- ;j ke3ehe" z6TFKO 6 SEP 2002 Met hod for the separation of a first 06dkPd00?
.froma second one The invention relates to a nethod for the separation of a
first liquid froma second one, in particular for the separation of water
droplets fromoil or, conversely, of oil droplets from vvﬂmlﬁtmmlllml"mmm)m
-mi neral sources, nanely petroleum or so-called condensat
contains water as a result of geol ogigal processes, of sea Wek®é+i Ntrusions
into oil and/or gas fields or of injected pressurised water which has been

introduced during the winning of the oil for the maintainj
pressure in the oil field. Condensate is a |liquid consi smmlmmﬂ |||“H w
hydr ocar bons whi ch ari se as acconpanyi ng substances in the wnning of th

natural gas and which are separated fromthe gas. In the fol [¥%%g the
terms oil and petrol eum shall also conprise the condensate. Water can be
tolerated only in small amounts in oil which is supplied to refineries as a
raw material due tQ corrosion in tran t shi or fqQrwardi ng pipes, due
DEHIQH K a AL 08 A IS LI 1HVME £ SCEPREQIHhat i ng processes
in the refineries, which can nostly be carried out only in the absence of
wat er . a rule an oil which is transported by tankers t not contain
mor 6 § harT R AERAON PHALERID Srnspan doLEny SHRRTHHGR ol Taiid  “Whi ch i s
forned a i j ' L ' ses of a
Xt ar e SRE conond e, AR pAUqABEER tr SEAARAR PP ML B op RSt orm
of very ffrora il op) ebaverselsaffasibtieopleid fromatvedtedtr opl ets, the average
di anet er of 0 6 SEP 2002 2 which lies in the range fromabout 10 to 30
Vim arise in a pressure relaxation in a high pressure valve ("choke
val ve"), Qil fiorhtmimeérs] soagsed) rafimly peergleensar socralled comdensdate; asa

multiple of 100 bar. The values of the droplet diameters scatter strongly
about t hé@ RAECARHRYRS WHET @A aﬁauksiqq/sﬁai%w% REQRESSES R S€3 Watele upper

part of t 0L kR i i - an intake
ot on ¢ SHGH AR Bt oirknd or s WA o BY LnfeBRRPphisintocd WAt 0" Ranks
‘to a di ffhiRRCRas bedeNFittyduséd dieimythewihesh®of thewil rthe | ayer of oil
which contains only 0.5 to 1 % water and a | ayer of water lying below it

whi ch i s maintaining efithy poessurenian the eil field: Cohdenisate iscatlisphide. g. with
centrifugal separatqQrs) in order to ohtajn a quality which is tol erable by
The envi LORAHEAE o Hany Ay QioCREBPE TN CH R R A A ASRRRBAR: at | on
apparatu RAEH i e l:.0st f L r wwd f the
site of t%h"gD appgi;g?ﬂgﬁ u‘?n}%?%s@ ﬂlh;%dn%ﬂéra%ggﬁpaﬁ{ed %Igﬁi %éo#%}?? F%%lti ng

pl at f or mftSm@f w?as. Ei tiles 19116 the €erith¥ oiload pefiroleifieghpllates as a
result of the rolling novenent should be prevented; in addition the

coal escermognprise thevgandeniadpl et s shoul d be encouraged. Whereas the first

of these goals is attained without doubt, the second appears questionable

since nost. of the droplets do not enter into contact with the surface when
flowi ng tWRERIGFAR ke tnlerated, onlydn: #mallAregunds e mibwhielh is sypRiiedittect can

be only Vf%ﬁ%'eﬁegeé/se 50&%9 material due to corrosion in transport ships or

forwarding pipes, due to transport costs for valueless water and due to
fractionating processes in the refineries, which can mostly be carried
out only in the absence of water. As a rule an oil which is transported

by tankers must not contain more than 1% water.

In a known apparatus (“performax coalescer”), which is formed as a
cylindrical and horizontally arranged container, phases of a mixture
which consists of the three phases gas, oil and water in the form of very

fine droplets are separated. The water droplets, the average diameter of



~

“Thi S, t hr ee- phase separati on apparatus has a very |arge vol une, whi chigsSEP 2007
particularly disadvantageous for offshore sites. Dwnell tines of from3 to
.10 minutes are required for the oil. The speeds of the phases fl ow ng

t hrough the apparatus are on the order of nmagnitude of several mllinetres
per second. 0O 6 SEP 2002 -3 Water/ qgjI filters are known in which a

coal escence is based on a filtering éffect and not on a flow or
gravitational effect. These filters can be used only for |ow water
proportions in the range of 1 %to 10 ppm water since at hi gher water
proport i avisichnBe$ i the sahge dnemsabonal 6covBd hnvweddse and pressurecone
ineffective. In addition to a separation of water fromoil, a separation of
oi | frommetac@tionin iasshighypressyiresrale Agpokeivielvedh withelt hedngnassibleaf t er

