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SBPARA'l'J:OR OJI KYDR.OCJU:tBONS Am> WA'l'BR. FROM HJ:XT'ORBS 'l'BBRBOF 

'.recbnical Field 
This invention. relates to the separation of hydroaarbona 

·and water from emulsified mixtures thereof, and more 
particularly the separation of oil and other hydrocarbon 
fue1s from emulsified mixtures with water. Por the 
simplicity of description, hereinafter the invention will 
be described with reference to the separation of mixtures 
of oil and water, although it should be appreciated that it 

10 is also applicable to the separation of mixtures of other 
hydrocarbon fuels and. water. 

BackQ'round Art 

The advent of increasingly stricter environmental 
regulations with respect to the treatment of oil and water 

15 mixtures to sepaxate the components of the mixture both at 
sea and on lend, whereby to dispose of the unwanted oil 
c~onent of the mixture and recovery of the water 
component, has required a reassessment of existing 
separation. methods and apparatus. At present it has been 

20 internationally agreed that the treatment of such mixtures 
be such as to reduce the oil cODQ;K>nen.t of the mixture to a 
level less than 15 parts per million. Known separation. 
methods and apparatus using principles of gravity, 
coalescence and various membrane based equipment, have been 

25 unable to, or at the best unable to consistently, separate 
the oil component :from such mixtures to achieve water 
discharges with the low oil level required, whilst :Lt is 
anticipated tbat ultimately regulations, including 
inte:r:nationa.1 :cegulations, will requi:ce significantly less, 

30 if not no, leve1s of oi1 in water after treatment. 

l!'he problem has become exacerbated with vessels at sea 
where the :lncreased use of detergents combined with the 

advent of fuel types that are composed of a greater 
proportion of the 1ighter hydrocarbon fractions, has 
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resulted. in bilge waters that contain. o:i.1 wh:lcb. is 
emulsified witb. the bilge water, an4 as sucb. vessels are 
subject to increasingly stricter .:international regulations 
which JmowD treatment met.hods and apparatus camiob 
consistently meet, there is a need for batter methods and 

apparatus. :tt :Ls a.nt:Lc:l.pated that on-land installat:Lons 
will ultimately be subject to the same stricter 
regulations. 

Disclosure of the Xnvent:lon 
10 we have found that using ac1::1.vated polymer materials, such 

as ground :r:ul>J:>er, and in the form of filter devices into 
which :mixtures of oil and wate.r are passed, achieves ve:cy 

significant improvements in capturing the oil component of 
the m:Lzture where1'y the water discharge from the filter 

15 device contains far less than the required 15 pa:cts per 
million of o:l.1 and with the ·capacity ultimately to achieve 
close to no, :t.f not any, oil component. 

Fine ground rubber, or other pol:ymer materials, ground to 
:Ln the range of 30 - 60 mesh, and activated, and placed in 

20 oil, has the ability to retain oil cm. its surface. In 
normal circumstances fine ground. polymer materials, such as 
ruJ:>ber, are hydrophobic and will float on the surface of a 
body of water and not mix with the water, whereby the water 
will not wet the surfaces of the rubber granules, and as a 

25 conseczuence oil in an emulsified mixture with water will 
not contact the surfaces of the J:Ubber granules. However, 
if the srroua4 rubber or other polymer material is, what :Ls 
here:l.Dafter referred to as •activated", by being washed 
with certain substance, such as, alcohol or an alcohol 

30 based substance, the granulated material becomes 
b.ydraphil:Lc allowiDg full contact therewith by the water of 
the mixture and therefore also by the o:l.l emu.lsif :i.ed in the 

m.:1.xture, and :Ls such that the o::Ll w:Lll be retained on the 

surfaces of tbe granulated material, and.as a result 
35 separated from tbe water component of the mixture. 

.. 
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'!he invention therefore envisages a method of separating 
the hydrocarbon and water components of a mixture thereof, 
in which the.mixture is passed through at least one filter 
mass including granules of a pol:ymer material which have 
been activated by exposure to a substance rendering said 
granules b;ydrophilic, and whereby a large p~oportion of the 
~rocarbon content of the mixture is retained by said. 
granules to be separated from tba water content of the 
mixture as it passes through sa:l.d filter mass. 

