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To all whom it may concern:

Be it known that I, Leo H. BaExeLano,
a citizen of the United States, residing at
Yonkers, in the county of Westchester and
State of New York, have invented certain
new and useful Improvements in Condensa-
tion Products of Phenols and Formaldehyde
and Methods of Making the Same, of which
the following is a specification.

It is well known that phenol or its homo-
logues and formaldehyde or its polymers
are capable of reacting to yield a condensa-
tion product, and in my copending appli-
cation, Ser. No. 383,084, filed July 13, 1907,
T have described a method of producing a
hard, infusible and insoluble product by
reacting on a phenolic body with formalde-
hyde under conditions which yield an oily
or viscous condensation product, and there-
after transforming this initial condensation
product by application of heat and pressure
mnto infusible and insoluble f}%roduct:s or ar-
ticles having any desired configuration, such
products or articles consisting solely of the
condensation product or of the same in ad-
mixture with other bodies.

The present invention relates to an im-
proved method of preparing the above men-
tioned infusible and insoluble material, or
articles consisting of or containing the same,
and to a novel intermediate reaction prod-
uct of phenol and formaldehyde, the object
of the invention being to facilitate and sim-
plify the manufacture of such articles.

In order that the invention may be clearly
understood the mode of carrying the re-
action into effect and the characteristics of
the several condensation products which
may be obtained will be fully described.

If a mixture of plienol or its homologues
and formaldehyde or polymers be heated,
alone orin presence of catalytic or condens-
ing agents, the formaldehyde being present
in about the molecular proportion required
for reaction, that is to say, approximately
equal volumes of commercial phenol or cre-
sylic acid and commercial formaldehyde,
these bodies react upon each other and yield
a product consisting of two liquids which
will separate or stratify on standing. The
supernatant liquid is an aqueous solution
which contains the water resulting from the
reaction or added with the reagents, where-
as the heavier liquid is oily or viscous in

Application filed December 4, 1907, Serial No. 405,021.

character and contains the initial products
of chemical condensation. The liquids are
readily separated, and the aqueous solution
may be rejected, or the water may be elimni-
nated by evaporation. The oily or viscous
ligunid obtained as above described, and here-
inafter referred to as the “initial condensa-
tion product,” is found to be soluble in or
miscible with alcohol, acetone, phenol, and
other solvents, but is only partially and im-
perfectly soluble in benzol. This initial
product sometimes assumes a pasty or half-

solid state when cooled to a suflicient ex-
tent, or may even assume a solid and brittle
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state, but is again liquefied when heated,and .

this alternate solidification and liquefaction
may be repeated so long as the product does
not become transformed into the intermedi-
ate or into the final condensation products
hereinafter described.

If the initial condensation product be
heated in an open vessel at temperatures
above 100° C., the mass will foam, emit
vapors, and yield a hard, irregular and por-
ous body, infusible by further heating and
insoluble in alcohol, acetone and phenol.
In order to avoid the production of a por-
ous mass it has been proposed to harden the
initial condensation product at temperatures
below 100°, but such hardening is extremely
slow and applicable only to relatively thin
layers of material. In closed vessels or
molds in which pressure may be used to
counteract the tendency of the mass to lib-
erate gases or vapors, as described in my ap-
plication above referred to, the hardening
may be accomplished much more quickly
and is more complete, the final product being
homogeneous or free from all porosity, In-
soluble in alcohol, acetone, benzol, phenol or
glycerin, and less elastic than hard rubber
but much harder and considerably more re-
sistant to heat, remaining solid at all tem-
peratures below 300° C. The product thus
obtained is hereinafter referred to as the
“final condensation product.”

In my copending application above re-
ferred to I have described a method whereby
the initial condensation product is directly
transformed into the final condensation
product. Such method has two limitations,
viz: (1) each block or article undergoing
hardening requires a separate mold or ves-
sel during the full period of the hardening
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process: and (2) the final condensation
product is a bad conductor of heat and con-
tracts in volume while hardening. There-
fore it becomes difficult if not impossible. to
heat large bodies of the material rapidly and
uniformly. Rapid heating under such con-
ditions will harden the outside layers before
the Lieat can penetrate to the interior por-
tions which remain soft, and the hardened
outside layers will then contract upon the
interior portions, this action producing
cracks or fissures in the article.

