PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :

CO8F 8/30, COSL 31/02 , 39/04 Al
CO8L 67/02

(11) International Publication Number:

(43) International Publication Date:

WO 92/19655

12 November 1992 (12.11.92)

(21) International Application Number: PCT/US92/02876

(22) International Filing Date: 6 April 1992 (06.04.92)

(30) Priority data:

692,417 29 April 1991 (29.04.91) Us

(71) Applicant: PPG INDUSTRIES, INC. [US/US}; One PPG
Place, Pittsburgh, PA 15272 (US).

(72) Inventors: KANIA, Charles, M. ; 1024 Woodland Place,
Natrona Heights, PA 15065 (US). SUNDARARAMAN,
Padmanabhan ; 1917 Red Coach Road, Allison Park,
PA 15101 (US). McKEOUGH, David, T. ; 3157 Seneca
Court, Gibsonia, PA 15044 (US). McCOLLUM, Grego-
1y, J. ; 5130 Bronwyn Court, Gibsonia, PA 15044 (US).
O’'DWYER, James, B. ; 111 Spring Valley Road, Valen-
cia, PA 16055 (US).

(74) Agents: PINGITORE, Linda; PPG Industries, Inc., One
PPG Place, Pittsburgh, PA 15272 (US) et al.

(81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-
pean patent), DK (European patent), ES (European pa-
tent), FR (European patent), GB (European patent), GR
(European patent), IT (European patent), JP, KR, LU
(European patent), MC (European patent), NL (Euro-
pean patent), NO, SE (European patent).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: A STABLE, ONE-PACKAGE, NON-GELLED COATING COMPOSITION CURABLE UNDER AMBIENT

CONDITIONS

(57) Abstract

Stable, non-gelled, one-package coating compositions capable of being cured at ambient conditions to produce durable
coatings comprising at least one polymer and/or oligomer having a molecular weight of at least about 100 and bearing at least
two specific aziridine moieties, at least two specific carbodiimide moieties or combinations thereof and at least one polymer and/
or oligomer having a molecular weight of at least about 100 and bearing at least two covalently blocked carboxylic acid moieties.
Process for coating a substrate using such compositions are also claimed.




applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ
BR
CA
CF
CcG
CH
Ct
CM
s
DE
DK

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the fiont pages of pamphlets publishing international

Amstria
Australia
Barbados
Belpium
Burkina Faxo
Bulgarta

Benin

Bravil

Canada
Centeal African Republic
Congo
Switserund
(ote d’lvoire
Camcroon
Crechoslovakia
Guermany
Denmark
Spain

Fi

FR
GA
GB
GN

HU
14

JP
Kp

KR
LI
LK
Ly
MC
MG

Finland

France

Gabon

United Kingdom
Guinca

Greeee

Hungary

Ireland

haly

Japan

Democratic People™s Republic
of Kurca
Republic of Korca
Licehtenstein

Sri Lanka
Luxembourg
Monaco
Madagascar

Mali

Mongolia
Mauritania

Malawi
Netherlands
Norway

Poland

Romania

Russian Federation
Sudan

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America




PCT/US92/02876

WO 92/19655
-1 -
A STABLE, ONE-PACKAGE, NON-GELLED COATING COMPOSITION
CURABLE UNDER AMBIENT CONDITIONS
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The present invention relates to stable, non-gelled,
one~package coating compositions capable of being cured at ambient
conditions to produce durable coatings comprising (1) at least one
polymer and/or oligomer having a molecular weight of at least about
100 and bearing at least two specific aziridine moieties, at least two
specific carbodiimide moieties, or combinations thereof, and (2) at
least one polymer and/or oligomer having a molecular weight of at

least about 100 and bearing at least two specific covalently blocked

carboxylic acid moieties.

BRIEF DESCRIPTION QF IOR_ART

In U.5. Patent No. 4,612,054, Hamon discloses that polymers
or compounds that have carboxylic acid groups containing at least one
active hydrogen can be cured by using a carbodiimide in combination
with ammonium hydroxide, an alkanolamine and/or metal dryers to obtain
a composition having a controllable pot life. However, in the absence
of the latter added ingredients, the pot life of the compositions is
very short. Thus, in each of Examples Nos. 6 and 7, wherein an
alkanolamine and driers were present, the composition had a long pot
life. But, in Example No. 8 when the composition contained only the
resin and the carbodiimide it had a pot life of about 30 seconds,
rendering the composition useless as a one-package coating composition.

Godbey, Jr. et al in U.S. Patent No. 4,966,948 prepare a
coating composition containing an aqueous emulsion or dispersion
polymer having an acid number of about 25 to about 250, a carbodiimide
and a transition metal catalyst.

