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bons fromwater, including oil spills on open-water surfaces such as the
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accidents results in enornous arpueNEest. FiEebh financially to the shipping
and insurance industries and environnmentally. Many spill incidents occur in
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response t o Thieeccptinuingsindidempecbffail spilagenimto both marine dadinldhd wamact of
aspill is greatly increased by both _ bad weather and 15 del ayed response.
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This probl em can he sol v,e? | oyi ng 20 a systemthat allows for

. by e . . or .
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or oil-adsorbent, such as wood 25 chips, activated carbagn,” wool, cotton
bal | s, teassROHGgk sLhuh, & mangt frses, resRansatq Hiesspillis delayed for pnany bours or
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are | ess devel oped. Application of materials to oil have been largely
|i ni t eavater corditippss: (1) 30 spraying particles of the oil-sorbing material
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oi |l -1 oaded material, "l oss of the qil-I|oaded
as hazardous waste at high financial cost. This problem can be solved by employing
20 a system that allows for recycling, reclaiming, or low cost disposal.
Known systems for the clean-up of oil spilled on water fall into two categories:
(1) absorption or adsorption (sorbing) of the oil, or (2) skimming of the oil, typically
in conjunction with containment.
Many materials are known to be oil-absorbent or oil-adsorbent, such as wood
25 chips, activated carbon, wool, cotton balls, corn husks, duck feathers, and various
synthetic polymeric materials. A number of polymeric materials (polypropylene,
polyester, polyurethane, vinyl polymers, and others) are known to absorb or adsorb
crude or refined oil. Systems for applying these materials to oil spills are less
developed. Application of materials to oil have been largely limited to two types: (1)
30 spraying particles of the oil-sorbing material on the spill, or (2) placing the material
inside booms or other barriers that surround the spill. |
Either method creates severe collection problems for sorbent material in

particulate form, including sinking of the oil-loaded material, loss of the oil-loaded
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oil can be coll ected. Bo?m systens have a nunber, of designs, sone of 20

whi ch easignifisant ampyahof fag Eotbgng materipkisieithes belowithe wateglieg, er floating

AN e ; el al O bt
Cather Bpave SREPR, A SihEl RSO dRa i EHRSGR th BB Uk Brgd Lross) !
pr event sédorspf tHesé tppescaiedittait@rs teridsaiohiesgltdn prot¢it Ied-cuit pleetidmeson,

shoreline until it can be collected by nechani cal neans, tﬁépi.cal |y
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of sufficient boomresources. Al of these problens can delay response to
the spi betweaereeid ppddhe sethandmateripbmer systems do not work well in rough
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extrenely difficult if not inpossible. [If close to, shore, .
' 20 which employ oil sorbent materials in their construction. However, oil-sorbent

booms are not designed to sorb substantial amounts of oil, but rather are generally
used to retrieve a sheen or a small oil spill or to prevent the spill from expanding or
reaching a protected area such as a shoreline until it can be collected by mechanical
means, typically utilizing skimmers or oil-recovery boats.
25 Containment systems employing traditional booms have numerous problems.
‘Deployment of some booms requires specialized equipment, which can be slow and |
difficult. If the spill is large, surrounding the spill may not be possible due to lack of
sufficient boom resources. All of these problems can delay response to the spill.
Therefore, boom and skimmer systems do not work well in rough water or near
30 obstacles. '
| Delayed response to a spill results in a number of deleterious changes. A spill
spreads uncontrollably and rapidly to a thin layer on water (less than 1 mm in many

cases), making containment extremely difficult if not impossible. If close to shore,
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applying oil-absorbent or oil-adsorbent materials to an oil spill quickly and easily,

accurately, and with minimal disturbance of the environment.

20 - It is another object of the invention to provide methods and apparatus for
effectively containing water-borne oil spills, even under adverse conditions or near
shorelines, rocks, and reefs.

. It is another object of the invention to provide methods and apparatus for
ameliorating oil spills both by containment, such as within a barrier, and by entrap-

25 ping the oil in an oil-sorbent material.

It is another object of the invention to provide a means of improving the
collection of spilled oil. | '

It is another object of the invention to provide systems for controlling oil spills
in areas of a body of water that are remote from collection vessels or in areas where

30 shipping hazards or the oil itself prevent safe vessel operation, for later removal.

It is another object of the invention to provide collection systems that do not

need to rely on the presence of specialized boats or vessels but can work with them.
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It is another objective of the invention to provide systens for conmtrolting
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20 fishing boats or specialized collection boats can be used to retrieve the sacks, and the

collected material can be burned to capture the energy content of the oil or processed
to separate the oil from the copolymer. The inventive sacks can be used in conjunc-
tion with other, known containment or retrieval equipment, such as booms or
skimmers, if desired.

25 Thus, the inventive systems, devices, and methods can be used to pérmit (1)
easy and quick deployment of containment equipment, even if a spill is in an
inconvenient or distant location, (2) effective control of the spilled oil during any
delays in recovery, and (3) comparatively iﬁexpensive and easy collection of the oil
during the clean-izp stage. The system is specifically designed for rapid deployment

30 and efficiency in rough water. | |

Other aspects of the invention will be appreciated by those skilled in the art

after a reading of the detailed disclosure of the present invention below.
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BRI EF DESCRI PTI ON OF DRAW NGS Figure 1 is an illustration_show ng various ---
aspect s W@ 9%/3B03 nyenti ve system i n_use, part icularly depl & 8 S

retrieval techniques. Figure 2 is a perspective view of a preferred sack

used with the inventive 5 systens and nethods, depicted in a state beforé
the sack is deployed. Fi B F@E&M@%&E%dﬁ@%f a preferred sack

Fraure 4 s Genad barusRlein el fition REFS BF U Brdfify e oitm
woul d aﬂéég;arﬁédlﬁﬂyg%%?l@yﬁi@ﬁi afd reRfvalBichiniqud. Figure 5 is an

i sometric assenbly gram show ng the el ements_of the preferred sack of
Figure 2. FiBigwe® isagperspectivewiew ofrn ppefesred saclanged with the imventive

f d sack af Fj 5 . Fi 7] - sectj onal i f th |
per 1 it BiSterPs sRAGRBHIO Aepst HLE gy efbuf HESdR dsbiredd 05 i qure
I's a view of g Rbes ¢4 hSerdp¥ctive %iévﬂ“dfii‘@réfé@ré!@?@él@ﬁsé@k%ﬁﬁsﬂheoﬁﬁehﬁve

preferred sack’ of Figure 50 Figure 9 is a partially broken-away perspective
vi ew of system, beitnaoilldcappesrdrefore deplRymendi fi ed from the version of Figure

5. 20 Figure 10 is .3 perspective .view 0 pref er,red form of, copal.,yner
body used i nb%%epié? érﬁ‘éﬁf grggg-gegtpoﬁlg‘(}pg\g og_tg_e Sﬁ&@tﬂfffiﬁr? 2. 85 dtet"‘éf?‘ﬁ i ew
of a cr s ofFtd tBh redidpody, such the one shown in Figure 10.
Fi gure %éﬁles aé\ﬂb\ﬁl%}’ﬁ%ﬁpreeﬁrred enbodi mrent of apparatus used to coll ect
25 samks of Figuee§ i2-#n iSometuic ¥3sembly \diegrash showing theteélememts fofr thed
enbodi nent_ of the cégh:l ecti,on systemof Figure 12. Figure 14 is a side view
of a paPﬁ‘?f&ﬁ@dﬁﬁb m@d with the enbodi nents of Figures 12 and 13. 30
Figure 15 is lexvs t AT, i | f Eof
col l ection sy ellr% %Vfl Qflgi %Ergeﬂ%’. aFi guér.@ﬁ?%ﬁi ﬁgalgé%%adéfﬁn%%%ﬁgﬁﬁgnstﬁ of

col | ect Fggureder ati on used in connection with the collection systens of

Fi 13 15. . . . .
gures. o5:7igure 7 is a cross-sectional view of the perimeter of an embodiment of the

15 preferred sack of Figure 5.
Figure 8 is a view of a preferred wéy of attaching the webbing and mesh of the
preferred sack of Figure 5.
Figure 9 is a partially broken-away perspective view of an alternative
preferred sack, modified from the version of Figure 5.
20 Figure 10 is a perspective view of a preferred form of copolymer body used in
the preferred sacks of Fiéures 2-9.
Figure 11 is a detail view of a cross-section of the preferred body, such the one
shown in Figure 10.
Figure 12 is a view of a preferred embodiment of apparatus used to collect
25 sacks of Figures 2-9.
Figure 13 is a view of an alternative preferred embodiment of the collection
system of Figure 12. '
Figure 14 is a side view of a paravane asserhbly used with the embodiments of
Figures 12 and 13. '
30 Figure 15 is a view of another alternative preferred embodiment of the
collection system of Figure 13.
Figure 16 is a view of a subsequent collection operation used in connection
with the collection systems of Figures 13 or 15.
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Common nunerals are used.in the .several “figures-toindicate simlar
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Al 't hougm@&ﬂﬁﬂ ates. application of .sacks 10 from fishing boat 20,
it -is also sible.to . carry a.quanrfity of sacks 10 aboar n oi) tanker or
“other vessel Hiabre CBRHTAES droilFen 4 shrendsRlo B AR e Sk an RS
prec alig LANREYrdBReUrRh B inventiEhgkfcﬂldingf i ?(la&kn tmpa of tRETRGENBYe %léﬁ%é@»,

bei ng "dropped tfrom helicopter 30 on a di rt of the spil

. e
abi | i t y referdntéd es sadks ¥hcKe simpplify the epplication, amipibier ftdifferent ddtiyities
pl anes, or |n bales.froml er,carqgo planes, peryts .e rapid response
Do o opidiF shewanin Peuie 1s plthBtel 1Aptactis fadty BF osear titien Biey WG wiahe
that m‘ﬂtddiﬁfér&ﬁzﬁfx%‘& 110 dFEYeRR UBcdtioni0aln FiHER BSa nlinbéNof Sadks IPate
reefs or other obstacles, 25 in shallow water, or in the mddle of a |large

spi | | . Atiosyn being apmiedotoeam o sipill.s The equtainers age cigsignedi for ease application
| ocati.ons or _on .rough,seas. Al.so, air,deli all ows..appli,catioon ta a
speci MBCraRCHORNG HAHGERS 1 Fhibn At ShRB A Hie otb QY TR (LopE Aoyt 2s
sea- bor ng, Lt e ﬁgﬂt G_FF@H@- 1.%&9??1‘ Bigaret ?Hust?&t@@'ag}sli:&&ﬁénb!ﬂ%aﬂ@i@r

or | eading edge of spi 17 often containS 90% of the total oil in 10% of

t he geodiremhfishingtbwat 265 i3 alsmepopsible toTteary acquaritity of sekks 10 aboerdagyoil o
depl oy al s ermts the S api ossible form of. sponse., .nanel
ol | ver yiaRkehoT AEheryerseines Rl S whidvn SRl Bighf SirARp et A4 3 o
syst ens ﬁﬁégﬁﬁﬁ&ﬁé&'yrlﬁﬂbﬁdr@. conpl ex, specialized equi pnment run

20 Figure 1 also shows a number of sacks 10 being dropped from helicopter 30 on

a different part of the spill. The ability to deliver the sacks by air, such as from

helicopters or light planes, or in bales from larger cargo planes, permits more rapid

response to a spill; even if the spill is in a distant location or in a location that would

be hazardous to approach by boat, such as in high seas, near reefs or other obstacles,

25 in shallow water, or in the middle of a large spill. After all, open-ocean spills
frequently occur in inconvenient locations or on rough seas. Also, air deIivei'y allows .

application to a specific area of a large spill, which would be impossible for known

sea-borne application methods. One specific area, usually near the center or leading

edge of a spill, often contains 90% of the total oil in 10% of the geographic extent of

30 the spill.
| The fact that sacks 10 are easy to deploy also permits the most rapid possible
- form of response, namely delivery from the very tanker that has caused a spill.

