'DESCRI PTI ON ' POLYAM DE- BASED POADER COWVPCOSI TI ON

FOR COATI NG METAL SUBSTRATES TECHNI CAL FI ELD The
i hvention relates to a pol yani de-based 5 powder conposition for coating
nmet al substrates. PRI OR ART1 - Pol yam des are
commonly enpl oyed for coating 10 net prgepkpiisfies, especially because of
their good mechani cal properties such as abrasion resistance,

i mpact strength and chem cal inertness towards nmany products such as
hydr ocar bons, bases and i pOLYAM] Y | by e adhesi veness of
polyam des to netals is Ok ufficient, as a
result of poor wetting aprtTry ol poryarues =ffol ten state. To
overconme this shortcom ng the netal substrate has been coated with an
undercoat, called an aq%%%h? ri 20 intended to ensure the nechani cal
bondi ng and anchori ng 0 eﬁﬁebgg%ganide powder. The adhesion priner
which is enpl oyed is generally based on heat-curable resins and

supplied in powder formnar iiRveaLYEhONrRlatB8sSUERENSI OBolyamide ObSSEHC OF
aqueous sol vents. Additional, Ian%?nust 25 therefore bexprOV|ded for the

possi bl e r efov&OWGRT: FEMPOSiLePRehPE GPREIRF MRHAIhFUREYRtefer before the
substrate which is thus clad is coated with the pol yam de powder.

In addition, the curing ﬁp lgﬁTdrying of the priner significantly

| engt hen the duration OP e cOating 30 operations and hence their cost.

M xtures of pol yam des and of epoxy/ sul phonam de resins which

can be enployed for cogthfdmides are commonly employed for coating
10 metal substrates, especially because of their good

mechanical properties such as abrasion resistance,
impact strength and chemical inertness towards many
products such as hydrocarbons, bases and inorganic
acids.

15 The adhesiveness of polyamides to metals is
known, however, to be insufficient, as a result of poor
wetting ability of polyamides in a molten state. To
overcome this shortcoming the metal substrate has been
coated with an undercoat, called an adhesion primer,

20 intended to ensure the mechanical bonding and anchoring
of the polyamide powder. The adhesion primer which is
employed is generally based on heat-curable resins and
supplied in powder form or in solution or in suspension
in organic or aqueous solvents. Additional plant must

25 therefore be provided for the possible removal of the
solvents and for curing the primer before the substrate
which is thus clad is coated with the polyamide powder.
In addition, the curing and/or drying of the primer
significantly lengthen the duration of the coating

30 operations and hence their cost.

Mixtures of polyamides and of epoxy/
sulphonamide resins which can be employed for coating
metal substrates without employing an adhesion primer
undercoat have been described in Patent EP 0 412 888.

35 These mixtures of polyamide and of epoxy/sulphonamide



‘metal substrates w thout enploying an adhesion priner under coat have
been described in Patent EP O 412 888. 35 These mi xtures of pol yam de and

of epoxy/ sul phonam de - 2- resins in
powder form can be applied to the substrake- with an el ectrostatic gun.
I't then SUff'C%stlﬁspaﬁﬁ ﬂsé”«ﬁ‘der féﬂﬁ’sééﬁt %et %ﬁﬁeat% LHHOUGHbaPrQ¥en to

obtain nelting powde uni form _coati ng It 1s also
5 possible. towﬁ-rt@héé’t etlﬁ€t§el§§ta’r:é?egaﬁov§tth%e?ref‘t‘fhbces teow&s ofhe he

powder and to isiRtyatiet tmsactahuedl £Rfough @ﬁdoﬁénth@ PeYalee - m»?ltmg
DESCRI PTI ON OF THE L NVENTI There_has _now_peen fo
anot her pol yam< }H € BR¥ej po@xﬂ%r %oﬁ%sﬁotmbnctog 188ati by nmbfaldiso
substrates 5 pmstshd.ule atloadiMeam prheresubstirebeexdidie s ther ymgboing
.adhesi veness (i.Et SEuE gﬁetr' IBa B ARnEosd tiE’”inlEa Q%uiﬁ'f;\:md
I nvention al so I'bit of vant ages:

applied with thedgef tthﬁePOWdeantl ng does not fall off dur| ng the

i nt roduction and during the perlod |n the oven; - a netal
plate coated with a filmresultin he malting of the powder
deposited on the §§S§FF3F9N|QFST%%h@H’Fé\W%en subjected to a saline
.mst and exti bits a limted corrosion growh; - good resistance

to hot water, which malf.ggre has 2 %’SIB?ﬁ% ff)o enfa O%hﬁ5en?rm‘t§ ho(gsehol d

wat er - heater 25 coati ngs
‘conposition  based mwﬂ;z( | Forapos Haisan oﬁerp@b}aﬁmde metdlat smleatstam

copolymer (A) ofirebbyl e WihBs8bn! $39he?Ne MRFH08RA blts k’% st ers or

unsat urated carboxylic acids, ,unsaturated_ 30, car box I cC aci
vinyl esters oﬁdéseawspeas whigh pgxgrrabhei i@ aﬁae(lTl}e bePARPF HE reR®ler

form . 15 of t]iBelﬁﬁiéﬁQSbhlﬂlléoOéxﬁi}@lti et %v%.h%ag@b' mat e

m xtures of pol yam de and, of t hat, i.s t, sa that each
grain of the powder incl HBER ﬁgg ﬁtmé =k applied” with the gun,

coating does not fall off during the introduction and
during the period in the oven;

- a metal plate coated with a film resulting

20 from the melting of the powder deposited on the
substrate is slashed and then subjected to a saline
mist and exhibits a limited corrosion growth;

- good resistance to hot water, which makes it
possible, for example, to make household water-heater

25 coatings.

The present invention is a composition
including (i) at least one polyamide and at least one
copolymer (A) of ethylene with at least one comonomer
chosen from unsaturated carboxylic acids, unsaturated

30 carboxylic acid esters or vinyl esters of saturated
carboxylic acids and (ii) being in powder form.

The compositions of the invention are intimate
mixtures of polyamide and of copolymer (A), that is to
say that each grain of the powder includes polyamide

35 and copolymer (A).

Within the meaning of the invention the
polyamide is intended to mean products of condensation
of lactams, of amino acids or of diacids with diamines



35 and copol yner (A). : Wthin the neaning of the invention the

pol yam de is intended to nean products of condensation of lactans, of
alm no acids or of diacids with diam nes

- 3- and, as a general rule, any pol ynBr-nade up of units | i nked
toget her by amaﬁ@ gr£8/P&. general rule T% éj.l‘.e Agdganupoesisuyi fgs a
mel ting te ature beil Ie}g130 rr i ke, for exanple, 5
PA-6, PA-66, P 1@ teAetpe Y1§m1 i’io‘i and PA- 6, 12.

Those advant ageousl y emboy@dlgamael yaavdﬁtageoxaslyv\/rha:@ acaaﬁeltb@g
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pol yanm des 12- 33 _¢ Pol yam de is also intended to nmean pol yners
whi ch have pol yam de bI ocks in their chain. These are, 15 for exanple,

pol yet her est er ani des nd#eSgp 26VapbryaAnaty emphryR&sar@naolyamide| Jbt her

bl ocks |inkedwHi¥h est&in bEUﬂCtéwc!h?méH ouppy US Jfdemisat 1480, 83§f
describes a possi bl e aration %

g roducts

pol yreri zat i on 1o 3F QYR g6F §°g'§rfoPﬁ%G |n°lrhe ﬁ‘éese ot a d?% idto
obtain a pobyampodganiitde c¢arbehykchc cati be obtanded dnd eorpciérysﬂt’rmn v f h
hydr oxyl ends i t e I pr bl

pol yt et r anet hylléntgn&goagﬁggafwlc Oaéld zPencge*f)g 5%% oirLipollﬁ:fe %I e ]és%| ycoI
O her pol yrrersmlsehlhaﬁe pubyai mrmed@s i¥222. their chain can
prepared according tg1ybiRide £t @lsc? EHZeAéQd Ad agkaf 1%1*@%9 and a

pol yet her wi t.h_hydroxyl _.ends are _m xed ) presence of” wa - and
the t enper at ur ¥hig aﬂ@alﬁ?éd’a“ﬁdﬁol%%?éﬁk%ncﬁqﬁa}sr chaigy yERRSR PFcks and

pol yet her b$oc E@rmmpﬂllet h gblafithe3@stievadbtiasneddeahip tdESgoTRamDAENt S
being linked b fun tlongl?ﬁgoups [t, would ot cqonstitute a

es
departure %Il he% f PRaY ’ﬁtlBP'loF]ésenﬁll g m tur%s‘tbefr
t hese pol yam désinctional grouEsarerEs Patent cop23 § 838 ( AJesatilds amy be

possible - preparation of these products. The

polymerization of a lactam is performed in the presence
20 of a diacid to obtain a polyamide with carboxylic acid
ends, and a polyether with hydroxyl ends is then added
to it. The polyether is preferably polytetramethylene
glycol, polypropylene glycol or polyethylene glycol.
Other polymers which have polyamide blocks in
25 their <chain <can be ©prepared according to US
Patent 4,207,410. A lactam, a diacid and ‘a polyether
with hydroxyl ends are mixed in the presence of water
and the temperature ie maintained. A polymer which has
polyamide blocks and polyether blocks mixed with diacid
30 1is obtained, all these components being linked by ester
functional groups. It would not constitute a departure
from the scope of the invention to employ a mixture of
these polyamides.
Examples of copolymer (A) which may Dbe
35 mentioned are copolymers of ethylene and of
(meth)acrylic acid, copolymers of ethylene and of an
ester of (meth)acrylic acid or copolymers of ethylene
and of wvinyl acetate (EVA), these copolymers (A)



35 nmentioned are copolyners of et hyl ene and of

(meth)acrylic acid, copolyners of ethylene and of an ester of
(meth)acrylic acid or copolynmers of ethylene and of vinyl acetate
(EVA), these copolyners (A) -4 - -4-
optionally  |@gkuhgy of dfderhaidy — geastyderi zad coﬁaﬁﬁhé'fﬁé@d
carboxylic acid anhydri ge units. copal ynmer (A

advant ageousl y‘misﬁ@luﬁéé§d carPP‘)‘Y%l%CI%%%‘@ WY%W "§tS -of ethyl ene units,
5 (ii) units like (nethkhacr ylcbg)oa?mararopu or éavaﬂ&@géws'xy inclddest ers

and not nore t % hy wei gh copol C anh dri de.

By way of exa Ié aﬂ:hebjcecﬁ?cﬁ ¢ ng) wg g%{:.rﬁc'o de %’X ok By e ght
of ethylenes 5 (id)3an¥tby liﬂle v(eueghl) aofybibyhcadrghdz’@randeﬂhnadmy?ﬁl% by
wei ght of l.ajc ri he t X kS | er 100
g/ 10 m n accor ng tc?%?% stg';\i sENFIng%[Ol‘éHQE é 12‘%8 N 53735
and | SO 1133. COP01Ymel’lze¢h@aé©b©I@Wdl(llgemy al so be a copol ymer of 15
et hyl ene, of (rret h) acr gl ¢ vagl d nd &angl dinsatny at&gbolym&ar@gxylrhé;yam d
anhydr| de whi ch r af ed W|th a nonoam ne pr Qduct Thi s
nonoam ne  pro %F 90 g dpMeight qfy ‘% , 5 to 35 % by

11- ?m nounﬂ@cawlght of a@ttlﬁlyl agr?lai’@ ah&s(ogydrwyet%ybyneaea@me of Trr:g
grafting may of red isn an_ ext nudeg e -number
of nol es of“a%gﬁgan?ﬂlgy% ]Oéﬁjcta% @u ars ér aﬂlgﬁxdoless 5gﬁer Qr)‘(%%ed t he
nunber of nol ed06f gddaminat edcoadbogyl e theacsdammlsld@FTZSIMG

The copol yner g ] sPe353, &Of# i ncl udi ng ethyl ene
units, unsaturate cargoxyhic ac? n / or unsaturat ed carboxylic_acid

ester units and unZBeucaR) YIS (8¢ URAY salso be a copplymsiresChini ch
nmay be nmenisoneéhglienkhe o0 (r@étmlaﬁmicofa@imyéﬁ@eof Gin ﬁm&&ma&i C

id d/ th I t d dyl
(et h) acr yl at SERBEE L BpuroTe, Sun e oy | Ael uBESEEed W/t 50 o

by wei ght of etiopbeméne(peblhatrylic acid and/or (neth)acrylic acid
ester units, and up toTﬂleA) monoamine product is, for example,
laurylamine, 1l-aminoundecanoic acid or
20 bis(hydroxyethylene)amine. The grafting may be

performed in an extruder or in a mixer, the number of
moles of monoamine product which are grafted does not
exceed the number of moles of unsaturated carboxylic
acid anhydride. -

25 The copolymer (A) may also be a copolymer
including ethylene units, unsaturated carboxylic acid
and/or unsaturated carboxylic acid ester units and
unsaturated epoxide units.

