WD 01/47804 - 1 - PCT/EPO0O/ 12327 Production of high Purity sulfuric acid
The present invention relates to a novel process for producing high purity
sul furic acid for use in the sem conductor industry. 5 Pure sulfuric acid

“can be prodyged19mAyhd ndustrial scal_e;by passing SG%d#?é%éﬁéiﬁiéwulfurlc

acid, by conblnlng 503 and pure water or by distillati ilc acid
at atnnspherlc or reﬂy&g@cgigﬁsgfehléﬁ gnglg%gFL&Euggfthlaulfurlc acid

produced is affected not only by the design ants and the quality
of the raw materials used, but also by the type and quality of the

material s offheonstesehi Ol nveed lidh t he1i6ep! and . aTbﬁﬁﬁelhaﬁfoéesﬁpH{&C' abl e

beari ng on IeveI f. _undesirable i ons,, but also on t evel of
parti clges &)tr% cl%‘n(%/vnR 8Hpr18ldﬁ%: ﬁ#%’r? ARG pdort yuseo Edndéif r at ed
sul furic acﬁ@nbyom@mqnyﬁaﬂhdmsmmwated or expelled fromoleumin a
distillation flask and then introduced into dilute pure sulfuric acid. In
particul ar enbodi ments, the evaporation is occasionally carried out in a
falling fil Rud@apdnhfericGamidl opn Jbet meraipdetent used ifrduspradici ng

pure sulfurg@ag@gdb S p&ABEensf Q5as§n95 oéhgg@gels¢i@§gléteel ar@gndlng on

the quality us ese materjals | each 1 onogenic and/or Yeul ate
|npu(r:]|t|esy QW%E?P§Qin dﬁé%séﬁnﬁhvyaﬁﬁé dPsadvantGiggt thettiom tdfe  event

of nonun|fosuueu&ﬁ@rahu@natt@&myﬁbﬁﬂﬂfﬁﬂﬂﬂnﬁéddﬂgdfobéE of liquidin
the forypof a fine mst and any inpurities present thereln into the end

product™” This happens in particular on conducting the 35 evaporation in
falling fil RFhevapwlatty sofushemesulfuric acid produced is affected

not only by the design of the plants and the quality of
the raw materials used, but also by the type and
quality of the materials of construction used in the

15 plant. These have an appreciable bearing on the level
of undesirable metal ions, but also on the level of
particles.

It is known to produce relatively high purity

20 concentrated sulfuric acid by having SO0, evaporated or
expelled from oleum in a distillation flask and then
introduced into dilute pure sulfuric acid. In
particular embodiments, the evaporation is occasionally
carried out in a falling film evaporator. Generally,

25 the equipment used for producing pure sulfuric acid is
made of glass or of enamel-lined steel. Depending on
the quality used, these materials may leach ionogenic
and/or particulate impurities.

30 Existing processes have the disadvantage that, in the
event of nonuniform evaporation, the gas stream may
entrain drops of liquid in the form of a fine mist and
any impurities present therein into the end product.
This happens in particular on conducting the

35 evaporation in falling film evaporators customarily

used on an industrial scale, but also on using
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used on an industrial scale, but also on using distillation flasks.

Anot her di sadvantage is the SO2 still present in the sulfuric acid after
purification. It is an object of the present invention to provide an 5
“inproved, econom cal way of producing_og an industrial scale for use in the
sem conductor industry a high purity sulfuric acid that is ideally free of

metal ions AnBEKSE?, dbé&d%l&@éd;é! @éothéeesc% Qﬁiic Sddht p%”' ul ar.

