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Description The invention relates to a process for the separation of gas

m xt ures which contain sul phur hexafluoride (SFs). 1 o SFs- i1 i ses
are used for widely varying purposes in industry. SFslNz mjmmmmmmwmmﬁm
SFsl nobl e gas mixtures and SFslair mktures are used, for exanpl.g,.d.Nn the
manuf acture of windows as an insulating filler gas) and in the tyre
industry as a pressure-resistant, noise-danping filler gas. i 5 M xtures of
sul phur hexafl uoride and nitrogen are used as an insul ati nguﬂﬂuﬂmmmmmﬂWME
under ground cabl es, see Gadparatichiof SFy-cdvitaining2@8e20 507. 2.

m xtures contain 5 to 30% by vol une sul phur hexafl uori de, renmai nd®gooz+
nitrogen to make up to 100% by volune. 2 o M xtures of sul phur hexafl uoride
and air and optionally COz are Useﬁeé’c?igﬁ’orp-r otective gas cushion when _
casting magnesium SFs is usually contained in these mxtures in a quantity
of 0.055t0 1 % by volunme. 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 SFs. The problemis that nitrogen
or air takess MhertichEIaRs O b WraEceRS for e saparationtof gagemxtures whick contain r equi res
a large transport capacity. It is an object of the present invention to
devi se a psmpmyeﬂdluog@@ég%b-i ng the above so gas m xtures which) when the
SFs fromthe mxtures is re-used, requires only a small transport capacity.
A further object is to provide a suitable apparatus _foli%gg,erfo ing the
process;o BFaconmtaidinggases atecused fenwidelyvaryng Pplmﬂ§8§§"8€ dichg™Neo the

invention for sepapati SFs- cont ai_nj At [ Ol t he

L i o1 oMRUBERE ShrdRBen RO BHOS Fo Dufires S Sed, BRSPS 205
@i (" moghl manura@ret wirkitils sbbrvinslistingditer glishard iethefyrelindystry 3 4 0. 4 to
0.7 nm, in order to adsorb SFs preferentially. The substantially SFs-free
ni trogen oprasseregesistant GosEdampiNGWergas-of f into the environment. This
sinple way of performng the process is particularly suitable when
relatively i o small quantities of gas mxture are to he separated or if
t he SFs;¢omirtatesics sliphyr rexgludnide @nd BiEogn @6 usas agan m%ul{amf@%w

particularly well suited for t 1 i j onal |y CQ2
whi ch ori gif‘gfd{r@efgf@r‘ﬁ({?‘?g"ecsaﬁef ﬁéﬂﬁ%ﬁ#&‘@ﬁ@é@%‘rﬁ? usuzg_l ij/@ggﬁfﬁén 0.05 to 1
% by vol ungnisiofes ddntaiilgitd 30x Dy vplunmepsulphiur dsxafluotide sersamHgy nitegerdoc. are
contained therein, purification my be effected beforehand, such as i5
washi ng wi trakesgreto 4t'%}o%9)éV‘2i‘|ﬂ'm§orpti on by means of e.g. Al203. This way of
pertorm ng the process is also well suited for separating filler gases from
insul ating panes and car tyres. For exanple, the protective gas fromthe
magnesi um i Mistusés of sciphuphexafigordieandajr andopiienaihCerare Used 8P Ader air and

C02, is drawn off and the air i f &k, id8uaN'cBA@inedsn and CO2 is
recycl ed. \@PICHVe gy %SF'8BP'VM§StOﬁ§Iai é@rﬁ)%%g"éﬁ %'; ori aI,9 virtually a whol e
veek' s prodygteé Mikieres Rrdquarttityas©.05torfabynedluineg cruci bl e can be purified.
Mesi um can therefore be produced in a far nore environnentally friendly

