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| (54) Title: PROCESS FOR EFFECTING MASS TRANSFER BETWEEN A LIQUID PHASE AND A GASEOUS PHASE /

(57) Abstract

A process for effecting mass transfer between a liquid phase and a gaseous phase
in a filled-type column comprising an external shell which accommodates at least one
filler—containing basket wherethrough the phases are caused to flow in countercurrent
relationship, advantageously comprises the step of feeding the gaseous phase to the at
least one basket through a gas-permeable surface thereof which is larger than the basket
cross-section, preferably in a prevailing radial flow direction.
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appear ance of ~an undesir oodi ng enonenon, t he col umm

beconmes flooded with |liquid phase which is held
In the description given below and in the following ciaims,

10 the term: *filled-type column”, is understood to mean - in
general - an apparatus having, disposed on its interior, a
plurality of wvariously shaped and sized elements (filler)
at whose surfaces a liquid phase and a gaseous phase are
caused to contact each other in order to effect mass

1S transfer; apparatus of this type are widely employed in
chemical plants, e.g. for decomposing, absorbing,
distilling, and'scrubbing chemicals.

The invention also relates to a filled-type column for
implementing the above process, and to a method of

20 retrofitting a pre-existing column for conversion into a
filled-type column accoxrding to the invention.

In the description given below and in the following claims,
the term: “retrofitting”, is understood to mean the in-situ
modification of a pre-existing column of the filled or

25 plates type to improve its performance and, for example, to
increase its capacity and/or its efficiency- in mass
transfer between the liquid phase and the gas phase, as
well as to reduce its energy consumption.

As is known, in the field there is increasingly felt the
30 need of providing processes easy to implement, which can
effect mass transfer between a liquid phase and a gaseous
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filler.

The filler is, in fact, disposed inside substantially

cylindrical columns having a large height-to-diameter ratio
15 intended to ensure an interphase contact of sufficient

duration for the phaées to enhance the mass transfer.

Consequently, in flowing through the filler, the gas phase
undergoes a significant reduction in pressure (pressure
drop), which places limitations on the amount of gas that

20 can be fed into the column, thus curtailing the column
capacity.

By reason of this pressure.drop, the flow rate of the gas
phase fed into the column must be held below predetermined
values, the overtaking of which would result in the
25 appearance of an undesirable “flooding” phenomenon, whereby
the column becomes flooded with liquid phase which is held
back in its downward movement by frictional drag from the
gas phase. It will be appreciated that in this condition
the column would no longer be operable, due to the mass
30 transfer dropping to virtually nil.

In other words, the large pressure drop of the gaseous
phase in going through the filler is a limiting factor of
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have been unsuccessful in provi 1n8 ully satisfactory
mass transfer between the phases, because the pressure drop
of the gas phase through the column is still quite
significant, as are the operational constraints due to the

15 aforementioned flooding phendmenon.

Columns of the so-called plates type, i.e. provided with a
plurality of perforated plates fitted horizontally inside
the column, have been proposed alternatively to the filled-

type columns.

20 In this case, the process for effecting mass transfer
between the liquid and gaseous phases comprises mixing the
phases together in the plates, the plates being typically
designed to enhance the mutual contact of the phases.

Plates-type columns have been found suitable for low liquid
25 flow-rate applications, but are liable to become flooded,
disallowing any further effective mass transfer between the

liquid and gas phases.

It is on account of the above disadvantages that prior art
processes for effecting mass transfer between a liquid
30 phase and a gaseous phase have provided unsatisfactory
performance heretofore, both in terms of overall efficiency
of the transfer between the phases, energy consumption, and
operating and investment . costs of the columns used to
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and effective way, at low investment and -operating costs
and with low energy consumption.

This problem is solved, according to the invention, by a
process as indicated above for effecting mass transfer
between a liquid phase and a gaseous phase within a filled-

type column which comprises an external shell accommodating

at léast one filler-containing basket wherethrough said
phases are caused to flow in countercurrent, which process
is characterized in that it comprises the step of feeding
said gaseous phase to said at least one basket through a
gas-permeable basket surface which is larger than the
basket cross-section.

In this way, by causing the gaseous phase to flow through a
permeation surface of said at least one basket which is
advantageously made larger than the basket cross-section, a
corresponding reduction is obtained in the pressure drop of
said phase flowing through the filler, which allows the gas
flow rate to be increased and - at the same time - to
operate at slower velocities than prior art processes,
thereby significantly enhancing the mass transfer between
the phases.

The benefits in terms of improved efficiency of mass
transfer are the more substantial, the larger ‘the
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phase and gaseous phase from said filled-type col um. Wth the
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one basket in a substantially axial direction;
- causing the gaseous phase to flow through said at least
one basket in a prevailing radial direction;

15 - extracting said liquid phase and gaseous phase from said

filled-type column. .

With the process of this invention, and particularly by
causing the gaseous phase to flow through the fille: in a
prevailing radial direction - rather than in an axial
20 direction as taught by prior art processes - the permeation
or ©passage surface «can be drasticaily expanded to
positively enhance in a simple and efféctive way the mass
transfer between the phases and, hence, to significantly
increase the capacity of the column designed to implement
25 such a process over a column of comparable size operating
according the aforementioned prior art processes.

Stated otherwise, for a given capacity, the column
implementing the process of this invention can by made
substantially smaller than a prior art column.

30 This arises mainly from that the pressure drop undergone by
the gas phase in flowing radially through the fillexr can be
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filler for effecting mass transfer.

15 Advantageously, thanks to this process, a highly efficient
‘mass transfer between the phases can now be achieved using
a filled-type column which performs most efficiently, and
involves low investment and operating costs and at low
‘energy consumption.

20 The fact that the mass transfer between the phases can be
significantly improved by flowing the gas phase in a
prevailing.radial direction through the filler, is in sharp
contradiction with the constant prior art teaching that a
crossflow of the gaseous phase relative to the liquid phase

25 is less advantageous, from the standpoint of the mass
transfer, than an axial flow of the phases in true
countercurrent relationship.

In addition, since the conditioné and the chemical/physical
processes which are responsible for the mass transfer

30 between the phases can vary substantially with the flow
type, the benefits of the process according to the present
invention were not at all predictable a priori.

It was only the research work carried out by the Applicant
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Preferably, the prevailing radial flow of the gaseous phase
through said at least one basket is of an either

15 centrifugal, or centripetal, or alternating centrifugal and
centripetal type.

In a particularly advantageous embodiment of the invention,
the liquid phase and the gas phase are caused to flow in
said at least one basket through a plurality of
20 contiguously superimposed zones, with the liquid phase and
the gas phase being fed to an upper zone and a lower zone,
respectively, of said at least one basket, and extracted
from a lower zone and an upper zone thereof, respectively.

By dividing the filler into a plurality of zones to be
25 traversed by the gas phase in a prevailing radial
‘direction, it has been obtained an increase in the radial
component of the gas .flow, with the consequence that ‘it is
possible to further augment the flow rate of the gas phase
and thus improve the mass transfer between the phases gnd
30 with them, the capacity of the column used to implement

this process.

Alternatively, the same result can be obtained by causing
the liquid phase and gas phase to flow in a substantially
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- collecting and re-distributing said 1iquid phase between successli ve
basket s. In this way, it is possible to maintain the whole filler
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-9- constantly swept by the liquid phase, thus avoiding the

10 latter from flowing down along preferential paths which
swept only local zones of the filler, resulting in a much
reduced effective surface area being available for the mass
transfer. '

Preferably, the gas phase is caused to flow radially
15 through contiguous zones of said at least one basket or
through successive baskets, in opposite directions, thereby
to provide a zigzag flowpath for the gﬁs phase within the
column, which proves advantageous from the constructional

standpoint.

20 For implementing the above process, the invention
advantageously provides a filled-type column for effecting
mass transfer between a liquid phase and a gaseous phase,
which comprises:

- an external shell;

25 - ‘at least one basket for containing the filler extending
inside said shell, said at least one basket being through-
penetrated by said phases in countercurrent relationship;

- respective means for feeding said liquid phase and said
gaseous phase into said column;

30 - - respéctive means for extracting said liquid phase and
said gaseous phase from said column;



t he col um Weim@g3428ar acterized in that said at | east one bl 275

provided with a gas-perneable surface, for passi ng the gaseous phase,
which is larger than its cross- section. 5 Preferably, the columm
according to the invention is chara& erized in that said at |east
one basket has a smal | er cross-section than the shell cross-section and

has opposi
further conpri
said at | east

id |1 s which: - dJ h '
Ul *FETHE rétad o Rettr g b Dl A "2k disas oomm
oaskdaskes proxidedvamiithy a gamtipsirnidakde surfacerdi figr

t f . di t : : |
o Fses?” ! BAEbina SRRy Bitnee LIRS 15 IHRRMANS S cross-

conpri ses:

n~exter i SstantT a I N shape,

15 - at |eastsegfei@Pnul ar basket for containing the filler. which is

di sposed coaxi

ally within said shell and includes opposite respectively

i nner and gut esrgfsralyeabkfe colXmndddRrdiald S.tsaithdt 180eht 988 is

basket being t

substantial ly

rough- . enetrated by said liquid phase in,a
é&?ﬁgcﬁﬁrlFFEM/aPreE¥?6n;salé at 5 qﬁgt PREe bpsSketdetPied®

bet ween ag }nrmna]méi: g&'fo_bhe-se_ctiﬁie:&hmdth_ei dbamnebmlsl-sm‘ctﬁfctm besd ehas
basker 25 | -OPERRLEe SAMBAIIY Wdh g ke PR FhelB b g i e e

basket ; 25 -

gaseous phase
portion ofgsai

fromsaid first fre ace to sald sec

round; -

15

20

25

30

furtheni ¢ovwnies means feansdugingiusiid gaseeast phasg oro
hese f hr h | t ;leagt ,

flow e s % ot %%gsFr egﬂgpaltac";%]&o? %(%1 ta helggﬁg?i\%\g

¥adpatt Fd8Yreans for extracting said |iquid phase and

According to a preferred -embodiment, the column
advantageously comprises:

- an external shell, substantially cylindrical in shape;

- at least one annular basket for containing the £filler.
which is disposed coaxially within said shell and includes
opposite fespectively inner and outer gas-permeable -
cylindrical walls, said at least one basket being through-
penetrated by said liquid phase in a substantially axial
flow direction; '

- a first free space defined between an jinner wall of the
shell and said outer wall of the basket;

- a second free space defined inwardly of said inner wall
of the basket;"

- respective means for feeding said liquid phase and said
gaseous phase into said column; '

- means for causing at least a major portion of said
gaseous phase to flow through said at least one basket,
from said first free space to said second free space, or
the other way round;

- respective means for extracting said liquid phase and



- 10 - wo9jsslipgaseous phase fromsaid col um. Accor dppg/EpSo/61275

further preferred enbodi nent, the col um advant ageousl y conpri ses:

- an external shell; 5 - at |east one basket for containing the filler,
di sposed i nsi de said shell coaxially~tR8 ewith and provided with
opposite sidewalls, preferably plane, which are gas- per meabl e, said. at
| east one basket, bei ng through- enefrated by said liquid phase in a
subst anti al | y S&ifag2f °uﬁlé% q%ﬁﬁqd;ﬁalé cofm@%rst and second free
spaces, | ocated opposite to each ot her and defi ned between an inner

wal | of said shedrddmy to sai fusithewal preferred pemhediment, _thesgedimpe
means for feegdg%d%§q%§d%;'(Eéﬁygggﬁ%g said 15 gaseous phase intosaid

col um; - nmeans usi ast a major portion of said

gaseous phase to flow through said at | east one basket, fromsaid first
free space to sa&nd exdesmal e dace or the other way round; 20 -
respective neans for extracting said 'liquid phase and sai d gaseous

phasedfronSSMJjégﬂyﬁas% one &gguéﬁrwaoc?nkuﬁrmmg;ﬁﬁec:illée,idmspdigd
provi des a . met hod of .retrofjtting.a.colu or .effectin ansfer
between a | i qiifPisifasE2afd Sah?;%Le&? / %gﬁeﬁ&w %hei & Wf%%é f@tﬁed
or the plateppdsite sidéwdllspt hptefiesably ciplraret erivlichn arat igas-
comprises the idailre, aPr Q¢ difig od nSide SalLbicl UBeial | ot

basket for ntaini'‘ng L& and_having a gas-perneabl e surface,.f%r
penetrated by said liquid phase in a substantially axia

10 flow direction;

- first and second free spaces, located opposite to each
other and defined between an inner wall of said shell and
said sidewalls of the basket;

- respective means for feeding said liquid phase and said
15 gaseous phase into. said column;

- means for causing at least a major portion of said
gaseous ?hase to flow through said at least one basket,
from said first free space to said second free space or the
other way round; |

20 - respective means for extracting said ‘liquid phase and
said gaseous phase from said column. '

According to a further aspect, the invention provides a

method of retrofitting a column for effecting mass transfer

between a liquid phase and a gaseous phase, being of either
25 the filled or the. plates type, which method is
' characterized in that it comprises the step of:

- providing, inside said column, at least one basket for

containing a filler and having a gas-permeable surface, for

passing the gaseous phase, which is larger than its cross-
30 section. :



pa55| ng t hewgneseuzs phase, which is |arger than Its cross- 30 pEEEPIIDI2TS
11 Thanks to the above nethod of retrofitting an existing

c~o| um, a process for effecting nass transfe { bet ween a | i qui d phase

and a gaseous phase can be obtai ned which allows to provide a high rate

of transfer between the 5 phases in a sinple and effective manner, at |ow

investment  .and operatipg CQEB?e GhE Wb N df)Wr%'E%ﬁt(EG.@fymth Ogxisting
Furt her features and advantages o

this 1 nvention wl f e'oparent
from the fol¢oWwmy, desprPgessn foF eéﬁectlnsm%ﬂﬁﬁerﬁrad’fs ?Fé"g?
according to t {y e¥H b Qh\ienal%aéabuwypaasaoncanmneat bbea&nenlplehnchh
reference to t acconpan dr S. rjp t
Dr awi ngs #H‘?‘ﬁ% dFrAwi ‘,}’16{139 ab g rate; ?I%r ¢! Fg% g%tfud%ﬁgpegéec on
view of g fpﬁﬁeéSmerabcsmmé axidaeffeteﬂveypanuetrurrra,t asow ohsyestnent
ei t her from n.QLLY naI desi r di 19{5’5?:
col um, ‘?e‘ﬁ%ﬁf the < ﬁg%ésgné;)é@b@?l dllr%'} %&%Z&Bﬁé Jé%rtll’on

Figure 2 | s a | ongi t udi nal . section view of the colum shown 20 in Figure
1, taken al ongfuruker| -featnresguard 1 .advantagemr €f 3this AnvessdrnudvhAl

section view bﬁéomé‘ §?§Qﬂ'@nt £ diciRnt fa‘ll%vhrlé echéy@ﬁﬁ@wﬂn o8S an

tructed eit I d
[radi(fonal  SWeofitBAnT £F CARIERES AREORIGEREe Tt o HTTRCIPR FhEeDs

inventionio by way of non-limitative example with reference to the
accompanying drawings.

