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The present invention relates to the art of 
making phenol aldehyde reaction products and 
the products thereof and, in more particular, to a 
phenol-aldehyde resulting fron, and the reaction 
using, an alkali as a catalyst, viscosity reducer , 
and solubilizer, and adding slich alkali stepwise 
to limit the Cannizzaro reaction and to increase 
the degree of condensation while still maintain 
ing water solubility. 

The application is a continuation-in-part of 
application Serial No. 722,975, filed January 8, 
1947, the latter application being a continuation 
in-part of application Serial No. 510,209, filed NO 
vember 13, 1943, both of said applications now 
being abandoned. 
The material formed by the present process 

finds particular application as an impregnator 
for paper and cloth, a binder for plywood, and 
as a molding material or a binder in a molded 
product. In fact, the product finds a new use 
wherever a fast-setting high molecular weight 
resin is needed. 
In the prior art of producing phenol formal 

dehyde resins, when using an alkali as a cata. 
lyst, the setting-up time from the Soluble stage 
to the insoluble-infusible stage has been long; 
long, at least, as compared with the time of the 
present invention. 
The concept of the present process is that of 

prolonging, expanding, or widening the conden 
sation reaction in the water-soluble phase, with 
the consequent shortening and moving along of 
the final reaction, i.e., setting into an insoluble 
infusible product, with a resulting improvement 
of the final product as to insolubility and infusi 
bility. Considering the reaction as a multipli 
cation or increasing of the chemical linkages of 
the material under reaction, the longer this mul 
.tiplication on linkages is continued before a final 
setting into infusibility and insolubility, the bet 
ter will be the final product. It would seen ob 
vious that this multiplication of linkages would 
be at a greater rate, would be more uniforn, 
would be more stable, and would result in longer 
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and more cross chains of linkages if the reac- i. 
tion were to be carried out in the liquid or Solu 
tion stage, instead of the solid or semi-solid 
phase. 

In speaking of his product as soluble in Water, 
applicant is speaking of the Salt of the resin 

is the water-soluble stage. 

2 
as found in an alkaline solution. If the solution 
is ileutralized, then the neutral resin is, for all 
practicai purposes, insoluble both in water and 
ethyl alcohol, ethanol. - 

In the prior art, it has always been considered 
that the end of the soluble stage, just before the 
final act of setting into the insoluble-infusible 
stage, has been reached. when the viscosity curve 
began to rise sharply. Processing, except for the 
final Setting and possible mixing with other com. 
pounds, was then terminated. The final setting 
usually consisted of placing the material in its 
final iorn or location and then applying the heat 
and/or a catalyst to effect solidification. In the 
prior art this. Setting into the insoluble-infusible 
stage has been a relatively long time. 
The group of compounds referred to as "a 

phenol’ are those potentially reactive phenols, 
such as phenol, cresylic acid, resorcinoxylenol, 
and other monohydric and dihydric phenols 
known in the art. The expression “a phenol as 
herein used is to be given a recognized meaning in 
the art and includes both monohydric and 
dihydric phenols in which one or two hy. 

droxyl group is groups are attached to the car 
bon ring. As examples of the “aldehydes' that 
may be used in the performance of the present 
invention, there are cited: formaldehyde, acetal 
dehyde, furfural, and benzaldehyde. This con 
densation reaction is generic to aldehydes and 
poly-functional aldehydes. In carrying out the 
present invention the aldehydes used may com 
prise any of the prior art aldehydes, used in pro 
ducing phenol-aldehyde condensation products. 
In the prior art, it was considered necessary 

to further the reaction in the water-soluble stage 
by a careful control of the temperature with 
respect to time, and the art has several inter 
esting examples of temperature-time curves for 

It is obvious that con 
trols of this type are a hindrance to rapid pro 
duction of the resin. Also, in the present inven 
tion lower phenol-aldehyde ratios may be used to 
increase the water Solubility without a reduction 
in time, as the control of the reaction rate by the 
stepwise addition of alkali allows the reaction in 
the presence of large amounts of formaldehyde 
to be carried on rapidly at high temperatures. 

Having in mind the above, it is an object of 
the present invention to produce a water-soluble 
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phenol-aldehyde reaction product that has had 
a maximum possible reaction prior to Setting 
into the insoluble-infusible stage. 
A further object of the present invention is the 

production of a phenol-aldehyde reaction resin 
by a process having a wide range of time-tem-. 
perature relations. - 
Yet another object of the present invention 

is the prolongation of the water-soluble stage 
reaction and a shortening of the Setting time 
of the final product. 
Another object of the present invention is the 

production of a phenol-aldehyde reaction product 
that is no longer soluble after slight heating for 
a short period of time. 

It is also an object of the present invention 
to form a final-set phenol-aldehyde resin that 
is insoluble in water, alcohol, acid, or alkali. 

It is also an object of the present invention to 
produce a product which, upon addition of alkali 
in the later reaction stages, will produce solubil 
ity and some slight reaction, but which reaction 
and solubility zone is narrow, so that a short final 
reaction, that is, setting period, usually brought 
about by heating, Will give an infusible and insol 
uble material which cannot be readily Solubilized 
by further additions of alkali. 
A further object of the present invention is the 

formation of a process for, and the production 
of, a liquid resin which is soluble in Water in all 
proportions, but is substantially insoluble in ethyl 
alcohol, ethanol. 
Another object is the provision of a liquid 

phenolic resin which is highly stable during long 
storage. " . . . 

Another object is the carrying out of the phe 
molaldehyde reaction, by the stepwise addition of 
alkali to limit the Cannizzaro reaction. 
A further object of the present invention is the 

formation of phenol-aldehyde resins by a proc 
ess that allows a much wider variation in the 
phenol-formaldehyde ratios and the formalde 
hyde-alkali ratio than was possible in the prior 
art. 
The present invention in one of its forms is 

directed to a process for producing a thermo 
setting phenol-aldehyde resin condensation prod 
uct comprising forming an aqueous mixture of 
a phenol selected from the group consisting of 
phenol, cresol, and xylenol resorcin and an al 
dehyde in which the aldehyde group is the Sole 
reactive group, and an alkaline catalyst accel 
erating the formation of the resin reaction-prod 
uct on heating, the amount of catalyst used to 
catalyze the reaction is that amount Which is 
capable of producing an alkalinity equivalent to 
the alkalinity produced by Sodium hydroxide in 
an amount not over 10% of the total mixed con 
stituents. The molar ratio of the aldehyde to the 
phenol varies from 1:1 to 3:1. The resulting mix 
is heat-reacted to produce a water Soluble phe 
nol-aldehyde reaction-product, the viscosity of 
the latter increasing during this initial reaction 
period and being indicative of the advancement 
of the water soluble reaction-product toward the 
stage where the water soluble state terminates, 
said aldehyde retaining its reactivity during the 
formation of the water soluble phenol-aldehyde 
reaction-product. The increased viscosity of the 
water soluble reaction-product and its tendency 
to progress to a water insoluble reaction-product 
is reduced by adding additional alkaline material 
and further condensing the water soluble resin 
to a stage where the aqueous Solution of the mix 
shows a precipitate upon the addition of ethanol, 
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limits of the other ingredients. 

4. 
said condensation product remaining water solu 
ble and having a pH range varying between 9.5 
and 14. This alternate step of adding an alkaline 
material and condensing may be repeated a num 
ber of times as hereinafter more fully Set forth. 

