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PREFACE

This book is based on papers originally presented at the Ninth Inter-
national Conference in Organic Coatings Science and Technology
which was held in Athens, Greece, July 11-15, 1983. The Athens
Conference is now firmly established as the premier annual scientific
and technological conference on coatings in Europe. There were

19 invited and 3 contributed papers covering the range from funda-
mental research to applications, and including both state-of-the-art
reviews and original experimentation.

In this, as in previous conferences in the series, a wide variety
of topics were discussed, including new developments in thé prepara-
tion and curing of polymeric resins, characterization of pighents and
pigment/vehicle interactions, photodegradation of surface coating$,
coating defects, and corrosion protection. These papers reflect the
advances currently being made in research and development in the
field of organic coatings.

We would like to express our appreciation to all those who helped
in the preparation of this volume, particularly the authors.

G. D. Parfitt
A. V. Patsis
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backbone, high levels of crosslinking were needed to achieve maximum
resistance and these then gave slow early drying due to the initial plas-
ticizing affect of the polyisocyanate.

Against this background we carried out a long term research pro-
gram whereby functional acrylic resins were crosslinked in order to
capitalize on the known durability of acrylic polymers and the formula-
tion flexibility that could be achieved in obtaining particular physical
properties. The blueprint for this initial research was to develop a
coating for supersonic aircraft where the requirement was for room
temperature cure, the development of tough films with hardness and
flexibility over a wide temperature range, resistance to a variety of
materials including aircraft fuels, hydraulic liquids and de-icing chemi-
cals, and all of these characteristics were required for coatings that
had to have extended durability at altitudes up to 80,000 feet where
there was high u.v. radiation and a significant ozone concentration.
The final requirement was for color retention and nonembrittlement at
a surface operating temperature up to 150°C.

In this work a large number of possible curing mechanisms were ex-
amined but most were rejected at an early stage. The system that was
eventually chosen which met all of the requirements, consisted of an
acrylic copolymer containing both epoxy and carboxy groups which
could be self condensed at room temperature by addition of a tertiary
amine catalyst. This product known at the time as Synocryl* 860S was
successfully used for the coating of a number of military aircraft and
met the specification that had been originally established. However,
this coating had a major disadvantage for more general use in coatings
and particularly in vehicle refinishing, in that stability of the basic co-
polymer was limited to three months at ambient temperature.

Of the other systems examined, that based on hydroxy functional
acrylics with a polyisocyanate curing agent came very close to the 860S
type in performance, so this was developed originally for high perform-
ance exterior coatings particularly for aircraft, locomotives, road and
rail tankers but subsequently for commercial motor car refinishing.
The first resins introduced for this purpose was Synocure* 866S and
867S and these were followed by many variants. Economics sub-
sequently led to the development of hybrid systems consisting of
acrylated polyesters and these resins typified by Synocure* 861X
are now in wide use throughout the world in coatings for refinish-
ing of motor cars and original finishings of commercial and specialist
vehicles.

Characteristics of the three resins mentioned are described in Table
1.1.

The use of biuret derivatives of hexamethylene di-isocyanate or ad-
ducts of isophorone di-isocyanate has meant that volatility of isocyanate

*Registered trade name of Cray Valley Products, Ltd.
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TABLE 1.1
Existing Two-Component Systems

Reference Synocure 860S Synocure 867S Synocure 861X
Resin type Acrylic Acrylic Acrylated
polyester
Resin Carboxy and Hydroxy
functionality epoxy
Hardener/ Benzyl- Biuret of
catalyst type dimethylamine HMD1
Resin:catalyst Non critical 3:1 2.1
ratio on solids ca 70:1
Non volatile 45 60 55
content %
Solvent type Xylene, Xylene, ethyl Xylene
n-Butanol glycol acetate
Average 15 40 20
viscosity '
poise at 25°C
functional material is extremely low and no hazard results. There is,

however, some concern over aerosol particles which may be breathed

during spraying operations particularly as some individuals are sensi-
tive to isocyanate reactivity. Work at the Paint Research Association

(1,2) has demonstrated the significance of this potential probiem.

The work now described was aimed at developing a nonisocvanate
vehicle refinishing system both to provide an alternative on environmen-
tal and toxicity grounds but also to kstablish if improved perforpance °
could be achieved in specific propertles. Two potential areas of improve-
ment over hydroxy acrylics cured with polyisocyanates are the speed of
initial dry to the tape test stage and the ability to polish out coating
defects.

EXPERIMENTAL
Many of the 34 systems originally examined for aircraft coating were re-

examined with the benefits of twenty years of additional polymer chemis-
try. The combinations that showed most promise but which were finally -
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TABLE 1.2
Some of the Better Two-Component Systems Examined

Acrylic
functionality Component B Cure at R.T. Problems
N-methylol Mineral acids Excellent Poor water
acrylamide including BF3 resistance, and
etherates pigment
flocculation
Epoxy Acid acrylic Fair Compatibility
copolymer
Epoxy * Amine functions Fair Compatibility
acrylic copolymer ,
Epoxy Dithiol Fair Odor
Acid Tris 1 Good Curing agent
72 methyl) toxicity
2ziridinyl
phosphine oxide
Hydroxyl Aluminum chelates Poor Exterior {
’ embrittiement ‘
Hydroxyl Anhydrides Poor Solubility and
compatibility !
of suitable
anhydrides

rejected are listed in Table 1.2 with a note on the major deficiency which
caused their elimination. It should be stressed however that many of
these alternative systems do have particular benefits and may well re-
appear at a later date for specific uses or where additional development
has overcome the disadvantages. Vehicle refinishing is commonly car-
ried out at room temperature, and at 60°C or 80°C and while the specifi-
cation for this development program was cure under all three conditions
there is a place for coatings which may only cure at the force dry tem-
peratures.

