VEHI CLES FOR PAI NTS AND VARNI SHES FORMULATED W TH VI NYLI DENE

FLUORI DE- HEXAFLUOROPROPYLENE - COPOLYMERS

FI ELD OF THE | NVENTI ON This invention relates to conpositions of
matter classified in the art of chem stry as fluoropolyners, nore
specifically as heterogeneous copol yners of vinylidene fluoride (VDF) and
hexaf | uor opr opyl ene (HFP), to conpositions containing them nore
specifically to liquid coating conpositions containing them and to
processes for the preparation and use of tﬂﬁ conpositions

This application claims priority from copending Provisional

Application Serial No. 60/039,297 filed February 7, 1997.
EIELD OF THE INVENTION

This invention relates to compositions of matter classified
in the art of chemistry as fluoropolymers, more specifically as
heterogeneous copolymers of vinylidene fluoride (VDF) and
hexafluorcpropylene (HFP), to compositions containing them,'more
specifically to liquid coating compositions containing them, and
to processes for the preparation and use of the compositions
con;aining .the fluoropolymers and for the- use of the

fluoropolymers themselves.

_
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containing the fluoropolyners and for the wuse of the

fl uoropol yners thensel ves. -2- -2-
BACKGROUND OF THE | NVENTI ON Coati ngs nade through use of paint binders
and paint vehicles formul ated from pol yvinylidene fluoride (PVDF) polyner
resins are known to provide good sol vent.  resistance, chem cal resistance,
weat her resistance, heat stability, streggth and resilience. It has been
found that the formnulation of vehicles and binders for paints and varni shes
fromthe heterogeneous copolynmers of vinylidene fluoride and

hexaf | uor opropyl ene descri bady . #@es coatings that when
conpared with coatings deriVved p[e I it ed from PVDF

honopol ynmers or PVDF honobgeneous copol yners provide as explained in nore

~detail hereinafter one or nore of the follow ng: equal or_inproved_ crack
resi stance, hi gRRFIRESsMads gRRFOUH vU5e 86| Eh’a‘gﬁ’é?tén pafne

mar ki ng r@éhﬁ&fﬁE*td&MﬁléE@&?%EE&QPoM@€i£¥Ifﬁéﬂéﬂﬂﬁhd%ﬂaﬁ l(@RbE) | gSLphbLLY.
The surface of the coatings as is true of coatings derived from other PVDF
copol yner seshas arsi dmewtf |tgomnmridengend SiedivessareAdstaseryeghensaal

bi nders f %reg'ils@sﬁgef r %&Q@&V'f@gfs@gﬂ@ef | Lhcéra!tdfsr%’%i?.fg d MeLed - and

Coat i ngs having I npfoved weat her resistance, d ‘ance aﬁ% cheni ca
resi st anceeatrience enpi@ttas bgehhéounderhaonthe formulatiRat effit vEBh08Bed?27

di scl oses a t hod of synthesis for .and nqvel copo r of
O ool {aenaad B et 260 BRTR ! Bnd N ST T
met hod of c%?&h?@ék% apg behihpyededd COMFEE ONGOT Haaiaezldzio&@ggbgylene

vinyl i dene 1 uoride- hexafl uoropropyl ene copol yner donmai ns and -one or nore
di scret e defgridedcnereciyldy RedopoPyaRELdgsnerREingr |t yhergpepared

with coatings derived from binders formulated £rom PVDF

homopolymers or PVDF hcmogenecus copolymers provide as explained
in more detail hereinafter cﬁe or more of the following: equal

or improved crack fesistance, higher gloss, higher solvent

resistance and better metal wmarking raesistance upon annealing,

while retaining excellent flexibility. The surface of _the

coatings as is true of coatings derived from other PVDF
copolymers, has a higher fluorine contént than coatings derived'
from binders formulated from polyvwinylidene flucride homopolymer
resins. Coatings having improved weather resistance, dirt

resistance and éhemical resistance are contemplated by the

‘invention. ° ‘

U.s. Pétent 5,093,427 discloses a'methcd of synthesis for
and novel copolymers of | vinylidene fluoride and
hexafluoropropylene which because.of the method of synthesis are
beliéved to comprise one or more discrete vinylidene fluoride-
hexafluoropropylene copolymer domains and one or more discrete
vinylidene fluoride homopolymer domains including a major
vinylidene fluoride homopolymer domain which contains at least
about 50% oE_the vinylidene fluoride conﬁen: of the copolymers,

said copolymers having a hexafluoropropylene content of from
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vinyl i dene fluoride honopol ynmer domai n which contains at |east about 50% of
the vinylidene fluoride content of the copolyners, said copolyners having a
hexaf | uor opr opyl ene content of from

-3- about 1%to about 20% by wei ght of the copolyners which have inproved

melt flow and retain the high use tenpergture limt of vinylidene fluoride
honmopol ynmer. These copol yners are taught“to be suitable for fabrication of

obj ects” hayig el tey Jb&t Pide thy @OLLACPSE! LhESkehaIGRerd NARRORS AL tY
of making coatings having 1 nproved properties through use of these polyners
as an i ngiwprevied fmeltpfilaw and veraishthenpigh tusshdemperatunggddstisdoby

this patent. . US Patent 5,177, 150 teaches the use of the copol yvners
o U o Vgt gens  Fhugme hoRpPRLUReT - (EBGT FamshyIBEs are EARERAo Al
require the addtdbd ffr Tabkrovatity O BBjasesthavide belctihe f1a%iRS1iBypai nt

and varni sh conpositions is not suggested nor is there any indication that
such use #9d dTRRNYiXRS1SEARFRAgs THe RPosapeil iy mfopakingscoatings hawiagare a

nunber of ;patents a bcati i C ea pal a : ish
conpositiéﬁ% bas?d g%°g§?§%§%y|uge# Igg%idégpog%ééﬁs gﬁgﬁggbpgfyn%?s.
See, for ingradileat Eo8. pabPateatd Sydda 15 onpdsitRahsntis4 nb28 shgesVed

93/ 13178 gpd EP 0_670 353 A2 and the references cited therein. Nothing in
any of th&¥e PEPePBREBE-suggests the inproved properties provided to paint

and varni sh appl. sedpgeaid gAY 160€:628R08 1 thoNEsOlott hd RSB meRECREI ON.
DEFI NI TI ONS As used herein and in the appended clains, the terns

"pai nt ba¥e's-0B.083i AR7v &R EPTmulfiND IRINEath caatHBon sompesstipasnthbEnder
and L0 nngly 1o MOl IeAiLPAlal 83 4 X8E! 4 O] QLT A0 afSalicedgle’ gkn and
ppended clatns, the term varnis conprenends~a Frquid conmposition
whi ch i s cheveestmstin paint and varnish compositions is not suggested nor
is there any indication that such use would provide coatings with
superior properties. '
There are a number of patents and publications which teach
i paint and varnish compositions based on polyvinylidene fluoride
polymers and copolymers. See, for example, U.S. Patént
3,324,069, U.S. Patent 4,128,519,.ﬂ0 93/13178 and EP 0 670 353
A2 and the references cited therein. Nothing in any of these
references suggests the improved properties provided to paint and
varnish applied coatings by the compositioné of the instant

invention.

DEFINITIONS

As used herein and in the appended claims, the terms “paint
base” or “paint vehicle” comprehend the combination of paint
binder and thinner into which pigment is mixed to form a paint.
'As used herein and in the appended claims, the term “varnish”
comprehends a liquid composition which is converted to a
transparent solid after application as a thin layer. A paint

base or paint vehicle without added pigment can be a varnish.
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transparent solid after application as a thin layer. A paint base or paint
vehi cl e wi thout added pi gnment can be a varni sh.

