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COMPOSITE PARTICLES INCLUMNG A FLUOROPOLYMER, METHODS OF MAKING,
AND ARTICLES INCLUDING THE SAME

“ROSS REFERENCE TO RELATED APPLICATION
This application claims priorisy to U8, Provisional Application Ne. 61/746.080, filed December

20, 2012, the disclosure of which s incorporated by reference in its entivety herein.

BACKGROUND

Ceranvie bubbles such as glass bubbles, which are also commonly known as "glass

smcrobubbles”, "hollow glass microspheres”, "hollow glass beads”, or “glass balloons™, are widely used
in industry, for example, as additives to polymeric compositions. In many industries, glass bubbles are

useful, for example, for fowering weight and tmproving processing, dimensional stability, and flow
properties of a polymeric composition, Generally, it is desirable that the glass bubbles be strong encegh
to avoid being crushed or broken during processing of the particelar polymeric compound.

e application for such bubbles is syntactic foams. Svatactic foams containing ceramic bubbles
{e.g. glass bubbles) are usefud for insulation in a variety of applications due in part to their low thermal
conductivity, For example, syntactic foams are ysed in wet insulation applications (Le., insulation that is

exposed 10 sea waler} for offvshore oif pipelines or Hlowlines.

SUMMARY

The prosent disclosure provides a composiie particie that includes a diserete, hollow, ceramic
3 Ty

spheroid with 8 layer of Buorapolymer on the outer surface. In many embodiments, the Buorapolymer

3

layer imparts greater resistance to breakage, for exampie, when mixing the composite particles with a
matrin material, imparts hvdrophobicity, and imparts resistance to degradation by seawater 1o the
composite particles and {o composite materials including the composite particles. These properties make
the composite particles particularly usefltd in syntactic foams, for example, used in wet insulation
applications.
In one aspect, the prosent disclosure provides a compaosite particle comprising a diserete, hollow,

ceramic sphereid and a laver of amorphous fluoropolymer on the diserete, hollow, ceramic spherotd. The
amorpghous fuoropolymer is an amorphous homopolymer or copolymer of & perfluorcatkyl vinyl sther

3

{ethern; at least one fluorpolefin independently represemted by fornmula

perfluorcalkoxyalkyl viny
C{R3=CF-RE, wherein RY is [luorine or a perfluorcalky! having from 1 10 8 carbon atoms and R is
hivdrogen, fhuovine, or chioring; or & combination thereof,

In another aspeet, the prosent disclosure provides-a plarality of such composite particles,

o1e
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In another aspect, the present disclosure provides 8 composite material comprising a plurality of

€.

the composiie particles disvlosed hergin dispersed in & mateix material.

in another aspect, the present disclosure provides a conduit having & laver of the composite
material disclosed berein disposed on an outer surface thereot,

In another aspect, the present disclosure provides a method of making composite particles. The
method inclndes providing a dispersion comprising a continuous agueocus phase and a dispersed phase

comprising a amorphous Huoropolymer; combining the dispersion with a plurality of hollow, ceramic

spherids such that a layer of amorphoeus flaoropolymer is disposed on at least a portion of each hollnw,
ceramic spheroid to form the composite particles, wherein sach one of the composite particles contains a

discrete, hollow, ceramic spheroid) and separating the composite particles from the continuous aqueous

e

Lo

ication, terms such as "a", "an” and "the" are not tended 1o refer to only a singular

entity, but include the general class of which a specific example may be used for Hlustration. The termas

P L 1 18
a" "an”, and

pt3

the” are used interchangeably with the terms “at least one®. The phrases "at least one of”
and "comprises atleast oneg of” followed by a Hst refers 1o any one of the ifems in the fist and any
combination of two or more ems in the Hst. Al numerical ranges are inclusive of thelr endpoinis and
non-infegral values between the endpeints unless otherwise stated,

The Tollowing definitions are used herein,

The term “aquecus” meany containing at least 5 weight percent of water,

The term "ceramic” refers to glasses, erystailine ceramics, glasswceranties, and combinations
therent.
The term "microbubble” refers to a hollow spheroidal or spherical particle having s maximom

dimension of less than one millimeter.

The term "microsphere” refers to-a sphevieal or ellipsoidal pavticle baving a maxinmum dimension
of less than one millimeter,

The term "monomer” refers to 2 substance composed of monomer molscules.

The torm “monomer molecule” refers to a moekeenle which can ondergo polymerization thereby

oo

wnmbuarm constitutional units 1o the essential structure of 2 macromolacule,

The term "non-poivmeric” in reforence to a compound moans that the compound fs not a

f

The torm “polymer” refers to a macromoiecitle having af least 10 sequential monomer units {or 8

substance covaposed of such macromolscuies)

i~

The term "spheroid” refers to an object of approximately spherical shape.

The term "spheroidal™ means approximately sphe

srival inshape:
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The term "swrfactant” refers to an organie surface active compound that fowers the surface

v”

M

and & solid.

LL

tension of a liquid, lowers the interfucial tension between two Hguids or between a Haud

Surfactants genevally possess s hydrophilic (polary molety and & Hpophilic {(nonpolar) moiety. Soaps and

emulsifiers are included within the torm surfaciang,

Nﬂ'

s B it
FOS wrms

cyre” and “curable” refer to joining polymer chains together by covalent chemical
bonds, usually via crosstinking molecules or groups, to form a network polymer. Therefore, in this
disclosure the terms “cured” and “crosslinked” may be used interchangeably, A cured or crosshinksd
polymer is generally characterized by insolubility, but may be swellable in the presence of an appropriate
solvent.

The above summary of the present disclosure s not intended to desceribe cach disclosed
exnbodiment or every implementation of the present disclosure. The description that follows more
particularly exemplifies iHustrative ermbodiments. B 13 fo be understond, therefore, that the drawings and

o

following deseription are for illuswration purposes only and should not be read in a manner that would

1

unchuly fimit the scope of this disclosure,

o

BRIEF DESCRIPTION OF THE DRAWING

The disglosure may b more completely understood in consideration of the following detailed
description of various embodiments-of the diselosure in connection with the sccompanying drawings, in
witich:

FH3, 1 i3 g crosysectional view of an embodiment of a compostte particle aceording 10 the
present disclosure;

FIG. 2 s a photograph of the discrete composiie particles of Example 4 taken at a magnification
of 100x;

FIG, 3 ix a cross-sectional view of an embodiment of & composite material according to the

FIG. 4 iz a schematic perspective view pfa plps having an insulation laver according 1o one

g

snebodinent of the present disclosure.

While the above-identified drawing figures set forth several embodiments of the present
disclosure, other embodiments are also contempiated; for example, as noted in the discussion. In all
cases, the disclosure is presented by way of representation and not fimitationn. ¥ should be understond
that mumerous other nodifications and embodiments can be devised by those skilled in the art, which fall

s

within the scope and spirlt of the principles of the disclosure. The figures may not be drawn to seale.
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SETAILED DESCRIPTION
Reforring now to FIG. 1, composite particle 100 comprises a distrete, ceramic spherotd 116 and
a layer 120 of amorphous fluoropolyvmer disposed on the discrete, ceranue spheroid 110, Diserete,
ceramic spheroid 1160 has an outer wall 158 that encloses a holtow interior 152,

The spheraid in the composite particle disclosed berein 18 typieally spherical or mildly ellipsoidal

in shape, although minor irvegolaritios in the shape, e.g., a3 resuiiing from their manufacturing process
e sp’hemid may have one of a variety of useful sizes but typically has & maximum

dimension, or average d tor, of loss than 10 millimeters {mm), more typically less than one s, In

3z

some embodiments, the spheroid has 3 maximum dimension in 3 range from §.1 micrometer to one mm,

o

fronn one micromeder o SO0 micrometers, from one micvometer to 308 micrometers, or sven from one
micrometer o 100 micrometers. The mean particle size of the bollow, ceramic spheroids may be, for
example; v g range from 510 250 micrometers it some embodiments from Hito 110 micrometers, from
1 10 70 micrometers, or even from 20 to 40 micrometers), As used herein, the term size is considered 0
o equivalent with the diameter aud height of the hollow ceramic spheroid, For the purposss of the

prosent disclosure, the median size by volume is determined by laser light diffraction by dispersing the

gl diffraction partivle size analyveers

pe

holiow, ceramic spheroids in deaerated, deionized water, Laser #
we gvailable, for example, ander the trade designation "SATURN THGISIZER™ from Micromeritics, The
size distribution of the hollow, ceramic spheroids usefid for practicing the preseny disclosure may be

aussian, normal, or son-normal, Norn-normal distribetions may be untmodal or multi-modal (e.g,

in some embodiments, the diserete, bollow, cersmic spheroid iy the composite particle disclosed

herein is a glass bubble {e.g., a glass microbubble, which has a mainuny dingnsion of up to one mm ).

A variety of glass may be useful {e.g., soda lune glass, borosilicate glass), (Glass bubbles useful for
composite particles disclosed berein can be made by technigues known in the art (see, g, U, S, Pab.

Wos, 2,978,340 (Veal
{(Veatchetal ) 3,365,315 (Beck at al ), 4,391,646 {Howell); and 4,767,726 (Marshall)y; U 8, Pat. App.

Pub, No, 200670122049 (Marshallet, aly and Int. Pal. App. Peb. No, Wir2012/033818 {Amos et gl

ich etal); 3,030,215 (Veateh st al); 3,129,086 {Veaich et al.}; and 3,230,064

(M
Technigues for preparing glass bubbles typicaily include heating milled fily, commoniy referred to as

b

"feed”, which contains a blowing agent {g.g., sulfur or g compound of oxygen and sulfur}.

pad

Although the frit and/or the feed may have any composition that is capable of forming a glass,

typically, on a total weight basis, the frit comprises from 30 (o 90 percent of Sy, from 2 to 28 percent

of alkall metal oxade, from 1 to 30 percent of Bo(ly, from 0.063-0.5 percent of sulfur (for example, as

o~

elemental sulfur, sulfate or aplfite), from § to 25 percent divalent metal oxides (for example, Cal, Mg,

Ba(}, Sr(, Za, or PROY, from U to 10 pereent of tetravalent metal oxides other than S0 {(for example,



1.3

L
LA

WO 2014/100614 PCT/US2013/076981

TiOyn, MGy, or ZrOn}, from U 1o 20 percent of trivalent metal oxides (for example, AlyQ4, Feallz, or
Sb2Q0a), from H 1o 10 percent of oxides of pentavalent atoms {(for exanmple, PrOg 0r V30x), and from 0

10 5 percent fluorine {as fluoride) which may act as a fluxing agent to facilitate melting of the glass

fac)

composition,  Additional fngredients are useful in fril compositions and ¢an be invluded in the friy, for

example, to contribute particulsr properties or characteristios (for example, hardness oreolor) to the

I sonie embodimaents, the glass bubbles useful for the composite particle disclosed herein have a
glass compusition comprising more atkaline earth metal oxide than alkall metal oxide. In some of these

smbodiments, the weight ratio of alkaline eorth metal oxide to alkalt metal oxide v in 2 range from 1.2:1

10 31, In some embodiments, the glass bubbles bave o glass composition comprising B,0; in a range

e,

rom 2 percent to & peroent based on the total weight of the glass bubbles. In some embodiments, the

b4

]
v
3
&
o

s bubbles have a glass composition coraprising up to 5 percent by weight ALO;, based on the total
weight of the glass bubbies, n somie embodiments, the glass composition Is essentially free of Al

