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USE OF A COATING COMPRISING AN ACID-FUNCTIONAL POLYMER 

AND AN ORGANOSILANE 

This invention relates to use of a coating comprising an acid-functional 
poi ymer and an organosilane. 

Significant research efforts have been devoted towards the development 
of water-based emulsion coatings as replacements for the solvent-based coating 
formulations for use in industrial and architedural applications. However, 
water-based coatings have found somewhat limited acceptance. in wood finishing 
operations. The use of water-based coatings is generally known to those in the 
coatings industry to have at least two disadvantages over solvent-based coatings: 
water-soluble chromophoric compounds, such as tannin, on and in the wood 

• surface bleed through the applied water-based coatings to stain, discolor and 
detract from the resulting finish quality; and, when applied under and exposed to 
certain environmental conditions, physical properties such as scrub resistance, 
water whitening resistance, corrosion resistance; hot block resistance; and fire, 
smoke, nicotine, pen and ink stain blocking and adhesion of the water-based 
coating to the wood substrate can be a problem. 

In an attempt to improve the tannin stain blocking of water-based. 
coatings, reactive pigments have been incorporated into the coating. Although 
reactive pigments are generally effective tannin stain blocking agents, they, 
however, have limitations. Reactive pigments can cause stability problems, such 
as viscosity increase and polymer gelation, and are known to be environmentally 

• unfriendly. 

US-A- 5,141;784 discloses a process for treating wooden substrates having 
leachable chromophoric substances by applying an effective amount of a 
carboxylic acid salt and/ or a water soluble organic compound bearing one or 
more salt-forming amine groups and having a molecular weight of about 50 to 
about 300,000. 

US-A- 5,051,283 discloses a surface treating composition for wooden 
surfaces that inhibits leachable compositions from staining after-applied water­
base coating comprising about 1 % to about 25°/tl by weight of an alkali metal salt 
of a monobasic or dibasic carboxylic acid and about 1 <X, to about. 50% by weight of 
a water soluble organic compound bearing one or more salt-forming amine 
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J groups and having a molecular weight of about 50 to about 300,000 and from 
about 25%, to about 98% water. 

US-A- 4,075,394 discloses a process of treating tannin-containing wood 

substrates with an aqueous solution of a polyalkylenamine. 

International Application Number PCT /US/00643 discloses a polymeric 

composition containing at least one acid-functional vinyl polymer and at least 

one amino-functional siloxane polymer. The blended polymeric compositions 

are able to provide various substrates with surface coatings that are characterized 

as quasi-crosslinked, alkali-soluble polymeric networks exhibiting enhanced 

surface properties. Also disclosed are methods of producing the b~ended 

polymeric composition. 

Japanese Patent Application J 03-064305A discloses a composition 

consisting of a carboxyl-group-containing, water-soluble resin, macromolecular 

aqueous dispersion and water-soluble siiane coupling agent containing an amino 

group in the molecule in which the carboxyl-group containing, water soiuble 

resin has an acid value of 30-800 and the amounts per iOO solid weight parts of 

the macromolecular aqueous dispersion of 0.2-2.0 weight parts of the aqueous 

·resin and 0.1-3 weight parts of the amino-group containing silane coupling agent 

are compounded . . 
The aim of the present invention is to provide a tannin stain block, a 

scrub resistant, a water whitening resistant, a hot block resistant, a fire and smoke 

block, a nicotine stain block, a pen and ink stain block, a water stain block and an 
adhesive improver. 

Although several systems for inhibiting tannin migration in tannin­

containing wood substrates are known, none use or suggest the use of an 

aminosilane-modified coating as an effective tannin stain blocking agent. 

Further, none show an improvement in water whitening resistance, adhesion, 

corrosion and blister resistance. 

In accordance with the present invention, there is provided use of a 

coating comprising: 
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(a) an acid-functional polymer forrr1:ed from 0.1% to 20°/c, by weigh_t, based on 
the total weight of said polymer, of at least one acid-functional 
monomer; and 

(b) from 0.1%1 to 20% by weight, based on the weight of said acid-functional 

polymer, of at least one organosilane having a number average molecular 
weight of from 100 to 10,000, 

as at least one of the following: a tannin stain block, a scrub resis_tant, a water 
whitening resistant, a hot block resistant, a fire and smoke block, a nicotine stain 

block, a pen and ink stain block, a water stain block and an adhesive improver. 

One of the advantages of using the coating of the present invention as a 

tannin stain block is that it reduces leaching of water-soluble chromophoric 

compounds on or in the wood or other tannin-containing substrate surface, 

especially the highly concentrated tannins found in wood knots, from bleeding 
through a subsequently applied water-based finish. It also provides a water-based 

wood finishing composition and process that is equal in tannin stain blocking 
performance to solvent-based and reactive pigment containing systems, and a 
water-based unpigmented coating which is generally coalescent-free, solvent-free 
and contains low levels of volatile organic compounds (VOCs) when compared 

to solvent-based coatings. 

The organosilane-modified coating used in the present invention may be 

substituted for water-based and solvent-based coatings, as well as coatings 
• containing reactive pigments such as, for example, zinc oxide and barium 

meta borate. 

Tannin-containing substrates include paper, cardboard, plywood, particle 
board, chip board, strand board, and Masonite. 