It has been found that the phenol-aldehyde re 
action for a resin may be carried out by adding 
quantities of alkali and heating to a point where 
there is a sharp rise in the viscosity (this being 
well known in the art) to produce a water-soluble 
initial phenol-aldehyde reaction product and then 
adding further quantities of alkali to reduce the 
viscosity and then further heating until the 
viscosity again begins to rise rapidly. The re 
action may be carried out as a continuous opera 
tion of adding alkali and heat, that is, a continu 
ous control of the reaction by the stepwise addi 
tion of alkali- and the continuous control of tem 
perature. If carried to the limit, these stepwise 
acts of adding alkali to reduce viscosity and heat 
ing to further the reaction can be carried on until 
the addition of further amounts of alkali will not 
decrease the viscosity. Further heating for a 
short time, for example, thirty Seconds to ten 
minutes, at temperatures from 285 F. to 150 F., 
will then give an insoluble-infusible stage product. 

This adding of alkali in Small quantities while 
progresing the reaction is important, as it helps 
curb side reactions, such as the Cannizzaro reac 
tion. As shown by Roger Adams in his book, 
'Organic Reactions,' vol. II, 3d edition, pub 
lished by John Wiley & Sons, Inc., New York, 
N. Y., 1944, pages 98 and 99, the Cannizzaro re 
action is particularly liable to take place when 
the concentration of alkali is greater than 10% 
in the presence of free aldehyde, this is a 2.95 nor 
mal alkaline solution. If the alkali is added in 
large amounts at high temperatures, it will react 
with the formaldehyde to convert it to methyl al 
cohol and formic acid, thus preventing the phe 
nol-formaldehyde condensation. This reaction 
has been the main stumbling block which has pre 
vented the prior art from progressing the reac 
tion to the stage obtainable by the present proc 
ess. Applicant has limited the Cannizzaro reac 
tion by the stepwise addition of alkali. This re 
duces the alkali present while there is a large 
amount of free formaldehyde present, controls 
the reaction rate, resolubilizes the product, and 
allows the resinification of the phenol and form 
aldehyde to continue. 
This control of viscosity by the stepwise addi 

tion of an alkali is for the purpose of continuing 
the Water Soluble stage reaction to a greater de 
gree of condensation than has heretofore been 
considered possible. The rising viscosity which 
threatens to terminate the water-soluble stage 
reaction, is continually reduced, or knocked down, 
by the addition of alkali. This high degree of 
condensation, while still maintaining the resin 
in the Water-Soluble phase, clearly defines and 
Separates this resin from the resins of the prior 
art. 
The amount of alkali added at each step and 

the number of steps are determined by the de 
sired control over the progression of the reaction, 
as evidenced by the viscosity and solubility and 
extent of the Cannizzaro reaction. The amount 
of alkali that may be added under various condis 
tions is exemplified in the various specific ex 
amples. The general description and discussion 
preceding the specific examples gives an outline 
of the limits of alkali additions as well as the 

L. H. Baekeland, in his article "The syntheses, 
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edinstitution and uses of Bakelite, published in 
"The Journal of Industrial and Engineering 
Chemistry,' vol. 1, No. 3, March, 1909, pages 149, 

6 
The acqueous solution of the Redfern. Water 

Soltible resin reaction-product shows a precipi. 
tate upon the addition of ethanol. 

Neutral Resin Redfern Wan Epps Nevin 

Percent Water-insoluble---------------------------------- 84.8%------- 10.3%--------- 32.25%. 
Fercent ethanol insoluble of water insoluble. - 9.9%------- 9.4%---------- 00.00%. Physical appearance of water insoluble------------ ---Tight, pink Black gummy Lighttan gummy 

curd. EaSS 18SS, 

155, defines the three stages of a phenolic resin, 
as follows: 

A-stage, initial condensation product 
"At Ordinary temperatures, may be liquid, or 

viscous or pasty, or Solid. It is soluble in alcohol, 
acetone, phenol, glycerine and similar solvents; 
is Soluble in NaOH. Solid A is brittle and nets 
if heated. All varieties of A, heated long enough 
under suitable conditions, will change first into 
B, then finally into C.' 

B-stage, intermediate condensation product 
“IS SOlid at all temperatures. Brittle, but 

slightly harder than Solid A, at ordinary tempera 
tures; insoluble in all solvents but may swell in 
acetOne, phenol, or terpineol. Without entering 
into complete Solution. If heated, it does not 
melt, but softens decidedly and becomes elastic 
and Somewhat rubber-like, but on cooling, be 
cones hard again and brittle. Further heating 
under suitable conditions changes it into C. Al 
though Bisinfusible, it can be molded under pres 
Sure in a hot mold to a homogeneous, coherent 
maSS, and the latter can be further changed into 
C by the proper application of heat.' 

C-stage, final condensation product 
“Is infusible, insoluble in all Solvents; unat 

tacked by acetone; indifferent to ordinary acids, 
or alkaline Solution is destroyed by boiling in 
concentrated Sulfuric acid, but stands, boiling 
with diluted sulfuric acid; does not soften to any 
Serious extent if heated, stands temperatures of 
300° C. at much higher temperatures begins to 
be destroyed and chairs without entering into 
fusion; it is a bad conductor of heat and elec 
tricity.’ 
By my invention I am able to advance the 

resins beyond this stage of Solvent insolubility 
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and still maintain them in an alkaline Solution 
phase. This stage, that of a resin advanced so 
that it is no longer Soluble except in a high alka 
line solution, is very close to the final C-stage 
and I have designated it as the incipen, C-stage, 
in order to distinguish it from the A-stage, the 
B-stage, and the C-stage, as defined by Baeke 
land and to distinguish it from other prior art 
resins. 
The difference between my resin in the incip 

ient C-stage and other resins is clearly ShoWn in 
the following table by the comparison between 
the “Redfern' resin, made according to the pres 
ent process, the “Wan Epps' resin, made in ac 
cordance With the disclosure of Clarence F. Wain 
Epps, Patent No. 2,360,376, of October 17, 1944, 
and the “Nevin' resin, made in accordance with 
the disclosure of J. W. Nevin, Patent No. 2,150,698, 
of March 14, 1939. 
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Neutral resins were prepared by neutralizing 
the resin Solutions to a pH of 7.0, filtering the 
precipitated resins and washing with distilled 
Water until free of sodium. The washed resins 
Were air dried for 48 hours, then the solubility 
in ethanol Was determined. Moisture contents of 
the air-dried resins were determined and all 
Values corrected for this. 

