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“IMPROVED DRAINAGE AND RETENTION AIDS FOR NEWSPRINT FURNISHES"

BACKGROUND OF THE INVENTION

This invention relates to the use of acrylamide/acryloyloxyethy! trimethyl ammonium chioride polymers
as drainage/retention aids in the manufacture of paper and paper-like products.

In papermaking, retention is generally defined as the retaining of inorganic fillers, such as clay and
titanium dioxide, as well as cellulosic fines within the paper sheet during manufacture, as on a fourdrinier
machine. The retention obtained on the wire screen is a function of different mechanisms such as filtration
by mechanical entrainment, electrostatic atiraction, and bridging between cellulosic fibers and fillers. Since
both the cellulose and many common fillers are electronegative, they are mutually repellant and, in the
absence of a retention aid, the only factor tending to enhance retention is mechanical entrainment.

Generally, retention aids are used because of the high cost of pigments, such as titanium dioxide. The
use of retention aids significantly increases the amount of pigments incorporated into a wet web.
Additionally, retention aids can appreciably reduce the suspended material in a paper machine white water
effluent stream, which reduces pollution and loss of pigment.

Retention aids are commoniy used in the manufacture of specialty papers, such as bond paper and
"publication type" paper, including newsprint, where high loadings of pigment and/or filler are required. The
function of retention aids is to bind a filler to cellulosic fibers without mechanically blocking the pores of the
paper sheet being formed, thereby not adversely affecting the drainage properties of the wet paper web.
Drainage, as used herein, refers to dewatering of paper or paper-like products being formed, as on a
fourdrinier machine. The instant polymers improve both the retention and drainage properties of paper
furnishes, and are therefore referred to as drainage/retention aids.

The prior art discloses the use of polyacrylamides as retention aids wherein about 3 to 35% of the
amide groups are hydrolyzed to carboxylic acid groups. [t is essential for alum o be present for such
retention aids to work effectively, and their use is generally restricted to narrow pH ranges.

Amphoteric polymers have also been used as retention aids. For example, see U.S. Patent 3,639,208,
which discloses the use of hydrolyzed acrylamide diallyl quaternary ammonium polymers as retention aids.
U.S. Patent 3,926,718 discloses the use of N-vinylpyrrolidone/water soluble monomer block-type polymers
as retention aids, wherein suitable water-soluble. monomers include dimethyl diailyl ammonium chloride, 3-
acrylamido-3-methylbuty! trimethyl ammonium chioride, methacryloyloxy 2-hydroxypropyl trimethyt ammo-
nium chloride, methacryloyloxyethy! trimethyi ammonium chiloride, methacryloyloxyethyl trimethyl ammo-
nium methosulfate, 2-acrylamido-2-methylpropane sulfonic acid, acrylic acid and salts thereof, methacrylic
acid, 3-acrylamido-3-methylbutyl dimethylamine, acrylamide, methacrylamide, diacetone acrylamide,
hydroxymethylated diacetone acrylamide, dimethyl-1-(2-hydroxypropyl) amine methacrylamide, and sodium
styrene sulfonate.

U.S. Patent 4,147,681 discioses the use of acrylamide homopolymer and copolymer emulsions as
drainage/retention aids.

With respect to retention, newsprint furnishes present a difficult situation because of contaminants and
carry-over from pulping operations. Because of these impurities, conventional drainage/retention aids
become inactivated due to the demand of the contaminants for polymers. U.S. Patent 4,070,236 discloses
the use of phenyl-naphtanol-suifur resins in conjunction with polyalkylene oxides as newsprint retention
aids.

