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-1- PROCESS AND APPARATUS FOR PRODUCI NG HI GH PURI TY ”6;%9v

CHEM CALS FOR THE M CROELECTRONI CS | NDUSTRY The present Q/
i nvention relates to a process and 5 an apparatus for producing high- puri't
chemical s for the m croel ectronics industry by dissolving at |east

one chem cal gas in ultrapure water. -1 - In order to produce

ul trapure chem cals, such -as aqueous ammoni a, hydrochloric acid and

hydaof{uor: c 10 daCI dprocEES ANS APPARIIYE FORO PRODBEING HI€HPESHIME! Y,
"I'ndustrial "-grade an rogen
chl-ori de and gaseous hyg‘%g:gg%fs W&E%hmggﬁ??g mﬁaﬂ
particular to purify themof their metal lic inmpurities by scrubbing

over a colum packed 15 ph hﬁé&k@iﬁ%é@f&ﬁ aé@paﬁ@st hd he ﬁf@@eé@saﬂcf'
hi gh- purity deionized A technique of this tépe I's,, als for

exanpl e,  deseri B8d agRaratys ofher PRBGPF&B?l drgh-pPuggt

The technol ogy destei hﬂcbnoendme:rahdxcermmdusm 2y passolviapyl iatatleast

whi ch has marked @n.i BRI AN ?s £Rn ultr%i:W% whptral lowing delivery to the
e u

integrated-circuit production sit trapure chem cal s which

al l'ow these ever sn'BPI grder; oo RrAdBIFe C‘H“b’iﬂﬂ‘%re tehemigals, such

fabricated, still abasqueouwsyeammoaiagr hydroohhbeic oacﬂdi addahbd%ﬁlumﬁiba

correspondlng ys i s opgratedgon customner ite,

I nt egr at ed- m%gw t%‘é% fagﬁ{ cat |§on (?kv\% et falio:8 &sé rg%e%fgg\if

probl em encount er ednABphréaliorafde anjydsopy| anE‘P“iLﬂe GBS, WhPRHEPUs

acconpl i shed, usi hgditbgedOchieghael agy dessémbeﬂydﬂ?cjéh sfpedeide dNd to

i njecting it h&@%y Yeldih 0 Y8 Farcllhg eSHLE ey EARET AU £ Ll S

and may cause sudden essur € vari at 1 ons S 1o i me Stifring o

l'i qui d. Furtherrmiméta Lhee iparihiedoby scruﬁéﬂngduoggél \Fe Column heac!m!er

Qﬂstﬁntaneously w1tF|%:ﬁhlux%FHEﬁ&furéwadIWith tn? sﬁﬂe ngﬁhﬁjhléﬁnk
iC consequ means._t.hat, t asyr t.of t tre .o

sol ution is not qa%%y)séyen |lr°é’llzegor%§:ce{;e A EEL HLauey ?h *8r a%ackl%'f t he

process descri bed fion extanlpéepateﬁltespslbh‘ét i in opB&ﬁFnbn i ppdication

conti nuous, WO 96/39265.
The technology described in the aforementioned

20 patent application, which has marked an important step
forward for allowing delivery to the integrated-circuit
production site of the ultrapure chemicals which allow
these ever smaller integrated circuits to be
fabricated, still has, however, a certain number of

25 drawbacks when a corresponding system is operated on a
customer’s site, for example an integrated-circuit
fabrication (“wafer fab”) plant. |

A first problem encountered relates to the
dissolving of the gas, which is accomplished, using the

30 technology described in this patent, by injecting it
directly into water. This results in a temperature rise
and may cause sudden pressure variations due to intense
stirring of the liquid. Furthermore, since the gas does
not dissolve in the fﬁéger instantaheously, this

35 generates swirling in "~ the ' 1liquid tank, . which
consequently means that the measurement of the titre of,
the solution is not always entirely correct.

Another drawback of the process described in
thls ‘patent is that its operatlon is mnot continuous,



- 27 This Shebt/H¢ BRY REfH@M i Ng, When the desired titre or desired

concent ' d, the content of the product [ be
transf er’j;ﬂmmmumﬂ rage tank (so-cal |l ed batd hTH;%?%'g%%m@’ BEENY
Fur t her nor® hod i AERYHGE

f a 5 heat exchanger as descri Dpaten
application may possi bly pose a probl em when connecting the heat
exchanger in the container for the product $orned, in ~contact with
cool ant, which may be a source of pol lution. 10 Finally,

because of t hetheribyaysequiigd when ethectdesdiress toftme nost d'els!ilif'bﬂaf or
placed at the top Of.cntra®iBACKEHA £0) 'Ehéfiég&tgﬂﬁﬁ?fﬁgep%%%hﬁ'c‘é that

an aerosol of a solution of the scrubbing purified
- gas can in sone ssanfaingds pexs PArofdRneRPsred Host | i AEABRYP, [aading
to a level of gas(quiddiedhisdtch phoyess) )i Fut€Rermore, the ubee éfvantion
makes it possisbl § Lq avold (Nese . g U AW03CKS, @% tp@tseni%“raga@ic 08,
process and apparatus accor di ng to the i nvention*are €ess t7arl Y
charac- 20 terizdtRibyP3esilphy ngoshe agroiemorehell sGonReeling  the heatat

| east dt\évo 'SCL Ubbiégg:}ﬁﬁlgléiﬁl%n \llmlsti&hcaﬂi@a%{&ce_ﬂot’ Nthe psegﬁeﬁl #8dmpa pf enabl y

provi ded with packings, as.. as by using a_pac olum_in order to
di ssol ve the cgoan%dﬁ_: trVel%\;’vat é:ro.dfg%’ w|l‘I‘lcp‘ThIélagr eggnt gi nvention & plies
nmore particul arl yollutieni.he production of ultrapure liquid chemicals, such

as aqueou?‘] armﬁni a, Ihyd][ Qciﬂ!anl'yQ a%ﬁaﬂ% hyd;foflgaéi g a]_.wayg&! d;li_mi?:le@ SO
to any other cheni of this fype whi . e obtajned initia in
gaseous form pre?fg%ﬁﬁl;ya?ﬁssff’ maamllfgu?ﬁl%’g%a%?r placed 3t the, %‘Pgr Q%I Y,
the starting nat er ipdcked acelumicalt is in bpPyei ¢abas arkgibbeasthatmasuch

as, for exanple, aeroshysH QUSsATTRYA df tHO WS IPifg( 19Gueyamiks 2hed
pressure of about_ 5 b r&a d at_anbient tenperat o, be_abl e,

grel)l so_35 gs t

by vaporizing thé 93% TR oVRr SgMe SITHARLPLF  BAF G tEROYIRe AP
nunber of inddritnies elimimatoral leadyngbbena levelerf gasn puxitiyawhdéch
al ready descrihed,e imialent US 5,496,778. Next, in a first

step, the. gas obtained, nerally after vyaporizin h
P g %%e invé%tion ma%eg it po%s&b?e to avoid these

drawbacks. For this purpose, the process and apparatus

according to the invention are essentially charac-

20 terized by scrubbing the gas, before dissolving it, in
at least two scrubbing columns, which are placed in
series and preferably prévided with packings, as well
as by using a packed column in order to dissolve the
gas in the water. .

