ant-Free, Aqueous,
Dispersions for
oatings

by Dirk Mestach and pecial demands bty fr the paings distarmesed foe pldsiic coariee, The requiremens of
Eric Manning acdfesion: fasl drpivigs aved vasistatcs 1y afvants, chetricals, avd ke call for @ thormgh -
Nuplex Resins o ® dersutneling of hivvder technologies. Given this background, @ new waterbomne surfactant-prec

derylic Binder has been developed hal preet thatse tenifterienty ol aflons envionmenialty
compifant Wlasiiv codtings i he forraulared. hapriimernal results g presanted tun wundering
the figh nerfornance characteristics of this maw maleril

INTRODU{TIDHN

Industrial Plastic Coatings

Plastics are used in wirtually all sectors of industry, from the manulaciure
of mobile phones to avtomative engineeting. Most plastics are now coated
for protection against weathering, a Lack by solvents and scratching as well
as for derorilive feasolns,

Coaling syslems commonty used in this industry fall inte three categories:
three-coar, two-coat, and single-coal systens The three-coal system is the
most ComTmin —a primet, a basecoat, and a clearcoat. After each Layer the
paint is allowed to dry for a short period (flagh-off for 5-15 min at 60°C}.
Once the complete systen is applied, the coating is loree elriedd il lemper-
aures of 80 1o A0° lor 15-30 min. Typical dry film thickness for the twee-
ol system ranges from 25-75 @ for the primer, 25-50 4 fur the basecoat,
and 25-125 p for the cearcoal. A Lwo-coal systent is only a bisecoat applied
straight 1o the substrate. then a clearcoat. Typical drv tilm thickness tor the
two-coat system is 50y for the Dasecoat, and 0125 p for the clearceat.

Preserted gt Eurapean Ceatings Conleence “Hodermn Cualings a2 sl Subesl-ales,” Herlin, Gerneny,
Horoan:ar 24 5, E0C3,
“P0. Bos 79, 4600 AD, Beigen Qpdoert, The Methedands,
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Single-coar systems apply ondy a thin ceut, sither to
protect the plastic substrale or (o improve color mutch-
ngr hetween parts whose color and lexture are molded
in. They can take the fonn of 2 pigmented, matte, or
gloss coaling, A spedalty single-coat is a soll lee] coating
which endows (he plasdc with a leather-ike surfuce, Less
voating sodids are apied with the single-coat system
thai with the giher sysiems. The dey filim thickness ap-
plied for the single-coat syslemn depends an the Amction
of the coating. 0 protective properfies are desived, the:
dey filin thickness roust be at least 25 p. Whatever the
coating system is, the ability w oo oul high qualicy
products quickly and economically is cssential in the
competitive world of plastics manufacturing and fin-
ishing. Watethome plastic coatings can significantly
contibule w this reguirement.

WATERBORNE COATINGS FOR
PLASTIC SUBSTRATES

Ag o All industnal coatling areas, the implementation
of legislation 1o reduce the emission of volatile organic
compounds (VOO i the main driver of the switch o
watethorme plastic coadngs. Waterborne coating systems
hawe already Teen used tor some Gme on non-polyolefin
(lastic subsmates, including polwealonate (2], acy-
lomitrile Intadiene-styrene (ARS], polvamide (nylon],
polystyrene (PS5}, and polywiny] chiloride [IVC).

Because of the vulnerability of plastics 1o certain sol-
vents, imducing solvenl stresy cracking, walerhorme
coating svalerns can ofter an advaniage over salvent-
lorme systems since They do not conlain any aggressive
solvents. Waterborne primers, basecoats, and single-
coats therefore have already gained some acceptance in
the marketplace. The binders mosl commenly used in
trege #pplications are thenmoplastic acrylic or styrene-
acrylic dispersicns, To reach the recired end-proper-
ties wuch as scraleh and chemical resislange, generally
polvmers with a high glass lransftion temperatore (T A’j
and comesponding high minimean flm fonmation tem-
perature [MITT) are wseil.

walerhbome clearcoals lor plastics have o satisfy re-
quirements similar to those for rost other deaveoats.
They must protect Lhe plastic subsuale against sol-
vents, weathering, and soiling. Also, protection
against scratching is a prevequisice. Finally, the
clearcoat has to deliver the required aptical (high
gloss, wel look effect, matte-look) and tactile ellects.
Warerhome two-conponent urethane coatings are be-
ing used for this application. However, painl users
that are accuslomed to one-component thermaset
acrylics often do nol want lo change to two-con -
nent systermns with a defined pol life. Theretore, there
is a meed for high quality waterborne one-component
ConaLing systeIns,

