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EPOXY RESIN COMPOSITIONS
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to low color epoxy resin compositions and the
use of such compositions in light emitting diodes (LLEDs).

Description of Backeround and Related Art

The field of optoelectronics is poised for explosive growth as optoelectronic
devices such as light emitting diodes (LEDs) have expanded their applications into various
display and lighting applications including signal lamps, full-color displays, and other
lighting apparatus.

Certain epoxy resin materials have excellent optically transmissive,
mechanical, and adhesion properties. or example, cycloaliphatic epoxies find special
utility as encapsulants or coatings to house and protect the LEDs. However, conventional
epoxy resin materials usually suffer from drawbacks such as color formations caused by
heat and light generated from light emitters in the LEDs, resulting in a color degradation of
the LED light outputs and shortening the service life of the LEDs.

Glycidyl-ether-containing epoxies, particularly those containing an aromatic
moiety, can also suffer from increased color formation upon storage at elevated
temperatures. In addition, these epoxies may also experience in increase in viscosity upon
storage at elevated temperatures. A diglycidyl ether derived from an aromatic bisphenol
compound (e. g., bisphenol A) is commonly referred to as a “liquid epoxy resin” or LER.

There is a need in the industry to develop a low color cyclic- or alicyclic-
containing epoxy resin composition for use as an encapsulant or as a coating in LEDs in
order to provide improved thermal stability, to reduce the rate of heat aged color formation,
and to prolong the service life of LEDs. There is also a need to improve the storage stability

of glycidyl-ether-containing epoxy resins.

SUMMARY OF THE INVENTION

One embodiment of the present invention is directed to an epoxy resin
composition comprising (a) at least one epoxy resin and (b) at least one inorganic
phosphorous-containing compound stabilizing agent.

Another embodiment of the present invention is directed to a process of

making the low color epoxy resin composition of the present invention.

1-
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Still another embodiment of the present invention is directed to an epoxy
resin encapsulant comprising the above low color epoxy resin composition of the present
invention.

Yet a further embodiment of the present invention is directed to a light
emitting diode comprising the above epoxy resin encapsulant.

Yet another embodiment of the present invention is directed toward a more

storage stable glycidyl-ether-containing epoxy resin.

BRIFT DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective, partially cross-sectional view of a simple light
emitting diode (LLED) structure of the present invention.

Figure 2 is a graphical illustration showing color formation (APHA Color) of
a sample as a function of time after storing the sample at a constant elevated temperature
(Days at 150 °C). Figure 2 shows the data for Comparative Example C (an epoxy resin
without sodium pyrophosphate dibasic (SPD)) and Example 2 (an epoxy resin with SPD).

Figure 3 is a graphical illustration showing viscosity (Brookfield viscosity at
25 °C, cps) of a sample as a function of time after storing the sample at a constant elevated
temperature (Days at 150 °C). Figure 3 shows the data for Comparative Example C (an
epoxy resin without SPD) and Example 2 (an epoxy resin with SPD).

Figure 4 is a graphical illustration showing epoxide equivalent weight
(EEW) measurements for a sample as a function of time after storing the sample at a
constant elevated temperature (Days at 150 °C). Figure 4 shows the data for Comparative

Example C (an epoxy resin without SPD) and Example 2 (an epoxy resin with SPD).

DETAILED DESCRIPTION OF THE INVENTION

The term “stability” herein means reduced rate of color and viscosity upon
storage for example at least greater 30 days at a predetermined temperature of at least
greater than40 C. Preferably from 2 months to 2 years at a temperature of from 20 °C to
about 40 °C.

The term “color” herein means an absorption of electromagnetic energy of
approximate wavelengths in the 300 to 760 nanometer range.

The term “low color” herein means less energy absorbing in the above color

range.
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As used herein, the term “low color additive” refers to an additive adapted
for adding to a resin material and which is useful for reducing (or lowering) color formation
of such resin material. The resin material may include any resin matrix such as for example
an epoxy resin.

As used herein, the term “low color epoxy resin composition” refers to an
epoxy resin composition containing a low color additive; wherein the resultant epoxy resin
composition has a reduced or lower color formation than the same epoxy resin composition
without such low color additive.

By “color stability” herein it is meant less change in color over a
predetermined time versus a control.

“Thermal aging”, with reference to a sample, means that the sample is heated
to a temperature higher than a nominal 25 °C storage temperature; and then a certain
predetermined property or properties, such as color and/or viscosity, of a sample with a
stabilizer is compared to the same property of a 'control’ sample without a stabilizer. To
be effective, the stabilized sample material should show less of a color change than the
non-stabilized control sample.

By “rate of color formation™ herein it is meant rate of change of color per
unit of time.

The phrase “entire visible light spectrum” herein means the visible light
spectrum is electromagnetic energy of approximately 400 to 760 nanometer wavelengths.

According to the present invention, a low color epoxy resin composition
comprises (a) at least one epoxy resin compound, and (b) at least one an inorganic
phosphorous-containing compound stabilizing agent which is used for example as a low
color additive. The low color additive may include for example an inorganic phosphate
compound. In one illustration of the present invention, the phosphate compound may
include for example a sodium polyphosphate or a sodium pyrophosphate. An example of a
sodium pyrophosphate is, preferably, a sodium pyrophosphate dibasic (SPD) compound or a
sodium pyrophosphate tetrabasic (SPT) compound.

The epoxy resin, component (a), used in the low color epoxy resin
composition of the present invention may comprise one or more epoxide resin compounds
which comprise one or more epoxy group per molecule. Epoxy resins are those compounds
containing at least one vicinal epoxy group. The epoxy resin may be saturated or

unsaturated, aliphatic, cycloaliphatic, aromatic or heterocyclic and may be substituted. The
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epoxy resin may also be monomeric or polymeric. An extensive enumeration of epoxy
resins useful in the present invention is found in Lee, H. and Neville, K., “Handbook of
Epoxy Resins,” McGraw-Hill Book Company, New York, 1967, Chapter 2, pages 257-307;
incorporated herein by reference.

The epoxy resins, used in embodiments disclosed herein for component (a)
of the present invention, may vary and include conventional and commercially available
epoxy resins, which may be used alone or in combinations of two or more. In choosing
epoxy resins for compositions disclosed herein, consideration should not only be given to
properties of the final product, but also to viscosity and other properties that may influence
the processing of the resin composition.

