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This invention relates to novel ketene dimer sizing 
compositions and to the use of same in, the sizing of pa 
per by internal addition as to the beater of a papermaking 
system. 
One of the essential requirements for the internal ad 

dition of ketene dimers to pulp slurries is that the ketene 
dimer be ?nely enough divided to give uniform distribu 
tion in the pulp slurry and, therefore, sizing when the 
sheet is made. This is usually accomplished by mixing 
the ketene dimer with a nonionic emulsifying agent which 
makes it readily dispersible in water for the formation of 
aqueous emulsions. However, since these nonionic emul 
sions are not substantive to paper ?bers, the retention of 
the ketene dimer by the ?bers is not complete with the 
result that some of the material goes to waste with the 
discarded white water. Moreover, in order to avoid ex 
cessive packaging and shipping costs which would add to 
the cost of the product, these aqueous emulsions are gen 
erally prepared by the user. 
An important object of the present invention, there 

fore, is the provision of a process for the internal sizing. 
of paper with ketene dimers which does not require the 
use of aqueous emulsions to obtain uniform distribution 
of the ketene dimer in aqueous pulp slurries. 
Another object of the invention is the provision of a 

process for the internal sizing of paper with ketene dim 
ers wherein improved retention of the ketene dimers by 
the paper ?bers is obtained with resultant economies in 
operation. 

Still another object of the invention is the provision of 
a ketene dimer sizing composition in the form of a free 
?owing powder which may be economically packaged 
and shipped, which is readily dispersible in an aqueous 
pulp slurry without the need for addition of an emulsi 
fying agent, and which may be used alone for the prepa 
ration of sized'paper or in conjunction with pigments, 
?llers and the like to provide papers which are both sized 
and coated or. ?lled. i 

In accordance with the present invention, uniform dis 
tribution of ?nely-divided ketene dimers in aqueous pulp 
slurries, and improved retention and sizing, are obtained 
by (l) dispersing a ketene dimer or mixture of ‘ketene 
dimers on a carrier comprising ?nely-divided amorphous 
silica to form a free-flowing powder in which the particles 
of silica contain a deposit or coating of the ketene dimer, 
(2) incorporating the ?nely-divided free-?owing powder 
into an aqueous pulp slurry, and (3) sheeting and dry 
ing the pulp in the conventional manner. 7 
Some sizing of the paper by the ketene dimer will usu 

ally be developed during drying of the paper web in ac 
cordance with conventional drying procedures utilized in 
the art. If desired, the sheet may be cured by heating 
to a relatively elevated temperature, say about 100° C., 
for a short period of time such as about 10 minutes. How 
ever, this is not necessary as adequate sizing develops on 
mere standing or storage at room temperature for a day 
or two. 
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Having described the invention generally, the following 

examples are given in illustration but not in limitation of 
the invention. All parts and percentages are by weight 
unless otherwise speci?ed. 

EXAMPLE 1 
Into a Waring Blendor was placed 10 parts of Hi-Sil 

303, a puri?ed low-density silica manufactured by Colum 
bia-Southern Chemical Division of the Pittsburgh Plate 
Glass Company, having the following properties: 
Color , White. 

Bulk density _______________________ __ 5 lb./cu. ft. 
Sp. gr. __ 1.95. 
Ref. index __________________________ _. 1.445. 

Average particle size ________________ __ 0.22 micron. 
Surface area ________________________ __ 160 sq. m./g. 
pH in 5% aq. suspension ____________ __ 4.5. 
Loss at 105° C __________________ ..__.___ 6—7%. 
Ignition loss ________________________ __ 10%. 

SiO2___ __ 88%. 
NaCl ______________________________ __ 0.04%. 

Na2SO4 __________________________ _-___ 0.10%. 
Oil absorption (linseed oil) __________ __ 205 g. 

The Blendor vessel was warmed in a steam bath to 
about 50° C. and 10 parts of molten alkylketene dimer 
prepared from a mixture of myristie and palmitic acids 
(M. P. ca. 33° C.) was added dropwise to the vigorously 
agitated silica. When addition was complete, the solid 
that passed through a 275-mesh screen was used to size 
unbleached kraft pulp and bleached sul?te pulp by addi 
tion in the papennaking system at the size crock at pH 
7.0. One-half part (0.5% dimer based on pulp) of the 
silica-dimer powder was added to 50 parts of pulp in two 
liters of water and stirred 5 minutes. After this time the 
mixture was diluted to 20 liters and handsheets weigh 
ing 2.5 parts were made in the usual manner utilizing a 
Noble and Wood handsheet machine. Twelve (12) suc 
cessive sheets were made for each pulp and the water in 
which the ?rst sheet was made was recycled for the prepa 
ration of the next sheet, and so on, until the series was 
completed. Sheets 1, 2, 3, 4 and 12 were then tested for 
sizing by determining resistance to ink penetration with 
the Hercules photometer. The results are set forth in 
Table 1 below. 