Oftentimes in actual practice it is difficult to 
bring the Water-soluble stage along to the maxi 
Inun poSSible reaction with an intervening stor 
age time of several days or weeks before the final 
Setting. For this reason, the commercial prod 
uct is usually stopped short of the maximum so 
as to minimize the possibility of setting before 
the desired time. However, even when stopping 
Short of the maximum water-soluble stage reac 
tion by the present process, as was done in the 
above comparison, the reaction has been carried 
SO much further than the prior art reactions, that 
the Setting time to the insoluble-infusible stage 
is much shorter than the prior art setting times. 
As an example of this rapid setting time, using a 
resin of the present invention, two s' three-ply 
panels Were glued together and pressed in a hot 
press at 200 p.s. i. and 260 F. in 5.5 minutes. 
Many, if not all, of the bases of the alkali 

nStais, and the alkaline salts of the alkali metals 
may be used for solubilizing and for catalyzing 
during the reaction period. Applicant has found 
that the most desirable range for the end of the 
Water-Solubie stage is a pH above 9.5. Some of 
the Weaker bases and salts may be used for rais 
ing the pii in the lower ranges and the stronger 
reagentS used in the upper ranges, the main cri 
teria, being that of raising the pH to increase sol 
ubility, although, as stated above, the optimum 
Seems to lie above 9.5 pH. 
By use of the term “alkaline material' as 

herein Set forth, it is intended to include chem 
icals Such as those enumerated herein, and other 
alkaline material, that will have the desired ef. 
fect of raising the pH of the material to the level 
which Will give solubility, further the reaction, 
and/or catalyze the reaction. 

Some of the bases of the alkali metals and the 
alkaline Salts of the alkali metals that may be 
USed are the carbonates and hydroxides of: So 
dium, potassium, lithium, barium, calcium, and 
magnesium. Ammonium hydroxide and am 
monium carbonate may also be used. 
Some of the bases of the alkali metals that 

may be used as Solubiliaer's are the hydrocides of 
SOdillm, potassittir, and lithiun, 

It has also been found that such compounds as 
Sodium phenate may be used, that is, the initial 

Physical appearance and solubility of resins alkali may have been combined with the phenol 
Akaline Resin Redfern Wan Epps Newin 

Percent water Soluble------------------------------------- 1?02-...------ ISI. 8: 
Percent ethanol Soluble----------------------------------- 8.8%-------- 
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prior to the beginning of the reaction. The 
desideratum is that the alkali, such as those listed 
above, should be present in a form which insures 
its availability for combination with the reaction 
product during the water-soluble stage, that is, 
any salt of a phenol which will release an element 
that will form an alkaline. Solution. 
In the measurements of his pH, applicant has 

used a Beckman pH meter with a calomel elec 
trode and a lithium glass electrode and Stand 
ardized at pH 10 to compensate for the alkali 
metalion effect. 
In the prior art, alkalies (sodium hydroxide 

being generally used) have been used as catalytic 
agents only. In the present reaction, the alkalies 
are also being used to Solubilize the product. This 
is probably done by the alkali combining with 
the resin to form a water-soluble product. Dur 
ing the setting period, portions of the alkali are 
freed. It is probable that this freed alkali Will 
then act as a catalytic agent to Speed the setting 
and to shorten the Setting time. This is COinSid 
ered to be important, as it has been found that 
many of the prior art, products may be treated 
by the addition of an alkali just prior to the 
setting not only to solubilize but to Speed up the 
final reaction and to produce a Superior product. 
There have been set forth above certain phe 

nols, aldehydes, and alkalies, as being Sgecific 
materials that may be used in the performance 
of the present invention; however, these mate 
rials and others, are the ones generally recognized 
in the art for the making of resins of this gen 
eral type. 
In the prior art, it has been necessary to care 

fully control the temperature, because once the 
viscosity begins to increase sharply, the reaction 
must be stopped if an immediate Conversion to 
the insoluble-infusibie Stage is to be prevented. 
In the present process, the control of the ten 
perature is of far less importance, as the viscosity 
may be reduced by additions of further alkali. 
Another factor entering into reactions of the 

8 
in its own plant, performs a final blending or mixe 
ing oft he resin with other ingredients, Such as 

5 
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type mentioned herein, is that of the moiar ratio 
of the aldehyde to the phenol. The variation is 
largely dependent upon the type of product de 
sired, the particular compounds used, and the 
stability of the product. Applicant has found 

animal blood, fillers, water, etc., to effect the de 
sired glue or bonding material for spreading on 
the veneer sheets prior to the pressing and heat 
ing of the plywood to effect the final setting into 
the insoluble-infusible stage of the resin. 

Herebelow and preceding the examples is a 
general description and discussion thereof. In 
those examples using phenol, Such has a 40 C. 
freezing point about ten parts of the Water are 
used for premixing the phenol. All during the 
initial addition of phenol and aldehyde, and fol 
lowing the first adding of alkali, called the mix 
period, until the initial temperature is raised, 
and during the following heating and additions of 
alkali, called the cook period, the mixture of 
materials is agitated. 
The ratios given are molar ratios of aldehyde 

to caustic to phenol. All viscosities are given in 
poises at 25° C., and Such is indicated by the sym 
bol 'm' (eta). When, as in Example 1, there is 
found the expression “8.9 parts of 50% NaOH, 
5.5-8.8n' the meaning is that the addition of the 
alkali Will give the stated viscosity. If it is stated, 
“Hold 75° C. for 40 min. to 6.00-10.00m, the mean 
ing is that the stated viscosity is controlling, and 
the time may vary, as it is only of secondary in 
portance. When the reaction is indicated as be 
ing carried to insolubility, “to insol.' this is in 
solubility at 25°C. . . . . . . . 

The limits of the molar ratios of the ingredients 
to phanol are: water, zero to 26.1; formaldehyde, 
1 to 3; and sodium hydroxide, 0.22 to 2.5. . As 
above noted, the phenol used in the examples is 
stated as 40° C. freezing-point phenol. his is a 
reduction of the examples to a uniform basis, as 
other freezing-point phenols have been used. In 
all ingredients, the molar value is controlling and 
not the particular concentration or chemical. 
The amount of phenol is given in all examples as 
100 parts by weight. The actual weight used is 
determined by the processing facilities. The 
actual weight will in some measure determine the 
various time periods, due to the time required to 

that progression of the reaction as herein set 
forth enables him to obtain greater variation in 
the aldehyde-phenol ratio than was possible in 
the prior art. 
The theoretical limits for the formaldehyde 

phenol ratio are 1:1 and 3:1. The prior art has 
not been able to obtain a satisfactory resin. With . 
a smaller ratio than 2.5:1. Applicant has found 
that he can obtain a very satisfactory resin 
throughout the range of 1.1 to 3: ... He attributes 
this to the completeness of the reaction, the ex 
tent of the linear chains and cross chains obtain 
able by the present process. In the smaller ra 
tioS every link is important. In the larger ratioS, 
curtailment of the Cannizzaro reaction is impor 
tant. The condensation is promoted in both the 
larger and smaller ratios by the present process. 
The use of, or the presence of, an alkali insures 

the stability of the alkaline resin solution at room 
temperature. This is especially important be 
cause in the industry the preparation of the 
water-soluble stage material is usually performed 
by a separate organization from that which sets 
the resin into its final insoluble-infusible stage. 

ji i 

3. 

