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UNITED STATES PATENT OFFICE 
2,657,132 

MANUFACTURING WET STRENGTH PAPER 
CONTAINING CATIONC UREAFORMAL 
DEHYDE RESIN 

John H. Daniel, Jr., Stamford, Chester G. Landes, 
New Canaan, and Tzeng Jiueq Suen, Stamford, 
Conn., assignors to American Cyanamid Com 
pany, New York, N.Y., a corporation of Maine 
Application March 5, 1947, Serial No. 732,648 

(C. 92-2) Claims. 

This invention relates to the manufacture of 
resin-treated cellulosic fibers and fibrous ma 
terials prepared therefron, and is directed par 
ticularly to a method for improving the wet 
strength of felted fibrous cellulosic materials such 
as paper, board, shaped paper articles and the 
like. The invention includes the improved cellu 
losic fibers and fibrous products themselves as 
Well as methods of preparing these products from 
aqueous suspensions of fibrous cellulosic mate 
rials Such as paper pulp. 

It has been known for sometime that the Wet 
tensile strength and the bursting strength of 
paper can be increased by soaking the formed 
paper in strong Solutions of urea-formaldehyde 
resin, followed by heating the paper to evaporate 
the Water and cure the resin. In some paper 
mills the urea-formaldehyde resin solution has 
been applied by Spraying the solution onto a mov 
ing Web of paper, followed by passing the paper 
Over or between heated drying rolls. However, 
experience has shown that the impregnation of a 
formed sheet of paper with a resin solution, foll 
lowed by curing the resin causes brittleness in 
the paper with a corresponding reduction in its 
folding endurance. Moreover, the evaporation of 
the additional Water introduced with the resin 
requires a second heating of the paper if it has 
first been dried, or, if the paper is impregnated 
While it is still wet, a material reduction in the 
Speed of the drying drums. Despite these objec 
tions, however, the so-called “tub' treatment of 
preformed paper with relatively concentrated 
aqueous Solutionas of synthetic resins is still used 
in Some paper mills for Special purposes, and the : 
thermo-Setting resins hereinafter described may 
be applied by this method within the broader 
Scope of the present invention if desired. 
In order to avoid the difficulties inherent in 

tub treatment, more recent practice in most pa 
per mills manufacturing wet strength paper has 
been to apply a melamine-aldehyde resin of a 
Special type, known as colloidal cationic mela 
nine-aldehyde resin. The discovery that this 
type of resin possesses substantive properties for 
paper stock, and can be applied to dilute paper 
pulp Suspensions in Small quantities with a high 
degree of retention and excellent wet strength in 
the finished paper, was made jointly with Charles 
S. Maxwell by one of the present applicants. The 
details of this method of producing wet strength 
paper are described in an article in the August 
9, 1945, issue of the Paper Trade Journal. Brief 
ly, inelamine-formaldehyde resin is dissolved in 
a Water solution of hydrochloric acid or another 
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strong acid other than sulfuric acid to form a 
solution containing about 0.8 mol of acid for 
each mol of melamine and the solution is aged, 
whereby polymerization takes place and a blue 
haze develops, indicating the presence of resin 
particles in the colloidal raage. This colloidal 
solution is added to the water suspension of pa 
per stock in the beater, stock-chest, Jordan -en 
gine, head box or at any other suitable point 
ahead of the papermaking wire or screen. The 
stock is then formed into paper by the usual pro 
cedure and carried-over steam-heated drying rolls 
which dry the paper and cure the resin to a Water 
insoluble condition, 

It is a principal object of the present invention 
to provide papermaking fibers and paper impreg 
nated with a thermosetting urea-formaldehyde 
resin capable of imparting wet strength thereto, 
which resin can be applied to the Water Suspen 
Sion of hydrated paper stock in the beater, stock 
chest, head box or at any other suitable point 
ahead of the paper-forming step, as is now done 
with the colloidal cationic melamine-aldehyde 
resin described above, Certain practical advan 
tages are obtained by applying urea-formalde 
hyde resins instead of melanine-formaldehyde 
resin, notably the problem of broke recovery is 
greatly simplified when a urea-aldehyde resin is 
used. Moreover, urea-formaldehyde resins are 
at present considerably cheaper than are the 
melamine-aldehyde resins; therefore, the process 
of the present invention provides a feasible 
means of producing wet strength paper by the 
So-called beater addition process at a reduced 
raw material cost. 
We have found that the above and other ob 

jects are accomplished by applying to fibrous 
cellulosic material. Such as paper pulp an uncured 
thermosetting cationic urea-formaldehyde resin. 
We have found that the resins of this class are 
Substantive to fibers of cellulosic material such 
as paper pulp in aqueous Suspension; i.e., the 
resin is selectively adsorbed or absorbed by the 
cellulose fibers from a dilute aqueous solution or 
dispersion thereof containing these fibers in 
amounts much greater than those corresponding 
to the concentration of resin in the solution or 
to what would be contained in the water nor 
nally left in the sheet after forming. The im 
portance of this discovery is evident, for it per 
Inits the application to cellulosic fibers of suffi 
cient quantities of a thermosetting urea-formal 
dehyde resin capable of imparting wet strength 
While the fibers are in dilute aqueous suspensions 
of the consistency used in paper mills, which is 
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about 6.1-6% or, in special processes, at higher 
23insistencies. 
The cationic urea-formaldehyde resins which 