Table 1 

Std. Feather Ink Resistance 
(seconds) Percent Pulp Ketene M 

Dimer Sheet Number 
Added . 

l 2 3 4 l2 

Unbleached krait _____ ._ 0.5 3, 989 6, 449 ________________ __ 
Bleached sulite ______ __ 0.75 611 924 939 880 1, 041 

It is significant that even the ?rst sheet in each series 
was well and uniformly sized. The ?rst sheet corre 
sponds to a completely open papermaking system. 

EXAMPLE 2 

Equal portions of Hi-Sil 303 and an alkylketene dimer 
prepared from a mixture of stearic and palmitic acids 
were blended by mixing molten alkylketene dimer and 
silica ‘in a ribbon blenderiand the blended material ‘then 
passed through a Micronizer (air attrition mill). The re 
sulting product was a free-?owing powder containing 
5.0% by weight ketene dimer and having a particle size 
essentially that of the silica. The product was evaluated 
in a paper mill under the following conditions. 
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Three beaters were each furnished as follows: 

Beater Beater Beater 
No. 1 No. 2 i\ 0. 3 

Polo (85% West Virginia Semi 
Chcruical Polo and 15% Tacoma Lbs. Lbs. Lbs. 
T leached Kraft) ______________ __ 3, 000 3, 200-3, 300 3. 200-3, 300 

Titanium Dioxide. _. ____ 50 50 59 
Penlord Gum 300 _______________ __ 200 200 200 
Ketene Dimer Sizing Composi 
tion __________________________ __ 20 15 15 

Filler, sheet pulp and gum were mixed ?rst in the 
beater and were followed by the ketene dimer sizing com 
position. The second and third heaters were not dumped 
until white water was available for dilution from run 
ning some of the pulp in beater No. 1. All the re?n 
ing was done in two Jordan re?ners in series. The sheet 
was given a starch surface treatment in a size press and 
then three trips in the calender. 

Samples of the sheet which were not cured, together 
with corresponding samples which were cured 10 min 
utes at 105° C., were evaluated for sizing at the end 
of 24 hours and the uncured samples were also evaluated 
at the end of 72 hours. The ink resistance, in seconds, 
as determined on the Hercules photometer using Stand 
ard Feather Ink~was as follows: 

Table 2 

24 Hours Old 
Sample 72 H ours 

Uncured 
Uncured Cured 

1 ___________________________________ __ 84 206 233 
251 326 839 
100 347 314 
169 364 255 

EXAMPLE 3 

A ketene dimer sizing composition consisting of a free 
?owing powder prepared as in Example 2 was evaluated 
in a paper mill in a 50% bleached kraft—50% bleached 
sul?te pulp under the following conditions. 
A total of 20 lbs. of the ketene dimer sizing composi— 

tion was divided equally between two bcaters contain 
ing about 1000 lbs. of pulp each. After the beating cycle, 
the two heaters of stock were combined, re?ned in a 
Jordan re?ner and run on the machine in the usual man 
ner. The degree of sizing of the paper at various times 
as determined by the Hercules photometer using Stand 
ard Feather Ink is shown in Table 3 below. 

Table 3 
INK RESISTANCE IN SEC. AT VARIOUS TIMES 

~ Cured at 7 Days 13 Days 
Sample No. 105° C. Unoured Uncured 

for 5 Min. 

675 414 497 
789 512 664 
827 461 623 

1,039 472 455 
821 309 308' 
528 491 404 

In order to attain the objectives of the invention, the 
free-flowing powder constituting the ketene dimer sizing 
compositions utilized herein should have a ketene dimer 
content of at leastabout 20% by weight, and preferably 
at least about 42% by weight, based on the weight of 
the composition, and a particle size sufficiently small to 
obtain uniform distribution of the ketene dimer in the 
pulp slurry. These requirements necessarily place certain 
limitations on the carrier which may be employed par 
ticularly, and more importantly, with respect to particle 
size and oil absorption properties. Thus, it has been 
found that in- order to obtain uniform distribution of the 
ketene dimer throughout the aqueous pulp slurry, the 
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particle size should not exceed about 74 microns (100% 
through a 270-mcsh screen) and preferably should be be 
low about 44 microns (100% through a 325-mesh screen). 
The oil absorption of the carrier must be relatively high 

