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PAPER AND PAPER LAMINATES CONTAINING
MODIFIED TITANIUM DIOXIDE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/688,098 filed Jun. 7, 2005 incor-
porated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention pertains to a paper and paper
laminate made from such paper. More specifically, the paper
contains an amino organosilane surface-modified titanium
dioxide pigment.

[0003] Paper laminates are in general well-known in the
art, being suitable for a variety of uses including table and
desk tops, countertops, wall panels, floor surfacing, table-
ware and the like. Paper laminates have such a wide variety
of uses because they can be made to be extremely durable,
and can be also made to resemble (both in appearance and
texture) a wide variety of construction materials, including
wood, stone, marble and tile, and can be decorated to carry
images and colors.

[0004] Typically, the paper laminates are made from
papers by impregnating the papers with resins of various
kinds, assembling several layers of one or more types of
laminate papers, and consolidating the assembly into a
unitary core structure while converting the resin to a cured
state. The type of resin and laminate paper used, and
composition of the final assembly, are generally dictated by
the end use of the laminate.

[0005] Decorative paper laminates can be made by utiliz-
ing a decorated paper layer as upper paper layer in the
unitary core structure. The remainder of the core structure
typically comprises various support paper layers, and may
include one or more highly-opaque intermediate layers
between the decorative and support layers so that the appear-
ance of the support layers does not adversely impact the
appearance of decorative layer.

[0006] Paper laminates may be produced by both low- and
high-pressure lamination processes.

[0007] Various methods can be employed to provide paper
laminates by low-pressure lamination. For example, a single
opening, quick cycle press can be used where one or more
resin-saturated paper sheets are laminated to a sheet of
plywood, particle board, or fiberboard. A “continuous lami-
nator” can be used where one or more layers of the resin-
saturated paper are pressed into a unitary structure as the
layers move through continuous laminating equipment
between plates, rollers or belts. Alternatively, a laminated
sheet (continuous web or cut to size) may be pressed onto a
particle or fiberboard, etc. and a “glue line” used to bond the
laminated sheet to the board. Single or multiple opening
presses may also be employed which contain several lami-
nates.

[0008] In making paper laminates via high-pressure lami-
nation, a plurality of sheets are impregnated with a thermo-
setting resin and stacked in superimposed relation, option-
ally with a decorative sheet placed on top. This assembly is
then heat and pressure consolidated at pressures of at least
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about 500 psi. Generally, more than one laminate is formed
at one time by inserting a plurality of sheet assemblies in a
stack with each assembly being separated by a release
medium which allows the individual laminates to be sepa-
rated after heat and pressure consolidation.

[0009] The laminates so formed are then bonded to a
substrate, such as plywood, hardboard, particle board, fiber-
board, composites and the like, by the use of adhesives such
as contact adhesives, urea-formaldehyde, white glues (poly-
vinyl acetate emulsions), hot melts, phenolic or resorcinol
formaldehyde, epoxy, coal tar, animal glues and the like.

[0010] It has been found desirable during the production
of such laminates, by either low- or high-pressure lamina-
tion processes, to impart abrasion-resistant characteristics to
the decorative surface portion of the laminate to enhance the
utility of such laminates in end-use applications such as
table and countertops, wall panels and floor surfacing. Such
abrasion resistance can, for example, be imparted to paper
laminates by means of an applied overlay sheet that provides
a barrier over the print sheet. If the print sheet is decorative,
the overlay should be substantially transparent. Abrasion-
resistant resin coatings have also been applied to the surface
of the laminate.

[0011] It has also been found desirable to impart moisture
barrier properties to the base of such paper laminates, which
can be done by bonding a moisture-barrier layer to the base
of the laminate.

[0012] Examples of such paper laminates may be found,
for example, in USRE30233, U.S. Pat. No. 4,239,548, U.S.
Pat. No. 4,599,124, U.S. Pat. No. 4,689,102, U.S. Pat. No.
5,425,986, U.S. Pat. No. 5,679,219, U.S. Pat. No. 6,287,681,
U.S. Pat. No. 6,290,815, U.S. Pat. No. 6,413,618, U.S. Pat.
No. 6,551,455, U.S. Pat. No. 6,706,372, U.S. Pat. No.
6,709,764, U.S. Pat. No. 6,761,979, U.S. Pat. No. 6,783,631
and U.S. 2003/0138600, the disclosures of which are incor-
porated by reference herein for all purposes as if fully set
forth.

