1 HYDROCYCLONE REJECT ORI FI CE TREATED TO PREVENT BLOCKAGE BACKGROUND COF THE
| NVENTI ON [ 0001] The present invention relates to nmethods and apparatus for
i nproved wpdnmaysdoenes, and particularly relates, in onecmas2000m69280ng

enbodi ment, to hydrocycl ones having orifices that have been treated, coated
or otherwi se nodified to have a surface that is nore resistant to bl ockage
or plugging than prior to the treatnent,; coating or nodification. [0002]
Hydrocycl ones are well known. They are devices to classify, separate or
sort liquids and/or. particles_in liquid mxture based on_the densities of
the |iqui dsHYHROEY. WESRENEGT-QRIEICE NBEAIED TQ BREVENT EMP&M%E That
is, a hydrocyclone nay be used to separate solids fromliquids or to

separate liquids of different density. A hydrocyclone will normally have a
cylindrical section at theBAGKGROUNDIQuTtHE NYENTt@Ngentially and a
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is the lighter or nore fraction. The ternms "rejec cept"” tend
to be val ugrjaidigtimireavnentheoaing or modificatipespecti ve exiting streamns.
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Addi ti onal Inencehiengibref thegbaabsectioni gtdyisquidle ydeteemining operating
characteristics.
[0003] A hydrocyclone often has two exits on the axis in opposing directions:
the larger on the underflow or accept and a smaller at the overflow or reject. In
the context herein, the terms “reject” and “overflow” are used interchangeably.
The underflow is generally the denser or thicker fraction, while the overflow is
the lighter or more fluid fraction. The terms “reject” or “accept” tend to be value
judgments on the worth of the respective exiting streams.
[0004] Internally, centrifugal forces are generated by the rapid acceleration of
the fluids through the inlet ports of the hydrocyclone. Denser particles or fluids
migrate towards the wall for eventual exit via the underflow, whilst the finer, or
less dense particles and fluids migrate towards the core, remain in the liquid
and exit at the overflow through a tube extending slightly into the body of the
cyclone at the center or through a reject port.
[0005] Solid-liquid hydrocyclones and liquid-liquid hydrocyclones differ in
some features. For instance, the diameter of the overflow or reject ports in
liquid-liquid hydrocyclones tend to have relatively smaller diameters for a given
cyclone body diameter. Additionally, the cone angles on solid-liquid hydrocy-



2 clones tend to be in excess of 20 included angle whereas for

i quid-1iquid hydrocyclones the included angle tends to be Iess than 5 or
be a contwououm7amael er ati on geonetry. [0006] Li qui d- 1 i qeica/usgeooeyzed ones
commonly have a relatively small reject port, typically having an internal
di aneter of fromabout 1.5 to about 5 mm through which the Iighter phase
fraction exits. The accumulation of forejgn material or contam nants in
this orifice over tinme causes constriction or plugging and this restriction
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fluid through the reject orifice, which process ains to use the
di f f er ent i &ACCRIRIAERN DEOWEEYsure to di sl odge the obstructing material. In
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apparatus were devised that could provide orifices that were |ess

suscept i bl encothi @skigtignsr IVegne festrier arnkoiamre/flow of tHee lighenrphase [ 0009]
There is prnQyi: [ = rACt hydrocycl one that has a
rej ect portl(?é((?/\bﬁgg% at%gﬂgtg?rgﬁh%cﬁ{:yc%lﬁrﬁ% E?ﬁgﬁg@%ébody and an orifice
bearing a §000&ce Nawmatgparatmef Wwoclderguiod tHaedecdrifmesttbdte backibwared! han t he

coeffici entthg,g‘isf {ol rCetviePsne t%fe f}oQ/\/eoPﬁ&& tR;outgerethreer. Jee%E oﬁf?cget, ‘which process aims
to use the differential hydraulic pressure to dislodge the obstructing material. In
certain applications where the differential pressure is limited or the solids have
a high affinity for the orifice surface, the backflushing is often not successful.
Also, fluids pass through the path of least resistance, so if only one orifice of
many is blocked, it becomes difficult to dislodge the foreign matter because the
backflush fluids pass through the unblocked orifices.
[0008] It would be desirable if methods and apparatus were devised that
could provide orifices that were less susceptible to blocking or plugging.