The abj odbr GRC FRESSEATPIRS AERBE £ grmatlils ot F0 SEEnTHGtRWRRCRL por i t s

the sepangli @8t ai’ﬁngﬁ}gis%ﬁtte?rﬁrﬁélwﬁ%é th Cﬁ{éra?l' gln the other in

droplet form rn as snall an appara as possi bl'e and/or with dwell tines
in the apparatus which are as short as possible. This object is satisfied

by the ”Pﬁﬁ@gaQ'&é‘fcﬁéflfﬁvia%&fjrﬂiﬂt&ﬂeaﬂ%]—%tfh@ﬁpé@?%"aﬁ Bpthé accordance with
one of the independent clains 7 or 8 The nethod in accordance wth the

i nvent i oragEaTradasf or in hies oeyrar partaespéctavdly -stirdmyan dnfalosregisactnd one,
with the one |jquid not_being soluble in the other, with the first liquid
bei ng corfitaPHEEt as8irpplVater andikbserarsgte IipABIS sitHatipnrthanks 4 i qui ds

havi ng dif{.terent densiti.es, Qd ¢ i Ses A t ir ee steps:
having dbhekente APRRRKISS oy HIE IRISLLROT PP R RaeLB R T oo, ot er
i s conducigfiathd bAG 8.3 kb A% bidfer it aYe@Sf Watdtl Bihe Meldw avaiicRUGh
installations - in‘'particular through a Tiller whicCh Can be used in packing
col umms ds domtanghated bytoit. Phasrate? mistetHdrobe itsedtetdeat. witheduced speed
during a second tjime interval for a further devel opnment  of the coal escence.
06 SE (cergg@ggahseparators) in order to obtain a quality which is tolerable by

the environment.

In the inlet region of the three-phase separation apparatus a packing
can be installed for the following purposes: If the site of the apparatus
during use is, for example, a ship or a floating platform (“offshore sites”)
then a re-mixing of the three phases as a result of the rolling movement
should be prevented; in addition the coalescence of the water droplets
should be encouraged. Whereas the first of these goals is attained
without doubt, the second appears questionable since most of the
droplets do not enter into contact with the surface when flowing
through the packing, and thus a coalescence-encouraging effect can be

only weakly developed.

This three-phase separation apparatus has a very large volume, which
is particularly disadvantageous for offshore sites. Dwell times of from 3
to 10 minutes are required for the oil. The speeds of the phases flowing
through the apparatus are on the order of magnitude of several

millimetres per second.



3. Finally the flowis conducted at a further reduced speed opposite (& SBF 2002
M th the force of gravity respectively, with | arger descending or rising
_.drops respectively being collected and separated out, whereas smaller
‘droplets are carried along further by the second |iquid. The dwell tinme of
the oil in the separation apparatus ig%significantly reduced in the method
in accordance with the invention with Yespect to the previously known

nmet hod, and indeed thanks to the fact that an enl argenent of the droplets
is carried out in three steps, with a suitable choice for the flow speed in
each case being nmade for each step. Turbulence is provided for in the first
step usi Ngatetyodl filtéiOafe RAGwh irehHicMel ¥ohledBehtOYs BASE orSA that all
droplets are subject to a state of novenent which - as can be proven

exper i nediltdring effect agd mbban a flewner gravjtatiorsaledffent. Thepe dilteraidan | ar ger
ones, and which h?nge ncour ages t he coal escence. In tge second step the

t wo- phas @& H86f 0¥ Aphialy WREh RIRPOEHanNe R dhedaagstoini/ado 1 RRMy, in the

hi 1 St Sp o RE0Rh kAR WakDRraNBRESH TpE M St i @Safutaayl ¢ of the

density erences, I"arge eposi Smal | ones
however n~reRBIwATREG AU PROESsEdoiné heeffeadrd | i quid. The depositing of the

wat er droplets in the last step can be inproved by neans of a packing. The
met hod in accordance with the invention yields a better purity of the oil
(in the tiasddditivn ied separafioBSofvasrefromsilcadephrtibntsf dil #om The
separation is not done, as in the previously known separation apparatus, in
a coexi stveates, a8 is mequirgdi @rrﬁxampg in s¢p wajer ppHusionssaftentanker

separation is |argely.independent . a.possible roll notion of the site.
o thor | BlseHEn Sool IR Beetinitle RiGeHH Semsatin RPPABARvent | on

