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There is a need for a more efficient process for producing higher
quality porous track membranes.

SUMMARY OF THE INVENTION
The present invention provides porous track membranes by exposing a

polymeric film to a bombardment of heavy ions to result in a film having a track
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A "fluid" is a gas or liquid that can range from air, water, blood,
hydrocarbons, and other fluids that in their unprocessed state contain materials that
are separated by systems using porous track membranes of the present invention.

A "porous membrane" is a thin pliable sheet or layer of a polymeric
material containing pores to separate or filter out materials from fluids.

A "porous track membrane" is a tracked film chemically etched to
produce pores of a specified diameter along the tracks.

A ™racked film" is a polymeric film exposed to a bombardment of
heavy ions to produce tracks serving as etching sites to produce pores.

A "material" is anything that has a finite size ranging from about 0.01
to about 1.5 .mu.m that can be separated from a fluid using a porous membrane
having an appropriate pore diameter ranging from about 0.01 to about 1.5 .mu.m.

FIG. 1 shows a block diagram of one embodiment of the process of the
present invention in which a porous track membrane is produced that is useful in the

separation or filtration of materials from a fluid.
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from a cyclotron or other particle accelerator. Each of the tracks left by these charged

particles is capable of being acted upon by a suitable etchant.

Typical examples of suitable heavy ions for this purpose include but
are not limited to ions of the following elements: argon, krypton, xenon, bismuth and
a combination of these heavy ions. Preferably, the track density is in a range of about
107 cm-2 to about 109 cm-2. See U. S. Pat. No. 5,449,917 and Russian Federation
Patent No. 2233196 published on 27 Jul. 2004, the relevant discussion of the exposing
step is incorporated herein by reference. In addition see E. U. Apel, "Measurements of
the Diameter of Selectively Etchable Tracks Produced in Polymer by Heavy Ions."
The latter article appeared in Nuclear Tracks, Vol. 6, Nos. 2-3, pages 115-118, 1982.
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Number in the range from about 100 to about 500. At such flow rates, the temperature
gradient of the solution in contact with the film is substantially reduced to zero and
the rate of etching is substantially uniform on all tracks of film surface. Accordingly,
these flow rates result in a narrowing of the range of pore diameter distribution on the
finished porous track membrane.

While the etching step is carried out for a period in a range of about 1

to about 24 hours, a shorter period of about 3 to 9 hours is recommended for an
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On the other hand, it is difficult to provide a temperature above 120.degree. C. using
the proposed method of addition an alkali salt. If the etching time is not more than
about 1 hour, no pores are formed on the membrane. If the etching time is longer than
the specified range of 24 hours, there is no further increase of any favorable effect. In
addition, high porosity membranes will lose their mechanical properties upon being
subjected to etching times outside the desired range.

The result of maintaining these optimum process conditions is a high
quality of semi-permeable membranes, i.e. porous membranes. One of the

characteristics of the porous track membranes produced by the process of the present



1. degree. C. These conditions can be expressed in the
foll ow ng equati on:

woORdozorasal Q nul tidot. C sub.s.multidot. DELTA. T R¥IE8€20061000213
is power of the preheater, WzQis flowrate of the
pi ckling solution, msup.3/s; C sub.s is specific heat
of the solution, J/(msup.3. nultidot.K); DELTA T is
diresniienis thet the reshbing ploraus ergmiitandstmaidBiThe Faine maximum pore

