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process for hydrochloric acid using this method is described, for example, in

US 5846387.

Ultrafiltration is {o date the only and most effective process by means of

20 which extremely small particles can be removed from gases. However,
according to data disclosed in the literature, uitrafiltration only removes parti-
cles of high-molecular-weight organic compounds, and consegquently only
particles having a size of > 10 daltons can be removed in this way. By con-
trast, metal ions, but also salt-containing particles, have particle sizes of < 1

N 25 to 5 daltons. These particle sizes cannot be removed by ultrafiliration. it has

hitherto only been possible to remove particles having diameters of less than
10 daltons by hyperfiltration or by reverse osmosis. Reverse osmosis is un-
suitable both for the purification of gases and of highly aggressive chemicals
owing to the precautions necessary in the process. Experiments with various

30 reverse osmosis plants have shown that if the pH deviates significantiy from
neutral, the membranes swell and become impermeable, i.e. become
“blocked”. In addition, the actual particie removal by reverse osmosis plants
required solutions of different concentrations at the semi-permeable sepa-
rating membranes.
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The absorption columns usually employed are also unsuitable for purification
of this type. On the one hand, there is a risk of gas breakthrough in the case
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EP 856715 A2 describes a process for the removal of metallic impurities from
corrosive gases by passing the latter into a receiver after generation of the
gas phase. This process achieves both a reduction in the metal ion concen-
tration and also in the particle count, since the transfer of the gas phase
takes place automatically due to the pressure difference without mechanical

pumping.

All known processes orf process arrangements for the production of high-
purity, low-particle solutions have very similar problems.

25
) if the purified gas is fed directly into a receiver containing ultra-high-purity
water, very high gas velocities arise at the inlet nozzle which cause abrasion
in and at the nozzle and thus have the consequence of particutate and cati-
onic re-cantamination of the solution.

Since the dissolution of the purified gases in water is an exothermic reaction,
precautions for good heat dissipation have to be taken.

Inadequate heat dissipation in the receiver is asscciated with considerable
temperature variations and consequently also considerable pressure varia-
tions. This in turn results in concentration deviations in the solution. it is
therefore generally attempted to homogenise the solution by introducing the

h
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col u'S’ ar e ;panF RGNS Yefig ®8nsferred into the pure circuit owing to a limited effi-
ciency of the demister installed at the top of the column. The degree of puri-
fication in columns, in particular in the case of mass transfer in the ppt range,
can usually only be set intuitively by means of additions. The ideal state of
individual stream threads of wherever possible the same length, equal flow

20
rates and constant mixing ratios between liquid and gas is not achieved fully
in any column. For optimisation, a plurality of columns are consequently often
connected in series in order to be able to ensure constant purification in the
high-purity range.

25

The known purification processes for the preparation of high-purity chemicals
do not enable the removal of organic impurities, such as, for example, oils
which are always present in pressure-liquefied technical-grade ammonia
gases. Typical oil contents in technical-grade armmonia gas are between 10
and 50 ppmiw. Without removal of the oils, a significant reduction in organic
30 impurities (“TOC”, total organic carbon) in the purified soiutions therefore
does not oceur.

The object of the present invention is thus to provide a means which can be
employed in a simple manner or an inexpensive process which can be

carried out in a simple manner for the purification of corrosive gases and for
the preparation of purified solutions of these gases which can be carried out
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a) a chemical in the liquid state is converted into the gaseous state in an
evaporator,
20 b) the resultant gas phase is freed from coarse particulate impurities and
impurities which are partially in the form of an aerosol by means of a ore-
filter, the latter impurities being fed to a collecting tank (7),
c) by setting the pressure to a value in the range between 2 and 8 bar,
preferably 3 and 8 bar, and simultaneously reducing the temperature to a
"‘ 25 value in the range from 20 to 50°C, further organic impurities present in
the gas stream are deposited,
d) the gas stream pre-purified in this way is passed through at least two ultra-
fine filters with decreasing pore size which are connected in series, with
ultrafine particles present in the gas phase being removed by means of a

30 membrane,
e) organic impurities still present are separated off with the aid of an organics
separator and fed into a collecting tank (7),
f} an absorbent which is readily miscible with the gas to be purified and has
a surface tension of > 50 dynes is fed to the gas stream via a saturation
35

tank,
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078820 5 PCTJEBOWESYF YR GEE ™St -eam i s subj ected to menbrane
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aid of (@ pressu reducer and exch er. In the organics separator,
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15 pressure and temperature in such a way that the low-boiling impurities
are in the form of a gas or vapour mixture and the high-boiling impuri-
ties are in the form of a condensed oil or aerosol, which are subse-
gquently separated off by means of suitable membranes.

