., e3exxDL(D 6T | WD 021 078820 PCT/ EP02/ 02295 -1 Process for the
purification of corrosive gases The present invention relates to a novel
process fwo ot/omsgy eparati on of highpurity chem cals w th anpexEPazieRs | ow
particle count, such as ammoni a gas, hydjogen fluoride and hydrogen
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t echnol he production of highly integrated electronic circuits
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sol utions hav ver i mlar prob the purified gas is

directly int'@ 'Qgr"@%’é‘ﬁwfescont ai n| ng ul t ra h| gh-purity water, very h| gh gas
vel ocit4es arise at the inlet nozzle which cause abrasion in and at the
nozzl e and t Thues absomptibhecotumas gsaallyeemibl@ad: aredisd enanitalvie foopurification

re-contam natdan. Ohe! B tR8!0He' ihd, there is a risk of gas breakthrough in the case
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.30 Since the dissolution of the purified gases in water is an exothermc
reaction, precautions for good heat dissipation have to be taken.

| nadequatwolo2/a18seli ssi pation in the receiver is associ ated WPCHERHER2®er abl e
tenperature variations and consequently_4al.so considerable pressure varia 35
tions. This in turn results in concentration deviations in the solution. It
is therefore generally attenpted to honogeni se the solution by introducing
t he WO 021 078820 PCTI EP02102295 -3 gas directly into the solution and

st mul L aneousey BN tﬁ§1eo®mmtArfa?hém@B% BoRYIRASH iARBfogBRUGYST . LN S
succeeds only 1 ncor(’r;E)méa st nce si '34)6?%!' ng 1S tat1 ¢ operation which

causes | ayerlpyering B@ﬁFK!"t‘g 9lem¢nt§mt g, t‘"ﬁh@ aT‘-"t eppEYEdL cause

conpl etely hﬂ&ﬂ&%@%é%uﬁﬂa&b@e@bf tmelrwfamalqayerlsnTnecmjtuélcuémgrabi thet 0
enpl oy chemi uor.i c

| d, hyd hi d
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inmpurities aid of
packed col u?)’hg C%ﬁa?wéﬁglm%s é?éﬁﬁog%?t@paﬁﬁ%%md E)er atl onB In order to
i ncrease t hera@gehaag@cnauseas the asgrresgfwmﬂﬁersg}mhmmmﬂ%@ eJast beth with e end
the residenc o & withahe oWBhis & dcParid igfdterid] of 5 packed
col ums of uﬁ%%H#ﬁ@e@m%rgg reatl ng through (vvahﬁﬂﬂ ow of the gas), and of
aerosol s bei¥§ 9914M8Berred into the pure circuit owing to a |inited
effici b@ncy of the dem ster installed at the top of the colum. The degree
of puri fi cat i @khowe thatrpusifiedrangbprieissutealiquefiddgasassearoddditionalty basfer in
t he ppt rang e j i tions.
The | deal "ot opeannsddh itk canind G i SEbteqled B plna Ry ' P12

me Iength ammlom bbmatdileynauuheﬁ)wgtmormmreugcrrt@betg Thst serelabingqui d and
gas is not aﬁci)li \éﬁﬂ) Hd Me#é%s@%lﬁﬂbH@Fthé: 8ameRHeMiEAWINER iSsBlupatdyl ty of
columms are se often connected in series in order to be able to
ensur el&onst WP [ﬁ‘f‘fgrba't""tdﬁ”? Bt he high-purity range. 25 The known
purification processes for the preparation of high-purity chem cals do not
enabl e t he rEP®BE6H716fAD tgstilses gpmsdésisefer theuemaal of atetalkeimpaearities fremwhi ch