Organosilanes generally have not found broad-base use in water-based 
coatings because of their excessive reactivity, insolubility and instability in 
aque.ous and/ or pigmented systems. In the present invention, the excessive 

reactivity of organosilanes are exploited. It is believed that the combination of 

the reactive aminosilane with an acid-functional polymer creates a coating that 
effectively prevents tannin stains from migrating into after-applied water-based 

finishes. However, this is a theory of the present invention and should not be 
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considered to in any way whatsoever to limit the scope of such .. The tannin stain 
blocking system of the present invention also shows an unexpected 

improvements in physical properties of the aminosilane modified coating ~ 

composition. 

The compositions are prepared by adding an effective amount of an 

organosilane to an acid-functional polymer. The quantity of organosilane that is 

added to the polymer is a function of the acid content of the polymer. When the 

acid level of the acid-functional polymer is from about 0.1 % by weight to about 

5% by weight, based on the weight of the polymer, the-level of organosilane to 

modify the acid-functional polymer is from about 0.1 % to about 5%. When the 

acid level of the acid-functional is from about 5% by weight to about 20% by 
weight, based on the weight of the weight of the polymer, the level of 

organosilane to modify the acid-functional polymer is from about 5% to about 

20%. 

Preferably the acid level in the acid-functional polymer is from about 0.1 % 

to about 10%, more preferably, from about 0.1% to about 5°/tl. The preferred level 

of organosilane to modify the acid-functional polymer is from about 0.1% to 
about 10%, more preferably, from about 0.1% to about 5%, based on the weight of 

the polymer. 

If insuffident organosilane is used in relation to the acid-functional 

polymer, properties such as, for example, water whitening resistance of the dried 

unpigmented coating can be compromised and tannin stain blocking may not be 

• optimized. Whereas, on the other hand, if too high a level of aminosilane is 
used in relation to the acid-functional vinyl polymer to achie'l{e effective tannin 

stain blocking, the excess organosilane may adversely affect the properties of the 

coating, such for, example adhesion, water sensitivity, corrosion and blister 

resistance. 

Organosilanes of various molecular weights may be used to modify the 

acid-functional vinyl polymer in the practice of this invention. Preferably, 

however, the organosilanes have an number average molecular weight, as 

determined by gel permeation chromatography, is from about 100 to about 10,000, 

more preferably from about 150 to about 5000, and most preferably from about 

150 to about 1000. Practical considerations, such as solubility and mechanical 

application are generally the only limitations upon the molecular weight. 
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Although for convenience purposes, it is most preferred that the molecular 
weight does not exceed a maximum of about 1000. 

In general, organosilanes are organic materials containing silicone. 
Organosilanes found to be effective modifiers of acid-functional polymers for 
improved tannin stain blocking in unpigmented and pigmented water-based 
coatings include aminosilanes, such as trimethoxysilylpropyldiethylenetriamine, 
N-methylaminopropyltrimethoxy-silane, aminoethylaminopropylmethyl 
dimethoxysilane, aminoethylaminopropyl trimethoxysilane (Dow Corning Z-
6020), aminopropyl methyldimethoxysilane, amino-propyltrimethoxysilane, 
polymeric aminoalkylsilicone, aminoethyl-aminoethylaminopropyl­
trimethoxysilane, N-methylaminopropyl-trimethoxysilane, meth ylamino­
propyltrimethoxysilane; quaternary aminosilanes; epoxy silanes; 
mercaptosilanes; vinylsilanes and methacryloxysilanes. Aminosilanes are 
preferred. 

In the practice of the invention, organosilane-modified coatings are 
prepared by adding a specific quantity of organosilane to an acid-containing 
polymer. The quantity of organosilane added should be in specific proportion, 
for reasons stated earlier, to the acid content of the polymer. The organosilane is 
preferably added after the polymerization of the polymer. The organosilane may, 
however, also be added during the polymerization. 

The acid-containing polymer may be prepared via any processes known in 
the art, such as, for example, by emulsion polymerization. The monomers used 

t in the preparation of the polymers consist wholly or largely of monomers which 
do not contain any reactive groups other than the ethylenic uI).saturation. 
Examples of the monomers are the alkyl(meth)acrylates, styrene and vinyl esters 
of carboxylic acids such as hydroxyethyl acrylate, hydroxyethyl methacrylate, 
hydroxypropyl methacrylate, ethylene glycol-monoallylether, glycidyl acrylate, 
glycidyl methacrylate and allyl glycidyl ether. 

It is also possible to use monomers in relative small amounts, such as for 
example, between 0.1°ft, and 10% by weight, which, in addition to the ethylenic 
unsaturation, may also contain other reactive groups, hydroxyl groups, 
alkoxymethyl amide groups, such as for example, N-methylolacrylamide, N­
methylolmethacrylamide, n-butoxymethyl acrylamide, n-butoxymethyl 
methacrylamide, or epoxy groups. 
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Add functionality is usually, but not in all instances, limited to the use of 

acid-functional monomers such as for examples acrylic· acid, methacrylic acid "" 

fumaric acid, maleic acid, crotonic acid, itaconic acid, phosphoric acid esters of 
hydroxyethyl-(meth)acrylate acrylamidopropansulphonic acid, and 

vinylsulphonic acid. Preferably, acrylic acid, methacrylic acid, itaconic acid and 
mixtures thereof are used as monomer units containing acid groups in the 
practice of this invention. 

Also useful in the preparation of the acid-functional polymers, in 
amounts from about 1% to about 10% by weight, are alkylenically 

. polyunsaturated monomers, such as triallyl cyanurate, di vinyl maleate, di vinyl 
adipate, vinylcrotonate and ethylene glycol diacrylate ester and ally! 

methacrylate. 

