-1- METHOD AND APPARATUS FOR SEPARATI NG M XTURES OF O L AND EQ;EE% hﬂ§SL=
inventionmrelates to a separ.at or apparatus and to a-nethod parating
m xtures of oil and water. Flotation cells are used.. in industry for the
pur pose of separating partlcles froma liquid. These operate generally by
adm xi ng gas bubbles to the nixture to be separated, whereby the gas ¢
bubbl es are brought into contact with the particles so that the gas '
bubbl e-particle entities are effectively lightened and rise to the surface
of the mxture -where they can be drawn off. To facilitate this action,
chenmical reagents nmay be added to the mixture. It has al so been discovered
that flotation cells may be used for sepakatlng liquid phases one fromthe
other, if one of the liquid phases be present in the formof discreet
droplets such as in- WD 88/09696 _

PCT/ AUB8/ 00184 2 an enul sion. However, it has been f ound that systens of
this kind are only capable of satisfactory operation where the influent

oi | -in-water concentration does not exceed.500 ppm One use, however, for
oil -water separators lies in the cleaning up of -residual water at oil
well's, after renoval of the principal oil concentration therefrom such as

in off-shore oil wel | sEWine AND ASPARASUS UTUR SEFIRATTNG MDORRES CBNOZL I AND! wderf -
residual oil to give a high water purity [ evel before the wat er can, unaer*

enV|ronnentaI protection | aws, be l egally returned to

\“;j), ' This uﬁmxmaomnzxﬂates toe1sepaﬁﬂnm apparatus and to a
' nemhod'ﬂn:sqgnztnx;nuxﬂnxs ofcul.amivﬁter.

Flotation cells are used 1n 1ndustry for the purpose of
separat;ng'partlcles from a llqumd These operate generally
by admixing gas bm&ﬂes to thelmudmre'uahe sqgnzmed,
wha&iw“duegmstiﬂesamelxnmjm.uﬂn contact with the

- particles so that the gas bubble—partlcle entities are
effectlvely lightened and rise to the surface of the mixture
where they can be drawn off. To facilitate this action,
chemical reagents may be added to the mixture.

AT It has also been d1500vered that flotation cells may be

' u&aifqrsmpmzmux;lumud]jmses<xn from the other, if one

- . of the llqp;d.phases be present in the form of discreet
'thxmﬂets, such as in




‘the sea. In such instances, it is often inpossible to maintain the influent
oi |y wetviy 88709696t hat the concentration of oil therein is | esBCTheusgjomsgpm
ymth the result that unsatisfactory results are obtained, insofar as purity
. of the, effluent water is concerned. Simlar conS|derat|ons concerning the
eff|C|ency of - operation of flotation cells of the types including means for
introdueti on of gas bubbl es and/ or |nclqﬂ|ng agltatlon means apply in
relation to efficiency of operation of "degassers" being a form of
flotation cell not having provision for agitation of material being

separated andyg fmafsfaaar' Héwerg ;&rqyai'm?ﬁffbga g;lstt' %&ﬂen@s

bubbles. In the latter, separation of gas or of liquid
corrponents |5°%f$’ék§e\ﬂ1§¢nﬁll'9 PRly: sAarahle Rf %%ﬁ?fﬂgtOAYso cal l'ed

"skinmer™ is gpéPaLich ﬁBé@éSEhehﬁwmdﬁ@\/dﬁlﬂihiﬁité?”wa' of free oil.
The term rotatlog deyice? is us t&ﬁﬁf&e0|flca6|on to mean any

device in whiTIRCER f%f?%ﬂ Fgeéf ReTHESirnvent i on
general |y emhowens:;heouso1mtwatbkdm@pajaturscntte tantghei on a m xture of

Pvenrons e bEbaLf 88’ RBhfubal WAL LR er SEECREAS 12 [0
m xture commrem¢@pb|¢fahhemaréncoppdn@nﬂscﬂnnentrahéonltheueﬁammn is
conprised-of (ORI &4 Sint Qe PLEHLER ¥T1CWe Vs Wliste the reszh)iaflr ee of oil;
‘water must be decontaminated of residual 0il to gzve
.a high water purity level before the water can, under
\_/ . environmental protection laws, be legally returned to
' the sea. In such instances, it is often impossible
‘to maintain the influent oily water such that the
_ concentration of 0il therein is less than 500 ppm,
“with the result that unsatisfactory results are _
3obta1ned, insofar as purity of the effluent water is
concerned.

~ISimilar-conside:ations concetning the
' efficiency of operation of flotation cells of the
- types including means for introduction of gas bubbles
‘and/or including agitétion means apply in relation to .
. efficiency of operation of 'degassers* being a form '
-.of flotation cell not having provision for agitation
of material being separated and not necessarily
hav;ng provision of introduction of gas bubbles. 1In
the latter, separation of gas and liquid ands/or of:
liQuid.components is effected simply by gravitational
_;setﬁlinga A so called"skimmer' is a form of '
degasser having provision for removal of free oil.
The term "flotation. device" is used in this
- specification to mean any device in Wthh separation
is effected by settling.



conprising a hydrocycl one of the type designed, constructed and arranged to
effect separation of a m xture of |iquids and having a separating- chanber
with inlet neans for inlet of the mxture to be separated, an overflow
outlet for outlet of a | ess dense oil conmponent of the m xture and an
underflow outlet for outlet of a materBal conprised of the water conporent
of said m xture having residual droplets of oil, . and a flotation devi »
coupled to receive the outlet nmaterial fromsaid underf |ow outlet far--
further separation of the oil cOnponent fromthe water by flotation, and
means on said flotationggeyiaeioh %ﬁgﬁ]ﬂ QQ%Q efef of . ‘each of
the oil and water conponents separ geeln cordlqﬁe?QQ% flrst aspect

of the invention s3VEre@seRe B??’é’?f%trlﬁﬁg%maﬁ Q E¥ponent
exiting therefrom iseféié eeineskishors adfidtawididbvideat (i s outside the

flotation device. According to a second aspect of the invention the
apparatus further includes neans to effect a pressure reducti-on in the
material energing frommﬂdingieofﬂhevmm&itﬁon thetddb pivwrided | bepariator al

entering said flot f t han _t hat of
the outlet materi alaatp?%? ‘% Séﬁ%% giéﬂfi %‘%Elwﬁ%ﬁl ?’21 a}-ﬁ

underfl ow outl et. watenr Wmml@ eilo ptpenent rigt howrised ofar at i ng.-
oi | and water conpepgpists,’ A e8P WhithP 1QYakb§€a:%.a§lf')ﬂ'éQ%£Cbﬂﬂe of -

