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) Papermaking.

6D in making paper from an aqueous papermaking stock, CLAY COLLO/DAL
a binder comprising colloidal silicic acid and cationic starch ] Si 0y
is added to the stock for improving the paper or the reten- hanical Chemical
tion of the stock components, or is added to the white water pulp Mixer 7,,,,”"; a
for reducing the poliution probiems or recovering values
from the white water. .
The cationic starch of the binder has a degree of
substitution of not less than 0.01, and the weight ratio of Cationic
cationic starch to SiO, is between 1:1 and 25:1. starch ]
Mixing tank
Paper
Paper Machine "
White Water
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PAPERMAKING

The present invention relates generally to paper=-
making processes and, more particularly, to the use
of a binder in a papermaking process, the binder com=-
prising a complex of cationic starch and colloidal
silicic acid to produce a paper having increased strength
and other characteristics. Such a binder, in addition,
also effects highly improved levels of retention of
added mineral materials as well as papermaking fines.
Moreover, various features of the invention may be
employed to effect clarification of the white water
resulting from a papermaking process. ,

At the present time, the papermaking industry
is plagued with a number of serious problems. First,
the price of cellulosic pulp has escalated materially
and high quality pulp is in relatively short supply.
Second, various problems including the problems inherent
in the disposal of papermaking wastes and the ecological
requirements of various governmental bodies have marked-
ly increased the cost of papermaking. Finally, the
cost of the energy required to make paper has increased
materially. As a result, the industry and its custo-
mers are faced with two choices: either pay the higher
costs or materially decrease the amounts and/or quality
of the cellulosic fibers with a consequential loss
of quality in the finished paper product.

The industry has made various attempts to reduce
the cost of the paper products., One approach that has
been employed involves the addition of clay and other
mineral fillers in the papermaking process to replace
fiber but such additions have been found to reduce
the strength and other characteristics of the resulting
paper to a degree which is unsatisfactory. Also, the
addition of such mineral filler results in poor reten-
tion of the filler material, e.g. they pass through
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the wire to the extent that the lével of filler materials
builds up in the white water with the result that the
clean-up of white water and the disposal of the material
becomes a serious problem. Various binders have been
employed in an attempt to alleviate the retention problem
but their use has not been entirely satisfactory.
Attempts have also been made to use types of pulp
which are less expensive and of lower quality, but
this, of course, results in a reduction in the charac-
teristics of the paper and often results in excessive
fines which are not retained in the papermaking process
with the consequent white water disposal problems,
Accordingly, the principal object of the invention’
is the provision of a binder system and method which
produce improved properties in paper and which will
permit the use of minimum amounts of fiber to attain
strengths and other properties which are required.
Another object of the invention is the provision of
a binder system and a method of employing it which
materially increases the étrength and other characteris-
tics of paper as compared to a similar paper made with
known binders. An additional object of the invention
is the provision of a binder and a method of employing
it which maximizes retention of mineral filler and
other materials in the paper sheet when used in the
stock on the papermaking machine., A further object
of the invention is the provision of a paper having

'high mineral concentration which has acceptable strength

and other characteristics. A final object is the provi-
sion for a method of removing suspended solids from
white water in a papermaking process.

Other objects and advantages of the invention will
become known by reference to the following description
and the appended drawings in which:

FIGURE 1 is a flow diagram of a papermaking process
embodying various of the features of the invention:

FIGURE 2 and FIGURES 2A through 25 are charts
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showing a test run on a papermaking machine in Example
1 and the properties of the paper resulting therefrom,
the process employed embodying various of the features
of the invention;

FIGURE 3 is a chart graphically portraying the
results of Example II;

FIGURE 4 is a flow diagram of a papermaking process
emboyding various features of the invention;

FIGURE 5 is a chart showing a test run on a paper-
making machine, the process employed embodying various
features of the invéntion;

FIGURE 6 is a chart showing the tensile index as a
function of the added amount of cationic starch in an ex-
ample of the papermaking procéss of the invention;

FIGURE 7 is a chart showing the settling rate
of the solids in white water samples and showing various
features of the inventions; .

FIGURES 8A through 8G are charts graphically por-
traying results of Example XI.

We have discovered a binder and method of employing
it which materially increases the strength and other
characteristics of a paper product and which permits
the use of substantial amounts of mineral fillers in a
papermaking process while maximizing the retention of
the filler and cellulosic fines in the sheet. This
makes possible, for a given grade of paper, a reduction
in the cellulosic fiber content of the sheet and/or the
quality of the cellulosic fiber employed without undue
reduction in the strength and other characteristics of
the sheet. Also, by employing the principles of the
invention the amount of mineral filler material may be
increased without unduly reducing the strength and other
characteristics of the resulting paper product. Thus,
by a reduction in the amount of pulp employed to make
a given sheet or the substitution of mineral filler
for pulp, the reduction in fiber content permits a
reduction in the energy required for pulping as well
as a reduction in theenergy required for drying the
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sheet., In addition, it has been found that the retention
of the mineral filler and fines is at a sufficiently high
level that white water problems are minimized.

We have also discovered that the principles of
this invention may be employed to remove suspended fibers
and mineral materials in a white water syétem papermaking
process, |

In general, the system of the invention includes
the use of a binder complex which involves two compo-
nents, i.e. colloidal silicic acid and cationic starch.
The weight ratio between the cationic starch and the
SiO2 in the colloidal silicic acid is greater than
one and less than about 25. The two components are
provided in the stock prior to formation of the paper ‘
product on the papermaking machine. It has been found
that, after drying, the sheet has greatly enhanced
strength characteristics. Also, it has been found that
when mineral fillers such as clay, chalk and the like
are employed in the stock, these mineral fillers are
efficiently retainéd in the sheet and further do not
have the degree of deleterious effect upon the strength
of the sheet that will be observed when the binder
system is not employed.

While #he mechanism that occurs in the stock and
during paper formation and dr&ing in the presence of
the binder is not entirely understood, it is believed
that the cationic starch and the anionic colloidal
silicic acid form a complex agglomerate which is bound
together. by the anionic colloidal silicic acid, and
that the cationic starch becomes associated with the
surface of the mineral filler material whose surface
is either totally or partially anionic. The cationic
starch also becomes associated with the cellulosic
fiber and the fines, both of which are anionic. Upon
drying, the association between the agglomerate and
the cellulosic fibers provides extensive hydrogen bond-
ing. This theofy is supported in part by the fact that
as the Zeta potential in the anionic stock moves towards

%
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zero when employing the binder complex of the invention
both the strength characteristics and the retention
improve.

We have also discovered that when a binder of
the type disclosed above is employed, the effect of
the binder systeﬁ'may be enhanced by adding the cclloidal
silicic acid component in several increments, i.e.

a portion of the colloidal silicic acid is admixed

with the pulp and the mineral filler when present,

then the cationic starch is added and thereafter when

a complex agglomerate of pulp, filler (if any), silicic
acid and starch is formed and before the stock is fed

to the head box of the papermaking machine the remaining
portion of the colloidal silicic acid is admixed with
the stock containing the complex agglomerate. This
procedure of supplying the col;oidal silicic acid in

two or more steps results in certain improvements in
strength and other characteristics, but the most strik=-
ing improvement is the increase in retention of filler
and papermaking fines. The reason for these improvements
is not entirely understood but it is believed that

they result from the production of complex filler-fiber=-
binder agglomerates, which are more stable, i.e. that
the later addition of the colloidal silicic acid causes
the agglomerates initially formed to bond together

to form even more stable agglomerates which are less
sensitive to mechanical and other forces during the
formation of the paper.

Based upon the work that has been done to date,
the principles of this invention are believed applicable
in the manufacture of all grades and types of paper
products. For example, printing grades, including news-
print, tissue, paper board and the like.

