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PROCESS OF SIZING PAPER WITH A REACTION 
PRODUCT OF ‘MALEIC ANHYDRIDE AND AN 

INTERNAL OLEFIN 

This invention relates to a process for the sizing of 
paper and to the improved paper thus prepared. More 
particularly, this invention relates to novel sizing agents 
for use in the sizing of paper and paperboard products. 

It is the object of this invention to provide improved 
sizingagents whose use results in the preparation of 
paper which is characterized by its reduced water and 
ink absorption as well as its resistance to aqueous acid 
and alkaline solutions. A further object of this inven 
tion involves the use of sizing agents which may be em~ 
ployed with all types of paper pulp over the complete 
range of pH conditions which are normally encoun 
tered in paper manufacturing. An additional object in 
volves the use of sizing agents which are fully compata 
ble with alum and rosin as well as with the various ?ll’ 
ers, pigments and other chemicalswhich may be added 
to paper. , ‘ 

As used herein, the terms “paper and paperboard” 
include sheet-like masses and ‘molded products made 
from ?brous cellulosic materials which may be derived 
from both natural and synthetic sources. ‘Also included 
are sheet-like masses and molded products prepared 
from combinations of cellulosic and non-cellulosic ma 
terials derived‘from synthetics such as polya‘rnide, poly 
ester and polyacrylic resin ?bers as well as from min 
eral ?bers such as asbestos and glass. ’ 
‘Paper and paperboard are often sized with various 

materials for thepurpose of‘increasing their resistance 
to water as well as to other types of aqueous solutions. 
These materialsjare referred to as sizes or sizing and 
they may be introduced during the actual paper making 
operation wherein the process is known an internal or 
engine sizing. Or, on the other hand, they may be ap 
plied to the surface of the finishedweb or sheet in 
which case the process is known as external or surface 
sizing; ‘ . ' 

Various water-repellant materials have been utilized 
as sizing agents. These include rosin, mixtures of rosin 
with waxes, wax emulsions, ketene dimer emulsions, 
?uorocarbons, fatty acid complexes of chromium or 
aluminum chlorides, long chain thermoplastic copoly 
mers, as well as some thermosetting condensation type 
resins. Although all of these materials are effective 

. under certain conditions, their use is nonetheless sub 
ject to one or more limitations. . _ 

Thus, for example,‘ in‘ the case of rosin, although the 
latter is relatively low in cost and readily available, it 
has poor resistance to alkaline solutions and cannot be 
used for the'sizing of neutral or alkaline pulps. lt is in 
operable with the latter since it must be ordinarily used 
in combination with alum or an acidic aluminum ion 
donor, which is present for the purpose‘of precipitating 
and setting the sodium rosinate, i.e.,, the rosin soap, 
onto the ?bers. The use of alum for this purpose is, 
however, precluded under neutral or alkaline condi 
tions. This is a de?nite disadvantage since the paper 
produced from neutral and alkaline pulp has been 
found to have higher strength, greater stability and su 
perior aging characteristics in comparison with the 

‘ paper prepared from acidic pulp. Also, the internal use 
of alkaline pigments such as calcium carbonate is pre 
cluded. This same limitation also applies to the use of 
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2 
most wax emulsions-which‘canno't be used on the alka 
line 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 
not tolerate appreciable quantities of alum or high 
acidic conditions. In some cases, it may be desirable or 
necessary to use alum for ?ller retention purposes, for 
increasing sheet drainage, or to retain or set condensa 
tion resin additives, etc. Certain sizing agents cannot be 
adequately retained in the sheet during sheet formation 
and, consequently, are limited only to external or sur~ 
face applications. 

