CONTAM NANT RECOVERY SYSTEM AND METHOD FI ELD OF THE | NVENTI ON The present
invention relates to an oil recovery system and nethod. Mor e

parti cul ar WQ9&dea1%r esent i nvention relates to a sel f-cont ai PericAbseszbl e
oi | contam nant recovery arrangenent and net hod of using sanme. BACKGROUND
OF THE I NVENTION Wth the seem ngly regular occurrence of oil tankers
runni ng aground and dunping their contents into the world' s waterways,
there has been a significant anmount of activity in the oil spill clean-up
art. Various nethods have been set forth in an attenpt to contain the oi
once the sanme is spilled in order to prevent danage to aquatic life and
other aspects of the environment. Chem cal additives, porous materials, as
wel | as various sheets  aggnt RIS ) SPROS A dmigoppri or art,
typical of the latter berng US , ssued to Robeson et
al. June 9, 1992. The Robeson et al. dlsclosure prOV|des a mat product
conposed of pol yFIBLD @fc @HE INWENEXOMe fibers. The sane are fornmed into a

That the Tibers absor iithersheht M ettn ed vl 50kl ouf'EebBRREY )
meritorious and system 'pan@uate,t_m.ll Moge rpartgcm!:arly, the present
invention :elates to a self-contained floatable oil

contaminant recovery arrangement and method of using
same.

BACKGROU! OF THE INVENTION
With the seeminély ' regular occurrence of oil
tankers running aground and.dumping'their contents into
the world's waterways, there has been a significant
amount of activity in the o0il spill clean-up art.
Various methods have been set forth in an attempt to
contain the oil once the same is spilled in order to
' prevent damage to aquatic life and other aspects of the
environment. Chemical additives, porous materials, as
well as various sheets and barriers have been proposed
in the prior art, typical of the latter being U.S.
Patent No. 5,120,598, issued to Robeson et al. June 9,
1992. The Robeson et al. disclosure provides a mat
product composed of polyvinyl alcohol ultra-fine
fibers. The same are formed into a mat and the mat is
brought into contact with the oil spill. The result is
that the fibers absorb the oil. '

~ The Robeson et al. arrangement, although a
meritorious and useful product, still requires removal.
from an oil slick once the fiber mat is saturated. 1In
addition, presumably the oil must be removed from the
mat before the same can be used in a similar manner.



froman oil slick once the fiber mat is saturated. In addition, presumably
the oil nust be renpbved fromthe nat before the sane can be used in a

Si m | awosEmoer. 2 Cearly this is a cunbersonme procedp¢fcasoedest|y from,
atine-point of view United States Patent No. 5,073,261, dated Decenber
17, 1991, and issued to Conradi et al., provides a collapsible container

haV| ng an inlet and an outlet and being conposed of a water inpervious
rubber material. The collapsible container is connected to an inlet for

di scharging an oil-water mxture into the container. The container is-
configured wwth baffles, etc., to speci %i cally contain the oil therein, the
- oil container subsequently bei ng tovved o] a further | ocation for renoval of

the oil. Thi e 1IHE; rq;ﬁij of the
oil fromthe vva %j% %'I ng e ol | spé q'&éo é:ﬁer )Eepar ates the
oil fromthe a/vazme mn,nt:omfavmmg the sanme while the container, having the
oil therein, is still in the water. There is therefore, apossnbllityt'hat

residues may remain, . on _the water surface _even though a substanti al
anount of the oil YnitedSHatas Ratent ¥Qe 5,073,261, dated December

17, 1991, and issued to Conradi et al., provides a
collapsible container having an inlet and an outlet and
being composed of a water impervious rubber material.
The collapsible container is connected to an inlet for
discharging an oil-water mixture into the container. ‘
The container is configured with baffles, etc., to
specifically contain the oil therein, the 0il container
subsequently being towed to a further location for
removal of the oil. This arrangement does not result
in the immediate removal of the oil from the water body
containing the oil spill, but rather Separates the oil
from the water body containing the same while the
container, having the o0il therein, is still in the
- water. There is therefore, a possibility that residues
may remain on the water surface even though a
substantial amount of the oil is contained within the
container floating in the water.

_ - Other generally related art includes U.S. Patent
Nos. 4,492,957 and 4,305,819, :

In view of what the prior art has proposed as
possible solutions for cleaning up oil spills, there
clearly exists a need for a more advanced system which
is capable of removing and recovering substantial
amounts of 0il or other contaminants from a water body,
which system is optionally buoyant and/or self-
contained and which does not require squeezing,



co“nlt ainer floating in the water. O her generally related art includes U.S.
Patent Nos. 4,492,957 and 4, 305,819. In view of what the prior art has

proposed asyoospetbe solutions for cleaning up oil spills, therfcaspdhy
exi sts a need for a nore advanced system which is capable of renoving and

recovering substantial anounts of oil or other contam nants froma water
body, which systemis optionally buoyant and/or self- contained and which
does not require squeezing, 3 pressing or otherw se expressing recovered
oi | and/or contam nant froma fl.oating absorbing material. SUMVARY OF THE

| NVENTI ON One obj ect of the present inventisn IS to provide an ipproved
system for oil recovery and a nethod of enplFoying sane. A further object of

one enbodi nent of_th resent | iLon _is_to provide r e 0
fibers for r ecove?%%%sgﬂsi ﬁ% gt'ﬁé%gaé&f"gﬁirﬁgﬁl"hpr k%cg%%]%&r %r}%b%/n?{]g

t he contam nant tcomtaminantr Edpmcanfiloating abpbwrbingt wateriiall.ow fi bers
havi ng pores therein for contacting the contam nant; the fibers adapted for

8 Y OF THE I ION |

One object of the present invention is to provide
an improved system for oil recovery and a method of
employing same.

A further object of one embodiment of the present
invention is to provide an arrangement of fibers for
recovering an immiscible contaminant from a liquid
containing' the contaminant to be recovered, comprising:
a plurality of hollow fibers having pores therein for
contacting the contaminant; the fibers adapted for
connection to suction means for drawing the contaminant
through the hollow fibers.

The hollow fibers may be arranged in an array, a
diverging pa'l;tern, a parallel pattern, intersecting
pattern, bundled into one or more bundles, incorporated
into a mat structure or incorporated into a suitable
substrate, e.g. a cloth substrate or a polymeric
membrane. Many further ‘arrangements will be readily
apparent to those skilled in the art.

