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WATER-SOLUBLE THERMOSETTING RESINS
AND USE THEREOF

Matter enclosed in heavy brackets [ J appears in the 5
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to wet and dry strengthening
resins which have the property of being substantially
pH-independent and the paper treated with which can
be easily repulped. More particularly, it relates to paper
strengthening resins mainly composed of thermosetting
polyvinylamide polymers which have the property of
providing paper with a nearly constant wet and dry
strength in the pH range of 3 to 9 in the case of methods
of wet-end additions or in the pH range of 3 to 10 in the
case of methods of surface applications, and moreover,
the paper treated with which can be easily and rapidly
repulped.

Paper is generally manufactured by beating pulp and
mixing it with beater additives such as size agents, fillers

and alum cake. Depending on the nature and amount of 25

such additives, the pH of pulp slurry varies in different
ways. In the case of using waste paper alone or using it
together with virgin pulp as papermaking materials, a
considerable amount of alkaline chemicals remain in the
pulp slurry even after washing, because the waste paper
is passed through a deinking process wherein alkaline
chemicals are added. Consequently, the pH of the pulp
slurry depends largely on the extent of washing and the
proportion of waste paper used. In these cases, in order

to use efficiently various other resins, it is necessary to 35

adjust the pH value of the pulp slurry suitably for each
prior art resin.

Various resins such as urea resin, melamine resin and
polyamide-epichlorohydrin resin which impart wet and
dry strength to paper are known in the art. However,
both urea and melamine resins are efficient only in acid
pH ranges but have low efficiency at neutral or alkaline
pH. On the contrary, polyamide-epichlorohydrin resin
imparts wet strength to paper in the alkaline pH ranges,
but little wet strength in acid, and furthermore, not
enough dry strength is obtained even in alkaline. The
wet strength of paper treated with the above prior art
resins is nearly permanent and therefore it is difficult to
[beat] disintegrate the paper even after long immersion
in water and [beating] broke recovery is not easy.

Paper strengthening resins prepared by reaction of
jonic or nonionic polyacrylamide polymers with gly-
oxal are disclosed in Japanese Patent Publications No.
24,926/1965 and No. 26,670/1969. In the Publication
No. 26,670/1969, some methods of producing wet
strengthening resins are disclosed, ie., 2-dime-
thylaminoethyl methacrylate and acrylamide are poly-
merized and then the tertiary amino-group in the poly-
mer is quaternized with methylene chloride, dimethy!
sulfate or benzyl chloride to cationic polyacrylamide
polymer and then the polymer is allowed to react with
glyoxal. The paper strengthening resin thus obtained is
efficient in the pH range of acid to neutral and as the pH
value rises, the efficiency is gradually lowered. At
above pH 8, the efficiency is significantly lowered and
the resin consequently becomes of no practical use.

A wet strength resin mainly composed of the homo-
polymer of the cationic monomer prepared by reaction
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of 2-dimethylaminoethyl methacrylate with epichloro-
hydrin or copolymers of the cationic monomer with
other vinyl monomers is disclosed in U.S. Pat. No.
3,678,098 and Japanese Patent Publication No. 29,126 of
[1973] 1974. However, in order that the above homo-
polymer and copolymers may impart sufficient wet
strength to paper, it is necessary that the copolymeriza-
tion ratio of the cationic monomer be over 50 wt. % and
this is not preferable from an economical point of view.
Moreover, imparting sufficient wet strength to paper is
not accomplished without subjecting the resin to caustic
activation process just before use.

SUMMARY OF THE INVENTION

It is an object of this invention to provide water-solu-
ble thermosetting resins which impart a nearly constant
wet and dry strength to paper over a wide pH range.

It is another object of this invention to provide wet
strengthening resins the paper treated with which is
casily and rapidly repulped.

It is still another object of this invention to provide a
method for the manufacture of paper having wet and
dry strength according to methods of wet-end addi-
tions.

It is still another object of this invention to provide a
method for treating the surface of paper to impart wet
and dry strength according to the methods of surface
applications.