_the type designed, cons;ructe nd arranged to_effect separation of
m xture of |iquids,CCHRE-HAGI R %’g ) SRRy HEPDFERY i s
adm tted, an underfarﬁodrranged to effect separat.mn of a'mixture of liquids and

‘having a separating chamber with inlet means for. inlet of the (W,

- mixture to be separated, an overflow outlet for outlet of a
less dense oil component: of the mJ.xture and an underflow

_ outlet for outlet of a mater:.al comprised of the water

. component of said mixture having residual droplets of 011 and

- a flotation device coupled to receive the outlet material from
said underflow outlet for further separation of the oil .
conponentfranthewaterbyflotatlon,andmeansonsald _
flotation device for separate removal therefrom of each of the
o0il and water cmponents separated therein. '

- Aocordmg to a-ﬁ.rst .aspe_ct-of the mvem:lon said
overflow outlet arranged so that the oil component exiting
therefrom is directed along a flow path that is outs:.de the
flotat:.on device. o

: Acco_rdi.ng_to a second aspect of the invention the -
- apparatus further includes means to effect a pressure -
reducuonmthenatenalenergmgfranemduzﬂerflmoutlet
- 8o that the outlet material entering said flotation dev:.ce is.
- at a pressure which is less than that oftheoutletmatenal
after such outlet material has exited fram the underflow.
outlet.



outlet, and an overflow outlet, wherein the material energing fromthe
underflow outlet of the hydrocyclone is in the formof a mxture conprising
residual oil droplets dlspersed in the water conmponent of the m xture and
mhereln\yhe mat eri al emergi ng’ fromthe underfl ow outlet is passed to a
flotation device to effect further separation of the mixture to obtain a
wat er cénponent that is substantially free of oil, the material fromthe
overflow outlet being directed along a flow path which i's not in di rect
comunication with the flotation device to which the underflow material 'is
adm tted and/or being passed through a pressgfe reducing device before
entering said flotation device. 4 The invention is further described by
way of exanple only with reference to the acconpanyi ng draw ngs in which;

Figure 1 is a flow di ag‘.‘[ﬁé”:ﬁhfrem.oﬁp&@ba bit51666 % fekoador ibeparaifgndd with
apparat us of Fi gur A VRveR, CoTEEneRts FTH S“"%@%&‘?m%%rsdr“%?' AR used i n
t he apparatus of Fi mﬂmcjzclmacbfltgertypé demgnd:l,agonatruttmisﬁrﬂtamqmd to
PB?LLL?a;;SPf?La:Pgn 0 t%gggnvendlon Hé?ﬁé?éﬁ%augb@gzﬁgg%gﬁﬁﬁ%{gﬁgﬁﬁe?
appar at us cont st r ucieansi rheeueh rwiieh che Pikare s, odnitted, aphedssEe: us
shown in Fi gure 1 &%ﬂé&' S8% an overflow outlet, wherein the ‘material emerging
~fnmn1jmaumderfhmvcmtha:of the hydrocyclone is in the form
: of a mixture comprising residual oil droplets dispersed in the
K,/ o ,hﬁtercxmpumam.dfthenﬁxﬁnx:andvﬂmmeﬁnthexmﬁenkﬂ '
_ enemg1ng:ﬂmm1thelxkaflowcnuiet.uspassed1x>a flotation
- daHLE'UJefﬂax:fumjmu'segnﬁmux1of'dkaH&XhﬂE'ﬂ:0b&ﬂu1a
B water camponent tha: is substantially free of oil, the
material from the overflow outlet being directed along a flow
path which is not in direct camunication with the flotation
device to which the underflow material is admitted and/or
' helng;xssei1ﬂnxmghiapmesmnxare&xnngcﬁancelxﬁtme
enuﬂumgsauifhmzmuxldanse.



hydrocyclone 10 to which a n:xture of oi

in water is admtted, such as on -

the line 42 shown, to provide at an outl et |ine 44 separated oil and at an
line 46 separated wat er Wwhi ch nay,_hpmever still contain sone

out | et
r esi dual

oil.

The water conponent. is. passed-on line 46 through a pressure -

reduci ng device 50 and thence on a line.52 to a flotation cell 54. Here,
further separation occurs with the water conponent. being taken on a P*me 58
fromthe flotation cell and = WD 88/ 09696

PCT/ AU88/ 00184 '5 t he oi-

10 may be constructed in known fashion, such as in accordance w th the
teachings of United States patent 4,237,006, Australian patent appllcatlon -

84713/ 79,

PCT/ AU85/ 00010. -
type.

general.’
chanber
di anet er

or

in nmy |International appllcatlons PCT/ AU83/ 00028 or
Figure 2 shows, diagrammatically, a separator of this

This is shown as having a tapered elongate separat’i ng

25 which is of circular cross-section having, at its |larger

end,

‘a first cylindrical portion 12, a tangential inlet 26 havi

an inlet opening 30, and an axi al overfIOM/outIet 34 whi ch conmmuni cat es
wi th-an outlet opening 32. A tapered porti %Sa of hanber
i s provided adj acent portTBﬁ ipvepkiion o g %3 gﬁlbﬁq& sKRFh@QE
tapéred, portiogxldnof etbﬁl?eﬁi‘tﬁf u:ecea.t':feﬁaer t85thehla%¢dh§auiﬁi:eadl ng to -

an el ongate cylindrical

i op 16.-of
draw1ngs 1n which

F;gure 1 1s a flow dlagram of an apparatus _

”constructed in accordance with the 1nvent1on,
Flgure 2 1s a diagram showzng a hydrocyclone_z_ff
'used in the apparatus of Plgure ; - .

Fzgnre 3 1s a dzagram of a flotat;on cell

.tused in the apparatus of’ Figure 1; and

Flgure 4 is ‘a diagram illustratzng 2

-modzflcatzon of the 1nventzon, and ] . S
‘Figure 5 is a diagram 111ustrating a°further

'modlfzcatzon of the 1nventlon.

Fzgure 6§ is a dlagram of another apparatus'

' contstructed in accordance with the invention.

The apparatus shown 1n Flgure l ‘comprises a

46 separateo water which may, however, still contain
soﬁe.residual oil., The'water component. is passed on
line 46 through a pressure reducing dev;ce 50 and
thence on a line ‘52 to a flotation cell 54. Here,.
further separatzon occurs with the water componeht

 being taken on_a line 58 from the flotation cell and.

conponent on a line 60 therefrom The. hydrocyclone

ng

25—

o

'hydrocyclone 10 to which a mixture of oil in water 1s-
”admztted, such as on the line 42 shown, ‘to prov1de at .
" .an outlet line 44 separated oil and at an ocutlet .line

3



%eparating chanber which opens to an axial underflow outlet 23 for . the

separ at ' water m xture to be separated is passed on tﬁé?
throughg{%gaoih¥-9e opening 30 into the portion 12 of the sepa ‘{ng (g?lanber

25 so as to generate a vortex within. the separating chanber. The oi

conponent energes fromthe -outlet 34 via opening 32 and the water conponent
ener ges\From t he underfl ow outlet 23. shown, the first portion 12 has a
length [err] and a dianmeter [err], the Second portion has a length [err]

.and dianeter [err] at its larger dlaneter end, portion 16 has a length

[err] and & dipldff L&hbbnell! bR' o' A9/ Fd ' %ereé'et,gggsfogilggegﬁe”]m.

