wo 20107132785 A2 [ 10KV O RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2010/132785 A2

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
18 November 2010 (18.11.2010) PCT
(51) International Patent Classification:
BO1D 29/58 (2006.01) BO1D 29/21 (2006.01)
BO1D 17/02 (2006.01) BO1D 35/02 (2006.01)
(21) International Application Number:
PCT/US2010/034922
(22) International Filing Date:
14 May 2010 (14.05.2010)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/178,738 15 May 2009 (15.05.2009) US
61/179,170 18 May 2009 (18.05.2009) US
61/179,939 20 May 2009 (20.05.2009) US
(71) Applicant (for all designated States except US): CUM-
MINS FILTRATION IP, INC. [US/US]; 1400 - 73rd
Ave NE, Minneapolis, MN 55432 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): VERDEGAN, Bar-

ry, M. [US/US]; 606 Christiansen Way, Stoughton, WI
53589 (US). SCHWANDT, Brian, W. [US/US]; W6621
Grogan Road, Fort Atkingson, WI 53538 (US). JEUNG,
Soondeuk [KR/US]; 1360 Inglewood Drive, Cookeville,
TN 38501 (US). WIECZOREK, Mark, T. [US/US]; 111
Leon Drive, Cookeville, TN 38506 (US).

(74) Agents: MCBRIDE, M., Scott et al.; Andrus, Sceales,
Starke & Sawall, LLP, 100 East Wisconsin Ave, Suite
1100, Milwaukee, WI 53202 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SURFACE COALESCER

(57) Abstract: Disclosed are coalescers, systems, and methods for coalescing a mixture of two phases, namely a continuous phase
and a dispersed phase. The disclosed coalesces, systems, and methods include or utilize one or more layers of media material hav-
ing a distinct mean pore size and wettability The disclosed coalescers, systems, and.methods are effective for removing the dis-
persed phase from the mixture.



WO 2010/132785 PCT/US2010/034922

SURFACE COALESCERS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit under 35 U.S.C. § 11%(e) to US.
Provisional Application Nos. 61/179,939, filed on May 20, 2009, 61/179,170, filed on May
18, 2009; and 61/178,738; filed on May 15, 2009, the contents of which are incorporated
herein by reference in their entireties,

BACKGROUND

[0002] The field of the mvention relates to coalescers, coalescing elements, coalescing
systems, coalescing methods, and coaleseing media for coalescing a mixture of two phases,
namely a continuous phase and a dispersed phase. o particolar, the field relates to coalescers,
coalescing elements, coalescing systems, coalescing methods, and coalescing media for
coalescing drops of the dispersed phase oy order to collect and remove the dispersed phase
from the mixture.
[0003} Coalescers are used widely to remove immiscible droplets from a gaseous or Hquid
continuous phase, such as in crankcase ventilation (CV) filtration, fuel water separation
{FWS), and otl-water separation. Prior art coalescer designs incorporate the principles of
enhanced droplet capture and coalescence by utilizing graded capture (7.e., decreasing fiber
diameter, pore size and/or porosity in coalescing media) or by utifizing thick depth coalescers.
Wettability also 15 recognized as affecting coalescer performance. (See, e g, U.S. Patent No,
6,767,459 and ULS published Patent Application Nos. 2007-0131238 and 2007-0062887).
ULS. Patent No. 5,443,724 discloses that the media should have a surface energy greater than
water in order to improve coalescer performance (f.e., that the media should be preferentially
wetted by both coalescing droplets and continuous phases). U8, Patent No. 4,081,373
discloses that coalescing media should be hydrophobic i order to remove water from fuel.
LS. published Patent Application No. 2006-0242933 discloses an oil-mist coalescer in which
the filtration media 1s oleophobic, thereby enabling the fhuid mist to coalesce into droplets and
drain from the filtration media.

[0004} With regard to the removal of water from fuel, there is a need to increase removal
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efficiency and to remove smaller droplets than in the past, in order to protect high pressure
rail fuel-injection systems. This challenge is further magnified by the introduction of new
fuels with lower interfacial tensions and different additive packages, than fuels in the past. In
fuels with lower interfacial tension, the size of dispersed drops 1s decreased, making the drops
more difficult to remove. Enhanced coalescence therefore is needed to meet these challenges.
Improved coalescers that include improved coalescing media also are desivable because they
permit the use of a smaller media pack in view of improved coalescing efficiency. In fuels
with lower interfacial tension, the size of drops is decreased, making the drops more difficult
0 TEMOVE.

0005} In the case of fuel, lugh pressure common rail (HPCR) application, essentially all non-
dissolved water should be removed from ultra low sulfur diesel (LLSD) fuel and biodiesel.
These fuels tend to have lower interfacial tensions, theretore smaller drop size and more
stable emulsions, than previous diesel fuel. In addition, the rate of coalescence between drops
may be reduced by the presence of surfactants. Traditional FWS tend to be single-stage
devices in which the media is phobic with respect to the dispersed phase and acts as a barrier
to the dispersed phase. Traditional FWS tend not to provide adequate removal for HPCR
svstems, as they are intended for use upstream of a fuel pump with high interfacial tension
fuels, hence, their pore size tends to be too large to effectivelv capture the small drops. Also,
even when the mean pove size is sufficiently small, FWS media typically possess a maximum
pore size great enough that excessive amounts of water passes through these large pores.
Traditional two-stage fuel-water coalescers (IFWC) are designed to be used downstream of the
tuel pump and tend to be two-stage devices for fuel in which the first stage captures the drops,
holds them so coalescence can ocour, then releases the enlarged drops which are removed by
sedimentation/settling, typically after being blocked by the second separator stage (where the
second separator stage acts as an FWS), Traditional two-stage FWC tend to provide lugher
removal efficiency than FWS, but tend to have insufficient life, due to plugging by solids or
senisolids. To varving degrees, both FWS and FWC are adversely affected by the presence of

surfactants that lower interfacial tension, reduce drop size, slow down the rate of coalescence,
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stabilize emulsions, and may adsorb onto media and render it less effective. Therefore, is a
need for a high efficiency, low pressure drop fuel water coalescer that is minimally affected
by low interfacigl tension and the presence of surfactants.
[0006] For CV applications, near 100% removal efficiency of oil mist is required to protect
the turbocharger in closed CV applications and to protect the environment in open CV
applications. Increasingly high efficiency, low pressure drop and longer life are sought. To
accomplish this, the media should be protected from plugging, submicron droplets need to be
removed, and the oil needs to drain quickly from the media.

SUMMARY
[0007] Disclosed are coalescer media, coalescers, coalescing elements, coalescing systems,
and coalescing methods for coalescing a mixture of two immiscible phases, namely a
continuous phase and a dispersed phase. The disclosed coalescers, elements, systems, and
methods may be utilized i order 1o remove or collect the dispersed phase from the mixtore
and may comprise or consist of a single layer or multiple layers of media material.
[0008] The disclosed coalescer media, coalescers, elements, systems, and methods are
configured for capturing droplets of a dispersed phase from a mixture of the dispersed phase
and a continuous phase. In the coalescers, systems, and methods, the mixture is passed from
upstream to downstream through one or more layers of coalescing media. As the mixture is
passed through the media, droplets of the dispersed phase coalesce and grow on the upstream
surface of the media to a sufficient size whereby thev are released, drained, or collected. The
coalescing media may include a single laver of media material that is relatively non-wettable
by the dispersed phase i the continuous phase, and optionally includes additional lavers of
media material,
[0009] The disclosed coalescers, elements, systems, and methods may be utilized to coalesce
any suitable mixture that includes a continuous phase and a dispersed phase. Typically, the
continuous phase and the dispersed phase are immiscible liquids. For example, the disclosed
systems and methods may be configured or utilized for coalescing water dispersed in a

hydrocarbon hiquid {e.g., hydrocarbon fuel, diesel fuel, biodiesel fuel, lubricating oil,
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hydraulic o, or transmission oil ). 1n other embodiments, the continuous phase is water and
the dispersed phase is hydrocarbon liquid. In further embodiments, the continuous phase is a
gas and the dispersed phase is a liquid.

