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3 Claims. (Cl. 162-'-167) 

_ The present invention relates to the manufacture of 
sized paper by the beater-addition process, wherein an 
aqueous cationic dispersion of a hydrophobic ketene dimer 
1s added to an aqueous suspension of cellulosic ?bers and 
‘the ketene dimer is substantively adsorbed thereon. The 
lnvention includes the papermaking processes involved, 
the cationic ketene dimer dispersions employed, and the 
methods by which the dispersions are prepared. 

Hereinafter in the speci?cation and claims the term “dis 
persion” will be replaced by the term “emulsion” to desig 
nate as is customary both dispersions of the solid-in-liquid 

‘ and liquid-in-liquid types. 

Osberg US. Patent No. 2,785,067 discloses that sized 
paper can be made by forming an aqueous non-ionic or 
anionic suspension of cellulose papermaking ?bers, ad 
justing the pH of the suspension to within the range of 5 
to 9, adding thereto a non~ionic or anionic emulsion of a 
hydrophobic ketene dimer, sheeting the suspension, and 
curing the sheets at an elevated temperature. According 
to the patent, deposition of ketene dimer from emulsion 

, form uponthe ?bers results from the pH adjustment de 
scribed. I 

‘ The hydrophobic ketene dimers have the theoretical 
formula > 

R—CH=C—O 

R——HC——G=O 

wherein the R’s represent the same or different hydro 
phobic radicals, and cure by reaction with the cellulose; 
cf. Technical Association of the Pulp and Paper Industry 
(TAPPI) 39, 21-23 (1956). 
The discovery has now been made that paper of sub 

stantially and often phenomenally improved sizing can be 
produced by replacing the non-ionic or anionic ketene 
dimer emulsion in the above process with a cationic emul 
sion. In other words, I have found that paper possessing 
outstanding sizing can be made by forming an aqueous 
suspension of papermaking ?bers, adding thereto a small 
but effective amount as ‘sizing agent of a cationic emul 
sion of a hydrophobic ketene dimer, sheeting the suspen 
sion, and developing the sizing properties of the dimer 
by curing the sheets at an elevated temperature. 
The ketene dimer in the emulsion is self-substantive and 

is rapidly adsorbed by the ?bers, an effective amount 
usually being adsorbed while the emulsion is being dis 
tributed therethrough. I have regularly found it possible 
by use of cationic emulsions on the one hand to make a 
substantial decrease in the amount of ketene dimer needed 
to produce a given level of sizing, and on ‘the other hand, 
to produce a paper having a water-repellence which has 
rarely, if ever, been exceeded by paper made according 
to the beater-addition process. ‘ 
The process of the present invention does not depend 

upon the pre-adjustment of the pH of the pulp to any par 
ticular value. Better results, however, are generally ob 
tained when the pH of the suspension is maintained at a 
value less than 5 or in excess of 9, depending upon the 
adsorption characteristics of the particular agent added. 
The present invention does not primarily depend upon 

the particular amount of cationic ketene dimer added. 
The scope of the invention includes the addition of emul 
si?ed ketene dimer in effective amount between 0.1% and 
3% of the dry weight of the ?bers. 
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Best sizing per increment of ketene dimer added occurs 

in the range of 1A1%—%% (ketene dimer on the dry 
weight of the ?bers). This is an unusually low preferred 
range and evidently results from two factors associated 
with the cationic nature or" the emulsion. The ?rst is that 
the adsorption of the ketene dimer is apparently sub 
stantially more uniform with decreased aggregation of the 
emulsion particles so that a larger ?ber area is initially 
protected. The second is that adsorption is more com— 
plete. The evidence is that at least 50% of the ketene 
dimer in preferred emulsions is deposited on the ?bers. 
The cationic dispersing agents referred to may be mono 

meric or high molecular weight hydrophilic or water~ 
soluble basic nitrogenous surface-active agents. In gen 
eral, I have found that better sizing is obtained where 
the dispersing agent in the ?nal cured sheet has a high 
molecular weight, in excess of 2,000. Evidently the low 
molecular Weight agents are not irreversibly adsorbed by 
the ?bers and thus act to some extent as re-Wetting agents, 
whereas the high molecular weight agents and the agents 
which are converted to high molecular form on the ?bers 
are irreversibly adsorbed so that their re-Wetting prop 
erties are suppressed. 
More in detail, the papermaking process of the present 

