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In support of the Convention Application made for a patent for an invention 
entitled:

Use of a Solid Phenol Formaldehyde Condensation Product as a Hardener in Epoxy 
Resin Mixtures and Process for making a Powder Paint from Said Mixtures

1. Helmut Weber
-f-/We, .2..Rcir.Kohler..........................................................................................................

[full name of declarant(s)1
1. Sieveringer Strasse 150, A-119D Wien, /Austria

of .. .2. .Dr. .Riegerstrasse.4(J, ./.W 2340. Modiing, .Austria..........................................
[full address of declarant(s) - not post office box!

do

2.

solemnly and sincerely declare as follows:-
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1 . I—aro/We are authorised by Isovolta Osterreichische Isolierstoffwerke
Aktiengesel1schaft, the applicant for the patent to make this 
declaration on its behalf.

The basic application as defined by Section 141 of the Act was made 
Austria on 30 November 1987
by Isovolta Osterreichische Isolierstoffwerke Aktiengesellschaft

i n

3.

4.

TO:

Walter Eichberger and Josef H. Ji lek, of Max-Margulesweg 14, A-2380 
Perchtoldsdorf, Austria and Mariengasse 27, A-1170 Vienna, Austria 
[respectively], are the actual inventors of the invention and the facts 
upon which the applicant is entitled to make the application are as 
follows: isovolta Osterreichische Isolierstoffwerke Aktiengesellschaft ; 
is entitled by Contract of Employment between the inventors as employee 
and Isovolta Osterreichische Isolierstoffwerke Aktiengesellschaft as 
employer, as a person who would be entitled to have the patent assigned, 
to it if a patent were granted upon an application made by the inventor

application referred to in paragraph 2 of this Declaration m 
application made in a Convention country in respect of the 
the subject of the application.
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(57) Claim
1. Process for preparing an epoxy resin coating material comprising 

the steps of a) preparing a phenol-formaldehyde condensation product which 
has a Kofler melting point greater than 75°C, a glass transition 
temperature, determined by DSC, greater than 55°C, and a hydroxy equivalent 
in the range between 100 and 110, and of b) hot mixing said 
phenol-formaldehyde condensation product as a hardener with an epoxy resin 
having an epoxy equivalent in the range between 500 and 2,500, being for 
the most part a bifunctional epoxy resin, and of c) cooling said mixture 
and of d) converting said mixture into powdered form.
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(54) Title: USE OF A SOLID PHENOL FORMALDEHYDE CONDENSATION PRODUCT AS A HARDENER IN 
EPOXY RESIN MIXTURES AND PROCESS FOR MAKING A POWDER PAINT FROM SAID M1XTU- i 
RES I

I (54) Bezeichnung: VERWENDUNG EINES FESTEN PHENOL-FORMALDEHYDKONDENSATIONSPRODUK- 
TES ALS HARTER IN EPOXYDHARZGEMISCHEN, SOWIE VERFAHREN ZUR HERSTEL- 
LUNG EINES PULVERLACKES AUS SOLCHEN EPOXYDHARZGEMISCHEN

' (57) Abstract

A phenol formaldehyde condensation product containing on average more than two aromatic hydroxyl groups per [ 
: molecule, having a hydroxy equivalent in the range 100 - 110 and a Kofler melting point greater than 75°C and a glass j 
I transition point determined by differential scanning calorimetry (DSC) greater than 55CC, is used as a phenolic hardener i 

in epoxy resin powder paints consisting mainly of a bifunctional epoxy resin with an epoxide equivalent between 500 and I
• 2500. Paint coatings of these powder paints have the same good mechanical properties as similar known powder paints ί

and greater chemical resistance. 1
i i
• (57) Zusammenfassung j

j Ein Phenol-Formaldehydkondensationsprodukt, das im Durchschnitt mehr als zwei aromatische Hydroxylgruppen
I pro Molekul enthalt, das ein Hydroxyaquivalentgewicht im Bereich von 100-110 besitzt und das einen Koflerschmelz-
• punkt von hoher als 75°C sowie einen mittels DSC bestimmten Glasumwandlungspunkt von hoher als 55°C aufweist, wird

als phenolischer Harter in Epoxydharz-Pulverlacken verwendet. die zumindest zum groSten Teil aus einem bifunktionellen ) 
Epoxvdharz mit einem Epoxydaquivalentgewicht zwischen 500 und 2500 bestehen. Lackbeschichtungen aus diesen Pulver- ) 
lacken haben gegeniiber bekannten tihnlichen Pulverlacken bei etwa gleich guten mechanischen Eigenschaften eine hohere I 
Chemikalienbestandigkeit. j
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Use of a solid phenol-formaldehyde condensation product 
as hardener in epoxy resin mixtures, and process for the 
preparation of a powder coating from epoxy resin mixtures 
of this type