20 in accordance with the invention, a further pressure reducer for setting
the pressure to a value in the range from 1 to 6 bar is installed down-
stream of the organics separator.

The present invention thus relates to a corresponding process in
which, in order to remove uitrafine particulate, metallic, ionic inorganic,
ionic organic, but also nonionic organic impurities, and salts or oils
present in traces, use is made of membranes comprising a hydro-
vhobic support material which corresponds o the process step char-
acterised by g).

1o
U

30 in a preferred embodiment of the process, the absorbent used is ultra-
high-purity water.

In a particular embodiment of the process, a gas scrubber in the form
of a packed column with integrated demister, which serves as buffer
volume in the event of a fault, can be instailed downsiream of the
membrane filtration in process step g).

.
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In accordance with the invention, a further pressure reducer for setgaggtPZMS
the pressure to a value in the range from1l to 6 bar is installed downi-
stream ofy¢ i@7882gani cs separator. The present inventiop thEETHESVYPES to a
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metallic, ionic inorganic, ionic organic, but also nonionic organic
inpurities, and salts or oils present in traces, use is nmade of nenbranes
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whi ch the sql utdentd sacirauil thbeprcmedseio benceniratibeanf ther tisdobmeddi ssol uti on
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i quidofilmfor removal” of bo issolved and particu inpurjties
from corrosPl@ r@ﬁ@@”?ﬁ@'ﬁﬁr@@? 8t9HH fﬂ%ﬁ:ggtgear@@a(gmir@‘ l?%t?‘t‘g’ésgﬁﬂ%l]ti on is
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with the process steps being selected in such a way that together they
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ously in various process steps connected in series, with the process steps

15 being selected in such a way that togsther they result in optimum removal of
not only particulate, metallic, ionic inorganic, ionic organic, but also of non-
jonic organic impurities, and salts or ails present in traces. The individual
process steps are either steps which are known per se to the person skifled
in the art or novel purification steps which, in combination with one another,

20 result in purification of corrosive gases which has hitherto not been achieved.
The process enables impurities {0 be removed to such an extent that they are

no longer detectable or the concentrations are < 10 ppt.

The process according to the invention can be described in simplified terms
.’ 25 as a process into which the following separation methods are integrated:

1. Removal of organic impurities in the crude gas using special separators.

2. Seeding of the gas stream by means of a specific absorbent in order to
build up a suitable interfacial layer.

30
3. Removal of volatiie acids, anionic impurities, such as, for example, chlo-
rides and nitrates, trace impurities, such as metal ions or low-volatility
saits, or other impurities of the gases by means of a liquid film.
3 4. Removal of contaminated liquids through a hydrophobic membrane after

the purification has been carried out.
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ionic organic inpurities, and salts or oils present in traces. The 28 SEP 2005
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with one another, result in purificatiohr of corrosive gases mhlch has
hitherto not been achieved. The process enables inpurities to be renoved to
such an extent that they are no |onger detectable or the concentrations are
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pressure-|li m cal's int gaseous state 1n an evaporator (1). In
the case of spfne ofttig @eF%SQf%PﬁPWtHMh%@a%aE%%%@%}t ﬁ@r@r@fedwﬁ@wtaﬁ@r% at nos-
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p#ticul atet%gpmltles which settle on the filter surface. At the sane

tinme, sone e aerosols present in the gas are already separated off by
t he pre- filter (2). The aerosols separated off in this way are collected in
a col llect i nén gasekox in)the pressure-liquefied gases, high-boiling organic impurities,

preferably oils and water from the preparation process, are in bulk or aerosol
form, whereas low-boiling impurities are in the form of a gas or vapour mix-
ture. Organic impurities of this type are removed using the different vapour-
pressure values of individual substances in multicomponant mixtures. To this

20 end, a certain pre-pressure and a certain temperature are set in the gas
phase with the aid of a pressure reducer (3) and a heat exchanger (4). It has
been found that good separation of organic impurities from the gas phase is
achieved if the pressure here is in the range between 3 and 8 bar and the
temperature is set to a value in the range from 20 to 50°C.

L
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A first separation of organic impurities is carried out after particutate impuri-
ties, which are in the form of pipe deposits or dirt particles, have been sepa-
rated off in a first stage. The particulate impurities are separated off by
passing the gas through at least two ultrafine filters (5) connected in series
30 which have decreasing pore sizes in the direction of the gas flow.

