Cbatthg' Conposi tions This invention relates to aqueous coating
conpositions containing at |east two polyneric conponents which provide
adhesion and durability as neasured by inproved gloss retention or dirt
pick up resistance in dried coatings nadg fromthe coating conposition.
Pre-finished netal siding is netal sheet which has been coated with
materi als such as polyesters. Dried coatings do not typically adhere well
to substrates such as pol yol efing C‘afnrdogitz d nmetal siding.
Durability, as neasured by inpro SS retentron or dirt pick up
resistance is a desired quality in dried coatings. Coating conpositions
w th good adhesion to polyol efins and pre-finished nmetal siding do not
normal |y have débipinvenyiongelatas to aguesus ¢astingompasiionscantainaing at lefistt
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pick up resistance do not normally have good adhesion to polyolefins and pre-
finished metal siding. There is an ongoing need for a coating composition which
provides good adhesion to polyolefins and pre-finished metal siding, and has
improved durability as measured by improved gloss retention or dirt pick up
resistance. |

Japanese Patent J 63-18632 discloses a water based coating composition
having outstanding gloss and durability. The composition contains greater than
15% of a polymeric component A, which has a molecular weight greater than
255,000. The composition also contains greater than 15% of a polymeric
component B, which has a molecular weight less than 52,000. The disclosure
states that component A provides durability and component B provides gloss.
The glass transition temperature (“Tg”) of the 2 components, when calculated
by the Fox equation, are substantially the same. The compositions were tested
for gloss and durability on slate boards and glass plates.

Patent Cooperation Treaty Patent Application WO 94/04575 discloses an
aqueous styrene/butadiene polymer dispersion having a broad molecular weight

distribution with only 1 maximum. The dispersion is made by a



2 polytelonerization process and has adhesive properties as denonstrated

by adhesion tests on pol yesters. Despite the disclosure of the prior
art, there is an ongoing need for a coating conmposition which provides good
adhesion to polyolefins and pre-finished netal siding, and has durability

as neasured by inproved gloss retention dr dirt pick up resistance.

We have surprisingly found that a coating conposition which provides good
adhesion to polyolefins and pre-finished netal siding, and durability as
neasur ed [polytelemerigagon process andihas adhagive pyopektiesas demenatratedbyn be
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an emulsion polymer prepared from at least one ethylenically unsaturated

monomer, provided that the monomer is not an alkene or a diene, the emulsion
polymer having:
from 40% to 90% by weight of a first polymer having a Tg of from 0°C to
60°C; and
from 10% to 60% by weight of a second polymer having a Tg of from 10°C
to 100°C, provided that the Tg of the second polymer is at least 10°C higher than
the Tg of the first polymer, and provided that the first polymer is higher in
molecular weight than the second polymer, such that when both polymers are
combined, from 5% to 40% by weight of the total polymer has a molecular weight
greater than 255,000 and greater than 30% by weight of the total polymer has a
molecular weight below 52,000.
In another embodiment, the present invention provides a composition
comprising:
an emulsion polymer prepared from at least one ethylenically unsaturated
monomer, provided that the monomer is not an alkene or a diene, the emulsion
polymer having:
from 40% to 90% by weight of a first polymer having a Tg of from 0°C to
60°C;



from 10%to 60% by wei ght of a second polyner having a Tg of from 10[err]C
to 100[err]C, provided that the first polynmer is higher in nolecular weight
tthan the second pol yner, such that when both polynmers are conbi ned, from 5%
to 40% by wei ght of the total polynmer has a nol ecul ar wei ght greater than
255, 000 and greater than 30% by weight of the total polyner has a nol ecul ar
wei ght bel ow 52, 000; and from2%to 25% based on the total weight of
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Mul ti -stage pollxnBiothéwenbsdinaitstité predenoventionhgrovidesanthethed of scl osed,
for exanple, in US Pat. No. 4, 325,856, 4,654,397, and 4,814, 373.

The conpodirovisiing dumpdireatingsvath adhesips: glase durabiitiisand dirtaickppe, wood,
pl astics sugh,as polyaqlefins, pre-finished netal siding, bare netal,
masonry, ﬁ%ﬁhaer}c&goﬁp%ﬁagked pai nt surfaces, concrete, and asphalt, and
dried, providi pgoddiee aconiposifon bl thigthamition; 9l oss, durability, and dirt
pick up resistance. Preferred substrates are pol yol efins, pre-finished
netal siding, arplyingsaidcempositiondompuristrate; be formul ated into a
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In another embodiment, the present invention provides an article

comprising:

a substrate selected from the group consisting of wood, polyolefins, pre-
finished metal siding, concrete, and asphalt coated with a dried coating from a
composition of this invention.

The compositions of this invention may be pfep ared by conventional
emulsion polymerization techniques. The components may be prepared in
separate batches and then combined, or may be made by a multi-stage process.
Emulsion polymerization processes are known in the art and are disclosed, for
example in U.S. Pat. No. 5,346,954, Multi-stage polymer processes are also
known in the art and are disclosed, for example, in U.S. Pat. No. 4,325,856,
4,654,397, and 4,814,373.

The compositions may be applied to substrates such as, for example, wood,
plastics such as polyolefins, pre-finished metal siding, bare metal, masonry,
weathered or chalked paint surfaces, concrete, and asphalt, and dried, providing
dried coatings with adhesion, gloss, durability, and dirt pick up resistance.
Preferred substrates are polyolefins, pre-finished metal siding, and bare metal.

The composition may be formulated into a coating composition prior to applying



the conposition to a substrate. The coating conposition may contain

emul sifiers, pignents and fillers, dispersants, coal escing agents, curing

agents, thickeners, humectants, wetting agents, biocides, plasticizers,

antifoam ng agents, colorants, waxes, ang antioxidants. The coating

conposition may be applied to the substrate and dried, |leaving a dried

coati ng which has adhesion and i nproved gloss, durability, or dirt pick up
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emulsion-polymerized polymer, acrylic acid, methacrylic acid, crotonic acid,

phosphoethyl methacrylate, 2-acrylamido-2-methyl-1-propanesulfonic acid,
sodium vinyl sulfonate, itaconic acid, fumaric acid, maleic acid, monomethyl
itaconate, monomethyl fumarate, monobutyl fumarate, and maleic anhydride
may also be used. Suitable monomers for use in the preparation of the
compositions of this invention do not include alkenes or dienes. By alkenes or
dienes is meant straight or branched chain hydrocarbon alkenes or dienes.

In one embodiment, an acetoacetoxy-functional monomer is incorporated
in the first polymer at from 0.05% to 25% based on the weight of the polymer
solids. Preferred is from 5% to 20% acetoacetoxy-functional monomer based on
the weight of the polymer solids. More preferred is from 10% to 15% |
acetoacetoxy-functional monomer based on the weight of the polymer solids. The
acetoacetoxy-functional monomer may also be incorporated into the second
polymer of the composition. Suitable acetoacetoxy-functional monomers include,

but are not limited to 2(acetoacetoxy) ethyl methacrylate (‘“AAEM”),



conbi nati ons thereof The addition of a crosslinking agent to the
conpositions of this invention nmay further inprove the perfornmance of the
coating. Conventional crosslinking agents such as, for exanple, a

pol yazi ri di ne, polyisocyanate, polycarbogiinide, pol yepoxi de,
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N The compositions of this invention have bimodal molecular weight
distributions as determined by Gel Permeation Chromatography (“GPC”).
Molecular weights are defined as polystyrene-equivalent molecular weights.
Polystyrene-equivalent molecular weights are based on the elution of the
polymer at the same time as a polystyrene of a certain molecular weight. There
is typically from 5% to 40% of the total polymer with a molecular weight greater
than 255,000, Preferred is from 20% to 30% of the total polymer with a
molecular weight greater than 255,000. More preferred is from 20% to 25% of
the total polymer with a molecular weight greater than 255,000, There is
typically greater than 30% of the total polymer with a molecular weight less
than 52,000. Preferred is from 35% to 60% of the total polyxher with a molecular
weight less than 52,000. More preferred is from 45% to 60% of the total polymer
with a molecular weight less than 52,000.

