inyl Acetate-Ethylene
lic Latexes to Achieve

by Wenjum Wu, Keith R. Olesen,

Albert R. Miner II, and Jell A. Schneider
The Dow Chemical Company*

il acetate-ethrlene {VAL) and gorplic {A74) Intexes are
two irtportant classes of disperitime polvmers for arcldteciund coal-
ngs coch offerivg distine perforrunce benelils, Low- o zoto-WOL
cofable VAE atd AL dispersions frive Peeome especiaily desirable,
adug to thedr alifiny womeed icrgasingly demanding ervironier i
regrdaiions, Tates hignding is 0 wsefld strategy (ha Drosides ulri-
mutie formudation tlexibity Jo echioe o iragd range of perform-
A1l 9y price by,

I i aredele, blends of @ VAE later with vorious acrylic Jateces
are Bleitigered. The VAE el laiss tlevls are tested 0 a 6%
M semd-gluss formida o, Applization propertios such s sernd
resislarey, Wl adlisian, and Block reststance e e igd a5 o
Tuneetmz of blend refo and particle stee of the aorelie Tatexes,

NTRODI
NI KUDL

Paint and coarings play an imporant vole in presery
ing, protecting, and beautifying the objects 1o which

& thiey are applied. Avchitectural paints ave wsed 1o deco-
. . . ‘g . - .
T tate and extend the service life of the interdor and exde
- > riov surfaces of residential and commercial buildings.
P W The L5, paint and coatings industry is laree and ma-
B ture, Tix the year 2000, the acchitectural marlset repre-

- sented aboul 30% of the total coatings volume sold n
te United States at 644 millien gallons. vinyl acylic
{ViA7Y Tatexes dominale the LIS, architectural coatings

Prasented al Uhe Naderalive of Sccieies Tor Coatings Technelegy's 2007
FitareCoat! Unnference, Octaber 3-8, 2007, in Turenlo, Onl., Canada.
=410 Gregson [h., Lany, M 2TE11.

44 kay 2008 JOT Coatings Tt



markel sepment, representing $3% ol the latex sold
and vtilized in 70% ol paint produced. Via latexes
have achieved this posinon due to their faremalle
coslipetomance balance,

Changes in the marketplace, resulling leom in-
creased gosemment regulallon regarding volatile or-
zanic compounds (YOC) used in paint manulactire,
raw material shortages and margin pressures, have
catsed many coatings manulfaclucers Lo feevaluale Lheir
tommalating appreach inan ellont to mainiain Ltheir
profitability and market shave, As o resull, many coat-
ings manufacrers are evalualing winyl acetate-ethiv]
ane (VAEY latewes s pussible replacements for ¥WiA

The performance requirements of a coaling diller
depending on whether it is used in ioletior or extenor
applicalion, Table 1 lists the 1vpical perfonmance crile-
rla alomg with o cualitalive compandson of acrylic
(ASAL VA and VAL polymers, Trovn the performance
cornpicison it is dear that VAR oflers several advan-
tages in imtedor pain formulations over comsntinona
VYA, These advantages ave of paxtioalar significance
grven 1he rend to lower VOO paint formuolations aod
the need to drive comtings Lo lower formulated cost
while maintaining perfonnance, It is also dear that sev-
eral performance deficiendies exist [or Lhe typical WA
and VAL binders, most notably wer adhesion and block
resistance for inlenioe application,

Wet adhesion refers to the ability ol lalex paint to
adhere 1o a substrate under
wel conditions. Wet adhe-
siom iy a crilical property
noil only lor extenior paints
laut alse tor some interionr
applications such as in
kitchens and bathrooms.

