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LIGNITE-BASED URETHANE RESINS WITH ENHANCED SUSPENSION
PROPERTIES AND FOUNDRY SAND BINDER PERFORMANCE

TECHNICAL FIELD

[0001] This invention relates to polymerizable resin binders, particularly useful as foundry
binders, processes for making foundry shapes by curing the binders in place after forming a
foundry mold or core, foundry mixes and multi-part resin binder components or kits that are

mixed on site to bind foundry aggregate, such as sand, in a desired shape.

BACKGROUND AND PRIOR ART

[0002] In the foundry art, sand casting is used to make metal parts. In sand casting,
foundry shapes called molds, exterior casting forms, and cores, interior casting forms, are
made from a mixture of a foundry aggregate, such as sand, and a binder. The two categories
of sand molds are “green” and “rigid.” Green sand molds are bonded with clay and water.
Rigid sand molds are bonded with organic resins and can be hardened using one of several
methods, including baking, curing with a chemical reagent, and flushing with a reactive gas.
Molten metal is poured into and around the foundry shapes after they have hardened. The
binders, e.g., phenol formaldahyde resins, or phenol-isocyanate (polyurethane) resins, used to
form foundry shapes typically contain a significant amount of organic solvent, which can
emit noxious fumes, as well as free reactants, e.g., formaldehyde or isocyanate and free

phenol, that are detrimental to the cast metal and the foundry environment.

[0003] A urethane binder resin, when used in combination with a foundry aggregate such
as sand, typically has three parts: a polymerizable polyol component, an isocyanate
component, and a catalyst component. The polymerizable polyol compound, e.g., a polyol,
such as ethylene glycol, and isocyanate react to form a cross-linked polymer which increases
the tensile strength and/or hardness of the sand/binder mixture. The catalyst prompts the
polymerizable components of the binder to polymerize, allowing for rapid conversion of the
foundry mix into a hard and solid cured state suitable for forming shapes from molten metal

poured therein.

[0004] Humic substances containing a plurality of hydroxyl groups have been asserted to
represent an alternative reactant to the conventional phenol reactant for reactions with
isocyanates in the formation of binder resins (see WO 2009/065018 A1). Humic substances
include humic acid, fulvic acid, hymatomelanic acid, ulmic acid, and humin. As stated in

WO 2009/065018 A1, humic substances contain hydroxyl groups that react with an
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isocyanate to form polyurethane resins. Humic acid has previously been included in foundry
sand compositions. See U.S. Pat. Nos. 3,023,113 and 3,832,191. Humic acid can be derived
from several sources, including lignite, leonardite, peat, and manure. Lignite and leonardite
are preferred sources because they are rich in humic acid and readily mined. Lignite is an
organic mineraloid that is the lowest rank of coal. Known as “brown coal,” lignite has a high
inherent moisture content of up to 66 wt. % and a high ash content compared to other forms
of coal. Lignite has previously been used as an additive in foundry sand compositions
comprising an additional binding agent such as bentonite clay. See U.S. Pat. Nos. 3,445,251
and 4,359,339. When lignite becomes highly oxidized, leonardite is formed. Oxidation
increases the humic acid and carbonyl group content. Leonardite particles are generally
anionically charged and composed primarily of the mixed salts of humic acid, ulmic acid, and
fulvic acid. The humic acid in leonardite is soluble in alkaline solutions and can be extracted
from a solid phase source using a strong base, such as sodium hydroxide or potassium

hydroxide.

[0005] A humic substance containing composition, for use as a polyol component in
urethane resin for use as a foundry sand binder is described in WO 2009/065018 A1l. This
prior art composition was found to have a short shelf life, with the composition showing
gross separation (settling) of humic solids, and/or turning into a stiff (i.e. no fluidity) gel
within a short duration of storage. The separation of the humic solid prevents the ready
standardization of the addition of the humic solids to foundry aggregate over the course of
normal foundry mold and core production. These variations in the composition of the
foundry mix can affect casting performance of the foundry shape thereby impacting the cost
and quality of the resultant casting in a negative manner. To provide a consistent and
repeatable amount of humic solids to the foundry mix, the humic solids are herein provided in
a stable liquid form. The multi-component kits described herein include a lignite-polyol
suspension that contains a lignite, a polyol, and a stabilization agent that preferably includes a
dispersing agent, and a thickening agent. Unlike reported examples, lignite-polyol
suspensions described herein are stable against separation of suspended solids. Moreover, the
herein described lignite-polyol component exhibits relatively high low-shear-rate viscosities
and highly shear-thinning rheology. Furthermore, the addition of the dispersing agents and
thickening agents would be expected to impair the performance of the foundry mix; however,
the resin compositions surprisingly have been found to have improved binder performance

compared to the binders of the prior art.
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SUMMARY

[0006]  Described herein, in the preferred embodiment, is a lignite-containing polyurethane
resin binder that may be used, among other applications, as a binder of foundry aggregate,
e.g., sand, for producing molds and cores for metal castings. The herein described kit can be
used to make foundry molds and cores using the separate components of (a) a lignite, a
polymerizable polyol, and a stabilization agent; (b) a polymerizable isocyanate; and (c) a
catalyst. The components (a), (b), and (c) are, preferably, separately stored. In another
preferred embodiment, the components are admixed with a foundry aggregate to form a

foundry mix which can be pressed or molded into a foundry shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  FIG. 1 is a graph comparing the Brookfield viscosities of the lignite-polyol
suspension compositions described herein versus prior art lignite suspension compositions at

different shear rates (compositions were mixed using a high-shear rate of 6,000 rpm).

[0008]  FIG. 2 is a graph comparing the Brookfield viscosities of the lignite-polyol
suspension compositions described herein versus prior art compositions at different shear

rates (compositions were mixed using a high-shear rate of 10,000 rpm).