-4- As used herein and in the appended clains, the terns "binder" or
"pai nt binder"” conprehend the non volatile portion of a paint base or paint
vehicle. It holds pignent particles together and the paint filmas a whole
to the material on which it is applied. As used herein and in the
appended cl ains, "thinner" conprehends the-portion of paint (or varnish)

which volatiliz LAg dryd 0GHssS - hdéd UdaSiagy Stheerb
~ (aqueous or non?\gqg‘g%%&;) h 224l A Bh ai'ai,eSUNI\/ARY C]% THE INVEI\ITImC]s{I
The invent ivwimtext des Ypaiatf bisdert mposprehend sphwer tnom valatilehpostdeon

pai nt vehicle which conprises in, an armount of fraqm,10% t.0 _90% i_ght of
the dry refth TRTEAL B 5% 71 Pfefe ‘ﬁ%ed_e- %&%ﬂ@or ST e%\eérggﬁgﬁrrer
resin Corfprdd‘%e‘&eQnﬁnQrtﬂQrﬁaﬂiécﬂ“i@hﬁ a%l AyWhét@eto the material on which
fl uori de- hexaf | uor opr opyl ene copol yner donai ns and one or nore discrete

vinyl i dene ¥ det iadP@lH-@ﬁDppl ynmer domains including a major vinylidene
fluoride ho”Dpo'pYéT%sga”%{ré’!H CQn@"%”“ Eﬁeataﬁéeq'ﬁedabef%iég% Ve i B8 o po
of he r,

vi nyl i dene fluoride conten copol sal copol yner
havi ng a dmafeheadsptheypernesiaonifipaiat (convaioigh)l %hichabmliatdA¥zey

wei ght of ':fg-}e CO o%ngr. , The inventi,on_pr.ovi des i%ﬁ, an alternative
first conpdHiifsh tR8p8EYing RERTRSSrase CorRFARAES &R TR T H ARS8 i n
an amount OdodfLickié)t.0 90% by wei ght of the dry resin content, a

vi nyl i dene fluori de-hexfl uoropropyl ene copol yner prepared by the enul sion
pol ymeri zati on of vi nyl i dene fluoride and hexaf | uoropropylene in a

stirred aqueous reaction nedi WHMMARY OF THE INVENTION

The invention provides in a first composition aspect, a
paint base or paint wvehicle which comprises in an amount of from
10% to 90% by weight of the dry resin content, a vinylidene
fluoride-hexafluoropropylene copolymer resin comprising one or
more discrete vinylidene fluoride-hexafluoropropylene copolymer
domains and one or more discrete vinylidene fluoride homopolymer
domains including a major vinylidene fluoride homopolymer doma.in
which contains at least about 50% of the vinylidene fluoride
content of the copolymer, said copolymer having a
hexafluoropropy_lene content of from about 1% to about 20% by
weight of thé copolymer.

The invention provides in an alternative first composition
aspect, a paint base or paint vehicle which comprises in an
amount of from 10% to 90% by weight of the dry resin content, a
vinylidene fluoride-hexfluoropropylene copolymer prepared by the
emulsion polymerization of vinylidene fluoride and
hexafluoropropylene in a stirred aqueous reaction medium
comprising: (a) charging to a reactor: water, vinylidene

fluoride, an initiator to start the polymerization, and a water



conprising: (a) charging to a reactor: water, vinylidene fluoride, an
initiator to start the polynerization, and a water sol ubl e
surfactant capable of enulsifying both the initiator and the reaction nmass
during the polynerization; (b) feeding additional anpunts of vinylidene
fluoride and initiator to continue pol ydrerization of the vinylidene
fl.uoride until from about 50%to about 90% of the total weight of

vinylidene fliauhde slddaktsst Idphife REOERSPI 1S nboRs R AR ihoe 1 D0 Gaf “0“

medi um (c) adding to the reactlon |um ol ynerization
from about 1%heo a‘lseetlm%!heiafdmwbpw mﬁé-ybljlrm'gmn. bdbéd iqzﬂmnshe

combi ned wei gy, éohggdggfé OEQp ?88:13”%1&991&§’L§hd"‘%n9.*3‘ia93r t{: )

vi nyl i dene fluori he reaction nedi rocéss, "and
t he bal ance oforttticuei pyliverniceatioor oﬂeth&ﬂrimcldenet lﬁéuprb@easmtz&n&r@d)

obt ai ni ng Vi epg, Tl u uo R oI . Speci al
nention i s ne e?ugf g](Z%nbéé;‘d|g£’rr% sgogf %‘ F?% % %‘%l% ﬁn%g%%egf 51’“‘?“&@3

i nvention additiildzatl yncnﬁmrprscags dtad aein addedoto fdheorzielaatedn rovesd iftum ;
especially e dr 2Nt s ein _the non-fluo ted resin is an a

Fesin. HAC PERINE, 28 BhE AR i BRrascs kot BRE nas o Lamahgs 1 45
conposi tion aﬂ;q:mchbait tie tonsissit QosVWhex£f TuddeprbpyIeied Hokel bkt paiddedbase
or paint vehicle |§%sub tanti al,l r}#;-taqueous Still further speC| al

mention is mate of FREN{ELERE (e SRE  RPACIHPERTPYHSRR (¢t CBF &

i nventi on whesedightt hfe ﬁﬂmymn@énef @LludfidePadddd Rasené rdadt Mén \ﬁ@ab.ﬁineni She
aqueous based. he, i nyention f)row des in a second conpositi-on aspect a

pai nt conpri FRFFhe ?ﬁff dthdde BILaneenPt ViR crevbidenge fineidec BRbged on

aspect of theid nveiY | @rorRdsp PAGIENQ) N ¥BLalABEL Nrinylided®€ FINSHELQN
provides in a thlrd cogPOS|t|on aspect, a coating derived by applying a

pai nt as def i HEPRGIHOrARTIRILSAE E?ﬁ’ﬁ’}dé‘}eﬁ on aspect of the invention or a
var ni sh consi sti Ngpeesent ndkik¥oef 18 PR RS Ceftiodlalks Vel Chieasdati ned

in the first conposition aspect of the invention to a surface on which
co os:.t::.on aspect of the invention additionally comprising at
least one non-fluorinated resin, especially embodiments wherein
the non-fluorinated resin is an acrylic resin.

Special mention is also made of embodiments of the first
composition aspect of the invention wherein the thinner for the
paint base or paint vehicle is substantially non-agqueous.: .

Still further special mention is made of embodiments of i‘:he
first composition aspect of the invention wherein the thinner for
the paint bése or paint wvehicle is aqueous based.

The invention provides in a second composition aspect a
paint comprising the paint base or paint vehicle of the first
composition aspect of the invention and a pigment mixed therein.

The invention provides in a third composition aspect, a
coating derived by applying a paint as defined in the second
composition aspect of the invention or a varnish consisting
essentially of a paint base or paint vehicle as defined in the

first composition aspect of the invention to a surface on which
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- 6- a coating is desired and evaporating the solvent contained in said
pai nt or varnish. The invention provides in a fourth conposition
aspect, an article of manufacture conprising an article having adhered on
at | east one surface thereof a coating as defined in the third conposition
aspect of the invention. The invention provides in a process aspect, a
process for applying an inproved vinyl i-8ene fl uori de-hexaf| uor opropyl ene
copol ymer bi nder containing coating on a surface which conprises applying a
paint as defined in the second conposition aspect of the invention or a
var ni sh conedpating tssdéesirdd yamd evapordatimgechn seliventyetintiadnes def i ned
in the first conpagsition asgﬁct of the invention to said surface and

evapor at i $if 4 RAIHE Rfe’3FPoRPsai d pai nt or varni sh. DETAI LED
DESCRI PTI ON  OFrpld 15 AN HnONrovides Theal BwaREhORoMbbS it Resraiter & ¥V

described with reference to preferred enbodi ments thereof so as to enable
one of skafticketod manufartyriee compriséngann. articlgheaving |adhared on

fluori de- hex r o] S N | e; pal of
the f1rstaEonpsert PR BLEENe HRFUIS U3tk a T kbt DR iR
prepar ed ¢hrped inivrmaspertt bE phéciasesciot. prepari ng said coatings and
coated articles are readily prepared according to the processes of U S

Patent 5,093, /8% IEERRIGH STOVAdEF #Ri BhPFOCREF cBIPEFord FERRFHAF n by

referenceapplying an improved vinylidene fluoride-hexafluorcpropylene
copolymer binder containing coating on a surface which conprises
applying a paint as defined in the second composition aspect of
the invention or a varnish consisting essentially of a paint base
or paint wvehicle as defined in the first composition aspect of
the invention to said surface and evaporating the thinner from

said paint or varnish.
RETAILED DESCRIDTION OF THE INVENTION

The invention will now be generally described with refeience
to preferred embodiments thereof so as toc enable one of skill in_
the art to make and use same.