25 The present invention applies more particularly
to the production of ultrapure liquid chemicals, such
as aqueous ammonia, hydrochloric acid and hydrofluoric
acid, but also to any other chemical of this type which
may be obtained initially in gaseous form, preferably

30 from a liguid phase.

Preferably, the starting material is a chemical
in 1liquid but anhydrous form such as, for example,
anhydrous ammonia in liquid form (for.example at a
pressure of about 5 bar and at ambient temperature) so

35 as to be able, by vaporizing the product, to recover a
vapour from which a certain number of impurities have
[sic] already been removed, in a manner already
described in Patent US 5,496,778. Next, in a first
step, the gas obtained, generally after vaporizing the



-3- 7 chem cal stored inliquid form is first of all scrubbed and

t.hen, i dhiaS & aced|j ssol ved in dei oni zed ul t rapure wWal-ef
Wth reg i of scrubbing the gas, 5 any tyTei®BHEET HASSBERN| be
used, suc t it will be preferable to dse paREALAGED As i
distillation col ums, these surfaces have the purpose—of—TrcreasiTig
| i qui d/ gas contact so as to increase the ex§hange - between the two
substances, liquid and gas. The 10 packi ngd which may be used are, for

exanpl e, Raschi g chemical did¥e% Ral | 194098, €bem, Thes PSS Qe thase
surfaces is to increase the area of contact bet weeh and gas and,

|
according to the PFFEPR§DNaChethen: nifMhode FECRLF SL&BIy 3%;5?%?%%3&% hi s
contact area by l8eienfzsd arltewpalret @abergreater than 4. As a general rule,

i ncreasing the contact arvﬁq;rg??%%,}@cgga,ghggﬁ{:gﬁ Bﬁ%gaﬁ:ﬁ%h@uw

respect to the lateral area unpac sl nc
packing in a cdl uRRY typepef copttrge FavnReh Y594 cFué"r% Afa L rEYSentiud 14HF

takes 20 place Oﬁllhebéapeéﬁéréhléétméﬁ&etﬁﬁékiﬁjsuﬂﬁs idhdisstillation
i ncreasing the CO%&?\% néf e@h Je fé’ﬁ‘fv%a@eas” tiylg %ﬁp sd WPel, Jea}s:t%s‘:h' 9

rings (or any ot surfa ﬁ cont area Is equa
three times the lq‘F%ﬁeﬁ%ﬁ 590@55361‘: t fie c@‘furﬁ? HerEease | thej |9xqhams
preferred to i ncreaswedni stisontted aseestyhces,actidiquild andat da%aSt TH& I n

_ g
oot stani [o he ERORG Jvnieh, may pPReg b/ BE- S55RRd 0 LRl ©

aqueous ammnlﬁlchy(frléfglsuor?%“acFéngshycﬁ%hl ghec %Wseet @f theseyj | |
be -chosen. Am)ngursald:éﬁbh.e tai aShtﬁéasélr ezhe idrea ogewendhct Wtwedefins
and, preferably, | ypr opyl en |ch re
substituted or llq‘glnsughp and ‘2{ le het!oo g%pol m?Pgn %

suitabl e, in geneParposgeis hergfmkclns %I@%‘Sﬁqaﬁe Qs (Rﬂm a:maomy de

Nermours unders thefagese eqlPaliAto er greapekf h:HQﬁOflil. kBxYa @éndvll AS&SNY
type of polytetra; flJ uorogt hyl e this bein opti onal |,

substi tut ed, thEFF2Eupo1 yni s, c%?%aCt aI?r?anes”&e ert e the

contact area w1th respect to the lateral area of the
unpacked column (since without any packing in a column
the contact between liquid and gas essentially takes
20 place on the lateral surface of this column). Thus,
increasing the contact area by four means fitting a
number of Rashig ([sic] rings (or any other surface)
whose total contact area is equal to three times the
lateral area of the column. However, it will be
25 preferred to increase this contact area by a factor of
at least 10. In practice, plastic Rashig [sic] rings
will be used and a plastic resistant to the chemical
which it is desired to produce, such as aqueous
ammonia, hydrofluoric acid,, hydrochloric acid, etc.,
30 will Dbe chosen. Among suitable plastics are, in
general, polyolefins and, preferably, ©polyethylene
and/or polypropylene, which are . substituted or
unsubstituted, as well as their copolymers. Also
suitable, in general, are the products sold by the
35 company DuPont de Nemours under the name Y“PFA” or
perfiﬁoroalkoxy, as well as any type of polytetra-
fluoroethylene, this being optionally substituted,
their copolymers, etc., all these materials being
suitable when, in contact with the chemicals used, they



sui t'abl e when, i Tontaet with the chenicals used, they

- 4- m,s@@eemngnng %?ihdgfz tl n particul ar resi dueg

metal lic he mai n el enents that 7 RQ[ t ant
to renD m# '
I ndustry.

| trapure chem cal s i ntended

In this gas-scrubbing step,
subsequent dissolving step, the flow rate-ofy chem cal gas to be ,
scrubbed and then diluted is preferably |ess than 60 Merr] per hour
and preferably bedoersot 3praduce Sréfixduds, in pearthicaularhides iidue sprofs tivee of

this gas will prefsiablic B! ¥5B8.§ Gheth 4-8"thé hafn | ARGl hatal U

(about 0 t02 Inr tive e m ni num packi ng
volume  (Raschi glt 'is impggtant P&PI HERGYF t HFOMi |theseef dHdmapwe used
in all of the cRemical S Gintehided E6kUBhe s\exhicdmmitdxeaaauaerwres and

