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Abstract

A composition comprising a physical blend of discrete particulates such
that the liquid absorbency is greater than the individual components and is
greater than the expected absorbency based on the rule of mixtures. A
composition comprising diatomaceous earth which may have a clump strength
greater than 75% and in which the dry density may be less than 880
kg/m3(53Ib/ft3). The compositions exhibit synergistic absorbance, light density,
high clump strength, low dustiness, and axe suitable for industrial and household

absorption and solidification, animal litter, and soil amendment.
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LOW DENSITY COMPOSITIONS WITH SYNERGISTIC
ABSORBANCE PROPERTIES

CROSS REFERENCE TO RELATED PATENT APPLICATION
{0001} This patent application claims the benefit of US. Provisional Patent Application

No. 62/341,946.

TECHNICAL FIELD
00021 The present disclosure generally relates to compositions for absorbing liquids and,
more particularly, to compositions for absorbing and solidifyving industrial liguids, household

liquids, animal waste and for soil amendment.

BACKGROUND

(00031 Liguid spills are common and may be small or large in scale. Smal spills, such as
those involving personal activities such as cooking or atlending to the maintenance of a motor
vehicie may be cleaned up with cloth or paper. Sawdust, animal futer, or another absorbent
material may be used 1o solidily sroall spills prior to removal. Larger spills resuliing from
accidents involving the fransport of bulk quantities of lquids, discharge of operating fluids
from large machines, or spent drilling fluids may reguire special vacuum equipment,
treatment with an absorbent materia, | or another means for soliditving the laquid before it can
be removed and lawfully disposed.

[0004]  To clean up a spilled lguid, an absorbent solid material is placed on the liguid and
the material absorbs the Hguid. An absorbent solid material may also be placed in anticipation
of liquid contact, Solids employed in this capacity have typically included cloth, paper,

sawdust, and cerfain minerals in granular or powdered form. Organic materials such as corn,
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wheat, and walnut shells have also been utilized for liquid absorption, particularly for animal
litter, Nuturally-cocurring substances such as sand, pulverized ceramics, clay, expanded
perlite, and diatomaceous earth {DE) may be employed, especially for large scale spills. The
absorbent solid material is gathered and disposed after it has absorbed a satisfactory amount
of the liguid.

[06G0SE  The effectiveness of an absorbent material is measured by its capacity to absorb
liquid, known as its absorbent capacity or absorbency. As used herein, the term “absorbency”
describes the amount of liquid absorbed by unit mass of absorbent. A higher absorbency may
result in better efficacy and lower aggregate cost in terins of transport and disposal. Low
density absorbents are desirable because they may be, in some cases, easier and cheaper per
unit volumse to transport, to kandle for use, and 1o dispose following use. Another desirable
attribute of absorbent materials is the ahility to self-solidify or agglomerate o form clumps
after being wetted. Agglomeration of the material forme an tntegral mass that holds the
absarbed liquid and has enough strength to be removed from the spill site or separated from
the unsoiled absorbent. For exampie, some animal litters agglomerate or self-clump after
ahsorbing urine. The resultant clumps may then be easily removed from the litter box, thus
leaving the unsoiled animal litter behind. The integrity of the clump can be quantified as the
clomp strength, As used herein, the term “clump strength” is the percent value of the clomp’s
initial mass that is retained after the clump is mechanically disturbed, moved, or agitated.
{0006} As previously described, an ideal absorbent material would possess high
absorbencey, low density, and good agglomeration to form a strong chump, While low density
is desirable in most applications, 0o low of 4 density can be problematic, For example, a
very low density absorbent, such ax expanded perlite, can be very dusty and can be dispersed
casily by a Hght breeze or air tlow, Low density absorbents, such as perlite or compositions
comprising perlite, can also be undesirable for use as aniroal fuers, as the animal may

inadvertently disperse or kick the fiter out of a Jitter box during usc. Further, animal litiors
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that are dusty are undesirable because animals and their owners may inhale airbome animal
fitter particles when either using or maintaining the litter box, respectively. Particle inhalation
is undesirable, Crystalline silica (e.g, quartz, cristobalite, tridvmite) is an example of a
material that is undesirable to inhale, Minimizing exposure to crystalline silica is preferred.
Composidons containing high levels of arsenic {As) are also undesirable in casc a person o
animal were to ingest or solubilize (e.g. via wetting such as licking) the absorbent.

{0007} Slacking or mudding is a well-known problem for low quality absorbents. Slacking
refers w the tendency of an absorbent to disintegrate after contact with water thereby
decreasing absorbent effectiveness. Another problem associated with currently available
absorbents is density. Sodium bentonite s an elfective absorbent due 1o its high absorbency
and ability 1o absorb water, but it is less than ideal due (o s high density. Sodiam bentonite
is primarily comprised of sodium montmoriHonite, a type of smectite clay. Diatomaceous
carth, also known as diatomite and Kicseighur, is of low density but has a lower absorbency
than sodium beatonite,

[0008] Accordingly, there is a need for a composition with superior absorbency, low
density, low dustiness, and imaproved stability in termos of high clump strength and resistance
to slacking,

{000} Commonly used absorbents are clay-based materials, including both clumping and
nop-clumping clays such as sodium bentonite (for example, Wyo-Ben™ Big Horn® clay)
and calcium bentenite (for example, EP Mincrals® (“EPM™) Blue Ribbon clay}, respectively.
Hectorite Is another chumping clay. Clumping materials, such as sodium bentonite and
hectorite, swell or change in particle volume as a function of the amount of liquid, such as
water, absorbed, a phenomenon related to the crystal structure, composition, and surface
properties of the material, Sodiuny bentonite hay a muoch higher absurbency by unit mass than
calcium bentonite {3+5 %), Sodinm beotenite is used for its high absorption and good

agglomeration despite tts high density. While calciom bentonites generally do not swell
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sutticiently to be etfective as clumping agenis in, for example, animal litter or the like they
can be modified to behave like sodivm bentonites through an ion-exchange process. These
sodium-beneticiated caicium bentonites are also sometimes called sodivm-activated
hentonites. For the purposes of this invention, sodium bentonite is defined to include both
cenventional sodium beatonites and sodium-beneficiated calcium bentonites. Other currently
available absorbents do not have high absorbencies and some become slacked after being
wetted. Examples of ncn-clay materials include DE and zeolites. Diatomaceous earth is a
siliceous rock comprised of skeletal remains of diatoms. Zeolites are paturally occurriog or
synthetic porous aluminosilicate materials. Non-clumping materials do not naturally form
chumps with high clump strength. As used herein, “clumping” will refer to materials that,
when wetted, form a clump that demonstrates high cluap streongth or integrity. Similarly,
“non-clumping” will refer to materials that do not self-clurop or materials that self-clump but
demonstrate poor chump strength. Poor clunip strength is defined as below about 75%.
{00101 Desirable anivoal litter charactedstics include high absorbency, an ability to clump,
fow density, low dustiness, low tracking, low slacking, and odor conirol. Some animal litters

include fragrances, deodorants, clumping agents, and foaming agents.

SUMMARY OF THE DISCLOSURE

[00111  In accordance with one aspect of the disclosure, a composition is disclosed that may
comprise a fine sorbent particulate and a coarse particulate. The composition may have a
multimaodal particle sive distribution (PS1)). The compuosition may have an absorbency per
unit weight greater than a weighted average of the fine sorbent particulate and the coarse
particulate by more than 10%. In a refineuent, the absorbency per unit weight of the
composition may exceed the weighted average absorbency of the fine sorbent particulate and
the coarse particulate by more than 100%. In one embodiment, the absorbency per unit

weight of the composition may exeeed the weighted average absorbency of the {ine sorbent
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particulate and the coarse particalate by about 10% to about 400%. In another cmbodinment,
the absorbency per unit weight of the composition may exceed the weighted average
absorbency of the fine sorbent particulate and the coarse particulate by about 50% to about
350%. In either of the above embodiments, the coarse particulate may be diatomaceous earth.
In a refinement. the composition may be seli-clumping. In another refincment, the
composition may have a dry density less than about 830 kg/m’2 (55 1hiteh,

{00121 In an embodiment, the dry density may be less than about 800 kg!m’z' (50 /t™. In
another embodiment, the dry density may be less than about 673 kg/m3 (42 /),

{00131 In an embodiment, the composition has an absorption greater than about 17(%.
{00141 In an embodiment, the fine sorbent particulate may be sodium bentonite
(conventional}, hectorite, sodium-beneliciated calcium bentonite, attapulgite or combinations
thereof,

{00151 In an embodiment, the coarsce particulate may be zeolite.

