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The present invention relates to cellulosic webs of im 
proved dry strength. The invention relates to such webs 
and particularly to paper comprising cellulosic fibers 
having uniformly adsorbed thereon a small but effective 
amount of a normally water-soluble linear polymer con 
taining quaternary ammonium groups as agent imparting 
the dry strength referred to. The invention includes 
paper, paper board, and other webs composed of fibers 
carrying in addition to the dry strength agent rosin and 
other sizing agents, hydrophobic organic impregnating 
agents, wet strength agents, fillers, dyes, and pigments. 
The invention further includes methods for manufactur 
ing various types of cellulosic webs described. 
The novel strengthened cellulosic webs of the present 

invention are suitable for special use as bank note, bond, 
ledger and book paper; map, blueprint and graph paper; 
newsprint paper; wrapping paper and bag paper; paper 
toweling; saturating papers; cardboard, hardboard, and 
insulating board; other formed, pressed webs; and shaped 
articles of the type formed from papier-mâché. 
By "dry strength” is meant the strength of the cellu 

losic web in its normally dry condition, and paper which 
has a dry strength about 10% in excess of its normal 
strength as the result of resin treatment is generally re 
garded as possessing a materially improved dry strength. 
The invention is based chiefly upon our discovery that 

cellulosic webs composed of cellulosic fibers having uni 
formly adsorbed thereon a small amount of a normally 
water-soluble high molecular weight linear chain polymer 
carrying quaternary ammonium groups as more particul 
larly hereinafter described possess materially increased 
dry strength. That is, we have found that when cellulosic 
fibers are slurried with an aqueous suspension containing 
a polymer of the type mentioned, the polymer is rapidly 
adsorbed by the fibers and that when the thus treated 
fibers thus carrying a uniformly adsorbed amount of the 
polymer are made into a web and the web is dried, the 
resulting web possesses materially greater dry strength 
than that possessed by corresponding webs composed of 
cellulosic fibers having adsorbed thereon none of the 
polymers referred to. 
The strengthening agents employed in the present in 

vention are synthetic, hydrophilic, cationic linear chain 
polymers or macromolecules containing quaternary am 
monium groups. The chains may be polyalkane chains 
containing only carbon atoms, polyazaalkane chains con 
taining carbon and nitrogen atoms, polyoxaalkane chains 
containing carbon and oxygen atoms, or polythiaalkane 
chains containing carbon and sulfur atoms. Moreover, 
chains may be composed of a variety of atoms including 
carbon, nitrogen, sulfur, and oxygen atoms or may be 
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2 
composed wholly of carbon atoms. Further, the chains 
may carry a variety of substituents, as will be more fully 
disclosed. The strengthening agents themselves are 
cationic polyelectrolytes which have the capacity of sub 
stantively depositing themselves on cellulosic fibers in 
aqueous suspension and, when so deposited, increase the 
dry strength of paper made therefrom. The deposition 
is irreversible in that the resin is not removed during the 
steps to which the fibers are normally subsequently sub 
jected in their manufacture into paper. 

It is a feature of the invention that useful results are 
obtained in the case of inherently water-soluble polymers 
when each polymeric macromolecule contains a surpris 
ingly small proportion of quaternary ammonium group, 
proportions being in the range of one such group for 
every 1,000 linear chain atoms. As a result, it appears 
that in such cases it is sufficient if each macromolecule 
contains even one quaternary ammonium group. On the 
other hand, distinct strengthening effects have been ob 
served when there are present as many as 500 quaternary 
ammonium groups for each 1,000 atoms of the chain. 
The strengthening agents are normally water-soluble; 

that is, they are water-soluble in the form employed. 
When adsorbed on cellulose fibers, however, they appear 
to become insoluble and are not removed to any sig 
nificant extent by ordinary washing. 

In numerous instances a significant strengthening effect 
is noted when the fibers have adsorbed thereon as little 
as 0.01%, based on their dry weight, of the strengthening 
agent and may carry as much as 5%-10% or more. A 
near maximum improvement in strength takes place when 
the fibers carry roughly 1%-3% of the material, larger 
amounts acting to improve the dry strength still further, 
but not in proportion to the amount added. 
The mechanism by which these agents act is not 

known, but evidently they strengthen or supplement 
the normal gelatinous fiber-to-fiber bonding or cementa 
tion which takes place when the fibers are sheeted from 
aqueous suspension and the sheets thus formed are dried. 
From the foregoing it will be seen that the strengthened 

cellulosic webs of the present invention consist essen 
tially of interfeited cellulosic fibers having uniformly 
adsorbed thereon from 0.01% to 10%, based on their 
weight, and preferably about 1% to 3% of a long chain 
normally water-soluble linear polymer carrying qua 
?ternary ammonium groups. In addition, the web may 
contain a normally effective amount of any of the com 
mon sizing materials, including rosin size, cationic size, 
or wax size, and from 2% to as much as 30% of the usual 
fillers and pigments, including alkaline fillers such as 
calcium carbonate. 
The evidence is that any type of cellulose fiber is 

benefited by the process of the present invention, and 
that the greatest percentile increases in dry strength re 
sult when the polymers are applied to weak fibers, that 
is, to lightly beaten fibers. 
The preferred strengthened papers of the present in 

vention possess the following characteristics. The basis 
of comparison in each instance is corresponding paper 
which contains no strengthening agent. 

(1) The papers of the present invention, if made on 
the acid side, retain their dry strength although subse 
quently exposed to alkaline conditions, and conversely, 
if made under alkaline conditions, they retain their dry 
strength although exposed to acid conditions. As a re 
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Sult, they are not significantly affected by the presence 
of normally alkaline fillers such as calcium carbonate and 
may be used for packaging normally acidic or alkaline 
materials such as acid fertilizers and alkaline cements. 