Brief I s f the T .
In the drawings:

Figure 1 is a longitudinal section view of a first

15 embodiment of a filled-type column, as constructed either
from an original design or by modifying a traditional
column, to implement ‘the process according to the
invention;

Figure 2 is a longitudinal section view of the column shown
20 in Figure 1, taken along line II-II in Figure 1;

Figure 3 is a longitudinal section view of a second

embodiment of a filled#:ype column, as constructed either

from. an original design or by modifying a traditional

column, to implement the process according to the
25 invention;

Figure 4 is a longitudinal section view of the column shown
in Figure 3, taken along line IV-IV in Figure 3;

Figure 5 4is a longitudinal section view of a third
embodiment of a filled-type column, as constructed either
30 from an original design or by modifying a traditional
column, to implement the process according to the



Figure 4 ig,v@s,;,?g]ggtudi nal section view of the colum shown PCT/h g,:d'l?-gre

3, taken along.line V-1V in Figure 3; Figure 5 is a longltudina
section viewof a third enbodi ment of a filled-type columm, as
constructed either 30 froman original dedi2gm or by nodifying a
traditional - colum, to inplement the process according to the
-12- I nventi on; Figure 6 is a longitudinal section view of the

col utm shown 1nvVenglSfyure 5, taken along line VI-VI in Figure 5.

Detail ed Description of a Preferred Enbodinent 5 Referring to Figures 1-6,
general | y showigiirel 6 58 £ ildmegitudinaly psecoianmview off é%@' ¥ Liwgds shown
transfer between | i_qui h o a carding to the

i nveéntion. 1n'ﬁ1§%? l#%]5?%%#HN|%%€d%%n%§?g?ﬁglEghgﬁﬁug? gt | east one
basket 3 extended inside the shell 2 to receive a filler, 4, 10 respective
means 5 and 6 Dedaifledlile pRAdRL @l R BREEE Bestddsldhase into the
colum 1, and respective neans 7 and 8 for extracting the liquid phase

-and gaseous PhaFR NG to F{WueLUITs . generalignshowandt’ If dis feeefliiigd-
respectively extractingg, th '

e 15 _liquid phase _to/from .the | < 1.
general |y corf¥mesecolump, fRF ¢t §,ff?|‘g‘2%¥‘3- @RS JFERBREEFS boerh“é%%?e(%mnlg&uld
chanbers of phdg¥wwhd YPeFaseotbephesspnaskoktiddg o rdearinvention.
accordingly, no further discussed in detail herein. Simlarly, neans 6

and 8 for feeqy ’c&fﬁ@ﬁcﬁi V&€ NofPse £XbhaAG i mal N8he8aSEOUSa PRRSGE one
to/from the °€Olumm geﬂ%raf?g conprise_gas Inlets and outlets of

known types tdasket 3 extended inside the shell 2 to receive a filler 4,

10 respective means 5 and 6 for feeding a liquid phase and a

gaseous phase into the column 1, and respective means 7 and

8 for extracting the liquid phase and gaseous'phase from

the column 1.

Means S and 7 for feeding, respectively extracting, the
15 liquid phase to/from the column 1 generally comprise
conduits, nozzle-type dispensers or collecting.chambers of
known types to the person skilled in the art, and
accordingly, no further discussed in detail hexein.

Similarly, means 6 and 8 <for feeding, .respectively

20 extracting, the gaseous phase to/from the column 1
generally comprise gas inlets and outlets of known types to
the person skilled in the art, and accordingly, no further
discussed in detail herein.

In the examples of Figures 1, 3 and 5, the liquid phase is
25 fed by the means 5 to a top end of the column 1, and is
extracted by the means 7 from a bottom end thereof. Thus,
the liquid phase will flow through the column 1 in a manner
known per se, i.e. in a substantially axial direction.

The gaseous phase is fed by the means 6 to a bottom end of
30 the column 1 and extracted from a top end thereof by the
means 8.



the person swkobd/esa28n the art, and accordingly, no further . pgpgs mgisl n

detail herein. In the exanples of Figures 1, 3 and 5, the I|qU|d phase
is 25 fed by the neans 5 to a top end of the colum 1, and is

extracted by the neans 7 froma bottom end LRereof. Thus, the liquid
phase will.fl ow t hrough the colum 1 in a manner known per se, i.e. in
a substantial |y axial di tion I s &k th

6 to a bottom i?ﬁ g a%%lﬁﬁ% ?ayég’ ex'ﬁ%% ?g% ar{ %ﬁ tﬁereo?S
by the neais &8nd extracted at lntermedlate locatlons og3the columme 1,
| i qui d phase a S (a?_q: er{fled-tyhpd aBFufniracted
at i nternedi atggl gga ?g%gﬁ'?%t%h% ‘G?Jnalgs {IS usuaﬁ)y dong I n
traditional filled-type col umms. In other words, neans for feeding

respectively ek@r g@bﬁﬁgwcré%h@qam@u if@xpFerding/ JreSPRCGhYR NS eﬁﬁ&é@tm

be provided rhanyweRlid a%}zeé@etaﬁdﬁaﬁl lené é‘sé’éxﬁj@rphaséaluf&y?l' Becg&%‘v&%d
oper ati onal condi thons wi_t

in the col rove the
transfer betweBRYYREXGhALRNT t ﬁbﬁgmizng 1D ?Egeﬁr §§erﬂa3‘rh%?‘r’fll ﬁnsg.gln&
‘at | east one 16pbaat¢bn3.1| s:o&ﬁh&a:ﬁc&@mw&mmr tliededluninh cr gas- hepereekl &he

surface for t §a§ ggggg E’ rPll_:se thro h the filler 4,_v\,hi'ph IS
o

| arger than it pose, the basket 3 is given
a snmall er cross- section than the Cross- sect [ on of th.e shell 2, and has
15 opposite sidegarfing ahd lthehimtesent gdnyenticd] e.said aty laaﬁ:attime

the colunp daspdyany agsoﬁwancagf@éwfiageoﬁwa)pm%e degas-p gu{%

descri bed, adapted to cause to flow through t he b
in a prevail i nﬁurfacpa Px| tier @@ﬁsé‘ﬁe o: the gas phase through the f:.ller

4, which is larger than its cross-section.

For the purpose, the basket 3 is given a smaller cross-
section than the cross-section of the shell 2, and has
1S opposite sidewalls 9 and 10 which are gas-permeable.

In addition, the column 1 advantageously includes
approériate means, to be described, adapted to cause the
gas phase to flow through the basket 3 in a prevailing
radial direction.

20 In this way, the gas phase is caused to flow through the
column 1 - contrary to the constant teaching of the prior
art - in countercurrent to the 1liquid phase along a
prevailing radial flow direction.

The gas-permeable surface of the sidewalls 9 and 10 is
25 advantageously provided larger than the cross-section of
the basket 3.

According to the embodiment shown in Figure 1, the filled-
type column 1 of this invention comprises an extermal shell
2 which is substantially cylindrical in shape, and at least
30 one annular basket 3a-3e for. containing the £filler 4 which
is mounted inside the shell 2 coaxially therewith and has
opposite gas-permeable cylindrical inner and outer walls, 9



20 I n thiswemyggsyse gas phase is caused to flow through the PCTIEI(;H9}6%5

contrary to the constant teaching of the prior art - in

countercurrent to the |liquid phase along a prevailing radial flow
direction. - The gas-perneabl e surface-oft4the sidewalls 9 and 10 is 25
advant ageously provided | arger than the cross-section of t he basket 3.
According to the eﬂBodinent %QQ in Figure 1, the filled- type col um
1 of this inveﬁPFo cSﬁﬁP &3 Yext ernal shel | 2 which is’

substantially cylindrical in shape and at |east 30 one annul ar basket
3a-3e for conBaEhral Eneef Spaee 4Hiscformed shepweerdanninnert walinhar of

coaxial l'y thereﬁfet Bhafd 838 the m%ﬂ@%@%m@@é%ﬁkeedwﬁ@ al 88@0nd

and outer walls

respectivel y. free ARagest 1Ry cks sfascmed; ‘f’bthéﬁrréﬂ‘%ef‘%@éﬁ ai'fﬁ#]nnér %I thea
of t he shebhgred .t he outer wall 10 of the basket, and a second free
space 12 is fornmed within the inner wall 9 of the 5 basket.

Advant ageousl y, .t he_col um. 1 furt her es; ns_9a
for causing at *R¥3BF2FSRHSEY portf oFO g‘f"‘%ei rd%éerphggg‘pfﬁsﬁsovg‘ﬁf?%ugﬁ'
said at | east dfe,bazketl3a- For causdimgn ahe fdast 4rwejopageritliidio vhethe

second free SDQQF k%;a%r 1y EDSWOLASLUNRY & dav.. leasltncrx §$@£e33f—3e,

Figure 1, the contains five annu basket's
cont ai ni ng t hefrpm shesfiggtcree %%Lﬁalerwrp%@dsaﬁ@neu §§6§e§Pé§&xﬂ-§l oy

within thegghekhe2other whieseudrpkets are flown by the |iquid phase from
above

In the example of Figure 1, the column 1 contains five
annular baskets 3a-3e for containing the filler 4, which
are superimposed and disposed coaxially within the shell 2.

These baskets are flown by the liquid phase from above

1S downward of the column 1 with substantially axial
direction, and by the gas phase from beneath upward with
substantially axial-radial direction, as indicated by
arrows Fg.

The number of baskets 3 inside the shell 2 may vary to suit

20 the size of the column 1 and the rate of mass transfer
sought. A number of baskets in the one to twenty xrange
should prove adequate to meet most requirements.

To promote the mass transfer between the phasés and ensure
optimum operating conditions throughout the column 1, the

25 baskets 3a-3e for  containing the filler 4 may
advantageously be provided in different lengﬁhs, e.g. with
the lowermost basket 3a being the longest and the other
baskets decreasing gradually in length to the uppermost
basket 3e which would be the shortest.

30 The baskets 3a-3e shown in Figure 1 are laid contiguously,
and have each a perforated bottom 13 which can be permeated
by both the liquid phase and the gaseous phase.



15 downwar dWO9/43428¢ colum 1 wth substantially axial Pc-lﬁygggltz:,@n
and by the gas phase from beneath upward with substantially

axial -radial direction, as indicated by arrows Fg. The nunber of
baskets 3 inside the shell 2 may vary to suil® 20 the size of the colum 1
and the rate of mass transfer sought. A nunber of baskets in the one to

twenty range q:ul d r g agﬁguﬂ%& AT %tto';nesquiﬁ eg%ntéhe bask-g%s

promote the mad¥ phases. an ensure
oper at i ng condlita-cims am oaghbablyhelcedum ﬂeﬁlﬂ;*?Sth%agﬂétE 333- @dlaﬂdly

cont ai ni ng *% Jf"é‘é SoL14BY  and BENRGEPYBLYDCLREOVIARhIA phase
Iengt

di fferent I ower nost basket 3a being the Iongest
and the other e"—"{?ﬁke‘%}é"- d%%ﬁ’é%l%ﬁng gradual ly in length to the uppernost
basket 3e which would be the shortest. 30 The baskets 3a-3e shown in

Figure 1 are | aghk COpi:éﬂtlﬁu&' y,of caad Paser @ected p%ft(troﬂfSEd Dot t Getlden
whi ch can be perrreat ed,

"5 - Ffclatie , cohegutus ’%&sooﬁ)?oﬁ% Prosdeted 3 cathotita

3a- 3e are sui t anigresiswedofo pifdedrntireedjaenphaye imdpakbgure drap oof tuhe

col l ect and g%éj ﬁﬁg%%ukfw&?gr b&ga’bgo MRS s tbﬁxgreﬁnawswgaﬁ%etl%ast

5 The presence ttons successi ve
conti guous baskeame SQfSetb‘laﬁduébgsa coat rog| edpflectedr agadiatly, and the

predeterm ped efitflowihd’ e3&uia PrasOf FEBR one UBAsRBBS&d | B8 RepetilyAUal,
t he basket which all ows_ at ase e deflected

radial ly, and t$/%& t%ﬂjﬁ’?“%vﬁ%gﬂﬁmﬁuﬁﬁgs@ﬂ%ﬁl Bﬁg*tbgéﬁ %0 be

optionally collected and re-distributed to the next basket. By
having the |iquy phasiegcothectlednardl phadesteobléetded and re-distributed

between successive baskets 3a-3e, optimum conditions can be
ensured for the mass transfer between the phases, with the

15 entire surface area of the £filler 4 being utilized and
preventing the formation of preferenfial flowpaths for the
‘liquid phase going through the filler.

