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xM,0:Al1,0,:ySi0,:zH,0
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3. An alkali metal alumino-silicate comprising altered
kaolin clay platelets integrated with one or more
adjacent areas of essentially amorphous alkali metal
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a composition in terms of mole ratio of oxides as
follows:

xM,0:A1,0,:¥S1i0,:2zH,0
where M is sodium or potassium, x is the number of moles
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number of moles of Si0, in the SAMS composition and is an integer
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metal alumino-silicate products have attenuated kaolin peaks in x-ray
diffraction patterns from the kaolin remnants in the compositions, and

have the characteristic physical features shown by TEM Figures 18-23
and 43, o

10. A method for the production of unique SAMS
compositions as defined in claim 1 which comprises
reacting kaolin clay (C) with an alkali metal silicate
base (B) in B/C molar ratios of 0.25 to 5.0 in an aqueous
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of elevated pressure within the range 50 psig to 360 psig
and temperature within the range 140°C to 250°C.
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(57) Abstract

A family of novel and unique synthetic alkali metal alumino-silicates (SAMS) are produced by the hydrothermal
reaction between kaolin clay and alkali metal silicates. The integrated composition of the SAMS products is a unique enti-
ty having an overall compesition of xM20:Al,03:ySi0,:2H,0 where x is the number of moles of alkali metal oxide and is
an integer from 0.01 to 2.0, M is an alkali metal, y is the number of moles of SiO, in the unique SAMS composition, and z
is the number of moles of bound water and is an integer ranging rrom 1.0 to 5.0. The composition essentially comprises al-
tered kaolin clay platelets with an integral rim or protuberance of essentially amorphous alkali metal-silicate-kaolin reac-
tion product. The unique SAMS compositions are structured materials in which the structure can be controlled, and are
therefore useful as functional fillers, as TiO, extenders, as silica extenders or as reinforcing agents for paper, pamt rubber,
[ plastlcs and specialty products .
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SYNTHETIC ALKALI METAL ALUMINO-SILICATES, METHODS
AND USES, COMPOSITIONS AND THEIR METHODS OF PREPARATION

CROSS REFERENCE TO RELATED APPLICATIONS

This application i5s a continuation-in-part of Serial No.
875,128, filed June 17, 1986,

FIELD OF THE INVENTION

This invention relates to novel and unique aynthetic alkali

metal- alumino~silicate (SAMS) compositions and, more particularly, to

synthetic alkali metal alumino-silicates produced by the hy-rothermal -

reaction of kaolin clays and alkali metal silicates. The preferred
method entails the hydrothermal treatment of an aqueous dispersion of

a clay pigment with an alkali metal silicate at mclar ratios of alkali

metal silicate base (B) to clay (C) of less than 1.8, but SAMS

~compositions and mixtures of SAMS and zeolites can be formed at B/C

ratios greater than 1.8, The SAMS composiﬂons have specific

advantages as reinforcing extenders or functional pigments for paper, i

paints, rubber and polymer systems among its many uses. The SAMS
compositions are particularly useful in paper filling compositions and
in paper coating compositions.

BACKGROUND OF THE INVENTION

Alkali metal silicate materials, such as sodium alumino-

silicates, are well known. Broadly spesking, there are two kinds of

~alkall metal alumino silicate materials kr.ovm‘ in the prior act--the

natural and the aynthetic alkali metal alumino-silicates.
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The alkall metal alumino-silicates known as natural

reolites are mined products which are crystalline ig nature, Synthet-

ic alkali metal alumino-silicate products are either amorphous or

crystalline reaction products. The crystalline synthetic alkal{ metal

alumino-silicates are also called asynthetic zeolites. Various types

of amorphous synthetic alkali metal alumino-silicates are known as

well as synthetic silicas and alumino-silicates.

In order to fully appreciate the present invention it is
necesaary to draw the appropriate distinctions between the unique
compositions of the present invention and the prior art compositions

of specific silicas and synthetic silicates referred to in general
above,

Zaoliten

The prior art description of the nature of zeolites can be

found in the U.S, Patent No. 3,702,886 and is incorporated herein

by reference.

Both natural and synthetic zeolites can be bkdadly classi~

fied as crystalline alkali/alkaline earth metal alumino-silicates

having unique properties. Synthetic zeolites are ordered, porous

crystalline alumino-silicates having a definite crystalline structure
within which there are a large number of small cavities which are

interconnected by a number of still smaller channels., The cavitiss

and channels are precisely uniform in size. Since the dimensions of

theae pores are such as to accept for adsorption molecules of certain
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dimensions while rejecting those of larger dimensions, these materials
l;ave come to be known as "molecular sieves” and are utilized {u a

varlety of ways to take advantage of these properties.

Such molecular sieves fuclude a wide variety of positive

fon-containing crystalline alumino-silicates, both natural aund syn-

thetic. These ulumino-silicates can be described as a rigld three

dimensional network of §10, and AlO, {n which the tetrahedra are
cross-linked by the slaring of oxygen atoms whereby the ratlo of the
total aluminum and silicon atoms to oxypgen is 1:2, "1'(\3 electrovalence
of the tetrahedra-containing alum!ium is balanced by the inclusion in

the crystal of a cation, for example, an alkall metal or an alkallne

earth metal catfon. This can be expressed by formuls wherein the

ratio of AL to the number of the various cations, such as Ca/2, Sc/2, .

Na, K, or L1, is equal to unity. One type of cation can be exchang-

ed either in entirety or partially by another type of cation utilieing

fon exchange techniques in a conventlonal manner. By means of such

cation exchanga, it has been possible to vary the size of the pores in

the given alumino-siticate by sultable selection of the pértlcular

cstion. The spaces between the tetrahedra are occupled by molecules

of water pricr to dehydration.
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Prior art techniques have resulted in the formation of a

great variety of synthetic crystalline alumino-silicates, These

aluminc-silicates have come to be designated by letter or other

convenient symbol, as illustrated by zeolite A (U. S. 2,882,243);
zeolite X (U. S. 2,882,244); zeolite Y (U, S. 3,130,007); zeolite K-G
(U, S, 3,054 655); zeolite ZK-5 (U. S. 3,247,195); zeolite Beta (U. S.

3,308,069); and zeolite ZK-4 (U. S. 3,314,752), merely to name a few,

Zeolite ldentification

Zeolites A and X may be distinguished from other zeolites
and silicates on the basis of their x-ray powder diffraction pattetni

and certain physical characteriastica. The compositicn and density are

among the characteristics which have been found to be important in

identifying these zeolites.,

- The basic formula for all crystalline sodium zeolites may be

represented as follows:

Na,0:A1,05: %810, :y11,0

In general, a particular crystalline " zmolite .will have

values for x and y that fall in a definite range. The value x for a

particular zeolite will vary somewhat since the ;lunlnum atoms and the
silicon atoms occupy essentially equivalent positions in the lattice,

Minor variations in the relative numbers of these atoms does not

significantly alter the crystal structure or physical properties of

the zeolite. For zeolite A, an average value for x 1s about 1.85 with

the x value falling within the range 1.85 + 0.5. For zeolite X, the

x value falls within the range 2.5 + 0.5,
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The value of y is not necessarily an invariant for all

sanples of geolites. This is true because various exchangeable ions

are of different size, and, asince there is no majar change in the

N

crystal lattice dimensions upon lon exchange, the space available in
the pores of the zeolite to accommodate water molecules varies,.

The average value for y determined for zeolite A is 5.1,
For reolite X it is 65.2.

In zeolites ayntheaized accofding to the preferred prior art
procedure, the ratio of sdlumoxide to alumluna should equal one.
all the ex~ess sodium present in the mother liquor 1s not washed out
of the precipitated product, analysis may show a ratio greater tluin
one, and 1f the washing is carried too far, some sodium may be ion ex-

changed by hydrogen, and the ratio will drop below one. It has been

found that due to the ease with which hydrogen exchange takes place,

the ratio of zeolite A 1lies in the range of

Sodium oxide _
~Alusina 1.0 + 0,2

The ratio of zeolite X lies in the range of

Sodium oxide 0.9 0.2
lumina
Thus the formwula for zeolite A may be written as followst

1.0 + 0.2N8202A1203:l.85 + 0.5310211"2;)

Thus the formula for zeolite X may be written as Tollows:

0.9 + 0.2Na,01A1,04:2.5 + 0.581071yli30

y say be any value up to 6 for zeolite A and any value up to 8 for
zeolite X,
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The pores of zeolites normally contain water. The above

formulas represent the chemical analysis of rzeolites A and X. When

other materials as well as water are in the pores,\ chemical analysis
will show a loweiy value of y and the presence of other adsorbates.
The presence in the crystal lattice of materials volatile at tempera-
tures below about 600 degrees Celsius does not u{gnificantly alter the
usefulness of the zeolite as an adaorbent since the pores are usually

freed of such materials during activation.

Prior Art Patents

Synthetic alkall  metal silicates, such as sodium

alumino-silicates, are generally produced by the reaction of alum with
alkali metal silicates. The resulting product usually has a silica to
alumina molar ratio of about 1l. Amorphous products of this type are
known. For example, amorphous products of this type are.sold by the
J. M. lluber Corporation under the trademark ZEOLEX? Specific examples
of these products, as well as methods of their preparation are dis-
closed in U.S. Patents Nos. 2,739,073; 2,848,346 and 3,582,379,

None of these patents teach or ayen . suggest the synthe-

sis of the unique compositions of the present invention by the
hydrothermal reaction between alkali metal ailicata bases and clay at

preferred molar ratios of silicate base to clay of less than 1.0,
Synthetic silicas are also known which are produced by the
reaction of sodium silicates and sulfuric acid at temperatures of

about 80 d.egrees C. The products usually have fixed molar ratios.
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Various products of this type are known in U. S. patents of Satish K.
Wason under Nos. 3,893,840; 4,067,746; 4,122,160 and 4,422,880,

Products of this type are sold by J. M. Huber Corporation under the
. \

) (] (]
ZE0, ZEOSYL, ZEOFREE and ZEODENT trademarks.

None of the above mentioned patents teach or eayen
suggest the synthesis of the unique compositions of the present
invention by the hydrothermal reaction between alkali metal silicate
base (B) and clay (C) at preferred molar ratios of B/C or silicate
base to clay of less than 1.0. A comparison of the K Fourier Transform
Infrared (FT-IR) spectra of an amorphous synthetic silicate (ZBOLEX
23), an amorphous silica (Hi-S11 233) and & synthetic alkali metal
alumino-silicate (SAMS) of the instant invention is shown in Figure 1,
Various 2vil1ite products are also known which are produced
synthetically by the reaction of sodium aluminate and sodium silicates
at temperatures of less Jthan 100 .degr:ees C. This reaction, in gener-
al, proceeds to form an intermediate gel or anorp-houu material which
then ctystalllze.o. Zeolites of this tyée are sold commercially under

the designations, zeolite A, zeolite X, zenlite Y, as well' as others.
These zeolites find use as absorbents, ion exchange agents, in
catalysis and in other areas. A detailed discuasion of this art ia
provided in U.S, Patents Nos. 4,443,422 and 4,416,805 and is hereby

incorporated herein by reference.

None of these patents teach or remotely suggest the synthesis of
the unique compositions of the present invention by the hydrothermal
reaction between alkali metal silicate base (B) and clay (C) at preferred

molar ratios in the batch reaction of B/C or silicate base to clay, of less
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than 1.0, A ccmparison of the infrared spectra (FT-IR) of zenlites A,
X, and Y with a aynthetic alkal{ metal alumino-silicate (SAMS) pra-

pared by the method described in the instant 1nve9tion is shown in

Figure 2,

The reaction of sodium silicate with kaolin clays has been
studied under various hydrothermal conditions, aas reported by Kurbus,
et al, 2. Anorg. Allg. Chem., 1977, Volume 429, pages 156-161. These

reactions were studied under hydrothermal conditions using esgen-

tially equivalent molar ratios of the kaolin and sodium silicate with

the reaction being carried out in an autoclave. The products of the

reactions, as identified by x-ray, electron microscope, and infrared

methoda, showed that sodium silicate reacts with kaolin to form an

alumino-silica gel or a crystallized zeolite =ineral analcime of the

formula:

NGZO:M203:48102:21120. '
In the reaction, the kaolin dissolves and alpha-quartz

simultaneously appears in the product of reaction.

Rurbus reference specifically teaches the saynthesis of a

prlor art cryatalline zeolite mineral called analcime. This reference

does not even remotely suggest the synthesis of the unique composi-~

tions of the present invention.

For simplicity, the unique compositions of the instant

invention are described as x-ray amorphous materials having attenuated

kaolin peaks. The materials will be described in greater detail under

the summary of the invention. An FT-IR comparison of analcime with a

SAMS composition of the present invention is also given in Figure 2.
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Various reactions of kaolin clays with basic reagents have
been studied, including reactions with sodium hydroxide, calcium
hydroxide, and the like.

. U. S. Patents Nos. 3,765,825 and 3,769,383 to Hurst, for
example, studied the high temperature; high pressure reaction of
slurries of clay with alkali metal hydroxides, such as sodium
hydroxides. In this reaction, the kaolinite was decomposed and
transformed into alumino-silica materials. None of these patents even
remotely suggest about the syntliesis of the unique.composition of the
present invention by the hydrothermal reaction between an alkali metal
silicate and kaolin clay at preferred molar ratios of silicate to clay
of less than 1l.4.

Various synthetic amorphous sodium alumino-sgilicate
m;terlals have been produced, as described in U. S. Pate&t No.
4,213,874, by the reaction of sodium silicate and sodium aluminate.
This patent does not teach or even suggest the synthesis of the unjique
composition of the present invention by the hydrothermal reaction

between an alkali metal silicate and kaolin clay.

In U. S. Patent No. 3,264,130, a hydroxide of barium or

calcium is reacted with a siliceous material. This patent does not

teach about the hfdrothetmal reaction between an alkali metal silicate
and kaolin clay.

An amorphous precipitated sodium alumino-silicate pigment is
produced in U. S. Patent No. 3,834,921 by the reaction of sodium

silicat2 and aluminum sulfate. The example of patent 3,834,921
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teﬁcheé abouﬁ the ayntheaib of an alumino-sjlicate pigment of the
siiica fo alumina ratio of about 11.5 The product is produced by
reaction of aluminum sulfate au& sodium #ilicate:

7 None of the above mentioned patents teach or remotely
suggest about the synthesia of the unique compositions of the present
invention by the hydrothermal reaction between alkali metal silicate
base (B) and clay (C) at preferred molar ratios of silicate Base to
clay, or B/C, of less than 1.0.

In U.S. Patent No. 4,075,280, zeolite A is produced by the
10 reaction of a calcined clay with sodium hydroxide. Thia patent

teaches about a new process for the preparation of well known prior

art zeolite A of well defined x-ray pattern.

Rod-shaped microcrystalline particulates are produced in

U.S. Patent No. 3,837,877 by the reacticn of the kaolin clay and an

15 alkali metal hydroxide at molar ratios of hydroxide to clay of at

least 2:1. This patent does not even remotely suggest about the

synthesis of unique compositions of the instant invention from the

hydrothermal reaction between an alkalli metal silicate and kaolin
clay.

20 In U.S. Patent No. 3,784,392, a method 18 described for

preparing finely divided alumino-silicate pigments ﬁroi kaolin ‘clays
by the hydrothermal treatment of kaelin clay dispersions with an alka-

line earth metal hydroxide, usually calcium hydroxide. The

reaction
o 1s carried out using a molar ratio of the hydroxide to the

kaolin
O 25 :
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pigment of at least 1:1 at temperatures of 50 to 200 degrees C under

hydrothermal conditions. The product produced is an amorphous

alumino-silicate pigment having increased brightness and having

particular utility 4in coating paper. This patent does not

even remotely suggesat a reaction between an alkali metal silicate and
kaolin to produce-unique compositions of the present invention.

None of the prior art patents teach the synthesis of novel
alkall metal alumino-silicate compositions. described herein. The
producis of the present invention are unique and their preparation
under the disclosed reaction conditions 1is trhly unexpected. For the
sake of brevity, the synthetic alkali metal alumino-silicates of th;
instant invention are referred to as SAMS throughout the body of this

patent.

A further background concept necessary to fully appreciate
the present invention is that of "structure.” . As used herein, in
relation to alkali metal alumino-silicates, the structure concept is

as follows:

It is pousibI; to synthesize alkali metal alumino-silicate
or SAMS products with varying structure levels in analogy to the
structure definition set forth in U.S. Patent No. 3,893,840 to S. K.
Wason of J. M. Huber Corporation. Since no univg;aally accepted
industrial method for particle size determination of synthetic fillers
exists and since it is common practice of filler suppliers to perform
the iub-out oil absorption test, ASTM-D.281, on their products, the

definition of structurz is arbitrarily based on the oil absorption
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values rather than the filler particle size. Conforming to the same
definition as in use for silica structure, e.g., S. K. Wason, "Cosmet-
ic Prdbetties and Structure of Fine Particle Synthetic Precipitated ,
Silica,” J. Soc. Cosmet. Chem. 29, 497-521 (August 1978), the synthet- M
5 ic alkali{ metal alumino-silicates or SAMS products are called VIS :
(very high structure) type when the oil absorption values are above
200 m1/100g and VLS (very low structure) type when the oil absorption
values are below 75 mi/lDOg. The classification of the synthetic
alkali metal alumino-silicate or SAMS compositions' based on "struc-
10 ture” is shown in Table I as it relates to oil absorption.
TABLE I
DEFINITION: SAMS STRUCTURE VERSUS OIL ABSORPTION -
Structure Level : 011 Absorption &
(ml/lOOg)
15 VHS (Very High Structure) Atove 200 i
HS  (High Structure) 175 - 200
MS  (Medium Structure) 125 - 175
LS (Low Structure) 75 - 125
VLS (Very Low Structure) Lesa than 75
20

The present invention provides novel synthetic alkali metal
alumino-silicate or SAMS compositions and methods for their prepara-
tion which are unique and unexpected in view of the knowledge of the

prior art involving the reaction of clays and alkgli‘metal silicétes.
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SUMMARY OF THE INVENTION

The present invention relates ‘to a novel family éf'unique
aynthét:ic compositions .hereinaft:et deaignatgd as \‘synthetic alkali
metal alumino-silicates or "SAﬂS" or simply SAMS. The products of the
instant invention relate to a novei family of unique asynthetic materi-
als which are shown by transmission electron microscopy (TEM), Fourier
Transform-Infrared spectroscopy (FT-IR), x-ray diffraction (XRD), and

electron diffraction (ED) to be unique in composition and morphology

altered kaolin particles which give the characteristic peaks for

kaolin seen 1n.the x-ray diffraction patterns of the SAMS composi-
tions, but which also contain as the major portion a non-diffracting
amorphous or microcrystalline reaction product primarily around the
edges, but_alao to some extént over the ﬁace of the altered kaolin

particle as illustrated by TEM Figures 18 through 23.

