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Hannover 5 Separating off SF6 frominsul ati ng gases from_gas-insul ated
1ines 10 Description The invention relates to a process ﬁ%ﬁﬂ&éammpting

m xt ures which conprise sul phur hexafl uoride (SF6) and nitrogen (N2) and
originate fromgas-insulated 15 lines ("G L" ) . Mxtures of sul phur
hexaf |l uori de and nitrogen are used as insulating filler gas for underground
cables, see German Utility Mdel_297 20 507.2. Usually, these m xtures
conprise from5 to 50% by AoTaMre GO0 iV aHex #1R/r i de, and the

remai nder to 100% by vol une nitrogemm3 lmedidwreont ext of servicing the

i nes, og in the event of faults, separating the gas m xture is desirable,
in partictular for the purpose of reusing the 25 SF6. The SF6 thus produced
t hen occupies a very small volune (advantage during transport, design of

| i ne cross sections §é1§agatinc1{.on.2% ofr ﬂao%l quisj%g%aocj%%g %?soeéamd EP O 754 487
es I C r

describe a process for separating gas m'xtur . produced in the
manuf act ure of seni conduct orfscomsups gzsulated lines

10 Description

The invention relates to a process for
separating mixtures which comprise sulphur hexafluoride
(SF¢) and nitrogen (N;) and originate from gas-insulated

15 lines (“GIL”). _

Mixtures of sulphur hexafluoride and nitrogen
are used as insulating filler gas for underground
cables, see German Utility Model 297 20 507.2. Usually,
these mixtures comprise from 5 to 50% by volume of

20 sulphur hexafluoride, and the remainder to 100% by
volume nitrogen.

In the context of servicing the lines, or in
the event of faults, separating the gas mixture is
desirable, in particular for the purpose of reusing the

25 SFs. The SF¢ thus produced then occupies a very small
volume (advantage during tfansport, design of line
cross sections etc.).

I
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5 m xtures may contain-perfluoro conpounds. The separation of the gas

m xtures is effected using nenbranes. US 5,843, 208 descri bes a process for
recovering SF6 fromgas m xtures using nenbranes at a pge f at nost
6.2 bar. ., , 21 0CT 2~~ |b The object of the present 1n tionis to
specify) a process for separating the abgyenenti oned gas m xtures which
makes it possible to isolate the SF6 5 fromthe m xtures for the purpose of
reintroduction into the gas-insulated line or reuse jn the context of a

cl osed product cycl ep A fa353 h&T0 chh@CEP I G 1He PEDViesE6AipE a suitable
apparatus. 10 The process of tpe i nvention provides that SFGIQZ m, Xt ur es
originating Rrr?o?ﬁsgizst?cﬁs?ﬁ%?%% Jrr??]e%a%r%l’été'g}é?%t‘é * 9 fESnBL8 uﬁﬁﬁ'br anes
21ncr2~ , 1 in Zhe wamohfactued| ef t sesbpandtetof § . subpbhr ghexaf | uori de. The

process gf e tion ! t; npl during the
servicing o?£§§§9¥%§d$%¥é%gﬂ?gﬁ%gﬁééggg??ﬁeg? ?%??ﬁ%'evg%F of faults or if
it has 5 pr@aexbrdiaton hef ghite i gas Helktwees eysi eESeckbgdnusangon. The sul phur

hexaf | uori dg,separated ofd saguderseCyetErihOL Oat heogassi kel ated Iine.
Dependi ng on the concentration desired, nitrogen is then also introduced

into the |i kECHREHT Dos oM 93P FLXSES UM Meprameapdt opriately in
the process gpeddierd yendt afiodthes . migsdres of SF6 and N2 (and any ot her
inmpurities) which are situated in the gas-insulated |line, when the use of
the gas-insulated line is termnated and this line is to be scrapped. The
SF6 can be isolated fromthe 15 m xtures and supplied for reprocessing. The
SF6 content.is in the range from5 to 50~ by volune. However, the process
of the invention can also be applied to separating gas m xtures having a

hi gher SF6 content. -



20 Preference is given:to organic, asymmetric menbranes. Rubbery nenbranes
are known which separate on the basis of the solubility of the perneate.
&t her menbranes separate on the basis of the diffusion pdbbgc?y!ﬁ; t he
perneatz: t hese are non-rubbery 25 menbranes, or rather crystalline
menbranes ("gl assy nenbranes"); preferenge is given to these latter