Typi calor 1 eBigalke 93sRE BYMREL ATt ol oS far Mo R S fina 5o
ppd w. W t hogas pbassalhis predessaidnigves kothra feidsation irethecmietal nbrm con@nm' c 30
impurities (rdfidn and sy nﬂh&?ﬂrﬁclﬁ%ﬁﬂp)sm& {ridGranditf bee

t heref?@e does not occur present 1 nvent n |s thus to
provi de a nef@lkes\miﬁw'é@maé@auwﬁjuwem ﬁr%ﬁsyrwlf@rﬂmwheut machaRigBensi ve
process whi cpupihgPe 35 carried out in a sinple manner for the purification
of corrosive gases and for the preparation of purified solutions of these

iant and o S0enBFndbbess Y propdfy SARGRRES oyt BGINEASR of Bidfal £y "
whi ch does npurithalow-pagicts selutions hgee venssimilaepreliems. A furt her Ob] ect of
&e in&ntion is to provide a correspondi ng process whi ch can be used for
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i nor _gianl Cc, |ionand ar hemaozzleand mm)hamtm(ms@qgenceof _ nﬁjuiaﬁe%ndacmj i- Sfﬂ)t S
or oils pres ve gases, ich the gas is

enri chedpi n ‘E@E r&&ﬁ“%ﬁi‘%?@ °gg@‘§§{"@g8hn t hgan absor bent which |gs readily
m sci b@ wth the gas and in which the inpurities present in the gas are
readi |y sol uBinee taﬂ@IQS‘R@th}IBOf thequisified gasesyin waleristardexathaemisrreaetion,
filtration, pRciiGns H@Oﬁdrﬁéﬂg%ﬁﬁﬁlﬁ hSand bOWkdmr ough the menbrane,

and the absorbent enriched w Inmpurities 1s taken off conti nuously 15
This purific othelnventloggast he fol | owi ng

ti,on cess.according,t
process st ep@‘ ﬂ@ﬂugt& Stdés%ﬂétl'ﬁ gt hefecaivel |sRzSPCAted withe APl&d i nto
t he gaseous tetmperatune avarnatlons and consequently also considerable pressure varia-
35 tions. This in turn results in concentration deviations in the solution. it is

therefore generally attempted to homogenise the solution by introducing the



evaporator, 20 b) the resultant gas phase is freed from coarse particul ate
impurities and inpurities which are partially in the formof an aerosol by
nmeans of womn@7dskéter, the latter inpurities being fed to aPrPcalBPez0i2e§ t ank
(7), c) by setting the pressure to a valye in the range between 2 and 8
bar, preferably 3 and 8 bar, and sinultaneously reducing the tenperature to
a 25 value in the range from20 to 50C, further organic inpurities present
in the gas streamare deposited, d) the gas streampre-purified in this way

uni ch are codfbareaty fdile bdulh R giAfiehsbiy plibidhd i 83BN, DT F° 2

phase bei ng theougtea bypaseznseoﬂoweser ﬁblﬁiﬂLGﬁ@ed%Pnb’rlgaﬂnﬁﬁthﬁlnQﬂ es still

present are §ﬁﬁﬂé?>h rﬁhé‘n thl&{‘c&&%ﬂb%rlﬁ@%ﬂ@%luﬁ&@lﬁ ed
|ntoacollect|ngta absor bent which 15 readil m |bIeW|th
the gas to biepst P@Qee@ ‘19&§ @t%w%eem@tglmpra?g@%i Meed to

the gad stressptibn a saturat i on 35 tank, WO 02/ 078820 PCT/ EP02/ 02295 -5
g) the gas streamis subjected to menbr ane fi ltration, in which absorbent

ci roulat ng COPSler 7 BRI B binbi P ehorisiis bt as Bhfadi g W8RG agic,
means of acoasdhydiaghiaria gcideathe elestronias lﬂfd@Stw 60@§§ml@pm¢|’d@fcduc- in
accordance wibh ggﬁrgﬁeé Wﬁm’\bqaﬁ@& &@l&%lrﬁ&aﬁl rgﬁ@l’ %E@Qllétﬂ@m the

group consistin anmoni a, hydrogen fluoride an rochloric acid in the

liquidlBtate, 10 The praocess_ .is carried out tt| n he pressure and the
saturation ofJOfrﬁépga@'P'an'muarjg%@b%ﬁffema#%@ﬁéy% tha g SEV&@QF@'%‘HGQH and

a heat exchatmeat id dffpafchéd@b{lﬁimslﬂ3a}k élenients ave bripidyeal iartdisogaration | i ng
anic inpurjti are
ting the. TsogBE LS e SERAN R SXboehBE AreF Kttt S8huhing (AR B 1) 7
i npurities atceextandliee feﬂldemﬁe hmgalf toe gaapothe adlimi. d hanel is aeianggmrbm l'i ng
" :
DU o, BABC IR Ty RS ERSEy R PR olfierged
with the invend DBﬁerQﬁq‘%P@!ﬁ‘Qr"%?-‘é%@ﬁ‘ﬁ intpde pure eispuitaMing9 a H@'tﬁﬂé‘g&ur eto