are applied to paper or paper stock by the process 
of our invention are prepared by condensing a 
u:rearformaldehyde reaction product under acid 
conditions, and preferably at pH values below 
4.0-4.5, in the presence of a cationic nitrogen 
containing organic compound that is capable of 
condensing with the resin. The preferred cationic 
Organic nitrogen compounds which are capable 
of condensing with dimethylolu rea, or other urea 
formaldehyde reaction products are water-Solu 
ble polyfunctional organic nitrogen bases; i. e., 
compounds having the ability to copolymerize 
With urea-formaldehyde, under acid conditions. 
typical examples of Such polyfunctional organic 
bases are the alkylenepolyamines of the formula 
E2N(CnH2n.HN) Hin which ac is one or more such 
as ethylenediamine and 1,3-propylenediamine 
and polyalkylenepolyamines such as diethylene 
triamine, triethylenetetramine, tetraethylene 
pentamine, the corresponding polypropylene 
polyamines and polybutylenepolyamines, also 
condensation products of alkylenepolyamines 
(such as the above) With halohydrins such as 
alpha-dichlorhydrin, epichlorhydrin and the like, 
monoalkylolamines, dialkylolamines and the like 
and the water-soluble condensation products 
thereof with aldehydes such as formaldehyde, 3 
By condensing these and similar polyfunctional 
cationic organic bases with dimethylol urea, and 
similar primary or substantially monomeric urea 
formaldehyde condensation products obtained by 
condensing urea, or thiourea, with formaldehyde, 
preferably under slightly alkaline conditions, with 
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the addition of sufficient acid to reduce the pH 
to values of about 1.0 to 4.0, and preferably about 
1.0 to 2.5, measured after the reaction has pro 
ceeded for some time, there are obtained cationic 
urea-formaldehyde resins which are substantive 
towards hydrated paper stock and can be used in 
the process of our invention. 

It is an important feature of the cationic urea 
formaldehyde resins prepared as described above 
that only relatively small proportions of the poly 
functional organic base need be used to obtain 
the desired cationic properties. The importance 
of using Only Small quantities of the basic mate 
rial is two-fold; usually the organic bases such 
as polyalkylenepolyamines are more expensive 
than corresponding amounts of urea, and formal 
dehyde, also relatively large quantities would tend 
to Solubilize the thermosetting urea-formalde 
hyde resin and thus prevent the formation of a 
water-insoluble bond between the fibrils of the 
feited paper. In fact, we find that resins con 
taining a larger quantity of organic base than of 
ul'ea, On a Weight basis, possess little or no Wet 
Strength-imparting properties. Resins contain 
ing a Smaller quantity of organic base than of 
urea, On the other hand, will impart wet strength 
to paper, and the wet tensile strength increases 
Steadily as the ratio of organic base is decreased 
to the point where the resin Syrups become hy 
drophobic in character and precipitate upon dilu 
tion with water. Accordingly, the preferred 
resins used in practicing the process of the pres 
ent invention are those which contain about 
2-30% of the organic base, calculated on the 
Weight of urea, used, and quantities of 6% to 15% 
are usually employed. 
The cationic urea-formaldehyde resins applied 

to paper or paper stock by the process of the 

40 

45 

ity 

60 

65 

70 

4. 
reacting urea, with a methylene-yielding sub 
stance such as formaldehyde, paraformaldehyde 
or hexamethylenetetramine in known manner to 
form a primary urea-formaldehyde condensation 
product which is usually designated by resin 
chemists as dimethylol urea. This primary re 
action product is preferably formed under neu 
tral or slightly alkaline conditions, the latter be 
ing obtained by the addition of a small quantity 
of basic material such as sodium hydroxide or 
triethanolamine. A suitable quantity of the poly 
functional Organic base is then added as such 
or after it has first been reacted with formal 
dehyde and the resin solution is acidified by the 
addition of hydrochloric acid, nitric acid or other 
strongly acidic material to reduce the pH to the 
polymerizing range, which is about 1-4 and pref 
erably 1-2. The resin syrup is then further re 
acted or polymerized, preferably at elevated tem 
peratures on the order of 70°-90° C., in order to 
bring about a polymerization or copolymerization 
of the urea-formaldehyde and organic base and 
thereby produce a cationic resin. 
The degree of polymerization of the cationic 

resin is an important factor. Tests have shown 
that much greater wet strength is obtained when 
the cationic resin is polymerized to a stage 
Wherein a definite increase in its viscosity has 
been obtained, and the most efficient resins for 
Wet Strength purposes are those having a degree 
of polymerization corresponding to a viscosity of 
at least 100 centipoises in a resin syrup of 45% 
resin Solids. Accordingly, we prefer to continue 
the resin polymerization, by holding the acidi 
fied Syrups at appropriate temperature ranges 
as Will hereinafter be more definitely explained, 
until a viscosity on the order of 100 centipoises 
or higher is obtained. The polymerized resin 
Syrup is then preferably neutralized to a pH on 
the Order of about 6-7 in order to obtain a prod 
uct which is stable on storage. Resin syrups 
prepared by this method are both water-soluble 
and Water-dilutable, and also can be evaporated 
to dryneSS and redissolved in Iwater without sub 
stantial reduction in their water solubility or util 
ity for the production of wet strength paper. 
AS has been stated, the cationic urea-formal 

dehyde resins can be applied to paper or other 
felted cellulosic products by tub application 
methods if desired. Thus, for example, pre 
formed and completely or partially dried paper 
prepared from a chemical pulp such as sulfite, 
neutral Sulfite, rag Soda or sulfate or a mechani 
Cal pulp Such as groundwood or any mixture 
thereof may be immersed in a 1% to 10% aque 
Ous Solution of the resin and impregnated with 
about 50-100% thereof, based on the weight of 
the paper. The paper is then heated for about 
1-4 minutes at temperatures of 212-300° F. or 
higher, or for shorter times at higher temper 
atures, whereby the paper is dried and the resin 
is cured to a Water-insoluble condition. The re 
sulting paper has greatly increased wet strength, 
and therefore this method is well suited for the 
impregnation of paper towels, absorbent tissue 
and the like as well as heavier stock such as Wrap 
ping paper, bag paper and the like to impart wet 
strength characteristics thereto. 
The preferred process of the present invention, 

however, takes advantage of the substantive prop 
erties of the cationic urea-formaldehyde resins 
for hydrated cellulosic fibers. In practicing this 
process the resin in its uncured and hydrophilic 
or water-dilutable condition is added to an aque 