Thi s obj ect achi eved a continuously oper rocess f or ‘%u0|ng
hi gh pu{|tysgiﬁFﬁﬁFcagéﬂda¢5@rtmyr%ﬁﬁﬁﬁkﬁﬁnmtor |nQUstry,_mh|ch |s
characterized in that 15 a) hydrogen peroxide ﬁolut:on thIn? a
concentratl of 1 70% i s,_added.to 24 70% t echni cal grade oleum in a
suf ficient am)un Q%?/%‘F g RESiTEaHt riR YRt 190 bEPORT PV iglemarp0o b)

t he SG35r1uﬁQrQVedm|e;anamxn&meda9to&Opﬁﬂﬂadﬂhgioﬁabhlmhdﬂéﬂylal
Fombved 1o the s g, debrTud  BORICBHGREERE Soadurtes: By Mg of a

renoved fromthe SG3 gas streanlescaplng
dem ster, fBPrékﬁnﬁpé%Pﬁlct@@Hdﬂqhaﬁ Bs chdeh blyi Eree, od) mche lhiighgpurity

S@B is enrighad Wobh i BRtt gAfeaPNy 3918) tHe B if aBQ?E?@.dLe' n sulfuric

acid of a

particular.
10
This object is achieved by a continuously operable
process for producing high purity sulfuric acid for the
semiconductor industry, which is characterized in that
15
a) hydrogen peroxide solution having a concentration
of 1-70% is added to 24-70% technical grade oleum
in a sufficient amount to lower the S0,
concentration to below 10 ppm,
20
b) the SO; in the oleum is evaporated at 90-130°C in a
falling film evaporator,
c) sulfuric acid and nitrosylsulfuric acid traces are
25 removed from the SO; gas stream escaping from the
evaporator by means of a demister, for example in
the form of a candle filter,
d) the high purity SO3; is enriched with inert gas, and
30
e) the SO3; is absorbed in sulfuric acid of a

concentration of 90-99% with cooling.

High purity deionized water is added to adjust the

35 concentration of the high purity sulfuric acid to a
desired concentration, the concentration adjustment
being closed loop controlled by conductivity
measurement.



concentration of 90-99%w th cooling. High purity deionized water is added
to adjust the '35 concentration of the high purity sulfuric acid to a
desired concentration, the concentration adjustnment being closed |oop
-controlled by conductivity neasurement, |n a particular enbodinent of the
process according to the invention, a portion of the high purity sulfuric

acid strea btai i y i rption space. 5 The
hi gh puritSE%UF?dgfgtgi?%ggb%gﬁﬁggﬁgéttEgppégge ggggggoﬁll%;é%?qryo
i nvention i $%€ol 1REEREI PR PPFERPPTREED $tfor 5he Wesel puridyPaulftutit e

impurities teided Sfremhr abhediakd I ef®VededdaBd hepsul f unig acid ysing a
one- to three-stage filtration. The process according to the invention is
preferably aﬁgoéfé’r rioed "R Usi ng PFA or PTFE filters having a pore size of
0.1 mtdd1l m The S is advant ageously absorbed cocurrently in a

PTFE-1i ned ctior €0 L PN ki.ng el enqen af PFA. 20_ The heat of

reaction folr&‘?rrl%d }?lsg}?e%g%g&i %’1‘% gvxl/ncgt?céhﬁle O@%ﬁé"ﬁﬁfﬁﬁ‘f’% FQEctRFOCfFa?Fe. of PFA
or fluorinaRegorgdngol i tbeuriderersrioment gasl estedninTiErRE-ghiged i ty SC3
is enrichedgwotBgd tieafdng nNitrogen 25 or highly purified air as inert gas

to an inert gas concentration between 1 to 50% A dem ster made of high
purity PFA or fluorinated polyolefins is used. 30 Vent gases are treated

Wi th pure sphiyiicalaeied inpuri sr8sibbeEmelil d12SePELR: SXRCLIEE Y dveg
det erm ned %Qgh hEQQ F%Hi%&&ic acid using a one- to three-stage

filtration.

The process according to the invention is preferably
15 carried out using PFA or PTFE filters having a pore
size of 0.1 um to 1 um.

The S03 is advantageously absorbed cocurrently in a

PTFE-lined reactor containing packing elements of PFA.
20 The heat of reaction formed is removed in a downstream

tube bundle reactor made of PFA or fluorinated

polyolefins under an inert gas cushion.

The high purity SO; is enriched with ultrapure nitrogen
25 or highly purified air as inert gas to an inert gas

concentration between 1 to 50%.

A demister made of high purity PFA or fluorinated
polyolefins is used.

