Met hod for the recovery and/or separation of sul phur oxyfluorides from gas
m xtures Description The invention relates to a nethod for the recovery or
separati.qn of sul phur oxyfluorides fromgas m xtures, in particular for
the recovery of sul phuryl fluoride (S02F2) or thionyl fluoride (SOF2) from
air or exhaust air which is contam nated therewth. DE 197 08 669
describes a nethod for the fum gation of spaces by introducing a

fum gati on agent and continuously w thdrawi ng the treatnent atnosphere,
wherein the fum gation agent can be separated e. g i n an adsorber and can

be re-used af ey 1IRE EJa ithR- rgeabeegr&&ya@f Qé 2 Sucf}lio hotd ;@lﬂfﬁd}artlcl es

are nmentioned as adsorption agents I nter uori de as
fum gation agent. SuIphur?ﬁyﬁﬁﬁeFﬂééscéﬁoﬁegéﬁd“l¥§mﬂ§%d as a pesticide.

For exanple pests in fresh wood or mood used in buildings (woodworm
fungi), in storage spaces or in m] ranary weevils) or textiles can be
controlled wusing SO2F2. In this C&E? Dis used onits own or in

conbi nation with other known pesticides. Once fum gation has ended,
usually the S02F2 is deconposed by heat or destroyed by |ye. The secondary
products produced thereby can frequently be disposed of only on special
wast e dunps. |tThe Hewentiddre telamsk tep agaetiodt Goestheé racsveypeorwith the

ai m of bei ggrabheitR &e- é@fpﬁ\g.rg é&yﬂ%m fel 4 rbgssmiéﬁreel eeh Of the

present |nvent|on IS to provi or the~separation
m xt ur es, PﬁrRhFE%aV|$?Ea§m% recovery of sulphuryl fluorlde (802 or

thionyl fluoride (SOF,;) from air or exhaust air which is
contaminated therewith.

DE 197 08 669 describes a method for the fumigation of
spaces by introducing a fumigation agent and continuously
withdrawing the treatment atmosphere, wherein the fumigation
agent can be separated e.g. in an adsorber and can be re-used
after desorption. Coal particles or aluminium oxide particles
are mentioned as adsorption agents, and inter alia sulphuryl
fluoride as fumigation agent. Sulphuryl fluoride can be and
is used as a pesticide. For example pests in fresh wood or
wood used in buildings (woodworm, fungi), in storage spaces
or in mills (granary weevils) or textiles can be controlled
uging SOyF,. In this case, SO,F, is used on its own or in
combination with other known pesticides. Once fumigation has
ended, usually the SO,F, is decomposed by heat or destroyed
by lye. The secondary products produced thereby can
frequently be disposed of only on special waste dumps.

It is desirable to work up gas mixtures of this type
with the aim of being able to re-use the sulphur
oxyfluorides.

The object of the present invention is to provide a
method for the separation of gas mixtures, in which virtually
no environmentally damaging constituents of the gas mixtures
pass into the atmosphere and the components which are



no environnmental | y damagi ng constituents of the gas m xtures pass into the
at nosphere and the conponents which are 2 separated off can be re-used.
Furthernore, no secondary products whizh have to be di sposed of should be
produced. According to the invention, gas m xtures containing sul phur
oxyfluoride are contacted with adsorbents and/or membranes for recovery of
t he sul phur oxyfluqQrides and the sul phur oxyfluorides which _are separated
of f arepseﬁFpFé?th-og eCaRRE orfaTYSEST T tRELBOFE 0RO EEFEREREY on
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the gas m xture can be let off into the atnosphere without hesitation. In
particul ar SO2F21 SOF41 SOF2 are to be understood as sul phur oxyfluorides
within the spiritcofdihe toviehe iiovenddon,mgasumésthaesngontaihphgr
oxyfluorid n r [ e at ed.
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At the sahesitatjothis nakes the polar forces weaker and thus the

In particular SO,F,, SOF,, SOF, are to be understood as
sulphur oxyfluorides within the spirit of the invention. Gas
mixtures having a sulphur oxyfluoride content from 5 ppmv or
20 mg/m3 onwards may be separated.

