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The object of the present invention is a compound with a TiO; base for use
as an opacifying agent, specifically in laminated papers, and a preparation process
that enables the composition fo be obtained.

Laminated paper, commonly referred to as decorative paper, is the surface
alement having both opacity and decorative function used in the manufacture of
taminated panels designed for use in the furnishings industry.

A particularity of decorative paper is that it possessas an extremely high
- percentage of TiOg, possibly up to 40% of the mass of the dry sheet.

Printing and writing papers, by comparison, may contain an absolute
. mr o mram—— t —— maximumof-to%' e PR e mime—
The fevel of opacity required for dscorative paper in fact explains this high
TiO2 content. The paper undergoes a resin bonding process that renders it
transparent. As this is incompatible with its opacifying and decorative purposes,

this must be remedied by the addition of an opacifying agent.

Titanium dioxide is traditionally used for this application because it is the
only white pigment that, due to its high refraction index, can provide the required
levels of opacity.

Application WO 89/08739, however, suggests replacing the TiO; at a rate of
5 to 40 wt-% with precipitated amorphous silica and to use the corresponding
mixtures as charges in the paper-industry because they are more economical.

Sheets of paper are conventionally prepared from a mixture of cefiulose
fibers and mineral charges containing mostly TiOz hispersed in water. This
mixture is contained in a “breastbox” which feeds a canvas where the sheet is

- formed by draining and filtration. During filtration, the cellulose fibers and a portion
e o ez wn .. of the .mineral .charge-are-retained on the.canvas, -whether or not there are
interactions with the entangled fibers. A *fiber mat’ is thus obtained which, after

drying, results in a sheet of paper.

It has been proven, in fact, that only a portion of the initial quantity of TiO is
retained in the fiber mat, and. that additionafly this fraction is generally too
agglomerated for the TiOz fo develop maximum opacity.
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In order to reduce this loss of TiOz during formation of the fiber mat, paper
manufacturers generally introduce retention agents into their cellulose mixtures.
These agents are conventionally cationic polymers which enable fixation of the
TiOz particles onto the fibers through homo- and hetero-flocculation phenomena.

However, in the case of refention of opacifying charges such as fitanium
dioxide, the use of an electrically charged polymer results in loss of opaque
efficiency due to overly extensive and overly dense flocculation.

As a result, it appears that simply retaining TiO2 in the fiber mat Is not
sufficient in and of itself in terms of the rate of opacity. It would also be necessary
to retain the TiOz'in the fiber mat in"a sufficiently dispersed form that i would be
able to retain its pigmentary properties and develop good opacifying power.
Advantageously, it would then be possible fo obtain the same opacity while
binding less TiO2. The opacity rate of the TiDz would be significantly increased
thersby.

To that end, the intemational patent application WO 97/18268 proposes a
process for treating the surface of TiO; particles. Treatment consists of covering
them with a single layer of mineral pariicles, such as silica, whose- grain size is
less than that of TiOz particles. This single particle layer coating makes it possible
to space the TiO: particles away from each other.

The object of the present invention is specifically to propose a new
compound with a TiO2 base that meets all the aforementioned requirements.

More spacifically, it proposes a new opacifying agent system that makes it
possible fo both improve the retention of TiO during formation of the fiber mat and

.. fo keep it in.a flocculation’strucfure that is the least.detrimental possible to opacity.

The inventors have also demonstrated that a solufion to the problem of
agglomeration of the mineral charge consisis of crea'ting mixed mineral
congregates by inserting particles of an agent called an inorganic spacer, whether
or not in aggregate form, between the TiO; particles.



The mixed mineral congregates obtained according to the invention are
advantageous for several reasons:

- they allow the TiO; particles o remain sufficiently drspersed during the various
steps in the formation of a sheet of paper so that a maximum thersof can develop
their pigment characteristics and thus contribute to the opacity of the dry sheet.

- they have an open structure, favorable to better retention.

- they also are proving to be sufficiently resistant to resist the capillary bleeding
that occurs during the draining and drying of the fiber mat and the shearing that
may occur during the manufacture of a sheet. :

~ In-fact; the-intemal cohesion of mixed mineral congregates coming from the
association of at least one inorganic spacing agent with TiO; relies on the solidity
of the ionic bonds established between the TiO2 and the spacing agent. This
cohesion results directly from the process used to prepare the mixed mineral
congregates.

More precisely, these congregates are obtained under operating conditions
such that the TiOz and the inorganic spacing agent in question have oppos:te and
signmcanﬂy different surface charges. Specifically, the TiOz and the inorganic
spacing agent in question must have isoelectric points sufficiently different for
there to be a pH range in which these two types of mineral have opposite charges.
Under these conditions, the two types of minerals are electrostatically attracted to
each other. The resuftant forces of attraction must.be sufficient to yield a structural
arrangement of the two compounds on the one hand, and to stabilize them in this
form on the other hand.

L Corisaquenﬂy,_.tﬁe first_object. .bf._thé_pres‘e.ht'.'.invenﬁon Is a process for the . .
preparation of a compound having a TiO, base that can be used as an opacifying
agent, characterized in that it contains steps according to which:

- in an aqueous dispersion of TiOz at least one inorganic spacmg agent is
mixed into an aqueous disperslon of TiOz, with the mixture of the two dispersions

[
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performed under agitation and at a pH between the respective isoelectric points of
the TiOz and the spacing agent and chosen such that the TiOz and the spacing
agent have opposite and sufficiently different surface ¢harges to result, under the
effect of electrostatic forces, in their arrangement into mixed mineral congregates
in which the TiO, particles are globally spaced away from each other by the
particles and/or aggregates of the spacing agent;

- as necessaty, the pH is adjusted to the value established in Step 1,

- the resultant aqueous dispersion of mixed mineral congregates is cured, at a
-————temperature sufficient to-strengthen the solidity of the bonds established between
the TiO particles and the particles and/or aggregates of the spacing agent,

- the compound is recovered in the form of an aqueous dispersion of mixed
mineral congregates, and

- the compound can possibly be formulated in dry form.

