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Mass transfer in plate columns and apparatus for this purpose

The present invention relates to an apparatus and a process for
mass transfer between liquids and gases in plate columns. In particular, a
special embodiment of column trays is proposed.

Plate columns are now used for a large number of mass transfer

processes between liquids and gases. The liquid flows over the column. .-

tray, which has a large number of orifices. Gas is fed into the liquid . :xz
through these orifices, so that the mass transfer process can take place. : -~ =

The liquid is passed on from tray to tray through the orifices or through
special removal means.

Many possible forms of tray orifices are known. Flat orifices may
be provided (sieve trays; dual-flow trays), the orifices may be provided with
valves (valve trays) and the orifices may also be shielded from the liquid
by bubble caps (bubble trays). Also known are more highly integrated tray
forms, such as tunnel and centrifugal trays, in which an increasing number
of orifices are combined to form a group of gas inlets and in which the

direction of liquid flow is controlled by the momentum of the outflowing

 gas.

25

30

In the plate columns used today, which have diameters of several
meters, the trays are composed of a plurality of plates which are mounted
or fastened on supports or on support elements, such as an edge ring or
individual mounting pieces on the column wall.

The tray plates fastened to supports are positioned flush with one
another and screwed together with the aid of clamps or clamping strips.
In other embodiments, the tray plates are arranged in an overlapping man-

ner or wedges are inserted from above into the gaps between the tray
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The present invention relates to an apparatus and a process for mass
“transfer between |liquids and gases in plate colums. In particular, a

speci al enbodi nent of colum trays is proposed. 10 Pl ate col ums
.are now used for a large nunber of massjtransfer - procesggs,hby en

i quids and gases. The liquid flows over the colum tray, I'ch has a
| arge nunber of orifices. Gas is fed into the liquid t hrough t hese

orifices, so that the mass transfer process can t ake pl ace. The liquid
S passed ONplate®M T4 tdpa d.&rnﬂl#g peci al
r enoval rreang ditton tfi)Nigilﬁi;yeafoosm bl e orms o?str%y ori 15251,&5?"2 known.

Flat orifi cemermgres are hiptepded, itdepreyeritethe passgge odluhdjmdl epweemthe |, trayh
a1 S0 bo. s SPAGS TG citeat e, figpia ‘BigFast sBpuedne fh w&?@oﬁaﬁ%ﬁf 2?20”‘”
i L0 g kbl ok 0

5 turbogrit trays in which the liquid flows away through gas feed orifices.

In all stated designs, very fine passages, in particular capillary
gaps (hairline gaps), form at the connection lines of tray plates with one
another or with support elements (supports) or at screw unions of tray
parts. In such fine passages, the residence time of the liquid is many

10 times longer than the average residence time of a liquid volume on a
column tray. In the case of certain substances,-this leads to polymerization, .-
coagulation, caking or other undesirable physical or chemical .changes.
Frequently, the hairline gaps are only the starting point for such reactions,
which then continue on the column tray.

15 The hairline gaps are also neuralgic points with regard to the
collection of undesirable substances (dirt), particularly owing to the difficulty
of cleaning at these points. These design-related hairline gaps are therefore
also the starting point and cause of a number of contamination, caking and
polymerization problems.

20 It bas not been technically possible to date, at an acceptable cost,
to prevent the formation of fine passages, in particular of capillary gaps,
between the components of a column tray. Neither more exact fits nor
higher contact pressures through a tighter screw union or riveting nor the
infroduction of sealing compounds lead to a solution to this problem. The

25 last-mentioned present problems in a column tray in particular because the
vibrations of the tray structure due to the gas flow have a very adverse
effect on the adhesion of sealing compounds in joints.

It is an object of the present invention to provide a column tray
for installation in a mass transfer column and a process for mass transfer

30 in a plate column, in which polymerization, coagulation, caking, contamina-
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of orifices are conbined to forma group of gas inlets and in which the
*direction of liquid flowis controlled by the nonentum of the outfl ow ng

gas. In the plate columms used today, which have dianmeters of
_several 25 neters, the trays are corrpo§ed of a plurality of0 p&got whi ch
“are nounted or fastened on supports or on support el errents < as an
edge ring or I ndi vi dual nounting pieces on the colum wall.

The tray plates fastened to supports are positioned flush with one

anot her and eWoMe%ﬁ}@{caWo}VbHeﬂﬁca? &aﬁ%ran 1 iﬁ&sg%e@”ﬁ’ét{%geéttﬁé ps. 30

I n ot her enbodi nents tray plates are overlapping man-
ner or wedgesompencntss of tthel cblumm adap vare i avoidetihe gaps between the tray

We have found that this object is achieved by the column trays
described in the claims. A novel column tray for a mass transfer column
s provided in particular with a support ring at the circumference consists of
support elements and tray plates arranged side by side on the support
elements and having passages, in particular holes, valves or bubble caps.
In the novel column tray, the majority, preferably the total number, of tray
plates are connected liquid-tight, preferably welded, to the support elements
10 or the support ring, in particular in discrete. area elements; the majority, .
preferably the total number, of support elements are connected liquid-tight,.. ..+
preferably welded, to one another and to the column wall or the support -=---r~* -
ring, in particular in discrete area elements; and in addition the majority,
preferably the total number, of adjacent tray plates and support elements are
15 separated from one another and from the column wall or the support ring
by gaps having a width of from 1 to 15 mm, preferably from 1 to 7 mm.
Thus, the formation of undesirable gaps is counteracted by the fact that, on
the one hand, the gaps are made sufficiently large to avoid the disadvanta--
geous reactions described and, on the other hand, small areas are sealed so
20 well that gap formation can be avoided with acceptable technical complexity.
The production of small-area weld joints between the components to be
connected is particularly beneficial since this makes it possible to provide a
liquid-tight connection in an advantageous manner.
This novel design should as far as possible be chosen for all
2s contact surfaces of tray plates, support elements and the column wall or a
support ring at the column wall. Of course, the design of the predominant
number of contact surfaces is sufficient to lead to a positive result accor-
ding to the invention. For other reasons, however, it may be advantageous
to choose other types of connection, for example a screw umion, at certain

30 points, for example at ladders.
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- 2- plates. In addition to increasing the strength of the tray

Structure, all these nmeasures are intended to prevent the passage of

|l i quid between the tray plates instead of at the liquid discharges
provided. This additional uncon- trplled Iiquid discharge is _
undesirable even in the case of ripple trays or 5 tur bogrt Wﬁ% I n
which the liquid flows away through gas feed orifices. In all
stated designs, very fine passages, in particular capillary gaps
(hairline gaps), foPefatably)etieOnn or;nl Sl the ta pl W'(}fhtr?f
another or with support elements support or at screw uni ons of

plates are connected, in particular welded, to viaduct-like support elements.
The viaduct arches are open toward the tray plates so that the mass transfer
is not divided into tray segments but the liquid can flow very freely on the

s column tray. Moreover, the use of viaduct arches welded to the feet leads
to a light support or bearing structure.