Other objects and advantages of the present invention
will become apparent to those skilled in the art from the
following description and disclosure.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

We have now found that these objectives have been
achieved by the following water-soluble thermosetting
polyvinylamide resin having the following formula (I),
i.e,, the paper strengthening resins of this invention
impart a nearly constant wet and dry strength to paper
over wide pH range of 3 to 9 in the case of [the]
wet-end additions and of 3 to 10 in the case of surface
applications and the paper treated with the resins of this
invention can be easily and rapidly [broken] disinte-
grated and therefore the broke recover matters little.

N N O

CH;‘—(l: CH;—C
CONH; Jp [ CONH
R3

\ o

CH(OH)CHO ),

N\

CH~C
Ra

COO—A-—-N®YO
CH;CH(OH)YCH,X

Rs

Re
CHz—?
COOH /; n

wherein:



Re. 30,259
3 4
Ri, Rz, [and] R3 and Ry are independently selected recurring units arranged linearly and irregularly and
from the group consisting of hydrogen and a methyl also are the whole numbers [which are] having the

group, relation of r/(p"+L[+]r+s)=0.001-0.05 and
R4 and R are each an alkyl group having 1 to 3 carbon s/r=0.5-1.5)

atoms, 5  The cationic monomer of formula (II) is prepared in
A is an alkylene group having 2 to 6 carbon atoms, the same manner as disclosed in the above U.S. Pat. No.
X is selected from the group consisting of chlorine, 3,678,098, according to the following equation:

bromine and iodine,
Y is an anion selected from the group consisting of Ry

nitrate ion, [chlorine} chloride ion, sulfate ion and 10 |

phosphate ion. p, q, r and s are molar ratios of the ~ “H=¢ R + XCH3—CHCH0 —>

recurring units arranged linearly and irregularly, and | L

are the whole numbers [which are] having the rela- COO—A—N. HY

tion of q/(p+q=0.1-1.0, ,L

r/(p+q+r+s)=0.001-0.05 and s/r=0.5-1.5; (here- 15 R;

inafter referred to as an amphoteric thermosetting

polyvinylamide resin) and s=0, q/(p+q)=0.1-1.0, CHy=C R,

t/(p+q+r1)=0.001-0.05, (hereinafter referred to as a ' ( Yo

cationic thermosetting polyvinylamide resin) and n is COO—A—N®—CH;CH(OH)CH:X

a number of about 100 to about 1000. 20 l|ls

The paper strengthening resins of this invention are
prepared by (1) polymerizing the cationic monomer of  yherein Rj is hydrogen or methyl, Rs and Rs are each
the following fpm_mla (II) and vmylamldg monomers or (C1-C) alkyl, preferably Re—Rs—CH, A is a (C2-Cé)
the above cationic monomer, vinylamide monomers alkylene, X is chiorine, bromine or iodine, preferably

and anionic monomers to produce the cationic or am- 25 Echlorine] chloride, and Y is the anion of an acid hav-
photeric polyvinylamide polymers (formula Il and IV, . 45 jonization constant, pKa, of 5.0 or less, preferably

respectively), and (2) followed by reaction of the result-  cpjorine or nitrate ion. For example, by reaction of

ing polymers with glyoxal. 2-dimethylaminoethyl methacrylate hydrochloride
with epichlorohydrin in an aqueous medium at pH of 2

Rj an 30 45 6 at 25° to 80° C. for 3 to 10 hours, the cationic mono-
CHy= mer is obtained in high yield (over 90%).

Rq The cationic polyvinylamide polymer of formula

Yo (111) [are] is prepared by polymerization of the cati-

coo—A—-rlw—CHZCH(OH)CHzx

15 onic monomer of formula (II) and vinylamide mono-
Rs

mers in usual [way. For example, by polymerization in
water] ways, for example in water at pH of 2.5 to 4.0, at
(In the formula, R;3is hydrogen or methyl, R4and Rsare 50° to 60° C. for 1 to 2 hours in an atmosphere of nitro-
each (C-C;3) alkyl, A is a (C;-Cg) alkylene, X is chlo- gen. In this case, it is preferable that the degree of poly-
rine, bromine or iodine, and Y is an anion such as nitrate merization be adjusted to about 100 to about 1000 by

ion, [chlorine] chloride ion, sulfate ion and phosphate 40 addition of chain transfer agents such as isopropanol. If
ion.) the degree of polymerization is less than 100, the result-
P (. F N
CH;—C CH—C
] J Ra4
CONH; /, | Yo