In the invention defined and claimed herein, on the other
hand, we have found that effective crosslinking can be obtained at
ambient temperature between (1) at least one polymer and/or oligomer
bearing at least two specific aziridine moieties, at least two

specific carbodiimide moieties, or combinations thereof, and (2) at
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least one polymer and/or oligomer bearing at least two specific

covalently blocked carboxylic acid moieties. One-pack coating

compositions can be prepared utilizing solely these two active
components that are stable, do not gel and have a long pot life, for
example, at least one day, generally at least one month, or even
longer. The compositions can be applied, using any conventional

coating means, for example, spraying, to a substrate, particularly

automotive bodies and parts, to form a durable coating thereon that is

ambient conditions having an excellent appearance and good
These excellent and desirable

curable at
resistance to chemicale and solvents.

properties are obtained because of the use herein of the polymer
and/or oligomer bearing covalently blocked carboxylic acid moieties

rather than the corresponding free carboxylic acid groups containing

active hydrogens.

SUMMARY OF THE INVENTION

The present invention is directed to stable, non-gelled,
non-isocyanate coating compositions capable of being cured at ambient
conditions to form coatings having high durability comprising:

(A) at least one polymer, oligomer or combinations thereof having
a molecular weight of at least about 100 and bearing at least two

moieties selected from the following groups:
(1) aziridine moieties defined by the following structural formula:

fl‘z
HO C-Ro
—N-;—X—RI—N/
\\\C - Ry ,
'
wherein

X represents 0, S, NR, R representing H, alkyl having from one to
12 carbon atoms, or higher, or phenyl,
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R, represents (CHZ)ml’ m; being an integer ranging from 1 to 3 and

Ry represents H, CH3 or combinations thereof, and/or

(2) carbodiimide moieties defined by one of the following formulas:

CH,

(a) R3-N=C=N——CH ¢
[ >a

wherein

Ry and Ry represent alkyl having one to four carbon atoms,
cycloalkyl having from three to six carbon atoms, phenyl or
substituted derivatives thereof and mg is an integer ranging from
1 to 20; and

R
IS

(b) —-C——N=C=N—R6

Rg

wherein

Rg represents alkyl having from one to 3 carbon atoms, and
Rg represents alkyl having from one to 20 carbon atoms, cycloalkyl

having from three to six carbon atoms, phenyl or substituted
derivatives thereof; and

(B) at least one polymer, oligomer or combinationg thereof having

a molecular weight of at least about 100 and bearing at least two

specific covalently blocked carboxylic acid moieties.
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The present invention is also directed to processes for

coating a substrate using such compositions, particularly for

refinishing automobiles.

DESCRIPT
The present invention is directed to stable, one-package,
non-gelled, non-isocyanate coating compositions having a long pot
1ife, particularly suitable for coating automotive bodies and parts,

which are curable at ambient temperature, resulting in coatings having

high durability, comprising
(A) at least one polymer, oligomer or combinations thereof having

a molecular weight of at least about 100 and bearing at least two,

preferably from two to about 75, moieties selected from the following

groups:

(1) aziridine moieties defined by the following structural formula:

Il‘z
HO C-Ry
111
-N~-C-X~R{-N
C-Ry ,
I
Ry
wherein

X represents 0, S, NR, R representing H, alkyl having from 1 to 12
carbon atoms, or higher, or phenyl, preferably O,

Ry represents (CHZ)ml , m; being an integer ranging from 1 to 3,
preferably 2, and

R, represents H, CH3, or combinations thereof, preferably H and/or

(2) carbodiimide moieties defined by ome of the following

structural formulas:
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(a) R3-N=C=N CH

my

15 wherein

Ry and R, represent alkyl having one to four carbon atoms,
preferably four, cycloalkyl having from three to six carbon atoms,
preferably six, phenyl or substituted derivatives thereof and my

20 is an integer ranging from 1 to 20, preferably 3, and
f"s
25 (b)  --C--N=C=N-Rg
Rg
30 wherein
Ry represents alkyl having from one to three carbon atoms,
preferably one, and
35 Ry represents alkyl having from 1 to 20 carbon atoms, preferably
four, cycloalkyl having from three to six carbon atoms, preferably
six, phenyl or substituted derivatives thereof, preferably
cycloalkyls having six carbon atoms, and
40

45

(B) at least one polymer, oligomer or combinations thereof having

a molecular weight of at least about 100, preferably about 100 to.
about 20,000, and bearing at least two, preferably from two to about

75, covalently blocked carboxylic acid moieties.

In each of the components forming a part of the novel coating

composition herein, the polymeric portion thereof can be, for example,
acrylic, urethane, urea, polyester or any combination thereof. By

"covalently blocked carboxylic acid moieties" of Component (B), we
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mean to include any polymer containing the same but which will not

chemica
moiety until the application of the two components to a substrate, at

which time the covalent bond will be broken by some chemical reaction,

11y react with either the aziridine moiety or the carbodiimide

such as hydrolysis, generating the corresponding free carboxylic acid

for reaction with the aziridine and/or carbodiimide moieties to form

the desired cured durable coating. Water vapor normally present in

the atmosphere of the coating zone will be sufficient to break the

covalently blocked carboxylic acid moiety. Examples of such polymers

and oligomers carrying covalently blocked carboxylic acid moieties are
polymers which bear anhydride, oxazolines or silyl ester groups. Of
these, we prefer to use silyl ester moieties, especially those

moieties defined by the following structural formula:

- C -0 - Si(Ry)3,

wherein R; represents methyl, ethyl, propyl, isopropyl, phenyl or
combinations thereof, preferably methyl.