The vinylidene fluoride-hexafluoropropylene copolymers used
‘in making the ﬁaint bases of thé first composition aspect, the
paints, coatings and coated articles-prepared therefrom and in
the processes for preparing said coétings and coated articles are
readily prepared according to the processes of U.S. Patent
5,093,427, the disclosure of which is hereby incorporated herein

by reference.
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-7- According to conventional nethods for copolyner preparation by
enul si on pol ynerization, all of the hexafl uoropropyl ene nononer is conbi ned
with the vinyLidene fluoride nonomer in an initial reaction mxture charge,
or is introduced continuously in a fixed feed ratio with vinylidene
fluoride. The result is uniformy random vinylidene _

f1 uori de- hexaf | uor opropyl ene co- polyner. In contrast, the vinylidene

fl uori de- hexaf | uoropropyl ene copolynmers utilized in the practice of the
present invention are produced accordidg to the processes of the
aforenentioned U. S. patent 5,093,427 by honopol ynerizing an initial portion

f vinylidene f]uorigd . follawed by further vinylidene flugkid
ol yrrori zat | on AGEORCHBEAFY RTBRGAEhdechds) FPR FaRe e Freperdling®
discrete Wipyldeianaohl UsslHeiomRRehY ™41 00MEE Nnghanthekaliluwrobopylghedene

fl uori de- hexaf | uoropropyl ene copol yner donmin. Nbore specifically, the
process i stememennificiambinedawithr Fhe uingbidene fuasidfeFoRrmaRdin an

conpri ses:, : ' 0 t QL. te | | | i
T ator. FOLRTEr sih s B8, ShardE N ¥y MocAlRined Wi dBuofRy
capabl e ofimnal 8ikyd nfeddidadile wiitht vahplidade t fligmwaiet. oTheasesdlti hg t he

olyneri zati on; feedi ng addi.ti.onal gnmounts of vinylidene fluoride and
!Dni %/i at or “‘?‘bf"’géﬁ%i ﬁﬁﬁg%?fﬂ'é’ﬁ’ﬂ'}ﬁFFSn ﬁd*°rﬁq?égﬁ<ﬁ§?¥‘a§?ﬁrﬁ%%edecaﬁti I
fro”‘abOUtpéigééfl ZBoEsnOEt0f ché evidydtidenst e thdridle -HeRiEL @6 sy ddpyeehde

utilized in the process has been added to the reaction nedium (c) adding
to the reactPR¥BaNF Bhilbzed drx KBe PRASHAIS 24t FBR RFISeomYFSFLOROAES

about 209 DESALLUST QRLOPIRN R DX rECHOBLes0RS e wy%{%a@m&@mdw@.ght of

t he hexaf | Tor opropyl ene an e tot wel ght vin ene fluoride added
to the reapatent mesdiodd, kR7t thy phonepslymexifing ane ipdltiade pértian of

Ly Cene LR, Vil 2! Bekliol CORTE oA OhurBRLE Ui icene
fluoride polymerization with hexafluoropropylene, resulting in
a polywmer having discrete vinylidene fluoride homopolymer domains
and a discreﬁe vinylidenee fluoride-hexafluoropropylene copolymer
domain. More specifically, the process is one conducted in
unstirred aquecus reaction medium and comprises: (a) charging to
a reactor: water, vinylideme fluoride, an initiator to start the
polymeriiation, and a water soluble .surfactant capable - of
emulsifying both the initiator and the reaction mass during the
polymerization; (b) feeding additionmal amounts of wvinylidene

-_fluoride and initiator to continue polymerization of the
vinylidene fluoride until from about S0% to about 90% of the
total weight of #inylidene fluoride utilized in the process has
been added to'the reaction medium; (c) adding to the reaction
medium for further polymerization (i) froﬁ about 1% to about 20%
hexafluoropropylene by weight, based upon the combined weight of
the hexafluorcpropylene and the total weight of wvinylidene
fluoride added to the reaction medium in the process, and (ii)
the balance of the vinylidene fluoride utilized in“the process;

and (d) obtaining vinylidene fluoride-hexafluoropropylene

copolymer. -—
et Has Been Replaced

T



- 8- 'Such pol ynmers possess inproved properties in general over the
unj formy random vinylidene fluoride-hexafl uoropropyl ene copolyners.
Specifically, they display greater nelt flow, |ower flexural nodul us,

i mproved i npact resistance and/or inproved chem cal resistance. These
benefits are obtained without sacrifice to the use tenperature of the
pol yners. The vinylidene fluoride-hexafluoropropylene copolyners

utilized in the practice of the present invention preferably have a

hexaf | uor opropyl ene content, as roughl y-8etermnined by the ratio of

hexaf | uor opropyl ene to total nononer present in the enulsion polynerization
process, of frosacbopdlymérso piszeiss?Qiprpire8epebpyrtéies dhogéndfal cowdput
15% by wei ght and .a |t viscosity of fromahout 1 to 35 kilogoise measur ed
at 100 secF®Fr] ’ggf[ eFapdom ( xapxf fdene) flugpide-hexabipPFoRFoRYEeRR at

the | ow engopoihmieds®, Bp 2 ' ﬁ%j Lepe I

coati ngs andp%houl d be 'étéé?%géarﬁigyzh girq]e Z%iéto 5?&3?2 ‘érg‘%?g g%o?bogéfermre
pref er abl yEiegaral. sodyles, 5 ikpropeil sdmphot bestisteacke ani/ad viemyroved
resi st ance, I scosities int i nternedi_,ate range provide a useful
conpronisec%%ﬁ%%%ypﬁ%ﬁgﬁﬁa SCaxhi bITEF béeFﬁglbﬁlfﬁ§$s°§Faﬁﬁ88vi§%Eﬁﬁ¥@
extrenmes. sacrificedes kHeeUise gefber@bhrk NOfeid) gdi§mids .and not per se

part of this inventiopn may be used during polynerization to adjust the nelt
viscosity of thEol YHR¥L %%%ﬁtiﬂglqm&ﬂ-%ﬁecaﬁﬁwﬁeprtzm%w asCoRPIYRErS t s

mol ecul ar yei ohiedisst rthe%fmiaéoafeém%se%n%?é{ﬁoa hi-e3aRURt . Of s fd1ai n

transfer agent is increased to prepare polyners o ower ‘nelt vistosity and
narr ow nol 2cegxatlinergpropyensd moncent, as rolighlyhdepemizetd byache| ratiesi ns

useful in I G f resent._ i,nvention serve to,stabilize the

coati ng. éﬁﬁ? a%i eutcé .Qrfgﬁ&gg?lgcg%crﬁﬁar]t HEAE 353583{:i is) gﬁ%b?‘?“f%z%’r%n

i ncl ude, fpolpuarniplaricanprotedsie oEhersm it Q3PebydRde: FosaChybEerasiy,
from abou; 5% to about 15% by weight and a melt viscosity of from

(

about 1 to 35 kilopoise measured at 100 sec™t and 232°C. (ASTM
D3835). Melt wviscosity should be at the low end, 1 to 5,
preferably 2 to 3 kilopoise, for highest gloss coatings and
should be at the high end 20 to 35, preferably 20 to 25, more
preferably from 21.5 to 23.5 kilopoise, for best crack and
solvent resistance. Melt viscosities in the intermediate range
provide a useful compromise of the properties exhibited by the
polymers at the viscosity extremes.

Standardftechniques well known in the art and not per se
part of this invention may be used during polymerization to
adjust the melt wviscosity of thé polymer resulting from the
polymerization as well as its molecular weight distribution. For
example, generally, the amount of chain transfer agent is
increased to prepare polymers of lower melt viscosity and narrow
molecular weight distribution.

The thermoplastic acrylic resins useful in the practice of
the present invention serve to stabiiize the coating. Suitable
thermoplastic acrylic resins as coating stabilizers include, for

example, any of the thermoplastic polymers of acrylic acid,



-O- met hacrylic.acid or esters of these acids. The esters are formed by
the reaction of acrylic or nethacrylic acid with suitable al cohols, for
exanpl e, methyl al cohol, ethyl alcohol, propyl alcohol, butyl alcohol and
2- et hyl hexyl al cohol. Preferred thernoplastic acrylic polyners are
honmopol yners and copol yners of nethyl methacrylate and hi gher al kyl

met hacryl ate polyners. Particularly preferred are copol yners of nethyl

net hacryl ate and ethyl acrylate, such as ACRYLO D[err] B44 (Rohm and Haas
Co., Phil adel phia, PA). Copol yners®of nethyl nethacrylate may be
formed fromthe polynerization of nmethyl nmethacrylate with a conononer

whi ch mkeﬁet‘ﬂa 13015 REOBPT dd U sObe { D deP RYIUTET - Tritl Gl 05¥g?5§n9$.d
acryl at r led 1h US

met hyl net e 1 nclude, tor exanple, the copol yners 1denti
Pat ent No. bg, 258, CERctiamelof FEHmymitcs cxbtmethecbdyl igolamiey iwitly settutble

met hacryl at (th a mnor _proportion of cqQnononers such as et hyl
net hacryl a?gf:\g%?gﬁyl rPl’?é't £t e PV aﬁ'ﬁqﬁg‘:yleﬁ‘éﬁ (ﬁltﬁﬂ%%ryﬂ’%ﬁﬁfl
propyl acryiabRolpublkyaciatlcahel Shir en@chier HexRt Mlcohbll enepfdkh rre

met hacrylic acid. Thernosetting acrylic resins containing hydroxyl,

ami de, car BBRYPPELAEFHC epExlic @qlamerscmer homspakyhens andcropaliouene
functlonalbglﬁétﬁgy ﬁ%ﬁ§a§f¥f§éé'éﬁaiﬁ%%gﬁfyzgﬁgihﬁ%?ggéggﬁééﬁfggfgﬁéfg?S'n

conponent I's respbnsi certaln esira
char act er i Barticslatlyaprefiescediiaxe espdlymers Sf Rathpl BefRdcHpbatdchdd S.