"Eesentially free of Al

T may meanupio 5, 4, 3,2 LIS, 005, 828, or .1 percent by weight ALOy.
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CALG:" also inelude glass compositions having no ALOs.
(ilass bubbles aseful for the composite particle disclosed herein may have, in some embodiments, a
chemical composition wherein at loast 90%, 94%, or even at least $7% of the glass comprises af least
7% S0y, (e, 8 range of 70% to 0% S3,), a range of 8%6 10 15% of an alkaline carth metal oxide
{e.g., Cald), a range of 3% 1o 8% of an alkali metal oxide {2.g., NayO), a range of 2% 10 6% B0, and a
vange of 0.123% 1o 1.5% 80;. In some embodiments, the glass comprises in a range from 30% to 4%
81, 3% to 8% :Na, 3% to 1 196 Ca, §.5% fo 2% B, and 40% to 35596 O, based on the total of the glass
composition,

Bxamples-of commercially available materials suitable for use ax the hotlow, ceramvie spheroid
include glass bubbles marketed by 3M Company, Saint Paul, Minnesota, a5 “3M GLASS BUBBLES" in
grades K, K15, K20, K25, K37, W46, 515, 523, 837, 835, 538, S38HS, SIEXHS, S42HS, 542KHS,
SH0, S6OMSK, IMIGK, IMISK, XLD3000, XLDSONY, and G635, and any of the BHGS serfes of “IM

GLASS BURBLES™, glass bubbles marketed by Potters {ndustries, Carlstady, N, under the trade
designations "Q-CEL HOLLOW SPHERES" (e.z, grades 30, 6014, 6015, 6018, 8036, 6042, 6048, 5019,
5623, and 5028); and hollow glass particles marketed by Sitbrico Corp,, Hodgiing, L under the trade
designation "SIL-CELLY (g, grades SHL 3534, SH.-32, SIL-42, and SIL-43}.

3

The diserete, hollow, ceramic spheroids may also be made from ceranties soch as alpha~alaming,

zirconia, and alumina silicates, In some embodiments, the diserete, hollow, ceramic microspheres are

atlwninosiiicate microspheres extracted from pulverized fuel ash collected from coal-fired power stations
{i.e.,, cenospheres). Uselul conospheres include those marketed by Sphere One, Inc, Chattanooga, T,

under the trade designation "EXTENDOSPHERES HOLLOW SPHERES” (e.g., grades 5G, MG, £G4,
-5.
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TG, HAL BLG, SLA156, 3007606, 350 and FM-1). Other useful hollow, ceramic spheroids include stliva-
zlumina cerantic hollow spheres with thick walls marketed by Valentine Chemicals of Lockport,
Louisiang, as ZEEOSPHERES CERAMIC MICROSPHERES in grades N-200, N-200PC, N-460, N-60G,
N-80G, NIO0O, and N1206.

Amorphous Tuoropolymers usefid for the composite particles disclosed heretn may include one

v

or more interpolymertzed units devived from one or more principal monomers. Typically, the

fhuoropolymer is derived from at least two principal monomers. Examples of suitable candidates for the
prinvipal monemer(s) include fhuoroolefing independently vepresented by formula C{R=CF-RE, where
Rfis fluorine ot a perfluorcalky! having from | Yo &, In some embodiments 1 to 3, carbon atoms, and

each R is mdependently hydrogen, fluorine, or chloring, In some embodiments, the fluoropelymer is a
copolymer of enly fluoroolefin monomers vepresented by formula CERYL=CF-RE Some examples of
fluoroolefins represented by this formula inclade teafloorocthyiene {TFE), hexafluoropropylene (HFPF),
friffuorochioroethylene CTEFEY, and partially fluorinated olefing (e.g, vinylidene fuoride (VIIF),
pentaflucropropyiene, and wrifluorosthyleng). Forther examples of suitable monomers to make the
fHuoropotymers include perfluoreviny! ethers {e.g., perfluoroatky! viny! ethers (PAVE}) and
perfluoroatkoryalky! vinyt ethers (PAOVE). Any combination of a perfluoroalky? viny! sther, a

perfluorcatkoxyalky! vinyl ether; and at least one fusroolefin independently represented by formula
CRy=CH-Rf may be pseful in the fhuoropolymers in the composite particles disclosed

sovosiastomer

Amorphous fluoropolymers include, for example, those referred 1o o the art as "8
gums™ and “perfluoroelastorser gums”. Amovphous fuoropolymers also include, for example, those
veterred to in the art as FKM and FFRM, Amorphous fleoropolymers are non~orystaliine, whereas
fluoroplastios are typically at least partiallv erystalline. Whether or not 8 particular fluoropolymer will
be amorphous can depend, for example, o the selection of the monomers, the relative amounts of the
monomers, and the molecolar weight of the fluoropolymer, Those skilled in the art are capable of
selecting specific interpolymerized units at appropriate amounts to form an amorphous flucropoivmer.

In some embodiments, polymerized units derived from at least one of PAVE or PAOVE
nonsmers are present in the amorphous Ruoropolymer atup to 58 mole percent of the flucropolvmer, in
sne emboediments up {0 30 mole percent or up to 10 mole pergent. Suitable perfluorinated ethery
include those of the formula CFeCFONCE T F«}(.}n»ﬂﬁad wherein Rf' isa z perfluotinated (C-Ch)
atkyl group, m st to 4, nis o6, and p is Ho 2, or CF=CF{CF -0 R whereinm st odand RE &
3 perﬁuorimmd aliphatic group ogtionally condateing © atoms.  Examples of these peefluorcatkoxvalkyd
duyl ethers include UF =CFOCFOUR,, CF=UFOCFOCTCR,, CF=CUFOCE,CEOCE,,
CFCROCEOF.CROCF,, CFpCFOCERCHCF CFOCF,, CFCROUTFOCERCF;,

CF=CFOCF OFOUFCFy, UF=CROCE,CF.CFO0F T, OF =CFOCE,CHRCH,CEQCE,CE,,
CFye=CFOUF IR OOFOCE;, CF=CFOCF OF DCFR,CROCE, CF=CFOUFL F_,EDCF3*2?;&75;\‘-3(3?3,

P

-6-



10

28

sk
4]

WO 2014/100614 PCT/US2013/076981

CFCPOCERCRGCERCECFHRCFRQCE,, CE=UROCERCFQCECECECECHRGCE;,
FTOCFUFAQCF, L QCF;, CF=CFOCF 0F { OCF L 0CF,, CF=CFOUF.CF,0CFO0FOCH,,
FOCFCROCHCECE; aud CF

FOCECEHOCF,CF,COFCFCF,, Muxtures of perflucroatiyt

nvi ethers (PAVE) and perfluoroaikexyvalkvi vingt ethers (PAGVE} may also be emploved, Examples
of perfluoroaikoxyalkyd ally! ethers that may be included in the amorphous fluoropolymer include
CE=CFCROCFCROC0T,, CF=CFCFOCHCECE,OCF, and CF=CFCHQCF,OCF,. These
perfltuorinated ethers e typivally liquids and may be pre-croulsified with an emulsifier before
sopolymerization with the other comonomers, for example, addition of 8 gaseous fluoroolefin,

fi some embodintents, amorphous fuoropolvimers useful for the composite particles disclosed

fierein are copolymers of hydroger-consaining, non-fluorinated monomers such as olefins (e.g., ethylene
and propylene). In some embediments, polymerized units derived from non-Huorinated olefin monomers

are present in the amorphous fluoropolviner at up o 23 mole percent of the amorphous Suoropolymer, in

-

some embodiments up o 10 mole percent or ap to 3 mole peroent.

Examples of amorphous fluoropolymers useful for the composite particles disclosed herein
inchade 3 TEE/propylene copolymer, a TFE/propylene/VIF copolymer, a VOF/HEP copolymer, a
TFE/VDEHEP copolvmer, 2 TFES perfluoromethy! vinvi sther (PMVE) copulymer, a

DEGCE; copolymer, & TRFE/CE =UFQUE/CF »CPFOGFy copolvimiee, & TFECOF =COCFe

copotymer, a TFE/ethyl viny! ether (EVE) copolymer. a TFEAuty! vinyl ether (BVE) copolymer, a
TFE/RVE/BVE copolymer, 8 VOF/CF=CFOCE; copolymer, an athylene/HFP copolymer, &« TFE/ HFP
copolymer, a CTFE/VDY copolymer, 8 TFE/VIIF copolymer, a TRE/VDF/PMV Blethylene copolymer,
and a TREVDF/CF,=CFOCE 1OCF copolvmer. by some embodiments, the amorphous fluoropoivimer
is a copodymer of vinylidene fluoride and hexafluorpropylens; a copolymer of vinylidene flvoride,
hexaflvorpropylene, and tetrafluorocthylens; a copolvmer of vinylidene fluoride, hexafluorpropylene,

setrathioroethviene, and perfluoromethylviny! cther; ¥ copolymer of vinylidene fluoride, propylene, and

tetrafluorocthviene; g copolymer of vinylidene fuoride, hexaflvorpropylene, tetrafluoroethylone,

perflucromethytviny ether, and ethylone; In some emboediments, the amorphous Huorepolymer is not a
homopolymer of tetraflvoroethyiene, In some embodiments, the amuorphous fluoropolymer is s
c@p@iymﬁr of vinylidene fluoride and hexaflyorpropylene. In stine embodiments, the amorphous
fluoropotymer is a copolymer of vinylidene fluoride, hoxafluoropropyiene, and tetraftuoroethylens.

The amorphous fluoropoiymer usefud for the composite particles disclosed hergin is prepared by
polvmertzation of the any of the monomers described above. in sonte embodiments, an agueots
emulsion polvmerization can be carvied out continuously under steady-state conditions, In this
embodiment, for example, an squeous amalsion of monomers (e.g,. including any of those deseribed

¥

bove), water, emulsifiers, buffers and catalysts ave fod continuousty to a stirred reactor under optimum

pressure and temperature conditions while the resulting emelsion or suspension is continuously removed.

i
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%

in some embodiments, bateh or semibateh polymerization is conducted by feeding the aforsmentioned

mgredients into a stiveed reactor and allowing them 0 react at o set temperature for a specified length of
time or by charging ingredients into the reactor and feeding the monomers into the reactor 1o maintain a

constant pressure unti a desived amount of polymer is formed. After polvimerization, unreacted
monomers are remnoved from the reactor efffuent latex by vaporization at reduced pressure, The
flusropolymer can be recoverad Trom the latex by coagulation or left in suspension for coating the
totlow, ceramic spheroids.
The polymerization 1s generally conducted in the presence of a free radical inftiator system, such
s ammonium persulfate. The polymerization reaction may further include other components such ag
chain transfer agonts and complexing agents. The polymerization is generally carried out at a temperatuve
in a range front 10 °C and 108 °C, or fn 8 range from 30 °C and 8¢ °C. The polymerization pressure 15
usuaily i the range of 1.3 MPa o 30 MPa, and in some embodiments in the range of 2 MPa and 20 &
When conducting enmudsion polymerization, perfluorinated or partially fuovinated emulsifiers
may be aseful. Generally these fluorinated emuisifiers ave present in a ravnge from about §.62% to about

3% by weight with respect to the polymer. Polymer particles produced with a fluorinated emulsifier
typically have an average diameter, as determined by dynamic Hight scattering technigues, in range of
about 10 hanometers {nm) to about 300 nm, and in some embodiments in range of about 50 nm 1o about
280 e,

Exaniples of suitable smulstfiors perfluorinated and partially fuorinated emuisifier having the
formula [ReQL-COO XY wherein L represents & linear partially or fully fiuorinated alkylens group or
an aliphatic livdrocarbon group, Rerepresents a lincar partially or fully fluorinated aliphatic group or a

¥

Haear partially ov fully fluorinated aliphatic group interrupted with one or move oxygen atoms, X

g

epresents a cation having the valence tand tis 1, Zor 3, {See, g.g. U.S. Pat. App. Pab. Mos.
2007/0015864, 2007/001 5865, and 2007/0142541 to Hinmer ot &l and ULS. Pat. App. Pub. Nos.