The Tg of the compositions of this invention may be determined by
Differential Scanning Calorimetry (“DSC”). When the compositions are



conpositions, the Tg of the first polynmer may be determ ned by DSC. The Tg
of the total conposition can then be neasured, and the Tg of the second

pol ymer back-cal cul ated by correcting for the Tg of the first polymer. The
calculated Tg of the sanples of this invention are listed in Table 13. The
Tg of the first polymer is typically fromO[err]Cto 60[err]C. Preferred is
a Tg of from1l0[err]Cto 35[err]C Mre preferredis a Tg of from 15[err]C -
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The following examples are intended to demonstrate the compositions of

this invention and their improved performance in coatings.

Example 1 - Comparative

Sample 1 - A 4-necked 5 liter round bottom flask, equipped with a condensor,
stirrer and thermocouple was charged with 1047.1 g of DI wat:ar. The flask
was heated to 88°C under a nitrogen blanket. To the flask was added
154.9 g of a 41% solids, 60 nm BA/MMA/ MAA latex polymer preform with
a 48.1 g DI water rinse, and a solution of 5.0 g sodium carbonate in 60 g DI
water followed by the addition of a solution of 4.0 g of ammonium
persulfate in 22.1 g DI water. One minute after the last addition to the
flask, with the temperature at 81°C, the gradual addition of ME #1 and
catalyst cofeed solution #1 were begun. Both feeds were fed over a 90
minute period. The containers for ME #1 and the catalyst cofeed solution

#1 were rinsed with DI water into the reactor flask (19.2 g for the former



and the catal yst cofeed solution #2 were rinsed with DI water (50.1 g for
the former and 9.6 g for the later). After 30 mnutes, the reaction was
cooled to 65[err]C, and 5.7 g of 0.15% ferrous sulfate heptahydrate
solution mxed with 26.9 g of 1% EDTA sol ution was added followed by 2.6 g
of 70%t-butyl hydroperoxide in 21.2 g of DI water and by 1.3 g of

| soasorbic acid in 44.2 g of DI water. After 30 mnutes, the reaction was

cooled to 30[err]C. During cooling, 26.5 g of 28%_anmoni a hydroxi de was
added to briand 816 fon the laten).o Aftey 20mmanyies gthesergdughadditionsof ME#2 0 nake

Gt o1 yor” coraificagiyttsfeedsolution #2 were hegun and fedover a 90 iU *
1.0 g Rleriéd. €After these additions were comBIeted, the conf@inérdfor ME #4#1
DI wat er 307.5 ammoni um sal t of
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10. % 5 ytégpty\f ‘flygroﬁ/eronde in 21, g of % vs{%ter and by 1.3sg0f igogsorbic aqifn

580.0 ¢ in¥4.2 g of DI water. After 30 minutes, the reaction waéodledto 30°C.
During cooling, 26.5 g of 28% ammonia hydroxide was added to bring the

latex pH to 9.0. The weights of materials used to make this sample are in

Table 1.
Tablel

Catalyst Cofeed Solution #1
Ammonium persulfate 10g
DI water 48.1¢
ME #1
DI water 3075¢g
ammonium salt of branched 129¢g
nonylphenoxy polyethoxy
sulfate (58%)
BA 4000 ¢
MMA 580.0 g
AA 20.00g
Catalyst Cofeed Solution #2
Ammonium persulfate i0g
DI water 48.1g
ME #2
DI water 288.3g
ammonium salt of branched 129¢
nonylphenoxy polyethoxy
sulfate (58%)
n-DDM 100 g
BA 4000 g
MMA 580.0 ¢
AA 20.0 g




Exanple 2 - Sanples 2 - 5 - The Effect O Tg On Adhesion And Durability

Sanple 2 - Sanple 2 was prepared follow ng the sane procedure as Sanple 1.
During cooling, 22 g of 28% anmmoni a hydroxi de was added to bring the | atex
pH to 8.7. The weights of materials used to nake this sanple are in Table

2. Tabl e ® Cat al yst Cof eed Sol ution
#1 Ammnl um persul fate 1.0 g DI water
48.1 ¢ i . e, 307.5 g
anmoni um SRk P eOn Adhesign And Durability | yet hoxy
sul fat e ( @aﬁ e 2 - Sa%le 2 was prepared followmg the same procedure“&OSQmBle 1. MVA

580.0 00g Cat al yst
Cof eed Sollmmng cdﬂmg, 22 g of 28¥ammonpehgdidxddewas added to bring the latdx pHg

DI water X ) 48. 1 . NVE #2 D water
288.3 g 087 Theiwighin ofapatesialspapdl fRinaks this sample arg ig Table 2 '
nonyl phenoxy pol yet hoxy sul fate (58% n- DDM
10.0 g 152.0 g BVA
200.0 ¢ - 628—6—f AA
20.0 g Sanple i Shordsa == 8 L followng. the sane prodedure as
Sanpl e 1. The 5|/Ammo ™ rm]é'aﬂenltlal lly charged wiOg 1063.2 glof DI
wat er. Wien t he|@idwateen of ME #2 and catal yst cof d8d gol ution #2 were
begun, CTA cof eeqqdwas al so begun. Al[ 3 solutions were fed oJyer a 90
m nut e peri od. ainers VET® TTTNS awrn 5U§§:p5 '© g, and 9.6 g of
DI water respectyery— o0+ . "i Ir oxi de was
added to bring {AE8P altiof branchef, . | ghts of 1A &rials usdd to make
this sanple are|PfR eémBY polyethoxy

sulfate (58%) .

BA 400.0 g

MMA 580.0¢g

AA 20.00g

Catalyst Cofeed Solution #2

Ammonium persulfate 1.0¢g

DI water 48.1¢g

(ME#2

DI water 2883 ¢g

ammonium salt of branched 129¢

nonylphenoxy polyethoxy

sulfate (568%)

n-DDM 100 g

BA 1520 ¢

BMA 200.0 ¢

MMA ' 628.0g

AA 200¢

Sample 3 - Sample 3 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1063.2 g of DI water. When the
addition of ME #2 and catalyst cofeed solution #2 were begun, CTA cofeed #2
was also begun. All 3 solutions were fed over a 90 minute period. The
containers were rinsed with 50.1 g, 9.6 g, and 9.6 g of DI water respectively.
During coolidg, 19.9 g of 28% ammonia hydroxide was added to bring the latex
pH to 8.6. The weights of materials used to make this sample are in Table 3.



9 Table 3 Cat al yst Cof eed

Sol ution #1 Ammoni um persul fate 1.0 g DI
wat er 48.1 ¢ DI water 307.5g

ammoni um sal t” of branched 12. 99 nonyl phenoxy

pol yet hoxy sulfate (58% ? BA

400.0 ¢ MVA 580.0 ¢ AA
20.0 ¢ Cat al yst Cof eed Sol ut |,Ip% #g Anmmoni um persul fate

1.0 g D wat er Tabled 48.1 g CTA
Cof eed #2 cé\m’ﬁ% Cofeed Solution #1 750 g

ME#2 DI anmontounTsatt—ot—branched-

12 9 g I nm/pe leam hnvu pJJl 'F_;l‘ 58(}@7 BA
71.0 g water 48.1 MVA
709.0 ¢ ME #1 20.0 g | Sanple 4 -
Sanpl e 4 was pr¢DRI ®@téol | owi ng the sanme) procedure3eg.ssanple 1. JThe 5 liter
flask was initig dxﬁm%ﬁi‘ﬁﬂ%lﬁ"bfﬁaﬁ@ﬁ@dl of DI waigigelhe rnitrpl sodium
car bonat e char ge Vias 1@11&& @g hdx! [er. ME #1 and catal yst fof eed
solution #1 were q@é Eﬁﬁ g m te pbri od. The containers foT" ME #1 and
cat al yst cof eed

MW wat er
and cat al $80.0f eed solluti on #2

Al 3 sob80i0gns were fled over a
sed with %,ng 9.6 g,[and 9.6 ¢

At he addition of NE #2
MMAd #2 was al so bequn
AAhe containers were ri

respectively. W
wer e begun, CTA
54 m nute peri od

of DI water | Catalyst Cofeed Solution #2 ,
Ammonium persulfate 1.0g
DI water 48.1 ¢
CTA Cofeed #2
MMP 25.0 g
ME #2
DI water 288.3 g
ammonium salt of branched 129¢
nonylphenoxy polyethoxy
sulfate (58%)