a value in tb»@ntﬁt@gmé gemistet Pskalledratithe wwbﬁlth@@owsmeeaégr@b dftpari-
corr.espondi ng

o e mee® o e bRt liar i calmBe SR PAeTAE B bR hasE i e e bh i e PHTERR, ¢
i oni ¢ i nor gaocame usually onigrigasetdntuitivelyaby sneans cfradditorsm Tihe ideplstate efs, and
sal s o o1 RS8Ny YiBGRS ot Whrdyr BAASIAL P EBREESQROBRGLTIAY °

hydro pbobi ¢ support™nateria I chcorr s on Ste
char act er i sethtpy agyl.copstan mixipgaaties betveemhmwdrandogas ﬁmqira@b@@d the

absor bent USﬁﬂahﬁcb‘lhh{rﬁmog'E)‘pBH{uéét)bri’V%t;ﬂﬁrah’tﬁoﬁc&ﬁHﬂs‘%%EQfon%HHQé’ht Biterdf the
process, a gas scru& er in %6@1? acked col um vmt I nt eﬂ{ ted

deni ster, whPeMNeds &sgrée?bmcprg,er PRSYIRECARPETT R 'ﬁai‘%ﬁh th&an be
i nstal | ed donight-pwityrahgéhe menbrane filtration in process step g).

' 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 ammonia gas are between 10
and 50 ppm/w. Without removal of the oils, a significant reduction in organic

30 impurities (“TOC”, total organic carbon) in the purified solutions therefore
does not occur.

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

35 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



MO 021078820 PCT/ EP02/ 02295 -6 The gas stream can be fed in process step Q)
into a mxer having a plurality of inlet tubes, in which the solution is

ci rcul at ewoan@7sszet hermi ¢ heat forned on dissolution is di secparezoizes a
1oop or one or nore heat exchangers. 5 |y _order to carry out the process,
the concentration of the dissolved purified gas is nonitored and regul at ed
by acoustic velocity nmeasurenent conbined with precise determ nation of the
sol ution tenperature. 10 In particular, the object of the present invention

hi eved gh
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The puri fi caguaity pnacmlgh gl@@gmt hgve the H@adweemg%rdasgrlbae ﬁbeueo/&tfur-
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steps 15 beln in_such a_wa tha her t res in timum
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but al 8o of ammmﬁaq-]yurqﬁ\mmamwnﬁyue@chlmaeﬂl ts or oils present in
traces. The individual process steps are either steps which are known per
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renmoved to Syeh safis %xbﬁégréém il (t8¥ed o @olreBAR g éL"eTseﬁL@chﬁ thE dda!
concentrations are < The rocess accor in e |nvent|on can be
descri b@d i n®Rii¢hA] inaldeastone 9@90&§S ét%wﬁaﬁ 3 @\Wﬁ\%wchh%rqaﬂlhydwsr%g
separation npideath tﬁé@alsrarfeghameh tﬁel r@fseﬁfmhec‘gasrmrrehum in the

crude gas usi Rar at di ream.by means
2 speci 11 20dpEb ARk The BR83K 3LBSEadriny Riactda & melihdna AT [Byer.
3. Renovawhizh thel;mrlflled gas stesana fiowsi thraughuthietmemprans; lanasthefalrsoexanpl e,
chl orides an i rféhee ] i tal ions or
| ow vol atili ??/ms%'f S, %ov}"r”?)ﬁﬁ'g?m?%]p%rtlé’fﬁgffo%#ﬁpﬂ ‘es by neans of a liquid
film 35 4- Renoval of contam nated |iquids thr ough a hydr ophobi ¢ nenbrane
after the pu-lrh'l’siR}Htficéﬂo'ﬁ@@‘ﬁsérﬁ@&ﬁ'ﬂggo(yﬂﬁ inventipn dasdhe doltPwing/NEpesssn 2295
7_ 5. Adj usgﬁgtpe@fset he plant in order to prepare a high-purity sub-ppt
sol uti on. asurenent of the concentration by neans of a sonic converter