5 Technical field
The invention relates to the use of a phenol­

formaldehyde condensation product which is solid at room 
temperature and which contains, on average, more than two 
aromatic hydroxyl groups per molecule, as hardener in 

10 epoxy resin mixtures. It relates furthermore to a process
for the preparation of a powder coating made from epoxy 
resin mixtures of this type.

Prior art
The use of phenol-formaldehyde condensation 

products which are solid at room temperature, and which 
contain, on average, more than two aromatic hydroxyl 
groups per molecule and consequently comprise novolaks 
for the most part, has been disclosed in AT-PS 225,426, 
which describes moulding compositions which contain for 
example as resin components a phenol novolak polyglycidyl 
ether and a phenol novolak, the latter acting as 
hardener.

Moreover, epoxy resin mixtures which contain 
epoxydized novolaks are known as the base for epoxy resin 
powder coatings. Powder coatings of this type are used 
for example for internal and external coatings on steel 
components as protection against corrosion and have high 
solvent resistance and chemical resistance. Here, how­
ever, such coatings are generally more brittle the 
greater their chemical resistance.

Description of the invention
The object upon which the invention is based is 

initially to provide an advantageous use of the phenol­
formaldehyde condensation product initially mentioned in 
the description, as hardener for epoxy resin, mixtures, 
particularly for those which are used as a base for a 
powder coating, the chemical resistance in the end 
product, thus particularly in the powder coating being 
improved while maintaining approximately identical
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mechanical properties as in similar known powder coatings.

According to a first embodiment of the present invention there is 
provided a process for preparing an epoxy resin coating material comprising 
the steps of a) preparing a phenol-formaldehyde condensation product which 
has a Kofler melting point greater than 75°C, a glass transition 
temperature, determined by DSC, greater than 55°C, and a hydroxy equivalent 
in the range between 100 and 110, and of b) hot mixing said 
phenol-formaldehyde condensation product as a hardener with an epoxy resin 
having an epoxy equivalent in the range between 500 and 2,500, being for 
the most part a bifunctional epoxy resin, and of c) cooling said mixture 
and of d) converting said mixture into powdered form.

This object upon which the invention is based is achieved in the use 
according to the invention, in that the solid phenol-formaldehyde 
condensation product used has a Kofler melting point greater than 75°C, but 
preferably greater than 80°C, and a glass transition temperature, 
determined by DSC, greater than 55°C, but preferably greater than 50°C, and 
has a hydroxy equivalent in the range 100-110 and in that it is used as 
hardener for an epoxy resin having an epoxy equivalent in the range between 
500 and 2,500, and comprising for the most part a bifunctional epoxy 
resin. In this case, the hardener according to the invention may 
advantageosuly be substantially free from phenol (monohydroxybenzene).

In an advantageous embodiment of the invention the 
phenol-formaldehyde condensation product used as hardener is one whose 
preparation is carried out in two steps, in which in the first step phenol 
and formaldehyde are mixed in aqueous solution in the molar ratio 
phenol-.formaldehyde in the range of about 1:0.3 to 1:0.7, adjustment to an 
acid medium is made by adding a volatile acid, and the whole is kept at an 
elevated temperature until the condensation reaction is complete, that then 
- in a second step - formaldehyde is added to the reaction product of the 
first step, which comprises phenol to a small extent and otherwise 
predominantly di hydroxydi phenylmethane, the amount of formaldehyde being 
such that the molar ratio of phenol used in the first step:total amount of 
formaldehyde used in both steps is in the range of about 1:0.6 to 1:0.95, 
and the condensation reaction is continued at elevated temperature and 
completed, and that the condensation product is separated from the water 
and is allowed to solidify outside the reaction vessel and is comminuted.