BA 71.0g
BMA 2000 g
MMA 7090 g
AA 200 ¢

Sample 4 - Sample 4 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1079.1 g of DI water. The initial
sodium carbonate charge was 3.5 gin 45 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 126 minute period. The containers for ME #1 and
catalyst cofeed solution #1 were rinsed with 26.9 g and 9.6 g DI water
respectively. When the addition of ME #2 and catalyst cofeed solution #2 were
begun, CTA cofeed #2 was also begun. All 3 solutions were fed over a 54 minute
period. The containers were rinsed with 32.7 g, 9.6 g, and 9.6 g of DI water
respectively. During cooling, 10.9 g of 28% ammonia hydroxide was added to
bring the latex pH to 8.7. The weights of materials used to make this sample are
in T'able 4.



réspectively. During cooling, 10.9 g of 28% ammoni a hydr oxi de was added to
bring the latex pHto 8.7. The weights of materials used to nmake this

sanple are in Table 4. _ 10
Tabl e 4 Cat al yst Cofeed Solutiqp #1 Anmmoni um persul fate
1.4 ¢ D water 67.3 @
ME- #1 D water 415.2 ¢
anmoni um sal t of branchgd ) Tablg_l& 1,\9\.. nonyl phenoxy
golzygt hoxy E? %eﬂ;&“ﬂt’eﬁed\§oqug Gonzl | OO 275_2g aMA
476.0 g - onium persulfate l14g 415 8
STY DI water 98.0 g 67.3g MAA
35.0 ¢ MEglyst Cof eed Sol ution #2 Ammoni um pgrsul fate
0.6 g [ DW&@&: 4152 ¢ Z8.9 ¢ . ‘CTA
S.Iéf ng #2 pAT ffirum salt of branched 18.1g10 7 g. g
ammoni um sal t of 8 5%;’"5' polyethoxy 7.8 g nonyl phgnoxy
pol yet hoxy sulfate (6840)e (5304 BA
73.8 ¢ | BMADM 42g 60.0 g
MVA BA 286.2 g 375.2¢ |BOWA
180.0 g BMA 476.0 g

MMA 4158 g

1STY 980¢g

MAA 350 g

Catalyst Cofeed Solution #2

Ammonium persulfate 06g

DI water 289¢

CTA Cofeed #2

MMP 300g

ME #2

DI water 180.7g

ammmonium salt of branched 78¢g

nonylphenoxy polyethoxy

sulfate (58%)

BA 738 ¢

BMA 60.0 ¢

MMA 286.2 g

IBOMA 1800 g

Sample 5 - Sample 5 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1065.2g of DI water. The initial
sodium carbonate charge was 5 g in 60 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 126 minute period. The containers for ME #1 and
catalyst cofeed solution #1 were rinsed with 26.9 g and 9.6 g DI water
respectively. When the addition of ME #2 and catalyst cofeed solution #2 were
beguh, CTA cofeed #2 was also begun. All 3 solutions were fed over a 54 minute
period. The containers were rinsed with 32.7 g, 9.6 g, and 9.6 g of DI water
respectively. During cooling, 14.8 g of 28% ammonia hydroxide was added to
bring the latex pH to 8.7. The weights of materials used to make this sample are
in Table 5.



Sanple 5 - Sanple 5 was prepared follow ng the sanme procedure as Sanple 1.
The 5 liter flask was initially charged with 1065.2g of DI water. The
initial sodiumcarbonate charge was 5 g in 60 g DI water. ME #1 and

catal yst cofeed solution #1 were fed over a 126 m nute period. The
containers for ME #1 and catal yst cofeedlsolution #1 were rinsed with 26.9

g and 9.6

g DI water respectively. Wien the addition of ME #2 and cat al yst

cof eed solution #2 were begun, CTA cofeed #2 was al so begun. Al 3
solutions were fed over a 54 ninute kabled The containers were rinsed with
32.7 g, 9.6 g, aiatalwetCoféed Bolutionr#Y espectively. During cooling, 14.8 g
of 28% ammoni a hydhmoniemVsersalfdgd to brjng the I at gy pH T0 8.7, The
wei ght s of mat e gaf€d [0 NBKE This spnple are 1gy of bre—s:
Table 5 Jst—Enfeed—Sotutrop—t : ersulfate
1.4 ¢ ﬂ%&* 6739 '
VE#1 DIl LAzwater 415.2 415 2 g
ammoni um sal t off aprmaohey salt of branched | 18.1 g 18.1g nonyl phenoxy
pol yet hoxy nonylphenake pobthoxy n- DDM
4.2 g Baulfate (58%) 375. 29 BVA
476.0 g BM i3 #1589
STY 98—6—g 28 MAA——
35.0 g B4 yst+—Cof-eed—Solutor—#2 375.2&oni um pdrsul fate
0.6 g . r 476.0g 28.9 ¢ CTA
Cof eed #2 MMp 4158 g 30.0 g
ME #2 PETWat er 98.0g 180.7 g

MAA 35.0 ¢

Catalyst Cofeed Solution #2

Ammonium persulfate 06¢g

DI water 289¢

CTA Cofeed #2 '

MMP 300¢g

ME #2

DI water 180.7 ¢

ammonium salt of branched 78¢g

nonylphenoxy polyethoxy

sulfate (58%)

BA 822¢g

BMA 60.0 g

MMA 2628 ¢

IBOMA 1800 g

MAA 150 g

Example 3 - Samples 6 - 10 - The Effect Of Crosslinking Agents

Sample 6 - Sample 6 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1083.9 g of DI water. The initial
sodium carbonate charge was 2.8 g in 37.5 g DI water. ME #1 was fed over 99
minutes. The containers for ME #1 and catalyst cofeed solution #1 were rinsed
with 21.1 g and 9.6 g DI water respectively. When the addition of ME #2 and
catalyst cofeetl solution #2 were begun, CTA cofeed #2 was also begun. All 3
solutions were fed over a 81 minute period. The containers were rinsed with

38.5 g, 9.6 g, and 9.6 g of DI water respectively. During cooling, 40 g of 28%



amoni um salt of branched 7.8 ¢ nonyl phenoxy

pol yet hoxy sul fate (58% BA

82.2 ¢ BMVA 60.0 g

MVA 12262.8 ¢ | BOVA

180.0 g MAA 15.0 g Exanple 3

- Sanples 6 - 10 - The Effect O Crosslinking Agents Sanple 6 - Sanple 6

was prepar : | : r é@gﬁﬁ - 1y fl ask
was initia a{,'kg‘}l‘m%?’ e Wﬁgﬁr%%eg tg%gg*%ﬁle\?%tter. esl'?'nilr&gglélé}ggi%gm

car bonat e rahteriswized 2o takd thiSgaknple dde WATable VE #1 was fed over 99

m nutes. The containers for ME #1 and catal yst cofeed solution #1 were

rinsed with 21.1 g and 9.6 g DI water respectively. Wen the addition of M
#2 and catal yst cofeed solution #2 wilableégun, CTA cofeed #2 was al so

begun. Al 3 sol{uWTa t\mjfeecfsaumoﬁr#mﬂ m nute period. The cortainers
vverfa. ri nsig Wi t;*m g of DI waign gespectivgly. During
cool i ng, 0 9 T4 ammoni a
hydr oxigde vvag ag ﬁﬁ%\%erbfiﬂ" the—tatex—pH-to—8—+ ﬂg-e?—goeﬂ—gh-t—e—e-f- material s
used to make thi ' 6
Table 6 @Inxg% Cof eed Sol utj on| #1 334digoni um perjsul fat e
1.1 g Di| amamenium salt of branched 14.52.9 g VE#1
DI wat er nonylphenoxy polyethoxy 334.4 ¢ ammoni um|sal t of
br anched sulfate 88%) 0 non@l phenoxy pol yet hoxy
Exl fate (58% n-DDM- DOM 33 313 ¢
258.5 ¢ Y 1T 2970275 g e