With _respect to the fibers, the same are
preferably microporous with the average pore diameter
of the pores comprising, for example, 0.03 microns (um)
to about 5 microns (um). The pore diameter will, of
course, vary depending on the intended use for the
fibers. '



connection to suction means for draw ng the contanminant through the hollow
fibers. The hollow fibers may be arranged in an array, a diverging pattern,
a pargllel pattern, intersecting pattern, bundled into _gne or npre bundl es
incor‘g8r9§{f"é‘39i nto a mat structure or incorporated i nt o TXAP B:f{g ‘
substrate, e.g. a cloth substrate or a polyneric nmenbrane. Many further
arrangenents will be readily apparent to those skilled in the art. Wth
respect to the fibers, the sane are preferably m croporous with the average
pore di aneter of the pores conprising, for exanple, 0.03 mcrons [err] to
about 5 mcrons [err]. The pore diameter will, of course, vary dependi ng on
the intended use for the fibers. 44Sui table material for the holl ow
fibers can include, for exanple, polyolef ins such as polyethyl ene,
pol ypropyl ene, Summt_menaﬁmg%omn% drllew| yiiherse can
pol y(4- net a1 udS oYK 8k8hpla)dpol PEi e £ink0SeEn W Poilydtdiy1daid vat i ves
havi ng at | east one fluorine ato gl carQonate'-,poH%?heEyrene oxi de: -
pol ystyr en@OREPEORY IRt o0 SO LEPYEERE mavi RO4Y isoButylene, ©
' polypentene, poly(4-methyl- isopentene) and. their -
halogen-substituted derivatives having at least one
fluorine atom: polycarbcnate:-_p01ypheny1ene'-oxide:_
polystyrene and a halogenated polystyrene having at
least one fluorine atom: copolymers of ethylenically
unsaturated hydro- carbons and/or halogen-substituted ‘
ethylenically unsaturated hydrocarbons having at least
one fluorine atom, said ethylen14 cally -unsaturated
hydrocarbons and their halogen-substituted derivatives
including ethylene, proleene,_butene; isobutylene, =
pentene, hexene, monofluoroethyleéne, vinylidene —-
fluoride, trifluoroethylene, tetrafluoroethylene,
trifluorochloroethylene, hexafluoropropylerie and the
like: and blend polymers such as a combination of
polyethylene with polypropylene, polyvinylidene
fluoride, polytetrafluoroethylene or polystyrene; a
combination of polypropylene with polyvinylidene -
fluoride or polytetrafluoro- ethylene; a-combination of
polyvinylidene  fluoride with poly-  -sulfone,
polyacrylbnitrilé, polyphenylene oxide or polytetra=
fluoroethylene; and the like. Preferred examples of o
materials employable include, as a main ecomponent,
polyethylene, a halogenated polyethylene having at
least one fluorine atom, polypropylene, a halogenated -
polypropylene having at least one fluorine atom,
polycarbonate or polyphenylene oxide; or copolymers of
two or three kinds of monomers selected from ethylene, --
propylene and tetrafluoroethylene. It is noted that
where a plurality of- comppnents having different

critical surface tensions are combined, the more the



| east one fluorine atom copolyners of ethylenically unsaturated hydro-
carbons and/or hal ogen-substituted ethylenically unsaturated hydrocarbons
hayi'ng at Iweaséeore fl uorine atom said ethyleni- cally unsapgraia®sioos??
hydrocarbons and their hal ogen-substituted derivatives including ethylene,
propyl ene, butene, isobutylene, pentene, hexene, nonof | uor oet hyl ene,
vi nyl i dene -- fluoride, trifluoroethyl ene, tetrafl uoroethyl ene,
trifluorochl oroethyl ene, hexafl uoropropyl ene and the |ike: and bl end

pol ymers such as a conbination of polyethylene wth pol ypr opyl ene,

pol yvi nyl i dene fl uori de, pontetraquoroetolene or polystyrene; a

conbi nation of polypropylene wth ponV|nyI|dene fluoride or

pol ytetrafl uoro- n d f
Fgaﬁ&%a‘ar, 20 b %anpem%boqi b Rrer EHPELER)

with pol y- onitr , ene oxi de or polytetra-
f 1 uor oet hyl ene guutase F'PR§1°“Pr'@¥%r%%%PEQtéFaH‘BFBFfﬂFE = TS

include, as a mape ¢RenNentire PR1YMeRY kitdmesi hal ogenated pol yet hyl ene
having at |east one fluorine atom polypropylene, a hal ogenated --

pol ypropyl ene having at |east one fluorine atom polycarbonate or
pol yphenyl ene oxi de; ®Whecoptbysagies méahso andthsaetkbndsme&nsnnmayrsbe

that where a pl SParERpensiy BEsTEaBRA OF A EroAHiE Bk temm Wit th°ehl8; °C
t ensi ons are conbrratgementnofcfibers suitably connected to the suction
means. The suction means may comprise a suitable pump
sufficient to induce a sufficient suction in the hollow
fibers in order to draw oil therethrough for deposit
into the storage means. '

Where it is desirable to have a self-contained _
unit which additionally is self-propelled, the storage -
means may contain a water discharge outlet which
further may include a forcibly exhausted water stream.
The forcibly exhausted water stream may be used to
propel the floating recovery system through, for
example, an oil slick.

In addition to the foregoing, the apparatus may
additionally conveniently include a receiver such that
the apparatus can be remotely controlled. In this
respect, the apparatus may include a radio receiver or
other ‘suitable electromagnetic means for detecting a
signal from a remote location. Further-still, the
apparatus may be manually moved by any suitable means
and further may include connection fixtures to permit
the possibility of towing the arrangement.

The possibility for remote control is a convenient
feature since it permits a user access to an oil,
chemical or other contaminant spill area even where



5 proportion of the conmponent having a |lower critical
| ower the critical -surface tension of the entire polynmer becones. The

- st or agRoWBAfEeand suction means may be conveniently posigdraRasstgeshad

surface tension,

the;

LY

floating platformw th the arrangenent of fibers suitably connected to the

sucti on neans.

I nduce a sufficient suction in the hollow fibers in order to draw oil
t heret hrough for deposit into the storage neans. Were it is desirable to

have a sel f-contained unit which additionally is self-propelled,

t he

storage neans nmay contain a mater-discgarge outl et which further may

I ncl ude a forcibly exhausted water stredam The forcibly exhausted water

stream may
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addi ti onal | yfireserntexityfumesudete.r ecei ver such that the apparatus can be

f or
may

renotely controll ed. In this respect, the apparatus may include a radio
receiver or other_suitable electromagnetic nmeans for detecting a

A further object of the present invention is to
provide. a method of recovering o0il on a water body
comprising: '

- providing an array of hollow fibers; positioning
the fibers within the o0il or oil/water mixture;
drawing the oil into the fibers under negative
pressure; and recovering the oil.. .

Another object of the present invention is to

" provide a mat for recovering an immiscible contaminant

from a ligquid containing a contaminant to be recovered,
comprising:
' a plurality of hollow fibers‘havingJIumen.theréin
for contacting the contaminant;

the fibers adapted for connection to suction means
for drawing the contaminant into and through the hollow
fibers and recovery means.

It will be appreciated by those skilled in the art
that although there is discussion of the use of the
arrangement for recovering oil, many immiscible
substances either mixed with or floating on a water
body may be recovered using the inventive concept in
arrangement of the present invention.

According to yet another object of the present
invention there is provided a method of purifying water
contaninated with an immiscible édntaminant comprising
the steps of:

v

The suction means may conprise a suitable punp sufficient to



signal froma renote | ocation. Further still, the apparatus may be
manual | y npved by any suitable means and further nmay include connection

fixtures towpegmdiiet he possibility of towing the ar r angenent .pciii€a95/00377
possibility for renote control is a convenient feature since it permts a

user access to an oil, chemcal or other contam nant spill area even where
6 there is hazardous conditions In the area, e.g. surface fires, toxic
fumes, etc. A further object of the present invention is to provide a

met hod of recovering oil on a water body conprising: providing an array of
hol | ow fibers; positioning the fibers withig the oil or oil/water m xture;
drawing the oil into the fibers under negative pressure; and recovering t he

oi | Another object ofpLlg;@igsenh APYEAbEARESOEORBITMLI%:BaPl Halin

recovering an inm sci e con I'qui d"contai ning a cont AW nant
to be recovered, RURS i BReXLiR: plurality of hollow fibers having | unmen

therein for ContaCt”ﬂbéﬁﬁhéiﬁﬁénimﬂg fibers with the immiscible
' contaminate; collecting the contaminant under
negative pressure with the fibers; and
separating the contaminant from the water.

