Fl uor opol yner - cont ai ni ng powders The present invention relgtes to a process
for preparing fluoropolymer-ggntaining powders, to. powder prepared by the
process, and, nore particularly, quoroponner-contalnlng powder suitable
for use in powder coating. The invention also relates to a process for ?:;
coating a substrate with a fluoropol yner-containing powder coating produc
and to the resulting coated substrate. Fluoropol yner-based coatings are
extensively used as protective and decoratlve coatlngs because of their
stability and durabil it yFwmsromolgs i aviger \peomidears conditions or to
chem cal s. Sol vent - based quoroponner coatlngs are well known in the art.
They are prepared by dispersing the fluoropolyner in a suitable solvent,
applying the dispersion to a substrate and subjecting the coated substrate
to heat. The soI£@ﬂtPE§§§nF51§€ﬁ@§%QQ/Qﬁi%#%%n?% 8 oPyeALSRhEGK has no
significant actlo he flu ropolyner at anbi ent _tenperatures, but
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fl uoropoly ess processes.
powder coating. The invention also relates to a process

for coating a substrate with a fluoropolymer-containing

powder coating product, and té the resulting coated
substrate. |
Fluoropolymer-based coatings are extensively used as -
protective and decorative coatings bécause of their
stability and durability when exposed to adverse weather
conditions or to chemicals.
Solvent-based fluoropolfmer coatings are well known
in the art. They are prepared by dispersing the
fluoropolymer in a suitﬁble solveht, applying the
dispersion to a substrate'and subjecting the coated : (
substrate to heat. The solvent used is generally an
organic solvent which has no significant action on the
fluoropolymer at ambient temperatures, but exhibits
solvent activity at higher temperatures. Organic
solvents are health hazards and environmentally damaging
compounds and the recovery of these solvents is a costly
and time-consuming procedure. Therefore, a need has
arisen in the industry for cost-effective processes for

preparing fluoropolymer-based coatings by



-

Sol vent | ess processes for preparing pignmented poly(vinylidene
fluoride)-based coatings have been proposed in British Patent Specification
No. 2 194 539 A and U.S. Patent Specifications Nos. 4 770 939 and 5 030
394..{ Jhese speci fications indicate thats 2mpreviously proposed sol ventl ess
procésses for preparing pignmented poly(vinylidene fluoride) - based
coatings, the mxture of powdered pigment and poly(vinylidene fluoride) was

not satlsfactor ause the nent was not perfectly wetted by the resin

and t he IongsP&rﬁW§&£ﬁ qgéééiﬂlngs prepared fromthe mxture was

adversely affected | ting. enpt P around.th |_gment

particles. These %ﬁ?é’.eht% ﬁ&%ﬁi%’ eeg) {?gtgfﬁé?%ﬂ?gﬁem’émgﬂg?ﬁe previ ously

proposed sol y{; | %%%S%infoaﬁ &‘eéo%gl{.ﬁg'ﬂg 89p88f Of More
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conpati bl e t |c resins in e ure e po y(V|nyI|dene
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speC|f|cat|ons a mxture of poly(vinylidene fluoride) resin, thernoplastic

resin, and paadgent. s.s Patentd ehaiit iR %@Dd4t’ﬁl?0r§§9|&hag pellets are
cooled to a very low tenperature, for exanple [err] and ground

cryogeni cal | %, 030y39ani c Thidsedispedid it tidnseindbcatesthapeciihi cati ons as
grinding at a tenperature equal to or |ower than about [err] Particles
whi ch are Iapgewibhsayagmogﬁﬂadwdaﬁyhnﬁlﬂssuprmbesseseﬁed pueparing 3 -
One di sadvantage of the process described in the
pigmented poly(v1ny11dene fluoride) - based coatlngs, the
g,/ nixture of powdered pigment and poly(VIleldene fluoride)
was not satisfactory because the pigment was not
perfectly wetted by the resin and the long term stability
of coatings prepared from the mixture was adversely
affected by the resulting empty spaces around the pigment
- particles. These specifications suggest'that
improvements in the previously proposéd solventless
processes can be obtained by including one or more
compatible thermoplastic resins in the mixture of the
poly(vinylidene fluoride) resin and the pigment.

In accordance with the above-mentioned
specifications, a mixture_of poly(vinylidene fluoride)
resin, thermoplastic resin, and pigment is extruded and
granulated and the resulting pelleﬁs are cooled to a very

“low temperature, for example -150°C, and ground
cryogenically, cryogenic grinding beihg defined in those
specifications as grihding at a temperature equal to or

lower than about -50°C. Particles which are larger than

a predetermined size are then sieved out.



above-nentioned specifications is the need for the cryogenic grinding of
the pellets. Cryogenic grinding of a material as described in the
above-nenti oned specifications requires the use of |arge anmounts of a _
cooling medium such as liquid nitroge® o cool and enmbrittle the mateiTHhl
before grinding, to cool the mlIl to very |ow tenperatures, and to mai ntal n
the mll-at a tenperature of no higher than [err] during grinding.
Cryogeni c grinding i,s, therefore, i ntrinsical [ chni que
because of the b&ggg%ﬁgfmp age 85333’!% ‘ffeéc%’%%a‘#%%%éfﬁgan%‘gdgﬁ& speci al |y
desi gned oLpBgLACL) bhel bpca3 HiGHANL Ol | fUONSegPeEALT On under the
extrenely T'ow Tenperatures ased in cryogenic grinding. I't s, however,

necessary Eegggaﬂicnpiihhi & b Rporgundes yogeni cal |y because they can

only be grou satistactoril’y if they are cooled to below the enbrittlenment

temperature by peiyBgeRicUagtinddndeiof | \ndteeiPRi Rt ak edesérPheacsf ok
preparing fluoropol yner-containing powders in which the necessity for

gri ndi ng ahbw@eymeatibhege spedi®l catdiorsx arginei rés ntise abse eof behege[ er r |
can be avoi ded would thus represent an inportant contribution to the art.
Powder s wi alhounpsoe€dapcopdinge medimm, swsh raprbguidanitnpgenanto
contribution to the art. The present invention provides a process for
prepari ng eopluendpemprittdenthienmatariilerbefgpre grindingeoker £904 ni xi ng
a thernoplastic fluoropolymer wth at ) )

the mill to very low temperatures, and to maintain the

mill at a temperature of no higher than -Sofc during

grinding. Cryogenic grinding is, therefore, an

intrinsically expensive technique because of the large

amounts of coolant required and the need for specially

designed grinding mills which can withstand continuous

operation under the extremely low temperatures used in

cryogenic grinding. It is, however, necessary for many

materials to be ground cryogenically because they can

only be ground satisfactorily if they are cooled to below

the embrittlement temperature by being brought to very

low temperatures. : I s

. A process for preparing fluoropolymer-containing
powders in which the necessity for grinding at very low
~ temperatures, for example, temperatures béelow -50°C, can

be avoided would thus represent an important contribution

to the art.  Powders with improved properties would also

represent an important contribution to the art.