15 preferably at |east 40| ttt'ﬁ‘%ealg gf lrs%‘té’uﬁﬁ‘iﬁ’gm stt@?)m nue{ﬁsacru?ﬁ dr i ng

solution will “preferably
at the bottom of %W%ﬁ#‘ﬂﬁh dissqlgiingctofert BpRuflevw| reke of ¢hrmical

V\Lt hdr egard 50 lthga@et(& séeacrumbamlsﬁatﬂfaexzodmutédeﬂsgaéeﬁéraiﬂgsq(a\s%d in
t he deioni zed ult 3 n ni

elimnator will € eh?alﬂer use& ?’ﬁi %r%f% tﬁlﬂno leJ{r"r"é %rtél:?]‘o €é|%%s¥ one
litre, preferablper alnomt é'sts‘tle thes Plrletslsel§e aﬁdthhﬁr@as wikbk el?”e?%ﬁtﬁ%bla(t

least 4 litres V\bé ho@tdd v dbtit af ada @l b&Q' YhNgbs6l tité Okalie Etatriteral |y
ul trapure deioniz whi.ch |s ficiently high to avoid the

g ba VA e..
col um heatin u%) P ’1&"’1%&88 f’ﬁe ? frperature of this colum, in
whi ch the gas is dissol véthe pménémup| \parkisg volwveger(Rachdgd beviel or

preferably so as t@lteﬁpnw)e éﬁ@&iﬂtprﬁré’&ﬁfbl ive Qﬁ;lelarrrinatam [gHRG{At ure

s5ierr]c o 2 or SRERITG, olfnd WERE BRAECARATE Af LIRS a

the end of tH& oplerafembhasathelm r¢el htmees i Bhe flgvnelraid yop! aded

beneath this gas- E'b:?ék%i’dd‘gs&ﬂidim %alqngrefergsnfr@é,aé NEe SRS 4 Slitres
i ntroduced at the base of he col.umm, preventlgghthl S ?as from_com ng

directly i nt oPRHNIABEERI twl’rtf’héir(,aﬁ'é‘l’rf‘(?a Lo e Of a ey GHGmn

collector at about 1 litre per hour.

and

With regard to the next step, in which the

20 purified gas is dissolved in the deionized ultrapure

water, a single column without a mist eliminator will

preferably used, the packing volume being at least one

litre, preferably at least 2.5 litres and more

preferably at least 4 litres, with a flow rate of

25 dissolving solution, i.e. generally ultrapure deionized

water, which is sufficiently high to avoid the column

heating up, so as to keep the temperature of this

column, in which the gas is dissolved, preferably below

30°C and more preferably so as to keep the temperature

30 of this column at a temperature close to ambient
temperature, i.e. generally between 20°C and 25°C.

The tank containing the chemigal liqﬁid, which
at the end of the operation has the desired titre, is
generally placed beneath this gas;dissolving column

35 and, in general, the gas is introduced at the base of
the column, preventing this gés from coming directly
into contact with the chemical liquid in the tank using
any suitable means such as, for example, a U-tube, a
spiral, etc., while keeping a pressure at the top of



any’suitabl e neans such as, for exanple, a U-tube, a spiral, etc.
whil e keeping a pressure at the top of

-5- t he col unm approxi mately equal to that above the liquid in the
tank so as to prevent the gas from passing t hrough this U-tube or
spiral. In this way, the gas follows a forced path towards the top of
the colum so 5 as to pronote |iquid/gas exchange and to effect the
desired di ssol ution. According to a preferred enbodi nent, the
step of puri fr)ﬁb“&o&tlﬁngaﬁp%iﬂﬁ@célty | eqquils ¢ol ‘t‘.ﬁdtt abesepta@ehquldn at

| east two successive colum I n series tent g {Q

bot t-om part of tWQ(ﬁF?eéFB; d? tﬁ@ to PFFgfntcéi nngafmhlc Paget s

the gas from ttheough ddritsai fretybebepng spégalar I5n pthiedvagn ddouds of
the | mpuri ti gl Waksha agweuhabstahesﬁams apile T €6 6L Ntk colu:ﬁ:heso

content of the col ector he next, col um S SO her e
several col unPs) 25t h¥Q PERMERE HAGFWHG/gas &fRerd '?‘?’rpgf’l feftsec

resulting from adeedaed dissstutidmang of the gas. This makes it p055| bI e,
on the one hand, to Ase nglﬁ’%otgf agaﬁré@érfefae éﬂ\lﬂi&l‘i'nérft thel geagy

saturated with gas, unli en I f, 20 e_ e(l

col lector were t®fh@urdsvireqthy gas ]B? vidt er9 ddﬁ(f° gﬁd‘[ Lﬁjé thgﬁ'aﬁﬁnd
tOtsave 'él nme, uSI:nceleaiJme tgassuceessiivectdbummpay i placed bin arrieby eady
saturated so t| e t I

under st ood 2 g Cf?ntﬁnlt ff t];% b Q%ggwbﬁgt%n%ogﬁﬁegteggegtggrby oy

of non-limting e‘eéffrﬁﬁl e, C‘t’dﬁ@( hefWhi¢h t RESELYRF esthe \Hr?lsch f’é‘ﬁ? es\gﬁ¥
Fi.gure 1, a di agrcamt%}imalrmg Bdimgasedeiaxly pudgesdol ved daccomaterqf uthag a
col um; 30 imp qultl_ﬁ.%s w}?lséheegcl:lgﬂ@lé)ttet?ﬁe99§9r pta'nﬁn f@@iaced by

exchanger how ng ein
conti nuously di sst&evétPﬂtr?ntthé’ﬂ ithe d’°1le°t°r of ‘the; 581"‘5 E°13“‘H| é@?agrf’
showi ng t hr e@scoldiin Purthedd afd C¥dverE8l columns), this content having

much fewer impurities, since resulting from a second

scrubbing of the gas. This makes it possible, on the
one hand, to avoid loss of gas (as the liquid is
already saturated with gas, unlike what would happen if
20 the 1liquid of the collector were to be replaced by
clean water) and, on the other hand, to save time,
since the gas is directly purified by an already
saturated solution.
The invention will be more clearly understood
25 with the help of the following embodiments given by way
of non-limiting example, together with the figures
which represent:
Figure 1, a diagram showing the gas being
dissolved in water, using a column;
30 Figure 2, a feed loop of the absorption heat
exchanger; T
Figure 3, a diagram showing: the gas-- being
continuously dissolved in the liquid; '
Figure 4, a diagram showing three-column puri-
35 fication;
; Figure 5, a diagram showing two-column purifi-
cation;
' Figure 6, an overall diagram of the apparatus

with its various functions.