(2) The papers of the present invention possess greatly 
increased dry strength, increases of up to 30%-50% in 
dry tensile strength being common. 

(3) The papers need not have any metal content or 
content of combined formaldehyde, and thus are advan 
tageously used for analytical laboratory filtration paper 
and as photographic paper. 

(4) The papers possess substantially the same caliper, 
porosity, density, odor, color, "feel' and printing qual 
ities as ordinary paper. 

(5) The papers, unless otherwise desired, possess low 
wet strength. As a result, unless intentionally given high 
wet strength properties, the papers of the present invention 
are readily repulped by ordinary beating without need for 
special equipment. 
The process for manufacturing strengthened paper ac 

cording to the present invention comprises three principal 
Steps; forming an aqueous suspension of cellulosic fibers; 
adding an aqueous solution of the strengthening agent 
thereto, thereby adsorbing the strengthening agent on the 
fibers; and sheeting and drying the fibers to form the de 
sired cellulosic web. 
The first step of forming an aqueous suspension of 

cellulosic fibers is performed by any conventional method. 
It usually involves beating and refining the fibers, the 
Suspension thereafter being adjusted to a convenient con 
sistency between about 0.1% and 3-6%. However, the 
primary effect of beating is to increase the bonding ca 
pacity of the cellulose fibers. Hence, in those instances 
when paper of ordinary strength is satisfactory, addition 
of the dry strength polymer permits a sharp curtailment 
in the duration of beating which would otherwise be neces 
sary for this purpose. 
The second step is performed by adding an aqueous 

Solution of the strengthening agent to the cellulosic sus 
pension and rapidly and uniformly distributing the solu 
tion therethrough so as to minimize uneven adsorption of 
the agent by the fibers. The step is most conveniently 
performed by adding the solution to a turbulent stream of 
the Suspension at the headbox or other point near the web 
forming wire. It is practical, however, to incorporate 
the strengthening agent in the beater or even in a stock 
storage tank, in the latter event the stock being most 
advantageously agitated during the addition and the solu 
tion being added in rather dilute form. The pH of the 
Suspension may be any value between 3 and 11, but in most 
instances slightly better results are obtained in the range 
of 4.5-9.0. 

Manipulatively, the third step is performed in conven 
tional manner, but it is a feature of the present invention 
that agents which are free from combined formaldehyde 
develop substantially their maximum strengthening effect 
when the paper during its entire manufacture is maintained 
at a low temperature and are not significantly affected by 
exposures to elevated temperature for such time as are 
common in the manufacture of ordinary paper. As a 
result, no additional heat is required, and in certain in 
stances heat may be saved, while producing a paper of 
low or negligible wet strength. On the other hand, when 
the paper is subjected to normal drying conditions, for 
example 200-250 F. for /2 to 3 minutes and the resin 
contains combined formaldehyde, the dry strength in 
creases only slightly over corresponding resin-treated paper 
which has not been heated whereas the wet strength values 
obtained rise markedly. As a result, when paper is pro 
duced with the broke recovery problem in view a minimum 
effective drying temperature will be employed or a resin 
will be selected which contains no combined formaldehyde 
and a formaldehyde-containing resin will be used at a 
higher drying temperature when the paper is expected to 
exhibit substantial wet strength. There is no sharp line 
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4. 
of division between these two ranges, the wet strength 
rising steadily as the drying temperature is increased while 
the dry strength values rise similarly but at a much slower 
rate. 

It is possible to incorporate the method just described in 
many of the commercially important processes for the 
manufacture of sized paper. 

For example, before addition of the strengthening agent 
the fibers may be sized in normal manner by the addition 
of rosin size and alum, or by the addition of wax size 
and alum, or by the addition of the substantively adsorbed 
sizing agents of Argentine Patent Nos. 86,126 and 86,826. 
Argentine Patent No. 86,126 discloses the manufacture of 
alkali-resistant sized paper by beater addition of the 
cationic condensation product of 1-2 mols of epichloro 
hydrin with one mol of one or more aliphatic amines con 
taining at least 16 carbon atoms. Argentine Patent No. 
86,826 discloses a similar paper manufacturing method 
wherein the fibers are sized by addition of a polyalkylene 
polyamine-fatty acid condensate in the form of an aqueous 
dispersion of a water-soluble salt thereof. The strengthen 
ing agents of the present invention are not adversely 
affected by the small amount of residual alum normally 
remaining after such sizing operations. 

Alternatively, a colloidal cationic amine-aldehyde wet 
strength resin may be added such as that shown in U.S. 
Patent No. 2,345,543, preferably before or after the addi 
tion of the dry strength resin. 

Alternatively still, impregnated paper may be formed 
by adding subsequent to incorporation of the dry strength 
polymer a hydrophobic organic impregnating agent in 
dispersed form as disclosed in U.S. Patent No. 2,563,897, 
the dry strength resin acting in manner similar to the 
melamine-aldehyde there employed to flocculate and ir 
reversibly deposit on the fibers the dispersed impregnating 
agent, 
The manufacture of rosin-sized paper containing an 

acid-sensitive inorganic filler such as calcium carbonate in 
the past has been regarded as impractical, the alum nor 
mally added to precipitate rosin sizing changing the pH 
of the suspension to the acid side resulting in foam from 
decomposition of any calcium carbonate present. On the 
other hand, if addition of the calcium carbonate is de 
ferred until the rosin size is deposited on the fibers, the 
calcium carbonate raises the pH of the suspension causing 
the rosin to be desorbed by the fibers. 
A recent development of the paper art is the series of 