[0013] The papers in such paper laminates generally com-
prises a resin-impregnated, cellulose pulp-based sheet, with
the pulp being based predominantly on hardwoods such as
eucalyptus, sometimes in combination with minor amounts
of softwood pulps. Pigments (such as titanium dioxide) and
fillers are added in amounts generally up to and including
about 45 wt % (based on the total dry weight prior to resin
impregnation) to obtain the required opacity. Other additives
such as wet-strength, retention, sizing (internal and surface)
and fixing agents may also be added as required to achieve
the desired end properties of the paper. Resins used to
impregnate the papers include, for example, diallyl phtha-
lates, epoxide resins, urea formaldehyde resins, urea-acrylic
acid ester copolyesters, melamine formaldehyde resins,
melamine phenol formaldehyde resins, phenol formalde-
hyde resins, poly(meth)acrylates and/or unsaturated polyes-
ter resins.

[0014] Examples of papers used in paper laminates may be
found in U.S. Pat. No. 6,599,592 (the disclosure of which is
incorporated by reference herein for all purposes as if fully
set forth) and the above-incorporated references, including
but not limited to U.S. Pat. No. 5,679,219, U.S. Pat. No.
6,706,372 and U.S. Pat. No. 6,783,631.

[0015] As indicated above, the paper typically comprises
a number of components including, for example, various
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pigments, retention agents and wet-strength agents. The
pigments, for example, impart desired properties such as
opacity and whiteness to the final paper, and a commonly
used pigment is titanium dioxide that is, in a relative sense,
expensive in nature. Retention aids are added in order to
minimize losses of titanium dioxide and other fine compo-
nents during the papermaking process, which adds cost, as
do the use of other additives such as wet-strength agents.

[0016] 1t has now been found that the use of an amino
organosilane surface-modified titanium dioxide pigment in
the laminate paper, either as the titanium dioxide pigment or
to replace a portion thereof, can provide improved opacity to
the final paper and/or enhance the retention rate of the
particulates, and especially the titanium dioxide pigment
component, during the papermaking process. These benefits
can, for example, reduce pigment losses during the paper-
making process, as well as possibly allowing the reduced use
of retention and wet-strength agents in the papermaking
process and in the finished paper.

SUMMARY OF THE INVENTION

[0017] In accordance with one aspect of the present inven-
tion, there is provided a laminate paper comprising a resin-
impregnated, opaque, cellulose pulp-based sheet containing
a titanium dioxide pigment component in an amount of
about 45 wt % or less (based on the total dry weight of the
sheet prior to resin impregnation), wherein the titanium
dioxide pigment component comprises an amino organosi-
lane surface-modified titanium dioxide pigment.

[0018] In accordance with another aspect of the present
invention, there is provided a paper laminate comprising a
substantially unitary consolidated structure containing a
plurality of layers, wherein at least one of the layers is
derived from a resin-impregnated, opaque, cellulose pulp-
based laminate paper sheet containing a titanium dioxide
pigment component in an amount of about 45 wt % or less
(based on the total dry weight of the sheet prior to resin
impregnation), wherein the titanium dioxide pigment com-
ponent comprises an amino organosilane surface-modified
titanium dioxide pigment.

[0019] These and other features and advantages of the
present invention will be more readily understood by those
of ordinary skill in the art from a reading of the following
detailed description. It is to be appreciated that certain
features of the invention which are, for clarity, described
above and below in the context of separate embodiments,
may also be provided in combination in a single embodi-
ment. Conversely, various features of the invention that are,
for brevity, described in the context of a single embodiment,
may also be provided separately or in any subcombination.
In addition, references in the singular may also include the
plural (for example, “a” and “an” may refer to one, or one
or more) unless the context specifically states otherwise.
Further, reference to values stated in ranges include each and
every value within that range.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Titanium Dioxide Pigment

[0020] Titanium dioxide (TiO,) pigment useful in the
present invention may be in the rutile or anatase crystalline
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form, with the rutile form being preferred. It is commonly
made by either a chloride process or a sulfate process. In the
chloride process, TiCl, is oxidized to TiO, particles. In the
sulfate process, sulfuric acid and ore containing titanium are
dissolved, and the resulting solution goes through a series of
steps to yield TiO,. Both the sulfate and chloride processes
are described in greater detail in “The Pigment Handbook”,
Vol. 1, 2nd Ed., John Wiley & Sons, NY (1988), the relevant
teachings of which are incorporated herein by reference for
all purposes as if fully set forth.

[0021] By “pigment” it is meant that the titanium dioxide
particles have an average size of less than about 1 micron.
Preferably, the particles have an average size of from about
0.020 to about 0.95 microns, more preferably from about
0.050 to about 0.75 microns, and most preferably from about
0.075 to about 0.50 microns. Also preferred are pigments
with a specific gravity in the range of about 3.5 to about 6
g/cc.

[0022] The titanium dioxide pigment may be substantially
pure titanium dioxide, or may contain other metal oxides
such as silica, alumina and/or zirconia. Other metal oxides
may become incorporated into the pigment particles for
example, by co-oxidizing or co-precipitating titanium com-
pounds with other metal compounds. If co-oxidized or
co-precipitated metals are present, they are preferably
present (as the metal oxide) in an amount form about 0.1 wt
% to about 20 wt %, preferably from about 0.5 wt % to about
5 wt %, and more preferably from about 0.5 wt % to about
1.5 wt %, based on the total pigment weight.

