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in particular for dispersions and a system for
perform ng said nethod. Under dispersion, a m xture of
imm scible fluids is intended, conprising a first
fluid, said first fluid form ng a di sperse phase and a
second fluid, said second fluid form ng a continuous
phase. Under phase inversion it is intended a process
step iy &waaesfrm%ﬁm& INVERSRAS UINEPA siragia t he
di sperse ase into the continuous phase or
conbi nat i on of a cont MKFRICOPLERERand a di sperse phase
and the second fluid is transforned fromthe
conti nuous phase into the disperse phase or in a
conmbi nation of a continuous phase and a di sperse
phase. A possible field of use of such a phase
i nversion nmethod and systemis the separation of oi
afdiethad @nd dystanDf@QTEs@dBvVEsidnt i s di scl osed, that a
phase inversion is used for inproving the separation
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9@?@63@'Th@s@1Wdter drops constitute the disperse phase. This prior art method
includes the step of transporting the fluid in a supply pipe or transport pipe to
a separator, which is in the form of a tubular separator body or a gravitation
tank. The fluid upstream of the separator is subjected to shear forces so that
the drops in the supply flow are torn up to form drops that are so small, that
the interface generally becomes new and “uncontaminated” by surfactants.
The new interface generated by tearing up the drops is very unstable and the
drops begin a strong, intense coalescence process, leading to a phase
inversion at some stage in the tube downstream of the shear force generating
valve. The water drops form the continuous phase as a result of the



| ess stable dispersion as conpared to a water in oi
di spersion or in other words, a dispersion in which

wo baowetses forns the di sperse phase and the oi pCT/BPIBI/055741

10

15

20

25

30

35

t he continuous phase. Therefore it is generally known
that the separation of oil and® water is nuch easier if
oil is the disperse phase and water is the continuous
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where the phase inversion occurs downstream of the valve. The starting point

of the phase inversion and the volumetric ratio of the water phase to the oil
phase are subject to considerable variations. The starting point of the phase
inversion can not be determined and precisely localised for dimensioning of
the phase inversion plant equipment. Moreover, the variations observed in the
volumetric ratio of the water phase to the oil phase have the consequence,
that large quantities of water may have to be added to the dispersion in order
to obtain a phase inversion downstream of the valve. This water fraction
according to currently available experimental results with an equipment as
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the prior art may well lie between 40 and 50% when
using a valve. It is an obj ect3of the invention to
provide a nethod and a system for a phase inversion
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SeBRipristhg a fluid supply device for supplying the first fluid and the second
fluid to a phase inversion means, such that the first fluid is transformable from
the disperse phase into the continuous phase and the second fluid is
transformable from the continuous phase into the disperse phase. The phase
inversion means comprises an element providing a fluid contacting surface for
coalescence in a direction of flow. The fluid contacting surface has a specific
surface area, which is greater than 400 m*m®. The fluid contacting surface
can in particular have a specific surface area greater than 750 m?/m?®
preferably greater than 1000 m%m?®. The specific surface area is defined as
the surface area of the fluid contacting surface divided by the volume of the
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preferably greater than 1000 nR/nB . The specific
surface area is defined as the*surface area of the
fluid contacting surface divided by the vol une of the-

A, -. [ h ' i ch fl o '

S et AR IR e Wi B el o 'SuifaCe SR BEHAAS. The plement

nican mgmyFisecestatic mikigrdevideefor imisingftheifidstiiuidwithéhe second

S ﬂﬁfb” Ghel éﬂlrﬁce-a?éa %f [H(%Qt%ti@rr@i‘i ngfdé\ﬁhee i§tt?é ISE nﬂ;fxﬂhﬁ%u rface
eV|ce|s of the surfac& areas of the Tlurt

c 8fRacefi the fLﬂLﬁ P%@@’[”ﬂ%ﬁﬁﬁfﬂ@e& leemitgathecstaii Migng egvice and also

affek AligonhetingWufaeeniragior it suibfcheAnar ea of the
fluid channel. The fluid contacting surface of the

el ement is preferably configured such, that
cobheHdidrontastingrruriacesf the elememrisiprefetatly apsfimred such, that