IGO6OTYBGE and 2007/01 17915 (Funaki et al.). Further suitable emulsifiers inchude fluorinated

polysther emalsitiers as desoribed dn UK. Pat. No. 6,429,258 1o Morgan et al. and perflvorinated oy

partiaily fluorinated alkoxy acids and salts thercof wheretn the perfivorcalkyl component of the
orfluorcatkony hav 4 to 12 carbon aloms, or 7 {0 12 carbon atoms, (See.e.g, ULE Pat No, 4,621,116 w
Morgan). Further suitable emulsifiers include perfivorinated or partially fluorinated ether countaining
mulsifiers as described in 118 Pat. Publ. Nos. 2006/0223924 1o Tsuda; Nobubiko et g, 2007/006069¢

o Tsuda; Nobubhiko et al, 2007/0143513 to Tsuda; Nobuhiko o sl and 20606/0281948 1o Morita; Shigeru

gt al. Fluorondkyvl, for example, perfluorcalkyl, carboxylic acids and salts thereof having 5-20 carbon
atoms, such 2s ammonium perfluorcoctancate {APFO) and ammontum perfluorononannate, (See, o.g.
LS, Pat No. 2,559,752 1o Berry) may also be useful. If desired, the emulsifiers van be removed or

d
veted from the fluoropolvmer fatex as deseribed in ULS. Pat. Nos, §.442.897 1o Cbermeter et al,

8-
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6,613,941 to Felix st al,, 6,794,350 to Hintzer et al, 6,706,193 to Burkard et al, and 7,018,341 Hintrer et

H

al.
In sowe embodiments, the polymerization process may be conducted with no emulsifier {e.g., no

fuonnated emudsifier). Polymer particles produced without sn emulsifier typically have an average
diameter, as detevmined by dynanmiic Hght scatiering technigues, in a range of about 40 nm to about 500
nan, typicatly in range of about 100 e and about 400 nm, and suspension polymerization will typically
produce particles sizes up toseveral millimetoss.

in some enbodiments, & water soluble iniator can be useful o start the polymerization grocess
Safts of peroxy sulfuric acid, such as anunonim persulfate, are typically applied either alose or

g 5

sonmetimes tu the presence of a reducing agent, such as bisulfites or sulfinates {disclosed i U8, Pat. Nos,

%y

5,285,002 Grootaert and 5,378,782 to Gmoiﬁaﬁ.} or the soditm salt of hedroxy methane suifinie acid
{sold under the trade designation "RONGALIT”, BASFE Chemical Company, New Jersev). Most of these
initiators and the emulsifiors have an optimum pH-range whete they show most efficiency. For this
reason, buffers are soenetimes uselul. Buffersinclude phosphate, acetate or carbonate buffers or any
other aeid or base, such as snymonia or alkall metal hydroxides. The concentration range for the
inttiators and butfers can vary from 0.01% to 5% by weight based on the agqueous pobymenization
medinm.

{n some embodiments, the amorphous luoropobyviner fatex may be used without solating the
amorphous fluoropolymer 1o prepare the compaaite particles disclosed herein as deseribed tn frther

gtail below, However, it may be usefud in some cases to coamilate, wash, and dry the fluoropolymer

[ =9

fatex, To coaguiatt‘. the obtained fluoropolymer latex, any coagulant which s commoniy used for

n

coagulation of g fuoropoiymer latex may be used, and it may, for example, be a water soluble salt {e.g.,
calciham chioride, muagnesium chloride, shuninum chloride or alomimum nitrate), an acid {e.g., nitrie acid,

wdrochloric acid or sulfiric scid), or 8 water-soluble organie higuid {e.g., alkcobol or acetone), The

g

amount of the coagulant to be added may be in range of §.001 to 20 parts by mass, for example, ina
range of 6.01 to 10 parts by mass per 100 parts by mass of the fuorinated elastomer latex. Alternatively
or gdditionally, the fluorinated elastomer latex may be Hrozen for coagulation. The coagulated

3,

fluoropotymer can be collected by filiration and washed with water, The washing water may, for
example, be fon exchanged water, pure water or ultrapure watgr, The amount of the washing water may
be froms 1 to 5 times by mass to the Hluoropolymer, whereby the amount of the enulsifier attached to the
fluoropoiymer can be sufficiently reduced by one washing.

The amorphous fluoropolvimer on the composite particle according to the present disclosure may

1

be erosslinked or non-crossiinked. o some embodiments, the fluoropolymer is not crosshinked. Sech

5

fluoropolymers inchide fluorcelastomer guma, which are typically uncured, amorphous fhuoropolymers.

&’

9.
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In some embodiments, the amorphous fluoropolvmers have cure sites that allow them to altimately be
crasstinked,

]
3

Curable amorphous Huoropolvmers useful as the fluoropolymer faver in the composite particle

disclosed herein typivally inchude a chiove, bromo-, or iodo- cure site. In soms smbodiments, the

Fge

odiments, th

5

amnorphous flucropolymer comprises a bromo- or iedo-cure site, In some of these em e
amorphous fluoropolymer comprises an jodo-cure site. The cure site can be an jodo-, bromo-, or chioro-
group chenneally bonded at the end of a fluoropolymer chain. The weight percent of clemental iodine,

Ly

bromine, or ehlorine in the curable flucropolymer may range from about §.2 wi % 1o about 2 wi.%%, and,
i sorme embodiments, from about .3 wih 1o about | wi%. To incorporate a cure sife end group into
the amorphous fluoropolymer, any one of an todo-chain transfer agent, a bromo-chain transfer agent ov a
chioro-chain transter agent can be used in the polymerization process. For example, suitable todo-chain

3

transter agents include perfivoroalky] or chloroperfluoroalkyl groups having 3 to 12 carbon atoms and
one of two jodo- groups. Bxaraples of iodo-perfluoro-compounds include 1,3-dliodoperfluoropropane,
La-dilodoperiuorobutane, 1, S-dilodoperfluorchexane, 1,8-difodoperfluorooctang, 1,10«
difodoperfivorodecane, 1 12-diodopertivorododerane, 2-iado-1,2-dicklore-}, 1,2-rifluorocthane, 4-iodo-

oot

wevent. Spitable bromo-chain transfer agenis include

ps)

12 drichloroperfivorobutans and mixtures ¢
perfivoroatkyl or chloroperfluorealkyl groups having 3 fo 12 carbon atoms and one o tweo fodos groups
Chioro~, bromo-, and 1odo~ cure site monomers may &lao be incorporated into the curable
amorphous fuovopolvmer by inchiding cure siie monomers in the polymerization reaction. Pxamples of
cure site monomers inclade those of the formuola CX=OX(E), wherein each X is mdependently N or B,
and Zis L, Br, or R, wherein Z 15 Lor Br and Ry s a pecfluovivated or partially perfloorinated alkylene
group optionally containing O gtons. In addition, non-foorinated bromo-ar wado-substituted olefins,
e.g., vinyl todide and allvl fodide, can be used. In some embodiments, the cure site monomers is
CHy=CHi, CF=CHL, CF=CF{, CHy=CHCH;, CF=CFCF:L CH=CHOR[OR, OF =CFCHUHLL
CF=CRCECE L TH»CHCE RCHCHL, CH=CFOCECE, CF=CFOUTIWCE,
CF=CFROCF,CF,CHL L CR=CPCFR0CHCH, CFy=CROCR 3 ODCE ORI, CHp=CHBr, CF =CHBr,

CF=CFBr, (H=CHCHBr, CF,=CFCF,Br, HCRCF, By, OF;=CROQCF,CR B, CF=CFC,

~m

e

OF =CPRURCE or 2 mixture thereo!

pr

N

The chain transfer agenis having the cure site andfor the cure site monomers can be ted dnio the

o

reactor by bateh charge or continuously feeding. Because feed amount of chain transfer agent andior

g of small

=,
toi)

cure site mwmomer i3 velatively small compared 1o the monomer feeds, continuous feedin
arnounts of chain transter agent andfor cure site monomer o the reactor is difficult to control,

iodo-chain transfer agent in oue or more

i
s
w
e
ooy
[}
=4
=3
sa
-
T
o
fosdl
3
(‘)

Crainuous focding can be achioved b

monomers. Examples of mosomers usety! for such a bend tnelnde hexafluoropropylene (HFP) and

perfluoromethyvl vinyl ether (PMYE)
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In some embodiments in which the fluoropolver useful in the composiie particle disclosed herein
15 a curable, the curable fluoropolymer s perhalogenated, in some enmibodinents perfluoringted, and
sypically atleast 36 mnde percent {mol %) of 15 Interpolymerized unils gre derived from TFE and/or
CTTE, optionally including HFP, The balance of the interpolviverized units of the curable fleoropolymer
> {10 1o 50 mol %) can be made up of oue or mare perfluorcalkyl viny! ethers andfor perfluoroatkoxy vinyl
cthers, and a suitable cure site monomer, When the curable flooropolymer is not perflvorinated, it may
contain, i some embodiments, from about 5 mol % to abowt 93 mol % of ity interpolymerized units
derived from TFE, CTFE, andfor HFP, from about 5 mol 96 to about 98 mol % of its interpolvaerized
units derived from VOF, ethylene, andfor propylene, up to sbout 40 mol % of its interpolymerized units
to dertved from a viny! cther, and from about 0.1 mol % to about § mol %%, in some embodiments from
about 8.3 mol %6 to about 2 molb %%, of a suitable cure site monomer,
Adiustiment of, for example, the concentration and activity of the initiater, the concentration of
each of the reactive monomers, the temperature, the concentration of any chain vansfer agent, and the
solvent using technigoes known in the art can be wseful to control the moloculsr weight of the amorpbous

] fluoropolymer usetul in the composite particle disclosed herein. In some crabodimens, amorphous

fluoropolymers useful for the composite

,,,3

articies disclosed herein have weight sverage molecntar

ps1

weights in a range fromy 10,000 grams per mole to 200,000 grams permeole. In some embodiments, the
weight averags molecular weight is af feast 15,000, 20,000, 25,600, 30,000, 40,000, or 50,000 grams per
mole up lo 100,000, 150,000, 160,000, 170,000, 180,000, or up & 190,600 grams per male. In some of
26 these embodiments, the Huoropolvmer is a fuorosiastomer gum that is curable. In contrasy,
fhsoroplastics, which are typically ot least partially crysiailine, typically have weight average molecular
weights in a range from 200,008 grams por mole to 1,600,000 grams per mole, In some embodiments,
amorphous fluoropolymers usefu] for the composite particles disclosed herein may have a Mooney
viscosity in a range from 0.1 to 100 (ML 14103 at 100 C according 10 ASTM D1646-06 TYPE A In
some embodiments, fluoropolvimers useful in the composite particles diselosed herein have s Mooney
viscosity in a range from 6.1 10 28, 0.1 1o 18, ov 0.1 10 5 (ML 1+10) &2 100 "C avcording to ASTM

DIs46-06 TYPH AL

3

Asmorphous fluoropolvimers typically have g distribution of moleculyr weights and compositions.