er than previously. The desorption tinme is not |onger, or even 2 s
shorter, thé‘ﬁe-éé}ﬁaiﬁiﬂ{)%%%téfrﬁ%yaﬂotd@l@u'gh industrpFs content is frequently 10%
by vol une for  nsulating-gas w ndow panes, the extractor units frequently
draw i nggecondary air, so that the effective SFs content is |ower upon
sorption. 30.One. di ' ' awithi treess for the
purificatio 'S(C)gf]esg‘g@%)891‘("5%%&8&52@&"!@%/%%;??}/ @ﬁ‘fﬁéé&é‘. désjég? exhaust air .
cont ami nat egpjattive oBrsusing theBies Tas peaiilerofis thaLNIregaRRriay rakes U3 80N t he

finding that SFs can genergl |y be. separat Ut i isSel ect ed
zeol i tes. SVAPME PEEE ﬁg?ﬁnﬂ?fsgabs @ﬁ@{f\gm trﬁ@flr%# ﬁe‘g@gggﬁgé?ﬁoﬁé%gjpgst o the
desired ext EStUhntieR® devise apwockssIesseparatingiiiee akomeved. The
separation gﬁ%g%gf?@hggie&égtﬁﬂécggsful if tar,l\gbrml,ecul es, of thgpa@ from whi ch

the SFs is as mixterepahichewhan thel Srsdeom the raixiyrasds re-HseH. feRiIrg anet er of
the zeolite used. In this.nmanner) for exanple, gases from production can be
purifi ed. 15813$ﬂ@n?%%%9%8'§;§ al so be used for the purification of air or
exhaust air which is contamnated with SFs. 15 The inprovenent according to
the invention resides n effectin e I fd L fdlg Rk xhaust air
which is corﬁfé‘ﬁhﬁraqté?f’tﬁiq?ﬁr%’ as ta&@oﬁ@%@r’%&%ﬁ? é'ﬁrl tige@b G?:Hhesgs SCRF2, SO
etc. are contained therein, purification can be effected beforehand, such
as washing wwth water or |ye or sorption by nmeans of, for exanple, Al ZGs. a
o The purification of the exhaust air, for exanple fromplants in which SFs
is produced or used, is effected on environnmental grounds. The purification
of air containing SF6 may be desirabl e because SFs may have a di sruptive
effect on industrial processes. One field of application is therefore the 2
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Thi s enbodi nent according to the invention is distinguished by a high
purifying action for air contam nated with SFs. The purified exhaust air or
air ‘can be let off harmessly into the environnment or be passed harnlessly
into plants in which SFs woul d have been a di sturbing contam nant and serve
as anbient air therein. The process npy 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 manufacturing to or using SFs can be purified if
this air dccesdnaetheinventoncont ani nated with SFs. One preferred enmbodi nent
relates to the working-up of SFs/Nz m xtures, with reference to which the
invention will be explained further. i5 If relatively |]arge g antities are
to be sepafteprdeessraccrdingdo $rsinventioaifeiseparajing §Fg€9nt¥'ﬁ@gé§ USxt ure may
first be subj.ected,.to |l Hﬁmbﬂ' ahhe m xture is
cooled to %[O{”gﬁ?)@ e p &%{qe%gérgén%ée&wmﬁﬁrmc tcogoﬁt%ghc,ghr% &arti cular to a
t enper at ur gi0,/ALD3 fatiodMpeddlugyot-at @@st 80 anda gorestiameler et tnf 4 (B440a | ow

content of Nz then condenses out. _Further : . NS which 2
o predom n@ATTM), BORAGTIR §d§ﬁrb§I(|}PP%%rﬁn%m{h?lﬁ%gybcswgﬁi%&%f& éﬁfs?a |Ee gas
phase obt ahiad sfsibbl AABAR ofintb hferipANetied by absorption as descri bed
above, so tTha nl{rogen substantially free of SFs is obtained and can be
let off into the environnent. The SFs can be recycled. 2 5 An alternative,
preferred enbodi nent f [ b & |affvedy ur e, or

t hose gas '§§W£§W%P€éerf9%@tgﬁ§ké?ég'gg)ra\ﬂ Eﬁlta H%%UI%E!SG@W?? be %escri bed
bel ow. 1Bhi smamashtitesist gasoniktesarkdo belseparatesi artheRFosonientis lawee-8epar at i on