30
Vent gases are treated with pure sulfuric acid in a
scrubber.

It has been experimentally determined that high purity
35 sulfuric acid meeting the abovementioned criteria is
produced economically on an industrial scale on
subjecting the concentrated technical grade starting

quality to a stagewise treatment and purification,



| furic acid nmeeting the abovenmentioned criteria is produced
2(5:'oflgn‘i cally on an‘i ndugtri al scale on subjecting the concentrated
technical grade starting quality to a stagew se treatnent and
-purification, although the overall procegs_is per se operable ] s in
continuously. The tests which have been carried out have shown that, i

tied sylLfuri.g ac
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However, theexathbs, Ophi pAsVWREbHE;-1ecessitate additional interna
possi bly a for m%f mechani cal m xing, for exanple stirring. Pure SO03 free

of sulfuric acid is then obtained on
15 It is advantageous for this purpose to use hydrogen

peroxide solutions having a concentration between 1 to

70%. It is generally sufficient to add hydrogen

peroxide solution in an amount of 0.001 to 0.1%, based

on the amount of concentrated sulfuric acid or oleum to
20 Dbe treated, to oxidize the SO; present therein.

The method of adding the hydrogen peroxide solution to
the technical grade oleum is not critical per se.
Addition may be via a dip tube installed at the bottom

25 of the oleum buffer tank Fig. 1 (3), which is disposed
downstream of the oleum tower Fig. 1 (2). Mixing takes
place automatically as a consequence of the convection
due to the heat released in the tank. It is also
possible to add the hydrogen peroxide solution

30 elsewhere in the tank. However, the latter option would
necessitate additional internals and possibly a form of
mechanical mixing, for example stirring.

Pure S0; free of sulfuric acid is then obtained on
35 evaporating S0; from the SO;-free oleum under mild
conditions in a falling film evaporator Fig. 1 (6)

equipped with a precisely controllable heating system
Fig. 1 (5).



" 35 evaporating S03 fromthe S02-free ol eum under mld conditions in a
falli ng film gvapor'ator Fig. 1 (6) equipped with a precisely controllable
heating system Fig. 1 (5). - 5 5 10 Afalling film evaporator suitable
-for this purpose has the follow ng properties: honpgeneous |iquid

di stribution, | ow gas velocity, pressure control by siphons, which

contri butesat 4 CGh dens i dan | ow overpressure, |ow
t enper at ur eg gfal(F)llléeHl}}m ,f'zllnﬁd1l1 heat?%?%glg, gﬁ%taﬁ%ff gf’?ﬁ i’élsi RPECEH 3 oduct
to be treat &@e 01w inge RyoRARIeEFal | ing fil m evapor at or guarantees an
extrenely low | evel of release of droplets of liquid (mst), which mght

train i rities, fromthe aleum The ol eum having the |owered SO .
ggn[ gnt i rsrprge OPEF SRS ﬁéﬁ”d'rde&h\ﬁttrﬁbﬁ@qrb its original concentration in

a so-cdlled oleumtower Fig. 1 (2). 25 The SO3 obtained by treatnent in

; . . . le
the fallinggf apgrator. is subsequently passed through a suitab _
dem ster Flga E%W gg\ét %%H'gﬁt}\tfg'any sulfuric acid and nitrosylsulfuric acid

traces and any solid particles still present. The filter additionally

coll ects 30ecC | e orhabl e. | rities, for exanple iron from
the gas pha;egg'%ﬁga?igl t,grgﬁﬁggg fo t%%ﬁ%ﬁju?’pps i I HBEEH & cal | ed
candli e filterPlPaEt PEGEEeny ayedfianceandl e filters for this purpose are

made ofichigh purity PFA or fluorinated polyolefin containing no 35

cationic 'npuéligﬁsbverpressure,
* low temperatures of oleum and heating gas,
15 e uniform heating of the product to be treated.

The use of such a falling film evaporator guarantees an

extremely low level of release of droplets of liquid

(mist), which might entrain impurities, from the oleum.
20

The oleum having the lowered SO3 content is recycled and

restored with S0; to its original concentration in a

so-called oleum tower Fig. 1 (2).