menbr anes. The nenbrane can be made up in a known manner, for exanple as a
bundl e of hollowfibre nmenbranes. The 30 nmenbrane can be produced from
known mat eri als. ThdBre wibTdcaref vehy prgbéytsimvabtieoar és tor exanpl e,

pol yi m des, car b o] S e r I | phones,
polyethersufﬁﬁ%%% ) % Y§%$%£s%g%o%§%%5%§?%%e§%§i%gépgﬁgkggP?gﬁe§§%s. 35
Preferably, het\pegynerl@atierkes tonpesseblpotgessetstepshpcaFbonat es and
pol yest escarpofat@se diwse-dbi £hr afge Ophi$58581 58! Yo SHEEBRLELABR

pol ycar bonat es which are derived froma bisphenol 1n which at |east 25% of
t he bi sphenoiMtmiEReigesnenpol ghed Ehapnohreeuse inpghepcgntezt of

t etrahal ogenaterh sehesebautbhecpalegen is chlorine or . brom ne.
Particularly preferr&d negbranethave,a gglyneric natrig whi ch hgi t wo
porous surfaces and BnEUFERRF ARY CAtnbReSPPIPHBYSTHPR P56 SefHiielithe

sul phur 5 hexafdrmtiusle fromthe other gas constituents. Menbranes of this

type aren,described i 4.8 904 - A-0_340.262) .. 1f additiona
inpurit?gs such as é@@%i?Pgéggét%? gﬁ% g?gégﬁég?npgﬁel§§§ EP%Fure,
purificati orfN:beisspreedosdginatddgadecon gashiasul@ beasiimgsniade wat er

or a lye or w rer C tage can consist of a plurality
of nenbrane‘%ég%ﬁ?%égs d?%%%%egf?ﬁgggﬁgﬁfél). The pressure on the inlet
side of the nenbrane or nenbranes is customarily higher than the anmbient 15
pressure. For exanple, the gas m xture to be separated can be fed at a
pressure of up to 13 bar. Preferably, the inlet pressure is from10 to 12
bar. If a plurality of nenbranes are provided, a conpressor can be di sposed
upstream of each nenbrane. The tenperature is 20 advantageously at from 10
to 40C. If two nenbrane separation stages are provided, expediently the gas
streans are conducted in the follow ng manner: the m xture to be separated
- for exanple a m xture of sul phur hexafluoride and nitrogen 25 contai ning
20% by volunme of SF6 from gas-insul ated high-voltage lines - is fed to the
first nmenbrane. Since the nenbrane |lets nitrogen pass through
preferentially, a perneate having a high nitrogen content and-a | ow sul phur
hexaf | uori de content is 30 obtained. The perneate is discharged into the
environment. The retentate of the first menbrane having an al ready hi gh. SF6
concentration - is introduced into a further nenbrane. The perneate
resulting fromthis second nenbrane is introduced into 35 the feed stream
of the first nmenbrane. The retentate fromthe second nmenbrane i s sul phur
hexaf | uori de having | ow amounts of nitrogen. It can after liquefaction by a
conpressor, be recycled inmmediately into the gas



21 OCT 2003 - 4 ‘insul ated high-voltage |line or be stored tenporarily and
reused. in other ways. The nunber and di sposition of the drémpra

cartridges depends on the desired degree of purity and 5 on whether a gas
havi ng :hi gh or |l ow SF6 content is to hejtreated. \Wen three nenbrane stages
are enploye e se aration effect better.still erahly, the three
nenbr anes’ ar % net eﬂb 5 ?%I?%&gratﬁe 67 REPGHE hﬁ%?gﬁ& o%dded to the
first newbnﬂmmsprmmeas ééedhé01BVeaan®nTbenrbéenaateedsoh&d tfera second
menbr ane *st ee a d st.age is highly
enri ched SFgggéﬁﬁ?é r%u?%%gssa Qgr#ﬁé§ﬂé éﬁagé ?h§H§3§35 rane stage
is fed as fé@mlEQQ©ah1m©Sthenthhedeﬁehbraﬁefsubge ofhefpeétmbatse of this
third 155 5t?§$§¢§d“@h gt aall ﬁeﬁh8f1§ﬁ d o the
envi r onment e pern%gt% oa&j %e second g réﬁglkés &ag@g ?ﬁglPe ‘entat e of
the third meh#R aﬁ\éleltna@ehaxéfM@Fbaacéapaﬁ%e@h@ffeéansbleea:mqy@hehﬂe first