SUMMARY OF THE INVENTION

The instant invention provides an improvement in the art of papermaking in which the retention of
cellulosic fines, fillers, pigments and other chemical additives is increased by the use of acrylamide (AM)-
/acrylolyoxyethyl ftrimethyl ammonium chloride (AETAC) polymers. These polymers, which contain from
about 75% to about 99.9% acrylamide and from about 0.1% to about 256% AETAC, by weight, and which
also improve drainage properties, are especially effective in newsprint furnishes.
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DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a method for improving drainage and the retention of inorganic fillers, cellulosic
fines, chemical additives and/or pigments in the production of paper comprising adding to an aqueous
paper furnish an effective amount of a polymer comprising:

(a) acrylamide or methacrylamide, preferably acrylamide; and
(b) a monomer of the following structure:

{HC-CH}

I
C=0
0

|
(CHp) o
" A
|
/l\
Ry Ry Ry

wherein n is 2 or 3, preferably 2, wherein Ry, Rs, and Rs, which may be the same or different, are C+-Cs
alkyl, preferably Ci; and wherein A is Cl, Br, or CHz SOq, preferably CI; wherein the weight percent of (a) is
from about 75% to about 99.9%, preferably 85% to 99% and most preferably 80% to 98% and wherein the
weight percent of (b) is about 0.1% to 25%, preferably 1% to 15% and most preferably 2% to 10%; and
wherein said polymer has a reduced viscosity of greater than about 18 dl/g, preferably from about 18 to
about 30 di/g, more preferably 20-28 di/g and most preferably 22-26 di/g, measured at 0.5 weight percent
using a 1.0 N NaCl solution at 30°C.

The instant invention additionally relates to the above described polymers, and to compositions
comprising (a) a paper or paper-like furnish, preferably a newsprint furnish, and (b) at least one of the above
described polymers.

As used hersin, the term "effective amount" refers to that amount of polymer which provides a drainage
and/or retention improving quality to the furnish being treated. Generally, the polymer dosage, on an active
basis, ranges from about 0.1 to about 10 pounds of polymer per dry ton of pulp.

While the instant polymers may be used as drainage/retention aids in any paper furnish, including
furnish for fine paper, bond paper and publication-type paper, and in furnishes for the preparation of
miscellaneous paper-like products such as liner board, they are especially effective in newsprint furnishes.
As used herein, the term "newsprint furnishes" is defined as a furnish which is used to prepare newsprint
paper, such as a furnish containing groundwood, mechanical pulp, Kraft pulp, Kraft sulfite pulp, semi-
bleached Kraft pulp, thermal-mechanical puip, deink stock and/or recycled paper.

The instant polymers may be added to a paper furnish at any convenient point to improve drainage
and/or the retention of fines, fibers and additives on the paper web being treated. Generally, however, the
drainage/retention aid will be added at a point immediately prior to the forming surface.

It is a particular feature of this invention that the introduction of the instant polymers into a papermaking
furnish, particularly a newsprint furnish, will lead to improved drainage and/or improved retention of the
cellulosic fines and various additives, including but not limited to pigment and fillers, over a wide range of
pH and other chemical conditions. The desired drainage and retention improving characteristics of the
instant polymers have been demonstrated in a wide variety of furnishes, as demonsirated by the examples
included herein.

The polymers of the instant invention may be described by the following structure:

H c- cu - cuﬁ
T,
c
]
0 NHZ
|
CH

(CHy)
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wherein R is H or CHs, Ri, Rz and Rs, which may be the same or different, are Ci-Cs alkyl, nis 2 or 3, Ais
Cl, Br or CHiSOs, and x and y yield a polymer which is 75-99.9%, by weight, of the y moiety and 0.1-25%,
by weight, of the x moiety. Preferably, R is hydrogen, Ri, Rz and Rz are CHi, nis 2 and A is Cl. In this
instance, the polymer is a copolymer of acrylamide and acryloyloxyethyl trimethyl ammonium chloride
(AETAC), which is preferred polymer. Further, the inventor has found that at least 75%, by weight, of the
polymer must comprise the acrylamide-like y moiety, preferably about 85% to about 99%, and most
preferably about 90% to almost 98%. The inventor has also found that molecuiar weight, as determined by
reduced viscosity, is critical. The instant polymers must have a reduced viscosity greater than 18 dl/g and
preferably from about 18 to about 30 di/g, more preferably 20-28 dl/g and most preferably 22-26 dl/g (0.5%
in 1 N NaCl at 30°C).