Particularly suitable epoxy resins known to the skilled worker are based on
reaction products of polyfunctional alcohols, phenols, cycloaliphatic carboxylic acids,
aromatic amines, or aminophenols with epichlorohydrin. A few non-limiting embodiments
include, for example, bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, resorcinol
diglycidyl ether, and triglycidyl ethers of para-aminophenols. Other suitable epoxy resins
known to the skilled worker include reaction products of epichlorohydrin with o-cresol and,
respectively, phenol novolacs. Itis also possible to use a mixture of two or more epoxy
resins.

The epoxy resins, component (a), useful in the present invention for the
preparation of the curable compositions, may be selected from commercially available
products. For example, ER1.-4221 D cycloaliphatic epoxide, D.E.R.™ 331 epoxy resin,
D.E.R.™ 332 epoxy resin, D.E.R.™ 334 epoxy resin, D.E.R.™ 580 epoxy resin,

D.E.N.™ 431 epoxy novolac, D.E.N.™ 438 epoxy novolac, D.E.R.™ 736 epoxy resin, or
D.E.R.™ 732 epoxy resin available from The Dow Chemical Company may be used.
Other commercial epoxy resins that can be used for the epoxy resin component can be
D.E.R.™ 330 epoxy resins or D.E.R.™ 354 epoxy resins. As an illustration of the present
invention, the epoxy resin component (a) may be a diglycidyl ether of bisphenol A, liquid
epoxy resin, D.E.R.™ 383 epoxy resin having an epoxide equivalent weight of 175-185, a
viscosity of 9.5 Pa-s and a density of 1.16 g/cc. D.E.R.™ is a trademark of The Dow
Chemical Company.

Other suitable epoxy resins useful as component (a) are disclosed in, for
example, U.S. Patent Nos. 3,018,262.7,163,973, 6,887,574, 6,632,893, 6,242,083,
7,037,958, 6,572,971, 6,153,719, and 5,405,688, PC'T Publication WO 2006/052727;

4.
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U.S. Patent Application Publication Nos. 20060293172 and 20050171237, each of which is
hereby incorporated herein by reference.

Generally, the epoxy resins useful in the present invention have an average
molecular weight of from about 90 to about 2000, preferably from about 140 to about 1670,
and more preferably from about 250 to about 1000.

The epoxide equivalent weight of the epoxy resins useful in the present
invention is generally from about 70 to about 1000 and more preferably from about 98 to
about 500. As used herein the terms "epoxide equivalent weight" refers to the average
molecular weight of the polyepoxide molecule divided by the average number of oxirane
groups present in the molecule.

In general, the epoxy resin component used in the low color epoxy resin
composition is used in an amount of from about 50 weight percent (wt%) to about 99 wt%,
more preferably, from about 63 wt% to about 99 wt% and, most preferably, from about
63 wt% to about 99 wt%, based on the total weight of the low color epoxy resin
composition.

The phosphorous-containing compound (P-compounds), component (b),
used in the epoxy resin composition of the present invention may comprise one or more
phosphate compounds for example such as compounds selected from any inorganic
pyrophosphate including for example alkali metal pyrophosphates such as sodium
pyrophosphate, potassium pyrophosphate, triphenylphosphine, and mixtures thereof.
Preferably, the phosphate compound used in the present invention selected from the group
comprising alkali metal ions, alkaline earth ions, transition metal ions and the like. Other
examples of the phosphate compounds useful in the present invention are described for
example in Introduction to Phosphorous Chemistry, H. Goldwhite, Cambridge Press
128 pages et al., Pub. April 1981 (from Google); and Advanced Inorganic Chemistry,

FA Cotton and G Wilkinson, Interscience Publishers, 1966, Chapter 20; each which is
incorporated herein by reference.

Still other P-compounds useful for imparting a low color and low viscosity
build to the epoxy resin formulations of the present invention include for example sodium
pyrophosphate dibasic (SPD) also referred to in the art as disodium pyrophosphate and
disodium dihydrogen pyrophosphate; and sodium pyrophosphate tetrabasic (SPT), and
mixtures thereof. P-compounds along similar lines as the sodium pyrophosphate dibasic are

described in EP 403,542 B1, incorporated herein by reference. EP 403,542 B1 describes for
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example the following P-compounds useful in the present invention, including tetrasodium
pyrophosphate; methyl trisodium pyrophosphate; diisoamy! dipotassium pyrophosphate;
t-butyl tetrapotassium tripolyphosphate; tetrapolyphosphates such as triethyl tripotassium
tetrapolyphosphate; calcium hydroxy phosphate commonly referred to as tricalcium
phosphate; and mixtures thereof.

Other examples of the P-compound useful in the present invention may
include tetrasodium pyrophosphate, tetrabenzyl diphosphate, tetrabutylammonium
pyrophosphate (3:1), and mixtures thereof.

Advantageously, the P-compound, component (b), provides the epoxy resin
composition of the present invention with low color. Accordingly, the P-compound of the
present invention may be considered “a low color additive.” It has been discovered in the
present invention that the presence of a small amount (for example less than about 175 ppm)
of a low color additive in an epoxy resin (component (a) reduces the rate of color formation
of an aged epoxy resin containing the low color additive compared to an aged epoxy resin
without containing the low color additive.

An example of a preferred low color additive useful in the present invention
may be an inorganic pyrophosphate compound including polypyrophosphates
(polyphosphates), more preferably, a sodium pyrophosphate tetrabasic (SP'T) compound or
a sodium pyrophosphate dibasic (SPD) compound.

The chemical structure of SPT is as follows:
v
NaO—?—O—E—ONa
ONa ONa

The chemical structure of SPD is as follows:

P9

HO—FI’—O—FI’—OH
o O
Na* Na*

In general, it is desired to add as much pyrophosphate additive (i.e., the SPT
or SPD) as possible to an epoxy resin composition to obtain the benefits desired, however,
not so much that the pyrophosphate present in the epoxy resin composition becomes
insoluble and causes haze. Accordingly, it is preferred that the amount of the
pyrophosphate (i.e., the SPT or SPD) added to an epoxy resin composition to form a low

color epoxy resin composition is generally in the range of from about 25 ppm up to about
-6-
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175 ppm, preferably from about 100 ppm to about 175 ppm, and more preferably from
about 125 ppm to about 175 ppm.

The low color additive useful in the present invention can be used to reduce
the rate of color formation of the epoxy resins. For example, it has been shown that adding
a low color additive, such as SPD, to an epoxy resin including for example a cycloaliphatic
epoxy resin (CER) and a liquid epoxy resin (LLER), has a beneficial effect on the color
stability in accelerated aging experiments (see Examples herein below). Other properties of
the epoxy resin, such as viscosity and epoxide equivalent weight (FEW), may also be
improved as well by the presence a low color additive, such as SPD, in the epoxy resin
(see Examples herein below).