Known spill-control systems typically require complex, specialized equipment run
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by well-trained crews, and- cannot -be--readily depl oyed from tanl%zqrg The

i nvent | WO 880303ery system by cont rast, i s sinple enough FOI/hE S?soyed by
tanker workers who are not skilled in handling spills, and inexpensive _
enough to be carried aboard tankers. It is not |likely that an on-board
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{he. vol KRBV dBF adtasamrenCa Renloaid: wid bSedigh gt diomive, Sk glto

L housangs, gheliffaté Bo&R nbAkdifa AP birbBoRETY A RpIoMATNt . each sack

10 may heasure at | east several across and contain“froma few
ki | ogoasa Cit STRUSTURE hat can entrap oil to many tens 20 of kil ograns.

Al t hough larger sizes ar l.so.syitabl e, ,sacks,10 that asyre | ess than a
met er ac_rossg’rgé‘%s g%‘??‘fﬂi\ﬁl}ﬁf%@#ﬁpr §E’§ﬁl_s"é“§?d{'ﬂ%méé’sféa “frandl i ng and
flexibility g &Qgieg?@}?mgﬂt, s4eks 10 Whe bHithb Qtflb? comphct §f&_§§§,ﬁ?§}[éée)ﬁ i?{)ﬁh%aCkS

10 can be deploye n-an orl spill, as densely as“econom possi bl e.
Howev er cross-sectiqur of ehe preferred| dmbodimenthef Figane Sheachasdck 10 i enlyiphrtiadiyr
comng ipto contgct with each,o o, WRich 25 increggses the chances that .
the. o s S et ARPTOSRRAIEY AOTINhiBE ORBEe! Hi Srcksontpi materia
al t erjgaplY e UhAdL BN EASCHR RILDA ORI Bt dHefvidas &aga,ihgragsgiof RS, @
ont'1 nuou$ . rgure 3

boom “no "gaps. wou e present, to forma arrier
shows airnto asseltm¢ nuchomatier sha thevblhime dicrgpiestiby thefsackeviver it is fully

encapsu] ati ng gopol yner.. en depl pyed on opep-water.surface 50, however,
sack 3ou%iﬁt%sf.p§ﬁﬁ§%&%tq$§9?%§§e§%@sgﬁﬁ%@;ﬁlﬁsc %% in the cross-section
of Figure 4. ' ' I ' er
than Che voi lié BRAFTEdbobieht) dathYack A MRyl Sl 401ARE BREwal Thet
entrap atrossrand congainSeomppfew kilbgedms o material that can entrap oil to many tens

20 of kilograms. Although larger sizes are also suitable, sacks 10 that measure less than
a meter across have been found useful because of the ease of handling and flexibility
of application. As shown in Figure 1, a large quantity of sacks 10 can be deployed on
an oil spill, as densely as economically possible. However, it is preferred to allow
gaps between the sacks, to avoid their coming into contact with each other, which

25 increases the chances that the oil will pass into contact with unused sorbent material.
(In an alternative embodiment discussed below, where the sacks are formed into a
boom, no gaps would be present, to form a continuous barrier.)

Figure 3 shows a cross-section of one such sack holding bodies of the oil-
encapsulating copolymer. When deployed on open-water surface 50, however, sack

30 10 expands to a flat, pancake shape, as shown in the cross-section of Figure 4. In that
shape, the interior volume of sack 10 becomes smaller than the volume of the same
sack in Figure 3, so the material that can entrap oil may comprise approximately 80-
85% of the volume, in a layer that -is a few inches thick.



85% of the volune, in a layer that is a few inches thick. WO 98/ 30303
PCT/ US98/ 00385 -8- It has been found that sacks 10, when dropped dnto open

“—Weit &F “ 5GyowiBe3osiui ckly expand into the configuration showeCrusss/epIss 4,
because of the inpact of the sack amd-<stibsequent wave action. Thus, sack 10
I's designed to permt the material inside to spread out -across the area-
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such as 10 Dbggks 1003 Mt ohth€ BhHARPEAHIGAREand BIllBRIindGhA toniBlt WA 15

copolymer material are specifie w. An optional featuPe own 1n kgure
2 is ongh@materiel éorapined sidesdcks 10wili becorhe enteapprideby ahose camatiymetd. at

~the level ~of ‘the water-line. That feature_assists in_enguring that sacks 10
have hi Becauss the qow?mer ﬁgatsnafbﬁi@é@«%iqbe@ w‘queltwﬁf ROt hpeRsme WaleTer

obj ec suc Y/ | : e 20
buoya&@ 1%55,;?@ n?gh%ig)%génﬁ)%?? g?gti %%Eéﬁg i %%?ﬁgﬂga%sé lf%{r%?ug rié g?hégggnAé#gt her
opt i onakuffagé bf wradér forak 1Bt severabwekks, landi werhaps imddfirdtelF Oithoue birddnghown
schematically in Figure_4, which ca‘gbem't a constant signal of pre-defined

; .0 .wnl €
_char act seleasingshe vilaar allowing itdgemualsifyhose used in scientific research to

tag birds or i S Y t i L velyy,
nuneral 100 can %L%Xrﬁ?irg%téa}&ga*c%%% tEliﬁa‘: ar-esg’ﬁsoﬁéi %/ogmr'fae%uedrﬂi %ﬁe%uéé\ié%gy '
| ocat i oghaRye eslokPSudans frebhick, pitempbil inentrapped thereirk s Flbthich aletditef the -

fl oated beyond the extent of ,_hg spill or otherwi se been lost. Also, in
casesl‘-i/i,iﬁfépél}@a%ﬂ(%\amléiraéeépﬁﬁéé belp¥. renote |ocation by air, |ocation

device 100 c ' Cfil SRk W ] '

gui dance, ol FONCROCPEL aRte sRAPRIBRENS, 2 8 Bhe qrliblk PROYARPUARHATSD.

avoi d i Radrerd SRt tteaRil lof Backs1®at Hee kevebof e Whterdind. | That feature assists in
ensuring that sacks 10 have high visibility during prolonged periods on the spill.
Also if other objects, such as a heavy type of cable, is attached to the sacks 10, the

20 buoyant elements 110 can assist in helping the sacks remain afloat.

Another optional feature of sack 10 is a small radio transmitter 100, such as
shown schematically in Figure 4, which can emit a constant signal of pre-defined
characteristics. Transmitters such as those used in scientific research to tag birds or
animals are of one type that may be suitable. Alternatively, numeral 100 can

25 comprise a patch of radar-sensitive material. |
| Such a location device 100 can permit prompt location of sacks 10 that have
floated beyond the extent of the spill or otherwise been lost. Also, in cases where
sacks 10 are dropped in a remote location by air, loca;cion device 100 can provide
boats approaching a spill with easy navigational guidance, allowing recovery boats
30 to locate the spill and other boats to avoid inadvertently sailing into the midst of the
spill. | | |
Figure 5 shows more details of the basics of a preferred embodiment of one of
the sacks 10. |



Figure 5 shows nore details of the basics of a preferred enbodi nent of one
- of the sacks 10. WO 98/ 30303
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t he wever, be sufficient non- porous to con

encaps Waain@@pm@bﬂvee eighths ef an lifich has begrofouret most mﬁablpﬁpafticeﬂlaﬂy forv ar e
used, even sac ter| al having high porosity will be able to contain the
absor b&i§e ORFTHEE wi t hout | eakage. Thus, |arger bodies have the
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advant ageous i n hel p| ng sacH\_é_uéO I :i\ flat on the ter, while also 25
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| at eralfomdisambmgwﬂneséifnelbatnut aueleanil.i ng burstl ng from concentrations of
rticul ar point e of dual l|ayers also

S'r ormt es- t hd Wb aEaL 0 e P s, HB’rS;Subﬁthf cigntly slosuEOBMS KAtk as
opposeqhé en@ i aing doP oW rer 'Haltbh. C f HRVEPAYHANR BEHISE pecified below are
used, even sack material having high porosity will be able to contain the absorbent
20 material without leakage. Thus, larger bodies have the additional advantage of
promoting the desirable'goal of using high-porosity sack material, which permits

better passage of oil.

_ Forming the outer material of sack 10 from two layers 200, 210 sewn together
is particularly advantageous in helping sack 10 lay flat on the water, while also
25 reducing the chance that the sack will fold over onto itself, which is undesirable
because it limits the extent of sack 10. The flat configuration further assists in
distributing the weight of the sack across its entire lateral extent, which helps in
preventing bursting from concentrations of oil-filled copolymer at any particular
point. The use of dual layers also promotes the wave action of the water helping to
30 spread out the sack, as opposed to ordinary designs, in which wave action causes
problems. Thus, use of the inventive system permits improved collection in actual

conditions encountered in real oil spills.



probl ems. Thus, use of the inventive systempermts inproved collectionin
actual conditions encountered in real oil-spills:; — W98/ 30303 7
PCT/ USO@i08383030ut si de of |ayers 200, 210 are two webs 226CT/098/00385nmed of
1.5 inch wide pol yester webbing. Mxtlé+al with a yarn count of 1,300 per
I nch and a breaking point of 4,000 pounds has been found nore than :
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narrow, to increase thHe encounter rate of the copolymer 1n still-water
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can be | LN -&CE& I KOO
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230 hasthe copolyris? irastillewiates eofditionsir Bagimaliex sadkse twwesindy podypiop ydenee .
Cap 236 tes wth peck . 232, .either with bolts and nuts 238, .as sho or
t hr odBHVE BeMith Peeaking Poiat ogﬁfw@” PORRS Fanbe Bt o WSRbiTE H&gﬁ\.ﬂﬁye 80
is for .. 1n the depicted enbodinent, integrally with cap 236. 30

Shown i Figure 2 are optional floats 110, which can also be attached near

the ends of ¥ldesiredpéusingfrecavery? dechbbiivg oingsi240; 256 caw badbokedi toi pieklup

buoyancy.
Y syacks 10.