nmenbrane Staﬂ@toZQhétgQ§51Q§@Daf@§n@1h@atD@Méﬁd@ﬁ@ 8h twe menbrane stages
are sufficient to bpe a sufficiently enriched, purified

sul phur hexa??%@??ﬁ%aghﬁn dﬁ?fF%@ennb5§°ﬂ%9lh§ EEEEpFéEPylP&W oghsiast s of

sul phur h](caxaihrhwrtld@ 1Andownsd tram pdSﬁilgiwﬁysbagases1%5wr¢<1{klmr \(%pdeﬂ The
I ocess t he | nvent ) Ll ulrLsne XC I N (0] t he
Rrar e e etk ey Pa kBt CBEPEE0e ey tBE  ErkERkiBRo gk aodt he
purified aJrmnaMubessafesysdnxthhrgeddlang bhhdﬁ)umpunmnmusm whieh em ssi on
P ar uon G ENVLLEOICIL LReOREBLLKUPALERS Fine MENERO LG S LN

e l1n uce

hexaf | uori de can dia as |nsulated
hi gh- voItageth¢n@aSFDQEVéﬁte@théneopéréermhsaﬁad ahéotbeSpéﬂﬁnwnEﬁ for

exanpl e adn“%érﬁh3§c9h£%Q&e”Thé“sP£%%hiﬂb(¥B6H£Eé@ef98ﬁ'EHQ gas mixture.
The |nv3gt|on also relates to tem conprising a gas-insul ated, :

SF6/ N2 Iléﬂlfb%ﬁ?ﬁsﬁpgtéﬁ?p%iﬁﬁ §8Ft5@ErPFﬁ§51§gnenbrane separation pl ant
ra;mdhconlnectl oln i neS’JC:i]b)@t pEecdittergasid nisuleiedrangd @ﬁdSmZBptchrb55%
i gh-vol tag i ne, and t rape_separation.plant.' _The .nmenbrane
separ ati on g?%nY B r.gﬁwgggg: ?ﬁs,SFﬁFﬁﬁso?fnkﬁ8 ﬁﬁﬁﬁpiﬁgnﬁéﬁﬁ}atlon
st ages havi myl senbe anpsl ibdchoaseppraténgngial hyxperesableing @it rogen. The

5 above apply gsndp pe #nggﬂj of nmenbrane stages. Upstream of the first
menbr ane stagéghandégre era t§ upstream of each ot her menbrane stage, is

di sposed%ne conpres 6¢f3¢@%¢%fbﬁréévﬁnah@ pugaal ) easSYMMES tienbr ane

separation sia@Ssands. fmﬁb@f Cﬁ@ﬂ%kﬁ%saaE@”HﬁékhOth@hl 's'é%afr%rtet he gas
m xture to be s%égrate conpection line |s connected't

gas-i nsul at € hf v%??h@eoﬁlﬁﬁeaﬁa PBl%ﬁEylﬁfthPnPSrﬁﬁétﬁ réﬁﬁﬁﬁhbrane
separati on shafiSrafe€088paLEDE bhnehbebyees bbethir i f&nGisecond nenbr ane

separati on h_ {1l ne proyided_for |ntro cing the retentate
(enrlched\Méfgﬁﬁ%Fyf?ﬁ t%ﬁep?lyg%éﬁénghgﬁg Egﬁapgpl ©4de into the
second ReBnbraerbsapasat ponrathge, caytsakébiﬁelmaebtaneshd“@éiaaﬂmte fromthe
second membr B&£RakaY LO?@E%%@ncErQE‘ %‘;\?L-%H E6t eAkake 1 Vc.'e’]:g a high SF6

content 20 can be takenh o I's takeo 't ne connects e nenbrane
separatlon PReMPraBeEhe gas-i nsul ated hi ghvol tage |ine (connectlon line for

recycling the SF6) otha ﬁtéﬂﬂﬁréﬁé EEAPBE ahy a8t apagg a| kn2A# tdBhed he plant
has a return_line for feeding_t glggégeg g of th second nenbrane st age
into the feeﬁoﬁt?ﬁﬁﬂPﬁﬁ gRedf PHE r af QVaSé EYeSexat e vacuum
punps) aad amﬂﬂbesﬁereaﬁobemptbduamﬂngramdkﬁe@dlmgtemﬂdﬂsgymhdsdiure or

SFo are proviled, betuesn. g gagy Davkabed LEas 94 IRIBYL separation

polyimides, polycarbonates, polyesters, polyester-
carbonates, polysulphones, polyethersulphones, poly-
amides, polyphenylene oxides and polyolefins.