[0009]  FIG. 3 is a graph comparing the Brookfield viscosities of the lignite-polyol
suspension compositions described herein versus prior art compositions with an alkaline

solution additive at different shear-rates.

DETAILED DESCRIPTION

[0010]  Foundry shapes can be formed from foundry mix, e.g., from stable lignite-polyol
suspensions by the in situ reaction of a polyol with a polymerizable isocyanate, admixed with
a foundry aggregate. In a preferred embodiment, a stable solid-polyol suspension, a
polymerizable isocyanate, and a polyurethane polymerization catalyst are provided as a
multi-component kit for admixing with a foundry aggregate, to form a foundry mix. The
formation of the foundry mix typically involves the stepwise addition of the kit components
to the foundry aggregate, e.g. sand, with mixing, to form a foundry mix that sets over the
course of a predetermined time, typically minutes. The admixing of the kit components can
be either stepwise in the foundry aggregate or some of the kit components, e.g., the polyol
component and/or the catalyst component, can be admixed prior to admixing with the

foundry aggregate. The kit components form a solid-polyurethane resin that binds the
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foundry aggregate and permits the formation of a foundry shape useful in metal casting.
Another aspect of the multi-component kit described herein is to provide foundry mixes

utilizing the resin components.

[0011]  The multi-component kits perform exceptionally well as binders in sand castings.
Finished metal castings were produced from molds formed to a desired shape with the multi-
component kits admixed with the foundry aggregate, as described in further detail below.
Compared to conventional phenol-formaldehyde and phenol-isocyanate resin binders, the
herein described foundry shapes made from the herein described multi-component kits,
possess three significant benefits: 1) superior sand shakeout and better core burn out; 2) non-
noxious smoke during pouring, cooling, and shakeout; and 3) very low odor at mixing.
Moreover, the herein described foundry shapes exhibit limited thermal shock and
subsequently have a very high hot strength making them superior molds for metal casting.
The quality of shakeout is an important consideration because aggregate and binder residue

on the finished casting can impair the quality and/or performance of the finished casting.

[0012] The multi-component kits described herein comprise an organic solid having an
msoluble component that is completely combustible. In this instance, insoluble means that
one of ordinary skill using solvents typical of the art cannot fully solvate the organic solid
and completely combustible means that the high temperature pyrolysis of the organic solid
leaves little to no inorganic residue. Preferably, the organic solid is humic organic matter,
wherein humic organic matter is a catchall term for biopolymers occurring in soil, sediment,
and water. Typically, the humic organic matter is a humic substance, e.g. a humic acid-
containing or humic acid salt-containing ore. More preferably, the humic organic matter is a
lignite, even more preferably leonardite, previously described in this Assignee’s U.S. Pat.

Nos. 5,695,554 and 5,688,313, and hereby incorporated by reference.

[0013]  Another important aspect of the multi-component kit is the stability of the kit over
time. The separation of the lignite solids (particles) from the lignite-polyol suspension after
preparation would be detrimental to the transport, storage, and utility of the suspension.
Herein, the described lignite-polyol suspensions are stable over a sufficient time to allow
remote manufacturing of the suspension, and subsequent transport, storage, and use without

reagitation of the suspension.

[0014]  The lignite-polyol suspension is an admixture of a lignite, a polymerizable polyol,

and a stabilization agent. Preferably the lignite-polyol suspension has good stability against
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separation; low-shear-rate viscosity of at least 5,000 cps (as measured using a Brookfield
viscometer at a spindle speed of 0.5 rpm) and shear-thinning rheology, e.g., where the
viscosity of the suspension decreases by at least 50% when the spindle speed/shear rate is
increased from about 5 rpm to about 100 rpm; and good performance in urethane
polymerization, leading to good binder properties. As used herein, the lignite-polyol
admixture is termed a suspension, this is used in a broad sense; the suspension can be a

homogeneous mixture, a heterogeneous mixture, an emulsion, and the like.

[0015]  Preferably, the lignite-polyol suspension exhibits shear-thinning rheology. As used
herein, shear thinning means the viscosity of the lignite-polyol suspension decreases when
the suspension is subjected to increasing shear force. The effect of shear thinning can be
observed by measuring the viscosity of the suspension at various shear rates. The specific
viscosity of individual lignite-polyol suspensions are dependant on numerous factors,
including the concentration of the components in the suspension, the average lignite particle
size, and the chemical structure of the polyol. Preferably, the viscosity of the lignite-polyol
suspension decreases by at least 50 % when the shear rate is increased from about 5 rpm to

about 100 rpm, as measured with a Brookfield Viscometer.

[0016]  The lignite component is a humic substance, e.g. a humic acid-containing or humic
acid/salt-containing ore. The humic substance is preferably a lignite, preferably leonardite, as
previously described in this Assignee’s U.S. Pat. Nos. 5,695,554 and 5,688,313, and hereby
incorporated by reference. Preferably, the humic substance is a solid lignite component, that
contains no more than about 35% water, more preferably about 0 wt. % to about 20 wt. %
water, even more preferably about 0 wt. % to about 10 wt. %, based on the dry weight of the
lignite. More preferably, the lignite component is leonardite and incorporated into the
foundry mix at a concentration from about 1 to about 70 wt. % of the resin in the final
foundry mix, more preferably from about 5 to about 50 wt. %, and even more preferably from
about 10 to about 30 wt. %. The concentrations are based on the total dry weight of lignite
and the total weight of added active polymerizable polyol and isocyanate. The mean particle
size of the leonardite is preferably from about 50 nm to about 500 wm, more preferably from
about 500 nm to about 400 pm, even more preferably from about 5 pm to about 300 pm, and

still more preferably from about 50 pm to about 200 um.