As indicated herein, the apparatus has been
contemplated for numerous possible uses. In addition
to the self-contained arrahgements or fioatation'
arrangeménts using partially land-based equipment, the
present invention may be employed in a towing
arrangement where the hollow fibers are towed behind a _
large floating vessel, e.g. a barge or other floating
carrier vessel. This has the distinct advantage of
removing a supernatant residue as it is discharged from
the -vessel. In this manner, the arrangement
effectively "self-cleans" the surface of the water as
the vessel travels therethrough. '

- Other arrangements clearly envisioned as being
within the scope of the present invention include the
use of the fibers in a suitable configuration, e.g. a
mat, or other configurotion for the purpose of lining
a contaminated pond, such as a mine tailings pond.
Further'still, the arrangement may be totally submersed
in a contaminated water body to assist in cleaning, for
example, a contaminated river sediment bed, lake bed,
etc.

The fibers, when in a mat arrangement or bundle
arrangement may be positioned in an area to be treated
in a stacked arrangement comprising bundles of the



the fibers adapted for connection to suction neans for draw ng the
contam nant into and through the hollow fibers and recovery neans. It wll

‘be appyRs ?lg by those skilled in the art that alt hougl‘i,qugxgs,dogw N
dlSCUSSIOﬂ of the use of the arrangenent for recovering olil, many

I mm sci bl e substances either mxed with or floating on a water body may be

recovered using the inventive concept in arrangenent of the present

i nvention. According to yet another object of the present invention there

is provided a nethod of purifying water contam nated with an i mm scible

contam nant conprising the steps of: 7 providing an arrangenent of

hol | ow fi bers havi ng pores therein; coﬁ%actlng the fibers with the .

i mm scible ¢ 0 aim nat e; col Lectin cont am nant under egatlve
mEhtE g BRY

pressure wit ibpEsyi BRL. BRHADISHE ePonP§n1ﬂ8HthV89|tﬁ@tmater
i ndi cat ed hearrangemeniimperaémpl bpingecsubstratepl £dr thHe purposes of poss_l bI e

uses. |n addihi88-4q nl &ree!d el %P%ﬁré@ﬂgﬁﬁ@é‘ién%ffkﬁét abbod

arrangements.

Use of the fibers and the contemplated
arrangements therein clearly can be employed in
combination with contaminant booms or in combination
with any other contaminant clean-up system. ‘

Having thus generally described “"the invention,
reference will now be made to the accompanying drawings
illustrating preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top plan view of a mat according to
-one embodiment of the present invention;

Figure 2 is a cross-sectional view of the mat
illustrated in Figure 1;

Figure 3 is an enlarged view of a  fiber
incorporated in the present invention;

Figu:i‘e 4 is an alternate embodiment of the present
invention; ' |

Figure 5 is a further embodiments of the present
invention;

Figure 6 is a still further embodiment of the
present invention:;



¢
arrangenments using partially | and-based equi pnent, the present invention
may be enpl oyed in a towi ng arrangenent where the hollow fibers are towed
bepi'nd a | @ gating vessel, e.g. a barge or other floatipgreabdifesHs
vessel . Th| S (1as the distinct advantage of renoving a supernatant residue
as it is discharged fromthe vessel. In this manner, the
arrangenent effectively "self-cleans"” the surface of the vvater as the
vessel travels therethrough. O her arrangenents clearly envisioned as being
wi thin the scope of the present invention include the use of the fibers in
a suitable configuration, e.g. a mat, or other configuration for the
pur pose of lining a contam nated pond such9as a mne tailings pond.

Further still, the arr y Su rsed i cont ani nat ed
wat er body to assi st Fra?‘% n%nbs Po%ué'% @"ﬁ“[f%ﬁrgﬁn t&} e, pYEpen nt
sedi ment bed, | akimviesticet cilIkisetrating, thhemat nas pesitionedewdthior a

bundl e arrangemer&te L;é,_jé_qlr?gq;ééé ed in an area to be treated in a stacked

arrangenment conprisin | 'es 'the 8 fibers, mat arrangements,
woven or non-woven mat '

Figure 8 is yet another embodiment of the present
invention;

Figure 9 is still a further alternate embodiment
of the present invention; and

‘Figure 10 is a schematic illustration of the
invention as employed with a containment boom.

Similar numerals denote similar components.
throughout the Figures.

DETAILED DESCRIPTION OF THE PREFERRED E DIMENTS

Referring initially to Figures 1, 2 and 3, shown
is the apparatus according to a first embodiment of the
present invention. '

. The mat, generally denoted by numeral 10 in Figure

1, éomprises, a plurality of individual hollow fibers

12, each fiber 12 having a hollow interior or lumen 13.

The fibers 12 further include a plurality of micropores

13 extending from the outside of the fiber to the

interior of the fiber 12 such that the micropores are

in communication with the lumen 13. Generally

speaking, the pore sizes of the micropores 13 will vary

depending upon the material of which the fiber is made,

‘the intended use for the fiber in terms of the
contaminant to which it will be exposed among a host of

-other factors._ As an example, the pores . sizes can



arrangenments or enploying substrates for the purpose of supporting the
fibers or any conbination of the above arrangenents. Use of the fibers
and t Rep oisiteNpl at ed arrangenents therein clearly can ?@TRﬂEE@%ﬁ?ﬁiﬁ -
conbi nation wth contam nant boons or in conbination with any other

contami nant clean-up system Having thus generally described the invention,
reference will now be nade to the acconmpanying drawings illustrating
preferred enbodi nents. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a top
plan view of a mat according to one enmbodi nent of the present invention;

Fi gure 2 is a cross sectional view of ige mat illustrated in Figure 1;

Fi gure enlarged view of fiber incorporated in the present
|nvent|on F I mhodi f 5t e nyenti on;
Flgure 5 i s %%%ﬁ i Grofi SRhe GRRC S Bedt o1 HEPOBR thmfE"S' (0

still furthea geml&wtuaﬁfuh@qmmnsrpa@m the mlcropores will
be large enough to permit acceptable flux, but small
enough to exclude water due to surface tension effects
of the hydrophobic fiber.

The fibers may have a internal_diameter-from.about'
0.001 centimeters (cm) to about 5 centimeters (cm),
with a preferred range of 0.005 centimeters (cm) to _ ‘
about 1 centimeter (cm) and most desirably from about
0.01 centimeters (cm) to 0.1 centimeters (cm) in the
case of polypropylene fibers. '

In applications where a larger internal diameter
is required, for example, where a smaller water body
has been contaminated with oil, the diameter of the
fibre may approximate that of conventional hose.