[0010] The coalescing media may include a single layer of media material that is relatively
non-wettable by the dispersed phase 1 the continuous phase in order to facilitate coalescence
of the dispersed phase at the upstream face of the media material. Preferably, the upstream
surface (or face) of the media material 15 relatively smooth {e.g., by subjecting the surface to
calendaring) to facilitate drainmg of coalesced drops of the dispersed phase.

{0011} The single layer has a mean pore size M, which may be determined by porometer.
Typically, the mean pore size for the single laver is less than the average droplet size for the
dispersed phase of the mixture. The mean pore size of the single laver may have a preferred
size. In some embodiments, 0.2 uM =M < 12.0 pM (preferably 2.0 pM <M << 10.0 uM, or
more preferably 4.0 pfM <M < 8.0 uM). The single laver further may have a maximum pore
size My;. Preferably, the single laver has a maximum pore size My and 15 My/M <3, or
maore preferably, 1< My/M <2

[0012} The single layer of media material has a capillary pressure P. Capillary pressure for
the layer may be defined as:

where P = tocal capillary pressure for the layer,

v = terfacial tension

£ = contact angle of a drop of the dispersed phase in the continuous phase on

the layer; and

M = pore size tor the layer.
[0013] The single layer of media material 1s relatively non~wettable by the dispersed phase in
the continuous phase. In some embodiments, the contact angle for a drop of dispersed phase
i the continuous phase on the media material, 8, ts no less than 90°, and preferably no less

than 120° {(more preferably no less than 1357),
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[0014] The single laver of media material has a porosity €. Preferably, the porosity € is no
tess than 0.8, In some embodiments, the single laver of media material includes a layer of
relatively fine fibers having a mean diameter between 0.07 wm and 3.0 wn {preferably
between 0.15 um and 1.5 ym) supported on a substrate of relatively coarser fibers with a
mean diameter greater than the mean diameter of the relatively fine fibers {¢.g., where the
relatively coarser fibers have a mean diameter greater than about 10 um, preferably greater
than about 20 ym). In other embodiments, the single layer includes a heterogenous mixture
comprising relative fine fibers having a diameter between 0.07 wm and 3.0 pm (preferably
betweent .15 um and 1.5 um) and relatively coarser fibers with diameter greater than the
mean diameter of the relatively fine fibers (e.g., where the relatively coarser fibers have a
mean diameter greater than about 10 ym, preferably greater than about 20 um).

[0015] The single tayer preferably has a thickness suitable for coalescing a dispersed phase in
a coptinuous phase. 1o some embodiments, the single laver has a thickness as measured from
upstream to downstream relative to flow through the layer of between about 0.05 and 0.4 mm
{preferably 0.1 and 0.3 mm).

{0016} In further embodiments, the disclosed coalescing media includes at least two adjacent
tayers that extend in series from upstream to downstream, namely at least a first layer and at
teast a second layer, where the second laver may have the characteristics of the single laver as
described above. The first layer has a mean pore size My that is greater than the mean pore
size of the second layer My, for example as determined by porometer. In some preferred
embodunents, My 1s at least about 2.5 times greater than M; (preferably at least about S times
greater than Ma or more preferably at {east about 10 times greater than Ma, even more
preferably at least about 20 times greater than Mz). The mean pore sizes of the first layer and
the second layer may have a preferred size. In some embodiments, M may be no ess than
about 30 um (preferably no less than about 180 pm). In other embodiments, 8.2 uM <M,y <
12.0 uM (preferably 2.0 pM < M, £ 10.0 M, or more preferably 4.0 pM <M, < 8.0 pM).
[0017] The first layer and the second laver further may have maximum pore sizes My and

Mz, respectively. Preferably, the second layer has a maximum pore size My and 1 %
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MiuaMa 2 3. More preferably, 1 = Mayp/M; <2
[0018} In the disclosed coalescing media, the first layer and the second layer have capitlary
pressures, Py and Py, respectively. Capillary pressure for a layer may be defined as:
P 4y cosd,
: M,
where /' = ocal capillary pressure for the indicated layer {;

v = aterfacial tension,;

& = contact angle of a drop of the dispersed phase in the continuous phase on

the layer; and

M = pore size for the indicated layer L.
In some embodiments of the coalescing media disclosed herein Py > Py,
[0019] In the disclosed coalescing media, the first layer includes media material that is
relatively wettable by the dispersed phase in the continuous phase in comparison to the
second layer, and in contrast, the second layer includes media material that is relatively non-
wettable by the dispersed phase mn the continuous phase in comparison to the first layer. In
some embodiments, the contact angle for a drop of dispersed phase in the continuous phase on
fayer one, &, 15 no more than 90°, and preferably no more than 45°. in further embodiments,
the contact angle for a drop of dispersed phase in the continuous phase on Jayer two, 82, 18 no
fess than 907, and preferably no less than 1207 (more preferably no less than 135%).
[0020] In the disclosed coalescing media, the first layer and the second layer comprise filter
media having porosities £y and g, respectively. Preferably, the second layer comprises filter
media (optionally fibrous filter media) having a porosity &, that is no less than ¢.8. In some
embodiments, the second layer of media matenial includes a layer of relatively fine fibers
having a mean diameter between 9.07 pm and 3.0 um (preferably between 0.15 ym and 1.5
qm) supported on a substrate of relatively coarser fibers with a mean diameter greater than the
mean diameter of the relatively fine fibers (e.g., where the relatively coarser fibers have a
mean diameter greater than about 10 wm, preferably greater than about 20 um). In other

embodiments, the second laver includes a heterogenous mixture comprising relative fine
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fibers having a diameter between 0.07 ym and 3.0 pm (preferably between (.15 pm and 1.5
pm) and relatively coarser fibers with diameter greater than the mean diameter of the
relatively fine fibers (e.g., where the relatively coarser fibers have a mean diameter greater
than about 10 pm, preferably greater than about 20 um).

{0021} The second layer preferably has a thickness suitable for coalescing a dispersed phase
in a continuous phase. In some embodiments the second layer has a thickness as measured
from upstream to downstream relative to flow through the layer of between about 0.05 and
0.4 mam {preferably 0.1 and 0.3 mm).