10016} In accordance with another aspect of the disclosure, a composition is disclosed,
The composition may coniprise discrele particles of diatomaceous earth, The composition
may have a clump strength greater than about 75% and may have a dry density less than
about 880 kg/m’ (55 b/tt’). In a refinement, the dry density may be less than about 800 keg/m”
(50) Ib/tt’). In another refinement, the dry density may be less than about 673 kg/m3 (42 Ibftt,
{0017} In one embodiment, the composition may have an absorbency greater than about
170%. In another cnmbodiment, the composition may have an ahsorbency from about 170% to
about 500%. In yet another embodiment, the composition may have an absarbency from
about 170% to about 400%,

{00181 In an embodiment, the composition may have a quartz content less than aboat 207%.
{0019]  In an embodiment, the discrete particles of distomaceons earth may contain a

moisture content between about 5% to about S0%.
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{00201 In an embodiment, the composition may further comprise sodium bentonite or
heetorite, [n another embodiment, the contposition may further comprise sodium-beneficiated
calcivm bentonite, attapulgite, or combinations thereof,

{00211 In an embediment, the composition may have an arsenic concentration less than
ahout 17 ppm.

{0022} In an embodiment, the composition may further comprise zeolite,

{0023} In an embodiment, an abhsorbency per unit weight of the composition exceeds a
weighted average absorbency by more than 100%. In another embodiment, the absorbency
per unit weight of the composition may cxceed the weighted average absorbency by about
10% to about 400%. In yet another embodiment, the absorbency per unit weight of the
composition may exceed the weighied average absorbency by about 50% to about 350%.
[0024}  Tn accordance with another aspect of the disclosure, a composition is disclosed. The
composition may comprise a mixture of discreie particles of diatomaceous carth and discrete
particles of sodium bentonite. The compusition may be sclf-clumping, have a dry density less
than about 800 kg/m” (50 1b/£¢), and an absorbency in the range of about 170% to about
500%. In yet another embodiment, the composition may have an ahsorbency from abhout
170% 1o about 400%. in yet another embodiment, the composition may have an absorbency
greater than about 170%. In one embodiment, the composition may have a quaitz content less
than about 15%.

{0023} In an cmbodiment, the composition may have a clump strength greater than about
75%.

{00261 In an entbodiment, the composition may have an absorbency per unit weight that
exceeds a weighted average absorbency of the discrete particulates of diatomaceous earth and
the discrete particulates of sodiom bentonite by more than about 30%.

[0027%  Ip an embodiment, the composition may further comprise zeolite,
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{0028}  In another embodiment, the composition may have a moisture content greater than
about 2.5% and less than about 50%.

{0029} The features, functions, and advantages discussed above may be achieved
independently in various embodiments or may be combined in yet other embodiments,

turther details of which can be seen with refercnce to the following descriptions.

DETAILED DESCRIPTION

10030} The disclosed compositions each comprise a clumpable particulate combined with a
non-clurpable particulate that may be finer {smaller sized), coarser (Jarger sized), or
similarly sized as the clumpable particulate. As ased herein, the term particulate refers o a
guantity of material that is composed of discrete particles. Such discrete particles arc
individual particies that are not clustered or formed via agglomeration, exirusion, coatings, or
the like.

{00311 The composition is a physical mixture or blend of the discrete particles of the
clumpabic and the non-clumpable particulates {components) such that the resulting
composition is made up of individual particles that are not formed via agglomeration,
extrusion, coatings, or other methods of forming composite particles.

{30321 In ooe embodiment, the composition self-clumps, setf-solidifies, or agglomerates
when wetted. The strength of the chumps 18 such that the chump remains as a singular clump
after testing. The strength of the clumps may be adjusted by the ratio of the clhumpable
particulate and the non-clumpable particulate. The strength of the clumps may also vary
depending on the nature of the absorbed fiquid and the time intecrval hetween particulate
wetling and atternpted clump removal. o one embodiment, the composition bhas clump
strength of at teast about 73%. In another embodinent, the composition has clump strength
greater than about 80)%. In other embodiments, the clurmp strength may be in the range of

about 75% to about 95%. In some cinbodiments, the compositions may be self-clumping,

-7-
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have high clump strength greater than about 75%, a quartz content below 219%, a dry density
below 945 kg/mj (39 b/t 3, and a water absorbency above ahout 170%. In one embodiment,
the water absorbency of the composition may be about 17G% to about 500%. In another
embodiment, the water absorbency of the composition may be about 170% to about 4009,
{0033} Fach composition i3 an example of lonse particle packing. In the case in which the
clumpabie particulate is of a smaller particle size range than the non-clumpable particulate
{conponent}, the chompable particulate at least partially filis the voids between the non-
chimpable particles {of the non-clurupable particulate) in the composition. The extent to
which the voids or intersuiial volwe of the non-clumpable particulate packing are filled with
such smaller sized particles of the clumpable particulate can be controlled by adjusting the
amount and the PSD of the smaller sized clumpable particuiate, Loose packing of the larger
sized non-clumpable particulate may provide voids for the expansion of such (smaller particle
sized) clumpable particulate {component) while Hmiting the amount of stress applied by the
weight of the composition overlying the clumpable particulate (component), This may enable
the voids to store more liquid, while at the same time, provide a capillary function or a
vehicie to transport the fiquid into the voids.

{0034} In the case in which the non-clompable particolate {(component) is of a smaller
particie size range than the clumpable particulate (component}, the non-clumpable particulate
at least partially fills the voids between the larger sized clumpable particles in the
composition. Similar to that described above, the extent to which the voids or interstitial
volume of the larger sized clumpable particulate packing arc filled with the smaller sized
non-clumpable particles can be controlled by adjusting the amount and the PSD of the
smaller sized non-clumpable particulate.

{00351 As noted above, a clunipable partcalate niay be combined with either a finer,
coarser, or similarly sized nop-clumpable particulate. For all compositions, the particles of

the clurapable particulate component will volumetrically expand outward and into the voids

-8-
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within the composition. Onc of the features of the non-clumpable particulate component is
compressive strength, The non-clumpable particulate provides a structure or frame supported
by individual particles that do not collapse after being wetted and that may provide sufficient
space for the clumpable particulate component t¢ expand when exposed to liguid. The non-
clumpabic particelate component acts to maintain pore channels allowing the particles of the
clumpable particulate to access lyuid as they expand in volume. As the clumpable particles
expand and the free space between the expanding particles decreases, an overall increase in
the total geometric volume the composition occupies may be observed.

{00361 Asis known in the art, a particulate niay be classified or graded as either fine or
coarse based on its PSID, As disclosed herein, in one exemplary emubodiment, a coarse
{graded) clumpable particulate may be comnbined with cither a fine or a coarse {graded) non-
clurnpabie particulate. In another embodiment, a fine or a coarse clumpable particulaie
component may be combined with a non-cluropable particulate component of similar sizing.
In yet another embodinwnt, a fine clurapable particulate may be combined with a finc ora
coarse (graded) non-clumpable particulate, For exaniple, in one embodiment a fine
particulate may be combined with a coarse particulate. The fine particulate may have a PSD
of 40%~99% within -10+60) screen sieve, 30%~60% within -10+20 screen sieve and 0~30%
within -20+6{ screen sieve. The coarse particulate may have a PSD that <3% pass -20 screen
sieve, 3%~30% within -4+6 screen mesh, 20%~40% within -6+10 screen sieve and 20%-40%
within -10+20 screen sieve. As used herein, all sieve sives are given in terms of Tyler mesh
values (W.S. Tyler Industrial Group, TISA).