cationic alkali resistance sizes disclosed in the Argentine 
patents referred to. The dry strength resins of the present 
invention are compatible therewith and paper of improved 
dry strength may be readily manufactured by first adding 
the cationic alkali resistance size as described in said 
patents, then adding one of the dry strength resins of the 
present invention, and finally adding the calcium carbo 
nate. 
Strengthening agents suitable for use in the present in 

vention may be made by three principal methods. 
According to one method, a preformed polyazaalkane 

is employed containing tertiary nitrogen groups such as 
polymerized N-methyl-ethylenimine having a viscosity of 
about 60-120 seconds as measured by the fall time of a 3 
mn. Steel ball through 20 mm. of a 50% aqueous solution 
of the polymer at 20° C. This polymer may be quatern 
ized by the addition of a small amount of an alkyl or 
aryl halide. The product is a heterogeneous chain com 
posed of recurring alkylene groups between recurring 
quaternized N atoms. If desired, the two steps may be 
combined by coreacting a compound containing two ter. 
tiary amino groups such as tetramethyl p-phenylenedi 
amine with ethylene dibromide. The resulting polymers 
contain linkage of the type 
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wherein X represents halogen or hydroxyl, Y represents 
alkyl or aryl, and Z represents alkylene or arylene groups. 

According to a second method, a linear polymer is 
employed which carries halogenated substituents, qua 
ternization being effected by addition of a tertiary amine. 
Thus, for example, polymerized allyl chloroacetate may 
be quaternized with pyridine, polymerized p-(chloro 
methyl) styrene may be quaternized by reaction with 
triethylamine, and the quaternary ammonium compound 
formed by reacting N-(dimethylamino)propionamide may 
be reacted with polymerized N-hydroxymethylacrylamide. 
The resulting polymers contain linkages of the type 

-CH-CH 

YY 
wherein Z represents essentially inert groups such as 
arylene, alkylene, -CONHCCH)-,-COOCHCH-, 

O 

-NHCH-NHC O CBC 
-CHCOOCH-, and -CONHCHNHCOCHCH-, 
and X and Y as shown above. Moreover, Z and N may 
be present in one grouping, as in the case of a hetero 
cyclic ring, for example, pyridine. 
The third method is based upon copolymerization of 

a monomeric or low molecular weight quaternary am 
monium compound with one or more monomers or low 
molecular weight compounds copolymerizable therewith. 
Thus, for example, an ox{3-unsaturated quaternary an 
monium compound such as trimethyl vinylbenzyl ammo 
nium chloride may be copolymerized with an ag-unsatu 
rated hydrocarbon, amine, amide, ester, or mixtures 
thereof such as styrene, acrylamide, ethyl acrylates, etc. 
to give a linear chain carbon polymer carrying a desir 
able proportion of quaternary ammonium groups. Other 
polymerizable quaternary ammonium compounds may 
be prepared from dimethylaminopropyl-acrylamide and 
benzyl chloride; from ethyl diethylamino-acrylate and 
benzyl bromide; and from methylene bisacrylamide re 
acted with diisopropylamine followed by quaternization 
with butyl bromide. 
When adjusted to pH 7 the polymers are stable and 

may be stored for at least several months before use. 
They are prepared for addition to the pulp suspension 
by dilution with water to a convenient solids content 
normally 5-10% and the pH of the resulting solutions 
may be maintained between 4 and 9 for several hours 
without harm. 
Very satisfactory results have been obtained in the 

case of polymers having molecular weights (calculated 
from viscosity measurements) of 50,000, 100,000, and 
150,000, practically the same dry strength being imparted 
in each case, and there, therefore, does not appear to 
be any theoretical maximum to the molecular weight 
which the polymer may attain. It is to be expected, 
however, that the strengthening effect will fall consider 
ably when the low molecular weight stage is approached 
too closely, and from experience with similar polymers 
the evidence is that the reaction should be controlled 
by known means so that a molecular weight of at least 
about 10,000-25,000 is obtained to make the polymer 
practically useful. 
At the other extreme, with increase in molecular weight 

the polymers become more and more viscous, and a prac 
tical maximum is set when the polymer is so viscous that 
2% aqueous solutions thereof are beyond pumpable vis 
cosity. Generally, polymers of a molecular weight of 
200,000 are satisfactorily fluid and give substantially the 
best results of their respective types. 
The number of quaternary ammonium groups present 

should be at least one, on the average, for every macro 
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6 
molecule present, and for best results because of the 
heterogeneity of the reactions employed it is preferred 
to provide considerably more. In general, therefore, at 
least about one quaternary ammonium group is present 
for every 1,000 atoms forming the chain, and no more 
than about 50 such groups calculated on the same basis 
is required to provide satisfactory dry strength. 

It is necessary, however, that the polymers be water 
soluble or water-dispersible in the sense that when mixed 
with water they form a completely homogeneous and 
usually clear or colloidal cationic dispersion therewith, 
and it is possible to form polymers containing a large 
proportion of hydrophobic or insolubilizing groups. 

