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METAL SILICATES, CELLULOSE PRODUCTS
AND PROCESSES THEREOF

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention is directed to water-soluble metal silicate complexes, such
as water-soluble metal silicate complexes containing at least one divalent metal. The
present invention is also directed to processes for preparing water-soluble metal silicate
complexes. The present invention further relates to waste water treatment processes
using water-soluble metal silicate complexes. The present invention also relates to
processes for preparing cellulose products, such as paper products, which processes
involve adding at least one water-soluble metal silicate complex to a cellulose slurry,
such as a paper slurry. Similarly, the present invention relates to processes for preparing
cellulose products which processes involve adding at least one water-soluble metal
silicate, such as a monovalent cation silicate, to a cellulose slurry so as to form a water-
soluble metal silicate complex in the cellulose slurry. The present invention is also
directed to cellulose products, such as paper products, containing water-soluble metal
silicate complexes.
2. BACKGROUND OF THE INVENTION AND RELATED ART

Cellulose products, such as paperboards, tissue papers, writing papers, and the
like are traditionally made by producing an aqueous slurry of cellulosic wood fibers,
which may contain inorganic mineral extenders or pigments. The aqueous slurry is
deposited on a moving wire or fabric to facilitate the formation of a cellulose matrix. The
cellulose matrix is then drained, dried, and pressed into a final cellulose product.
However, during the draining step, desired solid fibers, solid fines, and other solids are
often removed along with the water. In this regard, solid fines include very short pulp
fibers or fiber fragments and ray cells. Solid fines also include pigments, fillers, and

other nonfibrous additives that may pass through the fabric during sheet formation.
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Furthermore, during draining, undesired water is often retained in the cellulose matrix.
The removal of the desired solids and retention of undesired water adversely affects
sheet formation, and thus yields cellulose products of lower quality. Further, the loss of
desired solids is wasteful and costly to cellulose product manufacturers.

As a result, the paper industry continuously strives to provide processes for
papermaking that improve the paper quality, increase productivity, and reduce
manufacturing costs. Chemicals are often added to the fibrous slurry before the
papermaking wire or fabric to improve drainage/dewatering and retention. These
chemicals are called drainage and/or retention aids. Attempts have been made to add
various drainage and/or retention aids in papermaking such as silicates, silica colloidals,
microgels, and bentonites.

Papermaking retention aids increase the retention of fine furnish solids during the
turbulent process of draining and forming the paper web. Without adequate retention of
the fine solids, they are either lost to the process effluent or accumulate to high levels in
the recirculating white water loop, causing potential deposit buildup and impaired paper
machine drainage. Additionally, insufficient retention of the fine solids increases the
papermaker’s costs due to the loss of additives intended to be adsorbed on the fiber to
provide the respective paper opacity, strength, or sizing properties.

For example, U.S. Patent No. 5,194,120 to Peats et al. discloses the addition of
a cationic polymer and an amorphous metal silicate material to paper furnish to improve
fines retention and drainage. The amorphous metal silicates of Peats et al. are white
free-flowing powders, which form extremely small anionic colloidal particles when fully
diépersed in water. These materials are usually synthesized by reacting a sodium silicate
with a soluble salt of the appropriate metal ions, such as Mg**, Ca**, and/or A1**, to form
a precipitate which is then filtered, washed, and dried.

WO 97/17289 and family member U.S. Patent No. 5,989,714 to Drummond
relates to a method of controlling drainage and/or retention in the formation of a paper

matrix by using metal silicate precipitates. The metal silicate precipitates of Drummond
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are prepared by mixing a soluble metal salt with a soluble silicate.

JP 63295794 A to Naka-Mura relates to a neutral or weakly alkaline papermaking
process which includes adding to the pulp slurry a cationic, water-soluble polymer and
an aqueous solution of sodium silicate.

JP 1072793 to Haimo discloses a method for making paper by directly adding an
aqueous solution of sodium orthosilicate to the paper slurry. The orthosilicate solution
of Haimo is prepared in a separate step (e.g., treatment of aluminum sulfate to adjust the
pH) prior to being added to the paper slurry.

U.S. Patent Nos. 4,927,498; 4,954,220; 5,185,206; 5,470,435; 5,543,014
5,626,721; and 5,707,494 to Rushmere and Rushmere et al. relate to the use of
polysilicate microgels as retention and drainage aids in papermaking. The microgels of
many of these patents are manufactured by an on-site process by reacting polysilicic ac1d
with an alkali metal to form mlcrogels which are then added to a paper furnish. )

U.S. Patent No. 5,240,561 to Kaliski relates to the use of microgels in
papermaking processes. The microgels of Kaliski are prepared by a two step process.
The first step involves the preparation of a transient, chemically reactive subcolloidal
hydrosol by blending the paper furnish with two separate solutions. The second step is
to blend an aqueous solution containing at least one cross-linking agent with the furnishes
resulting from the first step to cross-link the in-situ-formed chemically reactive
subcolloidal hydrosol and synthesize (in-situ) the complex functional microgel cements.

The resulting cements flocculate the paper furnishes to form paper sheets.

U.S. Patent No. 4,753,710 to Langley et al. and U.S. Patent No. 5,513,249 to
Cauley are directed to the use of bentonite clays in paper making.

Despite many attempts to provide various types of drainage and retention aids,
there still remains a need in the cellulose products industry to provide drainage and
retentions aids that are cost effective and at the safne time simple to use. In addition,
there is still a need for a process of making cellulose products that yields significant

improvements in retention and drainage while maintaining good formation of the
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cellulose product, e.g., paper sheet.

There is still a remaining need for improving retention and drainage, especially
for improving drainage in large production of cellulose products where productivity is
otherwise reduced due to slow water drainage through thick fibrous mats.

SUMMARY OF THE INVENTION

An object of the present invention is to provide water-soluble metal silicate
complexes, such as metal silicate complexes containing at least one divalent metal.

A further object of the present invention is to improve retention and drainage
control in making cellulose products, such as paper, by adding a water-soluble metal
silicate complex to a cellulose slurry, such as a paper slurry, or by forming a water-
soluble metal silicate complex in a cellulose slurry.

Another object of the present invention is to provide processes for preparing
cellulose products which processes involve adding at least one water-soluble metal
silicate complex to a cellulose slurry, such as a paper slurry.

A similar object of the present invention is to provide processes for preparing
cellulose products which processes involve adding at least one monovalent cation silicate
to a cellulose slurry, such as a paper slurry, so as to form water-soluble metal silicate
complex in the cellulose slurry.

Still another object of the present. invention is to provide cellulose products, such
as paper products, containing water-soluble metal silicate complexes.

Yet another object of the present invention is to provide a process of waste water
treatment comprising adding or forming a water-soluble metal silicate complex in waste
water.

In accordance with one aspect, the present invention is directed to an aqueous
composition, comprising a water-soluble metal silicate complex which comprises at least
one divalent metal.

In accordance with another aspect, the present invention is directed to a process

for preparing an aqueous composition including water-soluble metal silicate complex,
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comprising combining monovalent cation silicate and divalent metal ions in an aqueous
environment to form the water-soluble metal silicate complex.

In accordance with still another aspect, the present invention is directed to a
process of modifying cellulose slurry, comprising adding an aqueous composition having
water-soluble metal silicate complex which includes divalent metal to cellulose slurry.

In accordance with yet another aspect, the present invention is directed to a
process for preparing cellulose slurry, comprising adding monovalent cation silicate to
cellulose slurry comprising a sufficient amount of divalent metal ions to combine with
the monovalent cation silicate to form water-soluble metal silicate complex.

In accordance with another aspect, thelpresent invention is directed to a process
of making cellulose product, comprising: adding an aqueous composition having water-
soluble metal silicate complex including divalent metal to cellulose slurry; and forming
cellulose product from the cellulose slurry.

In accordance with yet another aspect, the present invention is directed to a
process of making cellulose product, comprising: adding monovalent cation silicate to
cellulose slurry comprising a sufficient amount of divalent metal ions to combine with
the monovalent cation silicate to form water-soluble metal silicate complex; and forming
cellulose product from the cellulose slurry.

In accordance with another aspect, the present invention is directed to a cellulose
product comprising cellulose fiber and residue of at least one water-soluble metal silicate
complex. Preferably, the residue is present in an amount of about 50 to 10,000 ppm,
based on SiO,.

In accordance with still another aspect, the present invention is directed to a
process for waste water treatment, comprising adding at least one water-soluble metal
silicate complex to waste water, wherein the water-soluble metal silicate complex
includes divalent metal.

In accordance with yet another aspect, the present invention is directed to a

process for waste water treatment, comprising adding monovalent cation silicate to waste
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water, wherein the waste water comprises divalent metal ions in an amount sufficient to
combine with the monovalent cation silicate to form water-soluble metal silicate
complex.

In one aspect, the divalent metal comprises at least one of magnesium, calcium,
zinc, copper, iron(II), manganese(I), and barium, preferably at least one of magnesium
and calcium.

In another aspect, the water-soluble metal silicate complex has a SiO, to
monovalent cation oxide molar ratio of about 2 to 20, preferably about 3 to 5.

In still another aspect, the water-soluble metal silicate complex has a divalent
metal to silicon molar ratio of about 0.001 to 0.25, preferably about 0.01 to 0.2.

In yet another aspect, the aqueous composition has a concentration of SiO, of
about 0.01 to 5 wt%, preferably about 0.1 to 2 wt%.

In still another aspect, the water-soluble metal silicate complex has a particle size
of less than about 200 nm.

In another aspect, the water-soluble metal silicate complex comprises a water-
soluble silicate in accordance with the following formula:

(1-y)M,0-yM’0O-xSi0,

wherein M is monovalent cation; M’ is divalent metal ion; x is from about 2 to 4;

y is from about 0.005 to 0.4; and y/x is from about 0.001 to 0.25.

In one aspect, M comprises sodium, potassium, lithium, or ammonium, and

' preferably sodium.

In another aspect, M’ comprises calcium or magnesium.
In yet another aspect, the water-soluble metal silicate complex comprises a water-
soluble silicate in accordance with the following formula:
(1-y)Na,0-yM’'0-xSi0,
where M’ is divalent metal ion compﬁsing calcium or magnesium,
X 1s from about 2 to 4,

y is from about 0.005 to 0.4,
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y/x is from about 0.001 to 0.25,

x/(1-y) is from about 2 to 20, and
the aqueous composition has a concentration of SiO, of about 0.01 to 5 wt%. Preferably,
y/x is from about 0.01 to 0.2, x/(1-y) is from about 3 to 10, and the aqueous composition
has a concentration of SiO, of abéut 0.1 to 2 wt%. Most preferably, y/x is from about
0.025 to 0.15, x/(1-y) is from about 3 to 5, and the aqueous composition has a
concentration of Si0, of about 0.25 to 1.5 wt%.

In another aspect, the monovalent cation silicate comprises at least one of sodium
silicate, potassiﬁm silicate, lithium silicate, and ammonium silicate, preferably sodium
silicate, such as sodium silicate having a weight ratio of Si0,/Na,O of about 2 to 4.

In another aspect, the divalent metal ions comprise at least one of magnesium and
calciﬁm.

In still another aspect, the water-soluble metal silicate complex is prepared by
adding monovalent cation silicate to an aqueous reactant composition having a sufficient
amount of divalent metal ions to form the water-soluble metal silicate complex.

In yet another aspect, the aqueous reactant composition having a sufficient
amount of divalent metal ions has a hardness of about 1 to 600 ppm Ca equivalent. For

instance, the aqueous reactant composition may comprise at least one of tray water, hard

.water, and treated water which treated water is prepared by increasing or decreasing

hardness.

In another aspect, a source of the divalent metal ions comprises at least one of
CaCl,, MgCl,, MgSO,, Ca(NO,),, Mg(NO3)2, CaSO,, and ZnSO,.

In yet another aspect, the water-soluble metal silicate complex is prepared by
adding divalent metal ions to an aqueous reactant composition having a sufficient amount
of monovalent cation silicate to form the water-soluble metal silicate complex.

In one aspect, the aqueous reactant composition having a sufficient amount of
monovalent cation silicate has a concentration of Si0O, of about 0.01 to 30 wt%.

- In another aspect, the water-soluble metal silicate complex is added to cellulose

-7-
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slurry after a last high shear stage and before a headbox.

In yet another aspect, at least one additive comprising one of flocculant, starch,
and coagulant, is added to the cellulose slurry. For instance, the at least one additive may
be cationic polyacrylamide copolymer. The at least one additive may be added to the
cellulose slurry at a point before a last high shear stage.

In another aspect, the water-soluble metal silicate complex comprises a water-
soluble silicate in accordance with the following formula:

(1-y)Na,O-yM’0-xS10,
where M’ is divalent metal ion comprising calcium or magnesium,
x is from about 2 to 4,
y is from about 0.005 to 0.4,
y/x is from about 0.001 to 0.25,
x/(1-y) is from about 2 to 20,
the aqueous composition has a concentration of SiO, of about 0.01 to 5 wt%, and at least
one of flocculant, starch, and coagulant is added to the cellulose slurry.
DETAILED DESCRIPTION OF THE INVENTION
The particulars shown herein are by way of example and for purposes of

illustrative discussion of the various embodiments of the present invention only and are

“ presented in the cause of providing what is believed to be the most useful and readily

understood description of the principles and conceptual aspects of the invention. In this
regard, no attempt is made to show details of the invention in more detail than is

necessary for a fundamental understanding of the invention, the description making

~ apparent to those skilled in the art how the several forms of the invention may be

embodied in practice. -

All percent measurements in this application, unless otherwise stated, are
measured by weight based upon'100% of a given sample weight. Thus, for example,
30% represents 30 weight parts out of every 100 weight parts of the sample.

Unless otherwise stated, a reference to a compound or component, includes the

-8-
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compound or component by itself, as well as in combination with other compounds or
components, such as mixtures of compounds.
Before further discussion, the following terms will be discussed to aid in the

understanding of the present invention.

“Hardness” refers to the total concentration of divalent metal ions or their salts in
water, e.g., calcium, magnesium, calcium carbonate, and calcium chloride. Hardness may
be measured in parts per million of Ca equivalents. In this regard, 1 ppm Ca equivalent
is equal to 2.78 ppm CaCl, equivalent which is equal to 2.50 ppm CaCO, equivalent and
which is equal to 0.61 ppm Mg equivalent.