{00371 In the exemplary embaodiment described above, the fine particulate may be a fine
sorbent particulate selected from the group consisting of sodiam bentonite, attapulgite,
hectorite, sudiom-beneficiated calciur bentonite, and combinatons thereof and may have a
PSD of 40%~99% within -10+60 screen sieve, 30%~60% within -10+20 screen sieve, and

(~30% within -20+60 screcn sieve, The coarse particulate may COMPIISe 4 pOrOUS Of RON-

-9.
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porous granular matcrial with high compressive strength and may, in such exemplary
embodiment, be selected from the group consisting of diatemaceous earth, zeolite, bentcnite
{for example, calcium bentonite), montiorillonite (for example, calcivm montmorillonite),
crushed Himestone, and combinations thereot. The coarse particulate may have 3 PSD that
<3% pass -20 scrcen sicve, $%~30% within -4+6 screen mesh, 20%~40% within -6+10
screen sieve and 20%-40% within - 10+20 screen sieve. In some embodiments, the preferred
PSD for either the fine (graded) sorbent (clumpable) particulate or coarse particalate may be
about -4 1o about +60 mesh, As discussed above, other combinations myay be used. For
example, 1o some cmbodiments, a DE particalate may be mixed with a finer particulate to
form the composition.

{0038]  The disclosed compositions have a surprising absorbency that is greater than about
~1.1 t0 9.6 umes the individual absorbency of the clumpable or non-clumpable particulates.
The disclosed compositions also demonstrate an uncxpected absorbeney that exceeds the
vafue that would be expected from a rule of mixtures calenlation, T'o quantify the surprising
increase in absorbency, the term “absorption benefit”™ is used. The absorption benefit is
calculated by dividing the measured absorption by the rule of mixtures theoretical value and
then multiplying that value by 1¥) to yield a percentage value. The absorpiion benefit is
indicative of the percent absorbency gain above what the rule of mixtures predicts for a given
mixtore. The rule of mixtures is often employved to predict the behavior of a system and can
be used o caleulate the weighted average of a particular metric based on each component’s
individual value for that metric. A weighted average may be considered on the basis of
ditferent parameters sach as number, mass, volume, or sur{ace area. In one embodiment, the
rule of mixtares was employed on a mass basis; however, the effect is also observed on 2
volume basis and nay also be observed with respect to other bases, Por example, in one
embodiment, the rule of mixtures absorbency per unit weight of a composition having a first

quantity of a clumpable particulate {with a first absorbency per unit weight) and a second
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quantity of a non-clumpable particulate (with a second absorbency per unit weight) was the
weighted average of the first and second absorbencies per unit weight. As discussed above, in
one such embodiment, the weighting may be based on the mass of the quantity of each type
of particelate in relation to the total composition mass.

{0036]  The disciosed compositions alse demonstrated a surprising reduction in dry donsity
in contrast to the value expecied from a rule of mixtures calculation. To guantity the
surprising decrease in dry density, the term “density benefit” is used. The density benefit is
calculated by subtracting the measured dry density from the rule of mixtures theoretical value
for dry density, dividing that difference by the rule of mixtares value, and then muolitiplying
that value by 100 to yield a percentage value. The density benefit is indicative of the percent
density reduction of the dry density expected from a rule of nuxtures calculation {or dry
density.

{00401 In one embodiment, an absorbent resulting coraposition may include a sodiam
hentonite as the clumpable sorhent particulate and a low density DE as the non-clumpable
particulate. The low density DE serves as an absorbing component, a structural component,
and it provides a capillary function. The combination of the non-clumpable particulate (in this
case, DEY and the clumpahle particulate (in this case, sedivm bentonite) may create a
structural support framework such that the non-clumpable particulate component may reduce
the pressure on the clumpable component, thereby increasing the functional absorbance
capacity of the clumpable particulatc component. In addition, the capiliary function of the
poross DE may transport the liquid into interstitial voids of the particulate packing until they
are saturated with liguid or no more liquid is available,

{00411 Surprisingly, the disclosed compositions create a Synergistic absorption in which
the absorbency is about!~2 times greater than expected absorbency of the clumpable
particulate (in one embodiment, sodiur bentonite) and the non-clunapable particulate {in one

embodiment, DE) based on the rule of mixtures. The absorbency and absorption benctlit will
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vary depending on the nature of the particulate components sclected such as the structure of
the material, purity, particle size, particle size distribution, and weight ratio of particulate
components, The rate of absorption and retention of the absorbed liguid may also affect the
averall absorption measured,

{0042} In the following examples, compositions comprising clumpable and non-clumpable
particulate components are provided to illustrate the absorption benefit which indicates the
measured increased water absorption of the composition blend in excess of the predicted
absorption determined by the rule of mixtures.

{10431 The clays, DE, and zeolites utilized in the following examples are obtained from
natural sources and are therefore subject to variation in physical properties. Synthetic zeolites
mpay also bave variation due w0 processing conditions, Variation in the form and structure of a
particulate material may give rise to differences in observed and measured hehavior,

{0044}  Typical characteristics of the particuiates used in the following cxamples are listed
in Table 1. PS1) was determined using a Ro-Tap® sieve shaker with Tyler mesh sicves (W.S.
Tyler Industrial Group, USA) and a mass balance with (.01g resolution, The dry density, also
known as the tap density, is the close packed density of the material. The dry density is
measured by tilling 4 known volume with a known mass of material followed by repeated
tapping of the container until the material no long decreases in volume (e.g. when no more
integstitial volume can be removed), Autotap™ equipment such as the AT-6-110-60
{Quantachrome Instruments, USA) can be employed to increase measurement repeatabiley.
{00451 Absorbency (absorption) was determined asing water and an immersion method.
According w the immersion method, a pre-determined mass of the blended muxture, here 20
g, is tmmersed in water for 20 minutes and then removed and drained for 20 nunuates. The
suass difference of the blend composition before and after immersion is divided by the initial

mass and multiplied by 100 to vield a percentage value.
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{0046} Sclt-clumping is a qualitative asscssment of the composition’s ability to form &
clump when wetted and is gualified as either a "yes” or 4 “no”. A “yes” for self-clumping
indicates that a singular clump was formed but the measure does not infer any indication as to
the integrity of the chump also described as its clump strength. A “no” for self-clumping
indicates that a singular clump was not formed under the testing conditions. Self-clumping
and clump strength were measured using syathetic urine comprised of 4 ml ammoniuin
hydroxide (28% w/w), 775 ml of 0.100 M calcium chloride, 100 g vrea, and a volume of
distitled or deionized waler to create a | liter solution, Concentrated hydrochlone acid was
added drop-wise to achieve a pH ~ 6. To determine whether the composition scif-chumps and,
if so, its corresponding clunip strength, 10 pu (0.34 fluid 0z) of synthetic urine was poured
onto on 4 ~3 cu (2 inch) thick bed of samiple. After resting for one minute, the clump, if
tormed, was removed, weighed, agitated for five seconds on a sieve in 2 Ro-Tap® sieve
shaker (W.S, Tvler Industrial Groap, USA), and then reweighed. A 6.35 nup (4 inch) mesh
steve was used, Clump strength is the percentage of the mass of the original clump refained
after Ro-Tap® agitation in relation to the initial clump mass. A value of zero was assigned
tor clump streagth if the clump hroke into two or more pieces during the test, despite the
possible presence of larger pieces remaining. I an initial clomp did not form, then the clump
strength is given as “N/A” or got applicable. A higher value of clump strength is destrable.
{00471 Moisture of particulates and compositions of such particelates was measured by
weighing 10 g of material in a metal pan of known mass and then placing both inanoven ata
temperature of at feast 103 °C (221°F) but less than 406 °C (752°F) for at least eight hours.
Afterwards, the pan and materials were allowed 1o cool for a short time W roont lemperature
prior to measuring, The mass difference betfore and after drying divided by the initial material
mass {e.g. 10 gJ could then be used w calculate the percent mass lost due to moisture {the

“moistare %7} by multiplying by 150,
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[0048)  Quartz concentration can be measured via analysis of crystal diffraction patterns
detected by a diffractometer. Here, analysis was performed using JADE 3 software (X-ray
diffraction software from Matertals Data Incorporated™, USA) of diffraction patterns
obtained on D300 diffractometer (Siemens® {now Bruker®)).

[060481  Compressive strength is measured by filling a known volume with material and
applying uniform force across the geometric surface of the material volume. The compressive
strength is measured as the {orce required (o compress the material by 2.5 ciu (1 inch) and is

measured in units of kilopascals (kPa) {and pounds per square inch {psi)).