Quaternary ammonium groups have a solubilizing 
action and hence, an additional proportion of these 
groups may be present over the amounts recited above 
in order to confer on them a solubility which otherwise 
would be lacking. Thus, when a monomeric oz.B-unsatu 
rated quaternary ammonium compound is copolymerized 
with styrene or an acrylate ester, the phenyl or ester 
groups in the resulting polymer exert their normal 
strongly hydrophobic influence. In such instances an ex 
cess of the quaternary ammonium compound is neces 
sary to form a water-soluble polymer. On the other 
hand, when a polymer is formed by copolymerizing acryl 
amide with an oz.f3-unsaturated quaternary ammonium 
compound, the amide groups in the resulting polymer 
act as solubilizing groups permitting the use of a com 
paratively low amount of the quaternary ammonium com 
pound for formation of a water-soluble or water 
dispersible polymer. In general, hydrocarbons and ester 
groups act in hydrophobic manner when formed into 
linear polymers and require the presence of a compara 
tively large proportion of quaternary ammonium groups 
whereas amine, hydroxy, polyglycol and amide groups 
are hydrophilic when formed into linear polymers and 
require minimum amounts of the quaternary ammonium 
compound for development of water-soluble polymers. 
A similar relationship holds with regard to the structure 
of the chains, fewer quaternary ammonium groups being 
required in the case of polyazaalkyl chains than in the case 
of straight chain carbon or polyalkane chains because 
of the solubilizing effect of the nitrogen atoms therein. 
The minimum effective amount of the quaternary 

ammonium compound necessary in each instance is thus 
a function of the type of linear chain employed and 
the number and type of substituent groups attached 
thereto. As a result, the proportion of quaternary am 
monium groups which should be present can be most 
conveniently determined by actual trial, a resin being 
formed first employing a comparatively small amount 
of the quaternary ammonium monomer and, if the result 
ing resin proves insoluble, increasing the proportion of 
the quaternary ammonium monomer until a water-soluble 
resin is obtained, 
The dry strength resins prepared by copolymerization 

of monomers which contain only such groups as ester, 
carboxylic acid, alkoxy, aryloxy, and unsubstituted or 
hydrocarbon substituted amide and amine groups yield 
paper which has negligible wet strength. Such polymers 
are essentially chemically inert under the conditions em 
ployed and, therefore, form bonds with the cellulose 
which are loosened by the presence of water. 

It is readily feasible to modify the polymers described 
so as to make them chemically reactive whereby on heat 
ing they will form a water-insoluble composition giving 
Wet strength as well as dry strength. Most simply, this 
is done by ensuring that the polymer, before addition to 
the fibrous cellulose suspension, contains combined for 
maldehyde. Thus, a very minor amount of an o,6-qua 
ternary ammonium compound may be copolymerized 
with a major amount of an a,6-unsaturated N-methylol 
amide such as N-hydroxymethyl-acrylamide. There 
Sulting polymer is employed in the same manner as the 

75 polymers described above, except that the paper during 
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drying thereafter is heated at about 200-260 F. for 
4 to 10 minutes. A paper of much improved Wet 
strength is obtained which also exhibits improved dry 
strength. 

Adsorption of the dry strength resin by the fibers 
takes place practically completely when a small amount, 
e.g. 1%-3% of the dry strength resin is added, based 
on the weight of the fibers. Adsorption values fall off 
as larger amounts become present due to decreased re 
ceptivity of the fibers therefor. 
The invention will be more particularly illustrated by 

the examples which follow, which represent specific em 
bodiments of the present invention and which are not 
to be construed as limitations thereof. 

Example I 
One method of forming a long carbon chain polymer 

suitable for quaternization to form a dry strength resin 
is illustrated by the following. 

5.5 gm. of a polystyrene having an intrinsic viscosity 
corresponding to a molecular weight of 80,000 was dis 
solved in 49.5 gm. of methyl chloromethyl ether, equiv 
alent to 0.48 mol of polystyrene per 0.64 mol of the 
ether. To the solution was then added 0.86 g. of Zinc 
chloride. The clear yellow solution was stirred for 15 
minutes at room temperature, and slowly turned clear 
red as the zinc chloride dissolved. The temperature Was 
then slowly raised to 52° C. with constant stirring over 
a period of 2% hours, at which time the solution was a 
viscous red syrup. The solution was cooled, stirred for 
17 hours, and 12 g. of water and 4 g. of dioxane added 
to stop the reaction. 
The chloromethylated polystyrene was precipitated by 

pouring the syrup into excess anhydrous methanol. To 
insure complete removal of the zinc chloride, the pre 
cipitate was redissolved in dioxane and reprecipitated by 
spraying into water. The product was washed with 
water, then with methanol, and dried at 50 C. The 
product was a linear carbon chain polymer containing 
the regularly recurring linkage 

-CH2C-CECHCl 
Example 2 

A different method for forming a polymeric inter 
mediate suitable for quaternization is illustrated by the 
following. 
A mixture of 20.0 g. (0.92 mol) of a polystyrene 

having an intrinsic viscosity corresponding to a molecular 
weight of 80,000, 8.8 g. of paraformaldehyde (0.292 
mol), 8.8 g. of zinc chloride and 250 ml. of carbon tetra 
chloride was heated to 74° C. in a flask provided with a 
reflux condenser. HCl was bubbled through the reac 
tion mixture for about an hour. The product was 
cooled and poured into an excess of methanol, precipitat 
ing a white mass. This mass was washed thoroughly 
with water, then with methanol, dried at 35 C., and 
ground to about 20 mesh. The product contained 12.1% 
chlorine, corresponding to about one chloromethyl group 
for each four linear carbon chain atoms. 

Example 3 

A still further method of preparing an intermediate 
suitable for quaternization is illustrated by the following. 
20 g. of polymerized commercial op-dimethylstyrene 

(0.152 mol) having a molecular weight of about 60,000 
was dissolved in 180 g. of carbon tetrachioride in a 500 
ml. round-bottomed quartz flask fitted with gas inlet 
tube and connected to a trap of iiquid chlorine. The 
chlorine was slowly vaporized and allowed to bubble 
through the solution at about room temperature while 
the solution was irradiated with ultra-violet light. At 
the end of two hours, when 40 ml. of chlorine had been 
bubbled through, the large mass of polymer which had 
formed was poured into an excess of methanol and the 
resulting slurry filtered. The residue was washed thor 
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colloidal cationic dispersion thereon. 