As initiator systems for the polymerization of the ethylenically 
unsaturated monomers. Examples of suitable types of initiators are persulphates, 
hydrogen peroxides, organic peroxides, such as hydroperoxides and azo 
compounds, whether or not in combination with reductants. Depending on the 
nature of the monomers and on the desired properties of the polymer and on the 

desired size of the polymer particles, various kinds of emulsifiers can be used 

either separately or in combination. Generally both anionic and non-ionic 

emulsifiers can be used. Optionally, protective colloids can also be used. In 
many cases, a mixture of an anionic and a non-ionic emulsifier is the most 
satisfactory. A few examples of suitable classes of compounds available for use in 

I the polymerization are alkylbenzenesulphonates and alkyl (C10-C1s) sulfates, 
mono-diakylphosphates, (C10-C18) fatty acid salts, polyglycoletl:).ers of (Cs-C18) 

alcohols or alkylpnenols and block copolymers of ethylene oxide and propylene 
oxide. 

An emulsifier or combination of emulsifiers may be used in the 
polymerization process. The amount used depends on the type of monomer and 
on the type of emulsifier. Generally, an amount form about O.l1X) to about 10% 

by weight is used, more specifically an amount form about 0.5% to about 5%) by 
weight, based on the total amount of solid. 

The polymerization can also be effected by first producing a pre-emulsion 

of the monomers and a part of the total amount of water and emulsifiers and 
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subsequently starting the polymerization with the aid of a catalyst whereas the 
metering time of the pre-emulsion: and the catalyst is between 2 and about S 
hours. On the other hand, it is possible to first polymerize part of the mononiers 

in emulsion and to add more monomers stepwise, separately or mixed. In 

addition, it is possible to first polymerize a monomer or a combination of 

monomers of a certain type and to subsequently add other monomers or 

combinations of monomers, so that polymer particles with a laminated structure 
are formed. The concentration of acid groups can be different for each layer, for 
instance, 'IA:'ith a high concentration of acid groups on the outside of the particle 
and a low concehtration in the center of the particle. The amount of acid 

required may then be less than 2.0°/o by weight, for example, between 0.5 and 1.0 

percent by weight, based on the total polymer. The reaction temperature during 
the polymerization may be between -15°C and 100°C, preferably between 20°C and 
gooc. 

During the polymerization, other compounds may also be present, for 
instance, chain length regulators, such as mercaptans, and buffers, such as 

sodium bicarbonate. In addition, substances like plasticizers, crosslinking agents, 

flow-promoting agents, thickeners, colorants or pigments, including inorganic 
and polymeric pigments, may be present during the polymerization or be added 
after the polymerization. Also, adhesion promoting monomers, such as 

disclosed and prepared in accordance with US-A- 2,980,652; 4,599,417 and 

4,777,265, and by this reference incorporated herein, may be present during 

polymerization of the acid-functional polymer. 

Where polymers are polymerized using surfactants, such as for example, 
sodium lauryl sulfate, and the like, it may be necessary to add '1dditional 
surfactant to allow for the incorporation of the orgart.osilane in order to provide 

stability to the modified acid-functional polymer. The level of surfactant used is 
from about 0.1°/t, to about 10% by weight, based on the weight of the emulsion 
polymer. 

The following non-limiting examples are provided to further illustrate 
the organosilane-modified coatings prepared according to the present invention 

and useful in tannin stain blocking systems, as well as the unexpected 

improvement in other physical properties such as, for example, viscosity, 
I 

adhesion, scrub resistance, water whitening resistance, corrosion resistance, hot 
block resistance and water, fire, smoke, nicotine, pen and ink stain blocking. 

~~'----~~~~:--~~ 
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These examples are intended to be illustrative of the present invention and are 

no way intended to limit the scope of such except as further delineated in the 
claims. · 

Test Method for Tannin Stain Blocking 

Tannins and other chromophoric extractives are naturally occurring 

materials occurring in wood-based products. These chromoph_oric materials are 

present in Western Red Cedar, Redwood Oak, and, White and Yellow Pine. 

They are also present in wood composition products such as paper, cardboard, 

plywood, particle board, chip board, strand board and Masonite. 

Staining substrates such as dark-staining cedar and Redwood are used in 

this test and are planed and sanded. Boards are chosen with a consistent grain 

pattern across the length of the board to avoid variability in the test. The test 

panel is divided into equal sections. Test primers are applied by brush to equal 

spread rate (i.e. approximately 450 square feet per gallon determined by weighing 

of the test paint) and allowed to dry. A high-hiding topcoat paint, which permits 
the passage of tannins, is then applied to· the entire panel, also at 450 square feet 

per gallon. The topcoat is then immediately placed in a sealable, 12 cubic foot 

humidity chamber to which has been added three gallons of 35-45°C water. The 

panel is supported three inches above the water, face-up, and allowed to remain 

in the high humidity chamber for 16 hours. It is then removed from the high 

humidity box, and allowed to dry for at least 16 hours. The panel is then rated 
for tannin stain blocking. 

A water-based t«nnin stain blocking pigmented primer paint, (19.5% 

pigment volume concentration; 37.4% volume solids) was used as a control, in 

all examples which contain aminosilane-modified pigmented coatings. 

Calculation of Results 

Tannin stain blocking can be measured in three ways: 

(1) Qualitatively on a scale of 1 to 10 by assigning the coating a rating of 10 

(100% tannin blocking) to a rating of 1 (10%. tannin blocking). In this 
method of judging tannin stain blocking, 2.0 units are considered 
significantly different. 
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(2) Spectrophotometrically by readings taken with a Minolta Data Processor 
DP-100. Less-positive 'b' values of an Lab reading indicate better tannin 

stain blocking performance, than more positive 'b' values. In this method 

ofjudging tannin stain blocking, 0.4 units are considered significantly 

different. 

