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(57) Abstrace A source of radiaien 110, 120, paicaacly a pulsed aceelerated electron bean, directs a beam of radiation through
an imadiatina chamber 14, 583, The iradiation chsmbcr is dopleted of oxygen and axy gen containing gases, such has being drawn
tipat vacuemn of 10 or greater Tarr by vacum punp (20523, Taticulate, Phurapolyiner maleria) js entrained i 364 fn sabstaniially
oxvgen free pas and conveyed thrangh the iradiation chamber. The aceslarated slectrons break chemical bonds in the fluoropolymer
pamickes and cleetrostarically <harge the pamicks. Magnetic Belds (42, S01 of different polatity 1ot e charged parickes such
that they arc inzdiated from renl skles. The irradiaked Auorapoly mer par are cowled (240 and separated (26 from the

fini Tl s iy liatzed Wrrgruagh prgiamaiie g 139) for g continagos ceele, Togn alteomate bateh pror e
emhodiment, the flusrapalymer matevial is placed in the shallow cantainer (303 which 33 sealed and evacnared. The container 15
conveyed ihrough the pulsed elecron bean.
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METHOD OF RADIATION TREATHMENT FOR
FLUOROPOLYMER MATERIALS

Background cof the Invention

The present invention relaztas te a methoed and
apparatus for irradiating fluoropelymer naterials. It
finds particular applicatien in ceonjunction with the
irragdiation of polytetrafluorcethylens (PTFE), flugrinated
ethylene propylene (FEP), and chlorotriflucroethylene
(CIFE} to degrade their mechanical properties. It is to
Le appreciated, however, that the present application is
also applicable to the radiation treatment of other
polymeric wmateriale to alter chemicgl resistancs,
electrical properties, thermal stability, surface
properties, and other characteristics.

Finally, nilled PTFE is used as= a conoen
additive to inks and to lubricants. However, PTFE is an
extremely tough material with very strong bonds. Tt is
extremely déifficult te mill into a fine powder.

In order to facilitate the milling process,
radiaticn has been used to break chemliciz)l kopds in the
PTFE polymer chaing. In one ftechnidque, Teflon material
was placed in open containers in a cobalt 50 {%9co) vault.
Gamma rays from the cobalt 60 irradiated the PIFE for a
duration which weakened the bands sufficiently, typically
on the ordar of several hours.

In another technigque, PTFE material, in
granules, sintered shavings, or other thin, small pieces
was placed in an open tray. The tray wasg passed slowly
through an accelerated electron beam irradiating the PIFE
material. The product was raked or stirred and passed
through the electran beam again,

These technigques have several drawbacks., First,
a significant guantity of hydrogen flucride (HF) gas is
raleased inta the atmosphere. Hydrogen fluoride is highly

JP 2004-504185 A 2004.2.12
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aorrosive and toxic to workers in the environment. Other
toxic and corrosive gases, inclnding fluorene, are alsa
released. Further, treatment of PTFE in copen containers
releases PIFE dust into the environment which assttles on
walkways and other surfaces. PTFE 1is an extremely
slippery lubricant areating fall and other injury hazards
to workers. Morecver, the PTFE dust in the environment
¢an be breathed by the workers. The present invention
contenplates a new and improved fluoropelymer material
irradiaticons apparatus and method which overcomes the
above referenced problems and others.

Summary of the Inventicn

In accordance with one aspect of the present
inventien, a method of irradiating fluoropolymer material
is provided. The methcd includes removing oXygen aind
oxygen containing gases from an irradiation zone to create
an oxygen and oxygen containing gas depleted environment
and passing flucropolymer material through the irradiation
zone. At least one of nmagnetic and electromagnetic fields
is applied acress the irradiation zone. An accelerated
electron beam is pulsed on and off through the irradiation
zons, theresby providing alternate irradiation and cooling
periods for the fluorcopolymner.

In accordance with another aspect of tha present
invention, an apparatus for irradiating fluoropolymer
materials is provided. A pulsed electron acdeleratar
gensrates a pulsed electron beanm through an irradiation
zona, wherein is located fluoropolymer material. A vacuum
pump draws2 down oxygen and oxygen containing gazes from
the irradiation zone. At le=ast one of magnets and
electromagnetic ceile is disposed ad-jacent the irradiation
gone for reorienting the fluorcpalymer material.

One advantage of the present invention is that
it reduces the generation of toxice and coTrosive gases.

Anocther advantage af the present inventioh is
that it reduseg and substantisally eliminates the

JP 2004-504185 A 2004.2.12
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distribution of dust and toxic substances into the
environment .

