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.device and a net for dispersing gas in a liquid. 5 The dispersion

of gases in liquid nedia is used widelLyji-n the chemi cal industry, for
exanpl e in hydrogenations, chlorinations or oxidations. Oxygen input
is of considerable inportance in fernmentation processes and aerobic
wastewater treatnment. Gas is also dispersed in a liquid nmediumin

f oam pr oductPexice and MGWW% are dispersed in

hi gh-vi scosity liquids, in order for exanple to produce creans, 10
foam guns or chocolate with an air-filled porous structure (described
for exanpl e Tie MO&RIchICILBAZ) a ddVie: Al eetihve fof digmssin sqdnailignid. s to
input gas into a fluid, preferably in the formof bubbles that are as
smal| as possible, in order to produce a maxinmally large interface 15
bet ween the ¢! is Hﬁﬁﬁ
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pl ates, determnes the“size distribution of the primary bubbl es
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Dur chsat zen" as 25 di sper s in liguids usi nozzl es.. at .el evat
t hr oughptft s) %&H% e‘ﬁ nté éﬂ#ﬂl?or%Isﬁﬂ%m%é &f exajélpem
pages 389- 39@@@13@1gmbg descrl bes what effect par arreters such as

nozzl e wi dth, gas throughput, viscosity and interfacial tension have
on the size distribution of gas bubbles, which arise on injection of
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15 between the gaseous and liquid phases. The larger the phase interface, the greater the

mass transfer between gas and liquid, in accordance with Fick's first law.

Gas dispersion here often proceeds in two steps:
1. introduction of the gas into the liquid in the form of bubbles
20 2. dispersal of the bubbles

The method of introduction, in general by way of nozzles, frits or perforated plates,
determines the size distdbution of the primary bubbles. The article
"Gasdispergierung in Fliissigkeiten durch Diisen bei hohen Durchsitzen" (gas
25  dispersion in liquids using nozzles at elevated throughputs) from Chemie-Ingenieur-
Technik, Volume 28, 1956, No. 6, pages 389-395 for example describes what effect
parameters such as nozzle width, gas throughput, viscosity and interfacial tension
have on the size distribution of gas bubbles, which arise on injection of a gas jet into
a liquid from a nozzle.
30
Dispersal of the bubbles may proceed for example by means of a dynamic or static
mixer. While in dynamic mixers homogenization of a mixture is achieved by moving

members such as for example stirrers, in static mixers the flow energy of the fluid is
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.energy of the fluid is W?2012/025264PCT/ EP2011/058135 - 2 -
exploited: a delivery unit (for exanple_a punp) forces the liquid
through a pipe provided with static internal m xer inserts, wherein
the liquid followng the main axis of flowis subdivided into parti al

streams, which.are,stretched,.sheared, .swirle oget her_ and m xed .
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static m xers for dispersing gases to produce closed-cell foans. A

st epped i{ir uﬁ}ure for increasing the effectiveness of gas dispersion
is not d&&crilBglse of static mixers to disperse gas in a liquid is known. WO2005/103115A1 for

example describes the use of a static mixer in a method for producing polycarbonate
using the transesterification method. To remove monomers and other volatile
constituents from the polycarbonate, a blowing agent is added to the polymer melt.
When the pressure is subsequently lowered, the blowing agent escapes, foaming the
25 melt. The foam brings about a major increase in surface area, which is advantageous
for degassing, i.e. the removal of volatile constituents. An inert gas, such as nitrogen
for example, is preferably used as the blowing agent, which inert gas is introduced
into and dispersed in the melt by means of a static mixer, for example an SMX
mixer.
30
US2005/0094482A1 and US5480589 describe static mixers for dispersing gases to
produce closed-cell foams. A stepped structure for increasing the effectiveness of gas

dispersion is not described.



- 3 - Disper¥omIafoasas4in a liquid generally requires pCeapen] Mose13s
.l engths than the dispersion of liquids. 50n the basis of the prior
art, the object arises of providing a degice and a nethod for

di spersing gas in a liquid, in order to enable nore effective gas

di spersion than has been described in the prior art. Conpared with
the prior art, it is intended to achieve a snaller average bubble
size at the mxer outlet while nmaintaining the sanme m xer | ength.
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m xer 1O0outlet with an 1dentical pressure drop over the entite m Xxer.
It has sur prfispergiop obligwds.ound that a static nixer, in which the
specific energy input increases in the direction of flow, has a
particularly effective dispersing action. Using such a mxer it is

possi bl e,5 wi Oh the basigaf tab bHooargthd bbjpEeSEY 6f H6PRingl Oddvi @S mdfiod for
smal | er gas g_ubbl_es than with a static mxer, in which the energ
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invention acgcordingly firstly provides a device for dispersing gas in
a liquid wit n&t%n%gffﬂtlﬁdéﬁ a shelesaysyagefble sige iyty be achigved\gtithe mixer