BMA 2585 ¢

MMA 2750 g

STY 77.0g

AAEM 1650 g

MAA 275¢g

Catalyst Cofeed Solution #2

Ammonium persulfate 09g

DI water 433¢g

CTA Cofeed #2

MMP 225g

ME #2

DI water 26l4¢g

ammonium salt of branched 116¢

nonylphenoxy polyethoxy

sulfate (58%)

BA 819g

BMA 1800 g

MMA 638.1g

Sample 7 - Sample 7 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1080.9 g of DI water. The initial
sodium carbonate charge was 3.5 g in 45 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 126 minute period. The containers for ME #1 and
catalyst cofeed solution #1 were rinsed with 26.9 g and 9.6 g DI water
respectively. When the addition of ME #2 and catalyst cofeed solution #2 were
begun, CTA cofeed #2 was also begun. All 3 solutions were fed over a 54 minute
period. The containers were rinsed with 32.7 g, 9.6 g, and 9.6 g of DI water



STY 77.0 g AAEM

165.0 ¢ MAA 27.5 ¢

Cat al yst Cof eed Sol ution #2 Anmmoni um persul fate

0.9 ¢ D water 3 43.3 ¢ CTA

Cof eed #2 MVP 22.5 ¢

ME#2 wat er 261.4 ¢ anmoni um -

salt of b rg%%&ﬁﬂrely Dug&ag coolingl48.8% of 28% amMBHY RPERU e RAS é?hgﬁw

sul fate (

BVA bring the latex pH to 8.6. The weights dSfhalexjals used to thdke this sample are
638.1 g Sa[gale 7 - Sanmple 7 was prepared follow ng the sane procedure as

Sampl e 1. WeTiter flask was initial |y charged with 1080.9 g of DI
ﬁt er.oI Thte : ni E ial sodi um carbonate 6f3 w\mt gr "
and catal ys rio e

cont ai ners fgr Fﬁmm‘ﬁm-“- with 26.9
g and 9.6 g D W\au® Rarpyias the additioh4€ ME #2 and catal yst
cof eed sol ution #]Imtam begun CTA cof eed #2 was aI6§cB pegun. All} 3
solutions were figgEgmer a 54 mnute perifod. The containers werefrinsed with
32.7 9, 9.6 9, & a ) of Ur Wat er 4152 ¢
13 respectivel ¥ amr f 28“/(rami Z-hydroxide was added
to bring the |atjéx p tgn ‘?‘Ghts of materi grﬁsgused to prake this
sanple are in Talﬂ°9 g—henoxy pol oxy Table 7
Cat al yst Cof eed | sulfate (i8%)1 WMML
1.4 g DIl maBDM 4.2¢7.3 g VE#1
DI wat er BA 415.2 g 378.0g

BMA : 3280g

MMA 350.0¢g

STY 98.0 ¢

AAEM 210.0g

MAA 350¢g

Catalyst Cofeed Solution #2

Ammonium persulfate 06g

DI water 289¢g

CTA Cofeed #2

MMP 300g

ME #2

DI water 180.7 g

ammonium salt of branched 78¢

nonylphenoxy polyethoxy

sulfate (58%)

BA 738 ¢

BMA 60.0¢g

MMA 286.2 g

IBOMA 1800 g

Sample 8 - Sample 8 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1077.6 g of DI water. The initial
sodium carbonate charge was 3.5 g in 45 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 126 minute period. The containers for ME #1 and
catalyst cofeed solution #1 were rinsed with 26.9 g and 9.6 g DI water
respectively. When the addition of ME #2 and catalyst cofeed solution #2 were
begun, CTA cofeed #2 was also begun. All 3 solutions were fed over a 54 minute



amoni um salt of branched 18.1 ¢ nonyl phenoxy

pol yet hoxy sul fate (58% n- DDM
4.2°g BA 378.0 g BVA
329.0 ¢ MVA 14 350.0 ¢ STY
98.0 g AAEM 210.0 g MAA
35.0 g Cat al yst Cofeed Sol ution #2 Ammoni um persul fate
(C)Jo? gd 4o period?! TH\@E&itamers were rinsed with 32.7 g, 9.6 g, and 88 ggoﬂDI water CTA VE

ee
#2 1eﬂ>ec&ateéy During coohng, 50 g of 28% ammonia hydrggide \gas added to amoni um
23: ]E a? fe ?gga/r anacgh %}cxje latex pElto 8.6. The werqghts of material® us%t&etgoréng ghl)éet ho éare

Table 8. 60.0 g MVA

286, 2 g mTableds 180.0 g Sanple 8 -

Sanmpl e 8 was prepared follow ng the same procedure as Sanple 1. The 5 liter
flask was initially charged with 10771‘&1g_of DI water. The initial sodium

calr bonat e#gl;har ofs t Coledd SOt W t_T VE #1 and catalys CO]IC\/Eeidtl ;
sol ution wergge rroﬁ The—Tggnmrarmers qr an
cat al yst cof eed JRonIRm, peray g—er—i—ns—edj _ . 1 . wat er
respectively. ﬁm'nddlunn of ME #2} and catal Wdtd Bof eed solfution #2
wer e begun, CTA MEgH] #2 was _also begunl Al 3 solutions were fled over a
54 minute DI water 4183 g peri od. |The
cont ai ners were- rdrﬁlﬁ%ﬁd&h?s@lt?{ﬁ'-b}aﬁeh&iG g, and 9 61g.p§ !Z)I wat er
respectively. Du rdoﬁ?lﬁ%ﬂok?%olﬂ%hgxspf 2806 anmoni a hydr oxi de was |added to

sulfate (58%)

n-DDM__ - 42¢

BA 486.2g

BMA 4200 ¢g

MMA 150.8 g

STY 98.0g

AAEM 2100 g

MAA 350g

Catalyst Cofeed Solution #2

Ammonium persulfate 06g

DI water _289¢

CTA Cofeed #2

MMP 300g

ME #2

DI water 180.7 g

ammonium salt of branched 78¢g

nonyiphenoxy polyethoxy

sulfate (58%)

BMA 748 g

MMA 255.2 g

IBOMA 270.0 g

Sample 9 - Sample 9 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged §vith 1090.9 g of DI water. The initial
sodium carbonate charge was 3.5 g in 45 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 126 minute period. The containers for ME #1 and
catalyst cofeed solution #1 were rinsed with 26.9 g and 9.6 g DI water
respectively. When the addition of ME #2 and catalyst cofeed solution #2 were



bring the latex pHto 8.6. The weights of materials used to make this

sanple are in Table 8. Tabl e 8

Cat al yst Cofeed Sol ution #1 Anmmoni um persul fate

1.4 g DI wat er 15 67.3 ¢ ME #1
D water 415.2 ¢ ammoni um sal t of
branched 18.1 g nonyl phenoxy pol yet hoxy

SB xl fate (5B88un, CTA cofdtdFMvas also begun. All 3 solutlons were fed over a 54 ninfite

2 g
420.0 g period. Whia containers were rinsed W1th 32 7 £,96¢g and 9.6 g@ﬁm water

STY . . 98.0 q. .  AAEM
210.0 g respectiyplx. During cooling, 50 g of 28% ammo?na hydroxide was @d&ed to

(c):égalgySt Cﬁﬁﬁﬁgrxg‘%tégérm t63.6. The weif TSRS HE&?E&%}{S t(}jis sample are.

