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The present invention relates to new kinds of
inscluble and infusible phencl-aldehyde resins of
the type of resites, and a process for their man-
ufacture,

It has already been proposed to condense phe-
nols with aldehydes in the presence of nlkaline
condensation agents until the aldehyde has com-
bined, and to mix the intermediate product thus
obtained with fatty acids or acids with low elec-
trolytic dissocintion constants. Insofar as insol-
uble and infusible condensation products (resites)
are to be produced thereby, these acids are how-
ever employed In excess.

It s known that alkall-condensed resols can
only with difficulty be hardened to insoluble and
infusible compact articles such as blocks, bars,
tubes, plates, etc., since cracks and blisters form
and the hardened produect Is only with difficulty
removable from the mould. In addition, the cast
resins show only an Insufficlent strength and
homogenelty, so that they are not serviceable for
technical purposes.

The process according to the present Invention
now renders 1t possible, {n a surprising manner,
to harden alkall-condensed resols, prepared from
rhenols and aldehydes, into cast resins character-
ized by extraordinarily good mechanical strength,
especially high chemical resistance to organic sol-
vents and acids, in particular Inorganie acids, and
to water and steam. In addition, the products
are practically free from shrinkage, all of which
i1s not the ecase with cast resins hitherto pre-
pared.

In accordance with the present invention, the
phenols and aldehydes, used n & molar ratio such
that 1 mol. of phenol is mixed with not less than
1 mol. of aldehyde and preferably 1.25 mol. of al-
dehyde, are treated in known manner with alka-
line condensation agents and, after easily soluble
resols have been formed or the aldehyde em-
ployed has been combined, admixed with high-
molecular organic fatty acids or resin acids, but
only in ah amount which Is insufficient for com-
plete neutralization of the alkaline condensation
agents used, whereupon the hardening is effected
and the final product is formed in an alkaline
conditlon, since no acid reaction should set iu
during the reaction. It is preferred to neutralize

about 70 to 98 per cent of the alkallne con- 3.

densation agents employed. If desired, the con-
densation may be cartied out under reduced pres-
sure, In order to remove volatile ingredients or
alr from the resin. The now dehydrated con-
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densation products are further condensed in 55

moulds, untll the no longer varying eondition of
1esite i3 attained.

Besides ordinary phenol, which is preferably
employed, cresols, particularly metacresol, xyle-
nols, particularly metaxylenol, cresol mixtures
contalning metacresol and/or metaxylenol, or
mixtures contalning several or all of the above
mentioned phenols, resorcinol or the lke, are
also suiltable for the process according to the
present Invention.

Of the aldehydes, formaldehyde or its polymers,
such as paraformaldehyde, trlioxymethylene, or
compounds splitting off formaldehyde, are espe-
cially preferred. Other aldehydes, such as acet-
aldehyde, furfuraldehyde, or mixtures of various
aldehydes, may also be employed.

Caustic potash solution is suitable for the alka-
line condensation. Caustic soda solution, am-
monia, alkall and alkaline-earth hydroxides,
quaternary ammonium bases, aromatic and ali-
phatic amines containing at least two carbon
atoms, ete., may however also be employed In the
condensation. All alkaline condensation agents
are suitable, which, with the organic fatty acids
or resin aclds employed, are ultimatcly capable
of forming salts which are gel-soluble in the res-
ins and have an cmulsifying action.

Of the organic high-molecular fatiy acids or
1esin acids which may be employed, there may
for example be mentioned olelc acid, palmitic
acld, stearic acid, ricinoleic acid, linseed oll fatty
acid, train oil fatty acid, abletic acid, copal resin
acld, tall oil acid, coconut oil fatty acid, palm
kernel oll fatty acid, wool grease fatty acid. It

5 is preferable to use those fatty acids which con-

taln more than 12 carbon atoms in the molecule
and which are capable of forming, with the bases
used for condensation, salts which are gel-soluble
in the resins and have an emulsifying action.