After the gas stream has passed through the ultrafine fiiters or filter mem-
branes, it enters an organics separator (6). For separation of the impurities
present in the form of an aerosol, the gas stream is passed through various
types of membranes selected depending on the preparation process for the
individual gases. The aerosols are diverted into the individual membranes in
such a way that droplets form when the aerosol streams combine. Through
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fied membrane filtration, the pressure of the gas stream is reduced further,
preferably to a value in the range from 1 to 6 bar, n an additional pressure

reducer (8).

Furthermore, an absorbent is added to the gas stream by being passed
through a saturation tank (9). In combination with a defined pressure drop
and suitable temperature regulation, a condensed phase (absorbent) is sub-
sequently abie to build up on the membrane surface (10) given a suitable

" 25 choice of membrane. Besides the setting of the pressure and the temperature
regulation of the gas stream, the flow direction of the gas plays a particular
role here in order to achieve a pressure gradient from top to bottom on the
membrane surface. This is of importance for the formation of a uniform liquid
film, which in turn has an essential effect on the removal of the impurities.

30 Under suitable conditions, a saturated liquid film forms as condensed phase
on the membrane surface, with the saturation concentration becoming estab-
lished in accordance with the gas temperature and the differential pressure
petween the phase interface and the membrane pressure.

This condensed phase on the membrane surface acts in a sirnilar manner to
a semipermeable separating membrane in a reverse 0smosis plant.

L
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of thecont hﬂh@uﬁhés@fHnQWc@ﬁsﬂéf‘@deSﬂfferéﬂ ma@sialsOand) bed s@bsidPesbertisg been
added, the %qﬁ\e/ %%emlcalqgﬁjor pur? ed. m(a?ched to the corrosive gas to be purified,
the impurities present therein and the absorbent employed, a very wide vari-
ety of membranes are available to the person skilled in the art for selection. It
is possible to use membrane filters with either hydrophilic or with hydro-
phobic, microporous, thin separating layers. The choice of membrane filter is
particuiarly dependent on the absorbent employed, since effective removal of
the impurities still present in the gas can only be carried out if the material of
the membrane filter is impermeable {o the absorbent in which the impurities
’5 are soluble, but the gas to be purified is readily able to pass through the

‘1 B membrane filter. In this case, the absorbent can be removed from the gas

stream together with the impurities before the membrane filter.

It has been found that hydrophilic absorbents are particularly suitable for the
removal of polar and ionic impurities. A hydrophilic absorbent which is satu-

30 rated with impurities and gas can be removed particularly well from the gas
stream if use is made of membrane filters which consist of hydrophobic mate-
rial. Suitable membranes are those made from a material selected from the
group consisting of polytetrafiuoroethylene, perfluoroethylene-propylene and
polyethylene which has a suitable pore width and structure. Particularly suit-

535

able are corresponding materials having a pore size of less than 3.5 ym,
preferably having a pore size in the range from 2.5 to 1 um. Corresponding
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20 Liquids having a surface tension of less than 50 dynesfcm are unsuitable in
combination with a hydrophobic membrane filter. They wet the hydrophobic
support material and make it permeable to liquids. The desired separating
action of the membrane is lost.

23 If it is advisable to employ membrane filters having hydrophilic material prop-
t" - erties for the desired separating effect, it is readily possible for the person
skilled in the art to select a suitable absorbent which does not pass through
the membrane fiiter, but at the same time has adequate solubility for the
impurities present in the gas stream and is readily miscible with the gas.

30 Since absorbents which form a liquid film before the membrane are con-
stantly removed from the continuous process, and unsaturated absorbent is
constantly fed freshly to the inflowing unpurified gas stream, constant mass
transfer takes place at the phase interface of the liquid film, enabling the
above-mentioned impurities to be removed from the gas phase very effec-
tively.
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ensured through suitable measurement and control devices in order to be
able to carry out continuous purification of the chemicals in the sub-ppt
range.

20

It has been found that good resulis can be achieved in an industrial plant if

! the gas flow rate is set in the range from 100 to 500 kg/h. The temperature
and pressure values necessary for the purification can be pre-determined

’Fj 25 very well using conventional computer programmes and matched to the

' membrane filtration according to the invention. A suitabie absorbent can aiso

be determined from the literature by the person skilled in the art since in

general the previous history of the gas {o be purified aliows conclusions to be

drawn on the impurities present.

30
After the membrane filtration, the gas is fed to a gas scrubber (12), which
serves as buffer in the event of a fauit. if the membrane filtration process is
carried out in the standard way, the gas is not subjected to further purification
in the gas scrubber. In particular in the case of membrane fracture, this stage
35 serves to protect the downstream plant parts against contamination with

contaminated, unpurified gas.
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is fed to a gas scrubber (12), which serves as buffer in the event of a
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In particular in the case ture, IS stage serves to

protect t hé@ﬁ%ﬁt@%@ﬁtﬁ?’mteﬁéﬁﬁ@“ﬁ@ﬁ“ﬁ‘s‘%n%ﬁPQWHﬁ@ PERSSHIE KONEHRNEM nat ed,
unpur i fied @as the largest possible surface area of the solvent. This is carried out by

feeding the gas to a constantly circulating solution in a special mixer (14)
20 which is matched to the respective soivency of the gas.