35 Preferably, the polymer material comprises polyesters,
polycarbonates and polyestercarbonates. Those which are
outstandingly suitable are polycarbonates which are
derived from a bisphenol in which at least 25% of the
bisphenol units in the polymer chain are



30 treatnent devi-ces can berconnected internediately (conpressor, gas m xer
forr N2 adm xture etc.). The perneate of the first nenbrane 1ShePSHaANn be

di scharged into the environnent. A further particularly preferred“system 35
conpri sés three nmenbrane stages. Expediently, they are connected as

descri bed above. Vessel B (synbolises-tBe-gas-insulated |ine) has a mixture
of N2 and SRetrEiteldgdndteed s ywiesseih vilte |haBodeh t® dhEofinstonenbrane

stage 2. Th ent ate |.s. via ling 3 into the 21 OCT 2003 - 6 second
membr ane st gbgrg)%ﬁ{érhefarrleflegn@?%%y tﬁﬁ%%/r%%‘? ir&?f%ra}n%?é?a%? fhe nmenbrane
stage 4 is ipftinowhiciad mdtrix nehEch nhas t teo sporage sestated/ 4115)@1&21&@ ;%mk) .
The per neat if IS {0t o t hi menbr ane
stage, the geagr?ertapgno%ﬂ ?ﬁ%ﬁrﬁ%g%lﬂgg%gtr%es Il?%éo@% hteﬁeenvllljr:‘%jlﬁ%nt (via
line 10)2andetid iarifiateron the rodweedias acemetitwents | rtﬂextlbhﬁnéererg
stream of ther fiyid rARe A0 ed The BerIBale: of ; ond nenbr ane
stage 4 is also fhtro uced into th% feed 10 streéﬁ%pﬁ %ﬂi ??gst menbr ane
stage 2 via HRETY Toimpreesorst pdtekonat imRunEHransich ages, probes for
sanpl e anal ¥%,5,, f SO el ereretgred@ve heethorddd adif1arrd he sake of
clarity. The nunbers,. serve t.o descran Exaqfle(f. They specify the

vol unet ric PA 0 S NESFE LT et $RsPett HR AT S TH Fhvahti on makes
possi bl B0i nwasiimy evinEmneate¢heor epr bge ssi ngl o adﬁbﬁﬂﬁksontw@&hlg -
gas-i nsul at | T xalp! i naf intended t.o 20 descri be
the inventi g[%r@ur.t ersgv}ﬁeqiout rc‘,gq:?%f% icpn%1 %f‘g%‘?\f%%{\éc%’g me%ﬁarﬁ%nbr anes
used were ofcatig ifggowdisnesadpn parakkellurer: Aga- Gas, type
NitroprineTM 3 cart ri{lgqs- £e5u e dH aftee s&ppé%atg% S5 P%Ehe dRelsRIRL e 1t

Two- st age process N trogen and sul phur hexafluoride were m xed to generate

a gas m xt uPEF CHRREANSGT) P06 HS A TheY ot L B SthamdtBpoemyient ume of N2,

whi ch cbs mmm e 1eD, &‘cgase_)fﬁ'rﬁ(t}ﬂtﬁ,elﬁdgé@ mmd@ib I?éowdo@a@é;§§r%€@@dg?i
ture, i G s pressurised to r soJute), was introduce

T/ 1) v a (G e TR0 T 4 HETT THE i b | hr STSRRSDY £ om a

vessel B whitdte 35 ledr mespemdse tics tfwomyakt i s ul Attealr | | . a ThEupe! heat e

) X . p
it ogen and S BL R T ok o Dot et 8 P S50 40E
upstream of each membrane. The temperature is

20 advantageously at from 10 to 40°C.