IO'&§§I%sbénc|§€r Sf‘[‘%Gfﬁst fQHG fér‘thé 5l?hélil%B@rset ek |§rﬁ8ﬁnoted Due to

i ntroduce orce t e
oflStShaPe; %@teq?%@PH'”F@ﬂHP% OF{Yeer?'iB'%?@efokﬂ?gs% 06’\6”9 ) the drops
r efrerignfirst lbddornmingkhepiisperédphabe ty rdmdinasalile] ow thi s
upper limt, the generation of smaller droplets can be
av0| ded. Surprl singly, these small shear forces

kaePNG e %rlfoﬂcéstﬂi%%ﬂ“@w@@@r i'rﬁttoth§rﬁﬂeé@t'0n Of smaller

podlefsSeart Hi@}ziv@lbél %bmr@fr@?ttﬁe&ﬂ@h@ﬁ %ﬁ@gﬁforces are not only

03%?% 06 Pt TR ARG SREE rBplfs uhSy ARt pra Bt '

pcoaiedeencae |Goajescaunckas éhufsobelidveddo deeheinoaintdriver korgaichse
pm)é §8 @ | ar ge nunber of |ocations for pronotion of
coalescence of drops. Thereby the foll owi ng advant ages
are achieved: The critical volune fraction of the

f Mhetudd ofi dstagia dhiriggtaeviceppasigsny Rirge e0rfase fdrithé elsgepsion to

B KRS B 0P Al F o RBE PEBPENE B BRufBRoR B eqtescence of

pdraps. dheretnthedotidowingaadvantages apEdhésmedon of
separating water fromcrude oil, it is normally
preferred to use the dispersion as obtained fromthe
wdine Gsiticeheolgrag frradionmiyhefitat flushieadingeao s phasaiinversien is

lt ahited t@ﬂ&ﬁéﬁﬁalﬁéé eﬂ’ﬂﬁs tﬁ@Hﬁaﬁ@W’eFélﬁlﬁl Cbﬁrb%edbtﬁl%%sat lower
an I ncr easi

& Solng Bl farapripaToiing ProRan Rediryer Bycnmppication o
peepaﬁatlagIvyateaﬁrongcreder@jyltwdommuiyr prefereastesusd the dispersion

S| RYE ok Bl e W8 P84 BELCAR) S8R oY Wier ARERE in
Iarger process streams, thus requiring larger pumps, tanks and so on, thereby
increasing costs of the system substantially. Thus, the inventive system is
potentially saving energy and material costs.

It is believed that by use of a static mixing device, shear forces are introduced
into the first and second fluids. Due to the fact, that the mixing is performed in
a static mixing device having a certain hydraulic diameter and a certain mixer
length, shear forces are applied over the whole mixer diameter and also the
whole mixer length with the result, that a phase inversion occurs within the
static mixing device. Surprisingly, the generation of small drops as suggested
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A plurality of static mixing devices or a static mixing device of a hybrid

30 structure may be foreseen. By hybrid structure it is intended a combination of
static mixing devices of different geometries or variants. The use of a plurality
of static mixing devices provides additional points for enhancing coalescence
in particular for stable dispersions. Such an arrangement may be particularly
useful for dispersions comprising a heavy oil.
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devices or a static m xing device of a hybrid
structure may be foreseen. By Ehybrld structure it is
i ntended a conbination of static mxing devices of
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least two immiscible fluids. The interface layer is the layer which separates
the heavier of those fluids from the more light weight fluid. Such a dispersion
may already stem from an oil-water separator or a settling vessel. This
interface layer is in particular characterised by a high stability. In order to
separate such a stable dispersion, a phase inversion means is provided
preferably in combination with a preconditioning device to be arranged

between the outlet of the vessel and the phase inversion means.
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static m xi ng device, the phase inversion occurs in a
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be used when a dispersion is to be subjected to a
phase inversion, which is taken"fromthe interface
| ayer of a vessel containing at |east two inmmscible
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device as suggested in the prior art, the volune
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m xi ng device is the possibility of adding chem cal

additives having in particular an influence on
Due to the fact that the phase inversion of a homogeneous mixture is more

predictable when employing an element providing a fluid contacting surface
for coalescence in a direction of flow, such as a static mixing device, process
control can be improved. For further reducing the volume fraction of the
second fluid, the addition of a make up stream and/or the addition of chemical
additives may help to promote phase inversion. For example, such a make up
stream includes the addition of water to the water in oil dispersion. The
addition of a comparatively smaller water stream to the water in oil mixture
may promote the phase inversion in the static mixing device. The addition of
chemical additives may be particularly useful for stable water in oil



the phase inversion. These chemi cal additives are
readily distributed and m xed in the static m xi ng
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the fact that the phase inversjon of a honbgeneous
m xture is nore predictable Vi enpl oyi ng an el enent
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the formation of multiple dispersions. Under the term multiple dispersions, it is

intended, that large drops of the first fluid, the disperse phase, contain smaller
drops of the continuous phase, that is the second fluid. These small drops
have mostly about 1/2 to 1/100 of the size of the large drop. Such a multiple
dispersion is notably more difficult to separate and it has been observed, that
by using a device with a small specific surface, e.g. by an empty tube, there is
a higher tendency of such multiple dispersions to appear. With the term empty
tube, it is intended a tube free from any built-in elements influencing fluid flow,
such as for example valves, stirrers, static or dynamic mixing devices, baffles.