[0022] The adjacent surfaces of the first layer and the second laver (ie., the downstream
surface of the first layver and the upstream face of the second layver) may be configured to
facilitate draining of coalesced drops of the dispersed phase. For example, in one
embodiment of the coalescing media disclosed herein the downstream surface of the first
layer may comprise fibers that are oriented in a substantially vertical direction and/or the
upstream surface of the second layer may be relatively smooth (e.g., by subjecting the surface
{0 calendaring) in order to facilitate draining of coalesced drops of the dispersed phase.
[0023} The components of the disclosed coalescers, elements, systems, and methods may he
arranged in any svitable configuration.  In some embodiments, the components may extend in
series from upstream to downstream i an axial direction {e.g., where the components are
configured as a linear coalescing element), or in other embodiments the components may
extend in series from upstream to downstream in a radial direction {(e.g., where the
components are configured as a evlindrical coalescer element utilizing either an inside-out or
an outside~-in flow configuration). The coalescing media also may be configured m a flat-
panel or other arrangement.

[0024] The disclosed coalescers, elements, svstems, and methods, optionally may include or
utilize a housing. The housing may wclude an upstream inlet structured to recetve the
mixture, a first downstream outlet structured to discharge the cleaned mixture (with reduced
dispersed phase concentration) after coalescing, and optionally a second outlet structure to

discharge the coalesced dispersed phase. Preferably, the second outlet s on the upstream side
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of the media material, but downstream of the upstream inlet.

[0025} The disclosed coatescer media, coalescers, coalescing elements, coalescing systems,
and coalescing methods typically include or utilize a single laver of media material (or
optionally multiple layers of media matenial) for coalescing a dispersed phase from a mixture
of the dispersed phase in a continuous phase. Optionally, the coalescers, coalescing elements,
coalescing systems, and coalescing methods may include or utilize additional media {e.g..
additional media positioned downstream of the coalescing media material). In some
embodiments, the disclosed coalescers, coalescing elements, coalescing, and coalescing
methods further may include or further may utilize an additional hydrophobic media material
for removing water, where the additional hydrophobic media material is positioned
downstream of the single laver of media material (or optional multiple lavers of media
material). In some embodiments, the disclosed coalescer media, coalescers, coalescing
elements, coalescing systems, and coalescing methods further may include or further may
utilize an additional media sublayer downstream of the coalescing layer to provide structural
support.

[0026] In some embodiments, the disclosed coalescers, elements, systems, or methods may be
utilized for removing water dispersed in a hydrophobie liquid, including, but not limited to,
hydrocarbon fuel, diesel fuel, biodiesel fuel, fubricating o, hvdranlic oil, or transmission oil.
Preferably, the coalescers, systems, or methods remove at teast about 93% of water dispersed
in liquid hydrocarbon fuel (more preferably at least about 95% of water dispersed in liquid
hydrocarbon tuel, even more preterably at least about 97% of water dispersed in hiquid
hydrocarbon fuel, most preferably at {east about 99% of water dispersed o lguid
hydrocarbon fuel) after the liquid hydrocarbon tuel 15 passed through the coalescers, systems,
or subjected to the methods. In other embodiments, the coalescers, coalescing elements,
coalescing systems, and coalescing methods may be utilized for removing hydrocarbon liguid

dispersed in water,
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BRIEF DESCRIPTION OF THE DRAWINGS
[0027} FIG. 1 provides a conceptual itlustration of a surface coalescence process as
contemplated herein,
[0028] FIG. 2 illustrates @ method for determining contact angle 8 for a dispersed drop on a
media phase.
[0029] FIG. 5 provides a unit cube as 8 model for determining M as a function of d (fiber
diameter) and £ as further discussed herein,
[0030] FIG. 4 illustrates the relationship between porosity and fiber diameter for different
pore s12es,
{0031} FIG. S ilustrates the relationship between capillary pressure and contact angle for
different pore sizes of the layer of the coalescing media disclosed herein,
{0032} FIG. 6 provides a conceptual tHustration of a surface coalescence process as
contemplated herein.
[0033] FIG. 7 illustrates the relationship between capillary pressure and contact angle for
different pore sizes of the first layer of the coalescing media disclosed herein.
[0034] FIG. 8 tlustrates the relationship between capillary pressure and pore size for
different interfacial tensions.

DETAILED DESCRIPTION

[0035] Disclosed are coalescers, systems and methods for coalescing a mixtare of two phases,
namely a continuous phase and a dispersed phase. The disclosed coalescers, systems and
methods may be utihized to collect and remove the dispersed phase from the mixture,
[0036] The disclosed coalescers, systems and methods include or atilize coalescing media
that comprises, or alternatively consists of, a single layer of media material. As contemplated
herein, the laver may have a desirable pore size, capillary pressure, porosity, and solidity.
The terms “pore size,” “capillary pressure,” “porosity,” “tiber diameter,” and “solidity,” mayv
refer to “average” or “mean” values for these terms (e, where the layer is non-homogenous
or graded and “pore size,” “capillary pressure,” “porosity,” “fiber diameter,” and “solidity,”

are reported as mean pore size, average capillary pressure, average porosity, average fiber
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diameter, or average solidity for the non-homogenous or graded layer).

[0037} The disclosed coalescers, systems and methods may be utilized to coalesce a dispersed
phase from a mixture of the dispersed phase in a continuous phase. Mixtures contemplated
herein may include mixtures of a hydrophobic liguid {e.g., & hydrocarbon liquid) and an
aqueous Hquid {e.g, water). In some embodiments, the continuous phase may be a
hydrocarbon liquid and the dispersed phase may be water. In other embodiments, the
continuous phase may be water and the dispersed phase may be a hydrocarbon fiquid. As
contemplated herein, a hydrocarbon hquid primarity mcludes hydrocarbon material but
further may include non-hydrocarbon matenial {e.g., up to about 1%, 5%, 10%, or 20% noa-
hydrocarbon matenial).

[0038] The disclosed coalescers, systems, and methods may be particularly suitable for
coalescing a dispersed phase from an emulsion mixture having an interfacial tension lower
than about 20 dyne/em {or lower than about 15, 10, or § dyne/om). For example, the
coalescers, systems, and methods may be utilized to coalesce water from hydrocarbon liquids
comprising surfactants and having an interfacial tension lower than about 20 dynefom {(or
tower than about 15, 10, or 5 dvnefem).

[0039} The coalescing media material utilized in the disclosed coalescers, systems, and
methods typically Is relatively non-wettable by the dispersed phase 1 the continuous phase in
order 1o faciiitate coalescence of the dispersed phase at the upstream face of the media
material. Preferably, the media material remains relatively non-wettable by the dispersed
phase in the continuous phase over long periods of exposure to the mixture, in particular,
where the mixtare comprises a surfactant. The coalescing media, as described herem, may
comprise a laver of fibrous material (e 2., polvmer, glass, ceramic, or metal fibers). In some
embodiments, the coalescing media may comprise a layer of a polyester matenial {e.g.,

polybutylene tevephthalate (PBT)), a polyamide material, a halocarbon matenial {e.g., Halar®

T

brand ethyiene chlorotrifluorcethylene (ECTFE)), or a media obtained by treating a {ibrous
material with an agent comprising fluorine functionalities. 1n some embodiments, the media

may comprise PBT with 1-10 % (wiw) of a fluorocarbon additive (e.g., hexafluoropropylene,
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hexafluoroisopropanol, hexatluoroiscbutylene, and perfluorodecyt acrviate), a polyester
material {e.g., PBT) compounded with 10-40 % (w/w} of a fluorocarbon polymer (e.g.,
ECTFE), or 100% meltblown/fiber grade fluoropolymer {e.g., ECTFE}

[0040] The coalescing media material utilized in the disclosed coalescers, systems, and
methods has a desirable mean pore size, fiber diameter, contact angle, and porosity in order to
achieve the desired coalescence. The media material may be homogenous or heterogenous.
The “fiber diameter,” “contact angle,” and “porosity” for the media material may refer to
“average fiber diameter,” “average contact angle,” and “average porosity” for the media
material.

