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This invention relates to a pmcess for the smmg of

paper and to the improved paper thus prapared

5

It is the object of this invention to provide unproved N

sizing agents whose iise results in the preparation. of

alkaiine solutious. _A further object of this invention

involves the use of sizing agents which may be employed
with all types of paper pulp over the complete range of
pH conditions which are nonmally encountered in paper
An additional object’ involves the use
of sizi ng agents which are f‘uﬂy compatable with alum
‘and rosin as well as with the various fillers, pigmems and |
other chemicals which may be added to paper.

manufacturing.

As used herein, the tenms “paper and paperboard” in-

15
* paper which is characterized by its reduced water and ink
absorption as well as its resistance to aqueous acid and

| -Iactemstlcs in mmparlson with the pacper prepared fmm |

- acidic pulp.  Alsoc, the mternal use of alkaline pigments -
‘such ms calcium carbonate is- precluded.  This same
“limitation also applies to the use of miost wax -emulisions
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which cannot be used on the alkaline side since they -are
usually combined with: small quantities of alum for the
purpose of breaking the emulsions. On the other hand,

certain sizing agents. will niot tolerate apptrecmble quant- -
 ities of alum or high acidic conditions.
10
| More -
-partlculaﬂtly, this invention relates to novel sizing agents S
for use in the sizing of paper and paperboard products.. |

it may be desn'able OF necessary to use alum for filler

- retention ‘purposes,: for increasing sheet drainage, or to .

me:tam *01‘ set condensatmn Tesin addlltwes ete. Ceitain

 sizing agents cannot be adequately retained in the sheet
during sheet .fornmation “and,

only to external or surface appluoatlons - |
In addition to the above described pH. lmtaﬁens, the

~ water resistance or water holdout which is attainable with

- many of the heretofore employed sizing agents is often
- inadequate-for many applications which may require paper

20
- waterr uSIStaHCB

or paperboard dlsplaymg an e};c:ﬁptmnally ﬂngh degree of
‘Moreover, many of these sizing agents -

_  have been found to be incompatible with the plaments-
- fillers, or other ingredients which often are added to paper.
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clude sheet-like masses and molded products made from

fibrous cellulosic materials which may be derived from:
both natural and synthetic sources. Also included are
sheet-like masses and molded products preparad from com-

binations of cellulosic and non-cellulosic materials derived |
from: synthatms such as polyamide, polyester and poly-
1 mmeml ﬁb ers Sllf.ﬁh as

acrylic resin fibers as well as fm

materials for the purpose of increasing their resistance to
water as well as to other types of aqueous sclutions.
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These materials are referred 1o as sizes or sizing and they

~may be introduced during the actual paper nmal«:mg Op- o
40 olum as well as with any of the pigments, fillers and cther
ingredients which may be added to paper.

~advantage of these sizing agents is that they may be used

eration wherein the process is known as internal or engine
Or, on the other hand, they may be applied

to the surface of the ﬁmshed web or sheet in Wthh case

the process is known as external or surface sizing.
Various water-repeliant materials have been utlhzed
as sizing agents.
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These inciude rosin, mixtures of rosin

with waxes, wax emulsions, ketene -dimer - emulsmns :

fluorocarbons, fatty acid complexes of chromium or alumi-

num chlorides, long chain thermoplastic cop Ulymers as .
~ well as some ﬂ:te.nm@settnn- condensation type resins.
- though all of these materials are eff
.conditions, their use is nanethless suoje:ot to one or more

limitations. |
Thus, for example in the €ase of rosin, althoubh the

used for the sizing of neutral or. alkaline pulps. It is

inoperable with the latter since it must be ordinarily
~ used in combination with alum, or an acidic aluminum -
ion donor, which is present for the pm‘pose of prempmt&t-—
ing and setting the sodivm rosinate, i.e. the rosin $02p,
onto the fibers.

The use of alum for this purpose: is,
however, precluded under neutral or alkaline conditions.

from meuwtral and alkaline pulp has been found to have
higher .str-ength, greater stability and superior -agi-mg,-charr-_' .

Al-_' '
ective undar certain -

~ fact, increase the strength of the finished sheets.
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~ditive sizing effects.

- A further disadvantage of some SIng agents is that
a considerable degree of heat curmg is required to develop

{ulll effectivensss. Thus, in using these materials, full
effectiveness and full sizing value may not be obtained
lmmedmtely after formation and drymg of the paper
web. - | | .

We have now dlscovared that the use of certam Te-
agents as sizes for paper and paperboard has been found

to result in the preparation of products which display an
| un.usuall‘y hich degree of water resistance a,long with
resistance of acidic and alkaline solutions. - Of prime im-
portance .is the fact that the successful use . of these

‘new sizing agents is not restricted to any particular pH
range which thus -allows for their utilization in the treat- -

‘ment of neutral and alkaline pulp as well as acidic pulp.

Our sizing agents may ‘also be used in combination with

in con]unctrﬁn with other sizing agents so as to obtain ad-

A still further advantage of these -
sizing agents is that they do not detract from the strength

of the paper and when used with certain adjuncts will Cin
“An
additional advantage of our novel sizing ‘agents is that
only mild drymﬂr or curing conditions are treqmred to
develop full smng value. | -

The novel sizing agents: of our mvenmon may be de-

- scrlbed as substituted cychc_ dicarb oxylic acid anhydrides

- corresponding to the iollﬂwinag ﬂtmdi:ural formula:
Tlatter is relatively dow in cost and readily available, it " o - | | :
has poor resistance to alkaline solutions and cahnot be.

n _
__/\_w
- \. /

Il

wherein R represenhs a dune:thylene Or tmmethylene radmal L

- and wherein R’ is a hydmphobw group containing more
This is a definite disadvantage since the paper produced

6o -
- groups.

than 5 carbon atoms which may be selected from the

class iconsisting of alkyl, alkenyl, aralkyl or aralkenyl
Substituted cyclic dicarboxylic _ao1d_ anhydrides

In some cases,

consequently, are limited -

Still another -



falling within the above described formula are the sub-
stituted succinic and glutaric acid anhydrides.