“Water-soluble” and “stability” refer to the ability of the metal silicate complexes
of the present invention to remain in solution. When the water-soluble metal silicate
complexes of the present invention are formed, the process may be controlled so that no
precipitate is formed. However, under some circumstances, a slight amount of precipitate
may form. If the metal silicate complexes form precipitate, they are no longer
complexes, but are metal silicate precipitate. In the present invention, it is desired that
the metal silicate complexes of the present invention remain in solution and do not form
a precipitate. It is noted that some of the water-soluble metal silicate complex may
precipitate with time, however, it is preferred that no precipitate or a minimal amount of
precipitate is formed. As long as the metal silicate complexes are water-soluble, the
solutions should be essentially colorless and clear. In this regard, the water-soluble metal
silicate complexes of the present invention are not visible to the naked eye. In particular,
considering that turbidity depends on concentration, an aqueous composition of the
water-soluble metal silicate compvlex of the present invention having a concentration of
0.3 wt% of Si0,, in the absence of other materials that affect turbidity, would preferably
have a turbidity of less than about 70 NTU, more preferably less than about 50 NTU, and
most preferably less than about 20 NTU. The water-soluble metal silicate complexes of

the present invention cannot be separated from the aqueous phase by most physical or

9.
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mechanical separation techniques, such as centrifugation, sedimentation, or filtration.

“Cellulose slurry” refers to a water-based slurry containing cellulose fibers and
fines, and which may contain other additives.

“Pdper slurry” or “paper furnish” refers to a water-based slurry containing
cellulose fibers and/or fines, such as of wood, vegetable, and/or cotton, and which may
contain other additives for papermaking such as fillers, e.g., clay and precipitated calcium
carbonate.

“Copolymer” refers to a polymer comprising two or more different kinds of

monomers.

As an overview, the present invention relates to water-soluble metal silicate
complexes, such as metal silicate complexes containing at least one divalent metal. The
present invention is also directed to processes for preparing water-soluble metal silicate
complexes. The present invention further relates to waster water treatment processes
using water-soluble metal silicate complexes. The present invention also relates to
processes for making cellulose products, such as paper products, by adding at least one
water-soluble metal silicate complex to a cellulose slurry, such as a paper slurry.
Similarly, the present invention relates to processes for making cellulose products by
adding at least one monovalent cation silicate to a cellulose sIurry so as to form a water-
soluble metal silicate complex in the cellulose slurry. By adding or forming a water-
soluble metal silicate complex in a cellulose slurry, the present invention is capable of
improving retention and drainage control in making cellulose products. The present
invention is further directed to cellulose products, such as paper products, containing
water-soluble metal silicate complexes.

The water-soluble metal silicate complexes of the present invention preferably
contain at least one kind of divalent metal ion and at least one kind of monovalent cation.

Examples of divalent metal ions useful in the water-soluble metal silicate

complexes of the present invention include, but are not limited to, ions of alkaline earth

-10-
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metals and transition metals. In particular, the divalent metal ions may include
magnesium, calcium, zinc, copper, iron(II), manganese(II), and/or barium. Preferably,
the divalent metal ions include magnesium, calcium, and/or zinc. Most preferably, the
divalent metal ions include magnesium and/or calcium.

Examples of monovalent cations useful in the water-soluble metal silicate
complexes of the present invention include, but are not limited to, ions of alkaline metals.
In particular, the monovalent cations may be sodium, potassium, lithium, and/or
ammonium. Preferably, the monovalent cations are sodium and/or potassium. Most
preferably, the monovalent cations are sodium.

In a preferred embodiment of the present invention, the metal silicate complex is
a magnesium silicate complex and/or a calcium silicate complex prepared by adding
sodium silicate to an aqueous composition containing magnesium and/or calcium ions.
Preferably, an aqueous composition of the water-soluble metal silicate complex of the
present invention comprises Si0, in an amount of about 0.01 to 5 wt% by weight of the
aqueous composition, has a SiO,/monovalent cation oxide, such as Na,O, molar ratio
from about 2 to 20, and a [(divalent metal, e.g., Mg + Ca)/Si] molar ratio from about
0.001 to 0.25.

Not wishing to be bound by theory, the water-soluble metal silicate complexes
of the present invention are believed to include water-soluble metal silicate complexes
having the following formula:

(1-y)M,0-yM’O-xSiO, formula (1)

where: M is a monovalent cation, such as those discussed above,
M’ is a divalent metal ion, such as the divalent metal ions discussed
above,
x is preferably from about 2 to 4,
y is preferably from about 0.005 to 0.4, and
y/x 1s preferably from about 0.001 to 0.25.

-11-
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The ability of the metal silicate complexes of the present invention to remain in
solution, i.e., the stability of the metal silicate complexes, is important to achieving the
results of the present invention. For instance, stability is important with respect to
improving retention and drainage control in cellulose products making. In particular, the
metal silicate precipitates which may be formed have low or no activity with respect to
retention and drainage control. In some cases, the metal silicate complexes have a slight

precipitate and still demonstrate reasonable retention and drainage activity, because an

“insignificant portion of the metal silicate complexes are converted to precipitate and the

majority of the components remain water-soluble. As discussed above, an aqueous
composition of the water-solubility complex of the present invention having SiO, at a
concentration of 0.3 wt%, in the absence of other materials that affect turbidity, would
preferably have a turbidity of less than about 70 NTU, more preferably less than about
50 NTU, and most preferably less than about 20 NTU.

The ability of the metal silicate complexes of the present invention to remain in
solution, i.e., stability, generally depends upon several factors. These factors include
molar ratio of Si0,/M,0, molar ratio of M'/Si, concentration of SiO,, size of the
microparticles of the complex, hardness of the aqueous composition in which the
complexes are formed, agitation applied during formation of the metal silicate
complexes, pH of the aqueous composition, temperature of the aqueous composition, and
solutes in the aqueous composition. Of these factors, the most important are molar ratio
of Si0,/M,0 and molar ratio of M'/Si. The ability of the metal silicate complexes to
remain in solution depends upon an interaction of these factors, as discussed in more
detail below.

Before discussing variables affecting the stability of the water-soluble metal
silicate complexes involved in the process of making the water-soluble metal silicate
complexes, a discussion of stability factors which are specific to the complexes

themselves is as follows. The factors affecting the stability of the metal silicate

-12-
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complexes which are specific to the metal silicate complexes per se of the present
’invention include molar ratio of Si0,/M,0, molar ratio of M'/Si, and size of the
microparticles forming the complexes.

Thé water-soluble metal silicate complexes of the present invention preferably
have an Si0,/M,0 molar ratio, i.e., x:(1-y) for compounds in accordance with formula
(1), in the range from about 2 to 20, more preferably from about 3 to 10, and most
preferably from about 3 to 5. When this value is too high, the metal silicate complex
could form a precipitate and lose activity. When this value is too low, a relatively small
amount of metal silicate complex is formed.

The water-soluble metal silicate complexes of the present invention preferably
have an M'/Si molar ratio, i.e., y:x for compounds in accordance with formula (1), in the
range from about 0.001 to 0.25, preferably from about 0.01 to 0.2 , and more preferably
0.025 to 0.15. When this value is too high, the metal silicate complex could form a
precipitate and lose activity. When this value 1s too low, a relatively small amount of
metal silicate complex is formed.

It is expected that the water-soluble metal silicate complexes of the present
invention have a microparticle size preferably less than about 200 nm, with a range of
preferably about 2 to 100 ~nm, and more preferably about 5 to 80 nm, as measured by
dynamic light scattering at 25°C in aqueous solution. It is believed that if the particle
size is too large, the metal silicate complexes will form precipitate. If the particle size
is too small, the metal silicate complexes will not have enough flocculating power.

Before discussing variables of making the metal silicate complexes which affect
the stability of the water-soluble metal silicate complexes of the present invention, an
overview of the process of making the water-soluble metal silicate complexes of the

present invention is presented.

-13-
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The water-soluble metal silicate complexes of the present invention can be
prepared by adding at least one monovalent cation silicate to an aqueous composition
containing divalent metal ions. When at least one monovalent cation silicate is mixed
with an aqueous composition containing divalent metal ions, the water-soluble metal
silicate complexes are spontaneously formed during mixing of the ménovélent cation
silicates and the aqueous composition. The water-soluble metal silicate complexes of the
present invention may also be prepared by providing an aqueous composition comprising
at least one monovalent cation silicate and simultaneously and/or subsequently adding
a source of divalent metal ions to form the water-soluble metal silicate complex of the
present invention. The water-soluble metal silicate complexes of the present invention
can be formed as a concentrate in an off-site factory or may be prepared on-site, e.g., at
a paper mill.

The monovalent cation silicates which are used to form the water-soluble metal
silicate complexes of the present invention can be in the form of a powder or a liquid.

Examples of the monovalent cation silicates which are used to form the water-soluble

metal silicate complexes include silicates of alkaline metals. Particularly preferred
examples of silicates for making the water-soluble metal silicate complexes of the present
invention include sodium silicate, potassium silicate, lithium silicate, and/or ammonium
silicate.

As discussed above, examples of divalent metal ions useful in making the water-
soluble metal silicate complexes of the present invention include, but are not limited to,
alkaline earth metals and transition metals. In particular, the divalent metal ions may be
magnesium, calcium, zinc, copper, iron(II), manganese(Il), and/or barium.

Examples of aqueous compositions having divalent metal ions include, but are
not limited to, tray water, hard water, treated water, and cellulose slurry. "Tray water"
which is also known as "silo water" refers to water collected from a cellulose product
machine during cellulose product making, e.g., water collected from a paper machine

during and after papermaking. "Hard water" refers to water containing a substantial
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amount of metal ions, such as Mg** and/or Ca®* ions. “Treated water” refers to hard or
soft water which has been treated to increase or decrease hardness. If the water hardness
is too high, as discussed below, some of the metal ions may be blocked or deactivated by
any knowr manner, such as by adding chelating agent, e.g., ethylenediaminetetraacetic
acid (EDTA), hydroxyethylethlenediaminetriacetic acid (HEDTA), tartaric acid, citric
acid, gluconic acid, polyacrylic acid. If the water hardness is too low, as discussed
below, divalent metal ions may be added. For instance, magnesium and/or calcium salt
can be added to increase metal ions, and thus increase water hardness. In particular,
CaCl,, MgCl,, MgSO0,, Ca(NO,),, Mg(NO,),, CaSO,, and/or ZnSO,, preferably CaCl,,
MgCl,, and/or ZnSO,, more preferably CaCl, and/or MgCl,, can be added to the aqueous
composition to increase the concentration of metal ions.

With the above in mind, several variables of the process of making the water-
soluble complexes affect the ability of the metal silicate complexes to remain in solution.
These process variables include concentration of SiO, in the aqueous composition,
hardness of the aqueous composition, agitation applied during formation of the water-
soluble metal silicate complexes, pH of the aqueous composition, temperature of the
aqueous composition, and additional solutes in the aqueous composition. Of these
variables, the concentration of SiO, in the aqueous composition and the hardness of the
aqueous composition are the most important. '

. When a monovalent cation silicate is combined with a divalent metal ion to form
an aqueous composition comprising the water-soluble metal silicate complexes of the
present invention, the resulting aqueous composition preferably has a concentration of
SiO, of about 0.01 to 5 wt%, more preferably from about 0.1 to 2 wt%, and most
preferably from about 0.25 to 1.5 wt%, by weight of the aqueous composition. When this
value is too high, the metal silicate complex could form a precipitate and lose activity.

When this value is too low, the solution is not economical because a large amount of
solution is required.

When divalent metal ions are added to an aqueous composition comprising
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monovalent cation silicate, the aqueous composition preferably has a concentration of
Si0O, of about 0.01 to 30 wt%, more preferably from about 0.1 to 15 wt%, and most
preferably from about 0.25 to 10 wt%, by weight of the aqueous composition. When this
value is too high, the metal silicate complex could form a precipitate and lose activity.
When this value is too low, the composition is not economical because a large amount
of the aqueous composition is required.

When monovalent cation silicate is added to an aqueous composition having

_ divalent metal ions, the aqueous composition of the present invention preferably has a

hardness from about 1 to 600 ppm Ca equivalent, more preferably from about 10 to 200
ppm Ca equivalent, and most preferably from about 20 to 100 ppm Ca equivalent. If the
hardness is too high, the metal silicate complex may precipitate. If the hardness is too
low, the water-soluble metal silicate complex may not form. -

Agitation appliéd during formation of the metal silicate complexes also affects
the ability of the metal silicate complexes to remain in solution. If no agitation is
applied, under some circumstances, the water-soluble complex of the present invention
may locally precipitate due to overconcentration. The effect of agitation, however, is
difficult to quantify. The amount of agitation depends upon such factors as the amount
and viscosity of the solution, size of the container, size and type of stirrer bar or propeller,
rotation speed of stirrer or mixer, and so on. For example, in laboratory preparation,
when a 100 ml of a metal silicate complex solution in a 200 ml beaker is mixed using a
1" stirrer bar on a MIRAK™ Magnetic Stirrer (Model #L SO&3235-60, Bernstead
Thermolyne Corporation, 2555 Kerper Blvd., Dubuque, Iowa 52004), 300 rpm or higher
mixing speed should be proper. In general, as long as possible, agitation should be
maxinﬁzed. However, if agitation is too high, it may not be economical due to
overconsumption of energy, or it may cause vibration of the equipment or split of the
solution.

Although the pH of the aqueous composition is expected to be an important factor

in the ability of the metal silicate complexes to remain in solution, the precise effect of
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the pH has not been studied. However, the present invention has been found to work
with tray water as an example. Tray water typically has a pH from about 6 to 10, more
typically-from about 7 to 9, and most typically from about 7.5 to 8.5.

The temperature of the aqueous composition is preferably about 5 to 95°C, more
preferably about 10 to 80°C, and most preferably about 20 to 60°C. For instance, tray
water in the paper machine is typ‘ically warm and typically has a temperature from about
10 to 65°C, more typically from about 30 to 60°C, and most typically from about 45 to
55°C. Thus, the metal silicate complexes may be formed at ambient temperature. At
lower M'/Si ratio, increasing the temperature will accelerate the formation of the metal
silicate compvlexes. At higher M'/Si ratio, the temperature has little effect.

Another factor which is expected to affect the ability of the metal silicate
complexes to remain in solution is the presence of solutes in the aqueous composition.

