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ABSTRACT

(57)

A method and composition are disclosed for providing a
two-part polymer binder additive for a fibrous sheet for
improving both its strength and durability. The two-part
polymer binder may be added to augment organic binders to
increase board strength and durability or to reduce the
amount of organic binder required. The polymers may also
be added 1n place of conventional organic binders or added
in addition to organic binders to improve sag resistance and
fibrous sheet performance.

26 Claims, 7 Drawing Sheets
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1
FIBROUS SHEE'T BINDERS

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

This application is a Reissue of application Ser. No.

09/933,408 filed on Aug. 20, 2001, now U.S. Pat. No. 6,755,
938.

FIELD OF INVENTION

The present mvention generally relates to fibrous sheets
and more specifically to polymer additives for enhanced
fibrous sheets.

BACKGROUND

Fibrous sheets are used for a variety of different purposes
and are comprised of an array of different fibers, binders and
fillers. For example, fibrous sheets can be used as acoustical
ceiling tiles, paper products and furniture board. Primarily,
fibrous sheets can be comprised of mineral wool, perlite,
cellulosic fibers, fillers and binders.

Fibrous sheet production utilizes combinations of fibers,
fillers, bulking agents, binders, water, surfactants and other
additives mixed into a slurry and processed into a fibrous
sheet. Examples of fibers used may include mineral fiber,
fiberglass, and cellulosic material. Mineral wool 1s a
lightweight, vitreous, silica-based material spun into a
fibrous structure similar to fiberglass. Cellulosic material 1s
typically 1n the form of newsprint. Added fillers may include
expanded perlite, brighteners such as titanium oxide and
clay. Expanded perlite reduces material density and clay
enhances fire resistance. Examples of binders used 1n fibrous
sheets include starch, latex and reconstituted paper products,
which link together and create a binding system locking all
ingredients into a structural matrix.

Organic binders, such as starch, are often the primary
component providing structural adhesion for the fibrous
sheet. Starch 1s often the preferred organic binder because 1t
1s relatively mexpensive. For example, fibrous sheets con-
taining newsprint, mineral wool and perlite are often bound
together by starch. Starch imparts both strength and durabil-
ity to the fibrous sheet structure.

Unfortunately, there 1s a limit on how much starch can be
added before such properties begin to decline. Starch 1is
highly water-soluble and when partially hydrated loses a
portion of 1ts ability to bind the fibrous sheet components.
Additionally, water-felted and cast panels tend to exhibit
limited stability under high moisture loads given the hydro-
philic nature of the cellulosic fibers. Furthermore, fibrous
sheet strength and durability cannot simply be enhanced by
using increased quantities of starch and cellulose, since
starch increases a fibrous sheet’s susceptibility to moisture
and sag.

Thus, a high degree of starch and cellulose can lead to
sagging and weakening of the board under humid condi-
tions. Also, fibrous sheets having large quantities of starch
require elevated drying rates or increased drying time to
remove excess water from the board. Therefore, there a need
for a method for increasing both the strength and durability
of a fibrous sheet without the addition of increased quantities
of starch. Additionally, there 1s a need for a fibrous sheet that
1s not susceptible to sagging under high moisture loads and
does not require increased drying times during processing.

SUMMARY

The present mvention encompasses both a method and
composition for providing a two-part polymer binder addi-
tive for a fibrous sheet for improving both 1ts strength and
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2

durability. The two-part polymer binder may be added to
augment current organic binders to increase such desirable
board properties as strength and durability or the polymers
may be added to reduce the amount of organic binder
required. Additionally, the polymers may be added 1n place
of conventional organic binders or added in addition to
organic binders to improve sag resistance and fibrous sheet
performance.

The two-part polymer binder comprises both the addition
of an anionic polymer having a negative charge of between
about 4 to about 12 milliequivalents per gram and a cationic
polymer having a positive charge of between about 6 to
about 12 milliequivalents per gram. The two-part polymer
binder forms an interpolyelectrolyte complex.

In greater detail, the two 0pp031tely charged polymers act
together to prowde a synerglstlc cifect that when added 1n
addition with an organic binder, the strength and perfor-
mance ol the fibrous sheet 1s enhanced. The two oppositely
charged polymers can coat and bond the organic binder to
the fibers of the fibrous sheet to impart strength to the board.

Additionally, a surfactant may be added to the polymer
binder. In a further embodiment a hydrogel and/or a latex
may also be added. Combinations of all the described
embodiments may also be used for the polymer binder.

i

I'he method of forming an enhanced fibrous sheet
includes the steps of forming a fibrous slurry and mixing into
the fibrous slurry an anionic polymer having a negative
charge of between about 4 to about 12 milliequivalents per
gram and then mixing a cationic polymer having a positive
charge of between about 6 to about 12 milliequivalents per
gram. The fibrous sheet 1s then dried to form the finished
product.