25 The S03 obtained by treatment in the falling film
evaporator is subsequently passed through a suitable
demister Fig. 1 (7) to remove any sulfuric acid and
nitrosylsulfuric acid traces and any solid particles
still present. The filter additionally collects

30 condensable or absorbable impurities, for example iron
from the gas phase. The filter used for this purpose is
preferably a so-called candle filter. Particularly
useful candle filters for this purpose are made of high
purity PFA or fluorinated polyolefin containing no

35 cationic impurities.

This filter treatment further reduces the fraction of
any liquid fractions (droplets) still present in the

gas stream. Also removed are impurities that condense



This filter treatment further reduces the fraction of any liquid fractions
(droplets) still present in the gas stream Al so renpved are inpurities
that condense at |ow tenperature or that, as in the case of nitrosyl-
“sulfuric acid for exanple, becone absorpable owing to the wetting of the
filter cloth with sulfuric acid. 5 It hdas been found that a particularly

| ow SO2 end I e enri Chl ng,the high purity S stream
with an |nerttlo 1§>gPCc,terﬁéﬁe as nle??%%enﬁ%?' i ghﬁagaﬁger?ffo %Y CP
particul ar EhdttwHE peksenéerofexadraske, gbzeesmeatmﬁ@obél bivipgesent in

he SCB_gas i’ samtoglO e RbSANAL |1 SANGeN aletlesl Ukl ggact d Lo a far

| esser extent. Therefore, the high purlt errergl n rom dem ster
is enriched with 1 to 50% of inert gas, for 15 exanple ul trapure nitrogen

. i fh : ; i o) % | a
or highly puatifhed abéen Figuind (Hatin Qtl%:%@}aéc\?gﬁshgg O\S}v@;tﬁlat;dps)r esent

till resent |ntheS renoved
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i nert gas betgsen fvdrth tdm sieericc hyent .sxSuh]'E abl eulﬂlﬁfgergaéﬁsa\%ge lhﬂtt Lgpurte
t g if or. dj ng. specific rocesses in i,ch anbi en
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ct t

purity SO3 | i nes used to con are pi pe i nes havi ng
an inner r]rgﬁﬁeEf ®Mt§Rtpurity PTFE or fluori nated pol yol efins. In the
subsequent production step, the gas streamis pas?]ed into an ﬁb]csf)rptl ont g
tower Fig. . into a. 353 reactpr lined with PFA or wit uori nate
pol yol ef ign thg Lfggﬁéd \ﬁ?‘ﬁ 3&@3?“1%“5%% ngCe| eRBRESIRENpEEEA ofthe

demlster is enriched with 1 to 50% of inert gas, for

15 example ultrapure nitrogen or highly purified air,
Fig. 1 (8), in order that small traces of SO; still
present in the SO; may be removed down to levels below
the present limit of detection in the end product.

20 It is essential that high purity inert gas be used for
this enrichment. Suitable inert gases are ultrapure
nitrogen or air purified according to specific
processes in which ambient air is compressed, cooled,
prefiltered, dehumidified and end-filtered. The latter

25 is done wusing suitable filters to remove particles

having specific diameters < 0.01 um.

To prevent renewed contamination of the high purity SO0;
gas, the lines used to conduct the SO; are pipelines

30 having an inner 1lining of high purity PTFE or
fluorinated polyolefins.

In the subsequent production step, the gas stream is
passed into an absorption tower Fig. 1 (9), ie. into a
35 reactor lined with PFA or with fluorinated polyolefin
and packed with specific packing elements composed of
PTFE or fluorinated polyolefin. In this reactor, the
gas is passed cocurrently with a concentrated sulfuric
acid to absorb the S0; in the dilute sulfuric acid. The



