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Aectateitaly deandinn ervironmental regulations for dus-
tricl mainienance coatings have pul pressare o manufacmrers omd
tsers of btk solverborne and waterborne coating systims, The
lowering of voalatile organic compound (VOC) levels ro felow 10
/L is being considered for industrial maintenance coatings in

ity vegions of the LES. This article discusses the developmend of

wraterborme acrylic latex polymers for use in high performane,
VOC-compliant coatings applicd 1o steel and concrete simctimes,
Forntedution and coating propertics of these polymers are described,
with an emphasis on comparisons of perfornumee to tradittonal,
higher VIO waterborne and solventhome coatings,

INTRODUCTION

Ervirommental regulations have put increasing res-
sare o all members ol the coalings indusiry 1o develop
and use coatings that have lower impact on our covi-
ronment. Raw material suppliers are constanily working
ter develop new resing and additives that allow paint
manufacturers to produce coatings with favorable
health, sufery, and environmental profiles. 1o addidon,
[raindng contractors and end-users such as homeown-
ers anl faclity ownets are constantly asking for higher
pecforming products. Those two desives are ollen difil-
cult to bring together in a new product, especially when
it comes o lowvering volatile organic compond (YO0
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Tewvels, Waterhorne latex coatings are onc technology
which provides o oppariunity (9 redoce YOO lewsls
relative to traditional solventborne echnologies,
Huowever, technical challenges still exist, considering
the Tow VOO targeds posed Ty many existing and pri-
posed regulations. lo pacidcalar, properties such as
hardness, dint piclup resistance, block and print resist-
ance, and the ability o withstand frecze-thaw orcles,
car e ditlicull w achieve Bsing lalex pedymens with
lower glass transition temperatures is an obvious route
tor coatings that requine less coalesdng solvents and
P lorwwer VOO demaneds, bl this seemingly simple
solution also leads to many of the proldems already
mentioned,

Industrial inatnienance painting of steel and con-
crete struclires is sUll done mainly with solventhome
coating technologies. It is estimated that aboul 80% or
wire: o the coatings used in these applications are sol-
ventborne, with epoxies, polyarethines, and allogds
making up the bulk' Only about 16% by volume of
indusidal painting relics on waterhborne acrylic latex
coalings, while architectusal applications loday over-
whelmingly utilize latex-based coatings. | lowever, the
use wl witterbomme coatings for industiial maintenance
has grown considerably since the 1970s, when they
weere virually non-exdistent. Waterborme acevlics now
il use in g variety of light and medium duty indus-
wial applications. Cwverall, the phenomenal gronvth of
watethorne acrvlic has been driven by a number of fac
tors, including commpliance with VOO regulations, case
of clean-up, less hazardous wasle disposal and (G asso
cated costs, lower fsk of health hazards due to expo-
stire 1o solvenls, less comeerns with flammability and
the Impact oo insurance costs, their one componenl
ease of use, and, finally, their proven performance ca-
pabilities i real world settings =

©As with architectural coatiogs, indusirial ninie-
nance [Th] coatings are coming under increasingly
stringent YOO regulations in mamy areas of the United
States and around the globe, For example, in July 2008,
the South Coast At Quality Management Distiict
fROACIMLY 1o California Teoweered VO Tevels for in-
dusnial maintenance coatings o 10 /L. Such regula-
torry pressures will continue to mose Th coatings to-
wards walerborne, high-salids solventhworne, and other
technologies that ave able o comply with these stric
limils. AL the same Hme, eril-users are unwilling 1o sac-
dtice coatings pertormance [oe these olien high-per-
formance coatings,

This anide deseribes our effors to find a solugon to
the issues of decreasing VOO limniis and the continued
ilesite: fur higher performing IM coatings. In particular,
the development of a new wilerbome acrylic Binder for
divect-to-metal (ITh) coatings witl be discussed. The
new Dinder provides Toth lower VOO levels (< 100 gL}
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and higher petdformance (e.g., gloss, duralility, and cor
rosion resistance) than ooy available binders, and
is Tuase] oon el technelogy which leads to improved
pigment distibution in o e sl it and dry filos.
This new approach to making latex painis involves the
formartion of composite particles through the contralled
adsorption of Tawex particles anle the pigment surface,
Ividence tor the fonmation of the latex polvroer pig
ment composites 15 presented, as well as a description
ol e this tew metliodd Tor controlling film stucore
aftects the properties and performance of indusieial
Imaintenance coatings.