(3) Comparatively by. comparing the measured 'b' values of an experimental 

primer that is topcoated with the 'b' value of the fail control. This is 

particularly useful when the staining substrate is very rich in tannins and 
other chromophoric material. In this method, the formula for percent 

tannin stain blocking is listed below. 

% Stain Blocking= 10 + [ bfail - bexperimentall(bfan/90)] 

where bfail 

b ex oerimental • 

= 

= 

'b' value of the fail 
control 
'b' value of the topcoated 
experimental primer. 

This assumes that the foil control, in two coats (one as primer, one as 

topcoat) has only 10\X:, tannin stain blocking over dark staining woods. Thus if 

'b' values of exp~rimental paints have negative values, it is possible to have 

tannin stain blocking in excess of 100°/i.1, suggesting that particular coating could 

potentially block even more tannin stains if the test panel had more severe 

tannin. In cases where the primers actually hurt tannin stain blocking, then the 

percent blocking value can be in negative numbers. 

The following abbreviations are used in the examples: 

Test Results 

MMA 
BA 
MAA 
2-EHA 

methyl methacrylate 
butyl acrylate 
methacrylk acid 
2-ethylhexyl acrylate 

Example 1 - Tannin Stain Blocking in Clearcoats 
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An unpigmented emulsion sample was modified with various ~mounts 
o_f aminoethylaminopropyltrimethoxysilane (Z-6020) and tested for tannin stain 
blocking. The emulsion composition is 51 BA/45.5 MMA/2.5 MAA/1.0 adhesion 
monomer. 

Sample ID Description Cedar 'b' Value Redwood 'b' 

value 
A Control 0°!t1Z-6020 + 5.5 + 5.5 
B 1% Z-6020 + 2.5 + 3.2 
c 2% Z-6020 + 1.5 + 2.0 
D 3°/i, Z-6020 + 0.9 + 1.4 

The addition of aminoethylaminopropyltrimethoxysilane (Z-6020) 
improves tannin stain blocking of unpigmented clearcoats as evidenced by a 
decrease in 'b' value. 

Example 2 - Tannin Stain Blocking of Paints 

Pigmented paint samples were modified with various amounts of 
aminoethylarninopropyltrimethoxysilane (Z-6020) and tested for tannin stain 
blocking. The emulsion composition is 51 BA/ 45.5 MMA/2.5 MAA/ 1 % adhesion 
monomer. The paint formulation is 19.5°/t, pigment volume concentration and 
37.4% volume solids. 

Sample ID Description Cedar 'b' Value 
A Control 0%2-6020 + 0.5 

B 1% Z-6020 -0.4 

c 2% Z-6020 -1.0 

D 3% Z-6020 -1.2 

The addition of aminoethylaminopropyltrimethoxysilane (Z-6020) 
improved tannin stain blocking of paints as evidenced by a decrease in 'b' value. 

Example 3 - Tannin Stain Blocking of Paints 

Pigmented paint samples were modified with l tX, 
aminoethylaminopropyltrimethoxysilane (Z-6020) and tested for tannin stain 
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blocking. The_ polymer composition is same as in Example 1. The paint 

formulation is the same as Example 2 . 

Sample ID 

A 

B 

Description 

Control 0%Z-6020 

1 °1.:, Z-6020 

Cedar 'b' Value 

+ 2.6 

+ 0.2 

The addition of aminoethylaminopropyltrimethoxysilane (Z-6020) 

improves tannin stai_n blocking of paints as evidenced by a decrease in 'b'. value. 

Example 4 - Blister Resistance of Modified Paints on Various Substrates 

Water-based primer paints (19.5% pigment volume concentration and 

37.4% volume solids) were prepared from a 52 BA/46 MMA/1.5 MAA polymer 

and were modified with the following additives: Versamine A-50 (aliphatic 

adduct of diethylene triamine), sodium acetate, 

aminoethylaminopropyltrimethoxysilane (Z-6020 from Dow Corning). Use 

levels are l.5°ft, active material on total paint weight. 

Blister Rating Method: 

Numerical rating applies to the size of the blisters: 10 =no blisters, 9 is the 

smallest and 1 is· the largest. Non-numerical ratings apply to the density of the 

blisters progressing from: 

low densitv or few ("F") 

medium ("M") 

medium dense ("MD") 

high density or· dense ("D") 

Sample ID Description 

A Control 
B Aliphatic adduct 

of dieth ylene 
triamine 

c Sodium Acetate 

Wet Blister Resistance 

Alkyd Chalky Chalky Oil 
Paint latex 
10 110 10 
9F 70 10 

9D 60 7D 

. 
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0 Aliphatic adduct 60 I 60 10 
of diethvlene 

.I 

triamine & 
~ 

sodium acetate 
E Z-6020 i 10 110 I 10 

The use of aminoethylaminopropyltrimethoxysilane (Z-6020) did not 

effect blister resistance while the use of aliphatic adduct of diethylene triamine 

and/ or sodium acetate hurts blister resistance. 