With respect to the individual fibers, it is
preferred that the fibers comprise a hydrophobic
material illustrated examples of which may include
polyolefins such as  polyethylene, poly- propylene,
polybutene, polyisobutylene,_ polypentene, poly(4-
methylisopentene) and their - halogen-substituted
derivatives having at least one fluorine atom:
polycarbonate: polyphenylene oxide: polystyfene and a
halogenated polystyrene having at least one fluorine
atom: copolymers of ethylenically unsaturated
hydrocarbons and/or halogen-substituted ethylenically
unsaturated hydrocarbons having at least one fluorine
atom, said ethyleni- cally unsaturated hydrocarbons and
their halogen-substituted derivatives . including
ethylene, propylene, butene, isobutylene, pentene,

<)



9 VFj gure 7 is a further enbodi nent of the present invention illustrating
the mat as -positioned within a separating vessel; Figure 8 is yet another

enpodi nent wag edidda1dor €sent i nvention; Figure 9 is still a furpbpicasdb@snat e
enbodi ment of the present invention; and Figure 10 is a schematic

illustration of the invention as enployed wiith a contai nment boom Sinilar
nunerals denote simlar conponents throughout the Figures. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring initially to Figures 1,
2 and 3, shown is the apparatus according to a first enbodi ment of the
present invention. The mat, generally denaifd by nuneral 10 in Figure 1,
conprises a plurality of individual hollo | bers 12, each fiber 12 having

a hollow interi T fur de ity of
m cropores 13 e%%ﬁ%n%g f%‘r;#?ﬁe&%ﬁ%épﬁgfe%gf he ‘?ﬁ&li{&k%he 1N eﬁ%ér of
‘the fiber 12 suchrtihfd uoroethypdesseare it edonadili eott o thyillenehe
Alumen 13 Geéfifih&ré@ﬁﬁ&fﬂﬁth?‘iﬁnﬁor %&ifﬁ:ﬂoﬂf@pﬂ&:‘ié’pahas dfe W | |

vary dependi ng upon the nmateri al the fiber nade, the I ntended
use for the fibetike:: ands biepfe polymers such as a comblnatlon of

polyethylene with polypropylene, polyvinylidene
fluoride, polytet:afluoroethyléne or polystyrene; a
combination of polypropylene with polyvinylidene
fluoride or polytetrafluoro- ethylerie; a combination of
polyvinylidene fluoride with poly- sulfone,
polyacrylonitrile,  polyphenylene oxide or
polytetrafluoroethylene; and the 1like. _Preferred
examples of materials employable, as a main component,
polyethylene, a halogenated polyethylene having at
least one fluorine atom, polypropylene, a halogenated
.polypropylene having at 1least one fluorine atom,
polycarbonate or polyphénylene oxide; or copolymers of
two or three kinds of monomers selected .ftoin ethylene,
propylene and tetrafluoroethylene.

In the embodiments shown, the arrangement 10
includes a plurality of spaced apart parallel
hydrophobic fibers, generally denoted by numeral 12.
Although not illustrated in Figure 1, it will be
understood that the fibers include the micropores as
illustrated in Figure 3 and briefly discussed herein
previously. —

- Each of the fibers 12 of which the floating mat
arrangement is composed, according to this embodiment,
includes an open end 16 and 18 as illustrated in Figure
2. In this embodiment, the ends 16 and 18 are in .
communication with closed receptacles or containers 20
and 22, respectively. The ends of the fibers are



contam nant to which it wll be exposed anong a host of other factors. Asf
an exanple, the pores sizes can .10 range from0.03 mcrons [err] to

about {ygneidoys [err] is a generally useful range. Broadpgricadgedsir! opor es:
will be |arge enough to permt acceptable flux, but small enough to exclude

wat er due to surface tension effects of the hydrophobic fiber. The fibers
may have a internal dianmeter from about 0.001 centineters (cn) to about 5
centineters (cn), with a preferred range of 0.005 centinmeters (cm to about
1 centineter (cn) and nost desirably fromabout 0.01 centineters (cm to
0.1 centineters -(cnm) in the case of polypropylene fibers. I'n applications
where a larger -internal dianeter is reqfired, for exanple, where a snaller

body h b f
vater body ManaRE Gl % CHeibbletih it SlF 2 e phasRe
fibers, it thatr dthe renfshef the fibers @rﬁ)rwsbhanhyheopm&mm eri al
il lustrated gxapAbes il céhitaltt it th thied 210910y O kalte?s body) &t oool%et hylene,

pol y- propylene pon utene polylsobutylene polypentene pon
be

Conduits 26 extend ffom each of the containers 20
 and 22 for communication with a negative pressure. pump
28, which serves as one possiblé form of introducing
suction into the fibers 12. In view of the fact that - ‘
the containers 20 and 22 are sealed, the net suction
effect created by pump 28 is expérienced by each of the
fibers 12 of which the mat structure is made.

In operation, when the mat 10 is positioned within
a water body for the purpose of removing a contaminant
or several contaminants, the negative pressure pump 28
is actuated which induces a suction effect in the
‘individual hollow fibers 12. As. the fibers are in
communication with the contaminant to be removed, the
material drawn into the fibers 12 via the micropores 14
is eventually drawn into either or both containers 20
or 22. The density of the arrangement 10 will be
selected to float in the contaminant to be collected in
-order that maximum possible surface contact of the
individual fibers with the contaminant is achieved.

once the material to be collected is 'collect_:ed in
.containers 20 and 22, the same may be stored therein or
sﬁbsequently transported to another location. This
aspect will be discussed hereinafter. A

With reference to Figure 4, shown is an alternate
embodiment of the present invention. In this



met hyl i sopent ene) and their hal ogen- substituted derivatives having at
| east one fluorine atom polycarbonate: polyphenyl ene oxide: polystyrene
ang a hal ogwoasmeeiipol yst yrene having at | east one fluorine atP@IICA95/00377
copol yners of ethylenically unsat ur at ed hydrocarbons and/ or

hal ogen-substituted ethylenically unsaturated hydrocarbons having at |east
one fluorine atom said ethyleni- cally unsaturated hydrocarbons and their

hal ogen- substi t ut ed derivatives . including ethylene, propylene, butene,
| sobut yl ene, pentene, 11 hexene, nonof | uor oet hyl ene, vi nyl i dene
fluoride, trifluoroethylene, tetrafl uoroet hyl ene,
trifluorochloroethylene hexaf | uor opr opyl ene” and the |ike: and bl end

pol ymers such as hSRE ! oghaf QI ygt ﬁ Wi QP TP Y pdea

pol yvi nyl i dene quor| m Leiifes bﬁﬁr t&ﬁﬁgp a

pol ytetraf |_uor oet hyl ene or .
conbi nation of pdBPFH p}F’Eﬁé R éb’y\ﬁﬁﬁﬂ‘?%él?l%VlgébSFs 12, each

pol Kt etra}‘l uor o- %ﬁﬁgr@ , fPe€ 08d NBE | OITIE Ml \eriYs | X ngre dlélﬁd Gend
e PO or oov b 5t A W e puBBYRHDY . engid et "
enpl oyabl e, as a mn"simgbeeehded" This prevents the entry of water
into the lumen which would otherwise occur if the
fibers were open at end 16. In this arrangement, there
. is additionally included a plurality of 1laterally
oriented members 30. Members 30 may be employed to
impart additional structural integrity to the fiber
arrangement or function as a coalescence enhancer, etc.
Further still, the members 30 may comprise similar
fibers as fibers 12. In each of the longitudinally
oriented fibers 12, the opposed ends 18 are sealingly
engaged by seal 32, which seal is connected to a source
of negative preséure indicated by numeral 34.