A column tray whose proportion by area of the gaps present in
the tray plane is not more than 15% of the total orifice ratio is preferred.
The total orifice ratio is defined as a proportion of the gas-permeable area

10 (gaps, passages) in the tray plane relative to the total area of the tray plane - .
(column cross-section). The area of discharge shafts is not included.in the -~ . - -
calculation, since no mass transfer takes place there. A column tray which
is designed as a dual-flow tray and is arranged in the mass transfer column
is particularly preferred. The combination with the viaduct arches described

15 above is particularly advantageous.

We have found that the object according to the invention is also
achieved by the mass transfer process, described in the claims, in a plate
column. Liquid is moved in the tray plane on a column tray which has
support elements and tray plates arranged side by side on the support

20 elements and having passages, in particular holes, valves or bubble caps,
and gas is fed to the liquid through the passages, wherein the majority,
preferably the total number, of tray plates are connected liquid-tight, prefe-
rably welded, to the support elements or the support ring, in particular in
discrete area clements; the majority, preferably the total number, of support

25 elements are connected liquid-tight, preferably welded, to one another and
to the column wall or the support ring, in particular in discrete area
clements; and in addition the majority, preferably the total number, of
adjacent tray plates and support elements are separated from one another
and from the column wall or the support ring by gaps having a width of

30 from 1 to 15 mm, preferably from 1 to 7 mm.

eet Has Been Replaced

BT



parts. In such fine passages, the residence tinme of the liquid is many 10
“times longer than the average residence tinme of a liquid volune on a
colum tray. In the case of certain substances, this leads to

.pol yneri zati on, coagul ati on, cakin% or other undesirabF gﬁxaﬁf
chem cal changes. Frequently, the Rairline gaps are on artrng
poi nt for such reactions, whi ch then continue on the colunn tray. 15

The hairline gaps are also neuralgic points with regard to the

col Lection of undesar p@f&eﬂj?ﬁéw% obe! ﬁlt)wm ese &Hi tk’yrpi%%tt ec# hal rI i ne

difficulty of cleaning a hese polnts.
gaps are thetatdlomamber, ofl tsay plasessararaonngctp(hl ntpmﬂulaaww!denf to viadinty of

ot been-t ccliF SPPAFE sitsnen o idict arches Beigcopen Wbvaed dberay plaeso
et weon the conponeatater PLAGHRETIAHES s 9&?2?%%2?%“3 i hf e
hi gher cont aplanprare sarranged fand udjimensioneghire suchc a ewayu thad rtheir prop@tiondbynor t he
area is not more than 15% of the total orifice ratio.
A further preferred process is one in which liquid and gas are
combined according to the dual-flow principle in a liquid-gas jet.
According to the invention, a mass transfer column which has at
10 least one column tray described in .the claims.is also provided..- ..

In accordance with the object of the present invention, .a processz:z suiiv ...

for the production of a column tray for a mass transfer column is also:zrzusrr - -

provided, tray plates having passages, in particular holes, valves or bubble

caps, being arranged side by side on support elements or on the support

15 ring, wherein the majority, preferably the total number, of tray plates are

connected liquid-tight, preferably welded, to the support elements or the

support ring, in particular in discrete area elements, and the majority,

preferably the total number, of support elements are connected liquid-tight,

preferably welded, to one another and to the column wall or the support

20 ring, in particular in discrete area elements. In addition, the majority,

preferably the total number, of adjacent tray plates and support elements are

separated from one another and from the column wall or the support ring

by gaps having a width of from 1 to 15 mm, preferably from 1 to 7 mm.

A preferred production process is one in which the majority,

2s  preferably the total number, of tray plates are connected, in particular

welded, to viaduct-like support elements, the viaduct arches being open
toward the tray plates.

A further preferred process is one in which the tray plates having

passages are designed and are arranged in the plate column in such a way

e
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I ntroduction of sealing conpounds lead to a solution to this problem The
"25 last-nentioned present problens in a colum tray in particul ar because

t he vi brations of the tray structure due to the gas fl ow have a very
.adver se effect on the adhesion of sgal i ng conmpounds in joints.
1t is an object of the present inventiofl to provide a col unf?tPEe? 1 or

installation in a nmass transfer columm and a process for nmass transfer 30
in a plate columm, in which polynerization, coagul ation, caking, contam na-

that the proportion by area of the gaps present in the tray plane is not
more than 15% of the total orifice ratio.
Such column trays are preferably designed and arranged in the
mass transfer column as dual-flow trays.
5 In the case of the plate columns and processes described in the
claims, the passage of liquid through capillary gaps, ie. gaps having a width
of less than 0.5 mm, is to be prevented. For this purpose, it is necessary
either completely to avoid gaps at connections between plates and holding
means or to make said gaps sufficiently large for the liquid to pass through
10 substantially unhindered. Tests have shown . that-the fluid dynamic behavior - - .
of the novel tray design has only slight disadvantages in comparison -with..-.-:. -
the conventional tray design. These disadvantages are minimal in particular. - e
in the case of the viaduct-like design of the support elements which is

described above.

15 The invention is illustrated below with reference to three Figures:
Fig. 1: Diagram showing the principle of a novel column tray;
Fig. 2: Pressure loss of a novel column tray (dual-flow tray) as a

function of the relative gap area;
Fig. 3: Pressure loss of a novel column tray as a function of the
20 diameter of the annular wall gap.