The TEM Figures 18 to 23 show the SAMS product to be altered

kaolin platelets having an integrated rimmed area of amorphous,

non-diffracting alkali metal silicate-kaolin reaction product. The

integrated composition of the SAMS product ias a unique entity having

an overall composition of:

XH)0:A1,03: y510,: 21,0

where x 18 the number of moles of alkali metal oxide and M is the alkali

metal, y is the number of moles of 3-102 in the S4¥S composition, and z

18 the number of moles of bound water.
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The unique products are further characterized by X-ray
diffraction (XRD) as being essentially amorphous and having attenuated
kaolin peaks as illustrated by Figures 33, 34, 35 and 36. The SAMS
products are also characterized as having infrared spectra (IR) which
differ from the IR spectra of the starting clays, zeolites, and both
crystalline and amorphous silicas and silicates. Figure 1 compaies
the infrared spectxum of a SAMS composition with the spectra of an
amorphous synthetic silicate (Zeolex 23) and silica (Hi-sil 233), and
with calcined kaolin clay. Figure 2, likewise, com‘pares the infrared
spectrum of a SAMS composition with the spectra of zeolites A, X, Y,
and analcime. In both Figures 1 and 2 the infrared spectrum of the
SAMS composition is considerably different than the spectra of the
other materials. In Figures 3 and 4, the infrared spectra of the SAMS
compositions of Example One and Two are compate:-d with. their respective
starting clays. In both cases, the spectra of the SAMS compositions
are considerably different from the spectra of the starting clays,
even though the area in the 808-488 wavenumber region is quite similar
for both clay and SAMS. The major spectral difference is the 1280-875
wavenumber region where the SAMS compositions exhibit a b;oader, less
detailed Si-O stretching peak (1208-958 cm™l).

For simplicity, the SAaMS composit:ionsv will be described as
being essentially multicomponent materials comptfsing altered kaolin
clay platelets integrated with one or more adjacent areas of
essentially amorphous alkali metal silicate-kaolin clay reaction
product.

The preferred unique compositions of the present invention
are prepared by the hydrothermal reaction of an alkali metai silicate

and clay making sure that the B/C ratio of the batch compositions are
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- less than 1.8, but by no means limited to values less than 1.8, where

Brr'epreserits the moles of alkali metal silicate and C represents the
mole- of kaolin clay in a batch composition. While the preferred SAMS
compositions are éroduced at B/C racios of less than 1.4, unique SAMS
products can also be produced at a B/C ratio aubstal:xtlally greater
than 1.8 by adjusting the batch composition, pressure, temperature,
and reaction time of the hydrothermal reactio.n. This unigue batch
composition is heated in a stirred reactor using a steam pressure of
58 psi to 3608 psi and preferably between 98 to 156 psi for a reaction
time of 15 minutes to four hours and more preferably between 45
minutes to two hours. At the end of the desired reaction period, the
reactor is c’ooled and the unique SAMS produ't is filtered, washed,
dried and milled to the desired degree of fin(:ness. The alkali metal
silicate referred to as base in the SAMS reaction has a Sio0, tt; alkali
metal oxide ratio of 1-6. When the alkali metal silicate iz sodium
silicate, the SiozzNazo ratio is preferably 2.8-3.3, and a preferréd
sodium form of SAMS composgsition is produced which can be expressed in
terms of mole ratio of the oxides as follows:
xNa;0:A1,04:y510,:2H0

where x is an integer with a value from 4.41 to 2.4, y is an integer
with a value greater thkan 2.8, and z is an integer from @ to 18 and
pteférably @ to 5.0. 'Corr'espo'ndingly, when the alkali metal silicate
is ‘p‘dt:assium silicate, the ptefe:red §10,:K,0 ratio is 2.8-3.9, and

when the alkali metal silicate is lithium silicate, the preferred

25 S10,:Li 50 ratio is 4.8-5.6.
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The invention may allow useful articles of’
manufacture such as reinforcing agents, reinforcing
extenders, functional fillers, znd/or opacifiers for

paper, paints, plastics, ard other specialty products.

The invention may allow value added unique
compositions from relatively inexpensive kaolin or
related materials, which products are controlled
structure synthetic alkali metal alumino-silicate
products made from mined and refined kaolin. The kaolin
based compositions may be of higher brightness and
significantly higher'opacity than the starting kaolin
products.

Furthermore the SAMS compositions may be of very low
abrasion properties when compared with calcined clays,
and may provide synthetic pigments of superior paper
coating properties over calcined clays. The invention
may allow synthetic products which can extend expensive
functional fillers, extenders, pigments and value added
products such as calcined clays, fumed silicas and silica
gels, synthetic silicates, synthetic calcium silicates
and related compounds. The unique SAMS compositions may
be of high scattering coefficient and excellent
opacifying properties for use in extending the expensive
titanium dioxide compositions in such end-use
applications as paper, paint¢, rubber and plastic
concentrates.

Useful articles of manufacture may be produced such
as paper, latex paints, plastics, paint flatting, rubber
dry liquid carrier, defoamers, antiblocking, and other
products containing, as a reinforcing agent or functional
filler or extender, or the novel synthetic alkali metal
alumino-silicate product producéd by the hydrothermal
reaction of clays and alkali metal silicates.

900423, immdat.026,a:\75447hub. fsp,16
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In satisfaction of the foregoing objects and
advantages, there is provided by this invention synthetic
alkali metal alumino-silicates (SAMS) which comprise
altered kaolin clay platelets integrated with one or more
adjacent areas of essentially amorphous alkali metal
silicate base-kaolin clay reaction product, and which are
of the general formula xM,0:Al,0,:ySi0,:zH,0, wherein x is
the number of moles of alkali metal oxide, M is the
alkali metal, y is the number of moles of SiO,, and z is

the number of moles of bound water. These
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products may'be/Characterized as substantially amorphous with
attenuéted kaolin peaks as characterized by the present state of the
art x-ray diffraction, and yet may be considered micro-crystalline at
a future date as the learning curve in the characterization of SAMS
type products increases. The present. invention provides unique SAMS
products whichr are shown by TEM to be amorphous compositions
integrated with altered kaolin platelets. The SAMS products have oil
absorption values ranging from 40 to above 2090 ml/Ing, surface areas
ranging from 2 to 360 mz/g, high monovalent cation exchange capacities
of the order of up to 208 milliequivalent/188g and very low abrasion

characteristics.

Also provided by the present invention is-a method for

production of these synthetic alkali metal alumino-sillcate products

which comprises the hydrothermal reaction of a slurry of a clay with
an alkali metal silicate wherein the preferred molar tatio of alkali
metal silicate base (B) to clay (C) in the starting reaction mixture
is less thah 1.8, although unique SAMS compositions can be produced at
ratios higher than 1.8 under preselected réaction conditions.

| There is also provided by the present inQent}on compositions
comprising paper, paints, plastics, rubber, defoamer, and speclalty
products, which contain the novel synthetic alkali metal alumino-

silicate materials of this invention.




sl

e |

‘ 0 87/07884 PCT/US87/01359
W

-19-

BRIEF DESCKiPTION OF THE DRAWINGS

In order to facilitate the understanding of this invention,
reference will now be made to the appended drawings. The drawings

I
should not be construed as limiting the invention but are exemplary
5 only.

FIG. 1 Shows a comparison of the FT-IR

scans of Zeolex 23, =en amorphous - sodium
alumino-silicate, H1-511 233, an amorphous sayn-

thetic silica, Hveal, a calcined kaolin, and the
10 SAMS composition trom Example Two

FIG. 2 Shows a comparison of the FT-IR scans of zeolites

A, X, Y and analcime with that of the SAMS compo-
sition from Example Twc

»” FIG. 3 Shows a comparison of the FT-IR scans of the SAMS

compoeition from Example One with the starting
Omnifil clay

FIC .4 Shows a comparison of -the FT-IR scans of the SAMS

composition from Example Two with the starting ﬁ
Hydragloss 90 clay

20 FIG, 5 Shows the compurison of the FT-IR scana of

I'y¢raglosa 90 and SAMS ccmpositions prepared at

B/C ratios of 0.5 (Example Two), 1.0 and 2.0

(Example Five, Tetts No. 1 and 2, respectively)

. FIG. 6 Shows a conperison of the FT-IR scens of the $AMS

25 compositions of Example Six prepared from Omrifil
clay and different mole ratdo sodium silicate
bas:s using a B/C ratio of 0.5

FIG. 7 Shows the comparison of the FI-IR scans of the ‘
30 SAMS compositions of Example Nine prepared from

Hydragloss 90 and 2.5 mole ratio sodium silicate
at B/C ratios of 0.75 to 5.0

FIG. 8 Shows the compariscn of the FT-IR scans of the
SAMS cowmjositions of Example Nine prepared hy -tle

: recction of llydragloss 9C and sodium hydroxide ut.
35 B/C ratios of 0.75 to 5.0

FIG. 9 Shows tke scanning electron microscope (SEM)

photogruph of Zeolite A
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Shows the SEM photograph of reolite X
Shows the SEM photograph of zeolite Y

Showas the SEM phctograph of analgime
)

Shows tlie SEM photograph of the SAMS composltion
of Example One

Shows the SEM photograph of the SAMS composition
of Example Two

Shows the TEM photograph of prior art amorphous
sodium alumino-ailicate, Zeolex 23

Shows the TEM photograph ol prior art amorphous
synthetic silica, 111-S11 233 '

Showa the: TEM photograph of prior art calcined
clay, lycal

Shows the TEM photograph of the SA!S composition
of rthe present invention dexived from Omnifil east
Georgla clay at a B/C ratio of 0.75 (Example One)

Showa the 1EM photograph of SAMS composition of
Example One

Shows the TEM photograph of the SAMS composition
of the present invention derived from llydragloss

90 east Georgia clay at a B/C ratio of 0.5 (Exam-
ple Two)

Shows the TEM photograph of the SAMS ccmposition
of Example Two

Shows the TEM photograph of tie SAMS composition
of the present invention dc¢rived from MNydragloss

90 at a B/C ratio cf 1.0 (Example Five, Test No.
1) :

Shows the TEM photograph of the 5AMS compoaition
of the present invention derived from ilydragloss

9? at a B/C ratio of 2.0 (Example Five, Test No.
2

Shows the TEM photograph of the control Omnifil
clay

Shows the TEM photograph of the control llydragloss
90 clay
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FIG. 2¢ 1Is the XRD scan of zeolite A

FIG., 27 18 the XRD scan of zeolite X

FIG, 28 1Is the XRD scan of zeolite Y

FIG. 29 Is the XRD scan of analcime

FIG. 30 Is the XRD scan of Zeolex 23

FIG. 31 Is the XRD scan of Hi-Sil 233

FIG, 32 Is the XRD scan of Hycal

FIG. 33 Is the XRD scan of the SAMS composition of Example
One showing only attenuated kaolin peaks

FIG. 34 Is the XRD scan of the SAMS composition of Example
Two showing only attenuated kaolin peaks

FIG. 35 Is the XRD scan of the SAMS composition of Example
Five, Test 1 showing only attenuated kaolin peaks

FIG. 36 Is the XRD scan of the SAMS composition of Example
Five, Test 2 showing only attenuated kaolin peaks-

FIG. 37 1s the XRD scan of the starting omnifil clay

FIG. 38 Is the XRD scan of the starting Hydragloss 99 clay

FIGS. 39A and 39B show the SEM photograph of potassium SAMS
compositions o€ Example Four. Test 2 (Fig. 39A)
and Test 4 (Fig. 39B) i

FIG. 48 = shows the SEM photograph of platey SAMS

* composition derived from Hydraprint clay at a B/C
ratio of ©.25 (Example Eleven)

FIG, 41 shows the SEM photograph of platey SAMS
composition derived from Hydraprint clay at a B/C
ratin of 0.75 (Example Thirteen)

FIG. 42 shows the SEM photograph of Hydraprint clay usad
in the preparation of platey SAMS composition
derived from Hydraprint ¢lay at a B/C ratio of
8.75 (Example Thirteen)

FIG. 43 shows the TEM photograph of lithium SAMS
composition derived from Lithsil 4 tithium
silicate and tiydragloss 90 at a B/C tatio of 0.75
{Example Fourteen, Test No. 3).
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DESCRIPTION OF PREFERRED EMBODIMENTS

The synthetic alkali metal alumino-silicates (SAMS) of the
present invention are unique products which are en;inently useful as
reinforcing agents or functional fillers for paper, paints, plastics,
rubber and specialty materials. The preferred products are
particularly charac-terized as being rimmed alkali metal alumino-
silicate compositions which have increased opacity and structure, and
unique morphology when compared with the startin‘g clay material.

Further, the brightness of the resulting product is often

substantially higher than the starting clay and coniparable or superior -

to various clay materials now used as reinforcing agents or functional
fillers for paper, paints, plastics, and the like. It is truly
unexpected that the opacity and brightness of the SAMS compo.su:ions
;loulé be significantly increased over the 'starting materials.

The alkali metal alumino-silicate products of the present
invention also have unexpectedly high oil absorptifm characteristics,
the oil absorption in milliliters of oil per 108 grams of the SAMS
preduct ranging from about 48 to above 288 ml/10¢g. This is quite
remarkable in that a hydrous clay of very low oil absorption of about
36 ml/18dg has been transformed into a SAMS product of low to high
structure (LS to HS) by the instant invention. For definition of
structure, see Table I.

In this gspecification, the SAMS products are defined as
structured agglomerates wherein the primary particles comprise altered
kaolin clay platelets integrated with one or more adjacent areas of
essentially amorphous alkali metal silicate base-kaolin clay reaction
product, and wherein the primary particles of said SAMS products have

attenuated kaolin clay peaks in x-ray diffraction patterns from kaolin
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remnants in the composition, and have the characteristic IR scan shown

in Figures 3-6, and which are shown by TEM Figures 18-23 and 43.

The morphology and particle size of the structured agglomerates .

varies depending on the specific reaction conditions and components
employed. For example, the agglomerated SAMS products formed by the
reaction of alkall metal silicate and a fine particle size élay (like
Hydragloss 90) usually have a spheroidal-like morphology, while those
from a coarse particle size delaminated clay (like Hydraprint) have a

platelet morphology. The products produced from sodium silicate and

potassium s8ilicate form rimmed materials having attenuated kaol'ln

peaks, whereas the products produced from lithium silicate form
materials having protuberances on the surface and having attenuated
kaolin peaks. By the term "rimmed" is meant that the altered primary
particles are comprised of a core material having an integral border
or outer edge material of different constitution from the core. The
lithium silicate products have protuberances rather than rims, the
protuberances being integral with the core. The rim areas or
protuberances appear to be not only x-ray amorphous but also electron
diffraction amorphous, whereas the core appears to have attenuated
kaolin peaks on x~ray diffraction. The primary particles are
generally in the form of lamella (irregular to pséudo hexagonal shaped
plates). The rim is an outer edge or border which usually
substantially encompagsses the plate perimeter. The rims and
protuberances generally have an annular width or diameter of 20R to
12%3, respectively, as measured from the outer surface of the
particle to the beginning of the core area. By the term "amorphous"

is meant that the material does not have a characteristic x-ray
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diffraction pattern. By the term "attenuated kaolin peaks" is meant
that on x-ray diffraction, the material exhibits peaks located in the
characteristic position of kaolin, but which are depEessed or weakened
from the normal peaks found for kaolin in x-ray diffraction. In this

specification, the term "functional pigment" means a non-color bearing

‘material which enhances desired properties in other materials and in

some cases, reduces costs of the resulting mixture.
In the specification the term "hydrothermal" means that the

reaction is carried out under aqueous conditions of elevated

temperatures and pressures of greater than atmosphetic. The preferred -

temperatures range from 148-258°C. The preferred pressure conditions
comprise pressures ranging from 58 to 368 psig. The reaction is

conducted under conditions of agitation, the speed of agitation

depending' on the reaction,

The specific SAMS products of this invention may be prepared
by the following reaction:

Alkali metal silicate (B) + kaolin (C) = SAMS

The B/C ratio, which is the molar ratio of alkali metal
silicatg (B) to kaolin clay (C) in the batch composition, determines
the variety of SAMS compositions which can be produced by the
teachings of the instant invention as can be seen in TEM Figures 18
through 23. A B/C ratio of less than 1.8 Is the prefarred embodiment
of the instant invention. Generally, at B/C ratios higher than 1.8,
and especially higher than 5.8 using sodium silicate, zeolites are in
some cases produced along with SAMS product although SAMS of desired
morphology and preferred composition can also be produced without the

presence of zeolitic species by using special reaction conditions.
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The preferred raw materials for the preparation of unique
SAMS compositions are alkali metal silicate and kaolin ‘clay.
Typically, the alkali metal silicate is of the composition:

M,0:£510,
where M is the alkali metal and r is the number of moles of Si0, bound
to a mole of alkali metal oxide. When M is sodium, the alkali metal
silicates are called sodium silicates and the value of r is the
SiOZ/NaZO mole ratio., Typically, the alkali metal silicates used in
the SAMS reaction have an r value of 1.8-6.0; the sodium silicates,
the preferred reactants, will have an r value of 1,9-4.0.

The kaolin clay used in the SAMS reaction may be represented
by the formula A1,03:25i0,:2H,0. In calculation of the B/C ratio, the
bound water portion (LOI=13.4%) of the kaolin clay is accounted for in
the molecular weight used for kaolin. The molecular weight of pure
kaolin is therefore 258. Other ingredients which may be present as
impurities, such as '1‘102 and Fe,04, are normally not included in the
clay's MW, but are later accounted for in the % activity assigned to
the starting clay material.

