;e3ew?t: ’; <4<>6>T?MJH Separation of SFs-containing gases Description 5 The

|nvent| 0 a process for the separation of gas m xtures which
cont a| ‘mwmﬂwm“ﬂmmafl uoride (SF6). io SFs-containing gase [ﬂrg 22?] d for
wi del y varyipg..pur poses in industry. SF6/N2 m xtures or SF6/ O’N @a

m xtures an SF6/ air mxtures are usedl for exanple, in the nanufacture of
w ndows as an insulating filler gas, and inthe tyre industry as a
pressure-resi stant, noise-danping filler gas. is M xtures of sul phur
hexaf | uori de and nltrogen are used as an insulating filler gas_ for

under ground cabl es, see Geﬁe@aranpnlq‘fSﬁe-wdemmmasaa 507. 2. nﬂmmm,”" ,mmm
m xtures contain 5 to 30% by vol une sul phur hexaf !l uori de,

nitrogen to make up to 100% by vol une. 20 M xtures of sul phur hexabdigdor i de
and air and optionally CO2 are usedDestriptigri ot ective gas cushion when
casting magnesium SF6 is usually contained in these mxtures in a quantity
of 0.05%0 1 % by vol ume. SFs-containing exhaust air may al so occur in
industry. 25 It is desirable to work up these m xtures once they have been
used, with the objective of re-using the SF6. The problemis that nitrogen
or air takdbeinpeatiomraipieyts aiprocpes foetespparation béggmmixtines which cantkim equi r es

a large tr is an object of the present invention to
devi se a pgg@gggﬁ?ﬁgﬁ%&gﬂ ng the above s o gas m xtures which, when the
SF6 fromthe mxtures is re-used, requires only a small transport capacity.
3 0 JAN 20 A further object is to, provide a suitaple apparatus for

per f or nJrChg%t%'ﬁéoBm%asesi?r%u§9$if°2m§%|YaY?éﬂFQjPH@Oﬁ%s 'E"H'édqsrq@eﬁf A, 1n
sumary) . a nikiifds GHeFaRbbRfgablifuRAANd SRR BRI IEE ard RIRC Spar ating
SF6/ N2 m xtures or SF6/al r m Xt ur es, |$1Fy\/\h| cEd ﬁszam xegrg’??)éér@%lﬁt@ct ed in
at |l east themanufacture of windows as an msulatmg filler gas, and in the tyre industry as a

pressure-resistant, noise-damping filler gas.

15 Mixtures of sulphur hexafluoride and nitrogen are used as an insulating filler gas
for underground cables, see German Utility Model 297 20 507.2. Usually, these
mixtures contain & to 30% by volume sulphur hexafluoride, remainder nitrogen to
make up to 100% by volume.

20 Mixtures of sulphur hexafluoride and air and optionally CO. are used as a
protective gas cushion when casting magnesium. SFs is usually contained in
these mixtures in a quantity of 0.05 to 1% by volume.

SFs-containing exhaust air may also occur in industry.

25
It is desirable to work up these mixtures once they have been used, with the
objective of re-using the SFe. The problem is that nitrogen or air takes up a large
volume percentage in the gas mixture, and requires a large transport capacity. ltis
an object of the present invention to devise a process for separating the above

30 gas mixtures which, when the SFs from the mixtures is re-used, requires only a

small transport capacity.

A further object is to provide a suitable apparatus for performing the process



~one adsorption stage with hydrophobic zeolites having an Si 02/ Al1203 ratio
of at least 80 and a pore dianmeter of 4 to 7 A (0.4 to O. 4 MIOAN gopr der
preferentl ally to adsorb SF6 and to recover N2 depleted in SF6 or air
depleted in SF6. In a second aspect of the invention provides an apparatus
for separating SFs/N2 m xtures, conprisinag 1, 2, 3 or nore nenbrane
separati on stages wi th menbranes which are preferentially perneable to N2
and 1, 2 og h a bed of zeoliteS having an Si 02/ A1203
rati o of at astﬁg%ﬂgégg{v% B%t'e dianeter of 4 to 7 A(0.4to 0.7 nm. As
menti oned, the process according to the invention for separating

SF6- cont ai as m xfu es%)grIs él des for, the m xture to be contacted W th
hydr ophobi §%‘6’I s aHGE APt ostipINepyan PaeYIges arRyaaess for sepagtinteast 80

d .
SP ef 2r g(r)\t ?gﬁa iﬁgug%"bét%ﬁ?/% '?P&Q_gég 'ﬁ‘g@%ﬁ? ﬁ%%éﬁlrgﬁgﬁ{)}nﬁgfgﬂﬁ%gei r can
be | et oftonetadsbh;ehcegfiagemmhya’mt;ﬁtoencrmé@ntwhao‘hgm'{SnibﬂAPQ)strbﬁoI@Ift@@ess
IS articu| ar urta e | V uan 1es O asS m Xt ure
ayepto be Le@ﬁaégt BPare éotﬁt eét(%ng q8 nr@SEOW@FW%%THPWGPune
It is thers{ag&% SLL Whﬁ‘thﬁ‘é&dvé’ﬁﬂdé@&é‘r‘:d: SF, BPQrE'e’&été&?n %fsgSFﬁ and air

and optiona ori gl na romt e casting i um and
usually contain 0.05 to ~( %by vol une SFs. if addltlonally i mpurities such

as SzF2, SOz etc. ,are ¢ nedthereln urification rra be eff
bef of ehand!™ 8 SEHORY BRRSA ALTA P HONMATLPTIdds&n BPBSKAE a5 Fap A S olze. .

Al z03. Thi e Sofcoqn@e Qﬁgﬂgng shye rﬁér%%%?nﬂréné'sé allon s?HQE?Gl/[ttfhr exanpl ¢)

separati ng m 1 nsul ati ng panes and car
t he prot ecmembrgaesfwtmahtane prefgnerstialiy perchesible tacip aadr, rﬂgo@m@% by voI une

3 0 AN 20pecarktt B ed b rolid Hayhia.ef Sioa Mgl fti or e RaStll ahes of

adsor ber r%rdilél*netétéf&!%WA whel@7wesk' s production of exhaust gas from
a nelti ngngéum bl e can be pur?ol ed. Magnesi um can therefore be produced in

a far nore envi ronrrent ally friendly manner than previ ousl y. The desorption
ti [ I hor t th tio t hough th
SFs- cont erks TN SR Bers Sopig it BRon LRz Rg SEeo RS S b ancs:
ts:;g gétn[ Zcﬁ'l%uréé‘bF&nd‘ersqgﬁﬁ@Hrniﬁuférté‘Me‘d&m?a%féﬂWtﬁf d?éﬁhobﬁ:‘kéoh% hﬁdﬂl oﬁﬁlrgf]alt ‘ég
to a proceégsz“trﬁ@ Bﬁ?% ' a@%aé%@éﬂagmf% 5@3%’@2%9'73&&1‘5% ar air

or exhaustqgipm gcmfﬁraéﬂtﬁaéﬁgrb"‘shhp@?&enhang @heééﬂﬁté’m%nfe@[)e Sepgsﬁ of the

invention iIs on the finding t S can genera rated out
of gases w¥ithgSthfresalireandt lebolf intethe efivirphmesbr pti on tests show whet her
the separation occurs to the desired extent for s a particular gas from
which SFs is to be renoved. The separation effect is very successful if the

ol ecul es Ts Sihplaway bf pevorhiieginaRosEss ib paticulaty SeBlealiRsh iV ger or

smal l er than the pore dianeter of  the zeolite used. In this manner, for

exanpl e, iR ttﬁeqo@cgﬁmmeaéﬁmtcmewarated@rl‘thaysﬁmrﬁettnfd@w;:ag al so be
used or gy by Fahi 198 1ftirbroRd pSEAURY wal dutth F6Ttnd ik aFERat ed wi th