par ame. 51 or @ #oHeBlid iR i b RIS RAVERGR o Bk 025838 e T 85T G,

according to teeaporatartion is carried out per se by converting

pe- | 1
PrEhe. case BFtrsesBia gl fnack & freky ABFRQATSS pnTUlepBYARERRED (1 )
atnos 10 pher i ENpiritiesuwkich arg partyallytiathe form of ar @erase! bysreans of apcme gas

from coarse paﬂtercmearaﬁermapumﬁé@semghe@lfos%«ﬂlb@u@@tém@mlIter surface. At
t he same tIﬁE e aero ese

o A o' B by SRk eS8 e valS W e feioe e LndbioH Y i uay
are col |l ected preferabty 8 @andiSbat, amd i mpltaﬂléowsdy gedusing the tenberature to a

essups- |1 Guelhid i e fandd AHOR Id 86-OTIRARBIBA pibERiesiBbaNaR! Y O S

d water from I On process
wher eas | ow both ei@@ﬁsstﬁ%amuare@@p@séedn the formof a gas or vapour mixture.

Or gani ¢ i npug spétréérh%réé&ﬁméﬂ% EWQWIS%SBGdtt%uﬁhfét%%ttwo yltra-

vapour pressure_va i vi dual suhst anc mul tic onent xt ures.
Topt hi g fine |Hers with decreasmg pore size wh|§1 are connecte {F\pser?es erh
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,



.20 end, a certain pre-pressure and a certain tenperature are set in the gas
phase with the aid of a pressure reducer {3) and a heat exchanger (4). It
has been wound7éshet good separation of organic inpurities fPOTRA02PAS
phase is achieved if the pressure here ig _in the range between 3 and 8 bar
and the tenperature is set to a value in the range from20 to 50C. 25 A
first separation of organic inpurities is carried out after particul ate
inpurities, which are in the formof pipe deposits or dirt particles, have

been separ at f i e;
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the gas flow. &hiLR6N WHdSBDNEEhaTIOARSMBARSRM A Pagillatedicoyinbatiope filters
or filter nenbranes, it enters an organics separator (6). For separation of
the inpuriti esaﬁﬁ’léﬂ@n‘fel?ﬂtytrﬂga?"éﬁem%ﬁ an aerosol, the gas streamis passed
t hrough various 35 types of menbranes sel ected depend| ng on the preparation
process for The prockss idarrighoeatin ddvordanceswith tlhe eventien tydemplogirighe

st eams conbrianCH salefiet g todhond Shn ke Bl ST, Wiltobdf (EBFBR"
sui tabl e rrenbndmdmmricaa@dmﬁm|l¢|la!dé=‘vtatesU| table pore structure,
"entrainnment” of the droplets is prevented. The retained droplets fall, due
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after passi ngxthaogeh the organics separator is below the detection limt,
.te < 1 ppb. For exarrpl e oils can no | onger be detected by the anal yti cal

hods cust IC t he
process accoﬁ'gﬁ%ogg the | ven &oﬁo\gés%'\gﬁg %%ﬂv@‘?%ol?ﬁﬁg o‘?géhd ‘?ﬁ'p@ﬁf
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|OW—VO|atI|I alts, but possibly also uItraflne ulate 1hpurities 15
of various cﬁé@ﬂ%gﬂelf‘}%@ vﬁwgéﬁ Ar\E@RMESBRE Uf%aé'?t IQ}' -Raling MR can
be reno\é_e]gi_ i gee éruhsuem@?ﬂm}mpw afddrﬁiermedsm?e -aekbesk \gmhrarta Ssbgé£ remﬁved
inanodifie rane ration proc rder to carry out this
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further, preferably to a value in the range from1l to 6 bar, in an

addi ti goal pleasoeedare withcthe (®ention, taw‘gnmrepre&rsuamedb@ﬂt forssettiongd t o
the gas stregm Eve@sa:r@qopé%weﬁmﬁwange% [ Ato Bbarkinstaed down-