Examples which may be mentioned are the

30 copolymers of ethylene, of (meth)acrylic acid and/or
(meth)acrylic acid ester and of glycidyl
(meth) acrylate; these copolymers advantageously include
at least 50 % by weight of ethylene, {(meth)acrylic acid
and/or (meth)acrylic acid ester units, and up to 10 %

35 by weight of glycidyl {(meth)acrylate.

In addition to the polyamide and the
copolymer (A), the compositions of the invention may
include EVOHs and/or polyvinyl alcohols (PVALs). EVOH
is intended to mean copolymers including ethylene,



35 by weight of glycidyl (nmeth)acrylate. In addition to

‘the polyamd
i hventi on may

advant ageousl y
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t he copol yner (A), the conpositions of the

i ncl ude EVOHs and/ or pol yvinyl al cohols (PVALs). EVCOH
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c’t’?%ﬁ’n"a}"e exBFBﬁib°nTh|I§ o} § g PR iRAE b"eo oEﬂ-’éf-ﬁed"l'ﬂbr
phthadeéasahhpardfie ain adm ré)ct&ﬁidéﬁ at! Rdopresepee.of a

nonoaci d |ike | auri/\/lg:t ﬁ;f'g%. &ﬁgghgf‘&a{ Iaill?é’ g{; 5 madg al so b}é %dl f] ed by

phaephbirons o sbypopMJsplmsrous oacid mrrrimmria: oamdndi;udl ng
(1) at least opgxRALYRAI df 8Rfruder at about 160°C.

para-Hydroxybenzoic acid may also be grafted

onto the EVOH by reactive extrusion at approximately

250°C with strong degassing.

The EVOH may also be grafted with a polyamide

or a polyamide oligomer. A reactive extrusion at about
250°C under acid catalysis may be employed. The
polyamide is preferably a polyamide oligomer of Mn
lower than 5 000 and ending in a single acid functional
group. This oligomer may be obtained, for example, by
condensation of an amino acid in the presence of a
monoacid like lauric acid.

The PVALs may also be modified by acetalization
with an aldehyde like, for example, butyraldehyde.

The present invention also relates to
compositions including (i) at least one polyamide and
at least one EVOH and/or a modified PVAL, but not
including the copolymer (a) described above and
(ii) being in powder form.

The quantity of copolymer (A) and optionally of
copolymer (A) and of EVOH and/or of modified or
unmodified PVAL or the quantity of EVOH and/or of



at | east one EVOH and/or a nodified PVAL, but not 35 including the

copol ynmer -(A) described above and (ii) being in powder form
The quantity of copolynmer (A) and optionally of copolymer (A) and of
EVOH and/or of nodified or unnodi 6i ed PVAL or the quantity of

EVOH and/or abdified PVAL whlch is added to the polyaﬁm.de ndPpdvdipd PVAL

whi ch dddt th \Y; de |imts. The
o Ty of o pe widpine R ey HThd% s ™ hnd a1 cx "Gk {Hhe nESEe A8 P5tatiRd
A quantity dhcrehsest mthBﬁﬁepqna:stlt;(la)ddéd 5 copol yner (A) or (||) of

copol ymer (A) and of EXO—lO m)ggg? %%/AL glfl%g or 5 4 QH ed

(ii1) of EVOH and/ or per 000 par r ant de
advant ageous| y copediymero (275 *partéll)arref praseelymey f(Rdm and SOfo EDBQH parts,

is usually suf Lihgi/gat ofT%dllﬁ%H tdi' QInn{]cﬁlf'i\ég*ﬁfﬁf Y of 1 MDdid¢ egy@f
unnodi fi ed PVAL |s gener al ¥ i ed lower 1n relation to the quantity_of

copol yner (A). and JoZ of ‘mo cBYdbsPeFors 008f Parffe of |PREYATH, are
preferably in hﬂ@ah@égé@ﬁs&ypﬁkﬁﬂﬁldEOWVSlgSai:tlflstﬁﬁdl ﬁ:fém af €om

di sper sed nodu (1)_of ¢ Iyrrer A). .and ptlon [OH and/ or of
nodi fi ed or 3'1 partgya i s, usyglly o‘?r“ R/ q‘?ﬁﬁﬁlf iYePPVAL.

The co:p@l yEHDH( A)'xdvfodu bésmadef dddant agpwodi §idd OPVAL 1is ogenerdll by [err]m

in dianeter. '{Q@veﬁoqw gg_i_aeiijgvg?hagglﬁa fty of O@%bflkﬁgror( l,mm)dl fied

PVAL are smaller than 60 [err di'spersion_  of
the nodules in the The poFguRPEttHeRS | X ¢flcre"éi$%s winventionualaxe of

the m xt ur gre&e&aslpr qqhucarfe apslent NSt nH"P%ﬂ.yﬁfanSaﬁta't‘f@x in fwHicdy onal

t th en he pa cIe i ze of
The Poaher s 1 nthBTencs dAEReRFER MRAYNERentt b EmyoRe HBERadA) 5 T 1 1 m

and 1 M8n optionally of EVOHt amdfmessf fmsdifiddi Birngunmodpbveter

conposi tion acg,%ﬁ:_l'l 2§ to( .tﬂe A%] r\}?'gonaﬁg/ -'rStoSf | ﬁ‘fdlflgd ﬂ{,&g & mel t,

(i) the copol yier co o € and/ or
the nodified cgpolymenn&:bbh and!Illle\'iALam (adma)utageogvm eﬁm hé.kodid i ed

PVAL W th bhe pal YA 48 drfet@rT X@he Of nSquARPT Q¥ | 84BH! YRBA/or of
modified or unmodified PVAL are smaller than 60 pum. The
20 quality of the dispersion of the nodules in the
polyamide matrix increases with the quality of the
mixture of the products and the number of reactive

functional groups present in the nodules.

In general, the particle size of the powders in

25 accordance with the invention may be between 5 pm and
1 mm.

A first process for obtaining a powder
composition according to the invention consists in
blending, as a melt, (i) the copolymer (A) or (ii) the

30 copolymer (A) and the EVOH and/or the modified or
unmodified PVAL or (iii) the EVOH and the modified PVAL
with the polyamide in a mixer of an appropriate type.
The blending temperature may be between 150 and 300°C
and preferably between 180 and 230°C.

35 A master mixture or a final product may be
prepared.

The final product is ground according to the
usualltechniques, to the particle size desired for the



The bl endi ng tenperature may be between 150 and 300[err]C and

‘preferably between 180 and 230[err]C. 35 A master m xture or a
final product may be pr epar ed. The final product is ground
according to the usual techniques, to7the particle size desired for the

-7- coat i ngoatiagr OPIQQU oBYubSedy Vel ¥8 3hOBLTENGtYmizing or
preci pitation. e naster m xture, which presents the

advant age of Jﬁﬁ}ﬂlﬁ&tl&&d predi spersion of the 5 copolymer (A) and
optional ly of the EVOHTaed/ omastetrhe mixtuwsi fi ethieh unpedséhed PVheor of
t he EVOH and/ or, t he d AL i hi n t I de matrix can
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.obt ai ni ng po"‘%dlfledc%ﬂ')oﬁhﬁb@fﬁlé&cgvgi.ngn:'t be hené nﬁ%ﬁ' YhLRRASIGES 1N

perform ng a (co)pol ycondensatlon yam de noners 1n t

presence (i) oftHehd@bfdiefdV. P(T-A)“”d-'r 1n tl(q |I)°dea“t3ﬁ9@ d'&?gf(ﬂ%??re?af( A‘}h%d of

the EVOH and/ oibeofbldiaiekh om®eli 4§&in owivAmedief ik yAWAdeOradddrdin)f tde EVOH

and/ or of the nodified this end, the copolyner (A) and
TPhETBRALE

optional Iy t he TBOR 58PS 3raBRAYS t he EVOH and/ or the
nodi fied PMAL are intr@&duceecpntio tpeocessaut ﬁotaveo}ataiﬂnmgarrq:dadlcmer as the

pol yam de nono %@._i.o-ﬁge ac % | 2301 PRe | SavldsT még{ls:l.PXs ihe
es atio

usual pr ocedu he oper s general 'y carried o
t enperat ure of P@é’[Wé'é‘ﬂn%oaandCQ(bBPéYTBPEdaﬁ’éla'b*@‘i erabl ythe pelyemidg 90 and

250[err] C monomers Aﬁy thlé' 'iﬂ:‘ese‘?xfce @P)paéfit Hﬁe 1ymle® (a)t her 25
pol ycondensati o exanpl e which

may be nentlonéd |) 05 Eg‘gcf’ﬁ’wgéﬂ}Fﬁpiﬁ) andv\?n?htg?l?\’q’%ga%‘?/ %’bp‘?%x‘i%tel y
50 revol uti®nsmodified orapahbdifiedi PVALandi Hfih) p:ISESGhHS €EEVOH 2aMdPior The

pol ycondensat i g@ n éoﬂﬁﬂbﬁg I%WenrOS gﬂf 12n our,s co °e¥m$ L@[abl y

between 4 an ycon énsa |on are
finished, a ni 2ndr opionallght thee&VOH tared/fqr nthé FVadul es mlwh the

ground up to gvonu and/or the modified PVAL are introduced into the
autoclave at the same time as the polyamide monomers.

20 The polymerization is performed by the usual
procedures. The operation is generally carried out at a
temperature of between 150 and 300°C and preferably
between 190 and 250°C.

Any kind of apparatus used for - the

25 polycondensation of polyamides may be employed. An
example which may be mentioned is a reactor equipped
with stirring at approximately 50 revolutions/min,
capable of withstanding a pressure of 2 MPa. The
polycondensation period may be between 5 and 15 hours

30 and preferably between 4 and 8 hours. When the
polycondensation operations are finished, a mixture is
obtained in the form of granules which are ground up to
the desired particle size. The procedure may also
involve precipitation or atomization.

35 According to a first alternative form, the
present invention also relates to a composition
including (i) at 1least one polyamide powder and. at
least ‘one powder of a copolymer (A) of ethylene with at
least one comonomer chosen from unsaturated carboxylic




the desired particle size. The procedure may al so i nvol ve precipitation
.or atomization. 35 According to a first alternative form

t he present invention also relates to a conposition i ncl udi ng
(i) at |east one polyam de powder and at 8 - | east one powder of a

copol ymer (A) ekidihy! ergavutAral carE&%?Iian%cﬁqm'%%%E'sch8§enviﬁgf”_
unsat urated carboxylic - 8- cids,
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carboxylic acids. It is ldldcs aoumimaesi e taa%dadghmlsl aﬂ%/'@f i
nodi fied or un AAR PVALs or.1o e m xtures o ol . yam de powder
and of pomderegl%%\}&%gncﬂroru %‘Hf’eed{mﬁ%ﬁm?ra 8 EB}MYm‘ﬁg‘%e@ red
copol yner (3), podyamigle powdersand haf pbademaﬁoﬂvoﬁorf}]cb'foﬁ h?csdi{iéd_
;alternative PVRSS j4 [ SQ:EB; 038 O e in

I nvention, but each@égaién&g-?dlt \igl%on\%' r'ﬁé%ﬁ her fgﬁ'_‘epm@‘im ;Feﬁaor_{@
copol yner (A) &P BFH Rl drhep\egmpositions of tihes phirste| 2lte¢rrative t he

same as in thefbrkSbf thel eheptibheat8VERL| O5me as those of e mpfgponents
other than the Bgligam e advant ageous|y have a partic¢cle sjze smaller

‘than 60 [err]m- YEREIOn, Duf, Lagngreyn (93 i oporiiREr t8) edrhexii) of
~copol yner 1%\ pedgamafle &vCebpahyiier (Xf oxmBUCH @gxd/g,lr pvarynnodi f |3 88 PVS\L
or (iii). of EVOH and/o f L4 ed_. PV, e Dbet ween ang, an
. pr e1g erably 3 and 1 nggg?gi%%g 01010 %ﬁ%té@é’ofsap%ﬁ yaeﬁn]cfét grs_t A
process for pr&paRi A§ f-hesenmmmnm xtures consists in dry-m xing the

various conponents or @n dBcHen¥sXt UpEhe P eS| YehQNVESS AL A{HL fine
powder rr11‘3or and theegg)lzyam' dee powder . %’hi,s_dry m%ﬁng g‘? JSg'ary K
bl end" gener aPRY20EBEEOURLY have fjipartichey sigseemaller thapafatis: it can

be perforrmedl at anbi enThéerpamativye. (i) of coﬁpol_yﬂ(é(ior(_ﬂ)ngofo @%ﬁ)e(‘dﬁ’\d
o vernat ve " Sbflpuble ) CORROSRE! Ovoll, /Yo R A0 cr
that is to sayupnadifhed m¥Albeor30(iii) of Ev?]ﬁi ta*crd/orpomﬂem;diiﬁfed
poamse G SaB B T A SRR e

20 A process for preparing these powder mixtures
consists in dry-mixing the various components or a
master mixture, previously converted into fine powder
form, and the polyamide powder. This dry mixing or “dry
blend” generally does not require any special

25 apparatus; it can be performed at ambient temperature.