It has been found that the greatest improvements
are observed when the binder is employed with chemical
pulps, e.g. sulfate and sulfite pulps from both hard
and soft wood. Lesser but highly significant improvements
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occur with thermo-mechanical and mechanical pulps.
It has been noted that the presence of excessive amounts
of lignin in ground wood pulps seems to interfere with
the efficiency of the binder so that such pulps may
require either a greater proportion of binder or the
inclusion of a greater proportion of other pulp of
low lignin content to achieve the desired result. (As
used herein, the terms "cellulosic pulp" and "cellulosic
fiber" refer to chemical, thermo-mechanical and mecha-
nical or ground wood pulp and the fibers contained
therein.,)

The presence of cellulosic fibers is essential
to obtain certain of the improved results in the inven-
tion which qccuf because of the interaction or asso- .
ciation of agglomerate and the cellulosic fibers, Pre=-
ferably, the finished paper should contain over 50%
cellulosic fiber but paper containing lesser amounts
of cellulosic fibers may be produced which have greatly
improved properties as compared to paper made from
similar stocks not employing the binder agglomerate
described herein,

Mineral filler material which can be employed
includes any of the common mineral fillers which have
a surface which is at least partially anionic in charac-
ter. Mineral fillers such as kaolin (china clay), ben-
tbnite, titanium dioxide, chalk, and talc all may be
employed satisfactorily. (The term "mineral fillers"

"as used herein includes in addition to the foregoing

materials, wollastonite and glass fibers and also low-
density mineral fillers such as expanded perlite).
When the binder complex disclosed herein is employed,
the mineral fillers will be substantially retained
in the finished product and the paper produced will
not have its strength degraded to the degree observed
when the binder is not employed.

The mineral filler is normally added in the form
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of an aqueous élurry in the usual concentrations employed
for such fillers.

As mentioned above, the mineral fillers in the
paper may consist of or comprise a low-density or
bulky filler. The possibility of adding such fillers
to conventional paper stocks is-limited by factors
such as the retention of the fillers on the wire, the
dewatering of the paper stock on the wire, the wet
and dry strength of the paper product obtained. We
have now discovered that the problems caused by the
addition of such fillers can be obviated or substan-
tially eliminated by using the binder complex of the
present invention which also makes it possible to add

-

higher than normal proportions of such fillers to ob-
tain special properties in the paper product. Thus,
using the binder complex of the invention it has be-
come possible to produce a paper product of lower den-
sity and consequently higher stiffness at the same
grammage and simultaneously to keep the strength pro-
perties of the paper product (such as the modulus of
elasticity, the tensile index, the tensile energy ab-
sorption and the surface picking resistance) at the
same level as or even at a better level than before.

As pointed out above, the binder comprises a combina-
tion of colloidal silicic acid and cationic starch.
The colloidal silicic acid may take various forms,
for example, it may be in the form of polysilicic acid
or colloidal silicic acid sols although best results
are obtained through the use of colloidal silica sols.

Polysilicic acid can be made by reacting water
glass with sulfuric acid by known procedures to provide
molecular weights (as SiOZ) up to about 100,000. However,
the resulting polysilicic acid is unstable and difficult

to use and presents a problem in that the presence

of sodium sulfate causes corrosion and other problems
in papermaking and white water disposal. The sodium



10

15

20

30

35

. 0041056

sulfate may be removed by ion exchange through the
use of known methods but the resulting polysilicic
acid is unstable and without stabilization will deterio-
rate on storage. Salt-free polysilicic acid may also
be produced by direct ion exchange of diluted water
glass,
While substantial improvements are observed in
both strength and retention with a binder containing
polysilicic acid and cationic starch, superior results
are obtained through the use with the cationic starch
of colloidal silicic acid in the form of a sol containing
between about 2-60% by weight of SiO2 and preferably
about 4-30% Sio2
The colloidal silicic acid in the sol should desirably

by weight.

have a surface area of from about 50 to 1000 mz/g and
preferably a surface area from about 200 to 1000 mz/g
with best results being observed when the surface area
is between about 300 to 700 mz/g. The silicic acid sol
is stabilized with an alkali having a molar ratio of
Sio2 to MZO of from 10:1 to 300:1 and preferably a
ratio of from 15:1 to 100:1 (M is an ion selected from
the group consisting of Na, K, Li and NH4). It has
been determined that the size of the colloidal silicic

‘acid particles should be under 20 nm and preferably

should have an average size ranging from about 10 down
to 1 nm. (A colloidal silicic acid particle having
a surface area of about 500 mz/g involves an average
pa;ticle size of about 5.5 nm).

In essence, it is preferably sought to employ
a silicic acid sol having colloidal silicic acid par=-
ticles which have a maximum active surface and a well
defined small size generally averaging 4-9 nm.

Silicic acid sols meeting the above specifications
are commercially available from various sources includ-
ing Nalco Chemical Company, Du Pont & de Nemours Corpo=

LN
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ration and the assignee of this invention.

The cationic starch which is employed in the binder
may be made from starches derived from any of the common
starch producing materials, e.g. corn starch, wheat
starch, potato starch, rice starch, etc. As is well
known, a starch is made cationic by ammonium group
substitution by known procedures., Best results have
been obtained when the degree of substitution (d.s.)
is between about 0.0l and 0.05 and preferably between
about 0.02 and 0.04, and most preferably over about
0.025 and less than about 0.04. While a wide variety
of ammonium compounds, preferably quaternary, are employ=-
ed in making cationized starches for use in our binder,
we prefer to employ a cationized starch which was pre-
pared by treating the base starch with either 3-chloro-2-
hydroxypropyl=trimethyl ammonium chloride or 2,3-epoxy=-
propyl=trimethyl ammonium chloride to obtain a cationized
starch having 0.02-0.04 d.s.

In the papermaking process the binder is added
to the papermaking stock prior to the time that the
paper product is formed on the papermaking machine,
The two ingredients, the colloidal silicic acid compo=-
nent and the cationic starch, may be mixed together
to form an aqueous slurry of the silica=cationic starch
binder complex which then can be added to and thoroughly
mixed with the papermaking stock. However, this procedure
does not provide maximized results., It is preferable
that the silica=-cationic starch complex is formed in
situ in the papermaking stock. This can be accomplished
by adding the colloidal silicic acid component in the
form of an aqueous sol and the cationic starch in the
form of an aqueous solution separately to the stock
in a mixing tank or at a point in the system where
there is adequate agitation so that the two com=-

-
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ponents are dispersed with the papermaking components
so that they interact with each other, and with the
papermaking components at the same time,

Even better results are obtained if the colloidal
silicic acid component is added to a portion of
the stock and thoroughly mixed therewith after
which the make-up of the stock is completed and
the cationic starch component is added and tho-
roughly mixed with the stock.prior to the formation
of the paper product. '

In the event that a mineral filler is to be added
to the stock it has been found preferable to slurry
the mineral filler in water with the colloidal silicic
acid, or in the event of incremental additions of the!
colloidal silicic acid component, the initial portion
of the colloidal silicic acid component and then to
introduce the filler-colloidal silicic acid component
slurry into a mixing device where it is incorporated
into the stock along with the pulp and cationic starch.

Thereafter, when using incremental additions of
the colloidal silicic acid component, the final portion
or portions of the colloidal silicic acid component
are thoroughly mixed with the stock after the initial
agglomerate is formed and prior to or at the time the
stock is conducted into the head box. The initial addi-
tion of the colloidal silicic acid should comprise
about 20 to about 90 percent of the total amount to
be added and then, after the initial agglomerate is
formed, the remainder should be added before the sheet
is formed. Preferably, the initial addition should
comprise from about 30 to about 80% of the colloidal
silicic acid component.

It has been found that in a papermaking process
employing the biﬁder complex described herein, the
pH of the stock is not unduly critical and may range

o
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from a pH of from 4 to 9. However, pH ranges higher
than 9 and lower than 4 are undesirable., Also, other
paper chemicals such as sizing agents, alum, and the
like may be employed but care éhould be taken that

the level of these agents is not great enough to interfere
with the formation of the silicic acid cationic starch
agglomerate and that the level of the agent in recir-
culéting white water does not become excessive so as
to interfere with the forhation of the binder agglo-
merate. Therefore, it is usually preferred to add the
agent at a point in the system after the agglomerate
is formed. _

According to the invention, the ratio of cationic
starch to the total colloidal'silicic acid component
should be between 1:1 and 25:1 by weight. Preferably,
the ratio is between 1.5:1 and 10:1 and most preferably
between 1.5:1 and 4.5:1. ,

The amount of binder to be employed varies with
the effect desired and the characteristics of the par-
ticular components which are selected in making up
the binder. For example, if the binder includes poly-
silicic acid as the colloidal silicic acid component,
more binder will be required than if the colloidal
silicic acid component is colloidal silicic acid sol
having a surface area of 300 to 700 m2/g. Similarly,
if the cationic starch, for example, has a d.s. of
0.025 as compared to a d.s. of 0.030, more binder will
be required assuming the colloidal silicic acid component
is unchanged.