conbi nati on W|t ined pressure dro suitabl e tenperature

regul ati on, AU€8AHEHER) OF9E '&S(mﬁﬁ%rnt) is subsequently able to build up
on the nembrane surface (10) given a suitable 25 choice of nenbrane.
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Under suitabl e conditions, sat ur at ed ensed phase
on the menbr RREPGFrRRE" ’\WPHT'Q'H@"‘%%ﬁ’é??%ﬂ”é%ﬁ%éh?rpo{PPSHSﬁé%%rﬁ TG

est abl i shed botertseat dagpe with the gas tenperature and the differential
pressure between the phase interface and the nenbrane pressure. 35 This

et porqeapl I e areiEAEBRBRat b A6 pRGEFat B Moy fRees gt
021 078820 PCmigtPpRritygBer.9 A nigratory novement fromtop to bottom occurs
inthe liquid filmon the menbrane surface. As a consequence of the

cont i nuous 'mb%r@ifcu"rﬁkpé'ﬁibfdd%e%%fttﬁe‘ﬁ?b@@sélbé@rat%e%ru'&%'ierl?ﬁ‘iﬁe%ﬁﬁd the
renoval of n‘PUI’I ti es ta es ?fﬁ ce contj nu crdﬁ congﬁg ate
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carrlheg OtrJﬂt) ¢olurmaun ke svemefiafaulti can gesnpeamdbwrzﬁmmmmé?ui d !aﬁer
on the menbr Lk state, with nmass transfer wt

t he absorben%ﬁéﬁ&agﬁ%@oimpﬁg%# gi‘#&a fal |ayer. Mbisture or absorbent
is in turn renmoved fromthe saturated gas on flow through the hydrophobic
menbrane. 10 Besides ultrafine particulate inpurities of various types,
including netallic particles, both inorganic and organic ionic inpurities,

but also salts or oils present in traces, can be separated off by this
nodi fied nmenbrane filtration.



.15 This process step can be carried out using commercially avail able
menbrane filns. These may consist of different materials and are sel ected
dependi ngvom2pte82cchem cal to be purified. Matched to the coPCEAPIH2G(Y t o
be purified, the inpurities present thergi.n and the absorbent enployed, a
very wide variety of nenbranes are available to the person skilled in the
art for selection. It 20 is possible to use nenbrane filters with either
hydrophilic or with hydrophobic, mcroporous, thin separating |ayers. The

choi ce of m nce@%gf éeﬂgteéﬁtcéﬁ peAfeld ﬁybqé@ssd&%‘?rgfnﬂo%fta@r RAGHRI pant
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t th i th
U S 5 Rk 9S8 B S i SR (1
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021 078820 PCT/tEQ(mmﬁIEaﬂGn has befenezartle@ogas has passed through the liquid
film it passes through the nenbrane with rel ease of absorbent. After the
gas has passed through the nenbrane, organic inpurities in the gas
pre-purified in this way are no | onger detectable or have been renoved down
to the sub-ppt range and are present in concentrations of < 10 ppt. If the
gas throughput through the nenbrane fromtop to bottomis considered, it is
noted that the throughput drops down to zero as a consequence of liquid
accunul ati on and the associated increase in flow resistance. In this 10
regl on of the rrenbrane a "cal mred zone" forms |n V\hl ch the absor bent |s
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.20 able to carry out continuous purification of the chemcals in the
sub-ppt range. It has been found that good results can be achieved in an

i ndustri avopbkarss2a f the gas flowrate is set in the range fPOREPO0229 500
kg/'h. The tenperature and pressure val ueg_necessary for the purification
can be pre-determ ned very well using conventional conputer programes and
mat ched to the nenbrane filtration according to the invention. A suitable
absorbent can also be determned fromthe literature by the person skilled

in the art n & rified
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15 based on acoustic velocity neasurenents in the solution and on-1ine

eval uation thereof. The acoustic velocity is dependent on the density and

t he adi abwioe/oessagpr essi bility of the solution. Mintenance @CTEPO2HROI r ed
concentration deviation of < 0.5% in thegsolution requires both accurate
determ nation of the 20 solution tenperature and an accurate tubul ar probe,
whi ch is necessary for back-coupling of the acoustic velocity. This problem
is solved in accordance with the invention by carrying out the requisite

tenperature Bgel?BPRitdle mébfihe! Materals AhRAnaVesshitabldlpdrastreed 25 11
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i nvention i sprefgrabiitoed viBlieow thg range ek 4orpl kar, inoaradditional prpssore he
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e s