yi el ded particularly good results: 0.1 to 0.2 %water in the oil, 20 ppm
0 6 SEP 2Q02 5 oil..in .t rai. (S nce. the ai QRQriion nust not
exceed 4%%9{)4%?5{&}'?68?%1%8?‘ &a&%&g{oﬁfég‘tﬁgvg ea,a ’Eegffgi&gﬂght cl eansi ng
of the Waiginits the tepaeitish JMOSELIGURE, | STRNGAWHIES ¥ tont&itedoROf e _
required.”) The subordinate nethod clains 2 to 5 and the apparatus clains 7

to 11 relathertin droplett fagagun @sisodillantappdrathe dswestiblmandlier suith ect of
claim6 is a use of the nmethod in accordance with the invention, It is
known t o divelbdirses intheapparging which arcenshoryas Paspibieahbinpbinct i c

m xers saq_t hat liguid mxtu [ I [Hy! ich theone liquid is
suspendedsi %ﬁ@do?ﬁgbglrpaﬁ?od:{ ?Raf%%{e%%g %IST\AQ&FBJ _c‘-ﬁlgh (aéle%p ?r%.uslil.n Streiff
" Anvendungcorahheé Rath Mrichethdmdeddndditecibimper gf & en”, W

Maschi nenmarkt, 1977, p. 289). In the nethod in accordance with the
invention it is a matter of a reversal of a dispersing nmethod of this kind,

with it peiié nadthypdoel ageqrezgidel withothesmwentidraservearfor thasepuratichal | ati ons
whi ch have the structure of static mxers. Wien studying the dispersion
met hods @fra fiset banidyrom & secandiprer Withytlee pngdiquigemot heing selsttde of t he

St ati onar QHPETe Pt thsAfoh 0N QYL CORLIgED T OrPBIRt 4 AFough fur t her

static m t at i t af.: 4 idhd; . 1 xer
structur egg'g% dﬁn?,@ﬁ?ﬁ@%ﬁ?&&?@}@h@@t}l O%VE{eé]ggﬁéﬁgg? Sr&e lilttl%fl'z:lter 1|£I;:In t he

st ati onarmestiod eotnprisesiche dollokimethbecgteptss is in equilibriumwth a
merging of existing droplets. The basic idea of the invention is nowto
attenpt a displacenment of an equilibriumof this kind in which the nerging
pr ocessesl.dbor tia¢ profiuctigh of & gbakdscence af ke droplets dherlapuidgmixnttet i ons.

Consequently, for a lLiqui.d m xture whjch cqntains |1 droplets, it should
be possi bl e‘StCES’rtiH%FFﬂ HBE&S éé?t Hme Heeqy p?e?%é}"régfeé'gtf??‘ﬂ tg‘rgﬁghabl e

{reatment o tdhe ik Paotltilir tiASTEA & Al WAL BENbe Hselilf VT age

packing columns or through a static mixer.

2. The flow is held at a reduced speed during a second time interval for

a further development of the coalescence.



"0 s SsEP zo02 -6 dianeter. Experinents have confirmed this conjecture ?ﬂﬂSEPZUUZ
thus shown that a coal escence-encouragi ng neasure actually is given w't

the first step of the nmethod in accordance with the invention. The

“turbul ence of the first method step should be forned in such a manner that
as small a nunber of |arge droplets as,possible break up and as many smal |
droplets as possible nerge wth one a'ngt'her. The turbul ence need only have
the effect that a sufficiently strongly devel oped circulation of the liquid
Is present at each point of the interior of the installation, so that a
separation of the phases as a result of the density differences is

prevent ?d% fﬁ‘{all En &l o) Ps%@ﬁ&u@fed ﬁ?atfﬁ&%ﬁ%&ﬁh%eédﬁé?ﬁbéﬁé'tBnS can be
used which are not provided for a static mxing, for ‘exanple filler bodies
whi ch can ber withl the fprekohgraityuraspectively; with éargerrdescendéngacki ng whi ch
Is well suited to carrying out the first method step is known fromEP-B O
418 338 (= nsmgadyom respretivaly Gwimg colectedvand issparptied @at, qeberaased with

appar ot us. | WARCERORSReae e Celndititnds By e AL RRRER can be

carried out, Fig. 2 installations for carrying out a static mxing, Fig. 3

an el emeng. F:y wéll t ftﬂﬁé %?rtg%@m ‘%‘hé’fse#agﬁés&ﬁ%g)?gﬁatué: i3 n‘}ﬁ‘ {’Iy

schemati ca trated cross-sect appar atuses T Y accor dance
with the jdieidd Rthe Rethddt-in a¥8Riankte with the invention with respect to

the previously known method, and indeed thanks to the fact that an

enlargement of the droplets is carried out in three steps, with a suitable
choice for the flow speed in each case being made for each step.
Turbulence is provided for in the first step using installations and a
relatively high flow speed, so that all droplets are subject to a state of
movement which — as can be proven experimentally — brings about the
merging of smaller droplets with larger ones, and which hence
encourages the coalescence. In the second step the two-phase flow is
calmed, with the coalescence continuing. Finally, in the third step the
separation of the phases is carried out as a result of the density
differences, with large particles depositing, but with small ones however
remaining suspended in the second liquid. The depositing of the water
droplets in the last step can be improved by means of a packing. The
method in accordance with the invention yields a better purity of the oil
(in the tests carried out, 0.05 % water instead of 0.5 to 1 %). The
separation is not done, as in the previously known separation
apparatus, in a coexistence of the liquid mixture with a gas phase, so
that the separation is largely independent of a possible roll motion of

the site.