In other words, it is expected that the presence of counterions would affect the stability
of the metal silicate complexes.

The present invention is also directed to processes for preparing cellulose slurries,
such as paper slurries, and to processes of making cellulose products, such as paper. In
particular, the above-noted water-soluble metal silicate complexes of the present
invention may be added to a cellulose slurry. Further, the processes for preparing
cellulose slurries and products of the present invention may involve adding at least one
of the above-noted monovalent cation silicates to a cellulose slurry containing at least one
kind of the above-noted divalent metal ions.

The cellulose slurries of the present invention may contain fillers, such as those
known in the art, such as clay, titanium dioxide, ground calcium carbonate, or
precipitated calcium carbonate. The pHﬂ and temperature of the cellulose slurry are not
considered to be important factors in the present invention. As long as the pH and
temperature of the cellulose slurry are under normal conditions, such as pH in a range of
about 4 to 10 and temperature of about 5 to 80°C, the water-soluble metal silicate

complexes of the present invention are expected to be effective.
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When a monovalent cation silicate is added to the cellulose slurry to form a

water-soluble metal silicate complex in situ, the cellulose slurry of the present invention
preferably has a hardness from about 1 to 600 ppm (part per million) Ca equivalent, more
preferably from about 10 to 200 ppm Ca equivalent, and most preferably from about 20
to 100 ppm Ca equivalent. If the cellulose slurry has a hardness from about 1 to 600 ppm
Ca equivalent, the monovalent cation silicate can react with the divalent metal ions in the
cellulose slurry and form the water-soluble metal silicate complex of the present
invention.

The monovalent cation silicate or water-soluble metal silicate complex. of the
present invention is preferably added to the cellulose slurry at a point after the last high
shear stage, but before the headbox, to avoid having the flocs formed subjected to
excessive shear forces.

According to the present invention, the water-soluble metal silicate complex or
the monovalent cation silicate is preferably added at a dosage from about 0.1 to 20 Ib/ton,
more preferably from about 0.5 to 6 Ib/ton, most preferably about 1 to 4 Ib/ton, based on
SiO, and the dry weight of the cellulose slurry.

In addition, at least one additive can be added to the cellulose slurry in
conjunction with the water-soluble metal silicate complex of the present invention. For
example, the at least one additive may include substantially any additive which is used
for papermaking. Examples of the additives include, but are not limited to, flocculant,
cationic starch, coagulzint, sizing agent, wet strength agent, dry strength agent, and other
retention aids.

The order of addition of the at least one additive and water-soluble silicate, i.e.,
the water-soluble metal silicate complex and/or the monovalent cation silicate, to the
cellulose slurry is not critical. However, the water-soluble silicate is preferably added
to the cellulose slurry after addition of the at least one additive. For instance, the water-
soluble silicate may be added to the cellulose slurry after addition of flocculant.

Preferably, flocculant is added at a point before the last high shear stage, such as the
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pressure screén and cleaners, while the water-soluble silicate is added after the last high
shear stage, but prior to the headbox.

When two or more additives are added to the cellulose slurry of the present
invention, the preferred additives include flocculant and starch. The starch can be added
to the cellulose slurry before or after the flocculant. Preferably, the starch is added before
the flocculant.

When coagulant is added to the cellulose slurry in conjunction with a flocculant
and/or starch, it can‘ be added before or after the flocculant and/or starch.

According to the present invention, the flocculant can be either a synthetic or
natural polymer that is cationic, anionic, or substantially nonionic. Preferably, the
flocculant is cationic.

Examples of cationic flocculants include, but are not limited to, homopolymers
or copolymers containing at least one cationic monomer selected from the following:
dimethylaminoethylmethacrylate (DMAEM), dimethylaminoethylacrylate (DMAEA),
methacryloyloxyethyltrimethylammonium chloride (METAC),
dimethylam@nopropylmethacrylate (DMAPMA), methacrylamidopropyl-
trimethylammonium chloride (MAPTAC), dimethylaminopropylacrylamide (DMAPAA),
acryloyloxyethyltrimethylammonium chloride (AETAC), dimethaminoethylstyrene, (p-
vinylbenzy!)-trimethylammonium chloride, 2-vinylpyridine, 4-vinylpyridine, vinylamine,
and the like. For example, the cationic flocculant may be a cationic polyacrylamide
copolymer.

The molecular weight of the cationic flocculant is preferably from at least about
500,000, with a range of preferably about 2,000,000 to 15,000,000, more preferably about
4,000,000 to 12,000,000, and most preferably about 5,000,000 to 10,000,000.

The degree of cationic substitution for the cationic flocculant is preferably at least
about 1 mol%, with a range of preferably about 5 to 50 mol%, even more preferably from

about 10 to 30 mol%.
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The potential charge densities for the cationic flocculant is preferably 0.1 to 4
meq/g, more preferably from about 0.5 to 3 meq/g, and most preferably about 1 meq/g
to 2.5 meq/g.

In the cellulose product making process of the preseht invention, the dosage of
the cationic flocculant is preferably about 0.1 to 4 1b/ton, more preferably about 0.2 to
2 Ib/ton, and most preferably about 0.25 to 1 Ib/ton, based on active ingredient of the
flocculant and dry weight of the cellulose slurry.

 Suitable anionic flocculants of the present invention can be homopolymers or
copolymers containing anionic monomers selected from the following: aci'ylate,
methacrylate, maleate, itaconate, sulfonate, phosphonate, and the like. For example, the
anionic flocculant may be poly (acrylamide-co-acrylate).

The molecular weight of the anionic flocculants of the present invention is
preferably at least about 500,000, with a range o»f preferably about 5,000,000 to
20,000,000, and more preferably from about 8,000,000 to 15,000,000.

The degree of anionic substitution for the anionic flocculant is preferably at least
about 1 mol%, with a range of preferably about 10 to 60 mol%, more preferably about
15 to 50 mol%.

The potential charge densities for the anionic flocculant is preferably about 1 to
20 meq/g, more preferably about 2 to 8 meq/g, and most preferabl}; about 2.5 to 6 meq/g.

In the cellulose product making process of the present invention, the dosage of
the anionic flocculant is preferably about 0.1 to 4 Ib/ton, more preferably about 0.2 to

2 Ib/ton, and most preferably about 0.25 to 1 lb/ton, based on active ingredient of the

flocculant and dry weight of the cellulose slurry.

Examples of the substantially nonionic flocculants of the present invention
include, but are not limited to, polyacrylamide, poly (ethylene oxide), polyvinylalcohol,
and poly(vinylpyrrolidinone), preferably polyacrylamide, poly (ethylene oxide), and
polyvinylalcohol, and more preferably polyacrylamide and poly (ethylene oxide).

The molecular weight of the substantially nonionic flocculant is preferably at
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least about 500,000, with a range of preferably about 1,000,000 to 10,000,000, more
preferably from about 2,000,000 to 8,000,000. |

In the cellulose product making process of the present invention, the dosage of
thé substantially nonionic flocculant is preferably about 0.2 to 4 Ib/ton, more preferably
about 0.5 to 2 lb/ton, based on active ingredient of the flocculant and dry weight of the
cellulose slurry.

© As discussed above, cationic starch, including amphoteric starch, may also be
added to the cellulose slurry of the present invention. Preferably, cationic starch is used
in cellulose product making as a wet or dry strength additive. The cationic starch of the
present invention preferably has a cationic charge substitution of at least about 0.01, with
a range of preferably about 0.01 to 1, more preferably about 0.1 to 0.5. The cationic
starch can be derived from a variety of plants, such as potato, corn, waxy maize, wheat,
and rice.

The molecular weight of the starch is preferably about 1,000,000 to 5,000,000,
more preferably about 1,500,000 to 4,000,000, and most preferably about 2,000,000 to
3,000,000.

The starch of the present invention can be added to the cellulose slurry at a point
before or after the flocculant, preferably before the water-soluble silicate of the present
invention. The preferred dosage for the starch is from about 1 to 50 lb/ton, more
preferably from about 5 to 20 Ib/ton, based on dry weight of the cellulose slurry.

Another additive that can be added to the cellulose slurry of the present invention
is coagulant. Examples of coagulants of the present invention include, but are not limited
to, inorganic coagulants, such as alum, or similar materials, such as aluminum chloride,
polyaluminum chloride (PAC), polyaluminum sulfate (PAS), and polyaluminum sulfate
silicate (PASS), or organic coagulants such as polyamines, poly(diallyl dimethyl
ammbnium chloride), polyethyleneimine, polyvinylamine, and the like, preferably the
inorganic coagulants, and more preferably alum, or similar materials.

The molecular weight of the organic coagulant is preferably about 1000 to

21-



WO 01/44108 PCT/US00/34221

10

15

20

25

1,000,000, more preferably about 2000 to 750,000, more preferably from about 5000 to
500,000.

The coagulant of the present invention can be added to the cellulose slurry at a
point before or after the flocculant, preferably before the water-soluble silicate: The
preferred dosage for the.inorganic coagulant is from about 1 to 30 Ib/ton, more preferably
from about 5 to 20 lb/ton, based on dry weight of the cellulose slurry. The preferred
dosage for the organic coagulant is 0.1 to 5 1b/ton, more preferably about 0.5 to 2 Ib/ton.

The cellulose slurry of the present invention may be formed into cellulose
products through any method. For example, after the addition or formation of the water-
soluble metal silicate complex, and optionally the addition of at least one additive to a
cellulose slurry, the cellulose slurry may be deposited on a papermaking wire, drained,
dried, and pressed into a final cellulose product.

The resulting cellulose product comprises cellulose fiber and residue of at least
one water-soluble metal silicate complex. Preferably, the amount 6f the residue in the
cellulose product is about 50 to 10,000 ppm, more preferably about 250 to 3000, and
most preferably about 500 to 2000 ppm, based on SiO,.

Since retention and drainage aids typically function as flocculating agents which
are also useful in treating waste water, it is expected that the water-soluble metal silicate
complexes of the present invention would also be used to treat waste water. To treat
waste water, the water-soluble metal silicate complex would be added to the waste water
to cause suspended parficles to precipitate.

The water-soluble metal silicate complexes and processes of the present invention
result in several advantages. In particular, the water-soluble metal silicate complexes and
processes of the present invention yield significant improvements in retention and

drainage while maintaining good formation of the cellulose sheet. The use of the

- complexes of the present invention as a drainage aid is beneficial in cellulose products

making, especially when a large amount of drainage is required (e.g., at least about 76

1b/3300 sq. ft) where productivity would otherwise be reduced due to slow water drainage
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through relatively thick fibrous mats.

Thus, the water-soluble metal silicate complexes and processes of the present
invention can be used to increase production rates. In this regard, the dewatering or
drainage of the fibrous slurry on the wire or screen is often the limiting step in achieving
higher product rates.

Increased dewatering can also result in a dryer cellulose sheet in the press and
dryer sections, and thus can reduce steam consumption. The dryer section is also the
stage in a cellulose products making process that determines many final sheet properties.

Similarly, when used as retention aids, the metal silicates of the present invention
reduce the loss of fillers and fines, and thus reduce production costs. In addition,
complexes of the present invention also provide excellent paper formation due to proper
drainage and retention.

Further, the process of preparing the water-soluble metal silicate complexes of the
present invention is simple and does not require any special manufacturing process.

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The present
invention will be further illustrated by way of the following Examples. These examples
are non-limiting and do not restrict the scope of the invention.

Unless stated otherwise, all percentages, parts, etc. presented in the examples are

by weight.

EXAMPLES
Examples 1-17 below are directed to water soluble metal (Ca or/and Mg) silicate
complexes prepared by mixing a liquid sodium silicate into various aqueous solution
containing Ca or/and Mg ions. The aqueous solution was either a CaCl, solution, MgCl,
solution or hard water. The Ca or Mg solutions cbntaining either Ca or Mg ions were
prepared by diluting concentrated CaCl, or MgCl, solution with deionized water. Ca/Mg

solutions containing both Ca and Mg ions were prepared by mixing hard water having
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a hardness of 136 ppm Ca equivalent with deionized water.

Unless otherwise specified, the following examples were prépared by mixing the
liquid sodium silicate with an aqueous solution continuously for about 30 minutes. The
aqueous solution can be either a CaCl, solution or MgCl, solution or fresh hérd water.

5 The resulting solutions were then allowed to stand for at least about 3 hours before
drainage and retention tests were conducted.

The liquid sodium silicates used in the following examples are listed in Table 1
below. In Table 1, the manufacturer for A was The PQ Corporation (P.O. Box 840,
Valley Forge, PA 19482-0840) and B was OxyChem, Occidental Chemical Corporation
(Occidental Tower, 5005 LBJ Freeway, Dallas, TX 75380-9050).

Ca or Mg solutions containing either Ca or Mg ions used in the following
examples were prepared by diluting concentrated CaCl, or MgCl1, solutions with
deionized water.

CaCl, and MgC1, used in the following examples were manufactured by TetraA

Technologies, Inc. (25025 1-45 North, The Woodlands, Texas 77380).
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Product Name | Supplier* Wt. Ratio % Si0, % Na,O
Si0,/Na,0
STIXSO RR A 3.25 30.0 9.22
Sodium Silicate, E A 3.22 27.7 8.6
Sodium Silicate, N A 3.22 28.7 8.9
Sodium Silicate, O A 3.22 29.5 9.15
Sodium Silicate, grade 40 B 3.22 29.2 9.1
Sodium Silicate, grade 42 B 3.22 30.0 9.3
Sodium Silicate, K A 2.88 371.7 11.0
Sodium Silicate, M A 2.58 32.1 12.45
Sodium Silicate, D A 2.0 29.4 14.7
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Canadian Standard Freeness (CSF) Test

Canadian Standard Freeness (CSF) test was used to evaluate the drainage activity
of the Ca or/and Mg silicate complexes in the examples below (e.g., Examples 1-13 and
15-17). Unless specified, the CSF drainage test was conducted on a paper furnish of
1,000 ml. The paper furnish has a 0.3 wt% consistency, and contains 80 wt% fibers and
20 wt% precipitated calcium carbonate (PCC) filler by weight of the total dry furnish.
The fibers used in the paper furnish was a 70/30 blend of hardwood/softwood. The
hardwood fiber was a bleached chemical pulp of St. Croix Northern Hardwood,
manufactured by Ekman and Company (STE 4400, 200 S, Biscayne Blvd., Miami, FL
33130) The softwood fiber was a bleached chemical pulp of Georgianier Softwood,
manufactured by Rayonier (4470 Savannan HWY, Jessup, GA). The PCC was Albacar
5970 manufactured by Specialty Minerals (230 Columbia Street, Adams, MA 01220);

The pH of the paper furnish was from 8.0 to 8.9. The temperature of the paper
furnish was from 21°C to 25°C. The fibers used in the paper furnish was a 70/30 blend
of hardwood/softwood. The CSF drainage test was performed by mixing 1000 ml of the
paper furnish in a squared beaker at ambient temperature (unless specified) and at 1200
rpm mixing speed. The paper furnish contains silicate complex or control samples and
optional additives.