In general, when the stock does not contain a
mineral filler the level of binder may range from 0.1
to 15% by weight and preferably from 1 to 15% by weight
based upon the weight of the cellulosic fiber. As point-
ed out abdve, the effectiveness of the binder is greater
with chemical pulps so that less binder will be required

-
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with these pulps to obtain a given effect than other
types. In the event that a mineral filler is employed
the amount of binder may be based on the weight of
the filler material and may range from 0.5 to 25% by
weight and usually between 2.5 to 15% by weight of
the filler.

As has been pointed odt, the binder may be added to
the white water of a papermaking machine in a system in
which the binder system is not being used. The binder
effectively forms an agglomerate with the papermaking
fines and the suspended mineral material which makes
possible the efficient settling or concentration of the
suspended solids to provide a relatively clear fraction
of water which can be returned to the papermaking systeﬁ,
and a fraction in which the suspended solids are concen-
trated and from which they can be removed by filtration
or other means. The amount of the binder system or complex
required, with the cationic starch to Sio2 ratios as set
forth above, can be relatively small and in most instances
is less than about 10% by weight based upon the dry weight
of solids in the white water and the dry weight of the
binder system. A useful broad range of the amount of the
binder system or complex is from about 1 to about 20% by
weight, preferably from about 2 to about 10% by weight.

The following specific examples show the effects
of ‘the binder employed in a papermaking process upon the
retention of mineral filler and upon the strength charac-
teristics of the paper produced and upon white water.

EXAMPLE I

A trial was run making a base stock for wallpaper,

the paper stock having a high clay content. The run was

" made on a Fourdrinier machine having an estimated capacity

of about 6000 kg/h. The machine speed was apprOX1mately
250 m/min, and the target grammage was 90 g/m . FIGURE 1

is a flow diagram indicating the sequence of operations.

(13
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The fiber in the stock comprised a mixture of a
mechanical pulp and a chemical pulp. The mechanical pulp
was unbleached and was refined to a Canadian Standard
Freeness (CSF) of 100. The chemical pulp employed was a
bleached sulfate hardwood pulp which was refined to
400 CSF. During the refining process, suitable amounts
of water were, of course, added to the pulp to provide
the desired consistency.

Papermakers' china clay and a colloidal silicic
acid sol were dispersed in water to provide a slurry
containing 5 percent clay by weight., The china clay
had a particle size distribution in the range of from about
0.5 to 10 um. The colloidal silicic acid was in the
form of a 15% sol which was stabilized with alkali with
a molar ratio of SiozzNaZO of 45:1. The silicic acid had
a particle size in the range of from about 5-7 nm and a
surface area of approximately 500 mz/g. The colloidal si-

licic acid was added to provide 2.86% SiO, based upon

the weight of the clay. The pH of the cla32;-SiO2 slurry
was about 8.

FIGURE 2 shows the level of feed to the papermaking
machine during the test run, in kg/min. at the various
times during the run. The consistency of the stock flowing
to the paper machine ranged from about 6 to about 15 g/1,
as shown in FIGURE 22, the time in FIGURE 2A being corre-
lated to the times shown in FIGURE 2.

As illustrated in FIGURE 2, the run was begun at
1410 hours by mixing the chemical pulp and mechanical
pulp in the proportions shown. At 1440 hours the stock
valve was opened and stock flowed to the papermaking
machine. The dotted line in FIGURE 2 shows the adjustmeﬁt
of the stock valve during the process.

Initially, the stock feed to the machine was con-
stituted entirely of a mixture of chemical and mechanical

puln, However, at 1450 hours the china clay-colloidal
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silica mixture was introduced into the mixing tank and

the papermaking machine was run with the fiber-clay stock
until the ash content of the stock and the white water came
to equilibrium. At approximately 1535 hours, a slurry of
cationic starch was added to and thoroughly mixed with the
pulp, clay and colloidal silicic -acid in the inixing tank to
provide the stock containing the complete binder. The level
of cationic starch added at 1535 hours was 7.14 percent by
weight of starch based upon the weight of clay, the ratio
of cationic starch to colloidal silicic acid being 2.49.

(This level of starch in this example and in the drawirgs is
sometimes referred to as "LEVEL 1"). At 1625 hours, the
level of cationic starch was raised to 8.57 percent based \
upon the weight of clay, the ratio of cationic starch to
colloidal silicic acid then being raised to 2.99. (This level of
starch in this example and in the drawings is sometimes
referred to as "LEVEL 2"). At 1702 hours, the level of
cationic starch was raised to 11.43 percent based upon

the weight of clay, the ratio of cationic starch to colloi-
dal silicic acid then being 3.99, (This level of starch

in this example and in the drawings is sometimes referred
to as "LEVEL 3"). At all times during the run, the pH

of the stock on the machine was approximately 8.

The cationic starch was prepared by treating potato
starch with 3-chloro-2-hydroxypropyl-trimethylammonium
chloride to provide a degree of substitution (d.s.) in
the starch of 0.03. It was dispersed in cold water at a
cornicentration of about 4% by weight, heated for 30 min.
at about'9¢%5 diluted with cold water to a concentration
of about 2% by weight and then added to the mixing tank
as indicated in FIGURE 1.

For reference purposes, it was determined that after
an addition or change was made in the mixing tank (the
time of addition being indicated by the vertical arrows
in FIGURE 2), it required approximately 15 minutes for
the change to stabilize on the papermaking machine (indi-
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15
cated by the horizontal arrows in FIGURE 2).

After the addition of the cationic starch to Level 1,
i.e. to a ratio of 2.49 to the silicic acid, the grammage of the
paper rose rapidly as the mineral content in the paper was
increased because of the retention of the mineral content
with the papermaking fibers on the wire of the machine.

The stock valve was then adjusted to reduce the grammage

to the 90 g/m2 level and, by adjustment of the stock valve,
the grammage was maintained relatively constant as the ash
content rose slowly. During this period of time, the solids
in the white water were reduced by approximately 50 percent
as more and more of the solid materials were retained.

When the level of cationic starch was increased to '
Level 2, i.e. a ratio of 2.99 to the silicic acid, the grammage ‘
and ash content of the paper again increased and the
solids in the white water were further reduced as the
level of retention again increased.

After the addition of the cationic starch to the
system and the increased retention of clay was observed,
it was found that the driers overdried the paper. The
steam consumption in the drier was lowered and several
of the drying cylinders were shut off because of more
rapid drying. In spite of the reduction in heat to the
driers, the paper was periodically overdried. The
decrease in steam consumption resulted from the fact
that the fiber content of the paper was markedly reduced
as the retention increased, thus facilitating drying.

Even though the mineral content (measured as ash
content) of the paper was greatly increased, the paper-
making machine was run at the same speed and without
changes in dewatering conditions throughout the trial.

The conditions and results of the run are graphically
illustrated in FIGURES 2A-2S.

In FIGURE 2A the concentration of solids in the
stock is shown correlated to the time of the run. It will
be noted that the total concentration of solids slightly
exceeds the total of fiber and ash. This is because the
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ash determination drives out the water of hydration and
other water associated with the clay.

FIGURE 2B shows the level of solids in the white
water. Again, the total concentration of solids exceeds
the sum of fiber and ash for the reason given above. In
connection with FIGURE 2B it should be noted that the
level of ash (in this case non-retained minerals) rises
rapidly until the cationic starch at Level 1, has been
added and has had a chance to reach equilibrium in the
system. When the level of cationic starch is increased
to Level 2 another dramatic decrease occurs.

The combination of the colloidal silicic acid and the
cationic starch as a binder also increases the filtering
speed of’the white water through the wire as shown in :
FIGURE 2C. The drainage time per unit volume increased
until the combination binder was present at Level 1 and
thereafter rapidly decreased. With the addition of the
cationic starch at Level 2 the decrease in time per unit
volume was even greater,

FIGURE 2D shows the Zeta potential in the stock
which is adjusted towards 0 by the addition of the cationic
starch component. As will be noted, the adjustment corre-
sponds to increased retention and improved characteristics.

) FIGURE 2E graphically illustrates the grammage of
the paper during the run. There were two occasions when
the web broke on the machine as indicated.