[0017]  Suitable polymerizable polyols include, but are not limited to, glycols and

glycerols. Glycols include those linear glycols that have a molecular formula of HO-
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(CH>CH,0)-H, where x is a value between 1 and about 25; and the branched polyols that
have a molecular formula of HO-(CH,CH3(R)O),-H, where x is a value between 1 and about
25, and R 1s a linear, branched, cyclic, alkyl, and/or aromatic group that optionally includes
one or more pnictide, chacogenide, and/or halide-containing functionalities. One preferred
class of the branched polyols are the glycerols, wherein R contains an alcohol functionality.
Suitable polyols additionally include mixed glycols and mixed glycerols. An illustrative
example of a mixed glycol is a hydroxy-ethyleneglycol-p-xylene
(HOCH,C¢H4CH,OCH,CH,OH). Preferably, the polymerizable polyol is a linear glycol
having a molecular formula wherein x is a value between 1 and about 10, more preferably
wherein x is between 1 and about 5, and even more preferably 3, wherein the glycol is

triethylene glycol.

[0018] The stabilization agent should prevent or retard the separation of the organic solids
from the polyol. Preferably, the stabilization agent is an urethane compatible polymer. More
preferably, the stabilization agent is a thickening agent, even more preferably the stabilization

agent has two components, a dispersing agent and a thickening agent.

[0019]  Suitable dispersing agents include homopolymers and copolymers selected from the
group consisting of polyethylene glycol/poly(oxyethylene) (PEG), polypropylene glycol,
poly(acrylic acid) (PAA), poly(methacrylic acid) (PMA), poly(vinyl alcohol) (PVA),
poly(acrylamide), poly(ethylene imine), poly(diallyldimethyl ammonium halide), and
poly(vinyl methyl ether). Preferably, the dispersing agent is a monoesterified, homo- or co-
polymer of polyethylene glycol (PEG). Preferably, the weight average molecular weight of
the PEG-based dispersing agent is in the range of about 1,000 to about 60,000 Dalton, more
preferably about 2,000 to about 30,000 Dalton, and most preferably about 4,000 to about
10,000 Dalton.

[0020] Commercial PEG polymers are generally labeled as either PEG-n or PEG M, where
(n) refers to the average number of ether oxygen groups or the ethylene oxide (EO) repeat
units, and the letter (M) refers to an average molecular weight of the polymer. For example,
a PEG with n = 150 would have an average molecular weight of about 6,000 Dalton and
would be labeled as either PEG-150 or PEG 6000. For consistency herein, the PEG polymers
are referred to by the average number of EO repeat units per polymer chain and one of

ordinary skill in the art can convert one denotation to another.
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[0021] Herein, the preferred PEGs are those PEGs 1n the range of PEG-25 to PEG-1400,
more preferably in the range of PEG-45 to PEG-700, even more preferably in the range of
PEG-90 to PEG-225, and still more preferably PEG-100, PEG-125, and PEG-150. Herein,
the preferred dispersing agents are monoesterified where the ester functionality has a linear,
branched, cyclic and/or aromatic group. Preferably, the ester functionality is a linear or
branched alkyl group with an alkyl chain length equal to or greater than about 8 (Cg). More
preferably the alkyl chain length is about Cg-Cs, still more preferably the alkyl chain is
stearate. Three non-limiting examples of dispersing agents that correspond to the above
recited preferences are PEG-100 monostrearate, PEG-125 monostearate, and PEG-150

monostrearate.

[0022] Copolymer dispersing agents include those polymers made from two or more
different monomers. The preferable monomers include propylene oxide, vinyl acetate, vinyl
amine, vinyl chloride, acrylamide, acrylonitrile, ethylene, propylene, ethylene oxide, lauryl
methacrylate, methyl methacrylate, hydroxystearate, dimethylsiloxane, diallyldimethyl
ammonium halide, ethylenimine, acrylic acid, and methacrylic acid. Preferably, one of the
monomers is ethylene oxide. More preferably, the mole-fraction of the comonomer to
ethylene oxide in the dispersing agent is preferably < 0.4, more preferably < 0.3, and even

more preferably <0.2.

[0023] Yet another class of polymer applicable as a dispersing agent includes
polyvinylpyrrolidone (PVP) polymers and copolymers. Notably, PVP dispersing agents
have, preferably, a higher weight average molecular weight than the PEG dispersing agents.
Preferably, the weight average molecular weight of the PVP dispersing agent is in the range
of about 1,000 to about 1,000,000 Dalton, more preferably about 4,000 to about 500,000
Dalton, and most preferably about 10,000 to about 100,000 Dalton. For example, one
preferred PVP homopolymer dispersing agent has a weight average molecular weight of
60,000 Dalton, e.g., (PVP K-30; CAS No. 9003-39-8). Similar to the above disclosed PEG
dispersing agents, PVP dispersing agents can be copolymers, including block and graft
copolymers, of pyrrolidone and vinyl acetate, vinyl amine, lauryl methacrylate, methyl
methacrylate, acrylic acid, methacrylic acid, hydroxystearate, dimethylsiloxane,

diallyldimethyl ammonium halide, and/or ethylenimine.

[0024] Preferably, the dispersing agent is incorporated into the lignite-polyol suspension in

a concentration of about 0.1 to about 30 wt. %, more preferably about 0.25 to about 20 wt. %,
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even more preferably about 0.5 to about 15 wt. %, based on the weight of the lignite in the

suspension.