In the following examples, the paper furnish can be pretreated prior to the
addition of a silicate complex, sodium silicate or water by adding additives to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate was
measured.

The additives used in the drainage test were cationic starch, alum, and
flocculants. The cationic starch was Sta-Lok 600™ (obtained from A. E. Staley
Manufacturing Company). The flocculants were either cationic or anionic in nature. The
cationic flocculant was a cationic-modified polyacrylamide (CPAM) having a molecular
weight of about 6,000,000 and a cationic charge of 10 mol.%. CPAM was PC8695,
Novus 8910, or PC8138 manufactured by Hercules Incorporated. (Wilmington, DE).
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The anionic flocculant was an anionic modified polyacrylamide (APAM) having
a molecular weight of about 20,000,000 and an anionic charge of about 30 mol.%.
APAM was PA8130 manufactured by Hercules Incorporated. (Wilmington, DE).

The alum was a liquid aluminum sulfate containing 48.5 wt% based on dry solid
of Al,(SO,):14H,0 (obtained from General Chemical Corporation of 90 East Halsey
Road, Parsippany, NJ 07054).

_The unit used to determine the amount of the additives in the examples are in #/T
(Ib/ton) based on the dry weight of the paper furnish. The amount of starch and alum
used was based on dry product. The amount of cationic and anionic flocculant used were
based on active solids. The amount of the metal silicates used was based on dry weight
of SiO, or as dry weight of sodium silicate.

The addition of each additive, water soluble metal silicate complex, metal silicate,
and comparative sample (e.g., bentonite) to a paper furnish were in the following order:
cationic starch, alum, flocculant, and water soluble metal silicate complex or metal
silicate or comparativé éémble (e.g., bentonite).

The mixing time for cationic starch and alum was 10 seconds. For flocculant, the
mixing time was either 10 seconds or 60 seconds as specified in the example. The
mixing time for the water soluble metal silicate complex or metal silicate or comparative
sample was 10 seconds.

Britt Jar fines Retention Test

Britt Jar fines retention test was conducted to evaluate retention performance of
the Ca/Mg silicate complexes (e.g., Example 14). The paper furnish used in the
retention test has the same solid composition as those in the CSF drainage test with an
exception of having a consistency was 0.5 wt%. During the test, a S00 ml of the furnish
was mixed in a Britt Jar and treated with various additives in the same experimental
conditions as in the drainage test.

After the treatments were completed, the first 100 ml effluent from the jar was

collected for the analysis of retention rate.
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Example 1

A control test sample (Test No. 1 shown in Table 2 below) was prepared by
adding 10#/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (PC 8695) to a paper
furnish. ‘

A Sodium Silicate O sample (Test No. 2 shown in Table 2 below) was prepared
by diluting Sodium Silicate O to 0.3 wt% SiO, by adding 1.02 g of liquid Sodium Silicate
O t0 98.98 g of deionized water. 2 #/T of the diluted Sodium Silicate O was added to a
pretreéted paper furnish. The paper furnish has been pretreated with 10#/T of cationic
starch, 5 #/T of alum, and 1 #/T of CPAM (PC 8695).

Five Ca silicate complexes and five Mg silicate complexes (Test Nos. 3-12 shown

in Table 2 below) containing 0.3 wt% SiO, and having Ca/Si or Mg/Si molar ratios

shown in Table 2 were used in this example. Each of the silicate complexes was
prepared as follows:

For Test No. 3 shown in Table 2, the Ca silicate complex was prepared by mixing
1.017 g of Sodium Silicate O with 98.98 g of CaCl, solution containing 100 ppm Mg
equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish. The
paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and 1 #/T
of CPAM (PC 8695). |

For Test No. 4 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of CaCl, solution containing 150 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).

For Test No. 5 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of CaCl, solution containing 200 ppm
Mg equivalent. 2 #/T of the silicate complex 'was' added to a pretreated paper furnish.

The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).
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For Test No. 6 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of CaCl, solution containing 300 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.

The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).

For Test No. 7 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of CaCl, solution containing 400 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #T of CPAM (PC 8695).

For Test No. 8 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of MgCl, solution containing 100 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #T of CPAM (PC 8695).

For Test Nc;. 9 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of MgCl, solution containing 200 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).

For Test No. 10 shown in Table 2, the Ca silicate complexes was prepared by
mixing1.017 g of Sodium Silicate O with 98.98 g of MgCl, solution containing 300 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #T of CPAM (PC 8695).

For Test No. 11 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of MgCl, solution containing 400 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.
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The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).

For Test No. 12 shown in Table 2, the Ca silicate complexes was prepared by
mixing 1.017 g of Sodium Silicate O with 98.98 g of MgClz.solution containing 500 ppm
Mg equivalent. 2 #/T of the silicate complex was added to a pretreated paper furnish.

The paper furnish has been pretreated with 10#/T of cationic starch, 5 #/T of alum, and
1 #/T of CPAM (PC 8695).
The final paper furnishes of Test Nos. 1-12 were then transferred to a CSF device

so that drainage rates were measured. The results of the samples are summarized in

Table 2 below.
Table 2
Test Sample M'/Si Silicate CSF.
No. 1.D. Molar ratio addition (ml)
(#/T as Si0,)

1 Control 1 o 440
2 Na Silicate 0 2 530
3 Ca Silicate 0.018 2 613
4 Ca Silicate - +40.027 2 610
5 Ca Silicate 0.036 2 590
6 Ca Silicate 0.054 2 ' 580
7 Ca Silicate 0.072 2 570
8 Mg Silicate 0.021 2 630
9 Mg Silicate 0.042 2 635
10 Mg Silicate  * 0.063 2 645
11 Mg Silicate 0.084 2 635
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Table 2 illustrates that Ca and Mg silicate complexes having a Ca/Si molar ratio
ranging from 0.018 to 0.072 or Mg/Si molar ratio ranging from 0.021 to 0.105
significantly improve drainage properties of the paper furnish. In addition, Table 2
shows that when the Ca/Si molar ratio of the Ca silicate complex was at least 0.036, the
silicate complex form a precipitate that was visible to the naked eye (such as the samples
in the Test Nos. 5 to 7), and thus drainage activity was decreased.

Table 2 also illustrates that the addition of Na silicate to the bapér furnish aids in
the increase of drainage rate of the paper furnish. '

All the solutions containing the silicated complexes of the present invention were
clear solutions with the exception of the solutions of Test Nos. 5-7 which contain a small
amount of precipitate visible to the naked eye. Thus, all of the silicate complexes
resulting from Example 1 were water soluble with the exception of Test Nos. 5-7 which
yield a small amount of precipitate.

Example 2

A control sample (Test No. 1 shown in Table 3 below) was prepared by adding
to a paper furnish 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM
(PC8138).

A sample (Test No. 2 shown in Table 3 below) containing a commercial
microparticle drainage aid, bentonite, was also included in this example. The bentonite
used in this example was Bentolite HS and suppiied by Southern Clay Products, Inc. The
bentonite was added to a paper furnish that has been pretreated with 10 #/T of cationic
starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The amount of bentonite added
was 2#/T based on solid weight. 4

A Na Silicate N sample (Test No. 3 shown in Table 3 below) containing no Ca
or Mg ions was also prepared. - 2.01 g of Na Silicate N was diluted with 248 g of
deionized water to a concentration of 0.3 wt% and continuously mixed for 1 minute. The

diluted Na silicate was then immediately added to a paper fumish that has been pretreated
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with 10 #/T of cationic starch, 5 #/T bf alum, and 0.5 #/T of CPAM (PC8138). The
amount of the added Na Silicate N was 2#/T of based on dry solid weight.

Seven Ca silicate complexes and four Mg silicate complexes (Test Nos. 4-14
shown in Table 3 below) containing 0.3 wt% sodium silicate solid and having various
M’/Si molar ratios as shown in Table 3 were prepared as follows:

For Test No. 4 shown in Table 3, the Ca silicate complex was prepared by first
adding 0.313 g of 2% CaCl, solution to 247.68 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. (The amount of the
silicate complex was 2#/T by solid weight of sodium silicate.) The pretreated furnish was
prepared by adding the following additives to the paper furnish in the following order:

10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each additive
except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was mixed for 60
seconds.

For Test No. 5 shown in Table 3, the Ca silicate complex was prepared by first
adding 0.625 g of 2% CaCl, solution to 247.37 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 6 shown in Table 3, the Ca silicate complex was prepared by first
adding 1.25 g of 2% CaCl, solution to 246.74 g of deionized water, and subsequently
adding 2.01 Sodium Silicate N to the deionized water. The mixtures were continuously

mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
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added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 7 shown in Table 3, the Ca silicate complex was prepared by first
adding 1.875 g of 2% CaCl, solution to 246.12 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper fumnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 8 shown in Table 3, the Ca silicate complex was prepared by first
adding 2.5 g of 2% CaCl, solution to 245.49 g of deionized water, and subsequently
adding 2.01 Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

‘For Test No. 9 shown in Table 3, the Ca silicate complex was prepared by first
adding 3.75 g of 2% CaCl, solution to 244.24 g of deionized water, and subsequently
adding 2.01 Sodium Silicate N to the deionized water. Thé mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately

added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
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was prepared by adding the following additives to the paper fumnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 10 shown in Table 3, the Ca silicate complex was prepared by first
adding 5 g of 2% CaCl, solution to 242.99 g of deionized water, and subsequently adding
2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously mixed
on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately added
to a pretreated paper furnish for drainage rate measurement. The pretreated furnish was
prepared by adding the following additives to the paper furnish in the following order:

10 #/T of cationic starch, S5 #/T of alum, and 0.5 #T of CPAM (PC8138). Each additive
except CPAM (PC8v138) was mixed for 10 seconds.. CPAM (PC8138) was mixed for 60
seconds. _

For Test No. 11 shown in Table 3, the Mg silicate complex was prepared by first
adding 2.5 g of 1% MgCl, solution to 245.49 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #/T cationic starch, 5 #T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 12 shown in Table 3, the Mg silicate cbmplex was prepared by first
adding 5 g of 1% MgCl, solution to 242.99 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
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order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds. ’

For Test No. 13 shown in Table 3, the Mg silicate complex was prepared by first
adding 7.5 g of 1% MgCl, solution to 240.49 g of deionized water, and subsequently
adding 2.01 g Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to a pretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

For Test No. 14 shown in Table 3, the Mg silicate complex was prepared by first
adding 10 g of 1% MgCl, solution to 237.99 g of deionized water, and subsequently
adding 2.01 Sodium Silicate N to the deionized water. The mixtures were continuously
mixed on a magnetic stirrer for 1 minute. 2#/T of the silicate complex was immediately
added to gpretreated paper furnish for drainage rate measurement. The pretreated furnish
was prepared by adding the following additives to the paper furnish in the following
order: 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). Each
additive except CPAM (PC8138) was mixed for 10 seconds. CPAM (PC8138) was
mixed for 60 seconds.

The resulting paper furnishes of Test Nos. 1-14 were then transferred to a CSF
device so that drainage rates were measured. The results of the samples in this example

are shown in Table 3 below.
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Table 3
Test Sample M'/Si Silicate CSF
No. I.D. Molar ratio addition (ml)
(#/T as Solid)

1 Control - no additive 0 430
2 Control - Bentonite 2 670
3 Na Silicate N 0 ' 2 518
4 Ca Silicate 0.006 2 540
5 Ca Silicate 0.012 2 560
6 Ca Silicate 0.024 2 590
7 Ca Silicate 0.035 2 618
8 Ca Silicate 0.047 2 643
9 Ca Silicate 0.071 2 668
10 Ca Silicate 0.094 2 653
11 Mg Silicate 0.028 2 570
12 Mg Silicate 0.055 2 615
13 Mg Silicate 0.083 2 645
14 | Mg Silicate 0.110 2 658

Table 3 clearly illustrates that Ca and Mg silicate complexes having a molar ratio
from 0.006 to 0.11 (samples of Test Nos. 3 to 14) significantly improve drainage
..5  properties of the paper furnish. Similarly, the addition of sodium silicate or bentonite to
the paper furnish also increases drainage rate.

All the solutions containing the silicated complexes of the present invention were

clear solutions.
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Example 3
A control sample (Test No. 1 shown in Table 4 below) was prepared by adding

to a paper furnish pretreated with 10 #/T of cationic stérch, 5 #/T of alum, 1 #/T of
CPAM (P€8695).

A Na Silicate O sample (Test No. 2 shown in Table 4 below) was also included
in this example. Na Silicate O was diluted to 0.075 wt% SiO, by adding 0.254 g of Na
Silicate O to 99.75 g of deionized water prior to being added to a paper furnish that has
been pretreated with 10 #/T of cationic starch, 5 #/T of alum, 1 #/T of CPAM (PC8695).

Four Ca/Mg silicate complexes (Test Nos. 3-6 shown in Table 4 below)
containing 0.075 wt% SiO, and having a various amount of M'/Si molar ratio as shown
in Table 4 were prepared as follows:

For Test No. 3, the complex was prepared by adding 0.254 g of Na Silicate O to
99.75 g of water containing Mg/Ca ions and having a hardness of 34 ppm Ca equivalent.

2 #/T of the complex was then added toa paper furnish that has been pretreated with 10
#/T of cationic starch, 5 #T of alum, 1 #/T of CPAM (PC8695). The mixture was
continuously mixed for about 30 minutes and then allowed to stand for 3 hours. The
paper furnishes were then transferred to a CSF device so that drainage rates were
measured.

For Test No. 4, the complex was prepared by adding 0.254 g of Na Silicate O to
99.75 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca equivalent.

2 #/T of the complex was then added to a paper furnish that has been pretreated with 10
#/T of cationic starch, 5 #/T of alum, 1 #/T of CPAM. The mixture was continuously
mixed for about 30 minutes and then allowed to stand for 3 hours. The paper furnishes
were then transferred to a CSF device so that drainage rates were measured.