It has been found that good results are achieved if the concentration change
' at the mixing point is about 1-3%. This is achieved by setting a correspdnd-
i ing ratio between the amount of solution circutating and the gas flow rate.
The solvent used in this case is usually ultra-high-purity water.

For the preparation of saturated solutions, various designs of mixers are
available to the person skilled in the art for selection. A suitable mixer usually
has a piurality of inlet tubes which are matched in design terms both in hum-
ber, shape and length to the particular gas. The gas stream is split over the
inlet tubes and introduced into the low-concentration sclution circulating con-
stantly at the same pressure and throughput and dissolved at various points
in the mixer. The exothermic dissolution process produces heat, which has {o
be dissipated via one or more heat exchangers. If the mixer is designed as a
loop reactor, these heat exchangers can be iniegrated in a simple manner.
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at jvari‘ous pinntheredfn the m xer. The exotherm ¢ dissol ution process produces
hegt, which has to be dissipated via one or nore heat exchangers. If the

s deslir%nggoﬁ?ic%elocity is dependent on the density and the adiabatic com-
pressibility of the solution. Maintenance of the required concentration devia-
tion of < 0.5% in the solution requires both accurate determination of the

20 solution temperature and an accurate tubular probe, which is necessary for
back-coupling of the acoustic velocity.

This problem is solved in accordance with the invention by carrying out the

requisite temperature measurement not in the tubular probe itself, but instead

in a calming zone. The calming zone is designed as a pipe with a plastic

which is a ‘poor’ heat dissipator. The fact that the saturation behaviour of

s plastics in solutions with high vapour pressures varies during changes in
pressure and temperature results in differentiated measurement behaviour in
the acoustic back-coupling of the tubular probe. This behaviour of plastics is

30 taken into account by always carrying out the process in the ioop under iden-
tical process conditions.

S
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in order to counter the inertia of the regulation system on start-up of the
plant, a buffer tank (15) is installed in the loop reactor. Since the solution
present in the icop is always subject to the same process conditions, the
concentration regulation can adapt itself via the solution already set without
the concentration variations that are otherwise usual on start-up of the plant

(9]
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avoid faults in the process. it is essential for the purification process
according to the invention that the concentration regulation does not take
n the usual manner via the gas flow rate, but instead via the
sol vent , genecaliripguh tireasysighs. pins byffaldeei redulistdvwerall egoeted amitafl t he
concert r at | 0BefgliblNand B€8s BLASHANVArERBNIRPITd Qb Beachanges occur in
t he priocess parameters; such as pressure and throughput “and thus process
change¢s occur_ at the nenbranes of the purification sta?e (10). Regul at ed
concept r at i ohN8SPHtIRG ByisREsare ReRtinBly B the nage laMs (15 ¥isiivred and t he
vol ung fl ow g%@mg@'qn_g)ét;&@si ly be carried out reliably. A sinple, fast and
direct frethod for determ nation of the concentration is based on acoustic
vel ociity measurenents ip the solutign and on-line_evalua- tion thereof. The
hoousti ¢ vel BET Y POCHERRRALHES B e GO TIPEn T [1FoP ) ABRE B ST
8r esgi bil i tybefsetdm%whwﬁ min&/rtito_tc@m@sc@ aitadihey trengas sﬁleamrtgam patd on

evia- tion : LN e sol.utiaon.r s, hot h. accur at .erm nation
of "the ' sol ultoP ARt iE Bl R PR SRl

nece sa{r0 y f ogualitpckaivieaplsien)sob!aches, scobstsi R Tvie] BY DRy PFAasd fipdoerhd s
sol ved ‘¥n ac 1L | I wear Ly LSite
tenperature grrg]rgs rgehé%éﬁgy‘%?néfﬁgﬁ% '&lﬁp&%ﬂ%?ﬁ%ﬁ%@gg%,tﬁ%gr{.srelg ﬁ%igg’d in a
i ng zonethetplantigl madg of bih-adaldeHIapties. as a pipe with a plastic which
poor' heat dissipator. The fact that the saturation behavi our of
plagtics in ol veit@NenddrbianbirghaMaRPUFddpte Siflsiese wed IrRentoh ] H8oehdrges in