processes and adsorption. It _is _highl ' f pee Fs and Nz,
ol exanp! B B oG st Rk VRl sdeatoril HiMURS PSEPTS 09,00,
t‘v_ol ure. aﬁ&’airggj%% faHM CB Whichforigfaterer ersscastiopotthagnesiunt Bed i nvent i on
provi des for an sPNz m xture to be_separated |n at | east on nbr ane
separ at i onustialyeontaind).@5 toet%my ¥okima $he- dﬂ"ﬁq%@F‘@M@Bu ESSLAR aﬁscﬂi‘ﬁ’s and a

perneate w red - beie tdhendiRy, Bei s t 0 be
passed i nt § te?ﬁ-@§%€°%§%B&§{§‘§§%t‘%“8ﬁ°a§§%§@vﬂ th ftfﬁgrbr?lydr ophobi c zeolites
descri bed alaeMiaghith watdrtonée cseprptian bpmeans of & gphled= rhiswanofpr ovi de two or

mb ti t d. : ' Th
oressur o oReTRBTBAPTaress oSt hel uisarieeafig 17 Sadee Ao TIDARRg (10, o,

t han t he a?éh@@én@é@ﬁﬁ%.e- For exanple, the gas mxture to be separated may
be supplied at a pressure of up to 20 bar. If a plurality of nenbranes are
provi ded, a conpressor is arranged in front of each nmenbrane. The perneate
will then ! Be W dHRsiGAT IhGSHH9 RERtaftiNY O2%Wmt el y to
t he anbi enthog?g%g@%emﬁ géé@gﬁ/te%gﬁﬁ; t he g;%sor ber sfage. If desjred, the
per meat e, maylunee SPépemaineer dirdrer GOs i drpwniefi@ndiiee ainisseparated efelerni s i s

h t ial,. Lt i i ) , i th
naeor ber " stsaRpteraang Gous SRl it o I iBGRriE: FHRBREp el L 1C
pressure | Sviﬂm?am Weekiprogudiohf extesbgast fegm apnaing crtiblewpn D8 to 2 bar

(gRsol ute). wo menbrane separation stages gre provid diently the
S owi ng gurifiechcMagmesivie caa thesefpeRaPogu Oiagﬁdﬁg?h%‘vﬁs’gpﬁﬁ%mfo be

separat ed -g; NN §heHesstbidHimé Rt lowger, deevind ni t rogen
cont ai ni ng fﬂ%&%@égﬂgjt@%ﬁ‘gﬁe SF‘! from unger ground cab?es - is fed to the
first mesbrshoeter, Biarctbesheptioetitveane preferentially allows nitrogen to pass,
a perneate with a high nitrogen content and a | ow sul phur hexafl uori de
content is obtained. The perneate is introduced into the adsorber, or into
the first afgpiARtte ShEcament!s fdqueatly ta2%ibygolume fbr inslatingsgasiindew t hen

introd d int d, and th ti | 1y . int , 5
adsor ber . ERgnes ieredanayw B aHoTNETu M oot oy hALRretive SER.

menbrane an ; Ssdrbidned Wi th hydrophobic zeolites a nitrogen
cont ai ni ng g%itémt' aﬁeﬁ%pm%Fs is obtained. The retentate of the first
menbr aneso s i ntroduced into an additional nenbrane. The perneate resulting

fromthis second nenb IS .0 ' ' ifeliBR ahSFe- The
retentate fﬁgﬁwdﬁéﬁ%ﬁt@%éﬁgé@@%ggtdogé'&c%ﬁp Fﬁ%@? I uolrii:lde W th small
anounts of gbhtaIRBGYases, it partibdardioorekhaestpincantanynaied with SFequef action with a
conpressor, be re-used imedi ately or be worked up, further enriching the
sul phur hexafl uori de. 6 The process may be perforned very flexibly in
terms of the nunber of nenbranes and adsorber stages. Depending on to what
extent the depletion of SFs is to be effected, one, two or even nore

adsor ber stages are provided. 5 The nunber of the nenbranes and the
arrangenent of the nenbrane cartridges will depend on whether a gas with a
high or a low SFs content is to be treated. Wth a | arger nunber of
menbranes, the separation effect is greater, and the SFs content in the
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8 adsorbents. The sul phur hexafl uoride rel eased may for exanple be fed to
the feed streaminto the nenbrane separation plant. The process according
to the invention is distinguished by optinumsplitting of the s SFsl N2