present invention are preferably prepared by first 75 ous suspension of the paper stock, such as any 
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of those enumerated above, in the beater, stock 
chest, Jordan engine, fan pump, head box or 
at any other suitable point ahead of the paper 
making wire or screen followed by forming the 
treated fibers into a felted product on the Wire 
or cylinder, Ordinarily about 0.5% to 5% or 
more of the resin solids, based on the dry weight 
of the paper stock, is added in this manner. 
The felted product is then heated in the usual 
manner to dry the paper or board, thereby cur 
ing the resin to its polymerized and water-in 
soluble condition and imparting wet strength to 
the paper. 
As is noted above, the thermosetting eationic 

urea-formaldehyde resins impart Substantial wet 
strength to paper and other products formed of 
felted cellulosic fibers when suitable amounts are 
incorporated therein. The quantity of resin to 
be added to the aqueous stock suspension will 
depend on the degree of dry and wet strength 
desired in the finished product and on the per 
cent of resin retained by the paper fibers. Thus, 
as is shown in Example 1, the addition to the 
aqueous paper stock suspension of as little as 
0.75% produces a wet strength many times 
greater than that of the untreated paper. Even 
smaller quantities on the Order of 0.1%, based 
On the dry weight of the paper, may be used in 
some cases. Ordinarily about 0.5-1% to 3% of 
the resin is introduced into the paper and for 
special purposes, as much as 8-10% of resin may 
be incorporated therein. The resin not adsorbed 
by the paper stock may be reused by employing 
a circulating white water System; i.e. by using a 
part or all of the white water from the paper 
making machine for preparing further batches of 
paper pulp suspension. 
We have found that the uncured cationic 

urea-formaldehyde resins contained in paper, 
whether introduced as a tub size or combined 
with the cellulosic fibers prior to sheet forma 
tion by adsorption in aqueous suspension, can 
be cured under neutral or acid conditions by 
subjecting the paper to a heat treatment. 
However, the fastest cure and the best wet 
strength are obtained by curing the resin under 
slightly acid conditions, and therefore it is pref 
erable to acidify the paper stock before, during 
or after the resin addition thereto. In most 
cases this acidification can be advantageously ac 
complished by the addition of about 1-3% of 
aluminum sulfate (alum) which is frequently 
used for the purpose of fixing rosin or wax sizes 
in the paper and therefore entails no added ex 
pense. Under these conditions, wet strength is 
imparted by a cure of 1-2 minutes at 230'- 
260 F., or for shorter periods at higher tempera 
tures. The degree of wet strength is frequently 
further increased by longer heating at normal 
curing or lower temperatures, and this can be 
obtained for example by storing the finished pa 
per from the drier section in rolls whereby the 
heat of the paper is utilized to Cure the resin. 
As is noted above, the retention of the cationic 

resin by the paper fibers and the Wet strength 
developed in the finished sheet are greatly im 
proved by partially polymerizing the resin. This 
partial polymerization is accomplished by acidi 
fying the primary urea-formaldehyde condensa 
tion product, or dimethylol urea, to pH values 
below 4.0-4.5, and preferably about 1.0-2.5, and 
heating the acidified material with the cationic 
nitrogen-containing organic compound at poly 
merizing temperatures. Any suitable acid car 
pable of producing the low pH desired may be 
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used for the aeidification, such as hydrochloric 
acid, sulfuric acid, nitric acid, and the like. 
The optimum polymerization temperatures to 

be employed are dependent to a certain extent 
on the ratio of formaldehyde or other methylol 
yielding substance to urea; With urea resia Syrups 
prepared with up to about 2.5 mols of formalde 
hyde for each mol of urea any temperature up 
to about 90° C., or up to the refluxing tempera 
ture of the resin syrup may be employed. In 
syrups prepared from substantially larger quan 
tities of formaldehyde (i.e., from about 2.5 mols 
of formaldehyde for each mol of urea and up) 
the optimum polymerization temperatures are 
below 0°C, and are preferably from about 35 
40°C, to about 65° C. 
The polymerization of the cationic resin is 

most readily followed by measuring the viscosity 
of the resin Syrups, and in the following exam 
ples this viscosity is expressed in terms of Syrups 
containing about 45% resin solids. However, it 
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should be understood that the viscosity of these 
syrups does not change greatly, for a given stage 
of polymerization, with a change in resin Solids 
content from about 35% to about 50%, and there 
for the results - stated in these examples are 
equally applicable to syrups polymerized at Some 
what lower resin solids content. The improve 
ments obtained with a representative cationic 
urea-formaldehyde resin as a result of increased 
polymerization are illustrated in the accompany 
ing drawings, in which: 

Fig. 1 is a graph showing the increase in re 
tention of the cationic urea-formaldehyde resin 
with an increase in viscosity up to about 100 cen 
tipoises, with a corresponding increase in the Wet 
strength of the paper. 

Fig. 2 is a similar graph showing the rapid 
polymerization pf the resin by aging acidified 
resin solutions of 45% resin solids at elevated 
temperatures below 65-70°C. 
Although the following specific examples may 

describe in detail certain specific features of the 
invention, they are given primarily for purposes 
of illustration and the invention in its broader 
aspects is not limited thereto. 

XAMPLE 1. 