In this reaction, the alkali metal silicates which may be
used are sodium silicate, potassium silicate and lithium silicate. In
the reaction of kaolin clay with sodium silicate, there is produced a
SAMS product whose primary particles have the characte:istiq core and
rim combin;thn in all cases. In this product, the rimmed area is
highly concentrated in silica vs. the core as détermingd’by STEM/EDAX
(Scanning Transmission Electrdn Microscopy/Electron Dispersive

Analysis). This type of analysis determines the relative distribution

‘of given elements within a material (i.e., it provides elemental

mapping). Inbaddition, this analysi§ indicatesbthat sodium is
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generally well dlstribﬁted throughout the entiri2 altered partic‘.é,
both in the core and in the rim. This kind of product is obtaiﬁed in
all rativs of base to clay, except that at high B/C ratios, the
likeiihocd of zeolite formation increases. Therefore, in this
invént,ion, when the reaction inclu&es that of kaolin clay with sodium
silicate, it is pr'efei:red that the B to C ratio be no higher than 5.8,
preferably range from 4.1 to 5.4, and more préferably range from 8,25
to 0.9. Further, in B/C ratios of less than 1, the product has
amorphous rims céncentrated in silica and contains some residual
kaolin. iIn B/C ratios of greater than 1, the reaction is prone té
zeolite formation of the crystalline type, such as the Prtype and S
type zeolite. Also, as the Sioz/Nazo ratio decreases in the sodium
silicate, there is a tenéenc.'y for increased zeolite formation in this
reaction. Therefore, the preferred §i0,/Naj;0 molar ratio in the
sodium silicate is at least 2.0 and preferably is 2.5 to 3.3. The N
brand and RU brand of commercially available sodium silicates
(obtainable from PQ Corp.) are preferred,

In the formation of SAMS products by the reaction of kaolin
clay and potassium silicate, the altered primary particles of the
resulting SAMS product will exhibit rims in all gaées, although the
amorphous rims formed in the pot:assiuxh silicate SAMS product differs
from the sodium sillcate,produc£ in that. the rims will be concentrated
in 5oth silica and potassium. The acceptable B/C ratios using
potassium silicate and kaolin range from 6.1@8 to 5.0, apd more
preferably from @.1 to 6.9, and no substantial zeolite formation will
be noted even at molar ratios as high as 5.8. As indicated above, rim

alterathn_occurs during these geactibns and the rim material is
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concentrated in silica and potassium (versus the core material). The
morphology of the potassium silicate agglomerates is l;sually gimilar
to that of the sodium silicate product. Howevék, as the ratio of
5§10,/K,0 increases in the pctassium silicate used to react with the
kaolin clay, the reactions are prone to producing a product whose
agglomerate structure closely resombles a coral-like material. At
lower ratios, the material is more similar to that produced from
sodium silicate. The preferred Si0,/K,0 ratios wllll range from 2.8 to
3.9 with the commercial potassium silicate products KASIL 1, 6 and 42
being preferred reactants.

The products produced from the lithium silicate and clay
comprise a core material having protuberances or raised masses
integral with the core. Electron diffraction analysis indicates that
these protuberancns are totally amorphous, while the remaining
platelet-areas show the typical diffraction pattern for kaolinite.
Most importantly, it should be noted that the protuberances or raised
masses did not form exclusively on the clay platelet edges, but appear
in a more or less random fashion about the platelets. Several pseudo-
hexagonal clay platelets are still c¢learly evident in the TEM
photographs which indicates great heterogeneity of reaction.
Elemental mapping of the Si and Al content within a lithium SAMS
material, by STEM/EDAX analysis, has indicated that the alteration
product (i.e., the protuberances) is much higher in silicon and
deficient in aluminum relative to the unaltered kaolinite regions.
Elemental mapping of ‘lithium was not possible because its atomic

weight is below the detection limit of the instrument.
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The SAMS compositions are produced by the reaction of clays
and alkali metal silicates urnder hydrothermal conditions. The clays
which may be used include all kaolin-tyve clays, fﬁcluding crude, air-
floated and water-washed clays, as well as mixtures of clays and
equivalent materials. Pure clays, as well as impure clays, may be
used. Some of the preferred clays are kaolin clays sold commercially
under the trademarks OMNIFIL, HYDRASPERSE, HYDRAPRINT and HYDRAGLOSS.
Other mineral sources corresponding to the silica-alumina values
present in clays and alkali metal ‘silicates may be used. Sources of
alumina such as alumina, sodium aluminate, aluminum hydroxide or other
aluminum sources may be used without deviating from the spirit of the
instant invention. Silica sources may include synthetic silica,
reactive gsilica, sodium silicate or equivalent materials.

The alkalli metal silicate can be any.of the types of
materials known to the art, but preferably sodium silicate, potassium
silicate, lithium silicate, or mixtures thereof, or compositions which
can react to give equivalent ccmpounds should be used.

A critical feature of the invention is the molar ratio
developed in the system between the amount of alkali metal silicate
and the amount of clay used. 1t is necessary to control the molar
ratio of alkali metal silicate to clay, otherwise a zeolitic crystal-
line product or mixtures of amorphous and crystalline species will be
produced. The products of the present invention are typically rimmed
compositions as depicted in TEM Figures 18 through 23, 1t is
preferred that the molar ratio of alkali metal silicate to clay be
controlled to produce the desired SAMS product.

Further, the reaction of the present invention is carried

out in an aqueous system using“ an agueous slugry of the clay which is
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mixed with an aqueous solution of alkali metal silicate. The
resulting clay and alkali metal silicate slursy preferably has a
concentration of 1 to 20 weight percent solids, preferably 5 to 15
percent.

In a preferred operation of the process, the aqueous slurry
of the starting claf material and the alkali metal silicate is formed,

the system is closed and heat applied to gradually raise the

temperature. In general, the pressure in the system will range from

about 58 to 3608 psig at temperatures ranging from about 148 to 250
degrees C. A specifically preferred range of conditions is to operate
the process at pressures of 1808 to 200 psig and temperatures of 164 to
194 degrees C. The temperatures are prefétably correlated to the
pressure such as that provided by steam.. The reaction time i{s about
3.25 to 4 hours. After completion of the reactlon,. heat is removed
and the mixture is allowed to cool, after which the system is opened,
the pro&uct gseparated by filtration or centrifugation, washed with
water, and dried. Spray drying is preferred at inlet temperatures of
188@°F (538°C) and outlet temperature of 258°F (121°¢).

The resulting product may be characteriged as having oil
absorption values ranging from about 44 to 220 ml/188g. The surface

areaA:anges from about 2 to 360 mz/g. More pteferably, the product

‘will have an oil absorption value ranging from 8@ to 168 ml1/108 g and

surface areas ranging from 18 to 30 mz/g.

Particularly preferred SAMS prodﬁcts are those produced by
reaction of dglaminafed clafs with alkali metal silicates. A suitable
delaminated clay for reaction wlth_ﬁhe alkali metal silicate is that

delaminated clay sold commerclal'ly as Hydraprint by J. M. | Huber
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Corporation. Hydraprint is a coarse particle size delaminated clay
produced by delamination of a cretaceous Middle Georgia Clay. The
SAMS product formed by reaction of the alkali m;tal silicate and
delaminated clay has a platelet morphology which makes the. product,
referred to herein as a "platey" material, superior for light weight
paper coating applications in that it provides excellent sheet
smoothness. These platey materi='s are also especially useful for
incorporation into plastics, such as high density polyethylene, since
they provide excellent impact strength to the polyethylene.
EXAMPLES

The following examples are presented to illustrate the

invention, but it is not considered -to be limited thereto. In the

examples and throughout the specification, parts are by weight unless
otherwise indicated.

EXAMPLE ONE
SYNTHESIS OF SAMS FROM OMNIFIL CLAY

Water, 1,508 gallons (12,629 pounds), was added to a 2,500
gallon pressure reactor. To the water was added 101.3 gallons (1,458
pounds) of a 67.7% solids kaolin clay slurry which is sold
commercially as Omnifil by the J. M. Huber Corporation. This is a
water-refined kaolin clay produced from the East.Georgia deposit
having the properties shown in Table II. To the clay-water slurry was
added _147.2 gallons of a fresh water sodium silicate solution (1,700
pounds) of 34.9% solids having a 5i0,/Ma,0 molar ratio of 2.5. Under
these coriditions, the final product solids will be approximately 18%

and the batch composition will have a base to clay molar ratio of
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- approximately 8.75. The batch (omposition for the reaction can be

expressed as ' ~
Nazoz1.33A1203:5.218102:278H20
and has an H/N (moles water/moles Na,0) ratio of 278, a S/N (moles

Sloz/moles Na,0) ratio of 5.2 and a S/A (moles Sioz/moles A1203) ratio
of 3.9. '

The batch was haated to a reaction pressurs of lZO\psi; and

a tempereture of 172 degrees C. The wixture was allowed to react for

one hour unde: continuous agitation. At the end of the one-lLour

reect.ion ti;e. the mixture was veiited into a drop tank and the result-
ing mixture was then filtered, washed and spray dried.

The product of Example One was evaluated and characterized
by varioue test methods. The phy;icaL ptopgrtiea of the resulting
tynthetic alkall metal alumin o- silicate ccrposition, or SAMS, tepre-
centing the preaeﬁt invention are listed in Table 1I. The progerties

of the sterting Omnifil clay control are also listed in Table 1I for

comparative purposes.

TABLE II

SYMTHESIS OF SAMS FRO“VOHNIFIL CLAY

SAMS from Omnifil
Chemical Analysia, X Omnifil Clay Clay Control:
T:Oz 1.43 2,12
f0203 | 0.81 1.11
s0, 52.82 44,33
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(Table IL Cout.)

PhxpicalvPropetilen:
Loss on Ignition, % 10.90 1?.40
Pore Volume, cc/g ? ,
(Mercury Intrusion) 3.10 1.10
Surfzce Area, m2/g 19.8 20.0
pi (at 20X Solids) 10.8 6.5
011 Absorption, ml/100g 136 37
Valley Abrasion,
(mg of wire loas) ' 8.7 10.5
Cation Exchagge gapacity,
meq/100g Nil, > K 186 2-3
meq/100g Ca'%, Mgt2 45 1-2
Brightness, X 86.1 82,0

Sedigraph Particle Size, X: )
+10 microns 0.5 1.8 *
+ 5 microns 3.0 4.0
- 2 microns 58.5 89.0
- 1 micron ~ 34.0 82.9
- 0.5 micron 15,0 68.1

EXAMPLE TWO

SYNTHESIS OF SAMS FROM HYDRAGLOSS 90 CLAY

A second reaction was conducted in which 1,500 gallons
(12,562 pounds) of water was used with 110 gallons (1,613 pounds) of a
70.1; solids kaolin clay slurry sold commercially as'ﬁydragloss 90 by
J. M. lluber Corporation having the properties shown in Table III., To

the clay-water slurry was added 112.4 gallona of a fresh water sodium

silicate solution (1,298 pounds) of 34.9% solids having a §10, /Na,0
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molez ratio of 2.5. Under these conditions, the final product solids
will be approximately 10X and the batch composition ﬁill have a base

to clay molar ratio of approximately 0.50. The batch composition for

the reaction can be expressed ao

0.76Na,0:1.52A1,04:4.94510,:2781,0
and has an II/N of 366, an S/N of 6.5 and an S/A of 3.25.

The batch was heated to a reaction preassure of 120 psig and

a temperature of 172 degrees C. The mixtura waa allowed to react for

one hour under continuous agitation. At the end' of the one-hour

reaction time, the mixture was vented into a drop tank and the reasult-

ing mixture was then flitered, washed, and spray dried.

The product of Example Two was subjected to various tests.
Set forth hereinafter in Table II1I are the physical properties of the
resulting .synthetic alkali metal alumino-silicate composition, or

SAMS, representing the present invention and the kaolin clay control

from which the SAMS comyosltion was prepared.

TABLE III

SYNTHESIS OF SAM3 FROM HYDRAGLOSS 90 CLAY

SAMS from lydraglosa 90
Chemical Analyses, X: llydragloss 90 Clay Control
T10, 0.51 ' 0.94
FezoJ 0.83 0.98
3102 54,57 44,79
A1203 _ 27.95 38,37
N820 ‘ 6.75 0.03
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Physical Properties
Loss on Ignition, % 10,71 13.86
Pore Volume, cc/g
(Mercury Jatrusion) 3.56 0.86
5 Surface Area, ml/g . 21,5 22,0
pH (at 20§ solids) 11.2 6.8
011 Absorption,
ul/lOPgﬂ : 156 '63
Valley Abrasion,
10 (mgs of wira loas) 6.8 7.5
Cation Exchan;e Cegacityz
meq/100g - Nii 3, K", 183 2-3
meq/100g - Cat*, Mgt 48 1-2
Brightness, % 92.6 91.0
15 Sedigraph Particle Size, X
+10 microns 0.0 0.0
+ 5 microns 0.0 0.0
- 2 microns 61.0 98.0
: - 1 micron 37.0 96.1
20 - 0,5 micron 18,0 84.7

The following procedures were used for characterizing the
data listed in Tables II and I1I.

Chemical analysea (X Ti0,, X Fey03, % 5105, X Al,03) were
determined by x-ray fluorescence, The sodium content (Nazo) of the

25 final product was determined by atomic absorption.

Ignition loss was determined by pre-drying the SAMS product
to a constant welght at 110 degrees C, heating to 925 degrees C for
one hour and cooling. Calculations of ignition loss were made as
follows: |

30

(Weight of ignited sample)
Ignition Loss ("Weight of dried sample ) X 100
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The pH was measured using a standard pH meter on a 20X

solids (by weight) mixture of the product with water.

The specific surface area was determined by the nitrogen
absorption method described by Brunauer, Emett, and Teller (BET) in

the "Journal of the American Chemical Society,” Volume 60, page 309,

. published in' 1938, A aingle point surface area determination was made

on the SAMS compositions using outgaasing conditions of three hours at

300 degrees C.

The oil abgsorptions of the beginning and end products from
10 Examples One and Two wore determined by the oil rub-out method. This

method is based on a principle of mixing linseed oil with the product

by rubbing with a spatula on a smooth surface until a stiff putty-lika
paste is formed which does not break or separate. By measuring the

I
quantity of oil required to give a paste mixture which will curl when

15 spread out, one can calculate the o1l absorption value of the

product-—-a value which represents the volume of oil required per unit

weight of product to saturate the product sorptive capacity. Calcula-

tion of o0il absorption value was done as follows:

- ( ml oil absocbed )
20 011 Absorption (veight of product, g) X 100

= ml 011/100g product

Cation exchange capa:ity was dete;mlned by adding the

pioducts (0.25g-weighed to 0.lmg) to tarred, screw-cap; 15-ml centri-

fuge tubes., The samples were centrifugally washed three times with

25 10-m1 of a 0.5M smolution of the saturating cation. The samples were

subsequently washed five times with a 0.05M solution of the saturating

N catiun, Following the fifth washing and decantation of the
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supernatant solution, the tubes werwe capped and weighed. This weight,

less the sample weight, represents the amount of excess 0.05M saturat-

ing solution. The occluded (soluble) and exchangeable cations were

then displaced by washing three times with a 0.,5M eolution of a
displacing cation, collecting the washings in 100 ml volumetric
flaska. The amount of the saturating cation was determined by atomic
absorption spectroscopy with the exception of ammonium (ﬁ"+4) which

was determined by potentiometric titration. The net amount of ex-

cliangeable cations was calculated by subtracting the amouni of solu-

ble, occluded cations (wet weight times 0.054) from the total analyzed

amount,

Brightness measurements were performed by the standard TAPPL

(Technical Association of Pulp ond Paper Industry) procedure T-534
pm-76, published in 1976,

Particle size wai determined using a Sedigraph 5000 ET

Particle Size Analyzer from HMicromeritics Instrument Corporation,

Norercss, Georgia. Thia instrument uses a sedimentation technique

which measures the particle size distribution as a modification of

Stokes Law. The

procedure is described in "Ingtrument

20 Manual-Sedigraph 5000 ET Particle Size Analyzer,” published Hay 3,

1983,

The Fourier Transform-Infrared spectroascopy (FT-IR), trans-
mission electron microscopy (TEM), scanning electron microscopy (SEM

and x-ray diffraction (XRD) scans were determined using standard

25 techniques,
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From the above data, it will be seen that the process of the

invention yields new products having novel combinations of physical

and chemical properties.

X As showm in Tables II and III, the synthetic alkali metal
5 ‘alumino-silicates of ghe present invention prepared from the commer-

cial kaolin clays exhibit subastantial improvements in cation exchange

capacity, oil absorption and brightness. This ias quite astonishing in

that a hydrous clay product of relative worth has been converted into

a synthetic product of greatly added value by the-relatively simple

10 procedure of the present invention. Of particular interest is the

significant improvement in oil absorption which indicates that a

higher structure product has been formed as a result of thia inven-

_tion.

The infrared spectra of the SAMS compositions of Examples

15 One and Two are compared with the infrared spectra of their respective

base clays in Figures 3 and 4, respectively. As anyone skilled in

infrared apectroscopy can see, the IR spectra of SAMS compositions are
considerahly different from those of their respective Saae clays,
especially in the 1200-875 wavenumber (ea™ V) absorption reglon. The
20 S1-0 stretching band between 1200 and 950 wavenumbers is much broader

and leas well defined for the SAM3 than for the control clays, indi-

cating that the compositions contain considerable amorphous material.
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In addition, the aluminum O-H vibration band between 950 and 875
wavenumbers are essentially identical for the SAMS compositions and
their base clays, with the SAMS composition showing only a slight
decrease in peak intensity. -
5 In Figure 1, the FT-IR ascan of the SAMS composition of

Example Two 18 compared with the FT-IR scans of an amorphous synthetic
silicate (Zeolex 23), a calcined kaolin (liycal) and an amorphous

synthetic silica (Hi-Si1 233)., The spectrum of the SAMS composition

is similar to those of Zeolex 23, liycal, and Ni{-Sil in the 1200-250

10 wavenumber Si-0 stretching region but ia considerably different in the

950-400 wavenumber region. Only the SAMS composition has the aluminum

O-H vibration band between 950 and 875 wavenumbers.