Accelerated aging experiments are generally used to predict the effect of
time and temperature on the color formation of epoxy resins. The accelerated aging
experiments may be performed, for example, by (1) heating the epoxy resin to an elevated
temperature for an extended time, generally from about 100 °C to about 200 °C and from
about 1 hour to about 600 hours; (2) measuring the properties, such as color, EEW, and
viscosity of the aged epoxy resin at specific time intervals, for example at about 1 to about
10 hour intervals; and (3) comparing the results of the properties measured after heating to
the properties value that was measured at the beginning of the experiment. The accelerated
aging experiment is useful for epoxy manufacturers to understand the response of the color
and other properties of an epoxy resin when aging. The accelerated aging experiment is
usually performed under an air atmosphere; the conditions which epoxy resins are usually
stored and used for most of their applications.

Various accelerated aging experiments are well known in the art. One
example of an accelerated aging experiment used in the present invention is to heat an
epoxy resin sample for about 1 to 150 hours at 150 °C and measure the color.

In the present invention, the accelerated aging experiments are also used to
measure the effects of using the low color additives such as SPD on the properties of aged
epoxy resins with SPD compared to the properties of aged epoxy resins without using the
low color additives (see Examples herein below and Figures 2-4).

An optional curing agent may be used in the epoxy resin composition of the

present invention; and can include for example anhydrides, multifunctional carboxylic
acids, amines, multifunctional amines, super acids (such as HPFg, HSbFg, CF3SO3H and

the like), and mixtures thereof,
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An optional catalyst may be used in the epoxy resin composition of the
present invention; and can include for example one or more Lewis acids and bases.

Other optional components, that may be useful in the present invention, are
components normally used in resin formulations known to those skilled in the art. An
assortment of additives may be added to the compositions of the present invention including
for example, anhydrides, fillers, pigments, other epoxy resins that are different from
component (a), stabilizers, plasticizers, catalyst de-activators, and mixtures thereof.

The concentration of the optional additives used in the present invention may
range generally from 0 wt% to about 99 wt%, preferably from about (.1 wt% to about
95 wt%, more preferably from about 0.25 wt% to about 75 wt%, and most preferably from
about 0.5 wt% to about 33 wt% based on the total weight of the composition.

A curable or thermosettable low color epoxy resin composition may be
prepared in the present invention comprising the low color epoxy resin composition
described above mixed with a curing agent (crosslinking agent or hardener) in amounts
which will effectively cure the curable epoxy resin composition. Examples of curing agents
may include but are not limited to anhydrides, amines, phenolic compounds, and acids. The
curable low color epoxy resin composition may also optionally include a curing catalyst.
The curable low color epoxy resin composition, when cured under curing conditions,
provides a cured or thermoset epoxy resin.

The process of curing the low color curable alicyclic- or cycloaliphatic-
containing epoxy resin composition of the present invention may be conducted at
atmospheric (e.g. 760 mm Hg), superatmospheric or subatmospheric pressures and at a
temperature from about 0 °C to about 300 °C, preferably from about 25 °C to about
250 °C, and more preferably from about 50 °C to about 200 °C.

The process of curing the low color curable glycidyl-ether-containing
epoxy resin composition of the present invention may be conducted at atmospheric
(e.g. 760 mm Hg), superatmospheric or subatmospheric pressures and at a temperature from
about -10 °C to about 250 °C, more preferably from about 10 °C to about 220 °C, and more
preferably from about 25 °C to about 200 °C.

The time required to complete the curing may depend upon the temperature
employed. Higher temperatures generally require a shorter period of time whereas lower
temperatures generally require longer periods of time. In general, the required time for

completion of the curing is from about 1 minute to about 48 hours, preferably from about
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15 minutes to about 24 hours, and more preferably from about 30 minutes to about
12 hours.

It is also operable to partially cure the low color curable epoxy resin
composition of the present invention to form a partially cured intermediate product and then
subsequently fully cure the intermediate product completely at a later time.

The low color epoxy resin composition of the present invention may be
useful in many applications, such as encapsulants for LEDs (there are many LED end uses
including lighting, optical fiber emitters, auto lighting, turn signals and the like); optical
sensors, lenses for readings and the like, telescope optics, film adhesives for OLEDs
(organic light emitting diodes), photovotalics cell encapsulants and coatings, weatherable
epoxy coatings, outdoor electrical insulators, and any epoxy coating formulation.

In the case of glycidyl-ether-containing epoxies, the low color epoxy resin
composition of the present invention may be particularly useful in decorative and protective
coatings. Examples of these coatings may include, but are not limited to, general metal
coatings such as food can linings, or powder coatings for appliances or pipelines. Other end
use for these glycidyl-ether-based resins are as binders in applications such composites and
electrical circuit boards. Furthermore, the glycidyl-ether-containing epoxy resins may find
utility as components in potting and casting applications.

Preferably, the low color alicyclic or cycloaliphatic epoxy resin compositions
of the present invention may be useful for example, in applications which require high glass
transition temperature (T'g) such as a Tg of greater than about 100 °C, good resistance to
electrical arc track resistance (as measured by method ASTM D2303) such as a resistance
of greater than about 1000 minutes to track, low color such as a color of less than about
50 APHA, and a low hydrolyzable chloride content of less than about 250 ppm.

In one embodiment of the present invention, the low color epoxy resin
compositions may be used in electrical castings (e.g. potting and encapsulating coatings) for
a light emitting diode (LED). In many optoelectronic applications of epoxy resins, like
LED encapsulating, epoxy compositions that have low color after cure or after accelerated
aging testing are desired. The low color epoxy resin composition of the present invention
may particularly be useful for special LED applications requiring very low color like white

and blue high intensity (for example greater than about 18 lumens per watt) LEDs.
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In one embodiment of the present invention, the low color alicyclic or
cycloaliphatic epoxy resin composition of the present invention may be used in a light
emitting diode (LED) as an epoxy encapsulant.

An LED is a solid state device comprising a doped semiconductor (PN)
junction semiconductor diode that emits light when current is applied. Figure 1 shows an
example of a LED structure of the present invention generally indicated by numeral 10. In
general, a basic structure of a LED, as shown in Figure 1, may comprise an anode 11, a
cathode 12, a reflector 13, a LED-chip (LED semiconductor) 14, a wire bond (whisker) 15,
and an encapsulant 16 to cover or house the LED 10. The low color epoxy resin
composition of the present invention may be used for the encapsulant 16.

