1 Method for the Preparation of Huoropolymer Powdered Materials The
present invention relates to a method for the preparation of Huoropolymer
powdered materials. Huoropolymers are long-chain polymers comprising
mainly ethylenic linear repeating units in which some or all of the
hydrogen atoms are replaced with fluprine. Examples include Poly
(tetrafluoroethylene), Perfluoromethyl vinyl ether (MFA), Huoro ethylene
propylene | FEP , Per Huoro Alkox PFA), Poly(chlorotrlfluoroeth lene)
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are utilised in a wide variety of applications in which resistance to extreme
environments is necessary. Current applications include the formation of
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There are several applications which require the powdered form of the
fluoropolymer. The fluoropolymer may be applied to a surface by electrostatic
spraying of the powder. Uses would include the coating of household cookware to
increase non-stick properties and abrasion resistance, and the coating of automotive
parts to increase resistance to environmental weathering. US 3,692,759 discloses a

method for preparing a PTFE resin powder by freeze drying.

At present, two methods are generally used to produce the powdered form of a
fluoropolymer. Spray drying methods comprise the pumping of an aqueous
dispersion of the fluoropolymer feed into an atomising system, generally located at
the top of a drying chamber. The liquid is atomised into a stream of heated gas to
evaporate the water and produce a dry powder. This method has several
limitations. The requirement that the aqueous dispersion is pumped into the
atomising system limits the use of this process to pumpable materials, and the

spray dried agglomerates are tightly bound to each other and resist subsequent



disagglomeration. In addition, only non-fibrillatable materials can be
processed, as atomisation may result in the fibrillation of the
fluoropolymer, resulting in an intractable ‘'marshmallow' material which is
difficult to handle. An alternative method involves the coagulation of the
particles within an aqueous dispersiop. Coagulation is facilitated by the
use of high mechanical shear, the addition of acids or the addition of
eII|n agents and subsequent treatment with a water immiscible organic
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o sublimation, thereby producing dry particles of the fluoropolymer,
mdeed Bytalslee eredusttiadi B BESIABE L WhiglbiesisisiorpiedseThe
meiBe fkfhgotnvention allows more modifier to be added to the polymer
than'is possible using conventional techniques.

In both these methods, it is difficult to incorporate any significant amount of a

modifier to improve the barrier properties of the fluoropolymer.

It is therefore an object of the present invention to provide a method for the
preparation of a modified fluoropolymer powdered material with improved barrier

properties.

According to the present invention there is provided a method for the preparation
of a modified fluoropolymer material in powder form which comprises the steps of:
forming a suspension of solid particles of the fluoropolymer together with particles
of polytetrafluoroethylene (PTFE) as a modifier in an aqueous liquid carrier;
freezing the aqueous suspension; and subsequently subjecting the frozen aqueous
suspension to sublimation, thereby producing dry particles of the fluoropolymer,

modified by the presence of the PTFE modifier, in powder form.



The modifier particles disperse efficiently between the fluoropolymer
particles in the aqueous carrier thus imparting superior barrier properties
to the finished powder material. A PTFE/fluoropolymer alloy is produced
which is more crystalline in nature than the un-modified fluoropolymer.
Post milling or irradiation of the freeze-dried modified fluoropolymer
material can also enhance its suitability as a powder coating material.
Preferably, the fluoropolymer is perfluoromethyl vinyl ether (MFA).
Preferably the particle size of the fluoropolymer is in the range 30 to
ABRnne e terablin28Qitm aﬁawsm&)ga abaific2 3)bernddeafer ald polhem & Thdn
modifi s has a partlcle Siz Ehe range 30 to350nm, preferably 200 to
25 %SS nd i Cr()erlngH 8Islau Y10 58 e, preferably 20 to 30 wt% e.g.
about 25 wt% of the MFA/PTFE mixture, expressed on a dry weight basis.
d is particularly suitable Rr th ssing of Perfluoro
R R o e T T R
@F@c)u@tefeaatﬂythhelmmwmu@n@pbWmerpp@twderew that@mahtrrhs a