FIGURE 2F is a chart showing the tensile index
of. the paper produced in this example. It should be
noted that, because of the moisture driven from the ash,
the amount of china clay in the paper is approximately
120 percent of the amount of ash shown. As will be ob-
served, the tensile index is greatly improved and the
clay acts in the presence of the colloidal silica-
cationic starch complex binder to increase the tensile
index. )

FIGURE 2G is a chart similar to FIGURE 2F,
except that the tensile index is correlated to the level

of chemical pulp.
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FIGURE 2H shows the improved Z strengths in the

resulting paper despite the fact that the paper contains

substantial amounts of clay.

FIGURE 2I through 2S are charts showing the proper-

ties of the paper made by the process of this example

which demonstrate the effectiveness of the complex silica-
cationic starch bond. It should be noted that in the case
of FIGURE 2M having to do with the roughness of the sheet,
the paper was somewhat overdried at times so the conclusions

as to this property which can be drawn from the chart may

not be entirely wvalid.

As will be apparent from the results of the run and

the properties of the papers produced thereby, the employ-

ment of the binder complex causes a mutual flocculation of

the mineral matter, the cellulosic materials and the

binder to produce highly improved retention and paper

properties. Thus, the binder permits the incorporation

of substantial amounts of mineral filler with a cellulosic

pulp to obtain the same or better properties than can be

obtained in a sheet having a greater proportion of cellu-

losic fibers and a lesser amount of mineral filler when

the binder of the invention is not employed.

EXAMPLE II
Hand sheets were made up in a laboratory hand sheet

former from various stocks made from bleached soft wood
sulfate pulp with and without wollastonite as a filler,
the stock inéluding the cationic starch colloidal silicic acid
complex binder to enhance the properties of the resultant
paper. The wollastonite used was in the form of acicular
crystals between about 1 and 20 pm in diameter and having
a length of about 15 times the diameter.

The colloidal silicic acid which was used was a sili-

cic acid sol containing 15 percent of colloidal silicic acid
having a surface area of approximately 500 mz/g. The sol

was alkali stabilized with a molar ratio of SiO

40:1.

2:Nazo of

The cationic starch (C.S.) employed was the same

-
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starch employed in Example I having a degree of substi-
tution of 0.03. The cationic starch was added in the form
of a 4 percent (by weight) aqueous solution.

In the procedure, the colloidal silicic acid sol was
added to the stock before the cationic starch. In the
examples containing wollastonite, the sol and cationic
starch were added with the mineral to form a mineral-
binder slurry which was then added to the cellulose. The
usual amount of water was added to make up a papermaking
stock of the desired consistency of about 1% by weight
solids. After the hand sheets were made they were pressed
and dried under substantially identical conditions.

In the following table the composition of the solids
in each stock is set forth and the Z-strength (Scott Bond)
was measured to provide an indication of the properties
of the resulting sheet after pressing and drying.

Sample Pulp Wollastonite 4% C.S. 15% Sol Z-strength
No. g g _ g g (Scott Bond)

0 204
0 154
1.69 313
1.69 209
1.69 0.450 388
1.69 0.225 622
1.69 0.150 586
1.69 0.113 568
1.69 0.450 266
1.69 0.225 291
1,69 0.150 380
2.1 0.9 7 1.69 0.133 410
The results are plotted in FIGURE 3 which illustrates
the enhanced strength which results from the silicic acid
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cationic starch complex binder. As will be seen from the. chart,
the Z~strength of a sheet made from a stock containing 30%
wollastonite in the solids as compared with a sheet con-
téining~only the fibrous cellulosic portion when the binder

is employed, is higher. Also, the use of the binder with
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a sheet containing only cellulosic fiber, dramatically
increases the Z-strength.
EXAMPLE ITII
Hand sheets were made up in a laboratory hand sheet

5 former from various stocks made of 2.0 g of bleached soft
wood sulfate pulp and 2.0 g of English china clay Grade C.
The china clay was dispersed in an alkali stabilized collo-
idal silicic acid sol diluted fram 15% to 1.5% total solids by
weight and the dispersion was added to the pulp in 500 ml

10 of water in a laboratory disintegrator. A 2% -solution of
cationic starch (d.s. = 0.03) was added and the resulting
stock was transferred to a sheet mold. The hand sheets
which were made were préssed and dried under substantially
identical conditions.

15 During the runs different silicic acid sols were used,
the sols having differing surface areas per unit weight
and stabilized with different molar ratios of alkali.

Sheets of the following compositions were made,
all of which included in addition to the 2 g of pulp and

20 2 g of clay the amounts and type of sol and the amounts of

cationic starch indicated. The properties of hand sheets

produced are also set forth.
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1.5% Surface SioO 2%0 Grammage Den- Tensile Elon- Ash
sol g Area of Na 6 cs g/m? sity_ Index gation %
S%O2 (mglgr g kg/m3 (Scan %
m“/g ratio) P16:76)
1 2.3 900 20 8.5 153 780 21.5 3.5 37
2 3.3 900 40 7.5 170 780 19.7 4.0 40
3 1.7 900 40 8.7 151 760 22.8 5.0 36
4 2.3 650 40 8.5 190 830 17.7 4.5 47
5 3.8 550 20 7.1 196 810 18.0 5.0 48
6 3.0 550 20 7.8 176 800 17.4 4,5 45
7 3.8 500 45 7.1 199 800 16.0 4,5 45
8 3.0 500 45 7.8 182 790 18.0 5.0 43
9 3.3 350 45% 7.5 185 840 15.7 6.0 46
10 3.3 200 100 7.5 170 730 16.5 6.0 33
11 5.0 200 100 7.5 165 730  16.5 5.5 37
12 0 - - 10.0 141 700 19.4 6.0 28
13 No Si0,, no cationic starch 200 800 5.5 2.5 41

2
only 2.0 pulp + 6g china clay.

#Stabilized with ammonia instead of NaCH Molar Ratio = S0,

NH,

' From this example, it is apparent that the silicic

acid sol cationic starch complex greatly aids in the re=
tention of clay, in many instances resulting in almost

complete retention. Also, the
maximum retention of the clay
silicic acid particles have a
surface area is between about

EXAMPLE IV

above results show that
occurs when the collodial
size range such that the
300 and 700 m?/q.

Hand sheets were made in a laboratory hand sheet

former from a stock including
as the colloidal silicic acid

100 ml of water glass (R = S_io2

a binder which includes
component a polysilicic acid

:Nazo = 3.3 and Sio2 26.5%

by weight) were diluted with 160 ml of water and slowly
fed into 130 ml of 10% sulfuric acid under vigorous agi-

tation. When all of the water
pH was 2.7 and the SiO2

glass had been added the

content was 8% by weight. This
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acid sol was diluted to 2% 8102 by weight and added to
English china clay Grade C followed by the addition of a
2% cationic starch (CS) solution (d.s. 0.03). The following

suspensions were made.

Clay 2% 2%

. sol g €S g
1 2.0 5.2 9.0
2 2.0 4.4 ' 7.4
3 2.0 4.4 7.4
4 2.0 2.9 7.1
5 2.0 2.9 7.1

Each of suspensions 1, 2 and 4 was fed into a
laboratory disintegrator containing 2.0 g of bleached
softwood sulfate pulp in 500 ml of .water and thoroughly
agitated. Suspensions 3 and 5 were stored for 5 hours
before mixing as above. Immediately after mixing, hand
sheets were made, pressed and dried. The sheets had the

following characteristics.

Graemage Tensile Index Elongation Ash Content
g/m (Scan P16:76) 3 - 3

1 139 28.8 7.5 26

2 151 25.3 6.5 30

3 148 23.6 7.0 32

4 157 22.4 6.5 28

5 154 21.2 7.0 31

As compared with the samples produced in Example IIT,
while the tensile index is improved, the retention of the
mineral filler is not as great as in that Example.

EXAMPLE V

Hand sheets were made in a laboratory hand sheet
former from various stocks as follows:

l. 2.0 g chalk having a particle size ranging from
about 2 to 20 um with the major portion being about 5 um,
2.0 g of water and 3.8 g colloidal silicic acid (1.5% total
solids and surface area of 500 mz/gj are added to a stock
consisting of 2.0 g fully bleached soft wood sulfate pulp
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and 500 ml of water in a laboratory disintegrator. To the
chalk-silicic-acid pulp stock 7.1.9 cationic starch solution
(2.0% total soiids, d.s. = 0.03) is added. A sheet is made
from the sample in a laboratory sheet mold and the sheet
is pressed and dried. 7

2. A sheet as in stock 1 above was made, except
that the amount of colloidal silicic acid sol was 5.7 g and the
amount of cationic starch solution was 9.7 g.