transportation of the dispersion in a pipeline is
facilitated due to the increase of the nobility of the
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(avoi ding of backinversion) i ‘Pincreased i f static
m xi ng devices are placed at certain distances al ong
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Fig. 2b shows a schematic drawing the flow through the fluid discharge device

according to a first variant

Fig. 2c shows a schematic drawing the flow through the fluid discharge device
according to a second variant

Fig. 3a shows a second embodiment of a phase inversion system according
to the invention



apparent fromthe follow ng detail ed description taken
in conjunction with the acconpanyi ng draw ngs wherein
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i nversion system i ncorporati nd a val ve according to
the prior art Fig. 2a shows a Prow chart of a first
enbodi nent of the invention Fig. 2b shows a schematic

he fl . t lui d
PSP 2 s a8 gk P s B D e i Bchfrges covice
deaodnaing toea fitsbwatianioafghetseeohd gimbatimehtr ge devi ce
according to a second variant Fig. 3a shows a second
enbodi mrent of a phase inversion systemaccording t
t Fég- i3y onscaemaic §’h@%§9éh§é'ﬁé’n@f@ltgf’dmﬁvﬂ%dﬁ@@arge device

f lewoldiiPrecd sbbend U atishtdf sisdaeashdlembesiméemor ding to a
first variant of the second enbodi nent Fig. 3c shows a

schematic drawing the flow through the fluid discharge
déig. Gal stoos dlsngemna dsawimgcthe diowatiiroudh thieefl i@ disetiarge device

SRR oy Al 0 1,

third variant of the second enbodi ment Fig. 3e shows a

S ER2TR SHovd AURBMIENE dralifgltRE A Nt AaH e fliddRehargiedevice

ce accor HM our vari ant secon
e REERN0HKNIO @fQjJr \aanlant@étth%ﬁ%%orw eMRPAMSAtKi ng devi ce
according to a first variant Flg 4b is across

a5 B R PR aStAl BUhE PP Ag i avarant
according to a second variant Fig. 4d illustrates a

Zg?q.:{bu@d‘ér%gs daul agf”‘?ﬁé’EthuE% g%\gad é Qc%@ralﬂj}‘o #:]b Ya

Stratés a’s
structure conbined fromthe second var| ant and the

Ui, divifidtaites Bl Gatidmitihg BelicBlRSoriNg Wa%céné%hﬁﬁﬂ
according to the 1 nvention according fourth

variant Fig 5b shows a section A-A of the static

MExg. gl idestrates ef stalignmdnfriogvie @jeovding te achirdvaRam of

the static mxing device of Fig 5a Fig. 6 illustrates

a view on a systemaccording to the invention

aCoprddi ilgstratea af statibimining alevice having a hybrid structure combined

from the second variant and the third variant

Fig. 5a illustrates a view on a system according to the invention according to a
fourth variant

Fig 5b shows a section A-A of the static mixing device of Fig 5a
Fig 5¢ shows a section B-B of the static mixing device of Fig 5a

Fig. 6 illustrates a view on a system according to the invention according to a
fifth variant

Fig. 7 illustrates a view on a system according to the invention according to a
sixth variant



Fig. 7 illustrates a view on a systemaccording to the
i nvention according to a sixth variantFig. 8 shows the
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according to the prior art and,the invention Fig. 9 to
Fig. 11 shows a picture of a'&lﬂépersi on resulting from
a systemincluding a static m xing device of a first

val i i 10 s icture qf i spersion :
B b B BBS B 1 bt s PR ooy accoraing
déwtheepiidr &t and $te rvention Fi g. 11 shows a picture of a
di spersion resulting froma systemincluding a static

mi x| Vi f a first variant Fig. 12 shows a

o 56 57 shopd aLpibhire oEai e SRy diB) Hitn A system

I mdluding@ statst atixing wexicepfaefnsteadnta second vari ant

Fig. 13 shows a picture of a dispersion resulting from
a systemincluding a static m xi ng device of a second
varg- it shaws ap@tg%o%sa dispeetion ée%%"w PR p¥$tEm including a
I egtictixihd devic@ob s sirstrodriaat udi ng a static m xing

device of a second variant Fig. 15 shows a further
picture of a dispersion resulting froma system_ .

