Met hod for the Preparation of Fluoropol yner Powdered
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wo 20090e3pr epar ati on of Fl uor opol yner powder edPCT/GB2008/002414

mat eri al s. Fl uoropol yners are | ong-chain polyners

conprising mainly ethyleni¢ [inear repeating units in

which sone or all of the hydrogen atonms are replaced

with . Exanples |nclude Pm

(tetr = f = ‘_ RFE Chkd
NFA) Fl uor o ethylene pro%ylene (FEP) Per Fluoro
RIGRSAt PERon Rkstss (e A msihodrPF tha prepetatign efiBljorepdlymer
g@a&éyh@%%ékuorlde) They are anongst the nost
chemcally i nert of all polynmers and are characterised
by an unusual resistance to acids, bases and sol vents.

w f t aI ties and have
PRl A RIS e Ao e bide R ErhRaR iR
repesrigdinitg iywhich yene Eﬂélymihéhﬁfrs ditdtdrh S 8 réglackd Wighe
I n resi stance to extrene

f I
TR QB Mo RabC Bairy ot oiene), Rl Hormatbyinnyl cher
(N/Ipﬁkl’fq@orbiéﬁl i&emplyfeﬂe e upérﬁ@ucﬂ@@dl PP, rmt erials

in chem cal I"ant s, sém conduct or qui p

Pdu(@imvﬁrl\ﬂeomﬁwbne)r@dﬁomwmlrfhbnd¢)achiﬁYl gre ammage ‘thar most

oFHENR ipPRBE U EBIYRES P RE YR B PR S e P

adids, hases aﬁcasr&vémys elrtegzhamtrmbmatlyslp\?diﬁhctr@alﬁlﬁrotéérﬁesafmdﬁw
de th t 0 0 cookwar e

e GO R P ER T DR e GG B bicpgpon mers re

ufilgse $A aw;&e vaRiee) fRBplEaabhdie wHictPldbionRdd t4@xR@he S t O
i ncrease resistance to environmental weathering. At
erp@@@emlts i PResPRtyh Sdsrent @pleationa incindg dhaiformatinno tieking he
nmet hods
OB T iR Sl chenREORAIY WBcor Bl A ™ e
aftbmotioppdrisrmed strerdral dladalirega at om si ng system generally
| ocat ed at

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.

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

characteristics.

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 silicon carbide (SiC) 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 SiC modifier, in powder form.



characteristics. According to the present invention
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conprises the steps of: formng a suspension of solid
particles of the fluoropolsyner together with particles
of silicon carbide (SIC) as a nodifier in an aqueous
liquid carrier; freezing the agueous suspension; and
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to sublimation, thereby producing dry particles of the
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material has a particle size that is sufficiently
small to allow application by conventional powder
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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 0.2pum)
produced may have an average diameter of from 1 to 100pum, more preferably from

20 to 30pm.

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.
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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, Ty, of a polymer is the temperature at which it changes from a glassy
form to a rubbery form. The measured value of Ty 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
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and cooling. Typical values are MFA about 75C, PFA
about 750C, FEP about -2080C, PVDF about -450C. The
tenperature is controlled to assist the sublimtion
process and avoid nelting of the carrier liquid. It is
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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
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
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redi spersion in agueous or organic nmedia. The friable

powder can be broken downgeasily for particle size

nmodi fi cati on. The nethod of the invention nmay be

carried out at a tenperature bel ow the gl ass
sublimaBintproreedse rifparpatatures ahfove hmbiehticanabeel bernsed toj agsist

contrast. tq the own_processes.inval vi spray drying

secé’ﬂgaré'gﬁé}é‘%’g? dgye %?%Wp'}aérﬂlﬁﬁ ﬁ%mfl 8%%% c%?’es wel | in
excess of 1000C. The use of anbient tenperature allows
greater energy efficjency, while the