Further experiments with the method in accordance with the invention

yielded particularly good results: 0.1 to 0.2 % water in the oil, 20 ppm



“Fig. 6 a longitudinal section through an apparatus in accordance w Ur EEEZOOZ
.Jdnvention, Fig. 7 an insert for the apparatus of Fig. 6, Fig. 8 a f @
.exenpl ary enbodi ment of the apparatus in accordance with the invention,
“Fig. 9 a variant of the apparatus of Fig. 1 and Fig. 10 an apparatus for
removing oil fromwater. A three-phase separation apparatus Ais
illustrated in Fig. 1 and conpri ses a‘r5apparatus 1 in accordance with the
invention for the separation of a liquid two-phase m xture 10, in
particular for the separation of water droplets fromoil. A three-phase

m xtur e, ofthirCthé dphil ater.g®ind @5€ oilNprsibirtioANmiudt it daveeli 4 ippnRhases,
is fed through a valve B into the apparatus A the gas is separated in the
| atter finm dispasab-ofiwaterinke the sta, asbschueghsléansingmidthefwatert he
apparatus A via thg connector, C. A first qulljid is contained in the form of
dr opl et s 1$ninaViede Bhihese experimanial fopilshaae longariegutedhi th the first,
liquid (water) having a greater density than the second (oil) in the
illustrated exanple. The nmixture 10 is largely separated_ into the_two
liquids ilhe Fabg ?&geﬁﬂﬁc{%m%éﬁ amﬁtthqmmtﬁécplﬂma&m dance with

cont ai n AP AR gR S oo Bl S AR I BBl e Wi th

Fig. 2. Alsierleercene sl htethbdnoaddorinhescrith *heliaveAsibal | ations 110 in
whi ch larger droplets grow through the capture of smaller droplets. The

aver age speed of the turbulent flow has a value between 100 and 1000 mm s.
I n a spadeislRnbwmgo késieertse 4 fiesnBgbit in dlsdcbad liguid BrmeN2 of 9_

coal escence continues (second step). The flow speed is reduced (50 and 500
m  s) s@tahgtmmsmé‘eat g disprid maixtppe resulye posvhich) the aeediguidds t he

win 2 bavieparyiee it I oSS Fapfe i hF upat dhpiee P = %%teih#&i{? ’
Gropl ot s 131 R S e T D R VI st 11 qui

of the pMasch#renarks 1917 ,0Hf 289). IaftHchecalpd intaceofdahee With eaanect or
141. The second |iquid, which has a | ower density, noves upwardly out of

t he spacenyentigntif is lfematign elsa revenspbof adigpersingeneidiad of thysi kingei ng
carried al ?gq [ nt.t e s&pace 135Iir‘lﬁl)éi nguabove.li t _the secondll iquid flows

rel at i velyitebpeytiplly BERY tg. THPTE 8T P52 MG Net further

dropl et's ;12 18{tfored ¥hifRPOSYd Btk sthRtdePOs bﬁelt'ftgnﬂkef’é?q}\fh'egsétng?ggd can be

encouraged or accelerated wth installations 132 I1n that drop whi ch are
carri ed aherdispyrdiba methods lcagried caddwithostaticymixesrs| bnediwedethatt surfaces
of the installations 132 and form downwardly running filns which are

finally rtBeetisaeeter ohths«droplets pradunes ¢ap ned heamgele as spradt 8s124. The

second |igui.d ichis largely freed fromthe first one, .can be.renoved

rom t he Ghfitbc TR thafa T8t SERE <51 T e lodHes i Eesud °™

sect i onalfiyirld tsdoi e firtheFistati€ mikesy! ARYAI6AANAREhtE YT RO kifg St ati ¢

m xer 110. The latter is built up of corrugated l"fayers 11 | which are

ar r anged depeatsadbh éheamikdrastracturessand amtie¢ flotr spséed.dt is tebe t forns an

ordered struycture or packing with channels which openly cross one, anot her.
The mi xercaryegiysapihat i atakianadyi §tptep Riedustiorol Rewrdrapleiselst units
bei ng ori.en b V, e_t nek W pect to their layers. A