Veight average molecular weights can be measured, for example, by gel permention chromatography

by

3G {Le., size exclusion chromatography) using techmiques known to one of skill in the art,

'..’J

Composite particies according to the present disclosure may be made, for example, by a procsss
that includes combining an amorphous ﬁum‘npmiymer dispersion with a plarabity of bollow, ceramin

sphermids such that & Nuoropolyimer laver is disposed on at least & porton of the spheroids. The

By

amorphous fluoropalvmer dispersion typically comprises & continuous agueous phase and a dispersed
S phase. The continuocus aqueous phase includes water and optionally one or soore water-soluble arganic

A11e
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solvents {e.g.. glyme, sthylene glveol, propylene glyeol, methanel, ethanel, N-methylpyrrolidone, and/ov
propanol) and optionally one or move surfactants. The dispersed phase includes the amorphous
flugropolvmer, for example, as deseribed in any of the above embodiments of the smorphous
fluoropolvmer. The dispersion may be, for example, the amorphous fluoropolymer latex deseribed above
to which the hollow, ceramsic spheroids and optionally the organic sobvent, the surfactant, and additional
water may be added

In soime embodiments, the organic solvent may be capable of swelling or dissolving the

amorphous flaoropolymer that is present in the dispersed phase thereby factlitating formation of the

anorphous | polymer layer upon combining the hollow, ceranue spheroids with the dispersion,
amorphous Hooropolymer layer upon combining the hollow, ceranye spheroids with the dispersior

T

solvents for swelling certain amorphous flucropolymers include ethyviene giveol, N-

oy

Examiples of useful
methylpyrrolidone, acetone, and 2-butanone. The amount of organic solvent to add will vary with the
spectfic fluoropelymer and concentration but may be added in an amount of up 1o Spercent, based on the
weight of the dispersion. ' In sowe embodiments; the organic solvent is prosent I an amount 1 & range
from §.25 1o $%, 0.25 10 2.5%. or 0.5 to 2%, based on the total weight of the dispersion.

I sonre embodiments, the digpersion containg a surfactant, The sorfactant is tvpically a nomonic

surfactant and may be g vorinated orhydrocarbon swrfactant, Useful fuorinated swiactanmts tnclude

-

£ i

those available, for exarple, from 3M Company, 5t Pasl, Minn., under the trade designation “FO-443¢°
and from E.L du Fout de Nemours and Co., Wilmington, Del,, under the trade designation “ZONYL?
{e.g., "ZONYL FRO™) The amount of surfactant to add will vary with the specific amorphous
fluoropolymer and concentration but may be added in an wmount of up 1o Spercent, based on the weight

of the dispersion. In some embodiments, the surfactant is present in an amownt in a range from 825 o

L

3%, G285 10 2.5%%, or 8.5 1 29, based on the total weight of the dispersion.

Waricars amounts of water may be useful in the dispersion for making the composite particles

i

o
5
<
&
&

wding to the present disclosure. If the amorphous flucropolvmer latex described above is used for
treating the hollow, ceramie spheroids without first iselating the amorphous flueropolymer, additional
water may be added 1o the dispersion, but this is not a requirement. In some embodiments, the dispersion
inchudes 15 to 85 percent water, based on the total weight of the dispersion. In zome embodiments, the
dispersion includes a range from 50 to 85 pereent or 65 to 80 percent water, based on the total weight of
the dispersion. In some embodiments, it may be useful to minimize the amount of water in the
dispersion. This may be useful o facilitate drving of the composite particles andfor to prevent
agglomeration during deving. I some embodiments, the dispersion includes a range from 18 10 40
percent, 13 to 35 percent, or 26 to 30 percent water, based on the total weight of the dispersion.

Unce combined, typinally with mixing, the amorphous fuoropolymer fayer forms on the hollow,

iy

ceramic spheroids on 4 time scale of seconds to mirutes or hours, although longer times can also be

¥

usetil. The amounts of chemical components will vary depending on, for example, the total surface avea
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of the hoHow, ceramic spheroids, conventration, and desired thickness of the amorphous fuoropslymer
faver, Onee the composite particles ave formed they can be isolated by conventiona! separation
echniques such as, for example, Bliration, optional washing, and drying.

The amorphous Hooropolvmer may be used in any amount that results in the amorphous

fluoropolyiver laver being disposed on a bollow, ceramic spheroid without causing hollow, ceramie

spheroids to aggregate. In some erabodiments, the composite particle comprises at least 73% by weight
of ceramic {including any of the coramics deseribed in any of the above embadiments), based on the total
waight of the composite particle. In some of these embodiments, the composite particle comprises at
loast 85, B0, U5, 97, or 98 percent weight ceramic, based on the totg! weight of the composite pasticle, In
some embodiments, the composite particle comprises up to 36 percent by weight of the amorphous
fluoropolvimer, based on the total weight of the composite particle, without aggregation of the composite
particles. However, in some embodiments, the composite particles comprises up to 25, 20, 15, 18, 5, less
than &, lessthan 3, 2.99, 2.5, or 2.25 percent by weight of the amorphous flugropolyvmer, based on the
total weight of the composite particle. Surprisingly, composite particles that comprise less than 3 {e.g.,

up to 2,99, 2.5, or 2,25 percent by weight) amorphous fuoropoiymer, based on the total weight of the

a

Fgd

composite particle, have & resistance 1o degradation caused by sepwater that is similar to eomposit

particles with wmuch hagher amonmis of amorphous fluoropolymer {e.g., 16 or 25 percent by weighty as
b

shown in Examples 1, 3, and 4, below,

A photograph of an example of a plurality of the composite particles according to the present
disclosure and/or made ascording Yo the wethod described is shown in FIG. 2. It evident from the
photograph that the composite particles are diserete particles. That is, they are discrete, coaled particles
not bound together i a polymer matrix.

In soime embodiments, the amorphous fuoropotymer useful for the composite patticle diselosed
herein is crosslinked. In these embodiments, the amorphous ﬂua}r{sp;ﬁymsr is tvpically coated as s
curable composition, which may be a fluoroelastomer gum as described above, and cured {o.g., by
heating at 8 temperature effective to cure the composition) alter the hollow, cerantde spheroid is coated.
Curable amorphous fluoropolvmers, including those described inany of the above embodiments, can be
included in compositions that inchude a peroxide, polyol, or polyaming crosslinking system. 1a some

sbodiments, curable, amorphous fluoropolymer compositions include a peroxide. Typically peroxides

useful for practicing the present disclosure are acyl peroxides. Agy! peroxides tend to decompose at

ey

lower temperatures than alky! peroxides and allow for Tower temperature cuting. In some of thes

| e

A3

embodiments, the peroxide is di(d-r-butvieyelchexyliperoxydicarbonate, di(2-
phenoxyvethyDperoxydicarbonate, di2 4-dichlprobenzovl} peroxide, difauroyi peroxide, decanoyt
peroxide, 1,13 3-teramethyvicthylbutylperoxy-Z-ethyihexanoate, 2,5-dimethyi2,5-di2-

ethyihexanoviperoxythexane, disuceinic acid peroxide, ‘L‘(} peroxy~Z~ethyfhexancate, difd-

33~
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methyibenzovl) povoxide, tbutyvl peroxy-2-ethythexanoate, benzoy] peroxide, thutylperoxy -ethythexyl

sarbostate, o Cbutyviperoxy isopropyl carbonate. In soone emmboduwents, the peroxideis a diaoyl

poroxide. In some of those ewbodiments, the peroxide s bentzoy] peroxide or a substituted benzoyl
peroxide (g, difd-methylbenzovi) peroxide or 4¥2 4-dichiorobenzoyl; peroxide). The peroxide s
present in the curable composition in an amount effective to cure the composition. Jn some

embodinents, the peroxide is present in the composition 18 a range from 8.5% by weight to (0% by
weight versus the weight of the curable composition. In some smibodiments, the peroide Is present in

L

the composition in a range from 1% by weight 1o 5% by weight versus the weight of the curable
composition.

In peroxide-cured amorphous fuorepolymer compositions, it is often desirable to includea
cromslinker. The erosslinkers may be useful, for example, for prowiding enhanced mechanical strength in
the final cured composition, Accordingly, in some embodiments, the curable composition according to
the present disclosure Yurther comprises a erosslinker. Those skilled in the art ave capable of selecting
conventional crosslinkers based on desired physical properties. Examples of useful crosslinkers include
witmethyDallvl isovvanarate (TMAIC), wialhvl tsocyanurate {TAKD), rifmethyDalivl cyanurate, poly-
triallyl isoovanurate {poly-TAICY, xvlviene-bis{diallyl isocyvanurate) (XBD ), NN -nm-phenyiene
bismaleimide, dinthyl phthalate, tis{diallylamine}-s-triazine, triallyl phosphite, 1, 2-polvbutadiene,
sthylensglyool dlacrviate, diethyvleneglyool diacrylate, and CH»CHRa-UH=CHy, wherein Rq 58

R

perfluoroalkylene having from 1 to & carbon atoms. The crosstinker s typically present in ap amount of
1% by weight to 10% by weight versus the weight of the curable composition. In some embodiments, the

crossiinker is presentin a range from 2% by weight to 3% by weight versus the weight of the curable
COMpoOsHio
{n sone embodiments, the curable amorphous Suoropolymer composition ineludes a polyol in
combination with an ammonium salt, & phosphobtum salt, or 8 buinhum 3al, and a hydroxide oroxide of

a divalent mesal such as magnesium, calcium, or zine, Examples of useful polyels include bisphenol A¥F,

""A
<]

bisphenol A, bisphenol §, dihydroxybenzophenone, hydroguinone, 2,4.6-trimercapio-S-iriazing, 4,4™~
thiodiphenol, and metal salts of any of these, [n some embodiments, the curable amorphous
fluoropolymer composition includes & polvamine in combination with an oxide of » divalent metal such
as magnesimm, caleiuny, or zine, Examples of esefol polvamines include hexamethylenediamine, 4,4°-

bis{aminocyclohexylmethane, and NN -dicinnamylidene-1 6-hexamethylencdiamine. Carbamate

precursors of these may also be useful

o

The amorphous Suoropolymer layer may contain optional additives sach as, for example,

e

plasticizers, fragrances, colorants, optical brighteners, antioxidants, and ultraviolet light stabilizer
Advantageously, composite particles aocording 1o present disclosure do not tend to agglomerate, and a

plurality of the composite particles is typically free-flowing when handled, although this is not

4
1
w §g
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requivement, Amorphows fluoropolvimer layers made from a homopelymer or copolymer of a
perfluorealkyt vinyd ether: & perfivoroaikoxy viny! ether; at least one fluorcolefin independently
represented by tormula CR=CF-RE wherem RE s Hloorine ora perflaorcalky! having fronr § to 8 carbon
atoms and R is hydrogen, fluorine, or chiovine; or a combination thereof are very resistant to exposure to

ssawater as ovidenced in the Examples, below, which is advantageous when the composite particles are

used in syrdactic fosms for degp water nsulation. Suel resistance 1o seawater is not likely for all

fluorinated polymerns (g.ag., those that have ester groups conncating Huovinated perdent groups to the

polyiner backbone such as Tuorinated acryvlic polymers). Also shown in the Examples below, amorphous
Hfluorapelymer layers have ot Teast one of higher hyvdrophobicity or better resistance Yo salt water thas

fluovoplastics, which are typicatly at least partially erystalling. For example, when Example 415

compared with Examples 9 and 18, i {5 observed that the amorphous Huoropolymer used at a lavel of