/1596R

Here, it may be advantageous after completion of the condensation reaction 
and removal of the water, to remove the remaining phenol 
(monohydroxybenzene) at least for the most part by steam distillation.

ft
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According to a further advantageous embodiment of 
the invention the phenol-formaldehyde condensation 
product is used as hardener in an epoxy resin powder 
coating.

Finally, the invention relates to a process for 
the preparation of an epoxy resin powder coating with 
hardener-use according to the invention, which is charac­
terized in that the solid phenol-formaldehyde condensa­
tion product used as hardener is extruded with the epoxy 
resin and optionally with the other components of the 
powdered resin formulation in the form of a melt, the 
extrudate is cooled and converted into the powder coating 
by grinding.

The applicant has now found that coatings which 
comprise the powder coating prepared according to the 
invention have a greater chemical resistance than the 
known coatings made from a powder coating based on an 
epoxydized novolak, while having approximately identical­
ly high toughness (brittleness). It has moreover been 
shown that the melting points of the powder coatings 
prepared according to the invention may be not insig­
nificantly higher than in the case of the known powder 
coatings with epoxydized novolaks which have been men­
tioned. This has the advantage that during storage and/or 
transport of a powder coating of this type, the danger of 
caking of the powder coating is less than in the case of 
the known powder coatings which have been mentioned.

Moreover, when the hardener used therein is 
substantially free from phenol (monohydroxybenzene) the 
powder coating is particularly suitable for the prepara­
tion of coatings which come into contact with foodstuffs 
or products such as tea, coffee, tobacco etc.

Exemplary embodiment of the invention
In order to prepare the phenol-formaldehyde 

condensation product, 10 mol of phenol (monohydroxy­
benzene) , 5 mol of 37% strength aqueous formaldehyde 
solution and 0.01 mol of cone, hydrochloric acid are 
mixed together at 20-30°C. The mixture is then heated to 
the reflux temperature (100-102 °C), which is to be 
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maintained for 60 minutes. The mixture which has initial­
ly become clear, becomes cloudy after about 20 minutes, 
the mixture separating into an aqueous layer and a resin 
layer. After the condensation, the water is distilled off 
sufficiently until the temperature increases to 120°C. 
The product which has been dehydrated in this way is 
cooled to 70°C.

The intermediate which has been prepared in this 
manner is mixed with another 3 mol of a 37% strength 
aqueous formaldehyde solution and 0.01 mol of cone, 
hydrochloric acid and condensed under reflux for a 
further 1 1/2 hours. After the condensation, the water is 
distilled off in vacuo, until the product is substantial­
ly free from water and the resin melt has reached a 
temperature of 150 °C. The product which has been dehydra­
ted in this way is poured into a tin plate tub, left to 
solidify and finally comminuted.

This product which is to be used as hardener for 
epoxy resins has a Kofler melting point of 85°C and a 
glass transition temperature (measured by DSC) of 62 °C 
and a hydroxy equivalent of 105.

The preparation of two different powder coating 
formulations is given below, a phenol-formaldehyde 
condensation product prepared as described above being

Dow Chemical

used as hardener in these formulations . In these formula-
tions, three different commercially available epoxy
resins are used, each of which is a bisphenol A-
epichlorohydrin epoxy resin, namely

Resin Producer Epoxy Additive
type equivalent

XV 302 Ciba-Geigy 610 - 680 Flow control
agent added

XB 2874 Ciba-Geigy 750 - 850 More flow con-

No flow control880 - 970
trol agent added

DER 664U
agent added
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” The two powder coatings now comprise the formula­
tions I and II having the following components:

15

I II
Components parts by parts by

5 weight weight
XV 302 — 1204
DER 664U 1048 —
XB 2874 184 —
Hardener 168 250

10 Barium sulphate as pigment 300 300
Red iron oxide as pigment 287 287
Aerosil R 972 from Degussa 10 10
as thixotropic agent
2-Methylimidazole as accelerator 3 3

J

I

J

In order to prepare the powder coatings, the 
components of the formulations are extruded in the form 
of melts, the extrudate is cooled and converted into 
powder coatings by grinding.

20 For test purposes, the powder coatings are now
applied electrostatically to cold rolled sheet steel and 
cured for 10 min at 200°C. These test finishes now had 
the following properties.