The novel coating composition herein is a non-gelled,
one-pack coating system and is prepared by simply mixing the
components. After mixing, the composition will have a pot life of at
least one day, generally at least one month, or even longer. The
components can be used in amounts such that the range of aziridine
(equivalents) and/or carbodiimide (equivalents) to covalently blocked
carboxylic acid (equivalents) is from about 3:1 to about 1:3,
preferably about 1:1.

The coating composition defined and claimed herein can be
applied to the substrate by any conventional techniques, such as
spraying, brushing, dipping, rolling, etc., with the preferred method

being spraying. Additionally, the components can be devolatalized and

converted into sprayable powder form.
applied to many substrates, such as steel and aluminum, glass,
Additionally, the substrate can be primed or

The coating composition can be

plastic, concrete, etc.
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electrocoated prior to applying thereto the composition of this
invention. The topcoat composition can be a pigmented one coat or,
more preferably, a clear coat over a pigmented base coat.

The coating composition herein can also contain additional
ingredients, such as organic or inorganic pigments or metallic flakes
typically used in automobile refinishing, plasticizers, inert fillers,
adhesion promoters, flow additives, thixotropes and additives for sag
control and metallic flake orientation (sometimes referred to as
microgel) and described in U.S. Patents Nos. 4,025,474, 4,055,607,
4,075,141, 4,115,472, 4,147,688, 4,180,489, 4,242,384, 4,268,547 and
4,290,932, the disclosures of which are hereby incorporated herein by
references, and other such formulating additives.

The coating compositions herein containing the defined
components are generally used as solutions in organic solvents,
although other forms can also be used, such as aqueous dispersions,
non-aqueous dispersions and powder forms. Common examples of organic
solvents that can be used include esters, such as butyl acetate;
ketones, such as methyl isobutyl ketone; aromatic hydrocarbons, such
as xylene; and glycol esters, such as propylene glycol methyl ether
acetate. The solvents or carriers can be used in a range of about 20
to about 70 weight percent, based on the weight of the final coating
composition.

The coating compositions defined and claimed herein are most
useful for refinishing automobiles. The curing can be achieved most

preferably at ambient conditions or accelerated by heat.
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t] i in
5
In a five-liter, four-neck round bottom flask equipped with a
condenser, stirrer, thermometer and two addition funnels 832.0 grams
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of xylene were brought to reflux. At reflux a mixture of 480.0 grams

of butyl acrylate, 288.0 grams of styrene, 336.0 grams of methyl
methacrylate and 240.0 grams of m-TMI (dimethyl isopropenyl benzyl
isocyanate, available from American Cyanamid), were added. A solution
of 79.3 grams of t-butylperbenzoate in 64 grams of xXylene was added
and the reaction was held for 15 minutes at reflux (about 135°C.).
Then over a three-hour period, two separate feeds of monomer and

The monomer contained 336.0 grams of methyl

The initiator feed contained

initiator were added.
methacrylate and 240.0 grams of m-TMI.
320.0 grams of xylene and 19.2 grams of t-butylperbenzoate. Upon
completion of the feeds, the reaction was held for 30 minutes at

reflux (about 132°C.). After this hold period, a solution of 96.9
grams of t-butylperbenzoate in 64 grams of xylene was added over a
period of one hour and held at reflux for an additional hour. After

this hold period 207.0 grams of hydroxy ethyl ethyleneimine were added

and held 30 minutes at reflux (about 135°C.). 1.92 grams of dibutyl

tin dilaurate were then added and held for an additional hour. Upon
completion of this reaction, 138.0 grams of xylene were added.

The product obtained had a non-volatile content of 58.1
weight percent as determined at 110°C./one hour measurement, a Gardner
viscosity of 4.9 stokes, a color value of 1, no NCO peak in the IR, a

GPC peak molecular weight of 12,571 and a theoretical aziridine

solution equivalent weight of 1486.

EXAMPLE 2 (Preparation of Aziridine Polymeric Compound B)

In a five-liter, four-neck round bottom flask were placed
200.0 grams of T-1890L (isocyanurate of isophorone diisocyanate,
available from gULS), and 427.0 grams of hexyl acetate. Over a
one-hour period, 507.0 grams of hydroxy ‘ethyl ethyleneimine were added
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while allowing the temperature to rise from 25°C. to 70°C. Upon
completion of the addition, the temperature was raised to 85°C. and
1.91 grams of dibutyl tin dilaurate were added and the reaction held
for one hour.

The product obtained had a non-volatile content of 67.4
weight percent as determined at 110°C./one hour measurement, a Gardner
viscosity of 300 stokes, a color value of 3, a theoretical aziridine

solution equivalent weight of 503 and no NCO peak in the IR.