Fi gure 5, a diagrantshow ng two-col um purifi - cation;
Fi gur ahf shedH# BEmRepiaddy 297 @am of t he apparat us wth its various

functi g - 6- -
shows MI ﬂ} f t he invention for preparing FHIS SI%'F Eﬁglﬁﬂus
manner an ultrapure liquid chem r| figd

gas (6) com ng fromthe supply of purified gas, as vm Il be 5
described below, is injected via the line (7) and the nozzle (8) into
the colum (13) provi dedmfghbepaC%haqg an é&)odﬁl&tl Qer tRar in@bntNén

| 13 d fo.the. |
ro i o | P SeRerang, 1p,8 i BRottindtie et (RBopaich PadRE 1o
i's produced, thian | hdgrapgye cdritquigi nghemical U Fhepepurifiehd gas) WAl ch

rises and ternm nalgs n@t f:’éi)m abaye ddpp1y oke |r1Qf1eh' C&Hsd | Bsa w@ane pe) of

gas, generall ul t ure _nitraqgen, I ch has, not
been shown i ngt héiefsicgfdﬁ’ beEteWe o Atai Y c("'?ﬁ‘) Vd'lasg:‘?‘ﬁ l’ﬁﬁ:l mesa% d| the
(16), for supplyinegallet r(@purnmtd:elt@m zedumn (A3t eprovidetr glikbdpabkings
valve (17). Insife iRl §ower EQEE%Eefhé Scéid?ﬁﬁt(l%%ﬂl%“%%vﬁégh wakgh

makes it possible to keep t bath fenperature substa

constant, preferfabtipe bb:{)we“él'hmhzogo%ﬁldlnt [he | Hquidmp(X) Z'Gel%x%:ﬁaﬁb%r i s,

according to a predfnraieervaBioantinofwhileh thisi migerbpome ahphastlclegahanger

conpri sing 218 | MY Yproduddd CUL1 8N4 136CRF A dorftikbd bl Ui éyaesﬁaa};har to

t he cooling ci rcw ts nornal gﬁ use he nucl ear

shown in Figure s &koFPigRi dses #AthdtaFBiRREes a’él o‘nr’d t?’Féo‘f?\t ERfal
wal | of the contdievel ©30)1lagdids in 4 edonen ¢2p séfle,gas,t hgeakdally
ul trapure water (ulljt)ra}fﬁr%h’nltr f%iut er(tlﬂ%' '}%e\ﬁarn{getglolép’off Swt?}:.eé@vﬁg s Aot .

war med- up ul trapure é | ower contai ner
(30) there is a IHsf@ (ER?WW'nlé’n t usfé&"trG)BO Thp afosteinge uf3tapatec
chemi cal andiso nelAudesf laOWine (iL6Y ¢ fbe sysp ety Jraapuek dedoptapd(25),
the Iine (24) sequent I|tt nt b hes rs

branch (29) connecat%é% ‘vi ;ce&év%ﬁ% (2?5 Elth‘g %I‘}%s)chgif%C In %2%% EBls
branch (20) whiciFani@ingss &svad véle€22)e’a¢ltbanger (10) ~ which makes it

possible to keep the bath temperature substantially

)
m

constant, preferably between 20 and 25°C. This
20 .exchanger is, according to a preferred variant of the
invention, a plastic exchanger comprising a primary
circuit and secondary ciréuit of a type similar to the
cooling circuits normally used in the nuclear industry.
It is shown in Figure 1 as a coil which is wound around
25 along the internal wall of the container (30) and is
fed, on one side, with cold ultrapure water (11) which,
after being warmed up, is removed as warmed-up
nltrapure water (12). At the lower part of the
container (30) there is a line (24) which is used to
30 draw off the ultrapure chemical and to make it flow
into the system by means of the pump (25),‘the line
(24) subsequently splitting into two branches, a. first
branch (29) connected via a valve (23) tor the discharge
(26) and a branch (20) which include§ a valve (22) and
35 then a filter (21), this line (20) also splitting, into
three lines, the first (19) to which a flow control
valve (32) [sic} and a device (18) for measuring the
concentration of the titre [sic] of the solution is
[sic) connected, the line (19) returning to the upper



“then afllter (213 this line (20) also splitting, into t hree

I|ne§‘h to which a flow control valve (32) and a
devi c
the s

asuring the concentration of the titrPETH|sS!

ﬁﬂimﬁy connected, the line (19) returning to th?%ﬂ?%ﬁ?ms BEEN
part of the container (30) so as to send the excess QEQ
back into the vessel (30), a second |line (15)_ termnating in a spray

head (14), at the top of the colum (13), which sprays the purified

gas (6) as a 5 Q%HH§96§U&W@“cédkéﬂHéﬁ|FUD'nth%spaﬁk'Qgﬁd(ghea@¥cess
finally, a third lin

1 nnected via the v
cont ai ner (28) fof? %‘Pb‘éa}%n ’pﬂ}:r "'d}eod‘ﬂ?ﬁs‘ﬂTh{-:?0(3 ade?ecﬁﬂ“flegh\ﬁét &3 whi ch
is charged wit hterxpmatfnr@ Pasa spray theadgackihgsat( Ihe fitcnpvsoﬁuttnent o]
the line (3) anddflmy{ilhs), {GhiclONANY chOpurtefoal bs ey fheva (5.
The purified gas (6), i ch cannot flow out Via hi s d-filled
line (3), is therSPHeLTBITEIY hrdughet Helow lPoﬁ:heofpa‘f‘ﬁ’e“gsCol(a?m and,
thereby pronotinfindiul & gasird limech@nyeconneébeepacka ngse (1velh@7)

product s oi ol & eehd Seod i thel A9 EhCUkbethg E‘?gt%“‘f. bt AN aer

the line (15) y neans of the n‘g product
thus formed bei ngd®:Pprrbiatiat-o WhaeEh) Fﬁecbigﬁed e hficl ¢ Podadt gas on
(or titre) being imasheegabkiags (90ncARWsatowdn- hetas uthagliegi ae)( Ehd so

as Lo compara 20 ei{ifs TRARU! £ AN nWéEB)thﬁade%héedoweaﬂﬂ%w (8en '[th%e

desired concentratlon has been o t he
device (18) forPukkhissi @3S t H&) thﬁ'&erﬁarfa’cqtonflf’fi au‘:co‘fﬂt% olq}érs (
not shown in lidhwedffidilrer) Ifiove aant,r dlsl ithgrakbré hfobeedr i tsadhe HHd bed
25 in Figure 1, Qps cir g he uc

t hen bei ng ready 1t-'oﬁg\/rl:])e gl scthargedél\r}ﬁ'al’th &’fl%xf\éedj‘ ‘?%E lntqh ]fl%u'u{)%% and
the line (31) to e¥eNawif aithdihe packiggst d9) st Bhenprefechuie Preriatedm