According to the invention, the gas mixture is passed
through at least one adsorption stage and/or membrane stage
containing or consisting of zeolites, which have an
8i0,/A1,0; ratio, the so-called modulus, >10 preferably >100,
a particle size >1 mm, preferably >2 mm, and a pore diameter
of 0.4 to 0.7 nm, preferably 0.5 to 0.65 nm, the particle
size applying for the zeolite which is used as adsorbent.

Zeolites which have been subjected to dealumination in
order to replace the Al,0; in the lattice by SiO,, which
thereby increases the modulus, are highly suitable. At the
same time, this makes the polar forces weaker and thus the
hydrophobicity of the zeolite is increased (W. Otten et al.,
Chem.-Ing. Tech. 64 (1992) No. 10, pp. 915 - 925).

It is within the spirit of the invention to use the
zeolites both as a loose bed in adsorber columns or as a
membrane, a combination of adsorption stage and membrane
stage likewise being within the spirit of the invention.



hydr ophobicity of the zeolite is increased (W Oten et al., Chem-Ing.
Tech. 64 (1992) No. 10, pp. 915 - 925). It is wthin the spirit of the
inventian to use the zeolites both as & |oose bed in adsorber columms or
as a nenbrane, a conbination of adsorption stage and nenbrane stage

| i kewi se being within the spirit of the invention. 3 The adsorption i? ]
effected at a pressure of at npst _15 atm at 21C. |In one enbodi nent of the
met hod accordiﬁﬁﬁ?oa@ﬁ%rp?ﬁq%n}ﬁcﬁﬁfﬁﬁiﬁd<ﬁ§n@r@¢eﬁFPﬁeSG§FEti§°EErforned in
cl osed conbaabslsabr2spaces. The S02F2-cont ai ni ng at nosphere present as a
gas mxture (0.05 to 10t by volune SO02F2) of the containers or spaces is
renoved therefromonce fumgation has ended and is contacted wth the
adsor bents and/ &n ¢he empndirnergs dfb thec methodhec862B2ngThe ahe which is
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SO,F, from the gas mixture can then be let off into the
atmosphere.

In another embodiment, the gas mixture is passed over
two or more adsorption stages and/or membrane stages.

The adsorbed sulphur oxyfluoride can be desorbed from
the sorbent by increasing the temperature and/or reducing the
pressure and be sent for re-use.

The regeneration of the adsorbents (desorption) takes
place in known manner by supplying heat and/or lowering the
pressure.

The desorption takes place in a temperature range from
20 to 300°C, preferably at a temperature >100 °C. It has
proved beneficial to allow the desorption to take place at
reduced pressure. In one embodiment, the adsorber column
after heating is exposed to a technical vacuum of up to
10-3 bar for desorption.

If the gas mixture additionally contains impurities,
purification by e.g. filtration or adsorption with other
adsorbents may take place before the adsorption. It is
likewise within the spirit of the invention, first to free
the gas mixture of water, e.g. by drying with suitable drying



proved beneficial to allow the desorption to take place at reduced
pressure. In one enbodi nent, the adsorber colum after heating is exposed
to a technical vacuumof up to 10-3 b for desorption. If the gas m xture
additionally contains inpurities, purification by e.g. filtration or

adsor ption with other adsorbents may take place before the adsorption. It
Is |ikew se th|n he |r|t of the invention, first to free the gas

m xt ure ofaﬂﬁ P gné tB? dF Qi PRES 1t thrquah &her wdsgripersgekts, and t hen
to pass it membedgh.t he adsorbers or nenbrane. The apparatus for