Another advantage of the present Linvention
resjides in improved worker safety.

Stiill further advantages and henefits of the
preaent invention will bkecome apparent to those of
ordinary skill in the art upon reading and understanding
the following detailed description of the preferred
embodiments.

Brief Description of the Drawings

The invention may take form in wvariocus
components and arrangements of components, and in variocus
ateps and arranhgements of steps. The drawvings are anly
for purpeses of illustrating preferred embodiments and are
not be construed ag liniting the invention.

FIGURE 1 is a diagrammatic illustration of a
fluorcpelymer naterial irradiation syster in accordance
with the present invention;

FIGURE 2 is an alternate enbodiment of a
fluoropolymer irradiation system; and,

FIGURE 3 is a graphle illustration of Fluorins
gas evoluticn rate versus radiation dose in air at
atmospheric pressure and at vacuums of 107 to 107 Torr.

Detailed Desgription of the Preferred Embwodiments

A particle acgelerator 10 accelerates electrons,
preferably in the 1-15 WeV range. A beam of the slectrons
are c¢onveyed to & scan horn 12 which fans the elsctron
beam out owver an elongated region. An irradiation
treatwent chamker 14 is mounted immediately contiguous to
the szcan horn to rveceive the electron bean. Freferably,
the irradiaticn chamber has a height and width which are
commensurate with height and width of the fanned electron
keam from the scan harn. To minimize electron beam
losses, the =can horn and irradiaticn chamber are
separated conly by a thin foil layer, preferably aluminum

JP 2004-504185 A 2004.2.12
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foil.

The irradiation chamber 14 is interconnected
with & wvacuum pump 20 which removes air from the
irradiation chamber. Preferably, the vacuwn puap draws a
vacoun on the order of 107! to 107% Torr. The irradiation
chambar iz alse connected with a sourca 22 of
flusropolyner material. Ereferably, the fluorcpolymer
material is in particelate, shaving, or flakKe form. The
fluoropolymer naterial moves through the evacuated
treatment chamber 14 at a controlled rate. Preferably,
the material has a dwell time in the irradiation chamber
of akout one minute. On impact, the charged elegtrons not
only break chemical bonds but alsc impact an electrical
charge to the dielectric flucropolymer particles.

After the fluorcpelymer material has pasesed
through tThe irradiation chamber, it passes through a
cooler 24 which removes heat accumulated during the
irradiation process. Coeling reduces the amount of gases
generated. That is, at higher temperatures, particularly
above about 11082¢, the rate at which toxic gases are
generated increases. The conled and irradiated material
passes to a separator 28, such as a cyclone separator,
where it is deposited. The separator includes a vaouum
sealed valve, such as a rotary pocket valve 28 through
which accumulated irradiated flucrcpolymer material is
passed for receipt and appropriate packaging.

More specifically to the preferred embodiment,
a valve 30 in one position connects an outlet port of the
vaguum pump 20 through a fllter and toxic gas recovery
system 32 to the atmosphere while the system is drawn down
ta the preferred pressure level. After the system is
drawn down to the preferred pressure level, the valve 30
cohnects the pump 20 to a preumatic return path 34
extending to the flucropolymer material source 22 to make
a closed loop pneumatic path. The wvalve 30 can be
operated intermittently to maintain the wvacuum in the

pneumatie path. An entraining wechanism 36 entrains the
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material into the low level of recirculated gas. Tha
entraining mechanism may incluvde, for edample, & rotary
pocketed vacuum valve 38 for passing the fluorcpolymer
material at a metered rate into the vacuum gide of the
aystem. & nozzle or venturi type arrangement 40 assisgts
in entraining the material particles into the woving gas.

In order to agltate or stilr the naterial
particles as they pass through the reaction chambey, a
series of magnets 42 of alternating peolarity line the
walls of the irradiaticn chamber. As =ach charged
fluoropolymer particle moves into an oppesite polarity
region, the electromagnetic forces flip its orientation.
The nagnets are preferably strong magnets such aa samarium
cokalt or barium permansnt magnets. Alternately,
electrical ceils can be placed on sides of the irradiatien
chamber to turn the electrostatically charged particles by
eleotric field changes. Agitation can alsc be provided
mechanically by baffles in the chamber 14.

Varions alternate techniques are also
gontemplated for moving the material through the treatment
champer 14. For example, the material can be moved
through the chamber with a mechanical conveyor, such as a
belt or auger., As another example, the particles gan fall
by gravity. A= yet another example, the material csn be
formed into ribbons or tubes that are pulled through the
evacuated chanber. Wumerons other conveying technigues
will be apparent to those of ardinary skill in the art.