WA CONAL T s tenchr. o
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REQUIREMEMTS FOR WATERBORME
PLASTIC COATINGS

Lnsuring stromg adhesion of walerhotne coallngs 1o
plastic subsirales can be a challenge, as plastics are typi-
rally non-porous substrates and adhesion 1o these sur-
laces iz ofien difficult to achieve, Unlike metal sul-
strates, where & chemical as well as a physical bond can
oweur, Mastic substrales have only a physical bond pres-
cnt. Cood adhesion is not only very impaortant for
primers but also for basecoats thal are applied direcily
Ly a nom-primed substeae. Adhesion on plastics can be
improwved 17 the substrate can e swollen Lo some gx-
tent so interpeneiration of the binder i the sulbsirate
cin take place. Many factors atfect the ability of a coat-
ing to swell a substrate, including viscosily, melecular
weight, the sive of the molecules, temperature, time of
exposure, and compaiillity with the substrate or solu-
Bility parameters, The most common examples of
swellable subutrates are polycarbonate, polyvinyl chlo-
ridde, and polyswerene,

Solubility parameters ave a variable that can be used
in estimating the ability of o coating 1o adhere to a par-
ticular subsirite, The concepl of solubility parameters
has been described by, among athers, van Erevelen and
Hoityzer! and Iloy? Determining the solubility param-
eter of a subsitate provides a good idea of which
momnomer-compesiions will am as “wdhesion promot
ers” In a jrlymeric binder. Polymers become more
compatible the doser their solubility paramelers are to
gach other, The solubility parameters can be deter-
mined theoretically using caliulations, or experinen-
tally by measaring the swelling ol a polymer in differ-
ent solyents with known solubility parioneters,

Coating lines for plastic components run at high
speed. basldrying is therefore required. Because the
plastic part needs 1o e handled as soon as possible,
the coatings should be Lik-free after sherl periods of
drving. Kesizlance 1o solvents, chemirals, and light are
ather requirements. Furthermore, a coaling's flexibilicy
must be marched o that of the substrate to prevent
splintering cn mechanical impact

BINDERS FOR ONE-COMPONENT
PLASTIC COATINGS

Currently, the binders used in one-connponent plas-
tic coatings are gither acylic or sorene acrylic disper-
sions o polyurethane dispersions. However, these ex-
isting waterhorne binders have some disadvanrages.
Developments in aaylic dispersion technnlogy in the
earty 19505 led Lo 1he use of a new generation of puly-
mers based on monomers such as buly] acrylate, butyl
methaaylate, imethyl methacrylate, stytene, melhaomylic
acid, and acrylonitrile. Better gloss, hirdness, and dura
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Figura 1—MFFT as a functan of Lhe weight of co-solvent addad to a
canventional acrylic dispersian (ot 404 solids and T_of 95°0).
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hility were exhibited, making (hese hinders suitable tor
industrial applications, As a consequence, however, the
MEFT increased in many cases from a value below
20 C (gypical for disperstons wsed in architectural coat-
ings) to above 20°C, thereby necessitating the use of
co-golvents, Tor good filim fommation of a waler Dased
paint al ambient temiperature, an MTTT below 3°C is
necessary, This provides good dilm forming even under
adverse comditions. When high T, acrylic dispersions
are belng used, as is generally the case for plastic coal-
ings, this nreans thal rather high levels of co-solvents
are regqired, Additions of vp o 20% co-salvent on dis-
peision solids are frequenty reported,

We invesligaied the film-lorming hehavior of a com-
merciatly available acrylic dispersion recammended for
one-coal applications on elactronic housings. This dis-
persion has a 1, of 95°C at 40% sobids. Tn. Figere 1, the
MEFT for this dispersion is given as a funciion of the
amounl of different co-solvents added [P = methosy
propanal. Polt = propylene glycol o] ether DPM =
dipropylencglycol methylether and BG = huwl glyeol).
From s fgore it 1s dear that if we want to have an ac-
ceptable film (onmation under [mreed drving conditions

Tab[E 1_'"'r}-' i

cal Properties of [Nepersion &

fapproximarely 60C), the VU Tevels of the coating
will be unacceptadsiy high.