In addition to the above described pH limitations, 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 re 
quire paper or paperboard displaying an exceptionally 
high degree of water resistance. Moreover, many of 
these sizing agents have been found to be incompatible 
with the pigments, ?llers, or other ingredients which 
often are added to paper. A further disadvantage of 
some sizing agents is that a considerable degree of heat 
curing is required to develop full effectiveness. Thus, in 
using these materials, full effectiveness and full sizing 
value may not be obtained immediately after formation 
and drying of the paper web. ‘ 
The use of sizing agents which are substituted cyclic 

dicarboxylic acid anhydrides has ‘been described in 
US. Pat. No. 3,102,064 patented Aug. 27, 1963 to 
Wurzburg and Mazzarella and assigned to the assignees 
of the present application. ‘In that patent the sizing 
agents correspond to the following structural formula: 

i 

wherein R represents a dimethylene or trimethylene 
radical and wherein R’ is a hydrophobic group contain 
ing more than ?ve carbon atoms which may be selected 
from the class consisting of alkyl, alkenyl, aralkyl or 
aralkenyl groups. Substituted cyclic dicarboxylic acid 
anhydrides falling within the above described formula 
are the substituted succinic and glutaric acid anhy 
drides. ‘ 

The use of these prior art reagents as sizes for paper 
and paperboard has been found to result in the prepa 
ration of products‘which display an unusually high de 
gree of water resistance. The successful use of these siz 
ing agents is not restricted to any particular pH range 
which thus allows for their utilization in the treatment 
of neutral and alkaline pulp as well as acidic pulp. 
The sizing agents described in the aforementioned 

patent are mainly prepared from linear ole?ns where 
the double bond is in the 1,2 or 3-position, or from 
short chained branched ole?ns such as triisobutylene. 
Use of the above classes of ole?ns leads to sizing agents 
where the R’ group is either linear or linear with multi 
ple methyl or ethyl groups pendant from the linear 
chain. Alternatively, R' is linear with a pendant methyl, 
ethyl or propyl group (which group may be saturated 

’ or unsaturated)attached to the carbon atom which it 



3 
self is attached to the cyclic anhydride moiety. Among 
examples of sizing agents described in the aforemen 
tioned patent are included iso-octadecenyl succinic 
acid anhydride, n-hexadecenyl succinic acid anhydride, 
dodecenyl succinic acid anhydride, triisobutenyl suc 
cinic acid anhydride, etc. 

It has now been found that when the cyclic dicarbox 
ylic acid anhydride sizing agent is prepared from an in 
ternal ole?n corresponding to the following general 
structure 

wherein R, is an alkyl radical containing at least four 
carbon atoms and Ru is an alkyl radical containing at 
least four carbon atoms, the resultant sizing agent is far 
more effective (i.e., desired sizing properties are 
achieved at substantially lower concentrations) than 
the sizing agents of the prior art which are prepared 
employing ole?ns having the double bond in the l, 2, 
or 3-position or the short chained branched ole?ns. 
The sizing agents of the present invention correspond 

to the following structural formula 

O 

0- H3 

wherein R, is an alkyl radical containing at least four 
carbon atoms and R, is an alkyl radical containing at 
least four carbon atoms, and R1, and‘R, are inter 
changeable. Mixtures of any of the above sizing agents 
may also be employed in the process of this invention. 

Examples of sizing agents typical of this invention in 
clude sizes prepared by the reaction of maleic acid an 
hydride with internal ole?ns such as octadecene-9, tet 
radecene-7, hexadecene-7 and eicodecene-l 1. Mix 
tures of two or more ole?ns may also be reacted with 
the acid _ anhydride to produce a mixture of sizing 
agents of this invention. While ole?ns having a chain 
length of about 24 carbon atoms or more may be used 
in some instances, the preferred ole?ns will contain 
from 14 to 22 carbon atoms. 
Those skilled in the art will recognize that where 

symetrical ole?ns are used in the reaction with maleic 
acid anhydride, the resulting reaction product will con 
stitute a mixture of sizing agents primarily because the 
ole?n may bond to the maleic acid anhydride moiety 
through either of the two unsaturated carbon atoms. 
Where large scale uses of commercially supplied ole 
?ns are involved, it is noted that such ole?ns are very 
often mixtures of related ole?ns with one or more spe 
cies predominating. These ole?n mixtures when re 
acted with the anhydride will also result in producing 
mixtures of sizing agents. For these reasons the novel 
sizing agents are not defined hereinafter by their chem 
ical structures, but rather are referred to and identi?ed 
as a reaction product of maleic acid anhydride with a 
speci?ed ole?n. The reaction of maleic acid anhydride 
with the olefins speci?ed herein is well known to those 
skilled in the art and requires no special precautions or 
conditions. - 
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4 
The novel sizing agents display all of the features and 