[0023] The titanium dioxide pigment may also bear one or
more metal oxide and/or phosphated surface coatings, such
as disclosed in U.S. Pat. No. 4,461,810, U.S. Pat. No.
4,737,194 and W0O2004/061013 (the disclosures of which
are incorporated by reference herein for all purposes as if
fully set forth). These coatings may be applied using tech-
niques known by those skilled in the art. Examples of metal
oxide coatings include silica, alumina, ceria and/or zirconia
among others. Such coatings may, for example, be present in
an amount of from about 0.1 wt % to about 20 wt %, and
preferably from about 0.5 wt % to about 10 wt %, based on
the total weight of the pigment.

[0024] Preferred are the phosphated metal oxide coated
titanium dioxide pigments, such as the phosphated alumina
and phosphated alumina/ceria oxide coated varieties.

[0025] Examples of suitable commercially available tita-
nium dioxide pigments include alumina-coated titanium
dioxide pigments such as R700 and R706 (available from E.
1. duPont de Nemours and Company, Wilmington Del.) and
RDI-S (available from Kemira Industrial Chemicals, Hels-
inki, Finland), alumina/phosphate coated titanium-dioxide
pigments such as R796 (available from E. 1. duPont de
Nemours and Company, Wilmington Del.); and alumina/
phosphate/ceria coated titanium-dioxide pigments such as
R794 (available from E. 1. duPont de Nemours and Com-
pany, Wilmington Del.).

[0026] The titanium dioxide pigment may be surface
treated. By “surface treated” it is meant titanium dioxide
pigment particles that have been contacted with the com-
pounds described herein wherein the compounds are
adsorbed on the surface of the titanium dioxide particle, or
a reaction product of at least one of the compounds with the
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titanium dioxide particle is present on the surface as an
adsorbed species or chemically bonded to the surface. The
compounds or their reaction products or combination thereof
may be present as a coating, either single layer or double
layer, continuous or non-continuous, on the surface of the
pigment.

[0027] For example, the titanium dioxide pigment may
bear one or more organic surface coatings, such as, for
example, carboxylic acids, silanes, siloxanes and hydrocar-
bon waxes, and their reaction products with the titanium
dioxide surface. The amount of organic surface coating,
when present, generally ranges from about 0.01 wt % to
about 6 wt %, preferably from about 0.1 wt % to about 3 wt
%, more preferably about 0.5 wt % to about 1.5 wt %, and
still more preferably about 1 wt %, based on the total weight
of the pigment.

[0028] In accordance with the present invention, at least a
portion of the titanium oxide pigment is surface-modified
(surface treated) with an amino organosilane. Suitable
amino organosilanes are disclosed, for example, in U.S. Pat.
No. 3,290,165, U.S. Pat. No. 3,834,924, U.S. Pat. No.
4,141,751 and U.S. Pat. No. 4,820,750, the disclosures of
which are incorporated by reference for all purposes as if
fully set forth.

[0029] Preferred amino organosilanes are those of the
general formula (I)

@
R! OR?

N—X—Si—OR*
R OR®

wherein:

[0030] R' and R? are each individually selected from the
group consisting of hydrogen, alkyl, aryl, cycloalkyl, alky-
laryl, alkenyl, cycloalkenyl, alkene, alkylene, arylene, alky-
larylene, arylalkylene and cycloalkylene;

[0031] R? R*and R’ are each individually selected from
the group consisting of hydrogen, lower alkyl, aryl, lower
alkylaryl, lower arylalkyl, alkenyl, cycloalkenyl, alkene,
alkylene, arylene, alkylarylene, arylalkylene and cycloalky-
lene; and

[0032] X is alkyl, aryl, alkylaryl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkene, alkenylene, cycloalkenylene,
alkylene, arylene, alkylarylene, arylalkylene, cycloalkylene,
with or without secondary and/or tertiary nitrogen pendant
from the chain or other functional groups.

[0033] Particularly preferred are amino organosilanes of
the formula (I) wherein:

[0034] R! and R? are each individually selected from the
group consisting of hydrogen and an alkyl group of 1-8
carbon atoms, more preferably wherein at least one of R*
and R? is hydrogen, and especially when both of R! and R?
are hydrogen; and/or

[0035] R? R*and R’ are each individually selected from
the group consisting of hydrogen and an alkyl group of 1-8
carbon atoms, more preferably R?>, R* and R® are each
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individually selected from an alkyl group of 1-8 carbon
atoms, still more preferably an alkyl group of 14 carbon
atoms, and especially an alkyl group of 1-2 carbon atoms;
and/or

[0036] X is an alkyl group of 1-8 carbon atoms, and more
preferably 1-4 carbon atoms.