invention is applicable to any type of hydrated cellulose 
?ber at any convenient consistency of the ?brous suspen 
sion. The preferred consistency is that at which permits 
rapid and uniform distribution of the sizing emulsion to 
take place and is usually 0.5%—6%, based on the dry 
weight of the ?bers. The pH of the suspension need not 
be pre-adjusted. The emulsion is added at any conven 
ient point in the papermaking system ahead of the wire, 
and if desired, the pH may be adjusted to any predeter 
mined optimum value, the thermosetting amino-triazine 
formaldehyde acid colloids for example being generally 
best adsorbed at pH 4.5 and the macropolyalkylenepoly~ 
amines being best adsorbed at about pH 10. Preferably, 
the ?brous suspension should be gently stirred for a few 
moments to distribute the emulsion uniformly through 
the suspension and allow adsorption to go to substantial 
equilibrium. In preferred instances, as much as 75% 
80% of the dimer is adsorbed by the ?bers. The ‘suspen 
sion is then sheeted and the resulting web is dried ac 
cording to normal practice. Adsorption of the ketene 
dimer is substantially irreversible, so that the pH of the 
Web during formation can be adjusted to any desired 
value. However, reaction of the ketene dimer with cel 
lulose is favored by acid and alkali, so that we prefer to 
‘sheet the suspension at a pH in the range of 5-6 or 8-9. 
The Web is dried at normal temperatures‘ which are 

generally sufficient to develop a substantial part of the 
sizing properties of the ketene dimer. It is preferred to 
complete the reaction of the ketene dimer with the cellu 
lose by forming the paper into rolls having a temperature 
in the range of 175 °—250° C. or thereabouts so as to pro 
long curing conditions until reaction of the ketene dimer 
with the cellulose ?ber has gone to substantial completion. 
The emulsions of the present invention essentially con 

sist of a cationic emulsion of a hydrophobic organic ke 
tene dimer in aqueous medium, the ketene dimer thus 
being the dispersed phase and the aqueous medium being 
the continuous phase. 

The emulsions may be prepared in any convenient way 
and the invention does not depend upon the particular 
method selected. The ketene dimer may be directly emul 
si?ed in water containing a water-soluble cationic organic 
dispersing agent. If desired, the ketene dimer may be 
emulsi?ed first in'water and the dispersing agent added 
separately during the operation, and in certain instances 
the emulsifying agent may be pre-dispersed in the ketene 
dimer. 
The ketene dimers are generally solids melting below 
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100° C. and may be liquids as in the case of the ketene 
dimers prepared from tall oil fatty acids (chie?y a mix 
ture of linoleic and oleic acids). The liquid ketene 
dimers may be emulsi?ed directly with water containing 
the emulsifying agent and the normally solid dimers are 
generally best emulsi?ed in molten form or in benzene, 
etc. solution. Unnecessary heating should be avoided to 
minimize decomposition. The emulsions are advantage; 
ously homogenized hot to decrease particle size and im 
prove stability and then cooled so as to form a soiid—in'-‘ 
liquid dispersion. The emulsions may vbe prepared at 
any convenient solids content. Before use‘ they are ad 
vantageously diluted to 1%~5% solids by weight so as to 
favor rapid and uniform distribution throughout the 
?brous suspension. 

Use of the hydrophilic organic cationic dispersing agent 
renders at least part of the emulsi?ed ketene dimer auto 
substantive when added’ to an aqueous suspension of 
papermaking cellulose ?bers. In practice somewhat more 
is added. The precise amount of dispersing agent needed 
varies from instance to instance depending chie?y on 
the surface characteristics of the kete'n‘e dimer and the 
dispersing agent and the optimum amount is hence most 
easily determined by laboratory trial. 
The dispersing'agent may be any surface-active hydro- ‘ 

philic cationic nitrogen base material‘, and may be mono; 
meric or polymeric. . ' 

As monomeric agents there may be used monomeric 
nitrogen bases containing’ at least one hydrophobic or 
ganic aliphatic group. Among such bases are the ali- "‘ 
phatic ammonium salts, e.g., octadecyl trimethyl ammo 
nium chloride and 9,10-octadecenyl dimethyl-Z-hydroxy 
ethyl ammonium chloride; the higher aliphatic amide 
quaternaries, e.g., ootadecanamidopropyl dimethyl 2-l1y 
droxyethyl ammonium chloride; aliphatic amines, e.g., 
the reaction product of one mol of octa'decylamine' with 
2 mols of ethylene oxide; the higher aliphatic amido 
amines suchas the reaction product of 2.5 mols of octa 
decanoyl chloride or oleoyl chloride with one mol of tri 
ethylenetetramine; higher amide-amine soaps, e.g., the 
product obtained by heating mols of stearic acid with 
diethylenetriamine at 200° C. until 1.5 mols has reacted 
by way of amidation (leaving 03 mol of stearic acid‘ in 
soap'form); the higher aliphatic substituted hetero'cyclic 
amines such as N-octadecyl piperazine and N-octadecyl 
piperidine; the higher aliphatic substituted cyclic quater 
naries including 1-cyclohexyl-1,4,4-trimethyl pipera 
zinium dichloride; aryl quaternaries, e.g., N-hexadecyl 
pyridinium chloride; and sulfonium compounds such as 
hexadecyl dimethyl sulfonium bromide. 

