I  Method for the Preparation of Fluoropolynmer Powdered
Materials The present invention relates to a nethod for
the preparation of Fluoropolymer powdered naterials.

FI uor opol yners are | ong-chain polynmers conpri sing
mainly ethylenic linear repeating units in which sone
or all of the hydrogen atong are replaced with
fluorine. Exanples include Poly(tetrafl uoroethylene),
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There are several application methods, one of which requires the powdered form of
the fluoropolymer. Here the fluoropolymer is typically applied to a surface by
electrostatic spraying of the powder. Uses 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.

At present, two methods are 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



the top of a drying chanber. The liquid is atom sed
into a stream of heated gas to evaporate the water and
produce a dry powder. This nethod has several
[imtations. The requirenent that the aqueous
di spersion is punped into the atomsing systemlimts
the use of this process to punpable materials, and the
spray dried agglonerates are tightly bound to each
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pro uces a tig resi’s
diispgglgmenstiemt i on. It is an object of the present

invention to provide a nethod for the preparation of

fl uoropol ynmer powdered materials in which the
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tlghtly agglomerate, and in which the powdered material may be produced from a
liquid suspension of the solid fluoropolymer particles, which under normal

circumstances would not be pumpable because of its fibrillatable nature.

According to the present invention there is provided a method for the preparation
of fluoropolymer powdered materials, the method comprising freezing a
suspension of the solid fluoropolymer particles in a liquid carrier and subsequently

separating out the fluoropolymer particles by means of sublimation of the frozen

carrier to produce a dry powder.



liquid suspension of the solid fluoropolynmer particles,
whi ch under normal circunstances woul d not be punpabl e
because of its fibrillatable nature. According to the
present invention there is provided a nethod for the
preparation of fluoropolynmer powdered materials, the
met hod conprising freezing & suspension of the solid
fl uoropol yner particles in a quuid carrier and
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poured, scooped or otherwise transferred into a tray prior to freezing. Preferably,
the tray containing the suspension of the solid fluoropolymer particles is then

placed into the freezer and frozen within the tray.

Preferably, the liquid carrier is water based 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
transition. Preferably, the reduced pressure is created by means of a vacuum pump.

Preferably, the reduced pressure is in the range 0.01atm to 0.99atm, more



Preferably, the liquid carrier is water based with or

W t hout surfactant and with or w thout bridging

sol vents (organic solvent used to aid the

di spersion/solvating of additional resins), If

bri dgi ng sol vents are used, they should be at

concentrations |ow enough d@nd have high enough nelting

points so that freezing is not inhibited, Preferably,

t [ at nospher |
B PRI SRl bl e TSR RAE, e

cdgé&bmsubllnatlon of the carrier froma frozen state

directly to a gaseous state, avoiding the solid to
liquid and liquid to gas transition. Preferably, the
r é@um frosermlymeers, @emcﬂlaxdésjcabyedrmam tahpaatii@chioh 1phnnp

e lan

ercﬁ&,a&ll%th;e%?asg &g‘lléﬁlﬁg teg‘lr er aeftbs%l!lcg%}g L I % %%sgt m
T)ﬁl@nﬁcmli tympgatote, Haof mpolymghs thb engeripirettachichnit didngds $ront 0

orrety 1oFf o £ABEert UK ARG TRl Ao B Rl RpR s e
glmedesular wmghttofcbiw xtodmm,nattharmaldrﬁstdrp end hgepandpenltydrate ofThe

I t

P eBane b AURhE bk R Bt m b g SR A 77T RS
aahubéwﬂylfbﬂnidmh@4ﬁﬁhsured value of T. will depend on
the nol ecul ar weight of the polynmer, its thernmal

hi story and age, and on the rate of heating and
c db¢ iemgeratypis cabtrollad toessisitie sﬁ’mﬁﬁatab mricesk&ﬂ&:avolRFvAela‘bg)uﬁ

7519'car,r:|§tph(r.ﬁt§) gﬁlzs 4 g iatl E{%{ [?:lnzde:mk:J iatngise S%ntrp?:i]s aésgg'ggj 'g%‘gt e

IS contro 0O assI S
ategipdrainedstbicloy tbé Tgtvhieesdarrsome loftheapwteﬂnalsllisteds’l‘ms the

b I G h S€ ntrol | so

DY e SBELIRNGRions RhnpbaRES SR ERE. B PPuataray

t brecanniedenui atl aSerhpsrate& abdreumpbichhiemperetube th crdyr thedoerthé ed

Okt e emogn e tﬁ erature. Al ternatively, the nethod
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The fluoropolymer particles may be modified prior to freezing, after sublimation
has occurred or at any point during the process of the present invention. Such
modifications may include the addition of fillers, milling or irradiation of the
fluoropolymer. The addition of fillers would be carried out before drying to

improve blend stability; milling would be carried out after drying.

Irradiation of the fluoropolymer would be carried out after milling to assist in

particle size control.