static nmgi NGuih YIRS deRRAHEQNR drbp BOM ek §RGLN LI and an

effective dianmeter D, characterized in tﬁat the I ndi vi dual zones are
constructed such that the nechanical energy input Ei acting on the

gas/liquid mxture and rmalized to the respective ratio Li/Di )
i ncreases fr aﬁ%‘i‘@ﬂémlg@olﬁiﬂéco' thalee falemixSninowhich g snrpidiceangray ingut

an integer i Rt iduld i | i
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through the integers from1l to the nu ese
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over the length of the mixer. Using such a mixer it is likewise possible, with the
same overall mixer length, to produce smaller gas bubbles than with a static mixer, in

which the energy input is constant over the length of the mixer.

20  The present invention accordingly firstly provides a device for dispersing gas in a
liquid with a number 7 of successive zones Z;, Zs,..., Z, with static mixing elements,
each zone Z; having a length Z; and an effective diameter D;, characterized in that the
individual zones are constructed such that the mechanical energy input E; acting on
the gas/liquid mixture and normalized to the respective ratio Ly/D; increases from

25  zone to zone in the direction of flow, wherein # is an integer greater than or equal to

3 and i is an index which runs through the integers from 1 to the number » of zones.

The present invention further provides a device for dispersing gas in a liquid in
which gas and liquid are conveyed jointly through a mixing device and, in the
30 process, flow through a number » of successive zones Z;, Z,,..., Z, with static mixing
elements, each zone Z; having a length L; and an effective diameter D;, characterized
in that the mechanical energy input E; acting on the gas/Hquid mixture and

normalized to the respective ratio L;/D; increases from zone to zone in the direction



30’pr ocess, WO20IRHIZ5AG4 a nunber n of successi ve zonesp@imz@@;lﬁogsgms
-Z" with static mxing elenents, each zone Zi having a length Li and
an effective dianmeter D, characterized_yn that the nechanical energy

input Ei acting on the gas/liquid mxture and normalized to the
respective ratio L/Di increases fromzone to zone in the direction -

4 - of flow, elh n.is.an i.nteger greater than or, equal to 3 and.i

i s an index 9\%@%” Wl@ﬁ%en} ﬁl’lgﬁ%ﬁn%% grﬁeﬁ%rg of FB‘Fﬁrijt3oa”c el erx PWCIB‘Fh
zones. Li qui fhnsshribeglethensieses aoth DRNEE aldned PofBRABs. 2 Nedi um whi ch nmay
be conveyed by 5 the device according to the invention. It may for

exanple also be a nelt or a dispersion (for exanple emulsion or

suspension).y; i.d.J used hereinafter. . The fluid is
herg pref er a%@?do#q?ég% (él%“iltg\llfgejw%(i?é%{e\%)@l cttsg)srinf3 A ain_.le tum which may \be Logpyed by
of between 2theRdeviceanctoidingqf, B nventios. [tPRGY | forleRihplePsied BeaPlnfelt or a
bet ween 1, 00Q, nPa. - and 1,000,000 nPa.s (neasured in a cone and
pl ate vi scosHHREEPT 109 EHMHPIE genBlsIoNNeS 3uspgngien)a Biresarny fuid ¢ also used

s-1). Mechanj I BS: 4l i i i-n. Qrder.to .
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nti onal use nodul ar ens. A mxer is conposed of a )
Serios of mobPGEE R 4 gp@@éﬁé nParh diepsitr Tack CoRe #AY mhete vissosimeler
by i ncrepsi ngechRfn MEAY 5961978 Xishehr ShETRALS) i n a mixer.

Conventionally, the mxing elenents are introduced into a pipe to
forma static mxer. It should be pointed out that the present

' angement RECAGE Py 5 R s Gh LB GAEHE e it 9 g EHBIE
to mxers ofinife CRIRAHs SRdORput is brought about by static mixing elements. In mixing
technology it is conventional to use modular systems." A mixer is composed of a

15 secries of modular mixing elements. The mixing action may be increased by

increasing the number of mixing elements in a mixer. Cohventionally, the mixing

elements are introduced into a pipe to form a static mixer. It should be pointed out

that the present invention is not restricted to mixers which are built up from an

arrangement of modular mixing elements, but rather is also applicable to mixers of

20  compact design.

The device according to the invention is distingnished in that it has a number # of
adjacent zones, wherein # is an integer greater than or equal to 3. Static mixing
elements are present in each zone. Each zone Z; has a length L; and a cross-sectional
25 area A;. In this case 7 is an index which runs through the integers from 1 to the
number » of zones. The length Z; of a zone Z; corresponds to the length of the mixing
elements arranged in series in this zone; the cross-sectional area 4; corresponds to the

cross-sectional area of the mixing elements present in the zone Z;.