The present invention provides a process for

preparing a fluoropolymer-containing powder, which



"east one ot her ,thersopl astic polymer which, in the proportions used, is
conpatible with the fruoropolyner in the nelt, obtaining fromthe m xture a
partigulate solid mass in whigh the quoroponner bhas a degree of
crys(alllnlty (as hereinafter’ ‘defined) -ofg at | east™*85 % and grinding the

particul ate solid mass. As discussed in greater detail later in this
specification, the particulate solid mass will typically be in the form of,
for exanple, granules or pellets, but the size of the rticles is not
critical procoﬂpﬂlsbatmukengaatMhﬁnmnpkﬁﬁtxprﬁé%DI@P%ﬁYmﬁﬁlﬁlFBraﬁrinding.
The fluoropolymer (or fluorine- contalnlng mer) is,advaptageously a
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vi nyl i dene fPHOPPEELSRE ¥Feds 16 Geupajl gtb]r%f‘&%lblﬁhﬁp f ?rgggl % * '

ts d ble f I fl
Sui bl & 1 Yﬁspéngéi?oﬁtpgt%?%n%?ﬁa e e, S et %%%9?%%. nyF. dene
fl d | ude tet | fl i d
13 ConononBACFs 1s i 3E %@%i?@%ﬁ i A
crystallini txﬁ-gétsﬁ'il%%g ng él%aéﬂ&f“ciéff‘ﬂé&)( besat! i'éasi:h)@ts ¢f the

pure honopol y e pure pol y(vinylidene fluorid

f1 uoropol ymegpigs gwlﬁta%@btmeo%»ﬁawnawr@oimoaasg) -5- The
quoroponner advant ageously has a wei ght
As discussed 1n greater detail later in this
U specification, the particulate solid mass will typically
be in the form of, for example, granules or pellets, but
the size of the particles is not critical provided that -
the particulate solid mass is suitable.for grinding.

The fluoropolymer (or fluorine-containing polymer)
is advantageously a fluorqhydrocarbon homo- or copolymer,
fof ekample, a copolymer comprising at least 80 mass %,
preferably at least 90 mass %, of units derivable from

| vinylidene fluoride and up to 20 mass %, preferably up to
10 mass %, of units derivable from at least one other -
fluorine-containing monomer. Suitable fluorine-
containing comonomers which may be used with vinylidene
fluoride include tetrafluoroethylene, hexafluoropropene
and vinyl fluoride. If a comonomer is used, the
'bomonomer is prefefably such that the crystallinity of
the copolymer is not significantly less than that of the
pure ﬁomopolymer, for example, the pure poly(vinylidene
fluoride). The fluoropolymer is preferably

poly(vinylidene fluoride).



average nol ecul ar wei ght (determ ned by gel perneation,chegomatography using
pol yet hyl ene gl ycol / pol yet hyl ene oxi de standards) in the .rahge of from
20,000 to 200,000, a nelting tenperature in the range of from[err] to 180
C, preferably [err] to 170 C, a nelt~fgow i ndex (according to ASTM D123§))
in the range of from10 to 50 g/10 nmin, and a nelt viscosity (according to
ASTM D3835) in the range of from 6000 to 12000 P (600 to 1200 Pas) at [err]
The fluoropolyner is mxed with at |east one other thernoplastic polyner
“which, in the quocﬁlummulerl sdvanpagiebuslyi hast ke welightopol ymer in the
melt. The fluoropolymer is itself thermoplastic, but, for convenience, the
t er m "t heeiveyags imokasgukar "we gkt (drtesminednbys gelnpaxmaabaon equi r es

ot herwi se, to nmean a thernoplastic polynmer other. than_the quoroponner
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ot her 0'e%%@dﬁ?&ﬁhd”ﬁﬁuégfﬁGﬁhﬂ?@?”ﬁﬁstﬁéeranqéﬁof from 10 to 50

g/10 min, and a melt viscosity (according to ASTM D3835)

in the range of from 6000 to 12000 P (600 to 1200 Pas) at \J

230°C.

The fluoropolymer is mixed with at least one_ other
thermoplastic polymer which, in the proportions used, is
compatible with tﬁe fluoropolymer in the melt. The
fluoropolymer is itself thermoplastic, but, for
cohvenience; the term "thermoplasfic polymer® is used
herein, unless the context requires otherwise, to mean a
thermoplastic polymer other than the fiuorop61Ymer.
Although the possibility of the other thermoplastic | -
polyher itself being a fluoropolymer is not ruled out,
the other thermoplastic polymer is preferably not a
fluofopolymer.

' Preferred thermoplastic polymers'aré.acrylic
polymers with units derived from acrylates and/or
methacrylates. Examples of suitable copolymers are those
comprising units derivable from an alkyl (meth)acrylate,
préferably methyl methacrylate, and units derivable from
at least one other olefinically unsaturated monomer.

Such other olefinically unsaturated monomers are



preferably al so:al kyl acrylates or alkyl nethacrylates, for exanple, ethyl
acrylate, butyl nethacrylate or isobutyl nethacrylate. Acrylic acid and
met haerylic acid are also suitable as the other olefinically unsaturated
nonoh®¥ . Advant ageously, the copolyners’cﬁnﬁrise at least 75 mass % of
units derivable froman alkyl (nmeth)acrylate and up to 25 mass % of units
derivable fromone or nore ot:her ol efinically unsaturated nononers. The

LR 5L Y OB e et

yla | at e copadl yner. e thernop

preferably haper awhsiy, @m@%e@}f&%arbﬁethheeﬂsb%%déy gel

permeati on chromat ography using polyethyfene gl ycol / pol yet hyl ene oxi de

st andards) | rigdm:ﬁ@g@ﬁﬁaéi;pme& 00fct91280a898 and' metdicryliit e d ange
of from7 to 17 P (0.7 to 1.7 Pas) in a 40 %solution in a 95’5 by nmass

m xture of tamerlsndeitybineag titel othebybleriaicaihy mmsatidateof the
fluoropol yner to the thernoplastic polynmer is advantageously in the range
of from 80: 2ManonE): 60.Advantayeous Ly al theasopelyaerss compriise mtt he range
of from75:25 to 65:35 is normally. preferred, but it is an advantage of
the inventiodaafh THedmassihet inikspderivabde £rowr epoletkyd does not in
general make grinding nore difficult: in fact grinding may well be easier.
The above- ned@eftR®@Ykate andy up $£o spacRassaki offis undgst derdvadlenand,

i ndi cat e t hat -7- ' s
, from one or more other olefinically unsaturated monomers.

U The thermoplastic polymer is preferably poly(methyl
methacrylate) or an alkyl methacrylate/alkyl acrylate
copolymer. .

The thermoplastic polymers preferably have a weight
average molecular weight (determined by gel permeation
chromatography using polyethylene glycol/polyethylene
oxide standards) in the range of from 20,000 to 206,000,
a viscosity in the range of from 7 to 17 P (0.7 to
1.7 Pas) in a 40 % solution in a 95:5 by mass mixture of
toluene and ethylene glycol methyl ether.

The mass ratio of the fluoropolymer to the
thermoplastic polymer is advantageously in tha ranga_of
from 80:20 to 40:60. For commercial reasons, a mass.
ratio in the range of from 75:25 to 65:35 is normally.
preferred, but it is an advantage of the invention that

- decreasing the proportion of fluoropolymer does not in
- general make grinding more difficult: in fact grinding
. may well be easier. The above-mentioned British and U.s.

specifications, on the other hand, indicate that



conposi tions containing | ower anounts of .poly(vinylidene fluoride) have to -
be ground at "lower tenperatures", that is, they are nore difficult to

grind. The m xture of the fluoropol yner_and the thernoplastic polymer my
optionally contain other additives. EXafiples of additives which nmay: be {;F

i ncluded are pignents and wet flow pronoting agents. The m xture preferabry
contains at |east one pignent, and the use of a pignent will nornmally be

essenti al t er 4 . f Al N h will’
in use be \eM%p soe%i;%yté%‘!\‘/?%%g%ggaglag Fo%?nog? gha%u%to i%%'?nlgin ueged' '
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the mass ofjd haHeyxtake néRE! ddEpgchie tbt apina.di oxide, may be required.
The m xture optionally contains at |east one flow pronoting agent.