Example S - Force to Peel Adhesion of Modified Paints on Various Substrates 

Painting Procedure: 

An initial coat or pnint was applied to the substrate at a weight of 2.5 grams 

of coating per 11 square inches. A 2-inch section of 4-ply cheesecloth was then 

placed flatly on the initinl coat of paint. A second application of 5.0 grams of 

paint was .then applied on top of the paint saturated cheesecloth as evenly as 

possible. The panel was then allowed to dry for one week. A one inch wide strip 

was then scored into the cheesecloth over each of the test sites. It was then 

exposed for one hour in" water spray box and then removed. The panel was 

then supported horizontally and a weight holder attached to one end of the 

cheesecloth. Var:ious weights (grnms) were applied to achieve a constant rate of 

pull (i.e. approximately 3/8 inch per five seconds). Higher values demonstrate 

better adhesion. 

I Sample ID 

18 
! 
I 

I 
IC 
ID 
I 

I 
IE 

i Description 
! 

· Control 
A.I" h t" dd . ip a ic a 
of diethvlene 
triamine 

uct 

Sodium acetate 
Aliphatic adduct 
of diethylene 
triamine and 
sodium Acetate 
Z-6020 

Alkyd 
Paint 

i 50 grams 
i -o .') 

50 
50 

I 
300 

I Chalky I Chalky Oil 
I Latex Paint 1 Paint 

I I 
! 350 I 150 
; 300 ' -o I ~ .') ! 

I 
I 150 i 50 
i 150 50 

700 350 

-
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Paints modified .. ,·ith aminoethylaminopropyl-trimethoxysilane (Z-6020) 

have improved adhesion compared to either unmodified paints or paints 

modified with aliphatic adduct of diethylene triamine and/ or sodium acetate. 

Example 6 - Tannin Staii1 Blocking of Un pigmented Primers ·on Cedar 

The polymer composition is as in Example 1. 

Sample ID t Description 'b' Value % Tannin 
I Stain 
I I Blocking 
I 

A I Control ' 5.8 I 29 
i 3'X, Z-6020 I -o.s i 109 

ic 
I 

i 3''.~, Aliphntic adduct of 
! diethvlene triamine 

I 4.2 ! 48 
I . < 

Unpigmented clear coats modified with aminoethyl­

aminopropyltrimethoxysilane (Z-6020) have improved tannin stain blocking 

versus an unmodified ;;:ontrol or an aliphatic adduct of diethylene triamine­

modified coating. 

Example 7 - TanFtin Stain Blocking of Modified Unpigmented Primers (on Cedar 
or Redwood) 

The emuision used for Control #1 is 51.5 BA/46.0 MMA/2.5 MAA/0-5% 

t adhesion promoter \·vhere adhesion promoter is substituted for some 

combination of the monomers; the emulsion polymer used in .Control #2 is 51.6 

BA/47.1 MMA/1.3 MAA/0-5'X, adhesion monomer where adhesion monomer is 

substituted for some combination of the monomers. 

Sample ID i Description I Trial 1 I Trial 2 
I 'b'Val/% Block i 'b'Val/% Block 
' 

A ! Control #1 i 5.3/29 i 5.6/35 
B ! 3% Z-6020 i 0.4/54 I 1.7 ;so 
c i 3'!·:, Versnmine ASO ! 6.7 /10 I s.3/39 
D i Control #'2 l 3.7 /51 I 5.2/30 
E i 3% Z-6020 I -i.0;113 I -0.9/110 

I 
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Unpigmented primers modified with aminoethylamino­

propyltrimethoxysilane (Z-6020) have better tannin stain blocking than 
unmodified or aliphatic adduct of diethylene triamine modified coatings as 
evidenced by reduced 'b' \'C\lues and increased percent tannin blocking. 

Example 8 - Blister Resistance of Modified Paints on Various Substrates 

Rating Method: 

Numerical rating applies to the size of the blisters: 10 = no· blisters, 9 is the 
smallest blister and 1 is the largest blister. Non-numerical ratings apply to the 
density of the blisters progressing from: 

low density or few ("F") 

medium ("~·f') 

medium d~nse ("MD")· 

high density or dense ("D") 

Blister Resistance of Modified Paints 

Sample ID Description 

' A Control #1 
B 1.5'~:;) 

Z-6020 
c 1.5% Versnmine 

A-30 
D l.5'Y.. Wacker F-. 

756 .. 

Alkyd I Chalky . j Ch.alky Oil 
Paint , Latex Pamt Paint · 
10 i 70 

I I 8MD 
10 jso I 8MD 

' Fail I Fail I Fail 
I 

Fail I Fail 
. I Fail 

"'Wacker F-756 - silicone fluid characterized as an alkylene di-amino functional 
polydimethyl siloxane fluid hCi\'ing a molecular weight of a.bout 1350. 

The polymer composition is the same as Example 7, Control 2. The paint 
formulation is the same as Example 2. 

Samples C and D - Blisters could not be rated because of poor film 
integrity. 

Modification of paints with aminoethylaminopropyl-trimethoxysilane (Z-
6020) has some effect on blister resistance, while modification of paints with 
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aliphatic adduct of di~thylene tr~<lmine and Wacker F-756 caused swelling of the 
entire paint film. 

Example 9 - Force to Peel Adhesion of Modified Paints 

Sample ID i Description I Alkyd I Chalky Chalky Oil 
\ Paint I Latex Paint Paint 

A I Control #1 12so i 400 1750 
l grams I 
I I 

B \ l.5'X, Z-6020 1500 \ 1050 350 
c ! l.S'X, Aliphatic 150 '·400 900 

; <ldduct of I 
i 

I 
~ diethylene i 

I 

: tri;imine 
! I 

I l ! 

10 ; l.5''.-' .. Wacker I 400 i 700 l 400 I 
' :::; : F7_,6 

Additives at 1.5% on rotu.l p«int weight. 