As a further possible arrangement, it will be
understood that_'the hollow fibers may be simply looped
back to the seal 32, thus avoiding the need to provide
a closed end on the ends 16 of the fibers 12.

Referring now to Figure 5, shown is a further
embodiment of the present invention. In the embodiment
shown, the mat 10 is composed of a plurality of bundles
of fibers, the bundles being generally dencted by
numeral 40. Similar to preirious embodiments, the
individual bundles, ‘which bundles are composed of a
plurality of individual fibers 12, include opposed ends
42,44 which are sealingly engaged with collection
chambers 46,48 with a sealing compound, gasket or other
such sealing arrangement generally denoted by numeral
50.



pol yet hyl ene, a hal ogenat ed pol yet hyl ene havi ng at | east one fluorine
atom pol ypropyl ene, a hal ogenat ed pol ypropyl ene having at | east one

fluori r@,o%;aghgpol ycar bonat e or pol yphenyl ene oxi de; or W&X&‘é{ﬁwdf two - .
or three kinds of nononers selected from ethyl ene, propylene an

tetrafl uoroethylene. In the enbodi nents shown, the arrangenent 10 incl udes
a plurality of spaced apart parallel hydrophobic fibers, generally denoted
by nuneral 12. Although not illustrated in Figure 1, it will be understood
that the fibers include the mcropores as illustrated in Figure 3 and’
briefly discussed herein previously. Each of the fibers 12 of which the
floating mat arrangement is conposed, atfording to this embodi ment,

i ncl udes an open end 16 and 18 as illustrated in Figure 2. _In this

enbodi nent, the end® FEGNECTRhherein PEERICESIvn Fen cPLLeEEI@Rept acl es

or cont ai ner scRAmbags 226, 48 LY (He/ Aohnectei® tondssehrebeot i hegat tve 12
associated with a respective.contaiqﬁr 20|9r 22 sgch.tha% of the
BEvi ot

t.he en
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body, etc. tomicropores 14 and subsequently through lumen 13 of the
fibers 12. ' C '

Figure 6 illustrates a plurality of the units as
illustrated in Figures 4 or 5 positioned in a spaced _
apart sequential arrangement. In.thé;embodiment'shown, ‘
all of the individual units include a common connection
to suction means, the suction means being generally
denoted by numeral 52. The common connection 52 may

~occupy either or both sides of the arrangement,;
depending on the arrangement emploved.

Turning now to Figure 7, there is schematically
illustrated an example'df an oil and water mixture
‘pPhase sepa'ration unit, generally denoted by numeral 54.

- In the embodiment, numeral 56 represénts a holding
vessel into which may be pumped a mixture of water and
a contaminant to be separated. The mixture may be
introduced into the vessel 56 at A.

In the illust?atidn, numeral 58 represents the
water, while numeral 60 represents a contaminant or
contaminants floating on the surface of the water 58.
This arrangement may be found useful for immiscible
contaminants which are dispersed droplets in the
mixture and which require settling time in order for
distinct phases to develop as - illustrated. The
embodimént is particularly useful for a situation where
the droplet size is fairly small as’compared'to that
which would be encountered in a gravity separation



be treated. Conduits 26 extend from each of the containers 20 and 22 for
communi cation with a negative pressure punp 28, which serves as one
troduci ng suction into the fibers 12. e

fact that the contggu ners 20 and 22 are seal ed, the net suctlon e\fﬂ?%osw
created by punp 28 is experienced by each of the fibers 12 of which the mat
structure is nmade. In operation, when the mat 10 is positioned within
wat er body for the purpose of renmpoving a contam nant or several
contam nants, the negative pressure punp 28 is actuated which induces a

possi bl fgj

suction effect

in the individual hollow fibers 12. As the fibers are

conmmuni cation with the contami nant to be r%?mved, the materi al drawn i
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shown is an alternate enbodi nt of the resen i nventi on. I
b " f g Eme r&)

y arrow B 1in the Figur pump 34 may

positioned directly on the mat as set forth herein
previously with respect to Figure 2 or, in the
alternative, may be positioned at a suitable location
on vessel 56 and in communication with mat 10 via a
suitable conduit indicated by numeral 62. As is
evident from this embodiment, the pump 34 may be
positiohed at a suitable location which permits easy
transportation of the collected material from within
the collection areas 20,22 of mat 10 to a second
location. ' The contaminant-free water may be removed
from vessel 56 by outlet 64 and subsegquently

. reintroduced into the water body from which it came or

reintroduced into vessel 56 for further treatments or,

"alternatively, may be passed onto further purification

equipment (not shown).

Turning to Figure 8, shown as yet a further
embodiment of the present invention, shown in schematic
form. In this embodiment, the arrangement may include
a nozzle 66 extending inwardly and in communication

ved. -
, the

this

with vessel 56. Vessel 56 further includes an inlet 67

which providé_s for extractant organic recycle, make-up,
or level control. Also , inlet 67 permits access to the
vessel 56 such that the composition of layer 70 may be
selectively altered. The nozzle is useful for
introducing a contaminant/water/metal composition into
vessel 56 for separation. Having a feed containing the



13 enbodi nent, the mat 10 includes a plurality of spaced apart .

| ongi tudinally arranged hol low fibers 12, each having a free end 16. ’The
free re closed and in this respect, the fibers gupé Nt hi s
enbod?‘ongﬁt/}’@rg "single ended". This prevents the entry of wa '?‘}r?to t he

| umen whi ch woul d ot herwi se occur if the fibers were open at end 16. In
this arrangenent, there is additionally included a plurality of laterally
oriented nmenbers 30. Menbers 30 nay be enpl oyed to inpart additional
structural integrity to the fiber arrangenment or function as a coal escence
enhancer, etc. Further still, the nenbers 30 may conprise sinlar fibers as
fibers 12.- In each of the Iongltudlna}ﬁy oriented fibers 12, t he opposed
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further enbcpnemingfatmixpureent Ph@éﬁﬁuoﬁaﬁqrtQQﬂkﬁﬂﬁﬁnﬁ%ntetc-

- and layer 74 essentially comprises water. This is an
example of layer separation where the organics,
extractants, etc. are less dense that water. It will
be readily'appreciated by those skilled in the art that
where the organics, contaminants, etc. have a greater ‘
density of water, that the order of the stratification
'will vary in accordance with the difference in density.

An outlet 76 on vessel 56'direct1y'adjacent-the
mat 10 provides the extraction of the organlc layer
together with chelated metal compounds and/or free
metals and chelant. ‘Ooutlet 78 provides. for the
discharge of pure water devoid of the metal chelant,
coordinated compounds or organics.