[0037] Examples of preferred amino organolsilanes
include aminoethyl trimethoxysilane, aminoethyl triethox-
ysilane, aminopropyl trimethoxysilane, aminopropyl tri-
ethoxysilane, methylaminopropyl trimethoxysilane, ethy-
laminopropyl trimethoxysilane, aminopropyl
tripropoxysilane, aminoisobutyl trimethoxysilane, and ami-
nobutyl triethoxysilane. An especially preferred amino orga-
nosilane is aminopropyl triethoxysilane.

[0038] The titanium dioxide can be surface treated with
the amino organosilane in any number of ways well-known
to those of ordinary skill in the relevant art, as exemplified
by the previously incorporated references mentioned above.
For example, the organosilane can be applied by injector
treatment, addition to a micronizer, or by simple blending
with a slurry of the titanium dioxide.

[0039] Preferably, the organosilane is applied in amounts
and via methods, preferably by injector treatment, so as to
result in a substantially monolayer coverage of the orga-
nosilane on the surface of the titanium dioxide.

[0040] One especially useful method for applying the
organosilane to the titanium dioxide is by metering a liquid
composition comprising the organosilane into a flow restric-
tor and injecting a gas stream through the flow restrictor
concurrently with the metering of the liquid to create a zone
of turbulence at the outlet of the flow restrictor thereby
atomizing the liquid composition and adding the titanium
dioxide to the zone of turbulence concurrently with the
metering of the liquid and the injection of the gas to mix the
titanium dioxide with the atomized liquid composition. Such
processes are well known and disclosed in WO 97/07879;
WO 02/102167; WO 02/10293; U.S. Pat. No. 4,303,702 and
U.S. Pat. No. 4,083,946 which are each incorporated by
reference in their entireties.

[0041] “Substantially monolayer coverage”, for the pur-
poses of this disclosure, means that the surface of the
titanium dioxide pigment is substantially saturated with a
layer of organosilane, with the organosilane molecules being
bonded to a site on the pigment surface. As the number of
sites on the pigment surface is not infinite, there is an upper
limit as to how much organosilane can bond to the pigment
surface. Below the saturation level, it is relatively easy to
incorporate more organosilane on the surface using injector
treatment. As the saturation level is reached and exceeded,
the amount of organosilane retained on the surface dimin-
ishes and, as more organosilane is added, a greater portion
comes off as excess. Above the monolayer coverage, excess
organosilane can be extracted from the surface using solvent
extraction since the excess is not bound to the pigment
surface.

[0042] The amount of organosilane in a substantially
monolayer coverage will vary depending on the type of
titanium dioxide pigment utilized. Depending on the specific
titanium dioxide pigment used, a person of ordinary skill in
the relevant art can readily make this determination based on
conventional techniques.
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[0043] In addition, the amount of organosilane required to
achieve a substantially monolayer coverage will vary
depending on the type of titanium dioxide pigment utilized
and the application method. Again, depending on the spe-
cific titanium dioxide pigment and application method used,
a person of ordinary skill in the relevant art can readily make
this determination based on conventional techniques.

[0044] The surface-modified titanium dioxide can be dis-
persed in water at a concentration of below about 10 weight
percent, based on the entire weight of the dispersion, typi-
cally about 3 to about 5 weight percent using any suitable
technique known in the art. An example of a suitable
dispersion technique is sonication. The surface-modified
titanium dioxide of this disclosure is cationic. The isoelectric
point, determined by the pH value when the zeta potential
has a value of zero, of the surface-modified titanium dioxide
of this disclosure has an isoelectric point greater than 8,
typically greater than 9, even more typically in the range of
about 9 to about 10. The isoelectric point can be determined
using the zeta potential measurement procedure described in
the Examples set forth hereinbelow.

[0045] To form a paper sheet, the titanium dioxide sus-
pension can be mixed with pulp, for example refined wood
pulp such as eucalyptus pulp, in an aqueous dispersion. The
pH of the pulp dispersion is typically about 6 to about 8§,
more typically about 7 to about 7.5. The pulp dispersion can
be used to form paper by conventional techniques.