3. A sheet as in stock 1 above was made, except
that the amount of colloidal silicic acid sol was 5.0 g and the
amount of cationic starch solution was 10.3 g.

4. The same procedure was followed to make a refer-
ence sheet without chalk where 3.8 g of the colloidal si-
licic acid sol were added to 2.0 g of the pulp in 500 ml of :
water and then 7.1 g of the cationic starch solution are
added.

5. The same procedure was followed to make a
reference sheet containing no binder. 10 g of chalk were
added to 2.0 g of pulp in 500 ml of water, but no binder
was added. The amount of chalk added was large so that,
even with the poor retention observed, the mineral content
in the final sheet would approximate that observed when
the binder was employed.

) 6. Another sheet was made from a stock consistency
of 2.0 g of the pulp in 500 ml of water with no additive.

The resulting paper had the following characteristics:

Sample No 1 2 3 4 5 6
Grammage
g/m2 , 192 201 200 110 174 100
Dens%ty '
kg/m 740 800 760 635 820 605

Tensile Index
SCAN P16:76

Nm/g 16.0 20.0 17.3 50.7 10.5 31.4
Elongation

% 7.5 5.5 4.0 5.5 6.0 7.5

Ash Content
% 50 47 48 4 45 1
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The foregoing demonstrates the increase in strength
that results from the use of the binder of the invention
both with and without mineral fillers and also demonstrates
the increased retention which results from the use of the

"binder. From the amounts of binder employed relative to
pulp it can be seen that substantially all of the mineral
filler was retained in samples 1-3.

EXAMPLE VI

A slurry made of 2.0 g of Norwegian talc Grade IT

. Extra having a particle size ranging from about 1 to 5 jm,

8.0 g of water and 3.8 g of colloidal silicic acid (1.5% total

solids, specific surface area 480 mz/g) was added to a
stock consisting of 2.0 g of fully bleached soft wood
sulfate pulp and 500 g of water in a laboratory disinte-
grator. To the resulting stock 5.9 g of cationic starch
(2.4% total solids, d.s. = 0.033) were added. A sheet was
made in a laboratory hand mold and was pressed and dried.

A reference sample was made where 4.0 g of the
talc were added to 2.0 g of the pulp in 500 g of water,
but no binder was added, (The amount of talc is larger to
compensate for the poor retention so that the finished
sheet will have approximately the same mineral content as
the sheet made above with the binder).

, With binder Without binder
Grammage, g/m2 198 214
Density, kg/m> 825 715
Tensile Index 16.5 3.1
SCAN P1l6:76, Nm/g
Elongation, % 6.5 3.0
Ash content, % ' 48 51

It will be noted again, as in Example V, that the
strength characteristics are markedly better as is the
retention when the binder is employed with a talc mineral
filler.

EXAMPLE VII ,
In this Example, the binder system of the present

invention was added to different papermaking stocks to
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show that the invention is useful even in stocks containing

24

considerable amounts of non-cellulosic fibers.

As cellulosic fibers fully bleached soft sulfate
pulp was used, and as non-cellulosic fibers glass fibers
having a diameter of about 5 pm-and having been phenolic
resin treated were used. The colloidal silicic acid sol con-
tained silica particles with a specific surface area of
about 400 m2/g , and the silicic acid content of the sol was
originally 15% by weight, but the sol was diluted with wa-
ter to a silicic acid content of 1.5% by weight before it was
used in the binder system. The cationic starch used had
a degree of substitution of 0.02 and was used as a 2% by
weight solution.

The following stocks were made, the stocks 1 to 3,
inclusive, being comparative stocks: St

Cellulosic Glass Silicic Cationic Ratio
Stock fibers fibers acid sol starch starch/sol
g g g g

1l 1.6 - - - -
2 1.6 0.3 - - -
3 1.6 0.3 - 1.12 oo
4 1.6 0.3 . 0.187 1.12 8
5 1.6 0.3 0.372 1.12 4
6 1.6 0.3 0.496 1.12 3
7 1.6 0.3 0.744 1.12 2

From the seven stocks, hand sheets were made in a
laboratory hand sheet former, the resulting papers having
the following characteristics: '

Paper Grammage Density Tensile Z-strength Elongation

from 2 3 index (Scott Bond)

stock g/m kg/m Nm/g — 3
1 . 68 650 55 135 9
2 91 530 33 84 11
3 88 520 40 120 . 10
4 90 520 44 132 10
5 85 520 44 138 11
6 94 540 48 152 12
7 93 550 47 149 11
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As appears from the above, the Z-strength decreased
when glass fibers were added (compare stocks 1 and 2)
and then increased to about the initial value (compare
stocks 1 and 4) when silicic acid sol and cationic
starch both were added. The sheets made from stocks
5, 6 and 7 had higher Z-strength values than the sheets
made from stock 1 containing no glass fibers,
EXAMPLE VIII
A commercial trial run was made making a coated,

off~-set, supercalendered printing paper having a gram-
mage of 85 g/m . The machine employed was a twin wire
Beloit "Bel~Baie" machine having a capacity of about
10,000 kg/hour at a speed of about 600 m/min, The coat-
ing was accomplished "on=line" with 10 g/m2 of calcium
carbonate applied to each side of the sheet. The cellu-
losic fiber comprised 70% sulfate hardwood and 30%
sulfate softwood pulp both of which were fully bleached.
The pH of the white water was about 8.5.

In the operation of the machine which was employed,
the quality requiremehts for the paper produced by
it were very rigid. As a result, in normal operation,
a high proportion of thé finished coated paper, about
25%, is classified as "broke". Broke, is unsatisfactory

. paper which is recycled into the stock and is reformed

into a paper web. As a result, the stock to the machine
head box contains a large proportion of filler in the
form of reslurried coating from the broke, The propor-
tion of the broke is often as high as 50% of the solids
in the total stock. ' ,

The presence of the additional filler from the
broke constitutes a serious problem in normal operation
of the machine since its retention on the papermaking
wire is extremely poor and most of it finds its way
into the white water and eventually into the sewer.
Also, since the amount of broke always varies, the
filler content in the base sheet varies causing uneven
sheet properties with the result that there are numerous
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breaks in the paper web during production with attendant
loss of production:

Fig, 4 is a flow diagram indicating the general
operation which was employed in the run of this example
employing incremental additions of the colloidal silicic
acid in the process of the invention.

. In Mixing Tank No. 1, the two types of bleached
pulp which were typically used in the plant, i.e. the
70% sulfate hardwood and 30% sulfate softwood pulp,
both fully bleached, were mixed together with the slurried
broke. In order to compensate for varying amounts of
filler in the stock caused by differing amounts of
broke, arrangements were made to add a desired amount
of extra filler (calcium carbonate). At this point, .
the amount of extra filler added was dependent upon
the ash content which was measured continuously on
line in the base sheet and enough calcium carbonate
filler was added to maintain the level of ash in the
finished paper base sheet at 15% by weight of dry paper.

In addition, in Mixing Tank No, 1, there was added
in the form of an aqueous solution of colloidal silicic

acid containing 15% by weight Si0 in an amount equiva-

4
lent to 1.7 kg of'SiO2 per metriczton of dry base sheet
(prior to coating). The colloidal silicic acid sol
was stabilized with alkali with-a molar ratio of SiOZ:NaZO
of 45:1. The silicic acid had a particle size in the

range of from about 5-7 nm and a surface area of ap-

proximately 500 mz/g.

The materials were thoroughly mixed and were con-
ducted to Mixing Tank No. 2 where cationic starch was
added to the stock, in an amount equal to 10.2 kg of
cationic starch per metric ton of dry base sheet., The
cationic starch was prepared by treating potato starch
with 3-chloro-2~hydroxypropyl-trimethyl-ammonium chloride
to provide a degree of substitution (d.s.) in the starch
of 0.03. It was dispersed in cold water at a concen-
tration of about 4% by weight, heated for 30 minutes
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at about 90°C, diluted with cold water to a concentra-
tion of about 2% by weight and then added to Mixing
Tank No. 2.

After the cationic starch was thoroughly intermixed
the stock was conducted to Mixing Tank No. 3 wherein
a second increment of colloidal silicic acid sol, of
the type described above, was added to the stock in

an amount equal to 2.1 kg SiO, per metric ton of dry

base sheet, :

From Mixing Tank No. 3 the stock was fed into
the head box of the paper machine which was operated
at normal speeds to form the base sheet which was sub-
sequently dried, coated with a coating slip containing
calcium carbonate and calendered in the same manner
as before.