The portion of the gas phase which has been deflected
radially out of one basket 3a-3d is then re-introduced into
20 the next basket 3b-3e, again in radial flow direction.

Preferably, the radial flow of the gas phase through the
baskets 3a-3e is either of centrifugal or ‘centripetal type.

Particularly satisfactory results have been obtained using
an alternating centripetal and centrifugal flow (or vice

25 versa), as indicated by the arrows Fg in Figure 1. That 1is,
the gaseous phase goes radially through successive baskets
3a-3e in opposite directions.

The baskets 3a-3e, or just some of them, may be disposed
inside the column 1 at suitable distances from one another

30 to define respective cylindrical spaces between successive
| baskets.

These spaces may advantageously accommodate means (not
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bet ween sucews sz askets 3a-3e, optinum conditions can be TR <for
the mass transfer between the phases, with the 15 entire surfPace ay)ggplts)f

the filler 4 being utilized and preventing the fornmation of
preferential flowpaths for the | i qui d~phése going through the filler.
The portion of the gas phase which has been defl ected radi ally out of

one basket 3a-3d is.thepn resintroduced into 20 _the ket. 3b- 3e
again in radiaf P"B\A/ o egpﬂ.gﬁ;Elng f%?é%i‘?/?r{iﬁ%gfééi gg‘%f %%étggaags
phase through fltem ondas&sket3ao3ahes maxther whiche mesinfsugate oconventipnail
type. Par tigularl [.sf A . have been obtained using -

an alternati nggtk:"ean%% pe lg‘ﬁ*éaﬁdféc%%]}r%éf’f%é%ﬁ;w (or vice 25 versa), as

i ndi cated by the arrows I;%é{in Figure 1. That is, t he gaseous phase_goes

radi al |y t hroudhtersedssialy peakersing azplyralitypsdsitaskrtect Famscolumn
The basket s5 3a13@acibrditsy EeMHY presentBYnhendisnoshld ad®ahdgbbesly

colum 1 at suitable distapces from one anqther 30 to define ,respective
cylindrical spid®¥€& et f#&8H-Su el dlvﬁQ‘?%et‘é?to a pil’i‘é?g'%a raRes

advant ageousl| y (deriisauial eiepdGur®0l by the same references 3a-3e as the
- 16 - sh f collecting and re-distributing.the | iquid
from one bas ke% \g{%cet%nsé 'ne??{?éﬁ\%ﬁg%‘ﬁs n%%ﬁs%? ecg:x\?erﬁgﬁl’b%% 'i'hlsaﬁg?‘%%Sement
further descri Bsd teerhs ixegarded\ asrsubstatyiablhaequivalehtr hbi theobasket
baskets, t{@ C%'z‘i@ﬁg'%ni‘erﬁ.ccél{éuﬁ‘gsbﬂ {céqur@r sent invention could

' asket 3 di

advant ageousl y have a single vided into a plurality of zones
(indicated in Eigure 1 by the sane references 3a-3e

fas t he basket s),
conti guous one i R heRis TRFROGIPSREenBR PeTEqratesd ROTRYMSF did gke
substantial |y pyewidleelit tadt hthdafhller 4 inside the basket 3 forms a

continuous single body.

According to a particularly advantageous aspect of the
15 invention, the outer wall 10, or the inner wall 9, of at
least one basket 3a-3e comprises a portion 10a,
respectively 9a, which 1is gas-impermeable and of a
predetermined length along a top end thereof.

In the example of Figure 1, both the outer wall 10 and the
20 inner wall 9 of each basket 3a-3c advantageously comprise
the gas-impermeable portion 10a and 9a, respectively.

Where, instead of the baskets 3a-3c, the column 1 compi‘ises
a single basket 3 divided into a plurality of zones 3a-3c
as described above, the gas-impermeable portions %a and 10a

25 of predetermined length of the inner wall 9 and/or of the
outer wall 10, respectively, of the basket 3 would be
defined along a top end of each zone.

By providing a gas-impermeable top portion on at least one
of the, preferably both, sidewalls of the baskets or zones
30 3a-3c, a major portion of the gas phase stream flowing from
bottom to top through the £filler 4 can be deflected
radially in a simple and effective manner, allowing the gas
phase to flow through the column 1 in a prevailing radial



10 arr angerot998en in Fi gure 1. According to this enmbogy 9019%
et

perforated bottons 13 are provided, and the filler 4 inside the

3 forns a conti nuous single body. According to a particularly
advant ageous aspect of the 15 invention, -tB& cuter wall 10, or the inner
wal | 9, of at | east one basket 3a-3e conprises a portion |Oa,
respectively 9@ whi ch |s gas-inperneabl e and of a predeterm ned | ength
along a top en In the exanple of Figure 1, both the outer

wal | 10 and the 20 |nner wal | 9 of each- basket 3a-3c advant ageously

conpri se thﬁ @mrﬂlnnhemuﬂberﬁmra&cm fdfet bon Of, thespédewandly. 5 and/or
Wer e, instead els he. si.nogls '
basket 3 d|V|de éh§§%¥d%a.éﬁh l%%n%§8%g£ge (89”§Eb§8§erm%g§d ﬁ%l%y)
t he gas- |nperne@bmﬁqxﬂr$@ﬂ§r§adang ofa the 9#5tﬂhﬂﬁ@ewhiﬁbdaﬂyngthgﬁpusmy
inner wall & a&@{g&’dég axi@it 103 | enkdug He%‘?ﬁé:t ipdalner 4, “Eﬁereby

basket 3 mnuld fined along a top end o each zone.
provi ding a gast ﬁﬁﬁSQﬁ%ﬁﬂ%P?cﬂﬁixﬂﬁﬁ%ﬁ Srream gadiadry- of the
preferably both, sidewalls of the baskets or zones 30 3a-3c, a nmjor

FO{}IOH of thgqggﬁfl prcsorticam of ovilg fgas ph?béttchaF? goasth&eughlu@e
iller 4 can be _de a i.n_a,si e.a ectiv

al I owi ng the g&? peéﬁﬁté&?tsxfﬁg&yth gﬁ&ﬁﬁﬂnﬁ%%lsﬁﬂifglteﬁ%r§§§EFFﬁ8 by
r adi al the lengths or extents of the Has-impexweakle oportions| 9a

controlled I ncr ease eterntne e pr ssure”drop
the gas phase Ria&e aypg. gaggggg| y:orresnon ingly with such portions.

increasing the length of the gas-impermeable portion, the

fact, the y@perfﬂ/q;red,f@g gaaggetbgee \g%dz% %.f’c??/ derg otd B{(O‘éﬁ‘ée§fa%

resistance to the axial flow and, hence, the radial flow
component of the gas phase is increased.

1S As shown in Figure 1, it is 6nly a minor portion of the gas
phase that goes through the filler 4 in a substantially
axial flow, while ‘the major portion thereof follows
substantially radial flowpathe, resulting in a mixed flow
being established, i.e. axial-radial.

20 Where both sidewalls 9 and 10 of the basket(s) 3a-3e
include gas-impermeable portions 9a and 9b, the length of
each portion may advantageously be different for the inner

~wall 9 and the outer wall 10, so as to augment or diminish
the radial component of the gas phase flow.

25 Particularly satisfactory results have been obtained with
the gas-impermeable portion 9a, 10a being 5% to 30% of the
length of the inner wall 9 and/or outer wall 10 of the
basket 3a-3e. '

Preferably, the length of the gas-impermeable portion will
30 be in the range of 10% to 25%.

According to a further particularly advantageous aspect of
this invention, the column 1 includes gas-impermeable means
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5 inpedes tygodnsag flow through the filler 4, thereby de,t&—gﬁ,gmﬁshe

gas phase streamradially. The proportion of the gas phase that goes
radi al ly, respectively axially, through the filler 4 is dictated by
the I engths or extents of the gas-inpernéaﬁpe‘portions 9a 10 and/or 10a,
because the pressure drop undergone by the gas phase woul d vary

correspondi ngl.y, Wi oL i | ENngqt I ae
P 9% W i%féﬁeéiéﬁlf% e fredNgHLAsENgLt BAG! e00hRrahgeleat

gas-i nper meabl’e port | sistance to the axial flow and, Sncg%n
the radial fldhe Eixstponand ofitt hEhgas'serasd | LL4Sfr eIRACE sh

in Figure 1, ijt.d |, M nor portion of the gas phase that goes

t hr ough the1ﬂ#ﬁ%§ééyﬁr$§?substantiaIIy axial flow, while the mgjor

portion thereof follows substantiaglly radial flowpaths, resulti in._a
mxed flow AdReufingt &9 i Ehed =¥ .@.al%x% -?%aﬂ‘i"é?.VP'ZO 1%8Fe%eoaoﬁqﬁ ohe

si dewal | s 595§Fhﬁ§@ @é-?ébedﬁhﬁ%ﬂéEbsuﬂﬁ-&eans Adnimmhggasslypexrﬁamsa
ortions 9a and 9 the n 0 .eac ortlio t 0
BTt eront for Theimiber BAZple]1e whiSH A Nag TnbRiqBdiEa! 087U bdiRg
or diminish atthe topdietdcofpaient fbfst hfrges spree Llewandsa circular
Particularly %@iffi%cfgr%higﬁuiés Qéyf%§ £ReQRi 8 BRE WikBosed HRea bottom
or a, 10a b%lng 0

gas-i nper neabl’e ion to 30% of the | ength of the

i nner wall 9 o f othersegpnd 1free sPace 1l2pgsket 3a- 3e. Pref erably,
the length of the gas-inperneable portion will 30 be in the range of 10%
to 25% 10 ABcOEHigOwhe,a dHe dudediad tpiaker brnadbantageedstaspasts drom

Ehag [nventjcwkné Qagggg a}3angoug§g 93¢ BRELUEABLE TP an alternating

centripetal and centrifugal £low of prevailing radial
direction, while preventing the gas phase from bypassing
one or more of the baskets, which would'adversely affect

15 the overall efficiency of the mass transfer taking place
between the phases.

In fact, when at least a major portion of the gas phase is
caused to flow radially through the filler 4, it matters
that the gas exiting a given basket be directed to the next
20 Dbasket in such a manner that it cannot flow out and sweep
across other baskets in the column or even escape from the

column.
\

Where the gaseous phase is to move from one basket 3a-3d to
the next 3b-3e in a mainly radial flow of the alternating

25 centrifugal and centripetal type, the gas-impermeable
annular baffle 14 would be disposed at a bottom end of the
first free space 11, and the gas-impermeable “circular
baffle 15 would be disposed at a top end of the second free
space 12.

30 In the example of Figure 1, fwith the column 1 being
traversed by a substantially axial-radial flow of the
gaseous phase, the baskets 3a-3e are left open at their top
ends, rather than being closed by a gas-impermeable cover.
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14 and 15 fwb ®ls@eng the free spaces 11 and 12 arranged at pcTiEpovdizyst
and at the second free space 11 and 12 respectively. According to
the exanple of Figure 1, in at |east one 5 basket 3a-3e, these closure
means advant ageously conpri se an anndl &P baffle 14 which is

gas-i nper meabl e and di sposed at a top end of the first free space 11,

and a circul ar baffle 1 g I t

bott om endghdf Greatddon a?%iégéb e%%? ﬁkg}[‘&@glﬂ? %ﬁ:%ésggﬁg
phase can be pguges tDipebd f;hame, a@@dmas:kml&lﬁdlno thiee wper bharket
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or nore of thenbakketfdl st (ﬂhuhnn‘eiracnmtsi)i!}e@ffect 15 the overall

ef ficiency of the mass transfer taking place bet ween t he phases.
In fact, ?’h ﬁ'nﬁ%ﬁ{‘e it J Q epoﬁﬁﬁ\é’fai’f 1tdhegeasrahage igdicateausedheat
flow radl a I y 4,

It matters t hat the X|t|n a
net 2t Hdk

gi ven basket E@Cbﬁpg@treddﬂ-éppﬁédnekfl Xhe hsagcand nfxgen SPRE
cannot flow oghsied Sy@erJ for mpéétm@ethbasg@seom phaseolminclmr 1e\ases

f th t f
one basket 30188 EESKEC Tk Wikh ZAGSAL ALGVIER T A SroTeburar e HaRE
al ternating 2baskett r3idugedb aandndiergat get¢at ekghapget Wdthyas- hepbingalore

annul ar b er 14 .woul ed| e ottom end of the first free
space 11, é ﬁnu%errrea’g e %?f‘“f’:% a? baffl e 15 woul d be dIsposed
at a top end of the second free space 12. 30 In the exapple

Figure 1, wilmhpadfelcwiaxmthe Béisﬁgus phass, érss RRYSEA SRbELM: |t£’|11°9‘gh
axi al -radi al ft:'tféwriéaé héxchangaseaus dihaske bhelbasiieles 3aitde ehe hefatimgen

at their top .. £083:nG?' PEL14"%h PELEY CiSSedBe @ 982 JMRIITANY, CRHR
means for feeding and extracting the heating or cooling

15 fluid to/from the heat exchanger 16 have been omitted from
Figure 1 because known per se.

Depending on individual requirements, one or more heat

exchangers 16 providing indirect heat exchange for at least

some of the gaseous phase flowing between successive
20 baskets 3a-3e may be arranged in the free space 12.