I II
25 Erichsen flexibility 6.7 mm 6.1 mm

Impact strength 20 inch­ 20 inch­
(reverse side)
Action of methyl ethyl
ketone for 1 min

pounds pounds

30 effect
Action of N-methyl- 
pyrrolidone for 5 min

no effect none

effect slightly matt none
Tg (DSC) 112.6’C 113.0°C

Below, a comparative formulation is now given, in
which are used, inter alia,
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15

20

an epoxy resin based on bisphenol A modified with 
epoxidized novolak, type DER 642U from Dow Chemical 
having an epoxy equivalent of 500 to 570 and a 
phenolic hardener, type DEH 81 from Dow Chemical 
having a hydroxy equivalent of 250 and a Kofler 
melting point of 67 °C, namely

10

Parts by weight
DER 642U 818
XB 2874 142
DEH 81 (hardener) 438
Barium sulphate 300
Red iron oxide 290
Aerosil R 972 10

Test finishes using a powder coating prepared 
from this formulation had the following properties:

Erichsen flexibility 6.7 mm
Impact strength (reverse side) 20 inchpounds
Action of methyl ethyl ketone for 1 min slightly matt
Action of N-methylpyrrolidone for 5 min destroyed
Tg (DSC) 104.0°C

It is thus seen that at approximately identical 
mechanical properties in the finish, these properties 
being characterized by the values for the Erichsen 
flexibility and the impact strength (reverse side), a 
chemical resistance in the conventional powder coating 
according to the comparative formulation is obtained 
which is not insignificantly less than in the case of the 
two formulations I and II of the powder coating prepared 
with the hardener-use according to the invention. More­
over, with the formulations I and II, the values of the 
glass transition temperature Tg (DSC) are lower than with 
the comparative formulation.

Finally, attention is drawn once again to the 
fact that the Kofler melting point is considerably higher 
with the hardener used according to the invention than
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with the relevant known phenolic hardeners, which has the 
advantage, since the hardener is a commercial product, 
that it has a lesser tendency to cake during transport 
and storage.

5 In a variant of the preparation of the hardener,
after completion of the condensation reaction and the 
vacuum distillation in the second process step, the hot 
resin melt is subjected to steam distillation during 
which the phenol still remaining in the resin melt is 

10 substantially removed.
Industrial utility

Epoxy resin powder coatings which while having 
equally good mechanical properties as with known powder 
coatings, have a greater chemical resistance than these, 

15 can be prepared from epoxy resin mixtures which have been
prepared with the hardener-use according to the inven­
tion. These novel powder coatings are used for example 
for internal and external coatings on steel components 
such as on fittings or pipes, as a protection against 

20 corrosion.
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The claims defining the invention are as follows:
1. Process for preparing an epoxy resin coating material comprising 

the steps of a) preparing a phenol-formaldehyde condensation product which 
has a Kofler melting point greater than 75°C, a glass transition 
temperature, determined by DSC, greater than 55°C, and a hydroxy equivalent 
in the range between 100 and 110, and of b) hot mixing said 
phenol-formaldehyde condensation product as a hardener with an epoxy resin 
having an epoxy equivalent in the range between 500 and 2,500, being for 
the most part a bifunctional epoxy resin, and of c) cooling said mixture 
and of d) converting said mixture into powdered form.

2. Process according to claim 1, wherein step a) consists of two 
steps, in which in the first step phenol and formaldehyde are mixed in 
aqueous solution in the molar ratio in the range from 1:0.3 to 1:0.7, 
adjustment to an acid medium is made by adding volatile acid, and the whole 
is kept at an elevated temperature until the condensation reaction is 
complete, that then - in a second step formaldehyde is added to the 
reaction product of the first step, which comprises phenol to a small 
extent and otherwise predominantly dihydroxydiphenylmethane, the amount of 
formaldehyde being such that the molar ratio of phenol used in the first 
step to the total amount of formaldehyde used in both steps is in the range 
of about 1:0.6 to 1:0.95, and the condensation reaction is continued at 
elevated temperature and completed, and that the condensation product is 
separated from the water and is allowed to solidify outside the reaction 
vessel and is comminuted.

3. Process according to claim 2, wherein after completion of the 
condensation reaction and removal of the water, the remaining phenol 
(monohydroxybenzene) is removed at least for the most part from the resin 
melt by steam distillation.

4. Process according to claim 1, wherein the phenol-formaldehyde 
condensation product prepared according to step a) has a Kofler melting 

• ·

point greater than 80°C and a glass transition temperature determined by 
DSC greater than 60°C.