Fig. 1 shows a novel column tray. The tray plates are held by
viaduct-like support elements, each of which is welded to the tray plates
and the other support elements (bearers) and to the support ring attached to
the column wall. In addition, gaps having a width of about 5 mm are

25 present between the tray plates themselves, between the tray plates and the
support elements and between the support elements themselves and between
the support elements and the support ring. Depending on the column
diameter, larger or smaller scatters of the gap width are obtained due to the
production. In order to avoid capillary gaps, the gap width must not be

30 less than 1 mm.
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tion and ot her physical or chem cal changes in fine passages between the
conmponents of the colum tray are avoi ded. ~ Ve have found that
this object is achieved by the colum trays described in the clains. A
novel colum tray for a mass transfer cojum 5 provided |ndnart|cul ar with
a support ring at the circunference consists of suppor t e and
tray plates arranged side by side on the support el enrents and havi ng
passages, in particular holes, valves or bubble caps. In the novel

colum tray, the mapgs.i D Ysholkehe! t I I f. tr pl at es
are connected |iquid-ti gh% ,o_prefe a%)s?h;/éwesdg%,g ?%Htr@g,r %'Ggp‘& Pl%é‘f@ﬁe‘?\_ts | 0
or the supporfunationgof ithe pelativec ghmraréan dThe relativeirgap Mg N Nirdersidt 8 ority,

referably the total nunber, of support elenents are connected
Pi qui d-ti ght m"am“gp&b&f @r"é?b?’ifﬂ!ﬁeg%a\,peat@ Bisetran planertoathe totaltdrea dnithem wal |

or the suppoOlfay plane through which liquid can pass (gaps, holes, etc.).

5 The measured curves were recorded for dual-flow trays in a
column having a diameter of 2500 mm. The hole diameter was 14 mm,
the gap width 5 mm, the tray thickness 5 mm and the total orifice ratio
was maintained at 13.2% by varying the number of holes. A 40 mm wide
support ring was present on the column wall. Three dual-flow trays were

10 mounted a distance of 400 mm apart. A distributor tray was also .installed.
The measurements were carried out with water and air at the middle tray.
Water was introduced in an amount of 3.6 m3/m2h and air in each case in
an amount corresponding to a flow velocity of 1.1 m/s.

It was found that the pressure loss decreased with increasing

15 relative gap area. It was therefore intended to provide only the number of
gaps required for satisfactory functioning for the purposes of the present
invention, ie. for avoiding coagulation and contamination.

Fig. 3 shows the dependence of the pressure loss in mbar on the
width of the annular gap along the column wall.

20 Instead of gaps between the individual components, a single edge
gap at the column wall which was interrupted only by a few necessary
holders for the column trays was provided here for demonstration purposes.
The column diameter was 2500 mm, the hole diameter 14 mm and the tray
thickness 5 mm. The water and air supply and the measurement of the

2s  pressure loss corresponded to the procedure described under Fig. 2. The
total orifice ratio was once again kept constant at 13.2% by varying the
number of holes.

It was found that the pressure loss decreased greatly with increa-
sing edge gap width. It is therefore advantageous to keep an edge gap at

30 the column wall so small that the function according to the invention is just
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ring, in particular in discrete area elenents; and in addition the

“majority, preferably the total nunber, of adjacent tray plates and
-support elenments are 15 separated from one another and fromthe col um wall
or the support ring by gaps having_ g wdth of froml1l to, 15

preferably from1l to 7 mm Thus, thé Tformation of undesi P31 aps is
counteracted by the fact that, on t he one hand, the gaps are made
sufficiently large to avoid the di sadvant a- geous reactions descri bed

For it on cab Aumede) i MR RS SARAEOER, Mpdth ) ayhGh ABPar .

producti on othescalinnawell isedothplettlyt avolidédween the conponents to be
connected is rticularly beneficial since this nakes it possible to
provi de a wtight connection in an advant ageous manner.

This novel design s b I nt act
surfaces of tray plgtgbﬁaﬁéx@lfaozl @rgresl?]s 5&2%3;% H%Pilgp éﬁ%‘%ﬂg{i c§$rd§
support rngtothd iaventibnnis thel depardlio ®fr &@yli¢ aeidd Song bypfodub®. pHdeM nant

nunber of contact surfaces is sufficient to |ead to a positive result
accor - polymer forms on the distillation trays in industrial distillation columns in

spite of the addition of stabilizers.

This process is due in particular to the long residence time of the

acrylic acid in fine gaps, in particular in capillary gaps. The formation and
10 the growth of polymer and the deposition of dirt are thus promoted.

This can be illustrated by a simple experiment. Acrylic acid is
allowed to run on the one hand over a screw on which a washer is fixed
with a nut and at the same time over a flat metal plate. After from S5 to
8 days, clearly visible polymer is present on the screw and nut, whereas

15 such deposits are not detectable on the flat metal plate.
The acrylic acid used in the experiment was stabilized with 200
- ppm of phenothiazine. This was a crude acrylic acid which had been
obtained by catalytic gas-phase oxidation of acrolein according to Example
Bl of DE 43 02 991 and by subsequent working up of the reaction gases
20 according to Example Bl of DE 21 36 396.
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di ng to the invention. For other reasons, however, it may be advantageous
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e at | adders. Pref erably,
|ln pra ar the total nurrberl, of tray
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We claim:
1. A column tray for a mass transfer column, in particular one pro-

vided with a support ring at the circumference, which tray has support ele-
ments and tray plates arranged side by side on the support elements and
having passages, in particular holes, valves or bubble caps, wherein

the majority, preferably the total number, of tray plates are connected li-
quid-tight, preferably welded, to the support elements or the support ring,
in particular in discrete area elements,

the majority, preferably the total number, of support elements are connected
liquid-tight, preferably welded, to one another and to the column wall or
the support ring, in particular in discrete area elements, and

in addition the majority, preferably the total number, of adjacent tray plates
and support elements are separated from one another and from the column
wall or the support ring by gaps having a width of from 1 to 15 mm, pre-
ferably from 1 to 7 mm.

2. A column tray as claimed in claim 1, wherein the majority, pre-
ferably the total number, of tray plates are connected, in particular welded,
to viaduct-like support elements, the viaduct arches being open toward the
tray plates.

3. A column tray as claimed in either of claims 1 and 2, wherein
the proportion by area of the gaps present in the tray plane is not more
than 15% of the total orifice ratio.