With reference te FIGURE 2, in a batch-
processing enkodinent, flucropolymar material in
partioulate or flake form is placed in a relatively f£lat,
wide container 50 which is sealed to the environment. Tha
centainer is connected to a vacuum pump 52 which draws a
vacuum therein, again preferably on the order of 1o Tarr
or leas. After evacuation, the container 50 is preferably
disceonnected from the vacuum pump. The evaguatad
container s placed eon a flat belt or cther conveyer

system 5S4 for carrying the conveyer below a ceiling

JP 2004-504185 A 2004.2.12
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mounted scan horn 56. The container is passed through the
beam cne or more times until a selected dose iz achieved.
A  pulzed particle accelerator 58 again accelerates
particles which are focused and aimed by the scan horn
threugh the material in the container 50. Electrical
windings or magnets 60 of alternating pelarity are
disposed adjacent the scan horn for stirring or agitating
particles in the container 50.

optionally, a cocling system 62 ig placed below
the belt te cool the material that has been heated by the
electron beam. Freferably, the eledtron beam has an
energy in the 1-5 MeV range. The container is maved hack
and forth until the Teflon particles have received ahout
30-150 Mrad of radiation, more preferably 100-120 Mrad.
Thiz ean typically be achieved with aa total cuwulative
radiation time of about cne minute.

The fluoropolymer materials have long
fluerocarben c¢hains which are broken by the axidizing
effect of the electrons ints smaller chains and chain
segments ipcluding sone short ©, F, chain seguents. Tn the
ionizing environment of the irradlation chamber, some af
the short chains degrade into free or reactahle c¢arbon and
fluorine molecules.

Cp¥, »>> 2C + 2¥
Analogously, water wvapor in environmental air is also
lonized: )

H,0 +& =0OH + H
The free hydrogen and fluorine react to form hydrogen
fluoride:

F + H = HF

The remaining carbon and hydroxide radicals react to form
carbon dioxide and hydrogen gas., BAnalogously, othsr C,F,
radicals react directly with oxygen from the air and free
hydregen from ionized water vapor to form -CF,C000H + HP.
By removing the oxygen and water vapor by drawing a
aslgnificant vacuum, the amount of oxygen and water vapor
available to engade in the reactions which form hydrogen

JP 2004-504185 A 2004.2.12
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fluoride are greatly reduced, greatly reducing the
generation of hydrogen fluorids.

Even 1f a small amount of hydrogen fluoride and
fluorine gases are still generated, such gasesg continue te
ba circulated through the system. A rise in the pressure
due to these gases does not increase the generation of
hydrogen flueoride or fluorine, so long as oxygen and water
vaper are not introduced into the system. Alternately,
rather than maintaining a vacuaum, the system ecan be
evacuated of oxygen and water vapor and replaced with an
inert gas or cther gas which does not adversely interact
with fluoropolymer materials teo foxm hydrogen fluorids or
aother taxic gases.

Optionally, other forms of radiatien <an ke
utilized, including gamma rays and higher cnergy x-rays.
However, heing lower in energy than the electron keanm,
gamma and x-radiation will reguire Ilenger irradiation
fimes to achieve the same degree of treatment.

The electron beam is preferably pulssd. Pulsing
the electron beam provides alternate irradiation and
aooling periods for the treated partlcles. Typically, the
electron bheam js scanned back and forth across the scan
horn. The scanning, again provides intermittent
irradiatien or alternating irradiation and g¢oeling
periods. Typical - e-~bsam radlaticon settings include
1.,0-5.0 MeV electran beam with a pulsed beam current of
1-5 ki and a pulse duraticn of 10-500 n sec.

Although a wvacuum of 107 to 10% Torr is
preferred, higher vacuums achieve a further reduced rate
of hydrogen f£luoride and flucrine gas generation.

With reference to FIGURE 3, curve 70 illustrates
the rate of fluorine gas generation in milligrams par MGy
of radlation dose in air at atwosphere pressure and at
various vacuun levels. curve 72 illustrates the
generation rate of hydrogen fluoride versus dosze for
10" Torr vacuum levels; curve 74 for 10°° TO¥r; curve 76

for 107 Torr; and curve 78 for 10°% Torr. Tt will be noted

JP 2004-504185 A 2004.2.12
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that while 20! torr produces satisfactory results, results
at 10°% torr are again sighificantly iwmproved with a gas
generation at 10 torr or lower greatly improved.