i rég-udi shipwes atpigtiee ofi & disgetron eesubiing iemapysiam including a
ageicthixthd @evicd of d4irdtvaia@it 14 Fig. 16 shows a

further picture of a dispersion resulting froma
systemincluding a static m xi ng device of the variant
aCimrid shpwapigjurelof a dispetsion fesiltng frgmsmeygier including a
disBica i BVt ef é%%gbﬁavbh?ntof different static

m xi ng devices for a first flow velocity. Fig. 18

shows a diagram conparing the results of different
stFag.i18 showsg pilduiecefsa tispeesicre casulirfg mamva bpstetryincliding a
1 : i [ e results of different
st%@?%@ ﬂ%\ﬁ%%\@/%§%€?@(? lvgg?#ljrd flow velocity.Fig. 1
shows a schematic flow chart of a phase inversion

SYJ. elmh staveg dipiguteooft dndispersion esdultincbomad aystem iacluding a

B ARSI bPasBofTUABRT o 2 two phase

di spersion of oil and water conprises a first fluid

1¢%y. 5hghows avdlitier diGturd BOa AighetHIeh $6sag Fofnd s@stem
sec fluid.103,. bej
c

n : . ng oil, sai.d oil farmng. a ,
Y00 ARG IMINg dev (e Pt S NRYAMERAOLTIRg A0 i 12 to Fig. 14
foreseen for supplying the

Fig. 16 shows a further picture of a dispersion resulting from a system

including a static mixing device of the variant according to Fig. 12 to Fig. 14

Fig. 17 shows a diagram comparing the results of different static mixing
devices for a first flow velocity.

Fig. 18 shows a diagram comparing the results of different static mixing
devices for a second flow velocity.

Fig. 19 shows a diagram comparing the results of different static mixing
devices for a third flow velocity.



water 102 and the oil 103 to a valve 105. The val ve
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produced. The shearing forces_act on the surface of
the drop. One of the consequeﬂ €s resulting therefrom
IS that surfactants present on the surface of the drop
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dependent on the water content in the oil, however the precise time and

location of the phase inversion are not predictable.

Fig. 2a shows the inventive solution schematically according to a first
embodiment of the invention. A system 1 for phase inversion of a two phase
dispersion of immiscible fluids comprises a first fluid 2, said first fluid forming a
disperse phase and a second fluid 3, said second fluid forming a continuous
phase. A fluid supply device 4 is foreseen for supplying the first fluid 2 and the
second fluid 3 to a static mixing device 5, mixing the first fluid 2 with the



second fluid 3 is transformable fromthe conti nuous
phase into the di sperse phase. In other words, a phase
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which will al so be naned |sofrgctional phase
i nversion. An isofractional pAdse inversion is t her eby
deflned as a phase |nverS|on in mhlch only the first
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up stream 34 is added to trigger a phase inversion in

Uy, %@éﬁ&Né‘hébFSnG’%mﬁo%’lméﬁﬂ S §PEQ§é m%PsM‘h E}/S’[Qﬁl 1 gecording

referred to as forced ase | nversjon i

n
f 19 §ie inventere Agaim af %%mewm.Adlséor%qqméogﬁa@ﬁwng the
nw.mtmlgucﬁg\mmﬂng eufitpesewWhaketdmel the second fluid 3 forming a

continuous phase to a static mixing device 5. In addition thereto, a make up
stream 34 is added to the fluid supply device 4. The make up stream 34 may
have the same composition as the first fluid 2. As the make up stream 34 is
added to trigger a phase inversion in the static mixing device, this
embodiment will be referred to as forced phase inversion. When mixing the
first fluid 2 with the second fluid 3 in the static mixing device together with the
make up stream 34, the first fluid 2 is transformable from the disperse phase
into the continuous phase and the second fluid 3 is transformable from the
continuous phase into the disperse phase. This phase inversion occurs — as



make up stream 34, the first fluid 2 is transformabl e
fromthe di sperse phase into the continuous phase and
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conti nuous phase into the dIS rse phase. This phase
i nversion occurs - asin the f| st enbodi nent of the
invention as disclosed in Fig. 2a - within the static
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Fig. 3d represents a variant, in which the first fluid 2 is present in the
continuous phase. Thus, the make up fluid 34 and the first fluid 2 form the
continuous phase, whereas the second fluid 3 forms the disperse phase.
Again the make up fluid 34 and the first fluid 2 preferably form a single phase.
This variant is by far the easiest to be separated in a subsequent separation
step due to the fact that no drops of the first fluid 2 are anymore present in the
interior of the drops of the second fluid 3. The drops of the first fluid thus have