4. A column tray as claimed in any of claims 1 to 3, which is
designed as a dual-flow tray and is arranged in the mass transfer column.
5. A mass transfer process in a mass transfer column, in particular
one provided with a support ring at the circumference, liquid being moved
in the tray plane on a column tray which has support elements and tray

plates arranged side by side on the support elements and havmg passages,

a of connection, for exanple a screw union, at certain
I'C

t he
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pl at es r onnect ed in particular welded, to viaduct-like support

el ements;m, !ﬂ”\ﬂ'l’ﬂ arches are open tovvard the tray pl ates SO 'rhat
the mass « m not divided into tray segnents but the liquid can
flow very freely bn the 5 colum tray. Mbreover, the use of viaduct
arches wel ded to the feet |eads to -a2l-i ght support or beaz.ioosy4600
structure. A colum tray whose proportion by area of the gaps
present in the tray pl ane is not nore than 15% of the total orifice

ratio is preferre tal orifice ratio is defined as a proportion
of the gas- pe'PnEanF‘é‘a%\rhgési (yalves, 05 sbubbles sapse And; gas; heingrfed ol ﬁl@eﬁ eidat i ve
to the total llt;ﬁiﬁ@y g& (colum cross-section). The area of
di scharge sha ts |s no ? 8& I'n the cal cul ati on, since no nmass
transfer takehe phayonty, hpreferabily cthe uteal t fngybethi 6thiray platés %eéla;ﬂﬁéttaf 12

dual -flow tra S arranged in the mass transfer colum

d
particul arl y 8‘3 b Rreterady cweideds oto; 81? RRDort: nbmrenadgbtthcarsumt d.‘ug;rr bed
15 above ?.% %r}a]rr.ﬁyd@:ijéi %@ag%i% We have found that the

obj ect accor e |nven ion I's
the ma_]onty, preferably the total number, of support elements are connected

liquid-tight, preferably welded, to one another and to the column wall or
the support ring, in particular in discrete area elements, and
in addition the majority, preferably the total number, of adjacent tray plates
10 and support elements are separated from one another and from the column
wall or the support ring by gaps having a width of from 1 to 15 mm, pre-
ferably from 1 to 7 mm.
6. A process as claimed in claim 5, wherein the majority, preferably
the total number, of tray plates are connected, in particular welded, to
15 viaduct-like support elements, the viaduct arches being open toward the tray
plates, the gaps in the tray plane are arranged and dimensioned in such a
way that their proportion by area is not more than 15% of the total orifice
ratio and wherein liquid and gas are combined according to the dual-flow
principle in a liquid-gas jet.
2 7. A mass transfer column having at least one column tray as clai-
med in any of claims 1 to 4.
8. A process for the production of a column tray for a mass transfer
column, in particular one provided with a support ring at the circumference,
tray plates having passages, in particular holes, valves or bubble caps, being
2s  arranged side by side on support elements or on the support ring, wherein
the majority, preferably the total number, of tray plates are connected li-
quid-tight, preferably welded, to the support elements or the support ring,

in particular in discrete area elements,
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achi eved by the mass transfer process, described in the clains, in a plate
tol um. Li mnthetray pl ane on a colum tray which has
‘Support W Hﬁ‘ﬁ \y pl ates arranged side by side on the support 20

glenent V|mg passages, in particylar holes, valves of b&gp caps,
and gas i's fed to the |l iquid through the passages, wherein Phe rity,
preferably the total nunber, of tray plates are connected I|qU|d tlght

pref e- rably melded to the support elenents or t he support ring, in

Eg{ té.: Cﬁhﬁ{)e:_ the tg ?Féfgrgﬁiye errent S ar e COI’]I’] %&ﬂ@ﬁ%l%ﬁpé&ea e

preferably V\&iqdﬂehglttp poeferablyo twelkdedartd one ahahéthend‘Odoume volumnowvatlher suppor t
ring, in particular in discrete area elenments; and in addition the

majority, pr&icSERORt £ing. (4B (DAFtGHATHY disggete areaelementsy apd ay pl ates and
| .
vl | or the Dyidaftod GEAGHE hggpd”éﬁavm"@ b, (8 "HajadsRTuh) (ot 1T

preferably fmndn suppbrt €lements are arranged so that they are separated from one

another and from the column wall or the support ring by gaps having a
width of from 1 to 15 mm, preferably from 1 to 7 mm.
9. A process as claimed in claim 8, wherein the majority, preferably
the total number, of tray plates are connected, in particular welded, to via-

10 duct-like support elements, the viaduct arches being open toward the tray
plates. e
10. A process as claimed in either of claim 8 and 9, wherein the tray * -
plates having passages are designed and arranged in such a way that the
proportion by area of the gaps present in the tray plane is not more than

15 15% of the total orifice ratio, and the column tray is designed as a dual-
flow tray and is arranged in the mass transfer column.
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A preferred process is one in which the majority, preferably the t ot al
nunber, of tray plates are connected, in particular welded, to viaduct-
I"i ke support elenents, the viaduct arches being_ open toward the tray

pl at es. Anot her preferred procésé #s one in which the gaps in

the tray 5 plane are arranged and di mensi oned in such a way that their
proportion by

X
R

:
INKX
X
7/

FIG. 1
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area is not nore than 15% of the total orifice ratio. A
« further preferred process is one in which liquid and gas are conbi ned
..according to the dual-flow principle in a Jiguid-gas jet.

According to the invention, a mass transf /cglunn whi ch has at 10 | east
»one colum tray described in the clains is also provided. In
accordance with the object of the present invention, a process. for the
production of a columm tray for a mass transfer colum is al so
provi ded, tray plates having passages, in particular holes, valves or

bubbl e caps, being arranged side by side on support elenents or on the
support 15 ring, wherein the majority, preferably the total nunber, of
tray plates are connected liquid-tight, preferably welded, to the
support elenments or the support ring, in particular in discrete area
el enents, and the mpjority, preferably the total nunber, of support
el ements are connected |iquid-tight, preferably wel ded, to one another
and to the colum wall or the support 20 ring, in particular in discrete
area elenents. 1In addition, the majority,
. | ;; O
) 25 \

u 207

o

Q

=

(3]

(1]

o

H.