Additionally, a fibrous sheet 1s provided comprising at
least one type of fiber and an organic binder. The fibrous
sheet also contains an anionic polymer having a negative
charge of between about 4 to about 12 milliequivalents per
gram and a cationic polymer having a positive charge of
between about 6 to about 12 milliequivalents per gram.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a schematic presentation of the iterpolyelectro-
lyte complex;

FIG. 2 1s a schematic presentation of the interpolyelectro-
lyte complex having cross-linking and formed around a
spacer such as a polysacchande, hydrogel, and latex;

FIG. 3 1s a schematic presentation of the interpolyelectro-
lyte complex combined with a surfactant;

FIG. 4 1s a graphical representation of the binding strength
of starch binder and various IPEC combinations having a
synergistic effect as shown between IPEC and starch;

FIG. § 1s a graphical representation of the binding strength
ol starch binder and various cross-linked IPEC combinations
with a synergistic effect;

FIG. 6 1s a graphical representation of the binding strength

of starch binder and various polyelectrolyte-surfactant com-
plexes (PESCs); and

FIG. 7 1s a graphical representation of the wet binding
strength of starch binder and various PESC combinations
having a synergistic etiect.

DETAILED DESCRIPTION

The present invention includes both a method and compo-
sition for a two-part polymer binder additive used 1n fibrous
sheet formation for improving both sheet strength and dura-
bility. The two-part polymer binder additive comprises a
polyanion and polycation to form an interpolyelectrolyte
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complex (IPEC). The formed IPEC results from various
ratios of polyanion to polycation. The polyanion typically
consists of a charged portion and a reactive portion. The
polycation 1s usually 100% charged and 1s added such that

4

meeting the above described criteria may also be used. For
example, block and graft copolymers of the listed polymers
having nonionic polymers which are either soluble or water
insoluble, but form stable aqueous dispersions, may also be

its charged portion approximately matches the charged por- 5 ysed as one component of the IPEC.
tion of the polyanion. The polyanion 1s typically added to the
board components before the polycation since most board TARIE 1
components are anionic.
The two oppositely charged polymers act together to pro- Polyanions
. L . . 1
V%de a Synergistic effect that when added with an OI‘gElI]I‘C Polycarboxylates Polyphosphates Polysulfonates Polysulfates
binder, the strength and performance of the fibrous sheet 1s
enhanced. The two oppositely charged polymers can coat Poly (acrylic Polymetaphos- ~ Polystyrene- Polyvinyl-
and bond the organic binder to the fibers of the fibrous sheet acid) and its salts - phoric acidand  sulfonic acid and  sulfate acid and
, . , (PAA) its salts. its salts. its salts.
to 1mpart strength j[O the sheet. The OI'gEl._'[llC binder typlc“_ﬂlly Poly (methacrylic Polyvinylphos- Lignosulfonic Chondroitin-
used 1n the formation of fibrous sheets 1s a polysaccharide. 15 acid) and its salts. phonic acid and  acid and its salts.  sulfate acid and
Starch is a commonly used binder due to its economics of its salts. its salts.
use. Additionally, other binders, fillers or spacers may also Carboxymethyl- Polyacryl-
. : .. : cellulose and its amidalkylpro-
be used either alone or 1n combination with each other. For salts panesulfonic acid
example, a hydrogel or a latex may be used. and its salts.
In greater detail, the polyanion is ionic and typically has a 20 Polymaleic Random copoly-
: 1qe : acid and its salts mers of acryl-
negative charge between about 4 and 12 milliequivalents per amidalkylopro-
gram. Its molecular size may be between about 10,000 and panesulfonic acid
900,000 grams/mole. Depending on the specific molecule, with acrylamide
this represents a degree of polymerization of about 100 to and other hydro-
: . 75 philic and hydro-
13000 repeat units per polymer molecule. Additionally, the bhobic comono-
polyanion may be crosslinked to provide further strength. mers and their
Typically the cross-link density 1s about 1 per 100 unaits, salts.
however, from zero cross-linking to about 1 per 50 units 1s Random copoly-
FFoct: mers of acrylic
CLCCLve. . . o o 10 and/or methy-
The polycation 1s also 1onic and may have a positive acrylic acid with
charge from about 6 to 12 milliequivalents per gram. actylamide and
Similarly, its size is also between about 10,000 and 900,000 EEE; E’;fiiﬂiz_
grams per mole, representing a degree of polymerization of ing those with
about 50 to 10,000 depending on the particular molecule. . functional groups
In weakly acidic polyanions, this may be achieved by par- re?ftfe Wlﬂ; /
. . . . . CClIUIOSC ana/or
tially neu’grahzmg a weak poly:amd such as pc::lyacryhc acid starch and hydro-
or by adding the salt of the acid, such as sodium polyacry- phobic comono-
late. For this molecule, the neutralized portion 1s negatively mers and their
charged and the unneutralized acid portion can react with salts. Hydrolyzed
h and t the drv; ¢ ¢ . h 40 copolymers of
starch and paper at the drying temperatures given above. maleic anhydride
Thus, the charge ratio of polyamion to polycation 1s typically with styrene and
in the ratio of 1:1. other hydrophilic
For subsequent reactions, normally there exist excess and hydrophobic
_ _ _ comonomers and
functional groups, groups not involved in the complex 45 their salts.
formation, to be able to react with some of the board compo-
nents to form hydrogen or more preterable covalent bonds.
Therefore, there 1s an additional ratio requirement to forms- The polycation may be selected from the group of polya-
illg an eftective IPEC binder. The ratio of total polyanion nions set forth 1in Table 2 below. The group of listed po]yan-
acid groups, both neutralized and unneutralized, to total _ = jons is not intended to be exclusive and other polyanions
polycation groups 1s considered. This ratio should typically = meeting the above described criteria may also be used. For
be between 10:1 and 1.1:1, and 1s effective at 3:1. example, block and graft copolymers of the listed polymers
The polyanion may be selected from the group of polyan- having nonionic polymers which are either soluble or water
ions set forth 1n Table 1 below. The group of listed polyan- insoluble, but form stable aqueous dispersions, may also be
ions 1s not intended to be exclusive and other polyanions used as one component of the IPEC.
TABLE 2
Polycations
Polymeric Polymeric Polymeric Polymeric Polymeric amines
Primary secondary tertiary Quaternary with different
aImines AIMInes AImines AIMINEeS AIMINO groups
Polyvinylamine Linear Poly-N,N- Poly-N,N-diallyl- Branched
and 1ts salts polethyleneimine dimethylaminoethyl- N,N-dimethyl- polyethyleneimine
and its salts. methacrylate AmMmonium and its salts.
(PDMAEM) and its  hydroxide
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TABLE 2-continued