( Fl ow pronot.i ng mgenitxt@Fe f bpWhedsluorepotymelknana ithd he art, and are
typically-acrylic.polynmers of very |ow nol ecul ar weight.) W have

sur pri si nglthdmopl asioie vipolyhéet mapreoptienaildy centairs atthexases,
particul arly when anmounts of pignment are relatively |low, make it possible
to obtai n adiikisresoatExamplesr ol adfdithvesswhdoh maywhbehdmadudedtics
even in the absence of a flow pronoting agent. For the purposes of the
present i nAxa iigments cand cwet Flow- PEPBRbANGgage8%S i s not essenti al .
-8 The mixture preferably contains at least one

pigment, and the use of a pigment will normally be ~
essential when the powder is to be used for coating a
substrate which will in use be exposed to ultraviolet
radiation. The amount of pigment used varies with the
choice of pigment. For example, for a white coating
which comprises titanium dioxide, 20 to 40 mass % of
titanium dioxide, based on the mass of the mixture,
including the titanium.dioxide, may be required. .

" ‘The mixture optionally contains at least one flow-
promoting agent. (Fiow-promoting agents, or flow aids,
are well known in the art, and are typically acrylic “/
polymers of very low molecular weight.) We have
surprisingly found, however, that the invention may in
some cases, particularly when amounts of pigment are
‘relatively low, make it possible to obtain a powder.
coating material which has good flow characteristics even
in the'ébsence“of a flow-promoting agent. For the

purposes of the present invention, therefore, a flow-'

promoting agent is not essential.



The fl uoropol yner and t.he thernopl astic polyner are bl ended, preferably in
the nelt, a suitable blending tenperature for mnixtures of poly(V|nyI|dene
quor~de) and pol y(methyl nethacrylate) being in the range of from 190 to
240Cx/Ct her additives, for exanple, pignedts required in the final powder
may be I ncor por at ed into the nixture before or during nelt-blending, or, in
sone cases (for exanple, in the case of a dry flow.ajd), may be

i ncorporated durin grlndlng Bl endi ng_may be carri‘ed out, for exanple, in
an extruder, nor rra'ﬂw LX4QKoRRlymeN ,any bhe Hherpapaskis pplymerpraed.
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that the necessity for grinding of the particul a mass” at
t enper at ur es reefuiwed G rC thE fihaY Poipter WY Ene biﬁbai-ﬁsrétéat iatactaey .

pr oduct , mhen e fluoropolyner in the particul ate sol mass Is in a
hi ghl y crysta:llbatiuré WeBord&r IcﬁerﬁnéIt*lﬁEeﬁdﬂﬁ?feéer ﬁréééfnéﬂ thBekky (as
hereinafter defined) of at |east 85% advantageously at -

(for example, in the case of a dry flow aid), may be

W, | incorporated during grinding. Blending may be car:ied
out, for example, in an extruder, normally after pre-
mixing of the components of the blend. When blending,
the temperature of the blending apparatus may, if
desiréd, be set to a temperature above the crystalline
melting point of a fluoropolymer. In another blending
method, the blending apparatus may be set to a
temperature below the crystalline melting point of the
fluoropolymer and additional energy may be supplied to !
the mixture by, for example, shear.

| A particulate solid mass is obﬁained from the
mixture of the fluoropolymer and the thermoplastic
polymer. We have surprisingly found that the necessity
for grinding of thelpafticulate solid mass at
temperatureszbelow -50°C éan be -avoided, while obtaining

" a satisfactory product, when the fluoropolymer in the
particulate solid mass is-in a highly crystalline form,
that is, When'it_has a degree of-cryétallinity (as

hereinafter defined) of at least 85%, advantageously at



| east-90 % and preferably at |east 95 % For the purposes, of this

specification, the degree of crystallinity.of the fluoropolyner in the
particulate solid nass to be fed to the grinding step is arrived at by
di viding the heat of fusion [err]of a’sgrrﬁle of the particulate solid ns
(including any additives, for exanple, pignments and flow i nprovers) by the
heat of fusion of a sanple of the pure fluoropol ynmer which has been brought

toits cryé'g%%tl r@o_r’@l téﬂarbgggﬁi‘:.%?{,ieﬁg?ggg%% ggeq cool ed, or allowed to

cool, to 2 T ostT{15al err orm of "a bl ock having

di mensi ons 170 apg ; adj I3 S | eto
allow for the p;%%%rgl?%n%o%ptgﬁg%ﬁoggégl 5%%1?%0%%20?; ﬁﬂgu:%dﬁélol I d
nmass. The he@teafsfAf] PRIt 82CHEhEAERubEopBaATHesd ibY thd frndiitd@atieanni ng
Calorinmetry (DSC), using a heating rate of [err] Thus the degree of

crystal linidgorid mdes ftaopeppbines thet §eipdingceitape isoldrd-inras dts def i ned
herein as: Hf (particulate solid nass) X 100 [err] Hf (pure
fl uoropol yiey dieridiing thepheatrofofiusjomagd #Hpd ofoleedsampley dfhethe

of that fluoropolyner conditions defined in the particul ate
above) particulate solid massol ivcikudingf anlye adddttiiviesat £l i d mass
contains nore than one fluoropolyner, the fluoropolyner to be used in the
pure form ®xanple efRigmnentsopndhElpyr pBPESVErsDhdYakdre heat f

fusion of a sample of thé-purelfluoropolymer which has

-~

been brought to its'crystalline melting temperature and
has been cooled, or,allowed.to cool, to 20°C (in-still
air at 20°C) in the form of a block having dimensions
170 mm X 73 mm.x 25 mm, and adjusting the resultiﬁg
value to allow for the proportion of the fluoropolymer in
the particulaté s0lid mass. The heat of fusion in each
case is measured by Differential Scanning Calorimetry
(DSC), using a heating rate of 10°C/min.

Thus the degree of crystallinity of the
fluoropolymer in the particulate solid mass is defined

herein as: | _ hd

AN Hf (particulate solid mass) X - - . 100

D He (puré fluoropolymer melted proportion by mass
and cooled under the . of that fluoropolymer
conditions defined in the particulate
above) . _ . solid mass

If the-particulate solid mass'contains more than one
fluoropolymer, the fluoropolymer to be used in the pure

form as the reference for the purposes of the above



‘definition is thhe fluaropol ymer present in the greater, or greatest,
proportion by mass, and the proportion of that fluoropolyner should be used
in the above calculation. If the DSC trace for the sanpl e of the
par(;bulate solid mass has nore than 6héd%hetting peak (indicating the
presence in the particulate solid mass of crystalline constituents of
significantly different nmelting points) the heat of fusion is calculated,

S éf%f%@%% BYE, £FhoPobbTInekREckE TH| 1o podleer
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froma m xt Wi %Mﬁ&g?éffm&ugﬁseﬂayﬁerusédaﬁavemt apowsst al line nelting

point, preferably a en m xture, by ensuring that cooling of the mxture

to anbi ent tRMRAIBitIch [ ONF t Rt BSDCERAUECEOY thieCBafipie Jfl itdal i on of the
fl uoropol ynmer commences takes place relatively slowy (as conpared with the

rapi d cool i nmarethiculeite yo i@ eiss ghas Adopet ahaaushy, meldimotpesak i S
allowed to cool in substantially still air at anbient tenperature.