According to a second alternative form, the
compositions of the invention are also intermediates
between the invention and the first alternative form,
that is to say that they may be:

30 - either powders of polyamide and of
copolymer (A) in which each grain contains polyamide
and copolymer (A) which are mixed with EVOH and/or
modified or unmodified PVAL powders;

- or powders of polyamide and of EVOH and/or of

35 modified or unmodified PVAL in which each grain
contains polyamide and EVOH and/or PVAL, which are
mixed with powdered copolymers (A);

- or any other combination.

S
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.modi fied or unnodi fi ed PVAL powders; - or powders of pol yam de
tand of EVOH and/or of 35 nodified or unnodified PVAL in which each
grain cont ai ns pol yanm de and EVOH and/ or PVAL, which are m xed with
pomdered copolynmers (A); - er 9any ot her conbinati on.

The preper ahrapa it i §PMRAS SRS AGCUHH ngccordlﬁQ this
second al ternati ve form of tg.sinventlon i conbi nati gn of
b

processes al red® dis®r PRSP Eernative Form ?ﬁet@SW&&¥Qﬂgﬁﬂ?(ﬁst%e

i nvention may damblnﬁtlcmnbilnhe pdtésyes alsamdy déﬁbﬁiﬁéd|aﬁdhe

pi gment s, anticratesing gr reducin antioxidants, etc

- antioxidants |ike cog%br |88P851 BT n égxm nvEREALE; (MRYi o3t TR,

phenol der$vatdomd@inand addiftiiveer ed such amaaes filllers, pighémtslj zi ng

.agents, OKGi L |ke
anticratk®iREObe 99du@£H$ éﬁgﬂ #H%l&* i1d81$ gek

‘cal ci um and/ or nmagnesi um car bonate i'dm doubl e
carbonate), quartz, boPBhioKidanke, like R%BP?% fedide eembined wibbpe
"Frantex"), woldotalseiutme, 1d8idé| t ahaHbi GerdQathalelsot kAR, t ahfnderdga,
which are sold_ . under the nanmes "Plastorite”" (mxture of quartz, mca
and chlorite),amﬁpﬁg " (cal cium carbonate) and carbon bl ack,

- UV stabil0zers like, -f dLlutddophe, agesas ci nol 20 derivati ves,

benzotri azol es or

I t t t
spreadi ng agents, >8 'Cy}é£ﬁ§0rc1n% ﬁF% Ilﬁu %ﬁiiigggﬁigg?Ffa

di oxi de, c§ﬁB6ﬁumaﬁﬁd/qnﬁmwgn©&imk Cnrbheate»téhéxmutﬂnlVummmum
di sul phi de, al uﬁgﬁbgmlfnl a&sﬁblér%fas:faece)ﬂn&uai-t?e Boro dﬁndmtﬂ&é”'c
and ant'hr aqui none deri vatives'

pi gnent s ik cyani ne . I .

It is p033|bﬁ€°lg SH 3rb%¥¥ﬁ%ath§rﬂqyet}ﬁ¥antex@%ﬁbosW?l%ﬁﬁFOQ#teihe

i nvention 1Eadd|tt.t‘aﬁ$umV\hu.6h1der eballo€h@bentdTOmmi@se \ﬂﬁfdl:[ ihed sdye alnfl
imts , usually

encount er ed. | nSRAS Ty HHIeT o RS AT HEE b BB eIcPE . T Rodtions 1 or
coating netal spBschdpgiteln JMieea®* (calcium carbonate) and carbon
black, |

- UV stabilizers like, for example, resorcinol

20 derivatives, benzotriazoles or salicylates,

- anticrating agents, or spreading agents,

- pigments like, for example, titanium dioxide,
carbon black, cobalt oxide, nickel titanate, molybdenum
disulphide, aluminium flakes, iron oxide, zinc oxide,

25 and organic pigments like phthalocyanine and
anthraquinone derivatives. |

It is possible to incorporate into the
compositions of the invention additives which are
chosen from those described above and whose respective

30 proportions remain within the limits usually
encountered in the field of the polyamide-based powder
compositions for coating metal substrates. In general
up to 100 % by weight of the said constituents is
incorporated, that is to say that these fillers may

35 represent the same weight as the quantity of polyamide
and of copolymer (A) and optionally of EVOH and/or of
PVAL or as the quantity of polyamide and of EVOH and/or
of modified PVAL. :



up to 100 % by wei ght of the said constituents is I ncorporated, that is
to say that these fillers may 35 represent the sanme weight as the quantity
of pol yam de and of copolynmer (A) and optionally of EVOH and/or of

PVAL or as the quantity of polyam de and pd EVOH and/ or of nodified

PVAL. These additives may.®e inco oratedThgge agi tives
may be incorporat ed by any means | nto the conpositions of

i nvention. .  Weans 1nt'Pné?§"erT§§°“‘BQS&HH@leﬂftWée pEISRH R -according to
the first or the seconctnéryoe@a;s bfeorada@apahatchenpanyhiﬂ@de5ac&bfain§0&81 of

t he invention, e ad m xture of powders du t he
preparation of tt}?ﬁa émgssti gl%\?t%‘?ﬁ%ﬁ‘fv@r‘?% °% h%r?ﬁ%i‘/’éﬁ’r?fh O%ﬁﬁe in
this fi bst fixtdterfiatmvef ftdren infentien, | oxemtayorbe alddede to the
gquantities of e f ??,rrp t r 0 s of
pol yam de) wil %%%v?%é%éwg éﬁé% &f%eé:r% prejbglr rcg% &Q Jr‘ﬁco f’)orate
t hese additivelitgrmative; hEopn| wdni tlee adgviegitignt. o H@eevmrst 1tlorhhb$ t he

invention.  firgt aﬂeﬁ@@é?@é’ WighBmt heoisecgﬂg al trﬁfé?ﬁ:tlo‘ﬁe foig]:%é 15
the invention it s also paqssible prepare )0si ti 0

i ncl udi ng: quantities % héfidéttb?ﬁﬂer(ﬁﬂ? c??‘?’f%lil ?ogrtéﬂ 0RaRATBF
whi ch consiLst s pafr pvwapaﬂes asd qfolgamaw)rermﬂﬂ) Badavoideg! i anal dy1of EVOH

and/ or of PVAL ol de an EVOH. and/.or of ified PV L and
(ii) additives %n bé) %ﬂg ‘? £o%] 1ncorporate ‘l&e peb‘i%e X chh@s (i)

grai ns each of the mlylamdam acgondlqngyl yam dheandiokta fosmorbfonthé t he
additives and (igyenpiicgh have gral ns of copolynmer (A) 25 and (iii) grains
of additives, - or powder which has grains each of which.

consi sts of pol yani de, B a@@&@lgyr@rl%)t%osetﬁoqdqea ternafdive vkexm of

- or any oiker t('ﬁénbl ﬂﬁ{re@ﬂloﬁo it  is 'gn%opre?@gglbwemtbon lgf@lgafgl ates
to the use th 1§5E§BOSItlons as defined above for coating

met al substr at é:ém?r?&lez&oflﬁe 18¥&s thus coated. The

- either a powder which has (i) grains each of
which consists of polyamide and of copolymer (A) and
optionally of EVOH and/or of PVAL or of polyamide and

20 of EVOH and/or of modified PVAL and (ii) additives in
powder form,

- or a powder which has (i) grains each of
which consists of polyamide and of a proportion of the
additives and (ii) which have grains of copolymer (a)

25 and (iii) grains of additives,

- or a powder which has grains each of which
consists of polyamide, of copolymer (A) and of the
additives,

- or any other combination.

30 The present invention also relates to the use
of the powder compositions as defined above for coating
metal substrates and to the substrates thus coated. The
metal substrate may be chosen from a wide range of
products. It may involve articles of ordinary or

35 galvanized steel or articles made of aluminium or of
aluminium alloy. The metal substrate may be of any
thickness (for example of the order of a tenth of a mm,
just as of the order of several tens of a cm).



nmetal substrate may be chosen froma w de range of products. It may

I nvolve articles of ordinary or 35 galvani zed steel or articles nmade of
al um ni um or of alum niumalloy. The netal substrate may be of any

t hi ckness (for exanple of the order of afenth of a mm jUSt as of the
order of several tens chc%r@@lg to a known techni ‘écosfrlgi 2 kgown
t echni que whic er doeS not . forma subject-rmatter e |nvent|on
t he met al gﬁ%ﬁ r%?% torg @sp%‘é?h?‘FVW%@% éheormmtwon. theel

al umi ni um or almevali kst Ate rrean@aégpead@mpneheﬁ mde Uf ﬂ@f&&éﬁ

]
st Pough ECeefgAdRRgun, R A BRI AL Ry,  BRUSHRYG LEfBESoRE

sandbl asti ng, fonee degmeas ngf ithe rfokiowingphssphatée ngreatnﬂe@@easm@g,
chrom ¢ rinsi nainieacion  BAGERTS Lihich by OTBhL0. PREaL s aved

chrom c rinsin I"es hat
are sui t ablde€9reASAEEng ebh@bunw tdegreasimgsi t bonshéogy di a@ot- 3] the

i nvention theregamaylbecing! i enad: 4dgge83$RY;, hot SIROIHy OrpRE dﬂ%
steel, phosphated degreased 15 stee ZI nc hos te teel,

Sendzi m r 284 st eel lr%)r?c’-qé?/&,rt%ﬁll%ed st eB‘POSPIEﬁﬁwgr
gal vani zed1&t ee:hromb&othgopholésrﬁnsim@} clcfﬂnﬂrﬁitx&%smg steel, anodized

'steel, carborundum sgpd e de al.um n nopot h or
shot - bl asted al uni ni umﬁgogggnétf %l(aﬁ%%%%l atfﬁeﬂrﬁubs’trate thaengre
pol yani de- base§ud&apadsi tfioan bedagr dioagedo w1th teh ecomuesitti iom | scddwedaipr e
applied in powgder fxd ml%reﬂtlon tﬂ?e#@t 915&5[’19 t'in%ﬁ'lglolga ap&é#:ﬁ@é%ﬂ‘ of the
powder conposi t|on or acco

appl i cation teéF‘i‘ﬁPﬁHesorus §§PFybéﬁﬁF%‘}edSte@=4 ndPh@SPhﬁted degrenmatbrs nmay

be perfornesl i stegli, pmﬁ.ﬁ:forﬂml@fl | 8inc gﬂ’@lsﬁﬁaﬁéMOQ%e‘é@' Iy Sdnd®igh Strong
I ntake of air %i{lggeller nmer _or _di cmllsaeégthelbjke) The

powder particl &% Rdd asrtee | ecPERCT HESTF YR AF 8568 brmentP2tily
renove the ugdévangdedpastieele slestrophbrastsonsteedr, excgdmatEH@I NS

which are too gpaEse ancideQdr t&?eetli,ne'carborundum sanded steel,
degreased aluminium, smooth or shot-blasted aluminium
20 and chromated aluminium.

this

The polyamide-based composition according to
the invention is therefore applied in powder form onto
the metal substrate. The application of the powder
composition may be performed according to the

25 application techniques usually employed. Grinding of
the pbwders méy be performed in equipment which is
cooled cryogenically or by a strong intake of air
(impeller, hammer or disc mills and the 1like). The
powder particles obtained are selected in guitable

30 equipment to <remove the undesired particle size
fractions: for example grains which are too coarse
and/or too fine.