d , I ] iffer ' d . behayvi [
il S R
i's en i sent ibhyeatiovajsst ap asipien H pu
| dﬁn- tical gy aeensnentlor Lo B BlFehivg PHALRIe BBEAEIE thid i0hot Ne

regul ati on sys ug 0 ) _
| suitable for reducing the scope of protection of the present application just to

this example, since it is readily possible for the person skilled in the art to
carry out variations in the construction of the plant, depending on the gas to
20 be purified, and to replace individual parts of the plant with devices having
the same action.
55 in ﬂow chart 1, the construction of a plant according to the invention is shown
T’ B by way of example. This plant has the following components:
’3 (1) Evaporator
f (2)  Prefilter
30 .
f (3) Pressure regulation
(4) Heat exchanger
(5) Ultrafine filter
35

{6) Organics separator



gouffer tank (15) is installed in the loop reactor. Since theg SEP 7005
i present in the loop is always subject to the SanE--PEALRS &5

02478820 concentration regul ati on can adapt itself Vvia the sol ution
t without the concentrationi¥ariations that are otherw se usual

p of the plant NV O 02/078320 28SEP2005 PCT/EPI)2r' 022 95 - 1 4

# control behaviour and evens out small variations in the solvent
i utA lisq @ charged continuously into the storage tanks (17)
gd S(ZLl)ttgirf:?l%?:'{(alg%Iation. For the production of the individual
conmponefits of the plant, materials should be selected which are inert to
corrosife 4Bl adkepsteranyas streamto be puri- fied, but also meet the

purity fequirenments in the individual stages. Hi gh- quality stainless
steels;fpIq@?iQ§ﬂu§ﬂ@hiaﬁkPTFE, PVDF, PFA and PE, can be enployed. In
particgl ar ‘after the first purification stages in the pure region, the
pl ant

's mad f hi gh- gual_i. pl astics. For better understanding and in
order fo iIM@%%W%W@%?H%%ﬁhbéﬁtion, a flow chart of a possible arrangement

of a pfant which falls within the scope of protection of the present

i nventfon i@ﬁne®nmmbn&mbtﬁﬂKnN by way of exanple. However, owng to the
genergdl validity of the inventive principle described, this is not suitable
for rgducin h protection of the present application just to

this ¢ nplgFﬂs§ﬁ§§eﬁgm%i readily possible for the person skilled in the art
to c@rry out variations in the construction of the plant, depending on the
be p\@)i Taed, and to replace individual parts of the plant with

devi cgs having the same action. In flow chart 1, the construction of a
pIant*accor@Lﬂgmmﬁmihe invention is shown by way of exanple. This plant has
the fol | owi ng conponents: (1) Evaporator (2) Pre-filter (3) Pressure

regulfation (15) Buffer tank

b
{16) Heat exchanger
(17) Storage tank
20
25

-

Y



xchanger (5) Utrafine filter (6) Organics separator K }}2/ QR7882@y
: dda,g-,-gggg{nk (8) Pressure tank (0) Saturation tankpoGhh:Merbrane
' (1 i) Condensate tank ('12) iC:‘as scrubber (13) Tank (14) M xer
br tank (i 6) i-teat exchanger '(17) Storage tank ;5 28SEP7015
2295 20 25 30 a5 16 Table 1: Product quality of a 28% aqueous
ution prepared in accordance with the invention Crude product
©dFNH3_,  10Q% b3NHAGH 28% [ppb] Al 3.8<0. 01 As<1<0.01 Au<1<0.01
" Barable §1 FERORChaBe o A0 DA R ST A SaPn PrEpaISd

in accordance with the invention

Crude product Purified
NH, 100% [ppb] NH,OH 28% [ppb]
Al 3.8 <0.01
As <1 <0.01
Au <1 <(0.01
B 2.3 <0.01
Ba <1 <0.01
Be <1 <0.01
Bi <1 <(0.01
Ca 7.4 <0.01
Cd <1 <0.01
Co 1.0 <0.01
& 4 Cr 1.0 <0.01
Cu 1.5 <0.01
Fe 16.0 <0.01
Ga <1 <0.01
Ge <1 <0.01
20 In <1 <0.01
K 46 <0.01
Li <1 <0.01
Mg 2.1 <0.01
Mn 1.0 <0.01
Vio <1 <(0.01
2% Na 57 <0.01
Ni 1.0 <0.01
Pb o< <0.01
Pd <1 <0.01
Pt <1 <0.01
Sb <1 <0.01
10 Sn <1 <0.01
Sr <1 <0.01
| Ti <1 <0.01
T! <1 <0.01
; \ < <0.01
; Zn 2.3 <0.01
TOC >10.000 <501