[0046] The ash content of paper made from the surface-
modified titanium dioxide of this disclosure was found to be
significantly higher than the ash content of paper made from
conventional titanium dioxide. As such, the surface-modi-
fied titanium dioxide of this disclosure is considered to
promote a stronger interaction of the pigment with the pulp
which translates to a higher titanium dioxide first-pass
retention. In this context, first pass retention of titanium
dioxide refers to that fraction of titanium dioxide present in
the papermaking stock, just prior to drainage to form the
paper sheet, that is retained in the sheet. In the laboratory
production of paper handsheets, use of the surface-modified
titanium dioxide can increase first-pass retention from about
20% for untreated titanium oxide in contact with untreated,
refined eucalyptus pulp in handsheets to about 45% and
typically from about 40% to about 60%. The ash content can
be determined using the standard ash measurement tech-
nique determined by burning the paper in an oxygen-
enriched laboratory vessel as described in the Examples set
forth hereinbelow. Paper made from the surface-modified
titanium dioxide can have greater tensile strength than paper
made using conventional titanium dioxide as determined by
the wet and dry machine and cross-machine direction test
methods described in part 2 of ISO 1924. The improvement
in tensile strength can range from about 20 to about 30%
higher as compared to the tensile strength of paper made
using conventional titanium dioxide.

Laminate Paper

[0047] The amino organosilane surface-modified titanium
dioxide pigment can be used to prepare laminate paper in
any of the customary ways, wherein at least a portion of the
titanium dioxide pigment typically used in such papermak-
ing is replaced with the amino organosilane surface-modi-
fied titanium dioxide pigment.

[0048] As indicated above, the laminate paper in accor-
dance with the present invention is an opaque, cellulose
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pulp-based sheet containing a titanium dioxide pigment
component in an amount of about 45 wt % or less, more
preferably from about 10 wt % to about 45 wt %, and still
more preferably from about 25 wt % to about 42 wt %,
wherein the titanium dioxide pigment component comprises
an amino organosilane surface-modified titanium dioxide
pigment. In one preferred embodiment, the titanium dioxide
pigment component comprises at least about 25 wt %, and
more preferably at least about 50 wt % (based on the weight
of the titanium dioxide pigment component) of an amino
organosilane surface-modified titanium dioxide pigment. In
another preferred embodiment, the titanium dioxide pigment
component consists essentially of an amino organosilane
surface-modified titanium dioxide pigment. In yet another
preferred embodiment, the titanium dioxide pigment com-
ponent comprises substantially only an amino organosilane
surface-modified titanium dioxide pigment.

[0049] For paper laminate applications, the laminate paper
should preferably be of uniform weight so that the finished
product will have a substantially even thickness. The lami-
nate paper must also be properly porous and absorbent so it
will carry just the right amount of impregnating resin.

[0050] For a decorative laminate paper, the paper should
be substantially white so as to not impart any undesired
coloration to the final decorative pattern.

[0051] The decorative laminate paper can also be printed
by various well-known analog and digital printing methods
to impart desired coloration and designs as required for the
particular end use. Analog printing methods such as screen
printing are particularly suitable for large runs and consis-
tent patterns. Digital printing methods such as inkjet printing
are particularly suitable for short runs and customized
patterning.

[0052] These and other considerations and parameters
involved in the composition, production and decoration of
laminate paper are well known to those of ordinary skill in
the art as evidenced by many of the previously incorporated
references.

Paper Laminates

[0053] Paper laminates in accordance with the present
invention can be made by any of the conventional processes
well known to those of ordinary skill in the relevant art, as
described in many of the previously incorporated references.

[0054] Typically, the process of making paper laminates
begins with raw materials—impregnating resins such as
phenolic and melamine resins, brown paper (such as craft
paper) and high-grade print paper (a laminate paper in
accordance with the present invention).

[0055] The brown paper serves as a carrier for the impreg-
nating resins, and lends reinforcing strength and thickness to
the finished laminate. The high-grade paper is the decorative
sheet, for example, a solid color, a printed pattern or a
printed wood grain.

[0056] In an industrial-scale process, rolls of paper are
typically loaded on a spindle at the “wet end” of a resin
treater for impregnation with a resin. The high-grade (deco-
rative) surface papers are treated with a clear resin, such
melamine resin, so as to not affect the surface (decorative)
appearance of the paper. Since appearance is not critical for
the brown paper, it may be treated with a colored resin such
as phenolic resin.
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[0057] Two methods are commonly used to impregnate
the paper with resin. The usual way (and the fastest and most
efficient) is called “reverse-roll coating.” In this process, the
paper is drawn between two big rollers, one of which applies
a thin coating of resin to one side of the paper. This thin
coating is given time to soak through the paper as it passes
through to a drying oven. Almost all of the brown paper is
treated by the reverse-roll process, because it is more
efficient and permits full coating with less resin and waste.

[0058] Another way is a “dip and squeeze” process, in
which the paper is drawn through a vat of resin, then passed
through rollers that squeeze off excess resin. The surface
(decorative) papers are usually resin impregnated by the
dip-and-squeeze process because, although slower, it per-
mits a heavier coating of the impregnating resin for
improves surface properties in the final laminate, such as
durability and resistance to stains and heat.

[0059] After being impregnated with resin, the paper (as a
continuous sheet) is passed through a drying (treater) ovens
to the “dry end,” where it is cut into sheets.

[0060] The resin-impregnated paper should be consistent
to avoid unevenness in the finished laminate.