[0025]  Suitable thickening agents include homopolymers and copolymers selected from
the group consisting of polyethylene glycol/poly(oxyethylene) (PEG), poly(acrylic acid)
(PAA), poly(methacrylic acid) (PMA), poly(vinyl alcohol) (PVA), poly(acrylamide),
poly(ethylene imine), poly(diallyldimethyl ammonium halide), and poly(vinyl methyl ether);
gelatins, and polysaccharides. Preferably, the weight average molecular weight of a PEG-
based thickening agent is in the range of about 1,000 to about 60,000 Dalton, more preferably
about 2,000 to about 30,000 Dalton, and most preferably about 4,000 to about 10,000 Dalton.
The weight average molecular weight of non-PEG-based thickening agents can be up to
about 5,000,000 Dalton. Preferably, the thickening agent is a non-esterified or a diesterified,
homo- or co-polymer of polyethylene glycol (PEG). Herein, the preferably PEGs are those
PEGs in the range of PEG-25 to PEG-1400, more preferably in the range of PEG-45 to PEG-
700, even more preferably in the range of PEG-90 to PEG-225, and still more preferably
PEG-100, PEG-125, and PEG-150. Herein, the preferred thickening agents are non-esterified
or diesterified ester, where the ester functionality has a linear, branched, cyclic and/or
aromatic group. Preferably, the ester functionality is a linear or branched alkyl group with a
alkyl chain length equal to or greater than about 8 (Cg). More preferably the alkyl chain
length is about Cg-Cis, still more preferably the alkyl chain is stearate. Six non-limiting
examples of thickening agents that correspond to the above recited preferences are PEG-100,
PEG-125, PEG-150, PEG-100 distrearate, PEG-125 distrearate, and PEG-150 distrearate.
Other preferably thickening-agents include glyceryl esters, having a weight average
molecular weight in the range of about 1,000 to about 15,000 Dalton, more preferably about

2,000 to about 10,000 Dalton, and most preferably about 4,000 to about 7,000 Dalton.

[0026] Preferably, the thickening agent is incorporated into the lignite-polyol suspension in
a concentration of about 0.05 to about 10 wt. %, more preferably about 0.1 to about 7.5
wt. %, even more preferably about 0.2 to about 5 wt. %, based on the weight of the

suspension.

[0027] The isocyanate component is preferably a polyisocyanate, for example a
diisocyanate, a triisocyanate, and so on. The isocyanate component can be either a small
molecule isocyanate, a polymeric isocyanate, or a blend of a plurality of isocyanates.

Suitable isocyanates include p-phenylene diisocyanate (CAS No. 104-49-4), toluene
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diisocyanate (CAS No. 1321-38-6), 4,4’-methylenebis(phenylisocyanate) (CAS No. 101-68-
8), polymethylene polyphenyl isocyanate (CAS No. 9016-87-9), 1,5-naphthalene
diisocyanate (CAS No. 3173-72-6), bitolylene diisocyanate (CAS No. 91-97-4), m-xylene
diisocyanate (CAS No. 3634-83-1), m-tetramethylxylene diisocyanate (CAS No. 58067-42-
8), hexamethylene diisocyanate, (CAS No. 4098-71-9), 1,6-diisocyanato-2,2.4,4-
tetramethylhexane (CAS No. 83748-30-5), 1,6-diisocyanato-2,4,4-trimethylhexane (CAS No.
15646-96-5), trans-cyclohexane-1,4-diisocyanate (CAS No. 2556-36-7), 1,3-
bis(isocyanatomethyl)cyclohexane (CAS No. 38661-72-2), 3-isocyanato-methyl-3,5,5-
trimethylcyclohexyl isocyanate (CAS No. 4098-71-9), dicyclohexylmethane diisocyanate
(CAS No. 5124-30-1) and the polymeric 4,4’-methylene bis(phenylisocyanates) available
under the MONDUR product line from BAYER MATERIALSCIENCE. Preferably, the
isocyanate component is the “Mondur MR” product available from BAYER
MATERIALSCIENCE.

[0028] Catalyst components for making rigid polyurethane materials include tin and
tertiary amine catalysts. Preferably, the catalyst component favors the gelation reaction
(urethane formation) over the blowing reaction (urea formation), as understood in the art. A
non-limiting list of applicable catalysts include 1,4-diazabicyclo[2.2.2]octane (DABCO), 1.5-
diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU),
pentamethyldipropylenetriamine, bis(dimethylamino ethyl)ether,
pentamethyldiethylenetriamine, dimethylcyclohexylamine, tris (3-dimethylamino)
propylamine, 4-phenol propyl pyridine, and other liquid tertiary amines. Preferably, the

catalyst component is tris (3-dimethylamino) propylamine and/or 4-phenol propyl pyridine.

[0029] A preferred process for preparing the lignite-polyol suspension described herein
comprises: 1) heating a mixture of a polyol and a dispersing agent to 70 °C in a suitable
vessel; 2) mixing the polyol with lignite in a high-shear mixer at 70 °C; 3) adding a molten
thickening agent; and 4) cooling the batch under agitation to ambient temperature. The
lignite-polyol suspension components are preferably included in the following weight
percents to the total weight of the suspension: (A) about 0.1 to about 85 wt. % lignite,
preferably about 1 to about 70 wt. %, more preferably about 5 to about 55 wt. %, even more
preferably about 10 to about 40 wt. %; (B) about 15 to about 90 wt. % polyol, preferably
about 20 to about 80 wt. % polyol, more preferably about 25 to about 70 wt. % polyol, even
more preferably about 30 to about 60 wt. % polyol; (C) about 0.01 to about 30 wt. %
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dispersing agent, preferably about 0.5 to about 25 wt. %, more preferably about 1 to about 20
wt. %, even more preferably about 1 to about 15 wt. %; and (D) about 0.05 to about 15 wt. %
thickening agent, preferably about 0.1 to about 12 wt. %, more preferably about 0.5 to about
10 wt. %, and even more preferably about 1 to about 7 wt. %. Alternatively and when the
stabilization agent is only a thickening agent, the thickening agent is included in about 0.1 to
about 35 wt. %, preferably about 1 to about 30 wt. %, and more preferably in about 2 to about

25 wt. %.