EXPERIMENTAL

The binder based on the new technolooy that is the
Trasis forr this repost will be designated as EXP-1, EXP-1
is a sell~ceosalinking aceylic copalymer with o mini-
mum film formation temperature {MEFLY ol 14°4,
weeight solids of approsimately 50-31%, and pll value
ol 8.5 0 .00 L mest instances, @ cormpanison is made
ot EXI-1 to a commercially available, convenlional wa-
terhome acrylic ermulsion pobymer {COM-1) that is
widely wsed o industeial mainienance Anishes. COM-1
has a MITT of 30"C and weight solids ol approxi-
mately 42%, and is typicatly formulated at ViIOC levels
equal Lo or greater than 200 ¢/l ‘The erm “conyen-
tional” is meant to imply a wpical acrylic laex thad is
stabilized via carboxylic acid functionality, Commer-
clally available paint {walerhome acrelic and solvent-
bome alloed ] were also vsed as conools, and were
oblained from their suppliers. The commerdal water-
boene acrylic coatings have VO levels ol approx-
mately 200 g/L, and the allgd is greater than 400 g/L.
Actylic pHlymers were formulated into gloss DI coat-
ings using exerior grades of Ltanium dioside Al
paints were prepared from diy powder pigments and
extenders. Lalex pirticles were coalesced using Texanol®
solvent unless noted otherwise, LEP-1 was Tormulared
at a VOO level of 100 g/L, and COM-1 at approximarely
200 i Unless noted, paints were applied with 2
drawdosm bar to give 3 mils [75 um) dry (o thick
ness, and were allowed 1o cure at 259 C and ~35% rela-
Uwve humidity {or bwo weeks prior Lo lesting,

Film gloss was measured on coatings casl onto either
phosphatestreated {RBonderite 10003 cold rolled steel
paneks fACLE Laboratariesd or chiromale-treated alu-
minum panels (Q-FPanel]. Tilm gloss was determined in
acconlance with ASTM T 323, The effect of weathering
on film gloss was determined arlilicially using o QUY ac-
relerated weathering cabinet set for V-4 exposure, and
a cvcle ol B Lwowrs light followed Ty 4 hours condensa-
tica. Gloss retention UPoIl eXIeTinr eXPOsSUre was (Meas-
el en chromatestreated aluminum panels cxposed at
an eastern Pennsylvania site. Dy hiding was estimated,
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Figure 1—Film formation mechanism for a typical latex paint.
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wsing ASLW D 2805, by calouliting the conlrast ralio
from Y-reflectance measurements using a 457 /0" reflec-
temeter {FYE-Gardner),

Clorrosion rexislance was evaluated by salt spray ex-
posule (ASIM BI17Y cux 4 i by 12 in. hot colled steel
panels cleaned by abrasive blast o an SSPC-SP' 5 (white
mietal) condition. Panels weve scobed with a single ver-
tical scribe of 50 mum in lenglh pestiioned in te bot
tom half of the panel, and were rated for blistenng,
rusling, amd anderoating.

Dire pickup resistance (DL was mieasured Ly ap-
plving a sluny of brown iron oxide W the coaling sur-
face, allonwing the sluny to dry for several hours, and
then washing the pigment From the surface under cun-
ning water and applying light pressure with a plece of
clean chessecloth, The Yoreflectance was measured he-
lore application of the slorry aned after deaning, and
the ratio (Y, /Y, ., ) was reported as the din piclup
resistance. DPU was measured on coatings dried for
one week al 2570 and w55 relative Tiomidivyg, and on
coatings exposed for one wealk to LIV-A accelerated
westthering,

he relalive barrier properties of painty w electrolyie
diffusion were determined by measweing the change in
coating resistance (Rc) during exposure to a salt solu-
tion using elecunchemical impedance speciroscopy.”
Elearochemical impedance specia were Ineasured on
paint filns applied o cold olled steel using an FG+G
Princelon Applied Research Model 2734 polenlinstalf
galvanostat and a Schlumberger Model 51-13260
Tmpedance gain-phase analyzer along with platimom
electrodes, Llectrical contact wiih the paint Olm was
maintained with a 3% aqueous NaCl soluton, Coating
resislatce as a funclion of exposure Hime 1o the NaCl
salution was obtained by filting Lhe raw impedance
data to a simple model [Randles) dronit containing a
parallel resisior (Ko} and capacitor [Ce).