Cof eed #2 in Table 9.MVP 30.0 g VE
#2 D water 180.7 g
ammoni um sal t of _hranched ==rﬁTable 8g ____nonyl phepoxy
pol yet hoxy CatalystoCefecd Sujution #1 BVA
74.8 ¢ MVAmmonium persulfate 14855.2 ¢ | BOVA
270.0 g Sanple Iv%gpf@ was prepared follow nge-p ¢ Sale protedure as
Sanple 1. The 5 = Wa Yy Cirarged—wtT 109079 pf D
wat er . The|n|t| f je—was 0.54*5.":%549?{‘# at er . MVE
#1 and catal yst | &0 - I od. The
cont ai ners for \l}«w m%@%&lﬁpﬂma@ﬁ@ed sol ution #8. . e rinsedfwith 26.9
g and 9.6 g DI anylpbepect polgethoxyhen {he addition of ME #2 anf catal yst
cof eed sol uti on Fshlfwed58%)
n-DDM 140 ¢
BA 3780¢
BMA 329.0 g
MMA 3500 g
STY 98.0g
AAEM 2100 g
MAA 35.0¢g
Catalyst Cofeed Solution #2
Ammonium persulfate 06¢g
DI water 289 ¢
[ CTA Cofeed #2
MMP 300g
ME #2 .
DI water 180.7¢
ammonium salt of branched 78¢g
nonylphenoxy polyethoxy
sulfate (58%)
BA 738¢
BMA 60.0 g
MMA 2862 g
IBOMA 180.0 g

Sample 10 - Sample 10 was prepared following the same procedure as Sample 1.
The 5 liter flask was initially charged with 1078.4 g of DI water. The initial
sodium carbonate charge was 4 gin 50 g DI water. ME #1 and catalyst cofeed
solution #1 were fed over a 144 minute period. The containers for ME #1 and

catalyst cofeed solution #1 were rinsed with 30.8 g and 9.6 g DI water



15 begun,

DI water

CTA cofeed #2 was al so begun.
m nute period. The containers were rinsed with 32.7 g, 9.6 g,
respectively. During cooling,
added to bring the latex pHto 8.6. The

this sanple are in Table 9.

1.4 ¢
DI water
br anched

DI
respectively. Whenlgfela%dmon of ME 5;1?

wat er

Al

3 solutions were fed over a 54
and 9.6 g of
50 g of 28% ammoni a hydroxi de was

ueights of materials used to make

Ammnl um persul fate

67.3 ¢

VE#1

lyst co ﬁedas@?]@@bfr'%%rte of

ypo

sul fate (3#gun, CTA cofesd PRWras also begun. All 3 solutlons were fed over a 3Fmih@te

BA , , 378, 0 BVA
329.0 g period. Thecontainers were rinsed with 28.9 g, 8.6 g, and 9.6350f DI grater STY
98.0 M . . . .210. 0 MAA
35. 0 3 respe“%f%l During soolinecp & qf 3% gmmonia hy dl(ﬂ%‘r‘od%i i %g‘ri%‘mof ate
0.6 g bring Bhe ¥BELDH to 8.7. The weights of materials used to M8k&this sample arETA
Cof eed #2 MVP 30.0 g :
NVE #2 in Tahbe 1Qat er 180.7 ¢
ammoni um salt of branched Table 7.8 g nonyl phenoxy
pol yet hoxy ———sgl—t—aée—(—i&ﬁﬁ;—ga
73.8 g mnigatalyst Cofeed Solution #1 600 g MVA
286.2 ¢ lABDivianium persulfate 16g 180.0 g | Sanple 10
- Sanple 10 was {DIepatead f ol | ow ng the sjame procedy7ed gs Sanpl e (1.
A ME#1 )

DI water 469.0¢g

ammonium salt of branched 20.7¢

nonylphenoxy polyethoxy

sulfate (58%)

n-DDM 48¢g

BA 432.0g

BMA 376.0 g

MMA 4000 g

STY 1120g

AAEM 240.0 g

MAA 40.0 ¢

Catalyst Cofeed Solution #2

Ammonium persulfate 04g

DI water 19.2g

CTA Cofeed #2

MMP 300g

ME #2

DI water 1268 ¢

ammonium salt of branched 52¢

nonylphenoxy polyethoxy

sulfate (568%)

BA 96¢g

BMA 400 g

MMA 2304 ¢

IBOMA 1200 g

Example 4 - Sample 11 - The Effect Of Reversing The Order Of Preparation
Sample 11 - Sample 11 was prepared following the same procedure as Sample 1.

The 5 liter flask was initially charged with 1069.3 g of DI water. The initial
sodium carbonate charge was 0.3 g in 20 g DI water. While ME #1 and catalyst



The 5 liter flask was initially charged with 1078.4 g of DI water. The
initial sodium carbonate charge was 4 g in 50 g DI water. ME #1 and

catal yst cofeed solution #1 were fed over a 144 mnute period. The
containers for ME #1 and catal yst cofeed solution #1 were rinsed with 30.8
g and 9.6 g DI water 17 16
respectively. Wien the addition of M #2 and cat al yst cof eed sol ution #2

wer e begun, CTA cofeed #2 was al so b AI 3 sol tlons re feg over a
36 ninute ﬁ@fﬁeéaolun@%bmemhmﬁﬁér #l pras Stgbgm nd 9.6 g

Sdded 1o bPPEOREHdrked ogel'h A AR % wg?S%*?es M@%Wﬁse%‘@?we o
t his sanpl eofaé@sblmm'aa;b#p 10. Table 10

Cat al yst Cofeed Sol ution #1 Anmoni um persul fate
1.6 g and GFA gefeed #1 were rinsed with 11.5 g, 9.6 g, and 9.6 gi)I(wger VE#1

i romecit. hewas o i ot gl R
SB x | fate (S58fbed #2 were fadBbbt a 126 minute pegxod The containers 3, were rirfse@ weith

376.0 g  48.1g, aud9.6 g of DI water respectively. Dur?ng cooling, 7409 062§% ammonia STY
112.0 g

4o 0g]  hydrogiddivds addedita bring s latex pH to 8.4. The greighfs it miresials é‘(ssd

0.4 ¢ to ma@btﬂ’?st@imple are in Table 11. 19.2 ¢
Cof eed #2 30.0 g I\/E
#2 DI vvater _Table 11 126.8 ¢ anmoni um
salt of branched] Catalyst Cofeed Sélutiofi #1
Ammonium persulfate 20¢g
DI water 22.1g
MMP 300¢
ME #1
DI water 1999 g
ammonium salt of branched 78¢
nonylphenoxy polyethoxy
sulfate (58%)
BA 738¢g
BMA 60.0g
MMA 2832 ¢g
IBOMA 180.0 g
MAA 30¢g
Catalyst Cofeed Solution #2
Ammonium persulfate 24g
DI water 67.3¢
ME #2
DI water 431.0g
ammonium salt of branched 18.1¢g
nonylphenoxy polyethoxy
sulfate (58%)
n-DDM 42¢
Sodium carbonate . 35¢g
BA 3752 ¢
BMA 476.0 g
MMA - 4158 g
STY 98.0 g
MAA 350¢g




nonyl phenoxy pol yet hoxy sul fate (58% BA

9.6 ¢ BMVA 40.0 ¢ MVA
230.4 ¢ | BOVA 120.0 g Exanple 4 -
Sanple 11 - The Effect O Reversing The fgder O Preparation Sanple 11 -
Sanmpl e 11 was prepared foll ow ng the sanme procedure as Sanple 1. The 5
liter flask was initially charged with 1069.3 g of DI water. The initial
sodi um car Muledhdar Weight Aaalydis g in 20 g DI water. V\hi le ME #1 and

cat al yst cof eed sol ution #1
were being fed, Sml%wewamalym@bmf%%cba‘whﬁwatwpblwsmmdms were fed

Over 2 54 hAHbEPR ) Wite T Bofliol M) 590 o VRO 45k e gihughlt | o1
respecti velyth 4 hﬂOQxM@%nﬂﬂe o, ¢Ré @Eﬁbn#@togfaﬁﬂib SoluiiN, &ndl\ﬁmeeswmdaal al yst

cofeed #2 were fed over 126 m nute period. The containers were rinsed -

with 48.1 gloglmmemnstagr@ﬁra@nvm@ deseqient Thecglunpg nsed wees aiwgir of 6 g of

28% anmoni dto ng the | atex pHto 8.4. The weights
of materia gy\ﬂl% W%d ghd?@ 1% Hf‘éd}lﬂmlsabl e 11.