Polycations

Polymeric Polymeric Polymeric Polymeric
Primary secondary tertiary Quaternary
AIMINes AIMINES aImines aImines
salts. (PDADMAH)
and 1ts salts.
Chitosane Linear Poly-4-vinylpyridine Ioenenes hydroxides

and its salts. and their salts.

polypropylene-
imine and its

salts.

and its salts.

Poly-N-alkyl-4-
vinlypyridinium
salts.

Copolymers of
DMAEM with
acrylamide and
other hydrophilic
and hydrophobic
comonomers and
their salts.

The polyvanion may be added first with the board
components, then the polycation may be added. This may be
due to the improved distribution of the resulting IPEC
among the board components when the polyanion 1s added
first. Generally, the 1dea 1s to add whichever component of
the IPEC that 1s not reactive first. The second component
then reacts and locks the IPEC into place evenly among the
components. Therefore, since the components used in this
example are anionic, one would add the polyanion first. If,
however, the components were cationic, then the polycation
would be added first. The two-part polymer binder may be

added to augment current organic binders to increase such
desirable board properties as strength and durability, or the
polymers may be added to reduce the amount of organic
binder required. Additionally, the polymers may be added in
place of conventional organic binders, or added 1n addition
to organic binders to improve sag resistance and {fibrous
sheet performance.

Additionally, a surfactant may be added to the polymer
binder. The addition of a surfactant creates a polyelectrolyte-
surfactant complex (PESC). PESCs are the products of inter-
action ol oppositely charged polyelectrolytes and surfac-
tants. The formation of PESC involves most any pairs of
polyanions and cationic surfactants as well as pairs of poly-
cations and anionic surfactants, which form upon mixing an
aqueous solution of msoluble products.

The surfactants may be anionic or cationic. Anionic sur-
factants include alkycarboxylic acids and their salts, alkysul-
fonic acids and their salts, alkylsulfates, alkylphosphoric
acids and their salts, and combinations thereof. Cationic sur-
factants can include alkylamines, fatty amines’ including
primary, secondary, tertiary, quarternary amines. This list 1s
not 1iclusive and other substitutes having similar character-
1stics are contemplated.

The method of forming an enhanced fibrous sheet
includes the steps of forming a fibrous slurry and mixing into
the fibrous slurry an anionic polymer having a negative
charge of between about 4 to about 12 milliequivalents per
gram and a cationic polymer having a positive charge of
between about 6 to about 12 milliequivalents per gram. The
fibrous sheet 1s then dried to form the finished product.

In greater detail, the process for creating the enhanced
fibrous sheet includes forming a fibrous slurry comprised of
cellulose and water. Typically, the cellulose 1s derived from
paper, usually in the form of newsprint, which 1s then pulped
in water at a consistency ol about 3 to 5% by weight. Of
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Polymeric amines
with different
AIMINO groups

Partially
quarternized
poly-
4-vinylgyridine
and its salts.

course the consistency may vary depending upon the desired
board characteristics. Additionally, other fibers, such as min-
eral wool, may be added to the slurry. In addition to the
fibers, fillers may be added. Example fillers include perlite
and clays that can be combined with the paper and water.
The total consistency typically 1s about 3% by weight. Other
consistencies ranging from as high as 50% to as low as 1%
are also contemplated depending upon the type of board and
manufacturing process.

An organic binder such as starch may also be included
into the slurry. The board may be formed without the addi-
tion of an organic binder, but the combination of starch and
IPEC polymers has been found to create a synergistic effect
of enhanced properties. Starch 1s the most typical binder
given that the organic binder is relatively inexpensive when
compared to other binders having similar characteristics. Of
course, other binders may be used nstead of, or in combina-
tion with, starch. For example, latex may be used 1n combi-
nation with the starch binder or as a substitution.

The IPEC 1s typically added to the above slurry after the
organic binder has been mixed into the cellulose slurry. This
combination 1s then mixed. The polyanion 1s preferably
mixed 1n first, since 1t will not interact strongly with the
other components of the mix because they are also anioni-
cally charged. Of course, 11 the components of the mix were
cationically charged, this would not be the case. The addi-
tion of the polyanionic portion of the IPEC first aids 1n dis-
tributing polyanion evenly among the components. It 15 con-
templated that the IPEC components may be added
simultaneously, in reserve order or premixed, so long as the
IPEC 1s formed 1n the fibrous mix.