Generally, about 0.5 pounds of the instant polymer (active basis) per ton of dry pulp will be used. The
instant drainageiretention aids will seldom be used in amounts of less than 0.1 pound per ton of dry puip,
and in normal practice, for economic reasons, they will not be used in amounts higher than about 2 pounds
per ton of dry pulp, although in some cases more drainage/retention aid may be used without adverse
effect, for instance, 5 or even 10 pounds per ton of dry puip.

The instant polymers may be applied in any convenient form, e.g., as aqueous solutions, or emulsions,
and they may be prepared by emulsion and solution polymerization techniques which are well known io
those skilled in the art.

For example, an aqueous phase containing acrylamide and AETAC monomers may be prepared. These
monomers are water-soluble. A water-in-oil emulsion of this aqueous phase may then be prepared by
dispersing the aqueous phase into a hydrophobic liquid, using a suitable emulsifying surfactant. Inert
hydrophobic liquids which can be used as the hydrophobic phase include, but are not limited to, mineral
oils, kerosene, naphthas, petroleums and blends of aromatic and aliphatic hydrocarbons. Polymerization is
then initiated using a free radical initiator, such as teritary butyl hydroperoxide. Polymerization may then
proceed either adiabetically or isothermally. See, for example, USSN 757,966, which is incorporated by
reference into this document, and which describes a method for manufacturing stable water-in-oil emuisions
of water soluble polymers using an oil soluble alkanolamide-based surfactant system. Also, see U.8. Patent
1,147,681, which discloses a method for preparing acrylamide-type emulsion polymers.

EXAMPLES

The following examples further demonstrate the instant invention. They are not intended to limit the
scope of the instant invention in any way.

Example 1 - Preparation of Emulsion Polymer

Emuision polymers of acrylamide and acryloyloxyethy! trimethyl ammonium chloride (AETAC) were
prepared by the conventional emulsion polymerization technique described below:

An aqueous phase comprising: a) acrylamide and AETAC in the desired weight ratio; b) water; and ¢)
sodium sthylendiamine tetracetic acid was mixed. The pH of this phase was adjusted to 3.0.

Separately, an oil-soluble alkanolanide-based surfactant system was added to the oil phase. Any
conventional emulsifying surfactants can be used. The aqueous phase was then dispersed into the
oil/surfactant phase, and polymerization was initiated using a tertiary butyl hydroperoxide/sodium metabisul-
fate catalyst system under nitrogen. Polymerization continued either adiabatically or isothermally to
completion.

Reduced viscosities of the resulting polymers were measured at 0.05 g/t using a 1.0 N sodium chloride
solution at 30°C.

For 90/10 acrylamide/AETAC polymers, the aqueous phase comprised:

748.99 g of 45.6% active acrylamide;
50.60 g of 75% active AETAC;
262.26 g of water; and
1.50 g of Nas EDTA chelant.
For 97/3 acrylamide/AETAC polymers, the aqueous phase comprised:
828.54 g of 45.6% active acrylamide;
15.17 g of 75% active AETAG;
238.14 g of water; and
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1.5 g of Nas EDTA chelant.

The oil phase comprised 349.00 g of Kensol 81, a branch-chain hydrocarbon commerciaily available

from Witco Chemical Company, in both the 90/10 and 97/3 cases.

The alkanolamide-based emulsifying surfactant system was added to the oil phase in sufficient amount
to uniformly disperse the aqueous phase into the oil phase. All polymers used in Examples 2-20 were

prepared in accordance with these instructions.
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EXAMPLES 2-20

The emulsion polymers of Example 1 were added to various newsprint furnishes to gvaluate their

effectiveness as retention aids.The furnishes studied are described in Table I, below.
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To measure retention efficacy, first pass fines retention values were determined using standard Britt Jar
Tests. The Britt Jar Tests were run by establishing a mixing speed which gave approximately the same %
retention as was obtained on the corresponding paper machine (using untreated headbox stock). The
following procedures were followed:

1. The Britt Jar mixing speed was set at the established rate.

2.-500 mis of untreated headbox stock were poured into the jar and mixed for 30 seconds.