SFs.
and air and optionally CO2 which originate from the castmg of magnesium and

usually contain 0.05 to 1% by volume SFe. If additionally impurities such as SOzF,
S0z etc. are contained therein, purification may be effected beforehand, such as
washing with water or lye or sorption by means of e.g. AkOa. This way of
performing the process is also well suited for separating filler gases from insulating
panes and car tyres.

For example, the protective gas from the magnesium Industry containing 0.2% by
volume SFg, remainder air and CQz, Is drawn off and the air Is separated off. The



The i nprovenent according to the invention resides in effecting the
"purification of air or exhaust air which is contami nated with SFs. 15 |f
additional inpurities such .as S02F2, S02 etc. are contai 3¢ JARexg n,
purification can be effected beforehand, such as washing with water or |ye
or sorption by neans of, for exanple, ,Al20s. 2 o The purification of the
exhaust air, for exanple fromplants ?ﬁ which SFs is produced or used, is

ffected j I ds. i.ficati f, ai t ai ni ~F
my e, des ORRESTRARTELGDs SHESHEA. B &2 oG e Rfdcibes TRl 1 1ol

SIS e nidlh Heitlstrial
e s e L e 1 S

such air i pufifiast Mdagmssivmaican tharefdre be psoducegidn afanmoeresnvizonmehtallon) . For
this reasop, it is usyall ossible to dispense .with the provision of
merbr ane sgéﬁ}di\ftmé?ﬂ%ﬁsm ﬁ@W.SYFJﬁeH%’rSﬁH? n '§PQ&PB@9& ﬁree‘éeﬁ’al I
quantities sﬁBﬁé’Pﬂﬁﬁ%e%b?ﬂ@ﬁ%eﬂ is possible to regenerate the |aden

t e

sor bent s, ey may al so I sposed of in the |aden state. To inprove the
purifying action, it is of course also possible to arrange a plurality of

3 0 JAN 20 adso ,On st a 2 wre) in.series. This . epbodi nent
accor di ng %@h?@ lﬁ'xﬁf%%tqo f?ﬂgEsstﬁ(%{eﬂﬁagﬁ{)%“@dvﬁwafﬁf&HF%UWﬁﬁi\ Htion for
ai rcont anpaase thabktiactirunitd heqosRY fdrﬁﬂi@éb@d&ﬁ% iif- 58 thatte emRtipesket of f s
har m essl ;/npi nto the envi ronms_n(t:l or ybe pa‘ssed aﬁ éssly into plant ls:bei n -’
whi ch SFs wonteat ib lowerisgpen sarmliost ur bi ng cont ami nant and serve as ambient air
therein. The process may for exanple also be applied to .air or exhaust air
to which SFs is added, e.g. as a tracer substance. Even air or exhaust air,
in plants opaWhdsddihbADoftige MVeHﬁdMl%td‘@ﬁrd@@smfﬁe' ficdtiohldfSFgd r or
exhaust air is contamnated with SFs. One preferred enbodi ment relates to

t he wor ki ngontginisig gaEesNa partictlar el or aknaust air contaminated with SFe.



referenceé to which the invention will be explained further. is If
relatively large quantities are to be separated, or if the SFs is
relatively large, the SFsINz mixture may first be subj ectegatgA

| ow-tenperature treatment. Preferably the m xture is coole '32803
tenperature in the range from-70C to 3110C, in particular to a tenperature
in the range from-70C to -100C. SFs which only has a Iow content of Nz
then Condeﬂﬁ%%sﬁéét ofﬁ!iﬁb@ﬁtiﬁﬂ@bas%cﬂﬁﬁh@hﬁérﬁgﬁ%@%a @Ooegr edom nant |y
consists of nitrogen with | ow contents of SFS. The gas phas tained in

t hi s mannefeparategkavt sbpagestusingdhe selectegizeoitess described above, so that
nitrogen substantially free of SFs is obtained and can be let off into the
environnment. The SFs can be recycled. a s An alternative, preferred

enbodi ment Simple selpioh testy sthaw ghethenthie sepamtioh ogcass to thé desireddextédtdsre gas

m xtures whi ch, have a_hi ni ent of SFs be descri bed bel ow. This
enbodi ment @ W%&Qaﬁgpn}qﬁ Q@%ﬁﬁﬁa Pé‘ﬁmBYe%%%’ﬁP@raé@B&ﬁﬁ?ﬂ%He%ocesses
and adsor ptj,@ssiut if ine AbBBLYs éMhé@'éb ?roi‘-rmmeh tﬁeLSF%?ts e a?élg? Elge t for

exanpl e from underground cabl es, Wwhich have ~an SFs cont o 30% by
vol ume. 30largeroremade tﬁemthenmoreiwrpet@t@‘ébe aedite wsaty Im this mannerviant i on

provi des f S ted in at | east one nenbrane
separat i ongg?rgglg’ 5%%0 a {enggéngcﬁetf%g@ﬁ ?hcreased content of SFs and a
perneate with a reduced content 3 0 JAN 2003 of SFs, and for the perneate
to be pass into | east one adsor ption st V\nththehdro hobi c

zeol it e¥ dige %@ﬁ%@'@ﬁ?@#%?ﬁ@? 8@’5&9@? %‘forﬁf‘h?'@t BF&%@Pr‘gd to provide
two or norgoRBmMNASewRsRBREati on stages and two or nore adsorption stages.