The polycationic portion of the IPEC may then be added
aiter the addition of the polyamonic portion. The IPEC reac-
tion may then occur, causing polyanionic and polycationic
polymers to form a complex and become entangled and
absorbed onto the board components, especially the starch

and cellulosic fibers.

The resulting slurry may then be formed into boards using,
typical board and papermaking techniques. For example, a
high molecular weight flocculant polymer may be added to
aid 1n drainage to speed up the drying process. The slurry 1s
typically pumped onto a fourdrinier machine, the water
drained by gravity, then by vacuum, and finally the structure
1s pressed to a constant thickness.

The formed sheet may then be dried and cut. Drying may
occur 1 ovens. The final product 1s typically sanded and
decorated by surface treatment and painting.
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The invention will be more easily understood by referring
to the examples of the invention and the control samples that
tollow. The following examples are given for i1llustrative pur-
pose and are not to be understood as limiting the present
invention.

IPEC EXAMPL

L1
/2

Example 1

4.5 ¢ of mineral wool were dispersed in 400 ml warm
(T=40° C.) 0.001N KCI aqueous solution under stirring by a
mechanical stirrer. Then 1.8 g of corn starch and 17.1 g of
perlite were added. Newsprint (6.6 g) was kept in 200 ml
warm (1=40° C.) water for 1 hour, ground by blender and
mixed with the other components of composition under stir-
ring. The total volume of mixture was made to 1000 ml.

Interpolyelectrolyte complex (IPEC) based on partially
neutralized poly(acrylic acid) (PAA) with poly(N,N-
dimethyl-N,N-diallylammonium chloride) (PDADMAC)
was used as a starch modifier. To make this complex, 3.6 ml
0. IN aqueous solution of sodium poly(acrylate) (NaPA)
(0.034 g of NaPA) and 7.2 ml 0.1N aqueous solution of PAA
(0.052 g of PAA) were added to the mixture under stirring.
After that, 3.6 ml 0.1N aqueous solution of poly(N,N-
dimethyl-N,N-diallylammonium chloride) (PDADMAC)
(0.058 g of PDADMAC) was added under stirring for about
2 minutes. Thus, 0.145 g of IPEC(PAA-PDADMAC),
®=[ carboxylic groups]/| amine groups |=3.0 was added to the
composition as a modifier. Flocculant (0.0188) in the form
of 0.2 wt. % aqueous dispersion was added by plastic
Syringe.

The obtained mixture was filtered with a Buchner funnel
using 2 layers ol paper filler and dried in the *“starch-
brewing” regime. To create the brewed starch regime, the
sample was enveloped 1n aluminum foil and kept at 177° C.

for 1 hour. After that it was unwrapped and dried again at
177° C. for 1 hour.

The compositions were tested in dry and wet states by
bending using Instron 1195(UK) or UTS-10 (Germany)
dynamometers. The samples were cut mnto strips 10 mm by
80—120 mm. The thickness of each strip was estimated using
an optimeter. The wet composition samples were prepared
via equilibration with water vapor at 95% relative humidity
(95RH) (saturated solution of KNO; 1n distilled water at 20°
C.) 1n a dessicator for 14 days. All the mechanical tests were
carried out just after taking the samples out of the dessicator.
The rate of deformation was 5 mm/min. The values of stress
at break, o™ (N/mm2 or MPa) were estimated from stress-
strain curves. The results of mechanical testing were:

0*=0.45 MPa, dry state

0*=0.15 MPa, wet state
(o*-value for composition not containing IPEC, prepared 1n
the “starch-brewing” regime

o0*=0.35 MPa, dry state

o0*=0.10 MPa, wet state).

Example 2

The IPEC modified composition was prepared as for
Example 1, except that 0.3 g IPEC(PAA-PDADMAC), @
was added as a modifier. 7.2 ml 0.1N aqueous solution of
sodium poly(acrylate) (NaPA) (0.07 g of NaPA), 14.4 ml
0.1N aqueous solution of PAA (00.10 g of PAA) and 7.2 ml
0.1N aqueous solution of poly(N,N-dimethyl-N,N-
diallylammonium chloride) (PDADMAC) (0.12 g of
PDADMAC) were added to the composition under stirring.
0.018 g of flocculant in the form of 0.2 wt. % aqueous dis-
persion was added last.
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The results of mechanical testing:

0=0.50 MPa, dry state
0=0.20 MPa, wet state.

Example 3

The IPEC modified composition was prepared as for
Example 1, except that the 0.9 g of starch was added instead

of 1.8 g.

-

T'he results of mechanical testing:
0*=0.38 MPa, dry state

o*=0.10 MPa, wet state
(o*—value for composition including 0.9 g of starch and not
containing IPEC

0*=0.20 MPa, dry state

0*=0.05 MPa, wet state).

Example 4

The IPEC modified composition was prepared as for
Example 2, except that the composition included 0.9 g of
starch 1nstead of 1.8 g.