PTFE or fluorinated polyolefin. In this reactor, the gas is passed
cocurrently wi tth a concentrated sulfuric acid to absorb the SO3 in the
dilute sulfuric acid. The high purity and cocurrently routed sulfuric acid
-used for this purpose has a concentrgt%og between 90 and 99% 5 The
sulfuric acid fornmed in the absorption tower Fig. 1 (9) or in the

absor ption b,Ss iy | d w i pur.li Fig. 1 (10) to.the
ori gi nal coﬁ‘gg’#%ﬁ%% H%gol%é‘%%@%l¥ogﬁ%d\g:%@%%g%ka§§%t h“és‘?%p of
the absorptP&n tBher PUIRGHHUPESwaR ercans enitrattiered bettweien 100bawed of t he
absorpti on eghkym ahead of the subsequent heat exchanger Fig. 1 (11) to
renove the heat evolved in the course of the addition of water. The heat
of reaction formed during the absorption is 15 renoved in a subsequent

heat exchan@be Emgfurﬂ@tacﬂﬂﬂﬁéfyéﬁhiﬂnehe|EBEB&p@PoBF%qyéJ|FE§jQ@ted
pol yol ef i n. p icul anl i.tabl e heat exchanger_for IS purpose is a
t ube bundl e(?gnig%og%{er.h%{hggseﬁ &P (AR ef%‘r]d‘bq"‘sfg oHéth g dhder an
inert gas cRuYliisl. W20 ESEn idesiY etll @bntenthat bad giinadetcdneaandidig di ,gh
purity, depgphzgd ef. Bt f i clpsed | oop. cantrolled
by conductivity rrea%%errer@iﬁna%ﬁaé ?%%S%&o %‘g}% a?-hlg ?agt‘)pstgr) C be
carried out 2REPERKLEB itPwer + hlevrpereewapesduct , inhradpaedi et athe

enbodi mENt . baBeefer abhy bR ceYrds! | ¥b1¥mh SakRaSUTSd chAt i%&%tﬁ;?. o
€ purifi I

their conceptration.is adjusted ﬁpn%énuously. To conduct t

cont i nuousl ?ag ﬁ§QHQﬂ9%# F38-t e Wilgh PAr FEPovd e cheatd eyalesd
obt ai ned i sinokhenuallrger ey ehed ddatik iioi @ keatiap, of the absorption
tower. The other portion of the streamis passed at Fig. 1 (12) into PTFE
storage tanks or into storage tanks lined with fluorinated pol yol efin.

Aft er The heat of reaction formed during the absorption is

15 removed in a subsequent heat exchanger Fig. 1 (11)
having an inner lining of PFA or fluorinated
polyolefin. A particularly suitable heat exchanger for
this purpose is a tube bundle tank cooler. This cooler
tank is preferably operated under an inert gas cushion.

20
The desired concentration is set by adding high purity,
deionized water. The addition of water is closed loop
controlled by conductivity measurement in the end
product. This last step can be carried out batchwise in

25 the collected product, in a particular embodiment.
Preferably the conductivity is measured continuously

and their concentration is adjusted continuously.

To conduct the purification continuously, a portion of
30 the high purity sulfuric acid stream obtained is
continually recycled back into the top of the
absorption tower. The other portion of the stream is
passed at Fig. 1 (12) into PTFE storage tanks or into
storage tanks lined with fluorinated polyolefin. After
35 quality control, the sulfuric acid is filtered to
remove any particulate impurities and filled into

suitable storage or transit containers.



'35 quality control, the sulfuric acid is filtered to renove any
particulate inpurities and filled into suitable storage or transit
containers. The filling can be effected via a clean coupling box into ISO
-contai ners made of PTFE or lined with_fduorinated polyolefin. 5 The inert
gas Fig. 1 (13) remaining behind after the absorption process has been

' t hal S Ilfaf@#’g S | shed inn. _a scrubber
I(;?[;.“ id(gg) ,Fm'dt ﬁgmuaggs&%‘nur,?% aeci d av?ngagl1 %ngz(ﬁ ra?qeoourP]bJTng 9’6959% The
product t hus-'otf ai ?Ong i §onsednese | @deao efit PEEE appl | chineds withi de t he

