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The invention relates to condensation products
formed by the reaction of high molecular terpene
phenols, with formaldehyde, which condensation
products may be used for the preparation of
varnishes.

The present applicatlon is g continuation in
part of our application Serial No, 141,554, filed
May 8, 1937 which In turn is a division of our
application Serial No. 30,152 flled July 6, 1935,
now patent No. 2,123,898 dated July 19, 1938. In
the latter are claimed some of those terpene
phenols which are employed for the preparation
of the condensation products clalmed in gpplica-
tlon Serial No, 141,554 and in the present appli-
cation,

In our application Serial No. 141,554 15 claimed
a process which comprises condensing together
in the presence of a condenslng agent capable of
eliminating hydrogen halide (1) a poly-halogen-
ated terpene and (2) a phenol in the proportion
of substantially more than one molar welght of
the phenol to each molar weight of the poly-
halogenated terpene whereby substitution of the
halogen atoms by phenolic aromatic radicals
takes place with ellmination of hydrogen halide,
continulng the condensing action at elevated
temperature until a condensation product is ob-
tained consisting essentially of the terpene and
the phenol In chemical combination in substan-
tially the aforeside proportion and then condens-
ing the sald condensation product with an alde-
hyde. The present application relates to a process
of producing resinous phenol formaldehyde con-
densation products, which comprises subjecting
a terpene phenol condensation product which has
at least ohe double hond and which is derived
from & terpene and a phenol in the proportion
of more than one molar welght of the terpene to
each molar welght of the phenol, to a prolonged
heat treatment in the presence of a metal halide
of the Priedl-Crafts type and hydrogen halide
until a solid resin is obtained and condensing the
sald resin with formaldehyde.

In carrying out the process of our invention
we start from the following materials: 1) Ter-
penes which easily form poly-halogen com-
pounds, preferably by addition of hydrogen chlo-
ride, 2) phenols such ag common phenol or its
easlly available homologues, 3) formaldehyde or
its polymers or homologues.

The term terpene will be used in the following-

description and e¢lalms for terpenes In the re-
stricted sense of the term such as limonebe, ter-
pinolene, terpine, terpineol, carvone, ete.; sesqui-
terpenes such as cadinene; polyterpsnes such as
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coniferyl alcohol; acyclic compounds which read-
1ly derive from or may readlly be converted Into
terpenes, such as the so called “terpsnogenes” or
“olefinic terpenes” e, g. isoprene, geraniol, lina-
lool, terpinehydrate, citral; compounds of unde-
fined constitution e, g. deriving from polyterpenes
mainly by means of heat treatments or other sim-
ple chemical conversions; in many cases these
substances constitute cheap waste products,
These compounds are characterised In that
they readily form poly-halogen compounds., Un-
saturated compounds in which a tertlary carbon
atom Is connected by a double linkage with an-
other C atom (as 1llustrated by the grouping
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are particularly suitable since they form tertiary
halogenh compounds (halldes) by mere addition.

There are many easily avallable materials
which at least contain a high percentage of such
chemically strictly determined terpenes as men-
tioned above, We wish to mention dipentenes,
conifer oils, pine oil, cuminoll (caraway seed oil),
various decomposition (depolymerisation) —prod-
ucts of rubber and natural resins such as rosin
oll, copal oll.

According to our invention one or more mem-
bers of the first group briefly referred to as ter-
penes are chemically combined with one or more
members of the second group by producing halo-
gen compounds, such as by additlon or other in-
teractlon from suitable terpene compounds and
hydrogen halides and causing these products to
react with the members of the second group i. e.
the phenols in the presehce of aluminum chlo-
ride, zinc chlotide, ferric chloride or other suit-
able metal halldes or substances which form the
same under the conditions of the reaction, such
as zinc or iron dust.