The type of LED semiconductor 14 used in the LED 10 determines the color
of the LED output light. The LED semiconductor may be formed from a combination of (i)
one or more Group III elements and (ii) one or more Group V elements resulting in a III-V
semiconductor. Examples of suitable III-V semiconductor materials include nitrides, such
as gallium nitride; and phosphides, such as indium gallium phosphide. LED emission from
GaN-based III-V compound semiconductors, such as InGaN, AlGaN, AllnGaN, and GaN,
can cover the entire visible light spectrum from short wavelengths (i.e., UV) to longer
wavelengths (i.e., red light).

In a LED, electrical power is converted to both light and heat. Any
encapsulant material useful in the present invention requires withstanding heat dissipated
from both electrical and luminous inefficiency; and the encapsulant must remain transparent
as desired by the applications of the LEDs in order to extend the service life of the LEDs.
Service life or operating life of a LED is characterized by the degradation of the LED light
output intensity over time. When the LED degrades to half of its original intensity after a
period of time, it is considered at the end of its useful service life. Service life of a typical
LED may be for 10,000 hours to 100,000 hours of “power on time”. Power on time means
the actual time voltage is applied to an LED and light is emitted. It is contemplated that
using the epoxy encapsulant composition of the present invention, the service life of an
LED may be extended beyond the service life of a typical LED.

According to another embodiment of the present invention, the epoxy
encapsulant comprises a low color epoxy resin composition, which comprises (a) an epoxy

resin and (b) a low color additive; wherein the low color additive comprises a
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pyrophosphate compound such as sodium pyrophosphate tetrabasic compound (SPT), a
sodium pyrophosphate dibasic compound (SPD), or mixtures thereof.

It has been discovered in the present invention that the low color epoxy resin
encapsulants of the present invention are useful for reducing the rate of the heat aged color
formation, for example to less than 30% of that of a non-stabilized epoxy resin.

The epoxy encapsulant of the present invention can be used in various types
of the LEDs. For example, in one embodiment, the encapsulant is particularly useful in
LEDs with high luminous efficiency (e.g. greater than about 5 lumens per watt (Im/W)). An
example of these types of LED is high brightness (e.g. greater than about 28 Im/W (high
output LEDs)) LEDs (HB LEDs). An HB LED, generally, is referred to as a type of LED
that is fabricated from AlGaAs (red), InGaAlP (yellow-green through red), or InGaN (blue,
blue-green, green, and white) materials. The HB LEDs generally have a luminous
efficiency of greater than about 5 Im/W, preferably greater than about 22 Im/W, and more
preferably greater than about 65 Im/W. The HB LLEDs can be used in applications such as
automotive signs, backlight signals, and electronic equipment.

The following Examples further illustrate the present invention in detail but
are not to be construed as limiting the scope thereof.

Various terms and designations used in the following Examples include for
example as follows: ER1.-4221 D cycloaliphatic epoxide is a distilled cycloaliphatic epoxy,
commercially available from The Dow Chemical Company; D.E.R.™ 331 epoxy resin is a
diglycidyl ether of bisphenol A, commercially available from The Dow Chemical
Company; “SPD” stands for sodium pyrophosphate dibasic; “SPT” stands for sodium
pyrophosphate tetrabasic; “EEW” stands for epoxide equivalent weight; and “ppm” stands
for part per million.

Example 1 and Comparative Examples A and B

Sample A comprises an epoxy resin (ERL.-4221 D) only and was used as a
control sample (“Comparative Example A”). Sample B comprises an epoxy resin
(ERL-4221D) and VICTAWET® 35B (“Comparative Example B”). Sample C comprises
an epoxy resin (ERL-4221D) and SPT supplied from Akzo (“Example 17 of the present
invention),

The color of the above samples was measured by a Platinum-
Cobalt/Hazen/APHA color scale ranging from 0 to 500, with 0 being the lightest and 500

being the darkest. The Platinum-Cobalt/Hazen/APHA color scale contains a series of clear
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light yellow liquids (PtCo standards) from light color to dark color, with the lightest color

labeled as 0 and the darkest color labeled as 500. The PtCo standards are prepared by

specified dilutions of a platinum-cobalt stock solution to the series of clear light yellow

liquids. The PtCo color of the samples is measured by first placing the PtCo standards in

glass cylinders. The above samples are placed in the same type of glass cylinders with

the same liquid depth to provide the same path length for color comparison again the

PtCo standards.

The accelerated aging of the samples were measured as follows: The

samples of Comparative Examples A and B, and Example 1 were placed in a 150°C oven.

After about 120 hours, the samples were removed from the oven and cooled to ambient

temperature (e.g. about 25°C). The color of the samples was checked against the PtCo

standards. The results are described in the following Table L.

Table I - Color Results

Sample

ERL-4221D
Epoxy Resin

(grams)

SPT Additive
(ppm)

VICTAWET® 35B
(ppm)

Color @120 hours
and 150°C (PtCo)

Comparative

Example A

600

125

Comparative

Example B

600

350

>500

Example 1

600

175

37

15

20

25

Comparative Example B, which comprises VICTAWET® 35B (a sodium

salt of 2-ethylhexyl phosphate; an anionic phosphate ester commercially available from SPI

Supplies) without the SPT additive, has a higher rate of color formation over the 120 hours

aging experiment. The color of the resulting aged Comparative Example B after 120 hours

is greater than about 500. However, for Example 1, which comprises the SPT additive

without the presence of the VICTAWET®35B, the color of the resulting aged Example 1 is

reduced to 37. Accordingly, the presence of the SPT significantly reduces the color

formation of the aged epoxy resin.
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Example 2 and Comparative Example C

A sample comprising epoxy resin (D.ER.™ 331) only was used as a control
sample (“Comparative Example C”). Comparative Example C was prepared by adding
600 grams (g) of epoxy resin, D.E.R."™ 331, into a 32-ounce wide mouth glass jar.

A sample comprising an epoxy resin, D.E.R.™ 331, and SPD (practical
grade commercially available from Sigma) (“Example 2”), was prepared by adding
600 grams of D.E.R."™ 331 epoxy resin into a 1000-mL plastic tripour. The tripour
containing the D.E.R."™ 331 epoxy resin was secured on a high speed disperser. The
bottom of a mixing blade was positioned about 34-inch from the bottom of the tripour and a
shaft was centered approximately within the tripour. The D.E.R.™ 331 €poxy resin was
mixed at a moderate speed (i.e. at a speed of about 200 to about 1000 rpm) using a vortex.
0.105 g of SPD was added to the epoxy resin after the resin was mixed for about 1 minute.
The D.E.R."™ 331 epoxy resin and SPD were mixed continuously for 15 minutes to form a
mixture, referred to herein as “Example 2.”