[0061] In the assembly of the laminate components, the
top is generally the surface paper since what the finished
laminate looks like depends mainly on the surface paper. A
topmost “overlay” sheet that is substantially transparent
when cured may, however, be placed over the decorative
sheet, for example, to give depth and wear resistance to the
finished laminate.

[0062] In a laminate where the surface paper has light-
hued solid colors, an extra sheet of fine, white paper may be
placed beneath the printed surface sheet to prevent the
amber-colored phenolic filler sheet from interfering with the
lighter surface color.

[0063] The texture of the laminate surface is determined
by textured paper and/or a plate that is inserted with the
buildup into the press. Typically, steel plates are used, with
a highly polished plate producing a glossy finish, and an
etched textured plate producing a matte finish.

[0064] The finished buildups are sent to a press, with each
buildup (a pair of laminates) is separated from the next by
the above-mentioned steel plate. In the press, pressure is
applied to the buildups by hydraulic rams or the like.
Typically, at least 800 psi, and sometimes as much as 1,500
psi pressure is applied, while the temperature is raised to
more than 250° F. by passing superheated water or steam
through jacketing built into the press. The buildup is main-
tained under these temperature and pressure conditions for a
time (typically about one hour) required for the resins in the
resin-impregnated papers to re-liquety, flow and cure, bond-
ing the stack together into a single sheet of finished, deco-
rative laminate.

[0065] Once removed from the press, the laminate sheets
are separated and trimmed to the desired finished size.
Typically the reverse side of the laminate is also roughened
(such as by sanding) to provide a good adhesive surface for
bonding to one or more substrates such as plywood, hard-
board, particle board, composites and the like. The need for
and choice of substrate and adhesive will depend on the
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desired end use of the laminate, as will be recognized by one
of ordinary skill in the relevant art.

[0066] The following Examples illustrate the present dis-
closure. All parts, percentages and proportions are by weight
unless otherwise indicated.

COMPARATIVE EXAMPLE 1

[0067] A dry titanium dioxide product is manufactured
using the chloride process and milled using a fluid energy
mill. The titanium dioxide surface is treated with inorganic
compounds so that the nominal composition of the pigment
measured using the x-ray fluorescence method is about 91.9
TiO,, 5.2% Al,O;, and 2.9% P,O,. This dry titanium
dioxide product is dispersed in deionized water at a con-
centration of about 4.0 weight percent using sonication. No
surface treatment with the silane agent is performed. The
zeta potential of this suspension is measured over a range of
pH values from about 4.0 to about 9.0 by titrating the
suspension with potassium hydroxide solution to increase
the suspension pH and with nitric acid solution to decrease
the suspension pH. The zeta potential measurement is per-
formed using a Collodal Dynamics Acoustosizer 11 instru-
ment. The resulting zeta potential values are shown as a
function of pH in Table 1.

TABLE 1

Zeta potential
of pigment Comparative

Example 1
pH zeta potential (mV)
4.2 35
4.7 29
5.5 15
6.0 4
6.1 0
6.6 -9
7.0 -19
7.3 -28
7.7 -34
8.0 -39
8.4 -42
9.0 -46
EXAMPLE 1

[0068] The same dry titanium dioxide product described in
Comparative Example 1, manufactured using the chloride
process and milled using a fluid energy mill, is subsequently
treated with a nearly pure solution of 3-aminopropyltri-
ethoxysilane to yield about 1.0% coating level of silane on
the surface. The deposition of the silane onto the titanium
dioxide particle surfaces is accomplished using injector
treatment technology, whereby the silane solution is sprayed
onto a moving stream of fluidized titanium dioxide powder
which is pneumatically conveyed through a metal pipe under
turbulent conditions. The flow rates of the titanium dioxide
powder through the pipe and the silane solution through the
spray nozzle are controlled so as to yield the desired
concentration of silane on the titanium dioxide surface. The
resulting titanium dioxide product is dispersed in deionized
water at a concentration of about 4.0 weight percent using
sonication. The zeta potential of this suspension is measured
over a range of pH values from about 4.0 to about 9.0 by
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titrating the suspension with potassium hydroxide solution
to increase the suspension pH and with nitric acid solution
to decrease the suspension pH. The zeta potential measure-
ment is performed using a Collodal Dynamics Acoustosizer
II instrument. The resulting zeta potential values are shown
as a function of pH in Table 2.

TABLE 2

Zeta
potential of pigment
from Example 1

pH zeta potential (mV)
4.0 53
4.2 51
4.8 47
5.2 43
5.7 38
6.3 33
6.6 29
7.3 22
7.7 16
8.2 10
8.7 6
9.2 3

[0069] For all pH values, the zeta potential value is
positive (or cationic).