For our preferred process we elther first pre-
pare the hydrogen halide addition or conver-
slon products separately or in the presence of the
phenol, or we form them Intermediately by means
of the hydrogen halides set free during the con-
densation. Hydrogen halide which has been set
free by reacting the pheno! with any other suit-
able organic halogen compound, such as a ter-
tiary alkyl halide or benzyl chloride or the like,
may also be used for this intermediate formation.
In this case the aforeside organic halogen com-
pounds serve as additional auxiliary material for
Initiating the condensation between the phenol
and the terpene-like compound.
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The last menticned method of forming hydro-
gen halide addition or converslon products in the
presence of phenols, is limited to terpene-like
compounds which in the course of the reaction
of the hydrogen halide do not form water, such
as would render the catalyst inactive or at least
would have a very detrimental] effect thereon,

For the sake of completeness we wish to men-
tion that in some cases (which, as stated ahove,
are restricted to non-aleoholic terpenes) the con-
densation reaction may be performed by means
of aluminum chloride, or the like, alone. The
hydrogen halide necessary in initiating the con-
densation reaction, is formed from the sluminum
chloride since traces of water are generally pres-
ent,

By employing relatively smegll quantities of the
phenol particularly when condensing during a
relatively short time and when employing small
quantities of the catalyst as a rule soft or even
only viscous terpene phenols-are obtained. Un-
expectedly we have found that even those -soft
condensation products can be converted into res-
Inous solid products, obviously in virtue of their
unsaturated character or their capability of-form-
ing a double linkage under the prevailing con-
ditions. This conversion probably is caused by
polymerisation; we effect it by heating the con-
densation product for a particularly long period,
preferably in the presence of a -comparatively
large quantity of cataiysts. -As suitable catalysts
there are to he regarded metal halides of the
Friedl-Crafts type in conjunction with hydregen
halide which may be introduced into the reaction
mixture or Is formed during the condensation.
Products may be obtalned which have & by far
increased molecular size and which, not-with-
standing a relatively small proportion of com-
bined phenol, indicate the presence of several
phenolic benzene nuclel in the molecule. They
behave very similarly to terpene-phenols which
are obtained from polyvalent terpene halides and
phenol In excess, and which themselves are to be
regarded as polyvalent polynuclear phenolic com-
pounds.

The hereinbefore described method of carry-
ing out our process s particuiarly advantageous
because in this way it is also possible to compound
practically all the phenol. Otherwise uncom-
bined phenol as & rule remains behind and must
be removed by washing or by steam or vacuum
distlllation.

The terpene phenol compounds are then suh-
jected to condensation with formaldehyde. Con-

densation products of particular technical value ;

mey be obtained showing the most varfous prop-
erties. These depend on the proportions, the
catalyst, temperature and duration of the reac-
tion and on other controllable conditions. The
variabllity is far broader than otherwise known
when condensing phenols with aldehydes.

In order to facilitate the mutual contact be-
tween the high molecular phenols and the aque-
ous formaldehyde, we prefer to employ as auxil-
iary materials indifferent solvents, such as sat-
urated or aromatic hydrocarbons or alcohols,
which may be removed after condensation has
taken place. It is particularly advantageous to
condense the high molecular phenols with form-
aldehyde in a manner known per se at ordinary
or only moderately elevated temperatures for a
prolonged perlod of time by means of a strong
alkall and subsequent neutralization. By means
of this process we obtain formaldehyde conden-
gatlon products showing e censiderable harden-
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ing character if condensing high molecular phe-
nols obtalned from common phenol although they
have combined only a relatively small proportion
of phenol. We even concluded from the distinct
hardening character pecullar to these formalde-
hyde condensation products, that the solid res-
Inous phenolic body contains several hydroxy-
phenyl groups in the molecule i. e. that a poly-
phenylol-terpene compound is fortmed. In con-
tradistinction thereto the still oily or soft inter-
actlon product primarily obtained from phenol
and e. g. dipentene in the proportions mentioned
above, even when condensed with formaldehyde
according to our particular condensation proc-
ess, leads to products having little or no hard-
ening capacity, The maximum amount ¢f form-
aldehyde which ¢an be compounded is dependent
on the quantity and on the constitution of the
phenol employed for producing the high molec-
ular terpene phenol. E. g. terpene phenols ob-
tained from o-cresol or technical mixtures of
cresols, xylenols etc. and dipentene exhibit only
a very peor or no hardening capacity.

Condensation products deriving from the last
mentioned phenols, also when obtained accord-
ing to our particular condensation process, are
easily compatible with all kinds of varnish raw
materials such as resins and fatty oils of the
drying or non-drying type. If however phenol is
used as starting material the resulting terpene
polyphenylol compound may form an oil in-
compatible heat hardening formaidehyde con-
densation product unless certain precautlons are
taken. We either reduce the proportion of form-
aldehyde below the maximum quantity which
can be taken up, to a sufficient extent or we em-
ploy polyphenyla! compounds In which the ter-
penle part is particularly large.