In Figure 2 tliea FT-IR spectrum of the SAMS composition of I

Example Two is compariid with the apectra of zeolites A, X, Y and

15 analcime. The spectrum of the SAMS composition differs from the

spectra of the crystalline zeoiltes across the entire IR spectrum,
The S1-0 band (1200-950 cm~!) for the zeolites is very sharp, indicat-
ing good cryatallinity, while that of the SAMS is broad. Again, only
the SAMS apectrum shows the aluminum O-i vibration band.

20 Based on the infrared spectra, it must be concluded that the
SAMS compositions of the instant invention are unique entities that

differ significantly from the starting clays as well as frcm crystal-’

line and amorphous zeolites, synthetic silicates and aynthetic silicas

of prior art.
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The unique characteristica of the synthetic alkali metal

alumino-silicates (SAMS) of the instant invention can also be seen by
comparing the SEM photographs of the SAMS compoaitiqns of Example One

. ?nd Two (Figures 13 and 14, reaspectively) with those of prior art
5 treolites A, X, Y and analcime (Figures 9, 10, 1l and 12, reaspective-

ly). The SEM photographs show the. prior art zeolites to be large,

well cryastallized materials, while the SAMS compositions appear to be

structured agglomerastes composed of small flat platelets.

The TEM photographs of the SAMS compoaitions of Example One

10 and Two, prepared by following the preferred teachings of the instant

: invention (B/C lesa than 1.0), and the photographs of SAMS composi-
]

tions prepared at B/C ratios equal to and greater than 1.0 can be seen

-

in Figures 18 thtopgh 23, respectivelv, and show the SAMS to be unique

in composition and morphology. The TEM photographs (Figures 18-23)

15 show the SAMS compositions to contain remnants of altered clay

platelets having an integrated rimmed area of alkalli metal

silicate-kaolin reaction product. The rimmed area can be shown by

electron diffraction (ED) to be amorphous and non-diffracting., The
SAMS compositiona shown in Figures 18-23, are unique and considerably
J ' 20 different in appearance than the starting Omnifil and Hydragloss 90
a clay (Figures 24 and 25, respectively), as well aai.the pedor art

silicates, silicas, and calcined clays shown in Figures 15-17,

gUBSTITUTE SHEET



PCT/US87/01359
WO 87/07884

10

15

20

-40-

When comparing the x-ray ditfraction patterns of the SAMS
compositions of Examples One, Two and Five (Figures 33-36) with the
XRD patterns of the atarting clays (Figures 37 and 38), only attenuat-
ed kaolin peaks from the kaolin remnants can be observed. The XRD
patterna of the SAMS compoaitions are alao obviously different than

the XRD patterns of the prior art zeoliteas, silicates, silicas, and

calcined clay shown in Figures 26-32.

END-USE APPLICATIONS

The novel SAMS products of the present invention were

evaluated in a variety of end-use application compositions, Truly

remarkable performance of SAMS products are documented below.

1. PAPER COATING COMPCSITIONS

The SAMS product of Example Two derived from Hydraglosa 90
clay was evaluated in a' typical paper coating compoasition and evalua-
tion data are shown in Table IV.

A coating 1s applied to a paper subatrate primarily to
improve printing quality, although imptbvementa in optical properties

such as brightness or sheet gloss may also bea obtained. The SAMS
product made from Hydragloss 90 in Example Two was included at low
levels in coating compositions and compared with a composition using
only a commercial grade of delaminated kaolin clay (Hydraprint), and a
composition containing the delaminated :21ay and a low level of a

commercially available,” high brightness, low abrasion calcined clay

(ltlycal), in an application for lightweight publication grade paper.
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The end-use of this particular paper and its coating formulation was

in the art of printing by the rotogravure method. Coatings were

applied to a commercially produced paper substrate at a coat welight

typical to the grade using the Keegan Laboratory Blade Coater.

Following supercalendering, coated sheets were tested for optical

properties in accordance with the following TAPPI (Technical Associa-

tion of Pulp and Paper Induatry) astandards:

T-452; Brightness of Pulp, Paper and Paperboard

T-4804 Specular Gloss of Paper and Paperboard at 75 degrees

Rotogravure printability was determined using the Diamond iiational
Print Smoothnesa Tester.. The procedure followed is to coat, calender

and print paper samples by the rotogravure method with a series of

lines composed of dots. The dots are the result of printing cells

engraved on the rotogravure printing cylinder, each of identical

dlameter and depth. The number of dots which do not-transfer to the

sheet 1ia determined, with the greater number of missing dots being

interpreted as poorer rotogravure printability,

As noted from Table 1v; when used at one-half él\e loading
level of calcined clay, the product of the current invention unexpect-
edly produced a sheet of equivalent rotogravure printability, and
clearly superior to that where only delaminated clnyv _Qu used. Thus,
one bart of the product of the current invention can replace two parts

of calcined clay resulting in substantial cost savings for those
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skilled in the art of paper coating. Furthermore, when used at an

equal loading level with the expensive calcined clay, the SAMS product
of this invention yielded a sheat of comparable optical properties,

and clearly superior rotogravure printability.

TABLE 1V
PAPER COATING COMPOSITIONS CONTAINING SAMS
90% 90X 95%
Hydraprint Hydraprint /lydraprint
jox 10% - 5%
1002 Calcined SAMS from SAHS from
Hydraprint Clay Example Two Example Two
Brightness, % 68.2 69,2 69.0 68,7
75 Degree Gloss, X 43.7 45.0 45,5 44,0
Misasing Dots/Sheet® 31 22 15 23
*Diamond National smoothness test g
. _ ) : i

2. FINE PAPER FILLER COMPOSITIONS

Pigments are used as fillers 1in paper sheets for many

reasons, among which are the improvement of optical properties such as

brightness and opacity. The most efficient pigment for this purpose

is titanium dioxide; however, 1its price is prohibitive for its sole

use in this application. A class of pigmentz, known as titanium

dioxide extenders, are less expensive, but still quite costly. When

used in combination with titanium dioxide, these pigments allow for

reduced titanium dioxide use while maintaining optical properties.
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Two pigments from this group which are quits effective are calcined
kaolin clay and amorphous sodium silico-aluminate (Hydrex) pigments.
The SAMS product made from liydragloss 90 in Example‘?wo was substitut-

ed directly for the titanium dioxide extender pigments, calcined clay

(llycal) and sodium silico-aluminate (llydrex), in a filler furnish

containing 50X Nao. 2 grade clay (liydrasperse), 17X titanium dioxide
(DuPont LW), and 33X extender pigment. Handsheets were formed using
the British Standard Handsheet Hould, weighed to assure uniform basis
weight, and tested according to the prescribed TAPPI .standards:

T-425¢ Opacity of Paper
T-4521 Brightness of Pulp, Paper, and Paperboard
Additionally, the scattering and absorbance coefficients (S

and K, respectively) vere determined uaing the Kubelka-Munk equation.

The value K/S was then determined, and presented aa the scattering

efficiency. Greater efficiency 1s noted as the K/S value approaches

zero. The comparative evaluation data of SAMS and other extender
pigments used in the paper filler composition is given in Table V.
It will be noted from Table V that the product of the

current invention compares favorably to the expensive extender pig-

ments in ali parameters at each filler loading level. This is quite

surprising in that the SAMS products of the present invention can be a

match for the moat expenaive extender pigments normally used by the

paper industry.
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FINE PAPER FILLER COMPOSITIONS CONTAINING SAM3

Unfilled Control

50% No. 2 Clay
172 Titanium Dioxide
33% Calcined Clay (liycal)

50% ‘No. 2 Clay

17% Titaniua Dioxide
33X Hydrex

50% No. 2 Clay
17% Titanium Dioxide
33X SAMS from Example Two

Light
Scattering
Bright- Efficiency,
Filler, ness, Opacity,  K/S
] X X 10-2
0 82,5 71.8 1.87
2 84,3 74.4 1.46
4 85.4 78.5 1.25
8 86.0 81.2 1.14
2 84.8 73.9 1.36
4 85.5 78,2 1.23
8 86.2 81.6 1.10
2 85,0 75.2 1.32
4 85.4 78.1 1.25
8 86.0 81,5 1.14

3. NEWSPRINT PAPER ‘COMPOSITIONS CONTAINING SAMS

Another function of fillers in uncoated paper ia to retard

the amount of ink which penetrates the sheet, causing discoloration to

the other side of the paper.

This problem, frequently referred to as

"print show-through" or "print through,” is generally encountered in

newapaper printing.

Inprovement in this property is of more concern

as quality atandards for newsprint and similar grades continue to

tighten.
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The SAMS ptoducia made from Omnifil and Hydragloss 90 clays
in Examples One and Two are compared with their respective starting
materials, to a commercial grade of high brightpess, low abrasion

calcined kaolin clay (Anasilex), and to a high brightness sodium silico-

aluminate (Zeolex 23P) in their ability to reduce show-through.

Nandsheets were prepared from commercial newsprint pulp using a Noble

and Wood sheet machine, and tested 1in accordance with the following

TAPP1 standarda:

T-410: Basis Weight of Paper and Paperboard
T-425;3 Opacity of Paper

T-452; Brightness of Pulp, Paper and Paperboard

Additionally, printing tests were performed at standard

conditions of temperature and humidity on a Universal No. 1 Vandercook
Proof Preass using a standard newsprint ink and a printing plate

mounted type high., The plate was designed for printing a solid area 4

inches by 4-1/4 inches. Prints were made with 4 mils impresaion by

press bed adjustment, and the ink pickup determined by weighing each

sheat before and after printing. Variations in printing and ink

plckup necessitated printing each ash level at three ink levels, and

obtaining printing values at exactly 2.0 g/m 2 ink pickup graphically.

Printed sheets were conditioned overnight at 73 degrees F
and 502 relative humidity prior to evaluation by a brightness tester

at 457 nm on the side opposite the printing surface. Show-through was

determined in accordance with Larocque's equation:

» (100-Reflectance (Printed))
Show Through ( Reflectance (Unprinted) ) X 100

"
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Comparstiva data on the newsprint evaluation of SAMS and

other expensive extender pigments are given in Table VI.

TABLE V1

NEWSPRINT EVALUATION OF SAMS AND OTHER EXTENDER PIGMENTS ' i

TAPPL Show-Through
Filler Basia _

Filler Lavel, VWeight, Bright- Dpaclty, @237!2 Reductlion,
Pigment p f/yeam ness, T X Ink, X X
Unfilled None 30.6 52.9 85.1 10.8 -
Omnifil (Control) 2 30.3 52.9 8s, | }2.6 (16.7)

4 30.4 60.0 85,3 1399 (8.3)
lydragloss 90 2 30.5  59.4 85.1 13,1 (21.3)
(Control) ] 30.1 60.6 85.4 12,8 (18.5)

. i
Ansilex 2 29.8 60.5 85.6 10.8 0
(Calcined Clay) L) 30.1 62,0 87.4 9.1 15.7
Zeolex 23P . 2 30.4 60.2 85,5 9.1 15.7
(Sodium Silico~ 4 30.4 61.3 86.5 6.4 40.7

Aluminate)
SAMS from 2 30.3 59.9 86.3 9.6 11,1
Example One ) 30.7 61.9 88.0 7.0 35.2
SAMS from 2 30.3 60.5 86,4 8.7 19.4
Example Two 4 30.6 62.0 88.5 6.8 37.0
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It is seen in Table VI that the SAMS product from Example

Two performs as well as the calcined clay and suparior to the other

pignents in brightness improvement, and ia also the superior plgment

in opacity improvement. The SAMS product from Example One is aurpris-

ing in ites performance as well. Ita opacity ia second only to the

product made from Example Two, exceeding both of the other higher

brightnesa pigments, Ansilex and Zeolex 23. Concerning show-through,
it can be noted from Table VI that the use of the starting lhiydrous
clay materials (Ownifil and liydragloss 90) actually result in more

show-through than observed with the unfilled sample, 1The use .of

calcined clay, while improving show-through modestly at 4X f{ller

loading, leaves the sheet unchanged from unfilled at the 2X filler

level. When the products of the current invention are substituted

directly at the 2% filler level for the Zeolex 23 pigment, that
pigment being the product of clioice for this purpbu in commercial
applications, the results were indeed surprising. 1The SAMS product
from Example Two actually surpasses the Zeolex 23 pigment, while that

made in Exampie One is only slightly deficient. Although the products
of the current invention are alightly less efficlent than the Zeolex
23 at tha higher loading lo;vel, they are clearly superior to thelir
starting inexpensive clay controls and to the expensive calcined clay,
Furthermore, due to the high cost of the Zeolex 23 pigment, it can be

easily shown that tlia cost per unit of strike-through reduction foc

the products of the present invention is much more favorable than that
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of the Zeolex 23. Thus, 1f used at quantities sufficlent for equal

atrike-through reduction, the products of the current invention would

provida significant cost savings in this application.

4, LATEX PAINT COMPOSITIONS CONTAINING SAMS

In the past, functional extender pigments were primarily

used in paint as adulterants to replace more expensive prime pigments

and binders; thereby resulting in a lower coat paint formulation.

Hlowever, with the advent of new and improved functional extender

pigments, the use of these pligments has grown. They are now incorpo-

rated into the paint formulations to improve optical propertics such
as whiteness, hiding power/contrast ratio, and tinting strengt'h.

In this regard, the SAMS product made from llydragloas 90 in
Example Two was compared with the kaolin clay from which the SAMS
composition was prepared and leading commercial pigments used as
functional extenders in latex~based paints.

Whiteness (directional reflectance, Y-value) and contrast
ratio were determined by making drawdowns of the paints containing
control c'hy (ltydragloss 90), the SAMS product from Example Two made
from llydragloss 90, a commercial extender pigment (Hi-Sil 422), and
calcined clay (lluber 90C), on opacity charts having a simple combina-

tion’ of black and white areas large enough for reflectance measure-~

neqti. Such charts are supplied by the Leneta Company, Ho-Ho-Kus, New

Jersey. Directional reflectance, Y values, are datermined using a
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Gardner XL-20 Tristimulus Colorimeter on the dried paint filas over

both the black and white areas of the charts., Whiteness is reported

as the Y value determined over the white area.  Contrast ratio is

determined by dividing the Y values over black areas by the Y values
over the white areas of the charts and ia a measure of the relative
opacity of the paint.

"Relative tint strength was determined by blending 1X, by

weight, of a lamp black colorant to each paint, making drawdowns on

the opacity charts and then determining Y values of the dried paint

films over the white areas of the charts. Relative tint atrength 1is

reported as this ¥ value.

Comparative paint performance results of unique SAHS prod-

ucts and other expenaive extender pigmentas ara contained in Table VII.

TABLE VII

LATEX PAINT EVALUATION OF SAMS AND OTHER PIGMENTS

Whitenessa
(Directional Relative
. Reflectance, Contrast Tint
Pigment Y-Value, %) Ratio Strength, X
Hydragloss 90, Control 87.9 944 38.8
SAMS from Example Two 88,8 .958 A1.0
H1-841 422 88,7 947 40.8
Huber 90C 88.6 .949 40.3

Regarding Table VII, it will be noted that the control clay
lydragioss 90 and the commercial products, 111-Sil 422 (fine particle
hydrated silica pigment), and luber 90C (high brightness, low abrasion

calcined clay) are compared with the llydragloss 90 product of Example
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Two with respect to whiteness, contrast ratio and tint strength. The

various pigments vere evaluated in a typical high pigment volume

concentration, interior,

flat, vinyl acrylic paint. Pigmentation of

the paint consisted of '17.6% rutile titanium dioxide, 19,6X standard

calcined clay, 58.8% coarse particle-asize calcium carbonate, and 4.0%

of the evaluated pigment. It will be noted from Table VII that the

SAMS product of this invention produces significant improvements over

the kaolin clay from which the product of this invention was prepared

in whiteneas, contrast ratio and relative tint strength. Even mora

ungxpoctedly, the product of this invention gave an enhanced contrast

ratio and superior tint strength to the more costly functional extend-

er, H1-S11 422,

Additionally, as can be seen from Tabla VII SAMS products of
the preaént invention exhibit the best whiteness, contrast ratio (or

hiding power) and tint strength when compared with axpensive commer-

clal extender pigmenta. It is truly remarkable how the inaxpensive

startlng clay has been converted into a functional product SAMS by the

tcachings of the present invention.

5. NATSYN 2200 RUBBER COMPOSITIONS CONTAINING SAMS

Fillers are added to rubber compounds to provide reinforce-

ment or act as a dlluent. Small particle substances are considered to

reinforce rubber 1f they give to the vulcanizate high abrasion resis-
tance, high tear and tensile strength, and some increase in atiffneas.

The most important characteristic required of a rainforcement agent is

SUBSTITUTE SHEET

O lreeraid



10

15

20

WO 87/07884 | PCT/US87/013359

-51-

a fine particle size. :Anong non-black fillers, the best modulus and

tensile strength are produced by precipitated silica (Hi-5i1), fol-
lowed by synthetic sodium silico-aluminate (Zeolex). Fine particle

size fillers that are.app;oxlmately spherical in shape, such as many

silicas, give better tear resistance and abrasion resistance to rubber

than do needle-shaped or plate-like particles.

SAMS from Examples One and Two were evaluated in rubber
compositions and their performance compared with the more expensive
fine particle precipitated, hydrated amorphous silica product, lii-511

233,

The rubbers which can be émployed in the invention include

*both natural and synthetic rubbers. Exemplary of suitable -aynthatic

rubbers are stycene-butadiene, butyl rubber, nitrile rubber, neoprene

rubber, polybutadiene, polylsoprene, ethylens propylene, acrylic,

fluorocarbon rubbers, polysulfide rubbers, and silicone rubbers.

Mixtures of copolymers of the above aynthetic rubbers can be employed

alone or in combination with natural rubber. The most preferred

rubbers are natural rubber, polyisoprene, nitrile  rubber,

atytena—butadiéne, and mixtures thereof.