The amount of latex adsorbed one pigments was es-
timated using a centrifugation method. Paints wene first
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diluted in deionized water (1 paint/2.5 waler) and cen-
tafuged at 5080 mm for 30 min, After centiifugation, a
solids measwrement of he supenatant was perforoeel.
'Lhe percentage of latex removed o the serum phase
{after centmifugation) relative to the initial staning
armonng of lalex (Belore cenlrilugation) way caloulaled.
"This percentage was taleen as Lhe amouwnl of latex ad-
sorbed onto the pigment, Additicnally, the amount of
latex adsorbed was caleulated by performing a thermal
gravimelric messurement o e sediment aller cen-
uifugation. Both measurenents wele in agreenient,

Filmn morphologies of dred paints were determined
uging Field Fmission Scanning Flectron sicrascony
{FE-5E ) and atomic Lorce microscopy (ARM]. For FL-
SCM imaging studies, TiO flatex blends were diluted
andd dispersed onio siticon wafers, coated with An/m™d
[rel0 rum) and imaged wilh a JECH. G700 BR SEM. Ly
films for AFM measurements were prepared by casting
paints anto Mylar o give a dry film thickness of ap-
prosimacely 25-50 urn. ABM images were collecled us-
ing a Digital Instmments Nanascope [ Scanning
Probe microscope. The filmy were imaged by selecting
small samples reughly 104 00 Ly 14 in (o the:
tavtar sheet. Lhese samples were adhered Lo the sample
halder with no additional sample preparation meth-
ods. The samples were imaged under mebient condi
tions. Three separate sections of the cast [lms were im-
aged o insure an accurate representation of the
surface The images were collecied using conventieornal
Lapping mode technigues and emploved a 'TLSP (p.
The height images demonstrate the topology of the
sample surface, and surface roughness {Ta) was caloa
lated trom 20 by 20 micren images using digital soft-
WRALE,

RESULTS AND DISCUSSION

The newly developed polymer (designated as EXP-1)
was designed specilcally Tor indusirial mainienance
applications. In addition to the ability to be formu-
lated into primes, topcoats. and T fnmishes with

tigure 2—Formation of latex pelymer-pigment camposites and their
effect on the Alm formation mechanism of latex pairts.
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VO levels at or Below 100 g7, the binder EXP-1 also
offers new levels of perlormance for waterlorne werylic
coatings, The improved properties include higher gloss
pooteritial, Tretler durability and corrosion resistance,
better adhesion we metal subsinales, ancd more efficent
hiding, EXI'-1 also undergaes sell-crosslinking afler
film formation via an oxddative cure mecdianism, and
this leads w good solvent resisiance and dint piclap re-
sistance, and aids with the durabilite. Many of the:
[rreyperty enhancements are the reswlt of 4 unique pro-
prietary chemisiry il into the polyiner, which causes
the latex particles 1o associate with pigment surfaces in
the wet paint, The association leads 1o the adsorplion
el Tatex parlicles anio the sutface of pipgment panticles
and the formalion ol latex polymer-pigment composite
particles. The natre of the composite particles, and
tny they aflect the film formation process and the var-
ious coating properias, 15 discussed below,

I owder to make a stable waterlorne Tiex paine, i 14
usually the desite of a tonmulator to keep all colloidal
particles in the spsiem—whether latex polymer or pig-
ment—separated in e wel stale Pigments are odis-
perseed under high shear during the milling or grinding
provcess, and slabilized with sudfactants and Low molec-
ular weight polyviernic dispersianis, Bstablishment of a
repulsive bartier between paricles, either by electro-
statle or sleric means, prevents the pigment pacticles
trom agglomerating again onee the shear is remeoved. Tn
a sirmilar manner latex polymers ace stabilized duciog
the wynthelc process I use of surface charpe and sterdc
himdrance, and remain as discrete colloidal particles for
long periods of time, Conventlonal acivlic polyiners
Ly pivally receive their surface charge from neutralized
carboxylic acid groups in the polymer hackbone, as

Technology Today

wedl as from surfactant moleoules adsorbed on the Tilex
surface. The paind focrmulior 1akes the stable disper-
sions of pigment and lales polymer and mixes them o
produce 2 stable paint where all particles remmain sepi-
ratexl. The stability of the wet paing relies on the ability
ol thase paruicles w resist coagulation over long peri-
ods of time,