Ejhe cogt ai neris if 39)cldwed ?iﬁl.&_lttﬁ.lfptvh%d,tﬁel }hns f(l(ZMGGzEJndigﬂiéh Llﬂiélhglitﬂéel 30
esired quantity eiloni zed wat I a [ 1 an the ve
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circuit, describepradeste, thius dprmed @eaaaartaypf-é dff uitrte Heheukird ed Yas in

the water and and its concentration (or titre) being measured by a

concentration—meaéuring device (18) so as to compare

20 the measured value with the desired value. When the
desired concentration has been obtained, a signal is
generated by the device (18) for measuring the
concentration {lacunal] to a controller (not shown in
the figure) for controlling all the apparatus described

25 in Figure 1, which stops the circulating pump, the
product then being ready to be discharged via the line
(24), the line (20) and the line (31) to the container
(28) for storing the pure product. When the container
{30) has been emptied, it is filled again using the

30 desired quantity of deionized water via the line (16)
and the valve (17) and the product then starts to
circulate again in the circuit, described above,. so as
gradually to dilute the purified gas inrthe water and
to obtain the desired titre.

35 o Figure 2 shows very diagrammatically a feed
loop ‘of the heat exchanger (10) of Figure 1, which
exchanger is preferably of the type used in the nuclear
industry, i.e. with a primary circuit and a secondary

circuit which are completely sealed and separated from




to obtain the g,'gn 1hdedlre Figure 2 shows very

dlagranﬁk Ioop of the heat exchanger (10) of Figure 1,
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industry, imary circuit and a secondary circuit which are
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Figure 3 shows a m of a process for conti nuousl%/ 'sSotvi ng
the gas in the |igFRRNIR ch46) bghng. GANSEEEE prockle diinens(4$e and
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figure, the same water in the circuit. This circuit includes a purger
20 {(50) which makes it possible from time to time to purge
the ultrapure-water circuit and to replace this water
with a new charge of uitrapure water. The secondary
circuit (51) of the secondary exchanger (47) receives
the ultrapure chemical liquid (1) so as to lower its
25 temperature from a temperature of, for example, 30°C
(*30°C chemical solution” in Figure 2) to a temperature
of about 20°C (“20°C chemical solution” in Figure 2).
Figure 3 shows a diagram of a process for
continuously dissolving the gas in the 1liquid, which
30 continuous process allows the ultrapure chemical to be
manufactured continuously. In this figure, the same
components as those in the previous figures‘bear the
same references. v
This continuous manufacturing. system has a few
35 differences compared with that described in Figure 1. A
first difference is the presence of a heat exchanger
{(100) which has been placed here outside the vessel
(30) ‘as an illustration of a different way of cooling -

the solution and of keeping it at a temperature
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gas (6), as in the case of Figure 1, is supplied at the
bottom of the column via an analogue flow meter (105)
and two valves (106, 107) used to control the flow rate
20 of purified gas and to deliver the required quantity
for obtaining a solution having the desired titre. (The
line (108) for supplying ultrapure water after the
valve (104) also includes an analogue flow meter (109)
in order to measure the flow rate of ultrapure water).
25 When the concentration (or titre) of the solution,
which circulates continuously, as previously, in the
column and which 1is measured by the device (18), is
equal to the initially programmed value, the controller
(110) then closes the valves (103, 107) so as to stop
30 the ultrapure-water feeds and the purified-gas feed,
the product stored in the tank (30) then being sent to
the storage container (28). In continuous operation,
the various flow rates and pressures and methods of
recirculating the products in the circuit are such that
35 the product concentration is permanently equal to the
desired value and such that the ultrapure chemical may
thus flow, continuously or almost continuously, via the
puﬁp'(120) into the storage container (28). By way of

information, and as shown in the figure, the flow
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liquid recirculated by the pump (206) is
20 delivered by a spray head (208) as a countercurrent to
the gas to be purified which is injected by the nozzle
(203) and which rises in the packings (209) where
material exchange, between the gas and the liquid,
occurs. At the top of the column, i.e. the upper part

25 of the column (202), there is a mist eliminator so as
to filter out a certain number of impurities which

. could still remain in the gas and to condense the
moisture which is in the 1latter. After this first
purification stage, the gas is extracted via the top of

30 the column through the line (211) and sent into the
bottom part of the second column (215) via tpe nozzle
(212) and a purification of the same. type as .in the
previous stage is carried out by recirculating the
liquid (214) via the pump (229) and the line (217), the

35 liquid being sent as a countercurrent into the spray
head.1218) before coming into contact on the packings
(216) in the column (215) with the gas which is rising

in this column. At the top of this column there is also

a mist eliminator (19) and the gas, of even higher
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second column (214) so as to recover the saturated

liquid of this third column and send it into the second

20 column where it will be recirculated as a counter-

current to the gas. Likewise, in the circuit for

recirculating the liquid in the collector (214) of the

column (215) [lacuna] is connected to a valve (230) so

as to be able to draw off this liquid and send it via

25 the line (233) into the nozzle (204) which itself feeds

the 1ligquid into the collector (205) of the column

(202). This arrangement has the advantages, mentioned
above, of speed and economy.