If wee wanl Lo oblain coating com positions contain-
ing levels of VOCs and phistidzers thi are in line with
fulure Eoropean legislation, we: obviowsly have (o se-
lect other types of binders. Vurthermeore, the high Lol
the acylic polymer oflen causes the voaling to have
poor Hexibility,

Polvorethane dispersions are a second class of
binders used in one-component plastic coatings.
Horwever, polyurethane dispersions that are based on
perlyvesters show a tendeney Lo hvdnolyze, resulting in g
decline o the chemical resistance properties caused by
humidity over time. Molyurethane dispersions based on
idvethers do not have the tendency w hvdrolyae, but
lack the light and heat stability required tor these appli-
cations.

NOVEL SURFACTANT-FREE
SELF-CROSSLINKING DISPERSION
FOR PLASTIC COATINGS

An armvlic dispersion wax developed for use in wa-
tertborne plastic coatings {dispersion AY, The composi-
tion of the polymeric sirfactant was wned 0 such a
way that adhesion was improved on a series of plastics
excepl for polyolefines, To get sullicient adhesion on
polyethvlene, or polypropylene, additional adhesion
jrromoters, such as dispersions of chlorinawed polyole-
tines should be added to the Binder,

The properties of the new aciylic dispersion are
given in Table 1.

The drying of dispersion A at ambient wernperature
was ivestigated using the Khoepoint Thin Tilm
Analyzer {LEAY. The TFA i an Instrament which can
continually measwre the relutive viscosity or visca-elas-
tic properiies of a Alm of paint or dispersion during
the diving or curing process, A sample of dispersion A
was drman down on a glass slide using a 200 pm wet
film applicator. The TEA was sel ujr 1o penforn test
soratclies through the film at prededined 1imes (during
which time, the film cured). The probe was drawn
through the Tilm and the forces aviing on it were meas-
ured and ploted graphically (Figure 23, Ax the film
cureed, the forces increased on
the prohe wuntil such time thart
the probe failed w draw
threugh the coating and
Method sldpped cwver the surface. At this

Property Value nits -
point the probe messured the
Nonvelatile content ... .. .. 33-41 * LBl i) resulling reduction in restore
I 7-8.0 ) furce through the final tack
MEFIL .. oo o 7 = ASTM D 2354 - .
L ) phise and subsequenty, il
Particle s7ze {awerags) ..., B -100 nm Paoten Correliliun Spectroscopy d. i h full ’ E
. . :
Bensity o ot e s Apore, 0L 2’ DIN 53213 tested, Lhrough T cure. bor
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Figure 2—Thin Milm Analyzer plot for dispersion A drying 27 ambient
semperature (23°0).
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the purpose of this study, the point al which the probe
skipped over the surface was deemed 1o be the care
POt

T Figure 2 we can observe a periad of approximately
16 min before a steady increase In restoring forces of
approximately 4 min ocoavs, At around 20 min, o rapid
increase in force is messured and the filim becomes
tJuite: Brard at 23 min, A rapld reduclion in restoring
torces can clearly be seen prior to the subseduent Trigh
tack phase, which stared al approximately 29 min.
This rapid inrease in force is Mmllowed by a rapid de-
crease onlo the final drang phase. Afler the Nl is
physically drv, the covalent crosslinkdng begins, which
comiinues for about one week al ambient temperature
belere reaching fall conversion.

MECHANICAL PROPERTIES

we Lsed dynamical mechanical anatysis (DMTAY 10
study the glass wansilion lemperature of 2 cured film
cast from dispersion A DM LA 3 carrivd ont by subject-
ing the sarmple o an oscillating detormation and meay
uring the resuliing ascillaling siress. Tn tensile mode,
this resuls in a tensile storage modulus (E'] and a fen-
sile loss maodulus (R}, The peak in stress lags behind
the peak in strain by an amount that s given by the
lerss amle delta that retlects the viscous chamacter of the
sample. For a sample with no viscous charcacler, deli is
equal 1o zero degrees. Usually, the value of delta is
given in the form of its tangent beciuse tan o = E7/F
The experiment is wually performed while the eroper
ature of the sample is changed Mrom -1504C to about
150°C. The values of B and tan delta are plobied as a
function ot temperalire

Figure 3 shoes the DA plad for the novel dispersion,

Erewm loaking at Figure 3 1t becomes clear hal (he
polvroer il exhilil (wo ransitions, 4 11NOT one at
about 444 C and a major wansidon belween 130 and

v coatingsfech.org

Figure 3—D0MTA To- dispersion A after aging at raom temperalane for
e week,
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140702 This i quite extraordinary in view of @ MFFT of
only 770, Lydroplastization etfect, caused by the poly-
meic surfacant, mayv explain thiy eatire.