By providing a heat exchanger 16 in the column 1, the
scrubbing, absorbing. distilling and decomposing processes
for which the column is intended can all be improved.

As mentioned above, all the features, except the gas

25 permeable bottom 13, described in relation to the baskets
3a-3e also apply to the particular embodiment, not shown,
of this invention wherein the column 1 comprises a single
basket 3 divided into a plurality of zones 3a-3e.

Figure 3 shows an embodiment of a column 1 for implementing
30 the process according to the present invention, which
differs from the example of Figure 1 mainly in that the
gaseous phase is caused to flow through the filler 4 in a
substantially radial direction, rather than axial-radial.
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by the liquid phase, and particularly in the upper basket Pég/,ip 75

facilitates the feeding and distributing of this phase on the filler 4
therein contained. 5 In Figure 1, the num#®l- 16 generally indicates a
heat exchanger disposed in the second free space 12 in the basket

3c, for subjecting.the seous phase which | eave asket .3C Wt
radial flow amdPi SHF e?lﬁ":f% tﬁerneg?.r%s Bgskg{’QSd?é?‘gmgn #nd’fk?le%w k#e‘l“'a
exchange with gtheeturglby afd coankicignilldiyd equickakentmater those shown in
particul ar, the, eous IS, .C d he,:kgat
exchanger 16 gﬁﬁl?quze s#él Eggl el,"-'i\fem' %lhéﬁ%hé\:t %eéa%%é hlji‘%%?r(s:ogfl%lnglzl'ltj'lq'uib(? orhot
t he tube side.fyothexr ngesciibedt he means for feeding and extracting the
heating or cooling 15 fluid to/fromthe heat exchanger 16 have been
omtted frem agvdihOahEodsPpCauste KBAYRRE' PRase isDRRAMHEAILRN flow in

I ndi vi dual requirenents,_one or_,nré_heat |, xch ers 16 providin
i ndi rect heat HRFEAIEIRLIY a3 direg of%t Hgfgﬁéﬁgué:h&na%%?f Fg‘\ﬁ RF

bet ween successhe'ebadBkelqshiets 3aadednmithe tlié afdedemn 4 hdikpesedpairesilde

- By providing a‘iheat I>1<chaEger 16 in the colum 1, the scr ubbi ng,
absorbing. dis kr‘?l??l TMd deconposi ng processes for which the colum is
i ntended can all be inproved. As mentioned above, all the features,

except the gasFes peemepbrpobett oat13ledsscr obed baskeltatidon hag t e gas-
baskets 1q 3ain§€e€$é£bi‘@%¥v&9 fwemeaﬁtéauger ieEbediy Mg . not shown,

of this inventi erein the colum 1 conprises a single basket 3
divided into a_plurality of zones ,3a-3e. e 3 shows an_ enbodi nent

Fi gur
of a colum 1 ¥orthepPEARRLEnGL3Fiqe ol b%%‘&%?ﬁi Ag P 3hETHrRTht
i nvention, whpedvideddwithra toesrt he esehpkhael nbitgwvernl ammingr ipottixdn
t he gaseous: phase Ls.¢c e o flg hr.,ough -t fdller i
substantial ly C?J‘:’;ldit‘lglle d#?%gsﬁ%n,%éaai e‘?’wg‘ %ané)éjaxgalll-% S’aeéil a{:‘.g 9'4: p.h%ough the
filler 4 in an axial flow direction.

15 Thanks to the gas-impermeable cover 17, the gaseous phase
is forced to flow radially through the filler 4, and is
prevented from exiting the baskets 3a-3b in an axial
direction.

In this case, the gas-impermeable portion 9a, respectively

20 10a, of the inner and outer sidewalls 9 and 10 of the
baskets 3a-3b, additionally to deflecting the gaseous phase
flow in a radial direction, advantageously prevents the
baskets 3a-3b from being undesirably bypassed by at least a
portion of said phase which might leak, through any gap

25 between the cover 17 and the filler 4, directly from the
first free space to the second, 11 respectively 12, or the
other way round, affecting the overall efficiency of the
mass transfer between the phases. '

Preferably, the gaseous phase will flow, as indicated by -

30 the arrows Fg in Figure 3, radially outwards 'through the
first basket 3a and radially inwards through the second
basket 3b.
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structurally and functionally equivalent to those shown in Figure 1,
carry the sane reference nunbers and will be not further described. 5
Advant ageousl y, the gaseous phase.is causedfto flow in substantially
radial direction by closing the top end of t he basket(s) 3 | oaded with

the filler 4 di 805;%‘1151.—5{15@'&& iddeofOLHEN ghseous pdsé NRapuLROSSe1&éted
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In this case, %%dgya%pé%%%qnecrbﬁqq o%%a&a?%slﬁgcgflegéy%%@ o 1%‘2,68%#%?ﬁe
i nner and out ethel desalsktsuetion 16fofthee colummsiet sb®g 3preadaft | eravigl
to deflecting, &%% a ' by & i@l mdske Gy fer between
advant ageousl ytj%?even%?étsh‘gg Eﬁebgsfét:g\é’gg??)b ffrom brgi ng undesirably
bypassed by at theaghages. portion of said phase which might |eak, through
any gap 25 between the cover 17 and the filler 4, directly fromthe

first free16pagericherhrsC N tombldedt paeidesd olld We thwovidedt hithvwagme
e 2t O e CgERLE s ' SLES Ve 2l vilSea by e | 5ALRLES THAEE in
substantially radial flow direction, and some others in

axial-radial direction.

In this case, not all of the baskets 3a-3b would be fitted
15 with a gas-impermeable cover 17.

The number of baskets 3a-3b shown in Figure 3 and their

different lengths are merely _illustrative, and may vary

according to necessity as previously described in relation
. to Figure 1.

20 It should be noted that the means S for feeding the liquid '
phase into the column 1 locates between the cover 17 of the
upper basket 3b and the filler 4.

According to this embodiment, the liquid phase flowing out
of the upper basket 3b is picked up - by means not shown

25 because known per se - and re-distributed to the lower
basket 3a, for example, by a nozzle type dispenser 18,
itself disposed between a respective cover 17 and the
filler 4.

Advantageously, the baskets 3a and 3b locate adjacent to
30 each other, with the cover 17 of the lower basket 3a
forming the gas-impermeable bottom of the upper basket 3b.
A column of compact and simple construction is thus
obtained. However, a plurality of baskets 3 spaced apart
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in Figure 3, radially outwards through the first basket 3a and radially

i nwar ds t hrough the second basket 3b.
- 21 - The radial direction of the gas@dus phase may be sel ected to
suit the colum 1 construction, and nay be purely centripetal or purely

centrifugal, or centripetal and |fu 0 a) Simlar to
the exanpl e shdwmeisis Fhe Gplmn Jti%’ g’g%%‘; éeesa/u ‘i?snéég%?} selecting a
particular direction for the gaseous phase fl ow do concern t he

construction ofalitrown unotl, shokm ara oFigukei a3, the nfseearfRacd e MaY

ef f1ciency of thg IAss AN el-Datibgive onkNBrPHBYES hedd ekihibhgersr gora
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and sone ot g ersﬁazld?n one 3:3%3"]&3 &b dhdifded I Dd a heatinghbs eéskingoflalil,
of the baskets 3b woul d be fitted 15 wth a gas | nper neabl e cover 17.

The nunber of t%ﬁsl&qfsc@é?e&h ThRELIHLER iR &F their di fferent

| engths are nerely illustrative, and nmay vary according to necessity as
previously desqddwingretatian furtherfFi gmbedimer?0 of stbibd beveotédn

that the means\fgerf.or f e?ﬁg%ltg%e |é]U| he gl%&e 4 ng_ﬁcipaeﬁolméaéecghgs

bet ween the co Upper ASk et
Accor di ng to tmasleemommworh@omtqmun@h@b@ ﬂbhﬁﬁg‘loafld beipg dREPESSEr

basket 3b i v WYeHBANEhBOLhehaWD 2hd hespise &ppusiper sidewadld
re- dlstrlbutedtot ower
20 which are gas-permeable and preferably plane.

Defined between the inner wall 2a of the shell 2 and the
sidewalls 19 and 20 of the baskets 3a-3c are first and
second free spaces 21 and 22, opposite to each other.

15 Advantageously, appropriate means (19a, 20a, 23) are
provided for causing at least a major portion of the
ga'éeous phase to flow into the column 1 through at least
one basket 3a-3c, from the first free space 21 to the
second free space, or the other way round.

20 In- Figure 5, the parts of the column 1 which are
structurally and functionally equivalent to those shown in
the previous £igures are indicated by the same reference
numbers and will be no further described.

According to this embodiment of the invention, the ligquid

25 phase is caused to flow through the filler 4 from above
downward in a substantially axial direction, whereas the
gaseous phase advantageously £lows through the filler 4 in
a substantially crosswise direction from bottom to top.

In other words, the gaseous phase is moved from one side of
30 the basket 3a-3c to the other in an essentially oblique
flow wherein the horizontal component prevails.
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basket 3a, fwo9Maszel e, by a nozzle type di spenser 18, | t SpCT/EHSSQIoTs d
bet ween a respective cover 17 and the filler 4. Advant ageousl y,

t he baskets 3a and 3b | ocate adjacent to 30 _each other, wth the cover 17
of the | ower basket 3a formng the ga’s-%anp'er nmeabl e bottom of the upper
basket 3b. A colum of conpact and sinple construction is thus

obt ai ned. Howevgg férﬁwg?' idy Shob@skal FidnRared apRIts, the shell 2 is
- 22 - ' |n5|8e the tolumm 1 coul d be provided instead. Al t hough
not shown in Fi gubstantipdlyr c¥lipdsécas idyshape,qaast 53\50@%?%'&%5’0%&?%
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gaseous phase flow n rqm one basket ,to,the next.and,a heatin r
cooling fluid, th"sag’aé’escﬁf%eﬁp?ﬁer @Ivéﬁrlc?‘rk?&teo HFitee %he coafﬁ%rgogdicr%‘ 128
a further erbodbestt uefiltied,i nuedht roomy badkpist &k 43t FEgur ecntaimdmy| tine
1 includes at | an et_ 3a: for ) fi 4 and
bei ng di sposed ?giisaagi’alalsy%ﬁtlﬁhi%s ?ﬁ}gffs%ée)ﬁ&%ra]}épgggi %gggppgc%sai 'y 21'%nd
si dewal | s 192 20 whilow the gasepusnphbkse &rd faocer dhgtsuglp|wihout undue

Defined betweengi.hgi 22.8f phhe sh8kkg? and the sidewal I s 19
and. 20 of the basEgt %ngﬁ'S?@%bé ?F?s%) a%é% second free spaces 21 and 22,

opposite to each,other. 15 Advant ageously, appropri ate neans (19al 20a,
23) are pr oviBlédardy 2guShggPEEVIENS eXAMRILSS pHEHSORIHLR (RE least one
gaseous phase teoff khe isidewalldcaluand 2d) oppgdfatabigasboth, @® tieskedsket

3a-3c, fromthe_ficst free.space 21 to the econd .free spac :
other way round3e-35 FREBF4RRS 8, SPRs pRAEDegPLEn S RN AT g tarEret Fely
20a, of predetermined length at a top end thereof, which is

effective to deflect the gaseous phase flow horizontally.

In addition, the column 1 advantageously includes gas-

15 impermeable means 23 for closing the free spaces 21 and 22,
disposed at the first and at the second free space 21 and
22. '

For the purpose, the closure means comprise a " gas-
. impermeable baffle 23 located at a top end of the first
20 free space 21, and a.gas-impe'rmeable baffle 23 located at a

bottom end of the second free space 22.

In an alternmative embodiment, not - shown, the gas-

imperfneable baffles 23 are located at a bottom end of the

first free space 21 and at a top end of the second free
25 space 22, respectively.

In the exampie of Figure S, these baffles 23 have a
circular-sector shape.

The baffles 23 are advantageously effective to induce a
crossflow of t:he' gaseous phase through the filler 4 from
30 the first free space 21 to the second 22 and/or the other
way = round, while preventing the gaseous phase from.
undesirably bypassing the baskets 3a-3c. '
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figures are indicated by the sane reference nunbers-and-wrF%E%gBﬁéy

further descri bed. According to this enbodi nent of the invention, the
liquid 25 phase is caused to flow through-tbhe filler 4 from above
downward in a substantially axial direction wher eas the gaseous phase

advant ageously flows through the filler a substantially crossw se
di rection fromPSot3BIEeERE ophe lenmnh<ﬂﬁmﬁhqosa§ ipReTggaRd s Ravken s19a

noved from one gigde o S0 the Eﬁé&ﬁ&lﬁa 139 hAdt he,ohlkewedll &k aSie Mhmbéy,

obl i que flow wherein the horizont al one evai
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3a-3c for cont &iguxgst.he f|IIer 4, as well as suff|C|entIy broad free
spaces 21 and 22 to allow the gaseous phase to flow through w t hout

undue 11 Cpataladll 8amp 98, PELPY2 ;;Qﬁ%d that S £8LLinAY die

ol
exanpl es, here again at one e si I's 19 and_ 20, pre erab?y
both, of the b&d¥ee t?a}-aer'el%orﬁﬁ IPRG e EPRX bt 1Y onrvanged,

reSDecti}/fel yt 1oat2ﬁaid v?jlitm{eltdﬁt eiglaedal, e%ﬂltplér?.}'n sﬁ@paﬁ@ éft?iﬁ@iau%ﬁhh
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2ddi ti on, The SHMPSE B ntaEBo they KA IRRRAE okt DBLARpdARER ChRRnEhe
for closing theandesd ysipar et BL23b. di sposed at the first and at the
second free space 21 and 22. For the purpose, the closure neans

conprise a gasa perforated bottom 13 is provided in each basket 3a-3c for
passing the liquid phase and a minor portion of the gaseous
phase between successive baskets. In addition, the baskets

15 3a-3c are ocpen ended at the top.