For Test No. 5, the complex was prepared by adding 0.254 g of Na Silicate O to
99.75 g of water containing Mg/Ca ions and having a hardness of 102 ppm Ca equivalent.
2 #/T of the complex was then added to a paper furnish that has been pretreated with 10
97#/T of cationic starch, 5 #/T of alum, 1 #/T of CPAM. The mixture was continuously

-37-



WO 01/44108 PCT/US00/34221

10

15

mixed for about 30 minutes and then allowed to stand for 3 hours. The paper furnishes
were then transferred to a CSF device so that drainage rates were measured.

For Test No. 6, the complex was prepared by adding 0.254 g of Na Silicate O to
99.75 g of water containing Mg/Ca ions and having a hardness of 136 ppm Ca equivalent.
2 #/T of the complex was then added to a paper furnish that has been pretreated with 10
#/T of cationic starch, 5 #/T of alum, 1 #/T of CPAM. The mixture was continuously
mixed for about 30 minutes and then allowed to stand for 3 hours. The paper furnishes
were then transferred to a CSF devicg so that drainage rates were measured.

- The results of the samples in this example are summarized in Table 4 below.

Table 4
Test Sample M'/Si - Silicate CSF
No. ID. Molar ratio addition (ml)
(#/T as Si0O,)
1 Control 0 435
2 Na Silicate O 0 2 510
3 Ca/Mg Silicate 0.068 2 593
4 Ca/Mg Silicate 0.136 2 613
5 Ca Mg Silicate 0.204 2 635
6 Ca Mg Silicate 0.272 2 473

Table 4 illustrates that the use of Ca/Mg silicate complexes having (Ca + Mg)/Si
ratios of 0.068 to 0.204 significantly improves drainage properties of the paper furnish.
In contrast, the use of a Ca/Mg silicate complex (as shown in samples of Test NO. 6)
having a (Ca + Mg)/Si ratio of 0.272 forms a precipitate, and thus does not show much

improvement in drainage properties of the paper furnish.
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Table 4 also shows that the presence of sodium silicate to the paper furnish

increases drainage activities.

All the solutions containing the silicated complexes of the present invention were

clear solutions with the exception of the solution of Test No. 6 which contains precipitate

5  visible to the naked eye. Thus, all of the silicate complexes resulting from Example 3

were water soluble with the exception of Test No. 6 (having a hardness of 136 ppm Ca

equivalent) which yields precipitate.

Example 4
10

The samples of Test Nos. 3-6 (as shown in Table 5 below) of this example were

the same as those of Test Nos. 3-6 of Example 3 with the exception that the paper furnish
was treated with APAM (PA8130) instead of CPAM. That is, prior to the addition of the
Ca/Myg silicate complexes, 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of APAM

were sequentially added to the paper furnish.

15

A Nassilicate O sample (Test No. 2 shown in Table 5 below) containing no Ca or

Mg ions was also prepared. Na silicate O was diluted to 0.075 wt% SiO, in deionized

water and then added to a paper furnish containing 10 #/T of cationic starch, 5 #/T of

alum, and 0.5 #/T of APAM (PA8130).

A control sample (Test No. 1 shown in Table 5 below) containing only a paper

20
starch, 5 #/T of alum, and 0.5 #/T of APAM (PA8130). »
The resulting paper furnishes were transferred to a CSF device so that drainage

rates were measured. The results are summarized in Table 5 below.
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Table 5
Test Sample M'/Si Silicate CSF
No. LD. Molar ratio addition (mi)
(#T as Si0,)
1 Control 0 519
2 Na Silicate O 0 2 569
3 Ca/Mg Silicate 0.068 . 2 574
4 Ca/Mg Silicate 0.136 » 2 587
5 Ca/Mg Silicate 0.204 2 604
6 Ca/Mg Silicate 0.272 2 559

As shown in Table 5, when the paper furnish was treated with an anionic polymer
together with Ca/Mg silicate, improvement in drainage was achieved. Similarly, the

addition of sodium silicate to the paper furnish increases drainage rate.

Example 5
A control sample (Test No. 1 shown in Table 5 below) was prepared by adding

to a paper furnish 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS
8910). |

Nine samples of Ca/Mg silicate complexes (Test Nos. 2-10 shown in Table 6)
containing 0.3 wt% SiO, and having a (Ca + Mg)/Si molar ratio of 0.034 were prepared
as follows:

For Test No. 2, the complex was prepared by mixing 1 g of Na Silicate STIXSO
RR to 99.00 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca
equivalent. The mixture was continuously mixed for 30 minutes and then allowed to

stand for 3 hours. 2 #/T of the complex was then added to a paper furnish that has been
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pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS
8910).
For Test No. 3, the complex was prepared by mixing 1.083 g of Na Silicate E to
98.92 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca equivalent.
The mixture Was continuously mixed for 30 minutes and then allowed to stand for 3
hours. 2 #/T of the complex was then added to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS 8910).
For Test No. 4, the complex was prepared by mixing 1.045 g of Na Silicate N to
98.95 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca equivalent.
The mixture was continuously mixed for about 30 minutes and then allowed to stand for
3 hours. 2 #/T of the complex was then added to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS 8910).
For Test No. 5, the complex was prepared by mixing 1.017 g of Na Silicate O to
98.98 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca equivalent.
The mixture was continuously mixed for about 30 minutes and then allowed to stand for
3 hours. 2 #/T of the complex was then added to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS 8910).
For Test No. 6, the complex was prepared by mixing 1.027 g of Na Silicate,
grade 40 to 98.97 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca
equivalent. The mixture was continuously mixed for about 30 minutes and then allowed
to stand for 3 hours. 2 #/T of the complex was then added to Ia paper furnish that has
been pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(NOVUS 8910). For Test No. 7, the complex was prepared by mixing 1 g of Na
Silicate, grade 42 to 99.00 g of water containing Mg/Ca ions and having a hardness of
68 ppm Ca equivalent. The mixture was continuously mixed for about 30 minutes and
then allowed to stand for 3 hours. 2 #/T of the complex was then added to a paper furnish
that has been pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(NOVUS 8910).
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For Test No. 8, the complex was prepared by mixing 0.946 g of Na Silicate K to
99.05 g é‘f water containing Mg/Ca ions and having a hardness of 68 ppm Ca equivalent.
The mixture was continuously mixed for about 30 minutes and then allowed to stand for
3 hours. 2#/T of the complex was then added to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (NOVUS 8910).

For Test No. 9, the complex was prepared by mixing 0.935 g of Na Silicate M
to 99.07 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca
equivalent. The mixture was continuously mixed for about 30 minutes and then allowed
to stand for 3 hours. 2 #/T of the complex was then added to a paper furnish that has
been pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM
(NOVUS 8910).

For Test No. 10, the complex was prepared by mixing 1.020 g of Na Silicate D
to 98.98 g of water containing Mg/Ca ions and having a hardness of 68 ppm Ca
equivalent. The mixture was continuously mixed for about 30 minutes and then allowed
to stand for 3 hours. 2 #/T of the complex was then added to a paper furnish that has
been pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAMb
(NOVUS 8910).

The paper furnishes were then transferred to a CSF device so that drainage rates

were measured. The results are illustrated in Table 6.

Table 6
Test  Source of Sodium Si0,/Na,O CSF
No. Silicate ' of Silicates (ml)
1 Control 470
2 Sodium Silicate STIXSO RR 3.25 663
3 Sodium Silicate, E 3.22 673
4 Sodium Silicate, N 3.22 668
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5 Sodium Silicate, O 3.22 663
6 Sodium Silicate, grade 40 3.22 655
7 Sodium Silicate, grade 42 3.22 655
8 Sodium Silicate, K 2.88 | 640
9 Sodium Silicate, M 2.58 | 608
10 Sodium Silicate, D 2.0 580

As demonstrated in Table 6, sodium silicates having a Si0,/Na,O weight ratio in
the range from 2.0 to 3.25 form active Ca/Mg silicate complexes. |
Example 6

The Ca/Mg silicate complexes used in this example were the same as the ones in
Example 5, with the exception of the use of 0.25 #/T of APAM (PA8130) instead of 1#/T
of CPAM. That is, 10 #/T of cationic starch, 5 #/T of alum, 0.25 #/T of APAM, and 2
#/T of Ca/Mg silicate complexes (as Si0,) were sequentially added to the paper furnish.

The control sample of this example was the same as the one in Example 5, with
the exception of the use of 0.25 #/T of APAM (PA8130) instead of 1#/T of CPAM.
The treated paper furnishes were then transferred to a CSF device so that drainage

rates were measured. The results are summarized in Table 7 below.
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Table 7

Source of Sodium Silicate Si0,/Na,O CSF

of silicates (ml)

Control 468
Sodium Silicate STIXSO RR 3.25 540
Sodium Silicate, E ‘ 3.22 535
Sodium Silicate, N 3.22 538
Sodium Silicate, O : 3.22 ' 545
Sodium Silicatc, grade 40 3.22 533
Sodium Silicate, grade 42 322 540
Sodium Silicate, K 2.88 520
Sodium Silicate, M o 2.58 483
Sodium Silicate, D 2.0 480

As illustrated in Table 7, the Ca/Mg silicate complexes formed from sodium
5 silicates having Si0,/Na,O weight ratios in the range from 2.0 to 3.25 improve the
drainage rates of th‘e paper furnish treated with APAM flocculant.
Example 7
A control sample (Test No. 1 shown in Table 8 below) was prepared placing a
paper furnish in a CSF device so that drainage rates were measured.

10 Another control sample (Test No. 2 shown in Table 8 below) was prepared by
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adding to a paper furnish 0.5 #/T of CPAM (PC8138).

A 0.15% CaCl, sample (Test No. 3 shown in Table 8 below) was prepared by
adding 0.452 g of concentrated CaCl, solution (having a 38% dry solid manufactured by
TETRA Technology) to 114.5 g of deionized water. The 0.15% CaCl, solution in the
amount of 2#/T was added to a pretreated paper fumnish for drainage rate measurement.

The pretreated furnish was prepared by adding 0.5 #/T of CPAM (PC8138) to the paper
furnish.

A Na Silicate N sample (Test No.4 shown in Table 8 below) containing no Ca or
Mg ions was also prepared as follows: 0.803 g of Na Silicate N was diluted with 99.20
g of deionized water to a concentration of 0.3 wt% and continuously mixed for 1 minute.

2 #/T of the diluted Na silicate was then immediately added to a paper furnish that has
been pretreated with 0.5 #/T of CPAM (PC8138).

For Test Nos. 5-8 shown in Table 8 below, the Ca silicate complexes were
prepared together. The Ca silicate complex in these tests was prepared by adding 20 g
of 0.15% CacCl, solutilon and 0.803 g Sodium Silicate N to 89.2 g of deionized water.
The solution was continuously mixed on a magnetic stirrer for 1 minute. For Test Nos.
5-8, 2#/T of the silicate complex was immediately added to a pretreated paper furnish for
drainage rate measurement.

For Test No. 5, the pretreated furnish was prepared by adding 0.5#/T of CPAM
(PC8138) to the paper furnish.

For Test No. 6, the pretreated furnish was prepared by adding 5#/T of alum and
then 0.5 #/T of CPAM (PC8138) to the paper furnish.

For Test No.7, the pretreated furnish was prepared by adding 10#/T of cationic
starch and then 0.5 #/T of CPAM (PC8138) to the paper furnish.

For Test No. 8, The pretreated furnish was prepared by adding to the furnish the
following additives: 10#/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM
(PC8138).

The final paper furnishes were then transferred to a CSF device so that drainage
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rates were measured. The results of this example are shown in Table 8 below.
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Table 8

Test Additives Additives Additives Additives CSF -

No. #1 #2 #3 #4 (ml)
1 None None None None 400
2 None None 0.5 #T PAM None 420
3 None None 0.5 #/T PAM 2 #/T CaCl, 413
4 None None 0.5 #T PAM 2 #/T Na Silicate N 420
5 None None 0.5 #/T PAM 2 # T Ca Silicate 558
6 None S #/T Alum 0.5 #/T PAM 2 # T Ca Silicate 555
7 10 #T C-starch None 0.5 #/T PAM 2 #T Ca Silicate 590
8 10 #/T C-starch 5 #/T Alum 0.5 #/T PAM 2 #T Ca Silicate 650

As can be seen in Table 8, Test Nos. 3 and 4 (containing CaCl, and Sodium

Silicate N, respectively) have no drainage activity, whereas the calcium silicate complex

has a significant drainage activity. The results in the Table 8 also demonstrate that the Ca

silicate complex has an optimum performance when a cationic starch, alum, and a

cationic flocculant (CPAM (PC8138)) were added to the paper furnish. Also, Ca silicate

complex with the addition of at least one additive also enhance drainage activity in paper

furnish.

Example 8

In this example, a Ca/Mg‘silicate complex having a concentration of 0.3 % SiO,

and a (Ca + Mg) Si molar ratio of 0.0 34 was prepared by reacting 1.02 g of Sodium

Silicate O with 98.98 g of Ca/Mg solution having a hardness of 68 ppm equivalent Ca.
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In the drainage study, the Ca/Mg silicate complex was compared to a series of |
samples in which sodium silicates and Ca or Mg ions of CaCl, and MgC1, were added
to the paper furnish separately without being premixed to form Ca or Mg silicate
complexes. The amount of the silicate complexes and sodium silicate are shown in Table
9 below. The furnish treatments consisted of a sequential addition of 10 #/T of cationic
starch, 5 #/T of alum, and 1 #/T of CPAM (PC8695), followed by the testing additives
as shown in Table 9 below.

The dosage of the Ca/Mg silicate complex was determined as SiO, and Sodium
Silicate O, CaCl, and MgCl, were determined as dry solid of the products.

The treated paper furnishes were transferred to a CSF device so that drainage

rates were measured. The results of this example are shown in Table 9.