70 

This is illustrated by the plywood industry, which - - - - - - - - - - - - - - - 

purchases its resin from outside sources and then, 75tion of initial alkali solution, with constant agital 

go from one temperature level to the next. The 
first Column of the examples gives the parts by 
Weight. The temperatures given are in degrees 
Centrigrade. . 
A Small amount of water, about ten parts, is 

premixed with the phenol to facilitate the han 
dling thereof. When the phenol is in the kettle, 
Water is added from zero to about 26 mols, de 
pending upon the percentage of solids in the final 
resin required, and to give the desired reaction 
Control. With resins of a low total solids, it is 
desirable to add some of the water later in the 
reaction, in fact, the total water may be added 
in Small amounts during the whole of the process. 
The above aqueous solution is maintained be 
tween 15° C. and 40° C. To this solution is added 
the aldehyde. Varying the formaldehyde-phenol 
molar ratio changes the properties of the final 
resin with regard to flow and setting character 
istics. However, all the ratios used permit the 
advancement of the resin into the B-stage and 
then the incipient C-stage, which incipient C 
stage is defined as a charactéristic of the resins 
of this invention. -- - - - 

After the aldehyde has been thoroughly mixed 
With the above constituents, and while the tem 
perature is still maintained between 15° C. and 
40° C., the reaction period is started by the addi 
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tion of the mix. The alkali solutions may be 
Varied from 10% to saturated aqueous solutions, 
or otherwise. The sodium hydroxide added at 
this point or its molecular equivalent in other 
alkalies is used as a catalyst for the reaction of 
the phenol and formaldehyde. The effect of 
varying the amount of catalyst is reflected pri 
marily in the rate of rea, ction. 
The initial alkali expressed as sodium hydrox 

ide should not be over 10% of the total initial 
mix, which is a 2.95 normal alkaline solution. 
Example 8 infra. Show is an initial caustic of 
5.25% and Example 9, infra, 0.7%. As previously 
Stated, throughout the process, the alkali may be 
continuously added. 
When the initial alkali has been added and 

thoroughly mixed in, the mix period is closed and 
the Cook period initiated by raising the tempera 
ture above 40° C. and up to boiling, around 100 
C. The time taken to raise the mix to cook tem 
perature may vary greatly, from five minutes to 
four hours or more, depending upon the size and 
heat transfer ratios of the mix and equipment. 
This cook temporature is determined by the time 
Which may be allowed for this step and by the size 
and type of kettle, or reactor. The temperature 
is, in many cases, brought to the boiling point 
and the materials refluxed, as such speeds the re 
action to the greatest possible extent. The re 
fluxing temperature is broadly from 95° to 105° 
C., depending upon the reaction mix and the size 
and type of reactor vessel. 
The cook is continued at the above temperature 

until the Wiscosity of the mix reaches a pre-deter 
mined value indicating the approach of the end 
point of a Cook for prior art Water-soluble resins. 
When a large mix is involved, it is well to drop 
the temperature before reaching the end-point 
So that the reaction will be slowed and the end 
point not passed over. In certain ratios of form 
aldehyde, caustic, and phenol, the resin advances 
to an alkaline insoluble stage. In such certain 
resins, this insoluble point, instead of Viscosity, 
is used as the determining point for the addition 
of more caustic to maintain Solubility of the resin. 
The reaction is a function of the time-tempera 
ture ratio. 
the solubility or viscosity of the resin when in the 
alkaline solution, which is a function of the ad 
Vancement of the reaction. The Wiscosities stated 
may be Varied over a wide range, depending upon 
the proportion of aldehyde to phenol and the time 
temperature ratio Variations. 
At this Stage, as insolubility, or the C-stage, 

approaches, a furth3r an Ount or announts of 
alkali are added, in order that the reaction may 
be continued and progressed beyond that found 
in the prior art. This further amount of alkali 
Soluoilizes the resi and decieases the Wiscosity. 
The further amount or amounts added in One or 
more steps, are determined by these requirements 
of Solubility and reaction progreSSion. As indi 
cated above, as these further announts of alkali 
are added, it is desirable that the reaction be 
carried on at reduced temperatures to prevent 
over-running of the end point and passing into 
the C-stage. The specific examples given here 
in after, illustrate this technique and give par 
ticular amountS. 
The final viscosity may vary from 0.5 to 200m 

This value is more or less arbitrary, depending 
upon the type of product, desired. In all cases, 
when the desired viscosity is obtained, the mix 
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The important controlling point is 
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is cooled to below 40 C. to stop the reaction. 
While above, stepwise additions of caustic were 
used, equivalent results may be obtained by add 
ing the solubilizing alkali continuously during 
the reaction or in a varying number of steps 
from two to infinity. 

In all final mixtures, the pH should be between 
9.5 and i40, so that they will have a good storage 
life. 

Example 1 

Phenol -------------------------------- 100 
Water --------------------------------- 936 
37% formaldehyde ---------------------- 1775 
50% NaOH---------------------------- - 37.9 
Mix and bring to 100° C. in 100 minutes 
Reflux to 0.50, cool to 72° C. in 140 minutes 
32-36 

50% NaOH, 5.5-8.8--------------------- 8.9 
Hold 75° C. for 40 minutes to 6.0-10:00 - 
50% NaOH, 2.75-3.00m------------------- 9.3 
Hold at 80° C. for 60 minutes 
Cool below 40°C., 4.30-5.00n 

Final: 4.3-5.00m, pH 12.68, 42% solids. Ratio: 
2.04:0.79:1.O. 

Example 2 

Phenol --------------------------------- 00 
Water ----------------------------... - was 109 
37% formaldehyde ----------------------- 147 
50% NaOH------------www-ass a was or w w w a wo s or - - - 18.5 

Mix and bring to 100° C. in 100 minutes 
Reflux for 290 minutes, 27.00 
50% NaOH------------------------------ 25.9 
Cool to 60° C. in 50 minutes, 6.50 
50% NaOH------------------------------ 
Cool to below 40° C., 3.00m 

Final: 3,00m, pH 10.50, 42% solids. Ratio: 
O:0.6:1. 

Example 3 

U. S. P. Cresol--------------------------- OO 
Water --------------a area ursa a re-- - - - - - - - - - - - - 813 

37% formaldehyde----------------------- 14.2.2 
50% NaOH------------------------------ 33.0 
Mix and bring to 85°C. in 100 minutes 
Hold for 80 minutes, 10.00m 
Cool to 65 C. 
Hold for 67 minutes, 46.00n 
50% NaOH----------------------------- 7.9 
Hold at 65° C. for 13 minutes, 10.70, 
50% NaOH ----------------------a a a - 16 
Raise to 80° C. and hold for 86 minutes, 3.30, 
Cool below 40° C. 

Final: 3.30, pH 13.02, 42% solids. Ratio: 1.9: 
0.79:1.0. . 

Example 4 ... . 

Petroleum cresylic ---------------------- 100 
Water --------------------------------- 83 
37% formaldehyde ---------------------- 42.2 
50% NaOH ----------------------------- 33.0 
Mix and bring to 61C. in 100 minutes and hold 
to 0.50n 

Cool to 58° C. in 80 min, 5.0 . . 
50% NaOH, 2.70 ---------------- - - - - a 7.9 
Cook at 58° C. for 27 minutes, 5.00 
50% NaOH, 2.60 ---------------------- 176 
Cook at 60° C. for 12 minutes 
Cool below 40° C., 3.70. 

