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This invention relates to a  beater saturation process.
More particularly, the invention relates to 2’ process of
producing saturated fibrous materials in which the fibers
are dispersed in an aqueous slurry; a rubber latex is added,
and a complex .of a water-soluble aluminum salt and a

water-soluble polycarboxylic acid is provided to coagulate °

the solids'content of the latex onto the fibers as a binder.

Compositions containing fibrous material and binders
such ‘as rubber are produced in a number of ways. At the
present time, probably ‘the most widely employed method

of producing such material is one which includes forming ¢

. asheet of fibrous material such as a kraft paper sheet on
conventional papermaking equipment.  This paper sheet
is then passed through a bath containing a rubber: latex,

thereby coating ‘and/or:saturating the sheet to obtain the .
rubbér-fiber composition. ~ Another method which is em-

ployed includes coating a sheet prepared by conventional
papermaking methods with a heavy paste containing rub-
ber. The coating is normally applied by means of a doc-
tor blade or similar applicator. - ' :

More recently there has'been developed a process
known- as the “bedter saturation process,” which includes
depositing the solids. content of a rubber latex upon'the
fibers while contained in a slurry, and thereafter forming

" a sheet from the thus coated fibers by means of conven-
tional papermaking techniques.’ This, process offers nu-
merous -advantages. over those discussed above, .as' im-
proved physical properties may be obtained, such as high
tensilé strengths and the like, with lesser quantities of rub-
ber than are employed in the processes wherein, a. sheet
is first formed and then coated or saturated to: produce
the rubberized fiber composition in which the distribution
of rubber will be perfectly even from one surface of the
sheet to the other. In addition; the production of rubber-
fiber compositions by the beater saturation technique may
be practiced with fewer steps than the methods ordinarily
employed. . For instance, in the manufacture of paper it
is necessary to form a slurry; and, when following the
beatsr saturation method, the rubber is deposited on. the
fibers while in the form of a slurry, thereby eliminating
the necessity of additional equipment which is required. in
the methods including the step of coating or saturating a
sheet of fibrous material. .

‘The beater saturation process broadiy comprises form-
ing an aqueous. slurry of papermaking fibers, which may
be. either inorganic . fibers.such as  asbestos or .organic
fibers such .as kraft fibers, and adding t6° the resulting
slurry a rubber latex. which, in the early days of the prac-

“tice of this process, was normally -a natural rubber latex
but which in more recent times has been.any one of the
synthetic- rubber latices such as the produgct’ obtained by
the - emulsion - polymerization of buatdiene and " acrylo-

nitrile, the product obtained by the emulsion polymeriza--

tion of butadiene and ‘styrene, the product obtained by

the emulsion polymerization of chloroprene, and the like.-

The latex is then coagulated by addition of coagulating
agents such as alum, mineral acids, and the like.

" ‘While considerable work has been'done in the develop-
ment of the beater saturation process and a certain amount
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of success has been realized in'the production of rubber-
fiber compositions icontaining a comparatively low pro-
portion of binder such as rubber or resin, considerable ‘dif-
ficulty has been experienced in attempting to produce ma-
terial containing a high percentage of binder. The chief

< difficulty in the practice of this process; particularly when
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dealing with the production of material having a high per-
centage of binder, has been the inability to duplicate. re-
sults. ~For instance, under -one set of conditions there
may be several sheets produced of-the desired character-

- istics, '‘and later in the same run using substantially identi-

cal conditions, sheets are produced having such a large
difference in properties that they cannot be used for the
same purposes- as .the sheets originally produced in the
run. In fact, in some instances the fibers: cannot be
formed into a sheet: : : :
Much thought has been given to the solution of these
difficulties and various agents have been added. to the
slurry  at various stages of the saturation process. - For
example, agents known as protectives for the latex have
been added as it has been bélieved by many workers in
the field that the variance in results is caused by too rapid
precipitation of the latex, resulting in-the production of
comparatively large masses of rubber solids which fail to
deposit on the fibers.  The materials which have been

. so employed are well-known wetting agents, such as those

polar compounds containing a characteristic sulfate, sul-
fonic, and/or sulfonate group. To mention all of these
materials would require an unnecessary amount of space
and, -therefore, I shall mention only the more widely-

- known materials, such as sodium lauryl sulfate, sulfonated
- castor oil, aromatic sulfonates, sodium salts of sulfo suc-
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cinic acids, isobutyl naphthalene sulfonate, the products
obtained" by condensing: beta -naphthalene sulfonic 'acid
with isopropyl alcohol, and the like. Although improved
results have been obtained by the use of such protective
agents, there is still: considerable difficulty experienced in
duplicating the final material so.as to obtain a uniform
product. Ve L - '

