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Understanding and
Improvement of

TiO, Efficiency in
Waterborne Paints

Through Latex
Design

his article explores the iTrercs of fonetonal acdd manosers Bovporated inio polpser
latex dispersions firv thitr ghiliny to effectively disperse 110, pigment particies i fat paint
applications. The functional qcid monomer bepe (Le, vigdbhosphoric acid, acntic s,
méd;_a::ry!ic actd, and taconic oid), s pertitioning of acid wonoser 0 e polprer ar
‘aqueous phasy during the wmadsfon polvimerization and the role of the latey polvmer parkicle
size were investigated. The nrode] Jofee disperstons were there orrowdaled tnte Theit cotespoti-
ding paints. Through the we af Crpnaenis Scanntng Rlectron Microscopy (Cron-8End ), it &
‘possible to quatlitatively oharree the TiO, gfticlency of the painls in Hee wet state,

~ Furthermore, these resulls can be conveleled with measurhle perforimance propertics (7o,

abraston resishmosting sength] af te same pafats 2 the dry srate. §inally the sole fnterac-
tigwn o ehese utilored lavices with TV, dtself is fmvestigeled throsgh Crye-SEM o gain a
conghatative inslght ato o ohese particles orierd dweansslies with e arother dependent
an the functirnd wofd veeaner anplnaed,

INTRODUCTION

As enwironmental regulations for tormulating architectural coatings be-
cerme evel more stringent, the role of the polymeric latex in Bringing out (he
utmost in performance properlies has never been grealer ln particular, the
South Coast Air Quality Management District (SCACQMDY legislation, which
i% o be (ully implemented in July 2008, offecs new challenges and oppori-
nities to architeclural coalings manufacturers in providing latey dispersion
proxucts which ave VOO compliant at 50 giT. Ay a resalt, such properties ax
lreezeithaw resistance, soruly resistance, and sebstrate adhesion, which in the
past were mainly imparted by the high levels of VOC compeonents in the
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paint formulation, are now optimized through devel-
omng terhinologies tat are centered aronnd the nature
ol the lalex design, At the same 1ime, there s an in-
creasing demand to develop ihe latex to be more covmn-
patible with the ather raw materials in the paini for-
mulation. As costs rise for paint manufaciueers, the
need 1o minimize the amount of cosly raw materials
gains a growing imporlance. HMgire 1 shows a rough
raw material cost breakdown for a gallon of paint in
high-gloss, semi-gloss, and Aat sheens.

It is plainly evident in Figure 1 that 110, Inorganic
pigment contritniles greally toward the total cost, espe-
cially in instances of the lower sheens. Nou surprisingiy,
it has been a comtimuing goal of the paint industry to
achieve a higher level ol 110, etficiency; resulting in
less T, consumption. This arficle explures Lhe tole
ol latex design woward optimizing the property of Ticl.
efficiency in flal sheen paints and shows the comse-
guences of U0, efficiency woward the physical per-
orrance improvements of the dried paint film,
Spedcifically, the role of functional acld monomens ix
examined Lo Murther elucidate their interaction with
Tk, particles,

110y, is the primany while pigrent used in painty
due 10 its high relractive index (n, = 2.8, scallering
elficiency, ideal particle size (= 230 nn), and partcle
spacing behavior! Howewver, 110, panicles tend to e
difficult 1o rmndomly disperse due to van der Waals col-
leridal attractive forces, Consecuently, clusters of TiO.
panicles are formed which detrimentally influence the
characieristics of the paing film in its dried state. Lhese
clusters severely reduce the scatering efliciency of the
paint film and increase the roughness or the munber of
delecis of die paint ilm surface. Ti(d, particles thar arve
well dispersed amd separated lrom cach other have
biren uyeful in peeparing respective coatings with im-
prroved hiding power and fimt strength. In addition, the
dispersibility of Ti(), particles throughout the paint en-
sures thai the paint itself becoines a fully inegrated
enmposite material which has improved saub and
abrasion resistance.