N

s 1,04

0

L]

o

M

[

0+— ; - o
0 5 10 15

Relative gap area %

FIG. 2

iThis Sheet Has Been Relplacec




preferably the total nunber, of adjacent tray plates and support elenents

<are separated from one another and fromthe colum wall or the support
Ming by gaps having a width of from13d 35 nm preferably froml to 7
.mm A preferred production process is one in which the
“majority, 25 preferably the total nunmber, of tray plates are connected, in
parti cul ar wel ded, to viaduct-like support elenents, the viaduct arches
bei ng open toward the tray pl ates. A further preferred
process is one in which the tray plates having passages are desi gned

and are arranged in the plate colum in such a way

2,0 1

1,0 -

‘Pressure loss mbar

Edge gap at

column wéll

FIG. 3
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-6 - that the proportion by area of the gaps present in the tray
9l ane i s not nore than 15% of the total orifice ratio.
sSuch colum trays are preferably designed and arranged in the mass

transfer colum as dual-flowtrays. 5 In the case fm%)he PI ate
col utms and processes described in the clainms, the passg'g'e ¥ qui d

t hrough capillary gaps, ie. gaps haV| ng a wdth of less than 0.5 mm is
to be prevented. For this purpose, I S necessary either conmpletely to

avoi d gaps a s@ﬁﬁ}l\een pI at es and hol di ng o] make
sai d gaps su CI entf:yéé?ar or the liquid to peﬁiEth Gsé/églif
5 Abstract

Column tray for a mass transfer column, in particular one provided
_ with a support ring at the circumference, which tray has support elements
4 and tray plates arranged side by side on the support elements and having
10 passages, in particular holes, valves or bubble caps, wherein the majority,
preferably the total number, of tray plates are connected liquid-tight, prefe-
rably welded, to the support elements or the support ring, in particular in
discrete area elements; the majority, preferably the total number, of support
elements are connected liquid-tight, preferably welded, to one another and
15 to the column wall or the support ring, in particular in discrete area
elements; and in addition the majority, preferably the total number, of
adjacent tray plates and support elements are separated from omne another
and from the column wall or the support ring by gaps having a width of

from 1 to 15 mm, preferably from 1 to 7 mm.

20
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The present invention relates to an apparatus and. a process for
mass transfer between liquids and gases in plate columns. In particular, a
special embodiment of column trays is proposed.

Plate columns are now used for a large number of mass transfer
processes between liquids and gases. The liquid flows over the column.
tray, which has a large number of orifices. Gas is fed into the liquid.
through these orifices, so that the mass transfer process can take place.
The liquid is passed on from tray to tray through the orifices or through
special removal means.

Many possible forms of tray orifices are known. Flat orifices may
be provided (sieve trays; dual-flow trays), the orifices may be provided with
valves (valve trays) and the orifices may also be shielded from the liquid
by bubble caps (bubble trays). Also known are more highly integrated tray
forms, such as tunnel and centrifugal trays, in which an increasing number
of orifices are combined to form a group of gas inlets and in which the
direction of liquid flow is controlled by the momenmm of the outflowing
gas. |

In the plate columns used today, which have diameters of several
meters, the trays are composed of a plurality of plates which are mounted
or fastened on supports or on support elements, such as an edge ring or
individual mounting pieces on the column wall.

The tray plates fastened to supports are positioned flush with one
another and screwed together with the aid of clamps or clamping strips.
In other embodiments, the tray plates are arranged in an overlapping man-

ner or wedges are inserted from above into the gaps between the tray

%
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25° present bet‘ifbg_ew‘ : 8t es t hensel ves, between the tray plates and
t he support ¢l nts and bet veen the support el ements thensel ves and
bet ween the¢ s ﬁrl\m%ﬂ%n {and the support ring. Depending on the
col um di agreter, |arger or;spaller.gcatters of the gap width are

obt ai ned due t? tﬁé“"“““'pr“crdu‘f:‘tl bn. In order to avoid capillary gaps, the
gap width nusttret_he 30 |ess than 1 mm

plates. In addition to increasing the strength of the tray structure, all these
measures are intended to prevent the passage of liguid between the tray
plates instead of at the liquid discharges provided. This additional uncon-
trolled liquid discharge is undesirable even in the case of ripple trays or

5 turbogrit trays in which the liguid flows away through gas feed orifices.

In all stated designs, very fine passages, in particular capillary
gaps (hairline gaps), form at the connection lines of Itray plates with one
another or with support elements (supports) or at screw unions of tray
parts. In such fine passages, the residence time of the liquid is many

1o times longer than the average residence time of a liquid volume on a
column tray. In the case of certain substances, this leads to polymerization, -
coagulation, caking or other undesirable physical or chemical changes.
Frequently, the hairline gaps are only the starting point for such reactions,
which then continue on the column tray.

15 The hairline gaps are also neuralgic points with regard to the
collection of undesirable substances (dirt), particularly owing to the difficulty
of cleaning at these points. These design-related hairline gaps are therefore
also the starting point and cause of a number of contamination, caking and
polymerization problems.

20 It has not been technically possible to date, at an acceptable cost,
to prevent the formation of fine passages, in particular of capillary gaps,
between the components of a column tray. Neither more exact fits nor
higher contact pressures through a tighter screw union or riveting nor the
introduction of sealing compounds lead to a solution to this problem. The

25 last-mentioned present problems in a column tray in particular because the
vibrations of the tray structure due to the gas flow have a very adverse
effect on the adhesion of sealing compounds in joints.

It is an object of the present invention to provide a column tray
for installation in a mass transfer column and a process for mass transfer

3 in a plate column, in which polymerization, coagulation, caking, contamina-
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Fig. 2 shows g%ﬁ’e‘%&ﬁiﬁgggﬁéigggf f a dual-flowtray in nbar as a
function of the;relative gap a. The relative gap area is understood as

meani ng the r tlo @4 MAR 1953 ainthe tray plane to the total area in
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& b r
t he tray plane through wh CE liquid can pass (gaps, holes, etc.). 5

The measured ¢urves were recorded for dual-flow trays in a col um
having a diangter..of 2500 nm [The hole dianeter was 14 nm t he gap
width 5 mm the tray thickness 5 mmand the total orifice ratio was

mai nt ai ned ton 1d2vitey physicainor tdhemivattubiangds bolfiee. pfsaiRs Nbatwesle the

support ring was present on the colum wall. Three dual-flow trays were 10
nmount ed a dF¥RESREBisoPE A crlwmb iy arg aypidedi but or tray was al so install ed.
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case In described in the claims. A novel column tray for a mass transfer column

s provided in particular with a support ring at the circumference consists of

support elements and tray plates arranged side by side on the support

elements and having passages, in particular holes, valves or bubble caps.