A mixture of 30 grams (0.5 mol) of urea, 81 
grams (1 mol) of 37% aqueous formaldehyde So 
lution and 1 cc. of triethanolamine was heated 
at 70° C. for 15 minutes, after which 3.8 grams 
(0.02 mol) of tetraethylenepentamine and 4 cc. 
of concentrated hydrochloric acid were added. 
Heating was then continued at 70° C. for about 1. 
hour, or until a partially polymerized thermo 
setting urea-formaldehyde resin having cationic 
properties was formed. The resulting resin syrup, 
having a viscosity of about 150 centipoises, was 
diluted with water to a 10% solution. 
A sample of this resin Syrup was further diluted 

to 1% solids and tested for cationic properties by 
a modification of the moving boundary method. 
The dilute resin solution was poured into a test 
cell having a horizontal portion, elliptical in 
cross-section, into which platinum electrodes were 
fused. Between the two electrodes a small plug 
of ground cotton fibers was suspended in the 
resin solution. Upon passage of a direct current 
through the electrodes at 60 volts the cotton plug 
was observed through a microscope at a level 
Such that any movement of the liquid by elec 
trposmosis is zero, so that movement of the cot 
ton is a measure of its true charge. 
The cotton fibers carrying the urea-formalde 



2,657,132 
& 

hyde-amine resin moved toward the negative 
electrode (cathode) at a rate of 1.02 Cnh. per SeC 
ond, thus showing the presence of a positive elec 
trical charge on the resin particles. 

Bleached kraft, paper pulp was beaten in the 
usual manner and made into a 0.6% water SuS 
pension. Samples were treated with the above 
described resin, in some cases with the addition 
of aluminum sulfate, and made into hand 
sheets which were heated 1 minute at 230 F. to 
dry the paper and cure the resin. Some of the 
sheets were given an additional heating of 10 min 
utes at 260 F. to determine the effect of a more 
complete cure. The sheets were then tested for 
dry and wet tensile strength along with a sheet 
made from the same stock but containing no 
resin. In the following table, which shows the 
results obtained, the per cent of added resin 
solids and alum is based on the dry Weight of the 
paper pulp; the per cent resin retained is based 
on the resin added, and the basis weight is the 
weight, in pounds of 500 sheets 25 x 40 inches in 
Size. 

Per- Per- Fe. Tensile strength, Ibsin. 
Sample cent cent f Basis sm una 
No. resin alun e- weight 

added added tained Dry | Wet Dry 1 Wet 1 

m a 48.7 22.0 O. 6. 21.8 0.6 
55 50 23.0 1.2 23.2 2.2 
50 50.2 22.6 8 22.6 3.6 
55 49.7 2.8 6 23.6 3. 4 
49 48. 22.8 2.8 23.2 5.2 
49 49.5 24.2 2.8 || 25. A 6.2 
38 248 - 3.8 25.2 7.4 49.4 

1. After additional cure. 

EXAMPLE 2 

A mixture of 271.2 parts by weight of 37% 
aqueous formaldehyde, preferably methanol-free, 
and about 3 parts of triethanolamine is charged 
into a reaction vessel and stirred to a Uniform 
solution, 80 parts by weight of urea, are then 
added and mixed thoroughly. At this point the 
pH should be within the range of 8.3 to 8.8 and, 
if necessary, an adjustment is made by adding 
triethanolamine or formic acid. The mixture is 
then heated to 70° C. and held at that tempera 
ture for 15 minutes. The solution is then cooled 
to 65° C. and 8 parts by weight of tetraethylene 
pentamine are added followed by 12 parts of 
Water. After again cooling to 65 C. a mixture of 
12 parts by weight of 35% hydrochloric acid and 
12 parts of water is added while maintaining the 
temperature of the batch at 70° C. 
The pH of the reaction mixture should be foll 

lowed at this point. Ten minutes after the acid 
addition it is usually 2.4 to 2.5 and drops to 1.7 
to 1.8 within another 15 minutes. If, at this 
time, the pH is outside the limits of 1.0 to 2.0 it 
should be adjusted to a value Within these limits 
by adding dilute hydrochloric acid or dilute so 
dium hydroxide. 
The temperature of the batch is preferably 

maintained at t0° C. for One hour after addi 
tion of the hydrochloric acid, although a higher 
teiperature and shorter reaction time may be 
used. It is then reduced, preferably to about 
55°-60° C., and the Wiscosity of the resin Solu 
tion is followed carefully. This reduction in 
the reaction temperature causes an increase in 
the viscosity. When a viscosity of 100-200 centi 
poises or higher has been reached the acid resin 
is neutralized innmediately by adding 18 parts 
by weight of 10% sodium hydroxide solution. In 
most cases this will yield a resin having a pH 

O 

8 
of 6.8-7. Resin syrups prepared by this method 
are soluble in water at all concentrations and 
do not become hydrophobic even after Several 
months storage at ordinary atmospheric ten 
peratures (4° to 30° C.), and therefore require 
no ethanol or other extraneous organic Solvents. 

EXAMPLE 3 

A resin solution prepared as described in Ex 
ample 2 was used in a commercial mill trial 
under full-scale operating conditions. The Stock 
was bleached Southern kraft paper pulp beaten 
to a moderate degree of freeness and treated With 
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1.25% of its weight of rosin size and sufficient 
alum (about 2%) to adjust the pH of the stock 
to 4.9 to 5.0. The concentrated resin Solution 
was diluted with Water to 10-20% resin Solids 
and run to a constant head box and from there 
through a constant flow meter to the exhaust 
side of the fan pump, where it was mixed with 
the stock suspension. The amount of resin added 
was 1.64% of resin solids, based on the dry 
Weight of the stock. The fourdrinier machine 
was equipped with 12 drying rolls supplied with 
steam at 45 pounds gage pressure followed by 
one yankee Supplied with steam at 29 pounds and 
two after-driers. The machine speed was 650 
feet perminute. 
Samples of the paper Were taken at regular 

intervals and were tested for wet and dry ten 
sile strength and other physical characteristics. 
Other samples were given an additional cure and 
subjected to the same tests. The test results 
were as follows: 

Sample No.----------------- 2 3 4 5 

Percent resin in sheet.------ 0.80 0.91 0.70 E 100 1.5 70 
Basis wt., 25 x 40-500----- 35.8 34.7 35.8 33.5 33.8 42.3 
Tensile, lbs.fin. width: 