01. 0<0.#1 Crl1.0<0.01 Cul.5<0.01 Fel6.0<0.01 Ga<1<0.01 Ge<1<0.01 In<1 (g.gfp 2005
4. 6<0. O _w%iﬁg@ﬁ@wm My2. 1<0. 01 Mnhl. 0<0. 01 Mo<1<0. 01 Nab. 7<0p@1’},;EN)mZQ§$. 0

J Pd<1<0.01 Pt<1<0.01 Sh<1<0.01,Sn<1<0.01 Sr<1<0.01 Ti <1<0. 01
1l V<1<0.01 Zn2.3<0.01 Zr TO(>16.’ 000<501 2 8 S E P 2005
| 22 20 Table 2: Conposition of filter residues and inpurities

p Jin the conden- sate which has been discharged at the nmenbrane filter
Col I ectigng t'iaanolie%f: C'i)lnl"i;%oesriticgrp gf f?i? r‘fj‘rr»:e(éht ures[a%dbt]n{rjptﬁl? s%rggézz%% t e%%ﬁég%—
t sate which has been discharged at the membrans filter
Coliecting tank of Filter
the separator [pphj Ippbl
Al 30 230
As
Au <1 <1
B 14 1250
10 Ba 4 <1
H Be <1 <1
Bi <1 <1
Ca 560 85
Cd 4 270
_ Co 1 9
B Cr 19 140
Cu 180 7860
Fe 75 240
Ga <1 <1
Ge <1 <1
20 In <1 <1 _
K 170 1950
Li <1 28
/ Mg 220 75
' Mn 27 1000
Mo 39 440
25 Na 760 3270
Ni 240 900
Pb i 1
Pd
Pt <1 <1
Sb
; 30 Sn <1 <1
Sr 2 <1
Ti <1 <1
T <1 <1
\'J <1 <1
i Zn 380 8780
} 35 ar <1 <1
| TOC 7000 218000




B141250 Ba4<l Be<l1<1l Bi <1<1 Ca56085 Cpl 4270 Col9 Cr 19140 Cul807860 FpfSERlh
Ga<l<l Ge<l1<1l I n<l<l K1701950 Li <128 Myg2075 M271000 Mb39440 Na7603270
Ni 240900 Pbll Pd Pt<1<l Sb Sn<l<l Sr2<1 Ti<1<1l TI<1<1l V<1<l Zn3808780 Zr<1<l1

TOC7000218000 28SEP2005 -18 PATENT : onti nuous process for the
renoval of particulate, netallic, i'%f%wi(ﬁ%@éﬁi c, ionic organic, and
noni oni ¢ organic inpurities, and traces of

1. A continuous process for the removal of particulate, metallic, ionic
inorganic, ionic organic, and nonionic organic impurities, and traces of
salts or oils, from a corrosive gas, comprising;

a) enriching the gas in at least one process step with an absorbent
readily miscible with the gas in which the impurities present in the gas are
readily soluble, and subsequently subjecting the gas tc membrane
filtration, wherein the purified gas stream flows through the membrane,

and the absorbent enriched with impurities is taken off continuously,

b) converting a chemical in the liquid state into the gaseous state in

an evaporator,

c) freeing the resultant gas phase from coarse particulate impurities
and impurities which are partially in the form of an aerosol by means of a
pre-filter, the latter impurities being fed to a collecting tank,

d) setting the pressure to 2-8 bar, and simulataneously reducing the
temperature to 20-50°C, and depositing organic impurities present in the
gas stream,

e) passing the pre-purified gas stream through at least two ultrafine
filters with decreasing pore size connected in series, to remove ultrafine
particles present in the gas phase,

f) separating organic impurities still present with an organics
separator and feeding resultant organic impurities into a collecting tank,

g) feeding an absorbent which is readily miscible with the gas to be
purified and has a surface tension of > 50 dynes to the gas stream via a
saturation tank, and

h) filtering the resultant absorbent-containing at least one gas stream
with at least one membrane, removing the absorbent, and subsequently
feeding the resultant gas stream in a mixer with a constantly circulating



salts or oils, froma corrosive gas, conprising: a) enriching the ggsg §Fp &5
| east one process step with an absorbenltg_ readily mscible wwth the gas in

which the inpurities present in the gassare readily soluble, and
subsequently subjecting the gas to nenbrane filtration, wherein the
purified gas stgoldiarf wbase canerpffationds maenjtaied and4egulated By a6r-anawstienr i ched

wWth inpuriti es\,ejlé iwggs@einézrﬂmi nuously, b) converting a chemcal in the
liquid state into e gaseous state in an evaporator, c) freeing the

resul tant gas phase fromcoarse particulate inpurities and inmpurities which

are partigly iMpidtestctbriingfo SRIiPSP wikrelfeiesprebsdre MictHd $atBFationhe
latter inpurities being fed to a collecting tank, d) setting the pressure to