In the novel column tray, the majority, preferably the total number, of tray

plates are connected liquid-tight, preferably welded, to the support elements

10 or the support ring, in particular in discrete area elements; the majority, .

preferably the total mumber, of support elements are connected liquid-tight,.

preferably welded, to one another and to the column wall or the support'

ring, in particular in discrete area elements; and in addition the majority,

preferably the total number, of adjacent tray plates and support elements are

15 separated from one another and from the column wall or the support ring

by gaps having a width of from 1 to 15 mm, preferably from 1 to 7 mm.

Thus, the formation of undesirable gaps is counteracted by the fact that, on

the one hand, the gaps are made sufficiently large to avoid the disadvanta--

geous reactions described and, on the other hand, small areas are sealed so

20 well that gap formation can be avoided with acceptable technical complexity.

The production of small-area weld joints between the components to be

connected is particularly beneficial since this makes it possible to provide a
liquid-tight connection in an advantageous manner.

This novel design should as far as possible be chosen for all

25 contact surfaces of tray plates, support elements and the column wall or a

support ring at the column wall. Of course, the design of the predominant

number of contact surfaces is sufficient to lead to a positive result accor-

ding to the invention. For other reasons, however, it may be advantageous

to choose other types of connection, for examplé a screw union, at certain

30 points, for example at ladders.



an anount co iR ,t%@p{& ow velocity of 1.1 nm's. It was
found that ttelpressure }4 creased with increasing 15 rel ative gap
area. It wasj t erg %m t?en}d to provide only the nunber of gaps
required for sptls @ tioning for the purposes of the present

i nvention, ip. 4 fer-avol. dJ__ng~c agul ation and contam nati on.

Fig. 3 shows} the dependence off the pressure loss in nbar on the wi dt h
of the annul ar™ gt -he=£§ol um wal | . 20 | nstead of gaps

bet ween the i nd| VlRitéﬁraIﬂ MmBNaRijerity? & pahRufsdthe totalg%ﬁnibbrtﬁﬁ e um wal |
whi ch was interrupted on by a few necéessary hol ders for the “col um
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orifice ratio was once again kept constant at 13.2% by varyi ng t he

nunber of hedlemn tray. Moreover, the use of viaduct arches welded to the feet leads

PEs |

to a light support or bearing structure.

A column tray whose proportion by area of the gaps present in
the tray plane is not more than 15% of the total orifice ratio is preferred.
The total orifice ratio is defined as a proportion of the gas-permeable area

10 (gaps, passages) in the tray plane relative to the total area of the tray plane -
{column cross-section). The area of discharge shafts is not included in the - . :
calculation, since no mass transfer takes place there. A column tray which
is designed as a dual-flow tray and is arranged in the mass transfer column
is particularly preferred. The combination with the viaduct arches described

15 above is particularly advantageous.

We have found that the object according to the invention is also
achieved by the mass transfer process, described in the claims, in a plate
column. Liquid is moved in the tray plane on a column tray which has
support elements and tray plates arranged side by side on the support

20 elements and having passages, in particular holes, valves or bubble caps,
and gas is fed to the liquid through the passages, wherein the majority,
preferably the total number, of tray plates are connected liquid-tight, prefe-
rably welded, to the support elements or the support ring, in particular in
discrete area elements; the majority, preferably the total number, of support

25 eclements are connected liquid-tight, preferably welded, to one another and
to the column wall or the support ring, in particular in discrete area
elements; and in addition the majority, preferably the total number, of
adjacent tray plates and support elements are separated from one another
and from the column wall or the support ring by gaps having a width of

0 from 1 to 15 mm, preferably from 1 to 7 mm.
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A preferred process is one in which the majority, preferably the
total number, of tray plates are connected, in particular welded, to viaduct-
like support elements, the viaduct arches being open toward the tray plates.

Another preferred process is one in which the gaps in the tray
plane are arranged and dimensioned in such a way that their proportion by
area is not more than 15% of the total orifice ratio.

A further preferred process is one in which liquid and gas are
combined according to the dual-flow principle in a liquid-gas jet.

According to the invention, a mass transfer column which has at

least one column tray described in .the-claims.is also provided.

In accordance with the object of the present invention, a process.

for the production of a column tray for a mass transfer column is also
provided, tray plates having passages, in particular holes, valves or bubble
caps, being arranged side by side on support elements or on the support
ring, wherein the majority, preferably the total number, of tray plates are
connected liquid-tight, preferably welded, to the support elements or the
support ring, in particular in discrete area elements, and the majority,
preferably the total number, of éupport elements are connected liquid-tight,
preferably weided, to one another and to the column wall or the support
ring, in particular in discrete area elements. In addition, the majority,
preferably the total number, of adjacent tray plates and support elements are
separated from one another and from the column wall or the support ring
by gaps having a width of from 1 to 15 mm, preferably from 1 to 7 mm.

A preferred production process is one in which the majority,
preferably the total number, of tray plates are connected, in particular
welded, to viaduct-like support elements, the viaduct arches being open
toward the tray plates.

A further preferred process is one in which the tray plates having

passages are designed and are arranged in the plate column in such a way



.8 - ¢ iﬁffté}‘u ﬁf:ti:he interests of effective nmass transfer, an
annul ar gap fat!” """ the colUmmjwall is conpletely avoi ded. EXAMPLE

A typical exa Ié@MARh@@;Js f a columm tray designed according 5 to the
i nvention i § tthe separati on;og acrylic @acid from byproducts. Here,.

pol ymer forns "ot the di-stidtati on trays in industrial distillation colums

I n spitg.of the addition of stabilizers. This process is
due in particular o the“Femg resi dence tine of the acrylic acid in
fine gaps, itmtpet peoposdor bycafeh! bfanhe gaps.préeeat fiar oot irgy siaek 19 ddpe growt h
of polymer and the deposition of dirt are thus pronoted. Thi s
can be il | udRqrattban pho % of; el tad gsificeniabie. Acrylic acid is

Such column trays are preferably designed and arranged in the

mass transfer column as dual-flow trays.

5 In the case of the plate columns and processes described in the
claims, the passage of liquid through capillary gaps, ie. gaps having a width
of less than 0.5 mm, is to be prevented. For this purpose, it is necessary
either completely to avoid gaps at connections between plates and holding
means or to make said gaps sufficiently large for the liquid to pass through

10 substantially unhindered. Tests have shown that- the fluid dynamic behavior
of the novel tray design has only slight disadvantages in comparison with
the conventional tray design. These disadvantages are minimal in particular.
in the case of the viaduct-like design of the support elements which is

described above.