30  On the basis of the cross-sectional area A;, it is possible to calculate an effective

diameter D; according to equation 1:



The device at¥UdP9g52@t t he i nvention is distingui shed PGT/ERZ011/058S
-a nunber n of adjacent zones, wherein n is an integer greater than or
equal to 3. Static mxing elements are pfesent in each zone. Each
zone Zi has a length L, and a cross-sectional 25 area Ai. In this
case i is an index which runs through the integers from1 to the
nunber n of zonesf—¢he |l ength Li of a zone Z corresponds to the
| ength of theprmix el enments arranged in series in this f ne; the
cross-sectionaf ea Al corresponds to the cross-sectional ‘area of
the m xing elenents present in the zone - 5 - 411 (1) In the case of

a circular clohs csecsfl ®oircilecobd aRtiby,ethelicfreiRy dibne®P'D; %@H@dﬂ)@ﬁdé @ the
the diameter of the circle. In the case of a non-circul ar

exanpl e rectdiAggienps thergecle. Jadhe ease qfr@enfélf-ﬁé@darv(éorcﬁxaﬁ@ieemc@rlgular) Cross
corresponds f.ay &ﬂ Ghd ARG dx?:I'ne%er r (%r?es a?}%u&%t%%% %rf gaagrc LSMith a

corresponds to tHe cross-sec nal ‘area.

char act erd stducfavahnee which ctolmespc&ﬁlp&cﬂle\cﬁ)sz@amoﬁal. arfa.m xi ng el ement has
internal structures and channel s between said structures. As a 10
fluid is conveyed through a m xing elenment, the structures and

channel s_havend higo 2/begt &Bméghgﬁewm@%meregﬁ#we Iz Sub- st reams

and distributing, shearing a opt 1 ona t he
sub-streans thus being m xed together. The average di aneter of a
channel is a breV|a ed hgﬁelnafter with the Ietters ch. An average

channel di aret@fHi® ‘?IECIE & PRI RIS S FonBsls Beiep sEifl sHETeS. As a
di anet erjavefi@dqs conveyed through a mixing element, the structures and channels have the

cffect of subdividing the fluid into sub-streams and distributing, shearing and
optionally swirling it, the sub-streams thus being mixed together. The average
diameter of a channel is abbreviated hereinafter with the letters di. An average
channel] diameter d; is understood to mean the effective channel diameter averaged
15 arithmetically over all the channels, wherein the effective channe] diameter may be
calculated in accordance with equation 1 in the same way as the effective diameter of

a zone Z;.
d, = |— 2)

The ratio di/D; between the average channel diameter d; and the effective diameter D;
20 of the mixing elements in a zone Z; is likewise a characteristic value for the
respective zone Z;. The parameter ¢; in this case denotes the open cross-sectional
area, more precisely the projected area of the free cross section. Thus, for example,
1 Fig. 1a the open cross-sectional area a; is obtained from the sum of the projected
areas of the individual free cross-sectional areas of the open channels through which

25  the fiuid may flow (equation 3).

N
ai = Zbi,m ) M)i,m (3)

m=l

The parameter m is in this case a count parameter, while N is the number of

individual free cross-sectional areas.



15 arithneti ®4P20124282641 | the channel s, wherein the ef PET{ER2611/058135
- channel dianeter may be cal cul ated in accordance with equation 1 in
the same way as the effective dianeter eb-a zone Zi. The ratio
di/ D between the average channel dianmeter di and the effective
dianmeter Di 20 of the mixing elements in a zone Zi is likewise a
characteristic value for the respective zone Zi. The paraneter ai in
this case denotes the open cross-sectional area, nore precise!y t he
proj ect ed ar €be ofatit hsixkrseesedr wserdagctd the. pridrust féogasediapgbion Hale Fhfking

1 th t al, area a; i.s obt fromthe sum of the
pr g] ecte egpgplé’ﬁgg%?"hf‘ﬁgminﬁgﬁ edgae QVFé@ec]FB@g ‘gfetg? yKel Hereihergis jgkone
open channel %ﬂehﬁ%g@ 1&@&{2!& e%'i_’ﬁegﬁ)nfdls Wb Ghd BofH SivHeANAL ag@ whose ‘%f ect1ve
Eb. 1V/, nz(3) 111= 6 - The static m xer's used according to t