For the condensation and hardening, the usual
temperatures are employed, these being about 40
to 100°C. for the condensation and 40 to 170°C.
for the hardening. The duration of heating var-
ies according to the amount of condensatlon
agent employed, ahd depends on the molar ratio
of phenol to aldehyde employed and also on the
operating temperature,

The cast resin resites prepared by the process
according to the present invention are character-
ized by an extraordinarily high power of resist-
ance to chemical action, and are stable to mois-
ture, water and steam, and also to organie sol-
vents, acids, even concentrated mineral acids,
fatty aclds and the like. Products prepared ac-
cording to the Invention were treated with con-
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centrated sulphuric acld, concentrated hydro-
chlorie acid, concentrated phosphorie acid, con-
centrated formic acid, or with aqua regia, for 50
hours at 90°C without thelr being attacked or
altered. Hitherto known phenol-aldehyde resins,
after such treatment, were either completely de-
stroyed or were extremely strongly attacked.

The products obtained according to the present
invention do not become cracked, and exhibit an
extraordinarily high strength. Thus the impact
bending strength amounts to 26 to 28 cmkg/em?.
This strength was measured on a standard bhar
and is 2 to 4 times as great as that of condensa-
tion products hardened in an alkaline state to
the end without addition of fatiy aclds. (Details
of the method of determining strengths 1s to be
found in Vorschriftenbuch des Vereins Deutscher
Elektrotechniker, 1833, p. 401.) The bending
strength of the new products shows a value of
about 1420 cmkg/cm?, whilst hitherto known
products show & value of only 450 to 900
emkg/cm?, The heat resistance, measured ac-
cording to Martens (for detalls of this method
see Vorschriftenbuch des Vereins Deutscher Elek-
trotechniker, 1933, p. 404), amounts to 120 to 130°
C., as compared with a heat resistance of 45 to
100°C. for known products. The notch lmpact
strength, which gives a measure of the brittle-
ness of artificial materials (detalls are to be found
in the article by Niische and Zebrowski in the
perlodical “Plastische Massen,” 1837), is 1.7 to
1.9 kgcm?, whilst artificlal resins condensed in
an alkaline state to the end without addition of
fatty aclds show only values below 1. The ball
test hardness 1s 1350 kg/cm?, as against 600 to
1000 kg/cm? for known materials.

The stabllity of volume of the new resins is
noteworthy, 1. e., they are practically free from
shrinkage. In addition, they may be worked me-
chanically in the usual manner and quite as eas-~
ily as are the hitherto known artificial resing of
the cast resin type.
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Owing to the above mentioned properties the
products manufactured according to the present
invention are sultable for & great varlety of tech-
nical applications, particularly as substitutes for
metals, for the manufacture of bearings, and for
all purposes for which a material resistant to
chemical action s requlred, for example, for the
construction of acid pumps, acid containers,
chemical apparatus, and the like.

The process according to the present invention
will be further illustrated by the following ex-
amples, but it is to be understood that the in-
vention is not to be restricted to the initial ma-
terials and working conditions employed in these
examples.

Ezample I

1000 grams of phenol and 1250 grams of 33
per cent formaldehyde are condensed with 100
ce of 5N-caustic potash solution, until the whole
of the formaldehyde has combined. When using
8 temperature of 80° C,, this will be the case
after about 1 to 2 hours. A slightly reduced pres-
sure of about 500 mm of mercury Is maintained
in the reactlon vessel. The water is then removed
by distiilation in vacuo, and the Intermedjate
product obtalned is admixed with 138 grams of
oleic acid. The product, after being concentrated
to a viscous condition, 15 then hardened in moulds
in the manner customary in the manufacture of
cast resins, at a temperature of about 100°C.

Exzample 2

1000 grams of phenol and 1000 grams of 33
per cent formaldehyde are condensed with 100
cc of BN-caustic potash solution, as described in
Example 1. After removal of the water, 135
grams of ricinolelc acid are added, whereupon
the mixture is further treated as in Example 1.
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