As described in Australlan pat ent appllcatlon 84713/ 79, two strictly

tangential inlets 26 npyaf

I nt ernati onal appli cat I on E%#éﬁgg}]gg%l&w mg?d%# Lon fégg% E'anol ute
form may be pgineWnictashioneccsughnas in pcoer dex;ﬂl bke construction,
the cyclone SenadRings "y 0R1€68S5Eutedd pat HC Y, Weod‘sth any one or more

-or all of the follog g. |nenS|onaI constralnts éﬁ;r > 10 such as 10 <
ferr] <25 [ %RiiP spatent appgigption RE N Bsmferr] <0.1

International applications PCT/AUB3/00028 or
PCT/AU85/00010. Figure 2 shows, diagrammatically, a

:-separator of this general type. This is shown as

- having a tapered ‘elongate separating chamber 25 which

o/ 'is of circular cross-section having, at its larger

diameter end, a first cylindrical portion 12, a
tangential inlet 26 having an inlet opening 30, and
an axial overflow outlet 34 which communicates with
an outlet opening 32. A tapered portion 12a of
separating chamber 25 is provided adjacent portion
12, tnis leading to a-second. also-slightly tapered,
portion 14 of the separating chamber 25, this in turn
leading to an elongate cylindrical portion 16 of the
separating chamber which opens to an axial underflow

 outlet 23 for the separator.

.Oily water m1xture to be separated is passed
on the inlet 26 through the inlet opening 30 into the
_ portion 12 of the separating chamber 25 so as to
generate a vortex within the separating chamber. The
- 0il component emerges from the outlet 34 via openrng
32 and the water component emerges from the underflow
outlet 23. '
o As shown, the first portion 12 has a length
T{ and a diameter dl' the second portzon has a
length 1 and dxameter d at its larger diameter
. end, portxon 16 has a length 13 and a diameter
'd3, whilst the overflow outlet has a diameter



[err] X e@%h%éerr] > [err] where [err] is the total inlet area of all of
the inl %gs conbined or the inlet opening if "'there i sPCHyAU88y60184
[err], the half angle of the taper of the second portion, may be [err] to
[err], such as [err]. Portion 12a is optlonal | f prOV|ded- it may have a
hal f angle [err], of [err]. WO 88/ 09696
PCT/ AUB8/ 00184 7 CIher sui t abl e construchions f.or hydrocyclone 10- aréV _
shown, for exanple, in the specification of Australian patent appllcatlon
77610/87 and of International applications PCT/AU87/ 00402, PCT/ AUB6/ 00313,

PCT/ AUS6/ 001739 andAPCEeAcgibedidn Austhalianspatentonpylivat ok oure 2,
th flow 94vigy t 18 of _th
At or w0y, SASTBREACRy W idgent 241, Ea9ES O Ha£QL0 | 1 are

separ at or, he eff of “provi

t he separauréé%hgfﬁnﬁesaﬁﬂvgaF@h [ﬂﬁt$hﬁﬁnsiae§ntemaahnonalernat|onm

appl i cati on Hﬁvwmzmwnmyom@h%ifemrhﬂ?e% lig }tgo g
y a secon

frustoconi cal ch. | eads f outlet 23 tollowe
cylindrical po é%% %8%§§V$@ uE@quPY#é? pparatus of Figure 1, this.
arrangement provi des a pressure reducing actlon .and permits onission of the

. pressure reduci ng devi 6 t onmun catlng dlrectly
with line 52 to adnmit §§t§€$°#agﬁcg df%hrghe *egescr1b |

construction. the cyclone separator may be :
constructed in accordance with any one or more or all
of the following dimenszonal constraints.

'. 1-2'(5'2 > 10, such as 10 < _1_2/¢_'12_._'<' 25
3§ w88, s 30
Ry
sucn.es 3.§ .? q; a.. :- # 20
- A,
i
dg/dy § 0.25, such as dy/d, < 0.1
:dl >._d2
4z > 4y

where Ai is the total inlet area of all of the ,
inlet openings combined or the inlet opening if there
1s only one. B, the half ‘angle of the taper of the '
second portion. may be 20‘ to 2°, such as 1°. ' '
Portion lZa is optional If provided, it may haveve,
half angle,_a, of 10°.



fromthe separator 10 directly to the flotation cell. The flotation cell 54
may al sQ 8e constructed i n"accordance wi th conventi onal practlce and may be
of the QYO8 gas type or of the induced air or gas types! PCHyyL8%/08184
shows, jn diagrammtic form one such form being of the induced air type.
Here, a‘vessel 70 is provided into which the material to be separated is
admtted~ A rotor 72 is positioned within the vessel 70 and has inpeller
bl'ades 74 in use rotated together mﬁth_tﬁe i mpel | er about a vertical axis.
The design is such that air is drawn into the upper part .of the rotor 72,
as shown by arrow 80, and can then pass through WO 88/ 09696

PCT/ AUBS/ 00184 per f.or aOtHeF iSuitable tQﬁn%tEEqﬁiqﬂy §otvardiy therefrom and

into the mat epyakob9chOnecny drdl shdtin} h@oﬁaEEaFnFﬁE ’iﬁeé:gx%t th \(/jv;?\c/ivlsy.

material in the ve sel ypwa r ot or

t hrough the a?B?E aeR5AoR ﬁ? Mqﬁg’m %’E%PFaFPBG’-SGﬁP-Pt"ed i s shown
d|agrannatlca??ﬁlOMﬂ?aande&ZInﬂerﬁdtfbﬁulamgpﬁﬁéht1bhe air energlnghfrom
the rotor InNQS e | Said t f bl eg whic
adhere to a d%é?(é g%ﬁgagpth§q§2%y§§§9§?#%’bgsgégggh?éaggg f t hat _
conponent i s BETEAUBSEPPLBIlght ened, whereby to float to the surface of the

material within the vessel 70. This action may be facilitated by addition

of suitabl e chemicals; such as surfactants. The neans for admtting and
removing the nixture tan$h§e§§nﬁﬁay0§%ﬂﬁt#kpwne%n|Faeure 2, the

-overflow outlet 23 communicates with a fourth portion
o 18 of the separatot, which has the effect of
~ providing a back pressure to facilitate the
' - separating action. Such a fourth portion is
described in International application PCT/AU83/00028
and may, as shown, comprise a first frustoconical
- portion 18a which leads from outlet 23 followed by a
second cylindrical portion 18b. When used in the
apparatus of Figure 1, this arrangement provides a
pressure'reducing action and permits omission of the
‘pressure reducing device 50, line 46 in that case,
commupicating directly with line 52 to admit material
 from the separator 10 directly to the flotation cell.