Fig. 5 graphically illustrates the effect of the
addition of the colloidal silicic acid and cationic
starch, as set forth above. The left hand side of the
chart shows the condition of the stock and the white
water in the commercial run prior to the addition of
the colloidal silicic acid and the cationic starch
as outlined above. As will be noted, the total solids
in the stock at the former or head box is approximately
15.5 g/1, of which approximately 8.5 g/l is fiber and
7 g/1 is ash. The base sheet produced from this stock
contained approximately 3 percent ash,

As appears from Fig. 5, the white water in the
commercial run before the addition of the colloidal
silicic acid and cationic starch, contained approximately
10.5 g/1 of solids, 6.0 g/1 ash, and 4.5 g/1 fiber,

The dramatic effect of the addition of the colloidal
silicic acid and cationic starch as outlined above,
is shown on the right hand side of FIGURE 5 where the
total solids in the head box decreased to approximately
6 g/1; slightly less than 5 g/1 fiber; and about 1.5 g/1
ash., The total solids in the white water dropped to
about 1 g/1; about, 0.5 g/1 fiber; and about 0.5 g/l
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ash, The base sheet contained approximately 15 percent
ash and, the machine breaks during operation were sub-
stantially less than in the commercial operation where
the sheet contained only 3 percent ash.

Test results showed that even though the finished
base sheet made, as outlined above, had an increased
amount of filler, i.e, from about 3 percent to about
15 percent which normally degrades the properties of
the sheet, the additional filler did not materially
decrease the strength properties or printing properties
of the paper. To the contrary, certain properties were
increased markedly. For example, Z-strength or inter-
nal bond strength measured by the Scott-Bond method
increased by 85 percent at the 15 percent filler level :
as compared to the 3 percent filler level in the commer-
cial runs. The IGT (Instituut Voor Grafische Techniek,
Amsterdam) surface picking resistance increased by
40 percent and the bursting strength increased by 40
percent.

During the trial, which extended over a several
week period, it was found that it was possible to add
much more broke to the stock than before, At one period
extending for about 16 hours, the entire stock was
broke. Further, with the addition of additional filler
material it was found that it was possible to maintain
15 percent filler in the base sheet over a two-week
period and that the resulting even level of ash per-

mitted an increase in the productivity of the paper

machine due to fewer breaks and a saving of fiber,

It was also found that the coupling of increased
retention and decreased head box consistency resulted
in a marked improvement in the drainage rate of the
stock on the wire., This, of course, means that an in-
crease in the machine speed is made possible, which
will even further enhance the productivity.

The retention of fibers and fines on the wire

in the papermaking machine was also greatly improved.
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Retention percentage is determined by dividing the
difference between the concentration of total solids

in the head box and the concentration of total solids
in the white water by the concentration of total solids
in the head box and multiplying by 100. Thus, on the
commercial run preceding the addition of the silicic
acid sol and cationic starch as outlined above, the
12:2212:3 & 100 or 32s.

As a result of the use of our process the percentage
of retention increased to about 83%(£=%:%=9 b4 1oq).

This high level of retention simplified white water

percentage of retention was

clean-up and disposal.
EXAMPLE IX '
To further demonstrate the advantages of the two-

-a

step operation, extended runs were made under various
conditions on the commercial machine described in
Example VIII. The results of these runs are set forth
in tabular form in the table below.

RUN 1 RUN 2 RUN 3

Grammage g/m2 85 85 85
Ash content % 17 28 24
Tensile index

machine direction

Nm/g 66.2 64,2 64.5

cross direction

Nm/g 21.7 22.5 26.8
Burst Strength

kPa 214 : 294 310
Surface picking
resistance IGT

top side 73.4 92 112

wire side 68.7 83 112
Internal bond

strength 2

Scott Bond J/m 225 506 525
Concentration

at head box

g/l solids 15.5 10.1 6.3
White water

concentration

g/l solids 10.5 5.2 1.2

Retention % 32.3 48.5 81.0
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Run 1 reflects the average operation of the machine
of Example VIII in making coated, supercalendered print-
ing paper over an extended period of time. The cellulosic
fiber comprised 70% sulfate hardwood and 30% sulfate
softwood, both fully bleached. Normal amounts of broke
were recycled. The base sheet was coated with 10 g/m2
of calcium carbonate per side.

Run 2 reflects the average operation of the machine
of Example VIII over an extended period in making coated,
supercalendered printing paper in which the same fiber
was employed and normal amounts of broke were recycled
in which the colloidal silicic acid employed was a
15% aqueous sol having the specifications set forth
in Example VIII, It was added' to Mixing Tank No..l '
at a level of 3.8 kg of 8102 per metric ton of dry
base sheet. Cationic starch was added in Mixing Tank
No. 2 at a level of 11.8 kg of cationic starch per
metric ton of dry base sheet, the cationic starch having
the specification as set forth in Example VIII and
the method of addition was as set forth in Example VIII.
No additions were made in Mixing Tank No. 3. The base
sheet after drying was coated on each side with 10 g/mz
of calcium carbonate. 7 '

Run 3 followed the procedure of Run 2 except that
the addition of the silicic acid sol was added in two
increments. There was added in Mixing Tank No. 1, 2.9 kg
of SiO2 per metric ton of dry base sheet. In Mixing
Tank No. 2 the cationic starch was added at a level
6f 13.7 kg of cationic starch per metric ton of dry
base sheet. In Mixing Tank No. 3 a second addition
of the silicic acid sol was added at a level of 1.5 kg
of SiO2 per metric ton of dry base sheet.

) EXAMPLE X
To further demonstrate the invention and the effect

~of various degrees of substitution of the cationic

starch component of the binder, two series of hand
sheets were made in a laboratory hand former using
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31
stocks which all contained the same type and amount

of colloidal silicic acid sol but which contained cationic
starches of various degrees of substitution (d.s).

The cationic starches used in this example were
prepared from two different base material starches
(A and B) to obtain the degrees of substitution mentioned
in the table below.

All stocks for making the hand sheets were prepar-
ed by mixing 1.09 g china clay (English China Clay
Grade C) with 2.72 g of a colloidal silicic acid sol
(1.5% total solids and surface area 530 mz/g) and adding
this slurry to a laboratory disintegrator containing
1.63 g of fully bleached softwood sulfate pulp in 500 ml
water. After mixing the components in the disintegrator
during 30 seconds, the relevant cationic starch was
added. The mixing was then continued for about 15 seconds
and then the stock was poured into the hand sheet former.

The degrees of substitution of the various
starches and the amounts of addition thereof
to the stocks as well as the properties of the hand
sheets made are shown in the table below.

The tensile index of the different sheets is graphi-
cally shown as a function of the amount of starch added
(calculated as a weight percentage of the sum of the
filler and fiber contents) in FIGURE 6 which clearly
shows that a lower degree of substitution (d.s.) neces-
sitates a larger amount of starch to bring about the
maximum strength (tensile index). Thus starch A having
0.033 'd.s. gives the maximum strength at about 3.5%
addition, while starch A having 0.020 d.s. gives the
maximum strength at about 4.3% addition. The same ten-
dency is true for starch B which at 0.047 d.s. gives
the best strength at about 4.2% addition and at 0.026 d.s.
gives the best strength at about 4.8%.

-
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EXAMPLE XI

This Example concerns the applicability of the
invention in producing light=-weight fine paper.

A series of trials were run on an experimental
paper machine to produce a light-weight fine paper
having a grammage of 75 g/mz. The paper stock fed to
the headbox of the machine consisted of 50% by weight
of fully bleached hardwood and 20% by weight of fully
bleached softwood sulfate pulp and 30% by weight of
filler. Two types of filler were used, a conventional
filler consisting of paper making chalk (CaCOB) and
a low=density filler consisting of expanded perlite
having a density of about 0.2 g/cm3 and a particle
size of 99% below 10 um. In a reference run (run A)
0.2% by weight of a polyacrylamide retention aid was
added to a stock containing Cacoé as the sole mineral
filler. In runs B through E the mineral filler was
changed successively from solely chalk via mixtures
of chalk and expanded perlite to solely expanded per-
lite. In all the runs of this example the amount of
binder added was the same, viz. 0.5% by weight of si~-
licic acid sol (specific surface about 500 mz/g) and
1.5% by weight of cationic starch (having a degree
of substitution of 0.03) calculated as solids in the
binder and based on the weight of the stock as a whole.