As a result, in the example of Figure 5, the gaseous phase
is advantageously allowed to flow through the baskets 3a-3c
in a mixed crosswise and axial direction.

Alternatively, in an embodiment not shown in the drawings,

20 the baskets 3a and 3c may be fitted with respective gas-
impermeable covers at their top ends, so that a true
crosswise flow of the gaseous phase can be provided through
the filler 4.

Also within the scope of this invention is a column 1
25 comprising some of the baskets flown by the gaseocus phase

in a substantially crosswise direction and others of the

baskets flown in a mixed crosswise and axial direction.

The baskets 3a-3c may advantageously be disposed in a
mutually spaced-apart relationship inside the column 1.

30 Also, suitable means may be provided between successive
baskets 3a-3c to collect and re-distribute the liquid
phase. |
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and a gas-inperneable baffle 23 |ocated at a bottom end of the second
free space 22. In an alternative enfodiment, not shown, t he
gas- - inperneabl e baffles 23 are |ocate t a bottomend of the

first free space 21 and at a top end of the second free 25 space 22,

respectively. 1p tid dhEmprxags eFlQﬁreFl Surethése theSes b?é:ﬁﬂ)?ﬁseZ&he
have a C|rcular-sector shape.
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.length of the A%R2YE " 3a- 3¢ insi de the colum 1, the sane
characteristics_and advantages apply 5 as have_been di scussed above in,
relation to thdlpexmabiyely, fthguaedumn 1 gewldagd¥rapdoecusl Y CoRRELSe.,
that in col um;isebagl G Cthe baddit@s salgbyt 'aP Biﬁbibs biEleS a|3e divided

coaxi al ly arranged, | oaded with the filler_4, &rﬂgos?
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baskets 15 3a- andaaévepeagesde@fatcouueet, opo perforated bottoms 13 or gas-
impermeable covers would be provided between such

contiguous zones.

15 A column 1 could also be arranged to incorporate a
plurality of baskets 3a-3c, with at least one of the
baskets being divided into the aforesaid plurality of
zones. '

According to an embodiment, not shown but particularly

20 advantageous, of this invention, a substantially radial or
crosswise flow of the gaseous phase can be provided through
a column 1 of the type described in relation to Figure 3 or
S, by replacing the gas—impermeablé Ccovers with gas-
permeable perforated covers, and advantageously exploiting

25 the hydrostatic liquid head that forms at such perforated
covers to stop the gaseous phase from £flowing axially
through the.basket.w

In other words, the liquid phase - which is caused to flow
from above downward through the column 1 - upon leaving one
30 Dbasket, collects at the perforated cover of the next
basket, and before being re-distributed and going through
this next basket, forms a horizontal 1ligquid layer that
cannot be penetrated by the gaseous phase, so that the
gaseous phase will be obliged to flow in a crosswise or



g

As a resul twoigg/isddg exanmpl e of Figure 5, the gaseous phase  pcjBpoon127s
advant ageously allowed to flow through the baskets 3a-3c In a mxed
crosswi se and axial direction. Al terng#’jvel y, in an enbodi nent not
shown in the drawi ngs, 20 the baskets 3a 3c may be fitted with
respective gas- | nper meabl e covers at their top ends, so that a true

crossw se flow.gf;gheggaseedsnphase can be provided through the filler
4 Also wthin the scope of this invention is a colum 1 25 conpri sing

sbrre of the baskets flown by the gaseous phasge . i.,n_a_subst ant.i al,l
crosswi se di r eCPRORTESE Gt Hé}vserﬁfl%’he"s né)tbiwgech%ai ﬁpgcﬁn%)%gd type of
crosswi se and #iilaexdi4pctdamh. any filkebaskpes 3amagc benyusedaningbdes|thee
di sposed in a tual,lly s - tor ' i p if3si de.Lhesecol s .
30 Also, sui tc_gﬂ'lug‘grrea%s nag?%gﬂgﬁ%g deé_’ e%‘l\%‘g%%ﬁ;sucggzsi Sre “Pbals%s
3a-3c to cof| eddvantagectissnt,i bufdliews | i qui 9f dififerent type may be
- 25 - ! ?&.@&3' Ofed B ket s [HLSBfREES SOHBEI SF i basket,
perforated bot ?gtr'r:%%? pro#ﬂf{t %e %%sttom e%ds of tgg basket s 3a- 3c,
which is suitalsioy Wiatedhe Freeens phase flowsEate. pARSe thepMaShdsgnster
and/or to col | eeltwake I€heS phaded DELSwifle khevughphiite tolwmng bet vaen be
successi ve ba ket.lé'@d %%%?ivel y, the colum 1 could
advant ageous| y SEF3sES °F ® ‘of the baskets 3a-3c, a single basket
3 divided into a plurality of contiguously superinposed zones, not 10
shown, whiz8 cathebeilidesned hay eber padespéclineytt Natadwd- with desspededto
basket s 3a-3c qil Naygyihg SEIR,EHAI A Clalldt® phadld A¥aMA0REn Cbe a
course, no perforated botTons or gas-

suitable catalyst, or mixtures thereof. In case a catalyst

is used in the column 1, then chemical reactions may take

place in addition to the mass transfer between the phases.

15 As brought out by the embodiments described in relation to
Figures 1-6, according to the process of the present
invention for effecting mass transfer between a liquid
phase and a gaseous phase inside a filled-type column 1
comprising an external shell 2 which accommodates at least

20 one basket 3 for containing the filler 4 wherethrough such
phases are caused to flow in countercurrent, the gaseous
phase is advantageously fed into said at least one basket 3
through a gas-permeable surface (9, 10, 19, 20} thereof
which is larger than the basket cross-section.

25 Preferably, this process for effecting mass transfer
betwéen a liquid phase and a gaseous phase is carried out
within a filled-type column 1 comprising an external shell
2 which accommodates at least one basket 3 for containing
the filler 4 and having a smaller cross-section than the

30 cross-section of the shell 2, and cdmprises the steps of
feeding (means 5 and 6) the liquid and gaseous phases into
the filled-type column 1, causing the liquid phase to flow
through said at least one basket 3 in a substantially axial
direction, causing the gaseous phase to flow through said



I nper neabl ewoeay@iss would be provided between such C oY EPINIRTS
zones. 15 A colum 1 could also be arranged to incorporate a

plurality of baskets 3a-3c, with at |east_ e of the basket s bei ng
divided into the aforesaid plurality of zones. According to an
enbodi mrent, not shown but particularly 20 advantageous, of this
invention, a sybstpdiddl bihe’ Ahdke®r 3 inCrospyesailliay ofaghalgadipestion
phase can be provided through a c?(_)%u of2 he t g descri bggti'gctin
relation to Fi Jeang of2: 198 pi4repthci mgdne é&s-iﬁg ¢ meable ToVEFETWEN
gas- per neghle@npger? oaatied cotches, limdiddead: gpeects ohpises | fyors thee

hydrostati c Iiﬁéiﬁ?gggp%hgblh%nﬁ at such perforated covers to stop
0

t he gaseous ph owng axially t hrough the basket. In
other words, the liquid phase - which is caused to flow from above
downwar d t hSoudis trevisiushy 1descpibed cadi FeHFE19R baskbe, PXRATWe sdrgp

the perforated ofﬁéﬁ,g&éeoﬁgephﬁgét flowilRs kehro R@feor£i DEEAJ4 can be
re-di stri buted an 0

.%lngﬂthrough t hi s next basket, forng a hgilzont I
liquid |ayer t@xovided: Py, bhen PTSseaty RXOFESHF 1t ¥ eg‘z?é"%t%p'f'p?f&‘é‘@, g%t hates
the gaseougndasdodildidie il ilgedadleiévedy forathaasphiase ofand for the
- 26 - radi al, di rectiqn. The prese ' ti i | Lo y
a specific typg'ltﬁnd p?‘lalslegr f,ffgﬁ&lé'ney 9 | e%l%\él?; n%%b?%%%d F%Ihggeg
t he colann betweeni rehleudiigqrid whase iansd the gasepwhPhasgpes. 5

Advant ageously, fillers 4 of different type my be | nt er posed

bet ween basket 4y; NenEaR, ZoKESe©5, One Baskaleen fofifid! hileddecagPpUthat
phase flow rate, and the mass transfer bet ween tPf ‘Bhases | ow ng.
t hrough t he colRm causdgg bghe gaseous phase to ow mainly Tradially

through the filler 4, superior efficiency can be achieved
for the mass transfer since the driving force which is
15 responsible for such transfer is positively acted upon.

The operating conditions (such as pressure and temperature}
of the present process may be changed within broad limits
to suit the types of fluids to be processed and any
chemical operations to be carried out.

20 The present invention can also be advantageously applied in
columns having both plates and filler containing baskets

The column shown in Figures 1, 3 and S may be a brand new
one, or alternatively be - according to an advantageous and
preferred aspect of this invention - a pre-existing column
25 of the filled or plates type retrofitted for carrying out
‘mass transfer between a liquid phase and a gaseous phase.

Advantageously, the method for .retrofitting such a column
would comprise the step of providing within the same at
least a basket 3 for containing a filler 4 which has a gas-

30 permeable surface, for passing the gaseous phase, which is
larger than its cross-section.

In particular, the retrofitting method according to this



c_ontrol | ed ‘8; %Bgi fsr ed. 10 The filler 4 may be nade of |nerltc.lr}§§®ydlfy5

W th respec the flow ng liquid and gaseous phases or it can
suitable catal yst, or mxtures thereof. In case a catal yst is used | n
the colum 1, then chemical reactions nay-t@Re- place in addition to the

mass transfer between the phases 15 As brought out by the enbodinents
described in relation , to ,

6., accofr r ssw of
present i nVERYSRLPRr 181 £ |aﬁ§eﬁ:d'§§dt r’éhs?le?'y {:vveen aﬂl | qur?jhg stegs
phase and a gasepuprphbdingpnsidsidef ichleepreyexistiman columncozpr L8REH SRS

external shell h,a qrm? t FHdPr 11
containing the %?‘%?%g Z ere %?{ f%ﬂ%cﬁﬁa f%qhgs!g? g?gkgguseéd t% fslmgw |er11:
count ercurrent, crheSgaeebuen thpﬁase:hes a@?hﬂ%ge&ﬁ?ls?‘rs@d: I <&RY afras

| east one bagkebodogirel AnditPeRakhe 18Ur § aca d .9, 1:90 20, 24 of
t her eof whi cﬁ s _|ar er the basket cross segtroa’o Pre%erallglay
this process P§PV1éH13ct Fﬁ‘@ Qe tS ol |%ﬁ1 haseé

and a gaseous phas¢ kS €k rcerﬂxsmrg the Wdducus ﬁhdéeedtd:yﬁkowolthmugh said
£ bt i kS AR PRb pagiaf, 6l RRSGRTTRARL FaaRhal BSkctEOskel 8

for containing 8F85s 88Ction than t he
30 cross-section of the shell 2, and conprises the steps of feeding .

(means 5 and 6) Toheobtajn daancolummods phadde | aame tYRe3Fi | degcriped  in
colum 1, caysi padi5Reqh| qud @Egﬁﬁetolf'ew 3, thh%ghr%%%ﬂttdﬁ@st ¥ftthod
basket 3 in a substanti al axi di regt | osr{_‘e csaugkn%r he.fg_aseous_ pﬁ:ﬁaset
to flom/throughaéaﬁﬁtageOUS1Y comprises the P
| east one baskeiond ignrmIpeYsEdkey I adbel cdintadning the (fkhberdd, dilfpnsed
;ﬁd gégeouggghaé’g‘?‘f’ﬁ&ﬁﬁ’) h’é‘t%rid f tqr 2%#% JCOI"Q%&?SbZSﬁQg %) ﬁ?éﬁ;&&&ﬂ;e
cylindrical gas-permeable inner and outer walls, 9 and 10,
15 defining a first free space 11 between an inner wall 2a of
the column 1 and the outer wall 10 of the basket 3, and
'defining' a second free space 12 formed inwardly of the
inner wall 9 of the basket 3, and providing means 9a, 10,
14 and 15 for causing at least a major portion of the
20 gaseous phase to flow through said at least one basket 3,
from the first free space 11 to the second free space 12 or
the other way round.

To obtain a column 1 of the type described in relation to

Figure 5, the method advantageously comprises the steps of

25 providing at least one basket 3 for containing the filler 4

disposed coaxially within the column 1, which basket 3 has

opposite, preferably plane, gas-permeable sidewalls 19 and

20 defining a first and a second free  space 21 and 22

located opposite to each other between an inner wall 2a of

30 the column 1 and the sidewalls 19-20 of the basket 3, and

_ providing means 19a, 20a, 23 for causing said at least one

major portion of the gaseocus phase to flow through said at

- least one basket from the first free space 21 to the second
free space 22 or the other way round.