The SAMS product made from "ydrﬁgloss 90 in Example Two was
evaluated against a fine particle precipitated, hyﬂtated anor phous

silica product (li1-511 233) in a non-black syntheiic polyisoprene
(Natsyn 2200) rubber formulation.
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The SAMS and silica products were used at a 38-40 part level
per 100 parti rubber., The filler products w;re compared with respect
go modulus and tensile strength (ASTM 01456); heat buildup (rectangu-
lar block oscillating horizontally between two weights), compression

set (ASTM 395--ability of rubber compounds to retain elastic proper-

ties after prolonged action of compressive

strength (ASTH 624).

stresses), and tear

Evaluation results of the reinforcing properties of SAMS and

a commercial expensive synthetic silica, Hi-841 233, are listed in

Table VIII, ‘
TABLE VI

. NATSYN RUBBER REINFORCING PROPERTIES OF SAMS

v SAMS from
111-811 233  Example Iwo

300X Modulus, pai* 460 ' 630
Tensile Strength, psi* 2,850 2,870
lleat Buildup, Degrees F 267 136
Tear Strength, ppil 140 155
Compression Set, 2% 41.6 23.2

*10 Minute cure

It will be noted from the Table VIII that the SAMS product
of this invention 1is superior to the amorphous silica product in
modulus, compression set, and heat bulldup, where tiia silica product

has twice the heat buildup when compared with- SAMS products of the

present invention. It is truly remarkable that the inexpesnsive clay

haa been converted into a unique functional SAMS composition. This
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unique property of low IBU (heat buildup) causes the product to have

particular utility for use in tires, lioses, and belts where lower heat

generation from frictiun will substantially prolong the longevity of

these products. In this regard, the synthetic alkali metal

‘alumino-silicates of this invention can also be used gainfully in

elastomeri: applications where exposure to high temperatures can cause

severe deterioration of standard elastomeric systems.

The tire industry has been looking for a reinforcing filler

which will provide low heat buildup in rubber formulations. As data
clearly ahow in Table VIII, the heat bulldup imparted by SANS of the
present invention is almoat one-half that of the commercial expensive

silica, 111-811 233, The control structure of the unique SAMS composi-

tions 1is responsible for providing excellent rubber relnforcing

properties,

6. GIANT TIRE RUBBER COMFOSITIONS CONTAINING SAMS

The SAMS products mada from Omnifil and Hydragloss 90 in
Example Ona and Two were evaluated ngainst a fine particle, precipi-

tated, hydrated amorphous silica product (IH1-8§1 233) 4in an

<
off-the-road giant tire tread naturnl rubber fcrmulation containing

N220 carbon black. The SAMS and silica products were used at a 15

part level and the N220 carbon black at a 40 part level per 100 parts
q
of rubber,
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The filler products were compared with respect to modulus,
tenaile strength, tear strength, heat buildup, ;nd a flgx fatigue
failure test (ASTM D2052--Ross flexing muchine that allows a plerced
rubber specimen to bend freely over a rod through an angle of 90
degrees for the number of cycles required for specimen failure). It
will be noted from the test results of Table I1X that the SAMS products
of thi: invention from Omnifil and llydragloas 90 are equal or aube:ior

to the high-priced amorphous silica product in modulus, tensile

strength, tear strength, heat buildup, and Elex fatigue. Of particu-

lar interest ls the startling increase in flex fatigue property which
should bo’vety important in elastomeric systems in which a great deal
of bending and stratching atresses area involved, auch as shock sup-

pressors, hoses and tubing, bushings, etec.

-

By examining the evaluation data in Table IX, i} can be
clearly seen that the unique SAM3 producta provida excellent flex
fatigue protection to rubber compositions when compar;d with the
expensive commercial silica products, i11-Si1 233,

It 1s quite remar:able that the inexpensive clay products
have been converted to more useful value-added materials callad SAHMS
by the teachings of the instant invention. The potfo;mnnce properties
of SAMS in rubber compositions are unique and quite unexpected.

It
appears that the rovel SAHS'ccmpoaitionu of the present invention are

controlled structures in nature and provide optimum filler-polymer

interaction in rubber ccapositions.
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TABLE IX

GIANT TIRE RUBBER REINFORCING PROPERTIES OF SAMS

SANS From

111-811 233 Examaple One  Example Two
300X Modulus, psi® 1,360 1,490 1,500
Tenasile Strength, psi* 3,700 3,780 3,870
Tear Strength, ppi 605 575 625
lleat Buildup, Degrees F 278 267 260
Flex Fatigue, (Cycles 471 835 666
To Failure X 1000)

*90 Minutes Cure

7. COLOR CONCENTRATE PLASTICS COMPOSITIONS
Pigments,

fillers and extenders are mixed with plastics'

resins to produce color concentrates. Titanium dioxide and colored

pigments are widely used to produce pigmented plastics concentrates,

A study was undertaken in which a 50% T10, concentrata was

produced in high density polyethylene (HDPE) resin, Thii concentrate

was called the control concentrate.

The SAMS product from Example Two was used to exéend 1102 of

the control concentrate by replacing 10 and 20X by weight of the Ti0

2
with SAM3. The following plastic compositions were used to produce

the various concentrates.

Ingredients Control Concentrate A Concentrata B

HDPE 50 50 50
R-101 (uoz) 50 AS 40
SAMS (from - 5 14
Example Twa)
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The control and concentrates A and B containing 5% and 10X
SAMS were compounded in the 3/ Farrel Banbury. Each sample was then
granulated, extruded and pressed out for testing. The optical proper-

ties of the various concentrates were then evaluated.

5 The opacity and brigiitness of the control and SAMS contain-
ing concentrates are listed in Table X. This study suggests that SAMS
of the instant inventioﬁ can be used in color concentrates without
loss in opacity and brightness.

Data are listed in Table X. '
10 TABLE X
PLASTIC COLOR CONCENTRATES CONTAINING SAMS
Elrepho
Brightness, Opacity,
Concentrate )4
15 TlOz - Control 89.1 0.980
Concentrate A (w/SAMS) 91.8 0.985
Concentrate B (w/SAMS) 91.4 0.990

8. DEFOAMER COMPOSITIONS

Defoamer compositions are used to suppress foam formation in

20 the paper, paint, food and many specialty industries.

Defoamer compositions were prepared by using the following
formulations:
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ingredients Parts (by weight)
Dow 3011 Antifoam Clhemical A0
Ammonium Carbonate 1.0
Mineral 041 200.0

11G 90 or SANS

10,0 -
(£zom Example Two)

The mineral oil called for in the above formulation wam

weighed out and placed in a stainlens nteel cup. Control clay or SAMS

from Example Two was hand-mixed with the mineral oll. 1This mixture

10 yan dispersed on a llockmeyer mixer for [ive minutes at 2300 rpm apeed.

15

20

25

The antifoam chemical was then added, [ollowed by ammorium carbonate,

The ‘whole composition was mixed for an additional three minutes,

The contents of the stainless steel cup were transferred-

into a 500 ml flask and heated at 80 degrees C until the foaming

stopped. The temperature was then increased to 105 degrees C and the

composition waintained at this temperature for two hourm. 1lhe [lask

was removed from the |iotplate and after cooling, the contents were
transferred to a one-half pint can for storage. At this point the
defoamer composition is ready for evaluation.

The defoamer composition was clecked for foam suppresaion
properties. One liter of black kraft llquor (15% solids) was poured

into a 2500 ml burette which was hooked up to a gravity feed circulat-

ing pump flowing at the rate of five liters per minute.

While the black liquor wns nt rest, 0.02g (or two drops) of

the defoamer composition was added to the burette. The pump and a

stop watch were simultaneously started to record the time it takes the
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foam height to reach six inches from starting point of liquor at rest.
A defoamer composition which auppresses the foam from reaching a
six-inch height for the lorigest time is considered the best defoamer

compound.

Defoamer efficiency data are given in Table XI.

TABLE X1
DEFOAMER COMPOSITIONS
Defoamer Compositions Six-Inch Suppression Time
Compound w/IIG-90 - Control 27 seconds
Compound w/SAMS 233 seconds

(£rom Example Two)

From data in Table XI, it is clear that SAMS makes an
excellent defoamer when compared with the atarting clay. In fact, the
defoaming efficiency of SAM3 from Example Two is about 762X better
than the lydragloss 90 control. It 1a truly temu"kablc that the
present invention has converted the llydragloss 90 clay into a valued

added SAMS product of unique efficiency for use in defoamer composi-

tions.
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9. DRY-UP LIQUID/CARRIER COMPOSITIONS

Liquids, active substrateas and rubber chemicala are dried up

on fine particle carriers, The dry, free flowing powders are produced

by adding ‘the powder to the 1liquid wihiile hixing in a liobart mixec

until a dry, free-flowing powder is produced. From the weight of the

1iquid carried on a carrier solids, one can calculate the carrying

capacity of the carrier powder.

The SAMS product from Example Two was compared with the

control clay (llydraglosa 90) in terms of the carrying capacity of

10 mineral oil and Flexon (Exxon) processing oil. These liquids were

converted to dry, free-flowing powders with the carrying capacity

expressed as the percent by weight of liquid (X active) present. The

carrying capacity data is given in Table XILI.

" TABLE X1
15 CARRYING CAPACITY OF SAMS
Liquid: Mineral 0Oil
Carrier Powder X Active
Control Clay 10
SAMS from Example Two 58
20

Liquid: Flexon 01l

Carrier Powder

% Active
Control Clay 10
SAMS from Example Two 60
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From data in Table XI1, it can be readily seen thai IAMS of

the instant invention has excellent carrying capacity when = mpared

vith the clay control. It is quite remarkable that clay hvs been

converted into the functional carrier SAMS by the teachings of the

instant invention.

10. PAINT COATING COMPOSITIONS

In ‘order to provide protection and to produce a pleasing
appearance, a variety of surfaces, such as wood, metai fabric, paper,

or plastics, are coated with clear flatting compositions containing

dispersed or suspended particles of a flatting agent which reduces the

gloss or sheen of the coating and the coated substrate, preferably

vithout substantially reducing the tranéparency of the flat coating.
For example, wood finishes which serve to protect the surface againat
abrasion and stain, yet do not conceal the beauty of the graia, are
made to simulate desirable hand-rubbed 'finishes byk incotporating

flatting ageiits therein which rormally are dispersed fine particles oi

such materials as silicas. Tha best effects are obtained with silicue

of uniform particle size down to the pubmicron range. Small size and

uniformity are necessary to achieve a smooth coating without white
specks or without a graying effect which would detract from the

appearance of the coating.

For paint flatting application, 10 grams of SAMS from

Example Two of the instant invention was mixed with 350 grams of

(conforming to Military sapecification
M1L-L-10287A-amendment 2, Type 1I, of issue 27, Aug. 1959), and mixed
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for threa minutes using the low speed setting of the Hamiliten Beach

130 mixmaster, The lacquer containing dispersed SAHM3 wae tested for

r
llegman fineness of grind. ’

The lacquer containing dispersed SAM3 from Example Iwo was

evaluated for paint flatting properties. A drawdown was made on

carrara glass using a /34 wire coatings application rod. The Carrara

glass drawdowns were allowed to dry for 45 minutes under dust-free
conditions. Using the above ﬁethod, drawdowns were also made by using

a control ayﬁthatic silica normally used in this application.
Using tiia Gardner multi-angle gloss meter,

sheen values of the various drawdowns were measurad at 60 degrees and

85 degrees, respectively, These values were compared with measured

values obtained when a control silica wae dispereed in the lacquer.

SAHS of the present invention result in cleaner ilegman

grinds and exhibit better clarity when dispersed in the lacquer.
Flatting data 1isted in Table X111 suggests that the novel

SANS of the preasent invention exhibit lower gloss and sheen values

than the control silicas. Lower gloss and shean values are preferred

and advantageous for paint flatting applications,

—~—
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TABLE X111
FAINT FLATITING EVALUATION
. 60 Degrea 83 Degree

Flatting Agent Glose Sheen
SANS (Example One) 10 21
SAMS (Example Two) 8 16
Control Silica 15 43

(Zeothix 95)

A close examination of the data in Table X111 clearly shows

the SANS conpoéltions of the instant invention as having superior

flatting properties compared with the synthetic silica control. It is
quite remarkable that clay has been converted into a value added

functional product by the teachings of the instant invention.

11. DETERGENT COHPOSIT1ONS

Typical home laundry detergents are generally formulated as

a 50-60% solids slurcy and’ spray dried to give the familiar powdered

products. A typical home laundry detergent consists of the following

ingredients?

Ingredient . Parcent, by weight.,

Sodiuwm Tripolyphosphate 12-50
Surface Active Agents

10-20
Liquid Sodium Silicate 5-8
Soil Redeposition Agents 0.5-1.5 .
Fluorzscent Dyes 0.03-1
Water 2-12
Sodium Sulfate Balance
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Surface active ageants mainly consist of anionic linear alkyl
benzene sulfonate (LAS) and non-ionic alcohol based ethoxylates (AEOQ).

A surfactant 1a needed in the detergent to extsnd the functional

performance of the detergent builder.

Non-ionic. surfactants are.added at a level of 4-6X (typical
non-ionic surfactants currently being used are Shell's Neodol 25-7 and
45-11) based on the weight of other ingredients of the detergent
composltiéna. The resulting slurry 1is spray dried.' Non-lonic
surfactants contain small €ractions of short-chalp molecules called

"light ends.” During the spray drying step, the "1light ends™ do not

incorporate into the finished detergent bead and go out of the dryer
exhaust and result in a white cloud referred to as "plume.”

Detergent producers are anxious to cut down this "plume” and
several mechanical advances have been made to scrub the stiack gases
but the uctqbbing process is not 100X effective, Also, the equipment

required to clean the stack gnses is very expensive.

We have found an inexpensive solution to the problen 43

LAY

which SAMS of the present invention can be used to convert the 1Lquas

non-ionic surfactants to dry, free-flowing particulates so that
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dried-up surfactant can be poet aided to the spray dried detexgent

formulation., Thua, SAMS compositions of the instant invention are

useful for drying-up non-ionic surfactants in the free-flowing fozm.
Thus, SAMS can be used in the detergent compositions to solve an air

pollution problem called "pluming.”

Neodol 25-9 surfactant (manufactured by Shell Chemical

Company) was dried-up on SAMS from Examples One and Two. The maximum

amount of Neodol that can be dried up 1s listed in Table X1V,

TABLE X1V

DRYING-UP NEODOL 25-9 ON SAMS PRODUCTS

Flow Time X Active

Carrier (seconds) Surfactant

SAMS (Example One) 18 51,2 °
- SAMS (Example Two) 15 55.9
Clay Control 86 10,0

From data in Table XIV above, it is clear that SAMS composi-
tions of Examples One and Two exhibit superior flow properties and

drying capacity when compared with the corresponding control clay used

in Example Two.

Thus, the method of drying up non-ionic surfactants results
in superior free flowing surfactant powders. These surfactant powders
ran be efficiently used by post-adding to detergent compositions.
Thgs, SAMS of the instant invention are useful in detergent composi-

tions and these SAMS pigments impart superior properties which help in

solving an important air pollution problem.
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12. PLASTIC FILM ANTIBLOCK COMPOSITIONS

Low density polyethylene (LDPE) and polypropylena (PP) film

have a tendency to stick together. This phenomenon is called "block-

. \
ing.” SAMS pigments of the instant invention were evaluated to

determiné 1f SAMS could be used as antiblocking agents in LDPE, PP and

- other plastics films.

Approximately 1300 gram batches of LDPE and SAMS composi-

tions from Examples One and Two, as wéll as the control clay from
Example Two, were compounded in the Mo. 3 Banbury.Each sample was then

granulated and extruded through the one and oné-half inch Davis

Standard Extruder using a 20/100/60 mesh screeon pack. Each sample

extruded contained 90X LDPE Gulf Resin 5200 and 10X of either the SAMS
composition from Example One and Two, or the control clay from Example
Two.

Press-outs from each concentrate were made from each sample to

determine the quality and dispersion of each material.

Film was then produced on the one-inch Killion extruder.
ALl Film samples were produced on the same machine on the same day at

a constant rpm, identical temperature profile, and constant film
thickness.

Film samplés vere heated after 24 hours of film aging to let

the antiblock additive migrate to the surface of the film. The

blocking force, coefficient of friction (COF) and percent haze were

determined on each film sample. These results are summarized in Table

© XV,
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TABLE XV

ANTIBLOCK COMPOSITION (FILM THICKNESS: 2 MILS)

Blocking

Compound Antiblock Agent Force, g# COF, g - X lNaze
Gulf Resin 5200 None 76 0.6 11
Gulf Resin 5200 IG-90 Clay 74 0.5 12
Gulf Resin 5200 SAMS from Example One 38 0.5 10
‘Gulf Resin 5200 SAMS from Example Two 45 0.4 9

Data in ‘raple XV clearly show that SAMS have better antiblocking

properties than the starting resin and the clay control. Also, the

COF and the haze properties of the film containing SAMS are definitely

superior to the film coniaining the clay control.

SYNTHESIS OF SAMS AS A FUNCTION OF B/C RATIO

Except as expressly noted below the procedures of Example
One and 'Two were followed using laboratory reactors of two-liter,
one-gallon or two-gallon capacity in carrying out the examples below
which are otherwise abbreviated to focus on the variables changed.

Experimentation was performed on a laboratory scale.
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EXAMPLE THREE

A reaction in accordance with Example Two was carried out at
135 psi, for oné hour of reaction time using Hydragloss 90 and a:2.5
mole ratio sodium silicate to illustrate the novelty of the invention

5 over a wide range base to clay ratios. Conditions and results are

shown below in Table XVI.

TABLE XVI

SAMS SYNTHESIS AS A EUNCTION OF B/C RATIO

Monovalent
Base to 0il Cation Exchange
10 Clay Ratio Absorption, Capacity,
B/C ml/168 g meq/108 g
Clay Control 30 2
<29 89 72
<35 127 123
15 .50 164 178
.70 124 189
.9d . 122 186

This clearly points to the fact that a wide variety of SAMS
compositions of high oil absorption and high ion exchange capacity,

20 when compared with control clay, can be prepared by the teachings of

the present invention.