2.5% by waight in Example 4 provides higher hydrophobicity as measured by contact angle than the
fluoroplastics used at fevels of 2.3% and 2.9% by weight, respectively, in Exanples ¥ and 10, The

resistance 1o seq waler corrsion was also better for Example 4 than Example 9 after 12 weeks.
of hollow, ceramic spheraids is the quotient abtained by dividing the

<

by & gas

Cu

miss of a saniple of the spheroids by the troe vohnne of that mass of spheroids as messure
pyenometer. The "mrue volume” is the aggregate fotal volume of the spheraids, not the butk volwme. The

Y 3

average trug density of the-hollow, ceramic spheraids usefid in the composite particles disclosed herein s

generally at least 8,30 grams per cobic cenbmeter {gfoc}, .35 g/ee, or .38 giee. In some embodiments,

5

the hollow, ceramic spheroids usefil in the composite particles disclosed herein have an average true

density of up to about 0.6 giee. "About 0.6 gier” means 4.6 glee & five percent. [n some of these

embodiments, the average tue density of the spheroids {s up 10 0.55 glec or 8,58 g/ee. For example, the

average true density of the hollow, ceramic spheroids disclosed herein may be in a range from 030 g/loe

\a

to 0.6 giee, §.30 glee 1o 8.55 gloe, 838 ghee to 1,60 gice, or .35 giec to £.55 giee. For the purposss of

this disclosure, average tne density s measured using 2 pycnometer seeovding to ASTM D284 69,

¥

'Average True Particle Density of Hollow Microspheres”. The pycaometer may be oblained, for
example, under the trade designation "ACCUPYC 1330 PYCNOMETER” from Micromeritics, Noreross,
Georgia, orunder the trade designations “PENTAPYONOMETER” or “ULTRAPYCONOMETER {007
from Formaney, Inc., San Diego, CA. Average true density can typically be measured with an accuracy

of 0.081 gloe, Accordingly, sach of the density values provided above can be & five peroent,

Advantageously, the composite particles according to the present disclosure have an average tree density
shat is within 18, 8, or 2.5 percent of the average true density of the hollow, ceramic sphieroids at the core

of the composite particles. The average troe density of the composite particles may be the same as the

average true density of the hollow, ceramic spheroids in any of the above smbodiments. Or any of the

L]
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values of the average true density given above for the hollow, ceramic sphevoids may be up to 2.3, 3, oy
1} percent more thay the composite particles disclosed herein
Advantageously, the composite particles according to the present diselosure andfor made
aceording to the method deseribed sbove can be made withowt significant breakage of the hollow,
2 ceramie spheroids. This is evidenced visually, for example, by inspection of the composite panticles
gnder g microscope. It is also evidenced by a low difference between the average wue densiyy of the

N

compusite particles and the average true density of the hollow, ceramic spheroids from which they are

made
The size of the compostte particles according to the present diselosore may vot differ
{0 significantly from the size of the hollow, ceramic spheroids deseribed above. In some embodiments, the

composite particles according to the present disclosure have s mean particle size that s within 3, 2.5, or |
pereent of the mean panticle size of the hollow, ceramie spheroids. The mean particle size of the
composite particles may be any of those described above for the hollow, ceramic spherotds or may be

within 5, 2.5, or 1 percent of any of these values, The thickness of the amorphous fluoropelymer layer

[
({1

on the holiow, ceramie spheroids can be varied depending on the amount of the amorphous

ffluo,ropaiynxe;‘ i the dispersion used 1o make the composite particles. In some embodiments, the

amorphous fuoropolymer laver has a thickness of st Jeast 3 panometers (nm), 10 nm, or 13 nm, In some
gmbodiments, the amorphous fluorspolymer [ayer has a thickness of up to 400 ran, 350 aoy, 300 o, or

260 am. The thickness of the amorphous fluorapobvmer layer may be in a range from 5 nnt to 408 o,
20 1 nm to 350 am, or 10 nn {0 260 nm, for example,
I some embodiments, including any of the aforementioned embodiments of the composite
pariice, the amorphous fluorepolvimer layer Is disposed on the hollow, ceramic spheroid and safficiently
covers the spheroid such that the spheroid is confined within the amarphous fucropolyner fayer.

3

can be understood o mean that the amorphous fluoropolvmer layer sufticiently surrounds the spheroid

£
2]

such that if the fluoropolymer fayer and the spheroid were capable of being moved independently, the

spheroid could not be separated from the amorphous flsoropolymer layer because of mechanical
entrapment. In some of these embodiments, the amorphous Thuovopoelymer laver completely encloses the
spheroid, In other of these embodiments, the amorphous fluoropolymer tayer does not complelely cover
&

the surface of the spheroid yet still confines it by forming & continuous porous network over the surface

tad
A
[

~y
o
5"

¢ spheroid. In vet another of these embodiments, the amorphous Hucropolymer laver may cove

P

greater than 4 hemispherical portion of the spheroid, thereby confining it In yet another of these

ermbodiments, the amorphoss fluoropelymer laver is substantially uniform and complete {1.e, the
amorphous fluoropolymer layer forms a substantially complete layer of substantially uniform thickness

over the surface of the sphereid). Coverage by the amorphous Huoropobymer layer over and aren

Tl
1

comained within loss than a hemisphere of the spheroid would not confine the spheroid, Likewise,

18-
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coverage of the eatire surface of the spheroid with a amorphous Hluoropoiymer layer consisting of smail
anconnected portions would not confine the spheroid.
Compostte particles secording to the present disclosure can be combined with & matrix material
1o form a composite material. An exemplary composite material s shown in FIGL 3, wherein conmposite
5 material 200 comprises composite particles 210 according 1o the present disclosure {e.g., composite
partiches 100 as shown In F1G. 1) dispersed 4 matrix material 22
The composite material can bereadily prepared, fiw example, by comnbining the coanposite
particles and matrix material using an appropriate mixing method (e.g., melt-mixing, extruding, stirring,
or kneading), typieally sntil the composite pasticles are af least substantially uniformly dispersed in the
1o binder material. o order to reduce breakage, glass bubbles arve typically added to molten thermoplastic
{e.g., at a downsiream zone of an extruder} instead of being conmbined with polymer pellets (fe, not
meften} and fed into the throat of the extruder. Composite particles sceording to the present disclosure
wherein the hollow, ceramic spheroid is 8 glass microbubble typically exhibit improved durability (ie.,

less breakage) if combined directly with polvmer pellets and fed into the throat of an extruder, than the

13 corresponding glass microbubbles without a fluoropolymer suter coating.
The composite particles and the matrix material may be combined {n any ratlo, which ratio wiil
typically be strongly influenced by the intended application. Composite particles and vomposite
materials sccording 1o the present disclosure may be used in applications where uneoated spheroidal
particles {e.g., glass microbubbles or hollow ceramic microspheres) are used,
26 The fs:(m‘z;msite particles according to the present disclosure ave wsefid, for example, In gyntactic

foant used in ot and gas subsey drilling operations for insulation properties. High loadings of glass

Py by L e
bubbles {40 percent — 60 percent by volume) are added to various thermoplastic or thermoset resins to
make syntactic foam, Syntactic foam makes it possible to tap oif reserves in deep ocean formations

{curreéatly down to 10,000 feet (3048 meters)). There are many performance parameters the foammust

[N
LA

meet, including a 20 — 30 vear undersea lifespan, Over time the sys‘riact'sc foam may have seawate
intrusion and segpwater could reduce the {ife expectancy of the glass bubble and the foam. Asshown in
the Examples, below, composite particles according to the present disclosure have g resistance to
seawater that is significantly better than comparative hollow, ceramic spheroids that do not have a
fluoropolymer coating, Also, suitable hollow, cermmic spheroids for use in syntactic foams need to

36 survive {e.g., without breaking) a manufacturing process, harsh handiing conditions in the field, and the

=

pressures exerted onto the nsalation regions 1n deep water. Hollow, ceramic spherolds for use i
anderwater applications typically have an isostade pressure collapse resistance of gt least 14 megapascals
(MPa) (2000 psiy, 20 MPa (3000 psi), 37 Mpa (2000 psi), 38 MPa (5500 psi), or at Jeast 41 MPa {6000

psil 90% survival, Composite particles sceording to the present disclosure may have a higher isotactic

Lok
.5

pressure collapse resistance than uncosted counterpart hollow, ceramic spheroids

f’,‘,
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Typically, the matrix material is substantially organic, but-inorganic matrix materials may also be

useful in some embodiments. The mairix material may be a thermnoplastic or a thermoset. Examples of

suitable thermoplastic matrix materials (2.g., for syntactic foam apphcations) include polyolefing {o.g.,
polyethylene, polvpropylene, and polybutylene), polystyrene and high-impact polystyrens, polyamides

Led
P
o
&
o~
o]
i
pect
I
[
;

polyesters {g.g., polvethylene terephthalate and polyeaprolactone), polvether ether k
polyethevimides, plasticized polyvinytchiorides, celiulosic thermoplastics {o.g., collulose aceiate}, and
pobvethers. Suitable thermoset matrix piaterials can comprise polyfunctions] polymerizable mondmers
and/or oligomers {e.g., epoxy resins, urethane resins, acryiate monowers and/or oligomers, alkvd resing,
and phenolio resins). Silcone rubbers way also be gseful. The thermoset satrix materials can optisnally
be used W combination with & sultable one ar more curgtive compoundsy, for example, a3 will be known
1o those of skill in the art

in some embodiments, the matrix material is not s Puoropolymer. This can mean that the matrix

material iv g polymer that doesnot-have fluorine atoms on its backbone and/or in pendent group

§ by

The matrix material may contain one or more additional components such as {illers, rheology
modifiers, tackifiers, curatives (.g.. initiators, hardeners, crosslinkers, catalysts), antloxidants, Heht
stabifizers, inhibitors, colorants, fragrances, plasticizers, and lobricants.

The present disclosure provides a condgit having & layer of the composite matertal described
above disposed on an outer surface thereol, Referning now to FIG. 4, in the illustrated embodiment, the
conduit is a pipe 1100 comprising a tubular roetallic member 1110 having a syntactic foam 1120 disposed
on an outer surface 1115 therenf, Syntactic foam 1120 comprises a composite material according to the
oresent disclosure, which includes composite particles disclosed herein and 2 matrix materigl. The
matrix material gan include any of those listed above. In some ervbodiments, an insulated pipe or condust
gocording 1o the present disclosure is submerged in water at a deptl of at least 100 meters, 300 meters,
1000 meters, 1500 meters, JHN meterg, 2500 meters, or at least 3008 metyrs,

Some iHostrative examples of symactic fommn mamufacturing procssses that may be used
provide pipes according to the present disclosurs inchude batch provessing, cast curing, meter mixing,

action injection molding, continuous solids dispersion mixing, compression molding, mechanical
shaped hiocks of insulation, centrifugal planetary miXing for thermoset Tormmlations and compounding
extrusion and injection molding for thermoplastic fornmlations,
hsulated articles {e.g., conduits or pipes} ace
for example, by first nvixing composite particles disclosed herein and a premix for a curable

thermosetting composition {e.g., for polyvurcthanes, 2 mixture comprising Hauid polyol resins, chais

0

7

extenders, catalysts, and driers) and degassing, This premix is mixed with crossiinkers {eg., for

2

polyurethanes, isocyanate crosalinkers) and numediately dispensed onto a length of pipe feg. by

pumping into a mold cavity surrounding the fength of conduity to make & conduit having & surface

b=
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substantialty coversd with a composite material according to the present disclosure. I the matrix
material is a thermoplastic {e.g., polypropyiens), insulated articles {e.g., conduits or pipes} according to
the present disclosure may be prepared, for example, by dispersing the composite particles disclosed
herein in the thermoplastic and coating the mixture onto the pipe in a side extrusion or cross-head
SXIULION provess,

o some exobodiments, the conduit according to the present dischosurs is o Hexible pipe, which
fypically inclodes at least helical reinforcement layers {a.g., carbon steel armoring) and polymer sealing
favers. In some embodiments, 8 composiie material according o the present disclosure may be lovated
between armoring wires and a polymerie outer sheath in the flexible pipe. Polymer layers may be

provided in Hexible pipes as extrudesd lavers or tapes, Other examples of articles that can be at lea

partiaily covered by a composite mxaterial sccording to the present disclosure include production trees,
manifolds, and jumpers, which can be useful, for example, @ underwater environments {e.g., submerged

in the ocean).