Modification of paints \.Vith uminoethylaminopropyltrimethoxysilane (Z-6020) 

improves adhes~on prop<:'rties. 

Rating Method: The qu.111rity 1.li weight to achieve a constant rate of pull was 
used to determine adht"~i1..)n periormance where high numbers are best. 

Example 10 - Tannin Stain Blocking of Modified Unpigmenteci Clearcoats 

I Sample ; Description i 'b' Value I% Tannin 
I ID I ! I 

I I Stain Block 
A ! Control #1 I s.s I 29 

iB \ Z-6020 I -o.s I 109 
'C I Aliph«tic adduct of '4? 148 I I ·-

d.ieth.vlent:! triamine ! . . 

!o I W«cker F756 I -0.2 1102 
I 

Wacker F756 modified coutin.gs film quality was poor. 

I 
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Example 11 - Tannin Stain Blocking of Modified Unpigmented Clears 

I Sample I Description I Cedar I Redwood 
I ID I 

I I % Block l % Block ! 

A i Control #2 50 i 45 
IB I Z-6020 unpigmented i 119 i 101 

IC 
I Aliphatic adduct of 65 ; 31 I I diethylene triamine I 

I 

! I : unpigmented I 
I 

ID ! \l\/acker F756 unpigmented i 76 i 63 

Use levels are 1.3% on tnt;il w~i~ht. ... 

Example 12 - Water Whitening Resistance of Modified Unpigmented Clears 

I Sample i Description I Water Whitening Resistance 
! ID ! 
I I I Qualitative I Measured% 
I 
I 

I Whiteness I 
I r I Resistance l I 

' 
! 10 =Best I Highest= Best 

iA ! Control #2 unpigmented !2 I -0 I ::> 

iB 1 1.5% Z-6020 i 10 . 119 

c 11.5% nliphntic <tdduct of 12 65 
diethvlene tri«mine 

D 1.5% \•V<1cker F756 IS 76 

E 3.0':' .. Z-6020 I 7.5 
IF 3.0% <1liphatic «dduct of j3 I 10 
I dietlwlt:!ne trio mine I I 

!G 3.0'X, vV<1cker f736 !4 ! 106 
i i j 

! Control #l unpigmented I "> I ; ._ 

IH i 3% Z~6D20 I ... . ;) 
I I 3'X, C\li phn tic odd uct of i2 

I I diethyltine tritlmine I 
J I 3'X, Wacker F-756 il I 

Use levels are active m<1terinl on binder solids (or 1.3'X, on total weight). 

fl
"t1''." . 

. 
. · 
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Example 13 - Clearcoats for Tannin Stain Blocking Over Red Oak Plywood 

Description B Value % Tannin Stain 
Blocking 

Control #1 unoigmenced . ' 5.2 13 
3% Z-6020 4.7 22 
Control #2 unpigmented + 31X1 1.7 72 

Z-6020 

Aminoethyiaminopropyltrinwthoxysilane (Z-6020) levels are active material on 
binder solids. 

Example 14 - Corrosion Resistance in Unpigmented Clearcoats 

A coating wC1s brush-C1pplied at an equal spread rate of 450 square feet per 

gallon to a panel \.\"ith six box n:-iils embedded in each test site. The coating 

allowed to dry one hour C1nd tht>n topcoated with a standard, pigmented paint. 

Immediately after topco<1ting, the panel was then placed in a sealable high­
humiditv cabinet for !li hour:=., r1.'moved, dried for l dav and then rated for , , 

nailhead rusting (lO=best: 1=\\'orst). 

Sample ID 
A 

B 

c 
D 

E 

G 

H 

I 

Description 

Control #1 

l.SCX, Z-6020 

3.0% Z-6020 

Rating 

6 

10 

7.5 

3.0'X, aliphatic adduct of 3 

diethvlene triamine 

Control #2 

l.S'X, Z-6020 

3.o·x. Z-6020 

3.0 aliphatic adduct of 

diethylene triamine 

5 

8 
7.5 

5.5 
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Example 15 - Fire and "Smoke St~in Blocking of Unpigmented Coating 

A control conting cc.1nt<1ining no organosilane and a coating contain1ng 
aminoethyl~minopropyltrimcthoxysilane (Z-6020) were brush-applied at an 
equal spread rate of -!50 squ.-ire feet per gallon to a white pine panel with fire and 
smoke damage. The coatings were allowed to dry then topcoated with a 
standard, unpigmented point. The panel is dried for 1 day and then rated for fire 
and smoke stain blocking (liJ=best; l=worst). 

Sample ID Description Control Fire and Smoke Stain 
Blocking 

A C1.mtrol 8 
B 1.5 ";, Z-602.0 10 

Example 16 - Tannin Stain Blocking in Clearcoats 

An unpigmented F'1.)iyrner sample was modified with various amounts of 

aminoethylaminopropyltri mctl'\1.)xysilane (A0-700 from Hu.ls America) or 

aminopropylmethyldieth1.)xy~ilt1ne (A0-742 from Hl.ils America) and visually 

evaluated for tannin stuin bll)Cking over knotty pine board. The poiymer 
comoosition is 52 BA/-4:-LS ~1\t ... \/2.5 MAA/1.0 adhesion monomer for Samole ... . ... 

ID A-C and the polymer C()111pL)Sition is 45.6 BA/52.4 MMA/1.0 MAA/i.0 
adhesion monomer for St1mplt:1 ID D-J. 