_'_Technology_Today

adhesion conlaining acrylic Tatex oflers a more cost
effective allernative to arhieve wet adhesicn. Tor exam-
ple, Bogoe has disclosed in LS. patemt 5,208,285 1hal
2ood wet adhesion can be achieved al Tow cosl when a
minor propertion of a small particle size acrylic latex
containing ureldo wet adhesion tunctionality is
Iended with vinyl acetate-butyl acrylate copolyrner?
11¥brid pohmer compositions combining VAL with
crnulsified epoxy resin and sopheronediamine hard-
ening agent have also dernonsirated improved wet
adhesion. ™"

Blocl resistiunde s the tendency of painted surlaces
to stick wogether {or block) when broughi into conact,
as is experienced with the closing of windows and
deors, A coating with good blodk resisiance will retain
its film indeprily upon reopening of e windows or
doors, Pool anti-blocking properndes cause the two con
iacting films to stick, resulting in tearing or peeling ol
e padmts upon separation,

Given the low glass transition temperature {1, of
VAF copolymers. they are generally not expected to
hive exceptional block resistance. Several mecent publi-
cattons reporting pood block tesistancs involve either
latex blends or VAR polvorethane hybrld composi-
tieons. ™ The component lawex responsible for anli
blocking priwserties is either a vinyl acelale homopoly-
mer’ or aceylic latex containing a sterically hindered
alkomylated silane monaemer?

Table 1—performance Comparison of Acrylic (A/A}, Vimyl Acrylic {¥/A), and Vinyl
Acetate-Ethylente (VAE) Latexes

‘ Perfarmance

1*oar wet adhesion can lead

1o blistering, peeling, flak-
ing, and chipping when the Oder

coating is exposed 10 peri-
ods of precipilarion and
temperaturey amicdity
cvcles,

Wet adhexion can be im-
marled Lo a polyner
Uirough the incorporalion
of a wel adhesion
manoel {(Wakd) into the
polvmer backbone ' Lhis
is routinely pradiced with
acrylic clemistry but is less
common for VA and VAL
hinders due w the capense
of tie wet adhesion
monomers. Blending ViA
anrd WAL binders with wel

wvyy. Cogtingstech.ong

Application AgsEsEmant
Interior Exterlor | Test Methpd AR WA WAE
| A% D 1295 #e = +
Cular acceptance a n u
= Package stzhility n 0t [
. Freeze-thaw stahility | ARTH D 2243 i i -
~ Micraprganisn resistance ! ASTH B 3273 u a o
Aesnciative thickener respense | L= IEEs a =
 Tows-up u=farmity ASTM O 3928 [—: -+
Low Lemporature roalBsce ey ~ BETM D 3793 0 ++
Clas | L5109 D 523 a + +
Hiding prwar ! ASTH [ 2B0R | bl 1 u
Wat adhewian I | = -
Hu-nish resistance ASTH D B4 55 ' n 5 0
Lorub durasility ASTR D 2485 + T
Block resistance A AN O L340 + - -
Cleansablity . i @ - -
~ Adiesion Lo cnalldeg surfaces ASTH [ 3450, 0 4828 | + -
Dk pick-up Tesistance AsTM 371D | o - o=
— Blister resistarne AsIM D gss | + ==
- D Alkal® resistance + - =

Expriaure resisldimce

|

ASTH O 1006

A1 R s equal, = s sJpenan, i sign 1ardy metag

s inTrar. o —- it s g veanlly inSedar
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Table 2-~v4E and Acrylic Latexes for the Blend Study

Lates LS M {pm) WM
MR o oo 00,3 0.0 3 o o £l 4,384 0

herylic A Lol e .k 2.5
betelic B oL, 39 0075 255
Berylic Doyl araialie i o 2.080 2.5%
fompaic DLl o 0133 25K
Berglac B Ll [ n13a 1%