If two membrane separation stages are provided,
expediently the gas streams are conducted in the _
following manner: the mixture to be separated - for
‘example a mixture of sulphur hexafluoride and nitrogen

25 containing 20% by volume of SF¢ from gas-insulated
high-voltage lines - is fed to the first membrane.
Since the membrane lets nitrogen pass through
preferentially, a permeate having a high nitrogen
content and a low sulphur hexafluoride content is

30 obtained. The permeate is discharged into the
environment. The retentate of the first membrane -
having an already high. SFs concentration - is
introduced inﬁo a further membrane. The permeate
resulting from this second membrane is introduced into

35 the feed stream of the first membrane. The retentate
from the second membrane is sulphur hexafluoride having
low amounts of nitrogen; It can, after liquefaction by
a compressor, be recycled immediately into the gas-



2 9 OCT 2pp3 _~ 'The retentate of the first nenbrane separation stage
conpri sed 50% by vol une of ni trogen and .50% by vol ume of sgh

‘hexaf |l upri de and, after reconpression to 13 bar, was introduced via the
line 3 into the 5 second nenbrane separatLon stage 4. The perneate fromthe

second nenbr; S $ f_nitrogen and
19% by vol ungi%%lfsaeé)ea# a#tﬁphex e. %ﬂe@erle Pcy %%ey(%?pé) arl%%ogd

menbr ane semmdﬂnauseﬂegﬁaQﬂhﬁﬁlw&¥595@bby volune of sul phur 10
hexaf | uori de and 59@%&%‘ﬁﬂﬁﬁ@%(Hn&"&{éﬁﬁﬁhtiénw@f % érﬂgﬂgfg %la the line 5

into a storage vessel his product 1s soO pure it can be used
directly foFQQﬁﬁﬂqﬂfﬁrﬁﬁﬁﬁﬁﬁs151E%ﬁﬂﬁ%§5¢e¢%@%%%%ewﬁﬁhpﬁﬁ%éﬁ #RdAbr anes

Exanpl e § wasm rvﬂméa.d atdds RadvEnaMhigh hs@eldswn@mmtérft accaiglance Wi th
o be treated was to the first_ 20, nmenbrane

Fig. 1. The ga

stage, the. )%ﬁéﬁ vﬁﬁ?ﬁFQﬁﬁFf@ﬁp9¥ﬁ?%esE%%%%daﬁ%nﬁmﬁ%%yggage its
retentate V\/&S’ld]lma/raahfﬂcbml”@ﬂféﬂﬁ 1{9Betbyeyos tine] . rleﬁ‘af@deblw?-) tasd coul d
be used for rocessin per f_th ird t age 25 '
conpri sed orFI el%%%ﬁ?/ %ﬂ%% eﬁ%‘@%’ge e?%nf%}tgo‘?/’\%s ggiﬂ\% 45 ine 7)
to the feed mtxtemtxstfmdftcv stherefibrahenatiagene st&ge(}f 2663 g . clains

1. Procegs fgor g =1arﬂ§] d N SEGL NG, r&g«tﬁ t%%?%&mrrﬁ@ﬁﬁ ;Hgtgpgsefm

separating off S aracterised Tn m Xt'Ur es
gas- i nsul at &F 159RS S HeRdhg %‘P\eSF%t%I%J‘h%*eﬁtO%ftlﬂ%wgc@@dm%ﬁ? ¥8l ume, are

separat ed athi Hwt&@f\ﬁcmé&esppramwser@f rJeQ:eté%alaa.ebarTne_n @efﬂ&&ﬁ@ nmenbr ane
separati on gﬁitﬁ? fm%gnnbrane of§%g$§hb§og%%s%$ %eahg gnggatrlx based
on pol ycarb t PR TRARE f S n ast 25% of
the bi sphendlhainitisrd médﬂ@rmymge:harm aperm@ateh@fognnat eHiwdt h chl orine
or bro e. Proc I char cteriized,in that two or
Tor 6 ok At e T on ST & T ST 32nR e e Sty o G ai m