I have now discovered that under proper
conditions there may be produced a conden-
sation product which 1s intermediate in
character between the initial and final prod-
ucts above described, and which is herein-
after referred to as the “intermediate con-
densation product.” This intermediate
product is solid at all temperatures, more or
less hard when cold, but elastic when
slightly heated and capable at normal or
higher temperatiires of yielding to pressure
but resuming its original shapeif pressure be
discontinued; further application of heat
will soften it to a considerable extent but
will not convert it again into a liquid. The
product is insoluble in alcohol, glycerin,
formaline, or a mixture of the two latter
products, but swells in phenol and in acetone
without' complete solution. According to
the present method I utilize the properties
of this intermediate condensation product,
and carry out the hardening process in two
or more successive stages, which may be con-
ducted if desired independently and at dif-
ferent times. In the first stage heat is ap-
plied for sufficient time only to convert the
original mixture into the intermediate con-
densation product, which may be taken from
the molds or vessels in which it has been
produced and kept for future use; or this
intermediate product can be cut, pressed or
shaped to any desired form or ‘size, or in-
troduced into new. molds, or welded or
pressed together, or otherwise worked, be-
ing finally submitted to the hardening proc-
ess which will transform it into the hard,
insoluble and infusible final condensation
product. The manner of treatment may be
widely varied in accordance with the char-
acter or size of the article to be produced,
and the special properties of the intermedi-
ate condensation product are found to
greatly enlarge the field of application of
these products and to permit the manufac-
turing methods to be varied to conform to
the characteristics of the article desired.

Certain methods of procedure adapted for
the production of blocks or special objects
or articles are detailed below:

Example 1: The mixture of phenol or its
homologues and formaldehyde or its poly-
mers with or without condensing agents or

extraneous materials such as pigments, dyes,

uct.

942,700

granular or fibrous filling materials, cte., is
heated in a suitable vessel, preferably at a
temperature of about 100° C. An oily or
viscous condensation product separates,
which on continued heating solidifies into a
stiff elastic intermediate condensation prod-
The earlier stages of this reaction may
be carried out if desived without pressure,
and in such case a return condenser is re-
quired; but it is found preferable to keep
the mass under pressure more particularly
toward the end of the operation so as to
avold porosity or swelling of (he intermedi-
ate product. This intermediate product is
now stored away for future use, or is -ut,
pressed or worked into any desived shape or
size, and is then submitted to the final hard-
ening by the application of a higher temper-
ature or longer heating. Ior instance slabs,
cylinders, or any other desired shapes may
be cut from the original block of interme-
diate condensation product, and the articles
so produced may be placed in a suitable ves-
sel where pressure is applied during the
heating process and the articles are thus
heated and hardened, retaining their shape
without the use of molds. Or again, these
slabs, cylinders or the like prepared from
the intermediate condensation preduct may
during the final hardening be pressed into
molds, or submitted to any pressure or ac-
tion intended to modify their configuration,
the hardened articles after transformation
into the final state being found to perma-
nently retain the form imparted to them
during the hardening process. For very

small or thin objects it is not absolutely nec-

essary to carry out the final hardening proc-
ess under pressure, and hardening may then
be produced by slow heating or drying; in
such case the hardening process is neces-
sarily much slower and may require several
days for its completion. If open air drying
is resorted to it frequently occurs that sur-

face oxidation sets in imparting a dark color-

to the hardened object. In order to prevent
this, the articles may be dried or heated in
vacuo or in inert gaseous media.
hardening may be carried out under water,
hydrocarbon liquids, or other suitable
liquids maintained at the proper hardening
temperature. Of if the hardening is to be
carried out at temperatures higher than
100° C., the air or inert gas or liquid is
maintained under such pressure as will
avoid the formation of a porous mass.
Example 2: The mixture of phenol or its
homologues and formaldehyde or its poly-
mers is treated alone or in presence of con-
densing or dehydrating agents or extraneous

-materials until the oily or viscous initial

condensation product separates. The aque-
ous layer is removed and may be rejected
or concentrated to reclaim any soluble ma-
terials, or the water may be merely expelled

Or the-
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by submitting the two liquids to evaporation
by further heating. If the aqueous liquid
be rejected then the oily liquid may be fur-
ther evaporated to expel residual water and
volatile products. In order to avoid thick-
ening or hardening of the liquid during this
stage it is preferred to carry out this treat-
ment under reduced pressure or vacuum,
which allows considerably greater latitude
in the operation and greatly facilitates it be-
cause evaporation or drying is thus carried
out at temperatures below that at which
hardening sets in. The elimination of wa-
ter or volatile products from the oily or
viscous -initial condensation product is not
always necessary, but is advantageous in
special cases as for instance in the manufac-
ture of electric insulating materials. The
initial condensation product, however pre-
pared, is introduced into a suitable vesse] or
mold and.gently heated until the liquid or
viscous mass approaches the solid condi-
tion of the intermediate condensation prod-
uct. During this stage of the process the
liquid mass is preferably stirred, in order to
maintain a uniform temperature throughout
the liquid, and toward the latter part of the
period which precedes solidification the ex-
ternal heating may be discontinued, while
solidification goes on as soon as the proper
temperature has been reached. By proceed-
ing in this manner it ig possible to produce
large blocks of the intermediate condensa-
tion product of homogeneous texture and
without gas bubbles or porosity. The inter-
mediate condensation product may now be
stored away for future treatment, or may
be immediately treated as described in Ex-
ample 1. The method as described in Ex-
ample 2 may be used to good advantage for
covering wood, metal, paper or any desired
surface with thin hard layers of the final
condensation product. To effect this the
object to be covered is first coated with the
initial condensation product by dipping,
brushing or the like. The layer so produced
is slowly heated or dried until the condi-
tion of the intermediate condensation prod-
uct is reached, after which the final harden-
ing is effected by heating under pressure,
either in a gaseous or liquid medium. This
cycle of operations can be repeated to form
in succession several thin layers of the final
condensation product, thereby building up
a compound layer of considerable thickness
without danger of splitting or cracking to
which thick layers are liable, and avoiding
also any tendency to porosity in case the
hardening is conducted at higher temper-
atures.