It is also well known thart the quality of pigrient dis-
pecsiomn in the dry Blm has a strong effect on the ap-
peataince and barcier properties of the coating, Gloss,
distinemess of image. colon hiding, and corrosion re-
gistance are innportant propertics for induscrial coalngs
Ihitl ares dependent wn how well the pigment particles
are dispersed throughout the dry lilm. Poor pigment
dispersion in the wet state will obviously lead 1o a less
than idleal disirilbution in the dry state, Figiere 1 sluows
the tlm formation process fora Lypical larex paint pre-
pared from a comventionally stabilized latex polyimer,
The Micst irmage is the ideat state for a wet paint, where
all pigment and polyner partices are well dispersed.
After the paint is applied to the substrave amd water T-
gins 1o evaporate, the parmicles come closer together,
and some agelomeration of the Pgment panticles is
Likely to ocoar, Inthe tinal film, the pigovent s rarely
dhistabuted ideally throughout the film, Pigment ag-
glomerates have formed during the drving process, and
somme plgment particies will be protruding frivm the
raint surfaces One method of maintaining good disper-
sion ducing the application and drving process would
be to use higher levels of dispersanis and surfactanis,
However, in many applications it 1s advantageous Lo
keep the Tevel of these additives as low as possible be-
canse they can negatively alfect properties such as wirer
and commwion Tesistance, An altemnative approach o

Figure 3—FE-5EM images (50,000¢) of diluted blends of Ti0, and latex particles, The Laff image 15 based on the comvenlionally stabilized acrylic
palymer COM-1, while the right image is based on the adsaning palymer EXP-1. The right image shows latex adsorled onie the Tidy, sarface,
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Tahle 1—Comparisan of Polymers EXP-1

amd COM-1 10 an 18 PYC G

Formulation
Paimt bazed on: EXP-1 COM-1
Gloss {20°/60°)
Initial . ... ... 64782 1454
Aftor G528 he UV A oxposure oL G5 i3 554

% Gloss Retention {20°760°)

Aller 328 hr UV-A exposure .. - ... BEYs 100 Y 0%,/ 63%
Hiding - Contrast Ratio
18O P L 0335 0977
158PVE .. 0456 1974
I5BMC.. ... ... LRS- Fa [x.069
Dirt pickup resistance (Y, S 00
Twisek dre oL, 0,80 0,91
1 wak UV-A weposure oL 0.59 Az
MEK double rubs
Toweek airdey oL L. a6 25
1 week UN-A axposure ... .. L., = G 25
Hardress
Kanig pendulum (sec) ...... .. 1.7 16.8
Pencil o vuvv v 2B 4R

obtaining a uniform dispersion of pignent particles in
dricd paint films is to form latex, polymer-pigmend
composiles by adsorbing Tatex polyimer particles onto
the pigment surtaces in the wet state.

The process of forming latex polymer-pigment curm -
posite particles and thedr efiect an the hin loemalion
process is shomen In Hgure 2L he process starts as in
the conventional case, where the fully dispersed poly
rmer and pigment are inilially mixed G forme a paint.
llowever, in the case of a latex which adsorbs onto pig-
ments, such as polamer EXP-1. the formation of oom-

posite particles beging fairtly rapidly. Thepending on the
nature of the pigmeant suclace and the resine composi-
tivn, lalex particles assodate with and torm a laver sur-
rounding the pigment particle, The adsorhed latex par-
ticles act 1o keep ihe pigment particles sepirate and
prevent agglomeration in the wet state. ln addition, af-
Ler the film is applied amd water beging to cvaporate,
the adsorbed binder acis as a spacer o maintaio the
pigmenl separation in the doying ilm. The cesuft is a
dry paint filin where the pigment is move optimally
dispersed.

Fridence ol the foroation of lalexs polymer-pigment
composite pacticles is given in figure 3, which shows
images taken with FE-SEM of diluted latex-pigment
Blends vsing a comventiomally stalilized aoreic poly-
mer (G017 and the newly developed polvimer CXP-
1.'The samples based on EXI'-1 exhibit tranium diox-
ide (T} particles covered with lalex panicles that
have associaled wilh the pigment surtace. Lhe conven-
limnal polymer COM-1 displays little association with
the Tity, surface. The amount of latex adsothed onlo
the pigment surface can be quamtified by a centrifuga-
ton method. When tested on a simple 18 FYC T0Th
formulation, nsing 190, as the anly pigment, resulls
show that EX1-1 has approximately 40% ot the latex
adsorbed onto the pigment. The value can vary due (o
changes in formulation, such as grade ol TG, coales-
cent, theology modiller, and other additives. Among
the various factors which likely affect the amount of 1a-
tex adsorbed is how well the T, is originally dis-
pemsed during the arinding process, 1e, the average par-
ticle size of TiQ, in a particular millbase prior to
composite particle lonoation. Based on simple geomet-
rival considerations. the results of the centritugation ex-
periments imply near samration of the available pig-

Ficite 4—#AFM hejghl images ol surlaces of 18 PYC coatings (Tid, pigment only) based on a conventional non-adsorbing lates poly-
mer {left image’, and an adsorbing latex polymer which forms palymer-pigment composites (right image).
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ment surface area with adsorbed latex. Although the
TR-SEM images suggest the TiO, surface in that experi-
ment is nol cotplelely saturated, the apparent dispar-
ity may have resulted from the sample prepanilion,
where the paints wrere diluted and sprayed before FE-
SEM iroaging to ensure individual compaosite particles
were 1solated.