10 ~e invention also en.visages an apparatus for separating 
tbe hydrocarbon and water components of a mixture thereof, 
comprising at least one housiDQ' containing at least one 
filter mass . including granules of a ·polymer material which 
have been activated by ez;posure to a substance rendering 

15 said granules h;yd.roph:l.1:1.c, and whereby to retain a large 

praport:Lon of the hydrocarbon content of the mixture and 

separate :l.t from the water content of the mixture as it 
passes through sa:l.4 filter mass, means to int:roduce sa:l.4 
mixture into said housing, and means through which 

20 separated water may be discharged from said housing. 

Brief Description of the Drawings 
several pref erred embodiments of the invention will now be 

described with reference to the accODQ;)aeying drawings, :ln 
Which, 

25 Pigure 1, is a schematic vertical cross-sectional view 
through an apparatus in accordance with a first preferred 
embodiment of the invention, and for carrying out: the 

method of the i11vent::Lon, 

30 

Pigure 2, is a schematic view of a plurali~y of the 

apparatus of Pigure 1 connected in series to form a second. 
embodiment of the inven.t:l.on, 
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P:l.gure 3, is a schematic view of a plurality of the 
apparatus of F:l.gure 1 cozme'?ted in parallel to :f oz:m a third 

embodiment of the :Lnvention, 

Pigure 4, is a top p1an view of an apparatus in accordance 
with a fourth emboa.:lment· of the invention, 

Pigure 5, is a cross-sectional view ta.ken along line 5 - 5 

of Figure 4, ana. 

Pigure 6, is a plan view from beneath of the apparatus of 
Pigures 4 anCl 5. 

10 Best Hodes for car;yinq out the J:nvention 
lleferr:l.ng to Figure 1 of the drawings, the appar~tus of 
this first preferred embodiment of the invention comprises 
a vertically elongate cylindrical housing 10 having a upper 
end wall 11 and a lower end wall 12, and divided into three 

15 ch•mbers 13, 14 and 15 by upper and lower sieves or screens 
16a and l&b respectively, and through which fluid can pass 
from. chamber 13 to chamber 14 and thereafter from. chamber 

14 to chamber 15. The upper aDd. lower sieves or screens 
prevent solid rubber, or other polymer, granules 17 in the 

20 chamber 14 from passing out of that chamber into either 
chamber 13 and/or 15. J:n this preferred embodiment the 
material in chamber 14 is granulated rubber ground from old 
motor 'V'ehicle tyres to within a range of.30 - 60 mesh, by 

means of a grinding mechanism wbich cuts or saws the tread, 
25 side walls, or l:>oth, of the tyre into granules. other 

po1ymer ma~erials may also be used, including natural 
z:ubber. The rubber granules after being washed with 

alcohol, or an alcohol l:>ased substance, to thereby :become 
11activated11 as discussed previously,_are suspended in a 

30 body of water :l.D cham'ber 14 to fom a fluidised bed 20 in 
the cbaml:>er. 

At tb.e top of the housing 10, &114 through the upper end 

.. 
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wall 11 thereof, is provided an illlet conduit 18 for 
admitting an emu.1sified mixture of o:l.1 and water into 
chamber 13, and incorporating an inlet valve 19 for 
contro1ling flow of mi:x:ture to the chamber 13. ~ mixture 
accumulating in chamber 13 disperses evenl.y laterally of. 
the housing 10 and then through the upper s::Leve or screen 
16 to the fluidised bed 20. ~he activated rubber granules 
17 in the fluidised bed are contacted by the mizture to 
capture the o!.1 component of the mizture, whilst the water 

10 coiqponent of the mixture passes freely through the 
fluidised bed to a mineral layer 21 in the bottom of 
chamber 14. '!he mineral layer may be formed from quartz, 
calcite or any other suitable filtering medium. '1'he 
separated water passes through the mineral layer and then 

15 through the lower sieve or screen 16b in.to CJbamber 15 from 
which it flows to a vertically extending discharge conduit 
22 and then out of the apparatus via an. outlet valve 22a 
which controls water discharge f:com the apparatus. 