Table 9
Test Additives as CSF
No. Advanced Drainage Aid (ml)
1 Control 1 - no additive as ADA 440
2 Control 2 - 2 #/T Sodium Silicate O 535
3 2 #/T Sodium Silicate O + 2 #/T CaCl, 540
4 2 #/T Sodium Silicate O + 4 #/T CaCl, 545
5. 2 #/T Sodium Silicate 10 + 10 #/T CaCl, 540
6 2 #/T Sodium Silicate 0 + 2 #/T MgCl, 545
7 2 #/T Sodium Silicate 0 + 8 #T MgCl, 540
8 2 #/T Ca/Mg Silicate Complex 635
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As illustrated in this Table 9, pre-formed Ca/Mg silicate complex of Test No. 8
outperforms the simple combination of the sodium silicate and Ca or Mg ions (without
pre-forming Ca or Mg silicate complexes) of Test Nos. 3-7 on drainage improvement.
Table 9 also illustrates that the simple combination of the sodium silicate and Ca or Mg
ions yield essentially the same drainage improvement as the sodium silicate itself in Test

No. 2.

Example 9
A control sample (Test No. 1 shown in Table 10 below) was prepared by

sequentially adding 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM
(PC8138) to a paper furnish. The paper furnish was then transferred to a CSF device so
that drainage rates were measured. The result of this control sample is shown in Table
10 below.

~ Seven Casilicate complexes (Test Nos. 2-8 shown in Table 10 below) having an
SiO, concentration of 0.3% dry weight and a Ca/Si ratio of 0.071 were used in this
example. Each of these seven Ca silicate complexes were prepared at 22°C by adding
3.75 g of 2% CaCl, with 244.24 g of deionized water and subsequently adding 2.01 g of
Sodium Silicate N to the deionized water.

In Test No. 2, when the reaction has been proceeded for about 0.5 minute, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper
furnish was then immediately transferred to a CSF device so that drainage rate was
measured.

In Test No. 3, when the reaction has been proceeded for about 4.3 minutes, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper

furnish was then immediately transferred to a CSF device so that drainage rate was
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measured.

In Test No. 4, when the reaction has been proceeded for about 7.3 minutes, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
10 #T of cationic stafch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper
furnish was then immediately transferred to a CSF device so that drainage rate was
measured.

In Test No. 5, when the reaction has been proceeded for about 15.5 minutes,
2#/T of the Ca cmﬁplex was transferred to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper
furnish was then immediately transferred to a CSF device so that drainage rate was
measured.

In Test No. 6, when the reaction has been proceeded for about 30 minutes, 2#/T
of the Ca complex was transferred to a paper furnish that has been pretreated with 10 #T
of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper furnish was
then immediately transferred to a CSF device so that drainage rate was measured.

In Test No. 7, when the reaction has been proceeded for about 39 minutes, 2#/T
of the Ca complex was transferred to a paper furnish that has been pretreated with 10 #/T
of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper furnish was
then immediately transferred to a CSF device so that drainage rate was measured.

'In Test No. 8, when the reaction has been proceeded for about 59 minutes, 2#/T
of the Ca complex was transferred to a paper furnish that has been pretreated with 10 #/T
of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138). The paper furnish was
then immediately transferred to a CSF device so that drainage ra;te was measured.

Two Ca silicate complexes (Test Nos. 9 and 10 shown in Table 10 below) having
an Si0, concentration of 0.3% dry weight and a Ca/Si ratio of 0.071 were used in this
example. Each of these two Ca'silicate complexes were prepared at 50 °C by adding
3.75 g of 2% CaCl, with 244.24 g of deionized water and subsequently adding 2.01 g of

Sodium Silicate N to the deionized water.
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In Test No. 9, when the reaction has been proceeded for about 0.5 minute, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate
was measured.

In Test No. 10, when the reaction has been proceeded for about 3 minutes, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
10 #/T c.Jf.cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate
was measured.

Five Ca silicate complexes (Test Nos. 11 to 15 shown in Table 10 below) having
an SiO, concentration of 0.3% dry weight and a Ca/Si ratio of 0.012 were used in this
example. Each of these five Ca silicate complexes were prepared at 50 °C by adding
0.625 g of 2% CaCl, with 247.37 g of deionized water and subsequently adding 2.01 g
of Sodium Silicate N to the deionized water.

In Test No. 11, when the reaction has been proceeded for about 0.5 minute, 2#/T
of the Ca complex was then transferred to a paper furnish that has beenvpretreated with
10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate was
measured.

In Test No. 12, when the reaction has been proceeded for about 3.3 minutes,
2#/T of the Ca complex was then transferred to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the
paper furnish. The paper furnish was then transferred to a CSF device so that drainage
rate was measured.

In Test No. 13 when the reaction has been proceeded for about 6.3 minutes,
2#/T of the Ca complex was then transferred to a paper furnish that has been pretreated
with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the
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paper furnish. The paper furnish was then transferred to a CSF device so that drainage
rate was measured. |
In Test No. 14 when the reaction has been proceeded for about 17 minutes, 2#/T
of the Ca complex was then transferred to a paper furnish that has been pretreated with
5 10 #/T of cationic starch, 5 #T of alum, and 0.5 #/T of CPAM (PC8138) to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate was
measured.
In Test No. 15 when the reaction has been proceeded for about 20.5 minutes,
2#/T of the Ca complex was then transferred to a paper furnish that has been pretreated
10  with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138) to the
paper furnish. The paper furnish was then transferred to a CSF device so that drainage
rate was measured.

The results of the above test samples are below.
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Table 10
Sample Ca Silicate Ca Silicate CSF
LD. Reaction Dosage (ml)
Time (min.) (#T)

1 0 430
2 0.5 2 665
3 4.3 2. 675
4 7.3 2 675
5 15.5 2 680
6 30 2 685
7 39 2 675
8 59 2 680
9 0.5 2 635
10 3.0 2 635
11 0.5 2 550
12 33 _2 635
13 6.3 2 665
14 17 2 680
15 20.5 2 675
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As illustrated by the results summarized in Table 10, when the molar ratio of
Ca/Si is 0.071, the Ca silicate complex quickly reaches its maximum drainage activity
shortly after the reaction started. However, at a lower Ca/Si molar ratio, the reaction

period was prolonged even when the reaction temperature was increased to (50 °C).

Example 10

The Ca/Mg silicate complexes used in Test Nos. 2-4 and 6 were the same as
they were prepared together. This Ca/Mg silicate complex has a concentration of 0.3
wt% Si0, and a (Ca + Mg)/Si molar ratio of 0.034 and was prepared by mixing 1.02
#/T of Sodium Silicate O with 98.98 g of Ca/Mg solution having a hardness of 68
ppm Ca equivalent for about 30 minutes and then was allowed to stand for about 3
hours.

Specifically, the six samples (Test Nos. 1-6 shown in Table 11) were prepared
for this example as follows;

Test No. 1 was prepared by sequentially adding 10 #/T of cationic starch and 1
#/T of CPAM (PC8695) to a paper furnish. The paper furnish was then transferfed to
a CSF device so that drainage rates were measured. The result of this control sample
is shown in Table 11 below.

In Test No. 2, 2 #/T of the Ca/Mg silicate complex was added to a paper
furnish that has been pretreated by sequentially adding 10 #/T of cationic starch and 1
#/T of CPAM (PC8695) to the paper furnish. The paper furnish was then transferred
to a CSF device so that drainage rate can be measured.

In Test No. 3, 4 #/T of the Ca/Mg silicate complex was added to a paper
furnish that has been pretreated by sequentially adding 10 #/T of cationic starch and 1
#/T of CPAM (PC8695) to the paper furnish. The paper furnish was then transferred
to a CSF device so that drainage rate can be measured.

In Test No. 4, 6 #/T of the Ca/Mg silicate complex was added to a paper

furnish that has been pretreated by sequentially adding 10 #/T of cationic starch and 1
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#/T of CPAM (PC8695) to the paper furnish. The paper furnish was then transferred
to a CSF device so that drainage rate can.be measured.

Test No. 5 was prepared by adding 1 #/T of CPAM (PC8695) to a paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rates

5  were measured. The result of this control sample was shown in Table 11 below.

In Test No. 6, 2 #/T of the Ca/Mg silicate complex was added to a paper
furnish that has been pretreated by adding 1 #/T of CPAM (PC8695) to the paper
furnish. The paper furnish was then transferred to a CSF device so that drainage rate

can be measured.

10 Table 11
Test | Cationic Starch | CationicPAM | Ca/Mg Silicate |  CSF

No. (#/T product) (#/T active) Complexes (ml)

(#/T Si0,)

1 10 1 None 440

2 10 1 2 580

3 10 1 4 582

4 10 1 6 570

5 0 1 None 470

6 0 1 2 593

As illustrated by in Table 11, the use of Ca/Mg demonstrates a significant
drainage improvement (a) when only CPAM flocculant; and (b) when CPAM flocculant
and cationic starch were present in the paper furnish.

15
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Example 11

In this example four Ca/Mg complexes (Test Nos. 1-4 shown in Table 12) were
prepared as follows:

In Test No. 1, a Ca/Mg silicate complex having a concentration of 0.3 wt% SiO,
and a (Ca + Mg)/Si molar ratio of 0.034 was prepared at 7 °C by reacting 1.02 g of
Sodium Silicate O with 98.98 g of Ca/Mg solution containing 68 ppm hardness (as Ca
equivalent). When the reactions have been proceeded for about 3 minutes, 2#/T of the
Ca/Mg complex was immediately added to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM (PC8695). The paper
furnish was then transferred to a CSF device so that drainage rate was measured.

In Test No. 2, a Ca/Mg silicate complex having a concentration of 0.3 wt% SiO,

and a (Ca + Mg)/Si molar ratio of 0.034 was prepared at 15°C by reacting 1.02 g of

* Sodium Silicate O with 98.98 g of Ca/Mg solution containing 68 ppm hardness (as Ca

equivalent). When the reactions have been proceeded for about 3 minutes, 2#/T of the
Ca/Mg complex was immediately added to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (PC8695). The paper
furnish was then transferred to a CSF device so that drainage rate was measured.

In Test No. 3, a Ca/Mg silicate complex having a concen@ation of 0.3 wt% SiO,
and a (Ca + Mg)/Si molar ratio of 0.034 was prepared at 20°C by reacting 1.02 g of
Sodium Silicate O with 98.98 g of Ca/Mg solution containing 68 ppm hardness (as Ca
equivalent). When the reactions have been proceeded for about 3 minutes, 2#/T of the
Ca/Mg complex was immediately added to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of .alum, and 1 #/T of CPAM (PC8695). The paper
furnish was then transferred to a CSF device so that drainage rate was measured.

In Test No. 4, a Ca/Mg silicate complex having a concentration of 0.3 wt% SiO,
and a (Ca + Mg)/Si molar ratiolof’0.034 was prepared at 50°C by reacting 1.02 g of
Sodium Silicate O with 98.98 g of Ca/Mg solution containing 68 ppm hardness (as Ca

equivalent). When the reactions have been proceeded for about 3 minutes, 2#/T of the

-55-



10

15

WO 01/44108 PCT/US00/34221

Ca/Mg complex was immediately added to a paper furnish that has been pretreated with
10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM (PC8695). The paper
furnish was then transferred to a CSF device so that drainage rate was measured.

The results of this example are shown in Table 12 below.

Table 12
Test Reaction Dosage CSF
No. Temperature (°C) (#/T Si0,) (ml)
1 ' -7 2 538
2 15 2 540
3 20 2 555
4 50 -2 605

As shown in Table 12, drainage activity of the Ca/Mg silicate complexes

increases when the reaction temperature was increased.

Example 12

The Ca/Mg siliéate complex used in of this example was the same as the complex
of Example 10. Specifically, Ca/Mg silicate complex having a concentration of 0.3 %
SiO, and a (Ca + Mg) Si molar ratio of 0.0 34 was prepared by mixing 1.02 #/T of
Sodium Silicate O with 98.98 g of Ca/Mg solution having a hardness of 68 ppm
equivalent Ca for about 30 minutes and then allowing the mixture to stand for about 3
hours.

Test Nos. 1 to 12 shown in Table 13 were prepared as follows:

In Test No. 1, 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM
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(Novus 8910) were added to the furnish having a pH of 7.7.

In Test No. 2, 2 #/T of Ca/Mg silicate complex was added to a furnish having a
pH of 7.7 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of
CPAM (Novus 8910). |

In Test No. 3, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to the furnish having a pH of 7.7.

In Test No. 4, 2 #/T of Ca/Mg silicate complex Was added to a furnish having a
pH of 7.7 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of
CPAM (PA8130).

In Test No. 5, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM |
(Novus 8910) were added to the furnish having a pH of 8.7.

In Test No. 6, 2 #/T of Ca/Mg silicate complex was added to a furnish having a
pH of 8.7 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of
CPAM (Novus 8910).

In Test No. 7, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to the furnish having a pH of 8.7.

In Test No. 8, 2 #/T of Ca/Mg silicate complex was added to a furnish having a
pH of 8.7 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of
APAM (PA8130).

In Test No. 9, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(Novus 8910) were added to the furnish having a pH 0f 9.6.

In Test No. 10, 2 #/T of Ca/Mg silicate complex was added to a furnish having
a pH of 9.6 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of
CPAM (Novus 8910). |

In Test No. 11, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #T of APAM
(PA8130) were added to the furnish having apH of 9.6.

In Test No. 12, 2 #/T of Ca/Mg silicate complex was added to a furnish having
a pH of 9.6 and pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of
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APAM (PAS8130).
The paper furnishes were then transferred to a CSF device so that drainage rates

were measured. The results of the drainage rate were also shown in Table 13 below.

Table 13

Test No. pH Flocculant Ca/Mg Silicate CSF
treatment (#/T Si0,) - (ml)

1 7.7 1 #/T CPAM 0 470
2 7.7 1 #/T CPAM 2 648
317 0.25 #/T APAM 0 , 485
4 17 0.25 #/T APAM 2 548
5 8.7 1 #T CPAM 0 468
6 87 1 #/T CPAM 2 660
7 87 0.25 #/T APAM 0 468
8 8.7 0.25 #/T APAM 2 563
9 96 1 #T CPAM 0 460
10 9.6 | 1 #T CPAM 2 668

11 9.6 0.25 #/T APAM 0 463
12 9.6 0.25 #/T APAM 2 553

As it can be seen in Table 13, the addition of Ca/Mg silicate complex to the paper

furnish having a pH of 7.7 to 9.6 significantly increases drainage rate.
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Example 13

The Ca/Mg silicate complex used in of this example was the same as the
complex -of Example 10. Specifically, Ca/Mg silicate complex having a concentration
of 0.3 % Si0, and a (Ca + Mg) Si molar ratio of 0.0 34 was prepared by reacting 1.02 #/T
of Sodium Silicate O with 98.98 g of Ca/Mg solution having a hardness of 68 ppm
equivalent Ca.