Cross chalﬁnéecﬁﬂélftofﬁt[:@uﬁet%c%rgﬁgﬁoégg%g%%%?ggégP%ﬁé’t he installations 132 of
the third nethod step. Many structures can be used for the installations

110 of t heh dBERER! idedloftie nderd@fis now to attempt a displacement of an

equilibrium of this kind in which the merging processes dominate
through a suitable change of the operating conditions. Consequently,
for a liquid mixture which contains small droplets, it should be possible
to obtain a reversal of the dispersal effect in a suitable treatment in a

static mixer which leads to an enlargement of the average droplet



~g_11. An alternative structure elenent 113 - |ikewi se for a rrenberU éL%EPZUUZ
WwWth a circular cross-section - is showmn in Fig. 3. The correspondi ng
~.installation structure is assenbled froma |inear arrangenment of structure
“elenments 113 of this kind. The first nethod step can al so conprise at | east
two partial steps, so that in each case the Weber nunber (W) of the flow
decreases fromone of these partial steps to the followi ng one as a result
of the changes of the hydraulic dianmeter and/or of the geonetry of the
installations. In this the average di aneter of the coal escing droplets

i ncr easedibRMILS. Eﬁ?arifrﬁﬁht@th@tfe ebnfihtet uhis cenferturEend thes ghdwe above
cited publication of Streiff, relations (5), (8)1 and Fig. 4, fromwhich it
can be sdbatihesalespentorpcounzgingoacanunnactyally ingivesy yith the figsbpl ets. -
W = p w2 dh a-i = the product of the.densit t he square of the flow
speed, trﬁ-ffeﬂﬁgrtéﬁlm@%‘gﬁ%@é’m&?wﬁ‘ﬁ%“{‘ﬂ%%ﬁ’ I‘é{’?rb‘ﬁ%nand the reciprocal val ue
of the boundary surface tension.) In the carrying out of the nethod in
accordan ith the invyention in an experi,ren etup .a m xture of water
(Firss T e tyhaiRes i dRe it sBefind SRE 5 ldbe SRR b ibRS G spercer,
wat er dr r | ' i the
Fange betuenneloran SR ERn ppapUObF IR UrBRRERS PoSMEbreak up .,

dropl et s drid BB NNyt dMMatadropletst &P possible nisrgeavithadnsvainoth#er'’Eh@r eat er
than 3 mm The paracryol still contained approximately 0.05 % water after

t he renpwarbyiengrenged enlyhgyedhe effert thasia suffiientlytsteopglyacryol in the
test setup ampbunted to abou 0,secgnds, that is bout .3 to 10 ti.nes |ess
Lhan i n R RPREh SrELTRACR H 4RA UGS 1S Prescat Al PRCBO N B dRRePLiPEaL eq
with the I ; f . h%ﬂﬂﬁ i 4c and
Fig. 5 sh‘gyvﬂgrlglg@lg%é?ﬁgggt? ?%usg?agggigrﬁg% utses 1als |gﬁ ag?éeﬁglrt g@i gd for the
t r eat nentdeafsityadiftsreacesns prévéixed.t o 1200 nB/ h) of two-phase liquid. In
Fig. 4a the nenbers 11 forma bundle of a plurality of static m xers which
in each case have a cylindrical crosssection. A partition wall 11' encl oses
t hi s arr dhgettentevelophecmt dftithe tiirtailence other instgllahiamsdcapdbecsuddd i n which

the third step of the nmethod in accordance wth the jnyentjon takes place.
The nenbe‘f’glc(i&alieaﬁoéllﬁgev’égdafqreﬁf@@fm Wg:#e.r eﬁﬁmplﬁﬁlierrbﬁ@@pace or -

see Fig. | l.] . I?? ﬁﬁgc S el e ﬁ@ﬁﬁ Fig. 5
t he nenbe‘?félc}’lbg?goégiflrgéﬁd}éﬁ E}C(r?l&rsl%a_ S \?\} ? A C%éltzetﬁ atngu a%ﬁé?%éc_kg%%ti on.
Shafts wighidierd aelWdted tOTarsaaki Uit Hecfirstafetifod Re¥M 14 Rrfove FRsm6 and 7
- advantageously filled with installations which extend over the entire

cross-secEPd3 0 Fh8 3ihér M0332).0f Fig. 6 contains the insert 1' illustrated
in Fig. 7. The latter is built up layer-wi se and alternatingly of static

m xers 110 (cross channel structure) and cavities 13 which are downwardly
open. Thdnsguslovgngathecimveaitiorpwiltibegdesrabqd witlrreferance pe thheir open
ends thea‘irecond I'ﬁg};ﬂ d can be renoved after the treatnent with the nethod

i n accor dFARCENESt RN Bh%enti on via tubes 131' and conveyed to the outl et
connector 131 via a common tube 131 " Instead of installations wth the

h l, struct h ki lso b
Coedqui ok PR BdelBna00 epRRTh BRYLERE i RAGEH e BRAORS, 05 |
conducted in via the jpigtedraBnee ktE thedAdehtiBniafvetcdrirtd dunhi ch has

been freed fromthe droplets is renoved through the upper connector 131. It
can be nore advantageous if the m xture to be treated can be conducted in

above andrighe pr oductinktfltitibri$ favegrging bat & staticTigings possible if in
Fig. 3 an element for a further example of installations,