The results of mechanical testing:
0*=0.50 MPa, dry state
o*=0.25 MPa, wet state.

Example 5

The IPEC modified composition was prepared as for
Example 1, except that the composition included 0.9 g of
starch and 0.48 g IPEC(PAA-PDADMAC), ® as a modifier.
12 ml O0.1N aqueous solution of sodium poly(acrylate)

(NaPA) (0.11 g of NaPA), 24 ml 0.1N aqueous solution of
PAA (0.173 g of PAA) and 12 ml 0.1N aqueous solution of
poly(N,N-dimethyl-N,N-diallylammonium chloride)
(PDADMAC) (0.194 ¢ of PDADMAC) were added under
stirring. 0.018 g of flocculent 1n the form of 0.2 wt. % aque-
ous dispersion was added last.

The results of mechanical testing:
0*=0.60 MPa, dry state
o*=0.30 MPa, wet state.

Example 6

The IPEC modified composition was prepared as for
Example 1, except that the composition did not contain
starch and 1.8 g IPEC(PAA-PDADMAC), ® was added as a
modifier. 44.0 ml. 0.1N aqueous solution of sodium poly
(acrylate) (NaPA) (0.42 g of NaPA), 88.0 ml 0.1N aqueous
solution of PAA (0.63 g of PAA) and 44.0 ml 0.1N aqueous
solution of poly(N,N-dimethyl-N,N-diallylammonium
chloride) (PDADMAC) (0.7 g of PDADMAC) were added
to the composition under stirring. 0.018 g of flocculant in the
form of 0.2 wt. % aqueous dispersion was added last.

The results of mechanical testing:
0*=0.70 MPa, dry state
o*=0.40 MPa, wet state.

The results of mechanical testing of the compositions 1n
terms of the values of stress at break (MPa) are listed in
Table 3 and FIG. 4. FIG. 4 and Table 3 1llustrate the effects
of starch and IPEC modifier compared to starch alone and
IPEC alone, on the mechanical characteristics of the compo-
sition prepared 1n the “brewing regime.”
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TABLE 3
IPEC Data
Stress at
break Stress at
Starch IPEC Total o* dry break

(8) (g) binder(g) (Mpa) o* wet (Mpa)
Control 1 0 0.5 0.5 0.4 0.3
[PEC alone 0 0.9 0.9 0.5 0.35

0 1.2 1.2 0.6 0.4

0 1.8 1.8 0.7 0.4

0 2.7 2.7 0.85 0.45
Control 2 0.5 0 0.5 0.15 0.1
Starch alone 0.9 0 0.9 0.2 0.05

1.2 0 1.2 0.25 0.07

1.8 0 1.8 0.35 0.1

2.7 0 2.7 0.55 0.25
Combination 0.5 0.3 0.8 0.5 3
0.5 g Starch 0.5 0.5 1 0.65 0.4
plus varied 0.5 0.9 1.4 0.7 0.4
[PEC
Combination 0.9 0.15 1.05 0.38 0.1
0.9 g Starch 0.9 0.3 1.2 0.5 0.25
plus varied 0.9 0.5 1.4 0.6 0.3
[PEC
Combination 1.2 0.3 1.5 0.5 0.25
1.2 g Starch 1.2 0.5 1.7 0.6 0.3
plus varied 1.2 0.9 2.1 0.7 0.35
[PEC
Combination 1.8 0.15 1.95 0.45 0.15
1.8 g Starch 1.8 0.3 2.1 0.5 0.2
plus varied 1.8 0.5 2.3 0.6 0.25
[PEC

PESC (SURFACTANT) EXAMPLES

In the following examples, polyelectrolyte-surfactant
complexes (PESC) additives where added to a basic mix of
fiberboard components. The mechanical characteristics of
the compositions containing different amounts of starch and
PESC additives are illustrated in the examples. The basic
components for the fiberboard were prepared 1n the brewing
regime and were added 1n the following amounts:

Newsprint 6.6 g
Mineral Wool 45 g
Perlite 17.1 g
Starch 0-2.7 g
Flocculant 0.018 g
0.001N KCI aqueous solution 1000 g

Example 7

Mineral wool, starch, perlite and newspaper were mixed
as described in Example 1. Polyelectrolyte-surfactant com-
plex (PESC) formed by partially neutralized poly(acrylic
acid) (PAA) and dodecyltrimethylammonium bromaide
(DDTMAD) was used as a modifier 3.6 ml 0.1N aqueous
solution of sodium poly(acrylate) (NaPA) (0.034 g of NaPA)
and 7.2 ml 0.1N aqueous solution of PAA (0.052 g of PAA)
were added under stirring. 9.0 ml 0.04N aqueous solution of
DDTMAB (0.11 g) was added and stirred for 2 minutes.
Thus, 0.2 g of PESC(PAA-DDTMAB), ®=|carboxylic
groups |/[amine groups]=3.0 was added to the composition
as a modifier. 0.018 g of flocculant in the form of 0.2 wt. %
aqueous dispersion was added last by a plastic syringe.

The mixture was filtered with a Buchner funnel and dried
in the “starch-brewing’” regime as described in Example 1.
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The results of mechanical testing:
0*=0.50 MPa, dry state
o*=0.30 MPa, wet state.