{00561 Table 1. Typical Characteristics Of Materials Used in the Examples

Sod|ur.n Diatomaceous Earth Zeolite
Bentonite
Wyo- | Wyo- EPM EPM EPM EP!VI KMi KMI
Ben™ | Ben™ Blue Ultra Floor | Solid- 8+14 | -20+50
BH-8 | BH-30 | Ribbon Sorb Dry A-Sorb
+4 0.75 0.00 1.31 0.02 0.00 0.00 0.00 0.00
® -4/+6 7.75 0.08 36.49 10.66 3.68 0.00 0.00 0.00
E -6/+10 45.33 0.02 40.92 45.58 53.07 0.00 21.05 0.02
S -10/+20 4196 | 71.90 19.62 38.87 42.41 0.10 77.90 1.25
§ -20/+430 1.11 21.35 0.90 2.04 0.28 31.78 0.25 24.67
-30/+60 2.05 6.32 0.33 1.87 0.37 67.65 0.41 58.33
-60 1.05 0.33 0.43 0.96 0.19 0.47 0.39 15.73
Dry density, kg/m* | 1105 | 1137 464 432 432 513 | 929 | 1089
(Ib/ft’) (69) (71) (29) (27) (27) (32) (58) (68)
(Water)
absorbency, % 149 150 83 90 107 174 31 35
Self-clumping Yes Yes No No No No No Yes
Clump strength, % 94 97 N/A N/A N/A N/A N/A 0
Moisture, % 83 6.6 1.4 3.3 1.2 0 6.0 6.6
Quartz content, % 8.3 7.8 1 0.5 0.1 02 |
;‘r’::l';‘;ssll‘;i 889 | 1076 | 1262 | 1351 | 1076 | 1172 | 2868 | 2779
(psi) (129) | (156) | (183) | (196) | (156) | (170) | (416) | (403)

{0631 Sodium bentonite, hectorite, attapelgite, sodium-beneficiated calciom bentonite,
and combinations thereof, and other clumping clays may be vsed for the chunping particulate
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of the composition, In onc exemplary cmbodiment, the clumping particulate may have a PSD
predominantly within about -4 mesh to about+100 mesh. In another embodiment, the
clumping particulate may have a PSD predominantly within about -4 mesh to about +60
mesh. The non-clumping particulate may be ground and classified to the desired size
fractions for maxiomm clump strength.

{0452} The non-clumping particolate of the composition may be a material with low dast
and low density or other attractive properties, such as odor adsorption, and may include one
or more of diatomaceous earth, zeolite, attapulgite, calcium bentonite, montnorillonite,
crushed limestone or other crystaliine or amorphous mincral or synthetic materials, Ta an
embodiment, the non-clumping particulate may have a PSD predominantly within abowt -4 1o
about +100 mesh. In another embodinient the non-clunmping particulaie may have a PSD
predominantly within about -4 mesh to about +60 mesh, although additional particle sizes can
he ctfective,

{0033} A non-clumping patticulate may provide a support that does not collapse after
wetting for continued volumetric growth of the clumping particulate component and particle
access to liquid. The compressive strength of the non-clumping particulate can either be a
natural property of the material or can result from a thermal treatment or caleination (~37.8°C
(100°1) to ~760.0°C (1400°1) ). In some embodiments, the non-clumping particulate may be
calcined without flux (not flux-calcined). Examples of non-clumping particulates that have
been caleined without flux (although, in some embodiments, they may be heated to a
teryperatare below the softening and calcining temperature of diatomite) include EPM's
Floor Dry™ (DID), Blue Ribbon™ (DE)}, Solid-A-Sorb® (D), Tlua Sorb™ (D17} and Red
Diamond™ {caleium bentonite). More specitically, in one embodiment, the non-chumping
particulate may be a natural diatomaceous earth that has been thernually treated at a
temperature range of about 37.8°C (100°F) ~760.0°C (1400°F), Such non-clumping DE

particulate cornponent may aiso have an absorbeney greater than about 50% by mass, and a
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compressive strength of about 345 kPa (50 psi} to about 1380 kPa, (200 psi), and may have a

&7

270,

o]

resistance to slacking of less than

r

{0054} In an embodiment, the DE particulate component may be free of flux (has not bec
treated with flux). Further, in an embodiment. the disclosed composition may aiso be free of
flux {neither the composition or any of its components has been treated with flux or flux
caicined}. In other embodiments, the non-clumping particolate may be uncaleined. [n another
embodiment, zeclite may be added to the composition as a partial replacement for one of the
two other particulate components. For example, sodium bentonite as the clumping particulate
and diatomaceous carth as the non-clumping particulate may be combined with natural
zeolite as a third component. The patural zeolite may also be mixed together with the
cluniping component o provide for odor control,

{0033} Tn a further emibodinent, the composition may comprise sodium bentonite that has
a water absorbency of about H)~185 % by mass as the clunmping partticalate, and
diatomaceous earth as the non-clumiping particulate that is fresh water or marine
diatomaceous carth and that has a Brunaver-Enmugett-Teller (BET) specific surface area of
ahout 15-80 m’/g and a porosity {pore volume) of about 2.0~4.0 mi/g. Physisorption is a
contnon method to measure both surface area and porosity. Physisorption measures the
amount of adsorbate. an inett gas commonly nitrogen or carbon dioxide, adsorbed on the
surface of a adsorbent particle across a range of pressures at a specific temperature, Based on
the measured volume of gas during adsorption, the BET equation can be used to calculate the
specitic surface arca or the surface arca per unit mass. The pore volume can be caleulated
using the measured volume of gas thai completely filled the adsorbent pores and the density
of the gas. The adsorption of mitrogen gas on diafomaceous earth can be measored on a
Micremerities® TriStar® [ 3020 analyzer (Micromeritics®, USA) at the boiling point of

1o caleulate the BET surface arca and porosity,
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{00361 In another embodiment, the composition may have a weight ratio of the non-
clumiping particulate to clumping particulate ranging between about 13:85 1o about 85:13,
{0037}  In another ernboditnent, the comaposition may contain ¢lemental arsenic in a
concentration less than about 17 ppm.

{0058}  In another embodiment, the composition may contain quartz in a concentration less
than abouwt 20%. In some embodiments, the gquartz content may be less than about 15%. In
other embodiments, the quartz content of the disclosed novel compositions may be less than
about 8%.

[(H}591  In another embodiment, dustiness may be redaced by adding waler to diatormaccous
earth at an additional level of at least about 3% by weight of the initial paruculate mass.
Furthenmore, the dustiness may be reduced by adding water at about 10-13% or more by
weight to the non-chumiping diatomaceous earth particulate component. Addition of water in
excess of 20% by weight is cffective in suppressing dust, Water addition may be achieved by
spraying a {ine mist of water onto the non-clunping particulate or by other methods
conmmonly used to apply water to particulate materials, A mixing mechanism may be applied
to mix the spray water into the non-clumping particulate. Water in the form of mist may
prevent arrest the fine particles of the non-clomping particulate and thus preventing those fine
particles from becoming airborne, The non-clumping particulate, the clumping particalate,
and the resulting composition are free of any dry or powdered de-dusting agent. More
specifically. a dry or powdered de-dusting agent is not added to the composition or to the
clumping or non-clumping particulates. Moreover, the disclosed coraposition is free of tdoes
not include) filler particles to which an aqueous shury of a deodonzing agent has been added
in order to adhere a dry or powdered de-dusting agent to such filler pasticies.

{00601 In sume embodiments the composition may be entirely or substantially free of
calcium bentonite when one of the particulate components of the composition is sodiom

hentonite. In some embodiments, the composition may be entirely free or substantially free of

217 -



CA 02953403 2016-12-21

WO 2016/032821 PCT/US2015/045891

sodium-bencficiated calcium bentonite when one of the particulate components of the
composition is conventional sodium bentonite. {n some embodiments the composition may be
entirely or substantially free of zeolite when one of the particulate components of the
composition is sodiom bentonite. In some embaodiments, the composition may be entirely or
substantially frec of cellulosic material. In some cmbodiments, the composition is entirely or
substantially free of cellulose-based filler material. In other embodiments, the composition is
entirely or substantially free of cellulose-based filler material when one of the particulate
components of the composition is sodium bentonite.