I mpl enenting the nmethod according to the invention conprises at |east one
adsorber with a bed of zeolites having a nodulus >10, preferably >100, a
particle size $menapp@r@¢usab¢m'tmphamennmmgatMermedhadeaeconﬂlﬁg4tbo 0.7
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| east one su I ne as mxture, removi ng the gas

into the apngsﬁﬁerﬁrﬁﬁﬁr%Pgb freasi iG> nmbg@mgﬂpﬁgaﬁn&eﬁﬁﬁlpéﬁlng neans.
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adsorber Shadstg bk ol - AEI R 50 (PO LSS 2 PULALLLY, of poorper
The alternéatg nm, preferably 0.5 to 0.65 nm. A compressor is located
before the adsorber or the membrane. The apparatus comprises
at least one supply line for the gas mixture, a line for
removing the gas into the atmosphere and alsoc measuring,
regulating and monitoring means.

In a preferred embodiment, it has proved beneficial to
use at least two adsorber stages, which may each also
comprigse a plurality of adsorber columns, since they permit
continuous operation if connected in parallel. The alternate
operation of adsorption and desorption is ensured by suitable
regulating and control means.

In one embodiment of the invention, the gas mixture to
be geparated is introduced into the adsorber stage by means
of a pump or compressor via a supply line.

The number and capacity of the adsorbers depends on
whether a gas with a high or low sulphur oxyfluoride content
is to be treated. The capacity of the adsorbers can for
example be increased by increasing the adsorber volume of the
individual adsorber columns or by the number of adsorber
columns.

Before the impoverished gas is let off into the
atmosphere, the composition of the gas is analysed and



operation of adsorption and desorption is ensured by suitable regulating
and control neans. In one enbodi nent of the invention, the gas m xture to
be separated is introduced into the adsorber stage by nmeans of a punp or
conpressor via a supply line. The nunber and capacity of the adsorbers
depends on whether a gas with a high or |ow sul phur oxyfl uoride content
Is to be treat, agaC|t of the adsorbers can for, exanple be
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col ums or ofiyahh&Rnankeysbé meknos ber colums. Before the inpoverished gas
is let off into the atnosphere, the conposition of the gas is anal ysed and
5 nonitored by neans of a nonitoring neans, preferably by neans of an IR
anal ysi s neans. Thheimvmm£ﬁ¢mnwiﬁlIbéxexpﬂdiﬂedednigrgaEatededaihihimhth
reference t.QeEl-gHLE % rd shows a diagramof a plant with parallel
adsorber stages wth 2 a sorber colums in each case connected in series.
This plant is very conpact and is suitable for construction on the | oading

surface for exapphe DfgRoheayVai LS orehl PhantFRfit8l BH%Q!LEY &Q@rber
conpressors,  before, each ﬁds%)ber col utm have been om't . ew se,

heating nE&AGES Wikt FQTR &ﬁdeﬁ€§uP§§PnSOH€9PE§§ éRc. are
not shown. séhgeadsThberpTantinies v fddnpadtvialld asl saseabed ebrthe above
zeol i tes. construction on the loading surface for example of a heavy
goods vehicle. For simplicity, the compressors before each
adsorber column have been omitted. Likewise, the heating
means, vacuum pumps, measuring and regulating devices etc.

are not shown.

The adsorber columns are filled with a loose bed of the
above zeolites.

The plant is laid out such that for continuous operation
one adsorber line adsorbs and the other adsorber line is
regenerated.

The gas mixture at a pressure of at most 20 bar (abs.)
ig introduced via line A into the adsorber 1. The gas mixture
leaving the adsorber 1 is passed into the adsorber 2 wvia line
B. Before the gas mixture leaving the adsorber 2, which
contains no or only insignificant amounts of sulphur
oxyfluoride, is discharged into the atmosphere, the
composition of the gas mixture is analysed and monitored in
the monitoring means AE (preferably an IR-analysis
apparatus) .

Simultaneously the adsorbers 3 and 4, which are
connected to each other via line D, are regenerated, i.e. the
adsorbed gas mixture is desorbed.