[0041] The disclosed coalescers, systers, and methods typically include or utilize a single
fayer of media material. In some embodiments, the disclosed coalescers, systems, and
methods include or utilize a separate separator or stripping stage that is placed downstream
and separated from the single layer of media material {e.g., hydrophobic material for
removing water located downstream and separate from the single layer of media material).
[0042] The coalescing media described herein may compnise material having distinet
hydrophilicity or hvdrophoebicity, or distinet oleophilicity or oleophobicity. In some
embodiments, the coalescing media comprises a single {ayer comprising relatively
hydrophobic material, relative to the dispersed phase of the mixture.

[0043} The coalescers, systems, and methods contemplated herein may include or utilize
components referred to as “coalescing elements,” “coalescing filters,” “coalescing
apparatuses,” “coalescing assemblies.” and “housings™ therefor as known in the art. {See,
e, LS Patent Nos. 7,416,657, 7,326,266, 7297279, 7,235,177, 7,198,718, 6,907 997,
6,811,693; 6,740,358, 6,730.236; 6,605,224; 6,517,615, 6,422,396, 6,419,721, 6,332,987,
6,302,932, 6,149.408; 6,083,380; 6,056,128; 5,874,008, 5,861,087, 5,800,597, 5,762,810,
5,750,024, 5,656,173; 5.643.431; 5,616.244; 5,575,896, 5,565,078; 5,500,132, 5 480,547,
5,480,547, 5,468,383, 5,454.945; 5454937, 3,439,588, 5,417,848 5.401,404; 5242 604,
3,174,907, 5,156,745; 5,112,498; 5,080,802, 5,068,035 5,037,454; 5,006,260, 4888117,
4,790,947, 4,759,782, 4,643, 834; 4,640,781, 4304671, 4,251,369, 4.213,8063; 4,199,447,

i}‘s

LAy
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4,083,778; 4,078,965, 4,052,316 4,039,441, 3,960,719; 3,951 814, and 11. 8. published
Application Nos. 2007-0289915; 2007-0107399; 2007-0062887; 2007-0062886; and 2007-
0039863, the contents of which are incorporated herein by reference in their entiveties.) The
coalescing media disclosed herein may be mamnufactured wiilizing methods known in the art
and may include additional features disclosed in the art. (See, e.g., U.S. Patent Nos.
6,767,459, 5,443,724; and 4,081,373, and ULS published Patent Application Nos. 2007~
0131235, 2007-0062887; and 2006-0242933; the contents of which are incorporated herein
by reference in their entireties}).

[0044] The coalescence process as disclosed herein may be understood to comprise a series of
steps including, but not himited to: (1) capture of droplets by the coalescence media material;
{2} coalescence and drop growth at the upstream face of the media material; (3) drainage of
coalesced drops at the upstream face of the media material; and (4) release of coalesced drops
from the media material. When the coalesced drops become large enough, drag or
gravitational forces induce them to flow down the upstream face of the media matenal until
they are released. The mcreased droplet concentration at the upstream face of the coalescence
media material and the relatively non-wetting nature of the media material facilitates the
coalescence of droplets at the upstream surface of the media material. The drainage of
coalesced drops from the media material may be facilitated by utilizing a media material
having an upstream face with a relatively smooth surface

[0045] This invention can be applied to any set of immiscible fluids, sach as water in diesel
fuel, water in biodiesel fuel, oil in water, and crankcase ol from engine blow-by gases. In
turther embodiments, the coalescing media is present in a coalescing system that further
mcludes a device for removing drops that are coalesced by the coalescing media. For
example, a coalescing syvstem further may include one or more of a gravity separator,
centrifuge, impactor, lamella separator, inclined stacked plate, screen, quiescent chamber, and
the like.

[0046] The coalescers, systems, and methods disclosed herein may include or utilize a single

fayer of media matenial, or optionally multiple lavers of media material, in which coalescence
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mechanisms having been optimized (i.¢., coalescers, systems, and methods in which the
physical, structural, and surface properties of the media material have been optintized). The
following discussion provides exemplary rules and optimal relationships among the variables
P, 8, M, d, and & tor a laver of media material. However, the preferred values selected
ultimately may depend upon the concentration and size distribution of solids and semi-solids
in the fluid to be coalesced, as these properties influence the life of the coalescer; and the
upstream droplet size distribution, and the anticipated v, interfacial tension for application,
directly impact the design of the layer. These disclosed principles may be utilized to design a
coalescer, system, or method that exhibits superior performance.

[0047} The disclosed principles may be wtilized to design coalescers, systems, and methods
for removing a dispersed phase {e.g., water) from a continuous phase {e.g., hydrocarbon fuel}.
For example, the disclosed coalescers, systems, and methods may be utilized for removing a

dispersed phase from a continuous phase where at least about 93, 95, 97, or 99% of the
dispersed phase is removed from the continuous phase after the phases are passed through the
coalescers, systems, or are subjected to the methods disclosed herem,
{0048} Ove embodiment of a surface coalescer system 1s ilustrated in FIG. 1. which performs
as follows:
1. Contaminated fluid cousisting of droplets (dispersed phase) suspended in a
second immiscible fluid {continuous phase), which may or may not also
contain solid particulates flow through the system and contact a layer of media

material,

&

Droplets and solid particulates are retained on or near the upstream surface of
the media material, which acts as a barrier that prevents them from Howing

through and concentrates the droplets.

Lad

Filtered, cleaned continuous phase exits the layer of media material.
4. As the local concentration of captured droplets on the upstream face of the
media material increases, they coalesce and grow which is facilitated by the

relatively non-wetting character of the media material.
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3. Coalesced drops from the surface of the media material are repelled by the
relatively non-wetting surface and drain down the face of the non~wetting
upstream face of the media matenial.

6. Drainage of the coalesced and wicked dispersed phase also rinse some of the

capture solid particuiates from the media.

[0049] The media material may be described as having at least three basic functions:

1. to prevent droplets (and solid particles) larger than a certain size from: passing
through,

2. to facilitate coalescence by concentrating the retained droplets on its upstream
susface, and

3. o facilitate release of drops and droplets from the surface.

0036} Preferably, in order to facilitate release, whether by gravity setthng, drag torces, or
other means, and to prevent drops from penetrating the media, the media material is highly
non-wetting with respect to the dispersed phase of the mixture. Also, preterably, the capiliary
pressure for the dispersed phase o the media material 15 negative and should be greater in
magnitude than the pressure drop across the media matedial. Further, dispersed drops
preferably should not penetrate nor pass through the media matesial.