Among the techniques of application in powder
form there may be mentioned electrostatic spraying,

35 immersion in a fluidized bed, an electrostatic
fluidized bed (for example that described in Patents
DD 277 395 and DD 251 510), techniques which are
preferred for carrying out the coating ‘of the
substrates according to the invention.



-Anong the techni ques of application in powder formthere may be
-mentioned -el ectrostatic spraying, 35 -imersion in a fluidized bed,

an electrostatic fluidized bed (for exanple that described in Patents
DD 277 395 and DD 251 510), techniquesgawhich are preferred for

carrying out the coglinde;Qberddiitic S‘éB‘}E&i‘%QS 4560 digake thfs

i nventi on.
el ectrostatic Iis¥raAusgd t Haitqpowdergun, s wherg ntitoduld C¢IN{®Y€@1 Q]an

‘Wwhere it is d?i&li:\i@é%@d B r an&%@%x%d il RESSeS tdWQuph-@ gozzle
raised to a h vol tage, genéerally betweén about ten and about a 5

hundr ed Ki | ovolbtl§' ‘I"F@Weuag%e%%‘iﬂ]r]éﬁ %E/""%Pé‘ pBRPYE yEen ang: abkoyi i%e in
polarity. The prindieied |kKiiovailesi.n THae voltayén apﬁlﬂeﬁﬁya%e/ pb@it\ﬁ%l 10

and 200 g/mn __and ref. erab 50_an m \ asses
t hr ough t he °F rﬁ%%aztf € 1 ﬁ’@[l%r g g‘&‘ Cﬂ'feég gl‘%ﬁ 3F80tﬁ’bs§§?l cally
char ged. The gumpowier gpaletad;llgs betweemvey:dl bgndhe M/asszed amd are

appl L el ont oy MhereralRhal pabllane 40 g oala/hiia Sahd SuLfAgldsel |

bei ng earthed, "that is to say connected to a ze ctri c ential .
The powder par ttlhéloé’§ hare rtél%%u nedn®3zlen t hi §heur f aROWsen hei rbecomes

el ectrostaipc ‘éllazrc@&ostyﬂgéﬁlly fenaegedr e swhéi Ci gOhdaéPI tP&rticles
powder-treated o :ect tQ%% £ be coated a npved and t 1e£'eat ed |r&1an oven

at a t enpel BGs OMRE e?1¥o T8 t2PP onto |
El ectrostati c stayl ngunfaédnetpolbarrbdatbasecthéo sabdpesirifiaees bEeso1fli ng to

the invention’HQQ%éevgér%ﬁgd %laEFth 5 gglgﬁgﬁééiedOfferél2$er?o

undoubt ed advantag ecaUse I'h par
enpl oy exi @tlmrspaﬂ;d@péennelaét r The pbuﬂes phrthcles akeiyeeained for

the el ectrpstatgyc @M@ygagf%epwe&é%t engerwekfdt e Argonerpotarity;
t he net al substrate I S subg ect.ed a surface preparation jn this case.

In el ectrost at TOTEFFaRYRy, ‘{ﬁfémﬁ-re&ﬁorftqrorp}ﬁ powdeystraatedaokirftoptP onal |y

of EVOH and/ or bef dd&ledetnd molre@0Gundnstiiewf hpatyanide & efefkV@d apd/ or
of nodified 30_ PVAL per 1 000. parts ofhé)orl)alwad*grdeco melt:advant ageously

bet ween 3 and FSPeratire which'Causes t
Electrostatic spraying of the polyamide-based

20 compositions according to the invention, whatever the
polarity of application, offers an undoubted advantage
because it will be possible, in particular, to employ
existing standard industrial plants which are designed
for the electrostatic spraying of powder coatings using

25 only one polarity; the metal substrate is éubjected to
a surface preparation in this case.

In electrostatic spraying, the proportion of
polymer (A) and optionally of EVOH and/or of PVAL per
1 000 parts of polyamide or of EVOH and/or of modified

30 PVAL per 1 000 parts of polyamide is advantageously
between 3 and 150.

A powder of average particle size between 5 and
100 um and preferably between 20 and 80 pm . can
generally be employed. The thickness of the coating is

35 preferably between 80 and 140 um.

In the case of the process of immersion in a
fluidized bed, the  metal substrate to be coated,
carefﬁlly prepared, for example by being subjected to
one or more surface treatments listed above, is heated



A powder of average particle size between 5 and 100 [err]m and
preferably ‘between 20 and 80 [err]m can general ly be enpl oyed. The
t hi ckness of the coating is 35 preferably between 80 and 140 [err]m

In the case of the process of inmersion i1 a fluidized bed, the netal

substrate to b@.ncoétnedoven €' Efa‘“ k¥mBEERALES &R{cﬁx ! edQﬁ’ Ptﬁ

subjected to nore surface treatnents |isted ove, eat ed
- 13 - in éﬁpé\‘r'éﬁltléf 4% cRPEPEIREE WHLER |t§1edéf%qf‘%ﬁeneﬁf thees?ﬁbkql ally

iR aﬁcor dancg \M#b@ttrbtel)atﬂt§ Horrl)e .S.aﬁd tl:(hlc]&kléﬁéh r &h% thg fd’%\é&ré%s

t hi ckness and the, desir coat t.hi ckness, . Thus ated, ,the substrate
is then 5 |mr§P§§’g t}lﬁ&ﬁﬁéﬁ cc'#ﬁﬂ%s B3P o ﬁb‘b?grf“ﬁﬁ is th{Rnti on,
whi ch is kept llmtmenrspdnsmn oy powesr complorso.mh.ahl ngccondiagvesselthevth a
porous bottom; : p Lts co i he t

surfaces and mmv-gﬁglo%r QMS ep05|tk§§%seﬁ§ IC #eésrgs é’l aq%ncr%? % Bf 10

t he terrperatur§l§Fu€Lﬁ§l§9bs%IFatae yeesefl i wvithuraat perous bottemer sthm in

the powder. powder meltB ohl vbfltzed whed th@“ﬁét?'r@é‘tai r@urﬂ@é§r 1ol
proportion of of EVOH [or of PVAL per 1

copoly (A) and optionally
000 parts of pﬁgg‘ﬁmfg’g“@r %fgﬁ@ftlg” hosRy/ B’P’-%lfn‘ﬁr%ll %'f’eé rfwtaan ©H0o0
parts of podyamheetiesiperatatdeadtagheustysbritreecind ehditddQuddeidiards cl e

si ze of th?ng‘t@gf Eﬁe%\é,\e%g %rl“ di zed bed may be between 10 and 1
era

000 [err]mand™pre and 160 [err]m In general, the
coating thickness may EB bilnddiize80 dretl 20imtedsilon er the ampirefiexfrezdbl y

bet wveen 350 anﬂr@é@r&?éﬁ] £ copolymer (lA) V‘Qﬂhd ﬁ{:lSﬂgffL' tuéie aE‘%-?i_parture _

fromthe scop the | nventi o an . adhesi on

degreased net aian§68§t Pt EVBEf BEE d-p[9l°39| EQrFﬁeOf Poé(mﬂ'éﬁi?r e the EVQHant | on

thereto. 265 and/or $hemoaiE§§@tPVAﬂV}§élflP%o@'ﬁeﬁrté Qifitgﬁﬂ dride is
conposite material,_inc i ncl udi nhg a

coati ng nade quX?nf’ﬁge@dﬁg%ngEB%%&{’ gne °483" o&&‘ﬁhé’alrﬁ\}gﬂﬁ &tzer
i nventi on al sothel powderrs tised in abofuikddzed abedt haypbeddetiveper ltavi ng

been melted 10,38 1f 90F AmCUHd Wreferably between 40 and 160 pm. In
general, the coating thickness may be between 150 and

20 1 000 pm and preferably between 350 and 450 pm.

It would not constitute a departure from the
scope of the invention to apply an adhesion primer to
the degreased metal substrate before applying the
powders of the invention thereto.

25 The present invention also relates to a
composite material including a metal substrate and
including a coating made up of the powder compositions
of the invention. The invention also relates to the
above material, the powder layer having been melted to

30 form a coating.

WAYS OF IMPLEMENTING THE INVENTION

Examples
35 1) The following products are employed in the
examples:
- PA-1l: denotes a polyamide 11 of wmolecular
mass Mn before application of between 9 000 and 15 000
(except for the PA-11 of Example 6).



VWAYS OF | MPLEMENTI NG THE | NVENTION - 35 1) The follow ng products

+are enployed in the ~exanpl es: - PA-11: denotes a pol yam de
11 of nol ecul ar mass Mh before application of between 9 000 and 15 000
(except for the PA-11 of Exanple 6). - 14 -

14 - - Tﬁrﬂ%dﬂﬁq& 14@e&%h6%e§ %Op@éy%/éﬁﬁné’f“ﬁﬂleﬁs has

et hyl ene units, % b vvelg | acrylate unj and %,by wei ght
of maleic anhy‘?ﬂ‘i‘ ﬁ%e%ll@l She onl th We%%)@ﬁ seolyl gPEBY IR al@dti ng to
NFT 510|16 5 :;mdd3 % bt weigﬁfﬂl Cbmnﬁ%?\}qeidpje?]ﬁlﬁmwﬁﬁniﬁf ad$he8ﬁﬁlo.t

- Terpolyner 5 enpt e CAl ner | a 44 Yo of et hyl ene
units, vinyl ar%%%llirﬁq(g,g/d I ace ﬁf‘ngngnggT Fi’zgg%m m n nmeasured at
210[ err] C snder a & 16 kepldanhdamd thiet hradg. Hgbe nhotthder®08200. I t

is sold under the trade gdenot es
t he terpol ymer 5/ %ﬁ&%&r{h ge Toin ht ha?llac an%;drgg& g‘expressed
in wei ght 44 ofol’er g6l givyleny. units, VlnYl -alpahed] WRHES/ : aBdnét es

t he ter pol ypeit Slinkax as#f &ng{lw fabn n;b%s%reaf at P2naoky dixesbenzoi c
acid (expr essedkl n vver ght_ %.,0f terpaq - Terpol yner

| /
7/ denotes R VARst with a n198¥’f F‘@d th hypophosphor ous aci d
accor di ng 1tco the fnt lisv gl prundeduthe teafel yame Sdarso®anul ated and

20 then imersed in anwmﬁgpggegypowiggo % oy @_Cls(} at a
Io

concentration of 50 %b in"an‘oven at
'50[err] C for ovafted Awith 5 % wafhiphighaddcdranhydnjde héexpressed dne dried

under Vac W t@[&’l’d&-ﬂ%{é}e ground. 25 - Terpolymer 9/:

denotes a m xture ! Br abender m xer, at approxi mately )
160[err] C, of 80 nass %Wﬁﬁé—ﬁeﬁl yREROELSand e rrasé'-e‘%PG’flyi‘@lrpél/yrrer 5/

grafted 15 grafted with 10 % of para-hydroxybenzoic acid

(expressed in weight % of terpolymer 8/).

- Terpolvmer 7/: denotes the terpolymer 5/
modified with “hypophosphorous acid according to the
following procedure: terpolymer 5/ is granulated and

20 then immersed in an aqueous solution of hypophosphorous
acid at a concentration of 50 % by weight; the whole is
then placed in an oven at 50°C for 3 days. After
washing and draining, the granules are dried under
vacuum at 50°C and then ground.

25 - Texrpolymer 9/: denotes a mixture on a
“Brabender” mixer, at approximately 160°C, of 80 mass %
of terpolymer 5/ and 20 masgs % of terpolymer 5/ grafted
with 40 mass %¥ of polyamide 11 oligomer of mass Mn 1500
limited using lauric acid.

30 - Terpolvmer 10/: denotes a terpolymer of PVAL
type which has reacted by acetalization with an
aldehyde whose dynamic viscosity, measured at 20°C
according to DIN Standard 53015 in a methanol solution
at a concentration of 6 %, is between 4 and 6 mPa s and

35 the softening range, measured according to DIN 1ISO
Standard 426, is between 150 and 170°C. It is sold
under the trade name Mowital® B 30 T.