3. The pinch clamp was opened and 100 mis of filtrate was coliected in a graduated cylinder.

4. The contents of Step 3 were filtered through pre-weighed filter paper, and then coilected fines
were completely dried. % fines retention was then calculated, which served as the untreated (comparison
example) % retention value for each furnish.

5. Retention aids were evaluated by adding the desired amount of polymer to the furnish being
tested and mixing. Step 4 was then repeated.

The results are reported in Table |l
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Examples 21 - 24

The effectiveness of the instant polymers as drainage aids was evaluated using a standard Schopper-
Riegler Freeness Tester. Standard laboratory procedures were employed.

An unbleached Kraft/waste furnish corrugating media served as the test furnish. This furnish had a %
consistency of 1.28, a pH of 7.5 and a stock temperature of 120°F. The polymer dosage was 4.0 Ibs/ton of
dry pulp.

Results are shown in Table L.

TABLE III

DRAINAGE PERFORMANCE OF AA/AETAC POLYMERS
IN A CORRUGATED FURNISH

AM/AETAC Reduced
Example Drainage Aid Viscosity Z Increase in
Number (Wt /Wt) (di/g) Freeness over No Aid
21 97/3 26.2 15.5
22 95/5 24.5 23.0
23 90/10 . 28.4 34.0
24 85/15 | 27.2 20.5
Claims
35 1. A method for improving drainage and/or retention of inorganic fillers, pigments and/or cellulosic fines

in paper or paper-like product comprising adding to a furnish used to prepare said paper or paper-like
product an effective amount of a polymer comprising:

(a) 75 to 99.9%, by weight, acrylamide or methacrylamide, and

(b) 25 to 0.1%, by weight, a monomer of the following structure:

HC- CH
45
|

50 l

55 | 1 2 3

wherein n is 2 or 3, wherein Ry, Rs, Rs, which may be the same or different, are C:-Cs alkyl; and
wherein A is-Cl, Br, or CHsSO4; wherein said polymer has a reduced viscosity of from about 18 to about 30

10 @
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dlig at 0.05 weight percent using 1 N NaCl at 30°C.
2. The method of Claim 1, wherein said effective amount is from about 0.1 to about 10 pounds polymer
per ton of dry pulp.
3. The method of Claim 1, wherein (a) is acrylamide and wherein (b) is acryloyloxyethyl trimethyl
ammonium chioride. :
4. The method of Claim 3, wherein (2) is 85 to 89%, by weight, of said polymer and (b) is 1 to 15%, by
weight of said polymer.
5. The method of Claim 8, wherein said paper or paper-like product is newsprint.
6. A composition comprising:
(a) a paper or paper-like furnish; and
(b) an effective amount of a polymer comprising:
(i) 75 to 99.9%, by weight, acrylamide or methacrylamide, and
(i) 25 to 0.1%, by weight, 2 monomer of the following structure:

HC--?H2
c —--90

I
(THZ) n

wherein n is 2 or 3; wherein Ry, Rz and R, which may be the same or different, are C+-Cs alkyl; wherein
A is Cl, Br or CHsSOqs; and wherein said polymer has a reduced viscosity of from about 18 to about 30 dli/g
at 0.05 weight percent using 1 N BaCk at 39°C.

7. The composition of Claim 14, wherein said effective amount is from about 0.1 to about 10 pounds
polymer per ton of dry pulp.

8. The composition of Claim 14, wherein said paper or paper-like furnish is a newsprint furnish.

9. The composition of Claim 16, wherein (i) is acrylamide and wherein (ii) is acryloyloxyethyl trimethyl
ammonium chioride.

10. The composition of Claim 17, wherein (i) 85 to 99%, by weight, of said polymer and wherein (i) is 1
to 15%, by weight, of said polymer.

! D
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