Accor di ngl y, ( itritki Gatviany | tine gpsesencei ilpsthepparticullatepseidd mpass

f1 uoropol yner - contai ni ng powder, which conprises preparing a nolten m xture
of a fluoromf y:mrsienﬂcumelmstbhuenherﬂﬁpsagnmls@m ditfifarent, t he
proportions used, is conpatible with the fluoropolyner in the nelt,

obt ai ni ng a BARiNRGIRREN )lﬁh%@%aﬁ@ﬁ fyeion #EI cadcmlatad H£Pm hecess

whi ch 1 ncludes the ste
\/ purposes oP the above deflnltlon, using the melting peak

corresponding to the melting range closest to that of the
pure fluoropolymer used as the reference.

A solid mass in which the fluoropolymer is in a
highly_crystalline form is advantageously obtained from
a mixture in which the fluoropolymer is above its
crystalline melting point, preferably a molten mixture,
by ensuring that cooling of the mixture to ambient
temperature from the temperature at which crystallization
of the fluoropolymer commences takes place relatively
slowly (as'compared with the rapid cooling obtained by
quenching). Advantageously, the mixture is allowed to
cool in substantially still air at ambient temperature.
Accordingly, the invention also provides a process for
:preparing a fluoropolymer-containing powder, which
conprises preparing a molten mixture of a fluoropolymer
and at least one thermoplastic polymer which, in the
proportions'used, is compatible with the fluoropolymer in

the melt, obtaining a particulate solid mass from the



causing or allowing the nolten m xture to cool, preferably. to anbient
tenperature, w thout quenching, and, if necessary, breaking up the solid
material obtained in the cooling step, and grinding the particulate solid
mass. In one preferred enbodi nent of theii pvention, the quoroponner anﬂ}
the thernopl astic polymer are bl ended, preferably nmelt-blended, in an
extruder (after pre- mxing), and the mxture is extruded to give flat

bl ocks which are then allowed to.cool in air at anbient tenperature,

wi t hout themoéaenfmmxtnnﬁ(hxﬂarEFOQEﬁSsﬂhkaflm%bu@e%ckbel§tﬁﬁt°€r|t|cm
and will be dictated |argely by handling considerations, although if very

| ar ge bl ockSausdngs @x zgi?hmésq rEhe WCPb‘F@"‘tth?ét%? Be feflirred for conplete
cooling of the blocks. Block sizes of the order 200 mm- x 500 mm x 50 mm
have been fBuEferabdy déhamkiant ?ﬁﬁpﬁﬁﬁﬁﬂ§95|ﬁhF??EEnQP?nF t98r or
smal l er than_thi'g _could be usedq if . desired. O her t hods bé which a solid

nmass may be BHVaPﬁé@qq%ﬁﬁQfXHJ 5ﬁ?¥ﬁ§ﬁLﬁ% e AR B8R por fer and the
n Tor oxafraIndiEan did st bhshy (Fnd dhphdibd SheD ° BF ( Poauer
oy D SR e, e e L ey b duenched by
-12- and/or by SRHAWHY greftdirted émSddfinent of the invention, the
flﬁdropolymér and the thermoplastic polymer are blended,
preferably melt-blended, in an extruder (after pre- _ Q;
mixing), and the mixture is extruded to give flat blocks
which are then allowed to cool in air at ambient -
temperature, without the use of forced cooling. The size
of the blocks is not critical, and will be dictated
largely by handling considerations, although if very
large blocks are used an undesirably long time may be
required for'éomplete cooling of the blocks. Block sizes
of the order of 200 mm x 100 mm x 50 mm have been found
to be convenient, but blocks significantly iarger or -
smaller than this could be used if deSired;
Other methods by which a solid maés may be obtained
from a molten mixture of the fluoropolymer and the
thérmoplastic polymer include quenching the mixture to
give a solid product in, for example, sheet or tape
form, and then subjecting the solid product to an
annealing or orientation step.
The molten mixture may be quenched bf any suitable

method, for example, by passing it into a bath of liquid



The quenched extrudate .may.then be anneal ed,” for exanple, at a tenperature
of up to [err] préferably from60 to 140 C, nost preferably from 100 to
[err].until the desired degree of crystallinity is obtained. Oientation of
a sokidd product in, for exanple, sheet “ort%ibbon form may be carried out
using two rollers, the second of which has a higher peripheral speed than
the first. As indicated earli.er, the size of the particles in a particul ate

solid mass uggg%*gkgﬁgg%ﬂggigééﬁig &f@higvggygqa.Vé“not critical, provided

that the partic 'S sultable r grinding. For conveni ence,

the particulate sopjd %@éﬁcﬂéa'eﬂfa&ahéym@ thehhdef anlediled oregixanpl e,
granul es or pellets, but larger particles nmay be enpl oyed where the form of

the grinder pergmpre, The aotéfiperatiuse 6btapned Lsoha,hereferan) sifmpmay
.in some cases be obtained directly in the formof particles of a suitable
size for feed§goté o14bECgrhoser préferabiycisem A00f diot Nako ler,ealitig Wphef
the particles is required before grinding. Nornmally, however, breaking up
of the cool eddesiredndegree! of berystaidangtynisr ebtaimest-oduce t he '
particul ate solid mass to be fed to the grinder. Such breaki ng up may be
effected by any suriehbatbensoffarsekigdpprodygtc Aiohifiar £¥FMRL&heari ng.
-13- The term"grinding” used in this sgecification )

sheet or ribbon form, may be carried out using two

rollers, the second of which has a higher peripheral

U speed than the first.

As indicated earlier, the size of the particles in a
particulate solid mass used in accordance with the
invention is not critical, provided that the particulate
solid mass is suitable for grinding. For convenience,
the particulate solid mass will typically be in the form
of, for example, granules or pellets, but larger
particles may be employed where the form of the grinder
permits.

The solid product obtained from the cooling step may
in some cases be obtained directly in the form of
particles of a suitable size for feeding to the grinder.

In this case, no further breaking up of the particles is
required before grinding. Normally, however, breaking up
of the cooled solid mass will be necessary in order to
produce the particulate-SOIid mass to be fed to the
grinder. Such breaking up may be effected by any

suitable means, for example, by crushing and/or

shearing.