{0051} Capillary pressure may be defined as:

where P = local capillary pressure

v = interfacial tension

8 = contact angle of a drop on the media m the flud

M = pore size
[0052] The contact angle 8 may be defined as in FIG. 2 where 8 1s defined as an angle having
118 vertex 90 at the mtersection of the continuous phase, dispersed phase, and media phase

with one ray 92 extending parallel to the media surface from the vertex and the other ray 94

NES
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extending tangentially to the surface of the dispersed phase at the vertex. Typically, the angle
& is reported as being measured through the dispersed phase. In some embodiments, the
contact angle may be measured for a droplet on an individual fiber of media matenigl, In
other embodiments, the contact angle may be measured for a droplet on a patch of media
material. Other methods of estimating and measuring 6 are known m the art,
[0053] The relationship between the pressure drop across the media, AP, and the eritical
capillary pressure, Pe, which is the minunum capiliary pressure for the media material
required to prevent passage of droplets larger than a certain size 1s given by:

Pz AP 2)
[0054} The critical capillary pressure P can be found using equation (1) and inserting the
following values: v = lowest interfacial tension for which the coalescer is designed to operate;
M = maxirourn pore size for the media (which should be smaller than the smallest drop size to
be removed); and 8 = contact angle of the media for the system. With respect to some
embodiments of the coalescing media disclosed herein, 8 and M may be important design
properties, while v is an application property typically outside the control of the filter
manutacturer, but is accounted for in filter design.
[0085]  In the media matenial, droplet capture typically occurs via one or more filtration
mechanisms, such as diffusion, mterception, inertial tmpaction, or sieving. For high
efficiency remaoval of drop sizes approaching 1 pm or smaller, diffusion or sieving may be
most effective. Since it is desirable for coalescence to occur on the surface of the media, as
opposed to within the depth of the media as m traditional coalescers, the media of this
tvention is optimized to enhance removal by sieving. For the presently disclosed coalescing
media, the pore size of the media material, M, typically is smaller than the smallest drop size
that is desired to be removed.
0036} As an approximation, the media material may be modeled as a hypothetical unit cube
as shown in FIG. 3, in order to determine optimal physical charactenistics. FIG. 3 presents a
3-dimensional representation of a screen or sieve. Operationally, M can be defined as the

equivalent sizes of pores, such as determined by a porometer. In the model, the tace of a unit
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cell s a square with the open area equivalent 1o the circular cross-section assumed by the

porometer. A length of a side of this square, m, is:

P ;\-'3' & > oy
T4 ----- B {3}
i ,
m=2T (4)

The total volume of the unit cube, Vo, is

By = ()’ (5)
where d = fiber diameter of the media..

The volume of the fibers in this unit cube, Vy is:

-
= 4

and the g estimated from knowledge of M and d:

gm i ~--5i:- {7)
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For a given M (M=2R), equation (8} shows the approximate relationship between d and g

needed to vield the desired pore size and drop size to be removed by steving,

{0057} Using the previously developed equations, the characteristics of the media material
may be determined. For optimal design for a given application, the equations and model can
be used for the specific conditions of drop size, v and AP, In FIG. 4, results from equation (8)
tor different drop sizes (i.e., different values of M), are used to show the relationship between
g and d. For fuel water removal in high pressure common rail systems, the system is designed
to remove drops smaller than ~3 wm. Drops smaller than ~0.2 pm can, in some embodiments,
be considered to be dissolved or reverse micelles, For fibrous media material, it may be
desirable that the media possess £ > 0.8, Thus, i some embodiments 0.07 pm <d < 3.0 ym,
and, preferably, 0.15 wmn < d < 1.5 wun, In other embodiments, the media material may
comprise a thin layer of fibers with diameter between 0.07 pm and 3.0 ym with £ sufficient to
vield a pore size between 0.2 and 12 um (preferably between 2.0 and 10 pm and more
preferably between 4.0 and 8.0 um), supported on a substrate of coarser fibers having a mean
diameter greater than the mean diameter of the fine fibers {e.2., where the relatively coarser
fibers have a mean diameter greater than about 10 pm, preferably greater than about 20 pm).
In further embodiments, the media material may comprise a heterogenous mixture comprised
of tine fibers with ¢ mean dianmeter between 0.07 pm and 3.0 wm with & sufficient to vield a
mean pore size between 0.2 and 12 pm (preferably between 2.0 and 10 pm and more
preferably between 4.0 and 8.0 um) and coarser fibers having a mean diameter greater than
the mean diameter of the fine hibers {e. g, where the relatively coarser fibers have a mean
diameter greater than about 10 pm, preferably greater than about 20 um).

[0058] In some embodiments, in order to achieve high efficiency, tow pressure drop, ot
increased life, it may be desirable fo use fibrous, non-woven media material, as opposed to
membrane or granular material. Fine fibers between 0.07 and 3.0 um typically have the
capability to vield both low pressure drop and high efficiency. However, when used alone,

these fibers may lack the structural characteristics required to maintain the desired shape of
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the filter element without collapse or burst. Thus, in some embodiments, a combination of

fine fibers and coarser structural fibers is preferred. This can be accomplished in several

ways, including, but not limited to, using:

1. Alayer of fine fibers bonded to or supported by a substrate of structural fibers,
e.g., melthlown polyester, other polvmeric fibers, microglass, cellidose or
other suitable structural fibers. This may be achieved by electrospinning or
otherwise producing and laving down a nanotiber layer onto a substrate of
filter media composed of coarser fibers, such as 3 to 30 um polyester fibers.
The nanofiber layer typically has the capability to vield both low pressure
drop and high efficiency. The structural fibers provide support, and may
altow for pleating and processing. The two lavers may be attached 10 one
another through ultrasonic bonding, the use of adhestves, physical constramts,
or simply by allowing the freshly produced, warm, tacky, unsolidified
nanofibers to cool and adhere to the support tibers.
2. A parent filter media composed primarily of coarser structural fibers greater than

1 pm, 10 gm, or 20 um , e, melthlown polvester FWS media, microglass,
and iunpregnated with carbon nanotubules smaller than 0.3 gm in diameter.
The substrate material may be polymeric, e.g., polyester, nylon,
polypropylene, polyphenylene sulfide, polyurethane, fuorocarbon, a
thermoplastic polymer, or other polymeric material that can be formed into a
non-woven fibrous or other porous structure. The substrate may be formed
mte a non-woven fibrous structure by wet laving, melt blowing, melt spinning,
or other suitable process. The substrate media is then processed such that
carbon nanotubules are incorporated tato the media to bridge the micropores
formed by the coarse fibers with carhon nanotubule nanofibers, such as
deseribed iy U.S. Patents Nos, 7,211,320 and 7,419,601 {which are

incorporated herein by reference in their entireties), by thermally bonding the
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nanotubules to the parent media; or through the use of resin or other binders to
attach the nanotubules to the parent media.
[0059} Non-woven filter media typically comprises pores and fibers of a range of different
stzes. For high removal efficiency coalescence {e.g., greater than ~98%), the range of M
preferably 1s controlled. As discussed above for equation (1), M is the mean pore size of the
media material. Mean pore size may be determined by a porometer. For high efficiency
coalescers, the maxunum pore size, My, preferably is controlled. Specifically, the ratio of

Mg to M, the pore size ratio, preferably meets the criteria
L PN {(9)

{0060} Control of this ratio is important to the design of a high efficiency, single layer surface
coalescers, since the flow of the emulsion will tend to preferentially pass through larger, more
open pores, as opposed to smaller, more restrictive pores in the media. Thus, high removal
efficiency preferably includes controlling the maximum pore size, where it is preferably that
the maximun pore size s close to the mean pore size. As a previously unrecognized
secondary benefit, a media that has a pore size ratio that is close to 1 will have a narrower
pore size distribution and g more uniform surface that s easier for drops to drain fronmi. In
some embodiments, calendaring may be used 1o produce a smoother surface for the media
material. This may facilitate drainage of coalesced drops to drain from the media. Therefore,
in preferred embodiment, the pore size ratio for the media material is less than 3, move
preferably less than 2, and even more preferably approaches 1.