- Terpolvmex 11/: denotes a terpolymer of PVAL

type which has reacted by acetalization with an



with 40 mass % of pol yam de 11 ol i goner of mass Mh 1500 limted using
| auric acid. 30 - Terpolyner 10/: denotes a terpolyner of PVAL
type which has reacted by acetalization with an al dehyde whose dynam c
viscosity, nmeasured at 20[err]C acconadi rg to DIN Standard 53015 in a

met hanol sol ut ,98ehydeat wRoS&NCHM drfild Oﬂrl%fco@ﬁ{ '%Q&&M@é‘@ 4hanpgedPa s
and 35 the softenln range, _ neasured accord |ng to DIN _I SO St andar d

426, is bet vvee?rcfgﬁdéﬁa I—‘?’O[DélNr |[Rtandards 5381 in” q;Mpthand (FHRE inthe

Mowi t% _ Bth Tat a concentratl'fili‘fnﬁﬁym _11é bdewatrs 18 taerdoowmacémEVAL
type iC as acet alization w y. ose
dynanmi ¢ vi scosﬁ’? 309 FREEFy Cmeasué‘(?@oP&FﬁﬁdP'BQDltﬂ §j§ﬂdfa§% 53015
in a nmethaml sdnlanﬁamd 426 atlsa benweanr dt8Onaofl 6229°¢Cs et ween sibldind 20

nPa s and (o] nj ceprfding to DIN 1SO 5
St andard 426, hggege%&ge{ﬁggié?&]%ﬁ% glgl err C@égq)ld is sold under the

trade nane Mowital B 60 T. 2/ Anticorrosion action

Direct application withou i 2.1 Exanple of the pure
products PA-11 and ter polz f m xt ures.

Fornmul ae and char act er PEFPES f‘ﬁ%a hout BELEEE appl i cation:

Tabl e 2.1 el ow sumrgzesEkMpL@nmﬁl tihen @ﬁ.zrlaS prbduptise paoructand 2. 1
and 2.2) and of__t ced in a blender at a tenperature
of between 190tt Iggl%é%ll%?er r? d&/ﬁ#se resi dence tinme of t he order of
30 seconds. Fing I 3 YSlainen, - Mdale) ink ROV IS

wei ght (i.e. 5ppakt e_;; NS 'n 1 000 g of PA-ll) Pr oduct
2.2 is ground cryogenl ca and t hen screened to 200 [err .
Products 2.1 and 2.3 aT%bb?o%an PRLEIY eFunRrizesyHEhe n COMBeTRd FOBf of

Cﬁnventlorreé pehki pugesipzedhets2%2.apphticat.2pnandonf tthe mibcurerm,z by
t he

electrostgggguced in a blender at a temperature of between 190
and 210°C and with a residence time of the order of
30 seconds. |
The proportions shown are expressed in parts by
20 weight (i.e. 5 parts means 5 g in 1 000 g of PA-11).
' Product 2.2 1is ground cryogenically and then
screened to 200 pm.
Products 2.1 and 2.3 are ground in order to
obtain a powder of conventional particle size for
25 application, on the one hand, by the electrostatic
route and, on the other hand, by the immersion route. '
Before application, powder 2.3 consists of a
polyamide matrix contéining nodules of terpolymer 1/,
these phases being essentially between 0.1 and 0.5 um

30 in size.

Table 2.1
Product PA-11 Terpolymer 1/
2.1 1000
2.2 1000
2.3 ' 1000 80

35



route and, on the other hand, by the imersion route. ' ‘Before

application, powder 2.3 consists of a pol yam de matri x contai ni ng
nodul es of terpolynmer 1/, t hese phases being essentially between 0.1
and 0.5 [err]m30 in size. - leTable 2.1 Pr oduct
PA- 11 Terpol yaeb1itation: 2.1 1000 ' :
2.2 1000 2.3 1000
80 35 ' All the substrates are sqp;acted to degreasing
Application: before the Abplibetsohstrates are subjected to degrea3|ng
before the application Table 2. 2 belom1 unnarlz s th
application 5 conditigﬁ?;e 2.2 below the g Elon
El ectrostatbc conditionsApplication by application to a 100x
i mMmersion to a 100x100x 100xI mm steel plate .3 mm st eel
pl ate Snmoot h substrate Snmoot h substrate
ES negative -20 kV  SEBbleae2preheating in 2.1 Melting in
ventilated ventilated oven 10 nin oven
at 330[err]C rr—at—220tqr 1€ . A—s—rmers{on in
f1ui di zed bed| Product EleCtrgﬁGPtBFastec Application by gyps{rate
: application to a 100x | immersion to a 100x100x
100x1 mm steel plate 3 mm steel plate
Smooth substrate Smooth substrate
ES negative -20 kV Substrate preheating in
2.1 Melting in ventilated| ventilated oven 10 min
oven at 330°C
4 min at 220°C- 4 s immersion in
fluidized bed
Shot-blasted
substrate .
2.2 ES negative -60 kV Same as in 2.1
Melting in ventilated
oven
5 min at 140°C
Shot-blasted
" substrate
2.3 ES negative -60 kV Same as in 2.1
Melting in ventilated
oven
5 min at 220°C
10 The films obtained cool freely in the ambient
air.

The films obtained by electrostatic application
have a thickness of 110 + 20 pm, by immersion of
400 + 50 pm,
15
Evaluation:
The combined plate plus film is then evaluated
in the saline mist according to NF Standard X 41 002.



2.2

ES negative -60 kV
‘ventil at ed
Shot - bl ast ed
kV Same as in 2.1
oven
cool freely in _the a

sopere

el ectrostatic
I mer si on of
The conbi ned p
according to N Sta

oven
substrate

Sane as in 2.1

BEY Gtoss il rhe GROHGTE

v1s¢ﬁﬂl&emﬂodﬂhﬂi§rdun.

% 5L;Eglggoé$?n eval uat ed

Mel ti
5 mn at 140

2.3 ES negative

-NEfting in ventil ated
The f11m5 rﬁ:ﬂe atiné28karrdé fa¥0 as the mEtQIfi LiBHOb4 ai ned

The filnms obtained b
SFOTRF I 135 FpeFBITS

1Gomplete corrodml uabrPEsponds

in the saline m st

ng in
[err]C
- 60

- 17

- The f%lns are |nEabéd as3f delay t¢ellatted theh nesultsdi olfombhedr oss
and the grow h ;¢4 «¢0bE@ShB0ArkScfEastHgd mist Visually fromthis cut.

“Conpl ete corrosion corresponds
2.3 below collates the results obtained
Produghble 2.E&l ectrostatic

application to a 100x inmersion to a 100x100

platp

2.1

to agrowh of 35 Mm 5
after

250 hours of saline
Application by

Tabl e

m st .

100x1 nmm st eel

Conplete corrosion

20 mm

Table 2.3
pl ate x3 muo.steel
of corrosion | Produd: 2

‘blisters of

Electrostacde r osi

100x1 mm steel plate

on

Conpl et g %%5&98&990n to a 100x

Application Byunero
immersion to a 100x100
x3 mm steel plate

S

Complete corrosion

20 mm of corrosion

12 mm of corrosion

Numerous blisters of

4 mm mean diameter

Complete corrosion

1 mm of corrosion at
the cross

1 mm of corrosion at
the cross

10
2.2 Example of the formulated products PA-11
and terpolymer 1/

15 Table 2.4 below summarizes the composition of
the mixtures produced in a blender at a temperature of
between 190 and 210°C and with a residence time of the
order of 30 seconds. They are based on pure (also
called natural) PA-11 or else white PA-11. In this case

20 the PA-11 is coloured with 100 parts by weight of white
pigments.

Table 2.4
Product Natural PA-11 White PA-11 Terpolymer 1/
2.4.1 1000 ' 80
2.4.2 1000 150
2.4.3 1000 80
2.4.4 1000 150




4 mm nean di anet er 2.3 1 nm of corrosion at 1 nm of corrosion

at the cross - the c¢ross 10 2.2
Exanpl e of the formul ated products PA-11 and terpolymer 1/

Formul ae and characteristics of the powdess- before application: 15
Tabl e 2.4 bel ow SumrTﬁ@Sp&Baueegp%%et'&bxﬁid in WP )‘E&réﬁtﬁﬁ.ﬁd%@e‘j in
a bl ender at a tenperature of tween 190 and 21Q[err]C. and with a

resi dence ti mePeWdeReof C%Y%?tlfﬁnaéo R¥ile FhEG EPE FRRIFHEFYRTe (al so
call ed natural an’é\héloﬁé ﬁéﬁ@ V\bytﬁhé’peﬂéctﬁdbﬂa{ﬁl% qrare2@ridie doAthk i s

coloured with 100 ga.i;1 we ht, of P! gnents. Tabl e
2.4 Pr oQbRE Rﬁ‘?ur Hnme%qne YeR-Er  Terpol ymer 1/ 2.4.1
1000 5 The powder8(obtained Deffcre applicHii®n consist

150 2.4 00 4
1000 o§ 1502 polyamide matr:E:Q containing %Q)%les ot

The products atrerpebymer ¥/ or §beseo pilssisn being gergariallrohatitaemal
particle size oi ZRB! hCAAPMN gizePN the one hand, by the electrostatic

route and, on the ot her hand, by the immersion route. 5 The
powder s obt ai ned before application consi st of . a pol yam de matrix
contai ni ngo nodul es a®blicatidipol ymer t hese phases bei ng essent lally

Rle][ Wteﬁg subs?r;t 22da(r)e‘§35{1bj%%t 3i8gfg gﬁ?egél n&ubjecgﬁg E’l ICﬁ% atSlﬁlg bef ore

the applicati oand shot-blastirhéefammnditel epplicefionapplication by an
el ectrostatic and i megsgion LBHEer6Rst hosH setﬁﬁm&m by an

electrostatic and immersion route are those set out in
15 Table 2.2 in the case of product 2.3.

Evaluation:
The combined plate plus film is next evaluated
using saline mist, according to NF Standard X 41 002.
20 The films are incised as far as the metal with a
diagonal c¢ross and the growth of the corrosion is
measured visually from this cut. Complete corrosion
corresponds to a growth of 35 mm.
Table 2.5 below collates the results obtained
25 after 2 000 hours of saline mist.
Table 2.5

Measurement of the corrosion (expressed in mm)

Product Electrostatic _Application by
application to a immersion to a 100x
100x100%x1 mm steel 100x3 mm steel
plate - plate
2.4.1 6 _ 4
2.4.2 5 ' 3
2.4.3 4 8
2.4.4 5 5

30



15 Table 2.2 in the case of product 2.3. Eval uati on:

The conbined plate plus filmis next eval uated using saline mst,
according to NF Standard X 41 002. 20 The filns are incised as far as the
netal with a di agonal cross and the ggrowth of the corrosion is

neasured visually frogyt H 61601 £ 955 M mer © z”;,_ a
bel ow colT at the results obtained

gromh of 35 mm . .
25 after 2 000-QSo@BICFLON

Measur ement  ofygh [0S
El ectrostatic Ap , by | application to a
i mersion to a 100x Direct aPPllcgtlon 100x3 mMm

HhAw0,PriWeLst ee

st eel 5 ] e 3

6 . . 2.4

2.4.3 hefore,application: 8 2.4.4 5

5 30 Table 3.1 below summandizes the composi3jichheofrafting

of the terpol r Bl .+ nere .he a ' [ L SO0 W hat
obt ai ned vvithX:t enﬁXtuE%ﬁnﬁ?ggeFe%%olay% {é; a& Cémtpéﬁﬁ‘ D%écPOf
appl i cati on wikef¥genplidfeands 210°C and myithy|seresifiencendiimea f sthes of

the powdeps ordelef 8te BPPRAEHALN: They are bas&P! en3. pubel oyasswmari zes
t he conposition xtures produced in a blender at a tenperature

gf t he g1
of bet weer2669aRGt3 8 Lr PACIAnd with a residence tine of the 10 order
of 30 seconds. TheyThar eropaseilonenshovwe ateél svpressedliredoaetsiriay )

PA-11. weight (i.e. 5 parts means 5 g in 1 000 g of PA-11).
The products obtained are ground in order to

size for

15 obtain a powder of conventional particle

Before application, the product is a powder in
the case of which one of the terpolymers 5/ to 8/ is
present in the polyamide matrix in the form of nodules

20 less than 60 pum in size.