Example 2 was then transferred into a 32-ounce wide mouth clear glass jar.
There were no visible particles of SPD present in Example 2 after mixing the epoxy resin,
D.E.R.™ 331 epoxy resin, together with SPD.

A piece of aluminum foil was placed and fitted by hand over each glass jar
containing Comparative Example C and Example 2. The aluminum foil lids were used to
protect the samples from air borne contamination; the intent was not to try to control the
atmospheric composition of the head space in the jars in any way.

The properties of color, viscosity, and EEW of Comparative Example C
(without the SPD) and Example 2 (with the SPD) as a function of time after storing the
samples at a constant elevated temperature (150 °C) were measured according to the
following methods:

The color of Comparative Example C and Example 2 was measured
according to ASTM D1209 using a Hunter colorimeter and a 20-mm path length.

The viscosity (Brookfield Viscosity) of Comparative Example C and
Example 2 was measured according to ASTM D4878 except that a cone (CPE #52) and
plate were used in place of a spindle.

The EEW of Comparative Example C and Example 2 were measured

according to ASTM D1652.
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Each of the 32-ounce wide mouth clear glass jars containing Comparative
Example C and Example 2 were placed and stored in an oven operated at 150°C. Aliquots
of Comparative Example C and Example 2 were collected by removing the samples from
the oven and collecting the aliquots at time intervals of 3, 7, 14, 21, and 29 days.

Both Comparative Example C and Example 2 were removed from the oven
at the same time at intervals. At each interval, 60 grams of aliquot from each of
Comparative Example C and Example 2 was transferred from the 32-ounce glass jar to
2 ounce jars. The 2-ounces glass jars were then sealed using plastic lids that were supplied
with the jars. The aluminum foil lids were placed on the 32-ounce jars and the jars were
returned to the 150 °C oven. The aliquots collected were stored at ambient conditions
(e.g. 760 mmHg and 25 °C).

The Comparative Example C and Example 2 in the 32-ounce jars were stored
in the 150°C oven for a total of 29 days. The process of collecting aliquots at time intervals
was repeated at time intervals of 3, 7, 14, 21, and 29 days. All the aliquots collected in the
2-ounce glass jars were submitted as a sample set for analysis at the same time.

The color, viscosity, and EEW of the aliquots collected from Comparative
Example C (without the SPD) and Example 2 (with the SPD) at time intervals were
measured. The results for color and viscosity are shown in the following Tables II and III.

The results of the color, viscosity, and EEW of the Comparative Example C
and Example 2 are also depicted as a function of time (days) in Figures 2-4.

Table II - Color Results

Number of Days Samples | Comparative Example C Example 2
Stored at 150 °C (without SPD) (with SPD)
(Pt-Co) (Pt-Co)
0 31 29
1 72 53
3 215 115
7 619 310
14 988 522
21 1,286 839
29 1,531 1,109
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The increase in the color of Comparative Example C and Example 2
indicates that color formation occurred in both samples during the 29-day aging experiment
at 150°C. However, Example 2 with the SPD has less color increase compared to
Comparative Example C without SPD over the course of the 29-day aging experiment.
Accordingly, the presence of the SPD significantly reduced the color formation of the aged
€pOoXy resin.

Table III - Viscosity Results

Number of Days Samples | Comparative Example C Example 2
Stored at 150 °C (without SPD) (centipoises at (with SPD)
25°C) (centipoises at 25°C)

0 10,716 10,567

1 11,827 11,926

3 12,660 12,462

7 15,895 13,633

14 18,405 14,809

21 22,746 16,619

29 29,617 17,959

The increase in the viscosity of Comparative Example C and Example 2
suggests that oligomers may be formed in both samples during the 29-day aging experiment
because higher molecular weight oligomers increase the viscosity of Comparative Example
C and Example 2. The results indicate that the SPD may retard the reaction which causes
the increase of the viscosity. The reaction that caused the viscosity to increase may also
increase the molecular weight of the oligomers, the concentration of the oligomers, or both
the molecular weight and concentration of the oligomers present in Comparative Example C
and Example 2.

Based on Figures 2 and 3, the properties (color, and viscosity,) of epoxy
resins (Comparative Example C and Example 2) increased as a function of time at an
elevated temperature (e.g. 150°C). However, the increase in color, and viscosity, of the
Example 2 (with the SPD) was lower than the corresponding increase in Comparative
Example C (without the SPD). The results indicate that the presence of the SPD in Example
2 retarded the changes of the properties of the epoxy resins as a function of time at an

elevated temperature compared to the Comparative Example C containing no SPD.
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The solubility of SPD in LER may be measured. SPD concentrations in LER
higher than the test concentration (0.0175 % w/w), if SPD is soluble, could potentially have
stronger retarding effects than the results reported here and previously. If SPD is soluble at
higher concentrations in LER then the effects of higher SPD concentrations on LLER color
may be measurable using accelerated aging experiments. The effect of SPD on the color of
fully formulated and cured epoxy compositions may be tested using accelerated aging.

Examples 3-5 and Comparative Example D and E

A heat aging study was conducted on a cycloaliphatic resin, ERL.-4221 D,
and an epoxy resin, D.E.R.™ 332. The P-compounds were mixed directly into the epoxy
resin. Resin samples were made up in approximately 300-350 milliliters (ml) quantities and
placed into a temperature controlled oven at 150°C. The samples were taken out at noted
intervals and the color was measured. Samples were placed into a 20 ml cell and readings
were made against a Platinum-Cobalt color scale using a Hunter calorimeter. Three
readings were averaged to give the reported APHA numbers shown in Table IV for the
cycloaliphatic resin and in Table V for the aromatic epoxy resin.