[0061] In addition to these physical characteristics, the contact angle of a drop in the
continuons phase on the media may be an important characteristic. In preferred embodiment,
the pressure drop of the filter does not exceed ~20 inches of water. FIG. 5 shows the
dependence of Pr: on 8 using equations 1 and 2 for an embodiment of the media material

ey

having pore sizes of 0.2 and 3 pm. In this embodiment, 8 > 120° and, ideally, 6 > 135%m
order to retain drops for surface coalescence and to prevent passage of droplets through the

media material, A highly noo-wetting 0 may be obtained to a number of commeraially

-19-
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available ways to achieve non-wetting properties of the surface of the media material. For
fuel water separators and other applications where water is the dispersed phase and a
hydrocarbon liguid is the continuous phase {e.g., lube or hydraulic oil), the media material
typically 1s hydrophobic and methods for obtaining a hvdrophobic media matenial include, but
are not Hmited to:

1. use of polymeric fibers with mherently hydrophobic properties, such as
fluorccarbon fiber (e. g, Halar®ECTFE (a copolymer of ethylene and
chlorotrifluoroethytene), polytetrafiuoroethylene, or other flucrocarbon
polymer), polyester {¢.g., polvbutylene terphthalate or other hydrophabic
polyester), polypropylene, polyethvlene, polyphenylene sulfide, polysultone,

acetal, and the like.

2. treatiment of a base polymer, glass, metal, ceramic, or carbon fiber media with
fluorocarbon or silicone resins, or surfactants {e.g., Rain-X® brand glass
treatment) to impart hydrophobicity

3. plasma treatment of the media with a plasma containing fluorine substituents

such as are described in U8, Patent Application No. 12/247,502 and in

Plasma Surface Modification and Plasma Polymerization, N. Inagaki, CRC
Press, NY, 1990, which contents are incorporated herein by reference in their
entireties.
[0062] For crankcase ventilation, stmilar methods may be used. However, preferably, the
resultant surface is oleophobic. For example, the surface way include fluorocarbon
functionalities. In applications of the coalescing media for removing oif or non-polar droplets
trom water, coolants, or other polar fluids, an oleophobic or hydrophilic surface may be
obtained by methods that include, but are not hmited to:
1. use of mineral oxide {e.g., glass, silica, ceramic), metal or polymeric fibers
with inherently hydrophillic properties, such as nylon 6,6 or other hydrophilic
polyamides, glass or ceramic, hydrophilic polyurethanes, polyvinvi alcohols,

other hydrophilic potymaers or oleophobic fluorocarbon media.
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v

plasma treatment of the media with a plasma containing fluorine, oxygen, or

nitrogen substituents, such as described in Plasma Surface Modification and

Plasma Polvmerization, N, Inagaki, CRC Press, NY, 1996, which content is

incorporated herein by reference in its entivety.
{0063} 1n some embodiments, the orientation of the disclosed coalescing media in a coalescer
is important for optimal function. Drainage will be vertically downward in the direction of
gravity or may be facilitated by drag forces from the flowing continuous phase. Typically,
the desired direction of drop transport does not oppose gravity.
[0064] In some embodiments, the disclosed surface coalescing media comprises or consists of
a single layer of coalescing media material. In other embodiments, the disclosed coalescing
media includes upstream drainage/prefilter layer (e.g, “Layer A™) in addition to a laver of
coalescing media material (e.g., “Layer B”). One embodiment of a surface coalescer is
ittustrated in FIG. 6, which performs as follows:

1. Contaminated fluid consisting of droplets (dispersed phase) suspended in a
second immiscible fluid {continuous phase), which may or may not also
contain sohid particudates tlow through the first fayer of media.

2. In the first laver of media (which may be referred to as “Laver A7) some of the

droplets and solid particulates, primarily the farger ones, are captured and

retained.
3. Droplets and solid particulates not captured by Laver A flow are retained on or
near the upstream surface of the second laver (which may be referred to as

“Layer BT} that acis as a barrier that prevents them from Howing through and

concentrates the droplets,

e

Filtered, cleaned continuous phase exits Layer B,
5. As the local concentration of captured droplets on the surface of Laver B
increases, they coalesce and grow which is facilitated by the presence of

relatively wetting Laver A

21
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6. Coalesced drops from the surface of Layver B are repelied by the relatively non-
wetting surtace and optionally are wicked back into Laver A {e.g., where the
contact angle of Laver A is less than about 90°), or alternatively, the coalesced
drops may drain down the face of the non-wetting surface of Layer B.

7. As the dispersed phase wetting surface of Laver A becomes saturated,
dispersed phase drains 1t under the influence of gravity, pressure or other force.

8. Drainage of the coalesced and wicked dispersed phase also rinse some of the
capture solid particulates from the media.

[0065] The downstream laver (Laver B) has three basic functions similar to the single laver of

media material discussed above.

1. to prevent droplets {and solid particles) larger than a certain size from passing
through,
2. to facilitate coalescence by concentrating the retained droplets on its upstream

surface, and

T

to facilitate release of drops and droplets from the surface.

The downstream layer {Layver B) may share one or more characteristics of the single laver of
media material as discussed above. The characteristics of the downstream layer (Layer B)
may be determined or modulated based on the equations discussed above for the single layer

of media material.

[0066] The optional first layer, 1.e., “Laver A" typically serves a different function than the
second laver, e, “Laver B.” Typically, the function of Layer A is to:
1. provide a region of higher capiliary pressure than Layer B and optionally to
assist in wicking captured and coalesced drops and droplets away from the

surface of Laver B,

2, facilitate drainage of captured and coalesced drops and droplets from the
media,
3. facilitate coalescence of captured droplets, and

27
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4, optionally, serve as a prefilter for solids or other contaminants that may
prematurely plug the media.

0067} In order to facilitate wicking and coalescence of captured droplets, the first laver
preferentially is more wettable by the dispersed phase than the second layer. Drainage of the
dispersed phase, including drops and droplets from this layer typically is facilitated by having
a large pore size. Where it is desirable that Layver A Runction as a pre-filter, it is further
preferably that the pore size of Layer A be larger than that of Layer B. In a preferred design,
a multilayer or multimedia pre-filter may precede Layer A (7.e., be upstream of Layer A)in
order to maxunize the life and extend the service interval of the media disclosed herewn.
[0068] Laver A typically has a capillary pressure that is greater than Laver B, in order to wick
away drops from the surface of Layver B. Preferably Laver A has a P that is less than the
pressure drop across the coalescer, thus

P, s AP {10}
and

P, £ P {(11)

W

~

[0069} The greater the magnitude of Pe, the more readily the dispersed phase will wick away
from Laver B. In view of Equations (1) and (10}, it is preferred that Laver A preferentially be
wetted by the dispersed phase (e.g., where 8 < 90%, and preferentially 8 £60°, more
preferentially 8 <45°). FIG. 7 shows that for 8 < 457, the value of Pe begins to plateau and
approach a maximum.

{0070} For tuel-water coalescers and other applications where water 18 the dispersed phase
and a hydrocarbon liguid 1s the continuous phase (e.g., lube or hydraulic oil), Layer A is
relatively hydrophilic compared to Layer B, Methods to achieve relatively hvdrophilic
surfaces are described above.