EXAMPLE FOUR
To jllustrate the present invention in regard to the use of
different alkali metal silicates, reactions of.potassium silicates
25 (Kas}l 42 and Kasil 1, respectively) with Hydragloss 96 clay were
conducted at IZG psig over 1.5 hours using 10% solids. Reactions

conducted at B/C ratios ranging from .25 to 5.8 yielded the results
get forth in Table XVII.




.
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TABLE XVII

SAMS Syachesis frem Pecsselum filicace

€

} Y14 QL1 Abserpclon 38T S.A.. ScighCneae.
Racto «l/100g al/g T RD
—————- HG-90 (cescrel) 43 2.0 .0 Kaelta
Kaetl 62 0.23 146 . 7.1 90.0 Acceauaced Kaislia
- - 0.39 170 22.2 90.1 - -
b b 0.73 166 9.3 .0 - -
- - 1.00 166 18.3 .8 Amecpheus
- - 1.50 152 13.2 2.5 e hd
- - 3.a0 143 1.7 92.6 - -
- - 3.00 142 10.4 922.8 - -
Kastl 1 Q.23 159 - 29.9 90.2 Acctesuaced Kaalta
- - 0.30 167 6.6 90.9 - - -
- - Q.73 170 1.9 1.9 Kaselia (trace)
- - 1.00 170 19.7 2.6 Amecphous
- - t.30 153 13.4 9.8 - - ]
- - 3.00 116 6.8 90.6 - - o
@
[}

*The $103/K30 mole ractio compositions of che scarting eillicsces vece:

Kastl &2 = 2.8
Kastl 1 < 3.9 .

Silicaces are ceameccially aveilibla from PQ Carperacioa.

. 65€10/L8S1/1Dd
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The data in Table XVII ciea:ly shows that potassium

silicates can also be used in the synthesis of unique SAMS.

compositions. A unique chétacteristic of SAMS products prepared from
potassium silicates is the absence of zeolite formation even at B/C
ratios as high as 5.8. At high B/C ratios (i.e., B/C >1), the
potassium silicate/clay reactions‘ were found to always yield
completely amorphous materials rather than any zeolite. Under similar
reaction conditions, sodium silicate/clay reactions typically prodﬁce
zeolite (see Example Nine for comparison). Another interesting
feature of potassium SAMS products, is an observed' change in their
morphology as the S5i0,/K,0 mole ratio of the potassium silicate used
for reaction is increased from 2.8 to 3.9. SEM photographs comparing
the potassium SAMS prepared from Kasil 42 and Kasil 1, both at B/C
ratio of 0.5, are shown in Figure 39. A change in the agglomerate
morphology of the products, from generally spheroidal to coral-like,

is apparent when Kasil 1 rather than Kasil 42 was used.

EXAMPLE FIVE_
In accordance with the teachings of this invention, Example
Five shows the formation of SAMS compositions at B/C ratios of 1.8 to
2.9, using alkali metal silicate bases of different §i0,/Na,0 molat
ratios. To exemplify this aspect of the invention, a Hydragloss 90
clay was reacted with 2.5 and 3.3 mole ratio.sodium silicate at

approximately 188 psi for one hour at 10% solids. The Eesults are set
forth in Table XVIII.
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TABLE XVIIL

SYNTHESIS OF SAMS AT IlIGH B/C DATCH CONFOSITIONS

Base to Cation
i Clay 011l Sucface Exchange Bright-
t 5 Tent Ratio Absorption, Aren, Capncity, ness !
No. (B/C) ml/100 g Structure m/g meg/100g b4
llydcagloas 90 Control 30 VLS 20 2-3 91.0
1* 1 162 M3 24 141 91.7
2* 2 193 it 19 191 93.0
10 kLb 1 187 ns 15 . 159 92.6
L Lk 2 115 LS 11 136 91.2
*2.5 Silicate Mole Ratio (Si0 /Nazo)
23,3 Silicate Mole Ratio (SLOZ/NBZO)
Data in Table XVIII clearly show the formation of SAMS
15 compositions at B/C ratios equal to and greater than 1.0 using alkali
metal silicate bases of different SiOz/Nazo'mq_lar ratlos. The SAMS ﬁ
compositions had oil absorption values which would  correspond to
materials having from low (LS) to high (iiS) structure. TEM Figures 22
and 23 also show the same unique SAMS composition and morphology of
20 SAMS compositions prepared at B/C ratios cf 0.5 and 0.75 (Figures {8
through 21).
Filgure 5 ashows a comparison of the FT-IR spectra of .
llydragloss 90 control clay, SAMS from Example Two prepared at a B/C of
0.5, and SAMS from Example Five prepared at a' B/C of 1.0 and 2.0, A
25

. sodium silicate having an 8102/}{820 mole ratlo of 2.5 was ured In the

SAMS aynthesis. The only difference observed in the IR spectra of the

SAMS compositions occurred in the 1200-950 wavenumber region in the
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$1-0 stretching peak. Aa the B/C of the SAMS composition increased
the peak became broader and less detailed. This would indicate an
increase in the amount of amorphous material preBent in the SAMS

compositions. The TEMS and FT-IR spectra clearly show that the

unique SAM3S compositions can be formed at B/C ratios of one and
greater,

To further demonstrate the functionality feature of the
variety of SAMS compositions prepared at different B/C ratios, the
products from Tests 1 through 4 were evaluated as fuﬁctlonal extenders
in a typical paint formulation similar to that described earlier. In
Table XIX the products from Tests 1 through 4 were compared in con-

trast ratio with Zeolex 80, Hydraglosa 90 and Satintone 5, a commer-

cial, high brightness calcined clay.

TABLE XIX

PAINT PROPERTIES OF SAMS VERSbS B/C_OF DATCI COMPOSITION

Sillicate Cantrast
Test No. B/C Mole Ratlio Structure Ratiec
1 1 2.5 MS 977
2 2 2.5 1S .978
3 1 3.3 s .975
4 2 3.3 LS .970
Satintone 5 - VES 975
Hydragloss 90 - VLS .976
Zeolex 80

- LS. 973
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As noted in Table XIX, the SAM3 compoaitions havingrmedluz
to high otructﬁre produced éxcéllent contrast ratio values which '
equélled or surpassed values for commercleliy avqilable calcined clays
or silicas in paint properties.

-'5 ) EXAMPLE S1X

To {llustrate the present invention in repard to the use of
sllicates comprised of various 510,/Na,0 ratlos, a reaction of Omnifil
and varlous silicates at a pressure of 120 psi for one lour of reac-
tion time at 10%Z solids yields the results set forth in Table XX.

10 TABLE XX
SYNTHES1S OF SAi*> AS A FUNCTION OF SILICATE MOLE RAT1O
Silicate Monovalent
Hole - Cation
Base to Ratio 0i1 Exchange Surface Bright-
15 Test Clay Ratio (si0 / Abaorption, Capacity, AEea. neas, Struc-
No. (B/C) Nazo) ml/}00g  meq/|008 pd ture
1 .50 3.33 161 115 24 © 83,5 Mg
2 .75 3.33 167 149 20 85.8 Ms
3 .50 - 2.50 156 143 25 85.5 Hs
20 4 .75 2.50 148 175 21 85.9 Ms
5 .30 1.00 123 148 - 28 84,0 LS
6% .75 1,00 83 216 28 85.1 1.3
Omnifil (Control) - 37 2-3 20 8z.0 VLS

*XRD pattern showed pres=nce of zeolitic natgfial
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As can be seen from the data in Table XX, SAMS compositions
having low to medium structure were formed under the preferred
conditions of B/C less than 1.0 using alkali mt;l gilicate bases of
varying SiO,NA,0 molar ratios. Low structured SAMS compositions were
prepared in Tests No. 5 and 6 using sodium metasilicate. The XRD
patterﬁ of Test 6 showed the presence of a zeolitic materizl. Figure
6 shows a comparison of the infrared‘ spectra of the SM;S compositions
of Example Six prepared at a B/C ratlo of 0.5 using the different
molar ratio sodium silicates. The IR spectra of the SAMS prepared
from the 2.5 and 3.3 mole ratio silicate are esgsentially identical and
closely resemble the IR pattern of the SAMS compositions of Example
One, Two and Five (Figures 3, 4 and 5). The IR spectrum of the SAMS
prepared with meta sillcatt.e more closely resembles that of the
starting ;:lay (Figure 3), reflecting the lower si.licate content of the
starting reaction mixture. This is especially true in the 120¢-958
wavenumber Si-O stretching region. It must be concluded, based on the
physical and analytical data, that unique SAMS compositions similar to

those produced in Example One and Two were formed by reacting clay

with sodium silicates of SiOZ/Na20 molar ratios of 1.9 to 3.3 at R/C

ratios less than 1.9,
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EXAMPLE SEVEN

To illustrate the effectivenesas of the present invention on
a clay pigment produced from another locale, a delaminated Central
Georgia clay (Hydraprint) having the propertles shown in Table XXI was

employed for a thiree-hour reaction time at 120 psi nnd 10% solids, using a

3.33 nole ratio sodium silicate. Results of the reactions are sliown

in Table XXI,.

TABLE XXIL

SYNTHESLS OF SAMS FROM CENiRAL GEORGIA CLAY

Base to 011 Surface
Clay Ratio Absorption Agea,
(B/cC) m1/100g n/g Structure
Hydraprint
(Control) 49 13 VLS
0.25 153 ‘ © 19 MS
0.50 179 14 HE]
0.75 17} 14 M3

The oil absorption data shown in Table XXI would suggest
that unique SAMS compositions of medium to high structure can be
produced by the reaction of a relatively coarse particle size, low

surface area clay such as liydraprint with an alkall metal sillcate

base.
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‘EXAMPLE EIGNT

To illustrate the importance of controlling reaction time
and pressure/temperature in the SAMS synthesis, a series of SAMS

reactions was conducted in which pressure and yveaction time were

5 varied between 100-150 psl and one to three hours, respectively.
Results of the tests are shown in Table XXII. The reactions were
conducted at 10X solids using a llydrapcint, middle Georgla delaminated
clay, and a B/C ratio of 0.8. A 3.3 mole ratio sodium silicate was
used in the tests.

10 TABLE XX11
SYNTIIESIS OF SAMS AS A FUNCTION OF REACTION,
' PRESSURE AND TIME
0i1
Presaure,® Time, Brightness, Abdorption 54,
15 psi hra 2 . m1/}00g . XRD m“/g
100 1 89,2 134 SAMS 13
2 90,0 135 SAMS 11
3 90,3 145 SAMS 11
120 1 89.9 131 SAMS 1t
20 2 90.6 133 SANS 11
3 91.1 157 SAMS + 112
Trace Z**
135 1 90.3 137 SAMS 9
2 - 91,2 156 SAMS + 33
Trace 2

3 91.3 1e1 SAMS 42 91
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(Table XXII Cont.)

150 1 20.6 144 SAMS 1C
. 2 91.5 158 SAMS + 49

”, - Trace Z ,
3 9}.5 7 150 SAMS + 2 124
Hydraprint f7.5 42 i4

{Control)

*  Corresponding temperatures can be found in steam table
*%*  Zeolite

The above tests illustrate the wide variety of SAMS composi-
tions that can be produced by reacting clay and alkali metal silicate.
Brightness, oil absorption and surface area of the resulting SAMS

compositions can be changed by varying reaction time and steam pres-

sure (temperature). The data show that if the presence of zeolitic

material in the SAMS composition is undesirable, it can be eliminated

by reducing reaction pressure and/or time.
EXAMPLE NINE

To illustrate the uniqueness of the clay-sodium sflicate

reaction, tests were conducted in which llydragloss 90 eaat Georgla

clay was reacted with both a 2.5 molar sodium silicate and sodium

hydroxide at B/C ratiocs of 0.75 to 5.0, The reactions were conducted

at 102 solids at 120 psi for two hours. Results of the tests are

given in Table XXIII.-
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TABLE XXI1I

'COHPARISON OF SODIUM SILICATE WITII SODIUM HYDROXIDE

AS BASE IN TIIE SAMS SYNTIIESIS <

Baee to Clay

Ratio, Brightness, 0A, SA,

(B/c) Base p ml/100g mZ/g XRD

0.75 Silicate 92.1 147 90 SAMS

1 Silicate 90.9 102 228 SAMS+trace Zeolite

3 ‘Silicate 92.0 90 246 Trace SANS+Zeolite

5 Silicate 93.5 104 7 Amor phous

0.75 NaoOll 81.0 82 20 Hydroxy sodalite®

1 NaOif 74.6 78 15 llydroxy sodalite*

k| NaOH 83,5 64 17 llydroxy sodalite

5 NaOil 81.5 © 60 21 llydroxy sodalite
Hydragloss 90 91.0 43 22.0

*XRD also showed presence of kaolinite.

The reaction with sodium hydroxide formed only hydroxy
sodalite.- In addition, the low brightness, oil absorption and surface

area values also show that no SAMS compositions were formed. In

contrast, the sodium silicate reacticen produced SAMS compositions

having increased brightness, structure (oil absorption) and surface
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area, The XRD analysis of the silicate reaction ptoductayshowed the

presence of zeolites at B/C ratios of 1.0 and higher. The amorphous.

character and low Bsurface area of the B/C = 5 aflicate reaction

indicated the formation of a new phase,

Flgure 7 compares the spectra of the ailicate reaction

products in Table XXI11I. Tha spectra show the presence of 35AMS but

also show the increase in zeolite formation at the higher B/C ratios
as the Si—O stretcliing peak (1200-950 wavenumber) becomes sharpér and

the peaks typical of kaolin located between 800, and 400 wavenumbers
disappear.

Figure 8, llkewise, compares the IR spectra of the sodium

hydroxide reaction products. The S1-0 stretching. peak (1200-950

vavenumbers) 1is sharper,

phase (hydroxy sodalite), and the loss of peaks in the B800-409

wavenumber region 13 observed at lower B/C ratios than for the sili-

cate reaction.
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EXAMPLE TEN

Nylon Plastic Compositions Containing SAMS

Fillers are added to plastics to provide reinforcement or to
act as an inexpensive diluent without resultlng\loss of physical
properties. The SAMS product of Example 2 was evaluated as a
reinforcing filler in amorphous Nylon 66 at loadings of 5, 1@ and 20%
respectively. The physical properties of these fi"lled compositions
were then cbmpared to those of an unfilled Nylon plastic to assess the
reinforcing potential of SAMS.

Evaluation results for SAMS as a filler in amorphous nylon
are tabulized below:

TABLE XXIV

Nylon Reinforcing Properties of SAMS

R, i S :
' 5% 19% ' 20%
Tensile Modulus, psi 33880 54080 56850 193600
Tensile Yield, psi 4405 5657 5835 ‘ 4214
Elong. @ Peak, % 371 324 297 114
Flexural Modulus, psi 47160 54678 64020 88590
Flexural Strength, psi 1933 2226 2491 3191
I2od Impact, ft-lbs/in 11.47 8 14.12 N8, 13.59 B 13.40 B
Gardner Drop Wt., in/lbs > 160 > 168 > 160 > 168

It should be noted that the filled compositions show marked
advantages in their tensile and flexural modulus values versus the
unfilled control. Impact properties were-also excellent even at a 20%

loading of SAMS. However, advantages in the above physical properties
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were not obtained at the expense of any tensile yield or flexura_l
strength., It i3 remarkable that the conversion of an inexpensive clay

into a SAMS results in such a unique functional filler for nylon.

EXAMPLE ELEVEN

Conduit Pipe Composition Coiitaining Sams

To further illustrate the plastic reinforcement properties
of SAMS, the SAMS of Example One was evaluated‘as a filler in a
conduit pipe composition which utilizes a high-density polyethylene
base resin (Phillips C-568). In this particular application, the SaMS
of Examp'le One was surface modified with a standard, commercial-grade
azido silane coupling agent (Hercules AZ-CUP MC) at a 71.75% treatment
level. The modified SAMS was thén incorporated into the HDPE resin at
a 25% loading level. A silane modification was n}ade as known in clay
technology by adding the azido silane in its pure form in up to 12%
liquid involving dilution of the silane with methyleﬁe chloride or
methanol followed by low shear solid-liquid mixing with the SAS using
a device such as a S'igma Blade Mixer. The physical properties of the
SAMS/HDPE composite were then compared to those of an unfilled HDPE
control. Integral Corporation's (of Dallas, Texas) criteria for their
conduit compounds include good ptocessibllty‘, high tensile and
stiffrness properties and a minimum Izod Impact of 2.7 ft-lbs/in. Test

results on'l 5/8 inch 0.D. pipe produced from each composition are
tabulized below. |
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TABLE. XXV

Reinforcing Properties of Modified SAMS*
in _a Conduit Pipe Compeszition

-

HDPE Control HDPE with sms/Az—CUP
5 (Phillips C-568) At 25% Loading
Tensile Modulus, psi 157800 223500
Tensile Yield, psi 5497 5269
Elong. @ Peak, % 11.57 12.41
Flexural Modulus, psi 195600 .+ 224100
10 Flexural Strength, psi 3393 5815
I1zod Impact, ft-lbs/in 13.66 15.72

- *SAMS of Exawple One surface modified with Hercules

azlido silane (AZ - CUP MC) at @.75% treatment level.
The test data clearly show that the SAMS/HDPE composition
15 satisfies all the physical property criteria nee;ied by Integral
Corporation in their conduit applications. Versus the unfilled HDPE
control, one will note that modified SAMS addition provides notable
improvements in the tensile and flexural modulus, flexural strength
and izod Impact properties. It is therefore obvious that SAMS serves

20 as a highly functional filler in this plastic system.

e

EXAMPLE TWELVE

In accordance with the teachings of this invention, SAMS
products were evaluated as re'lnforcing fillers for high-density
pulyethylene at a 25% loading. The SAMS products for this filler

25 application were prepared from a coarse particle size, Middle Georgia

delaminated clay (i.e., Hydraprint) in combination with a 3.3 mole
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ratio sodium silicate used at B/C ratios of 0.25, 6.58 and #.75
regspectively in accordance with the ptocedu;e of Example 8.  SAMS
products were produced from the above batch compositions by reaction
at 120 psig for one houtr at 10% solids. The agglomerate products were
in the form of platelets. The reinforcement properties of these platey
SAMS in HDPE were compared to those of hydrous delaminted clays. The

results are set forth in the table below.
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Reinforcing Properties of SAMS in Allied HDPE 7-731, 25% Loadings

TABLE XXVI

Tensile Modulus, psi
Tensile @ Yield, psi
Elong. @ Peak, %
Flexural-Modulus, psi
Flexural-Strength, psi
Izod Impact, ft-lbs/in

Gardner Drop Wt., in/lbs

HDPE
Control

165500
4359
11.2
144000
4097
15.5

> 164

RN

Filled HDPE Campositions at 25% Filler Loadings

HP-
Clay

312500
4748
7.6
303800
~5929
5.9

131

f

"Platelet”™ SAMS Products”

@.25 B/C g8.56 E/C @.75 B/C
314400 2954400 289700
4762 4921 4969
6.8 7.6 8.1
303500 289740 2793040
6048 6014 5890

7.2 8.5 121

> 160 > 160 > 160

-8~
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The test data clearly indicates that platey SAMS products,
when used as fillers for HDPE, provide physical properties essentially
equivalent to those provided by hydrous clays, except with respect to
Izod Impact which was improved. The platey SAMS provided notable
advantages in Izod Impact, particularly as their B/C rati» increased
from @.25 to 8.75. It is truly unexpected that the conversion of a
delaminated clay into a platey SAMS product of high B/C should produce
a unique functional filler for HDPE. An increase in impact strength

from approximately 5 up to 12 ft-lbs/in is considered very
significant.