prior ar {5 fodlagﬁﬁﬁ‘rd? spresspomis thaheciickive gianmseraf shavmixed. Tlendispersihg actmn
sanme over the.| e of the m xer t here.is. just. o on whose
length L cor g%Ssupgndgmf% PHePS g}%&aﬁe@&{)n[ FRERISe Y EFa%ﬂ%EIée éﬂ i 4 the
di ameter D cRap@siOhéimited itdieassd, tRChle¥@raiRpetehcRbsds hﬁeﬂ‘ly(&!?er tﬂ_@ﬁnxer
di spersi ng actlon of such a m xer_ nay be increased, for exanple, by

i ncreasi ng t e megkamcal enggy tirput|Fengt praportidnel foerpressoreedispsacobhBng to
pressure dro r L arI qver~t he r %e nmechani cal
ener gy i nput Qcéggsﬁ ?453) %ﬁ%%%rhsowﬁal ¥rhc ﬂ%\?{é%tggfﬁl oﬂr% according to
equation (4), wherein Vis t he vol urretrl c flowrate of the fluid.
Ey=0p-V (4)
10
The pressure drop Ap and thus the mechanical energy input may in the same way

also be increased by reducing the effective diameter D.

The device according to the invention is distinguished by a number » of zones. Each
15 zone Z is characterized by a specific mechanical energy input E;, which is input into
a fluid flowing through the respective zone. The specific mechanical energy input £
is the mechanical energy input E,, normalized to the characteristic value L/D;. In
this case the following applies according to the invention £; < E; <... < E,.
E.-D

E = aby

; )

20 The number # of zones in a device according to the invention is unlimited. It may be
virtually infinite, if the zones are infinitesimally small and there is a continuously
rising specific energy input over the length of the device, such as could be case for

example with a conically tapering pipe.

25  Itis feasible for further zones to exist up- or downstream of the zones Z; to Zn, Which

have freely selectable specific energy inputs.

For instance, a particularly preferred embodiment of the device according to the

invention is characterized in that it has a first zone Z; which achieves a higher



E abs ap(4) Y0O30/@@84ure drop Ap and thus the mechanPEIVER2MHAHY58135
“input may in the same way also be increased by reducing the effective
di aneter D. The device according to the-imwvention is distinguished by

a nunber n of zones. Each 15 zone Zi is characterized by a specific
mechani cal energy input E' which is input into a fluid flow ng

t hrough t he I}g&m : ) LfJ chagi.c r N Ei
Is the mechargf cal tgiﬁéélgéf}ﬁ npmm%g%gﬁ%gréﬁgfi@e@ EH(? ?.}ﬁ%c‘?% a&%gf)g?k%s%gj)'
val ue Li/ Di . Acpordiigstodhsmveitteorf tht zond Egis&‘@]ﬂxhi;ﬁsb;&ﬁhﬁﬁé%dws Zptdfilﬁ wherein
i nvention El .<E2 < < En. ab E D (5) 20 _The nunber n of zones
in a device 5%%% iCH’ae%PBH‘E% ?Hﬁ?@iﬁ FBETSY SIBHISi & tiedl» Ithe pigilowmg applies:
virtual ly infsaite, <kf. 1t B8 40R8SnAY BebDEdMihsd ARE b¥in ST bn 8 of
is a conti nuodsl{/ rising specﬁi%ﬁgngrgy ?dnput over thgalf eng#%%%‘]‘?‘{“hé)
devi ce, sdchzerespomaty bebtdesmay be pedaogl &y xarel,awhioh heed ]lezs dfapendagy to
I pe. 251t is feasible for further zones.to,.exist - or downstream
gf IOt he zones HI§g IHsubsggtiep zq?gg,én?rleggf%n RS Ap éﬁ?‘%B%‘Eg@?IBe\é‘?ﬁ]ergy
inputs. - 7 - specific energy input than the next zone Z1 in the
direction of flow (EO>E1l). According to the invention the zone Zi is
fol | owed by fupPrierebamsodiment the depiesr asicarding to the invention has a number # of

mixing zones, which are arranged in series, wherein the average channel diameter d;
10 in the mixing zones becomes smaller in the direction of flow. Smaller channels
produce a higher pressure drop per length, which is synonymous with an increasing

specific energy input.

This embodiment preferably comprises a cylindrical pipe, into which mixing
15  elements are inserted. The effective diameter D; of the mixing elements is here
preferably constant over the entire pipe length, while the average channel diameter d;
becomes smaller in successive zones in the direction of flow. D; =D, = ... = D, and

d; > d»> ... > d, apply.

20 Mixing elements of the same type are preferably used, for example SMX mixers with

different characteristic values 4/D.