[0030] In apreferred embodiment, the dispersing agent is PEG-100 stearate at a
concentration of about 0.1 to 25 wt. % based on the total weight of the lignite, dry basis, more
preferably about 0.5 to about 5 wt. %. The polyol, preferably triethylene glycol, is
incorporated at a concentration of about 15 to about 90 wt. %, based on the total final weight
of the lignite-polyol suspension, more preferably of about 40 to about 70 wt. %. The
thickening agent is preferably a waxy compound, e.g. PEG-150 distearate or PEG-150, at a
concentration of about 1 to about 10 wt. %, based on the total weight of the polyol, more
preferably about 2 to about 10 wt. %, even more preferably the weight percent of the
thickening agent is greater than about 3 wt. %, still more preferably greater than about 3.75
wt. %, and even still more preferably greater than about 4.25 wt. %. In another preferred
embodiment, the lignite-polyol suspension further comprises an alkali, which, theoretically,
may increase the solubility of the humic acid in the polyol. Sodium hydroxide or a
comparable alkaline solution is added to the dispersion medium (lignite carrier) at a
concentration of active base from about 0.5 to 30 wt. % of the lignite, more preferably from
about 5 to about 15 wt. %. In yet another preferred embodiment, the polyol is admixed with
a polar organic solvent prior to heating and mixing with the dispersing agent. Preferably, the
molar ratio of the solvent to the glycol is about 0.05 to about 9, more preferably about 0.1 to
about 3, even more preferably about 0.5 to about 1.5. Preferably, the polar organic solvent
does not affect the polyurethane polymerization. Examples of polar organic solvents that do
not affect the polyurethane polymerization reaction are well know to those of ordinary skill in
the art, some examples of polar organic solvent classes include secondary and tertiary
alcohols, ketones, amides, amines, nitriles, acetates, ethers, and aldehydes. In one, non-
limiting, example with triethylene glycol, the polar organic solvent is propylene carbonate

and the molar ratio was 1.
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[0031] The type of aggregate and amount of binder used to prepare foundry mixes can vary
widely and is known to those skilled in the art. One preferred aggregate is silica sand. Other
suitable aggregate materials include olivine, zircon, chromite, carbon, fluid coke, related

materials, and aggregate mixtures.

[0032] The multi-component kits are preferably used as binders in combination with
foundry aggregate at concentrations at about 0.1 to about 10 wt. %, more preferably at about

1 to about 2.5 wt. %, based on the dry weight of the aggregate.

[0033] In one embodiment for preparing a foundry shape, the components of the multi-
component kits are individually admixed with the foundry aggregate. The resultant foundry
mix is then mixed until nearly homogeneous, and then formed into a foundry shape. In
another embodiment the lignite-polyol suspension and the isocyanate components are
premixed, then admixed with the foundry aggregate. In yet another embodiment, the lignite-
polyol suspension is premixed with the catalyst component, then admixed with the foundry
aggregate. In still another embodiment, the isocyanate is premixed with the catalyst

component and then admixed with the foundry aggregate.

[0034] The foundry mix is then formed into a foundry shape. Generally in the art, the
mold and the core are made from different foundry mixes. The mold mix commonly
comprising a clay binder and the core fnix commonly comprising a polymer binder. After
casting, the majority of the spent foundry shape is removed from the cast shape by shake-out.
During shake-out the majority of the mold breaks free from the casting and some of the core
is removed. Often the core-binders are not destroyed during casting and must be physically
broken from the internal areas of the core. Following the shake-out process and core-
removal, the casting is cleaned, wherein residual aggregate is removed by primarily shot
blasting. Here, metal flashing and aggregate is removed from the surface of the casting and
metal is often adhered to the aggregate. This multi-step process for isolating a cast shape is
time consuming, costly, as well as energy and material intensive. The herein described
materials and methods significantly reduce the time and energy necessary for the isolation of
a cast shape by improving the shake-out, the core removal process, and the number of
foundry mixes necessary to make a shape. Preferably, the mold and the core are
manufactured with the herein described foundry mix and after casting are cleanly broken

from the cast shake during shake-out.
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[0035] In apreferred embodiment the core is manufactured from the herein described
foundry mix. Preferably, the binders in the core shape are fully destroyed by the heat of the
liquid metal and following the solidification of the metal flow freely from the core area
during shakeout. More preferably, about 30 to about 60 % more aggregate is removed during
shake-out when the herein described foundry mix is used to form the foundry shape. Even
more preferably and possibly due to improved burn-out of the binder, the reclamation costs

for the aggregate are decreased by about 20 to about 50 %.

[0036] The metal casting (an article of manufacture) is preferably formed by pouring liquid
metal into the foundry shape. The metal making up the casting and/or the liquid can be any
metal capable of being cast in an aggregate shape. Examples of metals include iron, steels,
carbon steals, stainless steels, chromium steels, alloys, aluminum, titanium, zinc, copper,
silver, gold, platinum, palladium, nickel, cobalt, manganese, and mixtures thereof.

Preferably, the liquid metal is poured at a sufficiently high temperature to facilitate the

burnout of the core resin.

[0037] The compositions and processes described herein have been primarily described
and illustrated in terms of their use in the foundry art, but those skilled in the art will
recognize that the binder resins and binder resin-containing compositions described herein

may also be utilized in other fields, including adhesives, coatings, and composites.