Based on the mechanism in Mgure 2, oone ol the ex-
pected benefits of the composite panticles is higlher ind-
Lial glems. Beciuse each pigment paricle has latex poly-
mier adsorbed on is surface, the suelace of the paint Olo
is expected tor be richer in polvimer than with a non-ad-
surhing Trinder. The 2000 780 gloss of 18 T%C DTM coat-
ings based on LX1-1 and COM-1 s seen in Table 1,
showing a lage benefit for EXP-1. tormulations ave de-
seribed in Talde 20 Tt should also be noted thar the high
gloss is achieved withoul loweriog the moleenlar
weight of the polymer which Is a route olien used 1o
yield high initial gloss with an acrvlic latex, However,
lowrering, molecular weighi. s other detrimental ef-
fects, such as decreasing durability and solvent-resist-
ance properties, Fvidence for a smoother polymer-rich
swrlace resufting from the polymer-latex composites is
found in atomic force microscopy (AFM) helghl images
ol the surfares of dry paint tilms. as shown in Figure 1
[op L& VO paintg based anadsorying and nom-adsorh-
ing polymers. The ATM height Images show more sur-
lwee imilormity for the paint based on the adsorbing
binder, which suggesis a more uniform Tick, distrila-
tion. The light avcas of the image correspond 1o high
psinds e the film. Surface roughness values {Ba) calou-
lated trom the image data were 24 and 49 nm for the
coatings based on adsorbing and non-adsorbing latex
pulymers, resprectively, Smaller Ra values imply a
simoother surface, and correspond (o the Tigher gloss
observed for EXP-1,

As notedl above, the formation of polymer-pigment
composiles gives the painl forrmalalor the alnlity to
achieve high gloss with a high molecular weighl poby-
mer. The high mualernlar weight is also expected 1o
have a positive impact on duralilivy, as mweasured Ty
gloss retention. Gloss retention esults tor 18 %O gloss
L¥Ii Teermulations {Tabde 2} Dased on adsorbing poly-
mer LXP-1 and nen-adsorbing polymer {00-1 are
showen in Figure 5 andd Toble 1. The data is for paints ex-
posed o accelerated LY A weathering, and shows that
LXP-1 has better durability compared (o a commet-
oiilly suecessiul product, Figere 6 shows similar dura-
bility data comparing LXE-1, Tormulated tolo an 138
T DT coating, to some comumercial walerboime
aerylic and solventlwrne allesd VT coatings, Again,
compared to coarings thal are cucrently wsed Tor light
ardl medinm dhety maintenance applications, EXP-1 is
shown to provide excellent duralsiling nnder accelerated
weathering conditions, Figure 7 demonsirales Lhat the
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Figure 5—Plot of &07 glass values versus exposure time 0 UY-f
accelerated weathering for 18 FYL paints based on acserbing pulytner
EXP-1 and non-adsorting palymer COM-1,
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Figure &—Plot of 607 gloss versus espasure Lime Tor V-8 acoelerated
weathering comparing an 18 PVT gloss white DTM lormulalion based
nn palymer EXP-1 to commarcial gloss white BTM coatings,

10

a0
=]
sl

50 ‘““w.\\

N

=LK
—FCoammacia 50 g sl
==L emmzrclk WH DI 1

60" Gloss

z 500 1050 1520 200 2500 005
Expozure Time [Hr)

Figure ?—Plot of 807 gloss wersus expasire Sime for extericr exposures
comparing an 15 PV gloss white OTM formulalion based onpalyrer
EXP-1 to commercial gloss white watetbome acrylic OTH coatings.
Fanels were exposec south wertical at an castern Parmsylyania site,

1Ty

g
[
&
("=}

4 ——FxP-1

—a—Carnmees gl Wt AP

=] =E=omnmers 2 WL 315 AR

10

0 —

o a 10 16 an s

Expogsure Time (Months)

February 2007 55



Table 2—Gloss White DTM Formulations

Based on Polymers EXP-1 and COM-1

Falmt Based On: EXP-1 comM-1

Mamerlat o Lb ._.__ﬂ_+.... Lb Gal | _

Gtind :
Watar N S £ 6.5% 55.00 6,54
Tamel 2001 ... 0. 4,75 0.9% B.ia 0,99
Surfynal CT-111 ., Lo, 2.0 25 2.00 .25
Tego Foamex BOGO L .. 026 G0z 025 0.0z
Ammonia (2% ... - . P00 027 2.00 .27
Ti-Pure B-TOG -, ... . 210,00 §.20 210,00 6.2%