Again the make up fluid 34 and the first fluid 2
preferably forma single phase. This variant is by far

wWo beopasiest to be separated in a subsequent SPEBERI0ODOSS741
step due to the fact that no drops of the first fluid
2 are anynore present in the- i'Ateri or of the drops of
the second fluid 3. The drops of the first fluid thus

| RO FRRLB SR or T B Rt T &g it e " iiote
r dpo@sismesan.vari ant, according to which the second
quid 3 forns the disperse phase. A portion of the

fluid d th i d
t R0 30 IPIERETSE SoRgaah Georing bt SeBnd TER 3faims the
ddcapsrsmdlaa@) ﬁapparbhrcﬁlthe fiedtdlsimbP @ad the poaike o floid 3his
TRt i 4 hatibr 3ihd Bbaniae Selodd ARR 2T b iergo

e con
dpapt@I @ﬂalﬂseemﬂ(é\ pprtmnmfdhemaﬁe@n HuigeHt and theycealesced

p@?@@&@f ﬂnBrfﬁ’s{Q‘rUrd b%ﬁﬁ e éoﬁﬂrﬁﬂd‘tﬂ; rS’r?éé’eC Fhiz m@ﬁﬁ§ &hat drops of

srerrar he | nterior of
s A@ke R @%&rmfﬁgn?%@luangy@ E’@Siﬁ%@‘rowfbthe4%{a%d"x'”g
Fldgvrcfé_ts. i11tHe@eto_rrape rémaindhitiee rqtﬁnatsr%ofd]rcawon?p%nﬁmd edﬂoltnd fluid 3
fir varian use Wi e first enbodi nmen
10 a %@‘}'E%@e F"&gﬁf%é%ero 2c or the second enbodi nent
according to Fig. 3a to Fig. 3e. The static mxing
devg are m;sFrgﬁ 4@>1!IL§st|7ate whitatic mrﬁg ddore\s h&bdrbm§az§larsf|@,f

ol g BtnE T SpBadigleht 2Rt ity B Bignpe 6% Stne

a shebna embmdimentacoadingig &ty.ida @ fyudel The statictmikieg device
Bﬁag n%%%g #vﬂg&rrcgor Hﬁggéém&h% %%hst &etpétflﬁ d §u@ %('d@grce 4. The
15 GelleanEinderos AgMPESas acdormitven stais MGG cloraRREa of a

Flh@ncér%trfuefu réldndr«rgee iR Sttty of tBWe8 estérrﬁarfgterduﬁttﬁé ﬁoggmg 37
es 8 constituting the mxing el enent of

stog#{)ecs’[ﬁ‘{'(kmﬁ'na VI®-5. The plates 8 are arranged |n a
plurality of rows 40, 4 1, 42, 43. Preferably plates 8

Of'rhbriﬁbL?J%Frﬁopé’% % el n‘ﬁ&ﬁ‘r@‘-’@e\ﬁ’@é g' c‘ébrcﬁrg%ﬁf‘ﬁls]econd

serve at as a
t Nariantge nef Shﬁ‘é‘n dn Sferdsi fonallomMingebelitgrafewAidthetsigigture of the

20 U@l«ﬁ:léé B c@n@ﬁﬁﬂn@@h’@ﬂﬂkrﬁg@lérﬂ@hﬁoﬂ thetdigtid IIT\‘%\hdg dBgick|xmnWhe
I N Cl OS 0 Su Crea
! Blalgs B Arfanded R sty ot il 4. U8, ua cEFIERN plates 8

r otigtd yarparrahcdxte:nd inoplapespatatief treach ammenaThef plaves 8 serve at
oA 4b 8 oIS, id AORSS thaaRBER, U] FEIIRR: Rand: they
usually create boundary effects in the flow. The flow velocity in close proximity
25 to such a wall decreases to zero on the surface of the plate 8. Thereby a
roughly parabolic flow profile for a laminar flow is created in a plane arranged
in normal direction to a main direction of flow in a channel 44 extending
between two neighbouring plates. The flow velocity in a point lying on the axis
of symmetry of such a parabola is highest, whereas flow velocities in the two
30 lateral branches of the parabola decrease continuously towards the end of
each branch of the parabola, which corresponds to the wall surface of each
one of the plates 8. Due to these flow profiles which are formed in the open