Figure 1 schematically depicts the structure of mixed mineral congregates
obtained according to the invention. It is confirmed by the negative print from the
iransmission electron micrograph, as shown in Figure 2.

in terms of the invention, the term “congregate” means. the mixed
agglomerates of the two species of mineral of TiOz type and inorganic spacing
agent SOy, for example. These agglomerates result from the association between

e .. the aggregates of the spacing agent and the TiO; particles..

A spacing agent is formed of particles or aggregates of particles which insert
themselves between the TiOz particles.

The isoelectric point is the pH for which the particle of the type of mineral in
gquestion has a net surface charge of zero. For a pH greater than that value, the
net charge Is negative, and for a lower pH the net charge is positive.’

The TiOz used according to the invention is preferably a rutile TiO2.
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More preferably, it is a rutile TiO of pigment size.

if warranted, it may be coated with an mineral surface freatment.

This surface treatment preferabiy contains at least one compound chosen
from among alumina, silica, zirconia, phosphate, cerium oxide, zinc oxide, titanium
oxide, and mixtures thereof.

The quantity of oxide(s) can be 1 to 20 wt-% or less, or preferably on the
order of 3 to 10 wt-% or less, in relation to the fotal pigment weight.

As examples of these titanium dioxides, the two rutile pigments Rhoditan
RL18 and RL62, manufactured by Rhéne-Poulenc, may be cited specifically.
These two pigments are differentiated by the composition of their surface

- —————ireatment and the resultant Zeta potentials.

RL18 has a silica/alumina surface treatment (SiO»/Al:0s). and-a negative
Zeta potential at pH 6, and is called “anionic Ti02".

RL62 has a phosphate/alumina surface treatment (P20s/AlOs) with a
positive zeta potential at pH 6, and is called “cationic TiO2". The choice of pH = 6
approaches the pH for industrial use.

In the present invention, the selection of anionic or cationic TiO: is, of

course, determined by the choice of the inorganic spacing agent associated
therewith. .

In each case, an inorganic spacing agent with an isoelectric point sufficiently
different from that of the TiOz in question is chosen so that the electrostatic
attractions between the two compounds, necessary for their arrangement may
OCCUr.

The aqueous dispersion of TiO» used according to the invention contains
. —_approXimately 5 to 80 wt-% TiOz, preferably. approximately 5 to 40 wt-%. In this
respect, the limiting factor is the viscosity of the suspension, which must remain at

a reasonable value in order fo be easily handled.

According 1o a preferred embodiment of the invention, the TlOz adopted is a
cationic pigmentary rutile TiOy, specifically Rhoditan RL62.



As for the inorgahic spacing agents considered according to the invention,
they must not interfere with the other reagents traditionally used in the paper
industry.

Preferably, they do not significantly absorb any visible fight.

in general, their particle size is smaller that of the TiO; particles. However,
these particles are preferably used in the form of aggregates with a size which is
thus targer than that of the TiOz particles. The aggregates are preferably between
approximately 0.5 and 2 ym in size.
As examples of inorganic spacing agents that can be used according to the
invention, the following can be specifically cited: silicon, titanium, zirconium, zinc,
magnesium, aluminum, yitrium, anfimony, cerium: and tin oxides; barium and
calcium sulfates; zinc sulfide; zinc, calcium, magnesium, lead and mixed metal
carbonates; aluminum, calcium, magnesium, zinc, cerium and mixed metal
phosphates; magnesium, calcium, aluminum, and mixed metal fitanates;
magnesium and caicium fluorides; zinc, zirconium, calcium, barium, magnesium,
mixed aikaline-earth, and silicated mineral silicates; alkafine and alkaline-earth
afuminosilicates; calcium, zinc, magnesium, aluminum, and mixed metal oxalates;
zZinc, calcium, magnesium and alkaline-earth aluminates; aluminum hydroxide, and
mixtures thereof., .

The spacing agent, of course, is selected such that it has an isoelectric point
sufﬁcienﬂy different from the TiO2 form adopted.
‘As inorganic spacing agents parficularly suitable for the present invention,
_ the following inorganic oxides may be cited, chosen preferentially from among
weem——___sificon,_ Zirconium,. _alummum _antimony, cerium, and tin. oxides and mixtures
thereof.
In the specific case wherein the cationic pigmentary rutile TiOz is adopted,
the prefetred inorganic spacing agent is a silica, an alumina, a silicoaluminate, or a
mixtures thereof, ,
The ratio between the TiOz and the spacing agent is variable, of course,
depending on the kind of spacing agent adopted.
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The lower {imit of this ratio is formed in genetal by the minimum quantity of
the inorganic spacing agent necessary o obsetve a positive effect in the level of
opacification, and its upper fimit by the maximum quantity of spacing agent beyond
which undesirable effects would appear at the level of paper incorporating the
compound obtained according to the process claimed. These undesirable effects
can translate specifically into paper fragility, particularly -in terms of resistance
whether in dry state or wet state.

This spacing agent can generally be used at a rate of approximately 1 to 40

% in relation to the weight of TiO,, preferably at a rate of approximately 5 to 15

/o, and even more preferably at a rate of approximately 10 wt-%.

As explained above, the two compounds are brought together in the form of
corresponding aqueous dispersions under operating conditions developed by the
heterocoagulation of TiO2 with particles and/or aggregates of particles from the
inorganic spacing agent, the mixed mineral congregates. The spacing agent can
also be precipitated in situ. In that case, the pH favoring heterocoagulation will be
adjusted after the step precipitating the spacing agent.