BRIEF SUMMARY OF THE INVENTION
[0009] There is provided, in one non-restrictive form, a hydrocyclone that has
a reject port, where the reject port in turn has a body and an orifice bearing a
surface having a coefficient of friction that is lower than the coefficient of friction
of the body of the reject port.
[0010] There is also provided, in another non-limiting embodiment, a reject
port for a hydrocyclone that has an orifice defined at least partially by a surface
with a low coefficient of friction. The surface may be polytetrafluoroethylene
(PTFE), fluorinated ethylene propylene (FEP), perfluoroalkoxy (PFA), tungsten
disulfide (WSy), siloxanes, nanomaterials, superhydrophobic materials, super-
oleophobic materials, diffusion of carbon into the parent metal (e.g. a stainless
steel) without forming chromium carbides (e.g. KOLSTERISING® process),



[ 0010] There is al so provided, in another non-limting enbodi nent, a reject
port for a hydrocyclone that has an orifice defined at |east partially by a
surface wohom/d7sw3coefficient of friction. The surfacePomyushe9/ 069230

pol yt etrafl uoroet hyl ene (PTFE), fluorinated ethyl ene propyl ene (FEP),

per fluoroal koxy (PFA), tungsten disulfide (W2), siloxanes, nanomaterials,
super hydrophobi ¢ materials, superol eophopic materials, diffusion of carbon
into the parent netal (e.g. a stainless steel) without form ng chrom um

carbides (e.qg. K TERI SI N . process)., . 3 antj-scale treatnent naterials,
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[ 0011] Optlonally, the orifice is formed in a body that is renovable from

the reject tpeFaol. BRI EF DESCRI PTI ON OF THE DRAW NG [0012]FIG 1 is a
schematic ibb4t r BhhaA], ReBIfcSY FarRk A3Y by Hat P FerfiBdhiite Foht fle POM L:

reject port.

BRIEF DESCRIPTION OF THE DRAWING
[0012] FIG. 1 is a schematic illustration of a hydrocyclone having at one end
a reject port;
[0013] FIG. 2 is a schematic, cross-sectional illustration of a reject port
having an orifice with a surface that has a low coefficient of friction; and
[0014] FIG. 3 is a schematic, cross-sectional illustration of an alternate em-
bodiment of reject port having a removable orifice, where the orifice has a
surface that has a low coefficient of friction.
[0015] It will be appreciated that the Figures are schematic illustrations that
are not to scale or proportion, and, as such, some of the important parts of the
invention may be exaggerated for illustration.

DETAILED DESCRIPTION OF THE INVENTION
[0016] It has been discovered that by applying a material or treatment to the
surface of a reject orifice that the resultant material properties of that surface
prevent or reduce or inhibit the accumulation of foreign matter in the reject
orifice. Such a surface or material may be understood has having a low friction
coefficient, as “self-cleaning” or both. The surface may be hydrophobic and/or
hydrophilic (e.g. oleophobic and/or lipophobic). In one non-limiting embodiment,
the surface, coating or treatment may need to be re-applied or the surface may
need to be retreated, if the surface or treatment is one that wears out or dimi-
nishes over time. Optionally, the orifice of the reject port may be removable or
replaceable with a new orifice so that the original orifice may be re-treated or
have the surface re-applied with little downtime in the operation of the hydrocy-
clone.



[0013]FIG 2 is a schematic, cross-sectional illustration of a reject port
having an orifice with a surface that has a | ow coefficient of friction;
and [ 0014yvBI2@0/@5403 a schematic, cross-sectional ill ust pariuspo9foceeso
alternate em bodiment of reject port having a renovable orifice, where the
orifice has a surface that has a |l ow coefficient of friction. [0015]1t wl|
be appreciated that the Figures are sch tic illustrations that are not to
scal e or proportion, and, as such, sonme of the inportant parts of the
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operation Ogydtrc?c?yc nder aOSC ecmglg 10 includes numerous other components and systems
that are not germane to the present apparatus and system and, therefore, are
not described in any detail here. Suitable metals for the hydrocyclones herein
include, but are not necessarily limited to, casting materials such as duplex
stainless steel alloys, stellite alloys, steel, HASTELLOY® corrosion-resistant
metal alloys (trademark of Haynes International, Inc.), and also tungsten
carbide, silicon carbide, alumina ceramic, zirconia ceramic, and the like.
[0018] Shown in FIG. 2 is a schematic, cross-sectional illustration of a reject
or overflow port 16 such as would be in hydrocyclone 10 of FIG. 1. The reject
port 16 has an orifice 20 with a surface, i.e. the surface of the inner diameter of
orifice 20, that has a low coefficient of friction. In one non-limiting embodiment,
this surface has a cylindrical shape. By “low coefficient of friction” is meant that
the coefficient of friction of the orifice surface 20 is lower than that of the
material of the orifice, in this case also the material of the body 24 of reject port
16. In another non-limiting embodiment, the term “low coefficient of friction” is
defined as below 0.3 at the physical conditions of application for the materials
and fluids involved. It will be appreciated that this non-restrictive figure is only a
guide, and that others may not consider this to be low. Alternatively, the low
coefficient of friction is defined as below 0.28, 0.26, 0.24, 0.22, 0.20, 0.18,
0.16, 0.14, 0.12 or even below 0.10, in alternative definitions. The body 24 of
reject port 16 may be any of the materials previously noted as suitable for
hydrocyclones or those otherwise known in the art.
[0019] Typical inner diameters of orifices of reject ports for liquid-liquid
hydrocyclones may range from about 1.5 to about 5 mm. However, it will be