By a process of elimination the curing mechanism which met most of
the requirements was one which an acid functional acrylic is crosslinked
with an aliphatic polyepoxide, A number of variants have been made
and typical of these is the system now known as Synocure 881S (the
acrylic copolymer) and 882 (the polyepoxide).

-
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TABLE 1.3
White Gloss Finish Formulation F72572

A Futile titanium dioxide 20.84
Synocure 8818 59.05
Xylene 12.22
n-Butanol 4.08

96.19

B Synocure 882 3.81

100.00

Mix parts A and B before use and thin to spray
viscosity with 3:1 Xylene:n-Butanol

Viscosity of mixed compoenents 4.8 poise

Vehicle solids 41%

Total solids at spray viscosity 40%

Pot life at 21°C
Initial viscosity 3.5 poise
7 hours 0.5 poise
24 hours 1.0 poise
54 hours 3.2 poise

In Table 1.3 the formulation and characteristics of a standard white
gloss finish based on this system are shown, while in Table 1.4 a com-
parison of curing rate against the previously described acrylated poly-
ester-isocyanate system is shown as development of drying stages, hard-
ness and solvent resistance.

The selected system was chosen after a systematic variation of acrylic
backbone monomers, type and level of the functional acid groups, and
the nature and level of catalyzing groups both within the molecule and
as post additions.

The other main variable examined was the choice of epoxy cross-
linking agent. Terminal epoxy groups such as glycidyl ethers and es-
ters, chain epoxy groups such as epoxidized oils, and ring epoxies such
as cyclohexene oxides were examined, as were their adducts with a va-
riety of polymers. The need for maximum exterior durability largely ex-
cluded aromatic epoxy resins. The general conclusion was, as had been
established with other catalyzed systems, that a crosslinking agent of



TABLE 1.4

North

Curing Rate Against Acrylated Polyester-Isocyanate Control

at 21°C for White Gloss Paints

Synocure 881-2

Acrylated
polyester-isocyanate

Sand dry BS 3900
‘Hard dry BS 3900

Koenig hardness %
1 day
3 days
7 days

Xylene swab—60
seconds
1 day
3 days
7 days
Petrol spot resistance

1 day
2 days

6 minutes

12 minutes

50
64
69

Severe marking
Slight marking
V. slight marking

Slight staining

V. slight staining

11 minutes

70 minutes

30
70
82

Removal 3 seconds
Loss of gloss
Unaffected

Softened
No effect

high functionality and low molecular weight is most effective in produc-
ing maximum cure at room temperature, presumably because of reduced

steric hindrance.

During the development, film performance of all experimental resins
was monitored with a series of standard tests and these are listed in
Table 1.5 where performance after room temperature cure is compared

with the acrylated polyester and acrylic controls.

Differences are essentially self explanatory. All were confirmed in
further work on various pigmentations and in clears over both self color
and metallic base coats. Humidity resistance was investigated in most
detail because of observed whitening in some clear coatings. Such

whitening has nof been seen in either Q.U.V. or natural weathering but
can occur in the BS 3900 humidity test chamber. Strangely it is not
normally seen on 7 day room temperature cured panels but is present
with force dried coatings cured for 30 minutes at 60°C. Weight change
measurements show a gain of up to 5% with air dried coatings but a small
loss of less than 1% with the force dried coatings. It is probable that
effective stoichimetry is changed by the alteration in curing conditions
although no other performance changes have been observed.
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TABLE 1.5

Film Performance of Air Dried Coatings

White gloss at 21°C for 7 days, 50-60 um, abraded steel

Acrylated
polyester Acrylic
881-2 -isocyanate isocyanate
Ericksen identation mm. 9.1 8.1 8.9
Pencil hardness H H H
Mandrel bend inches 1-1/2 1 1-1/8
Cross hatch adhesion 100 100 100
Gloss 20°C 83- 100 98
60°C 95 99 100
Distilled water 48 hours V. slight Unaffected Unaffected
blistering
40% sulphuric acid Unaffected Unaffected Unaffected
48 hours
40% sodium hydroxide Unaffected Unaffected Unaffected
48 hours
5% acetic acid 8 hours Unaffected Unaffected Unaffected
24 hours Blistered . Unaffected Unaffected
Lipstick staining 2.5 2 ' 2
4 hours
Shoe polish staining 3 3 3
2 hours
Q.U.V. resistance:
Initial gloss 60°C 88 99 100
250 hours 94 100 98
500 hours 91 78 94
1000 hours (ki 54 75
Color AE®
Initial 1.7 1.9 2.2
1000 hours Q.U.V. 1.0 1.2 2.0

aAE calculated from a standard white tile.