U S '~ The flotation cell 54 may also be
' constructed in accordance with conventional practice

and. may be of-the dissolved gas type or of the
induced air or gas types. Figure 3 shows, in
diagrammatic form, one such form being of the induced
air type. Here, a vessel 70 is provided into which

. the material to be separated is admitted. A rotor 72
is_positioned_within the vessel 70 and has impeller
blades 74 in use rotated together with the impeller
about a vertical axis. The design is such that air

_is drawn into the upper part of the rotor 72, as

. shown by arrow 80, and can then pass through



separ ated conponents, is not shown, but the Iine 52 may comuni cate

di rect he Interior of the vessel 70, with the outle

down #ﬁ?éﬁl@g? ﬁ i'ng conponent | ocated tovvards t he base -of thérzep?ﬁl

taken off as-desired. The conponent which rises to the surface may S|nply
overflow the sides of the cell to be collected for take off in a suitable.
peripheral channel. In the present confext, the cell 54 is arranged

wher eby the conponent which floats to the top of the vessel iS'OiI;*ahd

t hat which settles'is water. As shown in Figure 4, the quuLd m xture to.bep
separated. ?so be as e fi stance to a

na.lli
m xi ng and/ Sy gsg 395°q&ﬁ(§£§§ﬂﬁﬁég¥oﬂ“ Uaf Yhydrocyclone
The remai ndéhexfefzom aandnirtenthef méiteriall to ‘béeseparatedi.halt n Figure

\1/\Dagg/ l)'ggg(sﬁ:if CIRINS CLHRE] tRe' Potb dihvs @Ré’teri’?foi,ﬁ_r}; éggfe% e S k

m xi ng and/ Dpﬂa&dlmérmcvetbu Tab9roodscs o passooutwardlyr coal escer, |
for examl ech Ghaie tHé! £eopamener %ds?dmratién#s aﬁﬁ@e??ﬁi' gge I n some

I nstances tO tate operation tronin ear ressure

i ncreasi ng Géﬂ tked; jeh W@s@i?ﬂSP@“ﬂGﬁﬁaHXhebYl#\l'ﬂmeagz I8 act on
the inl et myNiw @aimjedéne)! ERaNA1Eheméacsnly Bro LhéNchiae 4% to act on

mxture haviRd 'side ‘Spenings ChePeot®18"in the "edin’ OF Eubbies”
which adhere to a desired one of the components to be
separated so that that component is effectively
lightened, whereby to- float to the surface of the:
material within the vessel 70.  This action may be -
facilitated by addition of suitable chemicals, such
as su:iactants. The means for admitting and removing
the mixture to. be separated,'and the’tesuitant--~--.
.separated components, is not ‘shown; -but' the line 52
may communicate directly with the . interior of the
'vessel 70, with the outlet for the downwardly
settling component located towards the base of the
cell to be taken off as desired. The component which

E rises_to_the_sutface_may simply overflow the sides of -

the cell to be collected for take off in a suitable
peripheral channel. -In3the present-context. the cell - w
54 is arranged whereby the component which floats to :
the top of the vessel is oil, and that which settles
is water.

- As shown in F;gure 4, the liquid ‘mixture to
be separated may also be passed on a line 92, in. the
first instance, to a mzxxng and/or residence vessel
.90, befo:e admzsszon to the hydrocyclone. The
remainder of the arrangement of Figure 4 is the Samer
as that in Figure 1 and like reference numerals in
Figures 1l.and 4 denote like components.



‘ iy 184
Where the '\Vé@§§l°9§?)6 I's provided provision nmay be nade for inlet Pt('hg?gtsgluo
separtely or in adm xture with liquid on line 92, of heated water or other
fluid, such as froma heater treater deV|ce Such devi ce may effect
IﬂjECtIOﬂ of heated water periodically. Prgvision may al'so be nade for
|ntrodd?t|on of chem cals to aid coal escence of the m xture. The
hydrocy®one 10 acts, as described, to effect renoval of an oil conponent
froman oily-water mixture when adnltted t her et o. General ly, the separator
10 is deS|gned for use where there is a substantially snmal | er amount of oi

than water in the |ncon1n? E‘ﬁ&&& Jﬁayy?rfeggqﬁﬁegp gg f oi'l" may

be of .the order of severa percent or exanpl e e hy rocyc 10 is able
to reduce the(MdompmtsetaapmenmaiascgntQIIOQBlGSGBrunﬁQﬁaamﬂmn & ohrponent

whi ch f h | |

nscage noouoh SHRASCRRHE S pE IR0 ki ARGPS O¥OER BAED BAHLLBI 0L
of the describedysbmeyihstenceise tw Ifacklitate opempé.ggebno t he
flotation cell mggg,gxg@@eﬂa&%e%ﬁe%{ PHESshPe  Phbreasingedevitd even

| ower | evel.
PCT/ AU88/ 00184 . Ifucdhuss ahsuetnbgmtpum.ereitM|ineuaem&;.b&q ack jon|y

very pure |ndee a | n f ts
per m-]lion. rﬁ%&é Hg*ltpgg ﬂ’tg'r ocfﬂf]one égihgntg dgtahér?at ﬂr%dl ng
a sepamﬂlng aMnnNuines&Z ‘to act on mixture havxng left vessel 90

przor to entry with hydrocyclone 10. '

S . Where the vessel s0 is prov1ded provision
; ._may be made fcr inlet thereto, separtely or in
_ - admixzture with liquid on line 92, of heated water or
s other £fluid, such as'frcm'a heater treater device.
' Such device may effect injection of heated water

periodically. Provision may also be made for introduction
of chemicals to aid coalescence of the m:.xture.,

The hydrocyclone 10 acts, as described, to
- effect removal of an oil component from an oxly-water
mixture when admitted thereto. Generally, the
separator 10 is des;gned for use where thete is a’
_ 'substantxally smaller amount of oil than water in the
gj_ Lo ) '1ncom1ng m1xture. However, the concentrat1cn of oil
' _may be of the-order of -several percent for example.