4 [0017] Shown in FIG 1 is a schematic illustration of a hydrocyclone 10
having an inlet 12 in a generally cylindrical inlet or head section, also
cal | ed arworromlars®314, an overflow or reject outlet 16 aou/tsmo0906esé | ow
portion 18, also referred to as the "tailpipe”. In one non-limting

enbodi nent the hydrocyclone is a liquid-liquid hydrocyclone. A fluid

m xture enters the inlet 12 under high fduid pressure, and there is | ower
fluid pressure proximate the respective outlets 16 and 18. As the details

of such separati.on vessels are || known, they wil| not be de
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surface actdxecessof eéb50ahsd aani ofiodavyleaf iewsshtheioeoDf course, it will be appre-
ciated that a hydrophobic or superhydrophobic surface is to be used if the
reject or overflow material is aqueous, and that an oleophobic or superoleopho-
bic surface is to be used if the reject or overflow material is oil-based. Nanoma-
terials in one non-limiting embodiment may be defined as composed of sub-
stances of a size of about 600 nm or smaller, alternatively as about 100 nm or

smaller.



[ 0021] Suitabl e superhydrophobi c and superol eophobic material s include, but
are not necessarily limted to, PTFE, FEP, PFA Ws2, sil oxanes,

pol ysi | oxxaioesio/@sa3conbi nati ons thereof. Sonme of these mararsc@bsciray al so
be suitable anti-scale treatnment materials. Anti-scale materials are
defined herein as those that prevent scale build-up through chem cal or
catalytic reactions or due to the surfacqa structure of the materials. The
di ffusion of carbon into the parent netal (in a non-limting exanple,
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speci fication e 1 nvention has been described with reference to specific
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tive rather than a restrictive sense. For example, the hydrocyclone, rejection
port, low coefficient of friction surface and orifice may be changed or optimized

from that illustrated and described, and even though certain additional features



7 are not specifically identified or tried in a particular system nethod
or apparatus describe herein, they would be anticipated to be within the
scope of wbiiwate®ati on. For instance, the materials, secTase®9/o6nati ngs
and treatnments to an orifice, other than those described, would be expected
to find utility and be enconpassed by the appended cl ainms. [0026] The
present invention nmay suitably conprise,»consist or consist essentially of
the el enments discl osed and nay be practiced in the absence of an el enent
not discl osed 0027, r. " and "conprises” as used

bt oughour ARt SapAtcal IHER frbetERdn & patteddr syRh MR ke ao . g
CLAI M5 Whatyyi %je‘ébr%é'fﬁdrélrfﬁ theylwoﬁ'ﬂj @é%rnftlbi@‘éltétpfot bé Withfh thedsceprcdianie
conprising an orifice defined at |east partially by a surface having a | ow
coef fi ci entinygntion. £er Bstangee tihe Madedalps sytades, seadiaseand Heainerisde éip

consi sting o]
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active materi al , and conbi nati ons thereof

an element not disclosed.

[0027] The words “comprising” and “comprises” as used throughout the

claims is to interpreted “including but not limited to”.



2. The overflow port of claim1 where the surface is a coating having a

t hi ckness of fromO0.5 to 60 mcrons. 3. The overflow port of claim1l where
the orifiwem/f7sqoded in a body that is renovabl e from rhe/use@ofobarao port .