3. 
oughly with water, then with methanol, and finally dried 
in an oven at 35° C. for three hours. The product 
contained the recurring linkage 

-CH-)H-discCH,Cl). 
Example 4 

A method of preparing a dry strength resin by qua 
ternization of a pre-formed linear carbon chain polymer 
carrying chloromethyl groups is illustrated by the fol 
lowing. 

10.0 g (0.066 mol) of a chloromethylated poly 
styrene corresponding to that of Example 1 was dissolved 
in 190 g. of dioxane. To this was added 18.0 g. of a 
25% aqueous solution of trimethylamine (0.075 mol). 
A mass of polymer immediately precipitated. With con 
tinued stirring, the polymer redissolved to form a hazy 
yellow solution. After stirring for an hour at room 
temperature, the polymer began to reprecipitate. Stir 
ring was continued for 12 hours, 300 ml of water added, 
and the viscous syrup was concentrated at reduced pres 
sure. The resinous product was dried at 50 C. It 
analyzed 3.5% nitrogen, and 7.4% chlorine. The prod 
uct, which contained recurring linkages of the theoretical 
formula 

-CH-)H- Cog 

Cl 

(bH. (CH), 
was easily dispersed in warm water, and formed a hazy 

Analysis showed 
that it contained about 17 quaternary ammonium groups 
per 100 linear chain carbon atoms. 

Addition of 5% of this polymer, based on the weight 
of the fibers, as a 1.5% aqueous solution to a slurry of 
cellulose fibers at 2.38% consistency yielded a paper 
having a dry strength of 27.0 lb. per inch and a Wet 
strength of 3.6 lb. The same paper which contained 
none of the resin had a dry strength of 23.0 b. and a 
wet strength of 0.4 lb. 

Example 5 
An alternative method of solvent removal and addi 

tion of water in the preparation of the dry strength resin 
is illustrated by the following. 
The process of Example 4 was repeated up to the point 

where the dioxane product was concentrated at reduced 
pressure. The dioxane was stripped from the product 
by distilling at reduced pressure and water was added to 
maintain the volume of the liquid constant. An aqueous 
colloidal cationic dispersion was obtained having a solids 
content of 5.3% which corresponded to the product of 
Example 4. 

Example 6 
A method of preparing a suitable dry strength resinby 

homopolymerization of a quaternizable monomer fol 
lowed by reaction of the resulting polymer with an aralkyl 
chloride is illustrated by the following. 
To a flask fitted with thermometer, dropping funnel and 

reflux condenser and stirrer was added 10.0 g. of p-(di 
methylamino)-styrene and 0.20 g. of azo-bis-isobutyro 
nitrile as catalyst. The solution was heated on a steam 
bath and at the end of two hours the viscous solution was 
treated with 0.10 g. more of azo-bis-isobutyronitrile and 
heated for an additional two hours, forming p-dimethyl 
amino-styrene polymer. The semi-solid polymer was dis 
solved in 40 g. of benzene, reprecipitated in 250 g. of 
methanol, recovered by filtration, washed with methanol, 
and dried for 4 hours at 70° C. The cream-colored 
product weighed 6.6 g. 

2.5 g. of the above-described polymer was dissolved 
in 25 ml. of benzene and 6.4 g. of benzyl chloride (200% 
excess) added thereto. The mixture was allowed to 
Stand at room temperature for 64 hours, at the end of 
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which time a precipitate of polymerized benzyl dimethyl 
vinylphenyl ammonium chloride had formed. The prod 
uct was collected on a Buchner funnel, washed with 100 
ml. of benzene and dried under vacuum. The dry tan 
polymer weighed 3.8 g. and contained recurring linkages 
of the theoretical formula 

-C-C- 

C.H. 
C loco 

The above polymer was dissolved in water to form a 
colloidal cationic dispersion containing 5% solids. 

Example 7 
A 2.5 g. sample of the reprecipitated methanol-washed 

para-(dimethylamino) styrene polymer prepared in Ex 
ample 6 was dissolved in 25 ml. of benzene. 6.2 g of 
allyl bromide (200% excess) was then added. The solu 
tion was maintained at room temperature. Quaterniza 
tion was complete within about 1 hour. The product 
was a precipitate which was collected on a Buchner fun 
nel, washed with 100 ml. of benzene and dried under 
vacuum. The dry tan polymer weighed 4.5 g. When 
dissolved in water at 1% solids the polymer formed a 
hazy colloidal cationic dispersion, and contained recur 
ring linkages of the theoretical formula 

-C-C- 

CH 
Br 

CHN (CH3)2(CH-CH=CH) 

Example 8 

The preparation of a dry strength resin by copoly 
merization of a preformed monomeric oz,6-unsaturated 
quaternary ammonium compound with ag-unsaturated 
compounds is illustrated by the following. 