COO—A—I;IQ—CHZCH(OH)CHﬂ(
Rs

Fadlt

(In the formula, R, R3-Rs, A, X, Y and n are the same ing thermosetting resins do not show good wet and dry
as defined in formula I, p’ and r are molar ratios of the strength effect. On the other hand, if the degree of
recurring units arranged linearly and irregularly and polymerization is more than 1000, the resulting resins
also are the whole numbers [which are] having the 35 show low storage stability, and their viscosity becomes

relation of t/(p'+r)=0.001-0.05) high to lose handling ease. The amount of ispropanol
av)
R R Reg
CHz—% ] r CHz—é ] ( CHz—% -l
CONH; J,,-- | };4 Yo L COOH J,

coo—A—TGB—CHZCH(OH)CHzx
Rs

r n

(In the formula, R, R3-R¢, A, X, Y and n are the same
as defined in formula I, p”, r and s are molar ratios of the added is preferably 50 to 150 wt. % based on total mon-
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omer. Any known polymerization initiator of free radi-
cal type effective in aqueous systems such as ammonium
persulfate and potassium persulfate can be used. The
polymerization molar ratios of the cationic monomer
(I1D), r/(p’ + 1) are preferably 0.001 to 0.05, more prefer-
ably 0.01 to 0.02. In the case of surface applications, the
ratios should preferably be within the range of 0.001 to
0.003, since it is essential that no resin be retained by the
pulp during paper sheet formation. As vinylamide mon-
omers, water-soluble ones such as acrylamide are pref-
erable. The amphoteric thermosetting polyvinylamide
resin prepared by reaction of the ' amphoteric
polyvinylamide polymer (IV), which are produced by
polymerization of the cationic monomer, the vinyla-
mide monomer and anionic monomers such as acrylic
acid and methacrylic acid as the third reducing unit,
with glyoxal are also excellent in efficiency in imparting
a nearly constant wet and dry strength to paper over a
wide pH range, and moreover, the efficiency is higher
than that of the cationic thermosetting polyvinylamide
resin which contains no anionic recurring unit. The
polymerization molar ratios of the anionic monomers
are preferably 0.5 to 1.5 times that of the cationic mono-
mer, and more preferably are 1.0. When the ratios of the
anionic monomers exceed the upper limit of said range,
paper [strenthening] strengthening efficiency and stor-
age stability of the resulting resin solution are lowered.
Below the lower limit, paper strengthening efficiency is
nearly equal to the cationic thermosetting polyvinyla-
mide resin. The polymerization degree of the ampho-
teric polyvinylamide polymer (IV) is preferably ad-
justed to about 100 to about 1000 for the same reason as
that of the cationic polyvinylamide polymer (III). The
polymerization molar ratios of the cationic monomer
(I) in the amphoteric polyvinylamide polymer,
t/(p" +r+s) are preferably 0.001 to 0.05, more prefera-
bly 0.01 to 0.02, and in the case of surface applications,
the ratios should preferably be within the range of 0.001
to 0.003, since it is essential that no resin be retained by
the pulp during paper sheet formation.

The method of manufacture of the cationic thermo-
setting polyvinylamide resin and the amphoteric ther-
mosetting polyvinylamide resin will be hereinafter de-
scribed. A 10 to 20% by weight aqueous solution of the
cationic polyvinylamide polymer (III) or the ampho-
teric polyvinylamide polymer (IV) will be adjusted to
pH of 8.5 to 10.0 with strong bases such as caustic soda
and to the solution, [10% by weight glyoxal] a 10 wt.
% glyoxal solution previously adjusted to pH 7.0 with
organic or inorganic bases such as triethanolamine and
soda will be added and then the resulted mixed solution
will be allowed to react at 30° to 80° C. for 0.5 to0 §
hours and cooled. The resulting solution will be stabi-
lized by being adjusted to pH of 2.0 to 4.0 with mineral
acids such as hydrochloric acid and nitric acid. The
resins of this invention thus obtained are clear, light-yel-
low colored solution. The amount of glyoxal [added;
molar ratio q/[p’(or p”)+ql] loaded expressed as the
molar ratio of q/(p+¢) should come to be[, as previ-
ously described, ] preferably 0.1 to 1.0, more preferably
0.2 to 0.5 from an economical point of view.