' i i .4 han 1.degree. C..or_. ree.
b AR eon T bR i BT s ol St 151 ol B Rigroge of
abdut EAbeiha befote theendsiefiddined bbYedldtedf ol | owi ng
factors. Preferably the etching is not carried out at

a t enper at Upéharenbpgdiment of dhp mresentprasessahewntin E1G: s Hhatgacked

. . : | .
SRS T e S PR
ptanngieempof Hogked G By artiaiypthe trhkeddiigr @eo mGnagsable dergh®, the

roposed nmethod of additjon an alkalji salt. If _the
ot 150CR FaRePs cartifesh Ot & bile Apsioparation Nsige an gichingrudt 200

ah&wh M PRSI 20N Lteﬁgth%lﬁﬁee Rked filnl 15t %&‘iﬂ 'tlﬂa‘}aﬁée{rﬁf dbdut lsto about

| onger than the Spec range o ours, ere |
A9 th aret preferied foraassettoR1@ny favorabl e effect. In

e ; \ will ] hei
rochant cal HIES ERERS CBER g ouh e ioe B atetis2Ag and
tHalE® (b S Ge Rhiiﬂoﬂ?@éé’s@t@e 3 A@Eludd@arh S V4 ,tﬁerfturnin%siugﬁort

mai ntai ni ng these optimum process conditions is a
qdamauptesfonsiang lafsea! sepitsire23eetbirame 2 5, seeonddorming support 235

BB oS0l L] B Soud o hRRBSFRl Ry soce

fixed @ppdrhveinditalnsubfort285 dlddoweshtridoftl RQpRHS 265. Frame 215 has
menbranes nai ntain_the sane maxi num pore di aneter

PRPFUBFRBbET 2oA&Ppn sesh HPDET herizontah sernosts 265 ere mgwntedhynd lower

: , t he
miinber 980t WAl WELAAE Gz B S Su B0 ABLAES, |
present pr duesg thGln loadidg Gp df the htehhga;@k@dop,oda?me R¢0 is
filmi ' mb f te sections of a
POV TR ety 30 Srriath orchel ek gl e tked film
By figadt ¢l fed et h&SAoaeh ShdpBtd ﬁS%y%%ﬂﬁgpiﬁL 3l %g geﬁ end of

t he etchi n;g_ step can be carried out | batch t
disetdengitlo 264 isi fedywader etleMenrhprizantal Q@Pos ROGmand thefilo@er @dupper

EETE MIERTE T CNER N R
then attached to turning support 225 by a second clip 256 to fix first section 262 of the
film firmly in place on the supports. Similarly, a left end of a second length 267 of the
film is fixed on a fixed upper horizontal support 255 by a third clip 257. The free right
end of second length 267 is fed under a lower horizontal support 265 and then over an
upper horizontal support 255 until the free end is at turning support 235. The right end
is then attached to turning support 235 by a fourth clip 258 to fix second section 267
of the film firmly in place. Preferably all of the clips are made from titanium.

At this point in the etching step, turning supports 225 and 235 are
rotated counterclockwise and clockwise, respectively to place first and second lengths
262 and 267 under a sufficient degree of preliminary or controlled stretching. The
stretching compensates for the tendency for the film lengths to expand when they are

placed in the etching bath at etching solution temperatures of not less than 100.degree.
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this example had an effective pore diameter of 0.3 .mu.m.
Example 2

For comparison, a similar example was performed in which the same
tracked PVDF film was etched in a bath containing 20 mass % of KMnO4 and 13
mass % of NaOH at 100.degree. C. for 6 hours to produce a porous track membrane

with an effective pore diameter of 0.17 .mu.m. This diameter was smaller by a factor



EXAMPLES The fol |l om ng exanpl es denonstrate the nethod
of using etching unit 200. hi each of the exanples
whedtoan3sal sol uti on, containing 20 mass % of KMCHSG2086/000213
mass % of NaOH, and a salt ofgan alkali netal in the
concentration from 200 g/1 to achieve a concentration
of conplete saturation at the boiling tenperature, was
pdur&ep omnsrest iekhaporpas hacdkaoemprape ppdacd aiterparaturdsabove
hﬁ)‘?)tcf%'rgre‘é'ege swi tched on and the etching solution was
circufFated as it was brought to the working
texaglesure. Wien the sol ution reached the necessary
t enper at ur cassette 210 containing the
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Focelpts ated Kr ions to have a track density of 1

.quadrature. 108 cm?2 was etched in an etching
sol uti on cdift&PmpaEsoREa sitler osaiplMaoperfadnadas switslothe same