These operating conditions favorable to the appearance of
heterocoagulation between the inorganic spacing agent and JiOz are notably the
choice of a pH in a range defined by their respective isoelectric points. It is
advisable to select a pH such that the two compounds have opposite and
sufficiently different surface charges.

For operational reasons, it is desirable that the isoelectric points of the
spacing agent and the TiD2 be spaced at least one pH unit apart,

The mixed mineral congregates comprising the expected compound are

_thus formed under agitation of the dispersions, generally at ambient temperature

and at a pH ‘as defined above. If necessary, the pH may have to be adjusted
during reaction in order to maintain a value favorable to the formation of the
congregates.

Attraction is immediate. However, it is preferable to contmue agltatmn for
approximately 15 minutes in order fo stabilize the system prior to the curing stage.



According to a preferred variant of the invention, TiOz is used in cationic
pigmentaty rutile form and is preferably RL628, and the associated spacer is sifica.

Even more preferably, the sflica used is a silica with a large specific surface
betweens 20 and 300 m2/g. it may assume the form of aggregates that are
between approximately 0.5 and 10 ym in size.

The use of silica as a spacing agent according to the present invention is
advantageous at for several reasons.

“"First, it has an isoslectric point in the neighborhood of 2, which is a value
sufficiently different from that of the isoelectric point of the cationic form of TiO2
(6510 7).

Addifionally, silica has the advantage of not significantly adsorbing visible
fight, which is favorable to sheet whitening.

The pH for exposing the two correspondmg dispersions to each other Is
between the isoelectric points of the spacmg agent and the TiOp. The isoelectric
point of the TIO2 in question normally i imposes the upper limit, and the isoelectric
point of the spacing agent utilized should impose the lower fimit. In the present
case, this pH should fall between 2 and 6.5. However, in the particular case of
RLB2, it is necessary to avoid dissolution of its surface treatment. To achieve this,
the pH range would be limited to between 4.5 and 6.5. Even more preferably, the
process according to the invention is implementad at a pH of approximately 5.5.

In the specific case of preparation of a compound containing TiO2 in cationic
pigmentary tutile form linked to aggregates of silica particles, sifica is used at a

... rate of at least 1. wt-% in relation to the weight of TiOz. .-

It is only with this amount of silica that a s:gmﬂcant gam in obaclty retention
begins to occur. This amount ot silica can be increased to approximately 20 wt-%
of TiO2. Above that, the problem of paper fragility described above is encountered.



Consequently, silica is preferably used at a rate of approximately 5 to 15 wt-
% of the weight of TiO2, even more preferably at 10 wt-%.

The silica can be introduced either in the form of a slurry-type aqueous
dispersion of silica particles or can be generated in situ by acidification of a
silicates solution.

In the specific case wherein the silica is precipitated in situ in the TiO
dispersion, following the precipitation step, the reaction milieu is adjusted to a
value favorable to the manifestation of electrostatic forces between the TiO2 and
the silica thus generated These forces are necessary to thelr heterocoagulation.

The second step required according to the process claimed is in fact an
operation to cure the mixed mineral congregates formed in the previous step.

As previously mentioned, the mixed mineral congregates obtained
according to the process claimed are specifically designed fo be used as an-
opacifying agent in the paper making industry. This involves an enfire succession
of handling of the congregates.

Consequently, it is necessary that these congregates be solid enough to
resist shearing, and if the case arises, the flocculating effect of polymer derivatives
such as PAE (polyamino-amide-gpichlorohydrin) and the withdrawal of water
duting the formation and drying of the sheet.

It is important, then, that the TiO: particles present in the compound
obtained according to the invention be not only sufficiently dispersed in order fo
improve their opacity, but also better retained during sheet formation. -

Asa consequsncs, the curing operation petformed actording to the process
claimed is ‘proving to be particularly advantageous to the strengthening of
chemical, even steric, actions_established within mixed mineral congregates.
Moreover, it is probable that some of the ionic bonds are converted into covalent
bonds at the conclusion of this curing step.

In the specific case of preparation of a compound of - mlxed mineral
congregates having a TiO» and SIO, base, this curing step is performed at a
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temperature higher than 40°C. Preferably, the femperature is between
approximately 60°C and 100°C.

Heating time lasts at least 30 minutes and, if necessaty, can be prolonged
up to three hours. At the conclusion of the heating step, the resultant compound is
allowed to coot to ambient temperature and may be recovered as is.

The compound may be used directly in that form as an opacifying agent.

However, it is also conceivable to formulate it in dry form. To this end, it has
proved possible o apply conventional drying techniques to the dispersion obtained
according to the invention.

In particular, this may be spray drying or thin-film drying. However, simple
diying will not result in ‘& suitably redispersed product. Since the congregates
clump during drying, it is preferable fo pulverize the product using an air-blast
grinding step {micronization).

According to another variant of the process claimed, the mixed mineral
congregates cbtained at the conclusion of the first or second stop of the process
may undergo a mineral surface treatment. This includes at least one hydrated
oxide as defined earlier. These latter may be precipitated in a reaction milieu after
the Ti02 and spacing agent dispersions are exposed to each other.

The mineral surface treatment represents approximately 16 wt-% or less, or
preferably approximately 10 wi-% or less, of the total weight of the mixed mineral
congregates so treated.

The present invention covers TiOz-based compounds-that can-be obtained
according to the process claimed.

e Ancther abject of-the. present invention is a compound having a TiO2 and
Si0; base, charactérized in that the TiOz and SiO; particles are arranged therein
in the form of mixed mineral congregates wherein the TiO, pariicles are globally
spaced away from each other by the aggregates of the silica.