Final: 3.70m, pH 12.72, 42% solids. Ratio: 1.9: 
0.79:1.0, 
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Example 5 
Phenol--------------------------------- 100 
Water --------------------------------- 350.9 
Furfural ------------------------------- 193.9 
50% NaOH----------------------------- 37.9 
Mix and bring to 98° C. in 100 minutes 
50% NaOH ------------------------- ---- 9.0 
Reflux for 5 minutes to insolubility 
50% NaOH----------------------------- 6.8 
Reflux for 87 minutes to insolubility 
50% NaOH----------------------------- 2. 
Reflux for 13 minutes to insolubility 
50% NaOH...--------------------------- 2.9 
Cool to 90° C. in 56 minutes to insolubility 
50% NaOH, cool below 40° C., 3.10--- 8.5 

Final: 3.10m, pH. 11.70, 42% solids. Ratio: 
:19:0.79:10. ... m 

a Example 6 

Phenol-------------------------------- 100 2 
Water --------------------------------- 228.2 
Acetaldehyde --------------------------- ... 89 
50% NaOH----------------------------- 37.9 
Mix and bring to 100° C. in 100 minutes 

- Refux - - - - - - - - - - . . . . . ... 

50% NaOH added in Small increments duri 
ing reflux, insolubility control --------- 3.6 

Total reflux time, 905 minutes 
Cool below 40° C. - - - - - - - - - . . . . . . . . 

3. Final: 42%, Solids. Ratio: 19:1.33:10. 

... - - - - ... Example 7 - - - 
Phenol -------------------------------- 100 
Water --------------------------------- 364.3 
Benzaldehyde --------------------------. 214.3 
50% NaOH---------------------------- 37.9 
Mix and bring to 100° C. in 100 minutes 
Refx. 
50% NaOH added in Small increments dur 
ing reflux, insolubility control.-------- 178.6 

Total reflux time, 1,120 minutes 
COO below 40° C. 

Final: 60%. Solids. Ratio: 1.9:2.55:1.0. 

Example 8 
Phenol --------------------------------- OO 
Water --------------------------------- 189 
Formaldehyde -------------------------- 216 
50% NaOH.----------------- ------------ 59.3 
Mix and bring to 100° C. in 100 minutes 
Reflux for 140 minutes, 148 
Cool to 75° C. in 20 minutes 
50% NaOH ---------------------------- 149.0 
Hold 75° C. for 30 minutes 
Cool below 40° C., 63r 

Final: 63n, pH 12.30, 37% solids. Ratio: 2.50: 
2.45:1.0. 

Example 9 
Phenol --------------------------------- 100 
Water --------------------------------- 31. 
Formaldehyde -------------------------- 108 
50% NaOH.---------------------------- 5.2 
Mix and bring to 100° C. in 90 minutes 
Reflux for 70 minutes to insolubility 
50% NaOH----------------------------- 4.0 
Reflux for 30 minutes to insolubility - 
50% NaOH------------------- - - - - - - - - - 4.0 
Cool to 90° C. 
Hold for 30 minutes to insolubility 
50% NaOH------------------a less was a - - - - - 5.6 

Cool to 75° C. 
Hold for 30 minutes . 
Cool to 40°C. 475-5.00 

Final: 4.75-5.00m, pH 10.25, 38% solids. Ratio: 
1.25:0.22:10. 

() 
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Example 10 

-Phenol -------------------------------- OO 
Water --------------------------------- 106.3 
37% formaldehyde----------- - - - - - - - - - - - 172.2 

50% NaOH---------------------------- 40.25 
Mix and bring to 95 C. in 120 minutes 
Refux for 100 minutes Y 
Cool to 60° C., 1.48 . 
50% NaOH---------------------------- 9.53 
Cool below 40° C., 46.3 - 

Final: 46.3m, pH 10.5, 42% solids. Ratio: 
2.00: 0.585:10. . . . . . . . . . 

Example 1, above, will be given hereinbelow in 
more detail for an easier understanding of this 
and the other examples. The details of this and 
the other examples are details which on the 
Whole are not given in the general discussion 
above of all the examples. 
In Example 1, the phenol is premixed with 11 

parts of water to facilitate handling and is 
placed in an agitated, jacketed reaction kettle. 
All during the addition of the reagents and dur 
ing the reaction the materials are agitated. In 
this example 82.6 parts of water is the preferred 
amount added at this point. To the above 
aqueous solution, which is maintained, preferably 
at 20° C., aqueous commercial, or C. P. 37% 
formaldehyde solution, which may contain up to 
15% methanol, is added. The amount is 177.5 parts or 2.04 mols of formaldehyde, to one mol 
Of phenol. . . . 

After the formaldehyde has been thoroughly 
mixed with the above constituents and while the 
temperature is still maintained at 20° C., a 50% 
aqueous Sodium hydroxide solution is added. 
The 50% concentration is used because of its 
availability and ease of handling. For this ex 
ample, the 50% caustic solution is 37.9 parts, 
Which is a ratio of 0.44 mol of the caustic per 
mol of phenol. s . . 

After the caustic is added, the reaction mix 
ture is heated with constant agitation to a point 
where the mixture begins to boil and is refluxed. 
The time taken to raise the reaction mixture to 
the boiling temperature is from 80 to 120 min 
utes for this example. 
The reaction mix is refluxed until the alkaline 

Solution has reached a predetermined viscosity 
of 0.50m. This viscosity can be varied, depend 
ing upon the composition of the reaction mix 
ture and the properties of the desired resin. In 

- this example, the reaction is then gradually 

55 

O 

is 

cooled to 70° to 73° C. Over a period of from 60 
to 140 minutes and held until a preferred vis 
cosity of 32 to 63m is obtained, with a maximum 
variation between 22 and 100 poises, 
At this point the neutralized resin is in the 

B-stage and is from 85% to 90% water insoluble. 
The time and temperatures stated here are pre 
ferred for this example, but longer times may 
be used at temperatures as IOW as 40 C. and 
shorter times at temperatures as high as 100 C. 
At this stage, which is the normal end-point 

'for water soluble resins of the prior art, 8.9 parts 
of 50% aqueous caustic solution or its equiva 
lent in other alkalies is added in Order that the 
reaction may be continued. This caustic addi 

7 

75 

tion Solubilizes the resin in the alkaline Solution 
and decreases the viscosity to give 5.5 to 8.8 
poises, The amount of caustic added at this 
stage varies from the stated amount, as the for 
maldehyde-phenol ratio and the time-tempera 
ture ratio varies. The quantity of caustic re 
quired is determined by the amount necessary 
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to solubilize the reaction products. Without this 
caustic addition, continuation of the heating of 
the resin will advance it quickly into the C-stage. 
The reaction is continued at 70° to 80° C. for 40 
minutes or the equivalent time-temperature 
ratio, to obtain a viscosity of 6 to 10m and a neu 
tralized resin which is 87.5 to 92.5% water in 
soluble but will still flow under pressure. 
At this stage, 19.3 parts of 50% caustic are 

added to reduce the viscosity of the reaction mix 
from 6 to 10 poises to 2.75 to 3.00 poises. Broad 
ly, this caustic may again vary from this stated 
amount depending upon the original ratio of the 
reacting constituents and the time-temperature 
ratio employed in the reaction. In all cases, the 
amount required is determined by the desired 
reduction in viscosity or increase in Solubility. 
The specific reaction is continued at 75° to 85° 

C. until a final preferred viscosity of 4.3 to 5.9m is 
reached. The final pH is 2.60 to 12.80. 

In actual usage, and particulariy in Inaking 
plywood, there are five variable factors used in 
the evaluation of a phenolic cesin adhesive. These 
factors are cured rate, adhesion of the cured 
product, assembly time, storage life, and Spread 
ability. Waterproofness is not a variable fac 
tor. 
The resins of all the examples give adhesives 

with nearly perfect adhesion. The resins of EX 
amples 1 and 8 are very satisfactory when. So 
evaluated. They have a fast curing time in the 
press, perfect adhesion, and long Storage life. 
The spreadability is good, and the assembly time 
is rather short. These two examples illustrate 
the wide variation in caustic that may be had 
and yet the resins have similar use characteris 
tics. 