advantages of the cited prior art sizing agents. More 
over, the novel sizing agents of this invention impart to 
paper sized therewith a particularly good resistance to 
acidic liquids such as acid inks, citric acid, lactic acid 
etc. as compared to paper sized with the sizing agents 
of the cited prior art. In addition to the properties al 
ready mentioned, these sizing agents may also be used 
in combination with alum as well as with any of the pig 
ments, fillers and other ingredients which may be 
added to paper. The sizing agents of the present inven 
tion may also be used in conjunction with other sizing 
agents so as to obtain additive sizing effects. A still fur 
ther advantage is that they do not detract from the 
strength of the paper and when used with certain ad 
juncts will, in fact, increase the strength of the ?nished 
sheets. Only mild drying or curing conditions are re 
quired to develop full sizing value. 
The actual use of these sizing agents in the manufac 

ture of paper is subject to a number of variations in 
technique any of which may be further modi?ed in light 
of the speci?c requirements of the practitioner. It is im 
portant to emphasize, however, that with all of these 
procedures, it is most essential to achieve a uniform 
dispersal of the sizing agent throughout the ?ber 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 siz 
ing agent in a fully dispersed form suchv as an emulsion; 
or, by the coaddition of chemical dispersing agents to 
the ?ber slurry. 
Another important factor in the effective utilization 

of the sizing agents of this invention involves their use 
in conjunction with a material which is either cationic 
in nature or is, 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. 
These cationic agents, as they will be hereinafter re 
ferred to, have been found useful as a means for aiding 
in the retention of sizing agents herein as well as for 
bringing the latter into close proximity to the pulp ?~ 
bers. Among the materials which may be employed as 
cationic agents in the process herein one may list alum, 
aluminum chloride, long chain fatty amines, sodium 
aluminate, substituted polyacrylamide, chromic sul 
fate, animal glue, cationic thermosetting resins and 
polyamide polymers. Of particular interest for use as 
cationic agents are various cationic starch derivatives 
including primary, secondary, tertiary or quaternary 
amine starch derivatives and other cationic nitrogen 
substituted starch derivatives, as well as cationic sulfo 
nium and phosphonium starch derivatives. Such deriva 
tives may be prepared from all types of starches includ 
ing 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 
soluble 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 prefera 
ble that the cationic agent be added either subsequent 
to or in direct combination with the sizing agent. The 
actual addition to the stock vof either the cationic agent 
or the sizing 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 exam 
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ple, these 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-the 
sizing agents be uniformly dispersed throughout the 
?ber slurry in as small a particle size as is possible to 
obtain. One method for accomplishing this is to emul 
sify the sizing agent prior to its addition to the stock uti 
lizing either mechanical means, such as high speed agi 
tators, mechanical homogenizers, or by the addition of 
‘a suitable emulsifying agent. Where possible, it is highly 
desirable to employ the cationic agent as the emulsi?er 
and this procedure is particularly successful where cat 
ionic ‘starch derivatives are utilized. Among the appli 
cable non-cationic emulsi?ers which‘ may be used as 
emulsifying agents for the sizing agents, one may list 
such hydrocolloids as ordinary starches, non-cationic 
starch derivatives, dextrines, carboxymethyl cellulose, 
gum arabic, gelatin, and polyvinyl alcohol as well as 
various surfactants. Examples of such surfactants in 
clude polyoxyethylene sorbitan trioleate, polyoxyethyl 

‘ ene sorbitol hexaoleate, polyoxyethylene sorbitol lau 
rate, and polyoxyethylene sorbitol oleate-laurate. 
When such noncationic emulsi?ers are ‘used, it is often 
desirable to separately add a cationic agent to the pulp 
slurry after theaddition to the latter of the emulsi?ed 
sizing agent. In preparing these emulsions with the use 
of an emulsi?er, the'latter is usually ?rst dispersed in 
water and the sizing agent is then introduced along with 
vigorous agitation. 