for re@lOcing t ope of protection of the present application just to
this exanple in the

art to carr yFeﬁbgﬁﬁ?ﬁeg?h}%%%'{tﬁ%%%é tl%ﬁl’ (thf 8é§ltsgga R Sggié‘a(éalsl?rg endi ng on
the gas to 2thrbegiharsdturtiondank (9). trepombinatiodi wittda alefipedtpsesdureidzopl ant
of & pl ant - 220 LS RRER RS ledtTano. 2 Q%%%%@%%é@b%@ﬁ&?@?% s "
pl ant has t heequentiybig te bupdnerersthe membranasorface(1Q)xiven e-suitable 30 (3)
SZ f ;tﬂﬁr r eghGich O mMehhbrapd! BexidedNa8 seltitg M thedrb8&urb drithe3enmpetattfgani cs
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
between the phase interface and the membrane pressure.

35 This condensed phase on the membrane surface acts in a similar manner to
a semipermeable separating membrane in a reverse osmosis plant.



MO 021078820 (7) Collecting tank (8) Pressure tank {9) Saturation tank (10)
Menbrane filtration (11 ) Condensate tank 10 {12) Gas scrubber (13) Tank
(14) M xewoOl®/078828) Buffer tank (16) Heat exchanger (17) St RCIEPRAIIS20 25
30 -15 PCT/ EP02/ 02295 35 WD 02| 078820 .[CT/ EP02/ 02295 - 16 Tabl e 1:
Product quality of a 28% aqueous amoni a sol ution prepared in accordance
with the invention 5 10 15 20 25 30 35

A migratory movement from top to bottom occurs in the liquid film on the
membrane surface. As a consequence of the continuous inflow of unpurified
gas to which absorbent has been added, the removal of impurities takes
place continuously towards the condensate discharge due to droplet forma-
5 tion in the liquid film. If the process is carried out continuously, the inflowing
gas passes through the liquid layer on the membrane surface in the equilib-
rium state, with mass transfer with the absorbent taking place at the inter-
facial layer. Moisture or absorbent is in turn removed from the saturated gas

on flow through the hydrophobic membrane.
10

Besides ultrafine particulate impurities of various types, including metallic
particles, both inorganic and organic ionic impurities, but also salts or oils
. present in traces, can be separated off by this modified membrane filtration.

This process step can be carried out using commercially available membrane
films. These may consist of different materials and are selected depending
on the chemical to be purified. Matched 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
particularly 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 to the absorbent in which the impurities
25 are soluble, but the gas to be purified is readily able to pass through the

. membrane filter. In this case, the absorbent can be removed from the gas
stream together with the impurities before the membrane filter.

15

20

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 polytetrafluoroethylene, perfluoroethylene-propylene and
polyethylene which has a suitable pore width and structure. Particularly suit-
35 able are corresponding materials having a pore size of less than 3.5 pm,
preferably having a pore size in the range from 2.5 to 1 um. Corresponding
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netallic, 1o |norgan|c, loni'c org onioni'c organic
inpurities, HeiseparagngangipuifyngAsHioNi n traces, from corrosive gases,
characterised i nt hfat t he gas i s enr i cheq In at | east one process step wth
an absor bent Hydisghilic abssBehts Whighi dnfodeinpldyR SRSobdtRthydfopHiii€ Brddific
i mpurities pr eaent in, t h(ﬁ %@s .?ée F‘eadl Ify sol ubltes and (tjhe aﬁ.ﬁl S .
subsequBnt | y284HgRBIF SQveIRRLT AR ENBIce oTARSHIPeNt S GRPERITMATL TS FIRMI10 gas
stream f | ows ties poagsEnt i thergad stream. Hithbe timpuritis® pheeseint alowdt) edevs phefe-
i mpurities i nt-LAYo US| : ' R - | to
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ani ¢, but absepenbHowever, it is also possible for any other liquid whose surface
tension is > 50 dynes/cm, which is very readily miscible in any concentration
15 with the gas to be purified and which has an adequate absorption capacity

for the impurities present to be used in combination with a hydrophobic mem-

brane filter. Thus, for example, it is also possible to use water-miscible,

hydrophilic organic solvents, such as low-molecular-weight alcohols. These

may be, for example, i- or n-propanol.

