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market through two chanmels: the improsement of exisling swiface coatings
and the lnnovation of new products thal deliver the delit blend of per(orm-
ance and aesthelics, Nanoterhnology 15 the study of material properties
with parlicle size below 100 am, [Iybrid organic-inerganic composites have

| altracied widespread attention in the domain of material science.! The con-
wolled comlrination of erganic and inorganic compaosite colloids is of in-
creaging Lnterest as il enables chiemists to creale new nano-stoctured male-

| rials with unusual morphology, compositon, and propenies originaling

| from existing building Blacks.

Thomas Fichtner ‘ Nanotechnology will have a significant impact on the paint and coatings
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Tong lasting performance and good aesthelics are two kev pedormance
components for exterior paint. Over time, exterior caposure leads o Lhe ac-
curulation of dirt, air pollatanis, dust paticles, and delris onthe paint
film. This results in o diay appearance which no longer meets the expexcia-
tions of the consumer. It is well known in the industry that o high level of
dirt resistance can be achieved through the use of hard polymers. But, these
pulymers can also eopardize Alm fomaadon, which can then also reguice
high levels of coalescing solvernis.

Chemically, there i a wide range of pano material particles that ame of
inlerest for vse in coalings, To date, the main focus in architecnral coatngs
has been on incorporating nane G, ALO., and Zn0 w peoduce fune-
tional properties such ag soratch vesistance, inildew resistance, and in-

f creasedl durability inthe pant Ml This article will document hybid poly-

| Presenled ot the 2008 smarican Coalings Conference, June 3-5, 2008, Chailolle, Wi,
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mier lechnology which combines Lhe advantige of one
polvmer spedes with another o synergistically ceate a
higher performing class of polvimers, Futher, this arti-
cle will diseuss silica-latex hybrid technolagy and s
applicatons, paticulucly in the design of dicl pick-up
resistant coatings.

BACKGROUND

I tecent yenrs, conslderable effon has been devoted
to the design and comtralled preyacation of hybrid or
grnc-inorganic composiles using colloidal parricles as
building blocks. Armong colloidal materials, sifica has
been stueied extensively becanse of ik well Jaiown uses
in i vanety of applications including high performance
coatings, photonic devices, magnetic fluids, and paper
coating.? Furthermore, the mcomroration of inorganic
materials such as colloidal silica at the nanoscale level
van enhance the fire retardancy and mecanical strength
of organic polymers and their theemal propertics,

Including an organic mlymer phase in the organic-
inerganic matrix reduces Lhe brittleness fonnd wilh
pure inovganic materials, resulting in reduced stress
crarking during the drying process of coatings.
Unfortunately, the simple mixing of organic and inor-
Eanic commpunents at the macroscopic level s tedions,
very enelgy inrensive, sl wsually not very stcoessiul.
There are various omelhods o male silicaforganic nano
composiles, but o order to achieve the desived im-
provement by adding nanopartices, the fargeied or-
ganic pohymer muost display specific inferaclion tenden-
cies wilh the inorganic particles.

elerogenecus polvmerizadon, such as emulsion
polymerization, has been used to prepare organic-sitica
compesiles by conducting (welymerization in the pres-
ence of silica particlex < Thermodwmarmic and kinetic
factors relating wy the tvpe of podymerizalion process
play o key role In determining the uldmate struclure,

Polymer/silica namocompaosite colloids with vacious
morphologies have been created through emulsion

Tahle 1—pBes

{_Technulmgy Today

polvmerization vsing a polymerizable silane such as
melhacaylowypropy] timethoxy silane [IMSY and 2
methaaylale terminated macromer as a coupling
agent.” Depending on the svathesis strategy and the na-
ture of the mineral pardcle, a wide range of polymer
meorphologies have been obtained -+ The anchoring
TS meonormer can be simply reacled on the silica par
ticle swiface via silanel lunctionality, Additiomally,
organcsilane-mudilied silica panticles conlaining an
active double bond have been reacled with styrene via
emulaion polymerization o produce a nanosilica-lalex
hylarid. The resuliing ceganic-inorgamic coanposite latex
was stable 0 8 wide range of ionic swength environ-
mer s ~F