Further improvements in the water resistance of the 
paper prepared with these‘novel sizing agents may be 
obtained 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; However, it 
should again be noted that post curing is not essential 
to the successful operation of this invention. 
The sizing agents of this 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 ?bers. The cellulosic ? 
bers which may be used include bleached and un 
bleached sulfate (kraft), bleached and unbleached sul 
?te, bleached and unbleached soda, neutral sul?te, 
semi-chemical chemiground-wood, ground wood, and 
any combination of these ?bers. These designations 
refer to wood pulp ?bers which have been prepared by 
means of a variety of processes which are used in the 
pulp and paper industry. In addition, synthetic ?bers of 
the viscose rayon or regenerated cellulose type can also 
be used. ' ‘ 

All types of pigments and ?llers may be added to the 
paper which is to be sized with the novel sizing agents 
of this invention. Such materials include clay, talc, tita 
nium dioxide, calcium carbonate, calcium sulfate, and 
diatomaceous earths. Other additives, including alum, 
as well as other sizing agents, can also be used with 
these sizing agents. 
With respect to proportions, the sizing‘ agents may be 

employed in amounts ranging from about 0.05 to about 
3.0 percent of the dry weight of the pulp in the ?nished 
sheet or web. While amounts in excess of 3 percent 
may be used, the bene?tsof increased sizing properties 
are usually not economically justi?ed. Within the men 
tioned range the precise amount of size which is to be 
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6 
paper is destined. Thus, for example, paper which will 
require good water resistance or ink holdout will neces 
sitate the use of a higher concentration of sizing agent 
than paper which will be used in applications where ex 
cessive sizing is not needed. The same factors also 
apply in relation to the amount of cationic agent which 
may be used in conjunction with these sizing agents. 
The practitioner will be able to use these materials in 
any concentration which is found to be applicable to‘ 
his speci?c operating conditions. However, under ordi 
nary circumstances a range of from 0.5 to 2.0 parts by 
weight of cationic agent per 1.0 part of sizing agent is 
usually adequate. It can be noted that the cationic 
agent is present in a quantity of at least 0.025 percent 
of the‘ dry weight of the pulp in the paper. 
The use of the sizing agents of this invention provides 

a degree of acid water resistance to paper which is sub 
stantially higher than is obtained bysizing agents of the 
prior art and particularly those of U.S. Pat. No. 
3,102,064. 
The following examples will further illustrate the em 

bodiment of the described invention. In these examples 
all Parts-siysasrsPxrisisblytilsss sthsntissnstsq» 

.. ma ._____,_.EXAMP.L.E.I. .. _ , . 

. This example illustrates the use of a sizing agent rep 
resentative of the ‘sizing agents of this invention in the 
form of an aqueous emulsion wherein the emulsi?er 
used is a tertiary amine cationic starch derivative. The 
water resistance of the‘ resulting paper ‘is compared 
with that of paper which had been sized with iso 
octadecenyl succinic acid anhydride, a size typical of 
those described in US. Pat. No. 3,102,064. 
An aqueous emulsion of a sizing agent which had 

been prepared from maleic anhydride and octadecene 
9 (hereinafter referred to as MA/OD-9) was prepared 
by ?rst cooking 10 parts of the betadiethyl aminoethyl 
chloride hydrochloride ether ‘of corn starch, whose 
preparation is described in Example I of US. Pat. No. 
2,813,093, in 90 parts of water which was heated in a 
boiling water bath. The dispersion of the cationic 
starch derivative after being cooked for 20 minutes was 
cooled to room temperature and transferred to a high 
speed agitator whereupon 5 parts of MA/OD-9 were 
slowly added to the agitated dispersion. Agitation was 
continued for about 3 minutes and the resulting emul 
sion was then diluted by. the addition of water to equal 
a total of 1,000 parts (0.5 percent solids). 
Calculated amounts of this stock emulsion were 

added (diluted with water) to aqueous slurries of 
bleached sulfate pulp having a freeness of 500, a con 
sistency of 0.5 percent and a pH of about 7.6 so that the 
size would be present in concentrates of 0.10, 0.20 and 
0.40 percent by weight of the dry pulp. Sheets were 
formed and dried in accordance with TAPPl standards, 
the basis weight of these sheets being 55 lbs/ream (24 
inches X 36 inches —- 500 sheets). By means of the 
same procedure, comparable sheets were made which 
contained identical amounts of iso-octadecenyl suc 
cinicacid anhydride (abbreviated IODSA) emulsi?ed 
with the cationic starch derivative described above. 