to permit formulation of free-flowing powders contain 
ing 20% or more by weight of ketene dimer. This will 
usually require an oil absorption (linseed oil, rub-in meth 
0d) of at least about 100 grams of oil per 100 grams of 
carrier and preferably at least about 200 grams of oil 
per 100 grams of carrier. The suitability of a particular 
carrier material from the standpoint of oil absorption char 
acteristics may be determined by mixing known amounts 
of the carrier and liquid alkylketene dimer and determin 
ing the maximum amount of dimer that can be mixed with 
the carrier but yet have a free-flowing powder instead of 
a putty-like mass. If the required amount of ketene di 
mer, i. e., at least about 20% by weight based on the 
weight of the composition, cannot be added to form a free 
?owing powder instead of a putty-like mass, the material 
is not suitable for purposes of the invention. ’ 

In addition to the indicated particle size and oil ab 
sorption characteristics, the silica utilIzed as the carrier 
should be amorphous, white and free of colored contami 
nating material, and have a pH in the range of about 2.5 
to about 7.0, and preferably in the range of 3.5 to about 
4.5, at 5% concentration in distilled water. ‘The sig 
ni?cance of the pH range is that it permits intimate mix 
ing of the ketene dimer with the silica without causing 
excessive losses in activity due to hydrolysis of the dimer 
such as occur when alkaline materials are used. 
A silica which is suitable for use herein may be pre 

pared by reacting a ?nely-divided alkaline earth metal 
silicate with an aqueous solution of ammonium chloride 
in accordance with the process disclosed in British Patent 
No. 756.875. followed, if necessary, by treating a water 
slurry of the material with an acid such as hydrochloric, 
sulfuric or the like to reduce the pH to between 2.5 
and 7.0 and preferably to between 3.5 and 4.5 at 5% 
concentration in distilled water, filtering and drying. 
However, any suitable method may be utilized which re 
sults in a material having the desired characteristics here 
inabove described. 
The ketene dimers which are used in the instant proc 

ess are dimers having the formula ERCH=C=O12 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: [C10H21—CH=C=Ol2. 
Representative, ketene dimers that may be used in the 
process of the instant invention include octyl, decyl, do 
decyl, tetradecyl, hexadecyl, octadecyl, eicosyl, docosyl, 
tetracosyl, phenyl, benzyl, ,B-naphthyl and cyclohexyl ke 
tene dimers, as well as the ketene dimers prepared from 
montanic acid, naphthenic acid, dihm-decylenic acid, A940 
dodecylenic acid, palmitoleic acid, oleic acid, ricinoleic 
acid, petroselinic acid, vaccenic acid, linoleic acid, lino 
lenic 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 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. 
A preferred method of preparing the novel ketene 
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dimer sizing compositions of’the invention‘ is "by passing 
the ketene dimer and" ?nely-‘divided silica: through‘ an 
air attrition mill called a Micronizer. The materials may 
be introduced into the Micronizerin a mixed or blended 
form or separately. 

In such a mill, the particles are givena swirling motion 
in a cylindrical chamber by'means of air jets positioned 
to discharge air into the chamber tangentially at a dis 
charge pressure up to 100 lbs/sq. in. In this chamber 
the particles continually collide at high velocity so that 
any coalesced particles are broken up and the original 
?ne particle size maintained, thus eliminating any need 
for subsequent classi?cation of the particles. Simultane 
ously, the ketene dimer particles, it added separately, are 
deposited in and on the silica particles. As the treated 
silica particles reach the required ?nely-divided state 
which, in accordance with the invention is essentially the 
same as that of the untreated particles, they work down 
wardly centrally out of the container and are‘ discharged 
through the bottom thereof ready for use. 

While it is preferred, as indicated, to prepare the ma 
terial in an air attrition mill, other methods of prepara 
tion such as mixing and/ or blending in a Waring Blendor 
or similar type of apparatus and mechanical equivalents 
of such mixing, blending and air attrition mills may be 
utilized. However, methods of preparation which involve 
the use of high temperatures such as spray-drying an 
aqueous mixture of the ingredients should’be avoided 
since (1) high temperatures cause hydrolysis of the 
ketene dimer thereby destroying or, at least substantially, 
impairing the sizing activity of the dimer and (2) spray 
drying, as well as other types of drying aqueous mix 
tures, causes the particles to coalesce thereby destroying 
the ?ne state of subdivision of the material required to 
obtain uniform distribution of the ketene dimer in the 
pulp slurry. Moreover, aqueous systems require the use 
of an emulsi?er which would be present in any product 
obtained to further decrease the level of sizing obtained, 
if any, as well as the rate of sizing development. 