Examples

[0038] The following examples further illustrate the preparation of several foundry binder
compositions within the scope of the present invention. Those skilled in the art will
recognize that similar compositions may be prepared containing quantities and species of
materials different from those represented in the examples. The lignite particle size was such
that 100% by weight of the lignite particles passed through a 200-mesh screen, except where

noted.
EXAMPLE 1

[0039] A high-shear, rotor-stator homogenizer (Silverson Homogenizer) was charged with
a 70 °C mixture of 194.63 g of triethylene glycol (TEG) and 1.8 g of polyethylene glycol-100
stearate (PEG-100 stearate). While mixing the solution at 70 °C, 95.46 g of lignite powder,
having a moisture-content of 5.72 wt. %, was added over the course of about 5 min. The

resulting suspension was continuously mixed for about 20 minutes at 6,000 rpm then 8.11 g
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of polyethylene glycol-150 (PEG-150), pre-heated to 70 °C, was added to the suspension, and
then the suspension was mixed for an additional 10 minutes at 6,000 rpm. The batch was
then cooled to ambient temperature, while under agitation in a Caframo-type mixer fitted

with a paddle agitator operating at 1,500 rpm.
COMPARATIVE EXAMPLE 1

[0040] A comparative composition was made using the procedure for Example 1 excluding

the PEG-100 stearate and PEG-150.
EXAMPLE 2

[0041] A mixture of 194.11 g of TEG and 1.8 g of PEG-100 stearate was heated to 70 °C
then mixed, using a high-shear, rotor-stator homogenizer (Silverson Homogenizer). Then 96
g of lignite powder, having a moisture-content of 6.25 wt. %, was added over the course of
about 5 min while mixing at 70 °C. The resulting sample was continuously mixed for about
20 minutes at 10,000 rpm, then 8.09 g of PEG-150, pre-heated to 70 °C, was added to the
sample. The sample was then mixed for an additional 10 minutes at 10,000 rpm. The batch
was then cooled to ambient temperature, while under agitation in a Caframo-type mixer fitted

with a paddle agitator operating at 1,500 rpm.
COMPARATIVE EXAMPLE 2

[0042] A comparative composition was made using the procedure for Example 2 excluding

the PEG-100 stearate and PEG-150.
EXAMPLE 3

[0043] In Example 3, the lignite particle size was such that 65% by weight of the lignite
particles passing through a 200-mesh screen. A mixture of 195.51 g of TEG and 1.8 g of
PEG-100 stearate was heated to 70 °C then mixed, using a high-shear, rotor-stator
homogenizer (Silverson Homogenizer). Then 94.54 g of lignite powder, having a moisture-
content of 4.8 wt. %, was added over the course of about 5 min while mixing at 70 °C. The
resulting sample was continuously mixed for about 20 minutes at 10,000 rpm, then 8.15 g of
PEG-150, pre-heated to 70 °C, was added to the sample. The sample was then mixed for an
additional 10 minutes at 10,000 rpm. The batch was then cooled to ambient temperature,

while under agitation in a Caframo-type mixer fitted with a paddle agitator operating at 1,500

rpm.
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EXAMPLE 4

[0044] A mixture of 190.66 g of TEG, 1.8 g of PEG-100 stearate, and 3.0 g of a 50%
(w/w) sodium hydroxide solution was heated to 70 °C then mixed, using a high-shear, rotor-
stator homogenizer (Silverson Homogenizer). Then 96 g of lignite powder, having a
moisture-content of 6.25 wt. %, was added over the course of about 5 min while mixing at 70
°C. The resulting sample was continuously mixed for about 20 minutes at 6,000 rpm, then
7.95 g of polyethylene glycol 6,000 (PEG-150), pre-heated to 70 °C , was added to the
sample. The sample was then mixed for an additional 10 minutes at 6,000 rpm. The batch
was then cooled to ambient temperature, while under agitation in a Caframo-type mixer fitted

with a paddle agitator operating at 1,500 rpm.
COMPARATIVE EXAMPLE 4

[0045] A comparative composition was made using the procedure for Example 4 excluding

the PEG-100 stearate and PEG-150.
EXAMPLE 5

[0046] A mixture of 192.64 g of TEG, 1.8 g of PEG-100 stearate, and 3.6 g of a 50%
(w/w) sodium hydroxide solution was heated to 70 °C then mixed, using a high-shear, rotor-
stator homogenizer (Silverson Homogenizer). Then 96 g of lignite powder, having a
moisture-content of 6.25 wt. %, was added over the course of about 5 min while mixing at 70
°C. The resulting sample was continuously mixed for about 20 minutes at 10,000 rpm, then
5.96 g of PEG-150, pre-heated to 70 °C, was added to the sample. The sample was mixed for
an additional 10 minutes at 10,000 rpm. The batch was then cooled to ambient temperature,

while under agitation in a Caframo-type mixer fitted with a paddle agitator operating at 1,500

rpm.

EXAMPLE 6

[0047] A mixture of 131.83 g of TEG, 87.88 g of propylene carbonate (PC), and 17.95 g of
melted PEG-150 stearate was sheared under strong agitation using a caframo-type mixer with
a dispersion-blade agitator at 650 rpm. Then 187.44 g of lignite (4.8 wt. % water) was added

to the sheared mixture to form a suspension. The suspension was mixed for about 10 minutes
at 650 rpm then transferred to a homogenizer and mixed for 30 minutes at 6,000 rpm. The

resulting suspension was cooled to about 20 °C. Then 417.5 g of the suspension was mixed
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with 39.66 g of a thickening agent mixture. The thickening agent mixture was made by
heating 232.5 g of TEG and 232.5 g of PC to about 55 °C, adding 135 g PEG-150 distearate

under strong agitation, and then cooling under agitation to about 20 °C.