PAINT APPLICATIONS

e tontnulated theee differend plastic coatings based
om dhispersion A: a clearcoat, a primer, and a pigmented
coating thal may either sevwve a5 4 basecoal ot a one
laver coating. Lor comparison's salke, a conventional
commercially available self-crosslinking dispersion
willl 2 similar M PFT thart is adwertised as being suilale
tor plastic coallngs way wsed as a reference,

Clegrcogt

Some of the basic properties of dispersion A were
tested in a simple clearcoat formulation with a VOO of
abwul 106 g1 The cleavcoat formulation coonsisiy of
the ingredients Hawed in e 2.

The chearcoat made (Trom dispersion & had good
gloss (73 GLT an 102 o0 GU al 607 ). Dust-free time was
15 min and the flm was tack-tree atter 23 min. This
can be comrelated wery well with the TTA experiment.
The dlearcoat based on the comparative dispersion was
tack-Tree afer 30 min. The Eonig hardness was deler

Tahle 2—flearcoat formulation

Dispersion o pemie s »eEcommmemeae SEEE o « s Ja 7.1
Bubwl glycol oo e o e e h.8
3ilwmblE o o oo aoiois e Cmo e s e ol - B e i 3
Wetting agent [palyether moditied poly-dimelyleilomrey ... L0003
Defuarer {polysiloxane ropolymery .o oo o 0.3
HEUR thickenor sololion oo i i ieee oy 0.6
Demineralized wakor . oo oot e 5.6
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Table 3—mili Baze for Primer

BTS00 nobe 6 o tECia e D A e E 0. 14.6
Dismersing 200008 .o uueen e e e &
SUfAcket ... g s el e | RS 0.5
Delwamer e caafbh
Biovide .o e R I T merie e« o 0.5
dinceside, o 2.7
Caleium carhenate oo 100

Titanium dineide

Tahle 4~ Frimer Larmulation

Table 7-—mill Base fex a Pigmented Coatine

Demineralized wazer ..o .o 15.8
Dispersing agenl .. ..o o e 7B
Titamium Lrgide ..o 76.5

- — o Disp. A Camp..
Surfactanc-free acrgliv dispersion - ... ... ... ... 48 —
Canventinnal aciyl’e dispersion .. ... ... ... ... — 41
Wil base ..o e ] &1
Defoamer - o0 L 0.2 0.2
Werting agend (polycther-madified

dimathylpalysiluang copalyrner) L, L. oL, 2 .2
Coalesring agems . ... ..o L0 3 3

Butyl glycol

Palysilosan copnlymer defoamer

Wrtting agent | (solution of a
palyether-modified divmethyl pelysiloxa -

capolymer 52% in butwl glecell ... 13.1
Watting agent 2 fpolyether-rodifiad
dimethylpalysilessanc) oo L 131

- - S Disp. A~ Comp, Units.
Hardness _. ..., . ....... — — —
Persoz ..., ... . ..., 112 120 5

Binig - ... oL gl RH g
Erchsen indonlation 5.75 2.35 Min
Impact . .. L.l

i 35 1] Kg.cm
ROVerse o R e v o <f <h Ka.cm

Table 6—Adhesion of Frizners ontg Varicus
Sabslrates

Atnbiemt Cure 26°C Cyre
= A fomp &4  Comp
PC L 5 o +
ARS 0.5 0.5 ] il
Fa 3 Y 0 4
Fhy 2 3.5 a 3
[N a5 & a E]

0 = Exreilont; 3 = total aiss ot adhesion,

mined after one and seven days of drving at 23°C. From
Figure 4 it ran be seen that the hardness of the dlearcoat
based on dispersion A increases with rime. The CONTAT-
atve dispersion shows 110 increase in hard ness.