The hydrocyclone 10 is able to reduce the

_011 concentratzon to a quite low ‘level in the water
'compcnent wh1ch emerges from the outlet thereof, such'
as_be}ow 500 ppm. Then, after passage through the
presscre reducing_device.SO or through the portion 18
of the described hydrocyclone, the oily water as then
passed to the flotation cell is further separated to
reduce the 0il component to an even lower: level.



-assists in that a substantial pressure drop will normally exist as between
the i nVeO 88/096942 and the outlet 23 fromthe separator. ThipcT/AUSS)80I84i N
pressure, which may be exanple be 50% has the effect that oil in solution
inthe water will tend to come out of solution and form droplets which,

even if they are not separated totally in the cyclone 10 to energe fron1the
outlet |ine 44, and can be nore readil yge aggl onerat ed t oget her or awe
otherwi se nore readily capabl e of adherence by the bubbles in the fl-otation

cell to effect final separation. The described flotation cell is exenpl ary
and may be rTRbageenky eiiditert ASLEHCEran 11RES s%ofmégﬁ\ﬂ g the described
I npel | er bl ade ;4 or, rotor . t hernore, "as nenti dne the flotation
cell may be F%i? &8813y"@cq¥erpq¥%t depd deFuehs asuhavingiapsetls or

skimers. Figoneehtzaevom oGl ithéwi parlisCperUiial figpm the descri bed
hydrocycl one 10 is taken on line 46, optionally, Vvia the pressure- reduci ng

device 50, to a degasser 65 such as .a :skinmer (degasser with a provision
for renoval of. free ofhe. pfﬂvisidnudtftwﬂlhﬁdrd&ﬁ&ﬂUd@NIvﬂ|fﬁ of the

\
yar ooyl oncpdds RESRO A roiyifiata £ Adbat dLEhal hetiBars Sssoﬁiessl??sed and
acts to sepaassksgasinr that a\BwWstwdobal pressure drop will -
PCT/ AUBS/ 00 4irrd1 19! 65158 3 BIGAA %nd ' fH1ge2dne’ 42! et
outlet 23 from the separator. This reduction in _
'pressure, which may be example be 50%, has the effect
that oil in solution in the water will tend to come -\
out of solution and form droplets which, even if they
are not separated totally in the cyclone 10 to
emerge from the outlet line 44, and can be more
readily'beqagglomerated.together or are otherwise _
more readily capable of adherence by the bubbles in
the flotation cell to.efﬁect*final'separation.

_ The descrihed flotation cell is exemplary
and may be replaced by other types such as types not
having the. described impeller blades 74 or rotor 72.
Furthermore, as mentioned. the flotation cell may be
replaced by other flotation devices such as. degassers i g‘)_
or skimmers. '

"Figure 5 shows an arrangement in which
outlet from the described hydrocyclone 10 is taken on
line 46, optionally, via the pressure reducinq device
50, to a degasser 65 such as a skimmer (degasser wzth
a provision for removal Oof free 0il). The liquid
from the underflow outlet of the hydrocyclone is .
-passed on line 52 to the inlet of the degasser. The
degasser is in the form of a closed vessel 68, for .
example.'preSSurised and acts to separate gas from



separate oil fromthe water, the separations being effected at |east in
part by WiOs88/0%8960nal settrl ng. The water conponent may be r er@FRALFSo0TRA he
Rottom of the vessel 68 on the |ine 69 'shown and the gas fron1the top of
the vesgel by a line 71. The oil may be renoved fromthe top of the water
in the vessel on a line 73, optionally aided by a suitable nechanical

"ski e~ The pressure reducing device¢30, although preferable, may be
omtted in sone instances, as indicated. It is also possi'ble to use, as

t he pressure reduci ng device,- a suitable valve, or i f- desired, another

hyd | , | | f d d
nydr ooyl one e8! a4l e perisn] SRl T RY ceatkbipnbanadr e
cylindrical. o%@EﬁriﬁBI01@Ofn&mwhﬁﬁuwatetu|theaiesavetuonalbeIMQ'waII 100
s closed at &hpekeulr a8ndeRbed ik e@%ﬁ[@raaftat;gougagge%%ﬁ & i s

transverse wall 10 i ne antla
i nst ance, tth?d‘f’BE?El gearonens G!ajb(%%dfﬁmﬁhedt fram shecbotiom afd

arranged to exnendedsmw%radbh ithed M}ﬁalﬁ esn@&noanahEhaebhsW:oﬁhe | ar ger
di aneter end oﬂ t g? clone q@BUdI thf i nl et . 1S positioned -
above wal | 10%0€¢ Qpp t Hgﬁ%% 'ex?BﬂdPhé Pa¥o behe
‘interior of themoeed T.Qomcdtw a:lolry of tthe heatet sinf theevessel1lon a At the

Lg#?;uggfooa ine. ¥$)8§ %%%%@11y aided by a sultable mechanical
“skimmer”.

~— The pressure reducing device 50, although
preferable, may be omitted in some instanées, as
indicated. It is also possible to use, as the
pressure reducing device, a suitable valve, or if
desired,; another hydrocyclone, particularly one
designed to remove solids from admitted liQuid.i

_In the apparatus of Figure 6, the flotation
cell 70 has a cylindrical outer wall 100, arranged
with its axis vertical. The wall 100 is closed at .
the lower end by a base 102 and, at its upper end, by

(_ - a transverse wall 104 to define a subStantially
closed chamber 105. In this instance, ‘the
'hydrocyclone 10 is disposed with its axis vertical
and arranged to extend downwardly into the interior
of the cell 70. The larger diameter end of the
hydrocyclone, including the inlet 26, is positioned
above wall 104, the portions 14 and 16, however,
extending into the integior of the cell 70, coaxially
with the axis of the wall 100. At the lower end, the



underfl ow outl et of the hydrocyclone 10 is fitted with a suitable Bressure
r eduGjy g9¢96c 50. In this case, the device is in the foPETHAUSSHBHMYY|

having a central passageway 50a t heret hrough. The exit from passageway 50a -
i s di sposed a short distance above the upper surface of the base 102 of the
cell 70. An upper nanifold 120 is pbditioned to provide an outlet opehing

for Iight phase separated material fromthe chamber 105 of the: cell. 70 and
~a further nmanifold 122 is positioned adjacent the | ower end of 't he- ceII 70

for outlet BpARZSLPwHintdetl Rf sthe h¥dspcyclong hom, £bttedes 126, 128
nmay be provigded hn§d¥td5¥é”¢f§s§%reh?eﬂﬁbhnaod@*fEE”SOthelﬁaﬂhﬁglds 120,