Generally, a reduction in storage life means a 
faster setting resin. This is true of Examples 
6, 7, and 10. Also, these three examples show 
wide variations in caustic. 
Examples 3, 4, 5, 6, and illustrate to some 

extent the wide variety of ingredients that may 
be used in the practice of the present invention. 
Examples 8 and 9 illustrate the Wide variation 

in the molar ratio of aldehyde that may take 
place under the present invention. These two 
examples further illustrate the wide variation in 
caustic that may be used. Generally, more caus 
tic is used with an increase in the aldehyde, but 
this is not necessarily true, as the various exam 
ples indicate. 
The evaluation of Example 2 is not quite the 

same as Example 1. The curing rate of Exam 
ple 2 is slower, but the assembly tine is longer. 
The other factors are similar to Example 1. Ex 
amples 1, 2, 3, 4, 5, and iO give good general 
usage adhesives. The other examples indicate 
the extent of variation in ingredients that may 
be had and still obtain a desirable resin. In many 
instances such variations find particular applica 
tion, such as impregnators and for uses requiring 
fast setting. 
As a binder for plywood, 500 parts of the liquid 

resin is mixed with 100 parts of watei' and 80 . 
parts of walnut shell flour until a smooth lump 
free, uniform mix is obtained. This extended 
resin is spread by the use of a mechanical Spread 
er on both sides of a s' fir veneer core at the 
rate of 60 lbs. per 1000 sq. ft. of core. The core 7 
is faced with /6' fir veneer faces. The entire 
assembly is then placed in a hot press where it 
is pressed at 200 lbs. per Sq. in. and at 143.5° 
C. for 3.5 minutes. These panels when tested in 
accordance...with the present U. S. Department 

5. 
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14 
of Commerce specification for Douglas fir ply 
wood, CS 45-45, tested a minimum of 90% Wood 
failure instead of the required 60%. 
In the prior art it has not been possible to use 

water soluble phenolic compounds to improve the 
fiber in soft-boards, hard-boards, or WebS, so that 
such products are stronger, Smoother, more wa 
terproof, or harder. This failure of the prior art 
to use water soluble phenolic compounds for fiber 
and board improvement has been due to a lack of 
resin retention by the fibers and the inability of 
the prior art resins to advance to the insoluble 
stage under operating conditions. Applicant's 
resins obviate these prior art defects and are 
usable for fiber board and web improvement be 
cause they are advanced to the incipient C-Stage, 
further than the rior art resins. This allows 
them to be almost completely precipitated and 
35% to 90% of the resin added to the slurry is re 
tained on and in the fibers and the resin is set to 
the C-stage under operating conditions possible 
in board and paper manufacturing plants. 
In the use of the present resin in fiber improve 

Inent, the herein set forth water soluble phenol 
aldehyde resin is added to and evenly dispersed 
in the fiber Silurry or Web and the resin is acidified 
to a pH of about 6.0 to 4.8 to precipitate the resin 
on and in the fibers. The fiber, board, or web has 
excess water removed, usually by suction and the 
fibers are heated to set the resin to the final in 
soluble stage. In the ease of "various fiber boards, 
this heating may take place in a press or drying 
gyen. In paper making, this heating may be done 
on the calendering rolls. 
In the making of pulp and paper board, and 

the use therein of any resin, there is formed a 
slurry of Water and Waste Wood broken down un 
dier various mechanical or semi-chemical means 
or methods in which the fibers are individually 
separated. The pH of this slurry is adjusted to 
approximately 7 and the resin added thereto in 
arounts from iO to 50% of the dry weight of the 
pulp. This slurry is then agitated until a uniform 
resin fiber dispersion is obtained. 
After obtaining a uniform dispersion of the 

resin in the fiber slurry, the resin is precipitated 
on and in the fiber by reducing the pH of the 
slurry to 4.5 plus or minus about 1. Acetic acid, 
hydrochloric acid, sulfuric acid, alum, or other 
acid or acid Salt may be used to obtain this re 
duction in pH, the criteria, being that of an acid 
or acid salt capable of obtaining this desired re 
duction in pH. 
The fiber slurry containing the precipitated 

resin is then formed Gin a Screen and the excess 
water removed by Suction. This water may be 
returned and reused in the process. The pulp 
naaSS is then pressed and dried in the manner 
OW common in the formation of pulp board and 

paper board. Insofar as possible, without detri 
ment to the fibers, it is desirable that the tem 
perature be raised high enough and maintained 
high long enough to permanently set the resin 
into the C-stage. 
By using the highly condensed resin of my in 

vention, a high resin retention of at least 85% 
to 95% on the fiber is obtained by acid precipita 
tion. This precipitated resin is then converted 
to an infusible, water-insoluble, solvent-resistant 
compound under heat, or heat and pressure. 
In the making of paper, the resins of the pres 

ent invention may be used with a resulting in 
provement in many of the physical characteris 
tics of the finished product. In the practice of 

75 the present invention in paper-making, frem 0.5 
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to 50% resin, based on the dry weight of the 
paper pulp, is added to the paper slurry prior to 
the sheet formation, preferably in the beater 
chest. The paper, resin, and slurry mixture is 
then thoroughly agitated and is acidified by the 
addition of the same or similar acids or acid Sats 
mentioned in connection with the processing of 
paper board above, to a pH of approx. 6 to 4. 
The acidified paper slurry is diluted to the de 
sired concentration, usually about 0.3%, by weight 
of pulp, and the paper sheet is then formed in 
the conventional manner of passing the paper 
slurry upon a screen and removing the excess 
Water by Suction, and then carrying the formed 
sheet over a series of heated rolls. These heated 
rolls dry and calender the paper and will. Set the 
resin to the final C-stage. . 
... By the use of a highly advanced phenol alde 
hyde resin of my invention, and its acid precip 
itation on and in the fibers of the paper, 85% to 
90% of the resin added to the paper slurry is re 
tained in the finished web. - 
The resins of my invention may also be used 

to impregnate a web or sheet of paper, cloth, or 
other fibrous material already formed. Previously 
formed web may be impregnated, either by a 
batch process or by a continuous operation along 
the sheet or web. 

In the continuous process of impregnating a 
fibrous sheet, or Web of material, the material to 
be impregnated is run through an aqueous solu 
tion of the resin in a concentration dependent 
upon the percent of resin desired in the finished 
sheet. After the fibrous material has been con 
pletely saturated, it is run from the resin bath 
through a set of squeegee rolls or doctor blades 
to remove excess resin solution. The web is then 
run through an acidifying bath adjusted to a pH 
of approximately 4.5 plus or minus 1. This acid 
bath may contain any of the acids previously 
mentioned for acidifying and precipitating the 
resin on and in fibrous material. When the sheet 
is run through the acidifying bath, the resin is 
deposited in situ on and in the fibers of the Web. 
As the Web leaves the acidifying bath it is doc 
tored to remove excess acid. The web is then 
passed over and between heat and pressure rolls 
to set the resin and obtain the desired finish for 
the Web. 