{t0611  In an embodiment, the non-clumping particulate is not treated with {is tfree of)
polytetrafluorcethylene. Tn an embodiment, the disclosed composition is free of
polvtetrafluoroethylene. Furthermore, in sore embodiments that include a sodium bentonite
particulate, the sodium bentonite particulate has not been treated with a fragrance slurry or
the like. In other words, fragrance has not been added to the sodiom bentonite particulate (the
sodium hentonite s free of fragrance treatment). In some embodiments, the disclosed
composiiion may be free of fragrance treatment,

10062} In sonme embadiments, in which one of the particulate componeats of the
composition is a bentonite particulate, the composition is free of organic sorbents such as
cellulosic materials, inclading straw and cellulose fibers, and polyacrylates. In an
embaodiment, in which one of the particulate components of the composition is a bentonite
particulate, the bentonite has not undergone an ion exchange treatment using an alkaline
metal, and thus the disclosed composition is nou-swelling,

{00631  In some embodiments in which one of the particulate components of the
conposition is DE, the amount of DE (in the resulting composition) may be greater than
15%.

{0064} 1o ap embodiment, the composition may be entirely or substantially free of a

galactomannan guin {c.g. guar gum, locust bean gam, and their derivatives), In some
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embodiments, the composition may be entirely or substantially free of a galactomannan gum
(e.g. euar gum, locust bean gum, and their derivatives) when one of the particulate
components of the composition is DE. In other embodiments, the composition may be
entirely or substantially free of any one or more of borax, xantham gum, carrageenan gum, or
alginate. In other embodiments, the composition may be entirely or substantially free of any
one or more of borax, xantham gum, carrageenan gum, or alginaie when one of the
particulate components of the composition is DE, In some embodiments, but not all, the
composition may be entirely or substantially free of any one or more of borax, xantham gum,
carrageenan gum, or alginate when one of the pariiculate components of the composition is
attapulgite or montmorillonite. In some embodiments, the compesition may be entirely or
substantially frec of a galactomannan guni (e.g. guar guin, locust bean gum, and their
derivativesy when one of the padticulate components of the composition is attapulgite or
reontmorilionite.

{0065}  In an embodiment, the sbsorbency per anit weight of the composition may exceed 2
weighted average absorbency by more than about 10% (see absorption benefit). In another
embodiment, the absorbency per unit weight of the composition may exceed the weighted
average absorbency by about 10% to about 400%. In yet another embodiment, the
absorbency per unit weight of the composition may exceed the weighted average absorbency
by about 30% to about 35G%. In vet ancther embodiment, the absorbency per unit weight of
the composition may exceed the weighted average absorbency by about 100% to about 325%.
[0066] Tn one embodiment, the composition may have an absorbency greater than sbout
170%. In another embodiment, the composition may have an absorbency from about 160%
to about 500%. In yet another embodiment, the composition may have an absorbency from
about 170% to abouat 400%.

[0067]  The following exermplary compositions generally describe possible different binary

and terpary combinations of cluraping and non-clumping components; however, the number
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of combinations will inercase as the number of components is increased. Those combinations
will be apparent to those skilled in the art,

{0068} Examples

{0069  Exampie 1. A clumping sorbent particulate, sadiam bentonite (Wyo-Ben™ Big
Hom@® 8 (BH-8)), was thoroughly mixed with a non-clumping particulate, diatomaceous
earth (EPM Blue Ribbon™) in weight ratios of 0:100, 30:70, 50:50, 70:30 and 100:0. Water
absorbency, absorption benefit, dry density, density benefit, moisture, self-clumping, and

chump strength were evaluated as previously described. The resulis are listed in Table 2.

{00701 Table 2. Typical Properties O Sodiuin Bentonite (BH-8) Mixed With

Diatomaceous Farth (Blue Ribbon™) At Varicus Weight Ratios

Sodium Bentonite (BH-8) : Diatomaceous Earth (Blue Ribbon™) Ratio
0:100 30:70 50:50 70:30 100:0
Water At;/s‘”bency' 83 233 309 329 149
(]
Absorptlc;z Benefit, N/A 297 266 255 N/A
Dry Density, kg/m3 464 513 673 801 1105
(Ib/ft®) (29) (32) (42) (50) (69)
Density Benefit, % N/A 22 14 12 N/A
Moisture, % 1 5 6 7 8

Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 0 0 81 94

{0671} Surprisingly, the absorbency of each mixture is 1.6~4.0) times that of individual
fractions and over 200% the expected absorbency based on the rule of mixtures. A density
benefit up to about 22% was also observed and was greatest at a sodium bentonite to
diztomaceous earth ratio of 3370, Although all blends clumped when wetted, high chimp
strength was abserved at higher sodium-bentonite levels. Of the tested ratios, the greatest
absorption benefit appears to be reached at a sodium benlonite to diatomaccous weight rato

-20-



CA 02953403 2016-12-21

WO 2016/032821 PCT/US2015/045891

ot about 50:50 but very high absorbency appears 10 be reached at a weight ratio of 7(:30.
‘Thus, higher absorbency with good clump strength can be obtained when using diatormaceous
earth and sodium bentonite while maintaining a relatively low density,

{0072 Example 2. A clamping particulate, sodiom bentonite (Wyo-Ben™ BH-8), was
thoroughly mixed with a non-clumping particulate, diatomaccous earth (EPM Ultra Sorb™),
in ratios of (110G, 30:70, 50:50, 70:30 and 100:0. Water absorbency, absorption benetit, dry
density, density benefit, moisture, self-clumiping, and clump strength were evaluated as
previously described. The results are shown in Table 3.

{0073} Table 3. Typical Propertics Of Sodiam Bentonite (BH-8) Mixed With

Dratomaceous Larth (CPM Ultra Sorb™) At Various Weight Ratios

Sodium Bentonite (BH-8) : Diatomaceous Earth (Ultra Sorb™) Ratio
0:100 30:70 50:50 70:30 100:0
Water At;zorbency' 90 251 335 328 149
Absorptlcz/{r: Benefit, N/A 233 280 250 N/A
Dry Density, kg/m3 432 577 625 801 1105
(Ib/ft?) (27) {36) (39) (50) (69)
Density Benefit, % N/A 9 19 11 N/A
Moisture, % 3 4 5 6 8
Self-clumping No No Yes Yes Yes
Clump strength, % N/A N/A 0 87 94

{06741 Increased water absorbency bevond the rule of mixtures was obtained. Specifically,
cach mixture has an absorbency that is 1.7~3.7 umes that of individual fractions and over
200%, nearly 300%, the expected absorbency based on the rule of mixtures, O the tested
ratios, the greatest absorbency and absorption benefit appears to be reached at a bentonite to
DE ratio of about 50:50. A density benefit up 1o about 20% was also obscrved and was
greatest ab a sodiun bentonite to diatomaceous earth ratio of 50:50. Although all blends

clumped when wetted., bigh clump strength was only observed at higher sodiumi-bentonite
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levels. Thus, higher absorbency with good clump strength can be obtained when using
diatomaceous carth and sodiuvim bentonite while maintaining a refatively low density.
{0075} Example 3. The clumping particulate, sodivm bentoniie {(Wyo-Ben™ BIL-E), was
thoroughly mixed with the non-clumping particulate, diatomaceous earth (EPM Floor
Dry™ in ratios of O:106, 30:70, 50:50, 70:30 and 100:0. Water absorbency, absorption
benetit, dry density, density benefit, moisture, self-clomping, and clump strength were

evaluated as previously described. The results are shown in Table 4,

[()76]  Table 4. Typical Properties Of Sodiom Bentonite (BH-8) Mixed With

Dratomaceous Larth {EPM Floor Diry™) At Various Weight Ratios

Sodium Bentonite (BH-8) : Diatomaceous Earth (Floor Dry™) Ratio

0:100 30:70 50:50 70:30 100:0
Water Atjzorbe"cy' 107 234 332 365 149
Absorptlc;: Benefit, N/A 196 259 268 N/A
Dry Density, kg/m> 432 529 641 753 1105
(Ib/ft®) (27) (33) {40) (47) (69)
Density Benefit, % N/A 17 17 17 N/A

Moisture, % 1 4 5 6 8

Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 0 0 85 94

{0677} Increased water absorbency beyond the rule of mixtures was obtained. Specifically,
cach mixture has an absorbency that is 1.6~3.4 times that of individual fractions., Absorption
benefits over 200%, and in some rauos over 300% the expected absorbency based oo the rule
of mixtures was measured, Of the tested ratios, the greatest absorbency and absorption
benefit appears to be reached at a bentonite to DE ratio of about 70:30. A deusity benetit of

about 17% was also observed for all blends. Thus, higher absorbency with good clunp
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strength can be obtained when using diatomaceous carth and sodivm bentonite while
maintaining a relatively low density.