Typically, the amorphous fleorepolymer faver on the composite particles according o the present
disclosure does not change the thermal conductivity of the composite materials disclosed hevein, In some
embodiments, the thermal conductivity of the composite material according 1o the present disclosure,
which includes composite particles disclused herein, is within FJ, 8§, 3, 2, or 1 percent of the thermal
sonductivity of a comparative composite materiad, wherein the comparative compaosite material ia the
same as the composite material disclosed hovetn except that the hollow, ceramie spheroids in the
comparative composite material are not coated with fluoropolymer {or any polymer}. The thermal
cowductivity of a composite material containing hollow, ceramic sphevoids can be measured by a variety

of techniques known in the art, {e.g., by heat flow measurements in accordance with the ASTM standard

Some Embodiments of the Present Disclosure

In embaodiment 1, the present disclosure provides a composite particle comprising:

a diserete, hollow, ceramie spheroid, and
a taver of amorphous Huoropolvmer disposed o the diserete, holloay, coramic spheratd,

wherein the smorphous fluoropolymer 3 an amorphous homopolymer or sopolymer of a perfluorealkyt
vinyl ether; a perfluorcatkony vinyd ether; ut least one Huoroolefin independently represented by Tormula
C{R)y=CF-R{, wherein RY ix fluorine or a perfluorcalky! having from 1 to 8 carbon atopws and R is
hydrogen, fhsorine, or chioring; or 3 combination thereof,

In emnbodiment 2, the present disclosure provides a composite particle according to embodiment
1. wherein the fluoropolymer is & copolymer of vinylidene fluoride and hexafluorpropylene; a copolymer

of vinviidene fluoride, hexaflvorpropyiens, and tetrafluoroethyviene; a copelymer of vinylidene thioride,

~15-
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hexafluorpropyviene, wiraflvoroethylene, and perfivorometityiviny! ether; & copolymer of vinyvlidene
Tuoride, propyiens, and tetrafluorcethylene: or a copolviner of vinyiidene fluoride, hexaflaorpropylene,
tetrafivoroethyiene, perfluoromethivivinyt ether, and ethylene.

In emnbodiment 3, the present disclosure provides a conyposite particle according to embodiment

S 1, whersin the amorphous Hueoropolvimer Is a copolymer of vinviidene fluoride and bexafluoropropyiens
or & copolvmer of vinyhdene fooride, hexafluorpropylens, and tetraflsorcethylene

in embodiment 4, the present disclosure provides a composite pasticle according to any one of

embodiments 1, 2, or 3, wherein the amorphous fluoropolvier is not a homopolymer of
setrafluoraethyiene.

134 in embodiment 5, the presery disclosure provides a composite particle sccording to any one of
smbodiments | to 4, wherein the amorphous flaoropolymaer is not & copolymer of tetrafluoroethylene.

{n embodiment 8, the present disclosure provides a composite particle according to any ong of
embodiients | to 5, wherein the amorphous Hooropolyimer has a Mooney viscosity in a range from 8.1 to

HOO (ML 1+10) at 100 70 secording to ASTM D1646-06 TYPE AL

e o embodiment 7, the present disclosure provides a composite particle according 1o any one of
embodiments 1 o 8, whereln the smorphous fluoropolymer has 8 weight average molecular weight ina
range from 10,000 grams per mole 10 200,600 grams per munle

In esbodiment §, the present disclosure provides a composite particle according to-any one of
embodiments 1 to §, wherein the amorphous fluoropolymer is crosshinked.

20 T emibodiment 9, the present disclosure provides a composite particle aceording to any one of
embodiments 1 to § or 8, wherein the amorphous flhuoropolymer is not crosstinked,

Tn embodiment 16, the present disclosure provides s composite particle aecording to any one of
embodiments 110 2, wherein the composite particle comprises at least 75 percent by weight of ceramic,
based on the total weight of the composite particle.

23 In embodiment 1, the present disclosure provides a composite particle scoording to any one of
embodiments T 10, wherein the composite particle comprises at least 87.5 pereent by wel gi 1t of
ceramic, based on thetotal weight of the composite particle.

in embodiment 12, the present disclosure provides the composite particle according to any one of
embodiments 1 to 10, wherein the compasite particle comprises ap to 25 percent by weight ol the

30 amorphous fluoropolymer, based on the total weight of the composite patiicle.

in embodiment 13, the present disclosure provides the composite particle aceording to
embodiment 12, whergin the composite particle comprises less than 3 percent by weight of the
amorphous thioropolymer, based on the total weight of the composite particle.

in embodiment 14, the present disclosure provides the composite particle sceording to any one of

35 ersbodiments 1 to 13, wherein the disvrete, bollow, ceramic spherold comprises glass.

220-
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in embodiment 13, the present disclosure provides the composite particle acgor d‘“g 0 any ong of
embodiments 1 fo 14, swherein the laver of amorphous Heoropolvmer has a thickness ofupte 308
nanometers.

in embodiment 16, the present disclosure provides the composife panticle according to any one of
probodiments 1o 15, wherein the layer of amorphous £ amra:spaiymﬁr comp?etfziy encloses the discrete,

hollow, coramic spberoid.

in embodiment 17, the present disclosure provides the composite particle according to any one of

1

embodiments 1 1o 16, wherein the diserete, hollow, cermmiie spheroid has a maximum dimension of up to

I embodiment 18, the present diselosure provides the compostie particle according to any one of

¥

embodiments 1 1o 17, wherein af least one of the average particle size or the average troe density of the
composite particle ts within § percent of the average pavticle size or the average troe density,

espectively, of the diserete. holtow, ceramic spheroid.

+ B

In embodinent 19, the present disclosure provides a plurality of the composiie particles of any
one of embodiments § 1o 17,

In emvbodiment 20, the present disclosure provides a pluratity of composite particles according to
embodiment 19, wherein the plurality of particies is free-flowing,

I embodinent 21, the present disclosure provides a composite material comprising a plurality of

the compuosite particles embodiment 19 or 20 dispersed ina matrix matenial,

In embodiment 22, the present disclosure provides the composite material of embodument 21,

whersin the matrix material does not comprise s fuorinated polymer,

In embodiment 23, the present disclosure provides a composite material according to
embodiment 21 or 22, wherein the matrix material comprises at least one of polyethyiene, polypropylen

silicone rubber, polystyrene, epoxy, or phenolic

In emnbodiment 24, the present disclosure provides a composite material according o
smbodiment 23, wherein the matrix material comprises at east one of poivethylene or polypropylene.

Int embodiment 25, the present disclosure provides a conduit having a layer of the composite
material of any oie of embodiments 21 to 24 disposed on an outer surface thereof

i embodiment 26, the present disclosure provides a method of making a plurality of the
composite particles of any ong of embodiments 1 to 18, the method comprising:

providing a dispersion comprising a continuous agqueons phase and a dispersed phase comprising
an amorphous Huorepolymer;

combining the dispsrsion with & plurality of hollow, ceramic spheroids such that a r layer of the

amorphous Buoropelymer is disposed on at least  portion of each hollow, ceramic spheroid to form the

21
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composite particles, wherein cach one of the composite particles contains a discrete, hollow, ceramic
spheroid; and

separating the composite particles from the continuous agueous phase,

0y

in embodiment 27, the present diselosure provides & methed aceording to embodiment 286,

wherein the dispersion further comprises a surfactant

v embodiment 28, the present disclosure provides a method according to ernbodiment 27,
wherein the surfactant is a fluorinated surfactant.

In embodiment 29, the present disclosure provides a method according to any one of
embodiments 26 to 218, wherein the digpersion comprises in a vange from 15 percent to 40 percent water,
bused on the total weight of the dispersion.

I embodiment 38, the present disclosure provides a method according to any one of
erubodiments 26 to 2&, wherein the dispersion comprises in & vange from 55 percent to 85 percent water,
based an the wial weight of the dispersion.

In embodiment 31, the present disclosure provides & method according to any one of
embodiments 26 1 30, further comprising drying the plurality of composite particles.

In embodiment 32, the present disclosure provides a method according to embediment 3

wheretn the plurality of composite particies is free-flowing after drying the plurality of the mmpasik':

fn embodiment 33, the present disclosurs provides a method according to any ong.of
embodiments 26 to 32, wheveiy the dispersion further comprisss organic selvent,

{n embodiment 34, th t disclosure provides 2 method acvording (o sinbodiment 33,

e
P
)
ot

@ PresEn
wheretn the organic sclvent comprises at least one of sthylene glveol, propylene give
methyipvrrolidone, acetone, of 2-butanone.

{bjects and advantages of this disclosure sre further iHustrated by the following non-limiting
examples, but the particular materials and amounts thereo! recited in these examples, as well as ather

conditions and details, should not be construed to unduly Himit this disclosu

EXAMPLES
Unless otherwise noted, all parts, percentages, ratios, ete. in the Examples and the rest of th
specification are by weight., Abbreviations ysed inchede g = grams; min = minutes; hirs = hours; vol =
volusse; oo = cubic centimeter; psi = pounds per square inch; = feel; wi = weight; RPM = revolations
per minute,
i the following Examples, Comparative Examples, and Blostrative Examples, the dejonived
water had an electrical resistivity of 18.2 megohmrom. Nemethyvlpyreolidone (NMP) (ACS grade, 5%+ %;}

was obtained Frony Alfh Aesar, Ward HiH, Mass,

220,
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TEST METHODS
Buarn-off ests:

in order to determine the mimount of glass bubbles compounded o the polvpropylone resin afier
extrusion and the vohune loss due to bubble breakage dueing extrusion or the damage due o sea water
testing the compounded peliets ot coated bubbles exposed to high temperature ina Nabertherm
oven { Bremen, Germany'} in order to volatilize the polypropylene resin. The oven was set with g
temperature ramp profife to ran from 200°C to 330°C in 5 hrs. After the temperature reached 558 °C, #
was kept constant for 12 hes. The amount of inorganics, te. glass bubbles, was calculated from the
polvmer comipound before and after bury process
Percent of glass bubbles = (Mass of residual fnorganies atter burn/mass of compounded

material before burmy x 100

Evaleation of Vohune Loss due to Bubble Breakage:

In order to determine the gmount of volume loss due to bubble breakage, the density of the
resicdual material after buen off, which is glass bubbles, was caleulated wsing a heliwm gas pyenometer
{FACCUPCY 13307 from Micromerities Instrument Corporation, Norcross, GAJ.  Pevcent volume loss
way caloulated using the inftial density of the glass bubble and the density of solid glass (2.54 g/ec) usiag

the equation belomw:

§
§ - .
3 fﬁf GR
3}?#‘\ Folmss {ﬁ«x\w o e . EY
¥ RIRERE LIRS = = EL{}
Water Adsorption/Hydrophobivity Testng

Water adsorption‘hydrophobicity testing was condueted in a Rame-Hart Uontact Angle Goniometer
{Model 290 Autn). Samples were prepared by adbering one face of a | inch (2.5 cm) long piece of 3M
Scotch® permanent doubie sided tape to 8 plain glass shide (VWR Micro Stides) and generously coveriug
the exposed face with 0.5 g of glass bubbles with # painting brush. Excess of material was removed by

nitrogen Blowing, A defonized water droplet with & volume of 3 micro liters was placed on top of the

bubble's filmn and the angle between 3 tangent 10 the water dropler and the surface measured every three
seconds. Table 3 shows the average of three measurements of water contact angles during the Water
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Adsorptimy/Hydrophobicity testing for Comparative Example A and examples 2-5.

irdividual measurements ix &3 degress.