EXAMPLE 7

[0048] A mixture of 0.98 g of polyvinylpyrrolidone (PVP; PVP K-30 available from
INTERNATIONAL SPECIALTY PRODUCTS) and 108.56 g of TEG was mixed under
strong agitation at 650 rpm. Then 97.5 g of lignite (5.2 wt. % water) was slowly added to the
mixture and the mixing speed was then increased to 1,500 rpm for 10 minutes to form a
suspension. The suspension was then homogenized at 6,000 rpm for 15 minutes at about 60
°C. The resulting suspension was cooled to about 20 °C. Then 183.39 g of the suspension
was mixed with 20.06 g of a thickening agent mixture. The thickening agent mixture was
made by heating 290.63 g of TEG and 96.88 g of PC to about 55 °C, adding 112.5 g of PEG-

150 distearate under strong agitation, and then cooling under agitation to about 22 °C.

EXAMPLE 8

[0049] A mixture of 1.5 g of PVP K-30, 150.8 g of TEG, and 37.7 g of propylene
carbonate was mixed under strong agitation at 650 rpm. Then 150 g of lignite (4.8 wt. %
water) was slowly added to the mixture and the sample was mixed at 650 rpm for 10 minutes.
The sample was then homogenized at 6,000 rpm for 30 minutes and cooled to about 20 °C.
Then 333.5 g of the sample was mixed with 38.1 g of a thickening agent mixture. The
thickening agent mixture was made by heating 310 g of TEG and 77.5 g of PC to about 55
°C, adding 112.5 g of PEG 6000 under strong agitation, and then cooling under agitation to
about 22 °C.

VISCOSITY

[0050] The viscosity of the lignite-polyol suspensions, the samples, were tested by first,
individually and uniformly mixing lignite-polyol samples. Each sample was put into a 400
ml beaker, and mixed at approximately 1,000 — 1,500 RPMs under a Coframo overhead
mixer with a 1 5/8” diameter ‘D’ design high dispersion mixing blade for one minute (60
seconds). The sample was then rapidly, within 2 minutes, transferred to a Brookfield DV-I+

viscometer, and from a Brookfield RV spindle set the appropriate spindle was immersed in
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the sample. The spindle was allowed to sit for 30 seconds while in the sample and then the
viscometer was turned on and viscosity readings were record after one minute at each of the

following RPMs: 0.5; 1; 2; 2.5; 5; 10; 20; 50; and 100.

[0051] The Brookfield viscosities of suspensions produced by the methods recited in
Example 1 and Comparative Example 1 (the suspensions are referred to hereinafter by their
example preparation numbers) were measured and the results are shown in FIG. 1. Example
1 showed a relatively high value for the low-shear-viscosity at 5 rpm and highly shear-
thinning rheology even though the suspension contained a considerable amount of PEG-150,
a waxy material. The viscosity of Example 1 dropped by a factor of about 6.8 upon
increasing the spindle-speed/shear-rate from 5 rpm to 100 rpm. Due to the highly shear-
thinning rheology, the suspension could be easily pumped using a laboratory peristaltic pump
operated at a relatively low speed with no separation of solids. Comparative Example 1
showed a relatively low value for the low-shear-rate viscosity at 5 rpm and a relatively low
level of shear-thinning rheology. The viscosity dropped by a factor of about 1.2 upon

increasing the spindle speed/shear-rate from 5 rpm to 100 rpm.

[0052] The Brookfield viscosities of suspensions produced by the methods recited in the
Example 2 and Comparative Example 2 (the suspensions are referred to hereinafter by their
example preparation numbers) were measured and are shown in FIG. 2. Example 2 showed a
relatively high value for the low-shear-viscosity at 5 rpm and highly shear-thinning rheology.
The viscosity dropped by a factor of about 5.9 upon increasing the shear-rate from 5 rpm to
100 rpm. The suspenston could be pumped easily and did not show any separation of settled
solids 1n stability testing. Comparative Example 2 showed a relatively low value for the low-
shear-rate viscosity at 5 rpm and a relatively low level of shear-thinning rheology. The
viscosity dropped by a factor of about 1.1 upon increasing the spindle speed/shear-rate from 5

rpm to 100 rpm.

[0053]  Without being bound to any particular theory, the viscosity of Example 1, Example
2, suggest that a higher homogenizer speed, i.e. stronger shear forces, leads to a higher
Brookfield viscosity while maintaining a considerably high level of shear-thinning rheology.
In contrast, the comparative examples showed a significant decrease in Brookfield viscosities

when mixed at an increased spindle speed/shear-rate.

[0054] The Brookfield viscosities of a suspension produced by the method recited in

Example 3 (the suspension is referred to hereinafter by their example preparation number)
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were higher than the values for examples with smaller sized lignite particles. Example 3
showed a relatively high value for the low-shear-viscosity at 5 rpm and highly shear-thinning
rheology. The viscosity dropped by a factor of about 6.4 upon increasing the spindle
speed/shear-rate from 5 rpm to 100 rpm. The suspension could be pumped easily and did not

show any separation of settled solids in stability testing.

[0055] The Brookfield viscosities of suspensions produced by the methods recited in
Example 4 and Comparative Example 4 (the suspensions are referred to hereinafter by their
example preparation numbers) are shown in FIG. 3. The Brookfield viscosities Example 4
showed a relatively high low-shear-viscosity at 5 rpm, and highly shear-thinning rheology.
The viscosity dropped by a factor of about 5.8 upon increasing the shear-rate from 5 rpm to
100 rpm. Example 4 could be pumped easily and did not show any separation of settled
solids in stability testing. The Brookfield viscosities of Comparative Example 4 showed a
relatively low value for the low-shear-viscosity at 5 rpm and a relatively low level of shear-
thinning rheology. The viscosity dropped a negligible amount upon increasing the spindle

speed/shear-rate from 5 rpm to 10 rpm.