"122. Provision:is ecllngnalr or g%s Into apparatus as

n
shown. In FﬂFQ'cég‘g d&ﬁ% s ptRetheofexme atWRﬂFd-l'F’c %188 #all 100
gnd opegg tﬁ?rﬁﬂ‘-’“t b(utssargewa“sg stﬁgtnerehn:bagmggm Fémh &hfeeﬁhfthe | est
evi ce is:-outle eni n a ed.at the point smal | est
di anet er ofp?ﬁ§a35§539§&55 §8°§ éth§ ﬁ&ﬂﬂﬁq) Qﬁpnﬁg €ext end

t hrough an mpperngurﬁamdIoEukheWHmsbylozeobydhecpdhmua0s supported by the

wal | 104 at the junction between portions.12a and 14. The overflow outl et

34 may be provided, as before; in an axially arranged position relatively-
to the hydrocycl one A®, wmpeﬂumamigelddlaﬂeisrposdtnmnaﬁﬁto|n use of the

oBocyelorbeEbitecaR SRS Mpghihg! Hof LEGHE pHANCIAbIaigd 0 1e,

of the pha§E§t?618é Erom the chamber 105 of the cell 70 and
further manifold 122 is positioned adjacent the lower
end of the cell 70 for outlet of heavy phase
separated mater1a1. As shown, baffles 126, 128 may
be provxded in the znterzor -of the cell 70 ad:acent
the manzfolds 120, 122. A '

' Provision 1s made for in:ectan air or gas
1nto the apparatus as shown. .In this case, an inlet
pipe 140 extends through the side wall 100 and opens
to an outlet opening 140a in the passageway 50a
through'the device 50. This outlet opening 140a is
posztzoned at the point of smallest diameter of the
passageway SOa. : S _ o

As shown. the hydrocyclone 10 may extend

t)

through an opening in wall 104 whereby the o o

hydrocyclone is supported by the wall 104. at the -
)unction between portlons 12a and 14. The overflow

' outlet 34 may be provided, as before, in an axially: -
arranged_positron relatzvely_to the hydrocyclone 10,
at the iarger:qiameter end thereof.. o

_In'use of the apparatus-oi Figure 6, the . - =~

liquid mixture-to be;sepgratedgis-fed'to;the_
hYdrocyclone.lo, inwardly through the inlet 26 so
that at least the heavier of the phases to be
separated the mixtgre is passed axially downwardly'



separated the m xture is passed axially downwardly 13 along the interior
of the hydrocycl one, thencé passes through the pressure reducing device 50
and enters the chanber :105. The material so passing through the
hydrocygl one and pressure reducing device 50 has air or gas injected
thereinto via the pipe 140 ‘and opening 140a. ‘Wthin chanber 105, the
liquid éhErglng fromthe outlet 50a fills until it overflows the baffle
126. "The lighter of the separated phases noves3to the surface and is thus
taken of f -via.the mainfold 120, whilst- -the heavier naterial settles to the
bottom and is taken.off -past the baffle 128 through manifold 122. The .
pressur e reduci ng; 48K e b iiffve Do o ofMe 1 RARLSckenBrind m}]om%“ﬁﬁﬁ

necessarily be in the formof a venturi. A suitablé& valve or
for exanple, be ehbreyiah theh@rasseregzedusing GAYIERI T dndiartiesrs nt o

CaT or%as my beTErERuEhe 1Y° SHHE! iU 600 R0BRs s I (AR chE°
preferred that theydeocyslsne dateVrresbureljirdueiagsdeyiar Sfetms sir
variation of f'°W6£“SE§tE 94%Red tHér g&é&¥5v1a the pipe 140 and
openzng 140a. Within chamber 105, the llquid
S emerglng from the outlet 50a £fills untll it overflows
the baffle 126. The lzghter of- the separated phases
-moves to the surface and is thus taken off via the

N o -malnfold 120, whllst the heavier material settles to-
' the bottom and is taken off past the baffle 128
through manlfold 122 e —- - e

_ The pressure reduc;ng device 50 may be of
ﬁany su;table form and may not necessar11y be in the .
_form of a venturz. A sultable valve or nozzle, may,
.fbr;é;ample, be employed. The air qr gas may be
' induced or inducted into the liquitho_be separated
in ways-other than described. For example, the air
or gas may be injected upstream of the device 50 if
-des;red It is preferred that the device 50,
- however, be adjustable so as to perm1t a variation of

flow. therethrough



1. Separator apparatus for separating a liquid mxture conprising oil and
water conponents -wherein the oil conponents is conprised of droplets, to
provi de water which is substantially free of oil; conprising a hydrocyclone ",
~of the type designed, constructed and arranged to effect separation of .a. -
xture of liquids and having a separatiiag chamber with inlet neans -for
-inlet of the mxture to be separated, an ov ' utlet W a

| ess dense oil -conponent of the mxture and gn under f | ow outl et for outlet
of a material Qorrprl sed of the water corrponed um, !mwmum having = -

resi dual. droplets q , and a. flotatign de ceive the
outtet materiak fr d underf |ow outlet. for furthel separatlon of the

oi | conponent - fron1the wat er by flotation, said overfIOM/outIet bei ng

arranged so that 't onens ﬁil %1;%%5 er the
flotation device a d gg:m ggg‘%r ot C[}g evl for separaugérermval
t herefrom of each mrpmmgmsdnmmw@mﬁsm#@doﬂhm@t@
Separ at or appar at US; 2 5RIrd k88 dE0aRdARES, *o rwdt:&ﬁ'vb!ﬁbﬂwans to

effect a pressure reductiqn nthe i, al i n oms idu rflow
outl et so that the HEFH tlﬁ-ﬁjt %a?ﬂ ﬁ&‘&fggagg ' ' gd&’? at a
pressure which is ligpe déwd abox@itmbﬁedaandmrramtaleﬁfbbmsegmttmt | et

mat eri al has exi ted ‘he_un I p.
separating a I|qU| 5’%%& %ﬁl Jg(av\% comignen S where| n the

oi | conponent is ccmletsuaansffcd‘rmqﬂe@tei %W@Imm 4, an

substantial |y free Qb Aiw S B fet e £Q4sh Wps8iofin @Iee gned,
constructed and arrange to e fect separation _of a mxtureog qU| i and,
having a separati n@b@ an underflow cutlet for outlet-of-a ma

ocmpnsed of. the water ocmponent of said mn:bure hav:.ng
resn.dual droplets of oil, and a flotation dev:.ce coupled to
" receive the outlet material :Ercm said wxierflow outlet for
K furtherseparat:.onoftheo:.l cmponaatfranthewaterby
) flotat:.on, saJ.d overflow outlet be:.ng arranged so that the O:Ll
component aatmgtherefrandoesml:em:erthe flol:at:n.on
'deVJ.ce and means on said flotation device for separate removal
therefrom of each of the oil and water ccmponem:s separated
therem. '

- 2. Separator apparatus accord.mg to claim 1, :Eurther
mclud.mg means to effect a pressure reduction in the material W)
emerging from said underflow outlet so that the outlet
material entering said flotation device is at'a pressire which
is less than that of the outlet material after such outlet
material has exited the underflow outlet.