includes all size-reduction processes suitable for. producing a powder from -
a particulate solid mass, and is not restricted to, for exanple, processes
in which material is treated by opposed surfaces. Ginding my be--

effected by any suitabl e--nmeans. In~aldreferred enbodi nent of the QF,
I nvention, the-- particulate solid nmass is ground in a pin-disc mll, also
known as a stud mll or needle mll. The material used in the

above-nentionegggaggkﬁh"ggqnuiggrzggqqﬂfﬁuéﬂ¥gségéhi§§c&&ygna satisfactory-

product when gr usi ng & née m even when cryogenrc grindi ng was

d ; t B ' | td
used (see; Corpacathys BY3EDbedidul dh prfidkeld ittt st

speci fications). rther enbo the partic

ground i npRoBABNRG- Bl bbwdet Frion hPartiiaia®isoid Glass , NRha @i sPr esent
preferred, the pafticulate solid nmass-is ground in a jet mll in which size

reducti onnbe pékestetdely tohe fivrglexanpd’s, Erddessus ofn pAiickles in a
fluidised bed. I.n accordance wth the invention, grinding of the
parti cul ahatesliall iBstraatiede bycoppdosed apfiatas &5 Geipding nayt be -
above-nentioned British and U.S. -- specifications is not necessary, as the
parti cul acEfected bysanys sirittabdet meanisfficiently--brittle to nake it -
possible to obtain a satisfactory product by grinding at higher

t enper at ures. Fhug, pyefedred empodimerdsiqfe theeclnventionegkheed out in a

mll that not, specially desi%ped_for use _ , . . .
particulate so0lid mass is ground in a pin-disc mill, also

known as a stud mill or needle mill. The material used
in the above-mentioned British and U.S. specifications ---
did not give a satisfactory product when ground using a -
needle mill, even when cryogenic;grinding was uséﬁ (see
Comparative Example B in the said British and U.S. - T
specifications). - -
In a further embodiment, the particulate solid mass
is ground in a hammer -mill.
-In-a further embodiment,-which is not at present
preferred, the particulate solid mass -is ground in a jet
'mill in which size reduction is effected by the high- s
speed collision of particles in a_fluidised bed. -
In accordance with the invention, grinding of the —
particulate solid mass at the very low temperatures
‘required in the above-mentioned British and U.S. -
specifications is not necessary, as the particulate solid
mass is inherently sufficiently brittle to make it
‘possible to obtain a satisfactory product by grinding at

higher temperatures. Thus, grinding may, if desired, be




at very low tenperatures. Some cooling of the mill, e.g:, by the
circulation of cooled air or water, or by the use of a trickle of a smal
amount, of liquid nitrogen, may be desirable to renove the heat which is

I nevitiably generated during grinding, but!¢ne use of the very | arge anounts
of liquid nitrogen required for cryogenic grinding is unnecessary. The
particul ate solid nmass obtaiped in accordance with.the invention can of

course be subjectpdyGu@riAdhngif] YRRY HOW WHRAAYY Sadiailepi £60. wLut 11

general grinding at very lTow tenperatures is ( when I'S possible to
do so. Gindigg 6@9?%@&%&%@%51:2%@& agemies kb1t o Rate Lt

11, =
preferably not |ower than - : nost preferably not | ower t%%n -20 C

In sone caseseld. By bendesi Fetil 8tibat ofheodlidadiais (RRItER, olhey! d not
be higher than [err] The air tenperature at the outlet of the mill

advant ageous|thelagse nof &xtebdk1800€, aasmaldl pimheitalify. liidile range of
from[err] The present invention nore especially provides a process for
preparing a fhikropehymsaycbetdesingbjpewtter remaveblthe dgreatsawliichn powder
coating process which conprises preparing a nolten mxture of a

f | uor opol yneringi tably sgenenated cdnopngs grdnddingye buthitdte use tdle the
proportions used, is conpatible with the fluoropolynmer in the nelt,
extrudi ng t heVe¥¥%tlaxge opreuntfgof  dipuAd altregan repuned fiake solid

mass in which the -15-, fluyoropol yner has a degree of crystallinit as
cryogenic grindgng Es nnecessary. g’I'he partféulate so ié

U mass obtained .in accordance with the invention can of
course be subjected to grinding at very low temperatures
if desired, but in general grinding at very low
temperatures is avoided when it is possible to da SO.

- Grinding temperatures are advantageously higher than
-50°C, preferably not lower than -35°C, and most .
preferably not lower than -20°C. In some cases it may be
desirable that the grinding temperature should not be
higher than 0°C. The air temperature at the outlet of
the mill advantageously does not exceed-+50°c, and is
preferably in the range of from 0°C to +50°C.

The present invention more especially provides a
process for preparing a fluoropolymer-containing powder
suitable for use in a powder coating process which -
comprises preparing a molten mixture of a fluoropolymer
and- at: least one thermoplastic pOlymer which, in the
proportions used, is compatible with the fluoropolymer in
the melt, extruding the mixture, obtaining ffom the

. extrudate a particulate solid mass in which the



herei nbef ore defined) of at |east 85 % advantageously at .least 90 % and
preferably at least 95 % and grinding the particulate solid nass at a
tenperature of higher than [err] preferagbly not |ower than [err] and
especially not lower than [err] Advant ously, the air tenperature at t0g
outlet of the mll is in the range of fromO to [err] After the grinding ~
step, the resulting powder may, if desired or required, be sieved to renove

particles %3% téi',cﬂlgsg'g_zaegi.ggt B | ﬁlgqrﬁjjtlr’}ej_ls%saval ue. If, for

exanpl e, a po I'ng product “I's requiréd, partic ving a particle

size great gfaftdiHbeROd d€Pih8al] 8Ecak abalstdlas rsMuRthntifediiiiy c4€ size -

desired will depend on the application, but typically a powder coating’

product wi ljeds¥e9®0%, Cin@NprefefiBllly B ARAAYDfy, RAid igtAINGh a size
of less than 10 mcrons, with a mgjority of the particles having a size of

nmore than Xhenipastibcul #dty asdigaonaky atne) wenperature gRMighexs have a
particle size of less than 90 m crons. A powder obtained by the process of
t he presentthawerfo ob, npyeberabpyi nott doweguihamt-8aiQ nqamhy suitabl e
means, e.g., using electrostatic spray apparatus, a cloud chanber, a
flui di sed eepbeeially beetclover tbani ngOafpar Adyantageoysiierthergipe
applied directly onto the substrate. Advantageously however the powder is
applied  ‘tempéxglurenat thapputlptepfediis &ildydss ipritdiereange af

from 0 to +50°C. '

After the grinding step, the resulting powder may, S
if desired or required, be sieved to remove particles
having a particle size greater than a particular value.
If, for example, a powder coating product is reqﬁired,
particles having a particle size greater than about
120 um are preferably removed. The particle size desired
will depend on the application, but typically a powder
coating product will have no, or only a small percentage
of, particles with a size of less than 10 microns, with a
majority of the particles having a size of more than 32
microns. Advantageously a majority of the particles have o/
a particle size of less than 90 microns.

A powder obtained by the process of the present

- invention may be applied t6 a substrate using any

- suitable means, e.g., using electrostatic spray -
apparatus, a cloud chamber, a fluidised béd, or.
triboelectric coating apparatus..