The pressure on the entry side of the menbrane or nenbranes is usually
greater than the anmbient pressure. For exanple, the gas m xture to be

separ at ed (F)ff,g ,rRSro%HnEH g&o?ﬁlngtoqﬁﬁﬁféﬁﬁoﬂesfé@s nef%%grq%{fnlegb@ﬁ%tl?ﬁo% If a

plurality nor anes are a conpressor ront of

each menbr am@reimmjspenrwha:hés poritéminatdcheith 8Bdial | y have a pressure which
corresponds approximately to the anbient pressure upon entry into the
adsorbel’ stage. if desired, the permeate may be conpressed before entry

into the aﬁ?a@aemsﬁal%?aﬁres%bﬁagsd;pmretmfre ESREALY Wereu'ﬂpdnﬁcaﬁﬂoﬁp' est to
feed the perneate in he adsorber stage at the pressure which results

from t he neanbasfectdbefrekanss éucrhsa& Weashingwih wetetpr ly@ oasmplidPaby 4 bar)
(absol ut e) a?lso'f%lﬁé'@mgde Wﬁdé’ '200 kPa (2 bar) (absolute). If two
es’'a pr i

menbr ane separ at1'on s ovi ded, expediently the follow ng guidance
of the gas streans is provided: the m'xture to be separated - for exanple,

a mxture sul. r hexatl uoride nd nitr nt ai ni ng_20% by 20 vol une
SFo 11 o unhePURBEHEN BEBRenalsER BRSahb IO HERS HMBPARES B nte t ho
rm{rbr ane ppRideeed bt addd iséffceisl dH énviBBMehtal gR%Ads. 2 pernmeate rv~th a high
ni t rogen

The purification of air containing $Fs may be desirable because SFs may have a

disruptive effect on industrial processes. One field of application is therefore the

25 purification of the air which is circulated in industrial plants.

The content of SFs in such air is frequently very low (in the range of parts per
million). For this reason, it is usually possible to dispense with the provision of
membrane separation beforehand. Furthermore, in view of the small quantities of

30 SFe, althoughitis possible to regenerate the laden sorbents, they may also be
disposed of in the laden state.

To improve the purifying action, it is of course also possible to arrange a plurality of



content and a | ow sul phur hexatluoride content is obtained. The perneate is
i ntroduced into the~adsorber, or into the first adsorber; the gas m xture

| eavi ng the first adsorber is then introduced into a seconaﬂ A ZBl}?len
optionally into a third, etc., 2s adsorber. -Experinents have shov~rn that
after passing through just one menbran® and two adsorbers filled with

hydr ophobi c. zeolites a nitrogen containing |less than 10 ppm SFs is

obt ai ned. Ebgbr;gmregggég(zog of horé)iin Sérigsenbrane is introduced into an
addi ti onal rane. The perneate resulting fromthis second nmenbrane is

introduced into the f| rst rrenbrane 1'he retentate fromthe second nenbrane

IS s o sul phle M%b ? rﬂ%ﬁtioﬁﬁbﬁgﬁr@;u%ea'g ﬂﬁ&g%uﬁf@n an be

stored tenporari ter |on W res sed
i mredi at el gction fbearmmritamlnated WrtrrSFrerTherpunﬁéd e@mlsbarsm mhmarn treedebidff uor i de.

3 0 JAN Zp cess, er orngd ver erx bly in.ternms of the
nunber Of ﬁ%ﬁﬁ?&ﬁ%@@ﬁa e&a% 5§@§se%gﬁ§f¥w ar%*ﬂﬂ‘&l“"bé‘fﬂent t he
depl etion @bulditfavedekn attﬁst@rfbfrfgcécﬁﬁbmlﬂéﬁt aridvéangy aﬁé(r%reﬁpérﬁth@%‘?r?rber st ages
are provided. s The nunber of the nenbranes and the arrangenent of the

menbrane cartridges will depend on V\/net her a gas wth a high or a | ow SFs
content isy \Qéidb (! separ ation
effect is gbggpfecre,%mq& %18{)1 bhérwtg%gr rgidrr]reat ef’rgé:\ﬁﬁrﬁh%'r}e

treated byaddedem.iasm tracer eu@’tandearEveharr qusxmysaam ma;bldanta mdmerfaomnngerrbr anes.
The adsgr ber, i th desr regeneration
i s necedsa K/Ugﬁgﬁgﬁg%ﬁ? RP |saF @%‘iséaifhs ctogf%m d a#git us may

however be higher (Ilarger nunber of conpressors). It has been est abl i shed
that even just one or two nmenbrane separation staﬁes and one or two

adsor ber sp&ﬁepéefﬁfréd sotodmenirelales tatheivpikipg-sinof Sheliz Bixtyies,withs
hexaf | uori Pé?e%ﬂg & Whikh SEEAVSRED erh‘?ﬁé& 1R fuhh@ces of sul phur hexafl uori de
to be obtalne %)r Prr r?e

gani c, asynme nbranes are preferred As is known,
there are rubber elastic nmenbranes ("rubbery nmenbranes”) which effect
separatjon sed a0 the a.o solubility of the pe ate .Ox her nbr anes
ef f ect ]ssepgrraﬁ'v Bg%ee%"agﬂ“ersl?éeg‘? 'P %@qu?qept?;rfc}ﬁeﬁﬁersdg{aﬂxé%¥%rge e are
non- r ubber SEk/Ns rmﬁurebmay firt HS@éub}éotéd & Ibwftl@mpéf@t’dbé &@éﬁme(ni gpmmw@r anes");
these latter nbr anes arFe%ﬁ)re erred. The nmenb of conventi onal

form NembFUAE® 7 ﬁOQ'ﬁ%th% o ENGe TRE) 170V 19 D6 G BRI ar ¢
i Gh1 Y Sl i BldnncFBrTIRE ARCTRIIOA TE00ENSERhick B HasiBAP €, of
y er im eta

pol ysul phone, pol ypropyl ene ose e, polyim de)
pol yam de, cpmemadmtlmemcoretehyes gl IFultbsrejores ghssehdsbaemiims Whioh 5, 730, 779.

QO her usabl nbr an [ ribed in US:A 4 , 904. F exanpl e)

pol yi ni-dos PRI T gaages of BEFGeLilh bV i S e onaphe

pol ysul phoobtinepdn yd imanser ip reneepatdd/onatskesption@isydekerbdeamve xdgdes and
that nitrogen substantially free of SFe is obtained and can be let off into the
environment. The SFe can be recycled.

25 An altemnative, preferred embodiment for relatively large quantities of gas mixture,
or those gas mixtures which have a higher content of SFe, will be described below.
This embodiment provides for the combination of membrane separation processes
and adsormption. 1t is highly suitable for mixtures of SFe and Na, for example from
underground cables, which have-an SFes content of 5 to 30% by volume.

30
This embodiment of the process according to the invention provides for an SFe/N2
mixture to be separated in at least one membrane separation stage into a
retentate with an increased content of SFe and a permeate with a reduced content



s 0 polyolefins are very highly suitable. Preferably the polynmer materi al
cont ai ns pol yester, polycarbonates and pol yester carbonates. Pol ycarbonates
whi ch have been derived froma bi phenol in which at |east 23% JANt2063

bi phenol units in the polynmer chain aredetrahal ogenated, the hal ogen being
chlorine or bromne, are 3 0 JAN ~pp3 7 outstandingly suitable.