Grind Swe-total | L2TE.00 14,41 ATEOD 14.41

Let Down
Palyier 517.00 seyz | slson FAm
Water 130,00 15.57 | 14.00 1.68
Arronia [15%) 2.00 025 Fon .28
Teno Foamex 1188 1.00 212 | 1o 0.1z
Adel yringd front ahove |
Texanal 0,80 2,60 | 51,30 64T
Duwancl DPM 1400 1.76 : 1403 1.76
Sodium Witrite (15%) 9,06 0,95 K H 0.0a
Watar EL K] 4. 1% 9.&Q 1.14
Acresol RM-84 200 035 .00 03F

Totals 1005.60 99.97 100480 100.00

PVL: 1a 12

Yolume Solids: 1a.2% 36.5%

Weight Sclids 47.5% 4. 2%,

¥OL {g/L): 104 : 140

perfarmance in aclnal exterior weathering is also very
good compared to commercially available coatings. The
data in Tigwe 7 compares FXP-1 to two commercial wa-
terhorne acoylic [TUM coatings alter 24 months of south
verrtical exposure at an eastern Pennsvlvania site, After
w0 years of exposure, the paint based on EXT- 1 re-
fained appoeximately 95% ol the inilial gloss, com-
pared to 63% and 50% for the two commercial TTM
coatings, respectively,

The weathiering data supgests that the [lm sirocmre
resulling from adsorbing binders such as CEP-1 15 a
major cause of the improved durability, Certainly, the
Ll mernoroer composition of EXP 1T and O0O8-1 are
ditferent, and could account tor some ditferences in
durability. Tn particular, FXT-1 containg hemelicnalily
that leads Lo crosslinking via an oxidative cure mecha-
nism, which is kncwn to contribute to improved dori
bility, Tt 7w also likely that the excellent durilility of
ExP- 1 is aided by the high polymer awdecular weight,
[owewer, other studies have indicated that the henelil
in durability s olrservedd Tor am adsoring Binder wersus
a non-adsorbing binder even when the bulk monoemer
composition and molecalar weight is nearly identical =
In additon, adsocbing polviers which do ol contain
the selt-crosslinking tunctionality also demeonstrate i
proved durability, This sugggests it is nol only the ellec
of high molecular weighn and the sell-crosslinking
mechanism which leads to good durahbility for EXI 1.
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Chne suggestion as o bow the presence of polyiner-plg-
menl compnsiles during film tormation could affect
durability is depicted in Figvre 8. The improved pig-
ment dispersion in the doy lilm- o particular, beler
spacing ol 1i0Y,—is Lhe proposed reason [or increased
durability. Titanium diczide plays two roles in the
durability of a coating Rlm when expwmed 1o the ele-
ments. 11 is well known tha the LG, acls as a catalyst
(irr the photodegradation of polyiner that is in contact
with the pigment. Tn particular, in the presence of wa-
tor, oxvgen, and LW Tighy, "LI0Y, catalyzes the lormation
of radical species, which then react with the polymer
and lead to brealdown of the polymer backbone.
Homwrever, TicY, also protecis the polyimer underneath it
in the film from photodesradation because it absotbs
LW light and converts it f harmless enengy (e, heal),
thus preventing the 1Y Tight from inleracing divectly
with the polymer backbone, When the L0, is better
dispersed throughout the dry coating film, as depicied
in igure 3, it is more edlicient sl Ilocking the 1% light
from the underlyving polymer, and thos leads to im-
proved durabilicg?

Dvirect evidence for improved pigment [Ti(), ) disper-
sign in the dee fihn cormes (rom FL-SYM sladies of
cross-sections of cured coatings based on both adsorb-
ing and non-adsocbing polymers. Fignre 9 shows an FLE-
SFi image ol a dried film consisting of twao layers. [he
Lslienm laver is a coating based on an adsorbing latex
polymer, and the top byer is 4 coating hased onoa con-
ventional, non-adsorbing polvmer. Boelh paint formula-
lions are ldentical except for the polvmer and are 13
PYC gloss white ITH coatings containing Tick, as the
only pigrent. The while spols are pigment pamdes
and black represemts the binder. The TiO, dispersion ix
chearly more unitorm in the doy [m ol the adsohing
latex polyoer, which is able o form polymer-plgment
composites, The maore even spacing suggests that the
scattering of light by Ticd, should be meore eMMicient