Specific examples of the above described sizing agents
inciude iso-octadecenyl succinic acid anhydride, n-hexa-
decenyl succinic acid anhydride, dodecenyl succinic acid
anhvdride, dodecyl succinic acid anhydride, decenyl suc-
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cinic acid anhydride, octenyl succinic acid anhydride,

nonenyl succinic acid anhydride, triisobutenyl succinic
acid anhydride, capryloxy succinic acid anhydride, heptyl
siutaric acid anhydride, and benzyloxy succinic acid an-
hydride. From among the reagents of this type, we have
~ found that optimum results are obtained with acid an-
hydrides in which R’ contains more than twelve carbon
atoms. It should also be noted that it is possible to em-
ploy mixtures of any of these reagents in the process of
our invention. | - |

The actual use of our novel sizing agents in the manu-
facture of paper is subject to a number of variations in
technique any of which may be further modified in light
of the specific requirements of the practitioner. It is im-
portant to emphasize, however, that with all of these pro-
cedures, it is most essential to achieve a uniform dis-
persal of the sizing agent throughout the fiber slurry,
thereby necessitating that its addition to the pulp be ac-
companied with prolonged and vigorous agitation. Uni-
form dispersal may also be obtained by adding the sizing
agent in a fully dispersed form such as an emulsion; or,
by the coaddition of chemical dispersing agents fo the
fiber slurry. | | |

Another important factor in the effective utilization of
the sizing agents of our invention involves their use in
conjunciion with a material which is either cafionic in
nature or 1s, on the other hand, capable of ionizing or
dissociating in such a manner as to produce one or more
cations or other positively charged moieties.
ionic agents, as they will be hereinafter referred to, have
been found useful as a means for aiding in the retention
of our sizing agents as well as for bringing the latter into
close proximity to the pulp fibers. Among the materials
which may be employed as cationic agents in the process
of our invention, one may list alum, aluminum chloride,
long chain fatty amines, sodium aluminate, polyacryi-
amide, chromic sulfate, animal glue, cationic thermoset-
ting resins and polyamide polvmers. Of particular inter-
est for use as cationic agents are various cationic starch
derivatives including primary, secondary, tertiary or qua-
ternary amine starch derivatives and other cationic nitro-
gen substifuted starch derivatives, as well as cationic sul-
fonium and phosphonium starch derivatives. Such de-
- rivatives may be prepared from all types of starches in-
cluding corn, tapioca, potato, waxy maize, wheat and rice.
Moreover, they may be in their original granule form or
they may be converted to pregelatinized, cold water solu-
ble products. |

Any of the above noted cationic agents may be added
to the stock, i.e. the pulp slurry, either prior to, along with
or after the addition of the sizing agent. However, in
order to achieve maximum distribution, it is preferable
that the cationic agent be added either subsequent to or
in direct combination with the sizing agent. The actual
addition to the stock of either the cationic agent or the
s,izinfgr agent may take place at any point in the paper
making process prior to the ultimate conversion of the
wet pulp into a dry web or sheet, Thus, for example, our
sizing agents may be added to the pulp while the latter is
in the headbox, beater, hydropulper or stock chest.

In order to obtain good sizing, it is desirable that our
sizing agents be uniformly dispersed throughout the fiber
sturry in as small a particle size as is possible to obtain.
‘One method for accomplishing this is to emulsify the
sizing agent prior to its addition to the stock utilizing
either mechanical means, such as high speed agitators,
mechanical homogenizers, or ultrasonic homogenizers, or
by the addition of a suitable emulsifying agent. Where

These cat-

10

15

20

29

30

30

40

45

o0

60

65

70

75

4

possible, it is highly desirable to employ the cationic agent
as the emulsifier and this procedure is particularly suc-
cessful where cationic starch derivatives are utilized.
Among the applicable non-cationic emulsifiers which may
be used as emulsifying agents for our sizing agents, one
may 1list such hydrocolloids as ordinary starches, non-
cationic starch derivatives, dextrines, carboxymethyl cel-
lulose, gum arabic, gelatin and polyvinyl alcohol as well
as various surfactants. When such non-cationic emulsi-
fiers are used, it is often desirable to separately add a cat-
ionic agent to the pulp slurry after the addition to the
latter of the emulsified sizing agent. In preparing these
emulsions with the use of an emulsifier, the latter is first
dispersed in water and the sizing agent 1s then introduced
along with vigorous agitation. If the sizing agent nor-
mally exists as a waxy solid, it must first be melied prior
to its emulsticaticn.

Further improvements in the water resistance of the
paper prepared with our novel sizing agents may be ob-
tained by curing the resulting webs, sheets or molded
products. This curing process involves heating the paper
at temperatures in the range of from 80° to 150° C. for
periods of from 1 to 60 minutes. Such post curing is
particularly recommended where use is made of those
sizing agents of our invention having hydrophobic groups
(i.e. R’ in the above described formula) containing 12
or less carbon atoms. However, it should again be noted
that post curing is not essential to the successful operation
of our sizing process.

The sizing agents of our invention, may, of course, be
successfully utilized for the sizing of paper prepared from
all types of both cellulosic and combinations of cellulosic
with non-cellulosic fibers. The cellulosic fibers which
may be used include bleached and unbleached sulfate
(kraft), bleached and unbleached sulfite, bleached and
unbleached soda, neutral sulfite, semi-chemical, chemi-
groundwood, ground wood, and any combination of these
fibers. These designations refer to wood pulp fibers
which have been prepared by means of a variety of proc-
esses which are used in the pulp and paper industry. In
addition, synthetic fibers of the viscose rayon or regen-
erated cellulose type can also be used.