Example 3. The initial condensation
product, either alone or admixed with ex-
traneous materials is introduced into a suit-
able vessel and heated under pressure until
the intermediate state is attained. This per-

‘mits the employment of higher t;ampera—

tures and greatly shortens the time required
for the production of the intermediate prod-
uct. After such intermediate product 1s ob-
tained the solidified block or object is fur-
ther .treated as described in IExamples 1
and 2. '

Example 4. The initial product alone or
mixed with extraneous materials is placed
in suitable molds, and the latter are gently
heated until the intermediate condensation
product is formed. This is now removed
from the mold and subjected to the final
hardening by heating at a higher tempera-
ture. under suitably increased pressure, as
described under Examples 1 and 2.

Example 5. The initial condensation
product, alone or mixed with extraneous
materials is heated under pressure in suit-
glble molds until the intermediate product
is obtained. The latter is removed from
the molds and is hardened to the final prod-
uct by slow drying or heating at low tem-
peratures in the open air or in an inert
gaseous or liquid medium. This method is
advantageous as applied to the manufacture
of small or thin objects.

Example 6. The initial product alone or
mixed with extraneous materials is heated
in molds under pressure until the interme-
diate product is obtained. This is then re-
moved from the molds and further heated
under pressure without molds as described
in Examples 1 and 2. This permits a gen-
eral shortening of the process, more par-
ticularly for bulky objects, and reduces the
number of molds required by using them
only during the first stage of the process.

The term phenol employed in the claims
is to be understood as including the homo-
logues of phenol, such as cresol, and the
term formaldehyde is to be understood as in-
cluding the polymers of formaldehyde.

I claim: '

1. A condensation 11:1'0duct resulting from
the reaction of a phenolic body and for-
maldehyde, said condensation product being
solid at all temperatures, hard when cold,
soft and elastic when heated but infusible,
and insoluble in alcohol, glycerin, formalde-
hyde or mixtures of these, but swelling in
phenol and acetone without complete solu-
tion therein.

9. The method of making a condensation
product of a phenolic body and formalde-
hyde, which consists in reacting on a phe-
nolic body with formaldehyde, and arrest-
ing the reaction when the initial condensa-
tion product has been transformed into a
mass which is solid at all temperatures and
hard when cold, soft and elastic when heat-
ed but infusible, insoluble in alcohol, glyc-
erin and formaldehyde or mixtures of these,
and which swells in phenol and acetone with-
out complete solution therein.
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3. The method of making a condensation
product of a phenolic body and formalde-
hyde, which consists in reacting on a phe-
nolic body with formaldehyde, separating
water from the initial condensation product,
and arresting the reaction when the initial
condensation product has been transformed
into a mass which is solid at all tempera-
tures and hard when cold, soft and elastic
when heated but infusible, insoluble in alco-
hol, glycerin and formaldehyde or mixtures
of these, and which swells in phenol and
acectone without complete solution therein. -

4. The method of making a shaped con-

5 densation product of a phenolic body and

formaldehyde, which consists in reacting
on a phenolic body with formaldehyde,
arresting the reaction when the product has
become 1nfusible and insoluble but is yet
capable of softening under the influence of
heat, and shaping and hardening said
product.

5. The method of making a shaped con-

‘densation product of a phenolic body and

formaldehyde, which consists in reacting on
a phenolic body with formaldehyde, ar-
resting the reaction when the product has
become infusible and insoluble but is yet
capable of softening under the influence of

942,700 °

heat, shaping said product and hardening

the same by adequate application of heat.
6. The method of making a shaped con-

densation product of a phenolic body and

formaldehyde, which consists in reacting on .

a phenolic body with formaldehyde, arrest-
ing the reaction when ‘the product has be-
come infusible and insoluble but is yet
capable of softening under the influence of
heat, shaping said product and hardening
the same by adequate application of heat and
pressure. .

7. The method of making a shaped con-
densation product of a phenolic body and
formaldehyde, which consists in reacting on
a phenolic body with formaldehyde, arrest-
ing the reaction when the product has be-
come infusible and insoluble but is yet
capable of softening under the influence of
heat, and shaping and hardening said prod-
uct compounded with a suitable filling ma-
terial. w

In testimony whereof, I affix my signa-
ture in presence of two witnesses. :

LEO I BAEXELAND.
Witnesses:

H. S. TarsrLL,
Mary E. ScHoLbING.
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