The members of web 220 are sewn so as to leave an opening for the neck of

20 flange 230, which can be made of hard plastic dip-molded material such as PVC. The
base of flange 230 is attached between web 220 and layer 200, such as by sewing
directly through the material of the plastic. Flange 230 is used as a port through
which the copolymer material can be inserted into sack 10. The erect shape of the
flange helps during retrieval.

25 A closer view of flange 230 is shown in Figure 6. Flange 230 has a neck 232
and a base 234, through which the sewing can be done. Cap 236 mates with neck
232, either with bolts and nuts 238, as shown, or through internal screw threads, not
shown, or a combination of both. Eye 80 is formed, in the depicted embodiment,
integrally with cap 236. _ _

30 Shown in Figure 2 are optional floats 110, which can also be attached near the

- ends of the members of webs 220, 225 of Figure 5 to add additional buoyancy.
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I nternal dividers.(not shown) can optionally-be-used to furthér assist in
prevent iwi@98@®0%ul ati on of copol ymer qmterial at certain FEFHEBREBER col ors
can be used on the webbing or ringS§t'o Tacilitate |ocation of sacks 10
during retrieval. Wbbing rings 240, 250 can also be fornmed of a single "
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of thi s mentof snwliipi¢ satks 1§ togethgr. Whem sooattachesh saeks 10ican berused adimg
edge of ,the i1l. . I n.addition bl e-wi dt h. or w der bo can be, . '
cont | gubeata Sabiruty TR SRP Rl e Bk finky MP Sl SRR ARbiiaded o
rows. N%gsis@in #bdng in0GyBRK Bndrblridiag Rd O WAREHANNBSE 3REsO6n Thé .
by spreading the oit alross the width of the 25 boom By contrast, wave

action sackel® the effectiveness of prior art boons, including nost with a
"skirt" t, £ , £ thi t I d

shor el nos. CAIPEER FESHS TR e HeRRg S0R 107 paER e BRuriBns vt  ne
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n a preferred enbodi'ment, the nmenbers of webs 220, 225 are
at t achedaomn tusageo Whemsschused,| thedpeorn(in, acroodasiewiith the byvention actsias s
are prefgrably ot ent o L BEaRRTE ShrR bR ARl th AR, Hltne
largest spills, the connected sacks can form a boom extending up to half a mile or so

20 in length and holding up to 50,000 pounds of sorbent material. A boom of this sort is
particularly. useful to deploy in contact with the leading edge of the spill. In
addition, double-width or wider booms can be configured easily by hooking
additional rectangles together in multiple rows. Natural wave action works with
such booms to prevent escape of oil, by spreading the oil across the width of the

25 boom. By contrast, wave action hampers the effectiveness of prior art booms,
including most with a “skirt” arrangement.

Also, booms of this sort can be deployed near shorelines, to prevent oil from
reaching land, or directly on the shoreline at water’s edge, to filter oil moving on
shore or as oil returns to the water. '

30 In a preferred embodiment, the members of webs 220, 225 are attached to the
woven mesh of layers 200, 210. | Specifically, the members are preferably oriented in
the same direction as the major axes of the diamond-shaped holes formed by the

mesh, which is usually perpendicular to the warp of the woven material of webs 220,



mesh, which is usually perpendicular to the warp of the woven material of

_ webs_220, WD 98/30303 .

PCT/ US9848®886303 12- 225. Thi s 'preferred configuration i s Poayos9s03ssgure 8.
When sack 10 is picked up during resfiZ2val with eye 80, the weight of the
oil-filled bodies opposing the tension on the webbi ng nenbers causes nesh
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effectiveness. of the..system It al so causes the copol yner bodies to
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arrangenments. Al so, 20 when the material beconmes concentrated in a pile,

the contlinitsithe fendgnay efreisack: ) todiolg antasiteslf, iwiichenanrriediice &ne effettiviuhess

preventi themfro ncaunterjng the oil. 7The, cgnstructign progduces,th
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pul | the ri er yadi,ally_ inward., The.flat profile..af,sacks. 10 therefore
spreads 'E_ t‘? 2yl jsl?ﬁalﬁﬂ%e §5€&F_®%Ph%?%ﬁpﬁea' MRS AV RS REFME, et?‘b‘irl?ef‘gr
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20 when the material becomes concentrated in a pile, the container can sink and interior

parts of the material can be hidden, preventing them from encountering the oil.
The construction produces the flat profile in part for the following reasons:
Webbing rings 240, 250 help flatten the profile of sack 10 by providing a stiff
- perimeter member. Also, in the circular arrangement, each segment of rings 240, 250
25 form a kind of an arch, creating tension that resists any tendency of webs 220, 225 to
pull the perimeter radially inward.

* The flat profile of sacks 10 therefore spreads the oil-absorbent copolymer
material into an optimal position for encountering the oil; that is, in a flat layer on the
surface of the water. The encounter rate of the sorbent material with the oil is vastly

30 improved with the arrangement shown, as opposed to known containers.
The arrangement of the sacks 10 combines with the natural buoyancy of the
copolymer bodies to allow sacks 10 to remain afloat on the surface of the water for

long periods of time, such as weeks or months or more. In one test, sacks remained



copolymer bodies to allow sacks 10 to remain afloat on the surface of the
water for |ong periods of tine, such as weeks or nonths or nore. In one
test’ Tsawo9s3e3ndi ned WD. 98/ 30303 PCT/US98/00385

PCT/ US98100385 - 13- afloat and effettldefor 16 weeks. Even over such .
extended tine periods, the sacks 10 will hold the material in a flat sheet
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shown in Figure 9. The Figure 9 version is particularl useful in
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dianetric straps (see Figure 5), sack 10 of Figure 9 includes rop

224 posid carngitgaveighs ofiebodt 2visgr dfcoithoaitsd copplymezbpdiesoss sack 10 on top
f | ayer 200,. whi 24 K ' [ 20 di ti

bel ow | ayer Aitbe thesachat B Rede sk of Mgufe S ineiiaRs ah Meshgasess b,
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repl ace ess expernsive cloth-col l'ar 250, as nmade of a 200- Deni er
nyl on dusyohatings 240250k (s¢edfigure bprthesack ofEignre § udes & tipgn@éhmaalecof 200,

while the ot her end is folded. over itself. and,.se form ng a passagewa
i oudh Sinelerbiecs PmatesaL 43 in Hises 4Gt Bigine 3, fornad koes donelh Sidcany
used to L R%8e b ' H{éghz,%gyL ' f sack 10
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Dol ST e o 2, ol ek ol b 220 MRSt Bl heaer 6F gEsR e
In mesh 33y &ls¢88ck 10 on top of layer 200, while ropes 224 cross sack 10 in an opposing
20 direction below layer 210. The ends of ropes 222, 224 are attached to ring 245.

In sack 10 of Figure 9, ring 80 and fill tube 230 (see Figure 6) have been
replaced by a less expensive cloth collar 250, such as made of a 200-Denier nylon
duck fabric. One end of collar 250 is sewn to the top mesh layer 200, while the other
end is folded over itself and sewn, forming a passageway through which a draw-

25 string 255 passes. _ . |

Cloth collar 250 can also be used to replace ring 80 and fill tube 230 in the
embodiment of sack 10 shown in Figures 5 and 6. If it is desired to have a pick-up
ring, such as ring 80 in that embodiment, a metal ﬁng (not shown) can be affixed to
the point where the radial members of web 220 meet at the center of mesh layer 200,

30 and cloth collar 250 can be located at any other convenient place in mesh layer 200.
Alternatively, the radial members of web 220 can be attached to the sack 10 except at

the very center of layer 200. The central ends of those radial members can be



Alternatively, the radial nmenbers of web 220 can be attached to the sack 10 _
except at the very center of l|layer 200. The central- ends of "thosSe radi al
menber swoeus/so®s WO 98/ 30303  PCT/US98/00385

PCT/ US98/ 00385 - 14- gat hered togettrdd-and attached to a metal ring, and
cloth collar 250 can be affixed to the center of mesh | ayer 200, just bel ow
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B s e
- propyl ener is" rena-isopeenestyeedny (“S58")pr opyl ene di ene mononer ("EPDM') have
been found sw tabl e. The der ev s forngd bodi,es 300 from crunbling
whi | 85 bei ng IRhBrefgrTed eﬂ\goa P fnsmeaf Ryaeasaance Witk fapref GU&ﬁtPWe%ﬁ
L 2 L Ol e s et o IR
a surf aagteridt In thavenhlbddienets raredaeporcis IBEwithaabowut 30% styrene has been
found suitable, when sifted to retain particles in the range of sizes between 4 and 20
mesh. Preferably, the SBS product is manufactured without talc, contrary to the
20 standard manufacturing process, to enhance inter-granular bonding in the formed
body.

The binder material is a compliant or flexible, hydrophobic, olefinic polymer
material in a granular form and having a melting point lower than that of the oil-
absorbent copolymer. Polyolefin thermoplastic elastomers, such as ethyléne

25 propylené (“EP”) rubber or ethylene propylene diene monomer (“EPDM”) have been
found suitable. The binder prevents formed bodies 300 from crumbling while being
handled in dry form, yet also absorbs a certain quantity of oil, although perhaps not
as fast as SBS.

An optionally third component of bodies 300 is a rigid, inert, smooth, thin

30 flake of a material that has a surface that is wettable with respect to hydrocarbons.
Any such material can be used, including mica, metal, or polymers, but -
polymethylpentene (“PMP”) is a primary example. Alternative examples include .
polyethylene-terephthalate (“PET”), metallized polycarbonate, and



Any such material can be used, including mca, netal,, or polyners, but
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20 sporadically, in a large body, the center material largely remains unused.