The results of the trial runs will appear from
the table below and from FIGURES 8A through 8G graphical=-
ly showing some of the results given in the table,
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Reference} According to inventio
A B C D E
CaCO3 gwt 30 30 25 15 -
Perlite gwt - - 5 15 30
Density kg/m> 630 645 | 610 | 570 | 500
Stiffness (SCAN P29:69)
machine direction mN 4,7 4,214.6}5.4]16.9
cross direction mN 2.8 2.5}13.213.0}14.4
Tensile index (SCAN Pl6:76) . )
machine direction 28 38 33 30 29
cross direction 15 22 20 19 20
Tensile energy absorption
machine direction J/m% 27 48 | 41} 35| 32
cross direction . J/m 18 37 30 25 23 §
iSurface picking resistance '
(Dennison wax pick)
top side 9 16 12 12 10
wire side 12 18 12 13 12

As will be seen from the table of this example
and from the graphs of Fig. 8A through 8G the binder
complex of the invention makes it possible to add sub-
stantial amounts of expanded perlite and still obtain
the same or even better properties of the paper product,

Figure 8A shows that the binder of the present
invention substantially improved the modulus of elasti-
city compared to the known additive (run A) both in
the machine direction (curve M.D.) and in the cross
direction (curve C.D.). In fact, the modulus of elasti-
city in runs C and D where the expanded perlite had
been added was higher than in reference run A and was
still at about the same level in run E as in run A
in spite of the complete replacement of the chalk filler
with the expanded perlite filler,

Figures 8B, 8C, 8E and 8F show that the same good
trend is obtained with regard to the tensile index,
the tensile energy absorption, the stiffness and the
surface picking resistance (expressed as Dennison wax

pick).
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Figure 8D shows the decrease of density obtained
by the replacement of the chalk mineral with the expand=-
ed perlite mineral.

Figure 8G shows the Bendtsen roughness number
(SCAN P-21) at different density levels of paper pro-
ducts. The curves for the reference paper (run A) and
for run B (chalk as the sole mineral using the binder
complex of the invention) were so close to each other
that they had to be drawn as a single curve in the
chart. As appears from the chart, the inventive binder
complex and the expanded perlite filler in high propor=-
tions made it possible to obtain smooth papers (low
Bendtsen numbers) at low densities.

EXAMPLE XII

This Example shows that the invention is useful
for producing special papers from stocks which contain
both cellulosic and non-cellulosic fibers and which
are extended with mineral fillers, specially good re-
sults being obtained when using low-density mineral
fillers as extenders.

Three different stocks were used, All the stocks
contained 50% by weight of fully bleached softwood
sulfate pulp, 20% by weight of mineral fibers (mineral
wool fibers), 1.43% by weight of colloidal silicic
acid sol (specific surface area about 500 mz/g) and
3.57% by weight of a cationic starch (degree of substi=-
tution-0.03). The remaining 25% by weight of the stock
consisted of either chalk or expanded perlite or a
mixture thereof. All the percentages are calculated
as dry solids and are based on the stock as a whole.

When preparing the stocks to be formed on a labo-
ratory hand sheet former the silicic acid sol was used
as a 1.5% solution and the cationic starch as a 1%

solution. In preparing the stocks for samples A and

C the mineral filler (solely chalk and solely expanded
perlite, respectively) was initially slurried in the
silicic acid sol solution. In preparing the stock for
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sample B the mineral fillers (15% chalk and 10% expanded
perlite) were initially mixed and then slurried in

the silicic acid sol solution. In all three cases the
mineral-sol-slurry was added to the premixed mineral
fiber-sulfate pulp in 500 ml water in a laboratory
disintegrator. After 30 s mixing time in the disintegra-
tor the different sheets were formed on the hand sheet
former and pressed at a pressure of 5 kg/cmz. The pro=-
perties of the dried papers will appear from the table
of this example.

%ample A B C
cellulosic fiber twt 50 50 50
mineral fiber swt 20 20 20 ‘
chalk gwt 25 15 0
txpanded perlite gwt 0 10 25
inder
silicic acid sol gwt 1.43 1.43 1.43
cationic starch swt 3.57 3.57 3.57
grammage g/m2 315 325 - 320
fthickness mm 0.62 0.72 0.77
density kg/m3 510 450 415
ensile index Nm/g 12.6 12.9 11.7
longation % 6 6 6
tiffness N 0.275 0.328 0.284
sh content $ 45.1 46.8 45.1
etention, based on
ash content % 97.0 100 97.0

The samples A, B and C show that it is possible to
replace some or all of the chalk filler with an expanded
perlite filler to lower the density, still keeping
the other properties at about the same level as with
chalk as the sole mineral extender or filler., It is
to be noted that the retention calculated on the ash
content was almost 100% in all samples, which is high
considering that the retention of the expanded perlite
filler is low when the binder complex of the present
invention is not used.
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EXAMPLE XIII

This Example concerns the clarification of white
water from a twin wire papermaking machine making wood-
free coated paper. White water samples were taken from
the normal production run of the papermaking machine and
were analyzed for solids content and kinds of solids. The
solids content was 7 grams/liter, and about 60% by weight
of the solids consisted of china clay and chalk.

To the samples of white water different amounts of
cationic starch and silicic acid sol were added. The cationic
starch having a degree of substitution of 0.033 was used
as a solution containing 4% by weight of the starch. The
colloidal silicic acid sol had a particle size of about 6 nm,

t

a specific surface area of about 500 m2/g and a silicic
acid concentration of 15% by weight,

In each test in the Table below, 500 ml of the white
water were poured in a beaker and the indicated additions
of silicic acid sol and cationic starch were made. The contents
of the beaker were vigorously agitated and the agitation
then stopped. After the time lapse indicated, 20 ml tur-
bidity test samples were taken by means of a pipette 5 mm
below the surface of the contents in each beaker. The
turbidity testing was performed according to Swedish
Standard SIS in a turbidity tester (Hach model 2100a)
giving the result in Formazin Turbidity Units (FTU). The
lower-the units, the better was the clarification obtained.

The additions to the white water samples and the
test result appear from the Table below.
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white 4% starch 15% silicic Weight Addition™ Turbidity
water solution acid sol ratio (dry weight) FIU after

38

Test ml g g R % 15 s 1 min 5 min
1 500 - - - * *® 900
2 500 1.75 - o 2 ¥ * 550
3 500 1.17 0.15 2 2 ¥ 580 270
4 500 2.93 0.39 2 5 # 100 91
5 500 5.85 0.78 2 10 23 18 17
% = not measurable, more than 1000 FTU
## = the addition is calculated,on the one hand,on the dry
weight of added cationic starch and added silicic acid sol
and, on the other hand, on the 3.5 grams of solids '
appearing in the 500 ml sample of white water.
R = weight ratio of cationic starch to silicic acid sol

The results presented in the Table of this Example
demonstrate that the addition of the binder according
to the present invention to white water results in
a higher settling rate of the solids in the white water
and thus in a decrease of turbidity. The results also
show that an almost clear white water was obtained
in test 5 which is a substantial improvement over the
untreated white water in test 1.

EXAMPLE XIV
This Example concerns the clarification of white

water from a combined board and printing paper mill.

Wﬁite water samples were taken from the mixed white waters
from the mill and were analyzed for solids content and
types of solids., The solids content was 1.1 g/1 and

about 25% of the solids was pigment (mainly china clay).
A number of tests were made to determine the settling
rates and the turbidity of the white water when treated
with PERCOLCD 1697 (a typical example of agents for

white water treatment) and with a binder according

to the present invention comprising a silicic acid

sol and a cationic starch.
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The settling rates were determined by using a
graded conical funnel having a diameter of 110 mm at
the wide top end and a height of 400 mm and being graded.
To 1200 ml samples of the white water there were added
a silicic acid sol and a cationic starch under vigorous
agitation. The samples were then poured into the graded
funnel and left standing while the interface between
an almost clear upper phase and a lower turbid phase
gradually sank. The time for this interface to pass
every 50 or 100 ml mark on the funnel was noted, and
the settling rates calculated were plotted in FIGURE 7.