Tic}, is typically sold as a dried powder and milling
is olien required prior to formulating the pigment into
the paint however, agglomeration. flocculation, and
settling of the particles can still occur. TidY, pigments
are also available in a concenwaled sluny form using
polyelecirilyie dispersants and surfactants, These auxil-
iary components usually contain anionically charged
palvearboxylate or polyphosphate moieties which dli-
rectly inleract wilh the positively charged TiO), particle
surface and distupt interparticle aggregation. Although
these meieties are ellective in breaking up Ti0, ag-
glomeration, they still do not priveide the oplimum
pedfommance in pigment efficiency. By designing the Ya-
tex dispersinns with anionically charged fundional
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acid groups, which can interact divectly with the pig-
ment particle, an additiona! steric barrier can be cre-
ated thal can fusther prevent (Fgment agglomeration.

‘I'his article is contimuing, it park, Lthe previous work
that we conducged concerning the use of Crvogenic
Scanning Flectron Microscopy [Cryo-5REM) to elucidate
the hehavinr of the mode] latices thamselves and their
respective paints 0 the wet sate. 'Lhis gqualitative ana-
Iytical method has in the past given kev ingight i
better vmderstanding and improving lreesef thaw be-
havior of latex dispersions and the assessment of the
'1iQy, effidency in mints.”" I this anicle we svaluaie:
the TiQ, efficiency ot several Iatex protowyes where
baly the Lvpe of the funcional acid monomer is varied
along with its degree of partilioning throughout the
palvmer particle and aguecus phases of the polvmer
Tatex dispersion, Through Cryg-SEM, we are able to sur-
vey the sole interaction of Vi, paticles with latex par-
ticles in their appropriate mixtures and in the feoonu-
lated praiits.

EXPERIMENTAL

Latex Synthesis

The acrylic palymer latices were synthesized by a
seeded semi-continuous ermylyion polyimerization
process under monomer-staeved conditions, The seeded
prowess aflonds easy conirol of panticle size while the
slower-lhan-polymenzation feed mles (o e mono-
mers avoid composition drilt in the copolymers
formedd throughout the polymerzation process. Two
surfactants, a sulfated fatty alcohol ethosylate and

Fiqure 1—Raw maleifal cost assessment of different paint sheens.
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Figure 2—Phase diagram for the super cooling of water at atmospheric;
pressure and at 2100 atmn.
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sirdivm dodecy sultfate (S5, were used. Two pairs of
monemers were used i1 making up the backbones of
the model copolvmer lateses: methyl methacrylare
{MaaA) and nbutyl acevlate [n-BA). Functonal acid
monemers, such as acrylic add (AA), methaaylic acid
{rMAAY, itaconic acid (1A}, and vinylphosphonic acid
{VI*A), were incotporated for enhancing latex siabilicy
and paint compalilility (especially with the target
compoment inthis studv: 110, pigment parlicles).
These funclicnal acid monomers were neutralized to
Arions degrees in the pre-emulsion prior to it heing
{ed inte the emulsion polymerization vessel. In addi-
tion o the funclonal acid monomers, a vanety of
iHher proprietary functiocnal monomers {~4-6%) were
used in the emulsion pohmerzation to further pro-
mate latex stability and wet adhesion. The lateses were
neutralized with ammonia to -9 pll at the end of the
syntliesis. The parlicle sizes were detenmined using
phevom comelation speclioscopy. Parlicle sizes ol the
protolyres range hetween 216-216 mm unless noted
titherwise when evaluating the role of particle size om
1), ellicienay.

High Pressure freezing, Fracture, Surface Treatment,
and Cryogenic 5EM

The detailed sample preparation procedure has leen
described elsewhere 2 & droplet of paint or 110, latex
e was sandwiched between two brass discs, each
with a cvlinder-shaped indentation. 'The assemblage
was guickly frozen in a Bal-Tec HPM 010 high pressure
lreesing machine ai X100 bar [ ligh pressure Mmeesing is
critically important for minimizing disturbance by large
ice crystals to the oniginal morphology of an agueons
sampHe. 1L works as follows: high pressure lowers the
trmperature range of supercooled water from 233-273