5. Process according to claim 1, wherein the phenol-formaldehyde 
, condensation resin prepared according to step a) is substantially free from
/i^^4ihenol (monohydroxybenzene).

IAD/1596R
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6. Process according to claim 1, wherein according to step b) the 
phenol-formaldehyde condensation^p^oduct is extruded with the epoxy resin 
and optionally with the other ■componentr-ef +he-powdered res+n ierflw+at+o· 
in the form of a melt, the extrudate is cooled according to step c) and 
converted into the powder coating by grinding according to step d).

7. Heat curable resin powder coating processed according 
1, wherein said resin powder contains a bifunctional epoxy resin 
epoxy equivalent in the range between 500 and 2500 and a phenol­
formaldehyde condensation product having a hydroxy equivalent in 
of 100 - 110 which is solid at room temperature and contains, on
more than two aromatic hydroxyl groups per molecule, and which has a Kofi er 
melting point greater than 75°C, and a glass transition temperature, 
determined by DSC, greater than 55°C as a hardening agent.

8. A process for the preparation of an epoxy resin coating 
material, substantially as hereinbefore described with reference to the 
Example but excluding the Comparative Formulation.

9. A phenol-formaldehyde condensation product substantially as 
hereinbefore described with reference to the Example but excluding the 
Comparative Formulation.

10. An epoxy resin coated material whenever prepared by the process 
according to any one of claims 1 to 6 or 8.

to claim 
having an

the range
average,

9

• · DATED this TWENTY-THIRD day of APRIL 1991

Isovolta Osterreichische Isolierstoffwerke Aktiengesellschaft
t
I
j ·:···:
I ·’*·’; Patent Attorneys for the Applicant
J SPRUSON & FERGUSON··*·

IAD/1596R
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"L" Veroffentlichung, die geeignet ist, einen Prioritatsanspruch 

zweifelhaft erscheinen zu lessen, Oder durch die das Verbf- 
fentlichungsdatum einer anderen im Recherchenberlcht ge- 
namten Vferoffentlichung belegt werden soli Oder die aus einem 
anderen besonderen Grund angegeben ist (wie ausgefiihrtl

"O" Veroffentlichung, die sich auf eine miindliche Offenbarung, 
eine Benutzung, eine Ausstellung oder andere MaBnahmen 
bezieht

"P" Veroffentlichung, die vpr dem internationalen Anmeldeda­
tum, aber nach dem beanspruchten Prioritatsdatum veroffent­
licht worden ist

"T" Soatere Veroffentlichung, die nach dem internationalen An- 
meldedatum Oder dem Prioritatsdatum veroffentlicht worden 
ist und mit der Anmeldung nicht kollidiert, sonaern nur zum 
Varstandnis des der Erfindung zugrundeliegenden Prinzips 
oder der ihr zugrundeliegenden Theorie angegeben ist

"X” Veroffentlichung von besonderer Bedeutung; die beanspruch- 
ta Erfindung kann nicht als neu Oder auf erfinderischer Tatig- 
keit beruhenci betrachtet werden

"Ύ" Veroffentlichung von besonderer Bedeutung; die beanspruch- 
te Erfindung kann nicht als auf erfinderischer Tatigkeit be- 
ruhend betrachtet werden, wenn die Veroffentlichung mit 
einer oder mehreren anderen Veroffentlichungen dieser Kate- 
gorie in Verbindung gebracht wird und diese Verbindung fur 
einen Fachmann naheliegend ist

"St" Veroffentlichung, die Mitglied derselben Patentfamilie ist
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ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT 
UBER DIE INTERNATIONALE PATENTANMELDUNG NR. AT 8800105

SA 25541
In diesem Anhang sind die Mitglieder der Patentfamilien der im obengenanntcn internationalen Recherchenbericht angefuhrten 
Patentdokumente angegebcn.
Die Angaben uber die Familienmitglieder entsprechen dem Stand der Datei des Europaischen Patentamts am 10/03/80
Diese Angaben diencn nur zur Lnterrichtung und erfolgen ohne Gewahr. I

Im Recherchenbericht Datum der Mitglied(er) der Datum der
angefiihrtes Patentdokument Veroffentlichung Patentfamilie Veroffentlichung
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Fur nahere EinZelheiten zu diesem Anhang : siehe Amtsblatt des Europaischen Pptentamts. .\r.!2/82