Pat ent No. 340,222:. |l ess discoloratjiqn aftwer_a baking cycle_which gives .
best adhengﬁyﬁncfcc%’%aé:&en@éc f 2RBhfrTFCORy: Pids (BPER0 it FBRSarGRr

exposur e t phbilglelpnpes agay e use conditions; inproved post-formng
durability of the cpoating (i.e., resistance to damage by bendi ng, poundi ng,
abr adi ng, et c. ) CaPPRYMAr$ oRF nGERY} angihadrydiares malye hse ftormside fnom he

Coalescencgcg?g%pgzgeggﬁngf %@Qh%ﬂﬁ?@!ﬁQCEQigEe @4 ORS 222 eY which

durability af exposure to wea _
makes up a minor proportion of the copolymer. Such copolymers

of methyl methacrylate include, for gxample, the copolymers
identified in U.S. Patent No. 3,253,060, namely polymers obtained
by polymerizing methyl methacrylate with a minor proportion of
comonomers such as ethyl methacrylate, propyl methacrylate, butyl
methaérylate, ethyl acrylate, propyl acrylate, butyl acrylate,
styrene, oa-methyl styrene and methacryiic acid. B

Thermosetting acrylic resins containing hydroxyl, amide,
carboxylic acid, epoxy, silanol ether, as well as other reactive
functionalitie; may also be utilized. |

The thermoplastic acrylic resin component is responsible for
certain highly desirable coating characteristics such as those
disclosed in U.S. Patent 3,324,069 and U.S. Patent No. 3,340,222:
less discoloration after a baking cycle which gives best adhesion
and coalescence of the coating; less discoloration after exposure
to high température use conditions; improved post-forming
durability of the coating (i.e., resistance to damage by bending,
pounding, abrading, etc.) after a baking cycle which gives the
best adhesion and coalescence of the coating; and improved color,

gloss and coating durability after exposure to weather.



-10- | mprovenent in discoloration resistance upon baking results from
stabilization of the pignment conponent. Titaniumdioxide, in particular,
bénefits fromthe stabilizing effect of the thernoplastic acrylic resin
conponent . The paint base or paint vehicle conposition may be |eft
unpi gnented to forma varnish, or it may be m xed one or nore pignents to
forma paint. The sane pignents useful in other PVDF based coatings nmay
satisfactorily be used in the practice-¥ the present invention. The

pi gments include, for exanple, those pignments identified in U S. Patent No.
3,340, 222. The pignment nmay be organic or inorganic. According to one

enbodi Mentrppt-BoeRbAEEIH di:cl8EREiHE reisiabhHae dhpn deaktig trd=sAilivsmegdionxi de
in conmbination with one or nore other inorgani.c pignents wherein titanium
di oxi de cepadbiiddsatiennglottheamignenthcowDABRALE | o 1 tARSMFa fROXPRgeARs

whi ch MY G c4364 48], 0NBaRL ek DaCOBRIRALdAN iddhs 130y UBERRLl dgel nhde,
for exanple, SilTica, iron oXrdes of various colors, Fead titanate, an

vari ous sigheesiopdastde aexabpteredizl compoakamaceous earth, asbestos, mca,
clay, and basic_|lead silicate. Pignents whjch nag be pused i n copbination
With titani um dRsxiRREERRRR, OF R EGTTRECLT nECBRPIEE LT BRE PRj dett

zi rconi Umyifidntedids £dr@2 & vataibaN obl 2ekmay! 8admihie@meha, oreakrag and
non-leafing netallic pignments, nolybdate orange, cal cium carbonate and

bar i um sulgigments to % Bdrt ed Thegsane RETRRRNS UsefuhelRcPERT BVEFal

. d t . . H . ] . . .
oxi des. of TPiEed ERRRLAG thy/ RSB Lo itay REPILAT, B 6 PRSP o e
appl i cat i presdnr eirverti ian coaThagpigmetess r ddcladapnforhabkdampde, - those
non-yellowing rutile-type  of titaniumdioxide is, recomended. Cadm um
it h)cgpone? i 199RFLELSS FRddqBat BRERRE RS- sttt $9om |55k BOETERY K

resi st ang Q;aae}nddé) lordatad G anitirdhAfc . ANRSEES@idd A& dde | Smsddiinedt!,y chat
recomended.
pigment may comprise titanium dioxide, or titanium dioxide in

cocmbination with one or more other inorganic pigments wherein
titanium dioxide comprises the major part of the combinationm.
Inorganic pigments which may be used alone or in combination with
titanium dioxide include, for example, silica, iron oxides of
various colors, lead titanate, and various silicates, for
example, talc, diatomaceous earth, asbestos, mica, clay, and
basic lead silicate. Pigments which may be used in combination
with titanium dioxide include, for example, zinc oxide, zinc
sulfide, ziréanium oxide, white 1lead, carbon black, 1lead
chromate, leafing and non-leafing metallic pigments, molybdate
orange, calcium carbonate and barium sulfate.

The preferred pigment category is the ceramic metal oxide
type pigments which are calcined. Chromium oxides and some iron
oxides of the calcined type may also be satisfactorily utilized.
For applications where a white coating is desired, a non-
chalking, non-yellowing rutile-type of titanium dioxide is
recommended. Cadmium, lithopones and the like are inadequate as
they suffer from lac£ of chalk resistance and/or inadequate

hiding. Anastase TiO, is similarly not recommended.



The pigment conponent, when present, is advantageously present in the
conposition in the amount of fromabout 0.1 to about 50 parts by wei ght
per 100 parts of resin conponent. Wiile for nost applications the preferred
range is fromabout 25 to about 35 parts by wei ght pignent per 100 parts of
resin conmponent, for white and light colored pignment the anmount of pignent
is generally in the higher ranges of t#é-preferred anount, and may be as
hi gh as 30 parts by wei ght per 100 parts of resin component or higher.

Cear netallicrpiednB{mehCOabapdhdde NaYReke YrddilAMOyLt W hgent .
As pai nt bases or paint vehi clﬁ%s, t%e corerposrlyzf% onst%of theéa{br?ver?g%tgﬁg\%wgl | be
in |iqui dpresent ifhdHe mtoposdspensingthleambuntopsl grem mbeith antl aay

tional oth ' t ai therein will be, di sed tiall
oDt ot el SERRESF RArE B PRl oha ToR Rt s Gt mesiRor stROnSi oo fttbe
non- aqueogsrbakRd WYPpl9tiationsSUEE POL¥EPESd MRYngét NET FBEmSLBILE 86! ¥gNt S

or mxtures of solvents. Suitable aqueous based solvents are described in
U. S. Pat e@boBt12855WArtsyi bibl weight apigventbaen JO0vepastar @fdesesined in

WO 93/ 131 S. Ay , 069, . Th vent s | o re not per se
part of t%lgtsnglg%\?gﬁt' i'c#r%qlan 1§%y%c%g&n\(}'elrﬁhlton‘g?f%oﬁcgeéjfgrgermm xﬁ%r%m?ﬁm%oP ents
I ncl udi ng pligemit sbéveeheradbyedni ald | yighet oyadges RMDOFthesiprelagedd
paints is_contenplated as_suitable by the invention. Q her

convent i ofFCYRE N2 RN B 85 B 28 3Bk R% Vedighte PEENLE0 RAXES,

crossli nkigzg ragent eompnake 6P iHhedl atting agents, thickeners and the |ike
may al so be included In the paint” base or paint vehicle and the -paint and

var ni sh conposfieansmetaklisc phguentesh coats wilbl dmates dremc lowgaesunteby

known to of. . ski in the art, may be enployed to m x the ingredients
cont ai ned"’?%aﬁﬁeglaéeh{:' ' -12-

As paint bases or paint vehicles, the compositions of the
invention will be in liquid form. The binder comprising the
fluoropolymer resin and any optional other resins contained
therein will be, dispersed, partially or completely dissolved in
a thinner which may comprise either aqueous or non-aqueous based
solvents. Such solvents may either be single solvents or
mixtures of solvents. Suitable aqueous based solvents are
described in U.S. Patent 4,128,519. Suitable non-aqueous based
solvents are described in WO 93/13178 and U.S. Patent 3,324,069.
The solvents employed are not per se part of this invention and
any conventional solvent or mixture of solvents including'latent
solvents conventionally employed in PVDF resin based paints is
contemplated as suitable by the invention. |

Other conventional paint components, such as surfactants,
dispersants, waxes, crosslinking agents, UV absorbers, flatting
agents, thickeners and the like may also be included in the paint
base or paint vehicle and the paint and varnish compositions of
the invention. |