It was “also’ believed possible to improve on the results
obtained by utilizing wetting and/or- dispersing agents of .
the ‘type ‘described above by -pretreatment: of the-fibrous
material with polyvalent metal salts. There are many
patents disclosing such a pretreatment and all of these:
generally show preference for the use- of ~aluminum
chloride.” Here again, further improvement was experi-
enced, but again the problem of producing uniform ma-
terial was not solved. :

1 have found that the rubber latices employed as binders
in the beater saturation process may be coagulated onto
the fibers by providing in the slurry a reaction product of
a wateér-soluble aluminum salt and a water-soluble poly-
carboxylic acid which functions as a coagulating agent
and results in deposition of the solids content of the rub-
ber latex onto the fibers in such a manner that the result-
ing slurry of coated fibers may be readily formed intc a
. While I do not intend to be limited by any theory ex-
pressed herein, the water-soluble aluminum salt apparently
reacts with carboxylic acid groups.to form a water-soluble
complex having a-low jonization constant. - Thus, alumi-
num jons are supplied to the slurry at a definite low con-
centration that is maintained -at-a constant level during

- the -entire coagulation, thereby. coagulating - the latex
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slowly to obtain even deposition upon the fibers.

" The fibers which may be used in the practice of my in-

vention may be papermaking fibers, such as cotton linters,

.. kraft-fibers, wool fibers, asbestos fibers, and mixtures .of
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such fibers. From the above, it can be seen that the proc-
ess may be used to produce sheet material from organic’

fibers and mineral fibers, as well-as mixtures of such ma-

terials;  If desired, finely-divided solids may be present
in the slurry; for example, cork particles can be used to
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produce.a resilient material composed of cork and fibrous
materials. .Such materials are particularly useful in the
production of gaskets

The binder used in the practice of my invention may
be any of a number of synthetic :rubbers. . Typical of
these ‘materials are: the product known as GR=S, which
is a-copolymer of butadiene and styrene containing about
50% o 70% ‘butadiene; Hycar, which is a'copolymer of
butadiene and acrylonitrile contammg about 60% to 80%
butadiene; and neoprene, which is-a pelymer.of 2-chloro-
butadiene-1,3. = ¥ .desired, homapolymers .of butadiene
may be-employed in the ploductlan of beater saturated
materials, as well as homopolymers and/or copolymers
of -butadiene hamologues, such as isoprene. These ma-
terials. can be ;generically designated .as synthetic rubbers,
and ‘more suecxﬁcally designated .as rubberlike polymers
of ‘butadiene, :isoprene, and chloroprene, and rubberlike
cepolymers ef butadiene or isoprene with copelymerizable
vinyl compounds such as styrene and acrylomtrlle If
desired, the rubberlike binders may be employed in con-
;uncnon with other binding:material such as asphalt emul-
sions and the like.

The coagulating agents employed .in ‘the practice of
my invention are complexes of aluminum salts and car-
boxylic acid -radicals provided by water-soluble poly-
carboxylic acids. To obtain these coagulating agents, a
water-soluble aluminum salt, such as aluminum chloride,
aluminum sulfate, .and the hke is reacted with .a water-
soluble rxmycarboxyhc acid, such as dlccxrboxyhc acid, for
example, oxalic, maleic, malomc succinic, glutaric, adipic,
- pimelic, tartaric -and the like, .and water-soluble tricar-
boxylic acids for.example, citric acid and the like. In
addition te the water-soluble polycarboxylic acids, water-
soluble salts .of such acids may be employed in produc-
ing the coagulating -agent. Of course, the anhydrides .of
the acids may be used when they are avallable Examples
of water-soluble salts are the alkali metal salts such as
“ sadinm, potassium, and lithium salts, and the like. From
the abeve it can be seen that the coagulatmg agents em-
ployed in ithe practice .of :my invention are reaction prod-
ucts .of ‘water-soluble aluminum salts and one" of the
_group consisting .of water-soluble polycarboxylic acids-and
salts thereof. As used herein, the term “polycarboxylic
acid” -is intended to embrace the anhydndes of the said
_acid.