Table 11 ¥l tho5H8 1§ahyw@amsa THF, té\gimsuﬁmdl 028% aye
2.0 ¢ DFO%%?P, 9 - 2 ¥ CSI[

Cof eed #1 weight. Sawples were diluted with THF, shaken, filtered, and lemdcﬁd ipto the
VE#1
Amroni um sSPLS 98 $fith g automated system based P a Zymark 33 rﬁBﬂRﬂ phenoxy

pol yet hoxy The systehPivas cafibRated with knB@n polystyrene standards, thus
73.8 g BVA 60.0 g

molecular weights are in polystyrene-equivalent weights. The results of the

analysis are in Table 12.

Table 12
Sample MW (x 1,000) Sample MW (x 1,000)
1% 49%>255, 25%<52 7 25%>255, 51%<52
2% 47%>255, 26%<52 8 24%>255, 53%<52
3 39%>255, 48%<52 9 6%>255, T1%<52
4 18%>255, 55%<52 10 25%>255, 47%<52
5 17%>255, 56%<52 11 19%>255, 51%<52
6 21%>255, 59%<52
Table 13
Sample Tg CC) Sample Tg CC)
1* 32.1/28.8 7 29.1/45
2% 32.1/48 8 15765
3 32.1/48 9 29.1/45
4 29.1/45 10 29.1/45
5 29.1/45 11 29.1/45
6 29.1/45

* = Comparative Sample Tg = Tg Polymer 1/ Tg Polymer 2 (Calculated)

Coating Compositions were prepared as follows:



MVA 283.2 ¢ | BOVA

180.0 ¢ MAA 3.0 g

Cat al yst Cof eed Sol ution #2 Anmmoni um persul fate

2.4 g DI wat er 19 67.3 ¢ ME #2
D water 431.0 g ammoni um sal t of
branched 18.1 g nonyl phenoxy pol yet hoxy

sul fate (5%%paration of Pighidted Coatings 4.2 ¢

Sodi um car bonat e

375.2 g Pigmented coatings were formulated accordmg to Tabhpmi 0g MVA
415.8 ¢ STY 98.0 ¢ MAA
35.0 ¢ Mol ecul ar Wi ght Anal ysi s Sanpl es were anal yzed by

GPC. The chromat ograph| c systemwas coppglgad of a V\at ers Associ ates I\/bdel
Val

510 punp, _
chr oﬁa[rggr ahmﬁoﬁoMmre ggmmi fMtl@rmﬁMislonémGOwﬂés‘BIssoNenJ refract | Ve
i ndex det.¢q@fer The colums uged were a pair of Polognpfglabs M xed-A 30 cm
X 7.8 mm ¢ Ban FOT a ne sanpl e ssm ved I THF| at
appr oxi mat q;a 1.%1‘/]{\]@0 wetoit %?)é?%&ér? vvm“ré”ﬁkug, 46
filtered, ?333@&"%’@0 t he %ﬂﬁaélzle‘éop with an|3ftBmated system based on
a Zymark | The systtemwas calibrated wilth known polystyreng
st andar ds | Tritan*@Bt ¥t ul ar wei gisurfagtanti n_pol yst yr ¢Qetiegui val ent_wei ghts.
The resul { Drew®*L49%nal ysi s ar defoanda@bl e 12. 034¢g
Tabl e 12 [TionsGe0Rl628 [MO2 pieh@AY ___ peigE _ WW(X },000)
1 ‘deiﬁ%wn materials'were added%mg&gz

Latex binder 2933 ¢

Water 63.8 g

Aqueous ammonia neutralizer 1.18 g

(14%)

Sodium nitrite (15%) flash rust inhibitor 45¢g

Texanol® coalescent 179 ¢

Acrysol®QR-708 (10%) | thickener 50¢g

Preparation of Clear Coatings

Clear coatings were formulated according to Table 15.

Table 15
Latex 150 g
Deionized water 36g
Dowanol®PnB (coalescent) 144¢
Dibutylphthalate (plasticizer) 22¢g
10% Acrysol®QR-708 (thickener) 10¢g

The following tests were performed on the compositions of this invention:
Gloss and Gloss Retention

Pigmented coatings were applied to Bonderite 1000 steel panels using a
drawdown bar with a 10 mil gap. After drying for 2 weeks at room temperature,
gloss of the dried films was measured using a Byk Labotron Gloss Unit. Twenty
degrees (20°) and 60° gloss values are reported.



2* 47%255, 26%<52 8 249255, 53%52 3

399255, 48%<52 9 69255, 71%<52 4 18%255,
55952 10 259255, 47952 5 179255, 56%<52
11 199255, 51%52 6 20 21%255, 599%<52

Table 13 Sampl e Tg ([err] O Sanpl e Tg
(O 1* 32.1/28.8 7 29. 1/ 45

2% "BRe dfied coatmgs were pl&ed in a QUV cabml;ﬁ(Q Feel Companzy

32.1/48 29.1/ 45

10 Clevelamd thhgnd exposed fos 333 hours. “A” bglb_@/(ago nm) were used. 11

ool vrar 1Vlugs wepreportsd in peratisieferition of infal FRAHRL 01038 TRteie Tge: E

prepar ed @gubbf 8¥&ater than 15% are considered acceptable

Preparation of Pirgnented Coatings Pi gnment ed coatings were forrrul at ed
accor di ngDirt Piekiye Redistance Tabl e 14 The

oS e o ke U B0 P SO N o
23?]?21: ?ant drawdowit Bk %’thzﬁrlé) n}%l gapDrThv\T &'n? ‘g&%/&ngd f&r@{nﬁéﬁ & 10

0.34 g Ti26g/80%] ::Iaﬁ.tiﬁeZBunudlty Ifitia? Ypreftertance was measured @¢ing @Padlﬁc
Li()lnljg\rM " cligfltlgcwbo tg%.ralr 4§ mﬁéﬁgca}:g&eegqr\,\eét{]rd%g: Iotr:]e% Inlég;[uement Division,
63.8 0 gilver Springs, Maryland). The panels were then placed in a foghox for 1.5
hours. The panels were removed and blotted dry. A uniform aqueous mixture
was produced by dispersing 125 grams of Mapico 422 iron oxide (Columbian
Chemicals Company, Tulsa, Oklahoma) and two drops of Tamol®731 anionic
copolymer dispersing resin (Rohm and Haas Company, Philadelphia, PA) in 250
grams of water. The mixture was dispersed using a Lightnin’ mixer (Mixing
Equipment Company, Inc., Rochester, NY) and brush applied onto the panel
surfaces. _

The slurry-coated panels were air dried for 3 hours. The panels were then
placed in a 65°C oven for one hour, removed and allowed to cool for 30 minutes.
Each panel was washed under tepid water while rubbing lightly and evenly with
a cheesecloth pad. The panels were then air dried for a minimum of 4 hours. Y-
reflectance values were again taken over the stained area, and reported. The
larger the absolute value of Y-reflectance, the poorer the dirt pickup resistance.
The severity of dirt pickup was also rated visually, and given a qualitative
rating. Absolute values of Y-reflectance greater than - 30, and qualitative
ratings of “heavy” indicate unacceptable performance.

Crosshatch Adhesion Testing

Crosshatch adhesion was tested using ASTM D 3359-90, method B. A 100
square lattice pattern was made using a knife and cutting guide. Permacel 99
tape (Permacel Corp., New Brunswick, NJ) was applied to the lattice using a

rubber pencil eraser. After removal of the tape, the number of squares of coating



Aqueous anmoni a neutralizer 1.18 g (1499 Sodiumnitrite

(15% flash rust inhibitor 4.5 g Texanol [err] coal escent
17.9 g Acrysol [err] QR-708 (10% t hi ckener 5.0 g
Preparation of Cl ear Coatings Cl eaxl coatings were formul ated
according to Table 15. TabI e 15 Lat ex
150 ¢ Dei oni zed water

Dowanol [ errepraiBirg onlthe pane) were counted Higher values mmnsybqﬁﬁl Inadicate better

gl'ﬁlaafsz): flc,\iﬁ.}gesg%tga&q%egrﬁgmr O%ﬁ%ﬁé"@&%&ﬁgf t%lfcr{ﬁlngrl)nven%l gng

d oss and gnent ed coatings were applied to
Bonderite oF %ﬁﬂ& sedusgl i a drawdown bar with a 10 m | gap. After
drying for 2 me@kb;anhzmbsme]t}mr;m Edavoxy- ccgitewdsthﬁ Kiynar cbolpeistérlhﬁamme or.