Figuie 8—Representation nf the interactian of UY lighz with coatings
lermed from adsoibing (eftd and ner-adsarbing {dght] latex poly-
mers: o particular, for coatngs pigmented with itanium dickioe. The
formation of polymer-pigment composites by the adsorbine polymer
leads to improved Til, disperstor: in e dry filn, which resulls in im-
proved protection of Lhe onderlying paiymer [rom LW Lisht,
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Fiyure $—FE-5EM image of 2 cross-section of a died film fomed by
£asLing one paint (pased on a non-adserbing lates polymer) on top of
3 sacoind painl {based un &n adsurbing palymer). Both paint formula-
tions were Tdenlical excepl for the polymer, and were 15 PWE gloss
white OTM coatings cantaning Til, a5 the only pigment.

1

with adsorbing latex polymers such as UXI? . Hiding
IEAsUIEEn s using comtrast tatdo agree with the betler
spacing shown by Lhe FL-SEM images, Table 1 gives con-
trast ratios measured tor gloss white M Tormuditions
based on EXP 1 and C0M-1 at three ditferent PVE Lew-
cls. The contrast ratio for UXE 1 al the lowest PYC
{13.6%} is still higher than the walue for COM L al the
highesl PV [ 18%). The difference in these WO levels
corresponds to approximately 60 b of TiO, per 100 gal
ol pmaint for the formulation evaluated. AL the Teast, the
resulis suggest that EXP-1 amdl other latex pelymers
witich are able to torm polyimer pigiment composites
irller the possibility to reduce 110, loadings while
maintaining adequare hiding. This benefit could lead
1o Taw matenial cost savings (or the paint manufacmmer

The harrier properties of a painl (3m are alse ex-
pecied Lo rely an the quality of pigment dispersion. Ln
pacticular, previous work has shown that comosion re-
sistance is affected by the level of ploment dispersion in
the wel painl? Flecirochemical impedance spec-
troscopy (LIS) shows that Beler barmer properdes arne
exhilviled by raints prepared from lates polymers
which adsorl cnwn pigroent surdfaces, e 10 shows a
plut of the caloulated coating resistance {Re) of paints
based on adsorhing and nop-adsorbing polymers as
tunction of exposure lime o sodiom chloride solution.
Paints were 18 TV gloss white VIR [ormulalions us-
ing L1y, as the ooly pigment, The resistance {Re) of the
coating based on the non-adsoclsing polymer dropped
Ly approximately two onders of magnitade alier alous
20 min of expesare. (i the other hand, the resisiance
of the coating based on the adsotbing binder remained
hizh and unchanged. The results indicate adserbing
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pelymers, and the formation of polymer-pigment come
[rersiles, lesd Lo fiims that are mone resistant to the pen-
etration of elecirolytes 'Lhe resuls are also consistent
with the observation of improved pigment dispersion
in the dry film, as this model would suggest thal fewer
plament-pigraent inlefiwes should exist, becanse each
pigment surface is cowvered by adsorbed Taex particles,
The pigment-pigment interfaces would provide path-
ways throwgh the [lm for water and other species (ie.,
electrolytes).

The LIS data and medel described alwowve also come-
lates well with cormosion resistance as measuted by sall
forg exposure [ASTM B 11707 Figure 11 shows the ap-
pearance of steel panels, coated with 18 FVC TFTM coat-
ings based on either CXP-1 o1 COM-1, alter 35 duavs of
sall Tog exprmnre. The coating based on EXI-1 ofters
significantly betier corrosion pridection, especially con-
sidering that the formulations contain only TiCy, and
nor inhibitive pigments. The performance of’ the coating
based on COM-1 s nil unexpected for a single coat of
waterhorne acrvlic gloss LY on Dlasied haot rolled
steel. Although COM-1 is used successtully in mdustrial
painting when applicd in systems (eg, pimertop-
coat), this result shows the greal potential for binders
based an the newer technology,

One of the main features of the new polymer EX1P-1
is its abiliy 1@ generale polymer-pigment composite
particles via adsorption onto pigmenl surfices. Another
(eaature lult into the polymer is the ability 1o seli-
crosslink after [ilm Mocroalion vin an osidative cure
mechanism.” The crosslinking is also accelerated under
exposure (o [V light, which aids in generation of lree
radicals. As mentoned, i is thought thar the self-