2-8 bar, and sighitegasddihsaisarbenicaraget math themid phamresswezedyert ancha

deposi ting organj.¢ .l i{ies present in the gas stream e) passing the
pre-purified gg"rséagte%ggérﬁqeﬁ'rough at least two ultrafine filters with
decreasi ng pore size connected in series, to renove ultrafine particles

present irg the QprodeasRcofding &P ENAf v InCan BRYHNIdd Ssparhidr! loR-esent
w th an organics separator and feeding resultant organic inpurities into a
col | ecti ng t ankoiling anehighgbeiling Beganie mpuitiestaresepasatedyframde bl e with the

drreamvia o avEPuARSHTRE LY SRl ARG eer e b b o

absor bent - cont aidﬁingginﬁiurltkésdrewmegwmﬁéﬂ@?ﬁs owWvapo@t mbeédet amhthatwighs ane,
removi ng the absorbent, and subsequently eeding the resultant gas stream

in a mxer w tHPalingdfuities\areiin the rmef 2cendsrsegdoybor agrosel, @nd@ewhose
concentration i i acoustic velocity

measur enent . 2.S?"Rg%g%%@ggea[g%gﬁg?%b?téﬁ%)g?/am , Wherein the pressure and the
saturation of the gas with absorbent are set with the aid of a pressure

reducer anfl a Apaice®¥Htabaffg tSCldmPT FORAS 66RPFiSiNGBatithdihv pRedsureitgrein in
an organics separator, |low boiling and high-boiling organic inpurities are
separ at ed fromtBdargomnspraseohiheiarganies sepatatay t he pressure and
tenperature so the low boiling inpurities are in the formof a gas or

vapour m xture and the high:; boiling jnmpurities are.in t formof a
condensed i | P%Péwc,cgaqw g‘? Le?"a'@hysr‘g'w&m 'I"yStEBg"fllt%? @E%@IS?OW nenbr anes.
membrane comprises a hydrophobic support material for removing
ultrafine particulate, metallic, ionic inorganic, ionic organic, nonionic

organic impurities, and traces of salts or oils.

8. A process according to Claim 1, wherein the absorbent used is ultra-high-

purity water.

7. A process according to Claim 1, further comprising providing a gas
scrubber in the form of a packed column with integrated demister, which
serves as buffer volume in the event of a fault, downstream of the
membrane filtration in process step h).

8. A process according to Claim 1, wherein the gas stream in process step
h) is fed into a mixer having a plurality of inlet tubes, wherein the solution
is circulated and exothermic heat formed on dissolution is dissipated in a

loop or one or more heat exchangers.

9. A process according to Claim 1, wherein the concentration of the

dissolved purified gas is monitored and regulated by acoustic velocity



4. A process according to daim1, further conprising setting the pregsspp es
to 1-6 bar downstream of the organics separator. 5. A process according to
Claim 1, wherein in step h) the at | east one nenbrane conprises a

hydr ophobi ¢ support material for repovin ultrafipe rticulate, metallic,

i oni ¢ i norgani 6'5)9@%%?61915459mb&9q1‘dﬂh&ﬁ?‘6g9 QPEfém"&atf%gftihPi Utiothd traces of
salts or oils. t@mlp@réw%:.ess according to Claiml, wherein the absorbent used
is ultra-high- purity water. 7. A process according to Claim1, further
conprising providing a gas scrubber in the formof a packed colum wth

i nt egr at ed 0denmsstentinudusgirocess foeshaseroldlef particutate, matblliceioait of a faul t,
downstream of the nenprane filtration in process, step ocess

. 8.
according to CIIRRTEATIC G BIGRANIGAQMRNIS OF fmpwtb%@gltf%ﬁs cr/?)sp_t§ Fed into
a m xer having cﬁ\sﬁrﬁﬁ%dﬁd’ﬁi]\% 9é$‘gsqtcow%cﬂ.mher ein the solution is
ea o) on

circul ated and exothermc rme ‘ssolution is dissipated in a
| oop or one or nore heat exchangers. 9. A process according to Caiml,

wherei n the corgent rodhveningfa themicdl isteviriidstaté bedngasniashydregear ed and
regul ated by acoustic vel ocity 28SEP2005 -20 neasurenent conbined with

preci se det er nifgfideerdydrechiaria agid dnto the gaseaus state iman gvaprfatdtious process
for the renoval of particulate, netallic, ionic 1inorganic, ionic organic,