{0078} Exampie 4. A non-clumping particulate, such as DE as previously described with
PSD predominantly within -4 to +20 mesh, may alsc be blended with a clumping particulate
that has 2 smaller PSD predosuinantly within - 10 to +60 mesh. Clumping sodium bentonite
(Wyo-Ben™ Big Homn® 30 (BH-30)) was mixed with EPM Blue Ribbon™, {litra Sorb™
and Floor Dry™ diatomaceous earth (coarse pon-clumping particulates) in weight ratios of
(:100, 36:70, 50:50, 70:30 and [00:0. Water absarbency, absorption benefit, dry density,
density benefit, moisture, self-clumping, and clamp sirengih were evaluated as previously
described. The results for BH-30 blended with Blue Ribbon™, Ultra Sorb™ and Floor Dry™

are presented in Table 5 through Table 7, respectively.

{0079} Table 5. Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-30) Mixed with

Diatomaceous Larth (EPM Blue Ribbon™) at Various Weight Ratios

Sodium Bentonite (BH-30) : Diatomaceous Earth (Blue Ribbon™) Ratio
0:100 30:70 50:50 70:30 100:0
Water Absorb
ater ;m eney, 83 223 279 243 150
(*]
Absorptu‘;: Benefit, N/A 216 239 187 N/A
Dry Density, kg/m3 164 577 705 833 1121
(Ib/ft?) (29) (36) (44) (52) (70)
Density Benefit, % N/A 13 11 10 N/A
Moisture, % 1 4 5 6 7
Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 0 88 93 97
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{0080} Table 6. Typical Properties of Sodiun Bentonite (Wyo-Ben™ BH-3) Mixed with

Diatomaceocus Earth (EPM Ultra Sorb™) at Various Werght Ratios

Sodium Bentonite (BH-30) : Diatomaceous Earth (Ultra Sorb™) Ratio
0:100 30:70 50:50 70:30 100:0
Water At;:o'bency’ 90 237 294 245 150
Absorptu;;\ Benefit, N/A 219 245 186 N/A
Dry Density, kg/m® 432 577 657 817 1121
(Ib/ft?) (27) (36) (41) (51) (70)
Density Benefit, % N/A 10 16 11 N/A
Moisture, % 3 4 5 5 7
Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 0 88 96 97

{0081)  Table 7. Typical Properties of Sodiura Bentonite (Wyo-Ben™ BH-30) Mixed with

Diatomaceocus Earth (EPM Floor Dry™) at Various Weight Ratios

Sodium Bentonite (BH-30) : Diatomaceous Earth (Floor Dry™) Ratio
0:100 30:70 50:50 70:30 100:0
Water A";:mbe"cy' 107 258 403 319 150
Absorptlcz/: Benefit, N/A 215 314 33 N/A
Dry Density, kg/m> 432 545 657 785 1121
(Ib/ft?) (27) (34) (41) (49) (70)
Density Benefit, % N/A 14 15 15 N/A
Moisture, % 1 3 5 5 7
Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 0 93 95 97

{0082]  Increased water absorbency beyond the rule of mixtures was observed for a finer

sodium bentonite blended with a coarser diatomaceous earth. Specifically, each muxuire has

an absorbency that is 1.9~3.8 times that of individual fractions, In an embodiment, an
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ahsorption benetit in excess of 300% was obscrved. Of the wested ratios, the greatest
absorbency and absorption benefit appears to be reached at a bentonite to diatomaceous earth
ratio of about 50:50. A density benefit up to about 16% was also observed and was greatest at
a sodium bentonite to diatomaceous earth ratio of 50:50, Thus, higher absorbency with good
clemp strength can be obtained when using diatomaceous carth and sodium bentonite while
maintaining a relatively low density.

{00831 Example 3. EPM Solid-A-Sorb® was thoroughly mixed in weight ratios of (:100),
30:70, 50:50, 70:30 and 100:0 with sodium bentonite (Wyo-Ben™ BH-R and BH-30}
individually. After, water ahsorbency, absorption benefit, dry density, density benetit,
moisture, self-clhumping, and clump strength were evaluated as previously described. Data

pertaining to the aforementioned bleods are shown in Table 8 and Table 9.

{084}  Table 8. Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-8) Mixed with

Diatomaceous Harth (EPM Solid-A-Sorb®) at Various Weight Ratios

Sodium Bentonite (BH-8) : Diatomaceous Earth (Solid-A-Sorb®) Ratio

0:100 30:70 50:50 70:30 100:0

Water At;:‘“be”cy' 174 278 336 371 149
Absorptic;: Benefit, N/A 167 208 237 N/A

Dry Density, kg/m> 513 595 721 865 1107
(Ib/ft3) (32) (37) (45) (54) (69)
Density Benefit, % N/A 14 11 6 N/A

Moisture, % 0 4 5 5 8

Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 0 0 0 0 94

_25.
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{0085} Table 9. Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-30) Mixed with

Diatomacecus Earth (EPM Solid-A-Sorb®) at Various Weight Ratios

Sodium Bentonite (BH-30) : Diatomaceous Earth (Solid-A-Sorb®) Ratio

0:100 30:70 50:50 70:30 100:0

Water Abo/:mbency’ 174 245 314 302 150
Absorptlc‘)yn Benefit, N/A 147 194 192 N/A

(]
Dry Density, kg/m? 513 560 689 833 1121
(Ib/ft?) (32) (35) (43) (52) (70)
Density Benefit, % N/A 19 15 11 N/A
Moisture, % 0 2 4 5 7

Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 0 0 87 95 97

Both the coarser and finer sodium bentonite exhibited 2 synergistic absorbance with the DE
particulate. Of the tested ratios, absorption benefits of about 150% to 250% were measured
with greaiest absorbencies observed at a bentonite to DI ratio of S8:5¢ and 70:30, A density
benefit up to about 19% was also ohserved and was greatest at a sodium bentonite to
diatomaceous earth ratio of 70:30, The BH-8 sodium bentonite and DE blend clumped when
wetted; however, none of the blends demonstrated high clump strength. In contrast, the BH-
30 sodium bentonite and diatomaceous earth blend demonstrated both self-clumping for all
ratios but with high clump strengths at a sodium bentonite level of at least 50%. Thus, higher
ahsorbency with good clump strength can be obtained when using diatomaceous earth and

sodium bentonite while maintaining a relatively low density,

{0086]  Example 6. FI'M Ultra Sorb™ was sieved to produce material of narrower P8I
including -446, -6+10, 10420, -20430), and -30+60). Individual fractions of Ulira Sorb™™
were thoroughly mixed in weight ratios of 02100, 30:70, 50:50, 70:30 and 100:0 with sadium

bentonite. Each fraction was blended with Wyo-Ben™ BH-8 and BH-30 individually and
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clumping, and clomp strength were evaluated as previously deseribed. Data for the Ulira

Sorb™ fractions blended with BI1-8 and B1i-30 are listed in Table 10 and Table 11

respectively.

{0087]  Table . Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-8 Mixed with

Diatomacecus Earth (Ultra Sorb™) of Diifferent Sizing at 2 Weight Ratio of 50:50

Ultra Sorb™ Screened Size

-4+6 -6+10 -10+20 -20+30 -30+60
Water At;mbency' 208 281 302 323 343
- P
Absorpt"j/" Benefit, 251 235 226 205 197
0
Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 84 75 0 0 0

[0088] Table 11. Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-30) Mixed with

Diatomaceous Earth (17Ttra Sorb™) of Dnfferent Sizing at a Weight Ratio of 50:50

Ultra Sorb™ Screened Size

-4+6 -6+10 -10+20 -20+30 -30+60
Water At:;’Orbe"cy' 290 331 347 386 372
(]
Ab ti fit
sorp "Z/Z Benefit, 243 275 259 244 212
Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 84 91 95 94 85

{00391 Surprisingly, non-clumping components of similar composition that have

undergone equivalent processing have varying ahsorption benefits depending on the

particulate size in relation o the clumping component’s PSD, For differently sized clumping

clay, such as sodium bentonite Wyo-Ben™ BH-8 and BIH-30, the absorption benefit was
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greatest when blended with a non-clumping component with a narrow PSD of the same size
as the largest particulate size of the clomping component. As the narrow PSD of the non-
clumping component decreases, the absorption benefit decreases, This phenomenon may be
related to the non-chumping component’s ability to create a loose packing, to draw water into
the inter-particle free space, and to suppost the overall structure. Thus, higher absorbeney
with good clump strength can be obtained when using diatomaceous earth and sodiom
bentonite.