These mixed TiOz and SiO; congregates are stabilized through the
electrostatic forces established between the TiO; particles and the SiO;
aggregates. Moreovar, the stability of the mineral congregates is reinforced by the
fact that they undergo the curing described eatlier. This curing operation
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particularly contributes to the creation of covalent bonds between the TiO; and
Si0. within the congregates.

In the case of the mixed mineral congregates accardmg to the invention,
there is no uniform distribution of the aggregates of the inorganic spacing agent
around the TiOp particles. This distribution is discontinuous. Figures 1 and 2 give
& representation of the structure of the congregates.

The preferred TiO» is a rutile TiOz of pigmentary size,

If need be, it can be coated with a mineral surface treatment. This surface
freatment can be chosen from among phosphates, alumina, silica, zirconia, cerium
oxide, zinc oxide, titanium oxide, and mixtures thereof.

Thequantity of oxide(s) may be approximately 1 to 20 wt-% or less, or
preferably approximately 3 to 10 wi-% or less in relafion to the total pigment
weight.

The prefetred TiOz is a cationic pigmentary rutile TiOs.

The preferred TiO2 is RL62.

The silica used is moré preferably a silica having a large speciﬁc surface,
specifically between approximately 20 and 800 m%/g. It is present in the form of
aggregates the sizes of which are between approximately.0.5 and 10 pm. The
preferred silica is a precipitation silica. It can also be a silica generated in situ by
acidification of a sificates solution.

The silica is preferably present at a rate of approximately 1 to. 20 wt-% of the
weight of the TiOz, and preferably at a rate of approximately 5 to 15 wt-%, and
even more preferably 10%.

I need be, thess TiO and SiOz-based mineral congregates may be coated
with at least one mirieral stjrface treatment as defined above.
..The quantity of mineral surface ireatment may be approx;mate!y 16 wi-% or
less, preferably approximately 10 wi-%, in relation to the total weight of the mixed
mineral congregates.

The compounds defined above or obtained according to the invention are
proving interesting in the preparation of paper including laminated paper, and
particularly advantageous in terms of retention of the TiO: at the cellulose fiber
level and the opacity rate of the TiOz used.
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The conventional process for preparation of laminated paper or decorative
paper generally uses, in addition fo anionic cellulose fibers and the opaciiying
agent, a polymer agent that is cationic in nature as a reinforcing agent in the wet
state and a retention agent.

In the case wherein a compound based on TiO2/Si0; mineral congregates is
used as an opacifying agent, it is observed that chemical retention by electrostatic
attraction is advantageously strengthened in comparison to TiO2 in individual
cationic form.

This amplification of retention can be explained in the following manner:

-~ |n the absence of a cationic polymer, the cationic TiO2 is atiracted by the
anionic cellulose fibers, which is favorable to TiOqretention. In contrast, in the
. presence of the polymer, the fiber-TiO; interactions change and TiO retention
decreases. This phenomenon. iranslates into cationization of cellulose fibers,
resulting from their being covered by the cationic polymer.

Conversely, in a compound whose base is TiO2/SiO2 mineral congregates,
there is a mixture of cationic TiO2 and anionic SiO2 charges whose net zeta
_potential is negative. The mixed mineral congregates thus behave like anionic
charges. Under these conditions, it can be assumed that the mixed congregates
can enter into an attractive interaction with the cellulose fibsrs made positive by
the cationic polymer, through the negatively charged silica aggregates they
contain. This results in an increase in retention. .

The mixed mineral congregate-based compounds claimed and obtained
according to the invention are of paricular interest as an opacifying agent,
parficularly in the paper manufacturing industry.

The increased opacity measured on sheets prepared using-a mixed mineral

... congregate-based compound according to the invention: visibly fesults from the

accumulation of two phenomena: an increase in the quantity of TiOz retained on
the paper sheet which results in better retention at the time the fiber mat is formed;
and improved opaque capacity resufting from the better dispersion of the titanium
patticles contained in the congregates.

Further, it was noted that these compounds increase the whiteness of the
paper in which they are incorporated.
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In addition to this applicafion in the paper manufacturing industry, the
compounds claimed and obtained according to the invention are also
advantageous when used as opacifying agents in the paint and plastics industries.

The examples and figures in the following are presented by way of
Hlustration and do not restrict the present invention.

Figures

~~ "Figite 1: schematic depiction of TiO; pigments spaced by Si0; aggregates.

Figure 2. transmission electron micrograph of mixed mineral congregates
with TiO, and SiOz base.

Figure 3. change in the charge retention for different mixed minerals as a
function of agitation speed imposed on the “cellulose/PAE/charge” mixture befors
formation of the fiber mat.

MATERIALS AND METHODS
Products ufilized are commercial products:

- The fitanium dioxide used in the examples is rutile titanium dioxide sold
. under the name of Rhoditan RL62 by the Rhdne-Poulenc company. This
e eeee oo e e . pigment is formed of rutile TiO2 coated by a surface treatment of aluminum
phosphate (P20s/AlOg). It has a positive zeta potential at pH 6. lts
isoelectric pointis between approximately 6.5-7,

- Cellulose fibers: dry sheets with a 70/30 mixture of éhqu/long fibers
previously refined at 35° SR, supplied by the Arjo Wiggins company.

- The silica is a precipitation silica with a high specific surface of between
20 and 300 m?g" having agglomerates between 0.5 and 10 pm in size.
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Its isoelectric point is approximately 2.

- PAE resin (polyaminoamide epchlorohydrin) R4947® from the CECA
company. '

A. “Test sheet retention” test

Equipment:

- Dispermat® and Pendraullk® rapid dispersers

- Mixing tanks

- “Ti est sheet retentlon machme Techpap company

Operating Method:
- Preparing the fiber/TiO2 dispersion

The quantity. of TiOz slurry or suspension of the product according to the
invention-necessary fo introduce 15 g dry of TiO; is added to 15 g of fibers
redispersed in 500 m! of deionized water for 10 min in the Dlspermat at 3,000 rpm.
This takes into consideration the TiO» slurry extract or the suspensmn according to
the invention. This addition is carried out in a mixing tank This is followed by
dilution with deionized water o 4 liters.