Simidated Sea Water Damage Testing

PC

T/US2013/076981

Starlard deviation of

Ly

In order o test the seawater damage preventing mature of the coatings 48 vol % of the glas

bubbles in aynthetic sea water {CAS # 8363*2, ASTM Dl 141, obtained from Ric

ca Chemical Conpany,

Arlington, TX) was tested in 2. 5300 mL pressurized stainless steel bomb (obtained from OFI Testing

Equipment Ine,, Houston, TX) at 500 psi (3.4 megapascals) and 60°C {unless inds

Table 2} under nitvogan while stisring constantly,

-
3
1

sted otherwiss in

b bubbles are tested in this manner to simulate

several real conditions — high pressure to stmulate the ocean depth, bigh temperature to simulate the hot

ot flowing through pipe, and seawater for the subsea envivonment. Samples are takey weskly and are

4

analyzed for specific density by pyve

Bubble Breakage™). If glass bubble

surface eventually causing the bubble

revert back to the specific gravity o

minates in a forced air oven and densily was moa

3

tdicated by an increase in density,

coated glass bubbles compared to the uneoated control, week by we

wometer testing (deseribed wader

X

Evealuatio

i of Volume Loss die io

es are damaged, they tend to have cracks and defects form at the

¢ 10 break. Broken bubbies do not maintain their low density and

of the fused glass ~ 2.54 g/cc. Samples were dried at 165°C for 70

sured to see i there s significant bubble breakage

Table 1 shows the formulations and Table 2 shows the density of the

sging process. The uncoated bubble density inorcased from 8.32 gl

weeks, The same bubble coated w

2%
138

cuwx .7

ek, during this simulgted subses

o over the courseof 12

h g vinylidene “'5uondef?ze»\zﬁuara‘rm\\pv sne { VEZHF P copolvmer,

frown latex, shows significant improvernent {less change in specific gre
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olvpropylene homapolym

Rofterdam, The Netherlands under the trade designation “PRO-FAX

wity),

33

5323 ma

er obtained from LyondeliBasell Industries,

4w L/ 28

ThermoElectron { Waltham, MA) corotating twin screw extruder (“PRISM TRE 24MC™) equipped with 7

heating zonss. The polypropyiene homopolymer wis starve-fed fnzone 1 via o resin feeder and passed

¥ o %

through a set of kneading blocks to

¥

£y

ensure its complete melting before glass bubbles were side fed

downstream in zons 4 at 15wt % loading. At the point of glass bubble side feedi

of the downsiream processing, high chann

was water cooled, Zone 2 was setto 1757°C and the rest of the zones

extruder was set 1o 156 rpny. Bubble breakage was determined as des

Loss de 1o Bubble Breakage™.

wers set to

e as wetl as for the rest

el depth conveying cloments (OD/ID: 1.75) were used. Fone |

220°C. RPM of the

cribed under “Evaluasion of Folume
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Preparation of Fluorcelastomer Gum Latex, Vinylidene fluoride/Hexaflvoropropylene Copolymer Latex
To a stainless steel autociave was added 51 Biers of water, 183 grams of potassium phosphate as
bufter, 25.7 grams of diethyimalonate {DEM), 78 & grasss of anvmonium persulphate {APS), and a further
OO0 grams of water as a rinse. The reactor temperature was heated to, and then maintained, at 73.8°C,
Agitation was constant at 450 rpm. After a series of three nitrogen purges and evacuations the finsl
vacism was hroken with 440 gramys of hexafluoropropyiene (HFP) Vinylidenefluoride (VDT and HFP
were then added at a ratio of HFWVDF = 0651 until a reaction pressurs of 175 psig was reached. As
monmmer was converted to polymey, the co-monomers were fed to the reactor at a ratio of HFP/VDF =
{.651. In this way 8 constant pressure was maintained unti] 14,872 grams of VEF was added to the
reactor. At the end of the polymerization the remaining monomer was vented, the reactor cooled, and the
Th

fatex recovered. The latex had a solids content of 31 i, %% and contained 66% fluorine. The Mooney

Loag

dscosity was 67, The density of the solid elastomer s 1.81 gfoc,

COMPARATIVE EXAMPLE A
“{iass Bubbles 1" were hollow glass microspheres obtained under the trade desi ‘“.}*mn “3M
XLD6000 GLASS BUBBLES™ from 3M Company, St.Paul, Minn., baving a true density of .30 glee, an
average dizmeter of 18 microns, and isostatic crush strength of 6,000 psi (41 MFa, 90 vol.% survival).

The as-supplied glass bubbles were tested without any further treatments,

COMPARATIVE EXAMPLE R
Compaosite particles comprising a hollow glass microsphere core and 2 surfactant layer, without a

fluoropolymer layer were propared. Delonized water (300.0 grans {g3), 5.0 g of NMP, and .08 g of

¥

-~

flarosurfactant (obtined from 3M Company, St Paul, Minn,, under the trade designation "FC-44307)
were mixed i that ovder before addition of 100,80 g of “Glass Bubbles 17, The composition was shear
mixed using 8 SPEEDMIXER DAL 440 FVZ nuixer {avatlable from Flacktek, Inc., Landram, South
Carolina) at voom temperature {709F (21 °CY) for a tal of 3 minutes (min) using three sequential
itervals: 0.5 min at 1008 REM, 2 min at 2500 RPM, and 0.5 min at 1006 RPM.. The mixture was then
slow-rolied (less than 10 RPM) forat least 3 heurs before filtering. The minture was subsaquently
vacuum Hltered through a 22-micron filter and the particles dried at 11070 v a convection oven for at
jeast 3 hours. The reselting matertal was rolled to loosen the composite particles, Composition of the

mixture s shown in Table §

Composite particles comprising & hollow glass microsphere and 2 polymeric layer of

fluoroeclastomer guum disposed on the microspheres were prepared. Defonized water {308.0 grams (23},

%
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O

5.0 g of NMP, 0.3 g of flurosurfactant {ohiained from 3M Company, St Paul, Minn, under the trade

signation “PC-44307), and 138.3 of the fluoroelastomer gum prepared as above were mixed in that

ol
%

order before addition of 1800 g of “Gilass Bubhles 17, The composition was shear mixed, slow-rotied,

fod

fittered, dried and rolled as in Comparative Example B, Compuositions of the agueous dispersions, the
average wi Yo of dried Buorcelastomer on the composite particles and the caloulated fuorpolymer
thickness are shown in Table 1. Fluorcelasiomer amount on the bubbles is expressed as weight percent
based on the total weight of the composite particle and assumes that all avatlable polymer was adsorbed
ontto the surface. This assumption was sivengthened by the observation that in this example and in all
cthers the dispersion ehanged from milky to transparent on filtering. Likowise, the calenlated

\ 3

fluoropelvmer thickuess {Table 1} on the glass bubbdes assumes all gvatiable polymer was adsorbed onto

f=d

the bubbles

2%

Example 1 was tested by the “Glass Bubble Breakage by Exprusion’ test vs. Comparative
Example A with the result that Exaraple 1 had 26% vol %6 bubble breakage while Comparative Example

A had 37 vol %% breakage.

EXAMPBLE 2
Fxample 2 was done as Example | but using differsnt amounts of raw materials as shown in
Tabie | and a differont mixer (SPEEDMIXER DAC 3000 mixer available from Flacktek, Inc., Landrum,
South Carolina) with different mixing mtervals: .5 min at 200 RPM, 2 min at 1000 RPM, and §.5 min
at 200 RPM. Fluoroelastomer gan amount on the bubbles iy expressed as weight percent based on the
total weight of the composite particle and assumes that all available polymer was adsorbed onto the

surface, Likewise, the calcuiated Suoropolymer thickness (Table 1) on the glass bubbles assumes all

available polymer was adsorbed owto the bubbles.

EXAMPLES 3 -5

Bxamples 3-8 were done as Example 1 but vsing different mmounts of raw materials ss shown
Table 1 and a different mixer (PAPENMAIER 8 biter “TGHK- 10" mixer available from Lodige,
Warburg, Germany} as 212°F (180 °C) for a total of 2 hours or unti] water condensate was not evident on
the internal sarfzce of the mixer’s id.  Also, in Examples 3-3 the glass bubbes were preloaded into the
mixer before the other ingredients.  The particles were then dried at 1107C in & convection oven for at
feast 1 hr. The resulting materigl was rolled 1o loosen the composite particles. Fhsoroelastormer amoust
on the bubbles is expressed as weight percent based on the total weight of the compuosite particle and
assumes that all available polymer was adsorbed onto the surface. Likewise, the caleulated

fAuoropoiyvmer thickness {Table 17 on the glass bubbles assumes all available polymer was adsorbed onto

-35.
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§

the bubbles. Fluorine was qualitatively identified at the surface of the Simctionalized glass bubbles using
a Bruker Quantax 70 EDS coupled into a Hitachi TM3000 TableTop Scanning Electron Microscope.
Point analysts of individual bubbles using & circular arce with g diameter of § wicrons gave & fuorine
east 3% atonddc pervent in all samples.

DHserete, sphergidal composite particles from Example 4 were photograph with a Nikon Eclipse
MEGH microscope ot & magnitications of 180X as shown fn FIG, 2.