For hath wet adhesion and Dlock resistance, lates
blending has proven o be a uselul stratepy Lo deliver
balanced pettormance: properiics, [t also provides
grealer Nexibilite for achieving a road range of per-

formance and cogt targets, With nceeasingly Tower VO

requircients, lalex hlending will continue to be an
area of high inmterest. " Extensive teseanch in the past
decade has invobhved the combinations of Bimodal hurd
and soft latexes *# The hard polymer is delined by its
high ylass transition emperature {7, » 207 C). Tor coa-
lescen ree flm formation, the Blend sysiems usually
include a predominant amount of sodl polvmer and a
rimor amount of hard polymer paricles. In non-reac-
Lve blends, it is betieved that non fhin-fomoing hard
pobymuers act like Tler pamicles to reinforce the bulk
ilms, = additionally, smalt maoditying particles arc pre-
ferred Tor riaximum packing elficiency becanse they
can fill the inlerstitial space between the large particles.
Ax a tesult, the coalesced Dlend films contain less void
volume U= 4317 Toyproved block resistance and dirt
pick-up properties have been repocted for various lates
Blends containing a small pariicle size, non-film-form-
ing modifier@-4

Untorunawly, the small particle size modifier is
rather a special grade than a general purpose product,
Preparation of ultratine particle size requires a large
arment ol waler-soluble Tawe materials like emulsiliers
or lunctional monamers for colloidal stability These
hydrophilic materials increase waler sensitivity of The
resulting latex and the final blend. {ligh viscosity due
1o ulwa-Ting particle size makes it a challenge o pro-
duce high-solids conment, More imporantly, the hard
constilent polymer as tie sole hinder has limited uril-
ity 1o LWL conlings. Versatility is alwayy a desitable
characteristic tor any latex as 11 allows coatings manu-
factiurers lo inventory fewer raw materials.

This aeticle explores (he blends of a VAL latex wilth
various acivlic latexes i a semi-gloss paint formula-
fion. The acrvlic latexes chosen for this study have vary-
ing pariicle size, T, and wet adhesion monomer con-
tent. Influences of these acrylic dexign parameLers as
well as blend ratio on the properties of vALMaoylic
hlends ave discussed. Wet adhesion. blocl resistance,
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amd seruly durahility are the three primmary performance
properies of interesl.

VAE and Acrylic Latex Blends

The latezes used in the blending study are presented
in fakle 2. The VAT latex is a cornmercially available
product fror The Tow Chemical Company, 1t has a
glass wansition temperaltice of 11°C and a volume av-
eraged particle size of 038 o Lhe acevlic latexes in-
cluded in this study have varying hardness, particle
wize, and Wasd levels. Acrylic ATy a comnmercial prod-
wet koo for its excellent wet adhesion and blogk re-
sistance. Acrylic B s also a commercial product de-
sigmed for blending wilth vinyl aondlics o boost wet
adbiesion and block resistance. Acrylies O and T have
identical monuvraer composidons while Acrylic B dil
fers only slighily. The measored midpoint 'L, of these
three polymers is around 07 C. '

The: blends were prepared by mixing predetenmined
amounls of VAR aid acrelic latexes. The blend raties
are rEpressed as weight lactions. Tor example, the
80720 hlends contain 80 wi VAL and 20wt acrylic
latexes.

Faint FPormutations

‘The component ¥aE and aoylic latexes and their
blends were evaluated in a semi-gloss paine formula-

Table 3—semi-Gloss Formulation

Ingrodperdt ] Pkl Gallons
grind

ITEIER 5 a0y & ot b S r A R RS 231.1 AT
CELLOSIZE™ 00 ER &400 . oL ...y 5.0 .40
Propylena Glyeol .o ow e on oo 109 (1]
Colloid 22B-35 . .. ... ... 7.0 070
[ ¢ o 0 strirg o0 9 oo oCkRE SOOI = 1.5 RN
TRITOM™ £F-10 surfaclanl ..o w ooy 2.k 0,20
Ehndeline 543 ., oo 1.0 .10
Sremonivam hydeoside, 28%: .. ... C L, 1.0 .10
TPUrE R-T08 o e s 2250 BN
Polgqloss 90 .ol e 25,0 2l
Latdgwn