The powder may be applied directly onto .the

substrate.  Advantageously: however, the powder is applied



primer, for exanple,.a.prinmer conprising an epoxy resin, is used as an
internedi ate |layer. After application to the substrate the powder is
subjected to a heat treatnent to forma coherent coating |ayer. The heat
treaﬁﬁent is preferably carried out at-al6emperature in the range of from
180 to [err] nore preferably 200 to [err] W have found that powder coating
products obtained in accordance with the invention, in which the

fl uoropol yner is present in a highl rystalline forfm have shar per

el e T vy e G Mg LA 464 L EREF s, cPFePEESb K anan, ovi ous! y
proposed pol &yin_liggne f |l uar de) powder coating Sroducts such_as .t hose
obtained in % an €§Mqﬁ?qqﬁ?teﬂuﬁﬁ+ﬂF5fc?ﬂgr Bo0E- RinGRPEY BPFEf<h and

uU. S. specifig%%ggﬂékg%ggﬁj¥iéé§¥é§h§Hgsi%§%$fhas an i nproved appearance,

for exanpl e, ess T orarige-pee ect. The foll ow ng Exanple

illustrates the i {oé! . l .
0l y(vi oyt dene | Py PRI GATEH 46 dife WBRLEPAEEAR, BOBIZE 350 and

pol y(vinylidene fluorid resin sold u

having a vei ghih REHAITITY Yt VRl ehénef tabpsin84. BBflet-datcEBRREAGOY gel
per neati on chromat ography usi ng di nmethyl formam de as the sol vent and usi ng

pol yet hyl ene 1glyeaal / [mdley eidat aneedbndélet siangaefierabpscheeied bataat a
tenperature of [err] and allowed to cool to [err] in still -17- air at

20 Cin the ftempexfatars dok theyirange nefisfoos 180 to) 2683Crmmwra5 mm  The
heat of fusion of the .

. preferably 200 to 240 C. _

3 o We have found that powder coating products obtained
in accordance with the invention, in which the
fluoropolymer is present in a highly crystalline form,
have a Sharpér melting point and better flow and
levelling characteristics than previously proposed

- poly(vinylidene fluoride) powder coating products such as
those obtained in accordance with the teaching of the
above-numbered British and U.S. specifications, and the

coated substrate has an improved appearance, for example,

they showed less "orange-peel effect.
The following Example illustrates the invention.

A commercially available'sample-of poly(vinylidéne
fluoride) resin sold under the trade mark KYNAR 710 and
having a weight average molecular weight of about 84,000
(determined by gel permeation chromatography using
dimethylformamide as the solvent and using polyethylene

"glycol/polyethylene oxide standards), was heated to a

temperature of 220°C and allowed to cool to 20°C in still



mat eri al obtained was nmeasured by DSC using a heating rate of [err] and was
found to be 60 J/g. A mxture conprising 63 nass % of the above- identified
pol y(vinylidene fluoride) resin, 26 mass % of a methyl nethacryl ate/ethyl
acryl ate copol yner having a wei ght awerige- nol ecul ar wei ght of about 51,080
(determ ned as above), 1 %of Resiflow flow enhanci ng agent and 10 % of -

pi gmrent was nelt-blended in a twin screw extruder, after pre-m xing, under
the follow ng conditions: 200 rpm torque 50 to 60 % set tenperatures 175
to [err] R&dit|atw 3% Q imvithel Eebnapfnai hhecke hpviadpsipansions is a
standard flow aid. "Resiflow' is a tradée mark. The nolten _m xture was

extruded, O 3 Xidht MheX ﬁﬁemhedTPﬁ heat of Sasdonof (Hhe quenched
terial I d i | | et tel.y 4 th d 2
m in di andBer xr'ﬁe Getatged ves Denfund’ Bichshoasibec A Beakiohd o /g,
d the d I t I I I i d th
Sgl I etg " rettﬁ eof b{/gséf 'h%tﬂ%% ‘gescglgbl § )I%Ir ?a’ignI %EB?JI hﬂg“?SEGI g}o A garrpl e
of the pellets va fﬁg&g@ﬂégﬁékysgéﬁugg hﬁs@n%ABE' kaﬁg_cryogenlc mll
S

fitted with a fan eater s 'S a tra A 0.3 nmm screen

nas used. Txfar“eﬁﬁr@fé@tyéqﬁhﬁ?h&éhbetiuehhaq h:@s% Of2d 'i&s@ I3 oL [err]
ile the tenperature at e outlet was | ower than err]
powder obt & RRFEMPS ﬁéﬁ{@@rypateyetﬁymaabwheteha:wymymer hav1ng a
welght average molecular weight of about 51,000
(determined as above), 1 % of Resiflow flow enhancing Q:
agent and 10 % of pigment was melt-blended in a twin
screw extruder, after pre-mixing, under the follqwing
- conditions: 200 rpm; torque 50 to 60 %; set temperatures
175 to'200°c. Resiflow is a low molecular weight acrylic
polymer, and is a standard flow aid. "Resiflow" is a
trade mérk. The molten mixture waS'extruded, the
extfudate was quenched in a water bath, and the Quenched
material was pelletised to give pellets approximately 4
mm in length and 2 mm in diameter. The heat of fusion of
the quenched material was 28.6 J/g, and the degree of
crystallinity of.the polyvinylidene fluoride in the
pellets, measured by the method described herein, was
‘thus 75.6 % |
A sample of the pellets was cryogenically ground in
an Alpine 160 UPZ cryogenic mill fitted with a fan beater
system. "Alpine" is a trade mark. A 0.3 mm screen was
used. The temperature of the pellets at the inlet of the
mill was -100;0, while the temperature at the outlet was

lower than -50°C. The




si ze greater than 120 [err] A further sanple of the pel l ets was heated to
[err] to renelt the polyneric materials, and the nolten nmixture was
extruded to form bl ocks which were al lowed to cool overnight in air at

anbi ent tenperature (about [err] and t henlBr Sken up, using a granulator, to
give a particulate solid mass having a particle size of 3 to 10 nm The
particul ate solid mass had a heat of fusion of 36.5 J/g, and the

f| uor opol ymer o RgEef 8 gda I 8evda %J%@Mw'é’r@{cf& Dabing"R e Of

t he sl ow cool parti solrd mass were ‘ground dr's

When grlndlngsggg Ek&ﬁ%e?fthgﬁﬁﬁz%amm es, I|qU|d nitrogen was trickled

through the mll at a slowrate to remove the heat generated during

grinding, the amount fatrthedtUsampllel @FeRH PEY Rk DRI hitledUES 2E6Sct han
that required for cryogenic grinding. The flowrate was adjusted so that

the air tenpetat vemedt the pollytierdlc wmiatetidlvpand®rtie AnskPeond sanpl e was
ground without the use of liquid nitrogen, and in this case the air

t enper at ur e amikbareuwhst extriuidednitid fwass I8 ocKser ifhidie weargeaRlowedr i Si ng
as grinding progressed. 1n each case the powder obtained by grinding was
si eved to renboecpeolt pyerpightgdn |iam ab@nbient tempermturer (aboetsi ze
di stribution of the powders was as follows:, Materi al .
Particle size20°C), and then broken up, using a granulator, to give a
particulate sqlid mass having a particle size of 3 tq

U 10 mm. The particulate solid mass had a heat of fusion
of 36.5 J/qg, and the fluoropolymer therefore hed a degree
of crystallinity of 96.6 %.

Samples of the slow-cooled particulate solié mass
were ground using a pin diéc mill. .When grinding the
first of these samples, liquid nitrogen was trickled
through the mill at a slow rate to remove the heat
generated during grinding, the amount of liquid nitregen
required being very much less than that required for
cryogenic grinding. The flow rate was adjusted so that
the air temperature at the outlet of the mill was 15°C.