EXAMPLE 3

In a five-liter, four-neck round bottom flask equipped with a
condenser, thermometer and two addition funnels, 640.0 grams of butyl
acetate were brought to reflux (125°C). At reflux and over a period
of two hours a feed containing 384.0 grams of butyl acrylate, 288.0
grams of isobornyl methacrylate, 480.0 grams of methyl methacrylate,
192.0 grams of styrene and 192.0 grams of m-TMI was added along with a
solution being added over a period of four hours containing 601.6
grams of butyl acetate and 115.2 grams of VAZ0-67 [2,2'-azobis-
(2-methylbutyronitrile), available from DuPont]. Upon completion of
the above monomer feed, a solution of 192.0 grams of m-TMI, 96.0 grams
of styrene and 96.0 grams of butyl acrylate was added over a period of
two hours. Upon completion of this monomer feed and the above
initiator feed, the reaction was held 30 minutes at reflux (125°C.).
After the hold period, a solution of 32.0 grams of Lupersol 555-M60
(t-amylperacetate available from ATOCHEM) in 25.6 grams of butyl
acetate was added over a period of 30 minutes and then held at reflux
(123°C.) for one hour. 165.3 grams of hydroxy ethyl ethyleneimine
were then added and held for 30 minutes at 130°C., after which 1.92

grams of dibutyl tin dilaurate were added and the reaction held at

130°C. for one hour.
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The resulting product had a non-volatile content of 62.5
weight percent as determined at 110°C./one hour, a Gardner viscosity
of 8.7 stokes, a color value of 1, a GPC peak molecular weight of

7939, a theoretical aziridine solution equivalent weight of 1678 and

no NCO peak in the IR.

EXAMPLE & (Preparation of Trimethyl Silyl Blocked
Acid Functio ter —

2692.0 grams of adipic acid, 2408.0 grams of hexanediol,
568.0 grams of trimethylol propane, three grams of triphenyl phosphate
and three grams of butyl stannoic acid were charged into a 1l2-liter

flask equipped with a steam condenser filled with saddles, a nitrogen

sparge and stirrer. Heat was applied to this mixture and it was held

at 200°C. while continuously removing water formed in the reactor.

The progress of the reaction was followed by monitoring the acid
value, and when the acid value was less than 10 the reaction was
stopped and cooled to 120°C., after which 1200.0 grams of xylene weré
added. The resultant polyester had the following characteristics:
solid content, 78 weight percent; acid value, 1.36; Gardner viscosity,
K; color, 1; weight per gallon, 8.71; GPC number average molecular
weight, 1222; and hydroxyl value 149.8.

1,170.0 grams of the above polyester (3.13 equivalents of
hydroxyl), 558.0 grams of cyclohexane dicarboxylic acid and 93.5 grams
of xylene were added to a five-liter flask equipped with stirrer,
nitrogen sparge and a Dean Stark trap for azeotropic distillation of

The mixture was heated to 180°C. while continuously removing
The acid value

water.
water formed during the reaction (about 50 grams).
stalled at 114. The yield of acid functional polyester was 1679.0
grams. It was then silylated as follows.

414.0 grams of hexamethyl disilazane was added slowly by way
of a dropping funnel to 1679.0 grams of the above acid functional
polyester (3.41 equivalents of acid) in a five-liter flask equipped
with stirrer, nitrogen inlet and condenser, at 60°C. When the addition
was complete, the mixture was heated to 85°-90°C. and held at that

temperature until no carboxyl group absorption was detectable by IR.
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Solvent was removed by distillation under vacuum (less than 10 mm
Hg). The non-volatile solid content was adjusted to 70 percent by
adding 468.0 grams of a mixture containing equal weight amounts of
xylene and methyl ethyl ketone. The yield of trimethylsilyl blocked
acid functional polyester amounted to 2190.0 grams and was found to
have a Gardner viscosity of K, a solution trimethylsilyl ester

equivalent weight of 704 and a color of 1.

EXAMPLE 5 (Preparation of Trimethyl Silyl Blocked

Acid Functional Acrylic Polymer - Compound E)

934.8 grams of propylene glycol methylether acetate (PM
Acetate available from Dow Chemical Co.), 526.4 grams of butyl acetate
and 1030.0 grams of isostearic acid (Emersol 875 available from Henkel
Corporation) were introduced into a five-liter round bottom flask
equipped with a stirrer, thermometer and condenser and heated to
reflux (140°C.). Subsequently, a monomer mixture containing 1528.0
grams of styrene, 515.6 grams of methyl methacrylate, 1101.6 grams of
hydroxy ethyl methacrylate and 514.4 grams of glycidyl methacrylate,
an initiator mixture containing 73.2 grams of Vazo-67 and 743.6 grams
of ethoxy ethyl propionate (EEP, a solvent available from Eastman
Kodak) and a chain transfer mixture containing 109.6 grams of
mercaptoethanol and 495.6 grams of butyl acetate were added separately
and simultaneously to the reaction over a period of three hours.
Next, a mixture containing 14.8 grams of Vazo-67, 246.4 grams of EEP
and 165.2 grams of butyl acetate was added over a four-hour period.
The reaction mixture was kept at reflux for an additional three hours,
after which the acid value dropped to about 4.0 and a conversion of
over 98 percent by weight of the reactants was obtained. The polymer
obtained had the following characteristics: mnon-volatile solid
content, 62.2 weight percent; Gardner viscosity, Vt; acid value, 3.70;
color, 200 APHA; hydroxyl value, 93.8; weight per gallon, 8.58; and a

GPC number average molecular weight, 1537.
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958.0 grams of the above hydroxy functional polymer (1.6
equivalents of hydroxyl) were introduced into a reactor and heated to
90°C. 258.0 grams of 4-methyl hexahydrophthalic anhydride (1.57
equivalents of anhydride) were added to the reaction over a period of
1 1/2 hours. When addition was complete, the mixture was heated to
120°C. and held at that temperature until anhydride absorption in the

IR disappeared. The acid functional polymer had an acid value of 69.5

and non-volatile solid content of 70.8.