Particul arl yégreferred menbr anes have a | ymeric matrix which has two

.O A s
porous sur f 8Eeks 8Rd I thapeimeae thbperssadiniorat leashana gdsnipian stage with phur

hexaf | uori d ; W %’%ﬂ r ar scri bed
in US Patenﬁ%ﬁ@g%érggﬁ%geﬁ%gg 2 é’wqﬁfﬁa”a i |ce)]n%§1l iﬁprpseu?riefél'”gegqguch S as
SOzF2, SOz ptavidedwe aromirainmerdbianetsepamgdion siagesaad two of fiocabdsoptivry t ake

pl ace beforehand, such as washing with water or |Iye or with adsorbers. Each
nenbr ane st §§8%%ay consist of a plurality of membtane cartridges (arranged
in parallgel). The pressure on the entry side of the nmenbrane or nenbranes

is usually higher than the anbient pressure. For exanple) the gas m xture
to be separ dtedPressurgen-the gniy pigeiaf themembsere sumembrangs is osualygredter 3

barl. Pref t : i 10 kP, 4 tp 12
bar) 11 a et feletobiEht drés i U Exdrinlel B8 adk MRkl 10,68 Serai gk be
arranged i nS]EJppl'rthd atfa mﬁgmmﬁ?mQOOG kEat(E@rbar)ﬂ]ﬂa”pluiafﬂ'ty&fl‘yﬁémgf@?@g?'ry from
10 to 40C. | e nenbrane.stages are used, e separatjon effect I1s even
better. Pr eip_é?\;z;%qrcﬁ 4 OERRP Y '%ﬁ%‘ﬂ%ﬁf@ﬁ&%@éﬁ%@ﬁm@?@@%@ 819 ReEeatewillsFs| Nz
gas m xtyy e then ddliphaleapredfpamhicd ddﬂn%sﬁgﬁén%a rsﬂﬁéf&yﬁtﬁa%%ﬁ%tem ate

retentate is fed as feed streamto a seco ane stage.

of this secBRFSYIRON 8Nt igke theasispdies stages If desiredathelpermeatesoay bahe

per neat e of i | fe [ to t.he third
membr ane st 58@%%?%8 %Sﬁgtaéf‘ g?gr}té ?@?gd%#%%téggg s Iﬁ%%rﬁg E]ﬁﬁe?h?'r dk of
SFs, and i sid simpleit ta feed théperemadte inotivg addoriesr stagsatige bressu@hwhick hesults
adsor ber or adsgr bers Theﬁermeate of e stage and

h d b fh
B A Prang e S Sqe  theB UsHEMOMRISUDY e 3es) (ApsRIeR)r o

retentate ofofH

to the fjrspref@ablyapctostedekP2$2 bhr s@igksbl i shed that, with zeolites
whi ch doisnoP neet yt he sel ecti oi(i Cl’i)}[,(g?i on gccordi ng to the invention in

ternms of nodul us and pore size, only poorer adsorption of sul phur
hexafiuoride or none at all i.s possible, aor that the

: ) / ar e .
Subst ant i al [}p B sepvalonstpgrearm RiREtie. axpedierly Bedolaning 5 1o 0: 65
M o 520  PRUIGEAL Bfthy BERBARERGEvigkl: 1hE nRESH Bl deparhseTerale {he

adsor bent s owering~the press pressure ternatl on adsorption) and
optional | y ekémpiengnmidate efsulphiur bexafherideand ditrogén OotANrR®I% By adsor bent s.

Tnto t e YBPARC R DrPiaraa rebohnds fss LAt SUBBRars: CUNGHES: nventi on
i's di stingupgdigistaRy prasbleAtiay ERbwS hitr@gemo bas, & poTAe A8 with e Higie nRbg&irs/ ai r
m xtures. The purified nitrogen or the purified.air may be
content and a low sulphur hexafluoride content is obtained. The permeate is
introduced into the adsorber, or into the first adsorber; the gas mixture leaving the
first adsorber is then introduced into a second, and then optionally into a third, etc.,
25 adsorber. -Experiments have shown that after passing through just one membrane
and two adsorbers filled with hydrophobic zeolites a nitrogen containing less than
10 ppm SFe is obtained. The retentate of the first membrane is introduced into an
additional membrane. The permeate resulting from this second membrane is
introduced into the first membrane. The rétentate from the second membrane is
30 sulphur hexafluoride with small amounts of nitrogen. It can be stored temporarily
after liquefaction with a compressor, be re-used immediately or be worked up,

further enriching the sulphur hexafluoride.



let off harml'essly into the environment. The recovered sul phur hexafl uoride
may either be re-used imedi ately or after further purification -
optionally in liquefied form The apparatus to be used in 8BeJiN oggss
according to the invention may be in bile form In this case, the gas

m xture, which originates for exanple tromto underground cabl es, may be
separated on the spot. The invention al so covers an apparatus. This

appar at us fTbe psaneas atayriag parophad vaeiekiblydn tetmsof theayenberof SEsttaamesri xt ur es
conprises qne, .t t.hree or nore nenbr.ane separat i St s Wi th menbranes
which are gRopdrdRer SRR ddentiliiach © W ArERbBERepRlal PR IAR. To or
nore adsor kfegetMdne, fvdebveh igelddsebehatagagar prblite@n di oxi de/ al umi ni um
oxide ratio (m)dul us) of at least 80 and a pore dianeter of 4 to 7 A (0.4
to 0.7 nnm). What has been stated above applies with regard to the nunber of
menbr ane. a | menbr ane
Stage. & prop o Bing e g SRRl e AP ARIRCLAEREY

menbr ane sejildepend onsihedes asgas withoa high or bdow SFagerdentlis tofhetrdated.conpri ses a

feed line the gas mxture to be separated ii,ch lipe is, connected to
the inlet Wuﬁl’ba[]aﬁ% ﬂ“@terﬁgwt? e e Saﬁpﬁbaﬁwgteﬁggﬂs %{eé%ﬁ'rf@gttﬁ?lgefi ne

bet ween t heofiehsih titdPerftdhidh o dRErsRRPDRAdDMthIgRWeMMas ivHen | Nt ended
for introducing the retentate fromthe first menbrane separation stage into

t he second UsBgi Sl nynbes o Eiesthranes t Hipeadsaries maydbemeither ke dssigagdn t he
second pgndd pg ?ﬁwaﬂé‘r{*@rﬁ%@@né@ 8eB8ss3 énge‘P’th&Oal%?!TH?%oétﬁfn tFHﬁé oduci ng
the perneate of the second nenbrane separation stage info the Tirst

menbr ane sepapparaion nayduywsyever bé hghtofargenmwnper of hempretseonsat e from t he
second nmenbrane separation stage, fromwhich retentate with a high SFs
content can be renoved, a line for feeding the perneate so of the first

nmenbr ane s egpRisdleenRsBbAgRd thateveRgust bhs br BsmeMeranesdpbntion efagksedi ng t he
gas leaving the first adsorber into the second adsorber and a |ine for

removi ng t RBAONBSN IR pesarherstagesase syificiepigana Biﬁgl)’_(eﬁﬁc@ﬂssbﬁﬁhé’é air) fromthe
second ?éjs‘%?@fruoﬁd%%né’ a%%g%ﬂ@s%s%@ paft g‘f&shf?{a%es%%m Ry I?erx%ﬁud?ird@ftc?gé :g system

conprises three nenprane stag edi ent t hey are connecte

descri bed fobtaitesk above. Figure 2 explains this in greater detail.