Table 3.1
Product | Natural | Terpoly- | Terpoly- | Terpoly- | Terpoly-
PA-11 mer 5/ mer 6/ mer 8/ mer 7/
1000 40
1000 40
1000 40
1000 _ 40
13 on :
25 The substrate considered is degreased and shot-
blasted steel. _
The other conditions of application by

immersion are those set out in Table 2.2 in the case of
product 2.3.
30



The proportions shown are expressed-in parts by weight (i.e. 5 parts
"means 5 gin 1 000 g of PA-11). The products obtained are
ground in order to 15 obtain a powder of conventional particle size
for application by the imersion rouyg.. Bef ore application,
t he product is a powd Vin . the case of which one of the terpolyners 5/
to 8/ is pr esent %Lﬁéﬁéﬁﬁgpyanide matrix in the form of nodul es 20

| ess than 60 [err] mi mfdieze. application, Tiel ea@hdsion is Pewdlivatelt ural

‘I§;p0|y Terpg%%a E§§pqgﬁ: eEHQHé%glicatiES in acgéié;ncenﬁﬁégg NFTEr 6/

40 3. 3 StandapghF 58-112. 40 3.4 1000
40 5 Appl IR 450 to 4 is GiGeAURS! aakeneeﬂéhdSEeéhés
.degreased and shot - bl ast ed steel . her condi tions
- of appl i cat i¥hesigp obtaingdision are those set out |n Table 2.2 in the
case of product 2.3. 30 Class 4: the film cannot be separatd@ -
Eval uati on: f%@ﬁ %glécation, t he adhesion is eval uated

one day after the app/itch Mi-8ccordance with NF Standard T 58-112.
5 A score of 0 to 4Cilssgi 8enthe &ilunstpanabést hereguladhesi on
obt ai ned: S; 4 ' n p ted ¢
fromthe rlngt al the bondqr%s cgaélé%%nb§g?mg§e§%ra}ftezg?r r egul arly,
10 t he bondlﬁ@e|§ué§ﬁ§ﬁete over at |east 50 % of t he
surface Class 2: the film separates irregularly,

the force necessary for tearing away is high
and is at the limit of the strength of the
15 material
Class 1: the film separates from the
surface easily, the bonding is weak
Class 0: the material exhibits no
bonding to the surface.
20 The classes with intermediate properties may be
scored 0.5, 1.5 and so on.
Results:

These are summarized in Table 3.2 below:

25 Table 3.2
Product Adhesion
3.1 2.5
3.2 3
3.3
3.4 3.5

30

Table 4.1 below summarizes the composition of

the mixtures produced in a blender at a temperature of



Class 2: the filmseparates irregularly, the force necessary

“for tearing away is high and is at the limt of the strength of
the 15 mat eri al Class 1: the film separates
fromthe surface easily, the2iording is weak
Olass 0: the bEELBEhNg0 GKAIDILSC B with a residRARAl R d i face.
20 The cl asses with internedi ate properties nay scored 0.5,
1.5 and so on. °rder of 30 @gagands. They are bpsede ahe B%m?rarﬁazle&? in
Tabl e 3.2 bel owalledSnatural) pHAable 3.2 Pr oduct
éfjgeSI on Thegélegcamples are ordereg_go a%' %o follow the
4 5 modi$idations by the terpolymers355 (or derivatives4/ dfr onoter
of adhesi on an f sion, coupled with EVOH - SYNERGY
. he' c p
effect 30 ¢ %B?E%:ft%% i5h yvr\[n?etiggu/lt pri mer For mul ae

and characteristics of Tbﬁepp@pﬂétsons Swrl)raxaam‘xpmaedn in parts by

Table 4. 1 bel owesymumyizes & NoaomRsiid 8 Plin 1 0bhegmbytpep; produced in
a blender at a tenperature of - 21 -

between 190 and 210[ er F1€ F@UCER 2T TG LRneTEeTt He obtatder of 30
seconds. Tey poedbasefl conpern€idmdspartidial |GGanaHIH appbiRAation b
These exanpl es ALe; g%ed $O..as to followthe 5 ™nodificatio
terpolynmers 5 the coupling with ter.polyner
The proportions shown aeéoe«pra@:piedatmopar tthebypowder consists of a
polyamide matrix containing nodules of terpolymer 1/,
these phases being essentially between 0.1 and 0.5 pm
15 1in size.
In the case where the powder also contains a
. terpolymer 5/ to 10/, the latter is also present in the
polyamide ‘matrix in the form of nodules essentially
smaller than 60 pm in size.



wei ght (i.e. 5 parts means 5 g in 1 000 g of PA-11).

The

.products are ground in order to obtain a 10 powder of conventional particle

si ze for appl
application, t

Bef ore
- 220l yam de matri x containi ng

cation by the i mersion route.
he powder consists of a

nodul es of terpolynmer Yyhi1e 4.tihese phases being essentially betweéen 0.1

cand 0.5 [err]m 15

contains a .

in size.

terpolyner 5/ to 10/, the latter is also present in th

In the case where the powder al so

pol yani de natrigig&hégugﬁégupéy: nodul es essentkabbYymerssmaller than 60
[err]min sizaq. - 22 -
Table 4.1 Produc Baqld al Terpol VARLS
PA-11 5/ |6/ 8 | 8§ | & | By | 8x] 1/ |10/ |#MA| 1/ 1000
igoo 43'2 £1 | 1000 | 40 80 44 doca |17 40
4.5 1000 4.2 40 1000 B0 4.6 80000
1000 - £37 [4o1000 e g, 0 g 804°
80 4.10 41000 1000 40 40 4 11 1000
2913 1000 | 4:5 “1000 | “F 40 |, 80 414089 §000
40  4.15| 4.000| 1000 40 40 |80
b bsted stesl 47 | 1080 0D e ool ol —adeiicacion] by
i mrer sion are|thded sef olif0Dn Tablel 2.2 lin the4@age of

4.9 1000 ' 40 80

4.10 1000 40

4.11 1000 - 40 80

4.12 1000 40

4,13 1000 40 80

4.14 1000 40

4.15 1000 40 | 80

Application:

10

15

20

The substrate considered is degreased and shot-
blasted steel. ’
_ The of by
immersion are those set out in Table 2.2 in the case of
product 2.3.

other conditions application

Evaluation:

The initial adhesion of the films to substrate
is measured before the saline mist test and after
1000 hours of this same test (see part 2/).

The evaluation of the adhesion is carried out
as in 3/ on the film coating the plate on both sides
and not slashed.

Results:
These are summarized in Table 4.2 below:



product 2. 3. 10
the filnms to substrate
after

Eval uati on:

The initial

is neasured before the saline mst test and

1000 hours of this sanme test (see part 2/). _
eval uation of the adhesion is carried out23l5as in 3/ on the filmcoating

the plate on both sidesgpie @and not sl ashed.
These are summarized in Table 4.2 below 20

The

Resul t s:

- 23 - _ Tahle 4 2 Pr oduct Initial adhesion Ad
after 1000 h qof product | Initial adhesi&®l|i NBdhe$idSt after 1000l h of
2.5 0.5 4.2 1.5_, ,
4 3 3 5 1 4 galine mist 4
0.5 4.9 4.1 4 2.5 2 0.5 4.6
2.5 4, 4.2 (.54 1.5, o i.b 48
4.10 3.3.3 3.5 1 4. 11 1 i 4
5.5 4.12 4.4 32 34.1ﬁ O.g 0.5 4. 13
4.15 44.5 4 2 2The follow ng
-exanpl e iIIustrq{%s t he 4 0.5
4.7 4 1.5
4.8 2 0.5
4.9 4
4.10 3.5
4.11 4
4,12 0.5
4.13 3.5 3
4.14 3
4.15
The following example illustrates the
5 improvement obtained by formulating the natural
product:
'Formulae and characteristics of the powders

adhesi on of

si on

10

before application:

Table 4.3 below summarizes the composition of
the mixtures produced in a blender at a temperature of
between 190 and 210°C and with a residence time of the
order of 30 seconds.

0
4



5 i nprovenent obtained by forrmulating the natural product:

‘Formul ae -and characteristics of the powders ~ before application: 10
Tabl e 4.3 bel ow summari zes the conposition of the m xtures produced in
a bl ender at a tenperature of bet weerz4l30 and 210[err]C and with a
residence tine of the ab'l%r %e_@ of 30 seconds.
- 24 - Tagie : Pr oduct Nat ur al Ter pol yner s
Pi gment s . Antj oxi dant PA-11 (Ti @
carbon and spreadj . et Cp) genmt atsogs 5/
1/ 4 1E :@géu%go() Natural 4 ffpﬂ)ﬁ%iﬁOO P)gzinsnt@ EOA;.thdeaanL 5
1000 40 80 ol 9 (Ti0z, carbon | /a5l PrReeR&R? 4nd
eval uation: § The conditions of apphhgatiens are tharsane as
t hose in Exanpre 2. 2. g evalfuation 15 arried out |jusing
‘the sane method as that dedcrtbed i A/t i
Resul t s: ¢.10 Thesegp@re |sunmarli zed ijn Table 4.4 el ow.
They hi ghli ghtfTThe cru¢i al_1 nportance |of _t he formul agion 1or the
‘properties. |j154-11 10§8%h1 ¢ 449 80

4,12 1000 40 80 120 . 9

Application and evaluation:

5 The conditions of applications are the same as
those in Example 2.2. ) ‘
The evaluation is carried out using the same

method as that described in the preceding example.

10 Results:
These are summarized in Table 4.4 below.
They highlight the crucial importance of the
formulation for the properties.

15 Table 4.4

PRODUCTS 4.10 4.11 4.12 4.12
Methcd of application
I: immersion I I I ES

ES: electrostatic

Initial adhesion 1 4 4 4

Saline mist period for the / 1000h

adhesion to become lower than 1.5 Adhesibn = 1 | >2000h >2000h

Adhesion at 2000 h 0 0.5 2 4
The following example illustrates  the

improvement obtained by formulating the natural product
20 with the grafted derivative of the terpolymer 5/,
Terpolymer 6/:



PRODUCTS ' 4.10 4. 11 4.12 4.12 Met hod of

application . [ : 1 mrersion I I I ES
ES. electrostatic Initial adhesion 1 4 4
4 Saline mst period for the {4 25 - 1000h adhesion to

becone | ower than 1.5 Adhesi = >20 .>200 A | at
2000 h 0 Foqyg?&% a882 cﬁaraé%é¥¥%t1c% g? th?hgggéaégﬁlomjng

exanpl e i || bstfiogeeg@pplichgion: inprovenent obtained by formul ating the

natural product 20 W ifyp1hg, sONGHIRd sSfhd YAldyetnel cdp@sikgbpol yfrer S/,
Ter pol ymer 6/: -25 -

Formul ae and ch&eadigtiuigsc Prorduced gonwderzslendenartord MRS YGh: of

Table 4.5 bgl oWesw@em 11205 drte XIQMOUd Wit a reditRoBextiings ¢ oghweed in
a blender at a tenper%tgre of 38 bet ween 190 and 210[err]C and with a
f

resi dence tine°5Asthet 30 §egeR 30 seconds. Table 4.5
Product Nat ural Ter pol yner s Pi gnent s Ant i oxi dant
PA-11 I reg], carbon and spreadi ng bl ack,
etc.) agent taBrd 95 5 6 1 4.12 1000 40
80 120 9 4.5 1000 40 80 __4.13
1000 . 4( ProSQQ,Ict Natu]r%Q Terpolymegs 10 Pigments %QLJ))&%EBQn and
-eval uati on:
. PA-11 (Ti0y, carbon | and spreading
black, etc.) agent
5 6 1
4.12 1000 40 80 120 9
4.5 1000 40 80
4.13 1000 40 80 120 9

10 _
Application and evaluation:

The conditions of applications are the same as
those in Example 2.2.
The evaluation 1is performed using the same
15 method as that described in the preceding example.

Results:
These are summarized in Table 4.6 below.
They highlight the importance of the
20 formulation and of the grafting of the EVOH on the
ageing properties of the coating in the saline mist.