PSS Sizethat SRy SMALIARIPN fi'l%‘a'th%@ttl' Whiy Fomygational

powder spray application te chnl ues. Thé agglomerates (with a primary
sayeldingZe ptatsohen he ided fhayenalengh Xostagliamheter of

friommidaloh LM rrRosE Riskeraly; &pm s ie1 3Ae e fgiably alf enhance its

suspension of the solid fluoropolymer particles in the liquid carrier is
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suspension is frozen at a temperature in the range -60C to -20C.
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range 30 to350nm, preferably 200 to 250nm, and is present as up to 50 wt%,
preferably 20 to 30 wt% e.g. about 25 wt% of the MFA/PTFE mixture, expressed

on a dry weight basis.

The method is particularly suitable for the processing of Perfluoromethyl vinyl

ether (MFA), Fluoro ethylene propylene (FEP) and Per Fluoro Alkoxy (PFA).

Preferably, the modified fluoropolymer powdered material has a particle size that is
sufficiently small to allow application by conventional powder spray application
techniques. The agglomerates (with a primary particle size of about 0.2um)

produced may have an average diameter of from 1 to 100um, more preferably from

20 to 30um.

Preferably, the suspension of the solid fluoropolymer particles in the liquid carrier
is frozen in a freezer at a temperature below 0°C. More preferably, the suspension
is frozen at a temperature in the range -60°C to -20°C. Typically, freezing might be

completed in 6 hrs to 24 hrs.



Preferably, the aqueous carrier is water with or without surfactant and with
or without bridging solvents (organic solvent used to aid the
dispersion/solvating of additional resins). If bridging solvents are used,
they should be at concentrations low enough and have high enough
melting points so that freezing is not inhibited. Preferably, the sublimation
is carried out using sub-atmospheric pressure or a vacuum. The use of a
reduced pressure causes sublimation of the carrier from a frozen state
directly to a gaseous state, avoiding the solid to liquid and liquid to gas
tPagtsitioly,, ertespahyidﬂefreﬂtmd ﬂtesspmefiﬁeer@ateﬂbbmmeanﬁlm @rrier
vacuum pum Prefer the re uc [g %res sure IS in thf ran 9:

1‘ relera

15 BgEAk: BT Bretars Seér?)‘}fa?“e . PEypica e,ezslu%hmatlon

rutnlgh’ajz)eouxmnpt@tdcé isu mmnmﬂ&msellatﬁkammma msrfekablytharrled
oyt ata ter{}%?ature whigh is |n L%%:e helow the glass transition

aced into €7¢ en W
1%mperature of th ﬁuoropo ymer. The g 585 transition temperature, Tg, of

a polymer is the temperature at which it changes from a glassy form to a

HRRERS oI INRIReaIHEd MG Qb Bl dspengondhe.MAlGFHRr

weight of the polymer, its thermal history and age, and on the rate of

W E RFRREBOIYETTY (Esaa kb ecara R & he AseersmNsabeingsE,
RER RRA AR CrrB Mmoo tre TRQIIRRRPRIRIHIELIS £ ROHQIREA BN

assist the sublimation process and avoid meltin ILg\of the carrier liquid. It is a
bRMEReIBRddaEnhkie JHREBRMISY MRARtSTH s At fyddted.

below the Tg values for some of the materials listed. Thus, the method
ar t at ampient te perature Alternati eI the method may
e O S AP RIFS S ou T ORISR S e to
ﬁeduumthﬂqﬁm tﬁt@md@@dm@l@t&dh@m&@@&ﬁhmﬁheﬂnﬁthﬁedrrier from a
uoro rtlcles ma treated fter subl ti gure
Ozenpsq%)(lan &ﬁ%rﬁ egf}roclés‘sszé‘,t o?’tﬁvom?n mven?lo?;l qulﬁ% £as
nnodificeti d?rsfmalydyndiadedumm mgemuwadiawiamddf}tm@ﬂnmbp(ymm pump.

prafianen ol t&%‘ﬁ'éé% ZBP?DG%%% }’}{Qﬁé%%:gge%' 4 t&%%ﬁrﬁ%%%er milling

{0 assistin particle size contro Ing adjusts the particle size distribution
ofefrsablydifiddtiiuor8 SSRimer! Yorcalaniphéi meadivsing shieomesanpirigtldie ISize
Q- Prody e a finer powder. Typically the milling would be carried out
conventionally in a pin or jet mill.