EXAMPLE THIRTEEN

Platey SAMS products of B/C ratios of 0.25, 8.50 and 0.75,

respectively, prepared as in Example Twelve, were evaluated as coating

pigments for paper that was used in a printing application by the
rotogravure method. All pigment coatings were applied to the paper

substrate at a coat weight of 5.8 #/R using a Keegan laboratory blade

coater. Following supercalendering, coated sheets were tested for

sheet smoothness and for various optical properties. (including

brightness, opacity and printed gloss) in accordance with standard

TAPPI test methods. Test coating compositions containing platey SaMS
were prepared by simply replacing 5% of the stamdard, commercial-grade
of delaminated clay (Hydraprint) with the desired SAMS product,
Coating compositions containing 168% Hydraprint, and 96%
Hydraprint/18% calcined clay (Hycal) for their pigment portions were
also prepared and evaluated as comparative controls. The rotogravure
printing results are tabulized below.
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TABLE XXVII

Sheet Properties for SAMS Paper Coating Compositions * (Rotogravure Printing)

96% HP-Clay
100% + 10% Calcined
HPClay Clavy
Brightness, % 70.9 72.6
Opacity, % 85.2 86.8
Printed Gloss, % 64d.8 56.1
Missing Dots/Sheet** 48 40

* Coating Parameters were as follows:

95% HP-Clay + 5% Platey SAMS Product

2AMS of SAMS of SAMS of

5.25 B/C g.54 B/C .75 B/C
71.1 76.7 70.6
86.1 85.7 85.9
59.9 56.7 57.1
27 23 24

Base Stock = 24 #/R St. Regis Offset (wire side)
Application = Keegan Trailing Blade Coater

Coat Weight = 5.0 #/R

Calender Conditions = Supercalendered using 80d PLI

at 156°F and 2 Nips

** Diamond National Smoothness Test

-Gg8-
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The observed sheet propérties indicate tﬁat the replacement
of only 5% delaminated nlay with platey SAMS results in several
notable performance improvements. Versus a stéalqht delaminated clay
composition, 5% of a platey SAMS significantly improved brightness,
opacity and sheet smoothness. Although platey SAMS at 5% replacement
did not provide quite the level of sheet brightness and opacity
provided by the 18% calcined clay, the printed gloss and sheet
smoothneés properties provided by platey SAMS were far superior,
Consequently, in those printing applications where printed gloss and
sheet smoothness are of utmost importance, platey SAMS will out
perform calcined clay used at double the concentration level. The
above test data also clearly indicate that platey SAMS products of low
B/C ratio (i.e., about 0.25) are preferred coating pigments on the

basis of their overall performance properties.

-

The platey morphology of the sodium SAMS products prepared
from delaminated clay (i.e., Hydraprint) is clearly seen in their SEM
photographs presented in Figures 40-41, A comparative SEM photograph
of the starting Hydraprint clay is shown in Figure 42. The above
photographs suggest that SAMS prepared from Hydraprint largely
maintain the flat, platey structure inherent in the delaminated clay.
The unique physical properties exhibited by such platey SAMS are
therefore a consequence of the observed rim alteration material. The
degree of rim alteration (i.e., the rim width) can be easily varied on
platey SAMS depending on the specific synthesis conditions employed.
Comparison of the platey SAMS prepared at B/C ratios of 8,25 and 0.75
(Figure 40 versus Figure 41) shows that increased rim alteration
occure at the higher é/c ratio. The physical properties of these two
SAMS therefore differ significantly, as shown below:
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TABLE XXVIIL

Comparison of Properties for Two Platey SAMS of Different B/C

Platey SAMS Product*

SAMS of SAMS of
8.25 B/C 8.75 B/C

Brightness, % ‘ 89.7 ; 94.9
0i1 Absorption, ml/168 g 97 117
BET Surface Area, ng 15.7 9.3
Na,O Content, % 3.75 6.93
LOI (@ 129e°c), % 11.45 . : 8.97
Kaolin Content (XRD), % 55,2 ‘ 18.1
Rim Alteration thin thick

*platey SAMS prepared in accordance with reactions
described in Example Twelve.

Platey SAMS are not as structured as agglomerates of SAMS of
Exampies One and Two. The apparent reluctance of large, delaminated
clay platelets to agglomerate upon hydrothermal alteration further
lends itself to platey‘SAMS formation. Given the flat, platey
structure of SAMS prepared from Hydraprint, it is not surprising that
these products impart excellent sheet smoothness and printed gloss

when used as paper coating pigments.

EXAMPLE FOURTEEN

This example further illustrates the present invention with
regard to the use of lithium silicates as an appropriate alkali metal
silicate base for producing SAMS products. Reactions between a

lithium silicate (Lithsil 4) and Hydragloss 98 clay were thereby
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conducted at 120 ps"ig for 1.5 hours at. 18% reaction solids using B/C
ratios of @.25, 0.5 and 8.75 respectively. rResults',Erom these

.llthlum silicate/clay reactiong are sat forth in the table below.

TABLE XXVIX ‘ /~ )
SAMS Synthesis from Lithium Silicate

Selected | Hydragloss 99 Li - SAMS Products
Properties (Clay Control) @.25 B/C 8.5¢ B/C 8./5 BAC
0il Absorption, mi/1%9 g 43 8l 7 97
BET Surface Area, m%g 22 8 .2 25
Brightness, § 91.9 88.9 98.1 91.2
Specific Gravity g/l | 2.60 2.53 2.58 2.45
oI (@ 1038°C), 3 13.86 12,17 11.61 11.11
Li0 Oo;1tzmt, 3 9.9 .89 1.26 1.47 |

*The 1lithiun silicate employed had a 4.8 Si0,/Li,0 W

2 {
mole ratio cowposition (Lithsil 4 of Lithium Corporation)
The above data clearly shows that a lithium silicate can be
used in the synthesis of unique SAMS compositions.

Examination of the lithium SAMS compositions by TEM and
STEM/E_DAX methods revealed that an alteration product waé indeed
produced as a consequence of the lithium silicate/clay reaction. The
TEM photograph of the ¥.75 B/C product (Figure 43) clearly shows the
presence of some dark, blobby masses or protuberances on the kaolinite
platelets. Electron diffraction analysis i;dicates that these
brotuberances or blobby masses are totally amorphous, while ‘the
remaining platelet areas show the typical diffraction pattern for
kaolinite. Most importantly, one should note that .the blobby masses

or protuberances did not form exclusively on the clay platelet edges,
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Sut appear in a more or less random fashion about the platelets.
Several pseudo-hexagonal clay platelets are still clearly evident in

the TEM .photograph which indicates great heterogeneity of reaction.

' Elemental mapping of the Si and Al content within a lithium SAMS

material, by STEM/EDAX analysis, has indicated that the alteraticn
product (i.e., the blobby masses) is much higher in silicon and
deficient in aluminum relative to the unaltered kaolinfte regions.
Elemazntal mapping of lithium was not possibie because {ts atomic

weight i3 below the detection limit of the instrument.

SUMMARY
As suggested by the above ekamples, the materials of the
present invention may be used as effective pigment (titanium dioxide)

extenders in paint and paper applications, as functional fillers or

reinforcing agents in plastics and elastomers, as a catalyst support

and carrier in catalyst preparation, as a thixotrope, as a
conditioning and free flow agent, and in defoamer compositions.
Because of their low abrasion characteristics, the materials of the
present invention may be used to fill Xerox and electrostatic copier
papers. Products of the pregsent invention can also be used in a
variety of specialty applications and as an opacifier, a diazo paper
filler, a flatting agent, in silicone rubbers and other applications.

In addition, the SAMS compositions, because of their unique
physical and cheﬁlcal properties, may be used in certain catalytic
appilcations if they are first exchanged wlth hydrogen, ammonium or
other suitable cation, {.e., either as a s¢, .rate particle or

intimately mixed with the components of a hydtrocarbon conversion
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catalyst, Hofeove!. the wide variation one can achleve in surface

area, pore volume, 8i0,/Al,0, ratio, and lon exchange capaclty

(solution or gas phase) suggest thelr application for emission control

catalysts and in metal scavenging, and in the cle;n-up of resldue
materials and/or resid-type feeds to [luid catalytic cracking units in
pacticular,

In the preferred embodiment of ;he fnvention, x s an
integer of 9.01 to 2.9, y is an integer of at least 2.0 and preferably
2.0 to 20,8 and z i3 an integer of 1.9 to 5.9. |

The terms llydraprint, llydragloss, lluber 90C, Omunifil,
Hydrasperse, Hycal, Zeolex 23, llydrex, Zeolex, Zeolex 23P, Zeo,

Zeosyl, Zeofree and Zeodent uged hereln are trademarks of the J. M.

Huber Corporation. Hi-Sil is a registered trademark of FPG and

Ansilex is a registered trademark of Engelhard Corporation.

Although a specific preferred embodiment of the present
invention has been described in the detailed description above, the
description is not intended to limit the invention to the particular
forms or embodiments clisclosed herein. 1he present disclosure i{s to
be recognized as fllustrative rather than restrictive. 1t will
further be obvious to those skilled In the art that the lnvention is
not so limited, The invention i3 declared to cover all changes and
modifications of the specific examples of the invention herein

<

disclosed for purposes of illustration, which do not constitute

departures from the spirit and scope of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An alkali metal alumino-silicate having a
composition in terms of mole ratio of oxides as follows:
xM,0:A1,0,:ySi0,:zH,0
wherein x is the number of moles of alkali metal oxide
and is an integer in the range 0.01 to 2.0, M is an
alkali metal, y is the number of moles of SiO, associated
with the composition and is an integer with a wvalue
greater than 2.0, and z is the number of moles of bound
water and is an integer in the range O to 10, wherein the
primary particles of said alkali metal alumino-silicate
comprise altered kaolin clay platelets integrated with an
adjacent area of essentially amorphous alkali metal

silicate base-kaolin clay reaction product.

2. An alkali metal alumino-silicate (SAMS) composition
according to claim 1 which has the morphology of integral i
rimmed particles as depisted in TEM Figures 18-23.

3. An alkali metal alumino-silicate comprising altered
kaolin clay platelets integrated with one or more
adjacent areas of essentially amorphous alkali metal
silicate-base kaolin clay reaction product (SAMS) having
a composition in terms of mole ratio of oxides as
follows:

XM,0:A1,0,:ySi0,:zH,0
where M is sodium or potassium, x is the number of moles
of sodium oxide or potassium oxide and is an integer of
0.01 to 2.0, y is the
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number of moles of 8102 in the SAMS composition and is an lntege:
10 greater th&n 2.0, and z is the number of moles of bound water and is
an integer of 1.8 to 5.8; wherein the primary particles of said alkali
metal alumino-silicate products have attenuated kaolin peaks in x-ray

diffraction patterns from the kaolin remnants in the compositions, and

have the characteristic physical features shown by TEM Figures 18-23
15 andg 43,

4,

An alkali metal alumino-silicate (SAMS) composition according
to claim 3, where the alkali metal silicate is sodium silicate, and

the SAMS product has a rimmed structure concentrated in silica.

5. An alkall metal alumino-silicate (SAMS) composition according

to claim 3 where the alkali metal silicate is potassium silicate and

the SAMS product has a rimmed structure concentrated in silica and

potassium.

6. An alkali metal alumino-silicate (SAMS) composition according

to claim 3 wherein the alkali metal silicate is lithium silicate and

the SAMS product comprises a platelet area with amorphous

protuberances thereon,

7. An alkall metal alumino-silicate (SAMS) composition according

to claim 3 wherein the composition also contains at least a trace of a

zeolite camposition.

8., A compoéltion according to claim 1, wherein the SaMS

compositions have a controlled structure, an oil absorption value

having a range of about 40 to 228 mi/10dg, and a surface area of about
2 to 309 m2/q. |
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9. A composition according to claim 3, wherein the unique SaMs
compositions have an oil absorption range of about 80 to 160 ml/100g

and a surface area range of 16 to 30 mz/b.

10. A method for the production of unique SAMS
compositions as defined in claim 1 which comprises
reacting kaolin clay (C) with an alkali metal silicate
base (B) in B/C molar ratios of 0.25 to 5.0 in an aqueous
reaction batch composition under hydrothermal conditions
of elevated pressure within the range 50 psig to 360 psig
and temperature within the range 140°C to 250°C.

11, A method for the productlon of unique SAMS compositions
according to claim 16 which comprises reacting kaolin clay (C) with an

alkali metal silicate base (B) in B/C molar ratios of less than 1.0, E

12, A method for the production of unique SAMS compositions
according to claim 1@ which comprises reacting kaolin clay (C) with an

alkali metal silicate base (B) in B/C molar ratios of 1.0 to 5.0.

13. A method for the production of unique SAMS comnositions

according to claim 11 wherein the B/C molar ratio range is 0.1 to @.9.

14. A method according to claim 10, wherein the hydrothermal
conditions for carrying out the reaction comprise a closed system
under steam pressures ranging from 50 psig to 368 to psig, with a
corresponding temperature range of 140 degrees C to 250 degrees C and

for a reaction time ranging from 8.25 to four hours.
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15. A mefhod according to claim 14 wherein the alkali metal
silicate base is sodium silicate and the clay and sodium silicate are

reacted as an aqueous slurry ranging from 1 to 20 weight percent
8011(‘90

16, A method according to .claim 14 wherein the alkali metal
silicate base is potassium silicate and the clay and potassium

silicate are reacted as.an aqueous slurry ranging from 1 to 20 weight

percent solids.

17. A method according to claim 14 wherein the alkall metal
silicate base {3 1ithium silicate and the clay and lithium silicate

are reacted as an aqueous slurry ranging from 1 to 20 welight percent
solids.

18. A method according to claim 14 wherein the clay is a

delaminated kaolin clay and the SAMS product is in the form of
platelets,

19. As an article of manufacture, a paper containing the SAMS

composition of claim 1.

29. An article of manufacture according to claim 19 containing

the SAMS composition as a functional filler.

21, An article of manufacture according to claim 19 containing
the SAMS camposition as a coating pigment.

: : %
9 i . .
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22, An article of manufacture according to claim 28 wherein the

5AMS £iller is contained in flne paper.

N
23, An article of manufacture according tc claim 28 wherein the

SAMS filler is contained in newsprint.

24. As an article of manufacture, a latex paint composition

containing as a pigment opacifier, the SAMS composition of claim 1,

25. As an article of manufacture, a rubber formuiatlen

containing as a reinforcing f£iller, the SAMS composition of claim 1.

26, As an article of manufacture, a plzstics cclor-concentrate

compoaition containing as at least a portion of the filler, the SAMS

composition of claim 1.

27. As an article of manufacture, a defoamer composition

containing as a functional filler, the SAMS compogition of claim 1.

28, Ay an article of manufacture, a dry-up liquid/carrier

composition containing as a functional carrier, the §AMS composition
of claim 1.

29, As an article of mamufacture, a paint coating composition

containing as a flatting agent, the SAMS composition of claim 1.
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38. As an article of manufacture, a detergent composition
containing as a dry-up liquid/carrier for surfactants, the SAMS
composition of claim 1.

7
31. As an article of manufacture, a plastic film composition

containing as a functional antiblocking filler, the SAMS composition
of claim 1,

32, As an article of manufacture, a catalyst composition having
as the catalyst support, the SAMS composition of claim 1 in which the
alkali metal cation has been exchanged with hydrogen, ammonium, or
other suitable cation and having the desired properties of high
surface area, cation exchange capacity and pore volume.

33. As an article of manufacture, a plastic comp§sition

containing as a reinforcing filler, the SAMS composition of claim 1.

34. An article of manufacture according to claim 34 wherein the
plastic is a polyamide.

35. As an article of manufacture a polyethylene conduit pipe

containing as a'reinfo:cing filler, the SAMS c6mposition of claim 1

which has been reacted with a silane.
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36. An alkali metal alumino-silicate as defined in claim
1, or a method for the production thereof substantially
as hereinbefore described with reference to the Examples.

DATED this 23rd day of April 1990.

J.M. HUBER CORPORATION

By Its Patent Attorneys
DAVIES & COLLISON

s
4
iy

&

mdat.026,a:\75447hub. £f8p, 97




- 133HS E.Ln.LI.LSEHS

il

Figu

re 1

Y

M\
\

AN

A

|

/ \\H[-SIL 233

i

\

./

-
-

N

[‘/\ HYCAL

v

/

-
N

™\

F————— ]

N

LEOLEX 23

[

i

-

~

Lt

/

C

l

A

\_

L

SAMS

/

_

/\/

13000 12

00.0

11000

10000 90

0.00

80000 10

WAVENUMBERS (CM-1)

0.00

600.00 50

0.00

40000

20!