Standard techniques, well known to those of skill in the

art, may be employed to mix the ingredients contained in the



pai nt base or paint vehicle and the paint and varni sh conpositions

contenpl ated by the present invention. The paint and varnish
codnpositions of this invention may be applied to a wide variety of : :
substrates including plastics, wod, nmetals, ceramcs, glass and the |ike
by conventional coating nmethods, such as spraying, brushing, dipping,
casting, knife <coating, coil coating, reverse roll coating, draw down and
ot her methods known in the art. Artast appl i cation, solvent based

pai nts and varni shes having the resins in solution are air-dried to renove
the thinner, including the solvent, at anbient tenperatures, 15 to .
50[ er r] C, pahfitot hase ageBoRR M MeRigdgeoasdsothent PBARE] #BF nt REHSL

var ni shesgpeobakedh 07c HEAg 2t 8aPUgPORE" Srdlignd eAfles dA1C! Udi ng  he

sol vent, esce cdating. The Ing tenperatures will range from
about 125 to athetp&iifr Gndprafreisiblcpmposit drmitofl ERisoiakenti@TmEr be

Qobviously for,copating sybstrates sensitive to the higher tenperature, range,
sol vent béEEg"ﬁ‘girrﬂ & ¥t ev‘é?ﬁ%tﬁegghé‘ﬁﬂbraﬁ?é F‘EE?‘WE RYAFCAFE s ¥IREH

shoul d bemEEBiQYe@eramicsﬁl?mﬁgghaﬁﬁhﬁﬂg“¥iﬁg B echRvan®ioddl nedrimRed on
drying the paint and varnish conpositions to the substrate is normally nore

t han adeqmet&odsi nGuels & IR NG ndyruRRisistai HaPIRE f | FFCIRG i gt fishe
Suorul o eRdELAgS M RaE PR dVelLOBL Dkodbitly, BlouCUBHR fnaGndod. 2
useful prirmer s a layer o i ghent €d acrylic acrd ester polyner as

descri bedmieghbdSs. kkPavenin XWBA®R3I9 and in U. S. patent 3,037,881. For netal
coatings, for aqueous hased,pai nt .and varni sh conpositions,, referred
primer |ayer ie‘g?B@E(ﬁﬁ" aitﬁgff. Solyent, aﬁe‘iﬁlﬁ’f &h tvﬁ‘?h‘ff%e%p_ Y-hsed
priner. Mph@ Gedid | ¥n 86Litién PagedaBilgBisdsteh mmdles ciidethifnds S
Patent 3,526,532 and the priners of U S Patent 4,179,542 based on m xtures
of parti akrglpdiegithe SPLNERBgcHataRhienny remeTAIFRsr s15 ek Por eSi rand

Pov‘fjered. Tehalk! & Q&Qéwﬂ#f gﬂgaﬁ%cul@r QB]@@enc based paints and varnishes
13 m ca are SO use uf"-on al's. For coatl ngg on gl ass, as Welﬁ as

gl ass cl otalre dghais=d f obeheaoedotherevidperiaike thebsthiatresy;, wonveluding the

solvent, and coalesce the coating. The heating temperatures will

range from about 125° to about 300° C, preferably from about 175°

to about 275° C. Obviously for coating substrates sensitive to

the higher temperature range, solvent based paints and varnishes

having the resin totally dissolved should be employed. :

Although adherence of the polymer film formed on drying the

paint and varnish compositions to the substrate is normé.l.ly more

than adequate,” increased adhesion may be obtained by first

"priming thé substrate surface with a compatible coating layer.

For example, for wood, a useful primer is a layer of pigmented

acrylic acid ester polymer as described in U.S. Patent 3,234,039

and in U.S. patent 3,037,881. For metal coatings, for aqueous

based paint and varnish compositions, a preferred primer layer

is described in U.S. Patent 3,111,426 that is an epoxy based

primer. More generally, acrylic based primers such as described

in U.S. Patent 3,526,532 and the primers of U.S. Patent 4,179,542

based on mixtures of partially fluorinat:ed halogenated ethylene

polymers, epoxy resins, powdered metallic pigments and wet ground



or non-woven, known adhesion pronoters my be used. In particular,
gl.ass fiber may first be treated wth a silane coupling agent as descri bed
by I. L. Fan and R G Shaw, Rubber World, June 1971, page- 56. Air
drying of the solvent based paints and varni shes of the invention having
the resins in solution on substrates suth® as paper, glass fiber, glass
cl-oth, and non-woven textiles may be acconplished at anbi ent tenperatures
with drying periods of fromabout 3 to 24 hours. However, with forced air

dryi ng atmp&®re@lenr hseful hén fdt@la | |pdl Yedat ihgst enlelagaut £5 . w1 60 C.
about 5 to 10 minutes are adequate using forced air drying. After
appl i cat i 3%, 9lRsfe clofhecgasmh Fibensaqucotheh fHexib) st suBstratesibjweven] to

o ymer s $5° dlh Sudvin, MAOGh QB0 kRS Ray OUE THRRED (|
range fropasbbould?b Glaks @Fibelr WYy Crirptefry abteaded Webth akouilhife C.

and 275 C. and, nost preferably between about 215[er‘rli C. and 250 C
Al t er nat | FR¥BL1RGHEGERFNRE ARTCTHPIR e ofL+ Fan ardnRi of- nEahe Rupherand

subj ect edgb L1 eafidy 1e%100La5B dsfree filmof the conposition. In all
cases, coatings are snooth, gl ossy, uniformand adhere tenaciously to the

substrate. TheAiy |dnyiagdofothe mydvene hhsed hpaihtscandpvarsistientof tdat i s
di mensi on le)..flexible .chemcal resi stant, and weat her

resi st ant.ﬂl‘l’g’%?‘r%%g géﬁﬁ%t' h f%%*réﬁ attes #‘étmr%m%wegr Sughs s
provi ded papéhp dlass BINL1COYLa@S cloth, 2RA hehleidw el ofdyf Heer

il lustrate the best node contenplated by the inventors for the practice of

their inV3FEFEN-IEREsABUREPIRNL: SATPETRBEres Wilthu drying vRerirs R ifrom
:D:aimnt aglng&\)/éﬁﬁirgﬁé?oﬁm %‘%Il.%'ns IF%/\(/:e"’reér eﬁr'eﬁ’a{'rt éld fFﬁ“S%r%.iE hdr(yuirﬁﬁ éar]‘Fé;ﬂbé’  form
(A) and pa®htC( pikpreFifled) wildlndfP)imnto (€ 15 minutes. At 60° C. about
5 to 10 minutes are adequate using forced air drying. After
application, other aqueous and non-aqueous based systems are
subjected to heat to evaporate the thinner, including the
solvent, and subject the polymers to coalescence. As stated
above, the heating temperatures will range from about 125° C. to
about 300° C., preferably between about 175° C. and 275° C. and
- most preferably between about 215'° C. and 250° C. |
Alternatively, the paints and varnishes of the invention may
be cast and subjected to heating to obtain a free film of the
composition. in all cases, coatings are smooth, glossy, uniform
and adhere tenaciously to the substrate. The films and coatings
are also hard, creep resistant (that is dimensionally stable),
flexible, chemically resistant and weather resistant. Smoke
generation resistance and hydrophobicity are also provided by the
films and coatings. |
The following examples further illustrate the best mode
contemplated by the inventors for the practice of their invention

and should be con_sidered as illustrative and not in -.lithitation..;_i_

thereof.



fromthe ingredients and in the proportions indicated: (A

Vi ght % | ngredient 24.5 Fl uor opol yner 26. 3 ACRYLA D
B44S (40% solids in toluene) (Rohm & Haas) 49. 2 | sophor one
Weight % | ngredi ent 20.5 Fl uor opol yner 21.9

ACRYLO D B44S (40% solids in tol uene) - 15.8 Ti-Pure[err] R-960*
41. 8 | sophor one *Rutile titanium di oxi de supplied by DuPont
(O Wi ght % | ngredient 22.1-14-  Fl uor opol yner 23.6

Acryl oid B-44S (40% solids in tol uene) 13.5 Cobal t Al um num Spi nel
40. 8 | sophor one The fornulations were prepared by ball

mlling all conponents except the HXAIBHSS yrrer for 4 to 8 hours,
splitting the Bhlhebas® aflidlilsh | AnAQkloARS J&Mﬂbé% nin@érﬂish
fl uoropol yners being tested and adding the appropri-ate anmount of

f1 uor opol ymowpigmensen) niEpkmbade pmlt pemt4(pngmgnm¢) bfexis By cardidéd) t o

each conbined | d|V|du rmy in_the ajount of, 1.25 tines the
total indivicgua séﬁ%?% %ﬁ?ﬂn%ﬁﬁ %§P35F°P°rt1°ns indicated:
- 15- The fl uoropol yxgers tested wer e: 1. Vinylidene fluoride
honopol ymner ) ( KYNAR 500!err] fromElf Atochem North Aneri ca,
| nc. ) W-—Elgm—%- .