(3-acrylamidopropyl) benzyl dimethyl ammonium 
chloride 

CH-CH&NH(OH)(CH), 
CCH 

was prepared as follows. 
Into 624 g. of N-3-(dimethylamino)propyl) acryl 

amide in 1100 ml. of benzene in a round-bottomed flask 
fitted with stirrer, thermometer, and reflux condenser was 
slowly stirred 506 g. of benzyl chloride. The tempera 
ture was held at 50° C. by an ice-water bath. The re 
action mass set to a thick paste, which was cooled to 
room temperature, was washed with benzene and air 
dried. The product was dissolved in 1500 ml. of water 
and the benzene layer removed in a separatory funnel. 
The aqueous solution was treated with activated charcoal 
and filtered, and then diluted to 30% solids with water and 
adjusted to pH 8.7 with HCl. Titration indicated that 
the quaternization was 85% complete. 
The product was copolymerized as follows. Into a 

three-necked, round-bottomed flask fitted with reflux con 
denser, thermometer, stirrer and dropping funnel and pro 
vided with an electric mantle heater were charged 28.0 g. 
of monomeric acrylamide, 8.0 g. of monomeric ethyl 
acrylate, 13.3 g of the 30% aqueous solution containing 
the aforementioned (3-acrylamidopropyl) benzyl dimethyl 
ammonium chloride and 350.6 g. of water. The reagents 
were stirred and the pH was adjusted to 6.5 with NaOH. 
0.1 g. of powdered ammonium persulfate was then added. 
The turbid solution was heated to 80° C. and maintained 
at this temperature for about 4 hours, after which the 
clear syrup which formed was cooled to room tempera 
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ture. The pH was again -adjusted to 7.5 with sodium 75 

O 
hydroxide. The product which contained the recurring 
groups . . . . . . . 

-C-C- CH.-E. 
p=0 C=O 
NHe , Ó C.H. 

and 
C-C- 

&=o 
C 

NH 
(CH2)N(CH) 

H2Os 
was a viscous water-soluble cationic syrup. 

(3-acrylamidopropyl)benzyl dimethyl ammonium chlo 
ride and methods for the preparation thereof are dis 
closed and claimed in co-pending application Serial No. 
286,003, filed May 3, 1952, by John A. Price. The appli 
cation discloses further quaternary ammonium salts which 
are advantageously used in the process of the present in 
vention, and these samples are incorporated in the present 
specification by reference. 

Example 9 
3-Ibis(2-hydroxyethyl) amino propylamine, 

(HOCH2CH)N(CH2)NH2. 
was reacted with potassium cyanate and to form 3-(-bis 
(2-hydroxyethyl)l aminopropylurea 

BO CHCH-N(CH).NEg-NH. 

41.0 (0.2 mol) of the product was dissolved in water and 
23.1 g (0.25 mol) of epichlorohydrin added. The mix 
ture was heated at 60° C. for 24 hours. 4 g. of the 
aqueous solution containing about 50% by weight of 
ureidopropyl - bis(2 - hydroxyethyl)glycidyl ammonium 
chloride of the theoretical formula 

CCHCH 

Y^ 

was added to 10 g. of 37% formaldehyde. The mixture 
was added to 71 g of a 10% aqueous polyacrylamide 
solution. The resulting solution was acidified to pH 6.0, 
heated to 180 F. for 30 minutes, and then diluted to a 
solids content of 7.5% by weight. The product was an 
aqueous dispersion of a linear polymer in cationic form 
which, when further diluted with water, exhibited a 
bluish colloidal haze. It contained recurring linkages 
of the theoretical formula 

-CH-CE 

wherein R is 
CHCCH 

1 . 5. 
. . . . 

or a hydrolysis product thereof. . . . 

Example 10 
The procedure of Example 9 was followed, using 3 

(dimethylamino)-propylamine in place of the 3-bis(2- 
hydroxyethyl) laminopropylamine. A similar colloidal 
cationic linear polymer was obtained, which also exhib 
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ited, on dilution, a bluish colloidal haze. 
recurring linkages of the theoretical formula 

It contained 

R 

wherein R is 
CHCCH 
Y^ 

(CH3)N(CH) iNEgNH 
l O 

or a hydrolysis product thereof. 
Example 11 

3-(dimethylamino)-propionamide was quaternized by 
the use of methyl iodide. 25.8 g. (0.1 mol) of the prod 
lict, 

O 
2 

(CH) N(CH).c. 
NE 

was reacted with 8.1 g (0.1 mol) of 37% formaldehyde. 
The product was added to a 10% aqueous solution con 
taining 71 g. (1 mol) of polymerized acrylamide and the 
mixture adjusted to pH 6. The mixture was heated to 
about 185 F. for 45 minutes and cooled to room tem 
perature. The product was a somewhat viscous solu 
tion which, when diluted, exhibited a colloidal haze. It 
contained recurring linkages of the theoretical formula 

-CECH 
Cs:0 O I 

HNCHNHCCHCHN(CH3)3 

Example 12 

To 20 g. of hide glue dispersed in 180 g. of hot water 
was added 10 g. of a 50% solution of ureidopropyl-bis 
(2-hydroxyethyl)glycidyl ammonium chloride. The mix 
ture was heated at 60° C. for 24 hours. The product 
was a linear protein polypeptide containing recurring 
linkages of the theoretical structure 

gh NH 
(H-CH-CH 

HO (CH)2S (CH) NH NH, 
C1 O 

Example 13 

A mixture of 180 g. of benzene, 108 g. of vinyl acetate, 
12 g. of 2-morpholinylethyl vinyl ether, and 0.1 g. of 
azobisisobutyronitrile was refluxed for 3 hours in a 1 
liter, 3-neck flask equipped with a condenser, thermometer 
and stirrer. The uncombined monomers and the ben 
zene were removed by steam distillation and the product 
was oven-dried at 70° C. The yield was 31.5 g. 