Test Nos. 1 to 16 shown in Table 14 were prepared as follows:

In Test No. 1, 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 100% weight fibers and 0 wt% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish.

In Test No. 2, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 100% weight fibers and 0 wt% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently
added to the paper furnish.

In Test No. 3, 1>0~ #/T of cationic starch, 5 #T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
contairﬁng 100% weight fibers and 0 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish.

In Test No. 4, 10 #/T of cationic starch, 5 #T of alum, énd 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 100% weight fibers and 0 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently added
to the paper furnish. (

In Test No. 5, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency

and containing 90% weight fibers and 10 wt% precipitated calcium carbonate (PCC)
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filler by weight of the total dry finish.

In Test No. 6, 10 #/T of cationic starch, 5 #T of alum, and 1 #/T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish hé,\.;ing a 0.3 wt% consistency
and containing 90% weight fibers and 10 wt% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently
added to the paper furnish.

In Test No. 7, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 90% weight fibers and 10 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish.

In Test No. 8, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 90% weight fibers and 10 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently added
to the paper furnish.

In Test No. 9, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 80% welght fibers and 20 wt% precipitated calcmm carbonate (PCC)
filler by weight of the total dry finish.

In Test No. 10, 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 80% weight fibers and 20 wi% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently
added to the paper furnish. ‘

I.n Test No. 11, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 80% weight fibers and 20 wt% precipitated calcium carbonate (PCC) filler by -

weight of the total dry finish.
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In Test No. 12, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 80% weight fibers and 20 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently added
to the paper furnish.

In Test No. 13, 10 #/T of cationic starch, 5 #/T of alum, and 1 #/T of CPAM
(Novus 8910)'Were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 65% weight fibers and 35 wt% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish.

In Test No. 14, 10 #/T of cationic starch, 5 #/T of alum, and 1 #T of CPAM
(Novus 8910) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency
and containing 65% weight fibers and 35 wt% precipitated calcium carbonate (PCC)
filler by weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently
added to the paper furnish.

In Test No. 15, 10 #/T of cationic starch, 5 #T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 65% weight fibers and 35 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish.
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In Test No. 16, 10 #/T of cationic starch, 5 #/T of alum, and 0.25 #/T of APAM
(PA8130) were added to 1000 ml of a paper furnish having a 0.3 wt% consistency and
containing 65% weight fibers and 35 wt% precipitated calcium carbonate (PCC) filler by
weight of the total dry finish. 2 #/T of Ca/Mg silicate complex was subsequently added

5  to the paper furnish.
The paper furnishes were then transferred to a CSF device so that drainage rates

were measured. The results are illustrated in Table 14.
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Table 14
Test - Filler Flocculant Ca/Mg Silicate CSF
No. level treatment (#/T Si0,) (ml)
(% of
dry solid)
1 0 1 #T CPAM 0 498
2 0 1 #T CPAM 2 648
30 0.25 #/T APAM 0 463
4 0 0.25 #/T APAM 2 510
5 10 1 #T CPAM 0 460
6 10 1 #/T CPAM 2 653
7 10 0.25 #/T APAM 0 463
8 10 0.25 #/T APAM 2 540
9 20 1 #/T CPAM 0 453
10 20 1 #/T CPAM 2 653
11 20 0.25 #/T APAM 0 463
12 20 0.25 #/T APAM 2 540
13 35 1 #/T CPAM 0 433
14 35 1 #T CPAM 2 665
15 35 0.25 #/T APAM 0 455
16 35 0.25 #/T APAM 2 538
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As it can be seen from Table 14, Ca/Mg silicate complex yield significant
drainage improvement on the paper furnish which has either a zero filler level or a filler
level as high as 35 wt%.

Example 14

The Ca/Mg silicate complex used 1n this example was the same as the complex
of Example 10. Specifically, Ca/Mg silicate complex having a concentration of 0.3 %
Si0, and a (Ca + Mg) Si molar ratio of 0.0 34 was prepared by mixing 1.02 #/T of
Sodium Silicate O with 98.98 g of Ca/Mg solution having a hardness of 68 ppm
equivalent Ca for about 30 minutes and then allowing the mixture to stand for about 3
hours.

The samples of this example (Test Nos. 1 to 12 shown in Table 15 below) were
directed to Britt Jar fines retention evaluation.

In Test No. 1, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #/T of alum and 1#/T of CPAM (PC8695).

In Test No. 2, the retention evaluation was conducted by sequentially adding to

a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, 1#/T of CPAM (PC8695), and

- 2 #/T of Ca/Mg silicate complex.

In Test No. 3, the reténtion evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, 1#/T of CPAM (PC8695), and
4 #/T of Cé/Mg silicate complex.

In Test No. 4, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, 1#/T of CPAM (PC8695), and
6 #/T of Ca/Mg silicate complex.

In Test No. 5, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch and 5 #/T of alum.

In Test No. 6, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, and 2 #/T of Ca/Mg silicate

complex.
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In Test No. 7, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, and 4 #/T of Ca/Mg silicate
complex.

In Test No. 8, the retention evaluation was conducted by sequentially adding to
a paper ﬁmﬁsh, 10 #/T of cationic starch, 5 #/T of alum, and 6 #/T of Ca/Mg silicate
complex.

In Test No. 9, the retention evaluation was conducted by sequentially adding to
a paper furnish, 10 #/T of cationic starch, 5 #T of alum and 0.25#/T of APAM (PA8130).

In Test No. 10, the retention evaluation was conducted by sequentially adding
to a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, 0.25#/T of APAM (PA8130),
and 2 #/T of Ca/Mg silicate complex. 4

In Test No. 11, the retention evaluation was conducted by sequentially adding
to a paper furnish, 10 #/T of cationic starch, 5 #T of alum, 0.25#/T of APAM (PA8130),
and 4 #/T of Ca/Mg silicate complex. |

In Test No. 12, the retention evaluation was conducted by sequentially adding
to a paper furnish, 10 #/T of cationic starch, 5 #/T of alum, 0.25#/T of APAM (PA8130),
and 6 #/T of Ca/Mg silicate complex.

The paper furnishes were then transferred to a CSF device so that drainage rates

were measured. The results of retention evaluation are shown in Table 15 below.
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Table 15
Test Flocculant Ca/Mg Silicate First Pass
No. _ Addition Fines Retention
1 1 #/T CPAM None 59.06 %
2 1 #/T CPAM 2 #/T as Si0, 76.95 %
3 1 #/T CPAM 4 #/T as Si0, 84.67 %
4 1 #/T CPAM 6 #/T as Si0, 83.85%
5 None None 2794 %
6 None 2 #/T as Si0, 3555%
7 None 4 #/T as SiO, 38.16 %
8 None 6 #/T as SiO, 37.20 %
9 25#/T APAM None 40.18 %
10 .25 #/T APAM 2 #/T as Si0, 44.46 %
11 25#/T APAM 4 #/T as SiO, 4535 %
12 .25 #/T APAM 6 #/T as Si0, 42.89 %

As illustrated in Table 15, the paper furnishes that were not treated with Ca/Mg

silicate complex yield lower retention rate as compared to the paper furnishes that were

treated with Ca/Mg silicate complex. The Ca/Mg complex improves retention rate of

paper furnishes treated with or without flocculant.

(PC8138).

Example 15
A-control sample (Test No. 1 shown in Table 16 below) was prepared by adding

to a paper furnish 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM
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A sample (Test No. 2 shown in Table 16 below) of a commercial rﬁicroparticle
drainage aid, bentonite, was also included in this example. The bentonite used in this
example was Bentolite HS and manufactured by Southern Clay Products, Inc. The
bentonite was added to a paper furnish that has been pretreated with 10 #/T of cationic
starch, 5 #T of alum, and 0.5 #/T of CPAM (PC8138).

In Test No. 3, a Ca/Mg silicate complex co‘ntaihing 0.3 wt% SiO, was prepared
by mixing 1.04 g of Sodium Silicate N with 98.96 g of fresh water having a hardness of
124 ppm Ca equivalent for about 2 to 3 minute. 2 #/T of the Ca/Mg complex was added
to a paper furnish that has been pretreated with 10 #/T of cationic starch, 5 #/T of alum,
and 0.5 #/T of CPAM (PC8138).

In Test No. 4, a Ca/Mg silicate cbmplex containing 0.3 wt% SiO, was prepared
by mixing 1.04 g of Sodium Silicate N with 98.96 g of fresh water having a hardness of
124 ppm Ca equivalent for about 2 to 3 minute. 2 #/T of the Ca/Mg complex was added
to a paper furnish that has been pretreated with 10 #/T of cationic starch, 5 #/T of alum,
and 0.5 #/T of CPAM (PC8138).

In Test No. 5, 0.50 g of 2% CaCl, was added to 98.45 g of fresh water having a
hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate was then mixed with the
fresh water for about 2 to 3 minute to form a Ca/Mg silicate complex containihg 0.3 wt%
Si0, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138).

In Test No. 6, 6.75 g of 2% CaCl, was added to 98.21 g of fresh water having a
hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate was then mixed with the
fresh water for about 2 to 3 minute to form a Ca/Mg silicate complex containing 0.3 wt%
SiO, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #T of CPAM (PC8138).
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In Test No. 7, 1.0 g of 2% CaCl, was added to 97.96 g of fresh water having a
hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate was then mixed with the
fresh water for about 2 to 3 minute to form a Ca/Mg silicate complex containing 0.3 wt%
SiO, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138).

In Test No. 8, 1.5 g of 2% CaCl, was added to 97.46 g of fresh water having a
hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate was then mixed with the
fresh water for about 2 to 3 minute to form a Ca/Mg silicate complex containing 0.3 wt%
Si10, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #T of alum, and 0.5 #/T of CPAM (PC8138).

In Test No. 9, 2.0 g of 2% CaCl, was added to 96.96 g of fresh water having a
hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate was then mixed with the
fresh water for about 2 to 3 minute to form a Ca/Mg silicate complex containing 0.3 wt%
SiO, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #T of alum, and 0.5 #/T of CPAM (PC8138).

The treated paper furnishes were then transferred to a CSF device so that drainage
rates were measured. The results of the samples in this example are shown in Table 16

below.
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Table 16
Test Sample M'/Si Silicate CSF
No. LD. Molar ratio addition (ml)
(#/T as Si0),)
1 No additive 0 436
2 Bentonite 0 2 (as solid) 645
3 Ca/Mg Silicate 0.062 2 610
4 Ca/Mg Silicate 0.062 2 631
5 Ca/Mg Silicate 0.08 2 - 635
6 Ca/Mg Silicate 0.09 o2 643
7 Ca/Mg Silicate 0.098 2 657
8 Ca/Mg Silicate 0.116 2 675
9 Ca/Mg Silicate {.  0.134 2 679

As illustrated in Table 16, the Ca/Mg silicate complexes and bentonite

significantly improve the drainage property of the paper furnish.

Examplé 16

This example includes nine samples (Test Nos. 1-9 shown in Table 17 below)

that were the same as the Test Nos 1-9 in Example 15 above with the exception that after

‘the Ca/Mg silicate complexes were formed (in Test Nos 3-9), they were allowed to stand

for about 2 hours before they were added to the pretreated paper furnishes.
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The paper furnishes were then transferred to a CSF devise so that drainage rates
were measured. After the drainage test, the turbidity of the metal silicate complexes was
measured using HACH 2100AN turbidimeter.

The results are summarized in Table 17 below.

Table 17
Test Sample M'/Si Turbidity Silicate CSF
No. L.D. Molar ratio (NTU) - addition (ml)
, (#/T as
Sio,)
1 No additive 0 432
2 Bentonite 2 (as solid) 645
3 Ca/Mg Silicate 0.062 0.47 2 681
4 Ca/Mg Silicate 0.062 0.53 2 677
5 Ca/Mg Silicate 0.08 1.18 2 686
6 Ca/Mg Silicate 0.09 2.76 2 691
7 Ca/Mg Silicate 0.098 4.82 -2 695
8 Ca/Mg Silicate 0.116 18.7 ‘ 2 700
9 Ca/Mg Silicate 0.134 56.5 2 700

As shown in Table 17, all the metal silicate complexes used in this example were
highly effective on drainage improvement. It was also shown that increasing the turbidity

of the complex from 18.7 to 56.5 does not benefit the performance of the complexes.
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Example 17
A control sample (Test No. 1 in Table 18 shown below) was prepared by adding

to a paper furnish 10#/T of cationic starch, 5#/T of alum, and 0.5 #/T CPAM (PC8138).

Three Ca/Mg silicate complexes (Test Nos. 2-4 shown in Table 18 below)
containing 0.3% S10, were prepared as follows:

In Test No. 2 (Sample A), 1.5 g of 2% CaCl, was added to 97.46 g of fresh water
having a hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate N was then
mixed with the fresh water for about 2 to 3 minutes to form a Ca/Mg silicate complex
containing 0.3 wt% Si0, The Ca/Mg complex was allowed to stand for 5 days. After
5 days, 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138).
The paper furnish was then transferred to a CSF devise so that drainage rate was
measured. After the drainage test, the turbidity of the Ca/Mg silicate complex was
measured using HACH 2100AN turbidimeter.

In Test No. 3 (Sample B), 1.5 g of 2% CaCl, was added to 97.46 g of fresh water
having a hardness of 124 ppm Ca equivalent. 1.04 g of Sodium Silicate N was then
mixed with the fresh water for about 50 minutes at 7°C to 9°C to form a Ca/Mg silicate
complex containing 0.3 wt% SiO,  Then 0.5 g of 2% CaCl, was further added to the
mixture containing the Ca/Mg silicate complex for 22 minutes, 2 #/T of the Ca/Mg
complex was then added to a paper furnish that has been pretreated with 10 #/T of
cationic starch, 5 #/T of alum, and 0.5 # T CPAM (PC8138). The paper furnish was then
transferred to a CSF devise so that drainage rate was measured. After the drainage test,
the turbidity of the metai silicate complex was measured using HACH 2100AN
turbidimeter.