The method is preferably carried out at a temperature which is in practice below
the glass transition temperature of the fluoropolymer. The glass transition
temperature, T, of a polymer is the temperature at which it changes from a glassy
form to a rubbery form. The measured value of T, will depend on the molecular
weight of the polymer, its thermal history and age, and on the rate of heating and
cooling. Typical values are MFA about 75°C, PFA about 75°C, FEP about -208°C,
PVDF about -45°C.

The temperature is controlled to assist the sublimation process and avoid melting of
the carrier liquid. It is a beneficial coincidence that these controls also maintain
temperatures below the Tg values for some of the materials listed. Thus, the

method may be carried out at ambient temperature. Alternatively, the method may



Where the method additionally comprises irradiation of the modified
fluoropolymer particles, this would typicallybe carried out on the powder,
but alternatively on the suspension. Irradiation adjusts the melt
characteristics of the modified fluoropolymer, for example to lower the
melting temperatures/glass transitionstemperatures and increase the melt
flow rate. The method of the present invention does not result in the tight
agglomeration of the particles, but instead produces a fine powder, which
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extrusion, conventional powder spray application techniques or for redispersion in
aqueous or organic media. The friable powder can be broken down easily for

particle size modification.

The method of the invention may be carried out at a temperature below the glass
transition temperature of the fluoropolymer, in contrast to the known processes
involving spray drying and coagulation, which require temperatures well in excess
of 100°C. The use of ambient temperature allows greater energy efficiency, while
the use of temperatures that are above ambient temperature, but below the glass

transition temperature, can be used to increase the speed with which the



The invention may be carried into practice in varying ways and some
embodiments will now be described in the following Example and with
reference to the accompanying drawings, in which: Figure 1 is a DSC
curve for MFA; Figure 2 is a DSC curve for PTFE; and Figure 3 is a DSC
curve for MFA modified by Mt in accagdance with the invention. Example 1
7 Experiment with PTFE as modifier with MFA.

sublimation proceeds. Temperatures above ambient can also be used to assist

secondary drying, to drive off any remaining liquid carrier traces.

The method of the invention can be used to prepare a modified fluoropolymer
powdered material whether the fluoropolymer would tend to be fibrillatable or non-
fibrillatable. A fibrillatable polymer is one which forms fibers when exposed to a
shear force. The known methods, which involve spray drying and coagulation,
both expose the solid fluoropolymer particles to shear forces, which can result in
the production of an intractable material. The present invention does not involve
shear forces at any stage and is therefore suitable for use with a fibrillatable

fluoropolymer.

The method of the invention may be used to prepare a modified fluoropolymer
powdered material from a pumpable or non-pumpable suspension of the solid
fluoropolymer particles in a liquid carrier. The suspension may be non-pumpable
because of high viscosity or shear sensitivity. The method does not involve any
steps where the suspension must be pumped. Instead, the suspension may be
poured or scooped into the tray for freezing, and the solid, frozen block may be

transferred into the vacuum chamber.

The invention may be carried into practice in varying ways and some embodiments
will now be described in the following Example and with reference to the

accompanying drawings, in which:

Figure 1 is a DSC curve for MFA;
Figure 2 is a DSC curve for PTFE; and
Figure 3 is a DSC curve for MFA modified by PTFE in accordance with the

invention.

Example 1



An SFN-DN PTHE aqueous dispersion stabilised with 0.6% D6483 (100%
polysiloxane) on PEFE solids was added to MFA 6202-1 MFA dispersion
to give 25:75 PTFE:MFA solids content. The dispersions were mixed with
slow stirring. The mixture was frozen and freeze-dried. The resulting dry
powder was applied by electrostatic Spray gun over a Xylan 4018/G0916
primer on to a grit blasted aluminum panel. The panel was flashed off at
150C and cured at 400T for 20 minutes. The powder melted to form a
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modified by the presence of the PTFE modifier, in powder form.