24.5 ' Fluoropolymer

26.3 ACRYLOID B44S (40% solids in toluene) (Rohm & Haas)

49.2 Isophorone

{B)

20.5 Fluoropolymer

21.9 ACRYLOID B44S (40% solids in toluene)

15.8 Ti-Pure® R-960*

41.8 Isophorone

" *Rutile titanium dioxide supplied by DuPont

(c)
22.1 Fluoropolymer
23.6 Acryloid B-44S (40% solids in toluene)
13.5 = Cobalt Aluminum Spinel
40.8 Isophorone

The formulations were prepared by ball milling all
components except the fluoropolymer for 4 to 8 hours, splitting
the mill base equally into portions to match the number of
fluoropolymers being tested and adding the appropriate amount of
fluoropolymer to each mill base portion. 4 mm. glass beads were
added to each combined indiwvidual formuiation sample in the

amount of 1.25 times the” total individual Sahple formulation .

weight.



L]

2. Vinylidene fluoride-hexafl uoropropyl ene heterogeneous copol yner

- melt viscosity 2.2 Kp. 3. Vinylidene fluoride-hexafl uoropropyl ene
r andom copol yrer - melt viscosity = 6.0 Kp. 4. Vinylidene

fl uori de- hexaf | uor opropyl ene het er ogeneous copolymer - nelt
viscosity 22.6 Kp. 5. Hi gh nol ecul ar wei ght vinylidene

fl.uori de- hexaf | uor o- propyl ene ragdom copol ynmer ( KYNAR
FLEX[err] 2801 from Elf Atochem Nort h America, Inc.) 6. Vinylidene

fluoride hompcﬂh%”%'i&orog }’merﬁf %lg% Q'Oeg_ PLUS[err] fromElf Atochem North

Anerica, |Inc i es of Pai nt of Fornulations B & C
are given Tabl a.l vlngeesuane fluoride homopdIyaiess. SI on Viscosity (cps)

(B) Wiite Tiqerr] D|s er5|0n5 (O Blue Co/ Al ersi ons 6 rpm
60 rpm  6rpm 6 ¢ rprem ELEf @ytqaghem Nort Amgpica, Incopa
2421(5) 0 3238 2. @%x%]oldegxe 3 §ngrg%%btbexaflnﬁnﬁ:8>€ropyle§§0 d’xeterog%é%ous
3850 6000 4copolymerl130felt visdb&ity 2.23ED. 3100 1740
1
3280 S 140 3. 2§1§%b1dene %éﬁerlde-%%luo%ggga@@@neg }:g.ndom copoS].(';(t)uer6
- 16- - melt viscosity = 6.0 Kp.

4. Vinylidene fluoride-heicafluoropropylene heterogeneous
copolymer - melt viscosity 22.6 Kp.
5. High molecular weight vinylidene fluoride-hexafluc;ro-
propyleﬁe random copolymer
(KYNAR FLEX® 2801 from E1f Atochem North America, Inc.)
6. Vinylidene fluoride homopolymer
(KYNAR 500 PLUS™ from E1f Atochem North America, Inc.)

Dispersion Viscosities of Paint of Formulations B & C are

given
Table I:
Resin . Dispersion Viscosity (cps)
(B) White TiO, Dispersions | (C) Blue Co/Al Dispersions

6 rpm 60 rpm 6rpm 6 rpm 60 rpm 6rpm
1 325 - 203 325 3600 920 3600
2 650 "378 575 1400 870 1300
3 1300 790 1200 6000 3850 6000
4 1300 870 1300 3100 1740 2900
5 725 485 725 1500 910 1500
6 250 140 250 4900 1080 4600




The coatings of fornulation (A) were coated either by drawing on reflective
steel substrates to observe clarity or on alum num panels coated with a | ow
gl oss bl ack KYNAR 500 based coating to observe gloss increase effects.

For crack testing, the coatings were coated by drawdown on unpri ned
chromate treated al um num panel s. Quenched coati ngs were obtai ned by

I mrersing the hot panels directly out of the bake oven into room
tenperature water. Anneal ed coati rRY®- were obtai ned by heating the
panel in an oven at the tinmes and tenperatures specified. Tines up to 24
hours and tenperatures up to 170 C. were used. The | argest gl oss

I ncreases were observed at annealing tenperatures bel ow the PVDF pol yner or
copol yner nel t iThe pecatifgppradxi fetmilatlish t Al cFeCe igratid eatbyr Hye

rate of gl opss .ncrease_also.increases with the fenperature 1.0 the

mel ting pdtit* ol e ® eg?c'(:ﬁﬁﬁns%?esjco%‘gsg‘;ﬁ&;f? °”gbﬁ)5‘ﬁ n%iggf)’r%aorre@nf rom
For mul at i ogn vini MGe ! feiielld NebddeORARY \WTBIGY Z14e¢ blaRke KRR SUEbased
guenched, sl ow cooled, or anneal ed. Coatings of Fornulation A incorporating

f1 uor opol yeRaEing £t pspave gless WperrpRmif&FtYSut hazy when sl ow cool ed

or anneal ed. Eor %%kggééggn%eﬁ%é %#QQBQEQEEErQQaéQ&%%Oé{%F%MP@

coatings prepar ormul-atirons i ncorporating uorop(ﬂ y,mer
2 shows noumgnaingssd | chamaftac ¢ reanpdsaluminymldanglisy anneal i ng. Coat i ngs

prepared from of the fornul ations,_ingcorporating fluorgpolyners 1 _showed
5 decl ine of 11 AHRAES SRREHITS: MaTRe SRR TIRD Yo APBRFRIIAnTNE §9ip Parels Tg
XPS resul tgif@cc RSt e BARBALEEN CORD Netfon tRpeealUrd BabeL Ny

fluoropolyners "1 and 2 together with_ the theoretical 0, Cand F atomc %
val ues cal cul atdreatied coatings were cbtained by heating the pangly in an

fluoropol ygpenageykhe t3hk9Sahd EOfp@fidiAdl JUIHial ONBifks up to 24
hours and temperatures up to 170° C. were used. The largest
gloss increases were observed at annealing temperatures below the
PVDF polymer or copélymer melting point (approximately 155° to
160° C. in this case). The rate of gloss increase also increases
with the temperature up to the melting point of the PVDF (homo
or copolymer). .

Coatings prepared from Formulation A incorporating
fluoropolymers 2 and 4 were clear when quenched, slow-cooled, ' or
annealed. Coatings of Formulation A incorporating fluoropolymers

-1 and 6 were clear when quenched but hazy when slow cooled or
annealed. '

When tested by x-ray photoelectron spectroscopy (XPS),
coatings prepared from any of the formulations incorporating
fluoropolymer 2 shows no change in surface composition following
annealing. Coatings prepared from any of the formulations
incorporating fluorcpolymers 1 showed a decline of fluorine
content at the surface following annealing.

The XPS results for' quenched and annealed coatings from
formula B using fluoropolymers 1 and 2 .togethe_r with the

_ theoretical O, C and F atomic % values calculated on



shown in Table 2. Tabl e 2. XPS At om ¢ Percent ages and

Cal cul at ed FIuoroponner/Acryllc Rat i os

Atomc % Cal cul ated Coating from Pai nt Fornul ati on B

Fl uor opol ynmer/ Acrylic 0 C F
Cont ai ni ng Fl uoropolynmer 1 or 2 -17- Ratio at Surface
Theoretical for 1 containing coating 9.2 56.9 33.9
70/30 XPS results for 1 containing quenched coating 11.9
57.6 30.HluoropolpiéB8acihic esatiss f dn theormmiginad ofuvmailaticoatdnsy
17.2 64.5 18.3 40/ 60 Theoretical for 2 containing coating

