@ﬁsm¢ g&s whese

fol I owi ng comdSht comprise one or more gases to be recovefed and
one or more disposable gases, which comprises the follow-
ing steps:
- separating off the components to be recovered
20 from the contaminated gas mixture by a process as
claimed in one of claims 1 to 9, the disposable
gases being led off, following the condensation
of the components to be recovered, together with
the impurities,
25 - determining the residual content of the dispos-
able gases in the recovered gases, and
- remixing the gas mixture from the recovered gases
while adding a proportion of fresh disposable
gases, the amount of disposable gases added being
30 determined as a function of the concentration of
the disposable gases in the recovered gases.
11. The process as claimed in claim 10, wherein xenon
is a gas to be recovered and oxygen is a disposable gas.
12. A device for separating off one component from a
35 gas mixture obtained in anesthesia, which comprises:
- a deposition apparatus (1; 120, 220) having a
chamber for passing in a gas mixture, which
chamber has a cooling surface (3; 128, 228),
- an apparatus for cooling the cooling surface to
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sci'r"f ace which is at a tenperature below the nelting point m!m Hﬂ “i“\
e

the ﬂlﬂnmm Msﬂmnwﬁl E:ﬁ ;?g Eg{ condeﬁ%ggj !ﬁaglolngdofszat Qogﬁ cool i ng
surface’ ahd " a.c) ggg%_fﬁﬁgrg?@f%oggqg%ntt#@ ﬁQJ_Ei‘ﬁgC%QﬁQse@f oppkhe
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proportionsof f3esh dimposadbicgasesclbhifeamiwntclaim 0f2 di #hosabkemgases
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di sposabl e gas¥s T t fle “Fe %jar%st{"e gap MIXtuxe, KphR
clained in cl aepSsiwimer eappmgm\ Q:Dthl 8 préissposakife mgmse than50 6 The

use of a devigg, which conprises: - a deposition apparatus (1; 120, 220)
having a chamber for passing in a gas mxture, which chanber has a
cool i ng suk4 ace (Fhegegvigegas okaimednimpper afuslabps dobolandg 18he
cooling sysfacgnhdeh the HRVRBEAESE &l 10 the BBLLLAY $&-FfHcOfxgaen, and
- a heater (5) for heatjng solid conmponents which have condensed on the
cool i ng devi ce4P tO GRO %B%p%?@ﬂn%fs%ﬁ%ﬁoné’t i CCTREARENE Sf HETWeFEr at i ng

30 off xenon fH®nmmalgasghipditite 6Pt xenod idndneithedlaing pdint ofThe use

as clainmed in claim5, which conprises a devi ce having an apparatus for
passi ng the ga%’qfﬁ?&‘ure t hrough the deposition apparatus (1) froma gas
inlet (7) 15a an iTHerderichaadbeclaiomtdi im nglaire tRokbng4suwhiach 35

(3) to a 28° OUhSti {8 2 1 BEVEQQ! £0P SHLLRGS €A L¥LNhikRure chBubhOW Path

of the g
the deposition apparatus (1) from a gas inlet (7) via an

interior chamber containing the cooling surface (3) to a
gas outlet (8), the cooling surface (3) lying in the flow
path of the gas.

20 16. The device as claimed in one of claims 12 to 15,
wherein the deposition apparatus has a sealable vessel in
which the cooling surface (128) and the heater are
located.

17. The device as claimed in claim 16, which com-

25 prises a pump (114) for feeding the gas mixture into the
vessel under pressure and a device (124) for letting off
overhead gas from the vessel.

18. The device as claimed in claim 17, wherein the
pump (114) and the vessel are designed for a pressure in

30 the range from 65 bar to 150 bar.

19. The device as claimed in one of claims 12 to 18
wherein the cooling surface is part of a heat exchanger
which operates with a liguid coolant.

20. The device as claimed in one of claims 12 to 19,

35 which comprises two or more deposition apparatuses (120,
220) and a switchover device (116) for passing the gas
mixture alternatively into one of the deposition appara-
tuses (120, 220).

21. An anesthetic machine which has a device as
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7., s clained in claim5 or 6, wherein the  Thig®p@HisiHeeiReplaced
appar at’ gﬂmqﬁﬂtﬂm”’m has a seal abl e vessel T
ANENDED Lo U - 3 - |12 whi ch the cool i mw#g mw&
and-the heater are * |ocated. 8.~ The use as cl ai rai to
7, which com s DLESe devi ce _havi p (114) for feeding the gas

5 mxture intoc%%%ﬂégsgifgﬁﬁ éﬁ é;%géan% gﬁdggpdevice (124) for letting
of f overhead gag-fromThe sessthetic m@chine Fheclsimead dthaichedm i2d.claim5b
to 8, which m;cRM asdey ¢ | ] £ dRRPSEIAEN th

appar at uses (150} 220) _an Sassﬁ%%cﬁgggyégng%gf %lgﬁgfo?ﬁlg§ %égsLng t he
gas nixture al FEFPURTERIGRS FOBPORENSF 2R 2 mixdagodrvien Eppaemiassas (120,
220).  80. an ARe3pEStiE€tss MBshhdech@VidihPordd ddtgchdri¥s, which
recovering xenon_fronlﬁu%as obtained in ane;thesla havi ng a depgsltlon
apparatus (1; 2994s5905he PSR 1@Td0eF PofUBSTIPRSRT igle PR lg4L SRilxt ur e,
whi ch chanber hasust ciodm Nthe andlydiac@eli3cel28, 228), an apparatus for

cooling the cooling surface to a tenperature below the nelting point
of xenon, and a heater (5) for heating solid conponents whi ch have
condensed on the cooling device, 20 b) having an anal ysis device for

anal yzi ng the ggcover ed xenon and c) mxing device for rem xi ng an
anest hetic gas using the recovered xenon, which adjusts the m xing
ratio as a function of the analytical result fromthe analysis 25

devi ce.
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