A second sample was grouﬁd without the use oflliquid_
nitrogen, and in.this case the air temperature at the
outlet of the mill was 13 - 29°C, the temperature rising
as grinding progressed. In each case the powder obtained

" by grinding was sieved to remove particles larger than



Di-stribution Quench-cool ed ' 100 %> 10 Am 92 % > 32 [err]

17 %> 80 [err] Sl ow cool ed ' 98 > 10:[err] (Chilled
mll 86 % 32 [err] 9qrindi ng) '
25% > 80 pm S| ow cool ed =19 -

98% > 10 pm (No |iquid {%}
ni trogen 88 % > 32 pmused during grinding) 22

80 pm Materials with a particl.e size distribution broadly conparable'to

t hat of quenche ool e r ai for
eryogeni c grindﬁﬂ@ %%Pgig %Ek?ﬁgggtkﬂ g??Ebﬁﬁﬁﬁ%%% escrﬁ%g above
was el ectragsf giééguly sprayed onto an untreated aluntnluntpanel and heat ed
to [err] for m nutes. A continuous filmof thickness 60 to 70 [err] was
obtai ned in each case. Visual inspection of the coated panels during the
heating step indicated that the slow cool ed materials flowed better than

t he quench-cool eh¥et£al al , and the final fil mPagittidleedifzeom t he

sl ow cool ed material s showed | ess "orange peel Disfthreiduttilean did the final
films fromthe quench-cooled material. . -20- CLAIMS: 1. : A process '
for preparing Quéncircpolgder - contalnlng pomdéwo\ﬁﬂzﬂiqumnises m Xi ng a
t hermopl astic fluoropolyner with at | east one ot9li’er% t>he'3r2mim astic

0 um
Slow-cooled 98 % > 10 um

(Chilled mill 86 % > 32 um

‘grinding) 25 ¥ > 80 um _ N
Slow-cooled 98 % > 10 pm o/
(No liquid nitrogen - 88 % >.32 um

used during grinding) 22 % > 80 pum

Materials ﬁith a particle.size distributieh broadly
comparable to that of quenched-cooled meterial were thus
obtained without the need for cryoéenic grinding.

Eech ef the.three powders ebteined es deseribed
ahove was-electrostatically sprayed onto an uhtreated
aluminium panel ahd.heated to 240°C.for.10 minutes. A
continueus film of thickness 60 to.70 ym was obtained in QJ
each case. .Visual inspection of the_eoated pahels during
the heating etep indiceted that the eleﬁ-eedled“materials
flowed better than the quench-cooled material, and the
flnal fllms obtalned from the slow—cooled materlals
showed 1ess "orange peel" effect than d1d the flnal films

from the quench-cooled material.



pol ymer which, in the proportions used, is conpatible with the
fluoropolyner in the nelt, obtaining fromthe mxture a particulate solid
mass in which the quoroponner has a deg §e of crystallinity (as

her eitnldef ore defined) of at |east 85 % - grinding the particulate solid

mass. 2. . A process as clained in cIa|n11 wherein the said degree of
crystalllnlty Is at least 90 % 3. A process as clained in claim1,
wherein the s ree of crystallinity is at least:-95 % 4. | A

process for preparing a f 1 uor opol yner- contai ni ng pomder whi'ch conpri ses
preparing a noltenam Xt ur e a0fpradvddisy gy qsﬁéﬁaﬂn@r@pﬂiummnﬁmai--l east
~one other thernoplastic polyner which, in the proportions used,

conpatible w tdmrtdaarfﬂng)lpmwdestrremhmh hesonipet 1 s es b s inheg ga atnexmapmhetec
solid nmass fromthe nolten m xture by a process which includes the step of
causing or al Ifdworgpoiymen swrthiiatt Ueasty el obhehotherpeptashyc and, if
necessary, breaking up the solid material obtained in the cooling step, and
~grinding the m@ﬂﬂm@u1am@qhm|mm|ﬁh§;pnpportlomsnm%@@sslgsc@mnﬁhtblen any
one of clains to 4, wherein the fluoropolyner is a copoly -21-

conpri sing at Wlié'&'stthﬁo flReropadymas tin ddre Bl f‘P’éWWWl ﬁ%ﬂ@ Fhﬁorl de

and up to 20 s %of units derivable fromat | east, one, ot her
'quorPne contg&m %%ﬁhéﬁg'%cu te so 1& mass in which the

fluoropolymer has a degree of crystallinity (as

hereinbefore defined) of at least 85 %, and grinding the

9
particulate solid mass.

2. A process as claimed in claim 1, wherein the
said degree of crystallinity is at least 90 %. ‘

3. ‘A process as claimed in claim 1, wherein the
said degree of crystallinity is at least 95 %.

4. A process for preparing a fluoropolymér-
containing powder, whiqh comprises preparing a molten
mixture of a thérmoplastic fluoropolymer and at least one

. other thermoplastic polymer which, in the proportions
\»

used, is compatible with the fluoropolymer in the melt,
obtaiﬁing_a particulate solid mass from the molten
mixture by a process which includes the step of causing
or allowing the molten mixture to cool without gquenching,
and, if necessary, breaking up the solid material
obtained in the éooling'step, and grinding the
particulate solid mass.

5. .A process_és claimed in any one of claims 1

to 4, wherein the fluoropolymer is a copolymer

* [ L M S *



6. A process as clained in claim5, wherein the other
fl uori ne-contai ning nononer is selected fromtetrafl uoroethyl ene,

hexaf | uor opropene and vinyl fluoride. 7. A process as clained in any
one of claims 1 to 4, wherein the flwdoRdbpel ymer is poly(vinylidene [
fluoride). 8. A process as clainmed in any one of clainms 1 to 7, )
wherein the other thernnplastlc polymer is a polyner other than a

f1 uoropol yner . process as claimed in any one of clains 1 to 8,

wherein t h@oﬁpﬁéﬁl{'ﬁeﬁﬁ‘oﬂﬁéﬁq 8 Magfert jaf Jpdrs RerEvRie sFRe™uUNi t s
derivable froman acrylate . or acryl ate. rpocess as clainmed in
any one ofVEFXFﬁgeﬁet §°3N9§' qd1 5 1l Wﬁﬁﬁrﬁuﬁé; RS0l yner is a

copol yrer st. 75.mss % s derivable from an

SRyl Lot OSERyRBLE%SREm B8 g eRb e TR oztﬁf%%i%mam EorEatbEEL | cast

one ot her ﬁbﬁghgkcally unsat ur at ed nononer. A process-as clained in
any one of alns 1 to 9, wherein the other thernnplastlc pol ymer is :

pol y(met hyl netgacrylatg) Qfoc@&saléeflclr@tﬁ@&riﬂaéféﬁhkyl wherzzn eﬁteyl ate
copol ynmer. 12. A procéss as claimed in any one of clainms 1 to

wher ei n t hgtABSS £1abirg net- oMt afilnicicd AinGTRsr t1s tée1 e6kea £hennop! ast ic
polymer is in the range of from

tetrafluoroethylene, hexafluoropropene and vinyl

fluoride. '

7. A process as claimed in any one of claims 1 \)
to 4, wherein the fluoropolymer is poly(vinylidene
fluoride).

8. A process as claimed in any one of claims 1
to 7, wherein the other thermoplastic polymer is a
polymer other than a fluoropolymer.

9. A process as claimed in any one of claims 1
to 8, wherein the other thermoplastic polymer is a
polymer comprising units derivable from an acrylate or !
methacrylate. -

10. | A process as claimed in any one of claims 1
to 9, wherein the other thermoplastic polymer is a
copolymer comprising at least 75 mass % of units
derivable from an alkyl(meth)acrylate and up to 25 mass %
of units derivable from at least one other olefinically
unsaturated monomer.