All types of pigments and fillers may be added to the
paper which is to be sized with our novel sizing agents.
sSuch materials include clay, talc, titanium dioxide, calci-
um carbonate, calcium sulfate, and diatomaceous carths.
Other additives, including alum, as well as other sizing
agents can also be used with our sizing agents.

With respect to proportions, our sizing agents may be
employed in amounts ranging from about 0.05 to about

5.0% of the dry weight of the pulp in the finished sheet

or web. Within this range the precise amount which is
to be used will, of course, depend for the most part upon
the type of pulp which is being utilized, the specific
operating conditions, as well as the particular end use for
which the paper is destined. Thus, for example, paper
which will require good water resistance or ink holdout
will necessitate the use of a higher concentration of SiZing

‘agent than paper which will be used in applications where

excessive sizing is not needed. These same factors also
apply in relation to the amount of cationic agent which
may be used In conjunction with our sizing agents. Thus
the practitioner will be able to use these materials in an;'
concentration which is found to be applicable to his spe-
cific operating conditions. However, under ordinary cir-
cumstances a range of from 0.5 to 2.0 parts by welght
of cationic agent per 1.0 part of sizing agent is usually
adequate. Thus the cationic agent is in a auantity at
least 0.025% of the dry weight of the pulp in the paper.
In those cases where use is made of those sizing agents
of our invention having hydrophobic groups containing
12 or less carbon atoms, it is advisable to employ these
cationic agenis in concentrations near the upper limit of
this range.




In any event, the use of our reagents has been found
fo pr(mde a degree of water res:{stance which 1s compar-
able, and in many cases superlor to the results obtained
- with other heretofore employed sizing agents. Moreover,
our: smng agents 1
- which is often unattainable with other sizing agents.

The following examples will further illustrate the em-

“bodiment of our invention. In these examples all parts
gwen are by weight unless otherwme noted

Example 1 o

This example illustrates the use of our sizing agents

in the form of aqueous emulsions wherein the emulsifier
- used 15 a tertlary amine cationic starch denivative. The

use of our sizing agents in combination with alum is also
illustrated. The water resistance of the resulting paper
is compared with that of paper' which had been sized
with mixtures of fortified rosin and alum.

An aqueous emulsion of iso-octadecenyl succinic acid
anhydride which for purposes of brevity will hereinafter
be referred to as IODSA, was prepared by first cooking
7.5 parts of the beta-diethyl amino ethyl chloride hydro-
chloride ether of corn starch, whose preparation is de-
scribed in Example 1 of U.S. Patent 2,813,093, in 85
parts of water which was heated in a boiling water bath.
After being cooked for 20 minutes, the dispersion of the

~ cationic starch derivative was cooled to room tempera-

- ture and transferred to a high speed agitator whereupon
7.5 parts of IODSA were slowly added to the agitated
dispersion. Agitation was continued for 5 minutes and
the resulting emulsion was then diluted by the addition
of another 900 parts of water.
was then effected and this was added to an agueous slurry

of bleached sulfate pulp having a consistency of 1.5%

and pH of about 8.5. Sheets were formed and dried
in accordance with TAPPI standards and the latter con-
~ tained 1%, as based on the weight of the dry pulp, of

both the cationic' agent and the IODSA. The basis .

‘weight of these sheets was 55 1bs:/ream (24" x 36’"—500
~sheets). By means of the same. procedure comparable
sheets were made which contained varying amounts of
IODSA as well as several which contained the TODSA in

- combination with varying amounts of alum. In all cases
where alum was used, the pi of. the aqueous pulp slurry

was J.0. |

- The water res;ustance of these sheets was compa,red
with that of sheets prepared from comparable pulp which
‘had been sized with a mixture of rosin and alum. In
comparing the water resistance of these sheets, we used
the uranine dye test and the ink dip test. The former
test involves placing a small amount of uranine dye

part a resistance to acid and alkali

3,102,064
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. | N Percent, | Uranine dye | Ink dip
Sheet No. Additives by wt., test (time [test (color
_ | o | of dlry_ in sec.) value)
pulp |
b T . Immediate 10
- ationie corn starch...

B — {IODSA- ______________ 1 } 105 3
{Cationic corn starch--_ | | . .

S ITODSA. 1 118 9
Gationic o tarein A '

ationie corn s arch.._

s {IODSA _______________ 3 } 130 1
(Cationic corn starch.__| 3N .

s T IODSA ________ 3 132 1

 |[Cationiceomstareh | 5] -
- | ationic corn starch___|
B e {IRO];?SA_ ______________ i) } - 138 1
- OSIT - - e |
Tommom o . {Alum__ _______________ 3 78 5
Example Il
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 This example illustrates the use of varying concen-

trations of IODSA and thus points out the improved water
resistarice which is obtained when this 1eagent is used
at various concentrations. |

A series of aqueous emulsions of IODSA were pre- -
pared by means of the procedure described 1in Example 1
wherein the same tertiary amine cationic starch described
therein was agam used as the emulsifier. These emulsions
contained varying amounts of both the IOD::A and the
cationic starch and, with agitation, they were added, at
the headbox, to separate batches of bleached sulfate pulp
having a freeness of 500 and a consistency of 0.5%. In

~ all cases, the pH of the pulp slurry was.8.0 except where

“A final 10 fold dilution

30

40

45

50

powder on the upper surface of a swatch of paper which

is then set afloat in distilled water. As the water is
absorbed into the paper, the dye is moistened and thus
becomes sensitive to ultraviolet light. The time, In sec-
onds, required for this UV sensitivity to occur is thus in

direct relation to the water resistance of the paper since

a more water resistant paper will, of course, retard the
moistening of the dye which has been pla.ced upon 1ts
upper surface. - -