Table IV - Color Results

Number of Hours Comparative Example 3 Example 4

Samples Stored at 150 Example D (ERL-4221 D + 100 (ERL-4221 D+ 350

°C (ERL-4221 D) ppm tetrasodium ppm
Control pyrophosphate) triphenylphosphine)

0 18.5 20.2 21.9

4 22.5 15.5 53.2

33 127.2 58.9 98.9

85 409.2 165 2979

As described in Table IV above, the presence of the tetrasodium
pyrophosphate and triphenylphosphine significantly reduced the color formation of the aged

€pOoXy resin.
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Table V - Color Results
Number of Hours Samples Stored | Comparative Example E Example 5
at 150 °C (D.E.R. 332) (D.E.R. 332 + 175 ppm
Control tetrasodium pyrophosphate)
0 16 20.6
4 40.3 37.7
12 68.3 61.2
16 94.9 85.7
42 275.2 265.2
66 448.6 356.2
91 584.1 440.9

10

15

20

As described in Table V above, the presence of the tetrasodium

pyrophosphate significantly reduced the color formation of the aged epoxy resin.
Example 6

A sample comprising 300 g of a cycloaliphatic epoxide, ER[.4221D, and
0.0526 g of SPD was prepared and is referred to herein as “Example 6.” Example 6 was
prepared by mixing together the above materials at 1690 rpm following the procedure that
was described for Example 2. The SPD concentration was 175 ppm in the sample of
Example 6.

The appearance of the sample of Example 6 was a white and foamy liquid
immediately after the preparing the sample. The appearance of the sample of Example 6
changed to a clear and transparent liquid over time as the bubbles in the liquid broke.

Example 7 and Comparative Example F — Plaque Preparation

Plaques were prepared by manually mixing together the ingredients
described for each sample in an 8-ounce glass jar. The samples were degassed for three
minutes at 2500 rpm using centrifugation. Fach sample was poured into a separate metal
mold and next the molds were placed in a forced-air oven set at the temperature 90 °C. The
forced-air ovens used were Blue M brand (Thermal Process Solutions, New Columbia, PA).
A two-step cure schedule was used to prepare the plaques. The mold containing the
example composition and the mold containing the respective comparative example
composition were both placed in an oven at the same time to prepare the plaques for use
under the same experimental conditions.
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The first step of the cure schedule consisted of heating at 90 °C for two hours
in an oven molds containing samples. The first step of the cure schedule was applied to
increase the polymer molecular weight without forcing relatively volatile ingredients like
for example the anhydride to evaporate from the mold while simultaneously the polymer
molecular weight was increasing which can cause bubbles to form that can appear in the
thermoset samples.

Avoiding air bubbles in thermosets is important when epoxy formulations
are used to protect electronic and electrical parts, circuits, and connections. The epoxy is
frequently applied as a relatively thick mass and is thermally cured for these applications
and these effects can combine to promote the appearance of air bubbles in the thermoset.

The evaporation of volatile reactive ingredients can change slightly and
non-reproducibly the composition and the stoichiometry among the reactive chemical
ingredients which can change slightly the final properties of the thermoset.

The second step of the cure schedule consisted of adjusting the oven
temperature from 90 °C to a higher temperature which depended on the example. The
second step of the cure schedule was used to further advance the polymer molecular weight
and to crosslink fully the thermoset.

After completing the second step of the cure schedule the oven temperature
was adjusted to 60 °C. The molds were removed from the oven 16-hours after it was set to
60 °C. The molds were dismantled and the resulting plaques (6 inches long x 6 inches wide
x 1/8 inch thick) were removed from the molds.

A plaque sample comprising 42.57 g of sample Example 4, 49.56 g of
methyl tetrahydrophthalic anhydride (MTHPA), 7.40 g of TONE™ 0301 caprolactone triol,
and 0.49 g of 1,8-diazabicyclo[5.4.0]-undec-7-ene (DBU) catalyst was prepared and is
referred to herein as “Example 7.” TONE 0301 was obtained from The Dow Chemical
Company. MTHPA was product ECA100 obtained from Dixie Chemical Company, Inc.,
Pasadena, TX. DBU was obtained from Sigma-Aldrich Chemical Co., Milwaukee, WL

A plaque sample comprising 42.55 g of ER1L.4221D, 49.57 g of MTHPA,
7.38 g of TONE 0301, and 0.51 g of DBU was prepared and used as a control sample
(“Comparative Example ).

The second step of the cure schedule was three hours at 160 °C for the

sample of Example 7 and of Comparative Sample I
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A specimen of about 10 mg was removed from each plaque using a wire
cutter. Fach specimen was used to measure the glass transition temperature ('Tg) of the
thermoset using a differential scanning calorimeter (DSC) that was supplied by TA
Instruments, New Castle, DE. Each specimen was contained in an open aluminum DSC
pan.

The software used to operate the DSC was programmed to thermally process
each specimen using two consecutive thermal ramps using the following method log:

1: Equilibrate at 30.00°C
: Ramp 10.00°C/min to 220.00°C
: Mark end of cycle 1
: Equilibrate at 30.00°C
: Mark end of cycle 2
: Ramp 10.00°C/min to 220.00°C
7: End of method
The first thermal ramp was used to remove from the specimen the thermal

N U B W

history and stresses associated with network formation. The second thermal ramp was used
to measure the specimen Tg.

The Tg associated with the specimen was measured using software which
calculated the mid-point of the deflection of the response of the sample to the thermal
process applied using the DSC. Two specimens for each sample were analyzed for Tg
using the DSC and the results were recorded and reported.

The appearance of the thermoset samples of Example 7 and of Comparative
Example I was yellow and transparent in each case.

The mass of the specimens of the sample of Example 7 that were used to
measure the Tg were 13.70 mg and 12.97 mg and the Tg results were 179.88 °C and 177.89
°C, respectively. The average value of the Tg measurements was 178.89 °C and the
standard deviation was 1.4071 °C for the sample of Example 7 that contained cycloaliphatic
epoxide and SPD.

The mass of the specimens of the sample of Comparative Example IF that
were used to measure the Tg were 11.93 mg and 10.37 mg and the Tg results were 176.50
°C and 176.85 °C, respectively. The average value of the Tg measurements was 176.68 °C
and the standard deviation was 0.2475 °C for the sample of Comparative Example I that
contained cycloaliphatic epoxide and did not contain SPD.

The Tg results indicated the presence of SPD in the sample of Example 7 did
not have a negative effect on the thermoset T'g compared to the Tg of the sample of

Comparative Example I that did not contain SPD.
-19-
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The Tg was measured for the samples because Tg is often used to provide an
indication of the degree of cure and of the thermal resistance properties of thermosets.