~ reaction of the oil with the activated rubber granules 
20 1 '7 in chamber 14, . tends to cause the granules to rise 

within t.he chamber to the top theJ:eo'f where they are 
retarded against further upward movement by the upper sieve 
of screen 16a, whilst the oil and water mizture passing 
through the upper sieve or screen 16a tends to agitate the 

25 activated fluidised rubber bed 20 to expose the rubber 
granules 17 to the oil component of the mixture to increase 
contact and retention. of the oil on the granu.1es. 

30 

35 

The qaality of water discharge8 from the apparatus may be 

monitored by equ.ipment, already aTa.ilable, to aetect when 
the oil content reaches the max:Lmum. level allowable an.a to 
shut down the apparatus and switch the flow of oil/water 
m:i.xture to an alternative filtering apparatus, whereafter 
the granulated oil/rubber mass is :removed :from the 

previously usea apparatus for treatment to recover the oil 
or tbe mass :l.s 4isposea of. . 
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:In. the embodiaen.t of l'igure 2, a plurality, in th:Ls case 
six, of the filtering apparatus units of Figure 1 are 
cmmected in series by co:miecting cond.uits 23 between the 
discharge conduits 22 of one unit and inlet cond.u~s 18 of 

5 a following unit to increase the overall oil separat~on 
etficiency of the apparatus. 

:En the embodiment of Figure 3 a plurality, once again six, 
of the filtering apparatus units of Figure 1 are connected 
in parallel by a COllllDOD supply conduit 24 feeding directly 

10 the inlet conduits 18 of each housing 10 with a coDDDOn main 
discharge conduit 25 being provided for each of the 

discharge conduits 22 from the housings. Once again the 
quality of the water discharge from each unit may be 
monitored to detect· when the oil content reaches the 

15 maximum level allowable to shut down the particular unit 
leaving the remaining units to continue their separating 
funations. 

:tn the embodiment of Figures 4 to 6, which has proved to be 

particularly success£ul .. in trials .conducted :L:a: a Royal 
20 Australian Navy vessel, ·and which has be.come especially 

effective when installed in series with conventional 
separators, such as to become a polishing or e:ahancing 
filter, comprises of vertically elongate cylindrical main 
housing 26, with lower supporting legs 26a. :en. the housing 

25 three superimposed filter cartridges 27 having outer 
housings 27a, formed from hardened rubber or metallic 
materials, are received an4 located relative to eac~ other 
by a male member 28 on the base of one cartridge locating 
within a female member 29 on the tap of t:he un4erlying 

30 cartridge, and through wh:l.ch cartridges emulsified oil and 

water mixture successively filters from the top to the 

bottom of the ma.in housing 26. 

:en this case, the housings 27a of each of the cartridges 2? 
have contained therein rubJ>er, or 1:1.ke polymer,, g%8.D.Ules 

• 



• 

r 

s 

WO !16137290 PCT/AU96/00307 

- 7 -

which pr:l.or to 11 activation11 are immobilised by appl:l.cat:l.on 
to a thin layer of polymer bond material whilst that 
material is in a 1:1.quid state, and thereafter the 

combination is allowed to cure into a sheet from bhe 

surf ace of which the rubber granules protrude in an 
:l.mmob:l.lised·cond:l.tion. A plurality of such sheets with 
open weave spacer sheets therebetween, such as plastic fly 
wire screen type material, are then wound into the form of 
a cylinder to form. a filter structure the circumference of 

10 which ls sealed by a plastic sleeve leaving the ends 

thereof open to allow fluid flow axially through each 

cartridge via the open weave spacer sheets after the filter 
structures are placed in the respective housing 27a. Layers 
of glass fibre wool or s:l.a:l.lar materials are.positioned 

15 within the tcps and bottoms of the cartridges to prevent 
migration out of the cartr:i.dges of rubber granules which 
may become detached :from the polymer bond mateJ:"ia1s. The 

immobilised rubber granules within the cartridge are 
activated 1>y' exposure to alcohol, or an alcohol based 

20 substance, prior to, or whilst, being positioned within the 
housings 27a. 