34 July 2008

[ aL aumospheric prressure to 153-2510 K al 2100 bar go
that freczing water has a beiler chance o reach the
glasy ransition temperature and be vitrfied (zome 1))
helore ice cryslals grow (=ome L), {This phenomenon is
nicely described in Figure 2.3 The frozen sandwich was
then fractured in liquid nitrogen. (ne side of the frae-
tured sample was mounted on a ayoe-transler slage and
was sublimed (o 18 min o impresee the topographical
rontragt. The fracture swrface was then sputter-coated at
- 13070 with platinum 1o a nominal thickness of 4 om
ta avold Lhe charging arlifac. The metal-coated fracture
suiface sat on the cold stage and was examined in the
in-lens Hitachi 900 field emission SLa. Both second-
ary electron (SH) and backscatlerad elecron {BSE] im-
ages were tecorded, The former provides Detier topa-
grafrhical cantrast while the Tatter is more preterred tor
IMaximm <ontrast between organic and inorganic
thases. All electron micrographs shoswon in this article
are BSLE images, which show the conmast of the white
Ti0., pigment parnticles with respect 1o the latex parti-
cles ar other paint ingredients seen in the microgeaph.

Tint Strength

The tint strengtly was evaluated by an imernal tes
method in accordance with ASTAM method 1) 2745
where the respective paint were linted with identical
amounts of (phthalo blue) tint pasie and mixed thaor
aughly. 1n this method where wae are measuring the
tinting strength of the white pizment, the higher tint
strength values are comparative to lighter and superior
TiC, etficient painis. Note: tnt sirength of the white
[rigment is a comparative method and notan alsolule
one o quantily the efleclance measurements with re-
gand to the degree of the 10, digpersion in the Jried
paint il Therefore an intemal contol sample rust
be included and subsequenl measurements are com-
raatively based on that conteol. 'The commercial con-
ol and standard for this stucy is the binder that re-
sulted in the paint with a good tind sirength value of
00 in Figure 3 The resulting tinted paing was drawn

Figure 3—Direct obsenation of wet patnts by Cryn-SEM,
fzem ik Digpesmon = Lows Wit Srangth  Good Ti, Dispersion = High

Tint Strength

il -
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down with a 7 mil blade ara 3 mil Bird bar onto a
Teneta char Tonn WE or By i Cardner AG-5342. The
paint Mo was allowed to dr overnight. Aller drving, a
color difference was run between the control and the
test paint using the SP62 X-Rite Spectro-photometer,

which measures the lightness of the deied praiot Tms. A

lighter film will have belter 1i0, utilization; a darker
film will have worse TiQ, wtilization.

Scrub Resistance

The scb resistance was evaluated in accordance
with AST standdand test method T 2456, This test
method mainly applies o esling dry lilme integrity
and abrasion resistance. The test painl was deawn
dlown side by wide with a suitable comrol on a Leneta
scruly tesl panel wsing 7 omil side af the Dow filin
caster. The samples wete allowed W dry/cure lor six to
eighl days or as specificd, The samples were then oni-
ented over the shim on the glass plate in the Gardeo
scrib machine so that the coating diceclon is perpen-
ciculinr oy the: direction of the nmushes, Next, 7 mL of
scrub media [Leneta SC-2) was applied evenly inlo
the brushes, which are then attached onto the move-
able s Beloce slarting The fest, il wis ensureed that
the samples were centered and the brushes wonld
travel over all shims during its full orcle, Immediately
aller slariing the scruly maching, 5 mi. ol waler was
placed on the saub test sample along the path of
gach brush., Apprisimately at every multiple of 400
cycles, the process was slopped and anoler 7 ml ol
soub medium to the scrub brush and another 3 mL
waler Lo Lhe sorub path was added. The sample was
scrubbed to failure and cyele number was recorded.
Recaase of the high degree of variance with this par-
Ueular measurement, the samples wers ruo in dupli-
cate and the average scoub number is repocted.