The plant is laid out such that for continuous operation one adsorber |ine

adsorbs and the other adsorber |line is regenerated. The gas
pressure.of at nost 20 bar (abs.) is ifntroduced via line A
adsorber 1. The gas m xture |eaving the adsorber 1 is passed
adsorber 2 via line B. Before the gas m xture |eaving the ad
whi ch contains_no Qr only, insignificant anounts of sul phur
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for further use. In apother enbodi nent of the nethod e gas

separ at ed bﬁsEEEStﬂY%hbﬂb%gc%ﬁﬁnﬁﬁﬁqnﬁ¥'@ﬁenenbrane separation

to be
stage and

adsorption separation stage. The pressure on the inlet S|de of the nenbrane
's usually hlgferaﬁégﬁgérg%ﬁ% fﬁggt[gfeiipre tﬁoaugﬁe gas to be

separated passes through a combination of membrane separation

stage and adsorption separation stage.

The pressure on the inlet side of the membrane is

usually higher than the ambient pressure. A pump or a
compressor is located before the membrane. The gas mixture to
be separated is fed at a pressure of up to 20 bar. The

retentate leaving the membrane stage, with an increased

content of sulphur oxyfluoride, passes into a collecting

container and can be re-used immediately e.g. after
liquefaction with a compressor.

The permeate is passed into at least one adsorber for

further separation. Optionally the permeate may be compressed

before entry into the adsorber.

It is likewise conceivable that the retentate of the

first membrane stage is introduced into a second membrane

stage. The permeate resulting from this second membrane stage
can be recycled into the first membrane stage or be passed

into the subsequent adsorber stages.

The membrane may be present in conventional form. The

membrane material contains or consists of a zeolite having a

modulus >10, preferably >100, and a pore diameter of
0.7 nm, preferably 0.5 to 0.65 nm.

0.4 to



conpressor is |ocated before the nenbrane. The gas m xture to be separated
Is fed at a pressure of up to 20 bar. The retentate |eaving the nenbrane
stage, wi.th an increased content of sul phur oxyfluoride, passes into a
collecting container and can be re-used i Mmediately e.g. after

|l iquefaction with a conpressor. The perneate is passed into at |east one
adsor ber for féther separati on. tiionally the perneate may be conpressed
before entry intpetARPETRGIDFN 1315 he H9ﬁ5§€u€5§éePFaﬁP@liﬁafOF%e
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stage. The, om this.second _nenbrane stage_ can be
recgcled |n@ e flégﬁgaﬁ l%ﬁzﬁﬁa e 6@N§§§§88 cﬁﬂtﬁetﬁgrgﬁﬁgeﬂﬁgnt
adsor ber snagestuThe menbrane nay be present in conventional form The
menbrane material contains or consists of a zeolite having a nodul us >10,
preferably >100, and a pore dianmeter of 0.4 to 7 nm preferably 0.5 to
0.65 nm 7 TheT 9p§%l<ergmgrﬁ@armiqﬁemgm@@ﬂ@d ta ﬁﬂbﬁaenfbhm for

exanpl e onihbent 986 NGi EEEACE ft oty s%%?;eqle so that the method
according to the invention can be carried o in situ. The follow ng

exanples are intended to explain the invention, without limting its

scope. For rbbethel £OVL oW asirgslesd, hEtHeO|f|oQ\Moﬂr§néteeb§.Q§e)§/eﬁréréSﬁQed as
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1 Zeocat ZSMS5 400 2.5mm 0.53 x 0.56
PZ-2/400 Na form 0.51 x 0.55
2 Wessalith Pentasil >1,000 2 mm 06
DAZF 20 MF
3 Sicolith 400 4A granules 2 1-2 mm 0.4
4 Grace 5§22 A 2.6 1.6-2.5 mm 0.5
Example 1:

An SO,F,/N, mixture with 2.47% by volume SO,F, was passed
over an adsorber which contained a bed of 320 g adsorbent.