Zhang- and Bourgeat-Tami® have successfully incor-
porated silanol funciomal groaps on latex particles us-
ing IMS as a functional comonomer via semi conlinn-
ous emulsion and mini-emulsion polymerization,
Turther, “hang™ discovered a conbolled method of
synthesizing silanol linctional latex particles via mind-
emulsion polymerizaton, These silano] Muncilonalized
latexes were reacted with colluidal silica to prepare
novel hybrid panticles and hollose-sphiere silica polymer
composites, The alkyl modified-nanosilicaf polyacry-
late composite latex prepared by emwlsion polymeriza-
ticon exhibited a defecl free suface as measured by
atommic forcy microscopy [ATMY and beuer thermal
preperties than a polvarmylate composition as meas
ured by thermogravimelric analysis (TGA). 7

The nrganic polvmer matrix encapsulated with silica
parlicles has also been prepared by phase-inversion
emulsification.'” Atom trapsfer free cadical polymeriza-
tion (ATREY has also Been wsed 1o make polvmer-
coated inorganie sifica particles.’ Styrene acrylic-silica
palvmers were produced by madilying silica particles
with olelc add functivnalily, resudting in a stabile silica-
arganic composile.”

Octaphenylsiliseruioxane [ONPS) has besn wied w
react with hydroxyl acrvlate ennlsion 'L hese they-
mosel CisPS-maodified nanocomposites exhibited ex-
cellent thermal wod mechanical properties.

Emulsion 50, Contant Salid Comtont MEFT T, Aeremal -dw PalS-dw
Sampls Functionalized (%) (%) ("€) (“E) (mm) ()
R - I Yes a GG 3.0 4,0 127 124
e e i ean ‘fes 10 4T & 3.0 143 187 132
Sl 0 ERCEBOEC O G Tes i 46.9 1.5 14.49 175 154
L T an k18 40,1 4.0 13.5% 125 133
L Yes 40 44,5 .0 125 124 135
B e, e Sasaies, Mo ] 48,72 7.0 8.2 129 134
T o ... B Mo 10 474 2.4 11.7 12/ 130
- e 20 a7 3.0 13.% 130 1E7
RS . e M an 46.0 ER] 12.7 15 158
0, e e o 40 L FAH 13,5 126 120
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Figure 1-—X¥ Elastic prapertics of the nano compasite (ilm. (7) latex palymer without fune-
tionalization; (b} {atex polymer with functionatization,
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Core-polystyrene/shell-silica
nanocomposite latex paricles were
also wnthesized using cationic silica
5015 The silica particles (23 nm aver
age diameter) form a monolayer
shell of 30 nm thickness an poly
sdytene particles. [t was found that
the incnrporation of more than 10
wt silica content enhances thermal
stability duw to the stong interaction
bewween silica and polysiviene mole-
cules®
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nino $i0),/acrylic resin composite La-
tex was synthesized by inuroducing
nano S0, particles formed in-sita
hiyelralysis of terraethylorbositicate
in emulsion polymerization.” The
properties of the latex were sindied
by scanning electron microscopy and
ditferential thermal analysis. The re-
sults revealed that the resulting latex
composite possessed an interpene-
trating network struciure of inorgamc
and organic phases. !

Fiqure 2--TEM fmages of cross section of the nano composite films. {a) latex polymer with-
out functionalization: (b latex polymer with functionalization,

l

|

\ In another article, » now class of
l

l

|

| In other worl, Maver e al, reacted
\ rhlorodrenayl modifled lates panicles
with amine and thiol function nano

Figure 3—SEM images of film crosy sections. {a) standard paint with pure acrylic emulsions . ic particles.'2

as binder; {b) paint with nano hybrid crulsions as binder. |

) In sumimary, the nano particles are

) so stnall that the bulk of te polvmer
matrix is in the “inerphase,” resnlt-

\ ing it siguificandy improved coating

| properties, The interphase cxlibits

| ditierent chemical and physical prop-

' erfies than either the bulle orhe
polvmer particle, Inerphase propet-

' lies can be drastically difterent than

) the polymer inatrix ftsell and here-

|

\

fore rowld become drastically differ-
ent tan bulk properties.