For reasons already stated, I have discovered it adyan 
tageous to‘use as emulsifying agents hydrophilic cationic 
organic basic nitrogenous compounds having molecular 
weights‘ in excess of 2,000 andvmore particularly in ex 
cess-of' 10,000. I have found-three types of these higher 
molecular weight materials'to be'particularly useful. 
The ?rst type embraces the high molecular weight 

Water-soluble cationic non-thermosetting polyalkylene 
polyamines of which polyethylenimine is typical. Such 
polyethylenimines are well adsorbed at alkaline pH values 
andtlius‘permit the manufacture of well-sized paper hav 
ing n'o metalv or formaldehyde content. Similar materials 
may be made by condensation of lower polyethylene 
polyamines with 1,3-dichlo1‘opropane, by condensation of 
ammonia or lower polyalkylenepolyamines with epie 
chlorohydrin', or by‘condensation of methylenebisaeryl 
amide“ with ethylenediamine. 
The second“ type embraces the water-soluble non-ther 

moset'ting high‘ molecular Weight linear carbon polymer 
carrying su?icient cationic groups to_ render the" moie 
cule as a whole" cationic. Advantageously, such- poly 
mer may‘ carry a sui?cient number of amide groups as 
are customary for the production‘ of pa'pe'r'of improved 
dry strength. Preferably the ratio of quaternary groups 
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to amide groups is between about 20:80 and 5:95 and 
the ratio of the total number of quaternary groups and 
amide groups to the carbon‘ atoms of the chain is be 
tween about 1A; :1 and 2/s:1. Linear resins of this type 
have the advantage of usefulness over a broad pH spec 
trum and have the property of producing paper of sub 
stantial dry strength without concomitant wet strength. 

Particularly eifective resins maybe formed by cop'olyl 
merizing 1 mol of p-(chlorome’thyl) styrene with 9 mols 
of acrylamide and reacting the product with trime‘th'yl 
amine to convert the chlororr'iethyl groups to quaternary 
ammonium groups. 
The third type are amide-aldehydev condensates in par 

tially polymerized hydrophili'c cationic form. Such mate 
rials may be prepared by reacting an amido corriipoiind, 
for example melamine, guana'r'nine, urea, anthems, 
for'r'n‘oguanamine or acetoguanar'r'iine with formaldehyde 
(preferably in the presence of a small amount of a'wat'er 
soluble polyalkylene-polyan‘line) ?rst under alkaline con 
ditions and then under acid conditions until a substan 
tial viscosity has been achieved, after which the, solution 
may be neutralized‘ for stabilization purposes‘. There may 
also be‘ used the water-soluble" resins formed by reacting 
urea and formaldehyde in the presence-or a miner amount 
of glycidyl dimethyl 3-ureidopropyl ammonium chloride; 
or the watch-soluble thermosetting condensation pfodticts 
of a noniohic of cationic linear nonlther‘mosetti‘ng’ car 
bon chain polymer carrying" unsubstituted amide greens 
with an equal weight of ohe or more of the foregoing 
cationic thermosetting polymers. Resins of, these types 
are celluloselsubstantive anda niiinber are widely'used the manufacture of wet-strength paper. As prepared; 
they; typically have molecular weights in the range‘ 5001 
11500‘ but grow to? a molecular’ weight far in eiic'esis" of 
10,000 on curing. 
As stated, he amount of cationic vdispersing agent, re 

- gardless of molecular weight, should be at least sii?ieiént 
to render the emulsi?ed ketene dimer substantive to cellu 
lose ?bers in aqueous suspension. In such minimal 
amount the material has no signi?cant effectj upon‘the 
properties ‘of the paper the amount ofgcationic agent be 
ing roughly 5%—20% of the‘weight of the ket‘ene dimer; 
It is a feature of the invention that very much more of 
the cationic dispersing agent may be present and, if’_de 
sired,- the amount may be increased so that the wetuor 
dry strength'of the paper is signi?cantly improved. For 
this purpose the amount of cationic, agent maybe in 
creased so that it is‘ between 100% and 1\,00O% the 
weight of the ketene dimer or more. Suchresins, when 
of the curing type, develop their’ strengthening properties 
ahead of the time needed to develop the sizing proper 
ties ‘of the'ketehe dimer. ‘ I 
The invention‘ will'be more particularly described with 

reference to the examples. The examples-constitute em= 
bodiments of the invention and are not to be construed 
as limitations thereon. 