Example 8

The PESC modified composition was prepared as
described in Example 7, except that DDTMAB was added

first.

The results of mechanical testing:
0*=0.47 MPa, dry state
o0*=0.29 MPa, wet state.

Example 9

The PESC modified composition was prepared as
described 1n Example 7, except that 0.144 g of PESC(PAA -

DDTMAB), ®=|carboxylic groups]/|[amine groups|=1.0,
was added as a modifier. 3.6 ml 0.1N aqueous solution of
sodium poly(acrylate) (NaPA) (0.034 g of NaPA) and after

that 9.0 ml 0.04N aqueous solution of DDTMAB (0.11 g)
was added under stirring.

The results of mechanical testing:
0*=0.50 MPa, dry state
o*=0.30 MPa, wet state.

Example 10

In this example the PESC was added without the addition
of starch. The stoichiometric complex formed by sodium
polyacrylate (NaPA) and dodecyltrimethylammonium bro-
mide (DDTMAB) named as PESC, ¢=1, as well as the non-
stoichiometric PESC, ¢=3.0 containing a threefold excess of
poly(acrylic acid), were used.

Newsprint, mineral wool and perlite were mixed in 1000
ml of warm (40° C.) 0.001 N KCI aqueous solution under
stirring. Then, 0.1 N NaPA aqueous solution and the corre-
sponding amount of 0.04 N aqueous solution of DDTMARB
were added under stirring for about 2—3 minutes. In the case
of PESC, ¢=1 the equimolar amounts of NaPA and DDT-
MAB were added. In the case of PESC, ¢=3.0, the predeter-
mined amount of 0.1 N aqueous solution of partially (one
third) neutralized poly(acrylic acid), and corresponding
amount of DDTMAB were consequently added under stir-
ring for about 2—3 minutes. The flocculant 1n the form o1 0.2
wt. % aqueous solution was added last by means of quick
injecting 1t by plastic syringe.

The obtained mixtures were filtered with a Buchner fun-
nel. The samples were enveloped 1n aluminum foil and kept

at 17°7° C. for 1 hour and unwrapped and dried at 177° C. for
1 hour.

The wet compositions were prepared via equilibration
with water vapor at 95% relative humidity (95 RH) saturated
solution of KNO; 1n distilled water at 20° C.) 1n the dessica-
tor for 14 days. The samples were taken out the dessicator
and were cut 1nto 5-6 strips 1n the form of parallelepipeds
with the length 100 mm, the width 10 mm and the thickness
8—10 mm. These strips were kept at 95 RH for 24 hours. All
the mechanical tests were carried out just after taking the
strips out the dessicator using UTS-10 dynamometer
(Germany) with the gauge length 70 mm.

The results of mechanical testing of the compositions 1n
terms of the values of stress—at break, o™ (MPa) are listed

in the Table 4, control 1 and control 2 sections. Table 4
illustrates the effects of PESC (PAA-DDTMAB) ¢=1, ¢=3.0
¢=| PAA /[DDTMAB]) as binders on the mechanical charac-

teristics of the composition prepared in the “brewing
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regime.” All samples contain 6.6 g of newsprint, 4.5 g of
mineral wool, 17.1 g of perlite and 0.018 g of flocculent. The
samples did not contain starch. The samples were tested 1n
dry and wet state.

The strengthening effect of PESC, ¢=1 and PESC, ¢3.0
used as co-binders together with the starch was also tested.
The procedure of the preparation of the composition was the
same as described above; however, the only difference 1s the
variable amount of the starch. The samples for mechanical
testing were prepared in the “starch brewing” regimes and
were tested 1n the dry as well as 1n the wet state.

The results of mechanical testing of compositions con-
taining the starch binder and PESC, ¢=1 or PESC, ¢=3.0
co-binders are listed in Table 4 under combinations. Table 4
and FIGS. 5 and 6 illustrate the joint action of starch binder
and PESC (PAA-DDTMAB) ¢=1, ¢$=3.0 co-binder on the
mechanical characteristics of the compositions prepared in
the brewing regime. All samples contained 6.6 g of
newsprint, 4.5 g of mineral wool, 17.1 g of perlite and 0.018
g of flocculant. The samples were tested 1n dry and wet state.

TABL.

L1l

4

Polvelectrolyvte-Surfactant Complexes (PESC) Data

Stress at Stress at
break break
Starch  PESC  Total binder o™ dry o* wet

(g) (8) (g) (Mpa)  (Mpa)
Control 1 0 0.9 0.9 0.25 0.1
PESC (1:1) 0 1.2 1.2 0.1 0.1
alone 0 1.8 1.8 0.15 0.1

0 2.7 2.7 0.3 0.3
Control 2 0 0.9 0.9 0.2 0.1
PESC (3:1) 0 1.2 1.2 0.25 0.1
alone 0 1.8 1.8 0.5 0.35

0 2.7 2.7 0.55 0.5
Control 3 0.5 0 0.5 0.15 0.1
Starch alone 0.9 0 0.9 0.2 0.05
(same data as 1.2 0 1.2 0.25 0.07
in Table 3) 1.8 0 1.8 0.35 0.1