JP 2004-504185 A 2004.2.12
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Having thus described the preferred embodiments,
the invention is now claimed to be:

1. A method of irradiating fluorocpolymer
material characterized by:

removing oxygen and oxygen containing gases from
an irradiation zone (14, 50) to create an oxygen and
oxygen containing gas depleted environment;

passing fluoropoclymer material through the
irradiation zone;

applying at least one of magnetic and
electromagnetic fields across the irradiation zone:; and

pulsing an accelerated electron besam on and off
through the jrradiation zone, thereby providing alternate
irradiation and cooling periods for the Fluoropolymar.

2. The methoed as set forth in <¢lzim 1, further
characterized by the pulsing step incgluding:

aceslerating electrons; and

directing the accelerated electrons through the
irradiatien =zone to breakr chemical bonds in and
electrically charge the Ffluoropolymer material, the at
least one of the magnetic and electromagnetic fields
interscting with the charged flucrapeclymer material to
agitate the wmaterial in the irradiation =zone.

3. The method as set forth in either ons of
preceding claims 1 and 2, further characterized by the
remcving step inciuding:

removing azlr and water vapor from the

irradiation zone.

4. The method as set forth in any one of
preceding claims 1-3, further characterized by the
removing step including drawing a vacuuam  in the
irradiation zone.

JP 2004-504185 A 2004.2.12
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5. The method as set forth in claim 4, further
characterized by:

the vacuwm being at least 107" Torr.

&, The methed as set forth in claim 4, further
characterized by:
the vacuum being at least 107 Torr.

7. The methad as set forth in any one of
preceding c¢laims 1-6, further characterized by:
cooling the irradiated polymeric naterial.

8. The methed as set forth in any one of
preceding claims 1-7, further characterized by:

entraining the fiuorepolymer material in a gas
which is depleted of oxygen and oxygen-containlng gases
and passing the gas and entrained fluoropolymer material
through the irradiation zonej;

after passing the entrained fluoropolymer
material through the irradiation =zone, separating the
finorspolymer wmaterial from the gas; and

reciroulating the gas to entrain more
fluoropolymaer material.

9. The method as set forth in =laim 3, further
characterized by:

the atep of pulsing an accelarated electron heam
electrostatically charging the fluoropelymer material:

the at least one of magnetlc and electromagnetic
fields rotating the charged material magnetically or
electrostatically; and

the method further including:

irradiating the charged rotating
material with additional pulses of electrons,

10. An apparatug £or irradiating fluorcpolymer
materials characterized by:

JP 2004-504185 A 2004.2.12
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a pulsed electron accelerator (10, 88} For
generating a pulged alectron bheam through an irrvadiation
gone, wherein is located fluoropeolymer materialj;

a vacuum pump {20, 52) Ior drawing down oxydgen
and oxygen contalning gases from the irradiation zone;

at least one of magnets (42) and electromagnetic
colls disposed adiacent the irradiation zone for
reorienting the flucreopolymer material.

11, The apparatus as set forth in claim 10,
further characterized hy:

a source {22} of flucropolymer material for
supplying fluoropolymer material to the irradiation zone.

12. The apparatus as set forth in either one of
preceding c¢laims 10 and 11, further characterized by:

a cooler (24, &2} for cooling the material which
has been irradiated in the irradiation eone.

13. The apparatus as set forth in any one of
preceding claims 10-12, further characterized by:

a scan horn (12, 56} which fans the electrons
intc an electron beam directed into the irradiation zeone.

34. The apparatus xs set forth in any one of
preceding c¢lajms 10-13, further characterized hy:

an entraining mechanism (36} for entraining
particulate fluorcpolymer material into a stream of oxyyen
depleted gas;

2 pneumatic conduit for conveving the entrained
fluorepolyter mwaterial from the entraining mechanism to
the irradiation zone;

a separator {26) disposed downstream from the
irradiation zone for separating the fluoropolymer material
from the entraining gas;

another pneumatic conduit (34) which conveys gas
from the separator bavk to the entraining mzchanism; ang

JP 2004-504185 A 2004.2.12
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a pump (20) for circulating the gas.

15, The apparatus as set forth in ¢laim 14,
further characterized by:

a chiller (24) disposed between the irradistion
sone and the separator.

16. The apparatus as set forth in any one of
precedinyg claims 10-15, further characterizad by:

the wacuum pump (20) drawing a vaconum of at
least 107" Torr on ths irradiation zone.

17, The apparatus as set forth in any one of
preceding claims 10~16, further characterized by:

a conveyor (54) for conveying the irradiation
zone through the electron beam.

JP
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