The almost clear upper phase was nearly free
from flocks but was opalescent due to various amounts
of fines and pigment particles. For this reason, the
turbidity was measured, using a sample taken from the -
top of the funnel well above the interface 15 minutes
after pouring the sample into the funnel, Samples from
the funnel were also taken for ‘determining the solids
content of the white water after this settling time.

The turbidity was measured according to Swedish
Standard SIS in a turbidity tester (Hach model 2100 A)
giving the result in Formazin Turbidity Units (FTU).
The lower the FTU figures, the better is the clarifica-
tion. The test results are tabulated below together
with the solids content of the clear phase and the
settling rates. The settling rates given.in the table
were calculated from the straight lines between the
levels 200 ml and 600 ml in FIGURE 7,

A reference test using no additive was made
and the settling time determined and plotted (Sample A)
shown in FIGURE 7.

A comparative test series was made using PERCOL<>
1697 as an additive (0.5% solution). To 1200 ml white
water additions of 2 ml, 1 ml, 0.8 ml, 0.6 ml and 0.4 ml,
respectively, of the 0.5% solution of PERCOL 1697
were added, and then the settling times were determined.
With this additive the 0.6 ml addition gave the best
result (Sample B shown in FIGURE 7).
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Then tests using the binder according to the
present invention were performed. The additions of
silicic acid sol and cationic starch were varied in
this test series and so was the weight ratio (R) between
the starch and the silicic acid sol. Two of the best
results were obtained with the addition of 3.7 g of
a 2% solution of cationic starch with a degree of
substitution of 0.047 and 3.3 g of a 1.5% solution
of silicic acid sol (sample C) and with the addition
of 2.5 g of a 2% solution of cationic starch with a
degree of substitution of 0,047 and 1.65 g silicic
acid sol (sample D). The weight ratio (R) of starch:SiO2
was 1.5:1 for sample C and 2.0:1 for sample D, and
in both cases the silicic acid sol used was an alkali :
stabilized silicic acid sol having a specific surface
area of about 500 m2/g and the original concentration
of 15%, although diluted to 1.5% concentration before

use,
The results for samples A-D appear from the follow-
ing table:
Sample Turbidity Solids Settling Degree of
after 15 min content rate clarification
FTU mg/1l ml/min
A 80 580 340 52
B 38 320 400 73
(&4 23 280 - ] 77
D 20 270 690 78

. ;
solids content in the "clear phase" divided by the
initial concentration 1100 ml/g

As will appear from the table, the best results
are obtained when using the invention, i.e. samples
C and D, especially the latter.
" As will be seen from the foregoing, the use of
a colloidal silicic acid-cationic starch binder complex,

especially a complex in which the colloidal silicic
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acid component is added incrementally, a portion being
added after the initial agglomerate is formed, makes
possible substantial economics in the papermaking process
as well as a unique paper product. By using the binder
system in connection with pulp stocks alone, the strength
characteristics can be improved to the point that mecha-
nical pulps can be substituted in substantial propor-
tions for chemical pulps, while still maintaining the
strength and other properties desired. On the other

hand, if specific strength characteristics are required,
the grammage ©Of the sheet may be reduced while maintain-
ing the desired properties.

Similarly, a mineral filler may be employed in much
larger proportions than heretofore used while maintaining
or even improving the characteristics and properties of
the sheet. Or in the alternative the properties of a sheet
containing filler may be enhanced.

In addition, the use of the binder system results in

‘increased retention of both minerals and fines so that

white water problems are minimized. As indicated, the
system disclosed herein can also be used to advantage to
agglomerate solids in white water to facilitate its dis-
posal or reuse.

Further, because of'the ability to reduce the
grammage of a sheet or to increase the mineral content,
it is possible to reduce the energy required to dry the
paper énd to pulp the wood fibers since less fibers can be
employed. Also, the increased rate of drainage and the
highér retention on the wire make possible higher machine
speeds.

In addition, the binder complex makes it possible
to reduce the solids content of the white water and thus
to reduce the environmental problems also in papermills
not using the binder complex of this invention as an
additive to the stock per se. The binder system thus

r
s



. 0041056

improves the recovery of solids in the white water and
improves the economy of the entire papermaking process.

While a preferred embodiment has been shown and
described, it will be understood that there is no intent
to limit the invention by such disclosure, but rather, it
is intended to cover all modifications and alternate con-
structions falling within the spirit and scope of the
invention as defined in the appended claims.
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CLAIMS

l. A papermaking process in which an aqueous
papermaking stock containing a cellulosic pulp is formed
and dried, characterized by incorporating
into the stock prior to the formation of the sheet a
binder comprising colloidal silicic acid, and cationic
starch having a degree of substitution of not less than
0.01, preferably from about 0.01 to about 0.05 and most
preferably from about 0.02 to about 0.04, the weight ratio
of cationic starch to Sio2 being between 1:1 and 25:1,
preferably between 1.5:1 and 10:1, and most preferably
between 1.5:1 and 4.5:1. ‘

2, The process of claiml, characterized
in that the colloidal silicic acid is provided as a collo-
idal silicic acid sol having silica particles with a sur-
face area of about 50 to about 1000 mz/g, preferably from
about 300 to about 700 mz/g.

3. The process of claim 1 or 2, character -
iz ed in that the pH of the stock is maintained between
about 4 and about 9.

4. The process of claim 1, 2 or 3, charac-
terized in that the solids in the binder amount to
0.1-15%, preferably 1.0-15% of the weight of pulp.

5. The process of any one of claims 1-4, ¢c har -
acterized in that the aqueous papermaking stock
contains a cellulosic pulp and a mineral filler material.

6. The process of claim 5, character -

i 2z ed in that the amount of cellulosic pulp in the
stock is adjusted to give a finished paper containing at
least 50% by weight of cellulosic fibers.

7. The process of claim 50r 6, character -
i zed in that the solids in the binder amount to from
about 0.5 to 25%, preferably from about 2.5 to 15% by
weight based upon the weight of the mineral filler.
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8. The process of claim 5, 6 or 7, char ac -
terized in that the colloidal silicic acid is
added to and mixed with the mineral filler prior to
incorporating the mineral filler into the stock and
the cationic starch is mixed with the pulp and filler
colloidal silicic acid mixture.

9. The process of any of claims 1 to 7, c har ac -

terized in intermixing'in the stock a portion

of the colloidal silicic acid, thereafter intermixing

the cationic starch in the stock containing the initial

portion of colloidal silicic acid, and, after an agglome-

rate has formed, adding and intermixing the remainder

of the colloidal silicic acid in the stock prior to

the formation of the sheet. '
10. The process of claim 9 wherein between about

20 and about 90 percent, preferably between about 30

and about 80 percent of the colloidal silicic acid

is added to the stock to form an agglomerate and the

remaining portion of the colloidal silicic acid is

added after the formation of the agglomerate.

1l. An improved paper product containing cellulosic
fibers, preferably in a content of at least 50% by weight
of the paper product and characterized by enhanced strength
characteristics, wherein the bond between the cellulosic
fibers is enhanced by a binder comprising a complex of a
colloidal silicic acid and cationic starch having a degree
of substitution of not less than 0.0l1, preferably from about
0.01 to about 0.05 and most preferably from about 0.02 to
about 0.04, and wherein the ratio of cationic starch to
SiO2 is between 1l:1 and 25:1, preferably between 1.5:1 and
10:1, and most preferably between 1.5:1 and 4.5:1.

12. A pépermaking process in which an aqueous paper-
making stock containing cellulosic pulp is formed and dried,
characterized in that the white water from the
papermaking process is treated with a binder comprising
colloidal silicic acid, and cationic starch having a degree
of substitution of not less than 0.01, preferably from )
about -0.01 to about 0.05, and most preferably from about 0.02
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to about 0.04, the weight ratio of cationic starch

to SiO2 being between 1l:1 and 25:1, preferably between
1.5:1 and 10:1, and most preferably between 1.5:1 and
4.5:1 and the amount of said binder added to the white
water for treating same being from about 1 to about
20% by weight, preferably from about 2 to about 10%

by weight, based upon the dry weight of solids in the
white water and the dry weight of said binder.

13. A papermaking process in which an aqueous
papermaking stock containing a cellulosic pulp is formed
and dried, to be performed substantially as hereinbefore
described and claimed with particular reference to
the accompanying drawings.

14, An impfoved paper product containing cellu-
losic fibers, substantially as hereinbefore described
and claimed with particular reference to the accompa-

nying drawings.
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