NAEFrPRRE S, bR bR g et P2 Vol ana 13

ahash V0 of NaOH atl 08.dégresy C. 368 Bburd taBlobiudeta 04 ©&k membrane
NRe=200 _for this exanple. The porous track nenbrane
oRR ageffechve Bereskipmeter ¢fi (51 axunmy [l Bisithiametar was wealley by a factor of
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gbove | QO degree. C
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FIG. 3 shows another embodiment of producing a porous track
membrane in which a continuous roll of tracked polymeric film represented by block
310 is passed to block 320 for exposure to a bombardment of to heavy ions as
described above. From block 320 the continuous roll of tracked film is passed to
block 330 to be subjected to a suitable etching solution as described above. However,
in the case of a continuous roll, a continuous etching unit (not shown) is contemplated
that includes introducing a fresh etching solution at the tracked film inlet end of the
etching unit and removing a spent etching solution at the tracked film outlet end.

The applications for the porous track membrane produced by the
various embodiments of the present invention include: (a) treatment, reclamation,
recycling and reuse of industrial in-feed and wastewater; (b) desalination of sea water;

(¢) liquid separation for a wide variety of liquid industrial chemicals; and (d)



Exanpl e 3 Another PVDF film having a thickness of 25

.im.mthick and first exposed to a bonbardnment of
wa@emehesat ed Kr ions to have a track density oPCT/SG2006/000213

5.quadrature.| 07 cm2 was etched in an etching

sol ution containing 20 mass % of KvnO4, 13 nmass % of

NaOH and 20 nmass % of NaCl at 105.degree. C. for 8
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di aneter of 0.4 .nmu.m Exanple 4 For_conparison, a
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an _effective pore dianmeter. of 0.1 .mu.m This dianeter
Viighia fthy full ragge %%‘é‘é@@?tsﬁﬂw fﬁﬁo\t’f@ﬁ%@ﬂ' to the porous
track nenbrane produced at tenperatures above

| OO degree. C. Therefore, it has been found that by
strictly controlling the tenperature of the process
above | OO degree. C, the time to produce a given
maxi mum pore dianeter is one fourth that required when
the tenperature is naintained at 100 degree. C. FIG 3
shows anot her enbodi nent of producing a porous track
menbrane in which a continuous roll of tracked
polynmeric filmrepresented by block 310 is passed to
bl ock 320 for exposure to a bonmbardnent of to heavy
ions as descri bed above. From bl ock 320 the conti nuous
roll of tracked filmis passed to block 330 to be
subjected to a suitable etching solution as descri bed
above. However, in the case of a continuous roll, a
conti nuous etching unit (not shown) is contenpl ated
that includes introducing a fresh etching solution at
the tracked filminlet end of the etching unit and
renmoving a spent etching solution at the tracked film
outl et end. The applications for the porous track
menbr ane produced by the




vari ous enbodi nents of the present invention include:
(a) treatnent, reclamation, recycling and reuse of

w0 pabas1ssal i n-feed and wastewater; (b) desal i PEr/s6m06H00213
sea water; (c) liquid separatijgo for a wide variety of
liquid industrial chem cals; and (d)nenbrane-based
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T IS CLAIMED IS: 1. A process for producing
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conditions to maintain turbulent flow. 2. The process
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t nsi sting of krypton, argon, xenon,
bkﬁ)?r?géﬁwo corr'l]‘?)ll %lg.tl ons thereof. 3. The process of
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m The process’ of claim1l n sal
S@Wﬂﬁkon is an al kal i ne sol ution. 6. The process of

wher ei L illmis a . . .
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fluoride. 8. The process of claim7, wherein said
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alkali-metal-containing solution to temperatures in a range of about 100 to about

150.degree. C.

10. The process of claim 9, wherein said etching is carried out at temperatures
greater than 100.degree. C.

11.  Theprocess of claim 10, wherein said etching solution is passed in contact
with said tracked film at a flow rate to produce a Reynolds Number from about 100 to
about 500.