2, into the env1ronment 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. _
20 It has been found that even one or two membrane
‘stages are sufficient to be able to obtain a
sufficiently enriched, purified sulphur hexafluoride
and a nitrogen gas having acceptably low amounts of
sulphur hexafluoride. A downstream adsorption stage is
25 not provided. | '
The process of the invention is distinguished
by excellent splitting of the SF¢/N, mixture from
underground cables. The purified nitrogen and the
purified air can be safely discharged into the
30 environment. The emission of SFs into the environment
is greatly decfeased. The recovered sulphur
hexafluoride can be introduced immediately back into
the gas—-insulated high-voltage line. However, other
operations can also be performed, for example admixing
35 nitrogen, in order to obtain the desired gas mixture.
The invention also relates to a system
comprising a gas-insulated, SF¢/N,~-filled [gas-
insulated] high-voltage line, a membrane separation

plant and connection lines between the gas-insulated



characterized in-that three nenbrane separation stages are provided, the
retentate of the first nenbrane separation stage is fed {,0 the second
‘menbrane separation stage in order to produce fromthe s oBeT r#sbr ane
separation stage as retentate a rrixtur.eshavi ng a high SF6 content, and the
per neat e of i.ntroduced intp the thjrd nmenbrane

t.he f t
stage and tﬁ’elggbr"!ﬁ’ré;tiaegn%f rane%%éa%be rf?e‘?fﬁt?]é%e SEPRALR FHA sPh@RE and t he

retentate of'rkiéwenetntbnfahe;tmm’eldszecgmm cormprides feed, stwveanthitethe first
menbr ane st nd th%ggerneate Lrd st,age, can ﬁgdlscharged into

t he environ 5? 8= %%%ea.%%?ﬁ?%EDQOFET%?%1H %%%r%% t#2%88 in that the
process is eﬂplqiyeirajmrm’@eltmtmblbfpehee@@m n‘sazlllai’edogene The purifying

the insukati 'eﬁ%v@lé"‘sa%gs Jgé% etftl%%@r@ﬁex?‘ tedm |ne éoygggégr t he purpose of

reprocessing after e gas-1nsu n term nat ed. 1~
11i 27 Sozpm of the Sistermesriei akeee gaand neuesesablyne, a

nmenbr ane Seﬁgﬁ@dﬂéﬁh d@f"&fcl@"@tl@é‘@ Iﬁénwpéﬁe COPAGS) | P8 hiBBSsBt¥REN the
gas-insulated |ine and the nepbr tion deyice, usable as a nobile

menbr ane Semqqﬁ;%w%eprefer?eng pl nt as at least two membrane
. AF_. AL. AMS@bdﬁaﬁiwnﬁétiWeéklﬂt.f@ﬁfhéﬂ$édﬁ@r1£§&hh connection

Skl e detiisaeagdnl gl s
connection line is connected to the gas-insulated high-
voltage line and to the inlet into the first membrane
separation stage, a connection line betweéh the first
and second membrane separation stages, which line is

15 provided for introducing the retentate (enriched with
SFs) from the first membrane separation stage into the
second membrane separation stage, a takeoff line for
the retentate from the second membrane separation
stage, from which retentate having a high SFs content

20 can be taken off. This takeoff line connects the
nembrane separation plant to the gas-insulated high-
'voltage line (connection line for recycling the SF¢) or
a tank for temporary storage. In addition, the plant
has a return line for feeding the permeate of the .

25 second membrane stage into the feed stream of the first
membrane stage. Pumps (for example vacuum pumps) and
compressors for withdrawing and feeding in the gas
mixture or SF¢ are provided between the gas-insulated
line and membranhe separation plant. If desired, other

30 treatment devices can be connected intermediately
(compressor, gas mixer for N, admixture etc.). The
permeate of the first membrane stage'can be discharged
into the environment.

A further particularly preferred system

35 - comprises three membrane stages. Expediently, they are
connected as described above. Vessel B (symbolises the
gas-insulated line) has a mixture of N, and SFe¢. The
mixture is passed via line 1 into the first membrane
stage 2. The retentate is fed via line 3 into the
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the sake of clarlty The numbers serve to describe
Example 2. They specify the volumetrlc ratlo of N,/SFs
15 in the respective line.
The invention makes possible in a simple manner
" the reprocessing of the SFs content in gas-insulated
lines. _
The examples hereinafter are intended to
20 describe the invention further without restricting it
in its scope. |
The membranes used were of the hollow fibre
type, manufacturer: Aga-Gas, type Nitroprine™; 3
cartridges per membrane separation stage.
25
Example 1:

Two-stage process
Nitrogen and sulphur hexafluoride were mixed to
'generate a gas mixturé containing 20% by volume of SFs
30 and'80% by volume of N, which corresponds to a gas
mixture used in underground cables. The gas mixture,
which was pressurised to 13 bar (absolute), was
introduced (1 m*/h) via the line 1 into the first
membrane separation stage 2 from a vessel B which
35 corresponds to the gas-insulated line. The permeate
leaving the first membrane separation stage comprised
97% by volume of nitrogen and 3% by volume of sulphur
hexafluoride.
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& ()-s6! véﬁugg_%f sﬁ&pﬁhr hexafluoride and, after recompression
to 13 bar, was introduced via the line 3 into the
5 second membrane separation stage 4. The permeate from
the second membrane separation stage comprised 81% by
volume of nitrogen and 19% by volume of sulphur
hexafluoride. The retentate of the second membrane
separation stage comprised 95% by volume of sulphur
10 hexafluoride and 5% by volume of nitrogen. It was
introduced via the line 5 into a storage vessel V. This
product is so pure that it can be used directly for

reusing the SFs.

15 Example 2:

Process with three membranes
Example 1 was repeated, this time with three
membranes, in accordance with Fig. 1. '
The gas mixture to be treated was fed to the first
20 membrane stage, the retentate of which was fed to the
second membrane stage; its retentate was highly
enriched SFs (95% by volume, remainder N;) and could be
used for reprocessing.
" The permeate of the third membrane stage
25 comprised only 1% by volume of SF¢. The retentate was
admixed (via line 7) to the feed stream to the first
membrane stage. |
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"10%W&f()'(%31%ﬂ§% SF¢/N, mixtures from gas-insulated lines, having

an SFs content of from 5 to 50% by volume, are

separated at a membrane inlet pressure of 10 to 13 bar

in a mobile membrane separation device, the membrane of

which consists of a polymer matrix based on

polycarbonate that is derived from a bisphenol in which

at least 25% of the bisphenol units in the polymer

chain are tetrahalogenated with chlorine or bromine.

2. Process according to Claim 1, characterized in
that two or more membrane separation stages are
. provided. '

3. Process according to Claim 2,

characterized in that three membrane separation stages
are provided, the retentate of the first membrane
separation stage is fed to the second membrane
separation stage in order to produce from the second
membrane separation stage as retentate a mixture having
a high SF¢ content, and the permeate of the first
membrane stage is introduced into the third membrane
stage and the permeate of the second membrane
separation stage and the retentate of the third stage
are recycled into the feed stream of the first membrane
stage and the permeate of the third stage can be
discharged into the environment.

4. Process according to Claim 1, characterized in
that the process is employed during the use of the gas-
insulated line for purifying the insulating gas mixture
of SF¢ and N; or is employed for the purpose of
reprocessing after use of the gas-insulated line has
been terminated.



10! " S) ! 109%& () - 01P22{ 223{ ¥7P1! | ~*M 10%WM& ()-!p' M 10%& () -

"M10%&R ()-M 10%WE ()-!p 1 109%& ()-!p ! 109%&' () - 33b4c4d4e4§ﬁ)6§4r84810@a&f()-
1 L10% & {)- L9:10% & ()- 10 10 10'y M 109 ()-! M 10% #8871 9: : aB74
10\ 2310% & ()- 310% & ()-310%.& ()-!3 10%\& ()-Z10% & ()-

SMIO% & ()-::::::;;mM4
10\2310@6&.(10Hy 109%44& () L10%& ()u-knomH& O)- 4SY10%H& ()-M 10\ 10\
hbrnal Fbadlng 13]c Fbadlng 23] ¢c" "Heading 33]c" "Heading 43]c"

"Headi ng 53§ c" o9 eIQBJ:g &gﬂé%ﬁc Egggg 9183k Headi ng 93]c"A
"Default P oh T Q% P =300 0fom 2]
", /SEXZ %%;g%e <sgp%;\e%y§r Eﬂ%@@ RBd RggaﬁArmaiézgpnéﬁCN«r@nwih Root
EntrberdDQQHﬂﬁﬂtbetwegﬁq@hé)gés 1h94 284867 89he<and @BEDRERBane

separation device, usable as a mobile membrane
separation device.



