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This invention relates to improvements‘ in the sizing 
of paper and more particularly to the pretreatment of 
paper ‘and/ or paper pulp with aqueousketene dimer 
emulsions to improve its sizeability when treated sub 
sequently with other sizing agents. 
A principal object of the invention is the provision of 

avprocess for the treatment of pulp and paper to facilitate 
and improve the sizing thereof with other sizing agents. 

Another object of the invention is the provision of an 
improved process for the preparation of ‘sized paper. 

In accordance with the invention, it has been found 
that when paper or paper pulp is pretreated with a rela 
tively small amount of a higher organic ketene dimer 
emulsion, under conditions such that the ketene dimer 
becomes attached to the ?bers, and ‘the paper or pulp 
then processed and si‘zed in the usual manner, such pre 
treated paper or pulp is much harder sized than an un 
treated paper or pulp similarly processed and sized. 
The ‘pretreatment can be carried out. in any manner 

which will cause the pretreating 'material‘t‘o become 
permanently anchored ‘or attached to the pulp ?bers. 
Thus, for example, an aqueous ketene dimer emulsion can 
be sprayed on the ?bers and the ?bers then dried under 
conditions of temperature and time su?icient to cause the 
aforesaid anchoring or attachment of the pretreating 
material to the ?bers. In an alternative procedure, the 
aqueous ketene dimer emulsion can be added to_ an 
aqueous pulp suspension, the ‘pulp formed into sheets or 
mats, and dried under conditions of temperature and 
time su?icient to cause the m‘aterialto become perma 
nently anchored or attached to the ?bers, and the pulp 
sheets or mats subsequently de?bered preparatory to re 
?ning and converting into paper in the usual manner. 
After the pulp has_been ‘pretreated as indicated, it can 
be processed into sized paper in the usual manner, the 
sizing material being added internally at any suitable 
point prior to sheet formation or applied externally to 
the sheet after it has been formed. I 

Having described the invention generally, the following 
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examples are given to illustrate speci?c embodiments 
thereof. 

EXAMPLES 1-7 

Abitibi bleached sul?te pulp was de?bered in a Noble 
and Wood cycle beater. This pulp was then made into 
handsheets with half of the pulp being treated with an 
aqueous emulsion containing 1.5% of a mixed hexadecyl 
tetradecyl ketene dimer and 3.0% of a cationic starch 
andthe other half of the pulp being made into hand 
sheets with no treatment with the aqueous ketene dimer 
emulsion. The alkyl ketene dimer emulsion was added 
to the aliquot at the 0.1% level (based on dry alkyl 
ketene dimer). The entire papermaking system was ad 
justed tovpH 7.5‘using ,NaHCOs. Handsheets prepared 
were dried on a drum drier at 115° C. and then placed in 
150° C. forced draft oven for ?fteen minutes. 
On the following day these handsheets were repulped 

in a Valley type beater with the following data being 
obtained: 

Bedplate S-R 
Loading Beating Free- pH 
(Kilo- Time ness After 
grams) (Minutes) oc./2 Beating 

Grams 

0.1% alkyl ketene dimer- 5% 35 720 6. 92 
No alkyl ketene dimer»- 5% 44 742 6. 70 

Handsheets containing the alkyl ketene dimer were 
soaked for 69 minutes before being de?bered. It required 
double the time to charge this pulp to the beater as com 
pared with the handsheets which had not been treated 
with the alkyl ketene dimer emulsion. 
A series of forty-pound handsheets was prepared from 

the reworked pulp. Sizing was carried out at the 1.0, 
2.0 and ‘3.0% sizing levels using a forti?ed rosin paste 
size. The papermaking procedure utilized consisted of 
adding the appropriate volume of dilute size emulsion 
to 2,000 g. ‘of 2.5% pulp, adjusting the pH with alum, 
and diluting the pulp in the proportioner to 0.25%. 
Aliquots of 1,000 ml. where then withdrawn and added 
to about 9 l. of Water in the sheet mold. The 8 x 8 inch 
sheets were squeezed between felts and dried on a steam 
heated drum drier at about 240° F. 
The handsheets were tested for basis weight and ink 

photometer (Hercules) using both standard feather ink 
and water plus a dye solution The average testing data 
obtained for duplicate runs are shown in Table 1. 