Referring now to Figure 9, shown as a further
embodiment of a solvent extraction system contemplated
by the present invention. The arrangement, generally
denoted by numeral 80, is useful for solvent extraction
of a soluble species including, for example, organics
and metal inorganics. 1In the arrangement shown, the
system includes a first mat arrangement 82 composed of
the fibers as set forth herein previously. The fibers
12_communicéte at their terminal ends with a first
extractant reservoir 84, adapted to carry a suitable
extractant, which may be either forced through the
fibers or diffuse naturally. Where the extractant is
to be forced through the fibers 12, a suitable positive
pressure pump or - other means for forcing the fluid



sﬁbmn the mat 10 is conmposed of a plurality of bundles of fibers, the
bundles being general |y denoted by nuneral - 40. Simlar to previous
enpaddi ent svo 9évard ndi vi dual bundl es, which bundl es are conppeptadénir

pl urallty of

i ndi vidual fibers 12, |nclude opposed ends 42,44 which are

seal i.ngly engaged with collection chanbers 46,48 with a seallng conpound,
gasket or other such sealing arrangenent generally denoted by nuneral 5
14 As set. forth herein previously, the collection chanbers 46,48 may be
connected to a source of negative pressure in order to draw the contam nant
into the mcropores 14 and subsequently thrfggh | umen 13 of the fibers

0.

12.

Figure 6 illustrates a plurality of the uni as illustrated in Figures 4
or- 5 positioned ||5 a ap q ar | ment
shown, all of the in dﬁ ugls'%’e§|§nc e ne(&longﬁo sSuctl on

.means, the sucti dhlquﬁbel @gm@dyrmwmb mm esploged demon

“connection 52 MY,He&6¥dY uRhtbs exP Qﬁ&ﬂt sides of the arrangenent,
dependi ng on the arrangenent enpl oyeg _

As the dispersed extractant flows through the body

to be treated as indicated by arrow A in Figure 9, the
extract may be recovered by the upper:—most' mat
arrangement and collected in reservoirs 20 and 22 and
subsequently pumped to a further collection location by
pump 34.

_ In an alternate embodiment, the mat arrangement 82

may be substituted with any suitable means for.’

dispersing an extractant, etc. into the body of
material to be treated. Suitable arrangements will be
readily apparent to those skilled in the art. Examples
include simple perforated tubes or nozzle arrarigements.
Further still, there may be employed an external source
of the extractant, etc. which is delivered to the mat
arrangement 82.

By providing an outlet 76 and further in view of
the fact that the mat 10 composed of the fibers 'permits
removal of organic contaminants as well as various
metals, the invention clearly has utility in the mining
art since the arrangement can provide for recovered
metal values which would otherwise be 1lost or
irrecoverable. -

It will be readily appreciated by those skilled in
the art that the present invention is  clearly
applicable to removing soluble contaminants from a
water body containing contaminants dissolved therein.



Turning nowto Figure 7, there is schematically illustrated an exanple of -
an oil and water mxture phase separation unit, generally denoted by
nurreralwégﬁéodlfbthe embodi ment, nuneral 56 represents a h?bﬁ')dé&gyli&??e' intor |
whi ch e punped a m xture of water and a contam nant to separ at ed.

The m xture may be introduced into the vessel 56 at A. In the illustration,
nunmeral 58 represents the water, while nuneral 60 represents a’ contam nant
or contam nants floating on the surface of the water 58. This arrangenent
may be found useful for immscible contam nants which are dispersed
droplets in the mxture and which require settling time in order for

distinct phases to develop as il ud®r at ed The enbodi nent is
particul arly _usef ul %;ﬂ a15|tua I on ere th %elsfalrly smal |
as conpared && t St FAPRRIRoYHBE en %nt‘@“revd"?"ﬁ é’eég % yPEESS Tt i on

15 arrangenednventilom tbhapp&yasplieablehereatmen:@,, appreciatiedbyd i n

_'I[:Lgu;gt Zésrs]?r%] y ?s s]%?}r ge aﬂd{:g%c\(;? ﬁgl Fﬁ.ﬁ AS‘fllang é\n&?ﬂ’%e{ IhI git rated
cont ami nant BFegipitatingnancagiesye phg S@n %R axcthper phase. In

this manner, once the phases are. _separate_d, the fiber

mat or bundle arrangement or fiber array accord-irig to

the present invention may be employed for the purpose

of separating one phase from the other.

Where the contaminant comprises a petroleum or any
other hydrocarbon floating on the surface of a water
body from, for example, an oil tanker spill, one or
several of the mats may be employed for recovering the .
oil from the surface and thus purifying the water.
-Depending on the size of the spill, an arrangement such
as that indicated in Figure 6 may be desirable for
cleaning up the spill. ‘Where temperature increases the
viscosity of the oil or the contaminant is of a highly
viscous nature, the viscous contaminant may be diluted
with a suitable dilueni:_, e.g. a liquid hydroéarbon or
any other suitable viscosity modifier. Further, the

- viscous contaminant may be heated to reduce. its
viscosity, if this practical. 1In this manner, the
herein described units -cont".ai-ni-ng the microporous
hollow fibers can readily function in a variety of
environments. ' |

Turning now to Figure' 10, shown is a further
embodiment of the present invention in which an array
of the fibers 12 are used in conjunction with a
containment boom conventionally employed in oil clean-
up. ‘The overall arrangement is globally denoted by
numeral 90. In the example, a body of water 92 is



by arrow B in the Figure. The punp 34 may be positioned directly on the
mat as set .forth herein previously with respect to Figure 2 or, in the

al ternat i quomlbga positioned at a suitable location on ves;e*,&@s,am-,l n
conmuni cation with mat 10 via a suitable conduit indicated by nuneral 62.

As is evident fromthis enbodi nent, the punp 34 may be positioned at a
suitabl e |l ocation which permts easy transportation of the collected
material fromw thin the collection areas 20,22 of mat 10 to a second

| ocation. The contaminant-free water nay be renoved from vessel 56 by
outl et 64 and subsequently reintroduced intg the water body fron1mh|ch It
canme or reintroduced into vessel 56 for fuﬁ?her treatnents or,

alternatively, e pas ont furt | tiaon i pnent (n
Shown) - Turni ng ESPERRAPEYEY e pREERG EHERBRR o; | ke
present inventi oaxrahgement sclmamtwhld:brnmayn t:lon@re.lsbodlarant of hethe
arrangenent may o&%lb X g@@;ﬂ Ndal Ny C ation
Wi th vessel 56. esseﬁﬁgg}ffqu &?ﬁglt& es a%‘e:n% d% la/hlgghrhprggpgﬂéa
extractant organPE¥raagement,HRE- aprangement) %%‘Ht rleﬁ pomifdoned dn th

permts access tgjtheyyepssl ri»@os»&*y toat thae SH@osi kb@&v%fréda)’@il 7Qsmay
be selectively al The - nopzzle |s useful .  for gtrod hng a
[ 4

re%. :
cont am nant / wat eFP e@or‘rﬂ‘&slﬁ ofoPm; 096, a section o

111ustrated in the schematic drawing. ‘Communication
between the mat 10 and containment boom 94 is achieved
via a conduit 98. Numeral 100 represents a source of
suction connected to the containment boom and
accordingly to mat 10 via conduit 98. This is an
optional element and would not be necessary if the
arrangement 10 included a source of suction.