35 Thanks to the present method for retrofitting pre-existing



5 As previ OMOI99/4388cri bed, a reduction in the pressure drop PCTHEPIARTS

gaseous phase flowing through the filler 4 can be = provided by the
present process, whereby optinumflow rates _ and velocities can be
achi eved for that phase (and for the | iquid phase) effective to augnent

the mass transfer 10 between the |iquid phase and the gaseous phase.
Additional ly thgighRs EbrhaFfwainpunibs nexarsfed! pethmien a Dbjquidsphgse
t he gaseous phase to flow mainly radially . t Ar ough filler 4.
superi or effic%&cyacﬁ%eeo%hi v % oS h%gﬁs?gag%g’g‘lgflé)r ?Pﬁ%%bt e O
driving force abhtbvesalsigrsifinsnt ciriaressehinr ahef erolwmposapacety, aendd

upon. The_operating._c I 11 ( Ss aqubt e )

of the present apgsggggl%ﬁlyqbe %%%dé%ﬁgﬁﬁtgégé‘dﬁeﬁm ts é{@t%ﬁs’ﬁ#ﬂ? ohe®
types of flai deoderbézpdocassoperrteampre effingtiieelyprE arnehslasgps flow
carried out. 20:ZBeop! BHENTIGHMEN LN iRl Giligs@dvant ageousl y appl | ed

I n col ums having both plates and filler containing baskets The
colum shown in Figures 1, 3 and 5, nay be.,a, brand pew ope, or
alternatively H@r?-gg@&'or dthg AR nf"&&@oug"ﬁﬁger e‘b?%%?s‘?‘?ﬁﬁs afecthsy
this inventi onretgofiietéxigst meghod! umrcdbdbigt o f idHeed prlesemt esntgpeion,
retrofitted for ,garrying out ss transfer bet n I qui

gaseous phase. adait’ Wgnt a@%%ﬁ?l ;/rf%’xi heE%%?HSSSf orcv'\%gt r%élttlg’ﬁgaglggﬁggﬁgqya
col um 19wubdovdded,seas hdeftippdofipr dependgnti tdlaimpe 323 aand 39-44
| east a basket gggaeaho%teqjé‘gdw_g a filler 4 which has a gas- 30 perneable

surface, for pasSsSing the gaseous phase, which is | arger than its
Cross-section. In particul ar, tge retrofitting, nethod accordi ng t%
this Further structural and procesging advantages accruiilg from

the present retrofitting method can be inferred from the
previous description of Figures 1-6.

15 It can be appreciated that, in implementing the
retrofitting method according to the invention, at least
some of the constructional elements originally included in
the column would have to be removed in a preliminary step,
it being possible to re-use such elements, for example, to

20 provide bottoms or covers for the new filler-containing
baskets.

dedkd * ki

From the foregoing description emerge clearly the numerous
advantages achieved by the present invention; in

25 particular, it is obtained a process for effecting highly
efficient mass transfer between a liquid phase and a
gaseous phase, in a simple and reliable manner, at low
investment and operating costs, and with low energy
consumption.



i nvention i wolemaeserized in that it conprises the steps olicﬁf.;pgg,ﬁh-gg

I nside the pre-existing colum, at |east one basket 3 for containing the
filler 4 which has a snaller cross-sec;igg Lhan t he cdfunn-efess—secLion
and has 5 opposite gas-perneable sidewalls 9, 10, 19, 2

providing, inside the colum, neans 9a, 10a, 14, 15, lgﬁlwmw ﬂ" m!’
causi ng the gaseous phase to fl ow t hr oughCBAIMS at |lea nm
prevailing radlal di rection. To obtain a colum 1 of the sanﬂ t ype*as
described in 1 elation t

gu thIS [ fitt had
advant ageousl y co ?§%§st 8%538'1;9590\%35 tﬁghlsgag‘t ﬁggw%%}é Fhnargpid
basket 3 for cphaseniang tahgafseldt.er Emaaespusﬁd.n a fichkedttypei chalumnhwhich

column 1, whi oh hgslicios? BAS 0RROSALE shefl! lidridlagimpersalidNghe

and outer walls 10, 15 I Nl ng a Irst free sgace et ween an
i nner wal | 3a §iller-deatedinimg 1 kaskethe vhesethappgly sidhe Phases 3are

and defi ni RGuaeecoRe f rﬁo&pacenﬂ dor f@é‘uﬁ@é@éﬂﬂ‘eﬁﬁ t heelauba@a&p,
wal | 9 of the basket 3, and, provid means 9a, 10,

causi ng at | ea§ta% ed'rlzﬁﬁjrtﬁrbﬁf{ﬁ t Wﬁj’éﬁﬁlstrb?la%%eﬁ‘oogl SW@HP&uéﬁld

said at | east gagebusketha@se to fsrama tahs Least fdw B@sleetltm@dg‘}e seegQl
free space 12 qr

ype descri bed BERPAIRY oRethec " SaEae Wi ho o e Bay SHERy 0T %aske%

conpri ses ihe cxoss-slecxEqirovi ding at | east one basket 3 for containing
the filler 4 di sposed coaxially wthin the colum 1, which basket 3 has

opposi te, preferabpyopbage, &aseEQéE‘Eﬁﬁ € rﬁéjéawékhﬁs%%ranﬂetweeﬁo éjeflllﬁu&@.
a first and a second free space 21

| ocat ed. opposite to each
ot her bet ween 2R3SEh&ERIA |928LPS 3‘%’9(% Widihimh & éh)dl?‘ﬁetgi’ﬁeﬁﬁ gtnlghggh
of the basket Zomprdses ahoveﬂtagnatarBth adtommsidoingausi nd.ez@itd ane

| east one ] ortio af th seous hase to fI ough sa
| east one baskeﬁ r&%ct%ntafr}‘ r%gf‘r%é%ispace t o°tRe "~ secong smgit&ger

22 or the b¥hechamy rehmd. cressTsankéono tafe Fﬁ’@s@”t shediod f%ald p_rocess
retrofitting prRumdidiid the steps of:

~ feeding said ligquid phase and gaseous phase into said
Eilled-type column;

- causing the liquid phase to flow through said at least
20 one basket in a substantially axial direction;

- causing the gaseous phase to flow through said at least
one basket in a prevailing radial direction;

- extracting said liquid phase and gaseous phase from said
filled-type column.

25 3. Process according to Claim 2, characterized in that said
gaseous phase is caused to flow through said at least one
basket in a substantially radial, axial-radial, or

crosswise direction.

4. Process according to Claim 2, characterized in that said
30 1liguid phase and said gaseous phase are caused to flow in
said at least one basket through a plurality of



- 29 - WOMH28 or ef fecting mass transfer between a |i quPETHEPIYEI2TS
and a gaseous phase, it is advantageously possible to._-_achieve a
significant increase in the colum capacity;zjand a reduction in energy
consunption, because the columm once 5 m)der ni zed ca Immm

effectively at nmuch larger flow rates of the |iquill m}mm"“llases.
Moreover, in acontdamoaslivt superimpossdozbmesnts of thé ¢ reth ofsitting
met hod according to the present invention, additional means or

features can g%gy?%%t%%%%ﬁ%me%% garmeéi 8gafabtped bl dep¥ianisaid

cl ai ns 32-37 ar?d ere structura and

processi ng advaritmdes pdn@@eJlaA'gi fgidl gaseews ppkasat aF‘ét Faused e Fibdit

be inferred fr%@&%ﬁcmn psaﬁgeuicqfaaw pt é.ﬂElan FAgdr epdefailing | tradidl
be- appreciate t hat I n I mpl ementin gﬁéi retrofrttrn% tthlol
according t9 t FeSPReREAMedY, a‘FhFE‘éSP a pi YL R CPRREFLIRPPSRY filler-
el ements origi rwddéﬂﬂiﬁgjdﬂbnéts t he colum woul d have to be renoved in
a prelimnary step, It being possible to re-use such elenents, for
examl e, o 20 ¢ proyide bolLoms sor couers Lo Lhe ARNllderscanty B e
descri pti on endhugsthereadmprisesunke ostsep ofadvant ages achi eved by t he
pr esent invention; in 25 particular, it is obtained a process for

ef fecting highly go1y&ld ﬁéngd”%SdUs@:'i&fb%rtﬁth vseaefaauqquadg%w Bé¢héen
gaseous phase, in a sinp e an re I abl e manner,” at | ow I nvest ment and
operating &8st §u°§rﬁf%‘{%1? fer gy consunpt i on.

7. Process according to Claims ¢ and 5, characterized in
that it further comprises the step of:

- subjecting at least a portion of said gaseous phase to an

indirect heat exchange while said gaseous phase is being

15 flowed from one zone to the next, respectively from one
- basket to the next.

8. Filied-type column for mass transfer between a liquid
phase and a gaseous phase, comprising:

- an external shell (2);

20 - at least one basket (3) for containing the filler (4)
extending inside said shell (2), said at least one basket
(3) .being through-penetrated by said phases in

countercurrent relationship;

- respective means (5,6) for feeding said liquid phase and
25 said gaseous phase into said column;

- respective means (7,8) for extracting said liquid phase
and said gaseous phase from said column;

characterized in that said at least one basket (3) is
provided with a gas-permeable. surface, for passing the



oo womaas |[IININIIIIR- o, o erocess sacmbsmmnis

mass transfer between a* sphase and a gaseous phase within a
filled-type colum mhlch conprlses an gxternal shell accommodating at

| east one 5 filler-containing basket wherethrough said phases are

caused to flow in a countercurrent relationship, characteri zed
in that it. conjusexnss tgimssd epvlafcH eexli kargar cchan goseovssphasettionsai d at
| east one basket through a gas- perneabl e basket surface which is

larger than ”fe?@m%féﬂ“#\a L ccé;égf&gsest beam &afafas%é@rlﬁf Eﬁae Bid

mass transfer and ‘a gaseous ase wthin
filled-type ccamnheantcnne bagieadt | éét a’ﬁlsexé!eSN§ﬂ1§ﬁelqr%§:%D$|%§aPnn§f@tn

| east one dH Al%rm@é&i& baééettmos&apsswﬁctaea 'ﬁa%”alolp%ros]lfte

than the _cross-section of said shel]l, said process npr.i si ng

the steps 8f: s’-dewallf%ebﬁfrpgosla?ldzq) HRIFH SR Fae-BREReAR! 6ha§é‘d1 o gty
filled-type COitiJmﬁurther - cOMpEiHgs t hedrdLui(gaphaas 14o 16, s mw,gie)salﬂbxat

| east 20 one baske substantlauu¥ axial |rect|on 4 si.ng t.he
gaseous phase ‘iad'lﬁ:‘rrb?/v ?ﬁ?%u@ﬁsﬁi"ﬁ H¥3stC e-hrepgh SRig p?‘ v &S5ty
radi al directiame basket €Xkriacrta mpialy tadiad ﬁhane and gaseous phase
fromsaid filled-type colum. 25 3. Process according to Caim 2,
character! zed 14\ | 881usf! decoralASeRU® AIAE b7 CAUSEUla Ll LAr udh Sal d
at | east one bas In a su stant axl a ial, or
crossmnselélreeﬁmmﬁises 4. Process accordlng to Claim 2, characterized I n
that said 30 |iquid phase and sai d gaseous phase are caused to flowin
said at |east azoNneextadfril heQugh (23, pkubskbhyiadliy cylindrical in
shape;

- at least one annular basket (3a—3e) for containing the
filler (4) which is disposed coaxially within said shell

15 (2) and includes opposite respectively inner and outer gas-
permeable cylindrical walls (9,10), said at least one
basket (3a-3e) being through-penetrated by said 1liquid
phase in a substantially axial flow direction;

- a first free space (11) defined between an inner wall
20 (2a) of the shell (2) and said outer wall (10) of the
basket (3a-3e); '

- a second free space (12) defined inwardly of said inner
wall (9) of the basket (3a-3e);

- respective means (5,6) for feeding said liquid phase and
25 said gaseous phase into said column;

- means (9a,10a,i4,15) for causing at least a major portion
of said gaseous phase to flow through said at least one
basket (3a-3e), from said first free space (11) to said
second free space (12), or the other way round;

30 - respective means (7,8) for extracting said liquid phase
and said gaseous phase from said column.



- 31 - Wmﬂ@musl y su d zones. 5. Process pCI/BEP®I/01974 O
Claim?2, characteriz \“\“\\ m ﬁiﬁ“‘\ l'iquid phase and sai d gaseous phase
are caused to flow i ﬁ subst ant fally axial and

prevailing radial 5 r’éspect ively, thr ougn pl'ur ality of superinposed
filler- cont ai ni ng baskets. 6. Process according to Caimb5,

characteri zed g.%t acchbpatier @&Wl'a%?ns §_be Sélﬁ)ré)éterlzed in that
col | ecting an stributing said li qU| phase %e successiy

basket s. S’al@r %’ée%éaﬁEcePél Rasksta (@) ndss Hig &Fé‘?%c?*e??-’iﬁali’-ﬁy of

that it fothe&oﬁ@ﬂ@ﬁbﬁQ&yt hes@é@ﬁlrﬁﬁosed zore®)j eclInaelt, | eaglida ppehanen
of sai d gaseous phas i rect heat exchangq(la whil e sald gaseous

phase is bei ng!'1&- @?oe\édlﬂoﬁf’ﬁ'nga?ﬁﬁé‘gt G5 HEFE 2 PRIPERPTREGT P%nﬁ&ﬁg
basket to the ge¥éous phdbe Fichl efiiéypainmughn frve mhasketantd pr fmimesaid

l'iquid phage_apd as 0 I Q. -_an_extern hel |
(20 20 -"arTrEak: ase oaRa (b1 5F corbd Ahsgnd fief| sBuR tiaf o
extendi ng i nS| tee setieghetdy (2yundai beang! @amangmd batkeach of 33aiezoges
t hrough- penet r a§ 2d3 by sai d phases in count ercurrent

rel ati onship; - respective neans (5,6) for feeding said |liquid phase

and 25 said gaseous phase into, said colij d'es ective neans (7,8)

10 that said basket outer wall (10) and/or said basket inner
wall (9) comprise, at a top end of said at least one basket
(3a-3e), respectively at a top end of each zone (3a-3e), a
gas-impermeable portion (%a,10a) of predetermined length,-
the length of said gas-impermeable portion (%a,l10a) being

15 preferably a different length for the basket outer (10) and
inner (9) walls.