Table 1 
WITHOUT ALKYL KETENE DIMER PRETREATMENT 

Ink Photometer 85% 
i _ Basis Weight Re?ectance (Seconds) 
Example 24><36—500 
N 0. (Pounds) 

————— Standard Water 
(Average) Feather and Dye 

Ink Solution 

.0% Forti?ed Rosin Size _____ __ 39. 9 125 155 
, ,0% Forti?ed Rosin Size _____ __ 39. 7 166 284 
.0% Forti?ed Rosin Size ..... __ 40. 5 205 413 

WITH 0.1% ALKYL KETENE DIMER PRETREATMENT 

, 3 

0% Forti?ed Rosin Size _______ __ 39. 4 3 8 
_ 1.0% Forti?ed Rosin Size _____ .. 40. 1 204 420 

2.0% Forti?ed Rosin Size _____ __ 40. 1 251 410 
.0% Forti?ed Rosin Size _____ ._ 40. 6 318 708 
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EXAMPLE 841 

A series of forty-pound handsheets was prepared from 

4 
untreated handsheets for ink photometer only. The re 
sults obtained on duplicate runs are shown in Table 2. 

Table 2 

PULP PRETREATED WITH ALKYL KETENE DIMER (pH 7.0) 

Basis Weight Ink Photometer 
24><36—500 Standard Feather Ink 

Example No. Designation (Pounds) 85% Re?ectance 
———— (Seconds) 
(Average) —-—_ 

(Average) 

8 ____________ __ 0.1% Alkyl ketene dimer emul- 39. 8 675 
slon. 

9 ____________ -_ 0.2% Alkyl ketene dimer emul- 39. 7 1, 229 
sion. 

PULP WHICH HAD NOT BEEN PRETREATED 

10 ___________ ._ 0.1% Alkyl ketene dimer emui- ______________ __ 375 
sion. 

11 ___________ _. 0.2% Alkyl ketene dimer emul- ______________ __ 1, 067 
sion. 

Penobscot bleached sul?te pulp which was ( 1) untreated 
and (2) treated with an aqueous emulsion containing 
1.5% of a mixed hexadecyl-tetradecyl ketene dimer and 
3.0% cationic starch. The pulp treatment was con 
ducted in the pulp mill by the addition of 1.42 lbs. of 
the ketene dimer (as an aqueous emulsion) per ton of 
bleached sul?te pulp before the ?nal dewatering step. 
Both pulps were beaten in a Noble and Wood cycle 

beater with the following data being obtained: 

Beating Time S-R pH After 
(Minutes) Freeness Beating 

Untreated ________________ __ 12 740 6. 35 
Treated __________________ .- 12 740 6. 30 

Sizing was carried out according to the following 
furnish list: 

( 1) 0.1% dimer (added as the above-described ketene 
dimer emulsion)—pH 7.5. ‘ 

(2) 0.2% dimer (added as the above-described ketene 
dimer emulsion)—pH 7.5. 
The pretreated handsheets containing ketene dimer 

were tested for basis weight and ink photometer and the 
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EXAMPLES 12_27 
Approximately ?fty 8 x 6 inch sheets of waterleaf 

paper prepared from St. Regis bleached kraft pulp were 
tub-sized in an aqueous emulsion containing about 
0.0735% of a mixed hexadecyl-tetradecyl ketene dimer. 
Wet pickup was about 80% indicating the application of 
about 0.06% of the ketene dimer. The sheets were 
drum dried 60 seconds at 240° F. and then cured 15 
minutes at 100° C. Photometer sizing with 20% lactic 
acid ink to 85% re?ectance averaged 66 seconds for 
four samples from one sheet. 
The remaining sheets (treated as above) were extracted 

thoroughly with a 50:50 (by volume) blend of methanol 
and methylene chloride. The extracted sheets were air 
dried, and one sheet was tested as above. The average 
photometer sizing was 24 seconds. 

Various materials 
(350 ml.). The tub-sizing technique of xylene applied 
to untreated waterleaf gave a pickup of about 30%. 
Therefore, the tub-sizing of untreated waterleaf and the 
extracted, ketene dimer treated sheets in the above so~ 
lutions should have applied about 0.5% of the various 
sizing agents. This assumes (reasonably) that there was 
no substantivity of the agents to the paper. The tub 
sized sheets were drum dried 60 seconds at 240° F. 
Table 3 shows the materials used and photometer sizing 
values obtained on waterleaf and extracted, ketene dimer 
treated paper with 20% lactic acid ink. The end point 
was 85% re?ectance. The values given are averages of 
four determinations. 

(5 g.) were dissolved in xylene 

Table 3 

Example Sizing Agent M.P., ' C. Untreated Aquapel 
N 0. I Treated 

Milxieg hexadecyl~tetradecyl ketene 45—50 1 380 2 670 
er. 

Hy lrolyzed mixed hexadecyl-tetradecyl ~70 0 985 
ketene dimer. 