Example 1 

The following‘ illustrates the preparation of? a stable 
cationic emulsion’ of a kete‘ne' dimer- si'ze'ns'ingl av typical 
monomeric cationic dispersing agent'as emulsi?er; ‘ 
Ann emulsi?cation' medium was prepared by adding‘7.2 

cc. of a’ 35% by weight solution of octa'clecanamidopropyl 
dimethyl Z-hydroxyethyl ammonium dihydrogen phos 
phate in aqueoustisopropanoli to 250 cc. of water at1 65° 
C. (equivalent to 10%‘ of dispersing‘ agentibas'ed‘on‘the 
weight‘ of ketene dimer). Into this with rapidag'itation 
was slowly' poured 25 gm. of molten hexadecyl ketene 
dimer at 60°. The resulting emulsion‘ was homoge 
nized hot and a nearly‘ White emulsionv was obtained. The 
emulsion was rapidly cooled to room temperature to'pre 
serve particle size, and'a creamysuspension was obtained. 
The suspension separated slightlyafter’ 24 hours, but: be 
came uniform with slight agitation. 
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Example 2 

The procedure of Example 1 was repeated except that 
3.6 ml. of a 35% aqueous N-octadecylpyn'dinium- chloride 
solution was used as the dispersing agent (equivalent to 
5% based on the dry weight of the ketene dimer). A 
similar emulsion was obtained. 

Example 3 

The procedure of Example 1 was repeated except that 
2.5 gm. of the zwitterion form of powdered octadecan 
amidopropyl dimethyl Z-carboxymethyl ammonium chlo 
ride (a betaine) in place of the emulsifying agent therein 
used. A similar suspension was obtained. 

Example 4 
The following illustrates the preparation of a ketene 

dimer sizing dispersion of a cationic thermosetting paper 
wet strength resin as dispersing agent. A large excess of 
the resin is used so that the emulsion is useful for the pro 
duction of well-sized paper of good wet strength. 
The procedure of Example 1 was repeated except that 

the amount of ketene dimer was decreased to 5 gm., the 
amount of water was decreased by 100 gm., and the 
quaternary ammonium solution was replaced by 100 gm. 
of a 12% by volume aqueous solution of a melamine 
formaldehyde acid colloid prepared by acidifying tri 
methylolmelamine solution according to US. Patent No. 
2,345,543 using hydrochloric acid as the acid. 

Example 5 
A ketene dimer sizing dispersion was prepared by the 

method of Example 1 replacing the emulsifying agent 
solution used therein with an equal amount of a 35% by 
weight solution of the non-colloidal water-soluble cation 
is wet-strength melamine-formaldehyde-iminobispropyl 
amine-glycol resin prepared according to the general 
method of copending Wooding et a1. U.S. application 
Serial No. 629,774, ?led on December 21, 1956, now 
U.S. Patent No. 2,856,314. . 

Example 6 

The following illustrates the preparation of a ketene 
dimer sizing dispersion by use of a small amount of a 
cationic linear carbon chain polymer carrying amide and 
quaternary ammonium groups. 
The procedure of Example 1 was repeated except that 

the solution of quaternary ammonium dispersing agent 
was replaced by 7.2 gm. of a 35% (solids basis) solution 
of the cationic polymer formed by copolymerizing 95 
mols of acrylamide with 5 mols of diallyl dimethyl am 
monium chloride. During polymerization only one of 
the allyl groups reacted, so that the product was essen 
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tially a linear carbon chain polymer carrying amide ar 
quaternary ammonium groups. 
The polymer was a material known to act as a dr: 

strength agent for paper. If desired, the amount of poll 
mer may be greatly increased so as to form an emulsio 
effective in producing paper of improved dry strength 2 
well as sizing. 

Example 7 
The following illustrates the preparation of a size b 

the method of Example 6 wherein the amide groups ar 
replaced by phenyl groups. 
The procedure of Example 6 was repeated except the 

the polymer was prepared by copolymerizing 1 mol of 2 
methyl-S-vinyl-pyridine with 5 mols of styrene and quz 
ternizing ‘the product with 1 mol of allyl bromide. 

Example 8 
The procedure of Example 1 was repeated except tha 

a 33% solids aqueous solution of high molecular weigh 
polyethylenimine (Gardner-Holdt viscosity of K at 25 
C.) was used as sole emulsifying agent. A very goot 
alkaline emulsion was obtained. 