Cont ai ner B (synbolises the gas-insulated |ine) has a m xture of Nz and
SFs. The m xture is passed into the first menbrane stage 2 through |ine 1.
s The r et eiQrgtmic, ssyetbticaimentteades at@réfored.eAs sknownptharearetrageer4. The
retentate, eEai(sghl nri ched SFs, of nenbrane stﬁage 4 is introduced via line
5into the ¢ AFERERIRSL WEPe ehbENRR AW &ERISEPamAYEN PassReR Beof t he
first MEOIBARBIGIAIR dortribaleOht MembriNdsbrideidbanion basel of i permeate of

whi ch can be infroduced Iinto the adsorber (or adsorbers). The retentate of
the third wiiusiblityof $epperatcate; thasedse nenirukber-etasiic] bubwkthargristalisey into t he

feed strea Wl " econd
menbr Zne s&%&br&m&s{ gllag%y ﬁ%ﬂ%@%@gﬁ%@ggﬁt‘e{ ﬁgwgﬁg%fagé ? Hégéqéeéégr@et ream of
]Ehe fi rlst _mwbbranelnﬂy&@p;?f&on@:mnaﬁemswhafwa@stir:nmﬁmo?mhbummges, p][obes
or analysing s es, ow nmeters efc. e omtted for the purpose o

i ar iy, 1800RE CARTRERNEAer S0y SUIEtia: pLlE e MRiAne REC AR A B Shombr ane
separ at  On {§l3aRpie, BEHGY ISR ASRPSREIMITE A PiEY IeteS BelRsBlagYiatted. ~ Two

adsor her stages oOr nore” are advantageous, since ‘they permt continuous

oper at i on ipplyudeqaiyemide polyesamidior ety qilblospmsrdasasbasn UseAan- angEd i n
Veni ol e (e oq 0 e Y el RE B 8 B PRELER 2 AT R On can be
carried outexamplehpolgirides, polycarbonates, polyesters, polyester carbonates,

polysulphones, polyethersulphones, polyamides, polyphenylene oxides and

30 polyolefins are very highly suitable. Preferably the polymer material contains

polyester, polycarbonates and polyester carbonates. Polycarbonates which have

been derived from a biphenol in which at least 25% of the biphenol units in the

polymer chain are tetrahalogenated, the halogen being chlorine or bromine, are



2s The invention wll be explained in greater detail in rel & JANtB03EXanp! e
1 wth reference to Figure 9. Exanple 1: Conbinati on of nenbrane
se~~aration and sontion An installation with two nenbrane separati on stages
and two adsorbers~ 30 connected in serids was used. This installation is
very conpact (space required: 9 netre (30-foot) container) and is suitable

sl o ty, Ol NEnlel P PRy PhaRFed Mleri8: fam o BebielindBh. 5 o
JAN 2003 10whivh hasitho porsisssefdcawarad @Egbhﬁhhh peavitd therseptisatien ofauf act ur ed

by Aga- Gas, tyge AVI RT~, "Wessalith DAZ F2Q") manuf actured by Degussa, was
used. This SYPRUEEluQrderram therthergas cangplgenizn SERN MRRMEERS (i) ect ed t o

deal um ni sa4.Q0iHLA r t [ : ' ' Si Oz
Snd i th o tegtitel if URlTERent QoS M AR AIESM 207, ibddireRirplfifad e o
al so used vesS0:64,150; eedre testained i thergasamixiepd, guefiddtiofInayntaképlazeol i te

A e i s e e A
“Vessal i n GRS AN ARG RBR0e S el BRI o' 8

and a particle size of 2 mm 500 g of this adsorbent were used. By m xing
ni trogen andhegregssure pr i entorside of thegasmbianswrenanbtamenings 2MYtigher s

vol ume SFs % hy: ~Nz s_produged) which corresponds,to a gas

i xt ur e amed oh B iRl dSey £AR BeRoairat BaedahiradS baseReralas mauden
pressure of sigfliedidba dréssusad) uf &NTIV0KRI (V¥I5ar NPFPEtaBRAhY Eﬁ%k?@ss@t dfdto the
first menbrane separation stage 2 gl nB/ h). The pernmeate |eavin tFle first
menbr ane se%&?‘afqoﬁaoglzgéé@@dfﬁaéﬁ he 8207 dhaplugal amprangsreramdvddedyg vol ume
sul phur hex ' +d O= L. ent

pr egsur e Vi ?#P%bgﬁpﬁ? ggtﬁ%%np??lsrt%@?@#Egﬂn?%%ﬂé‘hgﬂggéﬁhg g?ftﬁgés | eavi ng

t he adsor begdventaganuslydtared0v¥o 401G.ne 10 into the , second adsorber 11. A
gas which contained | ess than 10 ppm sul phur hexa~uori de was renoved via

line 9255 fthree membrane stages are used, the separation effect is even better.

Preferably the three membranes are connected as follows: the SFs/N2 gas mixture
is fed as feed stream to the first membrane stage. The retentate is fed as feed
stream to a second membrarie stage. The retentate of this second stage is highly
enriched SFs, and can be re-used. The permeate of the first membrane stage is

20 fed as feed stream to the third membrane stage. The permeate of this third stage
is Ny, virtually free of SFe, and is let off into the environment after passing through ,
the adsorber or adsorbers. The permeate of the second membrane stage and the
retentate of the third membrane stage are introduced into the feed stream to the
first membrane stage.

25
It was established that, with zeolites which do not meet the selection criterion
according to the invention in terms of modulus and pore size, only poorer
adsorption of sulphur hexafluoride or none at allis possible, or that they are
substantially less selective. A pore diameter of 5t0 6.5 A (0.5to 0.65 nm) is

30 particularly advantageous.