20 Liquids having a surface tension of less than 50 dynes/cm 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.

25 If it is advisable to employ membrane filters having hydrophilic material prop-
' 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 filter, 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-

35 tively.



15 ionic organic inpurities, and salts or oils present in traces) from
corrosive gases, characterised in that a) a chemcal in the liquid state is
convert edwon2®7882¢ gaseous state in an evaporator, b) the r @QIWERI229asS
phase is freed fromcoarse particulate jgpurities and 20 inpurities which
are partially in the formof an aerosol by neans of a pre-filter, the

| atter inpurities 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
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After the membrane filtration, the gas is fed to a gas scrubber (12), which
serves as buffer in the event of a fault. 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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A simple, fast and direct method for determination of the concentration is
based on acoustic velocity measurements in the solution and on-line evalua-
tion thereof.

15

The acoustic velocity 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

25 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

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 loop under iden-
tical process conditions.

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 loop 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

35
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of a possible arrangement of a plant which falls within the scope of protection

15 of the present invention is reproduced below by way of example. However,
owing to the general validity of the inventive principle described, this is not
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.

25 In flow chart 1, the construction of a plant according to the invention is shown
‘ by way of example. This plant has the following components:

(1) Evaporator

(2) Prefilter

30
(3) Pressure regulation
(4) Heat exchanger
(5) Ultrafine filter

35

(6) Organics separator
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Table 1: Product quality of a 28% aqueous ammonia solution prepared

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
Cr 1.0 <0.01
Cu 1.5 <0.01
Fe 16.0 <0.01
Ga <1 <0.01
Ge <1 <0.01
In <1 <0.01
K 46 <0.01
Li <1 <0.01
Mg 2.1 <0.01
Mn 1.0 <0.01
Mo <1 <0.01
Na 57 <0.01
Ni 1.0 <0.01
Pb <1 <0.01
Pd <1 <0.01
Pt <1 <0.01
Sb <1 <0.01
Sn <1 <0.01
Sr <1 <0.01
Ti <1 <0.01
Ti <1 <0.01
Vv <1 <0.01
Zn 2.3 <0.01
Zr

TOC >10.000 <501
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Table 2: Composition of filter residues and impurities present in the conden-
sate which has been discharged at the membrane filter
5 Collecting tank of Filter
the separator [ppb] [ppb]
Al 30 230
As
Au <1 <1
B 14 1250
10 Ba 4 <1
Be <1 <1
Bi <1 <1
(] Ca 560 85
Cd 4 270
15 Co 1 9
Cr 19 140
Cu 180 7860
Fe 75 240
Ga <1 <1
Ge <1 <1
In <1 <1
20 K 170 1950
Li <1 28
Mg 220 75
Mn 27 1000
Mo 39 440
25 Na 760 3270
o Ni 240 900
Pb 1 1
Pd
Pt <1 <1
Sb
30 Sn <1 <1
Sr 2 <1
Ti <1 <1
Tl <1 <1
\'/ <1 <1
Zn 380 8780
35 2r <1 <1
TOC 7000 218000
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PATENT CLAIMS

1. Continuous process for the removal of particulate, metallic, ionic

inorganic, ionic organic, but also nonionic organic impurities, and

5 salts or oils present in traces, from corrosive gases, characterised
in that the gas is enriched in at least one process step with an
absorbent which is readily miscible with the gas and in which the
impurities present in the gas are readily soluble, and the gas is
subsequently subjected to membrane filtration, in which the purified

10 gas stream flows through the membrane, and the absorbent
enriched with impurities is taken off continuously.

. 2. Continuous process according to Claim 1 for the removal of
particulate, metallic, ionic inorganic, ionic organic, but also non-
ionic organic impurities, and salts or oils present in traces, from

15 . .
corrosive gases, characterised in that
a) a chemical in the liquid state is converted into the gaseous state in an
evaporator,
b) the resultant gas phase is freed from coarse particulate impurities and
20 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 (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 value in the range from 20 to 50°C, further organic impurities pre-

. 25 sent in the gas stream are deposited,

d) the gas stream pre-purified in this way is passed through at least two
ultrafine filters with decreasing pore size which are connected in
series, with ultrafine particles present in the gas phase being removed
by means of a membrane,

30 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 tank,

35 g) the gas stream is subjected to membrane filtration, in which absorbent

is removed, and is subsequently fed in a mixer into a constantly
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circulating solution whose concentration is monitored and regulated
by means of acoustic velocity measurement.