m xture or SFslair mxtures. The purified nitrogen or the purified air may
be let off harmessly into the enviromnment. The recovered sul phur

hexafl uori de may either be re-used inmmediately or after further

purification - optionally in liquefied form The-a r be used in
the proceJbisaspeetdf the inventivg is PRAeALNIHe %@arﬁFﬁ%aqegter%lykg In this case,
the gas m Xt%r{ageg%‘L’ﬁioma&rsilglnﬁa&}ﬁ%'éaéd%@m-e from 1l o underground cabl es,

may be seﬁﬁp e sSpo e 1nvention also covers an apparatus. This
apparatus for separating sul phur hexafl uoridel nitrogen or SFslair m xtures

conprises one, two, three or re i ; j menbr anes
whi ch ar e SiMneleaogioNAests ShW ngtgﬁgt’ﬁ%g'%@%'&ﬁ?@§%%£§;‘lﬁgﬁéglé%n,%@gez%éﬁéadg, two or
more adgord rﬁcdgértdés@roia@m@ﬁ SEeRlth besemeved dThe sephiation efiéatis Y al uni ni um
oxi de ratioﬁém) ul'us) of at |east 80 andra ore. di arB%ter [o]EIt cga o7 A (0.4
to 0.7 nmsucwessful ifhe melegulgs 5t g 935 HOE W %Fﬁ@sﬁ\ﬁn'sttﬁ STRPFT0% he nunber of
nmenbrane ap ' cdlife @sdoang ek Mahoerefoeach nmenbr ane
stage. A 3?@?@8’?%’3%@5@?‘3@%?"”2“&@5%gﬁs‘ﬁée)g in Figure 1, has two a o
menbr ane sg@mm,igasesﬁaggxomwomwhdﬁwﬂf@ér stages. It further conprises a
feed line for the gas m xture to be separated, which line is connected to
the inlet into the first menbrane separation stage, a connecting Fine
bet ween  t hend inbfHodRBA afRsy\dssaEBine perifioapon aftairor exhaiggt airwiiaktis i s i nt ended
for introducing the retentate fromthe first nmenbrane separation stage into
E& secondcordaminated witheSkeepar at i on st age, a connecting |ine between the

ond and first nenbrane separation stages, which serves for introducing
the perneate of the second nenbrane separation stage into the first
menbrane sERaIngrovemsntaseording!to the inventios iesidasgn efecipa thewutisationdh t ne
second nenbrane separ.ati.on. st . Maicch retentate with a high SFs
cont ent caﬁ‘rBée)Ft@H‘ge%H‘{"hﬁhﬁ%@%?ét{egg"ﬁ%ﬁi he perneate 3 0 of the first
menbrang separation stage into the first adsorber, a line for feeding the
gas leaving the first adsorber int e second adsor and.a _line for
removi ng t additioral impyriies ucas S&é’% %B?P g% G nrtegirtRé{gg\_. B gréfg:ag(:)r{;) fromthe
second ads : r ey nlith witef s yeast septioadyconpri ses
three mm%ﬁgégﬁﬁﬁggée%@g‘?éﬁ@%wt"%g{;@zﬂe connec){ ed azmdegri bed further
above. Fi gueand of¥od example, M3 n greater detail. Container B (synbolises
the gas-insulated Iine) has a mxture of NZ and SFs. The m xture i s passed
into the first nmenbrane stage 2 through line 1. 5 The retentate is fed via
line 3 bpt orrehirifcmon df merdxhanst airt fapexatopld fremrpiardsinavhich 8FgiRl y enri ched
SFs, of nenbrane stage 4 if? i nf roduced Viﬂ% 4;'1 U@SB into the storage
cont ai ner \Preqused OrEERG %S on eIORTERELY'QYIFS t he first nenbrane stage 2
is fed into a third nmenbrane stage, the perneate of which can be introduced
i g0 the adsorber (or adsorbers). The retentate of the éhird nmenpr ane
sbar at i on Ereqmuification obai entaRingeRFamay g frsirable PeaYseSFedBd B3 m of t he
first nmenbrane sta . r f 61‘%5%“ hBRfebage 4 is also
i ntroduced,5}§fp8t'wei%%0én %Hﬁ%ﬁgﬁg&%g%gs?é%gerﬁof th%éﬁgmigst menbrane stage 2.
Conpr essgr splifitation of e aiewhickuisecirstiatgdsn inpugttidplants: anal ysi ng sanples, flow
neters etc. are omtted for the purpose of clarity. 15 Depending on the
adsor ber capacity and the nunber of nenbrane separation stages, nerely one