[0070] In Table 1, the zeta potential values are positive
(cationic) for pH wvalues lower than 6.1 and negative
(anionic) for pH values greater than 6.1. This pH value
where the zeta potential is about zero is defined as the
isoelectric point. Comparison of the zeta potential data in
Table 1 and Table 2 indicate that the treatment of the
titanium dioxide surface with the silane compound
(Example 1) has rendered the pigment surface far more
cationic. In the case of the pigment described in Example 1,
the isoelectric point is above a pH value of 9.2, compared to
an isoelectric point of 6.1. The results from Comparative
Example 1 and Example 1 indicate that the isoelectric point
of the titanium dioxide pigment described in Comparative
Example 1 can be altered over the pH range from about 6.1
to more than 9.0 by adjusting the amount of the silane
compound deposited on the pigment surface.

COMPARATIVE EXAMPLE 2

[0071] A dry titanium dioxide product is manufactured
using the chloride process and milled using a fluid energy
mill. The titanium dioxide surface is treated with inorganic
compounds so that the nominal composition of the pigment
measured using the x-ray fluorescence method is about 93.5
TiO,, 5.0% Al,0;, and 1.5% P,Os. About 2 grams of this
pigment is dispersed into deionized water at a concentration
of about 1.0 weight percent using a standard laboratory
blender. This suspension is added to a mixture of about 1.8
grams of refined eucalyptus pulp dispersed in about 350
grams of water, and the pH of this mixture is adjusted to
about 7.5. The resulting mixture is stirred using magnetic
stirring for about one minute and then poured into a standard
laboratory handsheet former. The suspension is drained
through the handsheet former to yield a wet handsheet
consisting of pulp and titanium dioxide. This handsheet is
then pressed and dried using standard methods. The basis
weight of the dried handsheet is deteremined by measuring
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the weight of a known area (measured in square meters) of
the handsheet. The concentration of titanium dioxide present
in the handsheet is subsequently determined using a standard
ash measurement. In this measurement, a known weight of
the handsheet is ignited and burned in an oxygen-enriched
laboratory vessel. This causes removal of essentially all of
the pulp. The remaining ash product is assumed to consist
entirely of titanium dioxide. The results of the basis weight
and ash measurements for the pigment described in this
Comparative Example is shown in Table 3.

TABLE 3

Basis weight and ash values for a handsheet made
using the pigment from Comparative Example 2

Basis weight (grams per square meter) Ash (% titanium dioxide)

97.4 19.3

EXAMPLE 2

[0072] About 2 grams of the titanium dioxide pigment
described in Comparative Example 2 is subsequently coated
using injector treatment technology with a nearly pure
solution of 3-aminopropyltriethoxysilane to yield about
1.0% coating level of silane on the surface. This treated
pigment is dispersed into deionized water at a concentration
of about 1.0 weight percent using a standard laboratory
blender. This suspension is added to a mixture of about 1.8
grams of refined eucalyptus pulp dispersed in about 350
grams of water, and the pH of this mixture is adjusted to
about 7.5. The resulting mixture is stirred using magnetic
stirring for about one minute and then poured into a standard
laboratory handsheet former. The suspension is drained
through the handsheet former to yield a wet handsheet
consisting of pulp and titanium dioxide. This handsheet is
then pressed and dried using standard methods. The basis
weight of the dried handsheet is determined by measuring
the weight of a known area (measured in square meters) of
the handsheet. The concentration of titanium dioxide present
in the handsheet is subsequently determined using a standard
ash measurement. In this measurement, a known weight of
the handsheet is ignited and burned in an oxygen-enriched
laboratory vessel. This causes removal of essentially all of
the pulp. The remaining ash product is assumed to consist
entirely of titanium dioxide. The results of the basis weight
and ash measurements for the pigment described in Example
2 is shown in Table 4.

TABLE 4

Basis weight and ash values for a handsheet made
using the pigment from Example 2

Basis weight (grams per square meter) Ash (% titanium dioxide)

128 39.6

[0073] Comparison of the results shown in Tables 3 and 4
indicate that the titanium dioxide pigment described in
Example 2 results in a significantly higher ash level in the
handsheet than Comparative Example 2. This indicates that
the treatment of this pigment surface with the silane agent
has resulted in a significantly stronger interaction of the
pigment surface with the pulp surface.
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COMPARATIVE EXAMPLE 3

[0074] The pigment described in Comparative Example 1
is used on pilot-scale paper machine using standard methods
to produce a type of paper which is representative of paper
used to produce decorative laminates. The resulting paper
has a basis weight of about 80 grams per square meter and
contains roughly 60 percent eucalyptus pulp, 35 percent
titanium dioxide ash, and about 4.5% polyamine epichloro-
hydrin wet strength resin. The tensile strength of this paper
is measured in a wet state and a dry state using the method
described in part 2 of the ISO 1924 method, in both the
machine and cross-machine directions. The results of these
measurements are shown in Table 5.