In a further preferred embodiment the device according to the invention has an
arrangement of mixing elements which have an increasingly smaller effective

25  diameter D;in the direction of flow with a constant ratio d/D;.
d d, d _d

= n

Do D, D D, and D;>=Dy>...>D, aPPIY

This embodiment comprises a cylindrical pipe, into which mixing elements are
inserted, which have an effective diameter D; which becomes increasingly smailer in

30  the direction of flow,
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applies: <E" It has surprisingly been established that with such an
arrangenent of 5 zones prinmary bubbl es sy be produced by zone Zo,
whi ch have | ess of a tendency to coal esce in subsequent zones, nore
effective dispersion thus being achieved. In a preferred enbodrnent
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whi ch are arranged in series, wherein the average c anne
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Smal | er chanpel s produce a her ressu Iength i ch is
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preferably cag@tdisrso %&Eipbnrdfth %aﬂgodél' RE. Af ﬂ{eop&ﬂﬂscrﬁ' Wit #om a mixing
el enents are inserted. The effective dianmeter D, of the m xing

el ement s § s ¢lementprid elaps s’uam@tﬁsfaammlmrelmt enﬂuarsenqil flemietengtamsitional

whil e the ave a ter OeS snm Ie n succe ve
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SMX m xers with different characteristic values d/D. In a further

preferred enba8apPaeprncctsd inans piecewith thiijagket pipener bowanstricied seperately.
arrangenent of m xing elenents which have an increasingly snaller
effective 25 dianmeter Di in the direction of flow with a constant

ratio di¥Di . InddfidtheDprofiredi dabodidét, the@@vive acéhvr\jlqm@ﬁd) Yhe InVHIhio;ﬁ has i in each
enbodi ment conprjses a cylindrical pipe, into ich mxing elenents
are insert edzor‘\‘r?,r# Eh AHSRAETIEH! @ TiEdng <lemants ot didferent txpes.cvhiplk eidhe same ratio

i ncreasi ngl yz %ﬁ:%bfer iAcrathid e Shub &b 8 e J0hQ%: in the direction of flow.
WD2012/ 025264PCT Epzaéllll 05é1%§“3 b2 edth 2o 1n the direction of tlow
The mixing elements are inserted into a cylindrical pipe. They preferably have the

15  same effective diameter D;.

If the external diameters of the mixing element types vary, it is feasible to enclose
those mixing elements whose external diameter is smaller than the internal diameter
of the pipe with a jacket pipe or ring, whose external diameter approximately
20 corresponds to the internal diameter of the pipe, in order to be able to insert it into
the pipe with a good fit. The above-described use of transitional jacket pipes is also

advantageous here.

It is feasible to combine together the various different embodiments.
25
The device according to the invention is suitable for dispersing gas in a liquid, for

example for input of a carrier gas into a polymer melt or for foaming liquid media.

The gas may be added using tubes or thin capillaries which are preferably situated
30  upstream of the static mixer cascade in the direction of flow. Furthermore, the gas
may also be added through a porous body. A porous body may for example exhibit
the following geometries: a frit and/or a porous, sintered body and/or a single- or

multilayer screen.



- 8 - The mi YQXP12(02a%67t s whose external dianeter is sRET/EP20HEASIRS
-internal diameter of the pipe are in this case preferably enclosed in
a j acket pipe, whose external dianmeter €®rresponds approximtely to
the internal diameter of the pipe, so that they can be inserted into
the pipe with a good fit. At the points of transition froma mxing 5
element with a large dianeter to a mxing elenment with a small
dianeter, transitional jacket pipes are preferably provided, which
have i nt er naThelpamet erdy miy fon ekapge taeihe furyo ftaoyéinde, 4 beboid, a sphere or a
smal | -di ameter_m xi ng el ement. These transitiognal jacket pipes y .be
connect ed i nw(.l)’ﬁeor;%ee%gl?ﬂfflhghﬁ?& fg’éc‘?ﬁ@?plﬁi tﬁlé‘é‘géﬁe B%*“c%ﬁ%??rffc&z‘ése cvices
separately. dddudefie préBisp@sioR T ERMGRINGARNWIBN biso WG BIRNLGT the sas over
according to the invention has in each zone Zi” an arrangenent 01g

m xi ng ellenethesrass seitibfier ent types, which at the same ratio Li/Di
cause an increasing pressure drop in each zone Z in the direction of
flow. The m xing elenents are inserted into a cylindrical pipe.
They pref er aphycdpili@y bhthelforeartd dofckRibith e atiragei@sctiPh intbrhal e diameter
external dianeters of the mxing elenent types vary, it is feasible
to encl ose t®oBemnpiefagblyl @heA? sivhprséerahly dr 20 L, apresticaar]ys prsfierablar 10-
than the intgq*@lgll di aneter of the pipe with a jacket pipe or ring,
whose externa i amet er approximately 20 corresponds to the internal
di anet eri@®of the pipe, in order to be able to insert it into the pipe
with a good fit. The apove-described use of transitional jacket pes