Itis possible to regenerate the adsorbents by lowering the pressure (pressure
alternation adsorption) and optionally allowing heat to act on the coated



2s The rétentate of the first nenbrane separation stage conBdi d&N 2883% by
vol une nitrogen and 50% by vol ume sul phur hexatl uoride and vas introduced
into the second nmenbrane separation stage 4 via line 3 after it had been
conpressed to 1300 kPa (13 bar). The pernmeate fromthe second nmenbrane
separation stage contained 81 % by vol tne nitrogen and 19% by vol une

sul phur hexafluoride, and was 30 returned to the first nmenbrane separation

stage via hdsebéntsTiTRe salpBiM dxaf@dridelteleassdmdy r@ré&émgm eRaA@tHeon stage
cont ai ned 95% by vol ume sul phur hexaf| uoride and 5% by vol une nitrogen. It

was i nt r odifesstieanuint toe srengrane separatien Mlakt a 1ine 6. This product is so
pure that it can be used directly for re- " ' ~' 11 3 0 JAN 2003 using
the SFs. |If desired, however, it may also be purified further. Exanple

|, was r epedhegjodess actordingte the idvention isaaigtinguithed peoptratia spiitting othéhe third

menbrane stil|, contain .% by volynme SEs before being .passed into the s
adsor ber®. %héA\JF m"gp%?r?%éfr@'émf% eﬂ‘@rp&{”ﬁﬁ?mn'ﬁpge%srr 'F‘@??fﬂﬁﬁif%wy ES nger .
Exanpl es 2d: eff hhAnleddly #e@inele?Sirdhent MhesédaRtRbuidhur BERELRFdE Rl
suitability as adsorbents for z o separating SFFINz m xtures. An"SFsIN 2

mi xt ure coBitReriedg-ussdimmedizaly orafter fstherBUNliatiqgirsertignalydn liquafisd ads or ber s
connect ed | | ' i '%9{(9 r tive
adsor bent . lfdmlzefrrﬁex lﬁ)ra )égu\f\g{sb %%%%Jnt r@'l?gﬁ&u%ﬂ t?&?é)%é’g%@#ﬁé’ﬁg% been
passed t hr ougbbilefoemninthisraasé ghe igag ntitiereswhioch drigidsies ierexaapld fromst | gat ed

usi ng gas chr.omat ogra , and the SEs, concentrati on was determ ned. The
first sHYi Hgd?fﬂqug@tcsa%\%sm@&BPiSQBa@&tdC?ﬁthﬁrf‘BP nt pressure (100 kPa) (1
bar). The adsorbents investigated, their characteristics and an eval uation

of their adsorptive capacity are summarised in the follow ng table.
Therei n; zdbeinvenign alse 6pYs BB ARRatad SEXANRARPamstuefar sep@rating Sulphif act ur er s:

No. 1, No. 4. H A A D : ; . 7, No. 8:

Chen o Vet PRXTICAHRR e REST 7 TP e Sph B R Oy ey

Muni ch; Nomenbrin&searatian stles With membienesIvhicodregyefemtially: pad@eabliid.
eol i ne)

2t s oo QS AR G o Mo PR b Lot RaviBS 1)
2) measur edjigdrt @bxid&ralinfinium oxide ratio (modulus) of at least 80 and a pore diameter
of 4to 7 A (0.4 to 0.7 nm). What has been stated above applies with regard to the
number of membrane and adsorber stages. A compressor is arranged before
each membrane stage. A preferred apparatus, as explained in Figure 1, has two
20 membrane separation stages and two adsorber stages. It further comprises a
feed line for the gas mixture to be separated, which line is connected to the inlet
into the first membrane separation stage, a connecting line between the first and
second membrane separation stages which is intended for introducing the
retentate from the first membrane separation stage into the second membrane
25 separation stage, a connecting line between the second and first membrane
separation stages, which serves for introducing the permeate of the second
membrane separation stage into the first membrane separation stage, a line for
removing the retentate from the second membrane separation stage, from which
retentate with a high SFs content can be removed, a line for feeding the permeate
30 of the first membrane separation stage into the first adsorber, a line for feeding the
gas leaving the first adsorber into the second adsorber and a line for removing the
substantially SFe-free nitrogen gas (or SFe-free air) from the second adsorber.



3} Used as extrudate Table 1: Zeolites Investigated Zeolite No. Trade
NanmeTypeModul usPore di anmeter [nn]Particle sizeConcentration (ﬁf SFs (nmg/ Q
after absorber 1'y 22| Cbservati onslWssabith DAZ F20Pent asi $ MIAN- 2030000 &2
mrl2. 5610. 522T 4480Pent aS|I ZSMB5900. 58> 1 NnB~1. Q0. 383Zeocat PZ- 21 400ZSM
5, Na form4000 53 x 0, 56; 51 x ,0.552 - 5 mmll. 480. 234Wessal it h DAY

F20Y- zeol i t Wﬁm’mnﬁﬂ%m@grﬁfemﬁﬁ ReENRMPIAASESAAAESt h WE 894X

in Na forng. G 1. 6 -
25 b1 6325 MoCL AT Lo QAR R BB R iR 2P OB s
0.6 - 0.71 in gzeeNerﬁdetéiﬁ@orﬂéﬁenaa(syrawwesﬁ@gﬁaeme% line) has a mixture of

6- 08- 02Y-zeo] i feb5-60.742. 45 nmil. 6456. 57Co

arison
exanpl e9Si colz aAREgr HMBdYs iupassed "'htﬁ@"e %B‘I‘?Q‘Kﬁ?ﬂﬁtﬁg%gﬁhm‘lgh line 1.

oxannl o1 1AT0 S teichidte SRS e 3 g e ¢Bkodd piintfang sﬁad@%"ér?r’éte’rﬁ&%”"a”
mn"rgg gi gg gi%hlpannm %E@antxmmm $tag%l& i iotro@dced vi2 hr?e 5 into the storage

u ari n, exa a For see **

0 IAN 2003 TSR BN TERGRS teRY: THe el e SHmREbATR S ase Q%gnd a
pore width ofidha itd mdmbBiEngiskedtheh ARRAtAEIS AN bé!r?b%ﬁ‘ﬁf%@b& ok

anbi ent pressure. 1t was observéd that for the adsorbents suita e for t he
process accoadkongertor acﬁwrtsershxir@etretamtataef thedbirghtrieonbrane Ssarator stpgensed) but

sel ect i viPy PREIGegn ikt ELEE Teed usrnh OPRRRITHE R0l sldSZ % or ne. of
apparat us argerfrieety 6ftHe sec&?éﬁﬁ@ﬂr@ﬁar%sté%@ﬂ@b &isé mbu&@@ viOfmel, inttRnd S5)
were repeated at a pressure of 200 and 400 kPa lgz_‘Z 3 and 4 bar).

Zeolite No. @earsgmraﬁ&wesfuémng@beaneaqtm2eG@mpa@sspmbafpee @ membranebar )

ccol i L5 di SHray el SSRGS Y B ThERI e PR YieardS “an”

SFs concent r@itdapity.of 2 and 4% by vol une sho-. ved that in this , ~s case too
zeoG e N?'s 3 yielded the best results.

Depending on the adsorber capacity and the number of membrane separation

stages, merely one adsorber stage may also be provided. - Two adsorber stages or

more are advantageous, since they permit continuous operation if connected in

parallel.

-20 .

The apparatus may be aranged in mobile form, for example constructed on the

loading surface of a motor vehicle (e.g. lorry). Then the process according to the

invention can be carried out on the spot. |

25 The invention will be explained in greater detail in relation to Example 1 with

reference to Figure 1.