In the case of a method for manufacture of paper
having wet and dry strength according to methods of
wet-end additions, an aqueous solution in proportion of
about 0.1 to about 2.0 percent by weight, based on the
dry weight of the paper pulp, of the thermosetting resin
having the formula (I) is introduced into an aqueous
slurry of paper pulp having a pH of 3 to 9. The resulting
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pulp slurry is formed into a sheet of paper, and then, the
paper is dried. If the aqueous solution of the thermoset-
ting resin is less than 0.1 percent by weight, the result-
ing paper does not show enough improvement in wet
and dry strength. On the other hand, if the aqueous
solution of the thermosetting resin is more than 2.0
percent by weight, an unnecessarily high degree of wet
and dry strength is obtained and the cost will be too
high.

In the case of a method for treating the surface of
paper to impart wet and dry strength according to
methods of surface applications, an aqueous solution
having a pH of 3 to 10 of the thermosetting resin of the
formula (I) is applied onto the surface of paper so that
the amount of the resin in dry base per 1 m? of the
surface of paper becomes about 0.1 to about 2.0 grams,
and then, the resulting paper is dried. If the amount of
the resin per 1 m? of the surface of paper is less than 0.1
gram, the resulting paper does not show enough im-
provement in wet and dry strength. On the other hand,
if the amount of the resin per 1 m? of the surface of
paper is more than 2.0 grams, an unnecessarily high
degree of wet and dry strength is obtained and the cost
will be too high. The methods of the surface application
of the resin solution include conventional size press,
spray, coating and the like.

The invention will be further illustrated by the fol-
lowing examples. Reference examples illustrate some
methods of preparing the cationic monomer (II) used as
one of the starting materials in this invention. All parts
and percentages referred to herein are by weight unless
otherwise indicated.

Reference Example 1
Preparation of cationic monomer (1)

A mixed solution of 236 g. of 2-dimethylaminoethyl
methacrylate and 120 ml. of water was acidified to pH
2.0 with 6 N nitric acid. To the solution 139 g. of epi-
chlorchydrin was added and the temperature was main-
tained at 50° C. for 8 hours and thus a pink colored clear
solution was obtained. The resulting solution was con-
centrated under vacuum to isolate white needlelike
crystal (about 460 g.) having following formula, fol-
lowed by recrystallization from aceton which gave 421
g. of purified product (90% vyield). N 8.8% (8.95%
theoretical). Melting point 108.0° to 109.5° C.

CH;3

CH;=C
CH;3
NO;©
COOCZHAINI@-CHzCH(OH)CHzCl

CH;

Reference Example 2
Preparation of cationic monomer (2)

The cationic monomer having following formula was
prepared in the same way as described in Reference
Example 1 except for acidifying with 37% hydrochloric
acid instead of 6 N nitric acid and the resulting cationic
monomer solution remained 50% solution wherein hy-
droquinone was added as a polymerization inhibitor
(0.05% based on the solution) and stored.
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wherein: q/(p+q)=0.29, r/(p+q+r)=0.0023,
CH;j n=about 700.
CH1=(‘: EXAMPLE 2
s e 5 Preparation of cationic, thermosetting polyacrylamide
COOCH4N®—CH;CH(OH)CHC! resin (2)
CHj3 The procedure of Example 1 was repeated, except
’ that [95 g. of acrylamide and 5 g. of the cationic mono-
mer were used.] the dosage of acrylamide and the cati-
EXAMPLE 1 10 onic monomer were changed from 99 g. to 95 g. and from
Preparation of cationic, thermosetting polyacrylamide 1g to 5 g, respectively. About 300 g. of 10% solids
resin (1) solution of cationic thermosetting polyacrylamide resin

Into a [1-litter] I-liter 4-neck flask equipped with
reflux condenser, stirrer, thermometer and dropping 15
funnel were placed 420 ml. of water, 100 g. of isopropa-
nol, 99 g. of acrylamide and 1 g. of the cationic mono-
mer obtained in Reference Example 1 and the mixed
solution was adjusted to pH 3.0 withca. 2 ml. of I N
nitric acid. This solution was degassed with a nitrogen g
purge and heated to 50° C., and then 0.5 g. of ammo-
nium persulfate in 40 ml. of water was gradually added.
After the addition, the reaction mixture was polymer-
ized at 60° C. for 2 hours, and was then cooled. About
660 g. of 15% solids solution of cationic polyacrylamide 25
polymer having the following formula was obtained
having a pH 2.7 and Gardner-Holdt viscosity of H-1.