Table 4.6
PRODUCTS 4,12 4.5 4.13
Method of application I I I
Initial adhesion 4 4 4
Saline mist period for the >2000 h 1500 h >2000 h
adhesion to become lower than 1.5 Adhesion = 1
Adhesion at 2000 h . 2 1 3.5

25



.The conditions of applications are the sane as those in Exanple 2.2.
The evaluation is perfornmed using the sane 15 nethod as that described in
t he precedi ng exanpl e. Resul ts: These are
summari zed in Table 4.6 bel ow - 26 They  highlight t he

irrpo[] tance of  the ¥ Efsoraﬁﬁttloataip@mmaﬁm@{yt&aﬁeﬂr@méi@ngMéf\e A)EVOH
'?‘ra]_b][ ee4 5 ageuggpﬁgggr '[alsesa O'&rg,h% %’[I nrg LN i’iﬁ- sal CI:(SIISE g or I)|Ot13

Met hod of appl icoailed with thel EVOH Initial adhesion
4 4 4 a ]: 9% f he >2000 h 1500 h
>2000 h adhesi on t(I)) rgggrrg gﬁg%ﬁ:?ﬁ it %&ﬁél on = Adhesi on
at 2000 h 5 3 5 25
- 26 - 5/ %%@iﬁ p@llg Llity Rabh¢; £opol ﬁﬁ% (A¢p S
added as a dry blend or—Tm u%% couaP p#ﬁ 2 8 'nth t e EVOH
Direct appli catqetiiﬁ?qmﬁé”utz/pﬂﬁnéfide@ as a dry blefE*B(AI\/PLE 5.1: Auto
applicability when t he terpolymer 1/ is added as a dry blend
Formul ae and characteri StICi of th pvvders 10 _ hef ore apl i cation:

E = araCt H 2 Q S aia

1.5 kg of PA-11 powder —-w e >=Vals
terpol ynerid/ pafdee applﬁ.t:aeloﬁ parts by rrass) wth a partlcl e Si ze

smal |l er . t han 60 [erlr.]smkgar eofchaﬁzg_eijl [ négwge; asg,lghxer of Hrﬁ,peslcg}leg

viscosity of 0.9, and 7.5 g of terpolymer 1/ powder

(i.e. 5 parts by mass), with a particle size smaller
than 60 pum, are charged into a fast mixer of Henschel®
15 type.

The PA-11 considered is pigment-free (natural
formulation) or else contains 23 mass$ of white
pigments (white formulation).

Both formulations contain approximately 2 mass$

20 of spreading and antioxidant additives.

The mixture is stirred for 100 s at a speed of
1800 rev/min. The powder obtained is used as it is.

In this <case, since the polymer additive
powders are mixed with the powder before application,

25 1t 1is no 1longer possible to speak of a multiphase
structure of the powder. On the other hand, the final
film has a structure containing nodules of
terpolymer 1/ close in size to that of the grains of
powder of this same product added as a dry blend.

30

Application:

The powder obtained above is deposited at

ambient temperature by electrostatic spraying onto a

steel plate which has previously been subjected to

35 degreasing followed by a mechanical or chemical surface

treatment (shot-blasting, phosphating, etc., see

Table 5.1 Dbelow). The metal surface 1is at zero
potential during the application. ’



15 type. The PA:-11 considered is pignment-free (natural

formul ati on) or else contains 23 mass% of white pi gnents (white
formul ati on). Bot h formul ati ons contain approximately 2 nass%
20 of spreading and antioxi dant additives. - : The m xture is
stirred for 100 s at amléeeibnm‘med PG reMign powdée pewdererobisitared i s
used as it is. In thjs case s nce, t he olyner dd|t|ve
powders are m YedPRUEN W 10ud et Her dr &€ i 8% ens gy al|n§dn | onger
possible to gpedk, ehera dul siphas€or 5 mimmmnsnandﬁ ¢ hehgrowdsmovedh t he

ot her hand, th cont ai ning nodul es
of terpoly%é?mlﬁhgl8¥8L|LH§|%£ ti%?eﬁy:#%e grai ns of powder of
this sanme psoduct added as a dry bIend 30 Application

The powder obtai ned ab@%%lh§tngOSIted at anbi ent tenperature by
el ectrostatic spraying-onto a. steel(glate whi ch has preV|oust been
subj ected to 35 degreg@@ngf#éWIOQEEﬁ%ﬁﬁ AEch8XRPARCEr EherfEd8T T ace

treatment (shefet @c@StWHche@h_Qfdﬁbaidllﬁ@ ofetp?owdeﬁe@as tdebh e Flace

ggLF?@étiZE? nEt§£g %grfa %Vlhg @ﬁls 1s reveaf(ﬁggéléh (hgégghégua

conbi ned piat ew;ildles poeder icE t heetdlkewhich aréhoubtwaidoatgd | midcha

ventil ated ove E&gbned at 220[err] C, where it stays for 5 mnutes
and is then rehoved fromthe oven and cooled freely inair. 5

Eval uati on: The filmobtained is examned in order to

detect whether debondi Rgtigh FRWRED thay ﬂsa@fdyn@ae accor@iirdig:d he
stoving. This is revearéd_by_ghE“PTesenc ar eas met a
which are nottlecddd@vwing Griteriay vanide. A ratlng from O

to 4 is perfornmed accocdaBg 00 No more coating on the plate, all the
coating has fallen off in the oven.

Class 1: At 1least half oﬁ. the coating has
fallen off during the melting, leaving the metal plate
bare.

20 Class 2: There are a few points of debonding of
the coating, generally at the edges and at the corners
of the plates.

Class 3: No debonding. Presence of wetting
defects: bubbles, craters etc.

25 Class 4: The coating is stretched and does not
exhibit any wetting or spreading defect.

Results:
Tables 5.1 to 5.4 collate the results as a
30 function of the base PA-11 powders and of the
application conditions:



the follow ng criteria: 15

Class 0: No nore coating on the pl ate,

all the coating has fallen off in the oven. Class 1: At
| east half of the coating has fallen off during the nelting, |eaving
the metal plate bare. 20 Ct &% 2: There are a few points of
debondi ng of the cagfyirgs.generally at the edges and at the corners
of the plates. ———Cfass 3: No debondi ng. Presence of wetting
defects: bubbles, craters etc. 25 Class 4: The coating is
stretched and does not NATURBIhIPDWDERNXPRELIED NEDITIT BRISAdI+H3) daflect .
Resul ts: fablTes 5. [ to 5.4 colTate the[results as a 30 _fuhction
of the base PASEPBHWIEES: and pf PYAYF withou§naddidist i pn WA tioPfe™s of
- 28 - Table 5.1 NATdARALmEONDER APPLI ED
POSI TI VELY (+30 kV% Sunpprt: steel; Pojwer wi t h(%ut additive
Powder + 5 parjsBighiasted 1
terpol ymer 1/ | smootk sShot - bl ast ed 1 1 4
4 smoot f ixr phosphati (} 2 4
| ron phosphat ipr§=—E—="P22="18 8 2 Zfre
phosphat i ng Zinc phosphating 3 3 3 3

Degreased galvanized 3 4

smooth covered with 3 4

storage oil

5 Table 5.2
NATURAL POWDER APPLIED NEGATIVELY (-60 kV)
Support: steel: Powder without additive Powder + 5 parts of
terpolymer 1/

shot-blasted 1 4

smooth 1 4

Izon phosphating 0 2

Zinc phosphating 3 3

Degreased galvanized "3 4

smooth covered with 3 4

storage oil

Table 5.3
10

. WHITE POWDER APPLIED POSITIVELY

(+30 kV)

Support: steel:

Powder without additive

Powder + 5 parts of

terpolymer 1/

shot-blasted

4

smooth

4

Iron phosphating

o I N

2inc phosphating

Degreased galvanized

w W W

smocth covered with

storage oil




Degreased gal vani zed 3 4 snoot h

.covered with 3 4 storage oil 5
Table 5.2 NATURAL POADER APPLI ED NEGATI VELY (-60 kV)
Support: steel: Powder wi t hout - addi29 ve Powder + 5 parts of
terpol ymer 1/ shot - bl ast ed 1
4 snoot h 1 4
| ron phosphating Table 5.4 ¢ 2 Zi nc
phosphati ng 3 3 Degr eased
gal vani zed SinrTg POWDE&@,EF%E%NFGATIA'VELY (-&3TRH" covered wth
10 suppor¥Wkdde: PONDER ARBLY ERnBESLdLEMEL Y| ( +38akV) 5 parts oBUPROrt:
steel : Howder wi thout additive Powder + 5|parts of
‘terpol ymer 1 shot—blasted g terpolymer 1/

shot-blasted 2 4

smooth 2 4

Iron phosphating 1 3

Zinc phosphating 2 3

Degreased galvanized 3 3

smooth covered with 3 : 4

storage oil

5
EXAMPLE 5.2: Auto applicability when the
terpolymer 1/ is added in bulk
In this example the terpolymer 1/ is mixed in
bulk with the polyamide.
10

Formulae and characteristics of the powders

before application:

Table 5.5 below summarizes the preparations

carried out in a blender at a temperature of between

15 190 and 210°C and with a residence time of the order of
30 seconds. The product obtained is next ground in
order to obtain a powder of conventional particle size
for application by an electrostatic route.

One natural, one white and one grey powder are

20 thus exemplified.

The white powder contains 10 parts by weight of
white pigments, the grey powder approximately 19 parts
by weight of pigments and 9 parts by weight of
spreading agent and antioxidant. '

25 The proportions shown are expressed in parts by
weight (i.e. 5 parts means 5 g in 1000 g of PA-11).

The structure of the powder obtained is
comparable to that described in part 3/.



snoot h 2 4 I ron

“phosphati ng 0 . 3 Zi nc
-phosphati ng 3 3 Degr eased
gal vani zed 3 - 30 - 3 ~snmooth covered
W th 3 Table 5.5 4 storage oi
- 29- Tabl'e %.4 ) VH TE POADER APPLI ED NEGATI VELY
(-60 kV) . Support: steel: Powder without additive Powder +
parts of Product Natural White Grey Terpclymer 5/ @r p&IpY¥IRE: 1/
shot - bl ast ed 2241 PA-11 Pa-11 | BtnyleneSTRQL |
2 4 I ron phosppating I 3
Zi nc phosphat iing 2 3 Yreased gal vani zpd
3 3 srojoth covbred wit acetage 4
'storage oil % 5.1 1000EXAMPLE 5| 2: Auto|l appllicabillity when |the
terpol ymer 1/ |i d noobul [k I n thisoexanplle the terpol yner
-1/ is mxed in K Wih [[hggqpl yam de. [0 40 Formul ae and
characteristi¢ powcter(s before—apptcat o Tapl e
5.5 bel ow su j Lhe—g#epaﬁgﬁﬂbns—————ea n t—-nla—blender—aty a
temperature of_betheepn 1000 80

5.6 1000 150

5.7 1000 80

5.8 1000

5.9 1000 40 80

5.10 1000 80 40

Application and evaluation:
5 These are of the same type as in the preceding
example,

The applications by electrostatic spraying are
performed on 100x100x1 mm previously shot-blasted and
degreased steel plates.

10
Results:
These are summarized in Table 5.6 below:
Table 5.6
15
Product ES positive +30 kV ES negative -60 kV
5.1 Class 1 Class 1
5.2 Class 1 Class 1
5.3 Class 1 Class 1
5.4 Class 1 Class 1
5.5 Class 4 Class 4
5.6 Class 4 Class 4
5.7 Class 4 Class 4
5.8 Class 4 Class 4
5.9 Class 4 Class 4
5.10 Class 4 Class 4




15 190 and 210[err]C and with a residence tine of the order of 30

seconds. The product obtained is next ground in order to obtain a
powder of conventional particle size for application by an

el ectrostatic route. One nat wlal-, one white and one grey powder
are 20 thus exenplified. The white powder contains 10 parts by
wei ght of white pi%gpnts, the grey powder approxinmately 19 parts by
wei ght of pignents and EEEE§:H32géEgE%EiﬁiQEELgﬁﬁiguﬁﬂii:agent and
anti oxi dant. 25 ApplReaRhieRobiesNsr Sheown are expressed in parts by
weight (i.e. 5 parts neans 5 g in 1000 g of PA-11). The
structure of the powder obtained is conparabl e to that described
in part 3/.5 Formulae and characteristic30 of the powderable
5.5 Pro R Ite G ey Terpol ymer 5/ Terpolynmer 1/
PA-11 PA-11 o AR o 00! ny|

al cohol - vi nyl Tablgcét it elow swmmarizegophe composition of

40 5.2 th%og%eparations produced in180v1ender 228 a terréperatuxjé)oo

40 5.4 1000 o 100, 5.5 1000

80 5.6 ofidwEween 190 and 210°C and with a resiggpce timeg of

1000 10 the order of 30 s&8fonds. The8product obtalf@8 is nestt 9
1000 40 . 80 5.1 ..1000 . 80

20 ITORBS) iUt | R EQAPDAREBN:® BOWIST Of SYPTADAY ¢ he

sane type as i parfiécieesédengor apekibegttion by immersionThe applications by
el ectrostatic sprayi ng ke propolfibR5 MEoRl FPOXdA0xds4uR PIEL AU Yoy

shot - bl ast ed and o
weight (i.e. 5 parts means 5 g in 1000 g of PA-11). The
15 PA-11 considered has a number-average molecular mass,

measured by GPC: Mn = 20 000 g/mol.