1196.0 grams of the above acid functional polymer (1.48
equivalents of acid) were introduced into a reactor and heated to
60°C. Then 178.0 grams of hexamethyl disilazane were added over a
period of one hour and the mixture was heated to 95°-100°C. and held
at that temperature until no carboxylic acid absorption was detectable
by IR. The reaction mixture was then cooled to 85°C. and the
volatiles were distilled off under vacuum (53 mm Hg). 58.0 grams of
xylene were added to obtain a theoretical non-volatile solid content

of 80 percent, a solution trimethylsilyl ester equivalent weight of

804, and a viscosity of 330 stokes.

EXAMPLE 6 (Preparation of Trimethyl Silyl
Bl Aci tional Acryli — Com F

786.0 grams of hexyl acetate (Exxate 600 available from
Eastman Kodak) were introduced into a five-liter round bottomed flask,

equipped with paddle stirrer, thermometer and two dropping funnels,

and heated to reflux. Subsequently a monomer mixture containing 441.6

grams of styrene, 691.2 grams of methyl methacrylate, 499.2 grams of

isobornyl methacrylate and 288.0 grams of acrylic acid and an
jnitiator mixture containing 160.0 grams of Lupersol-555 M60 and 435.2

grams of Exxate 600 were added separately and simultaneously to the

reaction mixture over three hours. The reaction mixture was held at

reflux for one hour. Two aliquots of Lupersol-555 M-60 (16.0 grams

each) were added, with one-hour intervals between the two additioms.
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After holding for one hour at reflux, 100 grams of volatiles were
atmospherically distilled. Next 100.0 grams of Exxate 600 were
added. The polymer solution obtained had the following properties:
non-volatile solid content, 62.13 weight percent; Gardner viscosity,
2-105 color, 1; acid value, 64.4; and a GPC number average molecular
weight, &4110.

300.0 grams of hexamethyl disilazane were added slowly by way
of a dropping funnel to 2000.0 grams of the above acid functional
acrylic polymer solution (2.3 equivalents of acid) in a five-liter
flask, equipped with stirrer, condenser, thermometer and nitrogen
inlet, at 60°C. When addition was complete, the reaction mixture was
heated to 95°-100°C. and held at that temperature until the carboxylic
acid group absorption disappeared in the IR spectrum. The volatiles
were stripped off under vacuum (50 mm Hg). 190.0 grams of xylene were
then added to achieve a theoretical non-volatile solid content of 70
weight percent, a Gardner viscosity of Zy-Z3 and a solution
trimethylsilyl ester equivalent weight of 784.

A number of coating compositions were prepared using the
above polymeric materials in admixture with other polymeric
materials. The coating compositions so obtained were then used to

coat a substrate. This is shown below in Examples 7 through 15.

EXAMPLE 7
Components Parts by Weight, Grams

Carbodiimide Resinl 80.2
Polysiloxane §olution2 (flow control) 1.0
U.v. Absgrber 3.0
Additive 0.6
Xylene (solvent) 16.3
Isobutyl Acetate (solvent) 12.3
Butyl Acetate (solvent) 24.9
UNOCAL THINNER 22461 7.4
Lacolene 10.4
Aromatic 1007 (solvent) 8.2

85.7

Compound D from Example &
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1 A golution of a multifunctional carbodiimide polymer available from
Union Carbide as UNEL-XL20.

2 Polysiloxane available from DOW Corning Corporation as DC 200, 135
csk. dissolved in xylene to give a 0.5 weight percent polysiloxane
content.

3 Available from Ciba—-Geigy Corporation as TINUVIN 328.

4 §1ip and mar additive available from BYK — MALLINCKRODT as BYK-300.

5 Aliphatic blend (Unocal Corp.).
6 Lactol Mineral Spirits (Ashland Corp.).

7 Aromatic hydrocarbon solvent (boiling point 155°C.).

The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELIRON® Universal Basecoat from PPG

INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to

cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss : 85
D.0.I. : 35
Pencil Hardness : 5B
Solvent Resistance: Good

Example 8
Components Part i r

Compound A from Example 1
Polysiloxane Solution
U.V. Absorber

Toluene
Propylene Glycol Methyl Ether Acetate

Ethylene Glycol Butyl Ether Acetate
Butyl Acetate

Ethyl-3-Ethoxy Propionate

Compound D from Example 4

-
(=}

3

N 0 W W
¢ . . .
AEFEFPMNMYNOOO

U oW

! same as in Example 7.
Same as in Example 7.
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The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG
INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss : 93
D.0.I. : 80
Pencil Hardness : 5B
Solvent Resistance: Fair