[

CH;—CH CH;—C

having the following formula was obtained having a
Gardner-Holdt viscosity of A.

CHz—(l:H A—r~
CONH1l l

CH3
]

CHZ—?H 3
CONH J
4

|
CH(OH)CHO

CH,—C

CHj3
NO;©
cooczmri:&?—cmcn(ou)cuzcl

CH;

H,

CH3

CONH; NO3©

COOC;HyN®—CH;CH(OH)CHCl

CHj

wherein: r/(p’ +r)=0.0023, n=about 700.

A 160 g. of the 15% solids solution was diluted with ,,
60 ml. of water and adjusted to pH 9.5 by addition of 1
N caustic soda under stirring. To the solution, 56 g. of
a 10% glyoxal solution previously adjusted to pH 7.0
was added and then the mixed solution was allowed to
react at 60° C. for 2 hours. After cooling to room tem-
perature, the resulting solution was adjusted to pH 3.0
with 1 N hydrochloric acid and diluted with water.
Thus, ca. 300 g. of 10% cationic thermosetting poly-
acrylamide resin having the following formula was
obtained in the form of a clear, light-yellow colored
solution having a Gardner-Holdt viscosity of A.

CH;—CH CH;—CH 55
CONH; corim
CH(OH)CHO /4
60
il 1]
CH;—C
CHj3
NO;©
COOC;H4N®—CH,;CH(OH)YCHCl 65
CH3
r-dn

H

wherein: q/(p+q)=0.30, r/(p+q+r)=0.012, n=about
700.

EXAMPLE 3

Preparation of cationic, thermosetting polyacrylamide
resin (3)

The procedure of Example 2 was repeated, except
that 10 g. of the 50% cationic monomer solution ob-
tained in Reference Example 2 was used instead of § g.
of the cationic monomer obtained in Reference Exam-
ple 1. About 300 g. of 10% solids solution of cationic,
thermosetting polyacrylamide resin having the follow-
ing formula was obtained having a Gardner-Holdt vis-
cosity of A.

CH;—CH CH;—CH

| |
CONH; CONH

|
CH(OH)CHO /g
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-continued
CHj3 )-l
CH;—C
e e 5
COOC2H4N9—CH2CH(OH)CH2CI
CH3
TN
10

10
Example 2, respectively. About 300 g. of 10% solids
solution of amphoteric, thermosetting polyacrylamide
resin having the following formula was obtained having
a Gardner-Holdt viscosity of A-B.

CH;—(':H CHz—fH
CONH; COTH ‘
CH(OH)CHO /¢

) Lot )]
CHy~C CH;~—C
T e L éoou J,
COOC;H{N®—CH,CH(OH)CH,Cl
(I?H 3
wherein: q/(p+9)=0.30, r/(p+q+r+s)=0013,

25

wherein: q/(p+q)=0.30, r/(p+q+r)=0.013, n=about
650.
30
EXAMPLE 4
Preparation of amphoteric, thermosetting
polyacrylamide resin (1)

The procedure of Example 2 was repeated, except
that 93.9 g. of acrylamide and 1.2 g. of 98% acrylic acid
were used instead of 95 g. of acrylamide. About 300 g.
of 10% solids solution of amphoteric, thermosetting
polyacrylamide resin having the following formula was
obtained having a Gardner-Holdt viscosity of A-B.

CHz—(':H CHz-—?H
CONH; 00er
CH(OH)YCHO /4

35

s/r=0.90, n=about 700.