Zeocat PZ-2/400 (manufacturer: Chemie Uetikon GmbH, Uetikon
{Switzerland))} wasgs used ag adsorbent.

The gas mixture was passed over the adsorbent for 54 min. at
a throughflow rate of 3.13 1l/min. until a maximum emission
concentration of SO,F, of 20 ppmv was reached. The adsorption
capacity was determined by differential weighing.

Result: 23.28 g gas was adsorbed, of which 18.78 g was SO,F,.



..................... | Zeocat ZSMb 400 2.5 mm 0. 53 x 0. 56;

PZ- 21400 Na form0.51 x 0.55 2 Wssalith Pentasi | >1,000 2 M 0.6 DAZ F 20
MF 3 Sicgolith 400 4A granules 2 1-2 nmm®.4 4 Gace 522 A 2.6 1.6-2.5 nm
0.5 Ex nle 1. An SO2F2/ N2 m xture with 2.47% by vol une S02F2 was passed
over an adsorber which contained a bed of 320 g adsorbent. Zeocat PZ-2/400

(nanufactuier: ggegje Ueti kon GrbH, Uetikon (Switzerland)) was used as

adsor bent . i xture was passed over the adsorbent for 54 min. at a
t hr oughf | owmr SO§FQ/\'N23 ik tlime ditunki k78 Byxvaymx@ns@ PRrasCpageedr ation of

SO02F2 of 2 The adsor C rm ned by
di fferenti gv iaawgaaoggﬁgu‘f’ lc}ifcfg:aglrgeéis %:(‘j’%oﬁgéd Sfisﬁﬁgéﬂtm 78 g
was SO02F2. WessBEXahpl BAZ EmoSO@iﬁuﬁﬁqundnﬂwBegugsazA&?%Mbﬁ uskdmasSO02F2 was
passed OVgl-AR gg orber which contained a bed of 360 g adsorbent.
Wessalith DAZ FS ?nanufacturer Degussa AG) was used as adsor bent. The
gas m xture was passed over the adsorbent for 44 mn. a throughfl ow

rate of 3. @ﬁelggbnmk'ﬁﬁfé Pa ST 4BHR VIS itoR aca%%ahrtakbg%@f mPR2 2%01‘ 147
ppm was reache after 51 min. ~The adsorber capacity et er m ned
dlfferentlal ﬁ@pg aw rate of 3.63 1/min. until a max1mum emission
concentration of SO,F, of 147 ppm was reached after 51 min.
The adsorber capacity was determined by differential

weighing.

Result: 23.4 g gas was adsorbed, of which 17.73 g was SO,F,.
Example 3: (Comparison example)

Test performed analogously to Example 1

Sicolith 400 (manufacturer: Solvay) was used as adsorbent.
Result: no measurable quantity of gas was adsorbed.
Example 4: (Comparison example)

Test performed analogously to Example 2.

Grace 522 (manufacturer: W. R. Grace, Nd. Worms) was used as
adsorbent.

Result: no measurable quantity of gas was adsorbed.

The results show that with zeolites which do not meet the
selection criterion according to the invention in terms of
modulus, particle size and pore diameter, no adsorption of
e.g. SO,F, is possible.



Result: 23.4 g gas was adsorbed, of which 17.73 g was S02F2. Exans le 3:
(Conmpari son exanpl e) Test perfornmed anal ogously to Exanple 1 Sicolith 400
(manuf acturer: Solvay) was used as adsdtbent. Result: no neasurable
quantity of gas was adsorbed. Exile 4:(Conparison exanple) Test perforned
anal ogously to Exanmple 2. Gace 522 (manufacturer: W R Gace, Nd. Wrns)
was used as adsorbent. Result: no nmeasurable quantity of gas was adsorbed.
The results show that with zeolites mﬁiéﬁmﬂo not nmeet the selection
criterion according to the invention in terns of nodulus, particle size
and pore dianeter, no adsorption of e.g. SO2F2 is possible. 9 Cdains 1. A
nmet hod for the recovery or separation of sul phur oxyfluorides from gas