Example 9
Components Parts by Weight, Grams

Compound B from Example 2 57.2
Polysiloxane Solution 1.0
U.V. Absorber? 3.0
Toluene 18.7
Propylene Glycol Methyl Ether Acetate 31.2
Ethylene Glycol Butyl Ether Acetate 31.2
Butyl Acetate 41.4
Ethyl-3-Ethoxy Propionate 12.4

88.9

Compound D from Example &

1 Same as in Example 7.
Same as in Example 7.

The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BQNDERITé 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPGC
INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss : 89
D.0.I. : 55
Pencil Hardness : 4B
Solvent Resistance: Excellent
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LE 1
Components r t, Gr

5 Carbodiimide Resin1 70.4
Polysiloxane 1.0
U.v. Abszrber3 3.0
Additive 0.6
Xylene 19.3
10 Isobutyl Acetate 14.5
Butyl Acetate 29.4
UNOCAL THINNER 22461° 8.8
Lacolene 12.3
Aromatic 1007 9.7
81.0

15 Compound E from Example 5

Each of 13 2» 35 4y 5: 6 ana 7 is the same as used in Example 7.
20
The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG

FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG
The clearcoat film was allowed to

25
INDUSTRIES INC., PPG FINISHES).
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

30 20 Degree Gloss : 91
D.0.I. : 75
Pencil Hardness : 2B

Solvent Resistance: Excellent

35
Example 11
Components t £, G

40 Compound B from Example 2 55.1
Polysiloxane Solution 1.0
U.V. Absorber 3.0
Toluene 18.7
Propylene Glycol Methyl Ether Acetate 31.2
45 Ethylene Glycol Butyl Ether Acetate 31.2
Butyl Acetate 41.4
Ethyl-3-Ethoxy Propionate 12.4
91.7

Compound E from Example 5
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l Same as used in Example 7.
Same as used in Example 7.

The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG
INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss ¢ 92

D.0.I. : 55

Pencil Hardness : B

Solvent Resistance: Excellent

Example 12
Components ' Parts by Weight, Grams

Compound C from Example 3 109.0
Polysiloxane Solution 1.0
U.V. Absorber? 3.0
Toluene 18.7
Propylene Glycol Methyl Ether Acetate 31.2
Ethylene Glycol Butyl Ether Acetate 31.2
Butyl Acetate 41.4
Ethyl-3-Ethoxy Propionate 12.4

49.4

Compound E from Example 5

! Same as in Example 7.
Same as in Example 7.

The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat Ffrom PPG
INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:
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20 Degree Gloss : 86
D.0.1I. : 65
Pencil Hardness + 4B
Solvent Resistance: Fair
5
EXAMPLE 13
Components Parts by Weight, Grams
10
Carbodiimide Res:’.n1 77.8
Polysiloxane §olution 1.0
U.V. Absgrber 3.0
Additive 0.6
15 Xylene 16.3
Isobutyl Acetate 12.3
Butyl Acetate 24.9
UNOCAL THINNER 224617 7.4
Lacolene 10.4
20 Aromatic 1007 8.2
87.3

25

30

35

40

&5

Compound F from Example 6

Each of 1+ 2 3s 4, 5, 6 ang 7 is the same as used in Example 7.

The above clearcoat package was then spray applied to 24
gauge cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG

INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to

cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss : 90
D.0.I1. : 60
Pencil Hardness : 2B

Solvent Resistance: Excellent

Example 14
mponent Parts by Weight, Grams
Compound B from Example 2 59.1
Polysiloxane Solution 1.0
U.V. Absorber? 3.0
18.7

Toluene
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Propylene Glycol Methyl Ether Acetate 31.2
Ethylene Glycol Butyl Ether Acetate 31.2
Butyl Acetate 41.4
Ethyl-3-Ethoxy Propionate 12.4
5 Compound F from Example 6 88.0

L Same as used in Example 7.
10 2 Same as used in Example 7.

The above clearcoat package was then spray applied to 24 gauge
cold rolled steel panels (treated with BONDERITE 40, primed with
15 DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG
INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to
cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20
20 Degree Gloss : 93
D.0.I. ¢ 60
Pencil Hardness : 3B
Solvent Resistance: Excellent
25
Example 15
Components Parts by Weight, Grams
30
Compound A from Example 1 105.0
Polysiloxane Solution 1.0
U.V. Absorber? 3.0
Toluene 18.7
35 Propylene Glycol Methyl Ether Acetate 31.2
Ethylene Glycol Butyl Ether Acetate 31.2
Butyl Acetate 41.4
Ethyl-3-Ethoxy Propionate 12.4
51.9

Compound F from Example 6
40

1 Same as used in Example 7.
Same as used in Example 7.
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The above clearcoat package was then spray applied to 24 gauge
cold rolled steel panels (treated with BONDERITE 40, primed with
DP-40/401, a two-component epoxy primer from PPG INDUSTRIES INC., PPG
FINISHES, and basecoated with DELTRON® Universal Basecoat from PPG

INDUSTRIES INC., PPG FINISHES). The clearcoat film was allowed to

cure at ambient conditions. The resulting coating was found to have

the following properties after a one-week cure time:

20 Degree Gloss : 93
D.0.I. : 65
Pencil Hardness ¢ 5B

Solvent Resistance: Excellent

Additional examples were carried out identical to each of
Examples Nos. 7 to 15, inclusive, above except that instead of using
the polymers bearing at least two covalently blocked carboxylic acid

moieties the same polymers were used but in each case carrying the

corresponding free carboxylic acid moieties instead. The results of

all of the runs are summarized in the table below. The latter
corresponding Examples are identified by the lower subscript "a'".
Also included in the table is the pot life of each of the coating

compositions used in the examples. There is additionally included in

the table data relating to the pot life and solvent resistance of a
commerical coating composition, DAU-82 DELTRON® CLEAR COAT A
(isocyanate cured polyol available from PPG INDUSTRIES INC., PEG

Finishes) as a control.

W
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From the data in the above table, it is readily apparent that
the coating compositions containing polymers carrying the aziridine or
carbodiimide moieties and a polymer carrying covalently blocked
carboxylic acid moieties have a long pot life, that is, at least two
days, suitable for use as one-package coating compositiomns, and that

the coatings obtained are durable and would be desirable for

automobile refinishing. However, when coating compositions were

prepared that are identical thereto, except that the polymer carrying
covalently blocked carboxylic acid moieties was replaced with an
identical polymer carrying the corresponding free carboxylic acid
moieties, in each case the pot life was less than 30 minutes,
generally less than five to 10 minutes, rendering them not suitable
for the desired application.

According to the provisions of the patent statutes, there are

described above the invention and what are now considered to be its

best embodiments. However, within the scope of the appended claims,

it is to be understood that the invention may be practiced otherwise

than as specifically described hereinabove.

ay
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WHAT IS CLAIMED:

1. Stable, non-gelled, non-isocyanate coating compositions
capable of being cured at ambient conditions to form coatings having
5 excellent durability comprising:
(A) at least one polymer, oligomer or combinations thereof having
a molecular weight of at least about 100 and bearing at least two
moieties selected from the following groups:
(1) aziridine moieties defined by the following structural formula:

10
R
2
I
H O C-R,
15 'u
~N-C-X-R;-N
e
20 Ry
wherein
25 X represents 0O, S, NR, R representing H, alkyl having from 1 to 12
carbon atoms, or higher, or phenyl,
Ry represents (CHZ)ml » mj being an integer ranging from 1 to 3 and
30 R, represents H, CH3 or combinations thereof, and/or

(2) carbodiimide moieties defined by one of the following

35 structural formulas:

CHy
40 /\ /CH3
(a) R3-N=C=N—+—CH C
|| T
CH, CH,
45 N/
, C
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wherein

PCT/US92/02876

Ry and R, represent alkyl having one to four carbon atoms,
cycloalkyl having from three to six carbon atoms, phenyl or
substituted derivatives thereof and m, is an integer ranging from

1 to 203 and
Rg
(b) ~—C--N=C-N-Rg

l

Rs5

wherein

R; represents alkyl having from one to three carbon atoms and

R, represents alkyl having from 1 to 20 carbon atoms, cycloalkyl
having from three to six carbon atoms, phenyl or substituted

derivatives thereof; and

(B) at least one polymer, oligomer or combinations thereof having

a molecular weight of at least about 100 and bearing at least two

covalently blocked carboxylic acid moieties.

2. Compositions according to

acrylic polymer.

3. Compositions according to

acrylic polymer.

4., Compositions according to

(B) are each acrylic polymers.

5. Compositions according to

urethane polymer.

6. Compositions according to

urethane polymer.

claim 1 wherein Component (A) is an

claim

claim

claim

claim

1 wherein

1 wherein

1 wherein

1 wherein

Component (B) is an

Components (A) and

Component (A) is a

Component (B) is a
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7.  Compositions according to claim 1 wherein Components (A) and

(B) are each urethane polymers.

8. Compositions according to claim 1 wherein Component (A) is a

5 urea polymer.

9. Compositions according to claim 1 wherein Component (B) is a

urea polymer.

10 10. Compositions according to claim 1 wherein Components (A) and

(B) are each urea polymers.

11. Compositions according to claim 1 wherein Component (A) is a

polyester polymer.

15
12. Compositions according to claim 1 wherein Component (B) is a

polyester polymer.

13. Compositions according to claim 1 wherein Components (A) and

20 (B) are each polyester polymers.

14. Compositions according to claim 1 wherein the molecular

weight of Component (A) is from about 100 to about 20,000.

25 15. Compositions according to claim 1 wherein the molecular

weight of Component (B) is from about 100 to about 20,000.

16. Compositions according to claim 1 wherein the range of ‘
aziridine and/or carbodiimide (equivalents) to blocked carboxylic acid

30 (equivalents) is about 3:1 to about 1:3.

17. Compositions according to claim 1 wherein the range of

aziridine and/or carbodiimide (equivalents) to blocked carboxylic acid

equivalents is about 1:1.
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18. Compositions according to claim 1 wherein Component (A) is

(a)(1).