If it is desired, a web may be impregnated with 
the resins of my present invention by a batch 
treatment. In such treatment, the Web is placed 
in a solution of resin which solution is at a con 
centration depending upon the amount of resin 
desired in the finished web. When the web has 
been thoroughly impregnated with the resin by 
nechanical agitation or other desirable means, 
the batch is acidified by adding acid of the na 
ture previously disclosed above to precipitate the 
resin in and on the fibers of the web. After pre 
cipitation of the resin in the fib3rs of the web, 
the sheet or web is removed from the batch and 
then treated with heat and pressure to Set the 
resin and obtain the desired finish for the web. 

In the in pregnating of previously formed 
fibrous webs, as contrasted to the treatment of 
loose fibers in a slurry, it is not as necessary to 
precipitate the resin on the fibers by an acid 
streatment as it is when the fibers are loose in a 
slurry. For this reason, the impregnated web 
may be taken directly from the impregnating 
Solution and passed over heating and pressure 
rolls to set the resin. However, such a treatment 
does not give as good impregnation and bonding 
of the resin to the fiber. 
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16 a 
The herein method of producing a thermoe 

setting phenol-aldehyde condensation product 
comprising forming a water soluble phenol 
aldehyde condensation product, and reacting the 
latter until the condensation product advances 
to a stage where it becomes insoluble in an 
aqueous alkaline solution and then resolubilizing 
the insoluble resin in its aqueous alkaline solu 
tion by adding thereto an alkaline medium, 
is claimed in copending application Serial No. 
58,373, filed November 4, 1948. 
The herein described method of forming a cel, 

lulose fiber product bonded with an insoluble. 
infusible phenol-aldehyde resin is claimed in co 
pending application Serial No. 58,372, filed No 
vember 4, 1948. 

Having thus described my invention, I. claim: 
1. The process of producing a thermosetting 

phenol-aldehyde resin condensation product com 
prising forming an aqueous mixture of a phenol 
Selected from the group consisting of phenol, cre 
Sol, aid xylenoi, resorcinol, an aldehyde in 
which the aldehyde group is the sole reactive 
group, and an inorganic alkaline catalyst acceler 
ating the formation of the resin reaction-product 
on heating, said catalyst expressed as sodium hy 
droxide being present in an amount equivalent to 
not over 10% of the total mix constituents, the 
molar ratio of the aldehyde to the phenol varying 
from 1:1 to 3:1, heat-reacting said mix and pro 
ducing a water-Soluble phenol-aldehyde reaction 
product, the viscosity of the latter increasing 
during this initial reaction period and being in 
dicative of the advancement of the water-soluble 
reaction-product towards a stage where the wa 
ter-Soluble state terminates, said aldehyde retain. 
ing its activity during the formation of the wa 
ter-soluble phenol-aldehyde reaction-product, re 
ducing the Wiscosity of the water-soluble reac 
tion-product and its tendency to progress to a 
water-insoluble reaction-product by adding 
thereto an alkali metal hydroacide, additional 
inorganic alkaline material, and further 
condensing heating the water-soluble resin to 

a stage where an aqueous solution of the mass 
shows a precipitate upon the addition of ethanol, 
said condensation reaction-product remaining 
water-soluble, said alkali metal hydroacide al 
kaline material increasing the pH of the finally 
condensed product to between 9.5 and 14 inclu 
SW6 

2. The process of producing a thermosetting 
phenol-aldehyde resin condensation product con 
prising forming an aqueous mixture of a phenol 
selected from the group consisting of phenol, 
cresol, and xylenol, and resorcinol, an aldehyde 
in which the aldehyde group is the Sole reactive 
group, and an inorganic alkaline catalyst act 
celerating the formation of the resin reaction 
product on heat, said catalyst being present in 
an amount equivalent to not over 10% of the 
total mix constituents expressed as sodium hy 
droxide, the molar ratio of the aldehyde to the 
phenol varying from 1:1 to 3:1, heat-reacting 
said mix and producing a water-soluble phenol 
aldehyde reaction-product, the viscosity of the 
latter increasing during this initial reaction 
period and being indicative of the advancement 
of the water-soluble reaction-product towards a 
stage where the water-soluble state terminates, 
said aldehyde retaining its activity during the 

- formation of the water-soluble phenol-aldehyde, 
alternately adding to said initial resin condensa 
tion product a further amount of an inors 
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ganic alkaline material metal hydroacide and 
then after each addition of the alkaline ma 
terial metal hydroaide heating - condensing 
the so alkaline-treated resin reaction-product, 
each time the alkali metal hydroacide alkaline 
material is added there being a reduction of the 
viscosity of the water-soluble resin reaction 
product and the tendency of the water-soluble 
reaction-product to progress towards a water 

5 

insoluble stage thereby permitting a further con- 10 
densation of the resin reaction mass without con 
version of the resin reaction mass to a Water 
insoluble state, said additions of alkali being ter 
minated while the resin reaction-product is in a 
Water-soluble stage, the aqueous solution of the 
water-soluble resin reaction-product showing a 
precipitate upon the addition of ethanol, said 
alkaline material metal hydroacide increasing 
the pH of the finally condensed product to-be 
tween 9.5 and 14 inclusive. 

3. The process of producing a thermosetting 
phenol-aldehyde-resin condensation product con 
prising forming an aqueous mixture of phenol, 
an aldehyde in which the aldehyde group is the 
sole reactive group, and an inorganic alkaline 
catalyst accelerating the formation of the resin 
reaction-product on heating, said catalyst being 
present in an amount equivalent to not over 10% 
of the total mix constituents expressed as so 
dium hydroxide, the molar ratio of the alde 
hyde to the phenol varying from 1:1 to 3:1, heat 
reacting said mix and producing a Water-soluble 
phenol-aldehyde reaction, product, the viscosity 
of the latter increasing during this initial reac 
tion period and being indicative of the advance 
ment of the Water-soluble reaction-product 
towards a stage where the water-soluble Stage 
terminates, said aldehyde retaining its activity 
during the formation of the water-soluble phenol 
aldehyde reaction-product, reducing the Viscosity 
of the Water-soluble reaction-product and its 
tendency to progress to a water-insoluble reac 
tion-product by adding thereto additional 
an inorganic alkaline material metal hy 
drocide and further heating. Econdensing the 
Water-soluble resin to a stage where an aqueous 
solution of the mass shows a precipitate upon the 
addition of ethanol, said alkaline material 
metal hydroacide increasing the pH of the finally 
condensed product to between 9.5 and 14 inclusive. 