Machine direction, dry 25.6 22.2 22.8 21.6 20.2 22.8 
Machine direction, wet-- 6.0 5.8 4.8 4.8 4.6 5.0 
Cross direction, dry---- 11.2 112 10.2 12.4 12, 16, 
Cross direction, wet 2.8 2.8 - 2.0 3. O. 2.6 4, 6 

Mullen, dry----------------- 28.0 27.5 28.5 2.0 27.0 82.5 
Mullen, wet.------ 1.5 1.0 9, 5 O, 0 0.5 2.0 
Fold, MIT.-------- 55 496 48 325 405 347 
Wet rub-------------------- 50 51 39 A3 48 68 

After additional 10-minute cure at 260 F.: 

Sample No----------------- 1. 2 3 4 5 6 

Tensile, Ibs.fin. width: 
Machine direction, dry- 25.2 24 6 25.2 22.6 20.0 24, 6 
Machine direction, wet-- 7.2. 6.8 7.2 6, 65.6 6.6 
Cross direction, dry.... 11.4 1.6 10.8 11.8 13.4 18.6 
Cross direction, wet, 3.6 3.6 3.0 3.8 4.4 5.2 

Mullen, Dry---------------- 28.5 27.5 30.0 26.5 25.0 35. 
Mullen, wet- 4.0 12.5 2.0 13.5 2.5 4. 
Fold, MIT-- 537 20 38 470 383 535 
Wet rub.------ 68 8 62 77 4. 83 

EXAMPLE 4. 

Another mill trial was made on a fourdrinier 
machine With the resin of Example 2. A 50 
pound bag paper was made from Unbleached 
kraft paper pulp containing 0.34% of its weight 
of roSin Size and Sufficient aluminum Sulfate to 
maintain a pH of 4.2-4.5 in the white water. 
The production rate Was 8.8 tons per hour at a 
machine speed of 990 feet per minute, the dry 
ing rolls being maintained at 268° F. The resin 
Solution was diluted with water to a concentra 
tion of 1 pound resin Solids per gallon and intro 
duced at a uniform rate in an amount equal to 
1.67% resin Solids, based on the dry weight of 
the paper Stock. Samples of the paper were 
taken at uniform intervais and tested for Wet 
and dry tensile strength and other physical chair 
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acteristics, and the results were averaged. Other 
samples were given an extra cure of 10 minutes 
at 260' E. and were then tested. The results are 
given in the following table: 

5 

Percent resin in sheet----------- 0. 
Basis. Weight.-------------------- 63. 

A. 
Tensile, lbs.fin width: 

Machine direction, dry------- 38.8 10 
Machine, direction, wet------- 8.6 
Cross direction, dry---------- 19.2 
Cross direction, wet- 4.4 

Tear, Elmendorf 1292 
Wet rub.----- 87 
Fold MIT 528 

arm 5 
Al-Before extra calle. 
B-After extra cure. 

EXAMPLE 5 

The retention of the cationic urea-formalde- 20 
hyde-amine resins by the cellulosic fibers, and 
the resulting wet strength on heating the formed 
cellulosie articles to cure the resin, is greatly in 
creased by partially polymerizing the resin. This 
can be accomplished by several methods. In 25 
trea, resin Syrups prepared with not more than 
about 2.5 linols of formaldehyde or other meth 
yiene-yielding stribstances for each molt of urea 
the polymerization takes place by continued heat 
ing at temperatures of about 70°-90° C. or higher 30 
after acidification to a pH value within the range 
of about 3-6. 
Thus, for example, a resin Syrup was prepared 

by reacting 1 gram mol of urea and 2 gram mols 
of aqueous 37% formaldehyde containing 2 grams 
of triethanolamine at 70° C. for 15 minutes. To 
this there were added 8 grams (0.0423 mol) of 
tetraethylenepentamine and a solution of 8 cc. 
Of concentrated hydrochloric acid in 20 cc. of 
Water, and the Solution was heated at 70° C. 
After 5 minutes heating the pH was 4.1 and a 
viscosity increase was noticeable. The viscosity 
increased rapidly upon continued heating at the 
Same temperature, indicating further polymeri 
zation of the resin, until eventually a stiff gel was 
formed. 

In urea-formaldehyde-amine resins, prepared 
by reacting 2.5 molls or more of formaldehyde 
or equivalent quantities of paraformaldehyde or 
other methylene-yielding substances for each. ” 
mol of urea, there: is little or no increase ha. 
viscosity after the first 30 minutes of heating 
under acid conditions atternperatures of 70° C. 
or higher. However, the viscosity increase ean 
be continued to the desired range in these resin 
solutions by lowering the temperature below 70 
C.; preferably, to about 45°-65 C., and continu 
ing the reaction at these reduced temperatures. 
This is shown by the following: 
Four resin Syrups were prepared by reacting, 

in each case, 4 gram mols of urea with 10 gram 
mols of 37% . aqueous formaldehyde containing 
8 cc, of triethanolamine and having a pH of 8.5 
at 70° C. for 15 minutes. 24 grams of tetra 
ethylenepentamine were then added followed by 
28.5 cc. of concentrated hydrochloric acid in 85, 
cc. of water and the heating was continued at 
70° C. After 30 minutes heating the resin, solids 
content was about 45%. and the pH was 1.8 in 
all the syrups. Heating was continued at 70° C. 
for an additional 30 minutes, at which time Sam 
ples were withdrawn, neutralized by the addi 
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25 C. was found to be 60 centipoises. The solu 
tions were then treated as follows: 
Solution. A was cooled to 50° C. in 2 minutes and 

held at this temperature for 8 minutes. 
Solution B was cooled to 55° C. in 2 minutes and 

held at this temperature for 10 minutes, 
Solution C was cooled to 60° C. in 2 minutes and 

held at this temperature for 1.2 minutes. 
Solution D was maintained at 70° for 12 

minutes. 
A sample of each solution was withdrawn every 
2 minutes, neutralized with 20% NaOH solution, 
and tested for viscosity. 
The results of these tests are shown on Fig. 