13. Column according to Claim 12, characterized in that
said gas-impermeable portion (9a,10a) stretches over 5% to
30% of the length of said outer (10) and/or inner (9) walls

20 of the basket (3a-3e), respectively of the length of said
zone (3a-3e).

14. Column accord:l.ng to any one of Claims 10 to 13,
characterized in that said at least one basket (3a-3e),
respectively each of said zones (3a-3e), comprises gas-

25 impermeable closure means (14,15) for said free spaces
(11,12) disposed at said first and said second free space
(11,12).

15. Column according to Claim 14, characterized in that
said 'closure means (14,15} comprise an annular .gas-
30 impermeable baffle (14) disposed at a bottom end of said
first free space (11), respectively of said zones (3a-3e), |
and a circular gas-impermeable baffle (15) disposed at a
top end of said second free space (12), respectively of
said zones (3a-3e), or an annular gas-impermeable baffle



and sai d gaswouws/phase, ' ; characterized i np&Rabosigiads at
| east one basket (3) IH[IﬁmmF“ | Hmth a gas- perneabl e surface, ?or
passi-ng t he e - 32 - gaseous phase,

which is larger than its cross-section. - 3497 Column according to C aim
8, characterized in that said at | east one basket (3) has a smaller

cross-section t ; r9SS3S i fad h elgly Ak h pPqshye
5 sidewalls (9{1(}3, 1%152%%?%%%% gr g‘é ag-ﬂggronéeaﬁ?g? grﬁ%ﬁl t hat, éﬁaEith B

further conpri sesnfskiselon, Pba spidi5zen8s 203 2P or and  BairRylay ggas-
gaseous phase tQnfduadnVeoushifspéd (86)| @BF¥posed 08 Raskettér) dnd dofiisalid

radi al flow. 10, Col um accoyding to Caim characterized in_that it
10 conprises: second fxee spacs 12)ghé’|ﬁ59e[°2:)1,"38190b%€a‘?ﬁ+§l F?neéyRPﬁdSFéal
in shape; - at | east one annul ar basket (3a-3e) for containing

t he filBer X6l) Odliurm isccbspisgdecco@kasml Loy idhiarasiarshed | iA5tha?) it

and i ncl udes op$§%L§esl%§spaecpé&vu§Qﬁ1iie erofndar%ﬁ%érﬂgﬁéfﬁgﬁgfr( qule? for

cylindrical wal , sai st “one as i Ag

t hr ough- penet r stk ainisyg d ghieuitiller phde iwhichubsrant fubeyimpiosed | and
direction; - | G-H+1.l) ia?@l] etyeen [ | 174920,
(2a) of the sheclhl'sl?oéf{?np %ﬁdﬁgﬁﬁgﬂ%\gﬁ% 10 o%) E%\g' samgaggggc e%%a-(??e ;
- a second freS¥pabeipg2)PiRFerARLY nRRRELEUGNSs gWdtanfRRe  angiier ( gpdder
the basket 1p3a-ditfferent in length.

17. Column according to Claims 11 and 16, characterized in
that it comprises at least one heat exchanger (16) larranged
in said second free space (12) to provide an indirect heat
exchange with at least some of the gaseous phase flowing

15 <from one zone (3a-3d) to the next (3b-3e) of said at least
one basket (3), respectively from one basket (3a-3d) to the
next (3b-3e).

18. Column according to Claim 8, characterized in that it
comprises: '

200 - an external shell (2), preferably substantially
cylindrical in shape; '

- at least one basket (3a-3c) for.contaiﬁing the filler
(4), disposed inside said shell (2) coaxially therewith and -
provided with opposite sidewalls (19,20), preferably piane,

25 which are gas-permeable, said at least one basket (3a-3c)
being through-penetrated by said 1liquid phase in a
substantially axial flow direction;

- first and second free spaces (21,22), located opposite to
each other and defined between an inner wall (2a) of said

30 shell (2} and said sidewalls (19,20) of the basket (3a-3c}, -
said free spaces having a preferably circular-sector shape
in cross-section; )



—

- respect i WOAY43I3S8 ( f g%ai d liquid phase and 25PCEEPP/MRIAZT0US
phase into said colu !&\“‘““mn *‘ 9a, 10a, 14, 15) for causing at |east a
al

maj or portion of gasedus’ phase Log&l ow through said at |east one
basket (3a-3e), fromsaid first free space (11) to said second free
space (12), or the other way round; 30 - respective neans (7,8) for

‘extracting saldrkkgecdipeanmans 6506 safdrgfsedisgplsadd flismisdhiphaseuand

- 33 - 11. .Col um accordi_ng L. [ , aracterized in that

said at |eastS3h8 gﬁﬁ?flg( &?‘al(ys? g’ln#d(egc?q'ldnnt o aplurality of

contiguously superinposed zones 3a-3e), said peans (9a, 10a, 14, 15)
for causing at measis allfg c20®o?3) 0fOEf CAMSIND FHastBBSLpRadRRIFF f PBRELOR

through the bg?k%i(d?)ga%ﬁgh§aiﬂqase Ebr st1dw eenspagn (shldd t acsdichsecond

free space (1 e ot her way round, bei arranged ach of said
zones S 3abasket (3a-13¢) colfFAR & %b&difrﬁstto g?%?m? eanZE}i, to “said
characteri zedgkBohf - Firdal spide biaketo® it othdr (Wdy epoamdf sai d basket

i nner wal | (9) conprise, at a top end of said at | east one basket

(3a-3e), respectively at _a to n f e z 1 38), ‘s

gas- i nper neable r&aqquﬁ}v(egat}l?ggg gfﬁgl)ezfé{}er%gggégﬁjéﬁ tr?,aq'd l%‘ﬁ%l?eﬁéltaﬁeof
sai d gas-i npeandakshédpgatsieaus Thadtm)Eom gpid cpkumry ably a different

| ength for the basket outer (10) and inner (9) walls. 13. Columm

according to Ghai BA2mLhatasteihdeds B1bhak 10 3@ d@aSchapgetBabked in
portion (9a, 10a) stretches over 5%to 3

0% _of _the |ength of gai,d outer
(10) and/¥t i shat sidrat sl%StoPthE’aﬁﬁﬁet&@Sé-eée)’:S r&%%b??é%?yag'f tt?’i’?e
length of Ssaideop. zone (3a-3e).

20. Column according to Claims 10 and 18, characterized in
that said at least one basket (3a-3e) comprises a gas-
impermeable cover (17) at its top end.

15 21. Column according to Claim 18, characterized in that
said at least one basket (3) is divided into a plurality of
contiguously superimposed -zones (3a-3c), said means
(19a,20a,23) for causing at least a major portion of said
gaseous phase to flow th'rough_the basket (3) from said

20 first free space (21) to said second free space (22), or
the other way round, being provided at each of said zones
(3a-3c).

22. Column according to Claims 18 and 21, characterized in

that at least one of said basket sidewalls (19,20)
25 comprises, at a top end of said at least one basket (3a-

3c), respectively at a top end of each zone (3a-3c), a gas-

impermeable portion (19a,20a) of predetermined length, the

length of said gas-impermeable portion (19a,20a) being-

preferably a different length for either basket sidewalls
30 (19,20). ' -

23. Column according to Claim 22, characterized in that
said gas-impermeable portion (19a,20a) stretches over S% to



14. Col unm We2943#38g ims 10 to 13, char a®cvEPSM1378
that said at |east ongmggmmﬂtlﬂ l , respectively each of said zones
(3a-3e), conprises gass ¢l e clqosure neans (14,15) for said

free spaces (11, 12) disposed at said f3isrs't and said second free space
(11,12). 15. Columm according to Caim 14, characterized in that

said closure 4 C | vA L Jafe lperEadyie
batfle (14) diomom %ygéal%g%%%megﬁghgfa Sidpwd ff‘?gte?‘?egggﬂ)déarcaé GRS
respectivel y ofespecarimgias q3dmr)length0f gaédr eargr (§as3iciper neabl e
baffle (15) disposed at a top end of said second free space (12),
respectively afg. coldkth Zaeedrdige 3€b, AhyaNoABNULAI QBSimSPeigeaide 23,

baffle . - 34- 14) djsposed at _a top end of_ saj
first free spﬁ@"(aflrﬁrlzedrégpeﬁ?;/els%ﬁ% §‘éi g"%%ES‘DnFBabgﬁjf,Et a{?d"%ccg ’

ci rcul ar gas- respddmisraizableachaféfe sElid domessed3atie)hot¢ompebdest ga-d -
second free s e res Lyely ai nes a- 16. Col um
according to %I%%enﬁ(ﬂ%blﬁar%g§%‘#§edmlg%n ha’?(zl%ﬁ fé%on%%%ges%éceﬁ ursa{-?arcieys
of annul ar baskicipoge’b-Be)sdit firstomdi sahg sheohdl foee Spads clRlarz2) .

super i nposed and di sposed coaxially within said shell (2), said baskets
(3a- .~ 3e) ba NgcBiGhAr HEdor@itd J¢eUScYAlR FE, aBaLRAtRIA/AU3 19n that
different in | eng 17. Colum according to C ai ns

h. | 1. and 16,
characteri zed qah"& clogure; meagsy FIRELFS | 8a a%‘r?é“ﬂ?eﬁ@%?%ﬁa??@&ﬂ@m?”
arranged 10 idisposkdeannd fbeetopaend 13f tsaid ofidetarfrawli spakeheady) ,

exchange W (1 fled FAN SRRl 15 ASALS (USR] RO, 5o d AR AIE SSHE
respectively fhafifilme(2NskdbispesedBtta top end péxsaidhbsegond free space
' (22), respectively of said zones (3a-3¢), or a gas-
impermeable baffle (23) disposed at a top end of said first

15 free space (21), respectively of said zones (3a-3c), and a
gas-impermeable baffle (23) disposed at a bottom end of

said second free space (22), respectively of said zones

(3a-3c).

26. Column according to Claim 18, characterized in that it

20 comprises a plurality of baskets (3a-3c) for containing the
filler (4) which are superimposed and disposed coaxiaily
within said shell (2), said baskéts_ (3a-3c) Dbeing
preferably contiguous with one another aﬁa/or different in
length.

25 27. Column according to Claims 16 and 26, characterized in
that said baskets (3a-3c) have a perforated bottom (13).

28. Columfx according to Claim 27, characterized in that
said perforated bottom (13) is suitably sized to deflect
the gaseous phase . in radial direction, respectively
30 crosswise direction, and/or to collect and re-distribute
the liquid phase between successive baskets (3a-3c). |

29. Method of retrofitting a column for effecting mass
transfer between a liquid phase and a gaseous phase, being



18. Col urm WOd8H¥Ag U mm“ "mﬁmcterized in that it PEARAPOLTS
20 - an external eferably substantially

cylindrical in shape; one sket (3a-3c) for containing the
filler (4), disposed insi de Sal d shel I (2) coaxially therewith and
provided with opposite sidewalls (19,20), preferably plane, 25 which are
gas- perneabl e,¢ Sgidhat |@@ast feNteladitetthd 3913«:)55 tygei nghich method is

t hrough-penetrated by said Liq phase in ubst tiglly axial flow

di rection; Chara‘f"FgE?zﬁadl?egk}ﬁ& f"g 8°§‘B§&§§s aerh oogéa’[ ed opposite to
each other and defined between an inner wal | (2a) of sal d 30 shell (2) and
said sidewal | s bi&vﬁﬂ):.r@f tims:bdekeald?,amﬂb.)mn, atsdﬁiia‘tr eenepdaskataviidy a

preferably cigcul ar e S Clly
35 - f pe%?rfﬁ'vaemr?r%aiu aa?Sfé}'lF' e}e)dlsarfg&sal |qU| d %%as%egﬁeable
sai d gasetsus punSacent Eomi passiogn; the 'gasegansphasg, 20#h by fiy takEPAg

at |least a p | @lrddnd gaseous phase to flow through sai d at
| east one SNBJBgéﬁe?EE g s S fromsaid first free space (21) to sal d

second-free space (22) or the ot her way. r ound respectjve rre
(7,8) for ext#Bet MREhOs AIGFHPDHER amaﬁa's&P& ﬁ&&ﬁ?ﬁé‘l ?JFn &5 d
col um. égm £95HBN cheC et dfq Clainms 10 and 18, characterized in 10
that said at Ieast one basket (3a-3e) is open-ended at the t op.

20. Col umn acgorp%loql(%.éi%gq alrr{glé.g %%‘1&%&&%?%%“%&&’5& None basket (3)
10 for containing the filler (4) which has a smaller cross-
section than the colut.nn cross-section and has opposite gas-

permeable sidewalls (9,10,19,20);

- providing, inside said column, means
(9a,10a,14,15,19%a,20a,23) for causing said gaseous phase to

15 flow through said at least one basket (3) in a prevailing
radial direction.

31. Method according to Claim 29, characterized in that it
comprises the steps of:

- providing at least one annular basket (3a-3e) for

20 containing the filler (4) disposed coaxially within said
column (2), said basket having cpposite‘ cylindrical gas-
permeable inner and outer walls (9,10) defining a first
free space (11) between an inner wall (2a) of the column
and said outer wall (10) of the basket (3a-3e), and

25 defining a second free space (12) formed inwardly of said
inner wall (9) of the basket (3a-3c);

- providing means (9a,10a,14-15) for causing at least a

major portion of said gas phase to flow through said at

least one basket (3Ja-3e), from said first free space (11)
30 to said second free space (12), or the other way round.