) [ [
is al so advahRREeRsbatassanay forexzamplg daks) the fosmeafores sitieyed hedies ngmetal,
various diff ﬁg% : [ [ e .
invention i sﬁ;cgir%sa e %)érgF i ?&e%gllﬁg&éggcﬂ(%ﬁgggﬁ%gﬁﬁﬁ gfe %gméf%atrl}ﬁl%m%eﬂ
i nput of a clandi¢semadadyi Mot Gormpotayiorr(Fambihgton, TISA)f Samhdmold, ubehd wire
nmedi a. The gas . may be adde‘g Jéozi r;%#pijbgjs or thin capillaries which are
preferably sPEHSE dBeBHe H5Edr O §Eesarnd Wi Bleslessmadie by nFyh &ilter
di recti oy of Mah@Metufil ELIDY h g
por ous body. 2\ por ousébﬁgd%{@rrgowgf ?a«g%gfzrp egg%?@i: ﬁ?ﬁ% 0 ic}\{/lvlgllr%gchgms
geonetri es: er multilayed/mashes moy desysed,i suckrasdob erlgmpladhe compsditeghetal/otire

multilayer Sfts e{;']'ates from Haver & Boecker Drahtweberei (Oelde, Germany), trade name

Hiver Porostar,

20  These devices serve in distributing the gas over the pipe cross section and in
predispersion, favorable for gas dispersion, over the narrow pores. The effective
diameter D; of the holes used in the sintered porous bodies or screens or wound wire
meshes preferably amounts to 1-500 pm, particularly preferably 2-200 um, very
particularly preferably 10-90 pm.

25
The invention is explained in greater detail below with reference to examples, but

without being limited to said exampies.

Fig. 1 shows examples of three different static mixers according to the invention
30 (No.1, No. 2 and No. 3): Fig. 1(a) from above, Fig. 1(b) from the side (sectional
drawing) and Fig. I(c) in the arrangement after installation into a pipe or housing.
The details for wi and bi denote the length or width of the projected cross section of

the free flow channels. Di denotes the internal diameter and DM the external



- 9 - The por¥U20bHE3S5264y for exanpl e take the form of RCIYEPIIErQ58a35
-cuboi d, a sphere or a cube or be conical in shape, for exanple taking
the formof a cone. These devi ces ensurelfitne predi spersion of the
gas and optionally also distribution of the gas over 5the cross
section. The capillary or the porous body exhibits an average
effective i nlg@eLRa | g di ter. r ef.er;abl 1- 500
preferably 1Ed200 érmrb?pglret iS%u aﬁrl?ﬂ%r%lbglrg%%l 3‘118%?%% 3%%’ rel'glg}l%%r 865"‘1
bodi es may f @eomegivplle uniflen thixef portionf angoliohs Ishgth esfechdd adiB8uA mixing
metal, such af f%& bodi es, which are used in chromatography, for
exanpl e the §iTt%ed bodi es made by Mttt Corporation (Farm ngton,
USA). Furthernore, wound wire neshes may be used, for exanple the
wound wire neshes made by Fuji Filter 15 Manufacturing Co. Ltd.
(Tokyo, Japamjo. ltreprdeentreenieniFamiiapys.)2 shbwstaveni@itienalsOreeRsiabSMX static
mul til ayer neshes be.used, such_as _for exanple the conposite
nmetal /wire n&lﬁerpvgﬁég vtha qlﬁ?fe‘?n%]%’oé@ggws BIAHEWEHE M50 Stoshugeand outer

Cermany), tr (mgmlPﬁd@ﬁg%g’@ﬁhese devi ces serve in
distributing the gas over the pipe cross'section and in

predi spersion, favorable for gas di spersion, over the narrow pores.

The effective.di er .-Di_of..the holes used_ in . the sintered_porous.
bodi es or sc%1 'n%ggéw%hﬁﬁ%%ﬁ?gﬁn@?ﬂ@iesp@?%r%! €) Qﬁﬂﬁﬂﬁgs {of sfatsgppixers
gm partieul acéordipgefoe BRb inwertic) Owll in¥i®TdaP 3bAésC WiatderREEfEr Akl Xert%th
10-90 gm 25 The invention is explained in greater detail bel'ow wt

reference toiRdigaiongsii, phat Iws ieberectodzadg in jthatt € tuecharichl esrmngyt ésput E;

he i nvent | oRo BOZERE Bp eqliBfy el T Bbe bt ol s F5C el b & i

Fig. 1(b) fr dowihe tiwodgh (heeéspetile SorRWZNcr@Bsk b Ghe UedtidnNof FRw. The

arr angenent gfter instal]ation into a pipe or housing. The details
for wi and hifTgeHB: fiqwsll’@ﬁ%tﬁb}‘mﬁt@{:ha@ﬂwt he projected cross
section @t the free flow channels. D denotes the internal dianeter
and DM t he external

Fig. 2A shows a sequence of static mixers of geometrically similar structure and an

arrangement of mixing elements which have increasingly smaller effective diameters
D; in the direction of flow at a constant ratio dy/D;.
d, dy

D D,
The following applies: and D; > D, > D;.

b
D 2
20
Fig. 2B shows an embodiment with a cylindrical pipe, into which mixing elements
are inserted whose effective diameter D; is constant over the entire piije length, while
the average channel diameter d; becomes smaller in successive zones in the direction
offlow. D; =D; =D;and d; > d» > ds apply. Mixing elements of the same type are

25  used, for example SMX mixers with different characteristic values 4/D.