Crude scale wax ...................... ._ ~50 14 560 
Re?ned para?in wax ~60 53 665 
Terpene resin (M.P _ . B 40 8 410 
Terpene resin (M.P.g65° C.) 3 55 46 810 
Terpene resin (M.P.E70° C.).- 3 70 87 590 
Terpene resin (M.P.§45° C.)-.--. 8 115 0 540 
Glycerol ester of hydrogenated rosin._ -. 4 85 0 390 
Dehydroabietyl nitrile- - . . . -._-_.--__-_ 88 0 150 

Rosin 4 90 0 410 
Glycerol ester of polymerized rosin ____ ._ 4 114 58 575 
Pentaerythritol ester of hydrogenated 4 106 86 625 
ros n. 

Modi?ed pentaerythritol ester of rosin.-- 4 135 21 705 
Pentaerythritol ester of rosin __________ __ 4 158 215 660 
Pentaerythritol ester of modi?ed rosin... 4 193 0 565 

1 Aged 7 days. 
2 Aged 2 days. 
* Softening point indicated by supplier. 
4 Drop softening point indicated in H 

tamed at the Research Center of Here ercules Powder Company Trade Literature or ob ules Powder Company. 
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In accordance with the invention, paper or paper pulp‘ 
is pretreated with an aqueous ketene dimer emulsion to 
improve sizeability and the sizing agent then applied 
in the usual manner. The pretreatment is carried out 
under conditions which will cause the pretreating mate 
rial to become permanently attached or ai?xed to the 
?bers. This will usually involve drying and/or heating 
the ?bers after application thereto of the treating mate 
rial at suitable temperatures, i.e., from about 100° C. to 
about 125° C. and for a suf?cient time, i.e., from about 
1 minute to about 30 minutes, to accomplish the desired 
objective. It ‘will be appreciated that these ranges of 
temperature and time are not critical and are merely 
given as illustrative. 
The pretreatment contemplated herein can be carried 

out in a number of ways. For example, where surface 
sizing, as with an aqueous wax emulsion, is contem 
plated, the pretreating material can be added to the 
aqueous pulp suspension prior to sheet formation. After 
the sheet is formed and dried, so that the pretreating 
material is attached thereto, the sheet can then be treated 
with the wax emulsion in any suitable manner, as by 
dipping, spraying, or the like. In an alternative method, 
the pretreatment can be applied to the formed sheets, 
the sheets dried and heated, and then treated with the 
sizing agent. In another alternative method where the 
size is applied internally prior to sheet formation, the 
pretreatment can be applied to the pulp and the treated 
pulp then processed into paper in the usual manner. 

In carrying out the pretreatment, as above described, 
the aqueous ketene dimer emulsion can be added to an 
aqueous suspension of the pulp followed by drying and 
heating. If desired, the treated pulp can be formed into 
a sheet or web, dried by heating, and then subsequently 
de?bered preparatory to introduction into the papermak 
ing system. In cases where the pretreating material is 
applied to the formed paper sheet, this can be done by 
spraying the ‘sheet with the aqueous ketene dimer emul 
sion or by immersing the sheet in the aqueous ketene 
dimer emulsion. The amount of pretreating material 
utilized will vary depending upon the particular ketene 
dimer used, the type of pulp, the manner of pretreat 
ment, and so on. In general, however, the amount will 
vary from about 0.01% to 5% by weight, based on the 
weight of dry ?ber. 
The ketene dimers which are particularly useful in 

the process of the present invention are dimers having 
the formula [RCH=C=O]2 where R is a hydrocarbon 
radical, such as alkyl having at least 8 carbon atoms, 
cycloalkyl having at least 6 carbon atoms, aryl, aralkyl, 
and alkaryl. In naming ketene dimers, the radical “R” 
is named followed by “ketene dimer.” Thus, phenyl 
ketene dimer is: 

benzyl ketene dimer is: 

and decyl ketene dimer is: [C1°H21—CH=(:O]2. Rep 
resentative ketene dimers whose emulsions may be used 
in the process of the instant invention include octyl, decyl, 
dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl, docosyl, 
tetracosyl, phenyl, benzyl, ,B-naphthyl and cyclohexyl 
ketene dimers, as Well as the ketene dimers prepared 
from montanic acid, naphthanic acid, A9ylo-decylenic 
acid, Agim-dodecylenic acid, palmitoleic acid, oleic acid, 
ricinoleic acid, petroselinic acid, vaccenic acid, linoleic 
acid, linolenic acid, eleostearic acid, licanic acid, parinaric 
acid, tariric acid, gadoleic acid, arachidonic acid, cetoleic 
acid, erucic acid and selacholeic acid, as well as ketene 
dimers prepared from naturally occurring mixtures of 
fatty acids, such as those mixtures found in coconut oil, 
babassu oil, palm kernel oil, palm oil, olive oil, peanut 
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6 
oil, rape oil, beef tallow, lard (leaf) and whale blubber. 
Mixtures of any of the above-named fatty acids with each 
other may also be used. 
The pretreatment herein described can be used in 