RESULTS AND DISCUSSION

As mentioned in the introduction, this anicle ex
plores the inflience of lunctional acid manwmers in
corporatedd into polymer latex dispersions for their abil-
ity Lo elleclively digperse fiCk, in MTal paint applications,
We decided to examine both commercial and experi-
meentil Tatces Lo fiesl gain an assessmoent of the per-
formance of Ti0, efficiency of the paints. o this regard,
we were able to obtain an excellent qualitative differen-
tiation throwsh Crvo-5EM images ol e pain In ils wet
state as well as mimtures {in the same proponions as in
the paint fermulation) of the latex and TIO), slurry in
its wet state. [nitial studles targeted commercial binders
in order ter get an acourate assessiment of the pigment
elliciency of products already in the markeiplace For
example, Figure 3 shows the Crve-5EM images of the
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wet [ormulaled paints based on o commercially
available latex products. In both miciozraghs one s
able to cleavly see the correlation of Tidy, dispersibility
and ol strengih value Phe SE8 miccogroph on the lell
shows 110, partides heavily ageregated together,
whereas with the micrograph on the right, the TiO.

is more homogeneowsly disteibuled ina ramdom fash-
inn throughour the paing fbm. The dustering ol T,
particles severely deoreases the scattering efficency of
the pigment and leads o Tower tinl strength values

[~ 10084 less).

All latices. experimental or commercial, were iormu-
lated in the same flat paint formulation, which has an
amaunt ol volatile organic compownds [VORC] al 5360 gfl,
a pigment volume compesition {(PYCh of 45%, and Lhe
solidds vodume of the paint is at 39,004, The flat paint
lormeulation wsed o this swady is shiown in Table 1.

Four classes of experimental latices were wsed in the
tormmulation and evaluated through the following
testfmetheods o showe the inloence of the functional
acid monomer wilh regard Lo L0 ellicienoy:

1 Comparalive Cryo-5LM [magiog of the paint ino iy
Wil state

2o Comparative dnt strength measurements of dried
paint film

Table 1—FLat Paint Formulation Used in Ti0.

Efficiency Study

Latew Salids % 2]
Latex MFFT (C) N &

WALEE _ oo v v v u o ok e R R R 180
Ethylane gheeel oL e 5L
Mat-osol 290 MHBR . . cuwyemmp s o s s ans 5 5 i
DuPeint, H-Fares B-TAG . . . Caw s wrs s a s e iaaats o ZRE
P e 85 0 e 0 0 0E0 0 & OEIC S e SO AE DG ol S o 1.53
Dreviplus L-475 _ . | Silam sl et L b b oo .08
Mix for 5 min at medfum speed

lgepa. C1A B30 . L i 2,45
T e e e e O A R DB D a B e da aa s aa s 3.15
Pruxal BD-20 . . .. . . . Gl e i os Sl araals .06
DMWacarh 3 oo e e e e e e o 50
Dwacarh 10 . . . o e 03
MR & L . L gearae b o e e o AT b R na
Grind af high speed for 20 mir

[ExFENI R . SRRy, A . . 7.35
Palyphass CET L © . L L s o e e e g%
Fremix next 3 ftams and zod

| a0
Matioso. 330 4+ . L e e s e 285
Orewpuis |-475 oo, o0 birasin drnie s be shiaie o a s a8 3.57
Total paste B2.73
Latex {amount nonnalized to 60% solids) .. ......... il6
L =) 45
Total 1163.7
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Figuee 4—Influence of acid type on pigment dispersibility/paint flm 3. Scubfabrasion resisbnce measure-
durahility. ments of dred paint film
Although measuring hiding poswer is
amither way of delermining Tick, effi-
dency, It is very ditficull 1o dilferendiate
between samples since the paints are
formulated o give i very high degree
ot reflectance [~95%) aL the required
film thiclzness for the test method. In
this regarcl it s easy for the differences
of the vatues to lie within the degree of
error for the measurement. Due to this
high degree of variability and lack of re-
producibility. we decided o [ocus peima-
I——— . rily on the fint strength measurements
ol the white pigment over those of hid-
ing power.