32. Method according to Claim 31, characterized in that



that said awd®asszsone basket (3a-3e) conprises a gas- | MRRAERRBP27s
cover (17) at its top m according to Caim18,

characterized in that ﬂmmuﬂmuﬂ Iuﬁﬂ' ghasket (3) is divided into a
plurality of ' contlguou Syt SUperi rrposed zones (3a-3c), said neans

(19a, 20a, 23) for causing at |least a major portion of said gaseous phase
to flow thr ouealahatba&&eu: on?) balskem S(@i)d i) di\ridedfxn'eo spapeufalityoof

said second free_s 22), oth ei n r VI t
each of said F8RES uSus Ja- Balpenmpéggd acc T ng’b agTCfr)ns §g5%d
21, char acteru(aadloa 14-1uShatfoat daenssingnrae: dfewdatmsmr s@uewanl of( £8120)
25 conpri ses, esugorbf%@eo of oS F1duAtE é%?'&%ebaﬁ£§ﬁe£3%rog\p s§£a | first

respectlvely ato f each zone,

portion (1®a, i@‘&)‘— oﬁPéFédet‘él}n neRl | h SQ‘F‘Fé'ld ashgispage saﬁlé) being
gas- i nper neabbeoReteidont( Bx@F safidi%ones p(ﬁi%é‘b' y a different length
for either basket sidewalls 30 (19, 20). . Col um1 according to Caim

stretches oveP
sai d si dewal | ghat tdmdasksket 3auBey, wall r €specandéy cfaitdiecbaskgthinher

said zone (3a d M, ¢ aCE oL LNg o] f 18
to 23, charg'g%‘l:'te E (f%%}P]i]h éJsala g’%t egﬁe askgt(mfs -3 ])eCAsqg”Ene
respectlvbﬂ?y baskesf @@l-éez)on#m@)elxo%ﬁ)ras‘é@Pg%d of epgperopgbl(da-
closure ”Eanée)$23a1 ga¥-i n(;ﬁ_ﬁz‘i’neaﬂl%e péeesea (sadmapseﬁ abraaesie&hﬁated

22, character| %god/ob'{e%rforgj‘taccorélng 19 Ciggmgg?ﬁblan /0 €]P£%%§t%gﬁéﬁﬁ &]n

and said second free s ace ordin Claim?2
char act eri zed 1PRIERat t ]seé’rgd:tbl%lﬁaé‘qm%ﬁ'% HW%%I’ Mdelcictd ﬁ‘ﬁé‘r rf@&bllga)

baffle (23) being preferably a different length for the basket outer
" (10) and inner (9} walls.

15 34. Method according to any one of Claims 31 to 33,
characterized in that it further comprises the step of:

- providing gas-impermeable closure means (14,15} for said

free spaces (11,12) disposed at said first and said second

free space (11,12) of said at least one basket (3a-3e),
20 respectively of each of said zones (3a-3e).

35. Method according to Claim 34, characterized in that it
comprises the steps of:

- providing a gas-impermeable annular baffle (14) at either
a bottom or a top end of said first free space (11),
25 respectively of said zones (3a-3e);

- providing a gas-impermeable circular baffle (15) at
either a top or a bottom end of said second free space
(12), respectively of said zones (3a-3e).

36. Method according to Claim 31, characterized in that it
30 comprises the step of:

- providing a plurality of annular baskets (3a-3e) for -



10 di sposeWoea9/434280tt om end of said first free space (21), PCT/EP99/01275

respectively of sai dmmmmmsmmmnd a gas-i nperneabl e baffle (23)
di sposed at a top enu}oHsl | IR Aso e free ace (22), respectively of

said zones (3a-3c), or a gas- I nper meabl e baffle (23) disposed at a top
end of said first 15 free space (21), respectively of said zones (3a-3c),
and a gascbapaifgagl e thaf f 1£11123) disppseduperamposedm amdl ofdisposedd

second free space, , Lespectivaly c ai d zones (3a-3c). 26.
e A R

Col um accord racterized in that it 20 conprises a
plurality of baskets (3a-3c) for containing the filler (4) which are
superi nposed and diMgosed cemdcexding twi t hehthenwi d Clkxlan| 32), orsaj 36.

basket s (3a- ' s AP r akl ' W i and/ or
different in cﬁﬁ%ﬁgggkﬁge%gn gglfa%ogﬁ!um&gg;cég?di ng z;,ﬁog% g}%saé%ﬁaﬁ%fZG,

characterized in . that said basketslh%Sa-Sc have a perforated, bottom _
(13). 528- BEPYAALAS: BtdikegSto cBeafipaky & LoritAd 3h $Hid secord; 4

perforated bofred (dgaceés Qi) alfby siz@ilréotllgf leathanginde hegaseatith phsse
in radial direction r ctively 30 [Qosswhse.directio an

col l ect and r &S8F% SB& @%SFL%? RREFFYLT dp%ﬁﬁgeﬂéy\%ggn%grﬁg‘ce%el vg&g%s&g%
(3a-3c). 339. tvet bhd afextet (3+3e¢) ngfa smidinatf dreasftf eonendpasiest, or
transfer bet a_liqul ase .ant,a %q.{gj dhas [yng
- 37 - of o8 tokleer %'ta%é{%% Is(%g'da(;ﬁr) ttr%g p at%es ty%el?iﬁ)i ch nethod is
characterized in that it conprises the step of: - praviding, inside
sai d col Uk, &8. Methashagnerding o Clais, 28onCRAFRATE X 11389 ek (Eyakngt |
havi ng a gas- pempRdlled Theuftags Jfar passing the gaseous phase, which is
| ar ger

- providing at least one basket (3a-3c) for containing the
filler (4) disposed coaxially within said column and
provided with opposite, preferably plane, gas-permeable

15 sidewalls (19,20} defining first and second free spaces
(21,22) located opposite to each other between an inner
"wall (2a) of said column and said sidewalls (19,20) of the
basket;

- providing means (19a,20a,23) for causing at least a major

20 portion of said gaseous phase to flow through said at least
one basket (3a-3c), from said first free space (21) to said
second free space (22), or the other way round.

39. Method according to Claim 38, characterized in that
said at least one basket is divided into a plurality of

25 contiguously superimposed =zones (3a-3c¢), said means
(19a,20a,23) for causing at least a major pdrtion' of said
gaseous phase to flow through the basket from said first
free space (21) to said second free space (22) being
provided at each of said zones (3a-3c).

30 40. Method according to Claims 38 and 39, characterized in
that at least one of said basket sidewalls (19,20)
comprises, at a top end of said at least one basket (3a-



than its crmesmms on. accord| ng to daim 29, pCT/EP99/01275
characterized in that H l! l“ the steps of: - providing,
i nside said colum, asket (3) 10 for containing the filler

(4) which has a snaller cross- section 4khan the col um cross-section
and has opposite gas- per meabl e sidemalls (9,10, 19, 20); -
provi di ng

(9a, 10a, 14, 15, 192 26555§ftf"3?qé'a6§| fig t??l &n&aEr?e&?cﬁha O8] o3 39) o\ 938
t hrough sai d aimpeameabide paskébn( I %an 28a)r efaipredpterminet] dlergttlect i on.
31. Method according to Claim 29 char acteri zed | n that it conpri ses

the steps of: as a- 38)
cont ai ni ng the %LI I Iné?e%%{ gés ose oaX| al &gi |n tsfa gigl&é ?3 ;2
sai d basket ha¢hagasppsired lélyltm&r itafugiher comprifaitde riksp out er
wal l's (9,10) defining a flrst free space (11) between an inner wall

(2a) of the colungrovidend @ é@aﬂe(é%saﬁ:et heedasket2A)3a£de) . s

vel 1 (o) "of "t hEBRSREACESa. @3?%%, s SEREH A sk A 25k, S B ed R
causing at | eafkreed spadm| delpardi arf obadd catgalepbaseod® bhewethr Bgissy) d
25 d sevond 1 BEsBRRETRL oI kadk 8 B4 B [GRR A CE (1) 30,0

said second free space ot Rer way rou 32. Met hod
according to Caim 31, characterized in that 38 -
said at |east 6Re Meshed @EpcandingitedClaim 4lpl gharrcfesfized in that it _

10 comprises the steps of:

- providing a gas-impermeable baffle (23) disposed at
. either a bottom or a top end of said first free space (11),
respectively of said zones (3a-3c);

- providing a gas-impermeable baffle (23) disposed at
1S either a top or a bottom end of said second free space
(22), respectively of said zones (3a-3c¢).

43. Method according to Claims 31 and 38, characterized in
that said at 1least one basket (3a-3e) comprises a gas-
impermeable cover (17) disposed at the top end thereof.

20 44. Method according to Claim 38, characterized in that it
comprises the step of:

- providing a plurality of baskets (3a-3c¢) for containing
the filler (4), superimposed and disposed coaxially within
said column. ' ' '



cont i guous| YO 89443428 nposed zones (3a-3e), said neans PCT/EP99/01275

(9a, 10a, 14-15) for causing at |least a ndfdr portion of said gaseous

phase to flow through the basket fromsaid first 5 free space (11) to said

second free space (12).being provi ded at each of said zones (3a-3e).

33. Method according t ' 31 d 32, characterized in that said

basket outer wall (10) and/ S an asket i pner Eﬁall (9) conprises, at

a top end of said at | east gr basket - 3e), spectively at a top

end of each zone (3a- s-i nper ortion Qa,lOa) of

pr edet er m ned 1Zﬁngth, of safgly gas- i nper bl'e portion

(9a, 10a) bei ng \pr ef gzabl ie 22ngt h for thg’basket outer

(10) and inner (9) ) MeT i accordi ng o any one of

Claims 31 to 33, Lo gnmzyd iYNNwat it fugkher conprises the step

of - providing ~mpefeabl"8 Al o\ e neans (14, 15) for said

free spaces (11,1 d ; S U nd said second free space

(11,12) of said at | - B4l 20 respectively of each of

sai d zones (3a-28). / A t aim 34, characterized in

that it co S ha rovi a gas-i nperneabl e
~annul ar baffle (14) a har 4 ; . r a top end of said first free

space (11), 25 respe . d 3%@); - providing a

gas-i npermneabl e circu 4 ei r atop or a bottomend of

g y of said zones (3a-3e).
- d i xt 30 i
P : ‘ l; Zgnnlurgrﬁs'let S (gg[rgrel) Sefsor
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10 wait bR / 3’
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sai d second free spac W
36. Method accorgz :
the step of: -
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C L WO 99/43428 - 39- containing the filler (4), pcrpeswoiprsed

and di sposed coaxially within saigsgol um. 37. Method according
to either Caim 32 or 36, characterized in that it further
conprises the step of: 5 - providing at | east one heat exchanger (16) in
sai d second free gpace (gv: ndirectly exchanging heat with at

| east sone of the gas | o™ ng fromone zone (3a- 3d) to the
next (3b-3e) of said at | basket, or frgm one basket (3a-3d) to
the next (3b-3e). =10 38. L according to C gkm 29, characterized in
that it conprisses e ' - providpng at | east one basket
(3a-3c) for contaimnN e 3\ 4) di spgged coaxially within said
colum and provi TR §J € refera#ly plane, gas-perneable 15
sidewal I s (19, 20) - rst Qnud \sgcond free spaces (21, 22)

| ocat ed opposi,t ns i nner wal | (2a) of said

col um and sai“o sid 12000 b et; - providi ng neans
(19a, 20a, 23) for caug y Yol 20 portion of said gaseous phase
to flow throughsai gk et (BZBC), fromsaid first free
space (21) to sad - Xy (3 21 t he ot her way round.

39. Met hod acc&l_&di n ¢tidri zed i n that sai d at | east
one basket is ' 25 onti guously superi nposed
zones (3a-3c), sai : : r causing at |east. a mjor
portion of sai d,]; t hrough the basket fromsaid
first free ‘Z e \ S Hree space (22) being provi ded
at each of saig y . hod aCEOL& to Cdainms 38 and
39, characteriza&d in t of sai si dewal | s (19, 20)

conprises, at a top
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_ne.‘bagket (3a-
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- 40 - WOPM3M2Bespectively at a top end of each zone (3a-BEHEP¥/YIAES

i nper neabl e portion (19a, 20a) of predet &/8i ned | ength. 41. Met hod
according to any one of Clainms 38 to 40, characterized in that it
further conprises the step of:, 5 - providing gas-inperneable closure
means (23) for said freegdppces %91,12), di sposed at said first and
said second free sigres ife <> BN, gai d at | east one basket (3a-3c),
respectively of each of sa‘Hi a 4 (3a-3m;. 42. Method according to
Claim 41, characterized in*uﬂa iﬁb 10 condri ses the steqs of : -
provi di ng a gas-i nper negFerhaNBd »i,gfél -&ied at either a bottom or
a top end of said firg ' d;\eﬁ'h respectiyely of said zones
(3a-3c); {ZBrovi/ 3//1*1 2:&’E§¢‘e baffl e 3) disposed at 15
either a top or ape "i‘-" e\ 2 -.,,;,:f/;j/'-f;iit}' free sppace (22),

N ! v . . .

{@’u f: /~Q Met hod according to Clainms 31

and 38, characterized
conpri ses a gas-

thereof. 20 44. Met s
conprises the step of! Mﬁﬁ
cont ai ni ng t h—Ki i1 KK
sai d col um. b | MK
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respectively of said ’14

Xk Ehgne basket (3a-3e)

AN sed at the top end

.f Y 8,_$ﬂpracterized inthat it
(“ﬁ g_ywal' y of baskets (3a-3c) for
ﬁp<: and di sposed coaxially wthin

Y I
|l — 22

:
X