Example 8 and Comparative Examples G — Plaque Preparation

A plaque sample comprising 41.88 g of sample Example 2, 37.65 g of
methyl hexahydrophthalic anhydride (MHHPA), and 0.80 g of benzyldimethylamine
(BDMA) catalyst was prepared and is referred to herein as “Example 8.” MHHPA was
product Lindride 52D obtained from Lindau Chemicals, Inc., Columbia, NC. BDMA was
obtained from Sigma-Aldrich.

A plaque sample comprising 41.87 g of D.E.R.™ 331 epoxy resin, 37.65 g of
MHHPA, and 0.80 g of BDMA was prepared and used as a control sample (“Comparative
Example G”).

The second step of the cure schedule was four hours at 150 °C for the
samples of Example 8 and of Comparative Example G.

The appearance of the thermoset samples of Example 8 and of Comparative
Example G was yellow and transparent in each case.

The DSC and method log that were used to measure the Tg of the sample of
Example 7 were used to measure the Tg of the sample of Example 8 and of the Comparative
Example G.

The mass of the specimens of the sample of Example 8 that were used to
measure Tg were 11.96 and 12.58 mg and the Tg results were 147.58 °C and 146.42 °C,
respectively. The average value of the Tg measurements was 147.00 °C and the standard
deviation was 0.8202 °C for the sample of Example § that contained D.E.R. 331 and SPD.

The mass of the specimens of the sample of Comparative Example G that
were used to measure Tg were 14.15 mg and 14.41 mg and the Tg results were 148.70 °C
and 148.26 °C, respectively. The average value of the Tg measurements was 148.48 °C and
the standard deviation was 0.3111 °C for the sample of Comparative Example G that
contained D.E.R. 331 epoxy resin and did not contain SPD.

The Tg results indicated the presence of SPD in the sample of Example 8 had
little negative effect on the thermoset Tg compared to the Tg of the sample of Comparative
Example G that did not contain SPD.

Example 9 and Comparative Example H — Thin Film Coating Preparation

Coatings were prepared by manually mixing together D.E.R.™ 331 epoxy
resin and D.E.H.™ 52 epoxy curing agent in 8-ounce glass jars. The D.E.H. 52 epoxy
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curing agent, which contains amine functionality, was obtained from The Dow Chemical
Company.

The substrates, to which the thin film coatings were applied, were the matte-
finish iron-phosphate (Bonderite 1000) treated side of low-carbon cold-rolled steel test
panels. The treated steel panels were purchased from Q-Lab Corporation, Cleveland, OH.

A #10 doctor coating application bar was used to apply one thin film of each
sample to two steel panels.

One coating of each sample applied to a steel panel was forced-cured by
heating the panel at 60 °C (140 °F) for 16 hours using a forced-air oven and such samples
are referred to herein as “the 60 °C samples.” One coating of each sample applied to a steel
panel was cured at 21.7 °C (71 F) by allowing the panels to sit on a lab bench for a
minimum time of 16 hours and these samples are referred to herein as “the room
temperature samples.”

A sample comprising 24.38 g of an aliquot of Example 2 and 5.61 g of
D.E.H. 52 epoxy curing agent was prepared and is referred to herein as “Example 9.”

A sample comprising 24.33 g of D.E.R.™ 331 epoxy resin and 2 5.71 g of
D.E.H. 52 epoxy curing agent was prepared and used as a control sample (“Comparative
Example H”).

The properties of the above coatings were determined after curing the
coatings for 16 hours as described by the definition of the 60 °C and the room temperature
samples.

The solvent resistance of the coating samples was measured using method
ASTM D4752 which is a solvent rub method. The coating surface was manually rubbed
using a paper towel saturated with acetone by applying pressure to the towel using a
forefinger after donning butyl rubber gloves to avoid skin contact with the solvent. A back
and forth rubbing motion was applied to an area of about two square inches of the coating
surface. The number of rubs required to damage or soften the coating was observed and
recorded.

Solvent swelling can be used to indicate the level of conversion of reactive
chemical functionality of thermosets based on the theory of swelling of network structures
as described the following textbook: Flory, P. J., “Principles of Polymer Chemistry”,
Cornell University Press, 1953. The higher the level of conversion or the higher the

molecular weight of the network the greater the solvent resistance. The solvent rub method
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is a crude way to use a coating sample that has been applied to a substrate to approximate
quickly and relatively the results that would be expected using an equilibrium swelling
method. An equilibrium swelling method requires a free coating film sample and time for
the sample to reach thermodynamic equilibrium in the presence of a solvent.

The appearance of the coatings was observed and recorded. The surface
tackiness (stickiness) and the hardness of the bulk coating beneath the surface were
determined by pressing the coating surface using a forefinger after first donning butyl
rubber gloves to prevent skin contact with unreacted epoxy present on the coating surface.

The 60 °C sample of Example 7 and the sample of Comparative Example H
were glossy, hard, and not tacky and the solvent resistance was more than 100 acetone rubs.

Sixteen and 48 hours after the coatings were applied to the steel panels, the
surface of the room temperature sample of Example 9 and of the sample of Comparative
Example H appeared hazy and low gloss and felt tacky but hard. Seven days after the
coatings were applied to the steel panels, the coatings of Example 9 and of the Comparative
Example H felt dry and not tacky and the other properties remained the same as the coatings
were described after 16 and after 48 hours.

There was no difference observed in the appearance and the properties
between the samples of Example 9 and of the Comparative Example FH after comparing
the 60 °C and the room temperature samples which indicated the presence of SPD in the
epoxy-amine coating did not affect the cure and the properties.

The hazy and low gloss appearance and tackiness of the room temperature
samples was likely attributed to reactions that are known to occur between amines and
carbon dioxide and moisture in the presence of humid air near the interface between the
coating and the atmosphere. Carbon dioxide and moisture compete with epoxy for amine.
The result of the competitive reactions are that unreacted epoxy remains and hydrated amine
salts form near the coating surface which are responsible for the hazy and low gloss
appearance and the tacky feel of the surface.

The competitive reactions have less affect on the bulk coating properties
below the surface because diffusion of carbon dioxide and moisture from the surface into
the bulk are inhibited by the polymer network that forms.

The 60 °C samples were observed to be essentially unaffected by reactions

between amine and carbon dioxide and moisture in the air. The warm air sweeping the
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coating surface in the oven served to limit the reactions between amine and carbon dioxide
and moisture and accelerated the reactions between amine and epoxy.

While the present disclosure includes a limited number of embodiments, the
scope of the present invention should be limited only by the attached claims and not by the
embodiments herein as other embodiments are possible to those skilled in the art having

benefit of this disclosure.
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WHAT IS CLAIMED IS:

1. An epoxy resin composition comprising (a) at least one epoxy resin
and (b) at least one phosphorous-containing compound; wherein said phosphorous-
containing compound increases the storage stability of the final epoxy resin composition.