Fig. 2C shows an arrangement of mixing elements of various types, which cause an
. increasing pressure drop in the direction of flow in each zone Z; at an identical ratio
Li/D;. As an example, a Kenics mixer is shown here in the first zone of length L1. In

30  the second zone of length L2 there is located an SMX mixer. In the third zone of



- 10 - di anet¥P2Q2/44264t atic mixing el enents. Li denot BETYER208 058835
-l ength of a geonetrically uniformmxer portion and lithe |ength of
one individual mxing elenent. 5 No. 1 represents a Kenics m xer. No.
2 shows a conventional comrercial SMX static mxer with or wthout
outer ring. No. 3 shows a mxer with web structure and outer ring (DE
29923895U1 a FEPE o - oYt b i

(A, B and QO u%l va%?lgér%tg S@%%evg? %??cg%rq‘%glers 1 E}gegggrs Iaﬁé@{e‘%eq{%ﬁg'ﬁ?ﬁ&er Di
i nvention, wihan thewhixar duthle szomdszopehar act eri zed by the length
indications LI, L2, L3), characterized in that the nechanical energy
input E1 normalized to the respective ratio Li/D of the individual

zones and appig'heﬁ dowad 4 havich fdcomiitOiot 1Ak %%ﬂtiéﬁ%iﬂlﬁl?&?%\é?gﬁcpg%réhixer

increases_in the direction of flow  The direction | ow
i ndi cat ed> by aphgasinptering viacngapil By pstr2dm off Gwspremseq isethe eegién it which the

m xers of ge rical | imlar structure and ap.ar.rangenent
m xi ng el emegl{iﬁgdt N eg re%&@eanldr?c YKE I IPSIeHNG BT P@f‘f%@tcgi’ﬂgeaﬁ’l @%Bet ers
D, inthe direction of flowat a constant ratio di/D,. d2 d3 .=_= Di

D2 D3 The fol | owing applies:and D> D2> D. 20 Fig. 2B shows an
enbodi ment wFth 3B sngrsi waieripe duy, meprsoofippions sinténad todmre(thes uadelying

i nserted who f: i I [ I.s..constant over .t entire pi

| ength, whil gfﬁ%“ﬁelg g‘%érh\aégvéﬁéeﬁ%@F“‘gﬁi‘éﬂi’éhgrpr%f?“ﬁ%%&%%”% ®1g@1op in ‘which
successi V@ zdmrefuid is mberdi (1§ ehd arleoice fdrqs nidteringl2:)+id8 pards dihtcredBady
d3 apply. M%ng ﬁ{cﬁrregqs of the same type are 25 used, for exanple
SMX mi xers wiiH: ghichds sated mathin thetlost Gressssptiis d/ D. Fig. 2C shows an
arrangenent of m xing el enents of various types, which cause an
increasing pressure drop in the direction of flowin each zone Zi at
an identical ratio L1/Dl. As an exanple, a Kenics mxer is shown here
inthe first zone of length LI . In



30 the seconWEohd08$2G%ength L2 there is | ocated an SMPGI/RBR01WOS5§1R6
~third zone of length L3 there is |ikew se |ocated an SMX m xer of
smal l er effective dianeter D than the-ri2xer in the second zone.

Fig. 3A shows a device according to the invention with three zones
and a prem xer 5 and gas netering via a capillary. Upstream of the
prem xer is ¢hgmstegion in which the fluid is netered (L) and a device
for metering gases (G via a capillary (Ca). Fig. 3B shows gas

nmet eri ng by nmeans of porous sintered bodies (the underlying m xer is

not shown here) tre f t he prem x re.located the regign in
whi ch 10 theffl uu‘!épﬁ% él?ffili}§ eghit %ﬁ&lé j ith p 57 tSB?CiePFgV% gynes

via a porous si ntgyr gd bczdm&%%nc Mu@elbﬁeﬁt@%tcﬁ%ﬂ\é Ema'i}mgﬂflehbfm and

cross section. - claims 1.A device for dispersin
liquid width a nun@eﬁffnctt)’fe dignstes sDy echatastsgized in that the mdmkiudt abnes are