15 The invention is illustrated below with reference to three Figures:
Fig. 1: Diagram showing the principle of a novel column tray;
Fig. 2: Pressure loss of a novel column tray (dual-flow tray) as a

function of the relative gap area;
Fig. 3: Pressure loss of a novel column tray as a function of the
20 diameter of the anpular wall gap.

Fig. 1 shows a novel column tray. The tray plates are held by
viaduct-like support elements, each of which is welded to the tray plates
and the other support elements (bearers) and to the support ring attached to
the column wall. In addition, gaps having a width of about 5 mm are

25 present between the tray plates themselves, between the tray plates and the
support elements and between the support elements themselves and between
the support elements and the support ring. Depending on the column
diameter, larger or smaller scatters of the gap width are obtained due to the
production. In order to avoid capillary gaps, the gap width must not be

30 less than 1 mm.
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function of the relative gap area. The relative gap area is understood as
meaning the ratio of the gap area in the tray plane to the total area in the
tray plane through which liquid can pass (gaps, holes, etc.).

5 The measured curves were recorded for dual-flow trays in a
column having a diameter of 2500 mm. The hole diameter was 14 mm,
the gap width 5 mm, the tray thickness S mm and the total orifice ratio
was maintained at 13.2% by varying the number of holes. A 40 mm wide
support ring was present on the column wall. Three dual-flow trays were

10 mounted a distance of 400 mm apart. A distributor tray was also installed..
The measurements were carried out with water and air at the middle tray.
Water was introduced in an amount of 3.6 m3/m?h and air in each case in
an amount corresponding to a flow velocity of 1.1 m/s.

It was found that the pressure loss decreased with increasing

15 relative gap area. It was therefore intended to provide only the number of
gaps required for satisfactory functioning for the purposes of the present
invention, ie. for avoiding coagulation and contamination.

Fig. 3 shows the dependence of the pressure loss in mbar on the
width of the annular gap along the column wall.

20 Instead of gaps between the individual components, a single edge
gap at the column wall which was interrupted only by a few necessary
holders for the column trays was provided here for demonstration purposes.
The column diameter was 2500 mm, the hole diameter 14 mm and the tray
thickness 5 mm. The water and air supply and the measurement of the

25 pressure loss corresponded to the procedure described under Fig. 2. The
total orifice ratio was once again kept constant at 13.2% by varying the
number of holes.

It was found that the pressure loss decreased greatly with increa-
sing edge gap width. It is therefore advantageous to keep an edge gap at

30 the column wall so small that the function according to the invention is just
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arranged side] b t he [support el enents and
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performed. In the interests of effective mass transfer, an annular gap at
the column wall is completely avoided.
EXAMPLE
A typical example of the use of a column tray designed according
s to the invention is the separation of acrylic acid from byproducts. Here,
polymer forms on the distillation trays in industrial distillation columns in
spite of the addition of stabilizers.

This process is due in particular to the long residence time of the

acrylic acid in fine gaps, in particular in capillary gaps. The formation and
10 the growth of polymer and the deposition of dirt are thus promoted.

This can be illustrated by a simple experiment. Acrylic acid is
allowed to run on the ome hand over a screw on which a washer is fixed
with a2 mut and at the same time over a flat metal plate. After from 5 to
8 days, clearly visible polymer is present on the screw and mut, whereas

15 such deposits are not detectable on the flat metal plate.

The acrylic acid used in the experiment was stabilized with 200
ppm of phenothiazine. This was a crude acrylic acid which had been
obtained by catalytic gas-phase oxidation of acrolein according to Example
Bl of DE 43 02 991 and by subsequent working up of the reaction gases

20 according to Example Bl of DE 21 36 396.



havi ng* pasERIRS; AdiicRardigitiar hol es, valves or bubble caps, wherei m 10~

t he maj ori R ipnat R e‘ total nunber, of tray plat es -
qui d-ti ght ‘“r‘“eferabTy vveﬂdegd to the support el enent s or m '!ﬂ
in particu @4%1%% lariea el ements, the majori ty, pre

t ot al nunbar of support eI enents are_cdr cﬁbn'nect ed l'i qui d- tlght

preferably welded,”"t6 one anot her and “to the column wall or 15 the support
ring, in particular in discrete area elenents, and in addition the
majority, preferably the total nunber, of adjacent tray plates and

support elenents are separated from one another and fromthe col um

wal | or the support rinhg by gaps having a width of from1l to 15 nmm pre-
ferably froml1l to 7 mm 20 2. A colum tray as clained in claim 1,
wherein the majority, pre- ferably the total nunber, of tray plates are
connected, in_particular welded, to viaduct-like support elenments, the
vi aduct anché¥e KliRy open toward the tray plates.

1. A column tray for a mass transfer column, in particular one pro-
vided with a support ring at the circumference, which tray has support ele-
ments and tray plates arranged side by side on the support elements and
having passages, in particular holes, valves or bubble caps, wherein

10 the majority, preferably the total number, of tray plates are connected li-
quid-tight, preferably welded, to the support elements or the support ring,
in particular in discrete area elements,
the majority, preferably the total number, of support elements are connected .. . .
liquid-tight, preferably welded, to one another and to the column wall or

15 the support ring, in particular in discrete area elements, and
in addition the majority, preferably the total number, of adjacent tray plates
and support elements are separated from one another and from the column
wall or the support ring by gaps having a width of from 1 to 15 mm, pre-
ferably from 1 to 7 mm.

20 2. A column tray as claimed in claim 1, wherein the majority, pre-
ferably the total number, of tray plates are comnected, in particular welded,
to viaduct-like support elements, the viaduct arches being open toward the
tray plates.

3. A column tray as claimed in either of claims 1 and 2, wherein

25 the proportion by area of the gaps present in the tray plane is not more
than 15% of the total orifice ratio.