3. Process according to Claims 1 to 2, characterised in that the
5 chemical in the liquid state is a chemical selected from the group
consisting of ammonia, hydrogen fluoride and hydrochloric acid.

4. Process according to Claim 2, characterised in that the pressure
and the saturation of the gas with absorbent are set with the aid of
a pressure reducer and a heat exchanger.

10
5. Process according to Claim 2, characterised in that in the organics
separator, low-boiling and high-boiling organic impurities are sepa-
. rated the multiphase mixture by setting the pressure and tempera-
ture in such a way that the low-boiling impurities are in the form of
15 a gas or vapour mixture and the high-boiling impurities are in the

form of a condensed oil or aerosol, which are subsequently sepa-
rated off by means of suitable membranes.

6. Process according to Claim 2, characterised in that a further pres-
20 sure reducer for setting the pressure to a value in the range from 1
to 6 bar is installed downstream of the organics separator.

7. Process according to Claims 1 and 2, characterised in that mem-
branes comprising a hydrophobic support material are used in
25 process step g) for removing ultrafine particulate, metallic, ionic
. inorganic, ionic organic, but also nonionic organic impurities, and
salts or oils present in traces.

8. Process according to Claims 1 and 2, characterised in that the
absorbent used is uitra-high-purity water.

30
9. Process according to Claim 2, characterised in that a gas scrubber
in the form of a packed column with integrated demister, which
serves as buffer volume in the event of a fault, is installed down-
stream of the membrane filtration in process step g).
35

10. Process according to Claim 2, characterised in that the gas stream
in process step g) is fed into a mixer having a plurality of inlet



Z1099>' 9& ()-1 “f#1090#9& ()-° f#10% & & ()-° P 10%%& () -
S 109BZB& ()-O |[:1_>0 / F ~$109R&& ()- 4F “$10%t& ()-1 S #109@> 9& ()-S ,
-1090>' 9& WPD-02R788000>' 9&' ()- J " 9%A0%' & ()--|~|[:] >0 F 3: POTEPODEYS - S
"S- #1090 ()-1 'S -#10%& ()- )i 10%o@ & ()-]1 M:' 109%& ()-]
($109@>' 9&' ()-vU4 s10% & ()- &3"1099& ()-: 9&3"10% & ()-:10>' 10>' 10>'
" S6H#1096' & ()- "SB#L0WKE ()-KY|[:VUA °S&I @L0% & ()- T % @' 10998& ()-y Y
Y @ 10% & ()-y } @' 10% & ()-y ] P@' 109%& ()-y ZS'10% & ()-#-NQ [:vUs ~dY
L10% & ()-f fOl Yo TR ()-S
* S8l @10% #&! ()R’T%G"%Lﬁﬁ wilic The SeItioh Q'aﬁ%%g 9&(%)34"1%%8@%%
F7@1098& () - W@%b%[@s?qmtl@mlsl %5 ated 1gia 9N ol 'pRe qff Msys heaty . o
1099>' 9&' () - y1g8@rRamfers) - %" 109%' & ()-f hS - #1096>' 5& ()-
& 1098& () - rux|[ UT3 "W 10% & ()- S' 109%0> 9& ()- y109%@>' 9& ()-

ead g 23] &1 PSR pcoioe AR 2 e il in WERH €odcbiivg- o -
"Headi ng 73] c" tiekadithg dissclvedeurified o3 is'monileradlandreagigatgh by
Font #+V3<f FPkaéEK%cS%{?dg]fa“ s%Péﬁ#%E&l Mﬁb? \%Y%ZFrecps%"\@gte?ﬁthsw aehkz

oswz} E~~., D\v3l ax& mmopqgr st uvwxyz
RomanAri al Cour i 8@n e %HE'OEH{? atee unment

| " #$9& ()*+, -./0123456789:
<=>?@\IIB(?DEFGiJQJ&bWiﬂ'WéwﬁiénmdeﬁcﬂMifikﬂnnfmﬂﬁésrbmmam{flﬁoth

dissolved and particulate impurities from corrosive gases.
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