{0071} For crankcase ventilation and for the removal of oil or non-polar droplets from water,
coolants, or other polar fluids, similar methods may be utilized. However, typically Layer A
is relatively oleophilic compared to Laver B and methods to achieve oleophilic surfaces are

described above,
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[0072} In some embodiments, Laver B may comprise PBT with 1-10 % {(w/w) of a
fluorccarbon additive, a polyester material compounded with 10-40 % (wiw)of a
fluorocarbon polymer, or 100% meltblown/fiber grade ECTFE
[0073} In some embodiments, the orlentation of the disclosed coalescing media i a coalescer
is important for optimal function. Drainage will be vertically downward in the direction of
gravity. Wicking, will typically involve horizontal transport of droplets from the surface of
Layer B, but other orientations are possible. Typically, the desired divection of drop transport
tor wicking does not oppose gravity. As long as Layer A 15 preferentially wetting, wicking
should occur, even 1t M is 5o {arge that there 1s negligible capillary pressure. However, in
some embodiments, M may be an important design consideration for drainage. For example,
i M is too small, Pe will tend to oppose drainage, and may cause a buildup of coalesced
drops within Laver B and excessive pressure drop. In this case, it may be desirable to
nunimize Pe within the constraints of equation (10) while still optimizing wicking. FIG. 8
uses equation (1) to lustrate the effect of M on Pe for various v, In general, for fuel-water
separation it may be desirable that Pe: < 5 inch of water, and ideally that Pe = 1 inch of water.
In order to function over a range of y from 5 to 15 dyniom, preferably M = 30 um tor Layer A
and, ideally M > 180 pm for Layer A. Using equation {7), this implies that d < 100 gm for
Laver A, and 1deally, d <20 ym for Layer A, in order achieve preferable M and & values.
[0074} In some embodiments, Laver A may comprise fibers that are substantially ortented in
a vertical direction (e.g., in an axis that is paraliel to gravity). For example, Laver A may
comprises fibers that are substantiallv oniented in a vertical direction at the downstream
surface or face of Layer A that is adjacent to the upstream surface or face of Laver B (see
F1G. 6) in order to facilitate drainage of droplets from the surface of Layer B. Media material
for Layver A having fibers that are substantially oriented in a vertical direction may be
prepared by subjecting a surface of the media material to a “carding™ process which
paralielizes the fibers of the surface. 1n some embodiments, media that comprises fibers that
are substantially oriented in a vertical direction (e.g., fibers on a downstream surface or face)

means media wherein at least about 70%, 80%, or preferably 90% of the fibers are

e
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substantially vertical (e.g., deviating from a vertical axis by no more than 30, 20, or
preferably 10 degrees). In further emboduments, the upstream surface of Laver B may be
relative smooth, for example, where the surface has been subject to a calendaring process.
[0075] The physical and wetting charactenistics of the surface coalescer may be achieved as
tollows, The surface coalescer may comprise two distinet filter media with the specified
properties held in intimate physical contact by pleating, pressure, adhestves, bonding resins,
ultrasonic bonding, thermal bonding or other means. Alternatively, the surface coalescer may
comprise a single multilayer media, such as formed by melt-blowing two different layer of
media, once of top of another, by a wet laid process, electrospinning, melt-spinning, or other
means or combination of means or processes.

ILEUSTRATIVE EMBODIMENTS
[0076] The following embodiments are Hustrative and are not intended 1o fimit the scope of
the claimed subject matter.
{0077} Embodiment 1. A coalescer comprising coalescing media for coalescing a mixture of
two phases, namely a continuous phase comprising hydrocarbon liquid and a dispersed phase
comprising water, the mixture flowing through the media from upstream to downstream, the
media comprising a layver of media material for filtering the mixture, the media material
having a mean pore size, M, wherein the dispersed phase comprises water droplets having a
average particle size that 1s greater than the mean pore size, the media material being
relatively non-wettable with respect to the dispersed phase, the coalescer configured for
filtering the mixture as it flows from upstream to downstream in the coalescer, capturing
droplets of the dispersed phase at an upstream face of the media material, and coalescingly
growing the droplets mto larger drops which turther coalesce and grow to a safficient size
whereby they drain from the upstream face and are released from the coalescer.
[0078] Embodiment 2. The coalescer according to embodiment 1, wherein 02 pm <M =
12.0 g (preferably 2.0 pm < M < 10.0 gm, more preferably 4.0 gon =5 M < 8.0 pm).
[0079] Embodiment 3. The coalescer according to embodiment 1 or 2, wherein the media

material has a maximum pore size My and 1< MM <3,
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[0086} Embodiment 4. The coalescer according to any of embodiments 1-3, wherein the
media material comprises fibers having a mean diameter between 0.07 pm and 3 pm
{preferably between 0.15 ym and 1.5 um).

[0081} Embodiment 5. The coalescer according to embodinent 4, wherein the fibers
comprise polvester material or polyamide material.

[0082] Embodiment 6. The coalescer according to any of embodiments 1-5, wherein the
media material further comprises coarse fibers with a mean diameter greater than 1 um
{preferably greater than 10 pm, more preferably greater than 20 um).

{0083} Embodiment 7. The coalescer according to embodiment 6, wherein the coarse fibers
comprise a hydrophobic polymer which optionally 1s ECTFE.

[0084] Embodiment 8. The coalescer according to any of embodiments 1-7, wherein the
media material has a thickness as measured from upstream to downstream of between 0.05
and 0.4 mm (preferably 0.1 and 0.3 mm}.

[0085] Embodiment 9. The coalescer according to any of embodiments 1-8, wherein the
contact angle for a drop of dispersed phase in the continuous phase on the media material is
no less than 90° {preferably no less than 120°, more preferably no less than 135%).
[0086] Embodiment 10. The coalescer according to any of embodiments 1-9, wherein the
media material bas a porosity € that is no less than 0.8,

[0087} Embodiment 11, The coalescer according to any of embodiments 1-10, comprising an
additional layver of media material adjacent to the upstream face of the media material, the
adjacent layers extending in series from upstream to downstream, namely an upstream first
tayver of media material and a downstream second layer of media material, the first layer of
media material being relatively wettable by the dispersed phase 1o the continuous phase, and
the first laver and the second layer baving mean pore sizes My and M, respectively, and M,y >
M;.

[0088] Embodiment 12. The coalescer according to embodiment 11, wherein My is at {east
about 2.5 times greater than M.

[0089] Embodiment 13. The coalescer according to embodiment 11 or 12, wherein M, » 20
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pm (preferably My = 30 pum).

[0090] Embodiment 14, The coalescer according to any of embodiments 11-13, wherein 0.2
g < My < 12.0 um {preferably 2.0 pm = M; < 10.0 um, more preferably 4.0 um £ M, = 8.0
.y,

[0091} Embodiment 15, The coalescer according to any of embodiments 11-14, wherein the
first layer comprises media having an average fiber diameter that is greater than about 1 um,
10 pm, or 20 pum, and less than about 100 pm.

{0092} Embodiment 16, The coalescer according to any of embodiments 11-15, wherein the
contact angle for a drop of dispersed phase in the continuous phase on tayer one, 83, 13 no
more than 907 (preferably no more than 60°, more preferably no more than 45°) and the
contact angle for a drop of dispersed phase in the continuous phase on layer two, 8;, 1s no less
than 90° {preferably no less than 120°, more preferably no less than 135°%).