4. A column tray as claimed in any of claims 1 to 3, which is
designed as a dual-flow tray and is arranged in the mass transfer column.
3. A mass transfer process in a mass transfer column, in particular

30 one provided with a support ring at the circumference, liquid being moved

in the tray plane on a column tray which has support elements and tray

plates arranged side by side on the support elements and having passages,
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3. ' 'é Ldtr[aé }515--%:;1i imed in either of clains 1 alnd ., wherein 25 T
t he propoft ofltﬁe gaps present in the tray plan !uﬂglm m
thanp15&) D f egt (ﬁmg ice ratio. 4, A colum 'j ,l “ Hmmm
I n any of C—&h&ﬁr--‘-ir-{—_g-ﬁ ichis designed as a dual -flow tfaytant is -«
arranged |n the mass transfler colum.- 10 5, A mass transfer process
In a mass” Ter—cotrom=Ii n particular 30 one provided with a support
ring at the C|rcum‘erence | i qui d bei ng noved inthe tray plane on a
colum tray which has support elenents and tray pl ates arranged side by

side on the support el enents and havi ng passages,

in particular holes, valves or bubble caps, and gas being fed to the liquid
through the passages, wherein
the majority, preferably the total mumber, of tray plates are commected li-
quid-tight, preferably welded, to the support elements or the support ring,
5 in particular in discrete area elements,
the majority, preferably the total number, of support elements are connected
liquid-tight, preferably welded, to one another and to the column wall or
the support ring, in particular in discrete area elements, and
in addition the majority, preferably the total number, of adjacent tray plates
10 and support elements are separated from one another and from the column
wall or the support ring by gaps having a width of from 1 to 15 mm, pre-
ferably from 1 to 7 mm.
6. A process as claimed in claim 5, wherein the majority, preferably
the total number, of tray plates are connected, in particular welded, to
15 viaduct-like support elements, the viaduct arches being open toward the tray
plates, the gaps in the tray plane are arranged and dimensioned in such a
way that their proportion by area is not more than 15% of the total orifice
ratio and wherein liquid and gas are combined according to the dual-flow
principle in a liquid-gas jet.
20 7. A mass transfer column having at least ope column tray as clai-
med in any of claims 1 to 4.
8. A process for the production of a column tray for a inass transfer
column, in particular one provided with a support ring at the circumference,
tray plates having passages, in particular holes, valves or bubble caps, being
25 arranged side by side on support elements or on the support ring, wherein
the majority, preferably the total number, of tray plates are connected li-
quid-tight, preferably welded, to the support elements or the support ring,

in particular in discrete area elements,
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the majority, preferably the total number, of support elements are connected
liquid-tight, preferably welded, to one another and to the column wall or
the support ring, in particular in discrete area elements, and

in addition the majority, preferably the total number, of adjacent tray plates
and support elements are arranged so that they are separated from one
another and from the column wall or the support ring by gaps having a
width of from 1 to 15 mm, preferably from 1 to 7 mm.

9. A process as claimed in claim 8, wherein the majority, preferably
the total number, of tray plates are connected, in particular welded, to via-
duct-like support elements, the viaduct arches being open toward the tray
plates. '

10. A process as claimed in either of claim 8 and 9, wherein the tray
plates having passages are designed and arranged in such a way that the
proportion by area of the gaps present in the tray plane is not more than
15% of the total orifice ratio, and the column tray is designed as a dual-

flow tray and is arranged in the mass transfer column.



| tquid-ti M&i%l&zﬁhgbi}w: | ded, to one another and to the colum wall or
the suppoyt|ri I N | ular in discrete area elenents, and I n
addition }he r%g 198 riefierably the total nunber, of adjacent tray plates

10 and sppport el emants ts jarfe separated from one anot her and fromthe
Wal

col um of THE SU suppiort ring by gaps having a width of from1l to 15
mm pre- ferably from 1 to 7 nm 6. A process as clained in
claim5, wherein the najority, preferably the total nunber, of tray

pl ates are connected, in particular welded, to 15 viaduct-like support

el enents, the viaduct arches being open toward the tray pl ates, the
gaps in the tray plane are arranged and2dinensioned in such a way t hat

their proportion by area is not nore than 15% of the total orifice
ratio and wherein liquid and gas are conbi ned according to the dual -fl ow
principle in aliquid-gas jet. 20 7. A mass transfer columm having
at | east one colum tray as clai- med in any of claims 1 to 4.

Mags transfer in plate columns and apparatus for this purpose

5 Abstract

Column tray for a mass transfer column, in particular one provided
with a support ring at the circumference, which tray has support elements
and tray plates arranged side by side on the support elements and having

10 passages, in particular holes, valves or bubble caps, wherein the majority,
preferably the total number, of tray plates are connected liquid-tight, prefe-
rably welded, to the support elements or the support ring, in particular in
discrete area elements; the majority, preferably the total number, of support
clements are connected liquid-tight, preferably welded, to one another and

15 to the column wall or the support ring, in particular in discrete area
elements; and in addition the majority, preferably the total number, of
adjacent tray plates and support elements are separated from one another
and from the column wall or the support ring by gaps having a width of
from 1 to 15 mm, preferably from 1 to 7 mm. |
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8. A ﬁ}@@k@bw@@ %BT oduction of a colum tray for a mass transfer
col umm, i n}pagrtircut-ar-eRe= rlnw ded with a support ring at the

circunfere 'ci 0 Wl t s havi ng passages, in particular holes, valves
or bubbl e ¢aps, ﬁéﬁ rfanged side by side on support elenents or on

t he suppor ing _wherein, the majority,l preferably the total nunber, of
tray plateg are “connected i} qui d-tight, preferably welded, to the
support el emenmts—or—+he~support ring, in particular in discrete area

el enent s, - 11-
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FIG. 1



t he maj orjypn Qrf@heG el yeawie total nunber, of support elements are
connectedlﬂﬁﬁfﬁﬁgﬂgﬁﬁg',Pwﬁ preferably wel ded, to one another and to the
colum wa} | | or the support ring, in particular in discrete area

el enent s, § ahd 04 MAR\198ddijtijon the najority, preferably the total nunber, of
adj acent grpy plates 5 &gnd support elener2s are arranged so that they are

separ at edt from ~one andt her and frormthe colum wall or the support
ring by dgaps hayving a____ width of from1l to 15 nm preferably from1l to 7
nm 9 : A process as clained in claim8, wherein the mgjority,

preferably
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the total nunggp AGENH\& QHEE

via- 10 duct-Illi ke support €le

tes are connected, in particular welded, to
ents, the viaduct arches being open toward
A process as clained in either of claim8

the tray pl at@4.MAR 199%0.
and 9, mherein!the tray plates having passages are designed and
arranged in $u —way-that-t hp proportion by area of. the gaps present
inthe tray plane I1s not nore than 15 15% of the total orifice ratio, and
the colum tray is designed~as a dual - flowtray and is arranged in the
mass transfer col um.
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