measured usjng a Byk._ L ron ss Unit. t egr r and
60[ err] g|§5l}§c9% ggl,ygﬁt&r{ amine wereo ar}ngd?rg & [thxra ;))rmgs

Oorrpany, &ecgang %]}%Q@‘%IJ q%tmw% gg??’hours&aﬁk{we‘%@tp?g% nm

were used. P1‘é&iéiﬁ§d\bﬁéﬁng§mlté applied peingeandrawdewhiba with iani@ mal gaf)[evd |
gloss. G oss retention values of greater than 15% are consi dered

accept abl eair gried for Zkupeleat xoopntamperaturep; Adbemien wasdesteddyldree applied to
al um num i g a drawdown bar with a 10 m | gap. The sanpl es
e peh ugtfod 've humi ity init

were drie 1t 25[err]C50% relative humdity. Initial
Y-ref | ect anglesi&r® t'Pd legbng a Pacific Scientificc Colorguard 45/0
Ref | ect onet er rdner Neot ec Instrunment Division,
Polypropylene panels (Himont PP SB 823 BLK, Standard Plaque Inc.,
Melvindale, MI) were lightly wiped with a cloth moistened with a 50/50 mixture
of isopropanol/VMP naphtha. Clear coatings were applied using a drawdown
bar with a 7 mil gap, and dried for 30 minutes. The test panels were placed in
an oven at 180°F for 30 minutes, and allowed to cool at room temperature
overnight. Adhesion was tested by the crosshatch method.

Adhesion to Vinyl Fascia Board

Pigmented coatings were brush applied to vinyl fascia board (Stoll Corp.,
Sydney, OH) and allowed to dry for 1 week at room temperature. Adhesion.was
tested by the crosshatch method. |

The results of all tests are listed in Tables 16 and 17.



Silver Springs, Maryland). The panels were then placed in a fogbox for 1.5
hours. The panels were renoved and blotted dry. A uniform agueous m xture
was produced by dispersing 125 granms of Mpico 422 iron oxi de (Col unbi an
Chem cal s Conpany, Tul sa, klahoma) and;two drops of Tanol[err] 731 anionic
copol yner dispersing resin (Rohm and Haas Conpany, Phil adel phia, PA) in 250
grans of water. The m xture was di spersed using a Lightnin' mxer (M Xxing
Equi prent Conpany, Inc., Rochester, Nrablang brush applied onto the panel
surfaces. The slurry-coated panels were air dried for 3 hours. The
panel s were then pl a%élteiﬁﬁlatéﬂﬁsrr] C oveAdhesionfheronpbatch)enpved aBlears

al lowed to gool yfor 30 M nute Eagh nel was shed ugder id water

whi | e r ubbi ryht I-gﬁggofevew;gt h@g@ﬁees &-ot h [9&%2 Thﬁgnm $-DHD.
then air drigd for asmge mum gi4/7/h hoursg Y- refg ectancg val ugs.were ggain
taken over the stained area, and reported. The | arger the absolute val ue of
Y-reflectanc8’ the pbBfi& the5di6% pi ckQp resi dtance. The severity 00 dirt
pi ckup was also rate isual |y, d given a qualitative ratipg. Absolute
val ues of Y-reflect agﬁ 0gr eat #/fdr:an - go, and?hualit ive r&?i ngs o#’
“heavy" indicate unagggat abl e gaasd or mangge. Cr ogghat chygyglhesi Testi
Crosshat ch adhesi on was tested using ASTM D 3359-90, nethod B. A 100 square
lattice pattérn was G884 usi n§684knife 38nd cut98ng gui98e. PaOfacel BRAt ape

(Permacel Corp., New NSW C ) was, applied to the lattice using a

rubber penci IGDer aserﬁgiﬁzt er rgﬁd}il of 4the ta ,0 the Hhbver % squa&& of
coati ng 7 - 53/8 54/81 ] rengd Ni ng t he
panel were counted. H‘?g%er val ues (100 1|55 best‘))Gi ndi cate better adh:,s%i on.

Val ues great & than 308lepreséfi83acceptidbl e adiodsi on.108dhesigm to 100
Prefini shed Siding Gal vani zed steel panels fact o(%i- coated with Kynar,

pol yest er/ melPani ne, /88i1i cor@88udifi &d pol yder/ nel¥hi ne 10Bre obl® ned
fromMBCl, Lighia Speikmgs, GA panglss wer i ghtl i pe i th aydanmp
cloth to rerrii)(\s/e dustsslg?gmsnt gaﬁggati ng’g wer eelé’?m i edyoudg ngdgagMdr a\AdISI\(AAn bar

with a 10 m ligap, ameygsgi r dr 7eMof or 28eeeks gipor oom g per grure. ANaesi on
was tested bg the crosshatch nethod. Adhesion to Pol ypropyl ene

Pol ypr opy Peth& SRelBester. i-adit bpkedpolyestep) WFBSt xinyd fasatn haars, prpxop. =

Mel vi ndal pelypirdpylene, NAghnby analyeed ¥ +ICompamativerBamplen €lears =hChab0/ 50

m xture Coatings

Table 17
Dirt Pick Up On Untreated Aluminum Gloss Retention
Sample y-reflect. visual initial 333 hour

1* T 40 heavy 5479 . 13%
2% 16 moderate 51/79 22%
3 15 moderate 54/79 19%
4 -47 heavy 64/84 5%
5 -44 heavy 66/84 5%
6 -6 sl/mod 55/82 75%
7 -13 moderate 54/81 78%
8 -12 moderate 57/83 82%
9 -22 mod/hvy 78/88 4%
10 . -9 moderate 55/82 75%
11 -47 heavy 77/89 4%

y-reflect. = y-reflectance, 333 hour = after 333 hours in QUV “A”,
sl/mod = slight to moderate, mod/hvy = moderate to heavy, * = Comparative
Sample



of isopropanol/VMP naphtha. C ear coatings were applied using a drawdown
bar with a 7 m| gap, and dried for 30 m nutes. The test panels were pl aced
i-n an oven at 180[err]F for 30 mnutes, and allowed to cool at room
tenperature overni ght. Adhesion was tested by the crosshatch nethod.
Adhesion to Vinyl Fascia Board Pigﬁ%nted coatings were brush applied
to vinyl fascia board (StoII Corp., Sydney, CH) and allowed to dry for 1

week at room't era Sj on _was,.t est by the cro tch t hod.

neek 3t T oom  SRE L o R A AT MG G50 TR F

22 polyolefins and pre- ﬁmshed metal si'fﬁﬁl;%nlﬁxave 1mp10ved du\‘@bﬂa‘%}r Bai nt 4 oss
Adhesi on (cross hat ch) Clears | e Panel Panel 2 Kynar

p-e 1 pmeaaured\bsslmproved glpssme@g)tlon mr d1rt pick Bn/re&stance can/b‘na)repared)

8 0 by makmg atwo golymenc qgg}wtxon ang Agpl}golhng the8molecu1ar wgight 0 43
80 d the Tg of each . The d&fd fifflicate tBdt durabilitPlnd dirt 95
80 5 Sndthedgof eachalyifier, The dBfY Hflicate thit durabilifgflind distilek up P2
6 5O¥edistance aresgnprpved bydpcreasing @#80Tg of tHObw mol@®lar weightia 7
g‘;’; gi (g4/ &% Adhesi;o%?and glosg g(ge imprti‘(lﬁ%loby conjg(?]ling thefgéecular?yveight

76/ 88 inki :
5o/ 81 of tﬁ%/ Ey?)@ymer1c‘uimp031tmnlOf‘he ad(]i_%gﬂl of a éx%gslmkmg e’@gt unpﬁ&d the

76/ 89 ovki‘hH&i)erfornﬂﬁlce of the ¢@ting cortPsitions.95 NA p-e 1 =
pol yester, p-e 2 = baked polyester, VFB = vinyl fascia board, p-prop. =
pol ypropyl ene, NA = not anal yzed, * = Conparative Sanple, Cears = dear