Bergtic polyner, 30% 015 .o oL 4250 4807
WAERT e e e s a7.in 11,83
A T ) KU S i 10,0 114
Khodnlire G43 .. a0 ieiwn oo .- 1.5 021
dmpmeniven bnpdrode, 28% ... _ 24 .26
Tubals . e e e 104410 o086
WesghL sclids, % o, o0 o Lo 135

Valune =alids, % ... ..o oL Lo 30,3

PYE, B v . o G sl 26.2

I I a7

CTLLOSLE™ s TRT O™ ave tademarss ¢ Tle Dow Sax—iml Camipany.
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tion [26% PVC and 30% volame solids). The formula-
tiom given in Tabie 3 conlained no coalesrent solvent
and the VOO comtert was 37 g/L due 1o the amonnt of
propylene plveol msed.

Wet Adhesion

The wet adhesion test measures the adhesion of a
coating wnder wel conditions to an aged allod sub-
strate. The gloss alkyd panels were prepared by casting
a 7-mil film of Clidden Glid-Guard 4554 gloss alkyd
[rainnl wnler o Teneta sorab chare arul allewwing it to cure
tor three 1o six werks at constant temperalure and
constant humibdity (C/CH: 7727 aned 3044 relative
humiidity),

TThe test and comtrel paints were drawn down in par-
allel on the same alkyd panel with a 7-mil Desy bar
After the panels were deied lor 4 or 24 hr at CT/CH, the
filros were rosshatched through 1o the gloss allod sub-
strate layer. Vhe fest panels were then soaked i waler
for 30 min, Size and density of blisters werr noted.
Belore serubbing, 20 mL ot 50% Lawi soy solation
and 5 ol ol waler were added to the paint panels on
the scrub machine. The reported resubles include the
mimber of cycles at which inial failures were ohserved
and the percent film remaining after 2000 cycles.

Block Resistance

Thre test paines were prepared on the Leneta AR opsac-
[y chiarts using a 3-mil bird drasedown bar The lilms
for rooim temperatare {117 Iewk were died in the con-
stand temperature and humidite eowiconmental chiame-
ber inr one day. Two sguare soips of 2,54 % 2.54 cm
were placed together with paint film against paint film
uniler 454 gram weight with the foad ransierred to the:
laminale using a 2.54-cm diameter rubber slopper
After 24 hy, the strips were separated and cvaluated ac-
cording to the ASTAM D 4946 xalings. 11 sl wis run
in wiplicate and the average walue was reperted. For the
elevated temperature (L) block (est, the paint stvips af-
Ler one day dryving at CTYCH were placed in a 120°F
oven under 100 gram weight for 3 min, The tilms
wete: allowed to coal for 30 min bedore the ratings of
[ilen separation were given, Room and elevated temper-
ature block were rawed on1 the seale of O 1o 10, 10 being
the: biest.

Scrub Resistance

Relative scrub resistance was evaluated nsing the
Caarner Slraight Line Washability and Wear Abrasion
sachine. Lhe coalings were applied at a wet filim thicle
nexs of 7 omils over Leneta black plastic chars and al-
lowed o cure for seven days at 779 and 30% relalive
humidity, The nylon bristle brushes wene conditioned

www.coalingstacn org

by running 400 cyrles before the test began. A stan-
dardived abrasive serolr media (£5C-2 from Lhe Leneta
Company) was wsed. The lest included the addition of
7 mL of scrab media and 3 tal. of water at the begin-
ning and after every 200 cycles,

The test paints were drawn dowr and scrabled side
by side with Aceylic E smngrle as the comtrol. Both the
test and conteol paints were evilualed over 2 metal
shim. The test was conducted in wiplicate and the
number of cvcles o ilune was recotded. The resulis
were reported as petcentage of semab grcles of the con-
trol paint,