Table 6.1
Product 6.1 6.2
Polyamide-11 1000 1000
Inorganic fillers 155 155
Terpolymer 1/ 80 0
Good Rite 3114 antioxidant 10 10
20
Application:

The metal substrate, 100x100x3 mm in size, is
shot-blasted, degreased and precoated with a phenolic
epoxy primer marketed by E1f Atochem under the name

25 “Rilprim® P23V40”. This primer is approximately 20 upm
in thickness. The powder is next applied by immersion
after preheating the article for 10 minutes at 300°C,
The immersion lasts from 4 to 8 seconds in all and the
article 1leaving the fluidized bed 1is stoved for

30 5 minutes at 220°C and then subsequently cooled freely
in air.

The coating thicknesses obtained are of the
order'of 400 £ 50 pm. -



degreased steel plates. 10 Resul ts: These are

summari zed in Table 5.6 bel ow Table 5.6 15 Pr oduct

ES positive +30 kV ES negative -60 kV 5.1 Class 1
Class 1 5.2 Class 1 - 32 - Class 1 5.3
Cass 1 @SSzt ion: 5.4 Cass 1

Class 1 — . ©<Cass 4 Class 4 | 5.6

c ass 4 dhss plptes thus gcopted are test@cgs%cqprdlng to

Class 4 I &tandard 2733C ass 4 Class 4 5.9
8::: j c%haeSS t4op plate 5'ilso e_xaériin_ed %I Sesr4500 6‘7nd

Wat er - heat e6 belthd durnurst esf 2&88: and the resulppl Bcet iommanErzepy | ier 5
Formul ae and r gristics of the powders . before application:
Table 6.1 bel ow sunmari zes the conposition of t he preparations produced
in a blender at a tenperature of between 190 and 210[err]C and with a
residence tinme of 10 thg@r ger of 30 seconds. The product obtained is next
ground in order to obtain a powder of conventional particle size for
application by inmmersion The proportions shown are expressed
in parts by yerghlatiog. t&stpadtg neans 5 glin 1000 g of PA-11). The 15
PA- 11 considerﬁgxhéf a nugn%r-%verage nol ecul ar] nass, measur ed by|GPC
Mh = 20 000 g/ 0] ours o es

Approximately 60

Number of blisters NONE (blistering 3M to 2F

. according to ASTM
Standard D714-56)

Blister size / 2 to 6 mm

1000 hours of test

Number of blisters NONE /




Table 6.1 Pr oduct 6.1 6.2

‘Pol yam de- 11 1000 1000 Inorganic fillers
155 155 Ter pol ymer 1/ 80 0
Good Rite 3114 anti oxi dant 10 - 33 - 10 20

Application: The metal subsirmfs 100x100x3 mmin size, is
shot - bl asted, degreased and precoated Witha phenolic epoxy pri mer

mar keted by EIf At ochem under the name 25 "Rilprim P23V40". This prinmer is
approxi mately 20, [ err] mompodiftitthi cknesgudiing powdsr aits neddasappl i ede by

I mer si on after preheating . the article for 10 m.n S rr] C
The i nrersion Ipé’sltysa“f&ldﬁm ?lnqog% ge%dso??l &opoi%efhgg? oaftar%g%geﬁliéavi ng
the fluidized bedh sast ceastf 0on80 cdnariametreschese0[feron] maadtuh@hed
subsequently c #%?x&ﬁﬂ%!¥§g§d.'n SEegs of _unsatdP£t&QalEQBpLR) ckaesses

obtained are of t 0 of 4 %err%m . _
- 32 - Ralldsatdrorinyl estergeop| spéyrahad carbewvhie aekdepend
according to | SQiSt adald i4733wder formIhe top plate is exam ned after 500

and 1000 hours of test and the results %r.e summayii zed . in Table @.2.
Table 6.2 Fdrnul at i GPmR&Siddon aceprding to Claim 3, gy ‘HbIFS’ 5 Ot est
Appr oxi mat eby abgduivher qi)bl iist erss copolNaldr of (Etlstlarieng &M t co2F
according to A%EMth)acrylic acid or a copolymer of ethylene and cf an
ester of (meth)acrylic acid, or a copolymer of ethylene
and of vinyl acetate, these copolymers optionally
including grafted or copolymerized unsaturated
15 carboxylic acid anhydride units.
3. Composition according to Claim 1, in which the
copolymer (A) 1is a copolymer (i) of-ethylene, (ii) of
(meth)acrylic acid and/or of an ester of (meth)acrylic
acid and (iii) of an unsaturated carboxylic acid
20 anhydride, the said copolymer (A) being grafted with a
‘monoamine product.
4. Composition according to Claim 1, in which the
copolymer (A) is a copolymer including ethylene units,
unsaturated carboxylic acid and/or unsaturated
25 carboxylic acid ester units and unsaturated epoxide

units.

5. Composition according to Claims 1 to 4, also

including EVOHs and/or PVALs.

6. Composition according to Claims 1 to 5,
30 including EVOHs and/or modified PVALs.

7. Composition including (1) at least one

polyamide and at least one EVOH and/or a modified PVAL
but not including the copolymer (A) and (ii) being in
powder form.

35 8. Composition according to Claims 1 to 7,
characterized in that they are [sic] in the form of a
polyamide matrix in which are dispersed nodules (i) of
copolymer (A) or (ii) of copolymer (A) and of EVOH

-

Ll



Standard D714-56) Blister size 2 to 6 nm 1000
hours of test Nunber of blisters - NONE / '

- 33 - CLAI M5 1. Conposi tion

i ncl udi ng (i) at | east one pot y¥ride and at | east one copol yner

(A) of ethylengndy tde %&f@ﬁéd e GRARDOARIG CRaSeNof I oM LNSaE upabed

carboxylic acids, esters of_ unsaturated carboxylic aci ds or vinyl
esters of sat urtiH®L &fhaegiitdedcF¥aland - (ii) being in powder form
2. Conposi tg on acccacdnpwlttqoﬁl aimitudirn; waitchl édet 1@necopolyameidéA) is

I f th I I
of ot byl one andUKER 2R8 a5 a5t (AR HERISH | Brad OB B Top By raF o
et hyl ene 5 argthoflerienylwiztet atte, lehese onpolynmosomprlooh¢$gn from
1 ncl uding grﬁés%dcuréa%d %%g%)ég?yzzeé’cmémsae St Cirtse %5 uﬁé&?&i‘%é& aC' d

anhydride units on according
copol yner (A) |Qﬁ§bQﬁﬂi¥CyneﬁCl@$) oIr et KjP¥he, e§¢¢§5(ﬁ of §ﬁe@ﬁ§%@¢yllc

acid and/or of anestanofadkiemth)acrylic acid and (iii) of an
unsaturated carboxylic acid 20 anhydr; de, the sai d copoly A%?belng
grafted with al0- non&AfRRSIFAcauECcording. to 3S|beﬁﬁ§HHb %ig to
Claim1, imomhhj&pdﬂyﬁir (Agog@IyFet 6ﬂ)cl§1mSCDFmiymEr |nclud|ng et hyl ene
units, unsat.ur at e arhoxylic,  ac upsat ur at.e
carboxyllc aci ester9ﬁ$ %§f%l% uhsa uréﬁ%dgg %ﬁal @ 59 ﬂb g§s°
Conposi tion accquhu@}mgoE&DﬁlﬁBdIOtoPﬁALap@wders i ncludlng EVCFB and/or
PVALs. 6. 12, CO”pQ‘,% o t 5 oﬂccé)ééjdﬂﬂi.nggotoccﬂ'a% 5 &P 19, 3Mso

i ncl udi ng EVOHs "and/ or ifie Conposi tion i ncl udi ng
(i) at |east lnCéh@lng OpSApRAL4E BAGL Bl ed BERHE G /BFOE VARd POMAg Tspdi f i ed
PVAL but nat3.i ncl udidigpdsie ieapolydridiry afd (éddt beinkg pdlyamide

powder and at least one powder of an EVOH and/or of
modified PVAL but not including copol&mer (A) powder.
14. Composition (1) including at least one
polyamide and ‘

20 either a copolymer (A) of ethylene and cof at least one
comonomer chosen from unsaturated carboxylic acids,
esters of unsaturated carboxylic acids or vinyl esters
of saturated carboxylic acids;
or the copolymer (A) and'an EVOH and/or a modified or

25 unmodified PVAL;
or an EVOH and/or a modified PVAL and not including the
copolymer (A)

(1i) being in powder form,
(1iii) the various constituents being distributed

30 between grains of powder made wup of a single
constituent and grains of powder which are made up of
several constituents.

15. Composition according to one of the preceding
claims, also including additives such as fillers,

35 pigments, antioxidants etc.

16. Composite material including a metal substrate
and a coating formed from powders according to one of

Claims 1 to 15. —

A



pyovvder form 35 8.

Conmposition according to Cainms 1 to 7,

characterized in that they are [sic] in the formof a pol yam de matri x
in which are di spersed nodul es (i) of copolymer (A) or (ii) of
copolynmer (A) and of EVCOH . - 35 - - 34 -

and/ or of nodified or unnodified PVAL .or, (LLI diar of

nodi fi ed PVAL. 17 9. 5:Eomp&%r‘n%%si"{‘:';l\éoer{:llanlcI ﬁﬁ?%\ﬁgja?glvggstc%ﬁ%qugyan%rﬁe
powder and at Wbash dibe pbayler of aowdpubymes (WerofmeXtedthgl| @ake With at
| east one coppnesyr, chosen from unsaturated carboxylic acids,
esters of unsaturated carboxylic acids or vinyl esters of
saturat ed car boxylic acids. 10. Conposition according to Caim
9, in which the 10 copolynmer (A) is that of Clains 2 to 4. 11.
Conmposition according to daim9 or 10, also i ncl udi ng EVOH and/ or
PVAL powders. 12. Conmposition according to Cdaim9 or 10, also

i ncluding optionally nodified EVOH and/ or PVAL powders. 15 13.

Composition including at | east one pol yam de powder and at | east one
powder of an EVOH and/ or of nodi fi ed PVAL but not including copol yner
(A) powder. 14. Conposi tion (i) including at | east one

pol yam de and 20 <either a copolynmer (A) of ethylene and of at |east one
-conononer chosen from unsaturated carboxylic acids, esters of

unsat urated carboxylic acids or vinyl esters of saturated carboxylic
aci ds; or the copolyner (A and an EVOH and/or a nodified or 25

unnodi fi ed PVAL; or an EVOH and/or a nodified PVAL and not including

t he copol ynmer (A) (ii) being in powder form (itii) the wvarious -
constituents bei ng distributed 30 between grains of powder nade
up of a single constituent and grains of powder which are nmade up of
several constituents. 15. Conposition according to one of the
precedi ng clainms, also including additives such as fillers,

| RE R
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35 pignments, antioxidants etc. 16. Conposite material including a

netal substrate and a coating formed from powders according to one of
Claims 1 to 15. -35- 17. Conposi te
material according to Claim116, in which the [ayer of powders has been
nelted to make a coating. ABSTRACT

The invention relates to a composition
including (i) at least one polyamide and at least one
copolymer (A) of ethylene with at least one comonomer
chosen from unsaturated carboxylic acids, esters of
unsaturated carboxylic acids or vinyl esters of
saturated carboxylic acids and (ii) being in powder
form. These compositions are subsequently deposited on
metal substrates and then a highly cofrosion-resistant
coating is obtained by melting.