The ink dip test is a qualltaUVe comparlson whercm'
a swatch of the paper being tested is dipped into a 1:1
‘mixture of water and blue ink. The swatch is then re-

moved, washed with water and the remaining color evalu-
ated with a colorimeter. Thus, a swatch with a greater
degree of water resistance will have a lighter color than
a swatch with poor water resistance. - For this test an
arbitrary color scale of 1-10 was used, with #1 indicating
‘the least color or the best water resistance, and the #10
indicating the most color or the poorest water resistance.
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rosin was used in which case the resultant pH of the
sturry after addition of the alum was 4.5-5.0." The basis
weight of the resulting paper was 60 lbs./ream. Below
are described the compositions of the various sheets which

were prepared as well as the results obtained when the
water resistance of these sheets was tested by means of
the uranine dye test. |

- _Percent, | Uranine dye
sheet No. Additive by wt., | ftest (time
| | . of dry in sec.)
pulp
| O NONe o mmsiccmcm e | e Immediate
9 {Catiunic corn stareh____.__ 0.25 } 99
S memm e %ODSA____-___é___i _______ 0.25
ationic eorn starch...__.. 0.5 -
S RRRREREELEE {IODSA ___________________ 0.5 } | 116
Cationic corn stareh____.__ 1.0 - i

R RGnEEEEE LR {IODSA ___________________ 1.0 }‘ 154
5 {Catmmc corn starch _______ 2.0 } 149

""""""""""""" QODSA_________________-_ 2.3

| Hortified rosin.. oo __ 1. - .
S RRG R L LTS {A_lum _____________________ 2.8 } 94 .

Fortified rosin_ . __ o ____ 2.0 1
L e e {Alum _____________________ 4 0 } 124
Example III

 This example illustrates the use of octenyl succinic c acid
anh}ﬂdnde It also illustrates the importance of using the

latter in combination with alum as well as the desirability
for the post curing of the sheets sized with this short chain
length derivative so as 1o obtain sizing results which are
comparable to those obtained Wlth longer chain de-

- rivatives.

65

An aqueous emulsion ©of octenyl succinic anhydride
was prepared by means of the procedure described in Ex-
ample I. The same cationic starch derivative was used as

~ the emulsifier; however, in this case the derivative was

70

This test also provides a quahtatlve visual lﬂdlCElJtl{}Il of .

‘the distribution of the sizing agent in the paper. .

The follown gtable presents data on the various sheets

~which were compared and gives the results obtained with
‘both the uranine dye a,nd the aquapel dlp tests. |

75

‘pregelatinized, i.e. put into cold water soluble form, by

passing an aqueous slurry of the derivative over heated
metal drums. By employving the cationic starch in this
pregelatinized form it was, of course, unnecessary to cook
it up in order to disperse it. With agitation, the result-
ing emulsion of octenyl succinic acid anhydride was then

~ added to a bleached sulfate stock having a freeness of

500 and a consistency of 1.5%. The slurry was then
diluted to a 0.5% consistency and a quantity of alum was
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introduced. After the addition of the alum, the pH of
the slurry was 5.5. The basis weight of the resulting
sheets was 60 lbs./ream. These sheets contained 1.0%
of both octenyl succinic acid anhydride and the cationic
starch, and 2.0% of alum as based upon the dry weight of
the pulp. They were then cured for 1 hour at 105° C.
For comparative purposes, additional sheets were pre-
pared wherein an aqueous eémulsion of IODSA, prepared
with the cationic starch derivative described in Example
I was used as the sizing agent; and, in another case, where
a mixture of fortified rosin and alum were used. IHow-
ever with both of these latter procedures there was no
post curing of the resulting sheets. The pH of the par-
ticular pulp slurry containing the JODSA was 8.0. Be-
low are described the compositions of the various sheets
which were prepared as well as the results obtained when
the water resistance of these sheets was tested by means
of the uranine dye test.

Percent
Sheet Additives by wt. Uranince dye test
No. of dry (time in sec.)
pulp
Cationic corn starch_____ 1.0 {
1 Octenyl suceinic acid 1.0 [{103 (cured 1 hour
""""""""" anhydride, at 105° C.).
Alum_ . . 2.0 |,
2o \“opsy. com stareh | 10 |12 o curing).
B (At ol 5D |}94 (o curing).

Example IV

This example illustrates the use of IODSA in iis oily,
vnemulsified form and demonstrates the improvemeitts ob-
tained when, in one case, a cationic agent is added to
the stock after the addition of the unemulsified IODSA;
and, in another case, when ordinary corn starch is added
to the stock before the addition of the IODSA and a
cationic agent, the purpose of the corn starch being to
aid in the dispersion of the sizing agent; and, in still an-
other case, where corn starch is added to the stock prior
to the addition of only the unemuisified IODSA.

With agitation, a quantity of IODSA was added to
bleached sulfate pulp having a freeness of 500 and a 1.5%
consistency. This quantity was sufficient to provide the
finished sheets with a concentration of IODSA equivalent
to 1.0%, by weight, of the dry pulp. Under comparable
conditions sheets were then prepared wherein the follow-
ing changes were made: (1) corn starch was added to the
pulp prior to the addition of the unemulsified IODSA; (2)
the cationic starch described in Example I was added to
the pulp after the addition of the unemulsified IODSA;
and (3) corn starch was added to the pulp prior to the
addition of the unemulsified JODSA which was then fol-
lowed by the addition of the caticnic starch described in
Example I. The basis weight of all of the above described
sheets was 55 Ibs./ream (24" x 36""—500 sheets}. Be-
low are described the compositions of the various sheets
which were prepared as well as the results obtained when
the water resistance of these sheets was tested by means

of the uranine dye fest.