Rlock rexistance of both coatings was delermined us-
ing the RYK Blocldng Lester, Tt was found that both
clearcoats had excellent blocking resistance at ambient
temperature. Howewver, when the block-resistance was

a0 June 2007

. S o IFisp. A Comp,
Acrylic dispersion ... L 0Ll L, 134,10 121.5
Mill base L0 b 2 54,8
Premiz additwes . ., ... L ENY 2.4
Butylalycol .o oL L i 2.0
Demineralized water ... ..., L. L. . 5.5 15,2
HEUR thickener (28% in byl Glyeosy Lo, L 13 L3

Table 10—achesion ot a Pigmenten Coating onlo
Mifferenl Substrgtes

Ambient Cyrm 30°C Cutg
= Msp. & Camp Msp.  Comp
PC .y, [ 5 h 1
ABS L L 0.5 ] o 0.5
Py . L 3 it E
P 1 4 il i
[ I 0.5 0.5 ] 0.5

0= Zueelanl; 5 = totel oss of ardhesion,

determined at 50°C, the coating based on dispersion 4
was far better {[orce needed 10 separate coated objects:
0.26 Nfem® for dispersion A and 2.27 Nfem® lor the
romparative dispersion). Bovth clearcoats were tested for
chemical vesistance properties. The clearcoal based on
dispersion A could wilhstand over 50 double rulss with
ethanol (50%), whereas the dlearcoat based om the
comparative disperston alveady wis attacked afier 20
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double rubs. Alse, the resistance against ammonia, soap
solution, and hand cream was found 1o be very good.

Primer

‘The new dispersion was also tested in a plastic
prmer irst, a mill-base primer was prepared using the
ingrediemts listed in Table 3.

Mill-base primers lussed on both dispersions were
formulated as indicated in fable 4.

Manionic associative thickeners and warter was used
to adjust the viscosily (o 25 5 DIN 4, Solids content of
prmet A was 39%: the comparative primer il a solids
comlenl of 308,

The calewdated VOO of the jprimer was 54 .

The mechanival properties of both primers were de-
termined via application oo Bonder panels, The results
are given in Table 5.

The primers were than applied on a number of plas-
ac substrates. Prior to application the surface was
cleamed in order to remove alf dirt, oil, grease, mold re
lease, and other surfuce contaminates. After application
the primers were either [oree dried at 50°C for 20 min
after a 15-min flash-off or at ambienl temperaiure.
Alter seven duys the adhesion was tested (cress-hatch
adhesion according 1o ASTM [3 3359-R). The results are
given in Table &,

Surprisingly, the adhesiom of the privners dijed at
ambient temperature is very mediocre, contrary 1o the
comparative dispersion, However, the adhesion be-
comes excellenl when the pomer is dried at 80°C, As
this temperature 1s above the 'l " ol the polvmeric sur
[aclant, this iy be an indication that some interpene-
tration of oligomer into the substrate is taking place,

Pigmented Coating

toext we developed a pigmented coating that may be
applied either omto the primer or directly onwe the sub-
strate. The compositions of the mitl hase and the addi-
tives premix ave given in fables 7 and 3.

The pigmented coating was prepared by adding the
mill lise, the additives preanix, a polyarethane thick-
enel, and some bueyl glyeol 1o the acrylic dispersions
under stirming, The ingredients are given in Table 9.

The viscosily was adjnsted 10 19-20 5 TIN 4 with
demineralized water,

The VIOC of the pigmented coating is 104 g/f1..

In order to rheck adhesion of the pigmented coaling
straighl onlo a plastic subswate, ax would be the case in
a ome- of two-laver coatng syster, (e pigmented coal-
ing was applied ora number of substrates, Again, the
adhesion was detenmined alier seven diws of drying af-
ter an ambient or furced dry cycle. The results are given
in talfe 10

www cootingstach.org

Figure 4—Hardness build-up Tor clearcoats,
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Fur the pigmented coating the same effects as tor the
primet were observed. Onee again this may be attrib-
uted to interpenetration ol the polvimeric stubiliver inuo
the subsmate,

The praperties of the different systems (one-coat.
basecnar-clearcoal, and primer-hasecoat-clearcoat) are
currently being investigated in more detail.

CONTLUSIONS

Modem techniques tor the control of dispersion par-
ticle morphaology, combined with self-crosslinking
chemistry, allow for the development of inders where
TH and MTTT are separated over a wide temperature
range. Lsing polymenie surfactants can overcome some
basic problems associared with the use of conventional
sprfactants in emulsion polymerization. These binders
have the required surface hardness to be suited for use
in indusoial applications. As shown in this article, a
binder aimed especially at coatings for plastic was de-
veloped and it was demwnstrated thal excellent adhe-
siom cam be olwained provided the rght cwring condi-
Uons are being used.
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