25 g. of the product described above was dissolved 
and 225 g. of methyl alcohol and a solution of 0.2 g. of 
sodium metal and 25 ml. of methyl alcohol was added. 
The mixture was heated with stirring under reflux. After 
about 5 minutes solid polymer began to separate. After 
30 minutes reflux the slurry was filtered, washed with 
methyl alcohol and dried at 70° C. The yield was 14.5 
g. Analysis showed 0.87% nitrogen. 10 g. of the 
alcoholysis product dissolved in 40 g. of water was treated 
'with 5 g. of allyl bromide under reflux for 1/2 hours, 
and then was allowed to stand, at room temperature for 
13 days. The brown viscous solution was found by titra 
tion for ionic bromide to be substantially completely 
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2 
squaternized. It contained recurring linkages of the the 
oretical formula 

-CE-CH-CH-CH 
bH () Br CH-CH 

&HCH-1 Yo 
G / C-CH 

&H &H, 
Example 14 

Into a 3-neck, 1-liter flask equipped with thermometer, 
condenser and stirrer was charged 32 g. of acrylamide, 
4 g. of the (3-acrylamidopropyl)benzyl dimethyl am 
monium chloride of Example 9, 4 g. of acrylic acid, and 
12 g. of isopropyl alcohol, 348 g. of water, and 0.1 g of 
ammonium persulfate. The mixture was heated for six 
hours at 80 C. The product was a clear viscous syrup 
which was miscible with water. It contained about 12 
quaternary ammonium groups per 1000 linear chain car 
bon atoms. 

Example 15 

230 g. of N,N'-dimethyl-p,p'-methylenebisanilane (1 
mol) and 500 g., oft-butanol containing a trace of sodium 
hydroxide are placed in a round-bottomed flask equipped 
with thermometer, stirrer and reflux condenser. Ethyl 
ene oxide is bubbled through until six mols have been 
adsorbed, and 202 gm. (1 mol) of 1,3-dibromopropane 
is added. The mixture is heated to reflux to initiate the 
reaction which is then allowed to continue at 80° C. 
When reaction is 99% complete as found by titration 
(corresponding to a calculated molecular weight of 
61,600), the alcohol is evaporated, and the product dis 
solved in water to adjust the solids content to 10%. A 
linear polymer is obtained containing recurring linkages 
of the theoretical formula 

CH CH 

Pr uBr 
-onemen (Donk X enouen 

CH3 CH 
CH CE 
O O 
N-1s Y-1's 

This illustrates a linear polymer in which nitrogen 
atoms and benzene rings form a part of the chain. 

Example I6 

The effect of a number of resins of the present inven 
tion in producing paper of increased dry strength was 
determined by forming a master batch of unbleached 
northern kraft pulp beaten to a Green freeness of 500 
cc. and adjusting the slurry to a consistency of 0.6%. 
Aliquots were withdrawn, adjusted to the pH values 
shown in the table below by addition of hydrochloric acid 
or sodium hydroxide as required. Certain aliquots were 
reserved as controls, and to these nothing else was added. 
To the remainder polymer solutions were added as shown 
in the table, after which the aliquots were stirred and 
allowed to stand for 5 minutes. All aliquots were sheeted 
on a Nash handsheet machine. The sheets were dried 
for 2 minutes at 240 F. on a laboratory drum dryer, 
aged at 50% relative humidity and 76 F. for at least 24 
hours, and their dry and wet tensile strengths determined 
on a Mullen instrument. 
The copolymers were added as 5% aqueous solutions, 

and in each instance the weight of copolymer added 
(solids basis) was 3% of the dry weight of the fibers. 
The copolymers were prepared by the general method of 
Example 9, the particular reagents employed in each in 
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stance and the amounts thereof being shown in the table. 
Results are as follows: 

14 k 
of the stock being 4.5. The strengthening agents con 
tained combined formaldehyde, and was formed by co 

Polymer Reagents (Parts by Weight) 

Acryl- Methylol Acrylo-Ethyl 
Test No. Quat, amide Af. Nitrile Acrylate 

8te 

tensile Strength 

a-wa-n-l-m-l-m-m-m-----a-l-m--almilm-m-m-m-l-Hl-H 

ontrol B. 

StockpH Basis, Dry 
Wit.2b, Wam 

Found 8 
Found Percent ...; 

increase 

44.9 2.7 --------- 0, 6 
4.5 45.9 30.3 39.6 3,7 
9.0 46.2 30.2 39.2 2,3 
4, 5 50,2 23.9 32.7 3.1 
9.0 48.0 30.4 39.9 6 
4.5 45.9 29, 4 36.5 2.4 
9.0 46.9 29.4 36.5 1.4 

- - - - - - - - - - 44.1 24.2 --------- 0.7 

4.5, 44.6 32.0 32.2 4.9 
9.0. 43,6 33.3 37.6 2.9 
4.5 42.8 33.8 39.8 1.2 
9.0 44.1 .38, 3 58.0 3.6 

5. 25.2 -------- 0.5 
4.5 50.8 32,5 : . .29,0 2.7 
9.0 50, 5 38.2 51.5 3.8 
4.5 49,7 30, 3, 20.2 2.4 
9.0.. 48.2 33.2, 31.7 2.8 

3-(Acrylanidopropyl) benzyl dimethyl ammonium chloride. 
225' x 40"1500. 
Corrected to 50 lb. basis weight. 

di Lb.fin. - : - - 

The test sheets were indistinguishable in appearance 
and feel from the control sheets. . . . . . . . 

Example 17 
The manufacture of high dry strength, well-sized paper 

is illustrated by the following. . . . . ; 
- The paper-forming process of the previous example 
was followed with two exceptions. . . . 

(1) The fibers were sized by the addition of 3% liquid 
gum rosin size (solids based on the dry weight of the 
fibers) followed by the addition of 4% of alum, and 

(2) The sheets were prepared in duplicate, one set of 
sheets being dried at room temperature (75°. F.), the 
other set being dried at the normal temperature of 
240° F. 