Comparative Example 1

Into the flask of Example 1 were placed 420 ml. of
water, 100 g. of isopropanol, 95 g. of acrylamide and 5
g. of 2-dimethylaminoethyl methacrylate and the mixed
solution was then degassed with a nitrogen purge and
heated to 50° C., and then 0.5 g. of ammonium persul-
fate in 40 ml. of water was gradually added. After the
addition, the reaction mixture was polymerized at 60°
C. for 2 hours, and then the tertiary amino-groups in the
polymer were quaternized with dimethyl sulfate and
thus, 15% solids solution of cationic polymer was ob-
tained. ‘

The mixed solution of 160 g. of the above solution, 56
& of a 10% glyoxal solution (the pH of which was not
adjusted) and 60 ml. of water was adjusted to pH 7.5

CH; )
CH;—C ¢~CH;~~CH
CH;
NO;© [ COOH
COOC1H4N$—CH2CH(OH)CH2CI
CH3
r n
wherein:  ¢/(p+q)=030, r/(p+q+r+s)=0012,
s/r=1.0, n=about 750.
EXAMPLE 5 60

Preparation of amphoteric, thermosetting
polyacrylamide resin (2)

The procedure of Example 4 was repeated, except
that 1.2 g. of 98% acrylic acid and 5 g. of the cationic
monomer obtained in Reference Example 1 were re-
placed by 1.4 g. of 97% methacrylic acid and 10 g. of the
50% cationic monomer solution obtained in Reference

65

with 1 N caustic soda under stirring, and the solution
was then allowed to react at 50° C. for 3 hours. After
cooling to room temperature, the resulting solution was
adjusted to pH 4.0 with 1 N hydrochloric acid and
diluted with water. Thus, [an] a 10% solids solution of
cationic, thermosetting resin having the following for-
mula was obtained.
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base) per 1 m2 of the surface of paper was 1.0 gram,
respectively. After conditioning at 20° C. and 65% RH
for 24 hours, wet and dry strength of the resulting paper
CH;—CH S—~CHy—CH 5, were measured in the same way as described in Exam-
(I:ONH Lonn 5 ple 6. The results are given in Table 2. In any case, dry
2 ) breaking length was nearly constant (3.8-4.0 Km) in the
CH(OH)CHO /, pH range of 3 to 10,I except for in the case of control
(2.5 Km).
Table 2
CH; 10 -
i Wet Breaking Length (Km)
CH—C pH of 1% resin solution
CH; Resin* 30 5.0 7.0 9.0 100
|, CHiS08 Control - - 0.12 - -
COOCHNS—CH; 7 L4 125 1.2 1.22 118
CH; 15 1 1.25 1.34 1.34 1.31 1.32
3 147 1.49 1.49 1.46 1.39
r o dn 5 0.22 0.42 045 0.44 0.32
6 1.06 1.21 1.05 0.85 0.41

wherein: q/(p+q)=0.30, r/(p+q+r)=0.023, n=about
700.

EXAMPLE 6

The following illustrates wet and dry strengthening
efficiency of the resins obtained in Examples 2 to 5 and
Comparative Example 1.

To [an] each aqueous slurry of paper pulp (NBKP,
7° SR) of 2.09% consistency; said slurry being adjusted
to pH 3.0, 4.0, 7.0, 8.0 [and] or 9.0, was added each
resin above described to provide 1% solution of each
resin based on dry weight of the pulp. Hand sheets
having a basis weight of 60 g./m? were prepared with a
TAPPI Standard sheet machine, followed by dehydra-
tion, [air-dry] air-drying and drying at 105" C. for 15
minutes.

After conditioning at 20° C. and 65% RH for 24
hours, wet and dry [strengths] strength of the resulting
sheets were measured according to JIS P 8113 and JIS
P 8135. Wet strength was measured after one minute of
immersion in water having a temperature of 20° C. and
a pH of 7. The results are given in Table 1.

Table 1

20

25

Resins 1,3,5 and 6 are the same as defined in Example 6
Resin 7 is the cationic, thermosetting resin obtained in Example |

EXAMPLE 8

The following illustrates the repulping of wet-
strength broke treated with the [results] resins of this
invention.