In Figure 5 the same components as those in the

30 previous figures bear the same references. 1In this

figure, gas is purified by means of only two columns,

the essential difference in this figure coﬁpared to

Figure 4 being that each of the two columns is fed

directly with ultrapure water (236) by means of,

35 respectively, the valves (252) and the line (235) so as

to reach the nozzle (213) which feeds into the column

(215) and, moreover, via the valve (253), the line

(233) - which feeds into the nozzle (204) which feeds

liguid into the collector (205) of the column (202).
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in the

as described previously, this gas rising as a counter-
current in the packings (313) to the liquid which comes
from the collector (310) and which is circulated by the
20 pump (320), the 1line (312) and the spray head (314}).
The collector itself is fed with liquid (324) coming,
for example, from the liquid circulation circuit of the
second column (325) {(or alternatively, as in Figure 4,
the direct feed with deionized ultrapure water may be
25 provided). After this first purification step in the
column (311), the gas passes through mist eliminator
(315) and is then taken, via the line (316), into the
nozzle (317) at the base of the column (325), in which
column it flows as a countercurrent to the liquid of
30 the collector (319), this 1liquid flowing through the
pump (321) to the line (322) and the spray hgad (323)
through the packings (372) of this column (325)... After
this second purification step, and therefore having
reached the desired degree of purity, the gas passes
35 through the mist eliminator (326) and then, via the
line ?(327) enters the nozzle (328) in the form of
ultrapure chemical gas. In the column (329), this
ulﬁrapure chemical gas is injected at the base of the

column as a countercurrent to the liquid recirculated



colum (311), the gas passes through m st elimnator (315) and is then
taken, via the line (316), into the nozzle (317) at the base of the
colum (325), in which colum it flows as a countercurrent to the
liquid of 30 the collector (319), this liquid flow ng through the
punmp (321) to the line (322) and the spray head (323) t hrough the
packings (372) of this coLum (325). Aftehy _ this second purification
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neasure its tPePe ichotRemnGhphydirgéyl henst a¢346) heThel diiinen {33E)

comprises a junction between the lines (339 and 337),

this junction (338) being used to measure the titre by

20 means of the device CT in the figure so that the titre

of the solution is continually checked wuntil the

desired titre is achieved. In order to measure its

titre without any physical contact, the solution thus

recirculated is sent via the valve (347) into the

25 container (330). Again, after the valve (340), there is

a line (382) which makes it possible, by means of the

valve (341) to store the chemical at the desired titre

in the storage container (342), the latter being

connected, via the valve (343), to the point of use by

30 the «customer (344). The tank (380) of deionized

ultrapure water is also connected via the line (383) to

the nozzle (318) which is used to inject ti1is- water

into the collector (319) of the column (325). There is

also a line (324) for drawing off .and recycling the

35 impurity-enriched solution, when this is necessary,

into .the collector (310) of the first purification
column. -

' Example 1l: This example is shown in Figures 1

and 2. This involves a vertical column filled with a



recirculated is sent via the valve (347) into the 25 container (330).
AgaThis Sheét Has B cplaged/ e (340), there is a line (382) —e_—rrer T BEEN
possi of the valve (341) to store the ch rﬁ"ﬂﬁlsmk

desi n the storage container (342), the lattler beﬁﬁa‘-
connected, via the valve (343), to the point of use by 30 he custoner
(344). The tank (380) of deionized _ j4qultrapure water is also
connected via the line (383) to the nozzle (318) which is used to

i nj ect tlhi S walt ebacéc%rzli_;ntw;hotsbe rﬁ:fﬂdx%c'[ﬁ (:319.)1c(iéalbéﬁ Q:QLLHFga (B2%imunlher e
I's also a lin 4),,f.or .draw.n nd. recycgling t . .

I mpurity-enri che&ges' aus) i16 }Jlg\/\ﬁgﬁ'egtf%%afi greﬁéc%gggr ﬁs eRasq-flrﬂ o[SJf?'n]e

coll ector  (310) ripys.tlex ‘YRald("-typei Pagidtdaned rdpggmor balls, or
Exanple 1: This exaanks.i ¥hehemBsolvEihguieguid is dhgedtedhiat itheol ¥es a
verti cal colugmfill dwi(leha th i fied .qas to b i s d -14 -
packi ng whose® nafdr &% 90 W Rc PESs 1% PHHE 158 Fasm T nd eIV Y
interfaci al areatheudipttem.RaBlethi giquidrifAgys dmtoPgthe - repetenr tviigi oned
rings, or balls, yakube, Sl ¢$ee THEMicHSObYi RéhildhdUblle b §ed Njadolved fitet he
top 5 of the col um% and %he%g ifi.ed gas to be dissolved at t he
bottom The |i quiS§*FRERsCf ntB® tHedH & ctor via a U-tube, the free branch
of which energes above tHeis U-dubkacactd &he 4 i §yddaulic valve Which

U-tube acts 8§ asydeaulire vVghye sthish Hskeneea the passt aheudnssehyed to

pass through the .packingS in the colum. A circulating punp
takes up the qul?la&kéﬁgs inthe Y-t into the top of the absorption
colum at a flow ratd secictrulisdtinghephmpt itigkedueupo thessdlivuig tamd 15

gas remains conpaliBlecekt Bet heedi fid CEN Y ia®2ofbtion EHEumegtcal to
be obtained. The recircul ation | qop Ishfd ecyﬁ{gpp d wth a filJter. The gas
overhead in the fdg¥ Jate sycd fedthsy BeRG t‘g']:? of° t Aes Rt iRe vihe a
line in dbdemgalso requadhnisz eompetpbieswitl ther éinal Thenteptoétide &0

colum is connep%gg %j n&cﬁ@f%Byb%agﬂ%aﬁﬂea.v?ﬂg'recirculatiogwﬁbgﬁlygn s
made of a plastic which Is, . .
equipped with a filter. The gas overhead in the reactor

is connected to the top of the column via a line in
order to equalize the pressures therein. The top of the
20 column is connected via a safety valve to a vent.

The column is made of a plastic which is
resistant to corrosion énd compatible with the high
purity desired for the chemicals: the same applies to
the packing. A plastic heat exchanger is placed in the

25 container which holds the chemical beneath the column
or at the output of the pump feeding the column; in
this case, a major portion, greater than 70%, of the
liquid must be sent directly to the container which
collects the chemical. The secondary plastic exchanger

30 is fed with deionized water cooled by the glycol water
in a stainless steel (primary) exchanger as in
Figure 2. The deionized water is continuall§ replaced
via a feed downstream of the circulating pump of the
loop and the draw-off is adjusted sd as to be able to

35 have minimum ion contamination in the 1loop: thus,
should there be a leak in the plastic exchanger,
contamination of the chemical is avoided.