2.7 0 2.7 0.55 0.25
Combination 0.9 0.15 1.05 0.2 0.15
0.9 g Starch 0.9 0.3 1.2 0.3 0.15
plus varied 0.9 0.5 1.4 0.25 0.15
PESC (1:1) 0.9 0.9 1.8 0.2 0.2
Combination 0.9 0.15 1.05 0.2 0.2
0.9 g Starch 0.9 0.3 1.2 0.4 0.2
plus varied 0.9 0.9 1.8 0.35 0.3
PESC (3:1) 0.9 0.5 1.4 0.25
Combination 1.8 0.15 1.95 0.4 0.2
1.8 g Starch 1.8 0.3 2.1 0.5 0.25
plus varied 1.8 0.5 2.3 0.6 0.25
PESC (1:1)
Combination 1.8 0.15 1.95 0.5 0.3
1.8 g Starch 1.8 0.3 2.1 0.6 0.25
plus varied 1.8 0.5 2.3 0.8 0.3
PESC (3:1) 1.8 0.9 2.7 0.6 0.3

The strengthening etffect of mixed IPEC+PESC co-binder
in “starch brewing” regime was also tested. Nonstoichiomet-
ric mixed IPEC (PAA-PDADMAC)+PESC (PAA-
DDTMAB), $=3.0 was used. It was prepared as follows:

The predetermined amount of 0.1 N aqueous solution of
partially neutralized (a+0.33) poly(acrylic acid) and
then corresponding amount of 0.04 N aqueous solution
of the equimolar mixture of PDADMAC and DDT-
MARB were added under for about 2—3 minutes.

The compositions containing 0.9 g of the starch binder
and different additives of mixed (IPEC+PESC), ¢=3.0
co-binder were tested mechanically 1n the dry and wet state.
The results of the latest measurements are listed in Table 3.
Table 3 illustrates the joint action of starch binder and mixed
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IPEC (PAA-PDADMAC)+PESC (PAA-DDTMAB), ¢=3.0
(¢=[PAA]J/IDDTMAB+PDADMAC] at [DDTMAB |=
|IPDADMACY]) co-binder on the mechanical characteristics
of the compositions prepared in the “brewing” regime. All
samples contained 6.6 g of newsprint, 4.5 g of mineral wool,
17.1 g of perlite and 0.018 g of flocculant. The samples were
tested 1n dry and wet state.

TABL.

R

(Ll

IPEC and PESC Combinations as Starch Modifiers

Amount of
Amount of starch, IPEC + PESC, Sample O,
No. g ¢=3.0 state MPa
1 0.9 0 dry 0.2
wet 0.1
2 0.9 0.15 dry 0.3 (0.5)
wet 0.2
3 0.9 0.3 dry 0.35 (0.6)
wet 0.2
4 0.9 0.5 dry 0.4 (0.7)
wet 0.2
5 0.9 0.9 dry 0.4
wet 0.2

Cross-Linked Interpolyelectrolyte Complexes (#IPEC)

In the following examples, the effect of slightly
crosslinked polyelectrolyte and linear polyelectrolyte on the
mechanical characteristics of the compositions 1s 1llustrated.
We used the commercial microgel of slightly cross-linked
highly water swollen technical poly(acrylic acid) “Car-
bopol” 2001. The procedure of preparation of gel sample
was the following: The predetermined amount of the dry
“Carbopol” was swollen 1 300 ml of tap water for five
minutes. Then the calculated amount of 0.1N aqueous
NaOH was added to neutralize the —COOH groups of “Car-
bopol” up to the degree of neutralization o.=0.33 (the amount
of NaOH added was equal to 33% relative to the —COOH
groups of “Carbopol.” The partially neutralized “Carbopol”
was additionally swollen in water for 12 hours. The equilib-
rium degree of swelling, defined as the ratio of the mass of

swollen gel to that of the dry gel equaled 1000. The size of
the equilibrium swollen microgel particles was about 1 mm.

The standard procedure of preparation of the composition
was used: Newsprint (6.6 g), mineral wool (4.5 g), perlite
(17.1 g), and starch (0—18 g) were mixed 1n 500 ml of warm
(40° C.) 0.002N KCI aqueous solution under stirring. Then
300 ml of partially neutralized “Carbopol” microgel, pre-
pared 1n advance, was added to the mixture under stirring.
Then the predetermined amount of 0.1N aqueous solution of
PDADMAC was added to make the ratio of total carboxylic
groups to ammonium groups equal to 3.0. Since the car-
boxylic groups were previously one third neutralized, the
ratio of neutralized carboxylic groups to ammonium groups
thus equals 1.0. Again, an additional amount of water was
added to make the total volume equal to 1000 ml. Then
0.018 g of flocculant was added last. The mixtures were
filtered and prepared 1n the “brewing regime” as usual. The

results of the mechanical testing of the samples are pre-
sented 1n Table 6 and FIG. 7.
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Cross-linked (#) IPEC Data

Stress at Stress at
Total break break
Starch HIPEC binder o* dry o* wet

(g) (8) (g) (Mpa) (Mpa)
Control 1 0 0.075 0.075 0.25 0.15
#IPEC alone 0 0.3 0.3 0.25 0.15