The MFA/PTFE blend produced by this process has certain advantages.

Increasing the crystalline nature of the MFA polymer can be demonstrated by
considering the heat of fusion in the DSC data. The high crystalline polymer has
better barrier properties. Also, the spray-drying process yields a homogenous

blend of PTFE and MFA. Mixing on a nano scale and freeze drying locks polymer

particles in place; no macro aggregation of polymers occurs.



2. A method as claimed in Claim 1, in which the fluoropolymer is
perfluoromethyl vinyl ether (MFA). 3. A method as claimed in Claim 1 or
Claim 2, in which the patrticle size of the fluoropolymer is in the range 30
to 350nm. 4. A method as claimed in any preceding Claim, in which the
PTFE modifier has a particle size in the range 30 to 350nm. 5. A method
as claimed in any preceding claim, in which the PTFE is present as up to
50 wt% of the MFA/PTFE mixture, expressed on a dry weight basis. 6. A
as claimed in any preceding claim, in which sublimation is
achieved by means of a sub-atmospheric pressure. 7. A method as
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t@ﬁ?%ﬂ%@rﬁﬁ&?&afi&&"}?ﬂﬁ*)@ %he method comprising the steps of: forming a
suspension of solid particles of the fluoropolymer together with particles of
polytetrafluoroethylene (PTFE) as a modifier in an aqueous liquid carrier; freezing
the aqueous suspension; and subsequently subjecting the frozen aqueous

suspension to sublimation, thereby producing dry particles of the fluoropolymer,

modified by the presence of the PTFE modifier, in powder form.

2. A method as claimed in Claim 1, in which the fluoropolymer is

perfluoromethyl vinyl ether (MFA).

3. A method as claimed in Claim 1 or Claim 2, in which the particle size of

the fluoropolymer is in the range 30 to 350nm.

4. A method as claimed in any preceding Claim, in which the PTFE modifier

has a particle size in the range 30 to 350nm.

S. A method as claimed in any preceding claim, in which the PTFE is present

as up to 50 wt% of the MFA/PTFE mixture, expressed on a dry weight basis.

6. A method as claimed in any preceding claim, in which sublimation is

achieved by means of a sub-atmospheric pressure.

7. A method as claimed in Claim 6, in which the reduced pressure is in the

range of 0.01 to 0.99atm.

8. A method as claimed in any preceding claim, in which sublimation is
carried out at a temperature below the glass transition temperature of the

fluoropolymer.



9 9. A method as claimed in Claim 8, in which sublimation is carried out at
ambient temperature. 10. A method as claimed in Claim 8, in which
sublimation is carried out at a temperature between ambient temperature
and the glass transition temperature of the fluoropolymer. 11. A method
as claimed in any preceding claim, ingwhich the suspension of the solid
particles in the aqueous carrier is frozen at a temperature in the range
-60T to -20C. 12. A method as claimed in any preceding claim, in which
the suspension of the solid particles in the aqueous carrier is frozen in
ays. WBmAdmethodas«ldin@diin &iny precedingialaiton id vhicd tue at
modified quoroQoI mer particles are subjected to milling and/or irradiation.
i1 elﬁ%tta%ﬁlg r%élrc%/‘aimed in any preceding claim, in which the
fluoropolymer is fibrillatable and/or non-pumpable.

10. A method as claimed in Claim 8, in which sublimation is carried out at a
temperature between ambient temperature and the glass transition temperature of

the fluoropolymer.

11. A method as claimed in any preceding claim, in which the suspension of the
solid particles in the aqueous carrier is frozen at a temperature in the range -60°C to

-20°C.

12. A method as claimed in any preceding claim, in which the suspension of the

solid particles in the aqueous carrier is frozen in trays.

13. A method as claimed in any preceding claim, in which the modified

fluoropolymer particles are subjected to milling and/or irradiation.

14. A method as claimed in any preceding claim, in which the fluoropolymer is

fibrillatable and/or non-pumpable.