- Preparing the test sample

A 500 ml test sample of the well-homogenized mixture is decanted info a
test tube. With a micropipette, the desired amount of PAE resin is added to it
e __(commercial solution diluted 10 times). The test tube Is inverted. twice to mix well.
This test sample is then introduced into the test sheet retention machine to obtain
a sheel.

- Measuring refention ‘

Formation of the sheet is triggered after agitating 30 sec at a speed of
1300 rpm, followed by a 1 sec rest time. The sheet obtained is recovered on the
canvas in “ump" form, dried in the drer, then calcined at 800°C.
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The ashes obtained are then weighed to approximately 104 g.
The retention rate is given as: P2/P1

P1 = weight of charges (TiOz + SiOz) in the initial 500 mi removed.
P2 = weight of ashes after calcination of the prepared sheet.

B. Test of Opacity

Tests of opacity rate were performed using test sheets fabricated for the

purpose of understanding the spatial distribution of the fitanium dioxide in the dry
sheet

- The test sheets were fabricated according to the operating method
described in the-paragraph-below.

Optical properties of the impregnated and-pressed test shest: were also
measured according to the method described below:

1. Manufacture of test sheets

i) .Formulation of paper pulp

Cellulose: 15 g (which represents 100 parts)

Opacifying compound: 100 paris (expressed in TiO2), or 15 g
PAE:; 0.8% dry in relation to the cellulose

iiy Preparing the pulp: defibering
After moistening in water, the cellulose is tom into small squares by hand.
The small cellulose squares are gradually added info 500. mi of water under
agitation in the Dispermat bowl at 1000 rpm, After the cellulose is added, the
e — . Speed is increased to 3000 rppm and agltatlon is allowed to continue for 10 min.

jif} Opacﬁving_ggenmiber compound mixture
The defibered cellulose is diluted to 1 liter. This is then placed under
agltanon in a mixer with a paddie. The opacifying compound is added in powder or
- suspension form, then the mixture is agitated for 5 minutes. Finally, the entire
mixture is diluted to 4 liters in order to fabricate sheets of 80 g/m? substance.




iv}) Manufacture of test sheets

500 mi of well-homogenized suspension is placed into a test tube. PAE
{commercial solution difuted 10 times fo obtain an acceptable sample volume), i.e.,
1 mlis added. The fest tube is inverted several times to mix well.

The contents of the test tube are poured into the bow! filled with 6 liters of
distilled water fo draw off the test sheet. Mixing by bubbling through is performed
for 10 sec, followed by a rest of 10 sec, then the sheet is fabricated by extruding
under vacuum. .

The sheet is then recovered on a felt substrate, then vacuum dried for 7

min.
"~ 77 " Then the shest is weighed precisely and the volume removed adjusted in
order to.obtain the desired gms substance (rule of three).

If one. sheet has the.desired gms and.no manufacturing -defect, ‘it is
selected for the remaining operations, i.., chemical and optical assays. -

2. Measuring the ash amount

The quantity of TiO present in the 80 g/m2 sheet is measured by
calcinating one-third of the test sheet at 800°C for one hour. -
The percentage of TiOz present in the sheet is calculated thus;

TMafter calcination = IMiunder vacuum
amount of ash (%) =

Mbefore calcination = {Munder vacuum

The amount of ash measurss the quantity of mineral charges ptesent in

" 'the sheet. 'This determination is made using method NF 03-047 (taken from

French Paper, Carton, and Pulp Standards: test methods, volume A, 4% edition,
1985).

3. Measuring the opaclty of the impregnated and pressed sheet’

i) Pregaring melamine formol resin (Inilam resin 3240 from CECA)
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400 g of water is heated to 60°C. When the temperature is reached, the
pre-weighed 245 g of resin is poured gradually in a continual stream. Once all is
solubllized, agitation is allowed to continue at 60°C for 30 min. After cooling,
filteration through a 50 pm canvas is performed.

ii) impregnation — pressing

Strips of paper 7cm by 10 cm are cut. The strips are then impregnated by
capillary action by placing them on the resin for 1 min. They are expressed
between two glass rods and dried for 2 min in a drier at 120°C,

The strips are impregnated a second time by immersing them in the resin
for 1 min. They are expressed between one steef bar and one glass bar. They

“"are dried for.3 min in a drier at 120°C.

These sheets are attached to a substrate formed from bottom to top. by 2
white bartiers and 3 kraft barriers, with the test sheet in direct contact with the kraft
barriers.

The laminates obtained are pressed for 8 min at 150°C under:100 bars of
pressure.

i) Measuring optical propetties

Opacity of the laminates is measured by evaluating the contrast ratio for
each of the papers to be tested between the area on the kraft substrate and the
area on the white substrate, using the “opacity” function of the Datacolor Etrepho
2000 spectrocolorimeter.

EXAMPLE 1

Preparaﬂon ofa compound of mixed mineral congregates according to the
wmm e —e o ry@nition I aqueous suspension form

RL62 is used in aqueous suspension form, fitrating 40 g/l.

Mineral congregates are generated by heterocoagulation of the TiO:
particles with silica aggregates.

The heterocoagulatton process consists of adding silica slury at a
regulated pH in the bottom of an agitated tank containing the TiO2 suspension.
The pH of the heterocoagulation can be between 4.5 and 6.5, but it is preferable to
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work at a pH = 5.5. The pH is reguiated by simultaneously adding an HCI solution
to the slurry. This operation takes place at ambient temperature. The final
suspension contains 10% sifica by mass compared to the content of TiO pigment,
and the overall diy extract {TiCa + SiOg) is approximately 11%.