A preferred embodiment that solves this dilemma uses a generally tube shape
for bodies 300: For example, a cylinder with an outer diameter from about two to
five centimeters has an hole about one to two centimeters in diameter along the
longitudinal axis, resulting in a body 300 that has all of its material less than about a

25 centimeter or two from the nearest surface. _

The relatively large inner hole allows water and oil to pass through and
between the bodies 300 easily, thereby improving the chances of oil encountering a
copolymer surface. Also, removal of material from the center of body 300 reduces
the amount of material in each body, without significantly reducing the quantity of

- 30 oil absorbed, which further impioves the quantity of oil entrapped per unit quantity
of copolymer. _ . o '

Multiple holes parallel to the cy}inder’s axis can be used in addition to the

axial hole or instead of it. For example, in one arrangement (not shown) three holes
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of copolyner. Miultiple holes parallel to the cylinder's axis can be used in
addition to the axial hole or instead of it. For exanple, in one ~ '
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body, because regular-shaped bodies can become arranged in a more fitted-together

fashion, reducing the quantity of interstitial space, which thereby lowers the
20 encounter rate. i |

The generally cylindrical exterior 310 of bodies 300 is preferred, as it reduces
the area of contact between adjacent bodies 300. The pressure from many bodies 300
in sack 10 and the softness of the constituent materials tends to meld bodies 300
together, with the consequential tendency to lower the encounter rate. A reduced

25 contact area counters this undesired effect.

Another undesired effect is called “matting” or “gel blocking,” in which the
first quantity of absorbed oil combines with an outer layer of grains in body 300 to
form a barrier, preventing unabsorbed oil from continuing into the part to reach
inner layers of grains and be absorbed thereby. |

30 To increase the surface area of the bodies.300, consequently permitting faster
oil absorption and less gel blocking, without increasing the distance from surface to
center, it is desirable to have inner and outer surfaces 310 and 320 roughened

somewhat. The same is true of end surfaces 350 and 360. The preferred process of
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fragmnhaéﬁmr . dry or after absorbing oil. For exanple, copolyner
bodies wth a bulk density in the preferred range have enough

i nt er - gr anul Thevlilks deositkrof theireseliing bedyaise controlled: iadsa ;totﬂmghgelt
the thi ﬁfo%ifr?g.OWRR%g Spr?éPe(%rgﬁ B%?lgtdeﬁgﬂ)sl,i % $88 rgr;[u'cx)ulfezsilirll BRALS 300 are also
less likely to clump to each other when soaked with oil, which also improves
20 sorbency. Similarly, the SBS grain sizes identified above are selected to avoid gel
blocking from either overly large chunks or agglomerated small-diameter, powdery
particles.

. With the preferred materials discussed above, bulk density greater than 0.75
g/cc tend to prevent the oil from entering the bodies, while bulk density smaller than
25 0.45 g/cc cause the bodies to fragment, either when dry or after absorbing oil. For
example, copolymer bodies with a bulk density in the preferred range have enough
inter-granular voids o permit oil to penetrate substantially throughout the thickness

of bodies 300 without causing them to fall apaft. '
Bodies 300 formed in accordance with Figures 10 and 11 can alternatively be
30 used as oil-absorbent filters, such as in a cartridge or around a pipe or shaft. In this
| usage, because bodies 300 are physically held in position rather than floating, the
length relative to the outer diameter is not critical and may be altered as needed.

Similarly, the central hole may not be necessary.



Bodi es 300 formed in accordance with Figures 10 and 11 can alternatively be
30 used as oil-absorbent filters, such as in a cartridge or aroiund a pipe

or shaf twoloss3edess usage, because bodi es~300 are physical | yOrars$snessposi ti on
rather than floating, the length re+t38ive to the outer dianmeter is not
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be necessary : : : .
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sion process. SBS and EPDM(granuI es are placed in the hopper of an extruder
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ext r usi gredhepder adsehtly fwithpliedantagingdtietphysicil stihgdtarabf Yhe GBS He@RBiyNY
105 F.. In the barrel of the extruder, the EPDM qui ckly beconme plasticized,

as a redegradingithat matedaks aksorbancyye dhawild diaving anumhenof cireulers cavitiasd
barrel in_conbinpation. 25 The ' screw nmixes the plasticized EPDM
and thecﬁﬁﬁﬁﬂsgg%‘é@‘iﬁd}‘%ﬁ‘%r §g%¢j@§§0@£%\'ﬂ surroundi ng SBS granul es.
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softeni ng process occurs quite rapidly in"the
sion process. SBS and EPDM granules are placed in the hopper of an extruder of

conventional design, for example, a two-inch Bonnot lab extruder with a hot-water
20 external barrel heater. The extruder heats the granular material toa temperature not
exceeding 120° F., far below normal extrusion temperatures for plastic products, and
preferably not exceeding 105° F. '
. In the barrel of the extruder, the EPDM quickly become plasticized, as a result
of heat, pressure, and mechanical agitation by the screw and barrel in combination.
25 The extruder’s screw mixes the plasticized EPDM and the unmelted SBS, forming a
matrix of EPDM surrounding SBS granules. Because the SBS is not melted, some air
bubbles remain in the mixture. The softening process occurs quite rapidly in the
extruder, permitting very short dwell times (such as less than one minute), which
permits rapid manufacturing. ' |
30 The partially plasticized composite material is pressed through a circular die
with a central rod or mandrel, to form the cylindrical structure with the axial hole

shown in Figure 10. In one example, a four-inch long die was used.
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bodies 300 and to reduce the incidence of gel blocking, permitting continued
absorption.
In bodies 300 formed according to the preferred method, any reduction in
20 absorbency caused by the binder (compared to a body composed exclusively of
higher-absorbent material, such as SBS) is more than offset by the increase rates of
contact between oil and SBS caused by the fissuring and rough external texture and
the reduced tendency to premature gelation.
SACK COLLECTION
25 Figure 1 also shows techniques of recovering sacks 10 after the copolymer
bodies have been soaked with oil. Because the sacks float and stabilize the oil in self-
contained and self-sustaining sacks, special equipment is not needed to collect the
oil. For example, Figure 1 shows an ordinary fishing trawler 20 using its net to scoop
up quantities of oil-logged sacks 10. Although it is not required, the use of the
30 inventive system does not preclude the utilization of more sophisticated collection
boats, such as scoop boats or high-speed oil response vessels, such as known in the
art. For example, if a large spill is contained in the vicinity of a base for such

equipment, it may be advantageous to use such boats to collect sacks 10 at the same
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20 gather sacks 10 containing spilled oil more expediently in certain sea conditions. The

Linductor system as marketed and if mounted on an appropriate vessel, such as a
barge, is capable of picking up sacks up to three feet in diameter, but modifications
can be made to allow pickup of larger sacks and conveyance on a smaller vessel.
Such a modified VACT system 420 is depicted in Figure 12, including
25 receiving tank 422, widened intake pipe 424, turret assembly 426, power and
induction fan unit 426, and outlet pipe 428. Turret assembly 426 rotates to permit
intake pipe 424 to be moved to any desired location next to the bow of boat 400. Itis
possible to configure a VACT system to use two intake pipes, one on either side of
the bow (not shown). Outlet pipe 428 is optional, because sacks 10 can be retained in
30 receiving tank or bladder 422, or an interior connection (not shown) at the bottom of
* tank 422 can allow sacks 10 to drop into a hold of boat 400, or an outlet ramp (not
shown) on a side of tank 422 can allow sacks 10 to exit tank 422 and accumulate in an

adjacent pile. In the configuration depicted in Figure 12, however, sacks 10 are
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414. Although paravanes 410 are depicted as being supported by boat 400, they can

20 alternatively be mounted on one or a chain of sleds, similar to sled 430, towed along
the side of or behind powered boat 400. '

In the collection methods depicted in Figures 13 and 15, after a quantity of

sacks 10 are tied into a string, the line 440 can be cut and the chain of sacks released

to allow it to float in the water. Then, a workboat can assemble a number of strings

25 together and attach an anchor or buoy 480 to the group of strings, preferably by

attaching it to the middle of each string, forming a streamer-like arrangement 460,

shown in Figure 16. Anchor or buoy 480 can support a radio transmitter-like element

or radar-sensitive patch 100 in Figure 4, for ease of later location, insteac.l of that

element being on each sack 10. Streamers 460 can remain afloat until a collection

30 boat or towed sled 470 attaches a line to anchor or buoy 480 and pulls the assembly

aboard. Once loaded, sled 470 with its chains of sacks 10 can be towed to shore with

barges.
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all other components of the sacks 10 that can be burned, to reduce the quantity of
* solid waste or air-borne pollution. The preferred materials specified in this descrip-
20 tion are so suited. Another recycling use for oil-logged copolymers is in road
building.

Also, it is possible to remove the oil from the copolymer using various
processes, to allow recycling of the oil with no remaining hazardous material (or
possibly reuse of the copolymer prbduct in sacks 10). For example, a fully automated

25 process for extraction of refined oil from the copolymer bodies has been deireloped
within a reactor unit originally formed to break down scrap tire chips into the
resalable commodities of scrap steel, carbon black, and refined oil. The reactor heats
the oil-soaked copoiymer bodies in a sealed environment to break down the molecu-
lar structure of the copolymers. Such a reactor is a modification of a scrap-tire

30 reactor commercially available from Tire Recycling Technologies Corporation of
Albugquerque, New Mexico, called the TRTM-60 tire decomposition machine.

Certain modifications to the TRTM-60 can allow it to work on oil-soaked

copolymer bodies, at a reasonable cost: (1) because of the salt content, a higher-grade
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Cool i ng domveyor has a perforated top to vent gases produced during the process. A vertical
" 20 stainless steel plenum welded to each conveyor provides a means to collect these
process gases. The gases are “pulied” off the top of the plenum by a turbine pump.
The gas is then filtered to remove residue carried over from the reactor unit. The
gases, consisting mostly of vaporized fuel 6ils, are then pumped through two
separate condensing stages that are a water-cooled heat exchanger. Cooling is
25 provided via an air-cooled process chiller with a circulating pumping system. Non-
condensable gases are collected and recycled as the fuel medium for the burners,
which can be used to maintain the temperature in the reactor unit or to power an

electric generator, or can be discharged to a flare and burned.