I Percent, | Uranine dye
Sheet No. Additives hy wt., test (time
t ofdry in seconds)
pulp
1 O TODSA _ e ___ 1.0 0
0 { Corn stareh_ oo 0.5 } 0
S A 9
ationic corn starch._.______ .
S RREEETTE TODSA. o7 1.0 } 100
Cornstarech____ . ______. 0.5 1
SR <Cationic corn starch__ ... __ 1.0 115
TODSA. oo 1.0 |}

10

15

20

26

30

30

40

a0

09

60

65

70

&
Example V

This example illustrates the use of ordinary corn starch
as the emulsifying agent for IODSA.

An aqueous emulsion of IODSA was prepared using the
procedure of Example I; however, in this case, ordinary
corn starch rather than the cationic starch derivative was
used as the emulsifier. With agitation, this emulsion was
added to bleached sulfate pulp having a freeness of 500
and a 1.5% consistency. This was followed by the addi-
tion of alum to a pH of 5.5. The finished sheets con-
tained 1.0% of IODSA and :1.0% of com starch as based
upon the dry weight of the pulp and had a basis weight of
60 Ibs./ream. Below are described the compositions of
the various sheets which were prepared as well as the re-
sults obtained when the water resistance of these sheets
was tested by means of the uranine dye test. A com-
parison of sheets which had been sized with fortified rosin
and alum 1s also offered.

Percent, | Uranine dye
Sheet Additives by wt., test (time
No. of dry in see,)
pulp
Corn starch_ o . 1.0
; TJODSA _ . - 1.0 105
;I‘tlum (g) adjust pH t0 85.5) -} -
(Fortified rosin_____ . ___________. 1.0
R \Alum.. . LT 2.0 |f U4
Example VI

This example illustrates the use of IODSA for the siz-
ing of paper containing an appreciable quantity of inert
pigments. |

An aqueous emulsion of IODSA was prepared using
the procedure of Example I. With agitation, portions of
this emulsion were added to a series of bleached sulfite
pulps having a freeness of 440 and a consistency of 1.5%
and which also contained, respectively, 10% of titanium
dioxide, 10% of calcium carbonate, and 10% of clay as
based upon the dry weight of the pulp. The resulting
sheets each contained 0.5% of IODSA and 0.5% by weight
of the cationic starch derivative as based upon the dry
welght of the pulp and had a basis weight of 60 1bs./ream.
Below are described the compositions of the wvarious
sheets which were prepared as well as the resulfs obfained
when the water resistance of these sheets was tested by
means of the uranine dye test. A comparison of pigment
containing sheets which had been sized with fortified rosin
and alum is also offered.

Percent, | Uranine dyc
Sheet No. Additives by wt., test (time
of dry in sec.)
pulp
Cationic com starch_.______._ 0.5 l
] IODSA _ e 0.5 130
Titanium dioxide_ . _._____ 10.0
Cationic corn starch___. .. _._ 0.5 |
D TODSA e 0.5 |; 153
Clay e 10.0
(Cationic corn starch________. 0.5
X, S T TODSA e 0.5 200
Caleium carbonate . .o _____ 10.0
IFFortified rosin. oo oo .. 1.0
: S Alum_ . 2.0 96
Titanium dioxide__ _ . ____._ 10,0

Example VII

This example illustrates the use of TODSA in its oily,
unemulsified form which was, however, added to the pulp
in combination with a cationic starch.

With agitation, separate portions of TODSA. and the
cationic corn starch derivative described in Example I
were added, simultaneously, to a mixture of 73% ground-
wood and 27% bleached sulfite pulps having a freeness of
350 and a consistency of 1.5%. The resulting sheets con-
tained 1.0% of IODSA and 1.0% of the cationic corn
starch as based upon the dry weight of the pulp. The




9 o | |
sheets was 33 1bs./ream
Below is described the com-

basis weight of these
(24" x 36""—500 sheeis).

position of the sheets which were prepared ias well as the

results obtained when the water resistance of these sheets
~was tested by means of the uranine dye test. A com-

parison of sheets which had been sized with fcsrtlﬁed rosin

and alum 1s also offered.

. o Percent, Uraﬁmé dye'
Sheet No. Additives 1 by wt., test (time
- | | - of dry in sec.)
| - pulp
Cationie corn starch. .. ... 1.0 } 3
I GRTEPEE {IWOD%A&_____ _______________ Lo 104
ortifieqd rosin_ _ oo __ .
2 e {Alum_.____;_ _________________ X } . 80

Example VIII
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This example illustrates the use of IODSA in ‘i:he form

of an emulsion prepared with a non-cationic, starch de-
The resulting emulsmn was theu used

rivative emulsifier.
in combination with a cationic starch.

An aqueous emulsion of IODSA was prepared by means
of the procedure described in Example I. However, in
this case, the emulsifier which was used was a corn starch

acid ester of octenyl succinic acid as prepared by means

~of the procedure described in Example II of U.S. Patent
With agitation, this emulsion along with a

2,661,349,
quantity of the cationic corn starch derivative described in
Example 1 of this disclosure, were added, at the headbox,
to a bleached sulfate pulp havmg a freeness of 500 and a
consistency of 0.5. The resulting sheets, in this case, con-
tained 10% of TODSA, _
ester emulsifier, and 1.0% of the cationic starch as based
‘upon the dry weight of the pulp. Below is described the
composition of the sheets prepared as well as the results
‘obtained when the water resistance of these sheets was
tested by means of the uranine dye test. A comparlson of
sheets which had been sized with fortLﬁed rosin and almn

30

1.0% of the corn starch acid

39

8,102,064
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Fach of the above : descrnbed Starch amines Was then
used as the emulsifier for the preparation of aqueous
emulsions of IODSA. These emulsions were each, in

‘turn, added to bleached sulfate pulp having a freeness of -

500 and a comnsistency of 1.5%. The resulting sheets, in
each case, contained 1.0% of IODSA and 1.0%, respec-
wely, of the primary, :S@CGIldIHI'Y and guaternary starch
amine derivatives as based upon the dry weight of the
pulp. Below ds described the composition of the sheets
prepared as well as the results obtained when the water
resistance of these sheets was tested by means of the
uranine dye test. A comparison of sheets which had been
sized with fortified rosin and alum, is also offered.