sem conduct dfluomdusted . pdhesl@nahysi s of the high purity sulfuric acid
produced shows it to contain an unacceptable particle count, the 15
filling stage can be preceded by a filtration. A particularly suitable
filtrati®n Sihe ehnpsta gdw eBigst dge(13)t r:raatm_adjlhidg’lh behihfe ddd i gﬁgr oss
sul furic acighd r ' g fro article avin n avera
sgct ion >1 g%d%f%l%dgﬁgcééglﬁé% t:)byé%rlpl ?‘%5?118% .02‘% If‘\qT‘fle?gnEﬁ b8€d of
PFA or fl uorietle PRIt eif rBQan s hasivell frora téesulpbepoBey. Such13) st age
filtration iwiidnowumer ffl d@-ne K4 ! er@%vir[ﬂgt 2§ aé%nggrg#g??%ﬁd_ %9 Lermve
particles mqgc y Zgﬁgave passed Into the product Dy attri in~the
absorption t&%rdgndT SBHREHEEpI %%Ssééthmed Usiral apedf i Eoer sléasing
differeh0 paretsiczels argosDiveeidtlsi N osekiige forcddi s DU POSEa, EPyever, OI t
is al so pos%Agégﬁﬁf)use successive filters having the sane pore Size. 3
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Thi s can be sensi since, as will be known by one skilled int ,
the retention rate for filters of a defined pore size is not 100% even for

partiC|es_|QMQﬂ'aﬁéﬁ?b%#“%frﬁg%aﬁfghpgﬁ%i &Z%uf¥%£ggaééﬁgskgggggegave
been carried _out have shown tha .
shows it to contain an unacceptable particle count, the
15 filling stage can be preceded by a filtration. A
particularly suitable filtration system is a three-
stage filtration. In it, the purified sulfuric acid is
freed in stages from particles having an average cross
section >1 um, >0.5 um and >0.1 um by filtration.
20 Filters composed of PFA or fluorinated polyolefin can

be used for this purpose.

Such a stage filtration is known per se to one skilled
in the art and is used to remove particles which may

25 have passed into the product by attrition in the
absorption tower and subsequent plant sections. Usually
filters having different pore sizes are connected in
series for this purpose. However, it is also possible
to use successive filters having the same pore gize.

30 This can be sensible, since, as will be known by one
skilled in the art, the retention rate for filters of a
defined pore size is not 100% even for particles larger
than the indicated pore size.

35 The tests which have been carried out have shown that
the process provided by the invention provides a
consistent quality of high purity sulfuric acid on a
continuous basis. Another advantage is the possibility,

if necessary, of adding the described three-stage



t he process provided by the invention provides a consistent quality of
hi'gh purity sulfurirc acid on a continuous basis. Another advantage is the
possibility, if necessary, of adding the described three-stage filtration
"W th decreasing pore size to reduce the gparticle count as desired. The
subsequent analysis by way of final control ensures 5 a purity in the ppt

range for théikndausen. #htE | Ge@feRShbCUSF danGe, SHIge thee
chem cal s ﬁgt%gietgeug?nufa%;une f m crochi ps have to meet
particul arl gh-pur rey-reddi PERSAES: This relates in 10 particular to the

concentration of cationic, anionic and particulate inpurities. According
to the pres L ts f .he.applicatiop, nentioned, the users
stipul ate ngg%%uﬁﬁggﬁéggﬁﬁn%Pﬁg§ﬁggg§w€yfﬁb tP$%?f EaRFBARLC eRsPELESst i es,
in the range®Puabtypint shgopppbrasgtofoanihei endmigert.i es and particle
contents of <10-<1000 particles. D fferent values apply for each

chem cal. This,is,achigved in particular when the plant is laid 20 out in
such a way ttat®aff ﬁﬁftQaSFlFHéaﬁl&m@qmﬁiﬁp%onsihnEotduatahémmbhmsthe

sul furic aciuséd Horputhbi efhn@fsk tdhee PYH fh?@r%ﬂh&?"si Ch%?éd Y € gage of or

lined wth #é@isrgi gpn%gruction that are inert wt regard t

concentrat ed SurTUrTer ati 41995 PHie B oteIYi BPMeRES| nTdits orelatesr thcul arly

useful R coadticulan wd hthepl entcéotrsyidhedZi 065031 d Janloh$c2
schematic flgyy diagham gf pl; accarding 30.to the invention, the

conponent s shomn.?%erg%ﬁjﬁgbehﬁﬁ%rl%6FFOmﬁ GCREGRRE O ( Phesresent (2)

A eum t ower BFYZjergridn Bokt ethe apbplication mentioned, the users
stipulate maximum limits in the range 1-100 ppt for
cationic impurities, in the range of 10 ppt to 50 ppb

15 for anionic impurities and particle contents of
<10-<1000 particles. Different values apply for each
chemical.