acsor ber St Ageodmidntef SPe AR aitisiRsueRtDverylioar (rethe sargget parts per e ar e

advant ageous, since they permt continuous operati O,Bﬂ'hf connectfed in

paral | el . 2@ilitne Eqibis agasonnibip ustalyrnosaiiedo disPRRS W P8 PRVYY! Pexanpl e
constructed_on.the ' ri | g7l érRalbqudrtitiés/of. Then
the pr ocess"@mp{)?rbq@%?%ﬂﬁr%@%ven'%Jr@ggﬁ&g’én\ggﬂ?ed out %n the spot. 2 5
The i nvept i g withdudpet isppssibla¢ardgeneratethe ladgatsaraents they gy %0 P® Exanpl e 1
with reference to sz@ql l%\in%nple 1 ~ Conbi nation of menbrane separation
and sor pt i ofisPesadHEINERIB Pt h t wo menbrane separation stages and two
adsorbers 3 o connected in series was used. This installation is very

conpact (space required: 30-foot container) and i uj e .

const ruct i offodmprone thepidifyigg aetionaltis of 6PUER ﬁ8|p83%?e§0 %r%ﬁﬁ?a é@};a"gior];pl icity,
t he conpressors before each nenbrane have been omtted. 10 The nenbranes
used were of the hollowfibre type, manufactured by Aga-Gas, type AVIRTM
"Wessal ith DAZ F20", manufactured by Degussa, was used. This is a zeolite
of the Pentasil type, which has been subjected to dealum nisation in s
order to replace the AlZCa in the lattice with SiQz and in this manner to

i ncrease the nodulus. This type of nodification is also used wth other
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1 o separating SFs/N2 m xtures.
vol ume SFs was passed over two adsorbers connected in series,

cont ai ned

passed through until

S@1€St hei r adsorptive capacity are

whi ch

a bed of 5oobm of 0t he respective adsorbent. The m xture was

: about 10 g SFs had been passed through. The m xture
| eavi ng the second adsorber was inves4igated using gas ch?omat ogr aphy
the SFs concentration was 15 determ ned. The first series of tests vvas

carried out at anbient pressure (1 bar The ad
char act er iadsm@ﬂoraﬁtag%( \?’QFUIQW)d"& ) - adsorbents investigated,

An SFsI N2 m xture containing about 1 % by

and

their

summarised in the following table. Therein, zeolite No. 1 corresponds to

etc. 20 ** Manufacturers
AG  Lever Kirssembodimest advordirg) toties mgent@n@nwgtlngytsmgpyg%@sa Ath<N0 S Bayer

a;:gén q%%nr@%gta%@f&@cg%mkﬁ\aet %lﬂ%\ggxqé}ﬁt aifor ¥ @n a3 RESE Nd. Wor is;

At ochem Deut schl and, Nd.
Dussel dor fhan%bssl 2nto Ef@énvnenma‘i@rsae(paek@ hamynieSlyIto Atasts evhich Sheasur ed

Exanpl e 2,

(Switzeri
No. 9: Sol

after 5 m
Hd 7 CN

n. dsorb

, .measured after 10 nin
Wlm ave bggn a@gt%n%cg’gar@@é ext('.:(r: g(égt e
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The process may for example also be applied to air or exhaust air
added, e.g. as a tracer substance. Even air or exhaust air in plants manufacturing

or using SFe can be purified if this air or exhaust air is contaminated with SFe.