. The reactmn between the aluminum and. selected or-
gamc acid radical is a complex one, and apparently is
not normal-double decomposition. Therefore, these. ma-
terials are referred to as complexes as mdlcated above.
To produce the desired results in accordance with the
practice of my invention, the full masking effect of the
organic acid radical seems to be cbtained when about 0.6
of an equivalent weight is used for each equ;ivalent ‘weight
of aluminum salts. Generally speaking, I prefer to .em-

ploy at least:0.7 of an equivalent weight of polycarboxyhc

" acid for each equivalent weight of aluminum salt in the
production of ‘the coagulating agent. Of course, higher
quantities may be used, but have little additional maskmg
effect.

The amount of water in the. coagulating solution ap-

) parently has little if any effect on the action except to
increase the total velume of solution necessary for com-
plete. congulation .as the dilution increases. Generally
speaking, particularly advantageous results have been ob-
tained when- the solutions contain between abeut 10%
mnd' 15% so‘lids cen’ccntration One ‘method of obtam-

' alum and pol_ycarboxylxc acid and.mlx the two sohruons

in the desired ratio. Generally speaking, sufficient solu-

tion is provided in the slurry of fibers to yiéld. about 2%
to about 209% by weight of complex solids based on the ;

weight of binder sclids.

. In-accordance with one embodlment of my invention,

) 'the fibers, for example kraft paper fibers, are- suspended
in a slurry-and a synthetic rubber latex; such as GR-§
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latex, is added thereto. After addition of the rubber
latex, a solution of the reaction product of the water-
soluble  aluminum salt and the water-soluble polycar-
boxylic acid is added to the slurry of fibers and latex.
Upon agitation of the resulting slurry, the rubber con-
tent of the latex is coagulated and deposited upon the
fibers. The resulting slurry of coated fibers is then
formed into a sheet on conventional papermakmg equip-
ment.

In another embodiment of my invention, the reaction
product is formed in situ. In this embodiment, the slurry
of fibers is formed and -the aluminum salt is added to
the slurry, followed by addition of the - polycarboxylic
acid or salt thereof.- The resulting reaction product is
formed substantially immediately, and after formation
thereof the rubber latex is added.. Upon agitation of the
resulting slurry, the solids-content of the latex is coagu-
lated upon the fibers. The resulting slurry of coated fibers
is then formed -into -a sheet in the usual manner.

My invention may be more readily understood by refer-
ence to -the fellowing specific -examples, which are given
by way of Lllustratxon and not by limitation.

Example 1

75 parts by weight .of rag fiber and 25 parts by weight
of:cork dust were mixed in 4,000 parts by weight of water
with a high speed- agitator. A mixture containing 39.5

) parts by weight of GR-S Ne. 3 (butadiene-styrene rubber-

like copolymer) and 25 parts by weight asphalt in the
form of a mixture of the GR-S latex and asphalt emulsion
was added tothe slurry. Thereafter a 10% solution con-
taining 10 parts by weight of a reaction .product .of
aluminum- sulfate and sodium citrate was added to the
skurry, and upon agitation the solids content of the binder
dispersion was -deposited upon the fibers. The resulting
sturry of coated fibers was then formed into a sheet on
convenuonal equipment..

Example I

75 parts by weight of rag fiber and 25 parts by weight
of -cork dust were -dispersed in 4,000 parts by weight of
water. -3 parts by weight.of a 10% solution of Tanol N
(an alikyl aromatic sulfonate) were mixed with 79 parts
by weight of a GR-S'No. 3 latex containing 38% solids,
and the resulting mixture added to the fiber slurry. 15
parts by weight of a 10% solution of the reaction product
of aluminum sulfate and sodium citrate were added to
the slurry, and upon agitation the solids content of the
latex was. completely coagulated onto the fibers. The
resulting shurry of coated fibers was formed into a sheet.

Example 111

75 parts by weight of rag fiber and 25 parts by weight
of cork dust were. dispersed in 4,000 parts by weight of
water. 50 parts by weight of a 10% solution of a reac-
tion product of aluminum sulfate and sodium citrate were
added to the resulting slurry. A mixture containing 3
parts by weight of Tanol N (10% solution) and 79 parts
by weight of a 38% solids GR-S No. 3 latex was added;
the resulting slurry was agitated to deposit the rubber
content of the latex onto the fiber. The slurry of coated
fibers was formed into a sheet;

‘By varying the fibers, latices, and/or the proportions
of the materials, I am abie to produce:sheet material hav-
ing widely varied characteristics. - The materials which
may - be ‘produced in accordance with my invention may
be used in a variety of applications. For example, they
may be used in the manufacture of loom binder cover-
ings and various parts for textile machines; as shoe leather,
particularly scling material; in the preparation of mold-
ing compounds for the manufacture of washers, seals,

. brake linings, .clutch facings, and the like; as cushioning

material, for example, rug cushions, upholstery backigg,
panel board backing, and the like; as backing for linoleum
and -other floor and wall coverings; as gaskets; and as
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artificial. leather, such as book covers, luggage, and the
like.