3. Separator apparatus for separating a liquid mixture
camprising oil and water components wherein the 011 conponent
is oompr:.sed of droplets, to prov:.de water which is
substantially free of oil; comprising a hydrocyclone of the
type designed, constructed and arranged to effect separet:.o_n
of a mixture of liquids and having a separating chamber with



15 inlet neans for inlet of the mxture to be separat eds—an—overflow outl et
for outlet of a |ess dense’oil conmponent of the m xture and an underflow
Qutlet for outlet of a-material conprised of the vvate l!m H m,”m”“"[

m xture _having residual droplets of oil, and a flotati d to
recei vesthe outlet material fromsaid ubderflow outlet for further
separ at ih of the oi | conponent fromthe water by flotation, and neans on
said flotation device for separate renoval therefrom of each of the oil and

wat er components separated therein, the apparatus further including nmeans
to effect a pressurénileduetnoforninlet ofthe imktere tgiley separatedj énunder f | ow

outlet so that the r n a Qﬁiﬁl at a
pressure which is | %géiﬁdgrr:&%% Eaf?re%e éguﬁ%t igs% h% Io%?t er r%’h t’(§)fut let
material has exited theomxthee whdears undexfilov autlet foscputdat 9f apmreniak
according to any on rfdealcmstﬁetv&tér am@amz Of 2834 B xteFlI Ghhgreans

out si de the hydrocycl on vi de ressure, of the eri al
passed fromthe hydr‘@éyg} et (%f?’g't gqﬁa&, n glevies, r%fj L
appar at us accordi ng xbeematn@ oﬁtléwrcahanaa:ofwm aamtgundezﬁmdmt}aet/éesel

23“ 2'? ggl Ingl ggugﬁgmﬁégeﬁrﬁﬁ P%t%% Eyd%‘%ﬁ dfmﬁ‘ngaér esr de ce the

vessel being desi gnéd%@tmorﬂ;ﬁ@“@&l%@h@eﬂ@ta’@me@%{lc@n@rcsﬁwﬁéﬁt of

tre provided in sai droa Smﬁ‘ﬁt"*feﬁ?&ﬁ BF BJotio shidatiel copatals ”fa”f h
Vi i i I dence vesse| for iIntroducing he uid jnto the
fluid mxturetherelﬁ?Pa’?aeé%rﬁ%%r gﬁh@?ﬁé"ﬁ

claiys 1 to 6, inclug#fes wepresshos rleaﬁmd»uchﬂmmmefm enettging, frﬂmtmdal s
to ' underflow outlet so that the outlet material entering said
~ flotation device is at a pressure which is less than that of
. the outlet material after such outlet material has exited from
the underflow outlet. | |

4. Separator apparatus according to any one of claims 1 to 3
wherein pressure reducing means outside the hydrocyclone is
provided to reduce pressure of the mater:.al passed from the
hydrocyclone to the flotation device.

5. _Separator apparatus according to claims 4, further
camprising a residence vessel having an inlet for the fluid
~ o mixture to be separated, and an outlet, the outlet being
o coupled to the inlet of the hydrocyclone, said residence
. vessel being designed to pramote ooalescence of a least one
carponent of the mixture. -

R Separator apparatus according to claim 5, wherein means
'~ are provided in saJ.d residence vessel for introducing heated
fluid J.nto the flu:Ld met:ure there:Ln

. _7. Separator apparatus according to any one of claims 1 to 6,
mcludmg means for introducing into the mJ.xture, materials to



16 enhance coal escence and/or facilitate flotation. 8. Separator apparatus
according to any one of clains.1 to 7, wherein said flotation device

conpri ses a vessel and said hydrocycl one ext eh_;j_ls_l_n_t’o__ggi_ﬂ_iessa wher eby :
said outlet material is passed fromsaid underfTow outlet directly into the
vessel for separation.. 9. Separator apparatus ““ one of "« .
clains 1 to 8, wherein neans is providdé for @ ﬂ mmm‘“l the newéri al
energing fromsaid underflow outlet: 10. Sepa lc "appat atus *accor di ng to .
claim9, wherein said gas entraining means includes a port in a passageway’

between sai d underf I 89 deyiGeiapd means for -
causing said gas t?‘i@%\#e é%lrom sal é@gfﬁﬂa}i e passageway for adm xture
with said outlet materi aI as |t passes through the passageway. 11. :
Separ at or appar at Ug, aCpEhidg hpdrathdNabBordink! $8 an f&ie“éf'&la.&nd)rleééufe

reduci ng device in: sald passa for redu0|n the ress id outlet:
material prior to YREESH, %M tdeyHey éojl]rréf’aBa'&'aparatus
according to any thdﬁfcyelme”rmcﬂeﬁis irto shﬁeessaawﬂeﬂdbytsudomﬂetl ceis a

g1 tati on moans,  178ckad, F BaRead sl sp R be PRI ooy WRBCER BELTT |

to 11, wherein theﬂkmebrf@ematm ski mrer. 14. Separator apparatus
according to claim 13 Wherein said flotation device is a cross-plate

“interceptor.
Separator apparatus according to any one of claims 1 to-8,

_ whereJ.n means J.S prov:.ded for entrammg gas in the material _
' emergmg frcm sa:.d underflow outlet. ' ' _ U _

10 Separator apparatus acoord.mg to cla.uu 9, where:.n said
gas entrammg means J.ncludes a port 1n a passageway between
"said underflow outlet and the flotation device and means for
causmgsaldgastoemergefmnsaldportmtothepassageway
for admxture w:.th saJ.d outlet mater:.al as .'Lt passes through
the passageway

11. Separator‘ apparams"'aooording to claim 10, further .
mcludmg a pressure reducing device in said Passagevay. for

a reducmg ‘the’ pressure of said outlet mater:.al prior to
entermg said flotatlon dev.we. - - U

'12'. Separator apparatus aooordmg to any one of claims 1 to
11, whereJ.n saJ.d flotation device is a device of the type _
having means for introduction of gas bubbles and/or agitation -

means.