The ketene dimer sizing compositions, prepared as 
herein described, may be added to an aqueous pulp 
slurry as is, i. e., as a free-?owing powder or. dry solid 
or may be dispersed in water to form an aqueous slurry, 
if so required by continuous machine operation. In 
paper mill operation, the sizing compositions should be 
added to the stock before the re?ning steps to insure uni 
form distribution throughout the pulp slurry. The ma 
terial may be used over the pH range of 4.5 to 9 but 
is preferably use-d in the pH range of 7-8. 
The amount of sizing composition which should be 

added to the stock slurry to obtain a desired degree of 
sizing will vary depending on factors such as the ketene 
dimer content of the composition, the sizing desired, the 
type of ketene dimer, the type of stock and so on. The 
degree of retention of the material by‘the cellulose ?bers 
is also a factor to be considered for while retention is 
substantially better than that obtained with aqueous emul 
sions it is, of course, not complete. 

In general, considering the various factors involved, 
the sizing compositions should be added to the stock 
slurry in amounts such that the concentration of ketene 
dimer present will be within the range from about 0.01% 
to about 1% and preferably within the range from about 
0.1% to about 0.5% by weight based on the weight of 
the pulp. Depending on the conditions of treatment and 
the results desired, this may involve the addition of as 
little as about 0.05% and as much as about 5% by 
Weight of the sizing compositions based on the weight of 
the pulp. Usually, however, these sizing compositions 
will be added in amounts ranging from about 0.1% to 
about 1% by weight based on the weight of the pulp and 
this is the preferred range. 

Operating Within the ranges speci?ed above, a sized 
paper may be obtained containing such small quantities 
of noncelhzlosic material, i. e., silica, as to be classi?ed 

essentially as‘ an‘un?lled paper. The invention, however, 
is‘n'ot limited'to the preparation of such papers’ since the 
compositions may be used‘in conjunction with’ ?llers, 
pigments and adhesives to prepare ?lled and/or coated 
papers, as Well as with other additives conventionally used 
in papermaking such as wet-strength resins and the like. 
The invention also contemplates the use of these sizing 

compositions in conjunctionwith agents designed to in» 
crease retention of the sizing compositions by the cellu 
lose ?bers. An agent which has been found to be par 

ticularly effective for this purpose is Cato 8, a cationic 
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starch (modi?ed cornstarch having a nitrogen content of 
about 0.25%) produced and sold by National Starch 
Products Company. Thus, it has been found that when 
from about 0.1% to about 0.5% by weight, based on the 
weight of the pulp, of a cationic starch, such as Cato 8, 
is added to the stock slurry before, after or simultane 
ously with the sizing composition, a decided improve 
ment in retention is ‘obtained. The following example 
will’ serve to illustrate this phase of the invention. 

EXAMPLE 4 

A pulp mixture composed’ of 5 g. >Weyerhaeuser 
bleached kraft pulp, 4 g. Puget Sound bleached sul?te 
pulp-and 3.5 g. Astracel, a bleached kraft pulp,.was 
beaten for 20 minutes in 500 ml. of water in a Waring 
Blender with 0.0625 g. (0.5% based on pulp) of a sizing 
composition consisting of ketene dimer supported on 
Hi-Sil 303. The ketene dimer was prepared fro-m a 
mixture of palmitic and stearic acids and the weight ratio 
of ketene dimer to Hi-Sil 303 was 1:1. The mixture was 
cooled during heating. ' 

After beating, the pulp was diluted with 4 liters of 
water and 6.2 ml. of 1% Cato 8 (0.5% Cato 8 based on 
pulp) ‘solution was added. After stirring one minute, 
275ml. aliquots of the diluted pulp slurry were removed 
to make ?ve successive sheets 5 inches in diameter. Be 
for sheeting each portion of pulp was diluted with 250 
ml. of water. Water filtered from one sheet was used 
for diluting the succeeding sheet. After curring for 15 
minutes at a temperature of 105° C., the following ink 
resistance was observed on the Hercules photometer us 
ing Standard Feather ink and an end point of 85% 
re?ectance. 