Figs. 4a -5 schematically illustrated cross-sections through

apparatuses in accordance with the invention,



"0 6 SEP 2002 -11 the insert 1' of Fig. 7 the static mxer structuresyg$pp iy
~which are provided for the first nmethod step are exchanged wth the
_packings in the cavities 13 for the third method step. An apparatus 1 is
“shown in Fig. 8 in which the nenber 11 for the first nethod step is
oriented horizontally. The third stepgi s carried out in the vertical

contai ner 13. The coal escence of the second step takes place in a tube

pi ece 125 which is arranged horizontally as an extension of the nenber 11
in the container 13. The partial space bounded off by the tube piece 125
has a do dly enl arlghgudieal sectidn theowgh ket appardtusciads into the
interior of the container 13. The tube piece 125 can al so be di spensed with
since the nethod stepceongsuias withothealwenitiss in t he naned partial space

wi thout the latter. The container 13 can again contain installations. A
largely oil-free water can be won with the nethod in accordance with the

i nventi offig.The puri t ¢ndhserefordherapparatus &Figh, rel ati onshi ps in the sunp
140 of the apparatus 1 (see Fig. 1), in particular on the follow ng
paranmeters: the quantity of droplets de osi,tin% er unit tinme on the
fractal Beé&nflary surfdesther expmplyrgbodimss @E thEARRATAUS ANt he sunp
140. The purity can re v .[eans of installations in the
sunp 140. The fract a?g%%ﬁlaé%r nggﬂ aecgglf fCIsI;Esubstanti ally a | ayer-shaped
zone, the thickness of which |ikew se increases as the rate of the

deposi ti oplets | %?@ T i er separated off
depends g?ig't e thi ckhg}s% 0 ?H}"gggﬁ?é%rmal:‘%?gh&ggrity the zone nust be
as thin as possible. This can be achieved constructionally with an

appar at P@‘i%ufd‘? as |Sgp dtuS!fBr rémovif? @il%ﬁﬁ?%ef.lz. The apparatus 1 in
Fig. 9is nodi fication of that 1n Fig. % wth now a first part of 'the

m xture 10 being |l ed through one of the static mxers 11 into a first
chamber ihred-ghesé separioRApparhtey ahid iMtiseidted i PRI 1lahd into a second
chanber 12', 13 arranged beneath it. A wall 15 separates the tw chanbers.
| n t hese cohamtises anhappamdnd kil acherddncalwitdt thoel inveytion déetht ace
respectively. Si ncef t[]e total area of, the féact al bougag_a y surfaces 14 and
14' is nSRPaERRBPRPIA BAMGEETaRhess PHETUIS 1R i PRIUIGUIRR érti’ﬁuri ty is to be

expect ed i i € : .and 141" if

equal arrgfﬁﬁ% gé%?ré"éiﬁ';\g%e‘ggir%%l%ﬂgﬁ‘ﬁﬁ Iégé%'sg %%%Wﬁi‘?aﬁ%ﬁf&ew se have a
somewhat coglthls 4\galsi piyasd Favaditite topbertadEqhid bhalses, isMedcthtaeghor s 131
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contain installations 110, for example static mixers in accordance with

Fig. 2. A coalescence results from a turbulence in the installations 110

in which larger droplets grow through the capture of smaller droplets.

The average speed of the turbulent flow has a value between 100 and

1000 mm/s. In a space 12 lying beneath the members 11 the
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Met hod for the separation of a liquid%ixture ( 10) which consists of a
first and a second liquid, with the one liquid not being soluble in the
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upwardly out of the space 12, with the smallest droplets 123 of the

heavy liquid being carried along. In the space 13 lying above it the
second liquid flows relatively slowly (10 to 100 mm/s; third step) so that
yet further droplets 122 are also deposited. The depositing of the first
liquid can be encouraged or accelerated with installations 132 in that
droplets which are carried along by the second liquid additionally
remain adherent at surfaces of the installations 132 and form
downwardly running films which are finally released from the
installations 132 as larger droplets 124. The second liquid, which is
largely freed from the first one, can be removed from the apparatus A

via a connector 131.