Wet Adhesion

The VAR latex comtains no wet adlesion monomer.
The corresponding patnt flm developed blisters and
eventually lost adhesion 1o the gloss alleyd substrate
during the A0-min soal in water, The Llest piaiots Dused
on 100% aceylic Tatexes inchaded in this study all exhib-
ited excellent wer adhesion. [he filros dried for 4 hr ve-
Liinex] their integrity and adhesion afier 2000 cyeles.
is worth noling that Acrylic B sample also had 100%
film remaining even though L contains sigmificanly
lesm weed aclhesion monomer, This resull demenestrates
that creadive polymer design can attord adequate wet
adllesion at low cast,

When the VAE latex is modilied wills 20 w19 of the
acrylic. polyiners, the blend compositions vield differ-
entiated wet adhesion perflorance, Figere 1 presents
the 4-hr wet adhesion results of the 80720 Blends in
the sl pain. Acrdic A impants reasonably good wel
adhesion to the VAL blend, showing 88% paint film re-
maines] after 2000 crcles. Aaylics B and C, Tiaving
sinallet parltidle sive, Twwh pass the test without adhe-
sion failures. Acrvlic D has the e Monomer comp-

FigLre 1—Four-haur we: adhesior of 80720 blends,
1an
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Figure 2—5chematic illustration of particle mumbers n 280/20 blends,

WAEAcrylic ©

VAR Berylic [ or E

sition (ie, 1o and WAM concentration]) as Aonelic (-
the only difference being pariicle size. A large portion
of the VAR Acrlic I film did not survive the test. This
particle sive ellect confinms the important influence of
size ratio on film maorphoiogy and adbesion of bi-
maodal latex blends, ™& 17

The driving force for film formarion is inversely pro-
poctional to parlicle size 1® The films formed Ffrom
small panticles have lower void fraction hecause of
higher packing efficiency. Since Acrvlics C and LY hawe
identioal monormer composTtions, it is reasonable 1o
assubwe Lhal the bwe polymers hivse the same densie
Tor any given weight tracion, there are approximately
three lirmes maorne particle © in the blend [Figure 2. The:
smaller the particle sive the larger the sueface area,
therefore, resulting in an increased inieraction with
their surmounidings. When the wet adhesion functional.
ilies are distributed cwver o Targe surlace area, (heir e[li-
clency 1s also enhanced. As iHosated in Hgure 2, when
the particle sive of the modifier latex decreases, it he-
comes easier o D11 the void space created by the larger
latex particles. A preater proportion ol the acrvlic mod-
ifier is in comtact with the substrate. leading to in-
creased wel adhesion ellicienay.

Compared to Acrelic 1, sample E provides esven less

enhancement of wet adhesion. Besides the particle size
ellecl, there are 2.5 lirmes Tess WAM it Acmylic Foand

Table 4—MFET of Pure VAE and Acrytic Latexes and
Coatings Block Resistance

Laban 26 PIC Paints
1 day 1 day

Pralyrrcr T, [7C) MFFT (=) BT Bleck ET Bluck
WS e ] | L 3.7 4 i
Aolich ... 20 19 o o
AclicB L. ... 30 36 10 0
aolic L Ge 0 =] B 3
Aryle I gm0 =] £ I
Acnylic b o mama b - 0 -l B fi

KaT g of 05 womeaeie fug o rating o 12 15 ran-Elackira,
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the 8020 blend, The inferior wet adhesion results of
Acrvlivs Ly and B osugeest thal particle sive and concen
Lealion of wet adhesion monomer are the two deler-
mining factors, The glass transition temperature of the
acrvlic modifer is Tess important to wet adhesion per-
formance ol the blends.