:tn order to allow access to the interior of the :main 
housing 26 an upper closure plate 28 is provided which 
closes the upper end of the housing with a plurality of 

25 circum£erea.tially spaced. apart clamping devices 29 having 

clamping :bolts 29a carzying nuts 29b being provided. file 

clmqping :bolts 29a are received within radially eztending 
s1ots 31 in the perimeter of the closure plate whereby, 
when the closure plate :l.s pcsitioned on the upper end of 

30 the housing, the nuts 29b may be tightened to clamp the 
closure plate to the end of the housing, with a handle and 

cl&IQ'Ping lever arrangement 37 being provided to complete 
the clampincr act.ion. 

In this emboc!iment of the invention an inlet 32 for 
35 emulsified oil and water mizture is provided extending 
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rad:la11y through the wa11 o:f the housing into a cavity 33 
above the uppexmost of the cartridges 27, and which allows 
a supply of emu.1si£:Led oil and water mixture to spread 
evenly over t:be top of the uppermost of the cartraiges 27 
J:>e£ore filtering down through the cartridge assembly. A 
spring assembly generally indicated as 34, and including 
force transmitting pillars 34a, a spacer plate 34b, ana 
conical coil springs 34c, prov:l~es a downward biasing force 
on the assembly of the cartridges 27, whilst the cavity 33 

10 :ls defined between the spacer plate 34b and. the top of the 
u.ppe:cmost of the cartridges 27. 

'l'he bottom of the housing 26 is closed by an end wall 35 
through the middle of which an outlet 36 is provided for 
the discharge of separated water. 

15 As the emulsified oil and water mixture passes successively 
through the cartridges 2?, the oil content thereof contacts 
and :ls retaine4 by the "activated" .rubber granules within 
the cartridges. Once the effectiveness of the •activated• 
rubber granules :ls re4uced to the eztent ··that monitored oil 

20 content of the water discharging from the apparatus reaches 
the allowable maximum parts per million the cartridges 27 
are removed after opening the upper closure plate 28 and 
are thereafter replaced with new cartridges. The used 
cartridges are then disposed of by burial in land f ill:l.ngs 

25 or as fuel for fuznaces or kilns. Xn. this embodiment of the 
invention a pressure gauge may be provided and associated 
with a gauge port 50 through the upper closure plate 28, 
whilst a drain port 51 is provided through the lower end 

wall 35 of the housing and closed by a :removable closure 
30 plug 52. 

Once again, as wit:h the embo4iments of Figures 2 and. 3, a 
plurality of the apparatus of Figures 4 to 6 may be coupled 
in series or :1.n parallel to increase the capacity of the 
system, or in the case of parallel coupling, allow the 
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closing down of one unit when the oil ccm.tent of ~ water 
4ischaz-giDg tllerefrom :reaches the allowable 1:1.m.it. 

As an. alte:rnative to inclusion of granules of ~r, or 
like polymer material, in. a flui4ised bed as in. tJ:le case of 
the embodiments of l'igu::r:es 1 to 3, or immobilisation on a 
thin layer of polymer bond material as in the case of the 

eml>odiment of Figures 4 to 6, the GraDllles may be retained 
within a body of a medium of particles such as sand or 
gravel, either before or after being •a.ctivatedn by 

10 exposure to alcohol or an alcohol based substance. :en 
another alternative, the granules may be retained by 

applying them to a thread. of cotton or similar material 
ut:l.1:1.s:lng a polymer bonding material, and the threads 
thereafter vertically bunched together within a plastic 

15 sleeve to provic!e a porous filtering mass for use as 
disposal>le cartridges in the apparatus of Figures 4 to 6. 
file granules may then be 11 act:Lvated11 by exposure to 
alc~l, or an alcohol based substance. :In a still further· 
alternative a sponge may be created by blowing rubber or 

20 polymer granules :lnto a .chamber in which, under tur:bu.lence, 
they are mixed with droplets of an aerated polymer bonding 
material which a4h.ere to the granules, and then 4rop to the 

the granules· amt. the polymer Which, when cured, will form a 
25 rigid porous filter medium through which an oil and water 

emulsion mixture can pass and which, if the circumference 
is contained within a plastic sleeve, can provide 
disposable ~ridges for use in the apparatus of Pigures 4 
to 6. 