m xi ng el enents, a.length Li and an effect

di aneter D' char ad) gwcéeed %‘ tﬂﬁigtth? e‘ihﬁlaﬁcg'l GUaeY z‘BPHatsB‘aP Atzed %o the
construct ed such sefjaktivd) EativeL B Nin6@hses TRITH Yohd B boke uﬁ%f@{écﬁ&@ of Fow,
the respective ratio Li/D increases fromzone to zone in th

direction of fl owhsipigrmeis ananteacr gicateittheepr %ﬁuéhﬁoér andhidm a@md@q wettich ourd
and i is an '”dexth}’é{pﬁﬁ%dc'elﬂ{é e}s*}fo%?to BRG] ﬁggs froml to the

nunber n of zones ViEe as ¢l al med e > characterized in
t hat theOaverage channel dianeter di becones smaller in the zones Z1
to Z" succeedi ng one another in the direction of flow The device as

claimed in cai mmhe deyigeqsst dpimsddnj i bt cherasterized iy that Ervestesagsrdoand
nthe zones 2.1 difingior DAROHBS xHAE: if Hd fll7Pho I A0 LS 8BS I Sher in

di ameter Di which COnes I ncreasingly sna r o zone

the direction of thtduectibhefdewi.ce as claimed in claim1,
characterized in that the zones Z1 to Z" have m xi ng el enents of
different types, which at the sane ratio Li/D, cause an increasing

pressuresdrop frome@igee & daRRdiA ddis O dhaGklefZedln fhO#fe mixing elements
present in the zones Z; to Z, have the same ratio dv/D; and an effective
diameter D; which becomes increasingly smaller from zone to zone in the

direction of flow.

20 4. The device as claimed in claim I, characterized in that the zones Z; to Z, have
mixing elements of different types, which at the same ratio L/D; cause an

increasing pressure drop from zone to zone in the direction of flow.

5. The device as claimed in one of the preceding claims, characterized in that
25 there is a first zone Zy, which achieves a higher specific energy input Ep than

‘the next zone Z; in the direction of flow.

6. The device as claimed in one of claims 1 to 5, further comprising a tube or a _
thin capillary for feeding gas into the device, characterized in that the tube or
30 the thin capillary is mounted upstream of the arrangement of mixing

elements.



The devi ce asgvoRalaezblod one of the preceding clains, chaTaErEilZskiss
.in that there is a first zone Zo, which achieves a higher specific
energy input EO than the next zone Z1 injthe direction of flow The
device as clained in one of clains 1 to 5, further conprising a tube
or athin capillary for feeding gas into the device, characterized in
that the tubg or e thin capillary is unt ed upstream of .t he

ar r angenent 2f n‘iijiqhﬁéleglc‘éﬁ%as .eﬂp%ofgl%}r?ﬁgt‘agv CROTRI Y PPYPUS OF
one of claims 1 t@ckendiké bbey f6OMRMINS 88 MiPHOUSIQ, R&ERAZdd ke 1hRdYe
for feeding gas into the device, characterized in that the body is
nount ed upst r eam &PAY ivanenntedepstream obtherfirsengemenitefierkiag eEn®nss. net hod
for dispersing gas in a liquid, in which gas and |liquid are conveyed
jointly through a m xi ng device and, in the process, flow through a
number n 8f Succegsinethod dedispiising gas in-a lighid, iMkihichSEaatahg lighidi 88 conveyed
el ements, each zone Z having a_length Li ar_ld an effective di aneter

Di, characterized$iptly %@U%%mé@&gﬁwe%mbn@ﬂ@prpmmﬂ@v thaeughngynember 7
the gas/liquid m ] i zed . respective ratio L/ Di
i ncreases from zo)ré}e-%gcegsgﬂeeg%%’e%ﬁi“f ggt@glngt}é “f }6%, SAABFET -2 Rizé’n%lr%

integer greater thavingra baghl Lt end amredfebtives dametdrd®) chiriaberifddng that the
through the integers from1l to the nunher n of zones. 9. The nethod
according to cl ai Meshanieal cnenexippu Fijaqting g thegasyligwid airgee and normalized

15vi scosipy of betyRRNred,dtRae Satf/3 0,000 ' M A
preferably between 1, 000p m%a- sa ang' 1, 8%% 80888%&’%8&6 3" 28 o' ¢ lecllon of
flow, wherein # is an integer greater than or equal to 3 and i is an index which

runs through the integers from 1 to the number # of zones.

9. The method according to claim 8, characterized in that the liquid has a
15 viscosity of between 2 mPa-s and 10,000,000 mPa-s, particularly preferably
between 1,000 mPa-s and 1,000,000 mPa-s.