19. Compositions according to claim 1 wherein Component (A) is

5 defined by (&)(2)(a).

20. Compositions according to claim 1 wherein Component (A) is

defined by (A)(2)(b).

10 21. Compositions according to claim 1 wherein said blocked

carboxylic acid moiety is a silyl ester moiety.

22. Compositions according to claim 21 wherein said silyl ester

moiety is defined by the following structural formula:

15
0

"
-C-0-Si(R7)3

20
vherein R; represents methyl, ethyl, propyl, isopropyl, phenyl or

combinations thereof.

23. Compositions according to claim 22 wherein Ry represents

25 methyl.

24. Compositions according to claim 1 wherein X represents 0; Ry

represents (CH,),. R, represents H; R3 and R, represent alkyl having
2723 2 3 4

one to four carbon atoms; Rc represents CH,. R represents alkyl
5 3; 76

30 having four carbon atoms; my is the integer 2; and m, is the integer 3.

25. A process for coating a substrate which comprises applying to

said substrate a stable, non-gelled, non-isocyanate coating
composition capable of being cured at ambient conditions to form
35 coatings thereon having excellent durability comprising:
(A) at least one polymer, oligomer or combinations thereof having

a molecular weight of at least about 100 and bearing at least two

moieties selected from the following groups:

Ld

“
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(1) aziridine moieties defined by the following structural formula:
R
2
l
5 HO C-Rg
I " /
—N-C—X—RI—N\\\
C - Ry ,
10 |
Ry
wherein
15

X represents 0, S, NR, R representing H, alkyl having from 1 to 12
carbon atoms, or higher, or phenyl,
R; represents (CHZ)ml » My being an integer ranging from 1 to 3 and

20
R, represents H, CH3 or combinations thereof, and/or

(2) carbodiimide moieties defined by one of the following

25
structural formulas:

CH,

30 /\ P -

(a) R3-N=C=N~—CH ¢
lh\“cn

35 CH, CH, 3
C
03/// \\\N=C=N R, »
40 my
wherein
45 R3 and R, represent alkyl having one to four carbon atoms,

cycloalkyl having from three to six carbon atoms, phenyl or
substituted derivatives thereof and my is an integer ranging from
1 to 20; and
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(b) --C--N=C=N-R
| o
5 Rg
wherein
10 Rg represents alkyl having from one to three carbon atoms and

Rg represents alkyl having from 1 to 20 carbon atoms, cycloalkyl
having from three to six carbon atoms, phenyl or substituted
derivatives thereof; and

15

(B) at least one polymer, oligomer or combinations thereof having
a molecular weight of at least about 100 and bearing at least two

covalently blocked carboxylic acid moieties.

20
26. The process of claim 25 wherein Component (A) is an acrylic
polymer. -
27. The process of claim 25 wherein Component (B) is an acrylic
25 polymer.

28. The process of claim 25 wherein Components (A) and (B) are

each acrylic polymers.

30 29. The process of claim 25 wherein Component (A) is a urethane

polymer.

30. The process of claim 25 wherein Component (B) is a urethane

polymer.

35
31. The process of claim 25 wherein Components (A) and (B) are

each urethane polymers.

32. The process of claim 25 wherein Component (A) is a urea

40 polymer.

o
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33. The process
polymer.
34. The process

5 each urea polymers.

35.
polymer.

The process

36.
polymer.

10 The process

37. The process

each polyester polymers.

15

38. The process

of

of

of

of

of

of

- 29 -

claim 25 wherein

claim 25 wherein

25 wherein

claim

claim 25 wherein

25 wherein

claim

claim 25 wherein

Component (A) is from about 100 to about

39.
20

40. The

carbodiimide

about 3:1 to about 1:

25
41. The
carbodiimide
about 1:1.
30 42, The
43,

(A)(2)(a).

(equivalents) to

3.

(equivalents) to

process of claim

The process of claim

The process of claim 25 wherein

Component (B) is from about 100 to about

PCT/US92/02876

Component (B) is a urea

Components (A) and (B) are

Component (A) is a polyester

Component (B) is a polyester

Components (A) and (B) are

the molecular weight of

20,000.

the molecular weight of
20,000.

process of claim 25 wherein the range of aziridine and/or

blocked carboxylic acid (equivalents) is

process of claim 25 wherein the range of aziridine and/or

blocked carboxylic acid equivalents is

25 wherein Component (A) is (A)(1).

25 vwherein Component (A) is defined by
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44. The process of claim 25 wherein Component (A) is defined by

(a)(2)().

45. The process of claim 25 wherein said blocked carboxylic acid

moiety is a silyl ester moiety.

46. The process of claim 45 wherein said silyl ester moiety is

defined by the following structural formula:

0
—C-0-Si(R7)3

wherein Ry represents methyl, ethyl, propyl, isopropyl, phenyl or

combinations thereof.

47. The process of claim 46 wherein Ry represents methyl.

48. The process of claim 47 wherein X represents 0; R; represents
(CHZ) 95 Ry represents H; R3 and Ry represent alkyl having one to four
carbon atoms; Rg represents CH3; Rg represents alkyl having four

carbon atoms; my is the integer 2; and my is the integer 3.
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