2. The composition of claim 1, wherein the phosphorous-containing
compound comprises an inorganic phosphorous-containing compound.

3. The composition of claim 2, wherein the inorganic phosphorous-
containing compound comprises an inorganic phosphate compound.

4. The composition of claim 3, wherein the inorganic phosphate
compound is an inorganic pyrophosphate compound or an inorganic polyphosphate
compound.

5. The composition of claim 4, wherein the inorganic pyrophosphate
compound is sodium pyrophosphate dibasic or sodium pyrophosphate tetrabasic

6. The composition of claim 5, wherein the amount of the sodium
pyrophosphate dibasic or sodium pyrophosphate tetrabasic present in the composition is in
the range of up to 175 ppm based on the total weight of the composition.

7. The compostion of claim 1, wherein the phosphorous containing
compound is triphenylphosphine.

8. The composition of claim 1, wherein the epoxy resin comprises a
cycloaliphatic epoxy resin, an alicyclic epoxy resin, an aromatic epoxy resin, a liquid epoxy

resin, or mixtures thereof.

9. The composition of claim 1 having improved storage stability.

10. The composition of claim 1 having a reduced tendency toward
homopolymerization.

11. A process for producing a low color epoxy resin composition

comprising mixing (a) at least one epoxy resin and (b) at least one low color additive;
wherein the low color additive comprises a phosphate compound; wherein said phosphate
compound increases the storage stability of the final low color epoxy resin composition.

12. A curable low color epoxy resin composition comprising the epoxy
resin composition of claim 1 and a curing agent.

13. The curable composition of claim 11, wherein the curing agent is
selected from the group comprising an anhydride, a phenolic, an amine, a carboxylic acid, a

cationic compound, super acids, or mixtures thereof,
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14. A cured article comprising the cured composition of claim 11.
15. A coating comprising the cured article of claim 13.
16. A low color epoxy encapsulant comprising the epoxy resin

composition of claim 1.

17. A light emitting diode comprising an epoxy encapsulant made from
the composition of claim 1.

18. A glycidyl ether comprising the epoxy resin composition of claim 1

having a reduced tendency toward homopolymerization.
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Claims Nos.: 1-4, 8-18(all partially)

Claim 1 of the present specification relates to "an epoxy resin
composition comprising (a) at least one epoxy resin and (b) at least one
phosphorous—containing compound; wherein said phosphorous-containing
compound increases the storage stability of the final epoxy resin
composition", wherein the phosphorous—containing compound is described in
functional terms, i.e., its ability to increase the storage capability of
an epoxy resin. Similariy, independent process claim 11 describes a
phosphate compound which "increases the storage stability of the final
Tow color epoxy resin composition”. This functional definition of this
phosphorous-containing chemical compound (in this case in a reach-through
type claim) covers all compounds possessing the capability according to
the claim. This type of functional definition of the chemical compounds
to be used is directed not only to the compounds actually described in
this specification, but also to any compound not yet structuraily defined
on its priority or international filing date. The peculiarity of the
functional definition of a technical feature resides in the fact that it
is defined by means of its effect, and this mode of definition comprises
an indefinite and innumerable host of possible alternatives (all -possible
phosphorous-containing compounds both inorganic and organic), which is
acceptable as long as all these alternatives achieve the desired result
and are available to the skilled person. According to the description of
the specification (page 5) "the phosphorous—-containing compound may
comprise one or more for example such as compounds selected from any
inorganic pyrophosphate including for example alkali metal pyrophosphates
such as sodium pyrophosphate, potassium pyrophosphate,
triphenylphosphine, and mixtures thereof." The fact that the description
indeed shows that a Timited number of compounds, namely sodium
pyrophosphate dibasic and sodium pyrophosphate tetrabasic possess this
capability and VICTAWETO 35B (a sodium salt of 2-ethylhexyl phosphate)
not (see the Examples), is not sufficient to carry out the subject-matter
of the claim within the entire area claimed. The specification does not
disclose a technical concept fit for generalisation which makes available
to the skilled person the host of variants encompassed by the functional
definition of a technical feature as claimed (PCT Guidelines 5.52-56).
The requirement of sufficiency of disclosure according to Art. 5 PCT is
only met if the invention as defined in the independent claims can be
performed by a skilled person within the entire scope ciaimed without
undue burden or experimentation, using common general knowledge and
having regard to further information given in the application (PCT
Guidelines 5.45 to 5.58). To find all the suitable phosphorous compound
alternatives, he would have to test every conceivable chemical compound
for the claimed capability; this represents for the skilled person an
undue burden of experimentation. For these reasons, since the phosphorous
compounds to be used are characterised in functional terms only in claim
1, the skilled person cannot carry out the claimed invention within the
entire scope claimed without undue burden, so the requirements of Art. 5
PCT are not met. The present claims 1 and 11 encompass phosphorous
compounds defined only by their desired function, contrary to the
requirements of clarity of Art. 6 PCT, because the result-to-be-achieved
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type of definition does not allow the scope of the claim to be
ascertained. The fact that any compound could be screened does not
overcome this objection, as the skilled person would not have knowledge
beforehand as to whether it would fall within the scope claimed, except
for the compounds disclosed in the description, see the description (page
5; Examples). Undue experimentation would be required to screen compounds
randomly. The description does not provide support and disclosure in the
sense of Art. 6 PCT for all such phosphorous compounds having the said
storage -stability property or effect and there is no .common general
knowledge of this kind available to the person skilled in the art. The
non-compliance with the substantive provisions under Arts. 5 & 6 PCT (see
Item VIII) was to such an extent, that the search was performed taking
into consideration the non-compliance in determining the extent of the
search of the claim (PCT Guidelines 9.19 and 9.20). The search of the
claims was consequently restricted to the specifically disclosed
phosphorous compound having the desired property or effect of providing
epoxy resins with increased storage stability and to the broad concept of
a compound having the said desired property or effect, namely to
inorganic alkali pyrophosphates and polyphosphates and
triphenylphosphine, see description page 5, the Examples, and ctaims 5,
and 7. Claims 1-4, and 8-18 could, thus, only be searched incompletely.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: .
because they relate to subject matter not required to be searched by this Authority, namely:

2. B] Claims Nos.: 1-4, 8-18(all partially) -

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely péid by the applicant, this international search report covers all searchable
claims. : .

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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