The member 11 which is sectionally illustrated in Fig. 2 is cylindrical
and contains a static mixer 110. The latter is built up of corrugated
layers 111 which are arranged in parallel and has a cross channel
structure, i.e. it forms an ordered structure or packing with channels
which openly cross one another. The mixer is assembled from a
plurality of units 112, with adjacent units being oriented transverse to
one another with respect to their layers. A cross channel structure can
also be provided for the installations 132 of the third method step.

Many structures can be used for the installations 110 of the member
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the third step. 5. Method in accordance with one of the clains 1 to 4
characterised in that the first step conprises at |east two partial steps;
and in that Arateehatias stivierude kdemenotia3 of likbwidd foy aeseeangsl I rom one of
these partial steps to the follow ng one as a result of the changes in the
hydr aul i svith aneirenlaareoss-ssictione—ygtosheyn isf Fighd. Thw eprrgsponsdling t hat t he

of the-t thBATEHor SHUSHIES (R 855D FOFR Gl TR Lo BEMEI P h one of the -
cl ai ns 1vsmhﬁhéurg@éﬁgh@§ ilq%d%f {higlhagd'g he one liquid is water and the other
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natural gas source containing oil.

The first method step can also comprise at least two partial steps, so
that in each case the Weber number (We) of the flow decreases from one
of these partial steps to the following one as a result of the changes of
the hydraulic diameter and/or of the geometry of the installations. In
this the average diameter of the coalescing droplets increases thanks to
a reduction of the turbulence. (For this cf. the above cited publication of
Streiff, relations (5), (8) and Fig. 4, from which it can be seen that: the
lower the Weber number We, the larger the droplets. - We = p w2 dn o1 =
the product of the density, the square of the flow speed, the hydraulic
diameter of the installations and the reciprocal value of the boundary

surface tension.)

In the carrying out of the method in accordance with the invention in an
experimental setup a mixture of water (first liquid) and paracryol
(second liquid) was separated. In a disperser, water droplets were
produced, of which the average diameter lay in the range between 10
and 30 um. After carrying out the first step, water droplets formed in
the second step, the diameters of which were greater than 3 mm. The
paracryol still contained approximately 0.05 % water after the removal
of the water droplets. The dwell time of the paracryol in the test setup
amounted to about 60 seconds, that is, about 3 to 10 times less than in
known separation apparatuses. 2 to 3 m3/h of liquid were treated with

the experimental apparatus.
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plurality of ring spaces. In the apparatus 1 of Fig. 5 the members 11 are

arranged in shafts 15 with rectangular cross-section.

Shafts with rectangular cross-section are — as is shown in Figures 6
and 7 — advantageously filled with installations which extend over the

entire cross-section.

The apparatus 1 of Fig. 6 contains the insert 1’ illustrated in Fig. 7. The
latter is built up layer-wise and alternatingly of static mixers 110 (cross
channel structure) and cavities 13 which are downwardly open. The
spaces 13 can contain packings 132 (cf. Fig. 1). At their open ends the
second liquid can be removed after the treatment with the method in
accordance with the invention via tubes 131’ and conveyed to the outlet
connector 131 via a common tube 131”. Instead of installations with the
cross channel structure, the above named turbulence packing can also

be used quite well.

In the apparatus 1 of Fig. 6 the mixture to be treated is conducted in
via the side connectors 9 and the product liquid which has been freed
from the droplets is removed through the upper connector 131. It can
be more advantageous if the mixture to be treated can be conducted in

above and the product liquid removed at the side. This is possible if in
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be dispensed with since the method step 2 would also take place in the

named partial space without the latter. The container 13 can again

contain installations.

A largely oil-free water can be won with the method in accordance with
the invention. The purity of the water depends on the relationships in
the sump 140 of the apparatus 1 (see Fig. 1), in particular on the
following parameters: the quantity of droplets depositing per unit time
on the fractal boundary surface 14 and the dwell time of the water in
the sump 140. The purity can be further improved by means of

installations in the sump 140.

The fractal boundary surface 14 is substantially a layer-shaped zone,
the thickness of which likewise increases as the rate of the depositing
droplets increases. The purity of the water separated off depends on the
thickness of this zone. For a high purity the zone must be as thin as
possible. This can be achieved constructionally with an apparatus such

as is shown in Fig. 9.
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7-10%& () 1/:1920% L5 W& ddr 1 2’, 13’ arranged beneath it. A wall 15
separates the two chambers. In these chambers the second and the
third method steps take place respectively. Since the total area of the
fractal boundary surfaces 14 and 14’ is now doubled with respect to
that in Fig. 1, a better purity is to be expected for the water which flows
off via the connectors 141 and 141’ if equal amounts are treated in both
cases. The oil, which can likewise have a somewhat better quality,
leaves the apparatus 1 via the two connectors 131 and 131°. Obviously
more than two chambers 12, 13 and 12’°, 13’ respectively can be
provided in order to further increase the fractal boundary surfaces 14,