Oil-soaked copolymer material processed in this fashion can yield much of the
30 output as liquid hydrocarbons. Indeed, some of the resulting liciuid consists. of
styrene, which if separated by distillation, is five to ten times more valuable than
crude oil, and can improve the recycling economics. An additional portion of the

total output consists of gaseous hydrocarbons, which can be further processed to a



25 provided via an air-cool ed process chiller with a circulating punping.
system Non--.condensabl e -gases-are-—-collected and-recycl ed as the fuel

medi um fypd of/Bgdedur ners, which can be used to nmaintain theptgmges/iaisss e i n
the reactor unit or to power an el eeRdie generator, or can be discharged to
a flare and burned. QO -soaked copol yner material processed in this fashion

¢aoult GG A miRGpERnatiaithe Bed oMl MARBRZRINTor UG RimE RPRSY, | "°

is fiveybpah8theri pm&twmrgenmltedtﬂrmﬂ tanethylelee edIng oanredts; adnisises of a wasy
recycl i ng econgomcs. An addltlong portion of the toi% out ut consi sts of
gaseoussolidiresidue shat h mqmn@aﬁa applisatiagr apa deeds stogkider gh erm refinenen3s

PCT/ US9 re that can be used as cl ean- bur ni ng
f uel EﬁgﬁﬁsiéeééPahg %@% £§nother portion, generated fromthe
et hyl Esne CONpdei tr@qns'teﬁhenafasaaeeﬂ@esaﬂbed witls refegerideab dpeeifirosmBodi-al

application as a feed _stock for chem cal refineries. timally, virtually”
no char merits, many mnoqtl ications| am@ (Npriatiens Weﬁ“qhoﬂmh?g imesws gascbemadei t h

Cuch onbOE AP Arang T e TP UG pPR, REs R ARG RY O o

di scl osgghseBMilled i the attithat altenttive fob@santkémbediments'sf fietinvBation can

alternative forns and enbodi ments of the invention can be devi sed without
depar t i hg devisedi withept deparking fsenyits spiritapd scopal Vs W claim 1. A
conposition of matter conprising styrene-butadi ene-styrene, predoninately
in the formof granul es, enbedded in an ethyl ene propyl ene diene 5
nmononer..matri x. 2. The conposi-ti-on of claim 1l substantially consisting of
styrene-but adi ene- styrene and et hyl ene propyl ene di ene nmononer..3... The
conposition of claim2 consisting of styrene-butadi ene-styrene and et hyl ene
propyl ene di ene nononer. 10 4. The conposition of claim3 wherein
t he et hyl ene propyl ene di ene :




nononer is in the range of about 10-30% by weight. 5. The conposition of
claim l.wherein the stﬂirene but adlene -styrene is about 30% styrene. 6. A

devi ceWovsmbaeruM“ a solid, conpliant b®GFUSIHMIBEed 15
of styrene-butad i-rately in the formof a nultitude of
granul es, and et hyI ehe propy ene d| ene nononer, predomnately in the form
of a nultitude of granules, bound ¢pagifer. 7. The device of claim
wherein the body substanti al | y consisting of styrenepTHISISHEET $iABrBEEN hnd
et hyl Weclpimpy| ene di ene m)norrer 20 8. The}devi CRER)_fACEbaI m 7

wherein th body consi sts of ne- but adi ene- s € ang—eth re—
propyl ene 31 eneht ﬁtg SRXNPEE S %’Ir%ﬁ‘?nhéga ""“?ﬁ’rﬁﬂ%égahyl ene
propy jrrgg\}ﬁafgnéﬁohan{é}e range of about 10-30% by weight. 10. The
devi cgﬁ-@?ﬂgégﬁr% erein the styrene-but adi ene- styr ene i s about 25 30%
styrgne. 12 - Tﬂétedmmpesmbmdfa:lamﬁl Substhnhal&ymmssmmg ofistymene-buttkedier i nert
to,0il The device of claim®6 Wnerelnthe
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cyllndrlca ly, evi ce for absorbing onprising a
conpl le&[}ﬂen@pfcbp;denedﬁertumhpmmqrn sed of styrene but adi ene-styrene and

et hyl ene propyl epe di ene .nono the | engt h al ong t he
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hol iHBhe% ~ Baﬁﬁ@ The device of claim 14
?el n&gk%eé%%ter téf%°ﬁgﬁtmn a mﬁlﬁtw'o and about five centineters.
TlTl'e: dmu]ooaattoh of Icdim 1 4vivdreirethe stymendHamtetienesdtytdre ol e and

the di aneter of the cylinder differ by less than two centineters. 18. The
devi cabent 30%isiyTER®wherei n the outer dianeter is between about two and
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* |1g1 o 7. The device of claim 6 wherein the body substantially consisting of

styrene-butadiene-styrene and ethylene propylene diene monomer.
8. The device of claim 7 wherein the body consists of styrene-butadiene-
styrene and ethylene propylene diene monomer.
9. The device of claim 8 wherein the ethylene propylene diene monomer
20 is in the range of about 10-30% by weight. '
10.  The device of claim 6 wherein the styrene-butadiene-styrene is about
30% styrene.
~11.  The device of claim 6 further comprising a multitude of inert flakes
wettable with respect to oil. |
25 12,  The device of claim 6 wherein the device is between about two and
about five centimeters across. | i | |
13.  The device of claim 6 wherein the body is formed generally cylindrical-
ly.
14.  The device of claim 13 wherein the length along the major axis exceeds
30 the diameter. | '
- 15.  The device of claim 14 wherein the outer diameter is between about

two and about five centimeters.
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.conprises m xjng anyl es St ne- but adi ene-styrene w th,a,styrene

cont eMt of aégut g%%‘jaiﬁwwof{ﬂ%’&ﬁ?a}’e%?feg‘ eex%%ﬂsq#gc%%@gg?o claim25
wher ei ngR¥ain & uliHIAE bf GSsulles] Ng granul es of styrene-butadi ene-styrene -
‘that are sifted to retain particles in the range of about 4-20 nesh with

~granul es of @lhyl dhe deviesoiciaini28 consistingwof stygene-butadipnestrene having m 25

wher ei n_par ).conprises.meghanical ly agjtatj.ng the materials in the

bar o | BPORBERERIRER confst BRa SayfeheptoRlsne st minamheoh fedraProfar
(b) corrgf,bﬁpm.gg%tg}ng,e;élﬁ‘mmure to a tenperature between about 105[err]
F. and 120[err] P. "32. ~The process of claim 25 wherein part (c) conprises

usi ngl® circdlar dhe device of claim 6 wherein the body is formed from a multitude of

granules of styrene-butadiene-styrene and a multitude of granules of ethylene
propylene diene monomer bound together. ' |
23.  The device of claim 22 wherein the body consists of styrene-butadiene-
styrene and ethylene propylene diene monomer.
20 24.  The device of claim 23 wherein the granules of ethylene propylene
diene monorner are in the range of about 10-30% by weight and the granules of
styrene-butadiene-styrene are in the range of about 4-20 mesh and lack talc.

25. A process of forming a solid, compliant body for absorbing oil compris-

ing: :
25 | (d)  mixing styrene-butadiene-styrene and ethylene propylene diene
monomer; _

(b)  heating the mixture to a temperature below the melting point of
the styrene-butadiene-sfyrene material, wherein the ethylene propylene diene
monomer material of the mixture becomes plasticized;

30 : () extruding the resulting mixture through a die; and

(d) allowing the extruded mixture to cool and expand.

26.  The process of claim 25 wherein part (a) comprises mixing only

styrene-butadiene-styrene and ethylene propylene diene monomer. This Sheet Has Been Re fll aced

AT




and. a central man extruded material into a tubul ar shape.

33. The process g"ﬁ"lﬂlmm"mmﬂer conprising cutting the extruded 15 =~
mi Xt ur e WOnes»0BB gt s fhat dr e Sl ofger_than the di aneter of PERUSEHMBET ar die.
34. The process of claim25 wherei #7arT is allowed to remin in the
extruded m xture and whereby the expansion of part (d) causes fissures to
formin theagurf giespriceshef claian Rbiwlgereindpartia) coraptises aeixirgy gammeilesoft i ng
oil spills conprising: 20 sack conprij,sed of two sheets of

‘a mesh styaeeeﬁbawrca@inaﬁsmreﬁs@&s‘sgqaau%gﬁ)%yﬁmﬁapa ene Gigne MAMIBES ar e

" affixed togegher ' . Ak ' i ' . in.each
sack forns ?BC onpar d?réér#gsfbgﬂ?glllﬁ Fgg%ﬂ;e{r?uﬂﬁ’?{tﬁg&%@b? {38?1 %ﬁ%{%%ﬂ%%?r% ri sed

of an giyrefdibidadiens-sepienearith 25tyrene content(af)about36%carnd edeiowiitaldhe S
mul titude of polyner bodies is, formed to surround an axial hole of the

pol yn&r body9. andthejproceshef dpim g wherein partia) compaises mixing geanweweks has

55° 1 ur CHOENE AHIF R At hEL alc Uikl s§ Holin POt folecly the IREERY hBGuPh 2B *!
devi ce xﬂésk@%@ﬂh{‘%ﬁiuﬂéﬁéﬁ‘@hy@@ﬁﬂbp&@e&ii@h&lh@dﬂdﬂleﬂf- ropes coupled to the

sack, each positioned across non-dianmetric chords of the sheets. )
98/ 30303 30.  The process of claim 25 wherein part (a) comprisesmssbeninliygs 38. The

~ devi f claim 35 furthe irSi |exible ri ffixed dth
or | meraditadn B Toetpls Py B A8 Aty P ° TR0 A R he g s
fol dgg over mnd amégﬁstewofaahﬁm &1g<mplae¢(vb)%b rises HRatiABhé pdivtue t he

!
ring rnto a double layer. 5 40. The device of claim39 wherein the
sheet s taractemperaturedetweenaboub@h’iKiangd BO3&E.r of ropes on both sides of

he sack, bei l he i h_end. and nosi tiened
acr ose. non- dPamt TREBEMBRACt SRR WhpHin rer bo R Ries D fefplar
ropes %égag?ﬁtitrﬂqnahd&mosaﬁh the eﬁﬁh_?ﬁ%&ﬁéie@ial ot itRAAF slﬁifper. opes on the

ot her si he sack. 10 41, device of claim35 further
conpri si ng @3l t Theipeoesss of dlaimaiZafurthesicompnising cubling the extmded e al so

P TR ST e T SRR
34. The process of claim 25 wherein air is allowed to remain in the
extruded mixture and whereby the expansion of part (d) causes fissures to form in

the surfaces of the resulting body. |
35. A device for ameliorating oil spills comprising:

20 (@ a saqk comprised of two sheets of a mesh material that is porous
to both water and oil, which sheets are affixed together and stiffened around
their perimeter; |