Finally, with respect to the choice of material of
which the fibers and/or bundles may be composed, it
will be appreciated by those skilled in the art that
the fiber composition will depend upon the type of

- contaminant to be collected. In this manner, the fiber
material will be selected such that the contaminant
does not deleteriously alter the properties of the
fiber with respect to lumen size, internal diameter,
external diameter, pore size or surface characteristics
such as hydrophobiéity of the fiber and/or pore.

Although the invention has been described with
respect to a specific embodiment, it will be
appreciated by those skilled in the art that numerous
modifications may be made to the invention without
departing from the spirit and scope thereof.



vessel 56 for separation. Having a feed containing the 16 _
above- nenti oned conponents, the result is generally that the naterials

strati Woemoard ayers 70,72 and 74. Layer 70 general ly copgfidA9shbéygrOr garmic
phase, |ayer 72 contains a m xture of phases, water coal escents, etc. and -

| ayer 74 essentially conprises water. This is an exanple of |ayer
separation where the organics, extractants, etc. are ress dense that-water.
It will be readily appreciated by those skilled in rmmmn e the
organi cs, contam nants, etc. have a greater densi'ty' l I mhe _
order of the stratification will vary LR accordance Wi th tthendi sfefence in
density. An outlet 76 on vessel 56 diréctly adjacent the nmat 10 provides

the extracti @ncghrie organic |ayer together with chel ated metal conpounds
and/ or free nmetals and_chel ant. Qutlet 78 provides for the discharge of
pure water devoi dtof tAR AFEANISREndof cSdbersatfar XRPRAELNG avr gani cs.

Ref erri ng noimmbs€Eiplee &nﬁﬁ@{:ﬁhﬁréﬂr&hﬂﬁq@iﬂ@%ﬁf?&ﬁiﬁné sahyent .
extraction s e t he present 1.nvention. The arrangenent,
general |y de%(g){.‘gghgi}g;n’ggg{é}e %fél%e ‘g'f Lﬁ?‘afr(ﬂCtﬁﬁ]xfeﬁél& Pt fand
- arrangement of fibers comprises: . _
a plurality of hollow fibers having pores therein
for contacting said contaminant;

said fibers adapted for conne_ct'ion to suction
means for drawing said contaminant through said hollow ' '
fibers.

2. The arrangement as set forth in"claim 1,
characterized in that said pores_ are micropores.

3. The arrangement as set forth in claim 1,
characterized in that said fibers comprise microporous
hydrophobic fibers. .

4. The arrangement as set forth in claim 1,
- characterized in that said fibers are arranged in
intersecting relation.

5. The arrangement as set ' forth in claim 4,
characterized in that said intersecting fibers are
arranged to form a mat.

6. The arrangément- as set forth in claim 1,
characterized in that said fibers are arranged in a
divergent pattern.

7. The arrangement as set forth in claim 1,
characterized in that said fibers are arranged in a
parallel relationship to one another. |



of"_a sol ubl e speci es including, for exanple, organics and netal inorganics.
In the arrangenent shown, the systemincludes a first mat arrangenent 82

cogrposed ofwolbeodiibers as set forth herein previously. The f ipegrca9$/d0377
comruni cate at their termnal ends with a first extractant reservoir 84,

adapted to carry a suitable extractant, which may be et d_t hrough
the fibers or diffuse naturally. Were the extractant i o .be forced
through the fibers 12, a suitable positive pressure pu HHIMIL for
forcing the fluid 17 through the fibers will be: enpl A ﬂmm"n

Figure 9). The second reservoir 86 may be %\rgl oyed to recover.Lunli's_ed_ *
extractant. As the dispersed extractant fl t hrough the body to be
treated as indicated by arrow Ain Figure 9, the extract nmay be
recovered by the uppernost mat arrangenent and collected in reservoirs
20 and 22 and subsequédht | y Thempazrapgsenent: RS setl ckerh Ascgladimby,punp

34. In an al ter naa st ideY \ i hendB! s#id aReapsbcBionbyiBersuayll tinf ed

with any suitable ans faqr dispersing an extractant, etc. into the body of
y oxq'Sxogona rel t:{on. g y

9. The arfangement as set forth in claim 1,
characterized in that said plurality of hollow fibers
are bundled to form individual modules.

10. The arrangement as set forth in claim 1,
characterized in that said fibers have an internal
diameter from about 0.001 centimeters (cm) to about 5
centimeters (cm). k

.11. The arrangement as set forth in claim 10,
characterized in that said fibers have an internal
diameter from about 0.005 centimeters (cm) to about 1
centimeter (cm).

12. The arrangement as set forth in claim 11,
characterized in that said fibers have an internal
diameter from about 0.01 centimeters (cm) to about 0.2
centimeters (cm). '

13. A contaminant recovery sysfem for recovering
a contaminant in a contaminated 1liquid body
characterized in that said arrangement of £fibers
comprises: ' '
~ an arrangement of hollow fibers having pores
therein;
suction means in communication with said fibers
for drawing said contaminant through said pores; and
-storage means for storing collected contaminant.



material to be treated. Suitable arrangenents will be readily apparent to
those skilled in the art. Exanples include sinple perforated tubes or

nozzl enw deapgrent s. Further still, there may be enpl oyepcpiagsbg@dspal
source of the extractant, etc. which is delivered to the mat arrangenent

82. By providing an outlet 76 and further in viewef the fact that the mat
10 conposed of the fibers permts renoval of organic contam nants as well

as various netals, the invention clearly has uti m, ”,m“mumu g art -
since the arrangenent can provide for recovered ¢ h woul d
otherwi se be lost or irrecoverable. It_will be readily apptediated by those
skilled in the art that the present i néénti on is clearly applicable to -

renovi ng sol ubl e nt agi nants from.a water_ bo ont.ai ni ng. cont agi nant s

(i 550l ved Uherei nit- By YpEovere’ Bykelh He (Y LA fh P g0R T3, 1000

i nventi on t ochppagterized einr cthakntsaidpmoddiont efibershosempkiseed in the

art, for theppuig 8?09% 3] %E@hbﬂ%dﬂtfﬂéégvﬂﬂnw phase from anot her phase.
ce the phas

In this manner, o s are separated, the fiber

15. A recovery system as set forth in claim 13,
characterized in that said recovery system is an oil
_recovery system for recovering. an oil contaminant
floating on a water body.

16. A recovery system as set forth in claim 13,
characterized in that said system is a self-contained
system, said system further inclﬁding floatation means
for providing buoyancy to said suctién means and said
storage means.

17. A recovery system as set forth in claim 15,
characterized in that said system  further includes
discharge means for discharging“la. liquid  stream
substantially free of said contaminant. '

18. A recovery system as set forth in claim 16,
characterized in that said system further including
drive means for driving said self-contained system.

19. A recovery system as.sét forth in claim 13,
characterized in that said system is a remotely -
controllable system.

20. A method of purifying water contaminated with
an immiscible contaminant charactérized in that said
method comprises the steps of: :

providing an arrangement of hollow fibers having
pores therein; |



3
mat or bundl e arrangenent or fiber array according to the present invention
may be enpl oyed for the purpose of separating one phase fromthe other.