Coat i ngs Table 17 Dirt Pick Up
On Untreated Al um num . @ oss Retention Sanple y-reflect.

vi sual initial 333 hour 1* -40 heavy
54/ 79 13% 2* -16 noder at e 51/ 79

22% 3 -15 noder at e 54/ 79 19% 4
-47 heavy 64/ 84 5% :



5 -44 heavy 66/ 84 5% 6

-6 sl / nod 55/ 82 75% 7 -13

noder at e 54/ 81 78% 8 -12 noder at e
57/ 83 82% 9 -22 24 nmod/ hvy 78/ 88

4% 10 -9 noder at e 55782 75% 11

;’?Zeflect alwg?gi%%iﬂgw. = after77ggg hours in QszoyAI““\ “m%“ﬂumslmmt to
nmod/ hvy

noder at e, = noderate to heavy, * = Conparative Sanpl _

23 TheA compbbitionempmgingconposi ti ons whi ch provi de good adhesion to
pol yol efins and pre-fjnished netal siding and have inproved durability as
measur ed by i npRBvasgulsienpolymernreparesk framy at lepstongethylenically unsaturpted

repared b | . I ric conpesitjon and controlli the, .

ol boul ar SRS riofiBaRBay (L bnGRER IS bt 25 ABRAL A S Hine, o pRSsion

dur abi I'i ty paianél havipigek up resistance are inproved by increasing the Tg of
the | ow m)FecuI ar wei ght pol yner. Adhesion and gl oss are inproved by
control ling the fiemn &0 90k phwetghtidfa st potymer bavingsi T of frofin8°@ddi t i on
of a crossh' gefj nzgdagent i nproved the overall performance of the coating
conmposi tio é @ 24 What is

lained: 1. Ac ha/i I, SLRY; ' r red
Fromat least onoReipi BERERYEERRGEa seoond Ayl hAEL, RESITHAA' (A
nononer i stnd00%0) proiazied that shelTgof thé becond paly@er Rohy skt 1030 Risher than

from40%tq 90% i ght of a first polymer having a Tg of fromO[err]C to
' Sharte ot the Bed 4 P

60[err] C g 0 rst polymer, and provided that the first polymer is higher in

molecular weight than the second polymer, such that when both polymers are

combined, from 5% to 40% by weight of the total polymer has a molecular weight
greater than 255,000 and greater than 30% by weight of the total polymer has a
molecular weight below 52,000.
2. A composition according to Claim 1 wherein the monomer is selected from the
group consisting of butyl acrylate, methyl methacrylate, acrylic acid, butyl
methacrylate, styrene, isobornyl methacrylate, and methacrylic acid;

the Tg of the first polymer is from 10°C to 35°C ;

the Tg of the second polymer is from 40°C to 70°C;

from 20% to 30% of the total polymer has a molecular weight greater than
255,000; and

from 35% to 60% of the total polymer has a molecular weight less than
55,000.
3. A method of providing dried coatings with adhesion, gloss, durability, and
dirt pick up resistance comprising:

providing a composition of Claim 1;

applying said composition to a substrate; and

drying said composition.
4. An article comprising:

a substrate selected from the group consisting of wood, polyolefins, pre-

finished metal siding, concrete, and asphalt coated with a dried coating from the
composition of Claim 1.



f°rom 10%to 60% by wei ght of a second polynmer having a Tg of from 10[err]C
to 100[err]C, provided that the Tg of the second polyner is at |east

10[err] C higher than the Tg of the first polyner, and provided that the
first polymer is higher in nolecular weight than th _. such

t hat when both pol yners are conbined, from5%to 403{(155 i@@ ) h E e total
pol ymer has a nol ecul ar wei ght greater than 255, 000 30% by .

wei ght of {sdsifioh ¥R -a nol ecul ar wei ght bel ow 52, 000.” 2. A
corrp05|t|on g‘ccor@l‘%sng to alm ﬁ% wherein the nononmer is selected fromthe

group consi st i ngn efulsion| podymet preparedifinh atﬂeasimyleahg],enmallyl unsaturated
butyl methacryl ate, st sobornyl pethacryl.ate, an acr ¢ acid,
the Tg of t“lﬁ’éom@sl’l%‘{%ﬁﬁg}atl%‘ef‘?%ﬁ@@[ wrpqt@n alkenegria & ne, t ’%{H 108y of
t he second%a? from40[err]Cto 70[err] C from 20%to 30% of
t he total ymer ah S 'a nol ecul ar wei ght greater than 255, 000; and '

from 35%to 60%%m 40& t096% hyoksi gﬁtoﬂﬁﬁr@tﬁblyﬂ%ﬂlﬁdwmglagrgofﬁsm 0o
55, 000. 3. A nmet hod of providing dried coatings wth adhesion, gloss,

dur abi | i t y80°&d di rt pick up resistance conprisi ng provi ding a

Cryrog sai'd corse [Qte o by RIS SGuAFONRRS hatthe Qg RiphaReE
sel ected fgo1ggebe p%ﬁﬁ@d@ﬁ%ﬂfetﬁm pfai xﬁ@pg hleﬁwﬁ& §{d1£l§ﬂap5v%1 gHti¢ F&hﬁ%@

metal siding, concrete, and asphalt coat ed wt I ed coatinhg fromthe
conposi t i osecohd @olsrmex,. such that when both polymers are combmed from 5% to 40%by 5.

one._ oty é%?%a%oi‘%ﬁiwﬂpak AR B0l GHLE] WaGRRt FrRa R D Ao Polnot an
e o AP AT O s ORI
from 10% t52,6000 dxyd wei ght of a second pol ymer having a Tg of from10[err]C
than the. stconchpBl Sie 253 basacten thEMAbEREhS oF FEes et o SopBRREREY S 5%
to 40% by acetoacetoxy-functional monomer incorporated into the first polymer.
6. A composition according to Claim 5 wherein the monomer is selected from the
group consisting of butyl acrylate, methyl methacrylate, acrylic acid, butyl
methacrylate, styrene, isocbornyl methacrylate, and methacrylic acid;

the Tg of the first polymer is from 10°C to 35°C ;

the Tg of the second polymer is from 40°C to 70°C;

from 20% to 30% of the total polymer has a molecular weight greater than
255,000; |

from 35% to 60% of the total polymer has a molecular weight less than
55,000; and

the amount of acetoacetoxy-functional monomer is from 5% to 20%.
7. A method of providing dried coatings with adhesion, gloss, durability, and
dirt pick up resistance comprising:

providing a composition of Claim 5;

applying said composition to a substrate; and

drying said composition.



wei ght of the total polyner has a nol ecul ar wei ght greater than 255,000 and
greater than 30% by weight of the total polyner has a nol ecul ar wei ght

bel ow 52, 000; and from2%to 25% based on the total weight of
nononers of the first polyner acetoacetoxy- functmporat ed

into the first polymer. 6. A conpositionaccordingj ein the
nononer is selected fromthe group consisting of 3 ﬂl @lmﬁ hyl
met hacrylate, acrylic acid, butyl methacrylate, styreme,tl

met hacryl & e‘in&ﬁ'ﬂc ISCORIASINEC aci d: the Tg of the first polyner is

f oC 3 f th 0C
roar oot oL PG Srate ssleeshd Fioh9 8l gl S SRS Yo nelyslafs drrer ©
greater thmiisRed réAl siding, contpdte 3244 tagpﬁm%eﬁtetd%thos ahea QbYHRE thAS tRe

mol ecul ar wei ght | ess than 55,000; and t he amount of

acet oacet cmmli@momoﬁ@ﬂalnbﬁorrer is from5%to 20% 7. A method of providing
dried coatings with adhesion, gloss, durability, and dirt pick up
resistance gonppd Sgteﬁs or featur%rsod’is@'l@éldahecr‘é’r"ﬁ)%" ampegmmﬂﬁnﬁt@reof.

appl ying said conposition to a substrate; and rying sail

conposi tion. 8. An article conprising: a substrate sel ected
fromthe group consisting of wood, polyolefins, pre- finished netal siding,
concrete, and asphalt coated with a dried coating fromthe conposition of
Caim5. 9. The steps or features disclosed herein or any conbi nation

t her eof .