Percent,
by wi.,
of dry

pulp

Uranine dye
test (time in
- see.)

Sheet No. Additives.

3 Quaternary amine corn starch*__-__

doeeaas {%.111]]1__ ------------- '——'—.-4—————---_'-“'

| {P rlmal‘y amme {:{}I‘Il Stareh ________
==~ I LO DS A .
| Secondary amme corn St“LI'Gh__._'___
TODSA L

123
120
128
a3

il B s deg b ek A el W S

temis ol PE sl ey Sl ek REN- EEE

1
TIODSA e -1
Fortified rosin_ _.__.'__--.'..__._'_ ________ %

Example X
This example illustrates the use of IODSA in the form

of an emulsion wherein a number of cationic amine de- -

rivatives of various starch bases were each, respectively,
used as the emulsifying agent. The improvements in
water remstance obtained %y post curing are also demon-
strated.

The varicus emulsifiers used were the tertiary amine,

- beta-diethyl amino ethyl chloride hydrochloride starch

40

45

| 13 also ofered
| o | Per cent Uranine dye - -
Sheet No. Additives | by wt., | test (time
- - of. dry in sec.) -

Cnrn starc:h acid ester__._.._. 1.0 ) .

5 DS TODSA e 1.0 ' 139
 Cationic corn starch_ . 1.0 . | |

0 ‘Fortified rOSIN e oo 1.0 } 115

s me s Alum. oo 2.0 |}

| | Example IX -
" This example illustrates the use of IODSA in the form

50

12,813,093

ethers prepared as described in Example I, of U.S. Patent
However, in place of the corn starch base,
we substituted a variety of starch bases including waxy
maize, tapioca, potato, a waxy maize starch which was
acid converted to a degree known in the trade as 85
fluidity, and a corn starch which was acid converted to a
degree known in the trade as 75 flmidity.

Each cf the above described tertiary starch amines was

then used as the emulsifier for the preparation of aqueous

emulsions of IODSA. 'These emulsions were each, in

turn, added at the headbox to bleached sulfate pulp hav-

ing a freeness of 500 and a2 consistency of 0.5%. The
resulting sheets in each case, contained a 1.0% of IODSA
and 1.0% respectively, of the various tertiary amine
starches as based upon the dry weight of the pulp. The

water resistance of these sheets was then evaluated by

of an emulsion wherein a number of different cationic

corn starch derivatives were each used reSpectlvely, @as
the emulsifying agent. | |
Iisted below are the various cationic amine. cor ‘starch
~ derivatives used as ‘emulsifiers along with a brief descrlp-
tion of the method used for their preparation.

(A) Primary amine corn starch—Prepared by react-
ing 100 parts of corn starch, 20 parts of ethylene imine
~and 50 parts of toluene in a pressure vessel for 20 hours
The product was recovered
by the addition of 200 parts of methanol and 35.7 parts
of concentrated ihydrochlonc acid and was then iﬁltered -

at a temperature of 60° C.

washed with methanol and air dried.

55

~ termined by means of the uranine dye test.

(B) Secondary starch amine -—-Prepared by reactmg

100 parts of corn. starch, 15 parts of n-butyl ethylene
imine and 25 parts of toluene under the same conditions

- 'as described above for the pwplarratmn of tha primary
'amme corn starch derivative. | -

" (C)Y Quaternary szarck amine —Prepared by reaction

of corn starch with the reaction product of triethylamine

and epichlorohydrin as descnbed in Emample: I of U.sS.

Patent 2, 876 217 | |

Sheet

means of the uranine dye test, as described in Example 1.
Additional samples of these sheets were then cured by -
being heated for 1 hour at a temperature of 105° C. The
wiater resistance of these cured sheets was similarly de-
The results
- of these tests are presented in the following table.

60

o | Uranine dye test
Percent, | (time in see,)
by wt., S

of dry -

pulp

Additives .

No. |
Immedi-
. ate

Cured

1 Waxy maize tBI‘tlale ammc__-
—~HIODSA
o . Tapioca ter tiary amme _____ —
Tmmmee TODSA o |
{Potatn tertiary amine.__......
TODSA e

. JActd cony, waxy maize tert,

amine. - |

102
118
118

_______ 102 |
110
112

83 03
[Acid conv. CDI’Il starch tert.

amine, . 109

= O OoODooooo |

= b e b ped el bt et
L [ | [ ] [ ] L [ | | ] 4

v |
S |
'
|
|
I
I
1

95
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Example X1

'This example illustrates the use of several of the sizing
~agents of our invention including n-hexadecenyl succinic
acid anhydride, dodecenyl succinic acid anhvdride, dodec-
yl succinic acid anhydride, and a mixture of iso-alkenyl
succinic acid anhydrides wherein the alkenyl groups of
the mixed anhydrides contained from 18 to 22 carbon
atoms.