channel 44, mixing of the first and second fluid 2, 3 and an optional make up
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observed in the
Fig. 4e illustrates a static mixing device having a hybrid structure combined of
mixing elements 9, 10 from the second variant and the third variant. The
static mixing device 4 is composed of a mixing element according to Fig. 4c
and a mixing element according to Fig. 4d. Both of the mixing elements share
a common housing 11. The arrangement of mixing elements in series is
purely exemplary and should not be construed to be limited to the specifically
disclosed embodiment.
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static m xing device having a hybrid structure
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variant and the third variant._The static m xing
device 4 is conposed of a m Xi Kg el enent according to
Fig. 4c and a m xing elenent according to Fig. 4d.
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The combination of static mixing elements to form a static mixing device 5 as
shown in Fig. 5a is just shown as an example. It is possible to arrange
multiple mixing elements of the same type in series or to arrange mixing
elements of different type to form hybrid structure as depicted in Fig. 5a.
Another variant lying within the scope of this invention is arranging a first
mixing element e.g. of the type as shown in Fig. 5b relative to a second
mixing element of the same type such that the rows of the first mixing element
are disposed in an angle relative to the rows of the second mixing element.
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m xi ng of these fluids is obtainable. The conbination
of static mxing elenents to- flBrm a static mxi ng
device 5 as shown in F| g. 5a is just shown as an
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?ha}g’treaosnoen 8 metaleof su(f'I |C|er%unardness is preferred. Additionally a conduit
20 for adding a make up fluid 34 is shown in Fig. 6 which enters the fluid
supply device 4 before the first and second fluid enter the static mixing device
5. Such a make-up fluid stream may be provided to promote phase inversion
during the passage of the dispersion through the static mixing device. Such a
make up fluid stream may be particular advantageous if a phase inversion of
a stable emulsion has to be obtained. The make up fluid is mixed with the
dispersion within the static mixing device 5. Due to the cross-bars of Fig. 6 or

any other of the mixing elements as disclosed in Fig. 4a to 4e, 5a to 5¢ the
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Fig 8 shows a diagram demonstrating the performance of different means for
inducing or promoting a phase inversion for a water-oil system. These means
30 comprise an empty tube 22, a static mixing device made of plastics 23 and a
static mixing device made of metal 24. The height of the bars 26, 27, 28 in
the diagram represents the percentage of water needed to for a phase
inversion in the water-oil system. Fig. 8 shows, that most of the water, that
means the highest quantity of water has to be added for triggering a phase
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fourth plane 50. The webs 42 gf the first set of webs
do not only cross with the we 9-43 of the second set
of webs but also with the webs 47 of the third set of
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Fig. 9 to Fig. 11 show the results of phase inversions with a system according
to the parameters as indicated in table 1. The test facilities included a PhIPP
mixer for phase inversion with a DisPP disperser. The first fluid 2 is water, the
second fluid 3 is oil. A water in oil dispersion is to be inverted by an empty
tube or static mixing device with insufficient wetting behavior for the dispersed
phase. The water in oil dispersion is used as fluid to be supplied to the phase
inversion device by the fluid supply device.
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spread. The spread of startin% poi nts as indicated by
line 32 for the static m xing dévi ce 23 made of
plastic material is still considerable, whereas the
spread of starting points of the static m xing device
made of nmetal 24 is very small. Therefrom foll ows,
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according [to the pafaneters a9 indicated in table 1.

Thepiept facilities included a Phl PP m xer for phase
inversion with a DisPP disperser. The first fluid 2 is
water, the second fluid 3 is oil. A water in oi
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Sﬁ‘l W \R—:‘I&}l t%%édbé%nvﬁélﬁgbﬂﬁﬂé "If}i?egéuﬂé?mdrﬁ@ter ?32 is a
aV|or i sperse
dlr%?fgﬁgméiﬁ\/@ §liaygelgr QE”TQ QIroﬂ’Sta@%§ d@dﬁﬁqj iegdhe @'Qm@ter of a

thﬁérd ﬂ@mghés ﬂie_rﬁ@rwe%hhﬁ?ﬁsbﬁa&é lalr@b]} Eet,tﬁnpés/the drop of interest.
abl.e e r. fract.ion o e |