0 0.5 0.5 0.25 0.15

0 0.9 0.9 0.12 0.07
Control 2 0.5 0 0.5 0.15 0.1
Starch alone 0.9 0 0.9 0.2 0.05
(same data 1.2 0 1.2 0.25 0.07
as In 1.8 0 1.8 0.35 0.1
Table 3) 2.7 0 2.7 0.55 0.25
Combination 0.5 0.15 0.65 0.25 0.2
0.5 g Starch 0.5 0.3 0.8 0.35 0.2
plus varied 0.5 0.5 1 0.35 0.2
#IPEC 0.5 0.9 1.4 0.4 0.2
Combination 0.9 0.075 0.975 0.5 0.2
0.9 g Starch 0.9 0.15 1.05 0.55 0.3
plus varied 0.9 0.3 1.2 0.4 0.3
#IPEC
Combination 1.2 0.075 1.275 0.6 0.35
1.2 g Starch 1.2 0.15 1.35 0.5 0.4
plus varied 1.2 0.3 1.5 0.4 0.3
#IPEC
Combination 1.8 0.075 1.875 0.8 0.5
1.8 g Starch 1.8 0.15 1.95 0.7 0.4
plus varied 1.8 0.3 2.1 0.45 0.3
#IPEC

While Applicants have set forth embodiments as illus-
trated and described above, 1t 1s recognized that variations
may be made with respect to disclosed embodiments.
Therefore, while the invention has been disclosed 1n various
forms only, it will be obvious to those skilled 1n the art that
many additions, deletions and modifications can be made
without departing from the spirit and scope of this invention,
and no undue limits should be imposed except as set forth 1n
the following claims.

What 1s claimed 1s:

1. A polymer binder for a fibrous sheet comprising:

a polyanion having a negative charge of between about 4
to about 12 milliequivalents per gram; and

polycation having a positive charge of between about 6 to

about 12 milliequivalents per gram.

2. The binder of claim 1, wherein the polyanion has a
plurality of negatively charged anionic groups and the poly-
cation has a plurality of positively charged cationic groups,
the molar ratio of total negatively charged anionic groups to
total positively charged cationic groups being between about
10:1 and about 1.1:1.

3. The binder of claim 2, wherein the negatively charged
anionic groups are acids.

4. The binder of claim 3, wherein the anionic acid groups
are weakly acidic.

5. The binder of claim 2, wherein the positively charged
cationic groups are amines.

6. The binder of claim 2, wherein the molar ratio of total
negatively charged anionic groups to total positively charged
cationic groups 1s about 3:1.

7. The binder of claim 1, wherein the molecular weight of
the polyanion 1s between about 10,000 to about 900,000
grams per mole.
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8. The binder of claim 1, wherein the polyanion 1s
crosslinked.

9. The binder of claim 1, wherein the polyanion has a
plurality of negatively charged anionic groups, the total
negatively changed anionic groups having a cross-link ratio
of up to about 1:50.

10. The binder of claim 1, wherein the molecular weight
of the polycation 1s between about 10,000 to about 900,000
grams per mole.

11. The binder of claim 1, wherein the binder forms a
interpolyelectrolyte complex.

12. The binder of claim 1, wherein the binder further com-
prises a spacer [selected from the group consisting of a
polysaccharide, a hydrogel, a latex and combinations
thereof].

13. The binder of claim 1, wherein the [polysaccharide]
binder further comprises a starch spacer.

14. The binder of claim 1, wherein the binder further com-
prises a surfactant.

15. The binder of claim 14, wherein the surfactant is
selected from the group consisting of alkylamines, fatty
amines and combinations thereof.

16. The binder of claim 1, wherein the polyanion to poly-
cation charge ratio 1s about 1:1.

17. The binder of claim 1, wherein the polyanion 1is
selected from the group consisting of polycarbohydrates,
polyphosphates, polysulionates, polysulfates and combina-
tions thereof.

18. The binder of claim 1, wherein the polycation 1s a
polyamine.

19. The binder of claim 18, wherein the polyamine 1s a
quaternary amine.

20. The binder of claim 1, wherein the polycation has a
positive charge of between 6 to about 12 milliequivalents per
gram.

21. The binder of claim 12, wherein the spacer is selected

from the group consisting of a polvsaccharide, a hvdrogel, a

latex and combinations thereof.
22. A polymer binder for a fibrvous sheet comprising:

a spacer, and

an interpolyelectrolyte complex, the interpolyelectrolyte
complex being formed arvound the spacer.
23. The polymer binder of claim 22, wherein the inter-

polyelectrolyte complex includes a two-part polymer
5 L e .
additive, the two-part polymer additive including a polvan-

ion and a polycation, whevrein the vatio of polyanion to poly-
cation is between 10:1 and 1.1:1.
24. The polymer binder of claim 22, wherein the binder

further includes a surfactant, the interpolyelectrolyte com-
| plex and surfactant form a polyelectrolyte-surfactant

complex, wherein the polyelectrolyte-surfactant complex is

formed around the spacer.

25. A polymer binder for a fibrvous sheet comprising:
a polyvanion;

a polycation; and

a surfactant;

wherein the polyvanion, polyvcation and surfactant form a
polyelectrolvte-surfactant complex.
26. The polymer binder of claim 25, wherein the ratio of

polyanion to polycation is between 10:1 and 1.1:1.

G o e = x
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