30 
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CliADIS: 

1. A method of separating the hydrocarbon and wat:er 
component.a of a mixture thereof, in which the mixture is 
passed through at least one filter :mass including sranules .. 

5 of a polymer· material which. have been. activated J:>y.·exposure 
to· a substance rendering said. granules b.yd.roph:l.l:Lc, aDd 

Whereby a 1arge proportion of the hydrocarbon content of 
the mixture :t.s retained by said granules to be separated 
from tbe water content of the mi:xture as it passes through 

10 said filter mass. 

2. A method as claimed :Ln Claim 1, wherein the 
f :Llter mass is a bo4Y of liquid in. which the said granules 
are suspended to foJ:m a fluidised bed. 

3. A method as claimed.in Claim 1, wherein the 
15 filter mass is one or more cartridges foz:med from 

cylindr:t.cally wound sheets eo1qpr:l.sed of said granules 
retained cm a thin layer of polymer bond material, with 
said sheets alteZ"D.ating with sheets of open weave material. 

4. A method as claimed in Claim 1 wherein the filter 
20 mass :Ls foZ'Dled by mixing said granules with a medium of 

particulate material. 

s. A method as claimed in Cla:l.m 1, wherein the 
f ilt8% mass is formed from a :mass of thread-like elements 
on Which the granules are retained by means of a polymer 

25 l>onding material. 

30 

6. A method as claimed :l.n Claim 1, wherein the 
f :l.lter DJ&SS is a porous sponge formed by mixing said 
granules under turbulence with droplets of an aerated 
polymer bonding material. 

'· A method as claimed in ~ one of the preceding 
claims, wherein the granules are rubber granules. 
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8. AD apparatus for separating the hydrocarbon and 

water components of a mixture thereof, comprising at least 
one housing containing at least one filter mass including 
granules of a polymer material which have ·been act;:;i.vated by 

exposure to a substance rendering said granules hy.drophilic 
and whereby to retain a large.proportion of the hydrocarbon 
content of the mixture and separate it from the water 
content of the mixture as it passes through said filter 
mass, means to introduce said mixture into said housing, 

10 and means through which separated water may be discharged 

from. said housing. 

9. An apparatus as claimed Claim 8, wherein the 
filter mass is a body of liquid in which said granules are 
suspended. to foz:m a fluidised bed. 

15 10 • An apparatus as cla:l.aed in Claim 8, wherein the 

filter mass is one or more cartridges formed from. 
~1in4rica1ly wound sheets comprised of granules retained 
on. a thin layer of .polymer bond :material, with said sheets 
alteniating with sheets of open. weave material •. 

20 11. An apparatus as claimed in Claim 8, wherein the 

filter mass is formed by mixing said granules in a medium 
of particulate material. 

12. An apparatus as claimed in Claim 8, whe:ein the 

filter mass is f o:r:aed from a mass of thread-like elements 
25 on which the granules a:re retained by means of a polymer 

bonding material. 

13. An apparatus as claimed in Claim 8, wherein the 
f :Llter mass is a po:ous sponge formed by mixing said 
granules under turbulence with droplets of an aerated 

30 polymer bonding material. 

14. AD apparatus as claimed in ~ one of Claims 8 to 
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13, wherein the granules are rubber granules. 

15. A method of separating tbe hydrocarbon and water 
components of a mixture thereof, substantially as ~ 
herei:abafore described •. 

16. An apparatus for separating the hydrocarbon and 

water com.pODeDts of a lllizture thereof,. substant:l.ally as 
here:t.Dbefore described with reference to !':l.gure 1, P:l.gure 
2, Pigure 3 or Figures 4 to 6 of the drawings~ 