S 11, A process as claimed in any one of claims 1
to 9, wherein the other thérmoplastic polymer is |

poly(methyl methacrylate) or an alkyl methacrylate/alkyl

* c L M S *



80:20 to 40:60. 13. . .A process as clained in any one of clainms 1 to 4,
wherein the fluoropolyner is poly(vinylidene fluoride) and the other
thernppl astic polymer is poly(nethyl nmethacrylate) or an alkyl

met hacxyl at e/ al kyl acrylate copol ymer and2vherein the mass rati o of

pol y(vinyltidene fluoride) to the other thernoplastic polynmer is in the

range of from 75:25 to 65:35. 14. A process as clained in any one of
clains 1 to 13, wherein the mixture of the fluoropetymer and the other
t her nopl ast i RGN 1ake PRJLYRRPri ses a pi gnent. " 15. A process as

claimed in any one of clainms 1 to 14, wherein the m xture of_ the,
f1 uoropol ymer and ¥he ot héd BFRERDDI a8t FeapBrfmdn Yo oemet SFaips bw
pronoting ag rocess as_c im1 or

deloendent t hg'{géo]r}l 'GME‘F%?# Pme'f’f‘ﬁ%?oﬁﬁ#giﬁen%%aiﬁg‘etclfr u&rt?é’rolt%a% fc
B xture s oot GidoltaBels ' Bol phak a0 hoRnE Mo By Xt Y B0

as clai ned i nggyy, .Lhains 1 to 16, wherein the fluoropolynmer and the
ot her thernop déf??ﬂgaﬁihéé'are bl ended in the nelt and the -23- nolten

mxture is allowedi 0 coolaiprGbésal agNBl 8RIelCARES ohe bF clainfs P OCESS
as claimed in any one of clains 1 to 3 and clains 5 fo 15 so far as they
are dependentt®na, wherein the fluoropolymer is poly(vinylidene
fluoride) and the other thermoplastic .polymer is
L,; ' ‘poly(methyl methacrylate) or an alkyl methacrylate/alkyl
S .acrylate copolymer and wherein the mass ratio of
poly(vinylidene fluoride) to the other thermoplastic
polymer is in the range of from 75:25 to 65:35.

14. A process as 01aimed'in any.one of claims 1
to 13, wherein the mixture of the fluoropolymer and the
other thermoplastic polymer also comprises é pigment.

15. A process as claimed in any one of claims 1
to 14, wherein the mixture of the fluoropolymer and the
other thermoplastic polymer also comprises a flow
promoting agent.

16. ° = A process as claimed in claim.1 or any
claim dependent thereon, wherein the fluoropolymer and

- the other thermoplastic polymer are blended in the melt
. to form a molten mixture and the molten mixture is
coOled;ior allowed to cool, without quenching.

17. A process as claimed in any oﬁe of claims 1
to 16, wherein the fluoropolymer and. the other

. thermoplastic polymer are blended in the melt and. the

-
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claim1, wherein the fluoropolymer and the other t hernopl astic polynmer are
blended in the nelt and the nolten mixture is quenched to give a solid
product which is then subjected to an annealing or orientation step. 19.
A process as clainmed in claim18, wher@3n-the annealing step is carriedig

at a tenperature in the range of from60 to [err] 20. A process as
claimed in any one of claims 1 to 19, wherein the particulate solid nmass is
ground in a pin disc mll. 21. rocess as cla one of
clains 1 tB°gGean@F$MFQE%§[ﬁ%%ﬂWﬁﬂea?a%Rﬁfdlﬂag%rlgg ?Bﬁﬁ

t enper at ur %her than [err] 22. A process as clained in cIa|n121
wher ei n t hEeBPRR@ TN S*enperature is not |ower than [err] 23. A process

as clainmed i n cbgl m 21 E\rtp%f% evgger ncf@ﬁn?é‘rihcgﬁgt §ndob) d? o?isl § ground

at such a tenperature t e alr enperature he outle the mll is

n the rangg of LBl P4o 15 b PERFCRS EAEYPRPEAGERANAchEGOPOI YIS -

cont ai ni ng powder suit e for use In a powder cOating process, which

conprises ghh3aiiiNg whPilreRHE X MidrShoByhEL SRA! @Ak 6thkyor opol ymer and
at | east one ot her thernoplastic polynmer which, in the proportions used, is

- 24- conpghiehmplddtid oIy epee YPEéndedt BA €Rb medt! andi the he
m xture, obtaining fromthe extrudate a partlculate solid mass in which the
f1 uor opol ypel tens nd xtryed ofquenched to give a solid product which

is then subjected to an annealing or orientation step.

1l9. A process as claimed in claim 18, wherein gj
the annealing step is carried out at a temperature in the
range of from 60 to 140°C.

20. - A process as claimed in any one of claims 1
to 19, wherein the particulate solid mass is ground in a
pin disc mill.

.21, - A process as claimed in any one of claims 1'
to 20, wherein the particulate solid mass is ground at a
temperature higher than -50°cC.

22. A process as claimed in claim 21, wherein
the grinding teﬁperature is not lower than -35°C.

23. A process as claimed in claim 21 or 22,
wherein the particulate solid mass is ground at such a
témperature that the air temperature at the outiet of the

" mill is in the range of from 0°C to +50°C.

24. - A process for preparing a fluoropolymer-
containing powder suitable for use in a powder coating
process, which comprises obtaining a molten mixture of a
thermoplastic fluoropolymer and at least one other

thermoplastic polymer which, in the proportions used, is

T




crystallinity (as hereinbefore defined) of at |east 85 % and grinding the
particulate solid mass‘at a tenperature of higher than [err] 25. A
process .as clainmed in claim24, wherein the product of the grinding step is
si evéd/to. renpve particles having a parti2f¢e-size greater than about 120

. [err] 26. A fl uoropol ynmer - cont ai ni ng powder obtai ned by a process as
“clained i-n any one of clains 1 to 25. 27. A process for coating a

claimed i cl SPRPoREPbS RLER ey f1okpboaaa, o it

]

ont ai ni ng_powder _as

< gtk iy s%mﬁwifeg 2.
Bowder 13 apriedis %erPeC'g#%ﬁﬁn%?%g%e SR ya‘*&% LTS e
by a process g5 £hahgEd iR &hi‘hﬁ‘ %ﬁ 05?1 gﬂeep has Pé& bf powder

coating of a powder conprising a ernD uoropolyner and at | east

one ot her theéf?§£§§11ﬁ1€9|YHEVh@QbihbeE%ﬁé“aé¥£HEH%'6¥Eh@5ﬁgast585 %
conpatible with the fluoropolynmer in the nelt, the fluoropolyner having a

degree of cryshalgibhayngashbeparthehoateddforiat ) nas adt | £a6émBErature
of higher than -50°C.

25. A process as claimed in claim 24, wherein

the product of the grinding step is sieved to remove

\ particles having a particle size greater than about
120 um.
26. A fluoropolymer-containing powder obtained

by a process as claimed in any one of claims 1 to 25.

27. A process for coating'a substrate which
comprises applying a fluoropolymer-containing powder as
ciaimed in claim 26 to the substrate and heating the
coated substrate.

28. A process as claimed.in claim 27, wherein
the fluoropolymer-containing powder is applied over a
primer layer. -

29. A coated substrate obtained by a process as
claimed in claim 27 or claim 28.

30. The use in powder coating of a powder
comprising a thermoplastic fluoropolymer and at least one
other thermoplastic polymer which, in the proportions
used, is compatible with the fluoropolymer in the melt,
the fluoropolymer having a degree of crystallinity (as

hereinbefore defined) of at least 85 %. -
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