DISCUSSION

Buildings with premivm archiitec-
tiyral destzn ar those that are hisoori-
cally important are in need ol bigh

| quality coarings for maintenance and
preservation. Many have published

) Investigalions on the development of

' exterior coalings with excellent resist-

|

l

Figure 4—S5EM images of film cross sections. {a) afler ning months o weather exposire; i}
after 400 cyctes ariificial weathering,

ance ta dirt pick-up, mainly infl-
enced hy the hydrophilicity and
hardness of the coating snface. Tn
this regard much atention has been
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Table 2—<tandars Exterer Wall Paint Recine

Waktr . oot - - AT & - e MEEEEEE aa - - w 141
Tylose MH 30000 YP 2 0oL e e s e 2
Agitan P81 L. . m e e TSR e v e 4
BMEB B0 L e - e n e e - r s - &
Adofrul WA G20E L e e 3
Titandiowide Kronos 2160 .. .o o i 2on
Dmyacerh 2 G0 L L e m e 54
Omyacarh 3 G0 e s e 100
Rlimwer UM 1AL _ L e 1040
Temanol . e e e m e 15
Mane hybrid emulsion @5% solidsy .. L. L 400
Taligel PUR &0 (T3 nwater) ... ooveinnoneanena. &
Total o e 1025
Figment Volome Concoiteafion (FEL .o L0 oo, 5.35%

pald o otganic-inorgamc nanotomnposites beciuse in
these hybrid systems the flexihility of ihe organiv com-
ponend can e combined with che hapdoess of the inor
ganic componeni The more widely used inorganic
copentend Jras tvpically been silica gel due to s avail-
ability. These svstems have been investigated in a wide
varlety of application fields imcluding medicine, elec-
vromnic adhwsives, separation membranes, and surface
Coatings.

1o general, three diffeven) waws to prepare latex poly-
mer 50, mnocemposites Dave been described in the
literature, In the (irst case, emulsion polymerization is
carmied out in the presence of colleidal silica gel com-
positinns, in the second case, the surface of the ool
loidal silica geT paricles is previeusly funcionalized
and then osed during emulsion polymenization. Tn the:
case of the present work, 3 functional eroulsion poly-
met is prepared in such a way thue an eftective interac-
tiom of the polvmer particles with the silica gel panicles
ts Lailor-rmade It is on this rowie that we concenirale
and descrile our resnlts.

PREPARING THE EMULSIONS

To invesligate the effect of the level of silica nanao
patticles on the dispersion and resuling paint proper-
ties, a setles of binders wis prepared with silica levels
ranging Irom 040 fo 40% (total salids content), The
base polymer consisted of butyl arrvlare, methyl
methaceylate, amd methacrylic acld. A second series was
made with a {unciomalized base polymer

Dispersion propenies ae shown in
Table 1. Results show that the glass ran-
sition temperdiure (T, Increases with

Technology To&ay
e

minimwen Hlm tormation wnperature {MEFT) of aboul
50 was onsenved. Particle siars incasured by Taser
aerosol specttascopy were in the range of 120-130 nm.

The influence of nereasing smonnts of colloidal
510, on the mechanical propertes of erulsion tilms is
shown i Fighre 1, As eapected, the elongation at break
is reduced with increasing ameonns of 5iCy, and ihe
tensile strength of the Glms is nereased. This influence
emn the: elasricily behavior is sironger when the latex
pelyiner is mncbtionalized. By correct selection of the
latex polymier’s T, and the 50, amount, flexible but
Lonteh filmy can be abtained.

Tt wens alsor imporiant i investigate the infuence of
the funcrionalization of the polymer on the distribo-
non of the 5iC), particles, bah in the wet emulsion
sarnples andd in dey ms prepared from then, For this
pupose, transmission sleciron nicrascopy (M) was
wsed 1o charactetize the materials. This investigation
showed thal when the latex polymer was not function-
alized (4 in Fmudsion Sample 10 of Telle 1), the col-
leridal silica gel particles agglomeraie and are nof lio-
mogeneously distribated. This also Teads o differences
n the Si), disuibmtion in the Glms, which is, of
cinarse, the most decisive faclor when the materials are
used ag o bindey for coatings. Indeed. as it can be seen
in Fignre 2h, the TEM inages of the cross section of ihe
{ilms from ihe emulsion sanple (e () Linalsion
Saromle 5) showed tha the collotdal $10, units are ho-
mogencously distribuited in the films only when the la-
tex polymer is functionalived.