This is achieved in particular when the plant is laid
20 out in such a way that all parts of the plant which
come into contact with the sulfuric acid to be purified
and the purified sulfuric acid are made of or lined
with materials of construction that are inert with
regard to concentrated sulfuric acid.
25
The process of the invention is particularly useful in
combination with a plant for synthesizing SO;.

Fig. 1 is a schematic flow diagram of a plant according
30 to the invention; the components shown therein have the
following meanings:

(1) SO; feed
(2) Oleum tower
35 (3) Oleum buffer tank
(4) Hydrogen peroxide feed
(5) Heating system
(6) Evaporator
(7) Demister



(4) Hydrogen peroxide feed (5) Heating system (6) Evaporator (7) Dem ster
- '10 (8) Inert gas feed (9) Absorption tower (10) Utrapure water feed
(11) Cooling 5 (12) End product (13) Ofgas (14) Purified offgas Fig. 2
~shows the schematic construction of an,gleum 10 evaporator useful in the
process. The individual conponents have thg follgmﬁng neanln?zs El) C]egg}
entr 2) Figst I L 15 (3) Pipe distributor caps vapor a
tubey(g))C1%8$ 03¥F£% g%%ygéég takeoff (7) Hot air entry 20 (8) Hot air
exit Fig. 3 gﬂgm%bFﬂrPEFﬂntH@W§€henatic construction of an absorber or
absor ption (bopruLsebphrenwhberpeeegss. The conmponents shown therein have
the hereinb i? 'nd%cated 25 meanings: (1) Acid distributor nozzles (2)
Packi ng Iaygr P%?o f8%outlet to cooler 30 (4) Inert outlet (5) SO03 outl et
The scope oflZheEpdeseatiuchventi on covers not just the plants described
and schemat £ | yregpicted. The scope

(14) Purified offgas

Fig. 2 shows the schematic construction of an oleum
10 evaporator wuseful in the process. The individual

components have the following meanings:

(1) Oleum entry

(2) First overflow weir
15 (3) Pipe distributor caps

(4) Evaporator tube

(5) Oleum outlet

(6) 8O3 takeoff

(7) Hot air entry
20 (8) Hot air exit

Fig. 3 shows in turn the schematic construction of an
absorber or absorption tower useful in the process. The

components shown therein have the hereinbelow indicated
25 meanings:

(1) Acid distributor nozzles
(2) Packing layer
(3) Acid outlet to cooler
30 (4) Inert outlet
(5) SO3 outlet

The scope of the present invention covers not just the
plants described and schematically depicted. The scope
35 1is to be understood as also including generalizations
or modifications that occur to a person skilled in the

art or equivalent components performing the same
purpose.



35 is to be understood as al so including generalizations or nodifications
that occur to a person skilled in the art or equival ent conponents
perform ng the same purpose. WO 01/47804 - 11 CLAINB PCT/EPCE¥12327 1
-Process forypredygahegghi gh purity sulfurjc acid for ﬁqﬁéé
i ndustry, characterized in that a) hydrogen peroxide sol utio ng a
concentration of 1-70%is added to 2¢1.AQ%g technical grade oleumin a
sufficient anobunt to |ower the S02 concentration to below 10 ppm b) the
SO03 in the oleumis evaporated at 90-130C in a falling fil mevaporator, c)