> Where the sheets were cured, the curing was effected 

65 

used will depend for the most part upon the type of 
pulp which is being utilized, the speci?c operating con 
ditions as well ssthspattisslsr evils? forwhishths crystals‘ofpotassium permanganate and an acid ink 

' by the use of hot circulating air ovens, one hour at 105° 
C. ‘ 

‘In comparing the water resistance of these sheets 
(i.e., sheets prepared with MA/OD-9 and sheets pre 
pared with IODSA) use was made of a dye test employ 
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penetration test. In the dye test several crystals of po 
tassium permanganate are placed on the upper surface 
of a swatch of test paper which is then set a?oat in dis 
tilled water at room temperature. As the water is ab 
sorbed into the paper the crystals are moistened and 
impart a characteristic deep violet color to the paper. 
The time measured in seconds required for an end 
point where three colored spots on the paper surface 
?rst appear is noted and is in direct relation to the 

retard the moistening of the permanganate crystals 

1 10 

water resistance since a more water resistant paper Wlll ‘ 

8 
dry pulp. The pH of the pulp slurry was 7.6. Sheets 
were formed and dried in accordance with TAPPI stan 
dards, the basis weight of these sheets being 55 
lbs/ream. By means of the same procedure, comparable 
sheets were made for comparison purposes containing 
comparable concentrations of IODSA. As in Example 

' I, where the sheets were cured, the curing was effected 
by use of hot air for one hour at 105° C. 

All sheets were tested by the acid ink penetration test‘ 
as described in Example I with the testing results ob-l 
tained being summarized in Table II. 

which had been placed upon its upper surface. Table [I 
The acid ink penetration test is a comparison test. j 

wherein a swatch of test paper is ?oated in a dish of 15 Sh 7 b f Ad? ink F_’en¢1r=;li0n 
. . o - - eet v y wt. 0 time in sec. 

acid ink (pH 1:5) at 100 and the time (measured 1n No. sizing Agent dry pulp Uncured Cured 
seconds) required for the ink to penetrate through the 7 
paper to reach an end-point where about 50 percent of ' 1- MA/TDJ 010 1' 8 

. d . d 2. MAfl‘D-7 0.25 131 140 
the paper is colore 1s note . ’ 20 3_ M AITDJ 040 189 255 I 

The following table presents data on the various ' 4. lODSA 0.10 5 5 

paper sheets which were compared in the described 2: £322 8'23 is 2:’) 
testing procedures. ‘m m” ’___ v 7 _ __ Table I 

1 % Acid lnk Penetration KMnO4 
Sheet Sizing by wt. of (time in sec.) (time in sec.) 
No. Agent dry pulp Uncured Cured Uncured Cured 

1. MA/OD-9 0.10 25 60 46 53 
2. MA/0D_9 0.20 475 600+ 55 74 
3. MA/0D-9 0.40 600+ 600+ 61 77 
4. IODSA 0.10 3 3 23 18 
5. IODSA 0.20 15 19 44 65 
6. IODSA 0.40 25 25 51 69 

The above data clearly show that the paper which 35 EXAMPLE‘ III 
was sized with the new sizing agent, MA/OD-9, dis 
played substantially increased acid resistance measured 
by the acid ink penetration test as compared to paper 
sized with IODSA. Approximately a four fold increase 
in the concentration of IODSA is required to achieve 
the acid resistance imparted by MA/OD-9 at the 0.10 
percent level of addition to pulp measured by the de 
scribed ink penetration test. 
The dye test results using KMnO4 also show in 

creased water resistance isv achieved using MA/OD-9 
as compared to IODSA at comparable concentration 
levels, with the more substantial increases being noted 
atthe 19w! levels9i§9n9§atr?ti9n-.-._. 