Wiere t'he {@¥emgig@ant conprises a petrol eumor any other hydE9es93m6377
floating on the surface of a water body from for exanmple, an oil tanker
spill, one or several of the.mats may be enpl oyed fornPEEBVE?Tng‘the~eFL—~
fronlthe surface and thus purifying the water. Dependin f t he
spill, an arrangenent such as that indicated in Figure gfﬂm I@!@é@"

for cleaning up the spill. Wiere tenperature increases the \is he

oil or the contam nant is of a highly V|Sé us nature, the viscous
contam nant may be diluted mﬁth a suitabl diluent, e.g. aliquid

hydr ocar bon or any cnégﬁt%?%{ iécofiBXrEDdbiﬁﬁr Fgéthg&mlggghﬁlscous

~contam nant may Dbe ce i TS VIsScosi hi S~practi ca
In this manner, Qqntanﬁnﬂtﬂdescrlbed units containing the mcroporous

hol I ow fibers can rqu#irééﬁEH§4‘3%ahG a ¥eht&hYn2hteNUdRYENhegatyvel NY
now to Figure 10, shown is further, enbodi ment of the present |nvent|on in

whi ch an array<ﬁrﬁ§ﬁ9??tﬂ&?ﬁ]ﬁ?%ﬁeﬁ%ﬁ%%?frPE%njunctlon with a contai nnment
boom conventional |y esepawtindg said cdemtamimanthEromesald watepgenent is

gl obal ly denoted by nuneral 90. 1In the exanple, a body of water 92 is

21. A method of recovering oil on a water body
characterized in that said arrangement of fibers
comprises:

pfoviding an arrangement of hollow fibers having
pores therein:; |

positioning said fibers within said 011.

drawing said 0il into said fibers under negative
pressure; and

‘recovering said oil.

22. The method as set forth in claim 21,
characterized in that said pores of said fibers are
substantially surrounded by said oil.



lg_contaninated with oil 94 floating thereon. The arrangenent -10,
which may conprise any of the previously nentioned enbodi nent's, such as a

bupdl ed ar {, mat arrangenent, etc. is positioned in ﬁégﬁcﬂs;oo%%. for
recovery of the sane. Recovered oil is collected in a boom 96, "a“section
of which is illustrated in the schematic draw ng. CGomruni cation between the

mat 10 and contai nment boom 94 is achie*é@ via a conduit 98. Numeral 100
represents a source of suction connected to the contai nment boom and
accordingly to mat 10 via conduit 98. This is an optional elenent and
woul d not be necessary if the arrangenenQ%lo i ncl uded a source of suction.

Finally, with respect to the choi of erial of which the fibers and/or
bundl es may be conposedgss g ssRed by those skilled in the art
that the fiber cpgposit he type of contam nant to be
col | ect ed. In-tht MAN Nfg / prteiarmei= : al will be selected such that

t he contam nant o) ' r Nt he properties of the fiber
wWith respect to lunmen s ey, external dianeter, pore size

or- surface characteri st ' F:"(:s

(‘4 <'2' F1G. 3




such as hydrophobicity of the fiber and/or pore. Al though the invention has
been descri.bed with respect to a specific enbodinent, it will be

appr eci at edwbyespérase skilled in the art that nunmerous nodifi ' be
made to the invention wthout departing fromthe spirit and ggyﬁ%%’ﬂ@iof.
WO 96/ 00119 : : PCT/ CA95/ 00377 20 | CLAI M
1. An arrangenent of fibers for recover?/n‘b an i nm sci bl e contam nant from
a liquid containing said contam nant to be recovered, characterized in that
sai d arrangenent of fibers cogprises,.a plurality of hollow fibers having

pores therein for gepbast --/'/i':-, ﬁ_am nant; said fijpd&s
/

connection to suct (0] ooy :
hol | ow fi bers. 2. e arr angenbJaf—3ay 1T
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4. The arrangenent as set forth in claim1, characterized in that said

fibers are arranged in intersecting relation. 5. The arrangenent as set
forth i'n cleod mbrigharacterized in that said intersecting fihepeaddifzr
arranged to forma mat. 6. @ The arrangenment as set forth in claiml,
characterized in that said fibers are arrgnged in a divergent pattern. 7.
The arrangenent as set forth in claim 1,3/2haracteri zed in that said fibers
are arranged in a parallel relationship to one another. 21 8. The
arrangenment as set fort®@&n claim5, characterized_i t said
i ntersection fibers are iR Qg hogonal relation. 9. The arrangenent as set |
forth in claiml, characterifed in that said plurélfNty of hollow fibers are
bundl ed to form i ndividual ules. 10. The arraghg nt set forth in
claim1, characterized &Qth ' ' rnal” di ameter from
"about 0.001 centineters (cm ¢ N cn.
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11.  The arrangement as set forth in claim 10, characterized in that said
fi bers have an internal dianeter from about 0.005 centineters (cm to about
1 gentinet 12. The arrangenent as set forth in clai Bde

char act eri?ggg@??hat said fibers have an internal dianeter frorﬁggogﬂg 0.01
centinmeters (cn) to about 0.2 centineters (cm. 13. A.contam nant recovery
system for recovering a contam nant in a&fbntaninated |iquid body
characterized in that said arrangenent of fibers conprises: an arrangenent
of hollow fibers having pores therein; suction neans in conmunication with
said fibers for drawi ng said contam nant through said pores; and storage
means for storing coll ected contam nant. 22 14. A recovery system as set
forth in claim 13, characterized in that said hollow fibers conprise

m cr opor ous hydrophobic fi bsré 15. A recovery systemas set forth in claim

13, characterized in that sai\d recovery syst@&is an oil
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re'acove.ry system for
16." A recgovery systemas set forth in claim 13,
system'is a s WheSEn il SRLEY ok | NC! y M

.nmeans for sal dnewémGmeneans and sai d st ol Sge neans.
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(54) Title:/€6NTAMINANT RECOVERY SYSTEM AND METHOD

(57) Abstract

There is disclosed a system for separating oil and
other immiscible contaminants from a liquid body contain-
ing the contaminants such as a water body. The system
includes the use of a plurality of microporous hollow fibers
(16, 18) which may be arranged in any number of arrange-
ments such as bundles, intersecting arrangements, divergent
Jatterns or in a mat-like arrangement or a combination of
the foregoing. The hollow fibers are in communication with
a source of suction (28) in order to draw the contaminant
via the pores into the fibers for subsequent storage in a suit-
able container (20, 22). By incorporating acceptable means
of density control a substantial amount of the hollow fiber
surface area may be exposed to the contaminant thus in-

creasing the extraction efficiency of the contaminant from the water body. The unit optionaily may be self-conmmed This system provides
a substantial advantage over existing arrangements in that extraction efficiency is greatly enhanced in any number of environments, -




contacting said fibers with said inmscible contam nate; collecting said-
contam nant under negative pressure with said fibers; and separating said
contam nant fromsaid water. 21. A nethod of recovering oil on a water® body
characterized in that said arrangenent of fibers conprises: providing an
arrangenment of hollow fibers having pores therein; positioning said. fibers
within said oil; drawing said oil into said fibers under negative pressure;
and recovering said oil. 22. The nmethod as set forth in claim 21,
characterized.in that said pores of sald fibers are substantlally
surrounded by said oi
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