14°,

The method in accordance with the invention can also be used in a
cleansing of sea water which has been contaminated by a tanker
accident. In this case oil droplets (first liquid) are contained in water
(second liquid). Accordingly, an apparatus for the separation of the two
liquids must be reversed with respect to the apparatus described above.
Fig. 10 shows a schematically illustrated apparatus 1” of this kind: an
inlet connector 9 for contaminated water (mixture 10) below, a removal
connector 141 for separated off oil above and a removal connector 131
for purified water at the side. The treatment of the mixture is again
done in static mixers 11 (with mixer structures 110) and further
installations 132, which advantageously have the shape of packings
with a cross channel structure. Further installations for the separation
of water droplets which are carried along out of the floating oil are

provided above the boundary surface 14, which is indicated in chain
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dotted lines and which again has fractal properties here (oil droplets

suspended in water and water droplets suspended in oil).

In the ideal case the water can be purified to within 40 ppm. In the case
of larger accidents however it is preferable to treat large amounts of

water rapidly and with corresponding losses with respect to the purity.
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Patent Claims

1. Method for the separation of a liquid mixture (10) which consists
of a first and a second liquid, with the one liquid not being
soluble in the other, with the first liquid being contained as
droplets in the second one, and with the two liquids having
different densities, said method comprising the following three
steps:

1. for the production of a coalescence of the droplets the liquid
mixture is conducted during a first time interval as a turbulent
flow through installations (110, 113) — in particular through a
filler body which can be used in a packing column or through a
static mixer —,

2. the flow is held at a reduced speed during a second time
interval for a further development of the coalescence and

3. finally the flow is conducted at a further reduced speed
opposite to or with the force of gravity respectively, with larger
descending or rising drops (122) respectively being collected and
separated out, whereas smaller droplets (123) are carried along

further by the second liquid.

2. Method in accordance with claim 1, characterised in that the
averaged values for the speed of the flow lie between 0.1 and 1
m/s for the first step, between 0.05 and 0.5 m/s for the second
step and between 0.01 to 0.1 m/s for the third step.

3. Method in accordance with claim 1 or claim 2 characterised in
that the depositing of the drops is encouraged during the third

step by installations (132) which effect an additional coalescence.
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4. Method in accordance with claim 3 characterised in that packings
with an ordered structure are used for the installations (110; 132)

of the first and/or the third step.

5. Method in accordance with one of the claims 1 to 4 characterised
in that the first step comprises at least two partial steps; and in
that in each case the Weber number of the flow decreases from
one of these partial steps to the following one as a result of the
changes in the hydraulic diameter and/or of the geometry of the
installations so that the average diameter of the coalescing

droplets increases thanks to a lessening of the turbulence.

6. The use of the method in accordance with one of the claims 1 to
5, characterised in that the one liquid is water and the other is
oil, with in particular the oil being won from a petroleum source

or a natural gas source containing oil.

7. Apparatus (1) for carrying out the method in accordance with one
of the claims 1 to 4 characterised in that it comprises a vertical
container which contains the following:

a chamber for the collection of the named liquid mixture (10), in
particular for the collection of oil containing water and for the
distribution of the liquid mixture into a following region,

in this region

a) a vertical tube (11) or a plurality of tubes (11) which are
connected in parallel and arranged vertically and which in each
case contain a filler body, in particular a static mixer (110) for
carrying out the first step and

b) a collection space (130) for the second liquid between the

container wall and the tube or tubes respectively for carrying out
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10 furthermore, for carrying out the second step, a further region
(12) in the container into which the tube or tubes respectively
open and of which the cross-section is enlarged with respect to
the sum of the tube cross-sections in such a manner that a speed
reduction which is provided for the transition from the first to the

second step sets in.

8. Apparatus in accordance with claim 7, with the tubes (11) being
replaced by shafts with rectangular cross-sections and the
collection space being assembled from chambers (13) which are
arranged in parallel and which each have a rectangular cross-

section.

9. Apparatus in accordance with claim 8 characterised in that the
shafts (11) and the chambers (13} which are arranged in parallel
contain packings (110} with an ordered structure, in particular

are filled with the latter.

10. Apparatus in accordance with one of the claims 7 to 10
characterised in that at least two zones which are connected in
series are provided for the first step; and in that in each case the
Weber number of a fluid which flows through decreases from one
of these zones to the following one as a result of changes of the
hydraulic diameter and/or of the geometry of the installations
(110), which are in particular static mixers or a turbulence
packing, so that the average diameter of the coalescing drops
increases thanks to a decrease in the turbulence in the direction

of flow.
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11. Apparatus in accordance with one of the claims 7 to 10
characterised in that two chambers (12, 13; 12’, 13’) which are
separated by a wall (15) are provided for carrying out the second
and third method step; and in that the one of these chambers is

arranged above the other.