TABLE 5

Strength of pilot-scale paper made using the pigment from
Comparative Example 1,
measured in Newtons

‘Wet, cross-
Wet, machine machine Dry, machine Dry, cross-
direction direction direction machine direction
9 3.8 329 12
EXAMPLE 3

[0075] The pigment described in Example 1 is used on
pilot-scale paper machine using standard methods to pro-
duce a type of paper which is representative of paper used
to produce decorative laminates. The resulting paper has a
basis weight of about 80 grams per square meter and
contains roughly 60 percent eucalyptus pulp, 35 percent
titanium dioxide ash, and about 4.5% polyamine epichloro-
hydrin wet strength resin. The strength of this paper is
measured in wet and dry states using the same methods
described in Comparative Example 3. The results of these
measurements are shown in Table 6.

TABLE 6

Strength of pilot-scale paper made using the pigment from
Example 1, measured in Newtons

‘Wet, cross-
Wet, machine machine Dry, machine Dry, cross-
direction direction direction machine direction
11.9 4.7 40.1 14.3

[0076] Comparison of the results shown in Tables 5 and 6
indicates that treatment of the titanium dioxide pigment with
the silane agent as described in Example 1 results in sig-
nificant increase in the tensile strength of the paper in both
wet and dry states, in both the machine and cross-machine
directions as compared to the results of Comparative
Example 1. The magnitude of these increases is roughly in
the range 20 to 30 percent for like data categories in Tables
5 and 6.

[0077] The description of illustrative and preferred
embodiments of the present disclosure is not intended to
limit the scope of the disclosure. Various modifications,
alternative constructions and equivalents may be employed
without departing from the true spirit and scope of the
appended claims.
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What is claimed is:

1. A laminate paper comprising a resin-impregnated,
opaque, cellulose pulp-based sheet containing a titanium
dioxide pigment component in an amount of about 45 wt %
or less (based on the total dry weight of the sheet prior to
resin impregnation), wherein the titanium dioxide pigment
component comprises an amino organosilane surface-modi-
fied titanium dioxide pigment.

2. The laminate paper of claim 1, wherein the titanium
dioxide pigment has a substantially monolayer coverage of
the amino organosilane on the surface.

3. The laminate paper of claim 1, wherein the amino
organosilane has the general formula (I)

@
R! OR?

N—X—Si—OR*
R OR®

wherein:

R! and R? are each individually selected from the group
consisting of hydrogen, alkyl, aryl, cycloalkyl, alky-
laryl, alkenyl, cycloalkenyl, alkene, alkylene, arylene,
alkylarylene, arylalkylene and cycloalkylene;

R? R* and R’ are each individually selected from the
group consisting of hydrogen, lower alkyl, aryl, lower
alkylaryl, lower arylalkyl, alkenyl, cycloalkenyl, alk-
ene, alkylene, arylene, alkylarylene, arylalkylene and
cycloalkylene; and

X is alkyl, aryl, alkylaryl, arylalkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkene, alkenylene, cycloalkenylene,
alkylene, arylene, alkylarylene, arylalkylene,
cycloalkylene, with or without secondary and/or ter-
tiary nitrogen pendant from the chain or other func-
tional groups.

4. The laminate paper of claim 3, wherein R' and R? are
each individually selected from the group consisting of
hydrogen and an alkyl group of 1-8 carbon atoms; and/or R?,
R* and R® are each individually selected from the group
consisting of hydrogen and an alkyl group of 1-8 carbon
atoms; and/or X is an alkyl group of 1-8 carbon atoms.

5. The laminate paper of claim 4, wherein both of R and
R? are hydrogen; and/or R, R* and R are each individually
selected from an alkyl group of 1-4 carbon atoms; and/or X
is an alkyl group of 14 carbon atoms.

6. The laminate paper of claim 1, wherein the amino
organolsilane is selected from the group consisting of ami-
noethyl trimethoxysilane, aminoethyl triethoxysilane, ami-
nopropyl trimethoxysilane, aminopropyl triethoxysilane,
methylaminopropyl trimethoxysilane, ethylaminopropyl tri-
methoxysilane, aminopropyl tripropoxysilane, aminoisobu-
tyl trimethoxysilane, and aminobutyl triethoxysilane.

7. The laminate paper of claim 1, wherein the amino
organosilane is aminopropyl triethoxysilane.

8. The laminate paper of claim 1, wherein the titanium
dioxide pigment is a phosphated metal oxide coated titanium
dioxide pigment.

9. The laminate paper of claim 1, which is substantially
white.
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10. The laminate paper of claim 1, which has a coloration wherein at least one of the layers is derived from a laminate
and/or design printed thereon. paper as set forth in any one of claims 1-10.

11. A paper laminate comprising a substantially unitary
consolidated structure containing a plurality of layers, L
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