2 of the drawings. These results show that the 
dimethyloburea-anine resins were polymerized in 
acidified aqueous solutions attemperatures of 60, 
55° and 50° C. at constantly increasing rates, but 
that practically no further polymerization takes 
place upon continued heating at 70° C. 
The importance of partial polymerization of the 

resin in the production of wet strength paper is 
evident from the curves shown on Fig. 1 of the 
drawings. The data shown on these. Curves. Were 
obtained by withdrawing portions of the resin 
solution of Example 2 prior to and during the 
final polymerization stage at 55°-60°. C., in 
mediately neutralizing them and determining 
their viscosity, and then adding them in amounts 
of 3% resin solids, based on the dry weight of 
the fiber, to 1% aqueous. Suspersions of kraft 
paper pulp. The pulp. Suspensions. Were... then 
made into handsheets which were analyzed for 
resin content and tested for wet strength. The 
curves show that a rapid increase in the resin 
retension with a corresponding increase in wet 
strength is obtained as the polymerization of 
the resin increases to a stage corresponding to 
a viscosity of 60-70 centipoises, measured at 25 

40 C., in a 45% resin solution. Above this stage 
there is only a slight increase in retention with 
continued polymerization and practically no in 
crease in wet strength. 

EXAMPLE 6 
Resin No. 1 

A solution of 240 grams (4 mols) of urea in 
811 grams (10 mols) of aqueous 37% formalde 
hyde was adjusted to a pH of 8.5 by the addition 
of 20 cc. of a 50% aqueous triethanolamine Solu 
tion and was then heated at 70-74 C. for 30 
minutes. Thirty-two grams of dicyan diamide 
were added and then 55 cc. of 18.4% hydrochloric 
acid, the pH after the acid addition being 2.0, 
and heating was: continued at 70-75 C. for 55 
minutes during which time the pH rose to. 4.0. 
After cooling and adjusting the pH to 3.5 by 
adding an additional 1 cc. of hydrochloric acid 
the solution was aged at 45°-55 C. for 1.5 hours 
and then neutralized by adding Sodium hy 
droxide solution. The viscosity of the resulting 
guanylurea-modified urea-formaldehyde resin 
syrup was 225 centipoises. 

Resin, No. 2 
Granas, 

Urea ---------------------------------- 128 
37% formalin -- ------------------- 406 
50% triethanolamine. Solution. ------------- 8 
50% epichlorhydrin-TEPA aqueous resin so 

lution --------------------------------- 12 
Water ----------------------------------- 20. 
HCl (17.7%) ---------------------------- 12 
The epichlorhydrin resin solution was prepaired 

tion of 20% NaOH solution, and the viscosity at 75 by adding the epichlorhydrin slowly to a water 
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solution of the tetraethylenepentamine with 
stirring while maintaining the temperature at 
about 50° C. followed by continued reaction at 
the same temperature as described in Example 1 
of the Copending application of Daniel and 
Landes, Serial No. 688,334 filed August 3, 1946, 
now Patent No. 2,595,935, but using equimolecular 
quantities of epichlorhydrin and tetraethylene 
pentamine. 
The primary urea-formaldehyde resin Syrup 

was prepared and the epichlorhydrin resin Solu 
tion and hydrochloric acid were added, using the 
procedure described for Resin No. 1. The pH was 
2.8 after adding the hydrochloric acid, and 
dropped to 2.0 after heating at 70-80° C. for 
30 minutes. After raising the pH to 3.3 by adding 
NaOH the syrup was aged at 55°-57° C. for 35 
minutes to a viscosity of 250 centipoises and then 
neutralized with 10% NaOH solution. 

Resin. No. 3 
Grams 

Urea ------------------------------------ 250 
Formalin, 37% aqueous ------------------- 81 
Diethylenetiriamine ----------------------- 24 
HCl (18%) ------------------------------ 54 

The urea was dissolved in the formalin, the 
pH was adjusted to 8.5 by adding 1.7 cc. of 10% 
NaOH solution, and the solution heated at 70°-75° 
C. for 30 minutes. It was then cooled to 65° C. 
and the diethylenetiriamine, dissolved in 50 grains 
of Water, Was added and the temperature in 
creased to 70° C. The hydrochloric acid was then 
added (pH after addition being 4.2) and the mix 
ture was maintained at 70-75° C. for 1 inour. 
During the first 25 minutes of this period the 
pH dropped steadily until it reached 1.7, at Which 
point it remained constant during the rest of 
the heating period. 
After heating for 1 hour the pH was raised to 

3.0 by adding 8 cc. of 10% NaOH solution and the 
solution was cooled to 50°-55° C. and aged at this 
temperature for 15 minutes. It was then neutral 
ized to a pH of 7 by adding 10% NaOH solution. 
The viscosity of the resin Syrup Was 200 centi 
poises. 

ReSir No. 4 
Grams 

Urea ------------------------------------ 180 
Formalin, 37% aqueous ------------------- 608 
Diethanolamine -------------------------- 8 
HCl (17.7%) ----------------------------- 37 

The procedure of Resin No. 3 was followed, the 
solution being held at 80°-85 C. for 25 minutes 
after adding the diethanolamine and ICl and 
aged at 50-55° C. to a viscosity of 370 centipoises. 
The neutralized resin Syrup was soluble in a mix 
ture of equal parts of Water and ethanol. 