The painl films may nod have developed Tull strength
in tour heurs. The 24-hr wet adhesion test is therefore
more commonly accepted by the coatings induste
Based on this standard, all the 30/20 Bends alier dry-
ing for 24 hr demonsuale adequate wel adhesion prop-
erty [ 0% film remmaiming), Tonget doving time ne-
dhaces the vind canlentin the flm o improve overal]
film inlegrity and strength. 1€ also promoles uniform
distribution of wet adhesion promoters in the film and
film-substrate imerface Ty alliwing polvmer chains o
rearrange and (o dilfuse across the inler pariicle hound-
aries, Therefore, 20%0 acrylic in the VAL acrvlic blends is
sutficient to impart satisfactony wet adhesion,

The elfect of acrlic conceniralion is stcdied with
VAL Acevlic L combinadons since Acrvlic ¥ plovides the
weakest wet adhesion cfficiency, The blends with higher
acrylic content (300 and 7R show no failures in the
more swingent 4-hr wel adhesion st As aonelic welighl
traction increases, tewer VAL pantictes are dispersed in
the htend svstem to dismpt the interaction of acmylic
potvmer witl the alkyd subswrace. The concendration of
adhesion-promaeting aroups per Wall area increases.
This stuchy illustrares that wet adhesion can be im-
proved By increasing e WaAM concentralion o the
acrylic latex and/or the amount of aavlic component
in the Hlend.

Black Resistance

The minimum film formation temperatares [ 5FFT)
of the pure VAF and acrvlic latexes are listed in Table 4.
The glass ransition temperatare determines the MEFL
and the physical characteristics of the film formed by
the polvmer. The MTFT 15 wsually Tower than T, and the
dilferential is dependent an the degree of pulyTner plas-
ticlzation by water. The gap between T, and MUTT is the
PTERT e for the VAR latex presutmihly due to a high per-
centage of hyvdrophilic ving] acetate monamer prezenl.
The coatings based on the two high T, acylic latexes, A
andl B, display visihle criwks al ambient application
temperature. [he WAL and e cther three acrylic lateses
forn cohercnt films in the coalescent-tiee paint formu-
Tatieary, comsistent with thedr Tow SMFFT values.

dable 4 alao includes the one-day room emperature
[RT) and elevated temperature (FT) block ratings of
corresponding paints. Accylic & and B paints receive the
highest ratings for block resistance, contioming e con-
tribution of butk properly as dictated by polymer T,
Increasing the binder T, results In improved hardress
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References

(1) Dixon, D.D. and Herman, FL., U.S. Patent 4,302,375.

(2) Sandri, J.M., Calentine, ].W,, Linder, S.M., and Billioux, Y.J., U.S.
Patent 4,340,743.

(3) Sandri, .M., Calentine, J.W., Linder, S.M., and Billioux, Y.J, U.S.
Patent 4,429,095.

(4) Boyce, C.A., Farwaha, R, Licht, B.H., and Menard, M., U.S.
Patent 5,208,285.

(5) Robeson, L.M. and Dubowik, D.A., U.S. Patent 6,235,811B1.

(6) Robeson, L.M., Vratsanos, L.A.,, and Miller, S.A., U.S. Patent
0,102,545A1 (2004).

(7) Robeson, LM, Vratsanos, L.A., and Miller, S.A., U.S. Patent
6,656,998B1.

(8) Phan, L. and Farwaha, R., Eur. Patent 1018535B1.

(9) Smith, C.D. and Klein, RJ., U.S. Patent 6,218,455B1.

(10) Feng, J.R.and Winnik, M.A., “Polymer Blend Latex Films:
Morphology and Transparency,” Macromolecules, 28, 7671-7682
(1995).

(11) Winnik, M.A. and Feng, ].R,, “Latex Blends: An Approach to
Zero VOC Coatings,” J. CoAT. TECHNOL., 68, No. 852, 39-50
(1996).

(12) Eckersley, S.R. and Helmer, B.J., “Mechanistic Consideration of
Particle Size Effects on Film Properties of Hard/Soft Latex
Blends,” J. Coar. TEcHNOL., 69, No. 864, 97-107 (1997).