The samples wt>re pr~pored by adding the organosilane to the polymer, 
blended and allowed to t>quilibr(lte overnight. One coat of the blend was applied 
to knotty pine bonrd, dril:·d o\'1.:rni~ht and then topcoated with a gloss topcoat 
paint. After drying one ,,·t·ek <1t 25°C and 50'Yc, relative humid~ty, the coated 

board was heated -in « consr<rnt tL•mperature at 40°C and ambient humidity 

conditions for up to 8 \\'l::'l:'ks. The s<1mples were visually rnted (0-5) each week for 

discoloration over the knot M<.·as where 0 is the best. 

Sample Description I ni ti al .2 weeks 4 weeks 6 weeks 8 weeks 

ID 

A Control (1" .. ll ... 4-5 5 :J ~"'> 

organo:::.i I i1. nl' 

B l 'Y., A0-700 () 0 0-1 1 2 

c 2'Y., A0-700 0 0 0 l 1 

D Control ()''.:. 0 4 4 :> 5 
organosi lane 

This Sheet Has Been Replaced 
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E 1% A0-700 i) 0 0 1 1 

F 1% A0-7\10 (l 0 0 0-1 3 
G 2''.~. A0-700 ll 0 0-1 1 1 

.,. 

H ~% A0-700 ll 0 1 2 3 
I l.5'X. A0-7-t2 () 0 ... 

4 .J 

J 3% A0-7-!2 0 0 0 0 0 

The addition of aminol"'thyl<lminopropyltrimethoxysilane (A0-700 from 
Hiils America) or aminopropylmethyldiethoxysilane (A0-742 from Hills 
America) improved tnnnin stnin blocking of unpigmented clearcoats over knotty 
wood as compared to th<::' control. 

Example 17 - Hot Block Resistance 

An unpigmented poiym~r Si'lmple was modified with various amounts of 
aminoethylaminopropyltrirnt>th(1xy~ilane (A0-700 from Hills America) or 
aminopropylmethyldiethoxy~il.1nL' t.-\0-742 from Hi.ils America) and evaluated 
for hot block resistuncl:'. Tlw ;.1t1l :'m~r composition is 67(70.2. 2-EHA/24.3 
MJ.VfA/3.5 MAA/2.0 :vtAA/2.0 adhesion promoter)/ /33(7.8 2-EHA/87.2 MMA/3.0 
MAA/2.0 adhesion promoter). 

The samples were prcpi'lred by adding the organosilane to the polymer, 
blended and allowed to equilibrote overnight. One coat of the blend was applied 
to a panel of 4 inches by fol ind1L·s b_v 1/8 inches tempered Duron® hardboard and 
then dried one week at ::.s~c .rnd 3\1'~<. relative humidity. The panel was cut into 
4 inch by 2 inch pieces. Tht> ~..,i1.•c6 were then placed in a cross-~ise arrangement 
face-to-face on a sqLmre of 2 inl'.'h1 .. .'S by '.?.inches. The test specimens were blocked 
with a load of 5 kiiogrnms (l.25 kilograms per square inch) at 50°C and 70°C. 
After a short non-loaded peri~)d the pieces were separated by hand and rated for 
sticking and film damage. Tht:> tl"'st specimens were rated for sticking on a scale of 
0-5 where 0=.best and roted for film d(lmage by proportion of area damaged where 
0%=best. 

Sample ID 

A 

B 

Description 

Control 0''.:. 

orgnnosilnne 
3.5'::. A0-700 

50°C 

1.5/1% 

1/0% 

70°C 

4 -;9')1i1 
.j - Ill 

1.3/4% 

This S~ Has Been. Replaced. 
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c C1..Hltrol 0% 2.5/33% 5/93°/., 
_, 

l) rga no!' ila ne 

D t "·:, A0-7 42 2/5% 4.1/60% 

E J":, A0-742 1.7 /4'X, 5/93t}{, 

F 5":, A0-7-!2 i.21rx. 5/83°,.{. 

The addition of uminot>thylaminopropyltrimethoxysilane (A0-700 from 

Hills America) or aminopropylm1:1 thyldiethoxysilane (A0-742 from Hills 

America) improved hot bkK·k resist<lnce as compared to the control. 

Example 18 - Water Sta.in Blocking 

An unpigmented pol ynwr Sllmple was modified with various amounts of 

aminoethylaminopropyltrinwthoxysilane (Z-6020 from Dow Corning) and 

evaluated for water stain blockin~. The polymer composition is 51.5 BA/46.0 

MMA/2.5 MAA/0-5'~{ .• id hl'Silm promoter. 

The samples wert- prt.·pMi:'d by adding first adding and mixing 2'Yo Triton® 

X-405 surfactant, bnsed on :-;olid~ l111 l«tex solids, to the polymer sampie. Then 3% 

aminoethylaminopropyltrim1.:1 th1.1xysilane, based on active ·ingredient on latex 

solids, (0% for the control) \\'<ls «ddt>d to the mixture and allowed to equilibrate 

overnight. 

One coat of the mi:xtun."' ""1~ <1pplied to a wate~ stained ceiling tile and 

dried. One or two co<lts l)t .in intL'rior flat wall paint was then applied as a topcoat 

and dried. The test spc·cinwns \\'L'rl:' roted for water stain blocking on a scale of 0-

10 where lO=best. 

Sample ID Description One Coat Two Coats 

A Control o·:~. 2 2 

o rgC\nosilone 

B J·~~. Z-6020 8 7 

The addition of <llT'linoL·th~·lllminopropyltrimethoxysilane (Z-6020} 

improved water st«in bllH:king llS .comp«red to the control. 