After 15 minutes of contact at a regulated pH of 5.5, the suspension, still
under agitation, is brought to a temperature between 60°C and boiling for 1 to 3
hrs, then cooled to room temperature.

All samples prepared according to this protocol were tested by preparing
test sheets (round sheets). For all tests, the volume of the “fiber + charge + PAE”
mixture removed in the mixing tank was adjusted so as to obtain sheets with the

" same gram substance: 80 g/m2.

- One -section of the:test sheet is calcined to determine the amount of
oxide present in the dry sheet (SiOy + TiOz) Knowing the amount of silica added
in relation to TiOz, the % of TiO» present in the dry sheet is then calculated. The
protocot for forming the test sheet and the principle for calculating the amount of
TiO2 are detailed in the previous section, “Materials and Methods”.

By quantifying the TiO and SiO, with X-ray fluorescence on the sheets
obtained, it was verified that there was no preferred retention of one or the other

kinds of minerals. The SiQo/TiO: ratioc was maintained throughout the entire sheet
formafion process.

- The other section of the test sheet is impregnated with resin and pressed
in order to obtain a laminated paper for which opacity and whiteness are then

. measured. Protocols for lmpregnation and measuring opaclty are also described
-above. _

Some samples were aiso tested in the test sheet retention test to evaluate
the congregates’ resistance to shearing. This test consists of submitting the “fiber
+ charge + PAE" mixture to rapid agitation and shearing for a cettain amount of
time immediately before forming the test sheet.
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The contribution of each of the two phenomena (retention and spacing
effect) to the total increase in opacity measured for each of the tests is detailed in
Tables 1 and 2.

Table 2 {following) also shows the results obtained with a control
compound 1 (T1). It was prepared by simply mixing silica and TiOx.



TABLE 1

Trial Opacity Ash Amount
: (% TiO2)
No. 5iQ. Curing Measures Aopa Aret Aspac Measures Aash
1 0% None 911 Ref. - Ref, Ret. 35.6 Ref.
2 % 3hrsal 920 ¥09 ¥0.6 +03 378 2.2
. boling -
3 5% 3hsat 92.9 41,8 +1.1 +0.7 38.8° +4.3
boiling
4 10% 3hrs at g92.8 +1.7 +1.0 +0.7 39.5 +3.8
boifing _
5 10% Thrat 23 +2.0 +1.1 +0.8 38.7 +4.1
boilityy |
’ TABLE2
Trial No. 8i02 Curing Opacity ‘Ash Amount Resin uptake
__{%) (%) {%)
0% None 90.5 3685 106
7 10% 1 hrat boiling 918 415 105
T 10% Simple mixture 83.5 39.5 130
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sash  =increase in amount of ash resulting from the best retention of
TiO2 during sheet formation.

Aopa  =Arei-+ Aspac = Increase in total opacity

Mt = Aash " slope = increase in opacity resulting from the increase in
amount of TiO; retained in the sheet {better retention).

Aspac  =Aopa - Aret = inctease in opacity resulting from the better dispersion
of the TiOz retained in the sheet due to the spacing effect of the
silica aggregates.

Results of tests 1 through 5 clearly show that the use of mixed mineral
congregates makes it possible to not only improve retention at first pass (higher
amount of ash), but also ‘makes it possible {0 improve the. opacity-of the TiO.

retained since in-every:case,. the. Increase-in .opacity (Axe)is greater than the
increase in opacity normally expected with an increase in'the quantity of ash {Arel).

In contrast, a comparison of the results from control test 1 (T1) to those of
tests 6 and 7 clearly reveals that a simple mixture, i.e., with no particular attention
to the level of pH and curing conditions, does not result in any improvement in
opacity. :

The significant increase in the resin uptake is indicative of a potous and
non-homogeneous structure.

As for the influence of the amount of silica, nete that tests carried out with
5 and 10% silica were clearly more productive that the test conducted with 1%
silica.

. -Conséquently, -the .above results show . that .in .comparison to a
conventional formula (TiOz without silica), the use of a mixed mineral containing 5
and 10% silica should make it possible to increase opacity from 6.6 to 0.9 points
with an equivalent rate of ash. This increase corresponds to the opacity rating
measured for the highest performing test. ,

With these compounds according to the invention, it is also conceivable to
use less TiO; while at the same time keeping the same opacily level as a
conventional silica-free formula since the mixed minerals improve the amount of
ash and opacity rate. The potential gain in TiO2 can be estimated by evaluating
the increase in the amount of ash corresponding to an increase in opacity equal to
the opacity output. This value reported in the amount of ash in the silica-free tests
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corresponds to the percentage of TiO; that can be saved while remaining at the
same level of opacily as the control test. Under these conditions, using a mixed
mineral containing 10% silica should aflow a savings of at least 7 to10% TiOz and
stilt retain the same level of opacity as a conventional silicone-free formula.

EXAMPLE 2

Using the “est sheet retention” test, the product’s retention capability
obtained according to the invention was compared with that of “conventional®
" fitanium oxides.

ProductA:  produced.according fo the invention; Si0z = 10%
ProductB:-  produced accarding to the invention, Si02 = 15%
ProductC:  TiO, Rhoditan- RO18
ProductD:  TiO, Rhoditan RL62

Results of the “test sheet retention” test are given in Table 3.

At a PAE rate of 0.8%, a standard rate in this appllcatlon products
according to the invention result in retention rates that are supenor to that of RL62
and equivalent to that of RL18. This is due to their anionic property as well as to
the particular structure contributed by the synthesis process that is the object of
the invention.