(13) Tang J.S., Daniels, E.S., Dimonie, V.L., Vratsanos, M.S., Klein, A.,
and El-Aasser, M.S., “Mechanical Properties of Films Prepared
from Model High-GlassTransition-Temperature/Low-Glass-
Transition Temperature Latex Blends,” J. Appl. Polym. Sci., 86,
2788-2801 (2002).

(14) Tang, J.S., Daniels, E.S., Dimonie, V.L., Vratsanos, M.S., Klein, A.,
and El-Aasser, M.S., “Influence of Particle Surface Properties on
Film Formation from Precipitated Calcium/Latex Blends,” J.
Appl. Poly. Sci., 86, 891-900 (2000).

(15) Feng J.R, Winnik, 1.A,, and larczuk, A.S., “Interface
Characterization in Latex Blend Films by Fluorescence Energy
Transfer,” J. Polym. Sci.: Part B: Polym. Phys., 36, 1115-1128
(1998).

(16) Tzitzinou, A., Keddie, J.L., Geurts, J.M., Peters, A.C..A., and
Satguruy, R., “Film Formation of Latex Blends with Bimodal

52 May 2008

Particle Size Distribution: Consideration of Particle
Deformability and Continuity of the Dispersed Phase,”
Macromolecules, 33, 2696-2708 {2000).

(17) Colombini, D., Hassander, H., Karlsson, O.}., and Mauer, D.J.].,
“Influence of the Particle Size and Particle Size Ratio on the
Morphology and Viscoelastic Properties of Bimodal Hard/Soft
Latex Blends,” Macromolecules, 37, 6865-6873 (2004).

(18) El Aasser, M.S., Tang, J.S., Wang, X.R,, Daniels, E.S., Dimonie,
V.L., and Sudol, E.D., “Advances in Emulsion Polymerization for
Coatings Applications: Latex Blends and Reactive Surfactants,” J.
Coat. TECHNOL., 73, No. 920, 51-63 (2001).

(19) Ma, Y., Davis, H.T., and Scriven, L.E., “Microstructure
Development in Drying Latex Coatings,” Prog. Org. Coat., 52,
46-62, (2005).

(20) Ding T.H., Daniels, E.S., El-Aasser, M.S., and Klein, A., “Film
Formation from Pigmented Latex Systems: Mechanical and
Surface Properties of Ground Calcium Carbonate/
Functionalized Poly(N-Butyl Methacrylate-Co-N-Butyl Acrylate)
Latex Blend Films,” J. Appl. Polym. Sci., 100, 4550-4560 (2006).

(21) Friel, .M., Eur. Patent 466409A1.

(22) Robeson, L.M., Vratsanos, L.A., and Miller, S.A., U.S. Patent
6,656,998.

(23) Satgurunathan, R, Bouman, J., and Gould, AJ., WO
03/031526A1.

(24) Gebhart, M.S., Fradkin, E.G., Baker, B.E., Friel, ].M., Edwards,
S.S., Puschal. A.A., Eckert, C., and Even, R.C., U.S. Patent
6,930,141 B2.

(25) Schuler, B., Baumstark, R., Kirsch, S., Pfay, A., Sanfor, M., and
Zosel, A., “Structure and Properties of Multiphase Particles and
Their Impact on the Performance of Architectural Coatings,”
Prog. Org. Coat., 40, 139-150 (2000).

(26) Unzue, M J., Urretabizkaia, A., and Asua, J.M., “Maximizing
Production Rate and Scrub Resistance of Vinyl Acetate-Veova 10
Latexes,” J. Appl. Polym. Sci., 78, 475-485 (2000).

(27) Kirsch, S., Pfau, A., Frechen, T., Schrof, W., Pfohler, P.,, and
Francke, D., “Scrub Resistance of Highly Pigmented Paints: A
Study on Abrasion Mechanism of Different Scrub Techniques,”
Prag. Org. Coat., 43, 99-110 (2001).

JCT CoatingsTech



	blending pg44
	blending pg45
	blending pg46
	blending pg47
	blending pg48
	blending pg52