' A filter is placed on the output side of the
pump, downstream of the exchanger. Fitted into the



resistant to corrosion and conpatible with the high
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or at the output of the punp feeding the colum; in

purity desired for

beneat h

this

case, a major portion, greater than 70% of the i quid nust be sent

directly to the container which coll eci{s the chem cal. The secondary
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of the chem cal. : e_ 21 i X e, is shown in Eigure 3.
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98% of the out putnef vaiiee COOL i PECIdtGHId thieOWari2ied—gal SELGE 981 RUMR Whi ch
extracts the endégéoduct fromithe

an absorption-column feed circuit into which 90% to
98% of the output of the cooling circuit flows, a
discharge pump which extracts the end-product from the
buffer container and sends it into the storage tanks, a
purified-gas feed circuit comprising a transmitter flow
rate, a control valve slaved to the analyser and an
ultrapure-water feed circuit which includes a flow
control valve and a transmitter flow meter.

In a wvariant, the exchanger may be fitted
directly in the buffer container under the absorption
column, the high heat of solution of the gases such as
HF, HCl or NH3 requiring the absorption column to
operate at a high solution flow rate so as to remove
the heat without raising the temperature excessively,
which could have consequences "'for the titre of the
solution produced. Figure 3 gives the flow ‘ra;es in
order to achieve 100 litres per hour of;solution, for
example for 50% hydrofluoric acid (HF 50), 5% hydro-
fluoric acid (HF 5), 35% hydrochloric acid (HC1l 35) and
30% Nﬁ4OH aqueous ammonia (NH40H 30).

Example 3: Two variants of this example are
shown.in Figures 4 and 5. Since the mist eliminator at

the top of the column, as described in Patent



20 T,gyggeghasc@ IRl ﬁer and sends it into the storage tanks, a

purlf II’CUIt conprising a transmtter flow Yt—+-61
val v anal yser and an ul trapure-water feed %P&CQFEFWHASFBEEN
|nclu control valve and a transmtter flow netk

In a varlant, the exchanger may be fitted directly in the butier
cont ai ner under the absorption col umm,; 4 he high heat of solution of the
gases such as HF, HO or NH3 requiring the absorption colum to

operate at a hi giis s®)486,0v¢f,| OWasat @ sQiastkd repp¥erBfenddts healriwushout
rai sing the temperat.ure exce55| vel, Yed | ch coq__l .d have consequences for

the titre of the® Sotuts onpﬁf)(‘)’é!ucedby %ulrrev (o] Vés the flow rat es
in order to achi eve Ipudean ¢ ppreig Wie syinitivorfurther, ratdeanp

for 50% hydr of | u@ﬁaz@ ﬁ@éﬁ'ea(é‘i': Qhe 5%1% &f he fddiQmnG aaedd;zeHE 5)!:0 35%
hydr ochl ori c Ueous anmoni a

e arpedtid e BE-
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Since the m st esaturmttadt strubbindesolwpiorpfwilhehavel amioweas puddsari bed

in Patent level than that of the first. ThE- aerosolﬂS 1514:%.@@%1% has
a limted effectlvenei grl OH sol u Ct%norls are provid

i nventi on. aingdq, &iddr PBVEnp? oV SUEFt y ‘P%‘F?’hte?atlr"é’t h&f

than increasi ng méealblanempiritiescollyms Sacordioly 1@0) Sappweodimedretliyon a

second col umy i syysed tl’i‘aée{ﬂx ®he berst cSRInH al echs CESMb h SAlddyy Wil
have a | ower purlty |.evel an o) the |rst The aer osol

i nevi tably Y r ALPEQ LA PP h gaﬁuc Eorﬁ:eé?ﬂ‘\dat PR will
metallic inpuritieseXPytefefime f rhh emmeaxmmleltyx)atl@woduced blyar i n

the first colu { edy, y di ssgl g as after
t he second col Tr?hur P%%dﬁt%égﬁﬁgr%eforae’mg m%c R ﬁlr% tﬁtgﬁ%tnﬂ 2

produced by a  OPHTFFIRLt FUFEem gpEkes uit Hﬁﬁ"h}@le °sPH§Fén éollt?rﬁ‘?l A
one-col um shst eof makeslitic paspubieyt ofohbain a0l ppbl £b5 ecfchneistilonc

[ mpurity of aboudf BRDaLALrEaRd albAling co Wi ARARAZ TG ng

to the invention aV|n east olUmMS in series, a purit
better than %@S’bp ?rafol%e‘maéhllé\/e‘ffrllﬁrsef et aBPyitvaeh G’thiﬁé than’

100 ppt may be achieved. Preferably, each of the
scrubbing columns comprises packings, a tank collecting
20 the scrubbing solution, a pump sending the scrubbing
solution to the top of the column, a spray nozzle or
any other device for .distributing the scrubbing
solution, a mist eliminator located above the inlet for
the scrubbing solution, a purified-gas outlet at the
25 highest point on the column, an inlet for gas to be
purified, this being located below the packing in the
column, a supply of high-purity deionized water and a
valve for removing the spent scrubbing solution.

The spent scrubbing solution may be removed
30 either [sic] at each column (Fig. 4), and this results
in a loss of chemical; it 1is preferable for the
deionized water to be introduced into xhe'finelfcolumn
(the furthest downstream in the process) and for the
scrubbing solution to flow from column to column as a

35 countercurrent to the gas to be purified (Fig 3).
: It may be useful, for controlling the process,
to fit an exchanger, cooled by cold water, in the

container which collects the scrubbing solution.




scrubbi ng colums.-conprises packings, a tank collecting 20 the scrubbing
solfution, a purrp sendi ng the scrubbing solution to the to[mf the
I

C qhid Bheet Has zl e or any other device for distri i
scr “ﬁm‘iﬁ ution, a mist elimnator |ocated above the i HE{IS]?HEHQF’AS BEEN

the ution, a purified-gas outlet at the 25 highest p"'angﬁD
an inlet for gas to be purified, this being |ocated bel ow
the packlng in the colum, a_ supply of "high-purity deionized water and
a val ve for renoving the spent scrubpiggusol ution. The spent
scrubbi ng solution may be renoved 30 at €ach colum (Fig.5), and this
results in aloss of chemcal; it is preferable for the dei oni zed

water to be intraduced i ptocéde fioal moiduning a(t héghopuhdty dbimeideam

in the process) t ubbi n UEL o ;
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cool ed by col d wat &heniallhgas whdeht alsnesmcwessmvebwpursfim svexbbvag