— — The first series of experimental latces
gxplore the type of functional acid
monemer dsed during the emulsion

Figure 5—Influence of acid type on Tk, pigmenl dispersibility {latex/Ti0, palvmerization; all other recipe ingredi-
blends}. ents/parameters in this particular series
are idertical (including degree of ackld
neutralization in pre-emulsion). 'Lhe
funcriomal acid monomers cmploved o
(his series are AA, MAA, VIA, amd [A
VPA was cvaluated in this series, in addi-
tion tir the funclional acid monomers
thal contain carboxylale groups, due Lo
recent worls which promotes its use and
the wse of ather manomers thar contain
dibasic phospliate aroups [or the im-
provement of TIOY efficiency” " Tigwe 4
shicws the inlluence of acid type on the
performance properties that rellect on
Tich, efficiency. The micographs vepre-
sent the formulated Mai paine in their
wet state,

5K Magrificahion

Figuiere: 4 showws that fatices where V1A
ol LA is incorporaled give superior pig-
wient efficiency when compared 1o AL or
mAA [unetioeal acid monomers, This
can be seen by the degree of dluslering ol
the Tty particles in the Cryo-SCsd mi-
crographs. Latices thal have A4 or WAA
produce paints that have high degrees ol
chastering, whereas those that contain
VA or LA give paints wilh Tower degresy
of clustering. Both the tint stength and
seruly resistance data of the dried paint
films conreiate nicely 1o the qualitalive
SEM images. 1o lurther evaluate the in-
Leraction between the Fatex wmdd Ti), par-
ticles, raw hlends of the latex dispersion
amd TiCk slueey were rixed together and

ARG RO AT e 0 o ! 2T s o

36 July 2008 JOT CoatlingsTech



the samples of the mixlures were rozen
and analyzed through Cryo-SEm, Digure
3 showes these micrographs for the same
geries of Latices sl K, 20K, and 100K
magnification, respectively, Cne can
clearly distinguish the lalex's abilily 1o
disperse the pigroent throughout the
paints when observing the different SFu
magnifications of the 10k, shorreTaesx
blencls.

L addition to evaluating acid ope
for its ability to influence Tiy, effi-
ciency, it was also of inleres) L invesli
gale the degree of neutralization ot the
functional acid monomers betore they
were incorponited during the emulsion
polymerizalion. Io s regard, e pre-
emulsion was neutralized to various de-
precs which influence how the func-
tionul acid monomers are parlitioned
and disuibuled during the emulsion
polymerization throughout the latex
particles (particle inlerionparlicle sur
[ace} and in the serum ot the dispersicon.
At higher degress of neutralizanon the
aciel growps will e driven more 1o e
agueous phase as seen in previous publi-
cations, B Tust as impeartam by, howeser,
the influence ol the degree ol neuwaliza-
tion strongly relies on the tvpe of acid
IMICFTIONTTILT L'IE-I':'d. From tnir series ﬂl— 11'1 L-
ices we chose bwo binder protowypes
with high TiO, efficiency [dispersions
comtaining either 1% 1A or YPAY o
varied the degree ol neutalizalion of
these monomers before they were ted
into the emulsion plymerization.
Figute & shows the influence of the de-
gree of neuwmalization for 1A and Fignre 7
shienas thie same (or WA

With the use ol ilaconic acid, as the
degree of neutralization increases, the
Ticy, efliciency of the Binder also io
creases. This trend iz evident in the dra-
matic increase of semb resistance and
tint sleength dats along wich qualitative
comparative assessment of the different
TiCrTarex Blends withy the Crye SEM. Al
lowe degrees of newralization, clustering
of the Tiik, particles takes place, With
higher degrees ol acid oeutralication the
1107, is more evenly distributed across
the micvograph. This nicely demonstrates
thie sole interaction berween pizment
and latex without any interference from
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Hgure f—Influence of degree of ilacenic acid neutralization on Tid,
efficiency.
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the other ingredients in the painl frmulation.
tnterestingly, in the Cryo-SEM evalualinon of the wet
painrt containing the same Tatices with different degrees
of nentralization, it is difiicull o differentiote belween
the micrographs despite the contrast in the tint sirength
numbers of the same [rints in their dred state. We also
looked at SEAM micrographs of the dried paints and we
were unalle o differentiate between high and Tow lew-
cls of neutralization in the latex, despite its evident ef-
(ot om the tint strenglh and seruly resistnee resulis.
Further investigations at BAST will center on observing
howr the 110, pasticles are distrilwited in the different
strata of the coating’s thickness.