[0093] Embodiment 17. The coalescer according to any of embodiments 11-16, wherein the
first layer of media material has a downstream surface that comprises fibers that are oriented
in a substantially vertical direction.

{0094} Embodiment 18, The coalescer according to any of embodiments 11-17, wherein the
coalescing media 1s formed by obtaining a first media material and a second media matenal
and physically or chemically coupling the first media material and the second media material
in layers.

[0095} Embodiment 19 The coalescer according to any of embodiments 11-17, wherein the
coalescing media is formed by melt-blowing the first media material and the second media
material in layers.

(0096} Embodiment 20, The coalescer according to any of embodiments 11-19 contained in a
housing, the housing having an apstream inlet structured to receive the mixture and a
downstream outlet structured to discharge the mixture after coalescing of the dispersed phase.
{0097} Embodiment 21. A coalescing system comprising the coalescer according to
embodiment 20.

[0098] Embodiment 22, The coalescing syster according to embodiment 21, configured for
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removing water dispersed in hydrocarbon fuel.

(0099} Embodiment 23, The coalescing system according to embodiment 21 or 22, further
comprising a hvdrophobic media for removing water positioned downstream of the coalescing
element.

[00100] Embodiment 24. The coalescing system according to any of embodiments 21-
23, further comprising an additional device for removing water positioned downstream of the
coalescing element, the device selected from a group consisting of gravity separator,
centrifuge, mmpactor, lamella separator, inclined stacked plate, screen, and quiescent chamber.
[p0161] Embodiment 25, A method of removing water dispersed 1a bydrocarbon fuel,
the method comprising passing a mixture comprising hydrocarbon fuel and water dispersed in
the hydrocarbon fue] through the coalescer or coalescing system of any of embodiments 1-24
and removing at least about 93%, 93%, 97%, or 99% of water dispersed in the hydrocarbon

fuel.

[00102] In the foregoing description, certain terms have been used for brevity,
clearness, and understanding. No unnecessary limitations are to be implied therefrom beyond
the requirement of the prior art because such terms are used for descriptive purposes and are
intended to be broadly construed. The different configurations, systems and method steps
described herein may be used alone or in combination with other configurations, systems and
method steps. It is to be expected that various equivalents, alternatives and modifications are
possible. The afore-cited patents and published applications are incorporated herein by

reference in their entireties.
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CLAIMS
What is claimed is:
1. A coalescer comprising coalescing media for coalescing a mixture of two

phases, namely a continunous phase comprising hydrocarbon liquid and a dispersed phase
comprising water, the mixture flowing through the media from upstream fo downstream, the
media comprising g laver of media material for filtering the mixture, the media material
having g mean pore size, M, wherein the dispersed phase comprises water droplets having a
average particle size that is greater than the mean pore size, the media material being
relatively non~wettable with respect to the dispersed phase, the coalescer configured for
fillering the mixture as it flows from upstream to downstream in the coalescer, capturing
droplets of the dispersed phase at an upstream face of the media material, and coalescingly
growing the droplets into larger drops which further coalesce and grow 1o a sufficient size

whereby they drain from the upstream face and are released from the coalescer.

2. The coalescer according to claim 1, wherein 0.2 pm <M < 12.0 gm.
3 The coalescer according to claim 1, wherein the media material has a

maximum pore size My and 1 < Myuy/M <3,

4, The coalescer according to claim 1, wheremn the media matenial comprises

tibers having a mean diameter between 0.07 pym and 3 pm.

5. The coalescer according to claim 4, wherein the fibers comprise polvester
material,
6. The coalescer according to claim 4, wherein the media material further

comprises coarse fibers with a mean diameter greater than 10 gm.

7. The coalescer according to claim 6, wherein the coarse fibers comprise a

hydrophobic polymer which optionally is ethyvlene chlorotrifluoroethylene (ECTFE).

220,



WO 2010/132785 PCT/US2010/034922

8. The coalescer according to claim 1, wherein the media material has a thickness

measured from upstream to downstream between 0.05 and 0.3 mm.

9. The coalescer according to claim 1, wherein the contact angle for a drop of

dispersed phase in the continuous phase on the media material is no less than 90°.

10, The coalescer according to claim 1, wherein the media material has a porosity

£ that is no less than 0.8,

11, The coalescer according to claim {, comprising an additional layer of media
material adjacent to the upstream face of the media material, the adjacent layers extending in
series from upstream to downstream, namely an upstrean first layer of media matenal and a
downstream second laver of media material, the first layver of media material being relatively
wettable by the dispersed phase in the continuous phase, and the first layer and the second

taver having mean pore sizes My and My, respectively, and My > M,

12, The coalescer according to claim 11, wherein M is at least about 2.5 times

greater than M.

13. The coalescer according to claam 11, wherein M; > 30 ym.
14, The coalescer according to claim 11, wherein 0.2 um = M < 12.0 ym.
15, The coalescer according to claim 11, wherein the first layer comprises media

having an average fiber diameter that is less than about 100 um,

16, The coalescer according to claim 11, wherein the contact angle for a drop of
dispersed phase in the continuous phase on layer one, 8y, is no more than 90° and the contact
angle for a drop of dispersed phase in the continuous phase on layer two, 8;, 18 no less than
9G°,

17.  The coalescer according to claim 11, wherein the first layver of media material
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has a downstream surface that comprises fibers that are oriented in a substantially vertical

direction.

18.  The coalescer according to claim 11, wherein the coalescing media s formed
by obtaining a first media material and a second media material and physically or chemically

coupling the first media material and the second media material in layers.

19 The coalescer according to claim 11, wherein the coalescing media s formed

by melt-blowing the first media material and the second media material in layers.

20, The coalescer according to claim 1 contained in a housing, the housing having
an upstream et structured to receive the mixture and a downstream outlef structured to

discharge the mixture after coalescing of the dispersed phase.

21 A coalescing svstem comprising the coalescer according to claim 20,
22, The coalescing system according to claim 21, configured for removing water

dispersed in hydrocarbon fuel,

23, The coalescing system according to claim 22, further comprising a

hvdrophobic media for removing water positioned downstream of the coalescing element.

24, The coalescing system according to claim 22, further comprising an additional
device for removing water positioned downstream of the coalescing element, the device
selected from a group consisting of gravity separator, centrifuge, impactor, lamella separator,

inclined stacked plate, screen, and quiescent chamber.

25 A method of removing water dispersed in hydrocarbon fuel, the method
cCOmprising passing a mixture comprising hydrocarbon fuel and water dispersed in the
hydrocarbon fuel through the coalescer of claim | and removing at least about 93% of the

water dispersed in the hydrocarbon fuel.
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Influent Emulsion Media Material Clean Effluent

Fig. 1. Conceptual lllustration of Surface Coalescence Process
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FIG. 3

SUBSTITUTE SHEET (RULE 26)
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Fig. 4. Relationship between Porosity and Fiber Diameter
for Different Port Sizes
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FIG. 5
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FIG. 6

influent Emulsion Layer A Layer B Clean Effluent
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FIG.7

100 +

10;

P, inches of water

a.1

=M= 3 micron

s M = 01 i EOT
0.01 M = 0.2 micron

0 18 30 45 &0 75 80

Contact Angle, degree



WO 2010/132785 PCT/US2010/034922

8/8

FIG. 8
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