4. A hydrocycl one conprising an overflow port, the overflow port conprising
a body and an orifice defined at |least partially by a surface having a
coefficient of friction that is lower than the coefficient of friction of

t he body of the overflow port. 5. The hydrocycl one of claim4 where the
surface of the orifice is selected fr&wéi’gg group consisting of

pol yt etrafl uoroet hyl ene (PTFE), fl uor et hyl ene propyl ene (FEP),

per fl uoroal koxy (PFA), tungsten disulfide (W2), a siloxane, a

nanomat eri al, a superhydrophobic material, a superol eophobic materi al,

di ffusi on oNVhahispdaimestis: a parent netal without forming a chronium carbide,
an anti-scale treatnent material, a locally ionized material, a catalytic
coated material, a magnetic material, a surface active material and

conbi nati orls t heAsaiverfloDpaa1or 8 hydaRYCIDhEIOO 6P AB @rifice defined at

least partially by a surface having a low coefficient of friction, where the surface
is selected from the group consisting of polytetrafluoroethylene (PTFE),
fluorinated ethylene propylene (FEP), perfluoroalkoxy (PFA), tungsten disulfide
(WS,), a siloxane, a nanomaterial, a superhydrophobic material, a
superoleophobic material, diffusion of carbon into a parent metal without
forming a chromium carbides, an anti-scale treatment material, a locally ionized
material, a catalytic coated material, a magnetic material, a surface active
material, and combinations thereof.

2. The overflow port of claim 1 where the surface is a coating having a
thickness of from 0.5 to 60 microns.

3. The overflow port of claim 1 where the orifice is formed in a body that is
removable from the overflow port.

4. A hydrocyclone comprising an overflow port, the overflow port
comprising a body and an orifice defined at least partially by a surface having a
coefficient of friction that is lower than the coefficient of friction of the body of
the overflow port.

5. The hydrocyclone of claim 4 where the surface of the orifice is selected
from the group consisting of polytetrafluoroethylene (PTFE), fluorinated
ethylene propylene (FEP), perfluoroalkoxy (PFA), tungsten disulfide (WS,), a
siloxane, a nanomaterial, a superhydrophobic material, a superoleophobic
material, diffusion of carbon into a parent metal without forming a chromium
carbide, an anti-scale treatment material, a locally ionized material, a catalytic
coated material, a magnetic material, a surface active material and
combinations thereof.



9 6. The hydrocyclone of claim4 where the surface is a coating having a
t hi ckness of fromO0.5 to 60 mcrons. 7. The hydrocycl one of claim4 where
the orifiwem/f7sqoded in a body that is renovabl e from rhe/use@ofobarao port .
8. A hydrocycl one conprising a overflow port, the overflow port conpri sing
a body and an orifice defined at |least partially by a surface having a
coefficient of friction that is lower than the coefficient of friction of
t he body of the overflow port, where the surface is a coating of the
orifice, where the coating has a thickness of from0.5 to 60 m crons, and
where the surface of the orifice is selected fromthe group consisting of

pol yt et r af Igior oetHryhitecydmdEbf cllri o Whateethead macane anfdéwbmlr(gFEP)

per f 1 uoroal koxy (PFA), tun sten disulfide (Ws2), a sil oxane,

nanomat er i éh'Ckﬁe%f‘que ﬁ(%’i MigieR%®ri al , a super ol eophobic rrat erial,

di ffusion of carbon i nto a parent netal wi thout formng a chrom um car bi de,
an anti-scale treatnent material, a locally ionized material, a catalytic
coat ed mat ef.i al ,The mpdroeydlenarat elairal4, whermuthbawrdicads farenathinea badly tal is

conbi nati ons theBFoff. tB. T%ﬁ@%drqcycl one of claim8 where the orifice is
formed in dCBBOFPIHEY ™9 P&t rom t he overfl ow port.

8. A hydrocyclone comprising a overflow port, the overflow port comprising
a body and an orifice defined at least partially by a surface having a coefficient
of friction that is lower than the coefficient of friction of the body of the overflow
port, where the surface is a coating of the orifice, where the coating has a
thickness of from 0.5 to 60 microns, and where the surface of the orifice is
selected from the group consisting of polytetrafluoroethylene (PTFE),
fluorinated ethylene propylene (FEP), perfluoroalkoxy (PFA), tungsten disulfide
(WS,), a siloxane, a nanomaterial, a superhydrophobic material, a
superoleophobic material, diffusion of carbon into a parent metal without
forming a chromium carbide, an anti-scale treatment material, a locally ionized
material, a catalytic coated material, a magnetic material, a surface active

material and combinations thereof.

9. The hydrocyclone of claim 8 where the orifice is formed in a body that is

removable from the overflow port.