One preferred embodiment relates to the working-up of SFe/N2 mixtures, with
reference to which the invention will be explained further.

If relatively large quantities are to be separated, or if the SFs is relatively large, the
SFe/N, mixture may first be subjected to low-temperature treatment. Preferably the
mixture is cooled to a temperature in the range from -70°C to -1 10°C, in particular
to a temperature in the range from -70°C to -100°C. SFewhich only has a low
content of N2 then condenses out. Furthermore, a gas phase remains which
predominantly consists of nitrogen with low contents of SFe. The gas phase
obtained in this manner is then separated by absorption as described above, so
that nitrogen substantially free of SFe is obtained and can be let off into the

environment. The SFs can be recycled.

An alternative, preferred embodiment for relatively large quantities of gas mixture,
or those gas mixtures which have a higher content of SFs, will be described below.
This embodiment provides for the combination of membrane separation processes
and adsorption. Itis highly suitable for mixtures of SFe and N, for example from

underground cables, which have an SFe content of 5 to 30% by volume.

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 SFs and a permeate with a reduced content
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of SFe, and for the permeate to be passed into at least one adsorption stage with
the hydrophobic zeolites described above for further separation. Itis preferred to
provide two or more membrane separation stages and two or more adsorption
stages.

The pressure on the entry side of the membrane or membranes is usually greater
than the ambient pressure. For example, the gas mixture to be separated may be
supplied at a pressure of up to 20 bar. If a plurality of membranes are provided, a
compressor is arranged in front of each membrane. The permeate will then

10 usually have a pressure which corresponds approximately to the ambient pressure
upon entry into the adsorber stage. If desired, the permeate may be compressed

‘ before entry into the adsorber stage. This is however not essential. It is simplest

to feed the permeate into the adsorber stage at the pressure which results from
the membrane. The pressure is then usually up to 4 bar (absolute), preferably up

15 to2 bar (absolute).

If two membrane separation stages are provided, expediently the following
guidance of the gas streams is provided: the mixture to be separated - for
example, a mixture of sulphur hexafluoride and nitrogen containing 20% by

,0 volume SFs from underground cables - is fed to the first membrane. Since the
membrane preferentially allows nitrogen to pass, a permeate with a high nitrogen
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 SFs 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 retentate 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.
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The process may be performed very flexibly in terms of the number of membranes
and adsorber stages. Depending on to what extent the depletion of SFs is to be
effected, one, two or even more adsorber stages are provided.

s The number of the membranes and the arrangement of the membrane cartridges
will depend on whether a gas with a high ora low SFe content is to be treated.
With a larger number of membranes, the separation effect is greater, and the SFe
content in the permeate which is to be treated by adsorption is lower than when
using a small number of membranes. The adsorber may then either be designed

10 tobe smaller, or regeneration is necessary at longer intervals. The costs in terms
of apparatus may however be higher (larger number of compressors).

It has been established that even just one or two membrane separation stages
and one or two adsorber stages are sufficient for a highly enriched sulphur

15 hexafluoride and a nitrogen gas with at most traces of suiphur hexafluoride to be
obtained.

Organic, asymmetrical membranes are preferred. As is known, there are rubber-
elastic membranes ("rubbery membranes") which effect separation based on the

20 solubility of the permeate. Other membranes effect separation based on the
diffusibility of the permeate; these are non-rubber-elastic, but rather crystalline,
membranes ("glassy membranes"), these latter membranes are preferred. The

. membrane may be of conventional form. Membranes in the form of a bundle of

hollow fibre membranes are highly suitable. The membrane material may consist,

25 for example, of polysulphone, polyetherimide, polypropylene, cellulose acetate,
polyimide, polyamide, polyaramid or ethyl cellulose, as described in US-A
5,730,779. Other usable membranes are described in US-A 4,838,904. For
example, polyimides, 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
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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 all is possible, or that they are
substantially less selective. A pore diameter of 5 to 6.5 A (0.5t00.65 nm)is

30 particularly advantageous.

ltis possible to regenerate the adsorbents by lowering the pressure (pressure
alternation adsorption) and optionally allowing heat to act on the coated
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into a third membrane stage, the permeate of which can be introduced into the
adsorber (or adsorbers). The retentate of the third membrane separation stage is
10 introduced via line 7 into the feed stream of the first membrane stage 2. The
permeate of the second membrane stage 4 is also introduced, via line 9, into the
. feed stream of the first membrane stage 2. Compressors before the membrane
stages, probes for analysing samples, flow meters etc. are omitted for the purpose
of clarity.
15
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 arranged 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.