(EXAMPLE TW0)

6S£10/L8S1/1LDd

+88L0/L8 OA\

§




133HS 3LN1ILSENS

Figure 2

/A

/

Nomf. A
// \J ‘ /\_4,
’.—1 // \ \ TEOLITE X
/ N\ \ ~ r[\/ B
1 // \\ \__ |
' LEOLEX Y
—T // \\\_\__,//\—/‘ /\_A\mcms
< /‘<j’\/l <
/ \ | SAMS
(EXAMPLE
N A
1300.0  1200.0  100.0 1000 0 900.00 800.00 70000 60000 56000  400.00

WAVENUMBERS (CM-1)

fuostuiy

gv/c

TW0)

+88L0/L8 OA\

6S€10/L8S1/1Dd




133HS 31N111S8Ns

Figure 3

/

SAMS

/

A

(EXAMPLE ONE)

\

| ) & /\«/ \
‘/ 1
3000 12000 1000 10000 90000 800.00 M0.00 60000  500.00 40000

WAVENUMBERS (CM-)

Ev/ €

65€10/L8S1/1Dd

+88L0/L8 OA\




133HS 3.1n111sans

\ A Figure 4

A HYDRAGLOSS 3

N

[+

J |
l L/j\H

) W\

Y

\

SAMS :
(EXAMPLE TwO)

AN

\

NN

N

e

1300.0  1206.00  1100.0 10000 90

0,00 800.00

700.00

WAVENUMBERS (CM-1)

i

£00.00  500.00  400.00

eviy

+88.0/L8 OA\

€10/L8SN1/1Dd

6%




133HS 31NLLSans

/ /;J \ WA
B\ AV
/A NSamiI®
AR AT AN
VMMM
FU ) e

\_/)/A\f X
" —/ﬁ e N + + + + + +
1300.0 1200.0 1100.0  1000.0 900.00 800.00 700.00 600.00 500.00 400.00
WAVENUMBERS (CM-1)

+88LC/LSOAM

ev/s

6S€10/L8S/1Dd




~ 133HS 31N111S8NsS

i1300.0

WAVENUMBERS (CM-1)

//‘A*FigureG
AL AL s
[\ AA
' /\/ U\y /\,\v / n\f.v\‘
J &\, &/\’b/ \,Aa\

evl9

88L0/L8 OA\

6S£10/L8S1/10d




133HS 3L.N1ILS8NS

/

N

1300.0

(_/\_/

/
s -
A A
I AT
N A
1\ NG
7 N

1200.0

1100.0

1000.0

300. 00

800.00
WAVENUMBERS (CM-1)

700.00

600.00

500.00

400.00

eyl L

90

+88.0/L8 OA\

6S€10/L8S1/1Dd




J33HS 3LNLILSANS

+88L0/L8 OA\

o
il
|

/N

7\ Al

\
=

ety /8

¥
NIAN
|

|/
N &

e / \ N —/\ s
— HYDRAGLOSS 90
| ' \ (CONTROL)

\/ /\jb \

1360.0  1200.0  1100.0  1000.0  900.00  B00.00 . 700.00 60000 50000 4000
WAVENUMBERS (CH- 1)

el

-
P
<>
/
6S€10/.8S1/1Dd




v

<

T
Ll
p—
H
LA
Q.
Ld
N

FIGURE <




WO 87/07884 - PCT/US87/01359

10

x
Ll
p—
H
-
Q
Ll
N

FIGURE




WO 87/07884

11743

PCT/US87/01359

é,




pLIEHS

¥ v

WO 87/07884 , PCT/US87/01359

%ﬂix_ecti«:ﬁi}

v

-~

12

FIGURE
ANALCIME

S

SUBSTITUTE SHEET

ey g



WO 87/07884 o PCT/US87/01359

X
@
@
@
®
1:
L
z
O
~X
L
Ll w
.
gl
OE
H T
, J |
SUBSTITUTE SHEET



WO 87/07884

PCT/US87/01359

TWOD
19

FIGURE 14
SAMS C(EX.
. <

SUBSTITUTE SHEET

X
&
e .
&Y
a
-




WO 87/07884

PCT/US87/01359

15/43

. ‘q,
- Ly *

~ .
mwurm-«v" .,,' S 4
; . . &
. - F &3
: ]
4

LS

FIGURE 15: ZEOLEX 23 156.060 X

SUBSTITUTE SHEET




WO 87/07884

PCT/US87/01359

16/43

\

Y o

&

JFIGURE 16: HI-SIL 233 156,000 X

' qumaTITUTE SHEET

i



. WO 87/07884 ; ‘ ’ PCT/US87/01359

Ly
FIGURE 17: HYCAL 73,000 X

TE SHEET

guBsTITU




WO 87/07884 PCT/US87/01359

18743

Altered Kaolin Platelet

MR 33030 3y PR VAW Narm et e \:'uuwuwmwmw«m
A2

,,,,, -

- - W

FIGURE 18: SAMS FROM u
EXAMPLE ONE 73,000 X

SUBSTITUTE SHEET




WO 87/07884 PCT/US87/01359
i

i

19743

Altered Kaolin Piatelet

. *‘W BT T
S j
:

Rimmed Particle

FIGURE 19: SAMS FRGCM s
EXAMPLE ONE 73,000 X

SUBSTITUTE SHEET

- PN . _ " MIPUIEIIEEN PREITIIEIIHEIISS _M




WO 87/07884 PCT/US87/01359

20/43

Altered Kaohn Platelet

bpsput Ty T A L

Rimmed Particle

FIGURE 20: SAMS FROM :
EXAMPLE TWO 73,000 "X

SUBSTITUTE SHEET

faed



WO 87/07884 PCT/LS87/01359

21743

. . . - !
o R P
r-.,
l. ‘,_ .

b Altered Kaalin Platelet
e PR

FIGURE 21: SAMS FROM

! EXAMPLE TWO 73.000 X
SUBSTITUTE SHEET




8 PCT/US87/01359
WO 87/07884 |

FIGURE 22: SAMS FRONM

EXAMPLE FIVE ?SS.QOO A

SUBSTITUTE SHEET

- i SR > u
N . P =




WO 87/07884

23/43

Altered Kaolin Platelet

Rimmed Particle _.

FIGURE 23: SAMS FROM
EXAMPLE FIVE

“

SUBSTITUTE SHEET

PCT/US87/01359

———

1686,0

00 X

e

- A



WO 87/07884 | , PCT/US87/01359

’ 24/43

FIGURE 24: OMNIFIL 73,000 X

SUBSTITUTE SHEET




)

WO 87/07884

FIGURE 25: HYDRAGLOSS 90

SUBSTITUTE SHEET

PCT/US87/01359

Ay

73,000 X




WO 87/07884 PCT/US87/01359

=

26 /43

92 54 %6

50

-
L=

48

46

840

36

34
DEGREES 26

3

30

28
Figure 26

2

2

22

12

' i
o A e
W 5 18 20

Qo QD (=4 (=4 (=} (= (=}
~ Py Vo) < ~

100
9
3

RURSTITUTE SHEET

ahn — EEEEEE———————————————————————



‘WO 87/07884 PCT/US87/01359

21143

54

A

R VA
NSl gl Yo
' B 50 %2 |

46

44

42

ah g

o
-
L o P
| ™
X v
= 7=
= (7
A s
| = T a
e
< o~
—= |7
1 - 7
- QN
©
; ! Q
z [ 5
=,
~ —
| <
~
~
o~
' o
———— ﬁz
— L O
L L2
| =
™~
o er
g2 8 2 =2 8 8 2 s =2 <

(=]
~N

SUBSTITUTE SHE




WO 87/07584 PCT/US87/01359

28143

54 56

48

46

N{MM\AMWWW L'Jmn/\m
90 52

44

5

] o
i _ 1<
1 -8
~
g = q
48
- 0
=
20
t o =
| ©
~
-
' o~ A
<~ @
- 3
r~ D
L
~N
Nd
D
T
j =
@
L =
Lo
o
S 2 2 2 83 8 2 8 222 o
SUBSTITUTE SHEET
_ B |




WO 87/07884

PCT/US87/01359

29143

34 36 38 40 42 44 46 48 S50 52 54 56

DEGREES 20

32

26

18 20 22 24
Figure 29

16

w6 28 30 3

14

12



WO 87/07884 PCT/US87/01359

30/43

36 38 40

14
DEGREES 20

32

M\ﬁf?\z”
28 30 3
Figure 30

26

22 24

18 20

i6

14

L
12

i
0

=] o o o o = &
~ D v < P T

100
90
8

SUBSTITUTE SHEET

st sroenere . L .




WO '87/07884 PCT/US87/01359

96

31743
3

4 36 38 40
DEGREES 26

44

12

34

30 32

Figure 3l

26 28

3
4

gt

o~

-~

B

| 9

~

©

P

7]

| <
(=4 o ) = = - |
S & 383 =2 83 & !

SUSSTITUTE SHEET

- iy v e ey




WO mﬂ_\oqwm& PCT/US87/01359

13 32143

2 N

48 350

16

4

42

38

DECREES 20

Figure 32

30 32 34 36

28

8 20 22 24 26

16

14

o o : o o o o
» =3 2 m.ﬁu.d. ~™ ~N

100
10 |
0

eraTITUTE SHEET

N WIS




WO 87/07884

100

[—4
n

[—4
R

|

e

[ [7- e | <y ~ ~

PCT/US87/01359

£

(=

SBUBSTITUTE SHEET

50

35 40 45
DEGREES 20

30

25
Figure 33

20

15

3743

AN




100

<
.

133HS 3LNLLLSENS:

—

rv‘W

20 2 24 2

Figure 34

28

30

32

3

36
DEGREES 28

£/ ve

+$8L0/L8 OA\

6S€10/L8S0/1Dd




100

90

W
[ —

N a e e e A e

SAMS ddal L

o FS
g

«A“WM _

L

A
v

—

"mw\mwm
. " s " - — +

18 20

Figure 35

Q2

24 26 28

30

32

34 36 38
DEGREES 20

40

42

44

46

48

20

92

94

56

eV /s

+88L0/L8 OA\

6S€10/L8S1/1Dd

o




WO 87/07884 ‘ ‘ _ PCT/US87/01359

18 36/43

54

46

42

DEGREES 20

20

Figure 36

618

i4

12

100
90
80
10
60
30
40
30

k.
0
0




WO 87/07884. : PCT/LUS87/01359

(3=}
1w 37143
1 3
‘ 1S
D
- (Vo]
x
19
: <o
r <
<
<
i1 g
12
=4 le _
Aw o~
. Sl
ud
=
= |
W.jn
(=}
~
1l
=
(7=1
48
— < o
~N
u .
D
L
o
~N
~ A-w
=
=
v [ o
|
S 8 8 2 8 8 2 8 8 =2 -

SUBSTITUTE SHEET




WO 87/07884 PCT/US87/01359

A,M |

38143

96

|-
(Yo}
o~
Tw
| ©
(Vo)
+
=3
o
X T <
i
M\Ad.
2
<
(=)
1<
©
3 [an)
< ™ e
W. i
e o,
(W]
i
- 3
1T O
(=]
..n
| <
~
] AHV
R ~N
p
1 e ok
Ik“ 42 e
} .
L | |
9 N g
@
N F
F o
F
k\“v
| O
~N
Avm.
4@
| <
t
[—} [ D [—J D

SUBSTITUTE SHEET

e . : e aneiRRaess sttt



WO 87/07884 ' ‘ PCT/US87/01359

FIG. 39A

FIG. 398

381~-111-9




j WO 87/07884

PCT/US87/01359

u
w
<
Q
N\
-4
wn
N

t kU

18 um30




P

|« wos7/07884

41/43

-

A L T P S et A ® meamynies - O-oom mgtgiov ety

1
v

M

PCT/US87/01359

6. 41
- SE

514,04

e

3

o
=

X

10um30.1 k

[

384—-136-3
HP-SAMS




WO 87/07884 PCT/US87/01359

o

.
£

2515,04°

Fh

P S, QNS Nt T T e pedm b7 VA TRETROIAS

SURCTITI|ITE QUEET

&




WO 87/07884

PCT/US87/01359

«

" Lithium SAMS of 0.75 B/C
FIG. 43 |
| | | (Exampie Twelve) x/59,000




WO 87/07884 | ' : - PCT/US87/01359

(
INTERNATIONAL SEARCH REF;ORT
‘ International Application No PCT/U587/O 1359

I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3

A di | i icati ificati
R T S I O S ST 290
U.S. CL. 423/328; 162/181.8% 523/2163 2.2/358; 502/68;

. FIELOS SEARCHED

Minimum Documentation Searched ¢

Classification System | Classification Symbols

U.s. 423/118; 4237328,329; 502/68; 502/80; 501/149,
:162/181.8; 523/212,213,216;5 524/44; 524/446,447;
- 106/84, 106/287.1,288B; 106/308M; 252/135,

Documentation Searched other than Minimum Documaeantation
to the Extent that such Documents are Included in the Fields Searched ¢

IIl. DOCUMENTS CONSIDERED TO BE RELEVANT !¢

Ealegory . | Citation of Document, !¢ with Indication, where agnropriate, of the relevant passages '? | Relevant to Claim No. 13
Y Us, A, 1,121,490 (GANS) ’ . 1=35
!5 DECEMBER 1914, page 1, col. 1, lines 34-42
Y Us, A, 1,757,372 (KRIEGSHEIM ET AL) i 1-35
06 MAY 1930, col. |, line 44, col. 2, line 75 of
page | ' ;
i
4
Y Us, A, 2,143,670 (YOUNG) i 1=35
10 JANUARY 1939, col. 2, page |, lines 33-51, and i :
B/C ratios in the Examples :
Y UsS, A, 2,307,239 (ROWLAND) . 1-35
05 JANUARY 1943, col, 1, lines 23-26 and col. 2, !
lines 69-75 of page 3
Y US, A, 3,431,218 (PLANK ET AL) % 1-35
04 MARCH 1969, col. 8, lines 56-74
Y Us, A, 3,784,392 (BERTORELLI) i 1-35
08 JANUARY 1974, col. |, lines 28-67 ;
Y Us, A, 4,026,721 (KURRLE) 1-35
31 MAY 1977, col. 2, lines 41-43
* Speclal categories of cited documents: % “T" lﬂa}er document published aiter the Intematfonal filing date
AT SR A St e et S R S o e Wi
; vention
“g" earller docuinent but published on or after the international wyn dno:urr‘wnt of particular relevance; the claimed. invention
filing date cannot be considered novel or cannot be ‘considered to
»L" ‘document which may throw doubts vz priority claim(s) or involve an inventive step
which Is cited to establish the pub‘ication date of another wy" document of particular relevance: the claimed invention
citation or other special reason (as specified) cannot be considered to.involve an inventive step when the
"0" document referring to an oral disclosure, use, exhibition or document Is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
vp" document published prior to the international filing date but in the art.
|ater than the priority date claimed “&" document member of the same patent family

IV. CERTIFICATION

Date of the Actual Completion of the International Search ? Date of Mailing of this International Search Report ?

AUGUST 24,1987 0 8 SEP 1987

International Searching Authority 1 l Signature ?f Authorized (?mcer L ’y/_ﬁ” /\W
ISA/US | B. BRENEMAN 3. (§diteens

Eorm PCT/ISA/210 (second sheet) (May 1986)




e

WO 8v7/07884 - : : ~ PCT/US87/01339

r— \ Tl . ‘ mmmmkmiApmmmwnNmpCT/Usgy/01359

“ill. DOCUMENTS CONSIDERED TO BE RELEVANT . (CONTINUED FROM THE SECOND SHEET)

. L " . v n . 17 i
‘Calegory‘l Citation of Document, ' with indication, where appropriate, of the relevant passages

| Relevant to Claim No s
!

Y Us, A, 4,072,537 (KURRLE)
07 FEBRUARY 1978, Abstract, col. 2, lines 43-45

191 (KURRLE) . 7
1978, Abstract, col. 4, lines 29-30

by 117,
PTEMBER
Y US, A, 4,488,972 (WEINSTEIN)

18 DECEMBER 1984, Abstract, col 4, lines 28-32

Y UsS, A, 4,536,316 (RAMACHANDRAN)

20 AUGUST 1985, col. 3, lines 17-25, col. 10
llines 7-51

i .
Y Su, A, 0,391,210 (CENTRAL PAPER RES. INST.)
24 OCTOBER 1973, Abstract

b

NO, B, 0,121,256 (MAYS ET AL)
0! FEBRUARY 1971, Claim |

i
i
l
i

14

Form PCT/ISA/210 (extra iheet) (May 1986)

’




il

TR, i) L

(1)
(1)

PCT/US87/01359

International Application No. PCT/US87/01359

FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET

IPC* ' COBL 21/00; CO8K 9/065 C11D 3/12 |
USCL ~ 524/443 523/212; 252/135

(II)USt 252/1405 252/174.25; 252/321; 252/358
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V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE !0

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:

I.D Claim numbers . because they relate to subject matter !2 not required to be searched by this Authorily, namely:

2.[] Claim numbers . . because they relate to parts of the Internatiunal application that do not comply with the prescribed require-
ments to such an extent that no meaningful international search can be carried dut 13, specifically:

VI.@ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 1!

This Internajional Searching Authority found muitiple inventi thig inlernationa) agpljcation as follows:
(15 claims l-l%:a uminosilicate; ??f3cia1ms Ta—?ﬁzpaper;

[ (III) claims 24,29:paint; (IV)claim 25:rubber
(V) claims 26,31,33~35:plastic; (VI)claim 27:defoamer;
(VII) claims 28,30:detergent; (VIII)claim 32:catalyst

1.@ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims
of the International application.

2.[] As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
thosu claims of the International application for which fees were pald, specifically claims:

J.D No required additional search fees were timely paid by the applicant, Consequently, this international search report is restricted to
the invention first mentioned in the claims; it s covered by claim numbers:

A.G As all sear¢hable claims could be searched without eflort justifying an additional fee, the International Searching Authority did not
invite payment of any additional fee.

Remark on Protest
[:] The additional search fees were accompanied by applicant's protest.
D No protest accompanied the payment of additional search fees.
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