Hewever it is also possible and In some cases
advantageous to echieve oil compatibility only by
a secondary treatment of an oil incompatible heat
hardening condensation product. A preferred
treatment consists of simply heating this conden-
sation product with an aleohol for some time st
eleyated temperature until the desired compati-
bility 1s achieved. The presence of a Slight
amount of an acid accelerates such modification,
An other way which secires sufficlent oil com-
patibility consists in the coemployment of .phe-
nols such as p-tert.-butyl phenol, amyl vhencl
e'tc. which, when used alone, lead to completely
oilsoluble condensation products due to their re-
dueed activity and long chain substituents.

It is remarkable that the formaldehyde con-
dgnsat:ion products of the oll reactive type de-
1'1veq from some of our polyphenylol compounds,
despite the partlcularly large terpenice substit-
uent, exhibit a greater hardening capacity than
e.g. products of this type derived from ordinary
alkyl phenols such as p-tert.-butyl phenol; this
can be seen from the preater increase in vis-
cosity of the oil-resin reaction mixkbure.

The new resins represent excelient basic ma-
terials for varnishes both of the air and stove
drying type. Their employment in oil varnishes
remarkably Increases the resistance against wa-
ter and weathering conditions, A particuylar ad-
vantage of these resinsg insofar they belong to
tl}e oll reactive type, consists in that they do not
disturb the drying capacity of the oil they are
reacted with, in contradistinctlon to oil reactive
resins obtained from alkyl phenols. Excellent
results may also be obtained.when combining or
Interacting resins prepared aceording to-our in-
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vention with resins, particularly of the drying
alkyd type.

The following examples may serve for illus-
tration. We wish 1t to be understood positively
that they are not restrictive as to the proportions
ete. used,

Erample 1

100 parts of phenol and 250 parts of technical
dipentene of which a small part was first sat-
urated separately or in the presence of the phe-
nol, with hvdrogen chloride, are condensed at
50-70°C. in the presence of 3 parts of zinc chio-
ride.

If the reaction mixture is subjected after a few
hours to steam distillation, about 250-255 gms.
of a soft or viscous residue are obtained. If
heating is continued for a further 48-72 hours,
preferably at somewhat higher temperatures, and
after increasing the catalyst, about 320 gms. of
a8 residue remain after steam distillation In the
form of a solid resin. About 15 gms, of inactive
fractions of the technical dipentene and hardly
any unused phenol pass over with the steam. The
solid resinous condensation product has far high-
er molecular weight than the soft or viscoug one
primarily obtained. It is noticeable that far more
than one mol. of the terpene per each mol. of
phenol has been combined.

A heat hardening oll soluble resin e.g. is ob-
talned when condensing this product which is
considered to be a polyphenylol compound, with
a large polyterpene substituent, with about 200
parts of formaldehyde (40% vol). This step is
performed by first diluting the resinous phenyilol
compound in a small proportion of an inert sol-
vent such as toluene or xXylene and adding caus-
tic soda solution untll a homogeneous reaction
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mixture is obtained. After several days the mix-
ture 1s neutralized and the resin solution obtalned
thoroughly washed. After evaporating the sol-
vent a resin is obtained which shows a very dis-
tinct hardening capacity. Its compatibility with
neutral varnish materials including drying olls
is surprising, for the phenolic body from which
it derives at least mainly consists of a polyphen-
ylol terpene having more than two unoccupled
reaction favorable positions.

Example 2

If reducing the dipentene to about 170 parts
per 100 parts of phenol and operating in the same
way as in Example 1 & solid resinous phenolic
compound is obtained in which approximately
equimolecular quantities of phenol and dipentene
are chemically combined the formaldehyde con-
densation product prepared in the same way and
with the proportion as in Example 1, exhibits
such an intense hardening capacity that no homo-
geneous Interaction products can be obtained with
neutral resins or oils.

It can be rendered oil soluble by heating it
with about 100 parts of ordlnary alcohol in the
presence of a slight quantity of hydro chloric or
phosphoric acid at about 60-80°C. for several
hours.

It is very noticeable that the still viscous inter-
action product primarily obtained by only a short
intersction of phenol and dipentene in the same
proportions, does not lead by any means to form-
aldehyde condensation products of any pro-
nounced hardening capacity.
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