At a PAE of 0%, the self-retaining character of the product becomes
evident. While more anionic than the RL18, the products according to the
invention present a much more pronounced autoretentive character. This is
obvious proof of a particular geometric structure formed of loose congregates that
. are not very dense and In that case demonstrates that retention is far from being
‘solely the result of electrostatic interactions between the fibers (naturally ionic) and
the charges.
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TABLE 3
Amount of PAE (% dryffibers)
Ref. 0 0.2 0.4 i 0.8 1.2
Product Rate of Retention (%)
A 38 64 74 72 73
B 24 46 55 69 73
C 2.5sic] 36 44 79 74
D 49 57 47 40 42
EXAMPLE 3

Determining the influence of the curing phase

a) Effects interms:of retention::

Resistance to shearing of certain mineral congregate compounds
identified in Example 1 was tested using the “retention sheet test".

Figure 3 shows the change in charge retention for different compounds as
a function of agitation speed imposed on the celluiose/PAE/charge mixture prior
to the formation of the fiber mat. -

it is obvious that mixed mineral congregate retention decreases as
agitation -speed increases. It nonetheless remains clearly higher than that
obtained with the silica-free charge. We can thus conclude that the mixed mineral
congregates are sufficiently resistant to shearing to preserve good retention at first
pass.

Results obfained also demonstrate that:

e reduction in curing time from 3 hrs to 1 hr has little influence on the
" resistance of the congregates.

¢ the system containing 10% silica provides better retention than the
system containing 5% silica, imespective of agitation speed. This result confirms
that it is preferable to use 10% silica.

H




b} Effects in terms of opacity

It has been proven, in fact, that It is not possible to obtain a sheet of paper
of good quality with an RL62 S0, mixture with 10% SiOz that has not undergone
the curing step.

As soon cellulose arid PAE are added in the mixing tank, agglomeration:
and “palling” are encountered.

The curing step is thus a step essential to the formation of effective mixed
mineral congregates.

EXAMPLE 4

Effect of mixed mineral congreg' ates according to the invention on- the
whitening of lamlrihted sheets of paper

The whileness of laminated sheets (measured on the white background
area) was measured for each trial. Results are summarized in Table 4, following.
Whiteness measurements were performed according to the CIE
I* a* b* scale using a Datacolor Elrepho 2000® spectrocolorimeter.




TABLE 4

- boiling

Trials Whitening
No. Si0z “Curing L AL* b* Ab*
1 0% . None 93.8 Ref, 5.0 Ref.
2 1% Shrsat 93.9 +0.1 47 0.3
{ boiling
3 5% Bhrsat 94,0 +0,2 45 -0.5
. boiling
4 10% 3 hrs at 943 +05 4.4 0.6
i boiling
5 10% 1hrs at 94.1 +0,3 4.4 0.6

———




It can be observed in general that the use of compounds in accordance with
the invention improves the whiteness of the laminated sheet, even more so as the
amount of silica increases. With § and 10% silica, a gain of approximately 0.2
points in L* is measured and a decrease in b* of from 0.4 to 0.6 points. This
decrease in b* gives a pronounced blue undertone to the laminated sheet which
reinforces the impression of whiteness.

In addition to improving the retention and opac:ty- rate from the TiO.
retained, they also restit in an lmprovement in the whiteness of the laminated

. shest.

EXAMPLES
Preparation of a mixed mineral congregate compound in gowder form

In this example heterocoagulatlon is realized accordlng to the procedure
described in Example 1. After the curing step (1 hr at 90°C), the product is dried
in a thin layer (15 hrs in drier at 150°C). The product obtained is divided into two
parts. One is used as is, while the other is ground with air blasts (micronization).

Both of these products undergo an opacity test. They are used on cellulose
fibers after placement in a slurry at 40% dry exiract. They are then compared with
a control product: Rhoditan RL62 titanium oxide placed into slurry at 40%. The
formula used in this example is:

Cellulose fiber: 100 parts (15 g)
Opacifying pigment: 100 parts (15 g)
" PAE resin: 0.8% dryffibers

For the controf product, 15 g of RL62 TiO, was lntroduced For products in
accordance with the invention, 15 g of the TiO: + Si0: combination was
introduced.

The rest of the operating method is the same as that described in the
“Opacity Rate” test,

Results are given in Table 5.

These results clearly demonstrate that a product made according to the
invention subjected to a single drying (Test 2) is not superior to a standard product
(Trial 1). On the other hand, after a micronization step (Test 3), all the potential for
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improvement in opacity for this same product is brought out. In fact, it results in a
sheet of paper which, after lamination, delivers opacity that is 2.4 points greater
than that of the laminated paper developed from the reference product Rhoditan
RL82, and with a completely comparable amount of TiO2 in the sheet.
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TABLE 5
Trial No. 8i0e Curing . Drying in Drier Micronization Opactty (%) Amount of Amount of
: Ash (%) TiOz (%)
1 0% - . - 80.1 382 3.2
2 10% 1 hrat 90°C 15 hr at 150°C no 89.3 418 378
3 10% 1hrat90°C’ 15 hr at 150°C yos 9.5 41.6 87.8
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1. A process for the preparation of a TiOz-based compound for use as an
opacifying agent, characterized in that it contains steps according to which:

- an aqueous dispersion with at least one inorganic spacing agent is mixed
into an aqueous dispersion of TiOz, with the mixture of the two dispersions
petformed under agltatlon and at a pH between the respective isoelectric pomts of
the TiO2 and the spacing agent and chosen stich that the TiO2 and the spacing
agent have opposite and sufficiently different surface charges to result, under the

" "effect of electrostatic forces, in their arrangement into mixed mineral congregates
in which:the:TiOz particles: are globally spaced away from each:other by the.-
parficles and/or:aggregates of the spacing agent; .-

- as hecessary, the pH is adjusted fo the:value established in Step 1;

- the resultant aqueous dispersion of mixed mineral congregates is cured, at
a temperature sufficient to strengthen the solidity of the- bonds established
between the TiOz particles and the particles and/or aggregates of the spacing
agent;

- the compound is recovered in the form of an aqueous dispersion of mixed
mineral congregates, and

- the compound can possibly be formulated in dry form.