9.2 55, 8513‘5“6 in Table/® 30 XPS results for 2 contai ni ng quenched coating
6.6 49.7 43.7 80/20 XPS results for 2 containing anneal ed coati ng
7.9 50.1 42.0 77/ 23 Coatings from paint fornulation B

cont ai ni nGableo? opEPy rgomig: Pexicebkages anal ogous behaviors to those from
formul ati on B conamd Calpydlaredo Fdliprepolym&nAcryjsiac Rattdiosi ng
fluoropolyners 3, 4 and 5 exhibited analogous behavior to those from

formul atir contar nrng TTuprop0|ya:r 7 romic CoqUT Ngs, ﬁ%epgrga as
I ndi cat ed] above and cured as indicatgd for é€ach of |Tables 6
were pre .‘%Hi‘fﬂ’ évamf Brimp| Rertudasion? (i be) d.ch:Li gBruébmamlr‘@gt'Wb@
i ndi cat ed] ¢dachhh® ¥18eorcfolymer 1 or 2 Ratioc at Surface
Theoretical for 1 containing .
coating . ' s.2 |se.9|33.9 70/30
XPS results for 1 containing
quenched coating 11.9 }57.8 }33.9 62/38
XPS results for 1 containing
annealed coating 17.2 | 64.5 | 18.3 40/60
Theoretical for 2 containing
coating 9.2 |ss5.8|35.0 ] 70/30
XPS results for 2 containing
quenched coating 6.6 49.7 | 43.7 80/20
XPS results for 2 containing
annealed coating 7.9 S0.1}42.0 77/23
- Coatings from paint formulation B containing fluoropolymer
6 exhibited analogous behaviors to those from formulation B
containing fluofopolymer 1. Coatings containing fluoropolymers
3, 4 and 5 exhibited aﬁalogous behavior to those from formulation
B containing fluoropolymer 2.
Coatings prepared as indicated above and cured as indicated
for each of Tables 3, 4, 5 and 6 were prepared from formulations
B (White) and C (Blue) and tested as indicated in tables 3, 4,
5 and 6. The results obtained for coatings prepared from the
indicated formulations containing the fluoropolymer resin
specified are shown in Tables 3, 4,'5 and 6.
This Sheet Has Been Replaced

T
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5 and 6. The results obtained for coatings prepared fromthe
formul ati ons containing the fluoropol yner
Tdbles 3, 4, 5 and 6.

resin

i ndi cat ed

specified are shown in

-18- Table 3. Wiite Quenched Coatings Fluoropol yner—Restn
2 3 4 5 6 T-Bend For nabi ie % cen lac
T oT oT oT 0T MEK Rub Resist
runs) 400 631 1800 -8 I QH |I| err]
d oss 45 60 4818 33 -
Gouge Hardness H H H H
H Mtal Mubdde'®. White Quendiféd Coatindes Yes . Yes Yes
Yes Tabl e 4, \Wiite Annealed Coatinags Fluoropolvner Resin 1
2 Fluoropolymer 4esin ) 2 6 |T- Bend FOMTBbI | i tsy 6 T
2 6F 6‘!‘ OF A ECReb—Reststrance ( ubl e
runs) T-BRpgofermabilitahy | 9T |g OF >2800 0T12| 9T >p5off
MEK Rub Resistance .
(# of double runs) 400 631 4 1800 8 1800
60° Gloss 45 60 48 33 36 41
Gouge Hardness . H H H H 4 B
Metal Marking Yés ' Yes Yes Yes Yes Yes
Table 4. White Annealed Coatings
Flucropolymer Resin 1 2 3 4 5 6
T-Bend Formability 2T 2T oT aT aT 4T
MEK Rub Resistance
(# of double runms) 2000 790 6 >2500 12 >2500
60° Gloss 43 76 45 36 34 37
‘Gouge Hardness 2H 2H 25 2E 2H 2"
Metal Marking Yes No Yes Yes Yes Yes
Table 5. Blue Quenched Coatings
Fluoropolymer Resin 1l 2 3 4 S 6
T-Bend Formability aT oT oT oT - 0T aT
MEK Rub Resistance
(# of double runs) 1325 790 8 1760 2 >2500
60° Gloss 24 - 44 20 12 20 48
Gouge Hardness H HB HB H HB H
Table 6. Blue Quenched Coatings
Fluoropolymer Resin 1 2 3 4 s 6
T-Bend Formability art 2T oT aT oT 2T
MEK Rub Resistance
(# of double runs) -»2500 1209 § . --»2500- | - 45 »2500
60° Gloss 25 73 25 16 29 44
Gouge Hardness H H H H H H
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37 Gouge Hardness 2H 2H 2H 2H 2H
2R Metal Marking Yes No Yes ~ Yes Yes
Yes Table 5. Blue Quenched Coatings Fluoropolyner Resin 1

2 3 4 5 6 T-Bend Formability oT
oT oT oT oT 0T MEK Rub Resi stance (# of double
runs) 1325 790 8-19~ 1760 2 >250
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48 Gouge Har
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Fl uor opol yasr REeapproved ﬂ990) a Seandard Test Method 4for0T¢oatfhg(yr

6 T- Bend, For.ngbji | it

2T MVEK RbE® JsftYaﬁéePrere%Htﬁeddéhsﬁ rJﬁ’S)thls tesszwcf-‘pamteézwels

6 >2 ° 0 73
o 599 bent‘%%o ardund Hrogf@&{%ﬁéﬁ%ﬁﬁﬁ%ﬁgthlcknesses ogkwetal or ||
H Larger dlameter diesHthe end point being when failures no longeﬁU%

I e T TR e T
after each bend for fracture of the coating (cracking) and, for
loss of adhesion pickoff, by means of a tape pull off test.

MEK (methyl ethyl ketone) rub resistance was determined
according to National Coil Coaters Association (NCCA) Technical
Bulletin No. II-18. This test is a Specification for Evaluation
of Solvent Resistance by Solvent Rub Test. It provides a
standardized procedure for rubbing a coated specimen wetted with
solvent with a standard cloth in a uniform manner.

60° Gloss ﬁas determined according to ASTM D523-89 a
Standard Test Method for Specular Gloss. This test measures the
specular (mirror) reflectance from a reference in comparison to
a black glass standard. The 60° angle is used for mosﬁ specimens
and was used for the specimen tests reported in this applicatiﬁn.

Gouge hardness was determined according to ASTM D 3363-74
(Reapproved 1939). a Standard Test Method for Film Hardness by
Pencil Test. In this test, a coated panel is placed on a firm
horizontal surface. The pencil is held firmly against the film
at a 45° angle (point away from the operator) and pushed away
from the operator in a 1/4 in. (6.5 mm) stroke. The process is
started with the hardest pencil and continued down the scale of
hardness to the pencil that will not cut into or gouge the £ilm
(pencil hardness). |

Adhesion and impact resistance were determined by a Standard
Test Methods for Measuring Adhesion by Tape Test, by ASTM D 33s58-
90 and NCCA Technical Bulletin II-6, a Specification



Flexibility of Prepainted Sheet. In this test, prepainted panels are bent
180 around progressively nore thicknesses of netal or |arger dianeter
dies, the end point being when failures no | onger occur. The panels are
exam ned at | ow nmagnification (5 to 10x) after each bend for fracture of
the coating (cracking) and, for |oss of adhesion pickoff, by neans of a
tape pull off test. MEK (et hyl_ thyI ket one) rub resistance was
determ ned according to National F Coat ers Associ ation (NCCA) Techni cal
Bulletin No. 11-18. This test is a SpeC|f|cat|on for Evaluation of Solvent
Resi st anc €dry ESaluatioRadf Féih.Adhddiow byl td€soss sHatts dlaped TesacAduee for
rubblng a coated speci nen wetted wi,th_solvent with a standard cloth . in a

uni f or m mRYET: WP3SH 1BE SESRESELERLY ni nddt dROrATHY ESShsTM B35E1gS o

Standard FagkeMat #oth cnaResyk 45: @12%8n LOES i&%aém%we%%lbhelgpﬁsaéar
(mrror) reflectance froma reference in conparison to a black gl ass

st andard. mTNééGGlbmthe the gubstriape,npresspeei samsitivne wapeudsdappliede

hj i i on, Go .
Goter m ned At spE EEt e, dan on B ok B woch FeRRISCRRARIRE H ey g
Met hod f ors Rids® erﬁn@aanbgd%éstlsi@ﬁe 19 dubFeded tod revaed RApaLti S

pl aced on a f|rn1hor|zontal surface. The pencil is held firmy agalnst the
filmat affFcendive t{ﬂ&oF;ﬁffdaﬁﬁyvalﬁﬁhhlsmetmqmtatmte&’n@saashéaramyupr5r-n t he
operator igha3 1Lf Fed &P s [ t d

har dest penci | é%hcoentl nueﬁm own the scalt a?fblng%% EEE S%Iégtg%? t hat

will not Seoticht @dhesguagbapactdlo nig pnpp:lied]amjrtéms)defomedAdheat oaiand

i npact nce_were det ned.hy a_Standard Test Met hg r Nbasurlng
adhesi on ByBbIRE HE fenigd B Rbelhg™ a5y e Saatidencrn Lo £8¢ PREL I ¢,
a Speci fi eat reBurn to room temperature (but no more than- 28-mirheslfval ygki on
of Fil m Adhesion by "Cross Hatch" Tape Test After Reverse |npacting

respect i vé&ape lﬁl¥QNm¥EQSWWFPe§tquaC aPuldeaparighh anghedi thethej kest
eleven Culshuldh RACTNANL eBE! Uhel Scdlihhdd LhSwld ! Tuh8silE 14B3! 'A# ar1

pressure sensitive tape Is ap
coatings passed impact re51stance tests up to the rupture limit

of the aluminum substrate.



over the lattice and renoved. In the NCCA Technical Bulletin Il- 6 test,
the painted test sanple is subjected to reverse inpact force by the Gardner
V&ri abl e I npact Tester using forces up to that requi redto rupture the
substrate of the test specinen. Scotch adhesive tape # ' [ t he
deformed area, air bubbles are renoved by rubbing and j“‘lmauﬂmumulm
allowed to set to return to roomtenperajjuwe (but no nore thah 19 m nutes).