G SafiBratie i § AR etk theistin REtH wolumgg, of al

velrcms ofytheisystemate bb emalsetdycibestuam bf tHEheurBmat aneas of all

'pgd}%t g’; tge%dée ?Ys"lehe'W&L%ﬁ@ %(ﬁdié’c? odﬂharlﬁéﬁérsﬁfn The Teslts in an

ned as t
ha@rewo&m arpPumerf At ase Atk stedicinyxag dwécezjﬂ@we;flrst

I Bh% eﬁownTmeF@agt I% tala@érﬁiv@rrsubﬁ h@@lo@@bﬁbadmw 10 a partial

d
Speser r%&rﬁeniﬁaﬁ%% PRgeL ADSL o Bf P BLORRaC 4 paoent o
oh dter dr oipdispbrdidve vslzereas yasibtrer potti@r of meaﬂswstorm hideebeen
d#r% REf3he in T of FENGIeE disbetBioh EERRTBH e b] oy AR Whtinis
f ppgton contains a water fraction in the form of small drops, thus a water in oil
in water dispersion is present in this case due to the fact the multiple drops

remain.

Fig. 11 shows a water in oil in water dispersion. Thus, a phase inversion has
been obtained in this case. It is noteworthy that the phase inversion has
occurred at high values of xi,,. By increasing xiny 10 57%, the phase inversion
occurs in the static mixing device. At the value of 57% water, the phase
inversion results in a water in oil in water dispersion, which can only partially



case, shown in Fig. 9, no phase inversion has
occurred. In Fig. 10 a partial phase inversion has
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present as a water in oil di sggrsi on, whereas anot her
portion of the dispersion has<been transfornmed into an
oil in water dispersion. However, the oil phase of
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Therefrom foll ows, that already by using a static

m xi ng device of insufficient wettability, reduction

of separation costs downstreamthe fluid discharge

device is achieved. Fig. 12, 13 and 14 show exanples

Fig phasel ynversio tethned (Ry use|gf, a static|y,,
I XI ng deviice with good wettahility for the dispersed

f second—variant—Fhemxer—+$rade
oNrnet al arel has a hidh speci flild sur{goe. The tegm/s
facilities| i ncluded|a Phl S2 mixer with a Di sPP
271098 " 2 [ wio 0.1 130 1
13 0.2 o/w 0.1 130 1
14 0.3 o/w 0.1 130 1
Table 2

The table 2 shows the parameters used for obtaining the results according to
Fig. 12, Fig. 13 and Fig. 14. Fig. 12 shows a comparative example of a water
in oil dispersion. The first fluid 2 forming the disperse phase in Fig. 12 is thus



The table 2 shows the paraneters used for obtaining
the results according to Fig. 12, Fig. 13 and Fig. 14
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oi | dispersion. The first quig 2 formng the disperse
phase in Fig. 12 is thuswatef<dnd the second fluid 3
form ng the continuous phase is oil. At a water
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fur hér interesting and surprising effect to be

observed by each of the results of Fig. 12 to Fig. 14.
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the dlsperse phase that is in Fig. 12 water and in Fig. 13 and Fig. 14 oil,
almost no traces of the continuous phase are included as small drops as is
particularly the case in Fig. 10 and Fig. 11. Thus, the result of Fig. 12 to 14
corresponds to the situation depicted in Fig. 2c or Fig. 3d if additional water is
added before entering the static mixing device. In some cases the situation
according to Fig. 3¢ may occur, however Fig. 12 to 14 do not show this
phenomenon of small water drops within the oil drops clearly.

When referring to Fig. 15, a further result is shown by using the same
arrangement as for Fig. 12 to 14. In Fig. 15, the water fraction was 0.18, thus
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do not show this phenonenon of small water drops
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15, a further result is shown by using the sane
arrangenment as for Fig. 12 to244. In Fig. 15, the
water fraction was 0.1 8, thusno phase inversion has
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On the horlzontal axis of the diagram there is indicated the Weber number, a

dimensionless number used for characterising fluid flows where there is an
interface between two different fluids, especially for multiphase flows with
strongly curved interfacial surfaces, such as dispersions. It can be thought of
as a measure of the relative importance of the fluid's inertia compared to its
surface tension. The quantity is useful in analyzing the formation of droplets
and bubbles.
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strongly curved interfacial surfaces, such as
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ggnds Ciye Ior Bpgr] e' Mixer el enent made of stainl ess
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The term “PP” stands for a static mixer element made of plastics in this
particular case made from polypropylene.

The term “S” stands for a static mixer element made of stainless steel. In
particular a stainless steel of the type 1.4306 has been used for the static
mixer element arrangement by which the best results have been obtained.

A second set of curves 56, 57, 58, 59, 60 has been obtained with a flow
velocity of 1 m/s which is shown in Fig. 18.