To an aqueous pulp (NBKP, 7° SR) of 2.0% consis-
tency, was added the resin obtained in Examples 2 or 4
to provide 1% solution based on dry weight of the pulp.
Hand sheets having a basis weight of 60 g./m? were
then prepared with a TAPPI Standard sheet machine at
pH 7.0 at 20° C. Into a [standard beating was] TAPFI
Standard disintegrator were placed 3 g. of the hand
sheets and 1.5 liter of water and then [broken] agitated
for 20 minutes. In both cases, the hand sheets were
completely [broken] disintegrated.

What is claim is:

1. A thermosetting resin of the formula

Dry Breaking Length (Km)

pH of pulp slurry pH of pulp slurry

Wet Breaking Length (Km)

Resin®* 30 40 70 80 90 30 40 70 80
Control — — 250 - — — — 0l5 -
1 690 7.13 732 725 718 164 178 186 178
2 68 705 721 711 702 158 167 L70 167
3 705 724 736 731 720 193 198 198 196
4 711 — 738 — 715 18 — 19 —
5 — — 575 — — — — 031 -
6 600 648 641 620 527 1.28 158 142 123

*| Cationic, thermosetting resin obtained in Example 2

2 Cationic, thesmosetting resin obtained in Example 3

3 Amphoteric, thermosetiing resin obtained in Example 4

4 Amphoteric, thermosetting resin obtained in Example 5

$ Cationic polymer obtained in Example 2

& Cationic, thermosetting resin obtained in Comparative Example !

EXAMPLE 7

The following illustrates wet and dry strengthening
efficiency as a surface application agent of the resins

obtained in Examples 1, 2 and 4, and Comparative Ex- 60

ample 1.

Each resin solution was diluted with water and ad-
justed to pH of 3.0, 5.0, 7.0, 9.0 [and] or 10.0 of 1%
solution by addition of acid or base. A sheet of No. 2

filter paper (basis weight of 120 g./m?, Toyo Filter 65

Paper Co.) was immersed in the 1% solution for one
minute and pressed through press roll and then dried at
150° C. for 2 minutes. The amount of each resin (in dry
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Ri, Rz [and] R3iand Rgare independently selected 10
from the group consisting of hydrogen and a
methyl group,

R4 and Rs are each an alkyl group having 1 to 3 car-
bon atoms,

A is an alkylene group having 2 to 6 carbon atoms,

X is selected from the group consisting of chlorine,
bromine and iodine,

Y is an anion selected from the group consisting of
nitrate ion, [chlorine] chloride ion, sulfate ion and 20
phosphate ion,

p, q, r and s are molar ratios of the recurring units
arranged linearly and irregularly, and are the
whole numbers [which are] having the relation of 25
q/(p+q)=0.1-1.0, r/(p+q+r+5)=0.001-0.05
and s/r=0.5-1.5; or s=0, q/(p+9)=0.1-1.0,
r/(p+q+r)=0.001-0.05, and n is @ number of
about 100 to about 1000.

wherein:
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2. The resin of claim 1 wherein p, q, r and s are molar
ratios of the recurring units arranged linearly and irreg-
ularly, and are the whole numbers [which are] having
the relation of q/(p+q)=0.01-1.0,
t/(p+q+r1+8)=0.001-0.05, s/r=0.5-1.5.

3. The resin of claim 2 wherein R, Rand Rgare each
hydrogen, and R3, Rg and Rs are each a methyl group
and X is chlorine.

4. The resin of claim 2 wherein R; and R; are each
hydrogen, and R, R4, Rs and R are each a methyl
group and X is chlorine.

5. The resin of claim 3 wherein Y is a nitrate ion.

6. The resin of claim 4 wherein Y is a nitrate ion.

7. The resin of claim 3 wherein Y is a [chlorine}
chloride ion.

8. The resin of claim 4 wherein Y is a [chlorine}
chloride ion.

9. The resin of claim 1 wherein s=0; p, q and r are
molar ratios of the recurring units arranged linearly and
irregularly, and are the whole numbers [which are])
having the relation of q/(p+q=0.1-10,
r/(p+q+r1)=0.001-0.05.

10. The resin of claim 9 wherein R and R are each
hydrogen, and R;, R4 and Rs are each a methyl group
and X is chlorine.

11. The resin of claim 10 wherein Y is a nitrate ion.

12. The resin of claim 10 wherein Y is a [chlorine]

chloride ion.
* * * . *®
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