4. The process of producing. a thermosetting 
phenolaldehyde resin condensation product con 
prising forming an aqueous mixture of phenol, 
an aldehyde in which the aldehyde group is the 
sole reactive group, and an inorganic alkaline 
catalyst accelerating the formation of the resin 
reaction-product on heating, said catalyst being 
present in an amount equivalent to not Over 10% 
of the total mix constituents eXpressed as SO 
dium hydroxide, the molar ratio of the aldehyde 
to the phenol varying from 1:1 to 3:1, heat re 
acting said mix and producing a Water Soluble 
phenol-aldehyde reaction-product, the Viscosity 
of the latter increasing during this initial reac 
tion period and being indicative of the advance 
ment of the water-soluble reaction-product 
towards a stage where the water-soluble state 
terminates, said aldehyde retaining its activity 
during the formation of the water-soluble phenol 
aldehyde reaction-product alternately adding to 
said initial resin condensation product a further 
amount of an inorganic alkaline material 
metal hydroacide and then aftsr each addition of 
the alkaline material metal hydroacide heating 
condensing the So alkaline treated resin re 
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action-product, each time the alkaline material 
metal hydroacide is added there being a reduction of 
the viscosity of the water-soluble resin reaction 
product and a tendency of the water-soluble resin 
reaction-product to progress towards a water 
insoluble stage thereby permitting a further con 
densation of the resin reaction mass without con 
version of the resin reaction mass to a water-in 
soluble state, said additions of alkali being ter 
minated while the resin reaction-product is in 
a Water-soluble stage, the aqueous Solution of 
the water-soluble resin reaction product show 
ing a precipitate upon the addition of ethanol, 
said alkaline material metal hydroacide increas 
ing the pH of the finally condensed product to 
between 9.5 and 14 inclusive. 

5. The method of clairn 1 in which the alde 
hyde is formaldehyde. 

6. The product of the method of claim 5. 
7. The method of claim 2 in which the alde 

hyde is formaldehyde; 
8. The product of the method of claim. 7. 
9. The method of claiml. 1 in which the al 

kaine material metal hydroacide is a caustic 
alkali. 

10. The method of cairn 2 in which the al 
kaline naterial metal hydroacide is a caustic 
alkali. 

1. The method of claim 4 in which the al 
kaline material retail higjdroaide is a caustic 
alkali M 

12. The product. of the method of claim. 1. 
13. The method of claim. 3 in which the alde 

5 hyde is formaldehyde. 
14, The method. Of claim 4 in which the alde 

hyde is formaldehyde. 
15. The process of producing a thermosetting 

phenol-aldehyde resin condensation product con 
prising forming an aqueous miacture of phenol, 
an aldehyde in ushief the aldehyde group is the 
sole reactive, group, and an inorganic alkaline 
catalyst accelerating the formation of the resin. 
reaction-product on heating, said catalyst being 
present in an amount equivalent to not over 10% 
of the total mia constituents eacpressed as sodium. 
hydroacide, the molar ratio of the aldehyde to the 
phenol drying from 1 it to 31, heat-reacting 
said miac and producing a water soluble phenol 
aldehyde reaction-product, the viscosity of the 
latter increasing during this initial reaction 
period and being indicative of the advancement 
of the water-soluble reaction-product towards a 
Stage Dhere the Dater-soluble State terminates, 
said aldehyde retaining its activity during the 
formation of the water-Soluble phenol-caldehyde 
reaction-product, alternately adding to said ini 
tic resin, Condensation-product an alkali metal 
hydroacide and then, after each addition of the 
alkali metal hydrocide, feating the SO-treated 
resin reaction-product, each time the alkali 
metal hydroacide is added there being a reduc 
tion of the viscosity of the water-soluble resin. 
reaction-product and a tendency of the Uater 
soluble resin reaction-product to progress to Dards 
a water-insoluble stage thereby permitting a 
further condensation of the resin reaction mass 
without conversion of the resin reaction mass 
to a water-insoluttle State, Said additions Of 
dicotti being terminated while the resin reaction 
product is in a later-soluble stage, tite aqueCats 
solution of the water-soluble resin reaction prod 
act shouling a precipitate upon the Oddition. Of 
ethanol, said alkali metal hydroaide increasing 
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the pH of the finally condensed product to be 
tubeen 9.5 and 14 inclusive. 

16. The process of producing a thermosetting 
phenol-aldehyde resin condensation product com 
prising forming an aqueous miacture of phenol 
selected from the group consisting of phenol, 
cresol, and acylenol, an aldehyde in Dhich the 
aldehyde group is the sole reactive group, and 
an in organic alkaline catalyst accelerating the 
formation of the resin reaction-product on heat 
ing, said catalyst being present in an amount 
equivalent to not over 10% of the total mic con 
stituents eacpressed as sodium hydrocide, the 
molar ratio of the aldehyde to the phenol argy 
ing from 1:1 to 3:1, heat-reacting said miac until 
there is a sharp rise in the viscosity of the water 
soluble reaction-product, adding a further 
amount of an alkali metal hydroacide to reduce 
the viscosity, then heating until the viscosity of 
the later-Soluble resin reaction-product begins 
to rapidly rise, repeating said steps of adding an 
alkali metal hydroacide and heating, terminating 
said additions of alkali metal hydroacide and 
heating uphile the resin reaction-product is in 
a Dater soluble Stage and Dhile the aqueous so 
tution of the water soluble reaction product shou's 
a precipitate upon the addition of ethanol, said 
alkaline material increasing the pH of the finally 
condensed product to between 9.5 and 14 inclu 
site. 

17. The process of producing a thermosetting 
phenol-aldehyde resin condensation product com 
prising forming an aqueous miacture of phenol, 
an aldehyde in which the aldehyde group is the 
sole reactive group, and an in Organic alkaline 
catalyst accelerating the formation of the resin 
reaction-product on heating, said catalyst being 
present in an annount equivalent to not over 10% 
of the total miac constituents eacpressed as sodium. 
hydroacide, the molar ratio of the aldehyde to 
the phenol varying from 1:1 to 3:1, heat-react 
ing said miac until there is a sharp rise in the 
viscosity of the water-soluble reaction-product, 
adding a further amount of an alkali metal hy 
droacide to reduce the viscosity, then heating until 
the piscosity of the 2Dater soluble phenol-alde 
hyde reaction product begins to rapidly rise, re 
peating said steps of adding an alkali metal hy 
droacide and heating, terminating said additions 
of alkali metal hydroacide and heating uphile the 
resin reaction-product is in a toter soluble stage 
and while the aqueous solution of the water Solut 
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ble reaction product shows a precipitate upO? 
the addition of ethanol, said alkaline material 
increasing the pH of the finally condensed prod 
Ect to between 9.5 and 14 inclusive, 
18. The process of producing a thermosetting 

phenol-aldehyde resin condensation product com 
prising forming an aqueous miacture of a phenol 
selected from the group consisting of phenol, 
cresol, and acylenol, an aldehyde in which the 
aldehyde group is the sole reactive group, and an 
inorganic alkaline catalyst accelerating the for 
nation of the resin reaction-product on heat 
ing, said catalyst eacpressed as sodium hydroacide 
being present in an amount equivalent to not 
over 10% of the total mia constituents, the molar 
ratio of the aldehyde to the phenol arging from 
1:1 to 3:1, heat-reacting said mic and produc 
ing a water-soluble phenol-aldehyde reaction 
product, continuing heat-reacting the reaction 
mass until the viscosity thereof approaches but 
does not attain the later insoluble stage, reduc 
ing the viscosity of the resulting water soluble 
reaction mass and its tendency to progress 
towards a water in Soluble reaction product by 
adding an alkali metal hydroacide, and further 
heating the later soluble resin, to a stage where 
an aqueous solution of the reaction mass shows 
a precipitate upon the addition of ethanol, said 
condensation reaction product remaining water 
soluble, said alkali hydroacide increasing the pH 
of the finally condensed product to between 9.5 
and 14 inclusive. 

DONALD W. REDEERN. 
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