Table 4 

Sheet No.: Ink resistance in seconds 
1 _____________________________________ __ 620 

2______, _______________________________ __ 540 

3 _____________________________________ __ 600 

4 ______________________________________ __ 660 

5____ ___- ___ 350 

The sizing obtained in the above example is markedly 
superior to that obtained with the same pulp mixture and 
sizing composition but without the use of Cato 8. 

it will thus be seen that the present invention pro 
vides an improved dimer sizing composition and 
method for the internal sizing of paper. These sizing 
compositions may be used for the internal sizing of 
paper without the need for emulsi?cation, thereby elimi 
nating the problem of emulsion quality. By utilizing the 
compositions of the invention, improved retention and 
sizing are obtained as compared with the use of aqueous 
emulsions. MoreoverQthe compositions may be econom 
ically packaged and shipped and do not deteriorate on 
storage any faster than alkylketene dimers alone. While 
preferred embodiments of the invention have been spe 
ci?cally described herein, the invention is not to be con 
strued as limited thereby except as tne same may be in 
cluded the following claims. 
What I claim and desire to protect by Letters Patent is: 
l. A composition adapted to impart sizing to paper 

comprising a free-?owing powder made up of ?nely-di 
vided silica particles having a deposit thereon of a ketene 
dimer, said composition having a particle size not in 
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excess of about 74 microns, and said ketene dimer hav 
ing the formula [RCH=C=O]2 where R is a hydro 
carbon radical, such as alkyl having at least 8 carbon 
atoms, cycloalkyl having at least 6 carbon atoms, aryl, 
aralkyl and alkaryl. 

2. A composition in accordance with claim 1 contain 
ing at least about 20% of ketene dimer by weight based 
on the weight of the composition. 

3. A composition in accordance with claim 2 wherein 
the ?nely-divided silica has a linseed oil absorption of 
at least about 100 grams of oil per 100 grams of silica. 

4. A composition in accordance with claim 3 wherein 
the ?nely-divided silica has a pH from about 2.5 to about 
7.0 at 5% concentration in distilled water. 

5. The process of preparing a composition adapted 
to impart sizing to paper which comprises treating ?nely 
divided silica with ketene dimer to form a tree-?owing 
powder containing ?nely-divided silica particles carrying 
deposits of ketene dimer thereon, said silica particles 
having a particle size not in excess or" 74 microns, and 
said ketene dimer 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. 

6., The process of preparing a composition adapted 
to impart ‘sizing to paper which comprises mixing ?nely 
divided silica and ketene dimer in gaseous media to form 
a free-?owing powder containing ?nely-divided silica par 
ticles carrying deposits of ketene dimer thereon, said 
particles having a particle size not in excess of about 74 
microns, said free-?owing powder containing at least about 
‘20% by weight of ketene dimer based on the weight 
of the composition, said ketene dimer having the formula 
IRCH=C=O12 where R is a hydrocarbon radical, such 
as alkyl having at least 8 carbon atoms, cycloalkyl hav 
ing at least 6 carbon atoms, aryl, aralkyl and alkaryl. 

7. The process of preparing a composition adapted to 
impart sizing’ to paper which comprises subjecting a mix 
ture of ?nely-divided silica and ketene dimer to air mix 
ing to form a free-?owing powder containing ?nely 
divided silica particles carrying deposits of ketene dimer 
thereon, said particles having a particle size not in ex 
cess of about 74 microns, said free-?owing powder con 
taining at least about 20% by weight of ketene dimer 
based on the weight of the composition, said ketene dimer 
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having the formula ERCH=C=O12 where Ris a hydro 
carbon radical, such as alkyl having at least 8 carbon 
atoms, cycloalkyl having at least 6 carbon atoms, aryl, 
aralkyl and alkaryl. 

8. The process of sizing paper which comprises form 
ing an aqueous suspension of paper pulp, incorporating 
in the aqueous suspension 8. sizing composition compris 
ing a free-?owing powder made up of ?nely-divided silica 
particles having deposited thereon a lretene dimer, said 
coated particles having a particle size not in excess of 
about 74 microns, said ketene dimer having the formula 
IRCH=C=O12 where R is a hydrocarbon radical, such 
as alkyl having at least 8 carbon atoms, cycloalkyl hav 
ing at least 6 carbon atoms, aryl, aralkyl and alkaryl, 

then forming the aqueous suspension into sheets. 
9. A process of sizing paper in accordance with claim 

8 wherein the ketene dimer content of the sizing com 
position is at least about 20% by weight based on the 
weight of the composition. 

10. A process of sizing paper in accordance with claim 
9 wherein the sizing composition is added to the aqueous 
suspension of paper pulp in the form of a free-?owing 
powder. 

11. A process of sizing paper in accordance with claim 
9 wherein the sizing composition is added to the aqueous 
suspension of paper pulp in the form of an aqueous 
slurry. 

12. Paper sized with from about 0.05% to about 5% 
of a sizing composition comprising ketene dimer sup 
ported on ?nely-divided silica, said sizing composition 
having a particle size not in excess of 74 microns, said 
ketene dimer constituting at least about 20% of said 
composition and 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. 
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