An aqueous emulsion of each of the above described
sizing agents was prepared by means of the procedure
described in Example I using, as an emulsifier, the same
cationic starch derivative described therein. With agita-
tion, the emulsions of the mixed iso-alkenyl succinic acid
anhydrides and the n-hexadecenyl succinic acid anhydride
were added, respectively, at the hyvdropulper to bleached
sulfate pulps having a consistency of 1.5% and a free-
ness of 510. The emulsions of dodecenyl succinic acid
anhydride and dodecyl succinic acid anhydride were added,
at the headbox, to a bleached sulfite pulp having a con-
sistency of 0.5% and a freeness of 500. The resulting

20

sheets, in each case, contained 1.0% of the various sizing |

agents and 1.09% of the cationic starch as based upon the
dry weight of the pulp. Below is described the composi-
tion of the sheets prepared as well as the results obtained
when the water resistance of these sheets was tested by
means of the uranine dye test. A comparison of bleached
sulfate sheets which had been sized with fortified rosin
and alum is also offered. |

Percent, {| Uranine
Sheet No, Additives by wt,, { dye test
of dry (time
pulp in sec.)
Mixture of iso-alkenyl succinie acid 1.0 |
| { anhydrides, | - 120
Cationic corn starelt . oo . 1.0
‘N-hexadecenyl succinic acid an- 1.0 -
e __ hvdride. ; 118
| Cationie corn stareh. . _________ 1.0 ||
9 {Dudecenyl succinie acid anhvdride__ 1.0 } 110
ST Cationic corn starch. . __________. 1.0
4 { BDodeceyl snecinic acid anhydride_ ___ 1.0 } 105
"""""" Cationic corn starch. ... ______ 1.0 | v
5 {Fﬂrt-iﬁed FOSIN _ o e 1.0 93
“““““““ Alom . e 2.0 }

Example X11

This example illustrates the use of our sizing agents in
combination with a variety of cationic agents. It also
demonstrates their use in the treatment of paper pulp
under a broad range of pH conditions.

An aqueous emulsion of IODSA was prepared by means
of the procedure described in Example I using, as the
emulsifier, the corn starch acid ester of octenyl succinic
acid prepared by means of the procedure described in
Example I1 of U.S. Patent 2,661,349. With agitation, por-
tions of this emulsion along with a quantity of one or more
cationic agents were added to separate bleached suifate
stocks each having a freeness of 510 and a consistency of
0.5% but which were, however, at a variety of pH condi-
tions. The resulting sheets, in each case, contained 1.0%
of IODSA and 1.0%, respectively, of the corn starch acid
ester emulsifier and had a basis weight of 55 Ibs./ream.
‘The water resistance of these sheets was then evaluated
by means of the uranine dye test, as described in Example
I. The results of these tests as well as the nature of the
cationic agents utilized and the pH of each pulp are

presented in the following table.

30

35

4

45

o0

5b

60

60

70

b
1
1
|
I
I
I
]
I
I
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Uranine

dve test

(time in
SCC.)

Percent,
by wt., | pIl of
of dry pulp

pulp

Shect Additives

No,

‘Corn starch aecid ester_. ______

IO0DSA . . 101

el
I~

el ™ Y™ A - T

IODSA . . __ ) - 5.0 101
Polyacrylamide_ ___________.
Corn starch acid ester_ .. ___.
IO S A _ ...
Sodium aluminate_ .. ______

[{Corn starch acid ester_______

8.0 H5

[
} .

> 6.0

e

06

H
I
1
]
|
l
I
I
I
I
-

Sodinin aluminate._ _ .o ...
Alom_
JCorn starch acid ester_ ______

82
Animalglae_ . _____._.
[Corn starch acid ester. __.__._
IODSA .
Aluminum cehloride_ .. _.
Corn starch acid ester_ ..
P iIODSA _____________________

A polyamide. ... _______
{Cnrn starch acid ester____._.

> 4.8 105

e

i

i

!

J

}

I

|

I

[
.

> 7.0 102

90

ol et ot 0 e e et end el S enlantt e et ael ol o 0 14 B
OO OO0

. U,

A long chalnamine_ . ___._.

Eiample XHT

This example illustrates the improved strength which
1s obtained with the use of our sizing agents as compared
with the strength of unsized sheets as well as with sheets
sized with mixtures of fortified rosin and alum.

An aqueous emulsion of IODSA was prepared by means
of the procedure described in Example I wherein the same
teritiary amine cationic starch described therein was again
used as the emulsifier. With agitation, this emulsion was
added, at the headbox, to an unbleached sulfate pulp hav-
ing a freeness of 550 and a consistency of 0.5%. The
resulting sheets contained 1.0% of both IODSA and the
cationic starch as based upon the dry weight of the pulp
and had a basis weight of 57 1bs./ream (24’ x 36" —500
sheets). The water resistance of these sheets was then
cvaluated by means of the uranine dye test.

The strength of these sheets was also determined using
the Mullen tester. 1In this apparatus a sheet of the paper
1s clamped between two ring shaped platens, thus leaving
an exposed crircular surface of paper under which there
i1s an inflatable rubber diaphragm. As air is pumped into
this diaphragm it expands and comes into contact with
the exposed surface of the paper. Note is made of the
pressure, in p.si., at which the diaphragm caused the
paper to burst. The Mullen factor is then calculated by
dividing the latter figure by the basis weight of the paper,
a higher Mullen factor thus indicating a stronger paper.

Using the same paper making procedure as described
above, comparable sheets were prepared which in this
case were, however, sized with a mixture of fortified rosin
and alum. Still other sheets were prepared which did not
contain any sizing agents. These sheets served as a
blank. The Mullen factor as well as the water Tesistance
of these sheets was also determined and the following
table presents the results of these tests.

o Percent, Uranine

Sheet Additives by wt., [Mullen| dve test

No. of dry | factor (time in

pulp SEC.)
(Cationic corn starch...._. ) 1.0

R \TODSA_ oD Stareh- .- Il 136 200
. ]31&11_1{-_-_-___ ________________________ 1,27 0
S Tt B 1 IR 160

The above data not only shows the improved strength
and water resistance of the sheets treated with our sizing
agents, but also indicates that the use of rosin-alum. mix-
tures actually decreases the strength of the sheets which
contain these materials.