30 

35 

40 

polymerizing 5 parts by weight of 3-(acrylamidopropyl) 
benzyl dimethyl ammonium chloride with 95 parts by 
weight of N-hydroxymethylacrylamide (prepared from 
acrylamide and formaldehyde).3% , of the resin was 
added based on the dry weight of the fibers. The paper 
was dried for 10 minutes at 260 F. and the results are 
shown in comparison with one control which contained 
no polymer and a second control which was dried at 

The strengthening agent employed was formed by co- -- - - - - - - polymerizing 90 parts by weight of acrylamide with 10 
parts by weight of 3-(acrylamidopropyl)benzyl dimethyl 
ammonium chloride by the method of Example 9 to a 
molecular weight as estimated from viscosity measure 
ment of about 150,000. Three percent of the strengthen 
ing agent based on the dry weight of the fibers was added 
in each case except the controls, which therefore con 
tained only rosin size and alum. 

45 

room temperature. 

Drying Tensile 
. . . . . Basis, Strength 2 

Run Percent. Wt. 
Polymer b. 

. . . . " Temp., Time, Dry Wet 
o F. Min. 

Control A.---------- Nil 45.1 260 10 20.0 0.6 
Control B---------- 3 44.3 75 -------- 28.5 0.6 
l------------------- 3 44.6 260 10 29.1 8.4 

1. Sheets 25' x 40'500. 
2Lb.fin. corrected to 45 lb. basis weight. 

We claim: 
1. Dry paper of improved dry strength composed of 

Results are as follows: 50 water-laid cellulose fibers bonded together by an irre 

Tensile Strength 
Rosin Copoly- Drying Currier 

Run Added, net Basis Temp., Dry Test 8 
Percent Added, Wt. Lb. o F. Wet- (Secs.) 

Percent Found 8 
Found 3 Percent 

Increase 

Control.------------------ 3 Ni 45.3 75 19.3---------- 0.9 34 
1------------------------- 3 3 47.4 75 3.0 60.6 2. 36 
Control.----------------- 3 Nil 42.8 240 21.2 ---------- 1.5 52 
2.------------------------ 3 3 42.1 240 33.0 55.6 4.7 50 

1 Solids based on dry weight of the fibers. 
225' x 40"1500. 
3 Corrected to 45 lb. basis weight. 

This test shows that the strengthening agents of the 65 versibly and uniformly adsorbed content of between about 
present invention are compatible with rosin size, and that 
very satisfactory dry strength paper can be made there 
with. The results show that the effect of the application 
of heat during drying on the strerigth of the paper is to 
decrease the dry strength and to increase the wet strength. 

Example 18 
A paper of both high wet strength and high dry 

strength was prepared from unbleached northern kraft 

70 

0.01% and 5% of their weight of a normally hydrophilic 
water-soluble cationic linear polyalkane chain polymer 
having an average molecular weight of at least about 
10,000 and containing quaternary ammonium groups. 

2. Paper according to claim 1 wherein the polymer 
has an average molecular weight between about 50,000 
and 200,000. 

3. Paper according to claim 1 wherein the weight of 
polymer is between about 1% and 3% of the weight of 

pulp according to the procedure of Example 16, the pH 75 the fibers. 
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4. Paper according to claim 1 wherein the polymer 
contains the recurring groups 

-CH-E- CH-CH 

NH2, O CH 
and 

CE-oCH 
d-o 

C 
NH 
(CH) N(CH), 

CICE 
5. Dry paper of improved dry strength composed of 

water-laid cellulose fibers bonded together by an irre 
versibly and uniformly adsorbed content of between about 
0.1% and 5% of their weight of a normally hydrophilic 
water-soluble cationic linear polyalkane chain polymer 
having an average molecular weight of at least about 
25,000 and containing between about 1 and 15 quaternary 
ammonium groups for each 1000 linear chain atoms. 

6. Filled dry paper of improved dry strength composed 
of water-laid cellulose fibers bonded together by an irre 
versibly and uniformly adsorbed content of between 
about 0.1% and 5% of their weight of a normally hydro 
philic water-soluble cationic linear polyalkane chain poly 
mer having an average molecular weight of at least about 
25,000 and containing quaternary ammonium groups, 
said paper having a uniformly distributed content of from 
2% to 30% of a carbonate filler. 

7. Paper according to claim 6 wherein the filler is cal 
cium carbonate. 

8. Sized dry paper of improved dry strength com 
posed of rosin-sized water-laid cellulose fibers bonded to 
gether by an irreversibly and uniformly adsorbed con 
tent of between about 0.1% and 5% of their weight of 
a normally hydrophilic water-soluble cationic linear poly 
alkane chain polymer having an average molecular weight 
of at least about 25,000 and containing quaternary am 
monium groups. 

9. A method of manufacturing paper of improved 

O 
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6 
dry strength which consists essentially in forming an 
aqueous suspension of paper-making cellulosic fibers, 
mixing therewith from 0.01% to 5% of their weight of 
a hydrophilic water-soluble cationic linear polyalkane 
chain polymer having a molecular weight of at least 
10,000 and containing quaternary ammonium groups 
whereby said polymer is irreversibly and uniformly ad 
sorbed by said fibers, and sheeting and drying said fibers, 
whereby said fibers are bonded together by said adsorbed 
polymer. 

10. A method according to claim 9 wherein the poly 
mer has an average molecular weight of between about 
50,000 and 200,000. 

11. A method according to claim 9 wherein the paper 
is dried at a temperature below about 160 F., whereby 
a paper of low wet strength is obtained. 

12. A method according to claim 9 wherein a car 
bonate filler is added to the aqueous suspension subse 
quent to adsorption of the polymer by the fibers. 
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