{00907 Example 7. The non-clumping component may also be a zeolite. Zeolites may be
utilized for their odor control ability. A non-champing particulate, zeolite marketed by KMI

Zeolite™ (KMI) sieved to -8+14 mesh, was thoroughly mixed in weight ratios of (:100,

A

30:70, 30:50, 70:20 and 100:0 with sodium bentonite. The course zeolile particulates were

3

hlended with Wyo-Ben™ BH-8 and BH-30 individually and their water absorbency,
absorption benefit, dry density, density benefit, moisture, self-clumping, and clurop strength

were evaluated as previously described. Yhe results are tisted in Table 12 and Table 13.

{0091} Table 12, Typical Properties of Sodium Bentonite (Wyo-Ben™ BH-&) Mixed with

Zeolite (KMI Zeolite -8+14} at Various Weight Ratios

Sodium Bentonite (BH-8) : Zeolite (-8+14) Ratio
0:100 30:70 50:50 70:30 100:0
Water A22°'bency' 31 174 248 272 149
Absorpti(;: Benefit, N/A 262 276 239 N/A
Dry Density, kg/m3 929 976 996 1074 1107
(Ib/ft?) (58) (61) (62) {67) (69)
Density Benefit, % N/A 1 2 -2 N/A
Moisture, % 6 6 7 7 8
Self-clumping No No Yes Yes Yes
Clump strength, % N/A N/A 0 0 94
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{00921 Table 13, Typical Properties of Sodium Bentonite {Wyo-Ben™ BH-30) Mixed with

Zeolite (KMI Zeolite -8+14) at Various Weight Ratios

Sodium Bentonite (BH-30) : Zeolite (-8+14) Ratio
0:100 30:70 50:50 70:30 100:0
Water At:;‘“be"cy' 31 183 222 299 150
Absorptu;{r)\ Benefit, N/A 274 245 262 N/A
Dry Density, kg/m> 929 945 993 1071 1121
(Ib/ft3) (58) (59) (62) (67) (70}
Density Benefit, % N/A 4 3 -1 N/A
Moisture, % 7 6 6 6 7
Self-clumping No Yes Yes Yes Yes
Clump strength, % N/A 92 94 94 97

{0093} Synergistic absorbance was observed when the zeolite particulate KMI -8+14 was
blended with differently sized sodium bhentonite Wyo-Bea™ BH-§ and BH-31), Of the tested
ratios, absorption benetits over 200% were measured and greatest absorbencies observed at a
bentonite to DFE ratic of 70:31). BH-8 bentonite and zeolite clumped when wetted; however,
none of the blends demonstrated high clump strength. In contrast, the BH-30 bentonite and
zeolite blend demonstrated both self-clumping for all ratios but with high clump strengths at a
bentonite level of at least 30%. Thus, higher absorbency with good clump strength may be
obtained when using zeolites and sodiam bentonite.

{06941  Example 8. A non-clumping particulate, KMT's Zeolite sieved to 20450, was
thoroughly mixed in weight ratios of 0:100, 30:7(, 5{:50, 70:30 and 100:0 with sodium
bentouite. The zeolite particulates were blended with Wyo-Beo™ B{I-8 and BH-30
individually and their water absorbency, ahsorption benefit, dry density, density benefit,
meisture, sell-clurnping, and clump strepgth were evaluated as previously described, The

results are listed in Table 14 and Table 15,
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Table 14, Typical Properties of Sodium Bentonite (Wyo-Ben'™ BH-8) Mixed with

Sodium Bentonite (BH-8) : Zeolite (-20+50) Ratio

0/100 30/70 50/50 70/30 100/0
Water Abozorbency' 35 190 267 249 149
Absorptlc;{r: Benefit, N/A 275 290 217 N/A
Dry Density, kg/m3 1089 1103 1182 1153 1107
(Ib/ft%) (68) (69) (74) (72) (69)
Density Benefit, % N/A -1 -8 -5 N/A
Moisture, % 6 6 6 8 8
Self-clumping Yes No Yes Yes Yes
Clump strength, % 0 N/A 0 0 94

[0096]

Zeolite (KMUs Zeolite -20430) at Various Weight Ratios

Table 13, Typical Propertics of Sodiam Bentonite (Wyo-Ben™ BH-30) Mixed with

Sodium Bentonite (BH-30) : KMI Zeolite (-20+50) Ratio
0/100 30/70 50/50 70/30 100/0
Water AEZOrbe"CV' 35 179 236 242 150
Ab i fit
sorption Benett N/A 258 255 210 N/A
Dry Density, kg/m> 1089 1055 1073 1073 1121
(Ib/ft’) (68) (66) (67) (67) (70)
Density Benefit, % N/A 4 2 4 N/A
Moisture, % 7 6 6 6 7
Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 0 0 92 96 97

Synergistic absorbance was observed when the eolite particulate KMT -204-30 was

blended with difterently sized sodium bentonite Wyo-Ben™ BH-8 and BH-30. 031 the tested
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ratios, absorption benefits over 200% were measured and greatest absorbencies observed at a
hentonite to DE ratio of 70:30. BH-8 bentonite and zeolite clumped when wetted; however,
none of the blends demonstrated high clump strength. In contrast, the BIH-30 bentonite and
zeolite blend demonstrated both self-clumping for all ratios but with high clump strengths at a
bentonite level of at least S0%. Thus, higher absorbency with good clamp strength can be
obtained when using zeolites and sodium bentonite.

{0098}  The results above demonstrate that each of the components of the disclosed
compusitions have less absorbency combined than the compositions, thereby demonstrating
the synergistic absorbency properties of the disclosed compositions. Of the tested ratios, the
greatest absorbency appears (o be reached at about a 50:50 or 70:30 ratio of clumping sorbent
particulate (sodiwn bentonite) to non-clumpiog particulate (diatomaceous earth or zeolile),
depending on the particulate composition and PST).

{00991 Example 18. Syncrgistic ahsorbance may also be observed when the composition
consists of multiple components, 10 wi, % reolite (KM, -8+14) as a non-clumping
particulate (o eplace 10 wi. % of the DE (EPM Blue Ribbon™) in a 50:50 weight ratio
composition of sodium hentonite to diatomaceous carth, The clumping component may be of
different sizes, such as Wyo-Benp™ BH-8 or BH-30. Thus, in the example, the resulting
composition is 1) wt. % zeolite, 40 wt. % DE and 50 wt. % sodium bentonite. Water
absorbency, absorption henefit. dry density, density henefit. moisture, self-clumping, and
clump strength were evaluated as previously described. Typical properties of these blends

and that of the individual components are listed in Table 16,
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{00100} ‘'Fable 16. Typical Properties of Sodivm Bentonite {Wyo-Ben™ BH-30 or BH-8)

Mixed With DE (EPM Blue Ribbon™) And Zeolite (KMI's Zeolite, -8+14)

BH- BH-
. " ]
Zleg(;';: 155% 8/DE/Zeclite | 30/DE/Zeolite fo 0; 3'; 0%/2
50%/40%/10% | 50%/40%/10%
Water Atf;‘mbe”cy' 31 83 225 267 149 | 150
(]
Absorpt";" Benefit, | \/a | w/a 203 240 N/A | N/A
(]
Dry Density, kg/m®> | 929 | 464 737 769 1107 | 1121
(Ib/ft) (58) | (29) (46) (48) 69) | (70)
Density Benefit,% | N/A | N/A 11 8 N/A | N/A
Moisture, % 7 1 6 6 8 7
Self-clumping No No Yes Yes Yes Yes
Clump strength, % N/A N/A 0 91 94 97

J00101}  Once again, the compositions demonstrate a significant synergistic ahsorption
performance. The investigated blends of sodiwm bentonite, diatomaceous earth, and zeolite
demonstrated absorption benefits over 200%. A density benefit up to about 11% was also
obscrved, Thus, higher absorbency with good clump strength may be obtained when using
zeolites, digtomacecus earth, and sodium bentonite while maintaining a relatively low
density.