EXAMPLE 11 
This example illustrates the use of another sizing 

agent representative of this invention in conjunction 
' with alum. The water resistance of the resulting paper 
is compared with that of paper which had been sized 
with IODSA. 
An aqueous emulsion of a sizing agent prepared from 

maleic anhydride and tetradecene-7 (abbreviated 
MA/TD~7 hereinafter) was prepared by means of the 
procedure described in Example I wherein the tertiary 
amine cationic starch derivative described therein was 
again used as the emulsi?er. Calculated amounts of the 
stock emulsion were added to separate batches of 
“bleached sulfate pulp having a freeness of 500 and a 
consistency of 0.5 percent so as to result in a size con- 
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This example compares the sizing properties of a siz 
ing agent of this invention with a similar sizing agent of 
U.S. Pat. No. 3,102,064 prepared with an ole?n having 
an equal number of carbon atoms but having its double 
bond in the 1-position. 7 

Following the procedure of Example I, two parts of 
a sizing agent comprising the reaction product of ma 
leic acid anhydride and tetradecene-7 (MA/TD-7), a 
sizing agent of this invention, were emulsi?ed with one 
part of a cationic starch. Paper sheets were prepared 
employing the emulsi?ed sizing agent using bleached 
softwood pulp at pH 7.6 and 6.0 (pH lowered with 
alum) so that the sizing agent was present in a concen 
tration of 0.1, 0.2 and 0.4 percent by weight of the dry 
pulp. 
Repeating the procedure of the above paragraph, 

paper sheets were prepared employing tetradecenyl 
succinic acid anhydride (TDSA). , 
When the dry but uncured sheets were tested by the 

acid ink penetration test, the following results were ob 
tained. 

Table III 

Acid lnk Penetration 
Sheet % by wt. of (time in sec.) 
No. Sizing Agent dry pulp pH 7.6 pH 6.0 

l. MA/TD-7 0.10 6 95 
2. MA/TD-7 0.20 20 I35 
3. MA/TD-7 0.40 200 I65 
4. TDSA 0.10 3 80 
5. TDSA 0.20 7 l 15 
6. TDSA 0.40 30 I45 



9 
EXAMPLE 1v 

Following the procedure described in Example I, one 
part of MA/OD-9 was emulsi?ed with one part of a ter— 
tiary amine cationic starch derivative. 
Paper sheets were prepared employing the emulsi?ed 

sizing agent in the usual manner using bleached kraft 
softwood pulp so that the sizing agent was present in a 
concentration of 0.10, 0.20 and 0.40 percent ‘by weight 
of the dry pulp. The sheets were cured, one hour at ' 
105° C. 

In testing the resultant sheets against sheets which ‘ 
had been prepared for comparison purposes using 
IODSA in a lactic acid test, results were obtained as 
given in Table IV, below. The lactic acid test is carried 
out in similar manner to the already-described acid ink 
penetration test, but the' ink is replaced herein with a 
20 percent aqueous solution of lactic acid and the end 
point is reached when about 5 percent of the upper sur 
face has been penetrated by the acid solution. 

Table IV 

% by wt. of Lactic Acid Penetration 
Sizing Agent dry pulp (time in secs.) 

MA/OD-9 0.10 5 
MA/OD-9 . 0.20 106 
MAlOD-Q 0.40 600+ 
IODSA ' 0.10 ‘ O 

IODSA 0.20 2 
IODSA ’ 0.40 3 

i . . 

