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(57) Abstract

The invention describes a powder coating composition based on a polyester resin containing 1,4~cyclohexanedicarboxylic acid. Such
powder coating compositions exhibit improved flow properties during curing and a broadened cure window.
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WO 99/60067 PCT/US98/27920

THE USE OF 1,4-CYCLOHEXANEDICARBOXYLIC ACID AS A MEANS OF '
IMPROVING FLOW PROPERTIES AND BROADENING CURE WINDOW OF
POLYESTER POWDER COATING ENAMEL

This disclosure demonstrates how incorporating 1,4-cyclohexanedicarboxylic acid (1,4-
CHDA) into a polyester resin for powder coating applications improves coating flow
during cure and broadens the cure window, a function of the time and temperature at
which cure occurs. As a result, coating properties are fully developed at either lower cure
temperatures or shorter cure times, and the cure variables do not require such precise

control as coatings based on other diacids.

The powder coating industry is challenged to develop finished coatings comparable in
appearance to that of solvent-borne coatings. Without solvent, the nonuniform powder
particles must be able to flow to a similar degree of smoothness in order to match the
appearance of a solution coating. In order to achieve the desired effect, the powder
coating must melt within a particular temperature range permitting timely and ample flow
of the polymeric material prior to crosslinking. It was previously determined that 1,4-
CHDA reduces resin melt viscosity thus enhancing flow properties of the enamel during
cure. Results of the current study indicate that the presence of increasing amounts of 1,4-
CHDA in powder coating resins improves cure response of the resin during crosslinking as
well. It is resonable to expect that lower viscosity resins are more mobile; therefore. they

interract more readily with the crosslinker.

The reduction in resin melt viscosity of 1,4-CHDA, 1,3-CHDA, HPHP and BEPD has been
described in Eastman Publication Number N-343. 1t is anticipated that these would
provide similar effects on flow properties and cure response. An example resin
composition is given in Table I where 1,4-CHDA replaces terephthalic acid (TPA) at 0, 6,
9, 12, 18 and 24 mole percent. Components of the resin may include, but are not restricted
to NPG* Glycol, 1,4-cyclohexanedimethanol, 2-butyl-2-ethyl-1,3-propanediol (BEPD), 3-
hydroxy-2,2-dimethylpropyl 3-hydroxy-2,2-dimethylpropanoate (HPHP), 3-methyl-1,5-
pentanediol, 2-methyl-1,3-propanediol, 1,4-butanediol, 1,2-butanediol, 2,2-diethyl-1,3-

SUBSTITUTE SHEET (RULE 26)
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pentanediol, 1,4-CHDA, 1,3-cyclohexanedicarboxylic acid (1,3-CHDA),
hexahydrophthalic anhydride, isophthalic acid, terephthalic acid, trimethylolpropane,
trimellitic acid, or combinations thereof. Since the ultimate performance of the
crosslinked coating is dependent upon binder composition, the monomeric effects apply to
both polymeric compositions of hydroxyl and acid terminated polyester resins for
polyester-isocyanate, polyester-epoxy hybrid, polyester-triglycidylisocyanurate (TGIC),

and combinations of polyesters with other crosslinkers.

Resin properties, such as acid number, hydroxyl number, glass transition temperature (Tg),
and molecular weight are summarized in Table II. The results demonstrate that an
increase in the mole percent of 1,4-CHDA decreases resin Tg and viscosity (Figure 1).

The powder coating enamel formulation and physical properties are given in Tables IIT &
IV, respectively. A 9% molar replacement of TPA with 1,4-CHDA achieves an optimal
balance between enamel flow and Tg. 1,4-CHDA improved impact resistance, t-bend and

orange peel at various cure conditions (Figures 2-4).

Table I

Resin Composition'

Moles
NPG® Glycol 8.18
Trimethylolpropane 0.62
Diacid: 8.18
1,4-CHDA
Terephthalic Acid

10.1% Fascat 4100 catalyst based on total charge.

[0
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Table II

Resin Properties

Mole % of Acid OH
1.4 -CHDA Number Number
0 8 49
6 7 48
9 8 48
12 4 47
18 4 48
24 3 47

Tg, °C
(midpoint)
60
58
55
57
53
48

Table I11

Mn
2900
3065
2965
3313
3378
3305

Powder Coating Enamel Formulation

Components

Polyester Resin

Huls B 1530 blocked diisocyanate

Dupont R-960 TiO, pigment

Benzoin

(1% based on binder)

Dibutyltin dilaurate, DBTDL
(1% based on binder)

Modaflow 2000
(1% based on binder)

SUBSTITUTE SHEET (RULE 26)

Weight. g

TOTAL
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10290
12785
13941
12678



WO 99/60067 PCT/US98/27920

Table IV
Reactivity and Stability Characteristics

Percent of Gel Time Pill Flow Caking Test
S 1.4-CHDA  (@204°C, sec) (mm) (% Passing)
0 96 131 94
6 98 138 81
9 95 159 62
12 49 124 13
10 18 60 119 13
24 56 137 0
4
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10

WO 99/60067 PCT/US98/27920

We Claim:

1. A powder coating composition comprising:
a polyester resin comprising 1,4-cyclohexanedicarboxylic acid; and

a binder.
2. A powder coating composition of claim 1, wherein said 1,4-

cyclohexanedicarboxylic acid is present in an amount of between about 6-24 mol% based

on the total number of moles of diacid present in said polyester resin.

SUBSTITUTE SHEET (RULE 26)
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IMPACT VS CURE TIME AT 350 DEG F (177 DEG C)
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o

CURE TIME, MIN

/) 6% 1,4-CHDA R 9% 1,4-CHDA

V] 0% 1,4-CHDA

POWDER COATING VISUAL SMOOTHNESS STANDARD SUPPLIED BY POWDER COATING
INSTITUTE (PCI): NUMERICAL RATING FROM 1 (TEXTURED) TO 10 (VERY SMOOTH).
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T-BEND VS CURE TIME AT 350 DEG F (177 DEG C)
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CURE TIME, MIN
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