The tape is renoved with a quick pull at right angles to the test surface.
None of the coatings showed adhesi on | oss and _all coatings passed i npact

resi stance testi*®upStHIeRE UREERE IWHAGR oRPPAECARER nERYRTDstdsht £helr
-21- i E98nSHR] S&te {AIE £ YWMHARERBPLLER £ tdyel 4

i nvention ]ingegartincu a?ﬁ‘/ :E%lE nte ut g%% S}lgt ?%ét?yggrg?% <éals * eo Iagvvs:-
We claim follaoWws: A paint base which conprises in an anmnount of from 10%to
90% by wei ght the.dry resin content, a vinylidene fluoride-

hexaf | uor opr op egar‘l" a&BboI ymer resin conprising one or nore discrete
vinylidene fluari deAhPéiﬁ_tl@ééﬁ”vﬂﬁ)él’ﬁ'&%mﬁ%ﬁ@b}é”?ﬁ_ SR NBhSur G ONS- 158' ©

di screte vinylidene fluoride honopol yner "domai ns including a major

vi nyl i dend< 1903+ PHeveighip GIfy ke danuissinhicontenhi & vinylifdenet finanide50% of

the vinyl idaneef JJ:‘EE;" en C .y e i op mer.. having a
hexaf | uor opr opy]1dene gg’g’ g'%ggofé?é%lr#%%ou?ggkx "Jf:%mpz%os(é‘tn%m%%y “J\;/\Iéi a'i?treof

t he copol ydisscrete vEnylidgra flubaidedexElusedpropyllenencdpalivhér dvaddin
conpri si n%nat | east one non-fluoripated resin. .. 3. A paint base as
defined i SR 9T WIRT R i SFELRoI Y idsne, Slugride hrmep Wam@ingsi n.
4. A pai ind1338nds a09faljeed viRyhabfe e YRSFEAL Bdoddlvie! dohadd gm&%hnt |
base is substantially ndn-aqueous. 5. A paint ‘base as defined 1n claim
1 wher ei n QRE3INs®er Leastaialpopsi AO¥bafethe wippbidenmstidioride content

of the copolymer, said copolymer having a hexafluoropropylene

content of from about 10% to about 20% by weight of the
copolymer.

2. A paint base as defined in claim 1 additionally
comprising at least one non-fluorinated resin. '

3. A paint base as defined in claim 2 wherein the non-
fluorinated resin is an acrylic resin.

4. A paint base as defined in claim 1 wherein the thinner
in said paint base is substantially non-aqueous.

5. A paipt base as defined in claim.l wherein the thinner
in said paint base is agueous based.

6. A paint comprising a pigment mixed with a paint base
as defined in claim 1.

7. A coating derived by applying a paint as defined in
claim 6 to a surface on which a coating is desired and
evaporating the thinner of said paint.

8. A coating derived by applying a paint base as defined
in claim 1 as a varnish on a surface on which a coating is

‘desired and e\;aporat:ing the thinne_c‘of said paint base.

heet Has Been Replaced

T



6; A paint conprising a pigment mxed with a paint base as defined in
claim1. 7. A coating derived by applying a paint as defined in claim

6*to a surface on which a coating is desired and evaperati-ng—t-he—thinner of
sai d paint. 8. A coating derived by applying efined
in claiml as a varnish on a surface on which a coaﬂmm ﬂ"m I,E llﬁ
evaporating the thinner of said paint-2ase.

-22- 9. An article of manufacture conprising an artlcle haV|ng
adhered on at |east one surface thereof a coating as defined in claim7.

10. An article 9of nemwféxedicie 60MruFadguza aéd\éﬁlsﬁ.n]@aihHSrﬁdBEéeﬁaﬁﬁg) at
| east one surface thereqf a coating as defined in claim8.

pai nt baseadRPEIR FhRAG SE€2SFNOBA SwBtAde JihaTemh m@@ﬁ5195%5yd%+w ’cﬁ t he
dry resin EgQiﬁ”“?’ a vinylidene fluoride- hexfluoropropyl ene copolyner

pr epar ed enul si on pol ynerization of vinylidene fluoride and
hexaf | uor opr opyltene Am artsicler of t@,’tmf@usureacott@risimgi am anm’acleihg«rir(gi)
chargingtopgr ctog gﬁ (ﬁ%qlldeef ug anlntlator

the pol yneff28tF Ra?h heish TE2EE £ FﬁﬂF Eaﬁaﬁ P32

both the i aht cdhdlm @nd the reaction mass during the polyneri zatlon, (b)

feedi ng additional apounts of vi ngl i dene fluoride and initiator _to continue
pol yreri zation bf-thd RRIARA PaEReVRICRIGUPTHAST 1y 8 aBSURC505, FEOBBAR 90%

of Lhe totgb ¥64 ah} ighknyt C)%rgdggégﬁfcagg?weu g0 ee5 1. been

added to the react’ on rre ium e feact] |um urt her
pol yneri zabesflepropropybeneit I¥Hpodymbout ﬁf)épdmdaf I ogr opr.hpyl eaeulyion

Lot ol wer gRELpPEE e orl QRO e Sl e S e P SRR ER R
process, aadstiiyed r@d&@&@a&&zbh%ﬂd%ld&ﬂﬁ:ﬁm@r | qg) UthhtFeRg i to the

process; and d) obtaining vinylidene fluoride-hexafl uoropropylene
reactor: water, vinylidéne fluoride, an initiator to start the

polymerization, and a water soluble surfactant capable of
emulsifying both the initiator and the reaction mass during the
polymerization; (b) feeding additional amounts of wvinylidene
fluoride and initiator to continue polymerization of the
vinylidene fluoride until from about 50% to about 90% of the
total weight of vinylidene fluoride utilized in the process has
been added to the reaction medium; (¢) adding to the reaétion
medium for further polymerization (i) from about 1% to about 26%
-~ hexafluoropropylene by weight, based upon the combined weight of
- the hexafluorépropylene and the total weight of vinylidene
fluoride added to the reaction medium in the process, and (ii)
the balance of the vinylidene fluoride utilized in the process;
and (d) obtaining vinylidene fluoride-hexafluoropropylene
copolymer. '
12. A paint base as defined in claim 11 additionally
comprising at least one non-fluorinated resin.
13. A paint b;se as defined in claim 12 wherein the non-

fluorinated resin is an acrylic resin.
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copol yner. 12. A paint base as defined in claim11l additionally
canprising at |east one non-fluorinated resin. 13. A paint base as

défined in claim 12 wherein the non- fluorinated resin sam—aeryH-ec—+esin.

- 23- 14. A paint base as defined in claim1l1l wherei n
sai d paint base is substantially non-aqueous. 15. Ap ﬂﬂ mm;ﬂlgmmm
defined in claim1l wherein the thinner_,4n said paint base is aqu

based. 16. A paint conprising a pigment mxed with a paint base and

defined in claijm 11, deri appl ying a i.nt__as
defined in claith-16® Baénghcéso‘g% 7 8 31"? "’E‘gaéé nnex
evapor ati g i3 d Palne’ bakeShs ds1ﬂ_§’éﬂ3nt:1allir fonfaglabigy der| ved by
applying a paint base as defined in claim 1l as a varnish on a surface on

whi ch a coatindS.s dcphint kast esafefined gnt adaimildnsheyeinathe gdiimneyase.
oast one Wil RBLCBRoH P8 RTR S MR ed in chaim 1y 20, An
article of manufeact W @adetpicompiys filg ad tp Idrfert \ikeAMithed @aliatabakeast
one surfacaem{ rzieerfei%fedai%oegaggg ff defined in claima18.

17. A coating derived by applying a paint as defined in
claim 16 to.-a surface on which a coating is desired and
evaporating the thinner of said palnt

18. A coating derived by applying a paint base as defined
in claim 11 as a varnish on a surface on which a coating is
desired and evaporating the thinner of said paint base.

19. An article of manufacture compriéing an article having
adhered on at least one surface thereof a coating as defined. in
claim 17. |

20. An article of manufacture comprising an article having
adhered onto at least one surface thereof a coating as defined

in claim 18.