Example 1: Combination of membrane separation and sorption
An installation with two membrane separation stages and two adsorbers
30 connected in series was used. This installatioh is very compact (space required:
9 metre (30-foot) container) and is suitable for constfuction on the loading surface
for example of a lomy. For simplicity, the compressors before each membrane have |

been omitted.



14 3 0 JAN 2003 Clains 1. A process for separating SFsI N~ m xtures or
SF~lair mxtures) in which the 5 mxture is contacted in gt |east one
adsorption stage with hydrophobic zeolites having an Si OZ%A@LL‘UQ' #Mio of at
f east 80 and a pore dianmeter of 4 to 2N (0.4 to . 0.7 nm in order
preferentially to adsorb SFs and to recover NZ depleted in SFs or air
depleted in SFs. -10 2. A process according to Claim1l, characterised in

t hat hydrophobi c zeolite~ having a pore dianeter of 5to 6.5 A (0.5 to 0.65
nn) is usedlhemembpanasasedaeereadiheghaliowdibae type, mehafeatred bAdaQGast hat t he

(absol ut o) ERRYIRA FieSeuRelE TR nitn Breilion by Heusseotsd 8o st hat ¢ ne
process is i§%@4‘éoﬁt@rofﬁgﬁéﬁbbiﬂ@p@,‘cv@hi@\\:ﬁai be&h &%ﬁ@@@éﬁ%ﬁ%ﬁ&% 5. A

process according to Caiml, "characterised in'that s-contal ning 20-
exhaust ai rorder loxaplase tipaslkd; indra laltie Wil fandin thieemanangrds incredsedst r y)

i nsul ati ng gas .f Wi, ndo or=fil(er gas fromtyres is,used. ' . 6. A
process acc’g‘PawH%%wa%%%@gﬁﬁ%ﬁ%&@?é E%%‘?Y’ﬁ“ P{‘?ﬁfzﬁg' Srﬁ'?ﬂﬂr is first
separ at ed ifpRice A&ARNIN BREZBIRILIANGICS & TRicahEPidd Prédites fof &orfladtf @ at e having
an 25- increased content of SFs and a perneate having a reduced content of

SFs and t hezgsbiteriby SiCder thisrpuieese h Y Pitem B. GalltanddaSreyobbeatngpt i on

2t Teast o0 RaOR (ST NP PROS D15 288 b R pRts PR BRI or e ©

preferenpially to adsorb SFs. 30 7. A process according to Cl'laim1 or 6,
characterised in that the starti B%Zmi nt is an SFsINz m xture having an SFs

content of 5% 7_690\5@’)69@% '\'/\ﬁ/leﬁ?'@i"@ fSHL) hgsa _ﬁiQ@Plﬂsé)f eyerl.@8).epor8, 8. A
process acqouti 394 ARG é’b@rtigﬂéts\i%e cgf@%?rﬁt@dd d@ gﬁg‘s%dggl%tenf\w@reqjsegp re, 35

menbrane separati on stages an r nore a ion stages are provided.
3 0 JAN 2003 15 9. A process according to Caim8, characterised in that
hrro nmenbrape ded, the retenCatex of the first

separ.at i on_st age re_proyj
menbr ane s dRAF Rt oHE e abe s SR iageluaide: Ees N HiE AR S B0% 3  on st age
i n ordenst o,ith@SFs AndISELAIBEVHIaiteNd, \¥ds pioRiieas thicPhoriesfiisabla ik retentate
fromthe second nenbrane separation stage, the perneate of the second

mermbr ane s gpiiuie Heed, Sorgj@mue e tndergmuns eabiase Tihergss miskie alrfepreggiiieat i on
stage with J e ontent or .aiy cqntent an he -perneate of the
fir sf memﬁﬁﬁQ&EEBZﬁgF'@%&‘@?ﬂ%héﬁi'rﬂf{PJ&Cﬁﬁdﬁ W@Bﬁ}@ﬁﬁf@ﬁﬂ%{ﬂ?@@m ent is
fed to onesephilioRktafer®(BM3MY.UEhe pbaBESe ICaviiPRE ) ndthBiaReNEpafatidh Stadet N
a greatly depl et e&j SE conteng, 10. A process accor(;‘l nﬂ to Cl, Pm 9, chégre
acteri sed 199NaRad $76byAeime birogpagad S5 Y NPLTIRAPIUA PEXRTLPTd 308t ai n N-
or air wypt i HE @intod: at us
for' sep\g!r) apﬁv é\sgﬁ%?:asq%? a%%z? ﬁ;{rﬂaen?ﬁ élggatrx;npt??fg’dl Fﬁggsll'?é g,%shgé grmtﬁo%ﬂ%ﬁ%%[gnﬁrane
separ at i on $ardihe =3, mixtung tdavimgrtbe adesrbgrivas intradecasindd bret indd the per neabl e

tSiooyzl Aigg?)lqegf%pcgégq%o & ﬁs,grggg{/v%ic(h?énltéli%emgsg Uﬂaa'nbﬁdpp% SLZJI;e)RllJr! tes having an

hexafiuoride was removed via line 12.

25 The retentate of the first meerane separation stage contained 50% by volume
nitrogen and 50% by volume sulphur hexafluoride and was introduced into the
second membrane separation stage 4 via line 3 after it had been compressed to
1300 kPa (13 bar). The permeate from the second membrane separation stage
contained 81% by volume nitrogen and 19% by volume sulphur hexafloride, and was
30 retumed to the first membrane separation stage via line 5. The retentate of the
second membrane separation stage contained 95% by volume sulphur
hexafluoride and 5% by volume nitrogen. It was introduced into a storage
container 7 via line 6. This product is so pure thatit can be used directly for re- *



at least 80 and a pore dianeter of 4 to 7 A(0.4to 0.7 nm. ,12. An

appar atus according to Caim1l yvith 2 nenbrane separati on stages and 2

' 20 adsorber stages, conprising a line (1) for feedirigdbhe/Aya2003 xture to
be separated into the first menbrane sepatation stage (2), a connecting
line (3) for the retentate for introduction into the second menbr ane
separation s econd (4) and
first (2) ne%%ﬁgrlﬁee%ré%gﬁg@%ﬁcé?\ggveésr lP@rag'l%)nstoﬁgé u0| t e?permaate of the
second rtienbrane separation stage (4) into the fi rst menbr ane separation

t 2 | f t.ent t f th
ver ane. sepEFRRP YB3 GRS IE KRV SRS S ThePARRIS(BIHGINet cedi ng