13. Separat:.on apparatus acoord.mg to any one of claims 1 to
11, wherein the flotation device is a skimmer.

14. Separator apparatus acoordJ.ng to cla.un 13, wherem saJ.d
flotatlon device is a cross-plate interceptor.



17 15. Separ at or apparatus substantially as described herein with reference
to Figs. 1 to 3 or Figs. 2°'to 4 or -Figs. 2, 3, and 5 or Fig. 6 of the

dgrawi ngs. 16. A nethod for separating oil and water )

liquid nixture by use of a hydrocyclone of the type dﬁ“Hm“!HHﬂﬂ[r ted
and arranged to effect separation of a mxture of liqutds, an aving inlet
means tTiwough which the mxture is adm fped, an underflow outl et and an
overflow outlet, wherein the material energing fromthe underfl ow outlet of
t he hydrocyclone isinthe formof a mxture conprising residual oil

droplets dispersed in the water conponent of the mixture, and wherein the
materi al emergi ng f ridm tSRPIGRRE APRARAEYR ISHPSWtﬂ)%%]é’eﬁst sgTIegt BR%EdR devi ce

to effect further Seaahaieefeﬁeﬁe tdsem.@bxtmlte 3 @rokigsi. N2 aoMatey FEGEPQnERL
that is substantially.f ee '6' %ﬁe he rraterla fromthe overfl ow
outlet is directed- '!b g V\?ﬁ &t conmunicate with the
flotation device to which the underflow material is admtted. 17. A nethod

according to claim rg%%[. ébﬁ 0

outlet is passed th?igu\éwr?a pressure dém e&g'ew ce IBél’foore endg%e%{){%%vl d
flotation device. 18icnidrainesre by @ép@ﬁétwl@ﬁdoﬁ@&tmm% from
a liquid mxture by déﬁgtﬁictadfbvﬁr&%ﬁbw&o%ffe&e 4 ﬁ%ﬁlaﬂ%dmue@ﬁétéﬂct ed

?rggngr[ﬁpgﬁghtahlemect sﬁﬁx?’i}i on, of ﬁ% xture 8 I q;dl 3 nd havi ng | nl et
overfl ow outlet, \Ahanitte‘dheammmmbwe:lma mdfamrwefﬂmndﬁﬂbtpmnej:et of
é?ﬁpf‘éé’i"SYELSPEehS#ﬁt REr ] i b b ERIRIOY i8R S e !
' hydrocyclone is in the form of a mixture comprising residual
oil droplets dispersed in the water camponent of the mixture,
and wherein the material emerging from the underflow outlet is
passed to a flotation device to effect further separation of
the mixture to obtain a water component that is substantially
free of oil, and the material fram the overflow outlet is
directed along a path which does not cammmicate with the
flotation device to which the underflow material is admitted.

© 17. A method according to' claim 16 wherein the material
emerging from the underflow outlet is passed through a
_ . pressure reducing device before entering said flotation
\_/ o device. R :

18. A method for separating oil and water components fram a
‘liquid mixture by use of a hydrocyclone of the type designed,
- constructed and arranged to effect separation of a mixture of
liquids, and having inlet means through which the mixture is
admitted, an underflow outlet and an overflow outlet, wherein
the material emerging from the underflow outlet of the
hydrocyclone is in the form of a mixture camprising residual
oil droplets dispersed in the water camponent of the mixture
- wherein the material emerging fram the underflow outlet is
passed to a flotation device to effect further separation of



wherein the material energing fromthe underflow outlet is passed to a
flotation . device to effect further separation of "the mxture to obtain a
wat er conponent that is substantially free of oil, the .material emnerging
fromthe underflow outl et being passed through a pressure reducing device

before entering said flotation device. 18®. u“"l "m ng.to any -@ne
of clains 16 to 18 wherein prior to introd "ﬁ Hﬂﬂmﬂ drocycl or’l!"the
m xture is passed to a residence vessel for tod edci Mg, sin* part, I east
one conponent of the m xture. 20 A rret hod according to claim19 wher ein

Pﬁgf’ S?nfl glld :A\Sﬁg'[a.%%gqlge‘ggfedl ng to- any one 0 -al I’TB% ?%t %ﬁgjl.ﬁ; '@

separation in the ffree &fi gnl,dghec@temdnmag upderfdow qutletibbl es
to the oil droplet Pags g&ége&{@hgld’e?n&waegas I S
~introduced into sa?ﬁuﬁ eri %f pr| or t ts entering said flotation device. -
23. A net hod accor GPERF as is introduced into the

m xt ure V\nthlntheflotatlon deV|ce 24. A nethod according to any one of

clainms 16 to 23 wh he fd of al $SfnsP 1 WL
upper and | ower - ﬁP ? "he"s n%t ed&?jg (rlg%;\sce co énen hl s renoved
fromthe upper. out peio:artd umdmlnpal hv:opthﬁemcﬂ-@n wRigrtare) dst he

| ower outlet. 25. ed & M Jesil e},%ngn]ﬁﬁ:o a4 18kes ein

coal esci ng and/ or ot.a |on a| S are |ntrozlfuced I nto the mxture
- : onecarponento ‘the mixture.

.,

20.. _A method accordnlg_to claim 19 wherem heated fluid is-: W
passed into the residence vessel to mix with the material’

2_1'. AmethodaccordmgtoanyoneofclamslﬁtoZOwherem |
separatmnmtheflotat:.ondevme is ermancedbyadherenceof .
gas bukbles to the oil droplets.

22. A method according to claim 21 wherein gas is introduced
. into said material prior to its ‘entering said f_lotation '
device.

- 23, Anetlndaccord.mgtoclannZtheremgas:.s J.ntroduced
" into the mixture within the flotation device.

24. A method according to any ane of claims 16 to 23 wherein
the flotation device conprises a vessel having upper and lower
outletsandtheseparatedlessdensecmponentlsremvedfran
_ theuppercutletandsubstantlallypuremterlsrarovedfmn
'the lower outlet.

25. A method according to any one of claims 16 to 24 wherein
coalescing and/or flotation aids are introduced into the
‘mixture. : '



19 26. A nmethod according to any one of clains 16 to 25 wherein the
material |eaving the underflow outlet of the hydrocyclone and admitted to
t,he floation device has- an oil content which is | ess than 500 ppm 29. A

met hod for separating oil and water conmponents from | g ,
substanfially as described herein with ref ence to ﬁll“l"ﬁﬂ"l“" mmﬂl gs 2
to 4 or™¥igs 2, 3, and 5 or Fig. 6 of the draw ngs. oL w5 s

26. A method according to any one of claims 16 to 25 wherein
the material leaving the underflow outlet of the hydrocyclone
and admitted to the floation device has an oil content which
is less than 500 ppm.

29. A method for separating'oil and water conponehts fram a
mixture thereof substantially as described herein with
" reference to Figs. 1 to 3 or Figs 2 to 4 or Figs 2, 3, and 5
or Fig. 6 of the drawings. |