(b)  wherein each sack forms a compartment containing a multitude
of tubular bodies comprised of an oil-entrapping polymer;

25 (c)  wherein each of the multitude of polymer bodies is formed to
surround an axial hole of the polymer body; and |

(d)  wherein each of the multitude of polymer bodies has its longest
dimension parallel to the axial hole. |
36. The device of claim 35 further comprising aneye and a port' coupled to
30 the sack. |
37.  The device of claim 35 further comprising a plurality of ropes coupled
to the sack, each positioned across non-diametric chords of the sheets.



further conprising attachment devices Bul M Hﬂ m“l)he perineter of the
sack. 15 43. -The devi ce .of-.cl-ai-m 38 A b “the nul titude of

pol ymer wapeli/aseconsi st of styrene-butadi ene-styrene and eREGI/UEBOBFS0py| ene
direne nmononer. 44. The devi ce of—d8im 43 wherein the ethyl ene propyl ene
di ene mononer is in the range of about 10-30% by wei ght and wherein the
styrene- buisgdi emgieSAFiesf aﬁhﬂ%%%éhiﬁ%%%xiblg rﬁ% affided £8uhge of
cl ai m 35 wherein each of the multitude of “pol yfrer bodi es 1s between about
t wo anhe pbrimetés ofthesheetset ers across. 46. The device of claim35 wherein

h of th |t .of I bodi i s for. | | Al l,cal ty -
Wi a 1 engoh aRiTvee AbRBIaE CRERR the B iR FnBd denant Hbsed 6 1 ¥
The d;%ﬂ@ﬁg%gbsmkmé{é %ﬁéﬁh@@ﬂ tRéfihghtd daotibid laypdle of polymer

bodi e irameter of t and the“dianmeter of the cylinder differ by
| essst han a0centThedevice 68claifiii® wherain thé shdeis areroundeand futther ext er nal

surfaces of .each qof the nultjtuyde,of | ymey bodi es contain | tjtude of
{1 SsurcempTIng a pajoof Topes QILbetsiges of fie ok CACBTOPR bEE COIBIEAZOME L | £ ude
¢ I . . 1 i

ot po rﬁé{%éfi a I'e?ﬁi and %ﬁﬁg\egr&%%lﬁﬁﬂ %ﬁéﬂg@c@ho@aﬁwﬂ?éa(g%ﬁwt sheet,

styre ene-styfene and a nultitu granul es of ene propyl ene
di ene wyhaeir thdpain of ropes dreone side/sf 1h@/sa68 @3not parallel to the pair of ropeson -
PCT/ US98/ 00385 . - 2?{@1 50. The device of claim49 wherein each of the

mul ti tthe@ther side ¢ e$3Ki es is formed froma multitude of granul es of

styr.ene- butadi engs bl ﬁr@ﬁﬁ = 26 |, B talc. 51.
The 1@evi ce%T clngl}%&§gﬁ€\/§£rel nh'%sac ﬁ%d{&%‘m nmu %iaﬁﬂéglﬂ@r&gla%?&g%ldi es 5
(a) capdisd, not tabhulan that afe aisy compriveti afiagvuil-ehrappingepolypierardaslsof

et hyl ene propyl ene di ene, nononer, (b) are fornmed generally cylindrically

wi th sonsxgeq vatinghesackaj or axis that exceeds the diameter and a di ameter
bet ween twy-and ' : : ' . has a

W dth no mocs t hit AeFRE ok KRR whiksifhe WO CHepe e R lak Y 1 havi ng
ext er rfafrthen coageising attaclmmient devices bhiehdhl ede abthe perimeter.of3He sacld process

ot a5 SN ALY, e B el P ssocih o Mo e oEp S o |
that 15k 8¢ Styr@nd Bl NBhEStBHe Ghit ettflefiB propylene diene monomer.

44,  The device of claim 43 wherein the ethylene propylene diene monomer

is in the range of about 10-30% by weight and wherein the styrene-butadiene-styrene
is about 30% styrene.
20 45.  The device of claim 35 wherein each of the multitude of polymer bodies
is between about two and about five centimeters across.
46.  The device of claim 35 wherein each of the multitude of polymer bodies
is formed generally cylindrically with a length along the major axis that exceeds the

diameter.

25 47.  The device of claim 46 wherein, for each of the multitude of polymer
bodies, the diameter of the hole and the diameter of the cylinder differ by less than a
centimeter.

48.  The device of claim 47 wherein the external surfaces of each of the
multitude of polymer bodies contain a multitude of fissures.
30 49.  The device of claim 35 wherein each of the multitude of polymer bodies
is formed from a multitude of granules of styrene-butadiene-styrene and a multitude

of granules of ethylene propylene diene monomer bound together.



sheets are affixed together and stiffened around their perineter; 15

(b).. - wherein._each sack-forasa-conpat-tent -containing a nultitude of

t ubul ar MEWI203conpri sed of an oil - §pLr appi ng -pol ymer; an 1Uf98/00385

mai ntai ni ng the sacks afl oat am dst é]ﬁ'é oil for atime sufficient to allow
the bodies in the sacks to entrap a quantity of the oil; (d) wher ei n €ach
of the mul t50 udeTheé dpvicy of claindiewheseihmach of the atultitude efipolymelr bodiexi al
hol e qf .t he | yner b ., and (e), erei n,each of the myltjtude of

ol y s fargap b Eofla RO e Sl arehies of PO et s RRe i the FRELOF 53,
The pr@ees2-2f mebRi4de werein the act of deploying the sacks conpris- -es
dropping at l|east sone of the plurality of sacks onto the oily water by

air. 25 5154 The dkeicpiofclam 4 wieagim daghfaf thé exultiouxe b polymiepbodiesy t he

e Y C e

oot 1 (Probgferit Rl phdncihes (6 dxeHorhed erftrally UPRRACAR AN P ISR |
o s b broat e feiseruts asimateraanamtat o it 0
f u?_/t h&ENEERRIETSs f“h gumwféeﬁ ﬁﬁlg?% ﬁ?@f%ﬁat_ E\aﬁ Pdﬁiqthé‘%@ﬂ?%ﬂéﬂbtwﬂ sentimeer by
b B 56y SR S Yikheter 2hd 8 Babthel Bulrrf Brtaces it Ronelts R Sovliinge

ret np e¥fifisgutdde sacks fromthe surface of the water using an airstream
I nduction system supported by a boat, : The process_of claim58 wherein

boat,. 59.
usi ng an aid&t r eARIORERFIPT seroNpEing il flopting onNater sgmprisiBgcks into a

floating vessel wed 1D rabar . ce l.ai 2
further conpri siﬁg re?%lgy%gﬁﬁ;em% g‘{(agex%ar\g)%nta#g gg??%kgég%@ﬁvéﬁﬁl%gp?by
novi ng t hr awehishdets ofih enesh atdridlithat Bprous o dathiwatef atél egls wikight i oned at
a forward angle fro ,t&g sides of the boat, thereby funnelling t.he sacks
next to thé@e%@etﬂ%{‘ togeiher and stiffgreq pseund thyir ppEmaten wherein the act

f retrieving t t ' - yi.ng th ks,
artdF they are fhnel PESREXECREhEot e SERPRPHEERCAPKa AR - iy ROGE"
The proces softubtlaibodiés Eohpbised of aprdibenttappiipepblyngerpandant i ty of the

()  maintaining the sacks afloat amidst the oil for a time sufficient to

allow the bodies in the sacks to entrap a quantity of the oil;
(d)  wherein each of the multitude of polymer bodies is formed to
20 surround an axial hole of the polymer bodj; and
(e) wherein each of the multitude of polymer bodies has its longest
dimension parallel to the axial hole. |
.53.  The process of claim 52 wherein the act of deploying the sacks compris-
es dropping at least some of the plurality of sacks onto the oily water by air.
25 54.  The process of claim 52 further comprising deplbying the sacks inside a
barrier enclosing an oil spill. | |
55.  The process of claim 52 wherein the act of deploying the sacks compris-
es dropping at least some of the plurality of sacks onto the oily water from a vessel
that is spilling oil onto the water.
30 56. The '-process of claim 52 further comprising retrieving the sacks from
the surface of the water at least a day after the act of deploying the sacks.
57.  The process of claim 52 further comprising retrieving the sacks from
the surface of the water by netting the sacks with a net coupled to a boat.

A




sacks together with a line and returning the resulting string of sacks to
the surface of the water. 15 63. The process of claim62 further ’
“‘conpri si wep 98130303hi ng t oget her a buoy and the string of saccI/U8/0038Fhe
process of claim62 further conprisfAg—forming a plurality of strings of
sacks and attaching together the strings and a buoy, and further conpris-
ing later cggl ectm@gbe@s,smwaht 6% f@fthéd édmpisiig &%&ﬁﬁg&h@ sHEk froR{

65. The process of claim52 further conprising connecting a quantity of
t he sathessurfapedfdheavatebusimgan eitstreaninductior gystem supported byiathoathe oi |

t d by.th I of, th ' .whi.le th t ed k i n-
ot oatPani dge- ( naRgsERessit ity RE YT einWing ahirshRASY AR SEIOR i ng
bur ni nﬂ\véﬁﬁesgﬁiﬁhﬁ\ééﬂﬁa §h%tdﬂ6£&1§bésséﬂﬁdm8ﬂtﬁdbbﬂﬁ pol yner of the-

hite the sacks re d

- bodi es mai n afl oat™ 25 ami dst the oily water. 67. The
process of 6Dai mIBe processef dainpb2 Surther compuisingrettievingdke shcksfromre

surface of the er and,later.ingcineratin he sac ogether with the oil
o CT SR AE O e BRER LY Theving TRt fiatetia Dotk Rt S RerR A s ofg.
The pr : ' ORBH & LEW b'i% 30 the
.surfacgﬁg%é? ﬁéld\ygt%g?,t%gfr?gwlﬁg?g?gheati n%ie%é%%f{%xﬁ‘&dﬁ g'cl)cg?ges In aege ttor to
r ecov ethdyabks aexbtmthe sided/of 9@/136803

'PCT/-US98/ 00385 - 3}- 69.  The process of claimb52 whereip the, act of |
depl oyi ng tﬁi- saﬁ?%‘?ﬁ?ﬁ%&?@& ggi"fiberggb 3ch e Fﬁjr’ﬁﬁukﬁ/a‘ec??ﬁbi* g‘b‘tﬁ%r eto,
and r : Lel } @\ (Rl : e

ot oc i ST PR Qihvehly (e Sl et TR A (RN A B Bliaddol g0

usi ng baakup@avamgp. an eye coupled thereto, and wherein the act of

connecting the sagks together with_.a line conprises connecting the line to
the eye of ke s o5 dilaith b1 dluhey ComBr I HEERS A & Qfithe
depl oyi.ng : | S A : ' eto.
T R e R B S O B (O SGttaf o6t
conpri she Watess usi ng sacks having a plurality of ropes coupled to the sack,

each positiaoned ross non-gdi.anetri.c chords of.the sheets. 73. he process
CE e o b e, i Drncesnef SRR 651 rhar Compring StacnE EeBer A LURY sacks
havi ng .3 dRle|s@ingBe sfd ck-up ring.