Figu=e 10—Plal el coating resistance {Rc) versus exposure time for 18
PYC OTH cealings based an adsorbing and non-adsorbing lates poly-
mars. Dara was derived from EIS measurements on films exposed to 5%
Mall sofutinn.
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Figyre 11 .Steel panels after 35 days exposure Lo salt fog {ASTM B 117).
Abrasive blasted Yot rolled steel panels were coaled with 3 mils DFT of 18 MG
gloss white DTHM formulations, based on either EXP-1 ar COM-1,

R, Bt by

B

crasslinking mechanizin, which results in an increase in
palymer molecular weight atter film formation, is at
least partially responsible for the excellent durability of
FXP-1. Crosslinking also cesulis in improvements [or
some other important properties, inchiding dirt pickap
resistance and sobvwent tesistance: 1o pacticular accept-
able dirt pickup resistance can be diffioult to achisve in
lowae-YOU coatings, because the polymers are typically
softer than their higher VOO analogs. The oxidative
eromslinking allows coalings based on EXP-1 to have

Table 3—sSolvent Resistance {(MEK Double
Rubs) af DTM Coatings Based on Polymer

FXP-1, Either With or Without Metal Drier
Fackage

Without matal ¥iith Metal
Drier Package brier Package
MEK double tubs
Afr dry
1 weak 26 154
2 weeks 143 B
3 wegis 282 =500
A owmieks 339 =500
A awpnsyre (giter I week mr ooy
24 EL =000
Cuddoar expascre Gafter 1 week mir gy
1 weey =500 =500

5E February 2007

gond dint pickup resistance while also providing
Lo VIO Tewels. Table | alwnws resulis of din
pickup resistance tests comparing EXI-1 and
COM-1 {which has a bigher sMATTT than ExP-1)
in a gloss white TY I8 Tonmuladion. Inidally
FXP-1 exhibiis slightly lower dit pickup restsd-
ance; however, upon cuing the film under UV-A
exposure, it shows improved perlormance to the
point where il is nonw belter than the harder
hinder C1M-1.

Crosslinking is also expected to vield good sol-
vent resistance properties. fuble | shows that
EXP-1 prowvides betler solvent resistance than
COM- L atter air-drying for one weelk, as meas-
ured by MER doubile ruls required o break
through the film o the substrate. In addition,
om exposure 10 UV Light, TXP-1 showes a signill-
canl increase in MEE doulle rubs while COB-1
remains at the same level When diying under
normal amblent conditiens. the foll henelitg of
crosslinking can wsually e expecled wilhin a
two to four week Lime period. Accelerating the
oxidlilive cure with metal driers is also possible
Libte 3 shows resuls of MER doulile rub tests
for 1.8 TVC 170 formuladons based on FXD-1,
either wilh or without a metal drier package.
The metal djer package consisled of both
cobalt and calcm driers [al approximately O.075% ac
tive medal on polymer solids) and linoleic acid (at 2%
o prodymer solids), Without the drier package, solvent
tesistance builds sieadily ower a four week doang lime
iy give greatel than 300 double mubs for a 3 il paiot
[l | loswewer, with the metat drier package, a consider-
able boost in performance is observed, with greater
thant 300 double mibs achieved in only two weeks,

‘e use of metal drers is expected W be particularly

useful in inlerior painling applications, where the
acvelerating ettect of TIY Light will nod aid cresslinking,
Jable 3 shows that EXP | [wilth or without driers) also
prowides excellent solvent resistance after shorl expo-
sures Lo WY light in both accelerated wealhering and
CULCTIOT EXPOSUTE.

CONCLUSIONS

In this arlicle, we have described the development ol
a new waterborne acrylic Tatex polymer (EXI*-1] de-
signed for beth low V00 and high performing indus-
trial mintenance coatings, The iproved perlormance
ol X1 relative to comrently available binders and
commetcial coatings is based on the use of a nowel
technolozy which enhances the pigment discibution in
bLiotl the weet paint and dry [lo. The formation of latex
polymer pigment composite particles in the wei slace
leads to better pigment dispersion i e dry filin, and
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resulls i significanty imprroved gloss, durakility, hid-
ing, and corrosicn resistance Lo addition, sell
crosslinlang via an oxidative cure mechanism leads to
ienprovernents in dinl piclup and solvent resistance,
and alsa contributes (owards the excellent doralility.
DHrect evidence for the formation of polymer-pigment
camposites and improved pimment dispersion in the
dry Gilm comes Trom centrifugation and microscony
{TL-SCid, ATM] techniques, and correlales with the ali-
servell propenties. The technology exploiied in this
wotk represents 4 new method for controlling the set
paint and doy film swucture of watechorne acrylic Taltex
coatings, and the demonstrared benefits suggest poten-
tialky Trresadd utiliny and value in both industrial and ar-
chitectural coating applicalions.
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