{00102}  Example 11, The DE may be treated by water to reduce dust generation during
handling of the material. A chumping particulate, sodivm bentonite {Wyo-Ben™ BH-§ or
BH-30), was thoroughly mixed with a non-cluraping particulate, DU (TIPM Solid-A-Sorb®)
treated with water, in ratios of 0:100, 30:70, 50:50 and 100:0. The diatomaceous earth was
treated such that its moisture content was abouat 11%. Water absarhency, absorption benefit,
dry density, moisture, self-clumping, and clump strength were evaluated as previously
described. The results are shown in Table 17 and Table 18 for a blend containing Wyo-Ben™
BH-8 or BH-30, respectively. In other embodinments, the diatomaceous carth may be treated
with water or the like such that its moisture content is in the range of ahout 5% 1o abowt 50%,

In other embodiments, the diatomaceous earth may he treated with water or the like such that
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its moisture content may be in the range of about 10% to about 20%. In some embodiments,

the novel composition of DE {in the form of discrete particles) and sodivm bentonite {in the

form of discrete particles} may have a moisture content greater than 2.5% to less than about

S50%.

{00103} Fable 17. Typical Properties of Sodiam Bentonite {Wyo-Ben™ BH-8} Mixed

With DE (EPM Solid-A-Sorb) Containing 11% Moisture

Sodium Bentonite (BH-8) : Diatomaceous Earth (Solid-A-Sorb® + H,0)

Ratio
0:100 30:70 50:50 70:30 100:0
A b
Water I:;.:or ency, 152 173 202 219 149
- m
Absorpt";: Benefit, N/A 104 125 140 N/A
Moisture, % 11 8 8 9 8
Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 0 0 0 0 94

{06104} 'Table IR. Typical Properties of Sodium Bentonite {Wyo-Ben™ BH-30} Mixed

With DE (EPM Solid-A-Sorb®) Containing 11% Moisture

Sodium Bentonite (BH-30) : Diatomaceous Earth (Solid-A-Sorb® + H,0)

Ratio
0:100 30:70 50:50 70:30 100:0
Water Alzzc"bency' 152 334 350 372 150
Absorptu:/;\ Benefit, N/A 291 239 947 N/A
Moisture, % 11 8 9 9 7
Self-clumping Yes Yes Yes Yes Yes
Clump strength, % 0 0 0 94 97

{0B105]  Surprisingly, even with the added mwoisture, the absorbency of the mixtures is up

io about 2.5 times that of individual fractions and over 100% the expected absorbency based

(5]
(8]
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on the rule of mixtures. Although all blends clumped when wetted, high clump strength was
only observed at higher sodivm bentonite kevels for the BH-30 particulates, A high absomption
benefit and absolute absorhency was reached at a sodium bentonite to DE weight ratio of
70:30. Thus, higher absorhency and good clump strength can be obtained when using
diatomaceous and sodium hentonite,

[00106]  Example 12. A lower arsenic concentration in the composition can be achieved by
utilizing particulates which have low arsenic concentrations. Ierein, arsenic concentrations
wese measured via X-ray fluorescence (XRF) using a spectrometer (S4 Explorer™, Bruker®
AXS GmbH, Germany). Arsenic concentration s commonly measured in parts per million
{(ppa). Diatomaceous earth from EPM’s Sequoya ore deposit in Nevada, USA possesses low
As concentration. When blended with a tow As Na-bentonite, such as Wyo-Ben™ BH-30,

the resultant blend maintains a lower As concentration (Table 193,

{00107} Fable 19. 1'ypical As Concentration of Sodium Bentonite (Wyo-Ben™ BH-30}

Mixed With DE (EPM Sequoya ore deposit)

Sodium Bentonite (BH-30) : Diatomaceous Earth (EPM Sequoya ore)
Ratio
0:100 30:70 50:50 70:30 100:0
Arsenic (ppm) 11 13 14 15 17

{00108]  Example 13. A lower quartz concentration in the disclosed novel compositions
can be achieved by utilizing particulates which have low quartz concentrations, The DE ores
and DE products (for example, EPM Blue Ribbon™, EPM Ultra Sorb™, EPM Floor Dry™,
EPM Sohd-A-Sorb®) utilized in the exemplary novel compositions contain low levels of
quarty {commonly < 1 %). When blended with Na-bentonite, such as Wyo-Ben™ BH-30 or
BH-8, with quartz levels of about 8% the resaltant blend has « Tow quartz concentration

{(Table 26}, Thus, the disclosed novel compositions have a guartz content of Tess than about
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20%. In some embodiments, the guartz content may be less than about 15%. In some

embaodiments, the quartz content of the disclosed novel compositions may be less than about

{00109)  Table 20. Typical Quartz Concentration of Sodium Bentonite {Wyo-Ben™ BH-3())

Mixed With 3L (3PM Sclid-A-Sorb®)

Sodium Bentonite (BH-30} : Diatomaceous Earth {Solid-A-Sorb® + H,0)
Ratio
0:100 30:70 50:50 70:30 100:0
Quartz (%) 0.2 1.4 2.3 34 7.8

[0G110]  Also disclosed is a method of making the composition. The composition may be
made by mixing the clumping particulate with the non-cluraping particulate. One disclosed
method for manufacturing low density compositions with synergistic absorbance properties
may tnclude: (1) {illing two powder bins, cach with clumping particulate and non-clumping
particulate, the bins equipped with weight belt feed bin or Joss-in-weight feeder or any other
device that is used for measuring the flow rate of paniculates; (2) simultanecusly metering
the contents of both particulate bins at a rate that satisfies the blending ratio for the final
product; (3) discharging both materials into a blender. mixer, or agitator to effect fluidization
of the particulates at the first half of the equipment chamber; and (4) spraying atomized water
into the fluidized material al a predetermined dosage raie in the second half of the mixing
equipment chamber to cause even distribution of moisture into the material. The water dosage
rate is based on the amount that visually mitigates dust when the product is poured from a

height of greater than T meter (3.28 feet). The water treated blend is then packaged in

containers or bags.
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Industrial Applicability

[00111}  the compositions disclosed herein may be particularly beneficial for industrial
and household absorption and solidification, solidification of waste oil and gas drilling fluids,
animal litter (for example, cat litter}, and soil amendment. Fmbodiments of the disclosed
compositions may have a low dry density (below 945 ke/m’) (59 1b/ft’) and high water
absorbency (above 1706%).

{00112]  While only certain embodiments have been set forth, alternative embodiments and
various modifications will be apparent from the above description to those skilted in the art.
These and vther alternatives are considered equivalents and within the spirit and scope of this

disclosure.
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WHAT IS CLAIMED:

1. A composition comprising:
discrete particles of diatomaceous earth; and
discrete particles of sodium bentonite,
wherein a weight ratio of diatomaceous earth to sodium bentonite ranges between about
15:85 to about 85:15, and
wherein the composition has:
a clump strength greater than 75%,
a dry density less than 880 kg/m?, and
an absorbency per unit weight that exceeds a weighted average absorbency of the
discrete particles of diatomaceous earth and the discrete particles of sodium bentonite by

more than 50%.
2. The composition of claim 1, wherein the dry density is less than 800 kg/m®.

3. The composition of claim 1, wherein the dry density is less than 673 kg/m?>.

4. The composition of any one of claims 1 to 3, wherein the composition has an absorbency

greater than 170%.

5. The composition of any one of claims 1 to 4, wherein the composition has a quartz

content less than 20%.

6. The composition of any one of claims 1 to 5, wherein the discrete particles of

diatomaceous earth contain a moisture content between about 5% to about 50%.

7. The composition of any one of claim 1 to 6, further comprising hectorite, attapulgite,

sodium-beneficiated calcium bentonite, zeolite, or combinations thereof.

8. The composition of any one of claims 1 to 7, wherein the composition has an arsenic

concentration less than 17 ppm.

-37-

Date Regue/Date Received 2022-06-14



9. The composition of any one of claims 1 to 8, wherein the absorbency per unit weight of

the composition exceeds the weighted average absorbency by more than 100%.

10. The composition of claim 1, wherein the composition is self-clumping, and has an

absorbency in the range of about 170% to about 500%.

11. The composition of claim 10, wherein the composition has a quartz content less than
15%.

12. The composition of claim 10 or 11, further comprising zeolite.

13. The composition of any one of claims 10 to 12, wherein the composition has a moisture

content greater than 2.5% and less than 50%.
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