Resin. No. 5 

The quantities and procedure of Resin No. 3 
were used, but 52 grams of guanidine hydrochlo 
ride were substituted for the diethylenetriamine 
and 16.4 grams of 18.4% HCl Were used to ob 
tain a pH during heating of 1.45. The syrup was 
aged 30 minutes at 40-45 degrees to a viscosity 
of 140 centipoises and neutralized to a pH of 7 
With NaOH. 
Samples of the above cationic resins were added 

to beaten kraft paper pulp in amounts of 3% 
resin solids, based on the dry Weight of the paper 
pulp, and handsheets were made and tested for 
wet and dry tensile strength as described in 
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Air inlet temp., C.---------- 

2 
Example 1. The results are given in the following 
table: 

Tensile strength, 
lbs.fin. width 

it. -rm-- Cel. Basis Resin No. reS Ordinary Extra 
E" |weight Cure Cure 

tained 

Dry Wet Dry | Wet 

28 48,722.6 1.6 23.2 3.2 
37 49,327.2 4, 4, 27.6 6.8 
38 50.0 25.2 3.6 28.6 8.6 
36 49, 425.6 3.6 27.8 6.6 
50 48.0 23.8, 3, 6 25.6 6.6 

EXAMPLE 7 

Another innportant advantage of resin syrups 
prepared by the method of the present invention 
is the fact that they can be evaporated to dryness 
Without impairing substantially either their water 
Solubility Or their Substantive properties towards 
hydrated paper stock. Thus, for example, a sam 
ple of the tetraethylenepentamine-urea-formal 
dehyde Syrup of Example 2 was evaporated to 
dryness at room temperature and the resulting 
White Solid was ground. The ground material 
Was redissolved in water and added to an aqueous 
Suspension of beaten kraft paper stock, which 
Was then made into handsheets that were heated 
in the usual manner to cure the resin. The re 
Sulting paper had good wet strength. 
Samples of the resin Syrup of Example 2 were 

also Spray-dried at a feed rate of 100 cc. per min 
ute in a Spray drier equipped with a jacketed 
nozzle feeding the resin Solution to a rotating 
Spray wheel. The temperature conditions were 
as follows: 

Sample No.------------------- l 2 3 

250 200 225 
Air outlet temp., C.- - - 9. 77 89 
Analysis of dried resin: 

Percent solids--- - - 90.2 89.4 87.6 
Percent nitrogen.---- 23.88 23, 54 24, 43 

The Spray-dried resin was obtained as a fairly 
dense, dry product, about 95% of which was 
readily Soluble in water. Complete solution was 
obtained in water containing a small quantity of 
hydrochloric or other acid, the amount being such 
that a 10%. Solution of the resin had a pH of 5-6. 
These resins were tested for use in the manu 

facture of Wet strength paper by the procedure 
described in Example 1, using 3% of the resin 
and 3% of alum, based on the weight of the paper 
Stock, With bleached kraft pulp at a pH of 4.5. 
The cure was one minute at 230° F.; “condition 
of resin' indicates the condition in which the 
resin was added to the paper pulp suspension. 
The following test data were obtained: 

Tensile 
Percent. E . Sample Conditi - - - St Basis S.il. ..." 

No. ondition of resin relia weight width - - 

Dry wet 

--------- 10% Soln--------------- --- 48 49.4 26.0 - 5.2 
- 10% Soln------------------ 47 49.3 25.0 5.8 

i0% solin 46 47.8 24.2, 4.0 
Dry-- -- 43 50.5 25.0 3.4 
Dry-- - 45 49.3 24.0 3.2 
Dry----------------------- 49 49.4 25.2 3.4 

These results show that the spray-dried urea 
formaldehyde-amine resins can be added in the 

  

  



387,188 
13 

beater, stock chest or elsewhere ahead of the 
paper-making wire or screen either as a dry pows 
der or after dissolving in Water with results coran 
parable to those obtained with the resin syrups 
before Spray drying. 

EXAMPLE 8 
A series of resin Syrups was prepared with vary 

ing ratios of tetraethylenepentamine to urea, as 
follows: 

Formaldehyde TEPA Urea 37th Ratio 
Resin No. -------------- EEA 

Olea Grams Mols Grams Mols Grams Mols 

1,1-8-------- 63 0.33 35 1.67 
2.-- - 47 0.25 131 1.625 
3 35, 5.0.188 137169, 

23.75 - 0.25 42 1.75 
1175 0.062 157 1.93 
19.0 0.10 81 10 

Resin No. 1 was prepared by adding the form 
aldehyde slowly to the tetraethylenepentamine 
and heating for one hour at 70° C. at a pH of 9.4. 
In Resin No. 1-a the same procedure was foll 
lowed, but sufficient hydrochloric acid was added 
before heating to lower the pH to about 2. 
Resins Nos. 2-6 were prepared by the procedure 
described in Example 2; i. e., by first reacting 
the urea, and formaldehyde under slightly alka 
line conditions, then adding the tetraethylene 
pentamine and Sufficient hydrochloric acid to give 
a pH of about 3, continuing the condensation for 
another 30 minutes and holding for a viscosity 
of about 125-150 centipoises or higher, and neu 
tralizing with sodium hydroxide. 

Handsheets were made from bleached kraft 
stock using 3% of the above resins, based on the 
dry weight of the stock. The pH of the stock 
suspension was adjusted to 4.5 by the addition 
of alum, except where otherwise noted. The 
sheets were given an ordinary cure of one 
minute at 230 F. and Some were also given an 
extra cure of 10 minutes at 260° F., and all were 
tested for wet and dry tensile strength. The 
results are given in the following table. 