m xt ures, whereln Aheelasd nioat whe irecoyasyedrogepaadsdoheaf ssulphwnbr anes,
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adsorption a menbr a cont di ni ng or cons I Ng 0 Jeolit es
having a FRBE8edsO¥eD m@bw% o Mesbaenes, 0 charscoeriasd andthae

sul phur oxyhbugak desx k& M & h SRRATRLAR an feake @ﬁa' Eagbﬁétieﬁ N58/or
optionally after desorgtlon or directly . /A met hod accor aim1l,

char act er | SEEPTARE St 'z%Rﬂ?ﬁ%?%ﬁQMQﬁ;QQnﬁééﬁﬂﬁg 9£OZe91b5?§IE§E1§92% >1

nmand a podeldsases esndfa Gbdrd @ikmetyh icF Bsedtasoadsambeshd BreA Met hod
according t°1§£8r”%%yffh£¥f‘éé”&ﬁ?% Iare se%arated off are available

for use optionally after desorption or directly.

2. A method according to Claim 1, characterised in that
a zeolite having a modulus >10, a particle size >1 mm and a
pore diameter of 0.4 to 0.7 nm is used as adsorbent.

3. A method according to Claim 1, characterised in that
a zeolite having a modulus >100, a particle gize >2 mm and a
pore diameter of 0.5 to 0.65 nm is used as adsorbent.

4. A method according to Claim 1, characterised in that
the membrane contains or consists of a zeolite having a
modulus >100 and a pore diameter of 0.5 to 0.65 nm.

5. A method according to Claim 1, characterised in that
the adsorption is performed at a pressure of at most 20 atm
(at 21°C).

6. A method according to Claim 1, characterised in that
a sulphur oxyfluoride/air mixture having a sulphur
oxyfluoride content of at least 5 ppmv or 20 mg/m® is used.

7. A method according to Claim 1, characterised in that
2 or more adsorption and/or membrane stages are used.

A



a zeolite having a nodulus >100, a particle size >2 mmand a pore dianeter
of 0.5 to 0.65 nmis used as adsorbent. 4. A nethod according to Claim1l,
characterised in that the menbrane combains or consists of a zeolite
having a nodulus >100 and a pore dianeter of 0.5 to 0.65 nm 5. A nethod
according to daim1l, characterised in that the adsorption is perforned at
a pressure of at nost 20 atm (at 210C). 6. A nmethod according to Claim]l1,
characterised ifi-thabethod geeerding fiadtliader dir chiaxegterhgedngnatbat phur

oxyfl uori deheoshephuef oyl €881aés Y RsABJW/ /M Thds8d1véntAnyet hod
according to Claim1l, characterised in t)1at 2 or, nore adsorption”and/or

menbr ane stAGEE2ELBIERY. tempeEdtyre |apd/ 9y neducing the presgurs. A met hod
according to Claim1l, characterised in that the sul phur oxyfluorides are
desorbed fromtpe solvent .b i.ncreasi ng,.the tenperature and/or_reduci ng
the pressure. QB‘AinIﬁ?ﬁ%%lda%%%‘? Jﬁbgts%) %k’ﬁ% é,' EE‘&FQSF?F?‘%G th FRa&E  the
desor pt i onthekdssprationntak¢eenparad ure a deypematmm20Cantye 306G, 2pref erably
at a tenpeggt oal10 ' L@l m 8, characterised in
that the Egsgpgt ?bn&t%ﬁ%ga%f%gé ta%)dca gr g:gagt}fr}% %?‘Ougp%t'o 10-3 bar. 11. A
met hod according to Clains 1 to 10, characterised in that the nethod can be

perfornmed in aippbAl feBb@raddisrdihy kol Bibihl bl f LhdkdcNetQdel Dn that

the desorption takes place at a pressure of up to 10°3 bar.

11. A method according to Claims 1 to 10, characterised
in that the method can be performed in a mobile apparatus.
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