sul furic aclld anBrbcesesytosulgrgduciadd dhtl@&ceﬁurggg r@@py@plér%r@ td1e S03
gas stream escapkgg fﬂomthe enﬁoor at or neans o dem st
exanple in the form of"a EEAHCETTIGEYE H? ﬁErNi'ngl?ﬁFF??’?eQE)%aas 1éhri ched
with inert gas, thatd e) the S03 is absorbed in sulfuric acid of a
concentration of 90-99%w th cooling. 2. Process according to Claim1,
characterized in that a portion of the high purity sulfuric acid stream
obt ai ned is recy@)eBYBEERENNt 0 tHRXOXilskor pt i srleoliomn. 3haPingess accor di ng
to Claim1, charact ebhéégtkatlbhat J¥ gh piyd ty1$e' 285289 terz4'§ ogdded to
adj ust the concentratl n.of the high purity furrc acid to a desired
concentration, the Sﬁﬁéﬁﬁﬁaﬁnﬁ§%uﬂkﬂﬂmnﬂﬂ Ppesnfiirbsat poopntcentrol | ed

by conductivity meajuwereBhe SO; concentration to below 10 ppm,

b) the S03 in the oleum is evaporated at 90-130°C
in a falling film evaporator,

¢) sulfuric acid and nitrosyl sulfuric acid traces
are removed from the SO; gas stream escaping
from the evaporator by means of a demister, for
example in the form of a candle filter,

d) the high purity S0O; is enriched with inert gas,
and

e) the SO03 is absorbed in sulfuric acid of a

concentration of 90-99% with cooling.

2. Process according to Claim 1, characterized in
that a portion of the high purity sulfuric acid
stream obtained is recycled back into the
absorption column.

3. Process according to Claim 1, characterized in
that high purity deionized water is added to
adjust the concentration of the high purity
sulfuric acid to a desired concentration, the
concentration adjustment being closed loop
controlled by conductivity measurement.

4, Process according to Claim 1, characterized in

that the high purity sulfuric acid obtained is



' ording to Claim1, characterized in that the high purity
gﬁIFL??§SZC?gCobtaiged is - 12 filled into PTFE-lined storage ves;elsho[
containers. 5. Process according to Clains 1 to 4, characterized in tha
-particles formed are removed fromthe- sglfuric acid using a three-s;gié
filtration. 6. Process according to Claimb5, characterized in that or
PTFE filters havifhglbe@oreintge oPTFB-linefio lsgerage US@dssdisProgess

[ [ chay [ [ S is absorbed
according to d ai@ds gcterized in that the
cocurren?ly in a PTFéé | i ned reactor containing packing elenments of PFA 8.

Process according to Clainms 1 and 2, characterized in that the heat of

reaction forsed | Broessyedotsragngoustaramd upe Jundl e feaglor made of PFA
or fluorinated polyqlefins under “an inert gas cushi'on’ 9. :
according to O aith 1,"Rfar REEEACAES | Aormest eme hirghopedi t fre@8 tise

. . O ' . Cei o9 ; t gas to an
hed wi th ul tswpiiel c rddidJest o @lgﬂfaepgghééeglgtgag§ jner _
?22?? gas concentration between 1 to 50% 10. Process accoralng to Clalnhl,
characterized in that a dem ster nade of high purity PFA or fluorinate

pol yol ef i ns s usRxhcesis Ricgoesti rac c aidi Qgatim CBain%ﬂ@rgg@éﬁgggﬁgﬁgg in
thal vent gases anmdrepheth birBUr £y SLLELT 1o 301 d i 0 @ scrubber.

0.1 um to 1 um are used.

7. Process according to Claim l, characterized in
that the S0;3; is absorbed cocurrently in a PTFE-

lined reactor containing packing elements of PFA.

8. Process according to Claims 1 and 2, characterized
in that the heat of reaction formed is removed in
a downstream tube bundle reactor made of PFA or
fluorinated polyolefins under an inert gas
cushion.

9. Process according to Claim 1, characterized in
that the high purity S0; is enriched with ultrapure
nitrogen or highly purified air as inert gas to an
inert gas concentration between 1 to 50%.

10. Process according to Claim 1, characterized in
that a demister made of high purity PFA or
fluorinated polyolefins is used.

11. Process according to Claim l, characterized in
that vent gases are treated with pure sulfuric
acid in a scrubber.