64. The process of claim 62 further comprising forming a plurality of

strings of sacks and attaching together the strings and a buoy, and further compris-
ing later collecting the plurality of strings of sacks as a unit.

20 65.  The process of claim 52 further comprising connecting a quantity of the
sacks together and burning the connected sacks, together with the oil entrapped by
the polymer of the bodies, while the connected sacks remain afloat amidst the water.

.66.  The process of claim 52 further comprising burning the sacks together
with the oil entrapped by the polymer of the bodies while the sacks remain afloat

25 amidst the oily water. |

67.  The process of claim 52 further comprising retrieving the sacks from
the surface of the water and later incinerating the sacks together with the oil en-
trapped by the polymer of the bodies and the bodies themselves.

68.  The process of claim 52 further comprising retrieving the sacks from

30 the surface of the water, and later heating the polymer bodies in a reactor to recover

hydrocarbons.
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- 74. The process of claimb52 wherein the act of deploying the sacks
conpris- 15 es using sacks having a flexible ring affixed around the =" 7
peri et eWOPBRPIHE sheets of the sackrs::1 75. The process of REHPHSPA%Fherein.
the act of deploying the sacks coip L~ es usi ng sacks having the ring

fol ded over and affixed to the outside of both sheets, thereby form ng the

ring into aéfpublThel ppeess éfklaim 52 Whereiththepaa of steptdying dhesacksvanptis- t he
act of dep] oyi ngs he, sacks co%iea- es us%ggﬁg?ahglks havi ng two round.sheets.
77. TR UBIERAEES GRVEIGRRFES C i therete, ﬁ%fﬂfﬁy}"ﬁg‘& RiTigYmg:the
conpri gx 'ﬁgn aving two rectangul ar sheets, and further :

I ncl ud?ﬁ%&:?}{jg{): rregtq'ﬁge%\y?bes on each edge at the perineter of the sack. 25
78. The pr@0ess Tife plozess 6fclaime 62iwhérein that actfof deplapingdhe baclsatmpris- -

conpris- es usipng. sacks forned of sheets of _a woven pol ypropyl ene nesh. 79.
The 7 68 SSTETACKS BANINDANRES 5Pﬁpiq¢e3§ﬁt°o¢n@wr%9vh@et of geRmetBIgpies- es

i i | i t . 80.
oo or SRS ORRMICR it B drhriBts QBN IWE TR D HOWDL BEORIdE O PO- o
es using sagis cOftieprocess phtlximi52hobtein Hevadofaleployihgute safksdoafiptis-

fragments scattered throughout. WO 98/ 30303
PCT/ Usesnsogpsacks having a pprkcoiipjed dhexeto.cl ai m 80 wherein the act of

aher o1 The Rul 11 HieiErare, 0t dffin 82 HeRAf e CAUHABREI SRECBRNERY;
r espag lestiinly shicke dalvirip a pharalityiof ropeceatpled t6 tiee sadk) esdteposifiohbd agedssof

depl oyi ng the sacks conpris- 5 es using sacks containing polymer bodies
conpr i slongdisBwetaischords pf thasheets agnents. 83. The process of claim52-

botyrer bodi’ds cornd PRk PPl 25iEhe WL bk ofHeplioying MO ETBLY' "0
wher ei Rshfsgn@sdckethatiénd axoligr ahé aslﬂck-s;gﬂﬁgri s- es using sacks containing

pol ymer bodies consisting of EPDM and SBS. “10 5.. The process of
cl ai m 84 wheidei n Theprraesspf dapnag wherein %@%@f&%&g@m%sagkﬁ@@ﬁélﬁs

cont ai ni ng.po I ' ' fL |t f
ot yr dnesntrSar R hangie f e athe HERH A0SR I EncHntE o il P8
di ene rgapperer bound together. 86. The process of claim84 wherein the act
of depl oyi ng7the sacks conpris- - o . .

_ 5.  The process of claim 74 wherein the act of deploying the sacks compris-

es using sacks having the ring folded over and affixed to the outside of both sheets,
thereby forming the ring into a double layer.
20 76.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks having two—round sheets.
77.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks having two rectangular sheets, and further including attachment
“devices on each edge at the perimeter of the sack. o
25 78.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks formed of sheets of a woven polypropylene mesh.
79.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks having a plurality of buoyant elements coupled thereto.
80.  The process of claim 52 wherein the act of deploying the sacks compris-
30 es using sacks containing polymer bodies having a multitude of plastic fragments

scattered throughout.
_
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15 es using sacks contai ning polyner bodies having a dianeter between two
and five centineters, an axial. hole that--has -a-wt-dgth-no nore than two T
centi meipas 68730865 t han the dianeter. 87. The process of cpernsesessser ei n
the act of deploying the sacks conspsis- es .using sacks contai ning pol yner
bodi es having external .surfaces that contain a 20 nmultitude of fissures.-
88. The prgces . ' ' : .

conpri s- es’usi ﬁ&ﬁégg‘}%%ﬁ 18%??93‘”%8‘1[‘*5&? neﬂ?&%%gjlfe% ﬁ{)}’@éggﬁf fsg%sf/&%{é st ng
of SBRsalshERIMs Btaindiiepelyesasisodits, olhéreid theiailhnid biplastic fagdapitoyi ng
t he sacks c ris- es_using sacks containing polynmer bodies formed of a .
nul ti tardénert swestable spect4odiydlracanbess. of SBS aggl oner at ed

sacks comprik. oLt Brase it fleir ol hae A forhr I8 be Yhe SRR eRERAT T
bet weedy (thifdp sAeld &nﬁnﬁigsgolﬁ%er bddies R6RgREMPEBS kAt the %1%@&@;@2%. act of

depl oying the sacks conpris- 30 es using sacks further Containi )
mul titude o33.addThe predessoficleimifix wherdin gheattaf deplepingthie shcks eompris-

mpr i sed_ of - ' Lyer.
pCT] Uraits st gontgping PRl BodieE compristl of EFLNF fBBhe mul ¢ 1 ude of

POl yIer bodses e phGceAY bf HalE W hesih the Bl oRRAHIepInGAKE ekEodpbBces | -

containing a nultitude of fissures. 93. A pro ecovering oi |
f 1 oat i esgusing satler condaiping palymer bodies consisting of EPDMamd®BS pl urality of

K f he f . val . I : . b d
o | Bypi on"Bheet the pEocsPe BF B whereih B et o R e R o R SOmBERT o o1
to fordg aﬁnt'i'g@%l@s @&&Mggalymémodies% irf fornldd frbRta BRAEtRde bPe sacks -

with a nu tude of tubufar “bodies conprised of an. oiI-entrapE)E; ng pol yner,
each ogranulesofstyrens-inftadiene-siyrengardba amlsitinde ohgramdes ohethytdnener body

and has itg |ongest di nension ral kel to the axial hole; (c) depl oyi ng
t he saET@Yi?R%E%PFW%?@F,I PWH%OQEW°ai ning the sacks afloat amidst the

oi | for a tgdre syhéiprb&iss of Cladinl SWwhefeilIHE 88t ofUdpiBy shek$RhPPis2
quantity of the oil; and 15 (e). retrieving the sacks fromthe
sur f hces wdingiseckaqantaining pelymer bagies having a diameter between two and five
centimeters, an axial hole that has a width no more than two centimeters less than
the diameter.

87.  The process of claim 52 wherein the act of deploying the sacks compris-

es using sacks containing polymer bodies having external surfaces that contain a
20 multitude of fissures. _ |
| 88.  The process of claim 87 wherein the act of deploying the sacks compris-
es using sacks containing polymer bodies substantially consisting of SBS and EPDM.
' 89.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks containing polymer bodies formed of a multitude of granules between
25 4 and 40 mesh of SBS agglomerated together.

90.  The process of claim 52 wherein the act of deploying the sacks compris-
es using sacks containing polymer bodies having a density between 0.45 and 0.75 |
g/cc. |

91.  The process of claim 52 wherein the act of deploying the sacks compris-

30 es using sacks further containing a multitude of additional bodies not having axial

holes, which are also comprised of an oil-entrapping polymer.
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| ater. 94. The process of claim93 further conprising noving a boat

t hrough t he wat er,..whi ch beat--supports-a -pair -of W ngs positioned at a

f or war dWANH38363 om si des of the boag3 t hereby funnel ['i ng PREUSERAS8Hext to
the sides of the boat. 20 ° “The process of claim94 further
conprising using an airstreami nduc- tion system supported by the boat to
retrieve ap2l eaé’&leqmmeessfoftdlmm%lvﬂmrem theomad tituelesaf pniyzrmrdmd)és nak boat .

96. The pr.oc ss 0 Ia| r isin etrleV|n ot.her.s of the
s acks thempliie BrLbadist bth FiruS SEBaca, gnultitude The

proceﬁ§5lﬂfescl aim 96 \/\herel n the act of manual retr| eval conpri ses. (a)
conveying the sacks not retrieved by the airstreaminduction system after
they are f@8Bnel |Aproess forrecheeringesl fidatirigoheetter cpmarisingy;  (b)

et B ni ngt he 48Ul ¢ I %ggpg%ﬁ by R RECR PG s Sheetsts rembidial thato
08, The By G6ESS @ bolPVEN et Bl Wil B A 08 SO BT 53

conveying sacks up a ranp next to a si 30303
PCT/ US9810@fiffened4ro@id theif perimeter &sforin alsm Bnipalrtrhemt conpri sing

thereafter connecting a g of t sac ge d returning the
resul ting strindbbf %R‘éﬂllgﬁiﬂ-ﬂée%bf’ %i}\é Pf @350 ftweulsrocess of
claim99 f r he surface
of the wat gptdl?%?qﬂ éé%rbgg%g’? %E%Egﬂ‘%g@%?{&t%er COW%%hgnlc%g at er

ret g evi ng stboaids argaxial helewfthé polyinkeebsdy andehafitd ongest dimerisién  The

process of claim 101 further conprising later incinerating the sacks
t oget her wipagalield ?aéﬁtlhﬁiﬁbed by the -pol ymer of the bodies and the bodies

them 10 sel ves 03 | urther conprising |ater
heating the poI} r b%e 8 gg&gss?gg% {@é‘g&%\g‘%%{/er hydr ocar bons. 104. The
process of clai ndy3 fmaﬁttshuﬁgme sadleaifloat amidsictheasibfor rgtiesuffitienewed
sacks toget her W|th t he 0|I S(papped by the pol ygﬁr of the bodies and the

15 bodi es talews the/laadies i th e €BtEapy: quantity f3he ok aBA conprising | ater
heaging the pol Y&F" retrieving the sacks from the surface of the water at least a day

later.