EXAMPLEV ‘ 

In further illustration of this invention, a sizing agent 
of this invention was prepared by reacting maleic acid 
anhydride with a mixture of ole?ns which consisted of 
one part of tetradecene-7, two parts of hexadecene-7, 
and one part of octadecene_9. 
The resulting sizing agent was emulsi?ed with the 

‘beta-diethyl aminoethyl chloride hydrochloride ether 
of corn starch and thereafter was used in sizing paper 
sheets following the procedure described in Example I. 
,Res'ults obtained in acid ink tests run on the sized paper 
1showed the paper to have an acid water‘resistance su- I 
perior to paper sized with IODSA and comparable to 
that sized with MA/OD-9 described in Example I. 
While the novel sizing agents herein have been lim 

ited‘ to those prepared by the reaction of maleic acid 
anhydride with selected ole?ns, sizing agents may be 
prepared using a homologous anhydride, glutaconic 
acid, together with the identical ole?ns and be ex 
pected to provide similarly effective sizing properties to 
'PaPeT- . 

In summary, the invention is seen to provide the 
practitioner with novel sizing agents which are opera 
ble under a wide variety of conditions and are capable 
of providing paper products which are characterized by 
their exceptionally high degree of acidic water resis 
tance at low levels of sizing agent concentration.‘ Varia 
tions may be made in proportions, procedures and ma- - 
terials without departing from the scope of this inven- ‘ 
tion. 
What is claimed is: ' - ' 

l. The method of sizing paper which comprises the 
step of intimately dispersing within the wet pulp, prior ' 
t9theilltimstssqatsrsisn9t,saisl..psk>_intga.érxzeta; . 
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' a sizing agent which comprises the: reaction product of 
maleic acid anhydride with an internal ole?n corre 
sponding to 

p R, -CI-I2-CI-I = CH - on, R, 

wherein R1 is an alkyl radical containing at least four 
‘carbon atoms and R,, is an alkyl radical containing at 
3 least four carbon atoms, in suf?cient amount to size the 
said paper. 

2. The method of claim 1 in which the sizing agent is 
‘in the form'of an aqueous emulsion. ‘ y 

3. A paper product having intimately dispersed 
within the wet pulp thereof, prior to its conversion into 
a dry web, a sizing agent which comprises the reaction 
product of maleic acid anhydride with an internal ole 
?n corresponding to 

RI -CI-l2-CH =YCH - CH2 ~Ru 
wherein R, is an alkyl radical containing at least four 
carbon atoms and R” is an alkyl radical‘ containing at 
least four carbon atoms, in sufficient amount to size the 
said paper. 

4. A paper product having intimately ‘dispersed 
within the wet pulp thereof, prior to its conversion into 
a dry web, (a) a sizing agent which comprises the reac 
tion product of maleic acid anhydride with an internal 
ole?n corresponding to I -‘ 

wherein R, is an alkyl radical containing at least four 
carbon atoms and Ry is an alkyl radical containing at 
least four carbon atoms, in sufficient amount to size the 
said paper and (b) at least 0.025 percent, based on the 
dry weight of the pulp, of a cationic agent. 

5. The paper product of claim 4, in which said cat 
ionic agent is selected from the group consisting of 
‘alum, aluminum chloride, long chain fatty amines, sub 
stituted polyacrylamide, animal glue, polyamide poly 
mers, cationic resins and cationic starch derivatives. 

40 6. The method of sizing paper whichcomprises ‘the 
stepsof intimately dispersing within the wet pulp, prior 
to the ultimate conversion of said pulp into a dry web, 
(a) a sizing agent which comprises the reaction product 
of maleic acid anhydride with an internal ole?n corre 
sponding to ‘ 

wherein R,- is an alkyl radical containing at least four 
carbon atoms and R, is an alkyl radical containing at 
least four carbon atoms, in sufficient amount to size the 
said paper and (b) at least 0.025 percent, based on the 
weight of the dry pulp, of a cationic agent. 

7. The method of claim 6, in which said cationic 
agent is selected from the group consisting of alum, alu 
minum chloride, long chain fatty amines, substituted 
polyacrylamide, animal glue, polyamide polymers, cat 
Kionic resins and cationic starch derivatives. 

8. The method of claim 6, in which the sizing agent 
has been emulsi?ed with a surfactant prior to its disper 
sion within the wet pulp. 

9. The method of claim 6, in which the sizing agent 
is the reaction product of maleic acid anhydride with‘ 
an internal olefin selected from octadecene-9, tetra 

5 decene-7, hexadecene-7 and eicodecene-l l. 
***** 