gases. compr sitflg: " ayectih i ifebl 85ERnass oM CortSe rlinduatedfLBReS nromn
hydrogen f1 uordrdeinfjuritivd masibh are paaiiiglin tHeoforieofiRpaeesobiirth @ prafiker,
evaporator, b) freeing the resultant gas phase from coarse particul ate

impurities andheigtarimpastionbeingded toaeqligcting tank.he form of an aerosol
with a prefilter, the latter inpurities being fed to a collecting tank, c)

setting the pregsure to 2-8 bar, si neousl y reducing,the . tenperature to
20- 500 and Hepde ¢ (RO R ESPRIDI 4 P EET o AP SISy dalciia e Moan
passi ng the prqgpiperdtupstdng-5aPCeany depesitiig @ﬁ'gérﬁé‘%hpw@eéltﬁés%ht Mthef i I ters
Wi th decreasing pore size connected in series, to renove ultrafine
particles presgas streamhe gas phase renoved with a nenbrane, e) separating
organic inpurities still present with an organics separator and feeding
resul tant or ganc])c ! rH?s\usrslntgl t‘?usa p'rgzp?.lrﬁ'leaoglalses ;éarﬁ?tﬁr%ﬂgh at least two ultrafine

filters with decreasing pore size connected in series, to remove ultrafine

particles present in the gas phase removed with a membrane,

e) separating organic impurities stilt present with an organics
separator and feeding resultant organic impurities into a coilecting tank,

f) feeding an absorbent which is readily miscible with a gas to be
purified and has a surface tension of > 50 dynes to the gas stream via a
saturation tank, and

a) filtering the absorbent-containing gas stream with at least one
membrane, removing the absorbent, and subsequently feeding the
resultant gas stream in a mixer with a constantly circulating solution
whose concentration is monitored and regulated by an acoustic velocity

measurement.

11. A process according to Claim 1, wherein the membrane comprises

polytetrafluoroethylene, perfluoroethylene-propylene, or polyethylene.



f) feeding an absorbent which is readily mscible with a gas to be ’ﬂféﬁ%ﬂﬁ‘g
and has a surface tension of > 50 dynes,to the gas streamvia a sat I
tank, and g) filtering the absorbent-cohtaining gas streamwi th at | east one
menbrane, renoving the absorbent, and subsequently feeding the resultant
gas stream3.n &A progassvdcchrding toSiaim 1 ywheneiuthe membyanatiasa porsosize
concentration i jtored _and regul ated by an acoustic velocity

measur enent . 1£$S§Arﬁﬁno§'g§£n§‘ccordi ng to Claim1, wherein the nmenbrane
conprises polytetrafluoroethylene, perfluoroethyl ene-propyl ene, or

pol yethyl enge. 28 pRitdd3nccordind %o OfmiRT PORRErent Y shdtdbbat islAhy@rdphiilber ei n the
menbrane has a pore size |esS than 3.5 pns. 13. A process according to

d ai m 1, whereigtgahic arbgeigasia salvert. hydrophilic organic or inorganic
solvent. 14. A process according to Claim1, wherein the absorbent has a
surface tension of 750 dynes/ecm_ 15. A process accordi to Caimill,
wher oi 1t HE&- abdbPEREASS ASCHIIRG H LRI huPerpin fesabsorgeniaias 8 SUEECE ccor di ng
to Caim1l, i t is a water- mscible, hydrophilic organic
sol vent, 17. thb%ggscgbg’cc r isﬁgﬁ'to Claim 11, wherein the absorbent
conprises a | ow nol ecul ar-wei ght al cohol. 18. A process according to Caim
11, wher ei16.t heA phscassericording té ©bsim 1 $,0pheneinthe atssorbentis-udrashighel . 19. A
process for renoving a contamnant froma gas, conprising filtering the gas
enriched with FHBYE&¥ent, wherein the contaminant in the gas is sol uble
in the absorbent, wherein the gas flows through the nenbrane so as to

obtain a i1 £HaxsMlokliRg WWRIMRFT, REIHIAL bddoshniataan: s

cont i nuou
miscible, hydrophilic organic solvent,

17. A process according to Claim 11, wherein the absorbent comprises a [ow-

molecular-weight alcohol.

18. A process according to Claim 11, wherein the absorbent comprises

isopropanol or normal-propanol.

19. A process for removing a contaminant from a gas, comprising filtering the
gas enriched with an absorbent, wherein the contaminant in the gas is
soluble in the absorbent, wherein the gas flows through the membrane so
as to obtain a purified gas and the absorbent enriched with contaminant is

continuously removed.