94.  The process of claim 93 further comprising moving a boat through the
water, which boat supports a pair of wings positioned at a forward angle from sides
of the boat, thereby funnelling the sacks next to the sides of the boat.

20 95. Theprocess of claim 94 further comprising using an airstream induc-
tion system supported by t—he boat to retrieve at least some of the sacks next to at
least one side of the boat. _

96.  The process of claim 95 further comprising retrieving others of the
sacks next to at least one side of the boat manually.

25 97.  The process of claim 96 wherein the act of manual retrieval comprises:

(a) conveying the sacks not retrieved by the airstream induction
system, after they are funnelled next to the sides of the boat, up a ramp;
(b)  connecting a quantity of the sacks together with a line; and
(¢)  returning the resulting string of sacks to the surface of the water.
30 98.  The process of claim 93 wherein retrieving the sacks compnses

conveying sacks up a ramp next to a side of the boat
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bodies in a reactor to recover hydrocarbons. 106. The process of claim 93
_Wherein the.act of formng a plurality of sacks conprises folding over both
sheets wddspeaddl € ri ng extendi ng around the perineter of mrtibosossssets and
affixing the ring to the outside of34he sheets, thereby formng the ring
into a double layer. 107. The process of claim 106 wherei'n the act of -

o0 19,2 2 ek R e S S36 ISR kg 2o
of ol Ay e At iogatier ahdreriinah 1hd tdsithts Saly Ofsacko o ik

conpri acing in each of the sacks a nultitude of polyner bodies, each
body csaurfacesddhefva8S and a nultitude of inert plastic flakes scattered

t hr oughout e t hat are, wet lg with respeet to hydrocarbops. ,109.
The processitlf cfa¥ predenRt R ofiithel' GnrdRRE Rurhe WEARRBSBF Saddiy a0
furt Besn pRIFSRoAhbasstefg @ port to each of the sacks, and wherein
partially filling each of the sacks conprises placing the nultitude of

pol ymer bodl@s i Fhe peoeess lof claimditfurther qeonprising latepregieyixgg the strings of
PCT/ US98/ 0Q385 - 35- ,110. J{ée g{socess of claim93 wherein the act of

parti a$d om the, sucface of the wateke conprises placing in each of the sacks

a multitudeif PEhYIRHRIGF CRIFOI01 Rirtie ConiprithbliARe irkBferatih théRcly ocess

“of ‘claim 110 wher ei Ft he act of partially fi'lling each of the™5 sacks

conpr i fgethpracithghe pileadrapged: biethegpadymermfithe bodieseindothiehmeties thiires
substan- tially consisting of SBS and EPDM 112. The process of claim 111
wher ¥ $£5¥Y€% act of partially filling each of the sacks conprises placing in
each of the ck ' ; ' o saces
That cont ai A0 m e S o e e b 112
'f ur t hebodiesn ageactof to secoiver hivdrpqasbgmsr bodi es by | owt enperature

ext rusion, rein the act. o artially filling the sacks conprises
pl acing a nﬁ&‘fl %PJPC?Sﬁé’fFE@m %‘?f ﬁﬂ,th%rﬁqnﬁB@W&F ClBS‘Eﬁ%Bg each of
t he sagks; i c ' ' I ' eSi ng:
\0° StRbevdd byl B4E08E i ind STRUBELRLY DRI OB BessOPEES,

mat ers hbdiekdhemselyes.ous to both water and oil, which sheets are affixed
t oget her anT05

The process of claim 93 further comprising later heating the polymer
bodies in a reactor to recover hydrocarbons.

106. The process of claim 93 wherein the act of forming a plurality of sacks
comprises folding over both sheets a flexible ring extending around the perimeter of

20 the sheets and affixing the ring to the outside of the sheets, thereby forming the ring
into a double layer. - '

107. The process of claim 106 wherein the act of forming a plurality of sacks
comprises forming each sack of two round sheets comprised of a woven
polypropylene mesh.

25 108. The process of claim 93 wherein the act of partially filling each of the
sacks comprises placing in each of the sacks a multitude of polymer bodies, each
body comprised of SBS and a multitude of inert plastic flakes scattered throughout
the body that are wettable with respect to hydrocarbons.

109. The process of claim 93 wherein the act of forming a plurality of sacks

30 further comprises attaching a port to each of the sacks, and wherein partially filling
each of the sacks comprises placing the multitude of polymer bodies in the sacks

through the ports. a .
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stiffened around their perineter; (b) pl acing in each of the sacks a
mul titude of tubular bodies conprised of an oil-entrapping polynmer, each of -
whi cH bawd 88/30803 r ounds an 20 axi al hol e of the pol ymPCTHISF§/00385 has
its | ongest dinension parallel tot¥e—axial hole; (c) depl oyi ng the sacks
onto oily water; (d) mai ntai ni ng the sacks afloat amdst the oil for a-

time sufficiignt the pdcds bhElaBB®3ewhireih MRe B&CKSpArtiaBP fIRAg2alNdRthé Y Of
the oil; and 25 (e) later burning the floating sacks. 115. The
pr ocessacks campiised placing iheachcofitheisacksja nivaltibude phpolyumer bogigs cofre) |,
Securing to a pl lity of the sacks. 116. The process of claim115
Mereimlﬁqﬁ’e‘?&@ﬁyﬁgsﬁrgured together after entrapping a quantity of oil.
30 117q1TheTRe PeGaSs of chidl 10k AeMiR ted Actl dFDarBals Hlifg S8EN bEthe

“together by: (a) onveying the sacks up a ranmp; (b connecting a
quans i sagks tompeises placing treeaady offihersagks a mayltisude of polymer bodies gubsian-

resul ti stri, of ks surface of the water. WO 98/ 30303

PCT/ Uggaggb%ﬁsqﬂ'ﬁpgf%?m%@%%cess of claim 117 further conprising,

before the POV CYhe Brédess oFElé'iﬁ‘lglltlhwaHﬁH?nttH@a%feﬁarﬁaH?‘Hlliﬁg?hdﬁBPE&( ts a
oned des the boa

pair of w ngs posit at a forward angle fromthe s t,
t her elgacks oowriprises plduing &w kachnekthetsacks e rsuliitade bf poiyrhembodies having 19.

The ‘process _ of clai 17 further. conpri.sing forming a plurality of strings
of sac%@?%éu#%ﬁsn %Eméirﬂﬂlt&&%l‘z’fi’@ﬁﬁ%ti ng the plurality of strings
of cks t h cRERCESShRther Bl &éh? ﬁf%‘ : are
secuslr%ed t oget her gi’%@%esg%?rappl ng a quégr?r‘% 0 g\g?F{. &g%&%§ The

pr oc eskodits biydowr-teteperature extiisionandowheeinithe aet of partiallyyfiltihgtheks

conprises foldipg oyer, both sheets flexihle ring,extendi ng agound the
‘per i me$3E GPH¥B¥§%§ & 31 %31\? reSYlfing ?’6"?@393@? 188 sheets,
therebé(a o(;fr}ghgga& 2 ring into a double layer. 122. The process of claim 121
wherein e act of formng a plurality of sacks 15 conprises form ng each
sack of twollhund piroeessforaerovesing oil floatingem water comprising:

15 (a) forming a plurality of sacks of two sheets of a mesh material that
is porous to both water and oil, which sheets are affixed together and
stiffened around their perimeter; :

(b) placing in each of the sacks a multitude of tubular bodies
comprised of an oil-entrapping polymer, each of which bodies surrounds an

20 axial hole of the polymer body and has its longest dimension parallel to the
axial hole;

(¢)  deploying the sacks onto oily water;
(d) maintaining the sacks afloat amidst the oil for a time sufficient to
allow the bodies in the sacks to entrap a quantity of the oil; and

25 (e) later burning the floating sacks.

115. The process of claim 114 further comprising, before the act in part {e),
securing together a plurality of the sacks.

116. The process of claim 115 wherein the sacks are secured together after

entrapping a quantity of oil.
30 117.  The process of claim 116 wherein the sacks are secured together by:

(a) conveying the sacks up a ramp;
(b)  connecting a quantity of the sacks together with a line; and
(c) - returning the resulting string of sacks to the surface of the water.
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pol ypropyl ene mesh. 123. The process oluﬂw"mm&mmwl n the act of
pl acing in each of the sacks a nultitu rirses-usingpolymer =~

bodi es opopsBeeng SBS and a nultitude of substantidll y f| @CTrusesmo3ss ast i c
flakes wettable with respect to hydgécar- 20 bons. 124. The process of
claim 114 further conprising maintaining the sacks afl oat adm dst the oi Ly

water withigg S%@%Bgéég%ftﬁ’aqm 117 further comprising, before the conveying act,
moving through the water a boat that supports a pair of wings positioned ata

forward angle from the sides of the boat, thereby funnelling the sacks next to the
sides of the boat. _ |

5 119. The process of claim 117 further comprising forming a plurality of

. strings of sacks, and further comprising later connectmg the plurality of strings of
sacks together.

120. The process of claim 115 wherein the sacks are secured together before - -

entrapping a quantity of oil.

10 121.  The process of claim 114 wherein the act of forming a plurality of sacks
comprises folding over both sheets a flexible ring extending around the penmeter of
the sheets and affixing the ring to the outside of the sheets, thereby formmg the ring N
into a double layer.

122. The process of claim 121 wherein the act of forming a plurality of sacks

15 comprises forming each sack of two round sheets comprised of a woven -
polypropylene mesh.

123. The process of claim 114 wherein the act of placing in each of the sacks
a multitude of bodies comprises using polymer bodies comprising SBS and a
multitude of substantially flat inert plastic flakes wettable with respect to hydrocar-

20 bons.

124. The process of claim 114 further comprising maintaining the sacks

afloat admidst the oily water within a surrounding boom.