2. The process accord.mg to Claim 1, characterized in that the titanium
dioxide used is a rutile TiO.

3. The process according to Claim 1 or 2, characterized in that the titanium
dioxide used is a rutile TiO> of pigmentary size.

4, The process according to Claim 1, 2, or 3, characterized in that the TiOz
is coated with a mineral surface treatment.

_—
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5. The process according to Claim 4, characterized in that the surface
treatment contains at least one compound chosen from among alumina, silica,
Zirconia, phosphate, cerium oxide, zinc oxide, titanium oxide, and mixtures thereof.

6. The process according to one of Claims 1 throuéh 5, characterized in
that the aqueous dispersion of TiOz contains approximately 5 to 80 wi-% of TiO».

7. The process according to Claim 8, characterized in that the aqueous
dispersion of TiOz contains approximately 5 to 40 wi-% of TiO,.

8. The process according to one of Claims 1 through 7, characterized in
that the inorganic.spacing agent is chosen: from amang silicon; titanium;.zirconium, - - -
zinc, magnesium, aluminum, yttrium, antimony; cerium,.and tin:oxides; barium-and .
calcium sulfates; zinc sulfide; zinc, calcium, magnesium. lead, and mixed metal
carbonates; aluminum, calcium, magnesium, zinc, cerium, and mixed metal
phosphates;. magnesium, caleium, -aluminum, and mixed metal titanates;
magnesium and calcium fluorides; zinc, zirconium, calcium, barium, magnesium,
mixed alkaline-earth, and silicated mineral silicates; alkaline and alkaline-earth
ajuminosilicates; calcium, zinc, magnesium, aluminum, and mixed metal oxalates;
Zinc, calcium, and alkaline-earth aluminates; aluminum hydroxide, and mixtures
thereof.

9. The process according o one-of Claims 1 through 8, characterized in
roemee e . - thatt- the  inorganic spacmg ‘agent. is chosen from -among silicon, zirconium,
aluminum, atimony, cerium, and tin oxides, and mixtures thereof.

10. The process accordmg to one of Claims 1 through 9, charactenzed in
that the inorganic spacing agent is used at a rate of approximately 1 0 40 W% in
relation fo the weight of the TiOo.

This Sheet Has Been Replaced
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11. The process according to one of Claims 1 through 10, characterized in
that the inorganic spacing agent is used at a rate of approximately 5 to 15 wt-% in
relation to the weight of the TiO..

12. The process according to one of Claims 1 through 11, characterized in
that the TiO: is a cationic pigmentary rutile TiO2.

13. The process according to Claim 12, characterized in that the inorganic
spacing agent is a silica, an alumina, a silicoaluminate, or a mixture thereof,

14. The process.according to one of Claims 1 through 13, characterized in
that the inorganic spacing agent is a silica and the TiOz is a cationic pigmentary
rutlle TiOs.

15, The process according to Claim 14, characterized in that the silica has
a specific surface of between approximately 20 and 300 m2/g.

16.. The process according to Claims 14 or 15, characterized in that the

silica is present in the form of aggregates between approximately 0.5 and 10 ym
in size. '

-17. The process according fo one of Claims 14 through 16, characterized in
‘that the silica is generated in situ through the acidification of a silicates solution.

18. The process according to Claim. 17, characterized in that the pH is
adjusted after in-situ precipitation of the silica to a value favorable to the
manifestation of elecirostafic forces between the TiO: and the silica thus
generated.

19. The process according to one of Claims 14 through 17, characterized in
that the two aqueous dispersions are introduced at a pH with a degree of 5.5.

20. The process according to one of Claims 14 through 19, characterized in
that the silica is used at a rate of approximately 5 fo 15 wt-% in refation to the TiO2
weight. )

'I‘hisﬁb‘éet Has Been Replaced
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21. The process according fo one of Claims 14 through 20, characterized in
that the curing step is performed at a temperature between 60°C and 100°C for at
least 30 minutes.

22. The process according to one of Claims 1 through 21, characterized in
that the mixed mineral congregates obtained from the first or second step undergo
mineral surface treatment.

23. The process according to Claim 22, characterized in that the mineral
surface treatment represents approximately 16 wi-% or less in relation to the total
weight of the treated mixed mineral congregates. :

24, A TlOa-baséd compotnd obtainable: by means. of-the. process defined:

according to one of Claims 1 through 23.

25. The TiOz and SiOz-based compound, characterized in that the TiO2 and
8i0z particles are arranged in the form of mixed mineral congregates with a TiOz
and SiO2 base in which the TiO. particles are globally spaced away from each
other by aggregates of the silica.

26. The compound according to Claim 25, characterized in that the silica is
present at a rate of approximately & to 15 wt-% in relation to the TiO..

27. The compound according to Claim 25 or 26, characterized in that the
TiO2 is a cationic pigmentary rutife TiO..

28. The compound according to one of Claims 25 through 27, ‘characterized
in that the silica is thait defined in Claims 15 through 16.

29. The compound according o one of the previous claims, characterized
in that the mixed mineral congregates with TiO: and SiO; base are coated with a
mineral surface treafment,

30. The compound according to Claim 29, characterized in that this mineral
surface treatment represents approximately 16 wt—% or less in relation to the fotal
weight of the mixed mineral congregates.
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31. Use of a compound obtained according to one of Claims 1 through 23
or a compound defined according to one of Claims 24 through 30 as an opacifying
agent.

32. Use according to Claim 31 in the paper, plastics, and paint industries.
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