Example 19 - Pen and Ink Stain B1ocking 

This Sheet Has Been Replaced 
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An unpigmented ptilymer s«mple was modified ·with various amounts of 

am.inoethylaminopropyltrimethoxysilan.e (Z-6020 from Dow Corning) and 

evaluated for water stain blocking. The polymer composition is 51.5 BA/46.o 

MMA/2.5 MAA/0-51Y., adhesil''ll\ promoter. 

The samples were prepMt:td by adding first adding and mixing 2% Triton® 

X-40S surfactant, based on solids on latex solids, to the polymer sample. Then 3% 

aminoethylaminopropyltrim~thoxysilane, based on active ingredient on latex 

solids, (0% for the control) \"\'llS added to the mixture and allowed to equilibrate 

overnight. 

One coat (7.0 mils drn\\' Lfo\\'n) of the mixture was applied to a Leneta SC 

panel which was marked with different pen and ink markings and allowed to 

dry for two hours. One c~.)«t (7.0 mil drnw down) of an interior flat wall paint 

was then applied on top ot thl:' first coat and allowed to dry for 24 hours. 

The test panels were rnted for pen and ink stain blockingqn a scale of 0-10 where 

lO=best. 

Sample ID Description Trial 1 Trial 2 

A Contn)I n·~:. 2.7 1 

u q.~Cl n (lS i I <l ne 

B 3% Z-(10:20 4.7 8 

The addition of an1inol'thyli\minopropyltrimethoxysilane (Z-6020) 

improved pen and ink st<lin blllCking ns compared to the control. 

Example 20 - Nicotine and Smok~ Stain Blocking 

An unpigmented plll_vnit·r :-;.irnple was modified with various amounts of 

aminoethylaminopropyltrimethnxysilnne (Z-6020 from Dow Corning) and 

evaluated for water stain blocking. The polymer composition is 51.5 BA/ 46.0 

MMA/2.5 MAA/0-5'Y., adhesion oromoter. 
' 

The samples were pre?pari:d by ndding first adding and mixing 21
}{, Triton® 

X-405 surfactant, based on solids nn lntex solids, to the polymer sample. Then 3% 

aminoethylaminopropyltriml·thoxysilt1ne, based on active ingredient on latex 

Solids, (0% for the COlltrol) \\'i\S C.1dded to the mixture and allowed to equilibrate 
overnight. 

liiiiftirf 



A cigarette/nicotine st~1in solution. was prepared by extracting nicotine and 
smoke residue from 30 ~igarL•ttt's in ,111 <llcohol solution. The stain solution was 
applied to a white vinyl chart .111d ,11lowed to dry for one week. The severity of 

. the stain was controlled b~· tb .. · numb~r of castings of stain solution on the white 
vinyl chart. 

One coat (7.0 mils dr<iw down) of the mixture of polymer and organosilane 
was applied to a the stained chort nnd allowed to dry for two hours. One coat (7.0 
mil draw down) of an interior fli.1t wnll paint was then applied on top of the first 
coat and allowed to dry for '2-i hour~. The test panels were rated for nicotine and 
smoke stain blocking on .i :'C<"llL· or 0-10 where lO=best, by three individuals and 
averaged. 

Sample ID Description Moderate . Severe Nicotine 
Nicotine Stain Stain 

A Cnntrol 0"~. 8.8 ::> • .J 

l>r"g'1 nnsi l.lne 

B 3";, z ... 60:!0 10 9.8 

The addition of <J.mi1H1;_·th~·l;-iminopropyltrimethoxysilane (Z-6020) 
improved nicotine and sm(.)KL' :->t<'lin blocking as compared to the control. 
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1. Use ofa coating compri::.ing: 

(a) an acid-functionc1l polymi..•r ilmned from 0.1% to 20'Yt, by weight, based on 

the total weight of snid poiym1.·r. or <lt least one acid-functional monomer; and 

(b) from 0.1%. to 20'X, by wL·i~ht, b<1sed on the weight of said acid-functional 

polymer, of at lenst c.111e 1Jrga.nosilane having a number average molecular 

weight of from 100 to 10.000, 

as at least one of thtt following: a tannin stain block, a scrub resistant, a 

water whitening resist<1nt. ,1 lint block resistant, a fire and smoke block, a nicotine 

stain block, a pen and ink st,1in l"ilock. Cl wnter stain block and an adhesive 

improver. 

2. Use of claim l, wherein ~<1id orgnnosilane is a compound selected from the 

group consisting of amino$il.rne, t:.>poxysilane, mercaptosilane, vinylsilane, and· 

methacrvl-oxvsilane. , . 

3. Use of claims 1 or 2, wht•rL""in :;nid amino-functional silane is a compound 

selected from the group 1.·on:'i:o:t!ng 1.1f tlminoethylaminopropylmethyldimethoxy­

silane, aminoethyl-ami r'1l1pr~ i!~ ~·Itri mechoxysilane, 

aminopropylmethyldimi..>thuxy-~ili\ne, aminopropyltrimethoxysilane, 

polyaminoalkyl-silicone, .1min()t.>thyluminoethylaminopropyltri-methoxysilane, 

N-(beta-amino-ethyl)gammoml.'thylilminopropyl-trimethoxy-silane, tri­

methoxysilypropyldieth~·len('tri;'lmine and N-methylamino- . 

propyltrimethoxysll<1ne. 

4. Use of claims l, 2 nr 3. ·.\·lwrvin said amino-functional silane is 

aminoethylaminopropyl tri mi.:t hoxy:;ilnne. 

5. A substrate coated \\'ith tht' co«ting defined in any one of claims 1 to 4. 
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