56,59 curve for mixer PhIPP
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set of curves 56, 57, 58, 59, 60 has been obtai ned
with a flow velocity of 1 m 52Qhi ch is shown in Fi g.
18. 56,59 curve for m xer PhlPP57 curve for m xer

P m xer PhlS2 Fig. 17 to Fig. 18
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The flow velocity of a dispersion having a dynamic viscosity of less than 0.02
Pas is preferably at most 3.5 m/s, the flow velocity of a dispersion having a
dynamic viscosity of 0.02 Pas to 0.1 Pas is preferably at most 2 m/s, the flow
velocity of a dispersion having a dynamic viscosity of more than 0.1 Pas is
preferably at most 1 m/s.

The flow velocity is calculated in reference to an empty tube of circular cross-
section. The flow velocity is defined as the volume flow [m®/s] divided by the
cross-sectional area [m?] of an empty tube of circular cross-section.
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mixing device. Thus in particular for a static mixing device made of metal, the
phase inversion fraction according to Fig. 8 is less than 30%.

By an increasing number of plates arranged in the fluid flow, the specific
surface area is increased. For example for the static mixing device PhIS2, a
specific surface area of 1524 [m?/m®] is obtained. The plates are arranged
substantially parallel to the main flow direction, which is parallel to the axis of
the static mixing device, for example the axis 7 for the static mixing device
according to Fig. 5a. The plates are preferably corrugated plates. The
corrugations are preferably inclined to the main flow direction. The angle of
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first and second fluids can flQw. The invention is not
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form ng a di sperse phase and a second fluid (3), said
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such that the first fluid forpm.ng the di sperse phase
is subjected to a shear forcé?gal | ow ng for any drops
of the first f|UId form ng the di sperse phase to
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‘'means comprises an element providing a fluid contacting surface for
coalescence in a direction of flow, whereby the fluid contacting surface
has a specific surface area, which is at least 400 m*/m?®

3.  System according to claim 2, wherein the fluid contacting surface of the
element is configured such that the first fluid forming the disperse phase
is subjected to a shear force, allowing for any drops of the first fluid
forming the disperse phase to remain stable.

4.  System according to any of claims 2 or 3, whereby the fluid contacting
surface has a specific surface area greater than 750 m*/m®, preferably
greater than 1000 m*/m?®
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the plates are corrugated pl ?régs. 15. System accordi ng
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System according to claim 22, wherein the dispersion

has agfyraraecdidfid®) Ay Of claP€£2t830, Anérdid%: plurality of static
mixing devices (5, 23, 24) or a static mixing device of a hybrid structure
is foreseen.

12. System according to any of claims 2 to 11, wherein the static mixing
device (5, 23, 24), has an axis (7), the static mixing device further
includes a plurality of plates (8), arranged in an angle to the axis (19),
for deflecting the fluid flow from its main flow direction parallel to said
axis to a flow direction in said angle.

13. System according to claim 12, wherein said angle is 10 to 80°,
preferably 20 to 75° most preferred 30 to 60°.

14. System according to claims 12 or 13, wherein the plates are corrugated
plates.
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18.

19.

20.

21.

22.
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System according to any of the preceding claims 2 to 11, wherein the
static mixing device includes a first and second set of cross-bars (12,13)
or webs (42,43) arranged in a tube (40), whereby the cross-bars (12,13)
or webs (42,43) are inclined with respect to a main direction of flow and
the first set of cross-bars (12) or webs (42) is arranged in a first plane
(14,44), and the second set of cross-bars (13) or webs (43) is arranged
in a second plane (15,45), whereby the first plane (14,44) and the
second plane (15,45) intersect each other and an angle (16,46) of at
least 30° preferably at least 50° most preferably around 90°is formed
between the first (14,44) and second plane (15,45).

System according to any of the preceding claims 2 to 15, wherein a
preconditioning device is arranged in the fluid supply device upstream of
the phase inversion means.

System according to claim 16, wherein the preconditioning device
comprises an element for generating a shear force.

System according to any of the preceding claims 2 to 17 wherein the
flow velocity of the dispersion at most 3.5 m/s.

System according to claim 18, wherein the dispersion has a dynamic
viscosity of less than 0.02 Pas.

System according to any of the preceding claims 2 to 17 wherein the
flow velocity of a dispersion is at most 2 m/s.

System according to claim 20, wherein the dispersion has a dynamic
viscosity of 0.02 Pas to 0.1 Pas.

System according to any of the preceding claims 2 to 17 wherein the
flow velocity of the dispersion is at most 1 m/s.

System according to claim 22, wherein the dispersion has a dynamic
viscosity of more than 0.1 Pas.