The addition of fillers at the liquid stage allows the filler particles to disperse
efficiently between the fluoropolymers particles thus imparting desirable properties

to the finished powder coating. Post milling or irradiation of the freeze-dried



time taken to conplete the process. The fl uoropol yner
particles may be nodified prior to freezing, after
sublimati on has occurred or at any point during the
process of the present invention. Such nodifications
may include the addition of fillers, mlling or

irradi ation of the fluoropdlyner. The addition of
fillers would be carried out before drying to inprove
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fillers include tenperature stable pignments, binders,

gl ass beads, bronze powder and tungsten. O her
spbeinéthed hay sdditnalictonpeissiht imdling efthdfiamopolymer particles.
PR Y: ‘ Lde (.PPS), .Zi hosphat.e, pol
&l.ﬁg@g&gﬂg/s&gn%@%lgQggﬁlﬁé,gwﬁ)grof fie iR RAS ot exkiRtpld
pusiycingthe mednepakidtiosizs © PEEIQe wfimdr pavrer. Byygeatle érd migling
p . | qna |y conprise the
n?F%FE%é%?&yﬁ%gﬁﬁ%ggg ln%%ﬂ”xértlg1es MIling
adj usts the particle si ze dlstrlbutlon of the

fAULOR QR Y e e he a t|c e
AR SR NS ARG B
typically as a powder but alternatively in the suspensmn Irradlatlon adjusts the
melt characteristics of the fluoropolymer, for example to lower the melting

temperatures/glass transition temperatures 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 is suitable for use in
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



woul d be carried out conventionally in a pin orjet
mll. The nethod may additionally conprise irradiation
of the fluoropolymer particles, typically as a powder
but alternatively in the suspension. Irradiation
adjusts the nelt characteristics of the fluoropol yner,
for exanple to lower the neléti ng tenperatures/glass
transition tenperatures and increase the nelt flow
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be used to prepare fluoropol yner powdered materials
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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 by way of example.

General Description

In a typical process, a fluoropolymer (modified or unmodified) with a particle size
of about 0.2 pm is formed into a dispersion in water by mixing , optionally with a
surfactant and/or bridging solvent, depending on the nature of the polymer. The
dispersion is poured into trays, typically to a depth of 1 to 1.5cm. The loaded trays

are then frozen to a temperature between -60 and -20°C. When frozen the trays are



an intractable material. The present invention does not
i nvol ve shear forces at any stage and is therefore
suitable for use with fibrillatable fluoropolynmers. The
met hod of the invention may be used to prepare a

fl uoropol yner powdered material froma punpable or
non- punpabl e suspensi on of the solid fluoropol ynmer
particles in a liquid carrier. The suspension nmay be
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MFA dispersion in water with a solids content of 28-32 wt.% and melt flow rate of
5.4g/10min measured at 372°C.

PTFE dispersion in water with a solids content of 30 — 60wt% and melt flow rate

of 1-10g/mins measured at 372°C.

Other Components

Other components that can be included in the dispersions mentioned, include:
Silicon Carbide, average particle size 3 microns available from CARBOREX.
Poly phenylene sulphide (PPS) available from RYTON

Red 120 Iron oxide pigment available from BAYFEROX

PK 6075 Ochre pigment available from FERRO

34E23 Black mineral pigment available from JOHNSON



Subsequent process steps mght include mlling,
irradiating and conpaction to nodify powder properties
and tailor to specific requirenments. Specific

di spersions nmade and treated as descri bed are set out
bel ow. Fl uoropol vimrers PFA dispersion in water with a
solids content of 23-27 wt. % and nelt flow rate of
7.29/1 Om n nmeasured at 372C. FEP di spersion in water
Wctdima solids content of 23-27 wt. % and nelt flow rate
of 6.5g/10m n neasured at 372C. MFA dispersion in
water with a solids content of 28-32 wt.% and nelt flow
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Claims 1. A nethod for the preparation of a nodified
fluoropol yner powdered nmaterial which conprises
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3. A method as claimed in Claim 1, in which sublimation is carried out at
ambient temperature.
4, A method as claimed in Claim 1, in which sublimation is carried out at a

temperature between ambient temperature and the glass transition temperature of

the fluoropolymer.

5. A method as claimed in any preceding Claim, in which the suspension of
the solid fluoropolymer particles and filler in a liquid carrier is frozen at a

temperature in the range -60°C to -20°C.

6. A method as claimed in any preceding Claim, in which the suspension of

the solid fluoropolymer particles and filler in a liquid carrier is frozen in trays.

7. A method as claimed in any preceding claim, in which the filler comprises

pigments and/or binders.

8. A method as claimed in any preceding claim, in which the solid

fluoropolymer particles are further modified by milling and/or irradiation.



carrier to |l eave the nodified fluoropolyner as a dry
powder, and in which sublimation is achieved by neans
of a sub-atnospheric pressure in the range 0.01 to
0.99atm 2. A nethod as clainmed in Aaim1, in which
sublimation is carried out at a tenperature bel ow the
glass transition tenperaturegof the fluoropolyner. 3. A
method as clained in Caim1, in which sublimtion is
carried out at anbient tenperature. 4. A method as
claimed in daim1, in which sublimation is carried out
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gla t 0 of the fluoropolyner. 5.

ﬁﬁ?{ fgarﬁl%ka%:l thal 3%‘3 aglreecedl ng Caim in which
the suspensi on of t he SO|Id fl uoropol yner particles
and filler in aliquid carrier is frozen at a
tenperature in the range -60C to -20C. 6. A nethod as
claimed in any preceding Claim in which the suspension
of the solid fluoropolyner particles and filler in a
liquid carrier is frozen in trays. 7. A nethod as
claimed in any preceding claim in which the filler
conprises pignents and/or binders. 8 A nethod as
claimed in any preceding claim in which the solid
fluoropol ynmer particles are further nodified by mlling
and/or irradiation. 9 9. A nmethod as clained in any
preceding Claim in which the fluoropolynmer is either
fibrillatable and/or non-punpabl e.