. f
The SRR AV HIHIRN CaR BE WSE IR PERBe G mOd R BropRplumer, ¢

poRRLRW G a9 RSl tﬁ@ﬂﬁ&&b%m&?ﬂ@@lﬁ%ﬂﬂ 18 be GBI 1xab1Y BE Hort-0
increase the speed with i ch thesublimtion proceeds.

fitTidlpableatAufilrs!lasdbde/polamer s Ane whishdpses fiherywhen exgowedde &t
second [y! | i i,nj i.6ui, d

BBSRREETY: Sy, X004 B0 A SHRALCR AL

botis@gotothp seljibflwrapatyrérfpasitldslto shaap Girgesewhish welereselt in

mat eri al ether the fluorgpolyner.wuld tend t.o
R e R Al RLE L
sheRIYITBY atlaBly @t@%e whi i€ hefForeBufiithers uhehth efpeagedbleo a

shear force. The known net hods, which involve spray

flugrgriolgneind coagul ati on, both expose the solid
fl uoropol yner particles to shear forces, which can
result in the production of an intractable material.

ThBheethodsithe inventemtianbaised taprepara e otodilieshifprofolyses at

an tage.and is therefaore It . Lt o
poprbR T e £ pme B e BBl SpreReiy s sl
fldoRRINh&paftYeshe a ligeid cheiepr Epasuspansiondidyi leechon-pumpable

fl uorgpol yner .powdered nmpteri L frgm unpabl e or
bekwiEe 1 BB 0L PR sAmoB it hdng Blef IR BRI
st@RWHeR @8 shdpeiod Hikt Be gaﬁlbe&rm_stme S RBEMSIoaMma ey be

on- punpabl € because of high viscosity or shear
pagiegiirtscaadpey intT ke trastfoficegings ansothe seibipgerpigck 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:

Example 1

Experiment with the addition of nano SiC as a modifier to MFA powder.

Lake Chemicals and Minerals Ltd Beta Nano Silicon Carbide with a particle size of
40 nm was added slowlywith slow speed mixing to a 6202-1 MFA aqueous
dispersion to give 0.2% SiC content on dry weight. The mixture was poured into

trays and forzen prior to freeze drying. Xylan 4018/F9727 Black primer was



steps where the suspension nust be punped. I|nstead,
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The 0.2% SiC modified MFA 6202-1 panel with a total dry film thickness of 35-44
microns has first substrate exposure after 12000 cycles and 5% substrate exposure

after 16000 cycles.



after 10000 cycles. The 0.2% Si C nodi fi ed MFA 6202-1
panel with a total dry filmthickness of 35-44 m crons
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substrate exposure after 16000 cycles.Clains 1. A
met hod for the preparatiog of a nodified fluoropol yner
material in powder formwhich conprises the steps of:
form ng a suspension of solid particles of the
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carbide (SiC) as a nodifier in an aqueous |iquid
carrier; freezing the aqueous suspension; and
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pressure. 7. A nethod as clained in Caim6, in which
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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 of Claims 1 to 3, in which the SiC modifier has

a particle size in the range up to 50pm.

5. A method as claimed in any preceding claim, in which the SiC is present as

up to 2 wt% of the MFA/SiC 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.



carried out at a tenperature bel ow the gl ass
transition tenperature of the fluoropolyner. 9. A
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carried out at anbient tenperature. 10. A nmethod as
claimed in daim8, in whpch sublimtion is carried
out at a tenperature between anbi ent tenperature and
the glass transition tenperature of the fluoropol yner.
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preceding claim in which the suspension of the solid
particles in the aqueous carrier is frozen in trays.

13.
9, e é%ﬁn?ﬁ&@ od; (Jé‘i?neﬁ é@bm g th @Hﬁéh R8BS dHis ChrdeMoud 41

( fl uoropol ymer particles are
ambidf wotpechture mi | 1ing and/or irradiation. 14. A method
as clainmed in any preceding claim in which the
fluoropolynmer is fibrillatable and/ or non-punpabl e.
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.