Example XIV

This example Tlustrates the excellent resistance tO
acidic and alkaline solutions which is displayed by the -

paper 'which has been treated with our- novel sizing agents
as compared with that displayed by sheets which have been
sized with mixtures of fortified rosin and alum.

'An aqueous emuision of IODSA was prepared by means
"of the procedure described in Example I wherein the
same tertiary amine cationic starch described therein
was again used as the emulsifier. With agitation, this
emulsion was added to a bleached sulfate stock having a
freeness of 500 and a consistency of 0.5%. The resulting

sheets contained 0.5% of both IODSA and the cationic

starch and had a basis weight of 55 1lbs./veam.

In testing the water resistance of these sheets by means
of the uranine dye test, the procedure described in Ex-
ample I was modified so that in one case the paper swatch
containing the dye on ifs upper surface was set afloat
in a 10%, by wt., aqueous solution of lactic acid rather
than the distilled water which ig normally employed. 1n
" still another modification of the uranine dye test proce-

dure, additional swatches of the above described sheets

were set afloat in a 10%, by wt., aqueous. sodium hy-
droxide solution. The same fests were also applied 1O
comparable sheets which, in this case, had been sized with
" 5 mixture of fortified rosin and alum. Below are listed
the compositions of the various sheets which were pre-
pared as well as the results obtained when the waier
resistance of these sheels was tested by means of the
above described modifications of the uranine dye test.

| | Percent, (time in sec.)
Sheet _. Additives | by wt,, ' '

acid  hydroxide

i ‘Cationic eorn starch. - Lo 108 >200

0.5
T 1’%‘0%%& """"""""""""" Yol
Tortified TOSIN crcccc e - . .
R AT - oo oo oo ly 25

It was noted at an earlier point in this disclosure that

various surfactants may also e utilized as emulsifiers or
the sizing agents of our snvention. Thus, among the dif-

ferent examples of surfactants which may be utilized,
one may list polyoxyethylene sofbitan tricleate, polyoxy-

ethylene sorbitol hexaoleate, polyoxyethylene sorbitol
laurate, and polyoxyethylene s orbitol oleate-laurate.

Summarizing, our invention is thus seen to provide the

practitioner with novel sizing agents which are operable
under a wide variety of conditions and are capable of
providing paper products which are characterized by their
exceptionally high degree of water resistance. Variations

may be made 1n Proportions, procedures and materials

without departing from the scope of this invention which
is limited only by the following claims. | |

We claim: : R |

1. The method of sizing paper which comprises the
~ step of intimately dispersing within the wet pulp, prior
to the ultimate conversion of said pulp into a dry web, a
sizing agent ‘which comprises a cyclic dicarboxylic acid
anhydride corresponding to the structural formula

O
|
/ O\
0 R—R’
N S
C

l
O

wherein R is selected from the class consisting of di-

Uranine dye test

pulp - TLactic | Sodium |

3,102,064

methylene and trimethyle
‘a hydrophobic group co
- atoms and ds selected fror
alkenyl, aralkyl, and ar alkenyl groups.

14

5 2. The method of claim 1 in

in the form of 'an aqueous ¢
3. A paper product having

in the wet pulp thereof, prior _
‘dry web, a sizing agent which comprises a cyclic dicar-
10 boxylic acid anhydride corresponding to the structural

formuilra

B N

20

wherein R is selected fron

ne radicals and wherein R’ 1s
ntaining more than five carbon
) the class consisting of alkyl,

which the sizing agent is

mulsion. )
intimately dispersed with-

o its conversion Into a

n the class consisting of di-

methylene and trimethylene radicals and wherein R’ is

a hydrophobic group containing more than five carbon

o5 atoms and is selected from the class consisting of alkyl,
alkenyl, aralkyl and aralkenyl groups. | |
4. ‘A paper product having intimately disp ersed within

' the wet pulp thereof, prior

web, (a) a sizing agent which
corresponding to the structural

30 boxylic acid an ydride

formula
0
35 |
| | - 0/ \R__
| N S
C
|
40

to its conversion info a dry

comprises a cyclic dicar-

whereinl R is selected from the class consisting of di-
~ methylene and trimethylene radicals and where R" 18
-a hydrophobic group containing more than five carbon

45 atoms and is selected from, the class consisting of alkyl,

alkenyl, aralkyl and aralkenyl groups, and (b) at least
- 0.025%, based on the dry weight of the pulp, of a

cationic agent.

5. The paper product of claim. 4, in which said cati-o-nit:
the group consisting of alum,
aluminum chloride, long chain fatty amines, sodium

50 agent is selected from

aluminate, polyacrylamide,
mers, primary amine starch

animal ¢lue, polyamide poly- .
derivatives, secondary amine

starch derivatives, tertiary amine starch derivatives and
55 quaternary amine starch derivatives. |
6. The method of sizing pap er which comprises the

steps -of initmately dispersing within the wet pulp, prior

to the ultimate conversion Of said pulp into a dry web,
(a) a sizing agent which comprises a cyclic dicarboxylic
60 acid anhydride corresponding to

_.0_.

N BN

|
C

NS

70

C

|
O

+he structural formula

R—R/

wherein R is selected- 'firo_m the class consisting of di-
- methylene and trimethylene radicals and wherein R’ 1s a
hydrophobic group confaining

75 atoms and is selected

-om the

more than five carbon
class consisting of alkyl,
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alkenyl, aralkyl and aralkenyl groups, and (b) at least
0.025%, based on the dry weight of the pulp, of a
catlonic agent.

/. The method of claim 6, in which said cationic agent
is selected from the group consisting of alum, aluminum
chloride, long chain fatty amines, sodium aluminate,
polyacrylamide, animal glue, polyamide polymers, pri-
mary amine starch derivatives, secondary amine starch
derivatives, tertiary amine starch derivatives and quater-
nary amiune starch derivatives.

10
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