conjunction with any of the usual sizing agents for paper 
such as rosin size, aqueous wax emulsions, alkyl ketene 
dimers, and so on. In fact, the pretreatment of the 
invention appears to improve sizeability of paper pulp 
regardless of the type of sizing material used. While the 
reasons for this are not entirely understood, it is believed 
that in the case of paper or pulp being treated with a 
sizing agent such as wax or rosin, the pretreating chem; 
ical acts as a type of primer that promotes better dis 
tribution and adhesion of the sizing material to the 
substrate. For sizing agents such as alkyl ketene dimer 
that react with the substrate, it can be visualized that 
the pretreatment of pulp or paper places on the ?ber a 
closely held material which has more reaction sites for 
the alkyl ketene dimer than ,did the original ?ber. Re 
gardless of the theory involved, and applicant does not 
intend to be bound by any particular theory, it has been 
found as a practical matter that the pretreatment herein 
involved increases sizeability of the pulp or paper and 
that a much greater degree of sizing is obtained with 
pulp or paper so treated than is obtained with pulp or 
paper which has not received such a pretreatment. 

Sizing can be carried out by internal application, as 
by adding the sizing agent preferably in the form of an 
aqueous emulsion or dispersion to the beater of a paper 
making system, or by surface application, as by tub 
sizing, spray application or the like. The amount of 
sizing agent applied to the ?bers will vary depending 
upon a number of factors and, in general, will be from 
about 0.05% to about 10% by weight, based on the 
weight of ?bers. 
As used here-in, the expression “permanently anchored 

or attached to the ?bers” means that the material can 
not be removed from the ?bers with water or solvents. 
This attachment or anchoring appears to result from the 
reaction of the material with the ?bers and/or with 
itself, such reaction being brought about by the drying 
of the pulp or paper under suitable conditions after the 
pretreating material has been applied thereto. 
What I claim and desire to protect by Letters Patent is: 
1. A method of sizing paper which comprises pre 

treating paper ?bers with from about 0.01% to about 
5% by weight, based on the weight of dry ?bers, of a 
higher organic ketene dimer having the formula [RCH= 
C'=O']2 where R is a radical selected from the group 
consisting of alkyl having at least 8 carbon atoms, cyclo 
alkyl having at least 6 carbon atoms, aryl, aralkyl, and 
alkaryl, said ketene dimer being in the form of an aque 
ous emulsion, drying the treated ?bers under conditions 
to cause the higher organic ketene dimer to become at 
tached thereto, applying a sizing material selected from 
the group consisting of rosin size, wax size and ketene 
dimer size to the thus treated ?bers, and drying and 
heating the thus treated ?bers to develop sizing. 

2. A method of preparing sized paper which com 
prises pretreating paper pulp with from about 0.01% to 
about 5% by weight, based on the weight of dry ?bers, 
of a higher organic ketene dimer having the formula 
[RCH=C=O]2 where R is a radical selected from the 
group consisting of alkyl having at least 8 carbon atoms, 
cycloalkyl having at least 6 carbon atoms, aryl, aralkyl, 
and alkaryl, said ketene dimer being in the form of an 
aqueous emulsion, drying and heating the pulp to cause 
the higher organic ketene dimer to become attached to 
the ?bers thereof, forming an aqueous suspension of the 
pulp, adding thereto from about 0.05% to about 10% 
of a sizing agent selected from the group consisting of 
rosin size, wax size and ketene dimer size forming the 
pulp into a sheet, and drying the sheet. 

3. A method of sizing paper which comprises apply 
ing thereto from about 0.01% to about 5% by weight, 
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based on the weight of dry ?bers,‘ of a higher organic 
ketene dimer having the formula [RCH=C=O]2 where 
R is a radical selected from the group consisting of alkyl 
having at least 8 carbon atoms, cycloalkyl‘ having at 
least 6 carbon atoms, aryl, aralkyl, and alkaryl, said 
ketene dimer being in the form of an aqueous emulsion, 
drying and heating the paper to cause the higher organic 
ketene dimer to become attached thereto, applying a siz 
ing material selected from the group consisting of rosin 
size, wax size and ketene dimer size to the‘ thus treated 
paper, and drying and heating‘the paper to develop the 
s1z1ng. - 

4. A method in accordance with claim 2 wherein 
the pretreating material is an alkyl ketene dimer and 
the size is rosin size. ' . ' 

5. A method in accordance, with claim 2 wherein 
both the pretreating material and size are alkyl ketene 
dimers. ' 

6. A sized paper produced in accordance with the 
method of claim 1. 
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