»5  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 instaflation with two membrane separation stages and two adsorbers

30 connected in series was used. This installation is very compact (space required:
30-foot container) and is suitable for construction on the loading surface for
example of a lorry. For simplicity, the compressors before each membrane have
been omitted.
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4Y Ni of 13 bar (absolute) was introduced via line 1 into the first membrane separation

stage 2 (1 m%). The permeate leaving the first membrane separation stage

contained 97% by volume nitrogen and 3% by volume sulphur hexafluoride, and

20 was introduced at approximately ambient pressure via line 8 into the first adsorber

9 and the gas mixture leaving the adsorber was introduced via line 10 into the

second adsorber 11. A gas which contained less than 10 ppm sulphur
. hexafluoride was removed via line 12.

25 The retentate of the first membrane 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
13 bar. The permeate from the second membrane separation stage contained
81% by volume nitrogen and 19% by volume sulphur hexafluoride, and was

30 returned 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 that it can be used directly for re-
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The adsorbents investigated, their characteristics and an evaluation of their

3
9
(

adsorptive capacity are summarised in the following table. Therein, zeolite No. 1
corresponds to Example 2, etc.
20
** Manufacturers: No. 1, No. 4: Degussa AG;
No. 5. Bayer AG, Leverkusen,;
. No. 3, No. 7, No. 8; Chemie Uetikon GmbH, Uetikon
(Switzerland);
25 No. 2: Sued-Chemie, Munich;
No. 6: W.R. Grace, Nd. Worms;
No. 9: Solvay; No. 10: UOP, Nd. Erkrath;
No. 11: Atochem Deutschland, Nd. Dusseldorf;
No. 12: Zeoline, Engis (Belgium)
30
1) Adsorber 1, measured after 5 min.
2) Adsorber 2, measured after 10 min.
3) Used as extrudate
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Examples 2-4 and 6 (zeolites Nos. 1 - 3 and 5) were repeated at a pressure of 2, 3
10 and 4 bar. Zeolite No. 3 displayed such good values even at 1 bar that they were
. not improved further by operating under pressure. The other zeolites displayed an

improvement in the adsorption.

Further tests at an SFe concentration of 2 and 4% by volume showed that in this
15 case too zeolite No. 3 yielded the best results.
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3. A process according to Claim 1, characterised in that finely divided
hydrophobic zeolite is used.

15
4, A process according to Claim 1, characterised in that the adsorption is
performed at a pressure of at most 5 atm (absolute).

5. A process according to Claim 1, characterised in that the process is used
20 for separating off SFe from SFe-containing gases.

6. A process according to Claim 6, characterised in that SFe-containing
. exhaust air or exhaust gases, exhaust gases from the magnesium industry,

insulating gas from window panes or filler gas from tyres is used.

25
7. A process according to Claim 1, characterised in that the mixture is first
separated in at least one membrane separation stage into a retentate having an
increased content of SFs and a permeate having a reduced content of SFs and the
permeate for further separation in at least one adsorption stage is contacted with

30 hydrophobic zeolite having an SiO2/Al20s ratio of at least 80 and a pore diameter
of 4to0 7 A (0.4 to 0.7 nm) in order preferentially to adsorb SFe.

8. A process according to Claim 1 or 7, characterised in that the starting point
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13.  Anapparatus according to Claim 12 with 2 membrane separation stages
and 2 adsorber stages, comprising a line for feeding the gas mixture to be
separated into the first membrane separation stage, a connecting line for the
retentate for introduction into the second membrane separation stage, a

30 connecting line between the second and first membrane separation stages 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 with high SFs content, a line for feeding the permeate
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