karkéon' 1 purisgcation olumns pa551ng, %% countercurrent, a

_ _ "0CESS or fri Cl ng, %urlty 9 lq

cheni cal which caelbéigseafi Anthéa xr%%%f&%ﬁeggsp RaG¥t F’?te which
characteri Ized |ng¥rmgaum9 eeof®s Slozides witth impuridlygnivdellegashevhgeh is
successi vel y_purified ovey t p COLINS, DY iRES SN
coyntercurreﬁp Jeaves] Fhe. Second Lbrdlrfafﬁ%gg{ggmézed B o purity wa ohigh °
whi ch gradualplu)rlﬁiafcomelcéaéléu @i LoV IﬁS’lﬁ‘ltPf1§ %meéagllrécgﬁée ntfpaves
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subsequently dis véd P In a a I nto
which is  coldaddrestest Q%etbét tllﬁﬁ"fﬁmtﬁé M%W%ﬂﬁﬁf‘vﬁpéh v % 15
enriched wi bR pydifdned wher @nga&d | Sheriidl Ngass| ys contdmuoaslat ed

and in that the hugpxpurgk%dChe 1n 'that the high-purity chemical is
subsequently distributed when the concentration of
dissolved gas has been reached.
2. Process according to Claim 1, characterized in
20 that a heat exchanger is placed in the circuit for
circulating the chemical, a major portion of the cooled
liquid, greater than 70% by volume, feeding into the
dissolution column, the other portion being recycled
directly into the container which collects the
25 chemical.
3. Process according to Claim 2, characterized in
that the exchanger is fed with regularly replenished
cold deionized water.
4, Process according to Claim 3, characterized in
30 that the deionized water is cooled by glycol water in a
plate-type or tube-type exchanger. ‘
5. Process according to one of the preceding
claims, characterized in that the chemical gas 1is
dissolved in the water continuously, the heat of
35 reaction being regularly removed so as to keep the
tempe}ature of the product between about 20°C and 25°C
and the ratio of the flow rates of solutions which is

[sic]'recycled and drawn off being controlled so as to

I
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subsequentTy distributed when the concentration of di ssq
been maissSherHas Been Replaced Process according to Caim1, charg

that a is placed in the circuit for cir
chem ca tion of the cool ed | iquid, greater
eedl ng

vol une, Into the di ssol ution columm, the other portion being
recycl ed directly into the container 8 whi ch -collects the 25
chem cal . 3. Process according to &:I aim 2, characterized in

that the exchangqieds (RS WehfeE£OMAT by 1pRl guchiRd wicinl deied OBbied
wat er . 4. ocess according to Caim3, characterized in 30 that
t he dei oni zed wat®¥"9% cool ed by glycol water in a pl ate-type or

t ube-type exchanger. Pxocess RrgoedingatooiCdiany St o chgmectetizediein
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bet ween about 20[®rr] C amdto2elser rajccordingndot tdaiat 5o chatrhetbrdnedaties of

sol utions which y,argpd e%ﬁglnggafndigr ayn ahli-Behfgreentiold edisge ag to
-18- keep the tenperature of the product 'wthin this same range

6. Process acEkRWitaRfe &atigi REsPeEwesuct @M% dd-in that the chenical
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7. Proce ac [ to ' , sGhakragt r ' : t hgm cal
s 596 hydr of Iidor; Eha6; dhe (pRRRLEAP, S1A558 HyGlbiidesc BOAL ARIFIEM C2
8. Process acEkpwitara Fatig RfsPetNeenci®ran®e$S-n 10 that the

chemical is 35%, hydr o@ddoddses aaioddingt ko &laim I, 0vehatae tieatizedofin

petueen 20 and 65.pac the opdi2885° 1303641 Nghlofd 2l by anAGHET o2 ed

in that the chei ca )% aqueous ammpni a W t owrate ratio
of between 18 andfbow-uate ptio ofppgewssnat#fl Pto one of Clainms 1 to 9
operating contg nuppisly, ahidciGiseldceotdifgt kat ohbeof Claim [sic] 1 to 9

operating continuously, characterized in that the
continuous supply of water is regulated by analysing
the titre of the solution of chemical, the water
injection being stopped when the titre is obtained.

20 11. Process according to one of Claims 1 to 10,
characterized in that the gas is purified using at
least two successive columns, the number of columns
depending on the desired level of purity, the gas to be
purified leaving the top of one column being introduced

25 into the bottom of the other, before being dissolved in
the high-purity deionized water.

12. Process according to one of Claims 1 to 11,
characterized in that the volume of the container
located under each purification column is between 2 and

30 5 times the quantity of liquid which the packings in
the column can retain, so as to limit the quantities of
gas lost by dissolving in the scrubbing:columns. -

13. Process according to one of Claims 1 to 12,
characterized in that the rate of purging of the spent

35 scrubbing solution which may be drawn off continuously
or seﬁuentially from the collector of each column is
about 0.1% to 5% of the scrubbing rate.

14. - Process according to one of Claims 1 to 13,
characterized in that the spent scrubbing solution is

L




continuous supply of water is regulated by anal ysing the titre of the
solution of chemcal, the water i njection being stopped when the titre
i s-obtained. 20 11. Process according to one of Clainms 1 to 10,
characterized in that the gas is purified using at | east two successive
col ums, the nunber of col ums dependi ng on the desired | evel of

purity, the gas to be purified | eaving e top of one columm bei ng
introduced 25 into the bottom of the other,” before being dissolved in

t he high-puri ty dehpgid erdRi&le columh?-to thB' BERSS a8C§OELi e £ &1 U tOf
Clains 1 to Egharacterlzed i n that H? vol une of_the contai._ner
p

| ocat ed under eac'ﬁo Pt P&t £8n 3ol Tt % % dPFehPBFEES HiRlvethe
quantity of |iqui éinwhhehs¢hblpackisedation. the columm can retain, so as
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col ums. Process ccor to one 1to
characterized Ef n Eharacherizh ‘g the O?C‘E‘f“é”srlﬂerﬁ° l°§‘cr’1fob‘f?fbled
sol uti on whi ch mapybe hb&mwexﬁﬁangmﬁn nuously or sequentially fromthe
coll ector of each colum is about 0.1%to 5% of the scrubbing rate.
14. Process according to one of Clainms 1 to 13, characterized in
that the spent scrubbing solution is

- 19 - purged fromone colum to the other as a countercurrent to
the gas so as to limt the | osses of gas dissolved in the scrubbing
sol ution. 15. Process according to one of Clains 1 to 14, 5
characterized in that the scrubbing solution is cool ed by a heat
exchanger .
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