EFFECT ON PAIRT PROPERTIES

Due o the inorganic phase, nano bybrid emulsions
wirlled be ihe ideal binders tor exlerior paitus as they re-
duce the thermojastic behavior of standard exterior
jradis, eading 1o less divt pick-up and a cdeaner sutiace.

Thevetore, the nano ybnd emulsion was 1ested m the
standard extedor wall paint recipe detailed o table 2,

Lovestigaticons with 5FEbM showed that by using nuno
hybrid emulsians it is possible to vreale a real nano
stacture o the painl surlace [Figuns 3},

wWeathering tests were conducied w prove that the
nang sirnciane s sl presemt snd stable atier nine
monihs of ourdoor exposure (45 degrees, south-tacng)
and alter 400 evcles of arificial weathering indueding

- . o Lo Vrater Yapor BiFfusi Water Permeability in 24 B Comtagh
mwTEasing 5_|hca Tesel. "I:h.l.'i is primarily Biner - *r_‘:ﬂu@ e ' “T:ﬂ.ﬁ,ﬂ,_ _m'i __m]g;:_
cdue toy pestricted mobility of the poly- _ . )

met chaing near the polymer silica inter- tandard acrylic en_:ulsn:\n ........ 053 .01 az
face At a 40% silica level, an increase in  Neno hybrid enulsion .oy 0.0% 0.1 70
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Figure 5—Cwmypansen of nang hiybrid cmulsion o standard acrlic
emulsion in dift pick-up test.
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rain, freeze thaw, UV treatmenl, and lemperaturs
changes (Figere 4] om +607C to -25°C in 240 min
per vyele [Clobal TV tester).

The dirt pick-up behavior way also wested incotnpan-
ison to a standanl acrylic paint by using an artificial
dirt pick-up test, which shows a significant lower dirt
pick-up for a paint based on the nano hybnd emulsion
(Tigae 5.

These tesls were repeated in a real outdoor environ-
menl. Outdoor exposure results from lslanbul after six
months [ M degrees, south-lacing, ity near a broad
highway) matched the laboratory data.

"ﬁ"["(f'ajnt writh b Thvdreid kasnlswend = 7 270
i"'L:P:uinl witlt sandard Acwtic Emulsion] = 7 3.8]

No challdng was present [or eilher paint,

When calonlating pigment volume comeend ration
{TC), the inorganic portion of the nano hybiid emul
sions must be talen into accountl Doe o the inorganic
portiom, it is possible thal the nano hybrid emulsions
could be mere bitle, Therefore, ctacking behavior
st be assessed when ihe binders are used in new tor-
mulations and on diflerent subsirates.

Tabde 3 shirws the resulis of painis based on nano hy-
brid empulsiony with respect 0 water vapor diffusion
{lower 5d value] and water take-up in rompatison to
standard acrylic emnlsion-hased painis. The higher waler
permeabiliy of the nano hybrid emulsion s desirable.

CONCLUSIONS

In this worl, a nanostiructure bleid of acrvlic latex
and inerganic nano silica with controlled morpholosy
was prepared by emulsion palymerieaiion. [ was also
lownd that the glass transiton temperatre increases
with an increased silica level due Lo reslricted mobiligr

30 August 20108

of the polymer chains near the polymer silica interface
"TEM was used to characterize the nano organic-imor-
ganic hbirid. TEM images of the cross sections of tie
filiy svnthesized showeed that the colloidal S0, units
are hamogeneously distibiuted in the films only il they
are made (rom a functlonalized latex polymer. Paints
made wilh the bybrid material as a binder showed a
mane stractared surface. Bolh laboratory and real woild
exposure testing of these paints displayed excellent re-
gistanee 1o dint pickup, and a deaner appearance,
These funcional and aesthelc properties when com
bined with the high water vapor permeability dlearly
show thal the organic-inorganic hylrrid systems (nano
hiybrid emnulsions described in this article) males an ex-
cellent binder choice lor high performance coatings. B
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