In Test No. 4, a Ca/Mg complex (Sample C) was prepared by adding 1.0 g of 2%
CaCl, solution to Sample B as described above (for Test No. 3) at 9 °C and mixing for
65 minutes. 2 #/T of the Ca/Mg complex was then added to a paper furnish that has been
pretreated with 10 #/T of cationic starch, 5 #/T of alum, and 0.5 #/T of CPAM (PC8138).
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The paper furnish was then transferred to a CSF devise so that drainage rate was
measured. After the drainage test, the turbidity of the Ca/Mg silicate complex was
measured using HACH 2100AN turbidimeter.

The results of this example are summarized in Table 18 below.

Table 18
Test Sample M’'/Si Turbidity Silicate CSF
No. LD. Molar Ratio (NTU) addition (ml)
#T Si0,)
1 No additive 0 432
2 Sample A 0.116 29.58 2 696
3 Sample B 0.134 30.35 2 695
4 Sample C 0.170 71 2 455

As shown in Table 18, when the turbidity of the metal silicate complexes

increases from about 30 NTU to 71 NTU, drainage performance drastically drops.

The above examples illustrate that by using an aqueous solution containing metal
ions, such as Mg®* and/or Ca®* ions to dilute the sodium silicate so that the sodium
silicate was converted to active magnesium and/or calcium silicates, drainage and

retention properties of the paper furnish were significantly improved.



WO 01/44108 PCT/US00/34221

The above examples also illustrate that by adding sodium silicate to the paper
furnish, drainage and retention properties of the paper furnish were also improved.

The above examples also illustrate that the addition of at least one of the additives
selected from a cationic starch, a coagulant, and a flocculent, followed by the addition
of a water soluble metal complex or sodium silicate to the paper furnish, improves
drainage and retention properties and is cost effective in manufacturing paper and

paperboard.

The preceding examples can be repeated with similar success by substituting the
generically and specifically described constituents and/or operating conditions of this
invention for those used in the preceding examples. From the foregoing descriptions, one
skilled in the art can easily ascertain the essential characteristics of this invention, and
without departing from the spirit and scope thereof, can make various changes and

modifications of the invention to adapt to various usages and conditions.
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What is claimed is:

L. An aqueous composition, comprising water and a water-soluble metal
silicate complex that contains at least one divalent metal, and at least one monovalent
cation silicate.

2. The aqueous composition of claim 1, wherein the divalent metal
comprises at least one of magnesium, calcium, zinc, copper, iron(Il), rhzinganese(II), and
barium.

3. The aqueous composition of claim 1, wherein the divalent metal
comprises one of magnesium and calcium.

4. The aqueous composition of claim 1 or 2, wherein the water-soluble metal
silicate complex has a Si0O, to monovalent cation oxide molar ratio of about 2 to 20.

5. The aqueous composition of claim 1 or 2, wherein the water-soluble metal
silicate complex has a Si0O, to monovalent cation oxide molar ratio of about 3 to 5.

6. The aqueous composition of claim 1 or 2, wherein the water-soluble metal
silicate complex has a divalent metal to silicon molar ratio of about 0.001 to 0.25.

7. The aqueous composition of claim 1 or 2, wherein the aqueous
composition has a concentration of SiO, of about 0.01 to 5 wt%.

8. The aqueous composition of claim 4, wherein the water-soluble metal
silicate complex has a divalent metal to silicon molar ratio of about 0.001 to 0.25.

9. The aqueous composition of claim 1, wherein the water-soluble metal
silicate complex has the following formula:

(1-y)M,0-yM’0OxSi0,

wherein M is monovalent cation; M’ is divalent metal ion; x is from about 2 to 4;
y is from about 0.005 to 0.4; and y/x is from about 0.001 to 0.25.

10.  The aqueous composition of claim 9, wherein M comprises sodium,
potassium, lithium, or ammonium.

11.  The aqueous composition of claim 9, wherein M comprises sodium.

12.  The aqueous composition of claim 9, wherein M’ comprises calcium or
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magnesium.

13.  The aqueous composition of claim 9, wherein the water-soluble metal
silicate complex has a Si0,/M,0 molar ratio of about 2 to 20.

14°  The aqueous composition of claim 17, wherein the water-soluble metal
silicate complex has an M'/Si molar ratio of about 0.001 to 0.25.

15. The aqueous composition of claim 17, wherein the aqueous composition
has a concentration of SiO, of about 0.01 to 5 wt%.

16.  The aqueous composition of claim 1, wherein the water-soluble metal
silicate complex comprises a water-soluble silicate in accordance with the following
formula:

(1-y)Na,O-yM'0O-xSi0,
where M’ is divalent metal ion comprising calcium or magnesium,
x 1s from about 2 to 4,
y 1s from about 0.005 to 0.4,
y/x is from about 0.001 to 0.25,
x/(1-y) is from about 2 to 20, and

the aqueous composition has a concentration of SiO, of about 0.01 to 5 wt%.

17.  The composition of claim 16, wherein:
y/x is from about 0.01 to 0.2,
x/(1-y) is from about 3 to 10, and

the aqueous composition has a concentration of SiO, of about 0.1 to 2 wt%.

18. A process for preparing an aqueous composition containing a water-
soluble metal silicate complex, comprising combining monovalent cation silicate and
divalent metal ions in an aqueous environment to form the water-soluble metal silicate
complex.v

19.  The process of claim 18, wherein the water-soluble metal silicate complex
has a SiO, to monovalent cation oxide molar ratio of about 2 to 20.

20.  The process of claim 18, wherein the monovalent cation silicate comprises
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at least one of sodium silicate, potassium silicate, lithium silicate, and ammonium
silicate.

21.  The process of claim 18, wherein the monovalent cation silicate comprises
sodium silicate.

22. The process of claim 21, wherein the sodium silicate has a weight ratio
of Si0,/Na,O of about 2 to 4.

23. The process of claim 18, wherein the divalent metal ions comprise at least
one of magnesium, calcium, zinc, copper, iron(II), manganese(II), and barium.

24.  The process of claim 18, wherein the divalent metal ions comprise at least
one of magnesium and calcium.

25.  The process of claim 18, wherein the water-soluble metal silicate complex
comprises a water-soluble silicate in accordance with the following formula:

(1-y)Na,0O-yM’'0-xSi0,
where M’ is divalent metal ion comprising calcium or magnesium,
X 1s from about 2 to 4,
y 1is from about 0.005 to 0.4,
y/x is from about 0.001 to 0.25,
x/(1-y) is from about 2 to 20, and

the aqueous composition has a concentration of SiO, of about 0.01 to 5 wt%.

26.  The process of claim 18, wherein the water-soluble metal silicate complex
is prepared by adding monovalent cation silicate to an aqueous reactant composition
having a sufficient amount of divalent metal ions to form the water-soluble metal silicate
complex. '

27. The process of claim 26, wherein a source of the divalent metal ions
comprises at least one of CaCl,, MgCl,, MgSO,, Ca(NO,),, Mg(NO,),, CaSO,, and
ZnSO,.

28.  The process of claim 18, wherein the water-soluble metal silicate complex

is prepared by adding divalent metal ions to an aqueous reactant composition having a
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sufficient amount of monovalent cation silicate to form the water-soluble metal silicate
complex.

29. A process of modifying cellulose silurry, comprising adding an aqueous

~ composition having water-soluble metal silicate complex which includes divalent metal

and at least one monovalent cation silicate to cellulose slurry.

30.  The process of claim 29, wherein the divalent metal comprises at least one
of magnesium, calcium, zinc, copper, iron(II), manganese(II), and barium.

31.  The process of claim 29, wherein the divalent metal comprises at least one
of magnesium and calcium. |

32.  The process of claim 29, wherein the water-soluble metal silicate complex
comprises a water-soluble silicate in accordance with the following formula:

(1-y)M,0-yM’'0xSi0,

wherein M is monovalent cation; M’ is divalent metal ion; x is from about 2 to 4;
y is from about 0.005 to 0.4; and y/x is from about 0.001 to 0.25.

33.  The process of claim 32, wherein M comprises sodium, potassium,
lithium, or ammonium.

34.  The process of claim 32, wherein M’ comprisés calcium or magnesium.

35. The process of claim 32, wherein the water-soluble metal silicate complex
has a SiO,/M,0 molar ratio of about 2 to 20.

36.  The process of claim 29, wherein the aqueous composition having the
water-soluble metal silicate complex is prepared by adding a source of the divalent metal
to an aqueous reactant composition of a sufficient amount of monovalent cation silicate
to form the water-soluble metal silicate.

37.  The process of claim 29, wherein the water-soluble metal silicate complex
comprises a water-soluble silicate in accordance with the following formula:
(1-y)Na,0-yM'0-xSi10,
~ where M’ is divalent metal ion comprising calcium or magnesium,

x is from about 2 to 4,
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y is from about 0.005 to 0.4,
y/x is from about 0.001 to 0.25,
x/(1-y) is from about 2 to 20,

the-aqueous composition has a concentration of SiO, of about 0.01 to 5 wt%, and

at least one of flocculant, starch, and coagulant is added to the cellulose slurry.

38. A process for preparing cellulose slurry, comprising adding monovalent
cation silicate to cellulose slun'ylcontaining a sufficient amount of divalent metal ions to
combine with the monovalent cation silicate to form water-soluble metal silicate
complex. -

39.  The proc.ess of claim 38, wherein the monovalent cation silicate comprises
at least one of sodium silicate, potassium silicate, lithium silicate, and ammonium
silicate. A

40.  The process of claim 39, wherein the divalent metal ions comprise at least
one of magnesium, calcium, zinc, copper, iron(II), manganese(Il), and barium.

41. A cellulose product comprising cellulose fiber and residue of at least one

water-soluble metal silicate complex.

-78-



INTERNATIONAL SEARCH REPORT

intd >nal Application No

PCT/US 00/34221

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7

C01B33/32 D21H21/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7

CO1B D21H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 5 149 400 A (HAASE DIETER ET AL)
22 September 1992 (1992-09-22)
column 9, line 14 -column 10, line 68

US 3 654 176 A (NEUMANN BARBARA SUSAN ET
AL) 4 April 1972 (1972-04-04)

column 2, line 70 -column 3, line 4; claim

1

GB 1 477 557 A (ANGLIAN WATER AUTHORITY)
22 June 1977 (1977-06-22)
page 2, line 28 - line 121

US 5 185 206 A (RUSHMERE JOHN D)
9 February 1993 (1993-02-09)
cited in the application

claim 1

1,18,29

1,18

29

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A’ document defining the general state of the art which is not
considered to be of particular relevance

'E" earlier document but published on or after the international e
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another oy
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

*T* later document published after the international filing date

invention

*P* document published prior to the international filing date but in the ant.
later than the priority date claimed *&" document member of the same patent family

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

Date of the actual completion of the international search

29 March 2001

Date of mailing of the international search report

24/04/2001

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Authorized officer

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, C-l ement J_P
b

Fax: (+31-70) 340-3016

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

. Inte nal Application No
Information on patent family members PCT /US 0 0 / 34 2 2 1
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5149400 A 22-09-1992 us 4981675 A 01-01-1991
us 5069893 A 03-12-1991
CA 2033151 A 24-04-1992
AT 104251 T 15-04-1994
AU 618854 B 09-01-1992
AU 4396389 A 10-05-1990
BR 8905593 A 29-05-1990
CA 2001729 A 03-05-1990
CN 1042340 A,B 23-05-1990
DE 68914610 D 19-05-1994
DE 68914610 T 21-07-1994
DE 372715 T 17-01-1991
DK 548789 A 04-05-1990
EP 0372715 A 13-06-1990
FI 94046 B 31-03-1995
JP 2167814 A 28-06-1990
JP 6102534 B 14-12-1994
KR 9407094 B 05-08-1994
NO 302288 B 16-02-1998
NZ 231199 A 27-11-1990
ZA 8908286 A 25-07-1990

US 3654176 A 04-04-1972 AT 309387 B 15-07-1973
BE 751693 A 09-12-1970
CA 921657 A 27-02-1973
CH 527891 A 15-09-1972
DE 2028652 A 17-12-1970
ES 380562 A 16-04-1976
FR 2045963 A 05-03-1971
GB 1276016 A 01-06-1972
JP 50022999 B 04-08-1975
NL 7008413 A,B, 14-12-1970
NO 130724 B 21-10-1974
SE 364496 B 25-02-1974
ZA 7003811 A 27-01-1971

GB 1477557 A 22-06-1977 GB 1399599 A 02-07-1975
us 4122031 A 24-10-1978
BE 785003 A 18-12-1972
BE 785004 A 18-12-1972
CA 961850 A 28-01-1975
CA 976727 A 28-10-1975
CH 569508 A 28-11-1975
CH 555295 A 31-10-1974
DE 2229895 A 28-12-1972
DE 2229903 A 21-12-1972
ES 404188 A 16-11-1975
ES 404189 A 01-06-1975
FR 2143474 A 02-02-1973
FR 2143475 A 02-02-1973
GB 1399598 A 02-07-1975
IT 958481 B 20-10-1973
IT 965843 B 11-02-1974
NL 7208630 A 28-12-1972
NL 7208631 A 28-12-1972
us 3881704 A 06-05-1975
us 3963640 A 15-06-1976
ZA 7204015 A 28-03-1973

Form PCT/ISA/210 (patent family annex) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

Inte

nal Application No

PCT/US 00/34221

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

GB 1477557 A ZA 7204016 A 25-07-1973
US 5185206 A 09-02-1993 CA 2132729 A 30-09-1993
us 4954220 A 04-09-1990
WO 9319247 A 30-09-1993
AT 132557 T 15-01-1996
BR 9207108 A 05-12-1995
DE 69207436 D 15-02-1996
DE 69207436 T 14-08-1996
EP 0632857 A 11-01-1995
ES 2082479 T 16-03-1996
FI 944425 A 23-09-1994
JP 7505449 T 15-06-1995
NO 943522 A 22-09-1994
AT 89623 T 15-06-1993
AU 615401 B 26-09-1991
AU 4136389 A 22-03-1990
BR 8904652 A 08-05-1990
CA 1333841 A 10-01-1995
DE 68906623 D 24-06-1993
DE 68906623 T 11-11-1993
EP 0359552 A 21-03-1990
ES 2055084 T 16-08-1994
FI 894362 A,B, 17-03-1990
JP 2229297 A 12-09-1990
JP 2940953 B 25-08-1999
MX 165529 B 18-11-1992
NO 174935 B 25-04-1994

Form PCT/ISA/210 (patent family annex) (July 1992)

page 2 of 2




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