When vinylphosphonic acid {(VIPA) Is employed, as
seell i figare O, we see the opposite effect as the degree
of acid meumalization inceeases. Lower degrees of YDA
neutralization in the pre-cmulsion vield latices with
higher degrees of TiC); efficiency. This is oppesite t the
trenil that we sec in using Maconie acid. AL Tow pH val
tes {=2], YA i thought to be readily incorporated
onto the polvmer panicle surface and effecively inter-
acts with TiCy, panticles. ™ while bioth VPA {pK, | = 2.6;
s = 7.3  amd 1A (pK,; - 3.8 pE . = 5.4) are very wa-
ter soluble at high degrees of neutralization in the pre-
ennilsion, they behave very didlerendy during the emul-
sion palvmeriziation. VPA is believed to either form
water-soluble olicomers or remain as unreacted
munomer in the agqueous pliase ‘These species appar-
ently do not have the ability to disperse Ti, etfec-
tively, This 1s seen in the Cryo SFb ol the Talex/ T,
Blends [ur VPA, where it appears that the '110, panticles
tend 1o aggresate al higher levels of goid neutralization.
This tthservation is torther condivmed by lower Gl
strength and scruly resistance values, In contrast, ita-
conic acld does not oligamerice with isell Tal instend
is believed 1 copolymerize readily wilh other
manomers {ie, n-lutyl arrvlate and methy! methacny-
late] to form oligomers wiilch are believed 1o evenlu-
ally localice theamnsebws onto the polymer particle sur-
tace, Carrent work is nngoing 1o farther prove andd
elucidule the behavior of latices conwining Lthese [unc-
tional acid monomers.

Tinally, the effect of Tatex prarticle sive was examnined
lor ity influence over TiO, efticiency. We looked prima-
rily at the tint strenglh measurements of the died paint
films tor quantify this phenomenon. Figure § shows the
eflect ol parlicle siee oo Hnt stwength tor latices which
contain one part of la or ¥PA, tespectively. Tn addition
Lo the tint strength, these figures also show how parti-
cle size intluences scraly resislance, As polymer particle
sive Inereases within a series [designated by the type of
[unctinnal acid monomer wsed ), the scoub resistance
decreases. Mote that 1103, elficiency lus o major influo-
ence between series over the property of scrub resist-

38 |uly 2008

ance only when pardcle siees are identical or close w
identical. As scen in all the exampies, when panticle
stwen ol the butex vary in lavge degrees, there are diller
ences in elleciiveness of i fommation that have the
greatest influence over soub resistinee. Also, for latices
with higher particle sizes, the likelihood of defects in
creases and greally inflluences the integrity of the conse-
quent dried latex or paint [ilm.

SUMMARY

In this stady we were able to define the mmain con-
tribuating Faelors in Tatex design which have a positive
intluence over LiCy, eMiciency. Both funcional acid
monomer type and deglee of acid neuralization io pre-
emulsion belore the enulsion polymerization greatly
influence the akility of the Yalex and Tidy, particles to
tnteract with each other, which consequently prevents

Ty, parlicle aggregation, The chemical nature of the

phosphonic acid mwiely o VEA and the stacural oo-
entation of the two carboxyl groups in 1A make Taoth
incHermers suilable o scattering T, pamdcles very ef-
tectively, [lowever, lunclional acid monomers with one
carboylic acid group do not appear o disperse the

Lily, pigments elfeclively, as seen with fatices that con-

tain the A4 or MAA funaional acid monomer. In the
example using TA, the incease of its degree ol neulral-
izaton in the pre-emulsion bedore polymenization
takes place greatly intluences the 'Lick. elficienoy of the
Latex. The trend olmervedd in this instance is that the
higher the degree of neutralivadion, the hetrer the TiO.
efficiency. The Teverse is seen when VIPA s used as the
functional acid monminer: g lower degree of acd nen-
tralization prior to polvmerization vields Tatices with
i prowed TI0Y, efficiency. Tinally, the effect of latex par-
ticle size was examined and the general trend shoss
that ay panticle size is decreased, the 1903, elficiency ol
the latex increases. This is also the general trend ob-
served in the decrease of the soruly resislance property
of the praimt Tim as latex particle size increases.
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