Tensile strength, lbs.fin. 
width 

TEPA Percent B asis 
Resin No. ty: refixed weight Regular cure Extra cure 

Dry Wet Dry Wet 

8 48.7 20.6 0.6 21.6 1.0 
5 49.8 21, 2 0.6 22.8 0.8 

14 47.2 23, 2 0.6 22.2 1.4 
24 47.3 21.0 0.8 21.2 3.2 
37 - 46.7 21.6 1.8 23.4 5.4 
45 48, 4. 23.2 3.2 26.0 7.8 

: 26 48.0 22.8 2.2 25.6 7.6 
6-No alum--------- 42 49, 4 24.0 1, 4, 25.4 6.8 

These results show clearly that the ratio of 
amine to urea, should be maintained below 1:1 
and that best results are obtained when it is 
0.3:1 or lower; in fact, good results have been 
obtained with as little as 2 grams of tetraethyl 
enepentamine to 60 grams of urea. The tetra 
ethylenepentamine-formaldehyde condensation 
product itself (Resins Nos.1 and 1-d) produces no 
increase in Wet strength; therefore it is important 
to use only sufficient of the amine to impart the 
necessary cationic properties to the urea form 
aldehyde resin. Experience has shown, however, 
that the resin syrups become unstable upon dilu 
tion to 10% resin solids or less when the quantity 
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14 
of tetraethylenepentamine is lowered to less than 
about 7 per cent of the weight of urea used 
therefore the preferred quantity is akout 4 to 0 
grams for each 60 grams of urea for the prepara 
tion of Syrups in which stability after, dilution is 
desired. When the resin syrups are to be used 
Without prior dilution the amount of polyalkyl 
enepolyamine or other urea, and formaldehyde 
reactive a nine may be reduced to as low as 2.3% 
of the Weight of the urea, while retaining the 
eationie properties of the resin. 
What We claim is: 
1. A process for the production of wet strength 

paper which comprises adding to an aqueous 
suspension of cellulosic paper stock a partially 
polymerized, hydrophilic cationic urea-formal-r 
dehyde resin obtained by condensing dimethylol 
urea, and a quantity of an alkylenepolyamine 
which is about 6% to 15% of the weight of the 
urea in said dimethylol urea at a pH below 4.5 
and polymerizing the condensation product to 
a degree corresponding to a viscosity of at least, 
100 centipoises in a 45%, aqueous Solution therer 
of, adsorbing about 0.1% to 5% of said resin on 
said, paper stock, forming the stock S0 treated 
into a waterlaid sheet, and heating the sheet 
for about 1-4 minutes at 212 F. to 300 F. and 
thereby forming a bond of cured resin between 
the fibers thereof. 

2. A process for the production of wet strength 
paper which comprises adding to an aqueous 
suspension of cellulosic paper Stock a partially 
polymerized, hydrophilic cationic urea-formal 
dehyde resin obtained by condensing dimethylol 
urea and a quantity of tetraethylenepentamine 
which is about 6% to 15% of the Weight of the 
urea, in said dimethylol urea at a pH below 4.5 
and polymerizing the condensation product to 
a degree corresponding to a viscosity of at least 
100 centipoises in a 45% aqueous solution there 
of, adsorbing about 0.1% to 5% of Said resin. On 
said paper stock, forming the stock So treated 
into a waterlaid sheet, and heating the sheet 
for about 1-4 minutes at 212 F. to 300 F. and 
thereby forming a bond of cured resin between 
the fibers thereof. 

3. A process for the production of wet strength 
paper which comprises adding to an aqueous 
suspension of cellulosic paper stock a hydro 
philic cationic urea - formaldehyde - polyfunc 
tional organic nitrogen base resin which is par 
tially polymerized to a degree corresponding to 
a viscosity of at least 100 centipoises in a 45% 
aqueous solution thereof, said resin containing 
a quantity of polyfunctional Organic nitrogen 
base which is within the range of 6% to 15% 
of the weight of the urea, therein, adsorbing 
about 0.1% to 5% of said resin on Said paper 
stock, forming the stock so treated into a Water 
laid sheet, curing said resin to its heat-Set and 
water-insoluble condition by heating it for 
about 1-4 minutes at 212 F. to 300° F., and 
thereby forming a bond of cured resin between 
the fibers of Said paper. 

4. A process for the production of wet strength 
paper which comprises adding to an aqueous 
suspension of cellulosic paper stock a hydro 
philic cationic urea - formaldehyde - polyfunc 
tional organic nitrogen base resin in which the 
amount of polyfunctional organic nitrogen base 
is 2-30% of the weight of the urea, adsorbing 
about 0.1% to 5% of said resin on said paper 
stock, forming the stock so treated into a Water 
laid sheet, and curing said resin to its heat-set 
and water-insoluble condition by heating said 
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sheet for about 1-4 minutes at 212° F. to 300 
F. and thereby forming a bond of cured resin 
between the fibers of said paper. 

5. The process for the production of wet 
strength paper, which comprises adding to an 
aqueous suspension of cellulosic paper fiber a 
hydrophilic, cationic urea-formaldehyde-tri 
ethylenetetramine resin in which the triethyl 
eaetetrainine is 6% to 15% of the Weight of the 
urea, absorbing about 3% based on the fiber of 
said resin on the fiber, forming the stock so 
treated into a Waterlaid sheet, then heating the 
sheet for about 100 seconds at 212° F., and there 
by forming paper of increased Wet strength. 

6. A method of producing wet strength paper 
which comprises applying to the fibers thereof 
about 0.1% to 5% by weight of a partially poly 
merized, hydrophilic cationic urea-formalde 
hyde-polyfunctional organic nitrogen base resin 
in Which the amount of polyfunctional organic 
nitrogen base is 2-30% of the Weight of the urea 
and then curing Said resin to its heat-set and 
water-insoluble condition by heating the paper 
for about 1-4 minutes at 212 F. to 300 F. and 
thereby forming a bond of cured resin between 
the fibers of said paper. 

7. A method of producing wet strength paper 
which comprises applying to the fibers thereof 
about 0.1% to 5% by weight of a partially poly 
merized, hydrophilic cationic urea-formalde 
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16 
hyde-polyfunctional organic nitrogen base resin 
in which the amount of polyfunctional organic 
nitrogen base is about 6% to 15% of the weight 
Of the urea, and then curing said resin to its 
heat-set and water-insoluble condition by heat 
ing the paper for about 1-4 minutes at 212°F. 
to 300° F. and thereby forming a bond of cured 
resin between the fibers of said paper. 

JOHN H. DANIEL, JR. 
CHESTER, G. LANDES. 
TZENG JIUEQ SUEN. 
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