12. The process of claim 11, wherein said etching is carried out for a period in a
range of about 1 to about 24 hours.

13. The process of claim 12, wherein at least the temperature, flow rate and time
are controlled so that the etching step takes place with overheating of the etching

solution of not more than 10.degree. C.



al kali nmetals in sufficient concentration to increase

the boiling point of the resulting
wa@bkdoalor3saet al - cont ai ni ng sol ution to tenperat uPEFSGINOE000213

range of about 100 to about ;§f1degree. C. 10. The

process of claim9, wherein said etching is carried

out at tenperatures greater than | OO degree. C 11.
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A @ ocess for producing a porous track menbrane useful

i'n the separation of materials froma fluid conprising
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the sections of tracked filmw th an etching solution
t .ol era sup.Hetosboni lﬂ:@peﬁcmlsumzmth a densi ty of

es .gorres e tr
Gt TR SFES REPAR 7, Vet B fiebRIGor ot BORh ipingauee of
afboat @0MdlFhoueenginn sai d heavy ions are sel ected from
the group of ions conS|st|ng of krypton, argon, xenon,
b} mut hie RrReese ofplrivad B overeapisotching soliien isip ee ghkabine
q% ﬁh%G wherein said track density is in a range of

out g.sup.7 cmsup.-2 to about | g.sup.9
cf. supTheZprodds o tleinp i Doebareiafsail fidrofolymetie fikn is pdigvinylidene
d%anefer of said pores is in a range of about 0.01 to

®e ,mu.m 19. The process of claim18, wherein

spi.d efiadihiBless 8F Hibi?R0] whirBindRi @Ikl deR81u8i8h W dPAlkaline solution
of potassium permanganate
22.  The process of claim 21, wherein said alkaline solution also contains salts of
alkali metals in sufficient concentration to increase the boiling point of the resulting
alkali-metal-containing solution to temperatures in a range of about 100 to about
150.degree. C.
23.  The process of claim 22, wherein said etching is carried out at temperatures
greater than 100.degree. C.
24.  The process of claim 23, wherein said etching solution is passed in contact
with said tracked film at a flow rate to produce a Reynolds Number from about 100 to
about 500.
25.  The process of claim 24, wherein said etching is carried out for a periodin a

range of about 1 to about 24 hours.



20. The process of claim 19, wherein said _

fluoropolynmeric filmis polyvinylidene fluoride. 21.
wab@7p1eess of claim 20, wherein said al kal i NBCT/SG2006/000213

solution is an al kaline sol ut_i1?0 of potassium

per manganate 22. The process of claim2 1, wherein

sai d al kaline solution also contains salts of alkali
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about 0.01 to about 1 .mu.m.

34.  The process of claim 33, wherein said etching solution is in an alkaline

solution.

35.  The process of claim 34, wherein said fluoropolymeric film is polyvinylidene
fluoride.

36.  The process of claim 35, wherein said alkaline solution is an alkaline solution
of potassium permanganate

37.  The process of claim 36, wherein said alkaline solution also contains salts of
alkali metals in sufficient concentration to increase the boiling point of the resulting

alkali-metal-containing solution to temperatures in a range of about 100 to about
150.degree. C.
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a density of pores corresponding to the track density
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process of claim 30, wherein gaid heavy ions are

sel ected fromthe group of ions consisting of krypton,

argon, xenon, bisnuth, and conbi nations thereof. 32.
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solution is an alkaljne solution of pot assi um
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greater than | QO degree. C. 39. The process of claim
23, wherein said etching solution is passed in contact
wth said tracked filmat a flowrate to produce a
Reynol ds Nunber from about 100 to about 500. 40. The
process of claim 24, wherein said etching is carried
out for a period in a range of about 1 to about 24
hours. 41. The process of claim25, wherein said
conditions of tenperature, flowrate and tine are
controlled so that the etching step takes place with
over heating of the etching solution of not nore than
1.degree. C. 42. The process of claim26, wherein said
al kali metal salt is sodiumchloride.