I claim:

1. The method of making fibrous sheet material con-
taining a synthetic rubber binder comprising forming a
slurry containing papermaking fibers, a synthetic rubber
latex, and about 2% to about 20% by weight based on
said binder of a coagulating agent which is a water-
soluble reaction product of relative proportions of about
1 equivalent weight of a water-soluble aluminum . salt
and at least about 0.6 equivalent weight of a compound
selected from.the group consisting of water-soluble alpha-
omega, carbon chain, aliphatic polycarboxylic acids and
water-soluble salts thereof, agitating the resulting slurry
to coagulate the solids content of said latex onto said
fibers, and forming the slurry ‘of coated fibers into a sheet.

2. The method according to claim 1 wherein said latex
comprises  butadiene-acrylonitrile copolymer latex.

3. The method according to claim 1 wherein said latex
comprises a synthetic rubber latex obtained by the emul-
sion polymerization of butadiene with styrene.

4, "The method according to claim 1 wherein said latex
comprises a synthetic rubber latex obtained by the emul-
sion polymerization -of chloroprene. :

5. The method according to claim 1 wherein said poly-
carboxylic acids comprise. dicarboxylic acids.

6. The method according to claim 1 wherein said poly-
carboxylic acids comprise tricarboxylic acids.

7. The method of making fibrous sheet material con-
taining a synthetic rubber binder comprising forming a
slurry containing papermaking fibers, a synthetic rubber
latex, and about 2% to.about 20% by weight based on
said binder of a coagulating agent which is a water-
soluble reaction product of relative proportions of about
1 ‘equivalent weight of a water-soluble aluminum  salt
and at least about 0.6 equivalent weight of sodium citrate,
agitating the resulting slurry to coagulate the solids con-
tent of said latex onto said fibers, and forming the slurry
of ‘coated fibers into a sheet. :

8. The method of making fibrous sheet material con-
taining a synthetic rubber binder comprising forming a
shurry containing papermaking fibers, a synthetic rubber
latex, and about 2% to about 20% by weight based on
said binder of a coagulating agent which is a water-
soluble reaction product of relative proportions of about
1 equivalent weight of a water-soluble aluminum salt
and at least about 0.6 equivalent weight of sodium tar-
trate, agitating the resulting slurry to coagulate the solids
content of said latex onto said fibers, and forming the
slurry of coated fibers into a sheet.

9. The method of making fibrous sheet material con-
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taining ‘a synthetic rubber binder comprising forming a
slurry containing papermaking fibers, adding to said slurry
a butadiene-styrene copolymer latex, adding to the re-
sulting slurry about 2% f{o about 20% by weight based
on said latex of a coagulating agent which is a water-
soluble reaction product of relative proportions of about
1. equivalent weight of aluminum sulfate and 'at least
about 0.6 equivalent weight of sodium tartrate, agitating
the resulting slurry, thereby causing the solids content
of said latex to deposit onto said fibers, and forming the

- resulting slurry of coated fibers into a sheet.
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10. The method of making fibrous sheet material con-
taining a synthetic rubber binder comprising forming a
slurry containing papermaking fibers, adding to said slurry
a butadiene-styrene copolymer latex, adding to the:re-
sulting slurry about 2% to about 20% by weight based
on said latex of a coagulating agent which is a water-
soluble reaction product of relative proportions of about
1. equivalent weight of aluminum suilfate and at least
about 0.6 equivalent weight of sodium citrate, agitating
the resulting slurry, thereby causing the solids content
of said latex to deposit onto said fibers, and forming the
resulting slurry of coated fibers into a sheet.

11. The method of making fibrous sheet material con-
taining a synthetic rubber binder comprising forming a
slurry containing papermaking fibers, adding to said slurry
a butadiene-acrylonitrile copolymer latex, adding fo the
resulting slurry about 2% to about 20% by weight based
on said latex of a coagulating agent which is a water-
soluble reaction product. of relative proportions of about
1 equivalent weight of aluminum sulfate and at least
about 0.6 equivalent weight of sodium citrate, agitating
the resulting slurry, thereby causing the solids content
of said latex to deposit onto said fibers, and forming the
resulting slurry- of coated fibers into a sheet.
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