Example 9 

The following illustrates the manufacture of sized paper 
using typical cationic ketene dimer sizes according to tht 
present invention. 
The pulp was a bleached sul?te-bleached hardwooc‘ 

kraft (50/50 ratio) pulp (selected because of its di?icult; 
to size). The pulp has been beaten to a Green freeness o: 
440 ml. and was used at a consistency of 0.6% based or 
the dry weight of the ?bers. 

In each instance, the sizing emulsions were diluted tr 
1% solids with water before use to facilitate distributior 
through the ?ber suspension. The pH of the pulp sus 
pension was adjusted to the values shown in the table 
below. The sizing emulsions were used at the pH at 
which they were prepared, and were added to the ?brous 
suspensions in amounts as shown in the table below. After 
addition, the suspensions were gently stirred for three 
minutes to allow adsorption of the ketene dimer solids 
to go to completion, the pH of the suspensions adjusted 
to the values shown in the table, and handsheets made and 
tested according to standard laboratory practice. The 
sheets were formed in each instance at basis weights oi 
200 lb. (25" x 40"/500 ream) for the water adsorption 
and lactic acid tests and at 50 lb. for the remaining tests. 
The sheets were pressed between blotters and oven-cured 
for 12 hours at 100° C. The sheets were then conditioned 
for 24 hours at 50% relative humidity and 73° F. and 
tested as shown in the table. 

Results are as follows: 

_ Sizing Tests Emulsi?er pH 

Run No. H2O Absorption 4 Lactic 
Acid Ink Tensile Strength Ketene Penetra- Bky 

Dimer, Ex. Percent 7 Size Pulp 8 Sheet Percent Percent tion Sec.6 
percent 1 No. Deer. Sec.“ Dry Wet 

4. 3 4. 5 121. ........ _. 

l. 0 __________________ -- 8. 6 4. 5 4. 5 61. 8 69.2 
0.6 1 10.0 4.5 4.3 4. 5 33. 2 87. 8 
1.0 1 10. 0 4. 5 4. 3 4. 5 31. 9 89. 1 
0.6 1 10.0 4. 5 6.0 6.0 32. 8 88.2 
0. 75 2 5. 0 7 4. 3 4. 5 _ 
0. 75 3 10.0 6 4. 3 4. 5 34. 5 86. 6 
0. 25 4 240. 0 3.0 4. 3 4. 5 34.7 86. 3 
0. 25 5 20. 0 5 4. 3 4. 5 32. 8 87. 2 
0. 50 5 20.0 5 4. 3 4. 5 83. 9 87. l 
0.25 7 30.0 5 4. 3 4.5 35. 0 86. 0 
0. 76 8 10. 0 8 8. 0 8. 0 33.0 88. 0 

1 Hexadecyl ketene dimer based on dry weight of ?bers. 
1 Based on weight of ketene dimer. 
8 Before addition of sizing dispersion. 
‘ After 15-minute soak at room temperature. 
B By penescope. 
6 Lb. per inch, adjusted to 50 1b. basis weight (25" x 40"/5001b. ream). 
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I claim: 
1. A process for the manufacture of sized paper of im 

vroved tensile strength which comprises forming an aque 
tus suspension of cellulose papermaking ?bers, adding 
hereto an emulsion of a hydrophobic ketene dimer in an 
\queous medium containing a thermosetting cationic 
tmido-aldehyde condensation product in acid condensed 
ret hydrophilic stage as paper-strengthening agent, the 
veight of said ketene dimer being between 1/10% and 3% 
)f the dry weight of the ?bers and the weight of said 
:ationic nitrogenous paper-strengthening agent being be 
;ween about 1A % and 3% of the dry weight of the ?bers, 
miformly distributing said added emulsion through said 
aqueous suspension whereby a substantial proportion of 
;aid added ketene dimer and paper-strengthening agent 
are uniformly adsorbed on the surface of said ?bers, 
sheeting said suspension to form a water-laid web at 
about pH 4.5, and heating said web to dry the same and 
to develop at least a substantial part respectively of the 
sizing and wet strengthening properties of the ketene dim 
er and paper strengthening agent thereon. 
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2. Sized paper formedwby heating a water-laid web 

having adsorbed thereon a hydrophobic organic ketene 
dimer and a thermosetting cationic amido-aldehyde con 
densation product. 

3. As a new composition of matter a cationic emul 
sion of a hydrophobic organic ketene dimer wherein the 
ketene dimer is the dispersed phase in a continuous phase 
and the aqueous phase contains a thermosetting hydro 
philic cationic melamine-formaldehyde wet-strength acid 
colloid vas principal emulsifying agent. 
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