t heper neat e (

adsor ber (9), ﬁ'ﬁrd rﬁﬁ—ﬂéﬁ(‘%&b"ﬁo ?\@%&3 ngﬁ’ﬁré'hﬁgp%‘gﬂéﬁen@%‘% S‘T’Q> rs}? mcﬁsor ber
(9) into tsheadsm'berd Tusiateeals bafdye segenardtion @rg d@jespondinglytonigeg t he
substantially SFs-free Nz gas fromthe second adsoi~er (11). 30 ~ . . ' i
3. An apparatus according to rrlaim 12, conprising a third nmenbrane
separation stage (6) wth a connecting line (10) for the perneate of the
third nenbrane separation stage (6) for introduction into the adsorber) a
connecting | Exemplys 28 1Bht roducing the retentate of the third stage into

ntroduci nge %‘%‘ﬁrﬁ? B AL B T RSB A SestBaR et ™l 2) T e
ths' thirdyg SFIR, FRea NANSIAY Ahix@ite SbAERIAEbGN A\ CRIIREL | Ng

line (9) for |ntro ucing the perneate of the second nenbrane "separation
stage (4) inbbswasPeEs omﬁwaﬁéorbéfﬁemﬂesﬁdsm sejies( ehich eantajmed gdprdt et us

accordi ng t Ogﬁé‘ﬁgﬁ %19 r@%;g%scg}% goré)%nf Y HE ik e WATPhs Y th BRI about

construct ed
Af u@ AU@ A”&O@fSF#&@bé&n%ﬁisé&’dfﬁbagbﬁ%hmmr%ﬂem%é%ecmmme% Wel323F&q/

3: x ]s (r:l |a ]dC g} c Z} Ea'féfz;g%%q' Héﬁ@@%@é@pa@p@qm’;@%m fganapaligtion)weas delpaalned] caj
@ xsnid ﬁ%caqgaercé%cé:gé%g} ﬁ‘g% ca Caf@@%ﬁég’%}lt&qresiure 19 sz?)é a)[ cal ca]ca

] {:a] ca] ca]dca] ca] ca] ca] ca] ca] ca] cal %j 5" H 11/ "+ ##

Z
} el Cal ca) ca%rﬁa}aéac}r@a+ eseapachentrakrpkeaks rﬁc%‘@c%haﬁ% Blfgheslcalcnce
44566} xr mhc” Xhembhal &len) sl 4 eaheadeeAh m&ma%; ¢eatis: aieerbin adevikeqad.cr] cal ca]

ca]ca]ca]ca]ca]ca]ca]ca!ca]ca]ca caJ ca! 688: c

<<<i =k=v=x =C@BIPPRRE PZIEWIJK{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca% ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KK! L

tLLL NNNN@DOO<PP#Q&Qr QQR[ RRSTTT5WsW wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] eahigalfeatlirascal oy daNoaldoegueksadGal ca] ca] c”a] ca] ca] ca] ca] ca] ca
FSWWNANKCXXXZST[FIT[,\\V\\\J] b] ] aaaaaade{ eef f Chzupkf a\ W ca] ca] ca] ca] ca] ca] ca

] ca] caU] caU] ca] ca] ca] ca] ca] 0% SaPaygcAPclgveaisanca] ca] ca] ca] cha]calcajca]ca
ca] ca! Chuhhi Li *kkkl' T T1TT111;

Lol{)p#qt gt t vvwzzupkf a\ W ca] ca(i caf\'cafca?ca]ccgﬂ:a 8%1 nc% ca icé‘] caJ ca] ca] ca

] ca] caV] ca] ca] ca] cal] ca] ca] ¢8pitzdrtampi;a] ca] ca] ca] ca$023i K- 3

10%&' ()-109& () - &$P109%& () - &ﬁloa/gﬁg - 910%& 1098 ()-f@10% & ()-LF&eF-"3
1098 YOL@%R ()-! y 109%z& (NBED % IW‘”"f‘biofya& O)- 10%& ()-&q/ dE-"3

TR o 0 = bt e e (065
No. 9. Solvay; No. 10: UOP, Nd. Erkrath;
No. 11:Atochem Deutschland, Nd. D_L“Jsseldorf;
No. 12: Zeoline, Engis (Belgfum) '

30

1) Adsorber 1, measured after § min,
2) Adsorber 2, measured after 10 min.
5) Used as extrudate |
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' the pressure is increased; he selactivity therefore increases. However, higher

costs in'terms of apparatus are incurred.

Examples 2-4 and 6 (zeolites Nos. 1 - 3 and 5) were repeated at a pressure of 200, 300
and 400 kPa (2, 3 and 4 bar). Zeolite No. 3 displayed such good values even at 100 kPa
(1 bar) that they were not improved further by operating under pressure. The other
zeolites displayed an improvement in the adsorption.

10

Further tesls at an SFs concentration of 2 and 4% by volume showed thatin this

15 case too zeolite No. 3 yielded the best resuits.
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10 2 A process according to Claim 1, characterised in that hydrophobic zeohte
having a pore diameter of 5t0 6.5 A (0.5 to 0. 65 nm) is used.

3.  Aprocess gcbording to Claim 1, characterised in that the adsorption is
performed at a pressure of at most 507 kPa (5 atm) (absolute).

15 , :
4. A process according to Claim 1, characterised in that the process is used

" for separatmg off SFe from SFs-contatmng gases. -

5. A process according to Claim 1, characterised in that SFe-containing
20 exhaust air 6r_exhaList gases, exhaust gases from the magnesium industry,
insulating gas from window panes or filler gas from tyres is used.

6. A process according to Claim 1, characterised in that the mixture is first
separated in at least one membrane sepération 'stage into a retentate having an
25-~increased content of SFs and a permeate havmg a reduced contentof SFe and the
permeate for further separahon in at least one adsorptlon stage is contacted with-
hydrophoblc zeolite having an SiO./ALO; ratio of at least 80 and a pore diameter
of 4107 A (04 to 0.7 nm) in order preferentially to adsorb SFe.

3 7 A prbce'ss according to Claim"l or 6, 'characterisg-:'d in that the starting point
Is an SFe/N, mixture having an SFs content of & to 30% by volume or an SFé/air
mixture of 0.05 to 2%.

8. A process according td Qléim 6 or 7, characterised in that two or more .
35 membrane separation s_ta'ges and two or more adsbrption ‘sléges are provided,
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I n(10%2>wnqt)ramergar@@m|tqge,( @to the fi st membrane separation stage (2), a line () for

25 removing the retentate from the second membrane separation stage (4) with high SF
content, a line (8) for feeding the permeate of the first niemfarane separation stage (2) into
- the first adsorber (9), a line (10) for feeding the gas leaving the first adsorber () into the
second adsorber (11) and a line (12) for removing the substentially SFefree N, gas from
the second adsorber (11).
30 - .
13, An apparatus accordlng ta Claim 12, compnsmg a third membrang separation
stage (6) v.un a connectlng line (10) for the permeate of the third membrane separation
stage (6) for lntroductxon into the adsorber, a connecting line (7) for introducing the
retentate of tne third stage into the first membrane separatlon stage (2), a connecting line
35 (8)for introducing the permeale of the first membrane separatlon stag= (2) into the 'third
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5 .constructed on board a motor vehicle.