EXAMPLE &
Composite particles comprising a hollow glass sucrosphere and a polymeric layer of

fluoroelastomer gum disposed on the hollow glass microsphere were prepared. DI water (1050.0 grams

s

{oy) V7.5 g of NME, .54 g of flurosurfactant (obtained from 3M Company, under the trade designation
SRC-44307, and 385.0 of fuorouiastoner gum prepared gs described above wiere mixed in that order

before addition of 350.0 gof "Glass Bubbles 27, Glass Bubbles 2 were hollow glass microspheres

abtained under the trade designation “3M IM30K GLASS BUBBLES” from 3M Company having a it
density of 0.60 g/oe, an average diameter of 18 microns, and an isostatic crush strength of 28,004 psi
{190 MPa, 90 vol % survivall, The composition was shear mixed gsing a SPEEDMIXER DAC 30068

mixer {available from FlackieX, Inc., Landran, South Carolina) gt roomy temperatare (70°F (31 *"Chi for a

o

otal of 3 minutes {(min} using three sequential intervals: 0.5 min af 200 RPM, 2 min at 1600 RPM, and

0.5 min at 200 RPM.. The mixture was then slovw-rotled (less than 10 RPM) for at least 3 hours before

:2’?

filtering. The mixture was subsequently vacwuny filtered through a 22-micenn filter and the particles dried
at 110°C in s convection oven for at teast 3 hours. The resulting material was rolled o foosen the
composite particles. Compositions of the mixtures as well as final {fe. afler drying step) Suoroelastomer
average consentrations on compesite particles are shows in Table 1, below. Final fluorcelastomer
concentration is expressed as weight percent based on the total weight of the composite particle and

assumes that all available polymer was adsorbed onto the surface. Likewise, the calculated fluoropolymer

thickness {Table 1) on the glass bubbles assumes all available polymer was adsorbed onto the bubbles

SLLUSTRATIVE EXAMPLES 7 -8
Composite particles comprising a hollow glass microsphere and & polymerie fayer of
fluoroplastic disposed on the hollow glass wmicrosphere were prepared. Detowized water {150.0 grams
{2}y, 2.9 g of NMP, 0.25 g of flurosurfactant {obtained from 3IM Company, under the trade designation
SEC-44307, and either 30,0 g (Wuostrative Example 7Y or 15.0 g {Hustrative Example &) of Suovoplastic
{a tetrafluoroethyviene/ hexafluoropropylens/vinylidene fluoride terpolymer latex with 8 solidy content of
50 wi. % obiained from IM company under the frade designation “THY 340827} were mixed in that order

betors addition of 58.0 g of “Glass Bubbles {7, The composition was shear mixed, slow-rolled, filtered,

ey



dried and rolled as in Comparative Example B, Compositions of the aqu

of the composite particle and assimes tha
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wous dispersions, the average wi

fc on the composite particles and the calculated Huorpolvmerthicknessar

t all avatlable polvmer was adsorbed onto the

« shown

the total weight

This

3 assumption was strengthened by the observation that in this example and in all others the dispersion
changed from milky to transparent on filtering. Likewise, the calculated fluoropolymer thickness (Table
1) ot the ghass bubbles assumes all available polymer was adsorbed onto the bubbles.
TABLE |
EX MIXTURE COMPOSITION, grams () W% (Wt % Total
Glass | Water | NMP | Surfactam Fluoro (ilass | fluoropolymer Water in
B;f}:g polymer | Bubble | expected on dispersion,
- dry glass Added wate
hubble + water from
(**catenlated polymer
i thickness) comlsios)
i { 306 5.00 (L5350 138.3 160 0.0 (237 73
i 1030 1 175 0.53 350.0 350 2.TATDH 73
3 S32 0 903 | NONE 184.3 500 1.3 (63) 24
4 1 154 G.01 NONE 418 (3 25414} 26
3 i 150 835 (.43 332 300 2.3 (12} 25
é 2 150 | 175 0.54 385.0 350 254 (339 73
ie7 i 150 2.5 025 30.0 58 23.1 {166} 7i
IE & i 150 25 0.25 15.0 50 13.0 (83 72
HERY i 180 .94 0.043 3.6 &0 2807 71
1E 10 1 150 1 084 4.043 5.6 &0 23015 70
CEB i 3060 300 Q.08 NONE 10U 844 74
16 #* Uged for caloulations: XLESOOU (average dlamster = 20 microns, frue densitys 0.3}, IM3OK {average
dismeter = 18 microns, true density= .6}, Nuoropolvmer density= 18I glee,
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Table 2 Simulated Sea Water Corrosion (devsity in gfee by wesk)

Week CEA *EX 1 EX2 BX ' X4

E 0.32 0.31 (.29 8.32 .32
i (.34 FENT 0.29 0.36 (.35
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6 639 033 0.40 0,42 0.44
7 0.51 0.34 037 .42 0.42
3 0.57 .35 0.36 46+ 045

9 0.60 NT | 63% (.44 0.46
NT 039 0.43 .47

i1 0,69 NT 0.39 0.45 0.46
' NT .39 0.42 0.49

Table 3 Water Adsorption/Hydrophobicity {Water contact angles in degrees)

Example  Time (secs)
3 6 91 211 36, 42 511 601 Fri 81 90 120 50 180
CEA 56 451 43| 381 33 28 241 2 24 200 20 20 28 20
CEB 49 48 44 37 32 350240 23 331 21 20 26 W20
EX3 960 97 861 93| w21 “i 91 RG BR L 8T 86 &4 821 8
BEX3 94 92 9SG B3| Bl RO L T8 8| | e I8 T4 2L
EX4 101 1 108 981 96 41 931 91 9G | BY| 8% 88 &6 85 84
EXS Q4 O] 88 {1 B4 B 81 BG L 79 7RG 77 76 75 74
EX7 92 92 S21 911 9 G809 9 89 8% &7 &7 86 :
EXS 1031 1031 1031000 991 9B B8R 971 97 98| 96 24 93 52
EXg 74 73 720 0690 671 66 651 64 83 82 3 39 581 56
L‘é{;{) 69 69 91 681 681 67 661 661 651 65 a3 &3 61 60 :
5‘
LLUSTRATIVE EXAMPLES
Compusite ;}zarticies conmprising a hollow glass microsphere and a polymeris laver of
fluoroplastie disps on the hollow glass muerosphere were prepared. Delonized water {150.0 grams
{g)), 8,84 g of NMP, §.043 ¢ of flaroserfactant (obtained from 3M Company, under the trade designation
10 SRC-44307, and 3,60 g of fluoroplastic (8 tetrafheoroethylens/ Sexaflucropropylene/vinylidene fluoride

3G
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terpolvmer latex with a solids content of 30 wi. % obtained from 3M company under the trade
designation “THY 34027} were mixed i that order before addition of 60.0 g of "(lass Bubbles 17, The
composition was shear mixed, slow-rolled, filtered, dried and rolied as in Comparative Example B,
Compositions of the aqueous dispersions, the average wt % of dried fluoroplastic on the cm‘npasi«te

LS, x
¥

particles and the caleulated flucroplastic thickness are shown in Table |, Fluoroplastic amount on the

bubbles is expressed as weight percent based on the wial weight of the composite partivle and assumes
that all available polvmer was adsorbed onto the serface. This assumption was strengthened by the

oheervation that in this example and gl others the dispersion changed from milky to transparent on
filtering. Likewise, the calonlated fuoroplastic thivkness (Table 1) on the glass bubbles assumes all

available polymer was adsorbed onto the bubbles

LEUSTRATIVE EXAMPLE

a

v

[2e]

Composite particles comprising a hollow glass microsphere and 8 polymeric layer of fluoroplastic

o

disposed on the hollow glass microsphere were prepared. Delonized water (15000 grams {g)), .94 gof
NMP, .043 g ot Buoromurfactant {obtained from 3M Company, under the trade designation “FC-4438™),
and 5.60 g of fluoroplastio obtained from 3M Company ander the trade designation “TRSG33GTT were
mixed in that order befiwe addition of 60.0 g of “Glass Bubbles 17, The composition was shear mixed,
shvwerolled, filtered, dried and rolled as in Comparative Sxample B, Compositions of the squsous
dispersions, the average wi % of dried fluoroplastic on the conposite particles and the calenlated
fluoroplastic thickness are shown in Table 1. Fluoroplastic amount on the bubbles Is expressed as weight
ant hased on the total weight of the composiie particle and assumes that all available polymer was

~§~:~

adsorbed onto the surfage, This assumption was strengthened by the observation that In this exanple and
in all others the dispersion changed from natlky {0 transparent on filtering, Likewise, the caleulated
fluoroplastic thickness {Table 13 on the glass bubbles assumes all available polymer was adsorbed onte

the bubhles.

Examples @ and 10 were evaluated for Water Adsovption/Hydrophobicity and Sinluated Sea

Damage using the test methods desa vibed above, The resalls sre shows fn Tabis 3, above, and Table

below, respectively,

Table 4 Simulated Sea Water Corrosion (deasity in gfoco by week}

Week ¢ 2 4 |6 8 16 12 14 16 1 IR 24 22 24
IEG 032 037 03 037 1 040 | 043 | 053 | 062 | 0.64 | 0.63 | 0.82 | 0.70 | 0,78
FEOIG D032 037 | 037 D038 P 040 1 043 ) 040 1 042 | 042 1 041 1 047 L 042 g
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Al patents and publications referred to herein are hereby incorporated by reference in thewr

ntirety. All examples given herein are to be considered non-Hmiting enless otherwise indicsted. Various
* o

oy

nodifications and alterations of this disclosure may be made by those skilled in the art without departing

$

from the scope and spirit of this disclosure, and it should be understond that this disclosure s not to be

unduly Hmited to the ilustrative embodiments set forth

3
H

hierein.
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L A composite particle comprising:

a disorety, bollow, ceramie spherold, and

a layver of amorphous flucropolymer disposed on the discrete, hollow, ceramic spheroid,
wherein the amorphous fluoropelymer is an amorphous homopolymer or copolymer of a perfluoroalkyt
vinyl ether; & perfluoroslkoxy vinyl cther; at {east one flgoreelefin independently represented by formuda
C{R)L=CF-RE, wherein RY i3 floorine or 2 perflicoreatkyl having from 1 to 8 carbon atoms and R is

hvdrogen, fluorine, or chiorine; or a combination thereofl

= x

2 The composite particle of claim 1, wherein the amorphous feoropolymer is & copolymar of
vinylidene fluoride and hexalluorpropylene; a copolymer of vinviidene Buoride, hexafluorpropyiene, and

tetrafluoroethyiene; a copolymer of vinvlidene fluoride, hexafluorpropylene, tetrafluoroethylene, and

perfluoromethyiviny ether) a copolymer of vinylidens fluoride, propylene, and setratluorocthylene; or a

s
("}
“4

ut

copolymer of vinvlidene fluoride, hexafluorpropyiene, servaftuoroethylene, perfluoromethylvinyd eth
and ethylene.
3 The composite particle of claim 1 or 2, wherein the amorphous fluoropolymer s & copolymer of

i hexafluorpropyiene or a copolymer of vinylidene fluoride, hexafluorpropylene,
Py X ] A

:’.},

vinylidene Buoride an

and tetrafivorosthylene,

4 Phe composite particle of any one of claims 1 to 3, whereln the amorphous Buoropolymer is not
ossiinked.
3 fhe composite particle of any one of claims 1 to 4, wherein the composite particle camprises at

feast 73 percent by weight of coramic, based on the total weight of the composite particle.

o~

he composite particie of any one of claims 1 to §, wherein the composite particle comprises up

£
«n}
vz

to 25 percent by weight of the amorphous flumropolymer, based on the total weight of the composite

particle.

7. The composite particle of any one of cladms 1 to 5, wherein the composite particle comprises less
than 3 peveent by weight of the amorphous fluoropelymer, based on the total weight of the compasite
¥ E ¥ » vy
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g, The composite particke any one of claims 1 10 7, wherein the discrete, hollow, seramic spheroid

9. The composite particle of any dne of clatms 1 10 &, whergin the laver of flucropolymer has a
5 thickness of up o 300 nanometers
0. The composite particle of any one of glaims 108, wherein the discrete, hollow, ceramic
sphercid hias g niaxbmum dimension of gp to one millimeter.
34 HER A composite material comprising & plarality of the composite particles of any one of claims { to
Hi dispersed in g matrix material,
12, The composite material of claim 11, wherein the matrix material does not comprise a Huorinated
polymer.
15
13, The composite material of elaim 11 or 12, wherein the matrix material comprises af least one of
polyethylens or polvpropylene.
14, A conduit having a laver of the composite material of any one of claims 110 13 disposed onan
20 outer surface therentl
15, A method of making a plurality of the composite particles of any one of claos 1 to 10, the
method comprising
providing a dispersion comprising a continuous agueons phase and a dispersed phase comprising
23 an amorphous Duoropolymer;
combining the dispersion with a plurality of hollow, ceramic sphernids such thet a faver of
amorphous :ﬁugs‘a_\p{)lymer is disposed on at least 8 portion of each hollow, ceramic spheroid to form the
composite particles, wherein each one of the composite particles contains a discrete, hollow, cevamic
spheroid; and
3 separating the composite particles from the continuous aguecus phase,
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