[0056] The Brookfield viscosities of a suspension produced by the method recited in
Example 5 (the suspension is referred to hereinafter by their example preparation number) are
shown in FIG. 3 and show a relatively high low-shear-viscosity (at 5 rpm) and highly shear-
thinning rheology. The viscosity dropped by a factor of about 5.8 upon increasing the spindle
speed/shear-rate from 5 rpm to 100 rpm. The suspension could be pumped easily and did not

show any separation of settled solids when centrifuged at 1,000 rpm for 30 minutes.

STATIC SETTLING

[0057] The stability of the lignite-polyol suspension, the sample, was tested by first,
uniformly mixing lignite-polyol samples. The samples were put into a 400 ml beaker, and
mixed at approximately 1,000 — 1,500 RPMs under a Coframo overhead mixer with a 1 5/8”
diameter ‘D’ design high dispersion mixing blade for one minute (60 seconds). Then 50.0 +
0.10 g of the lignite-polyol sample was added to a 100 ml beaker and was allowed to sit
overnight, undisturbed, for at least 15 hours. A small laboratory spatula was then inserted
into the sample and the bottom of the beaker was scraped. If settled material was readily
apparent, e.g. the supernatant appears clear and the bottom of the beaker is thickly coated

with solid, the solid adheres to the spatula upon removal from the suspension, and/or the
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spatula encounters increased resistance across the bottom of the beaker, then the sample is
determined to have failed this test. Correspondingly, the sample passes the test if there is no

observable material and/or no material adhering to the spatula.

Table 1
Mass Mass Mass Static
Mass Mass Propylene  Dispersing  Thickening  Settling
Polyol Lignite Carbonate Agent agent Result
Example 1 194.6 95.5 1.8 8.1 PASS
CompEx 1 194.6 95.5 --- --- Fail
Example 2 194.1 96 1.8 8.1 PASS
CompEx 2 194.1 96 --- - Fail
Example 3 195.5 94.5 1.8 8.2 PASS
Example 4 190.7 96 1.8 8.0 PASS
CompEx 4 190.7 96 --- - Fail
Example 5 192.6 96 1.8 6.0 PASS
Example 6 144.6 184.6 101.5 17.6 8.9 PASS
Example 7 107.7 86.3 3.9 0.9 4.5 PASS
Example 8 171.3 147 5.9 1.5 8.6 PASS

CENTRIFUGAL SETTLING

[0058]  The stability of the lignite-polyol suspension, the sample, was tested by first,
uniformly mixing lignite-polyol samples. The samples were put into a 400 ml beaker, and
mixed at approximately 1,000 — 1,500 RPMs under a Coframo overhead mixer with a 1 5/8”
diameter ‘D’ design high dispersion mixing blade for one minute (60 seconds). Then 50.0 +
0.10 g of the lignite-polyol sample was added to a 50 ml polypropylene centrifuge tube and
was allowed to sit overnight, undisturbed, in the 50 ml centrifuge tube (approximately 15 —
20 hours). The sample was then placed in centrifuge and spun at a rate of approximately
1,000 RPMs (or equivalent to approximately 235 g-force) for 30 min at 24 °C. The
centrifuge tube was then removed from the centrifuge, inverted, and held at a 45° angle until

the fluid sample flowed from the tube and > 3 seconds occurs between individual drops.

[0059] The interior of the centrifuge tube was checked for settled material by lightly
feeling for settled material using a thin metal lab spatula (or similar) to determine if there is
settled material on the bottom of the centrifuge tube. Generally, the settled material is very
dense and appreciably solid at the bottom of the centrifuge tube. One of ordinary skill in the
art is capable of assessing the presence of a solid and would understand that opaque
suspensions and high viscosities require the physical investigation of a centrifugally

separated solid. Here, samples are distinguished on a pass/fail standard, where a sample with
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any noticeable separated solid fails. Examples tested for centrifugal stability (CS) are

presented in Table 1.

[0060] The centrifugal stability test can be quantified by isolating and measuring the
specific gravity of the polyol suspension (supernatant). First, an average specific gravity is
obtained for a sample having been mixed at approximately 1,000 — 1,500 RPMs under a
Coframo overhead mixer with a 1 5/8” diameter ‘D’ design high dispersion mixing blade for
one minute (60 seconds). Typically, the average specific gravity of the sample is the mean
value of three independent measurements of the sample. Then the sample is subjected to the
same general centrifugal settling procedure as described above, next the tube is inverted and
the fluid allowed to flow from the tube into a collection flask from which the specific gravity
of the sample is obtained. The centrifugal settling is repeated at least two additional times
and the average specific gravity of the centrifuged sample is the mean value of the
independent measurements. The percent change (%A )in the specific gravity of the sample
after centrifuging the sample is preferably less than about 5%, more preferably less than
about 1%, even more preferably less than about 0.5%, and still more preferably less than
about 0.1%. If the centrifuged sample has a high viscosity, the sample may be diluted with
water wherein the diluted sample does not exhibit settling during storage over a period of at
least 30 minutes. Correspondingly, one of ordinary skill will recognize that the calculation of
the percent change in samples diluted with water require similar dilutions of the non-
centrifuged samples, with the caveat that the dilution with water is conducted only for
measurement of the specific gravity and diluted samples are not subjected to the centrifugal

settling procedure.

Table 2
Centrifuge Stability %A
Result Spec. Grav.

Example 1 PASS 0.0
Comp. Ex. 1 Fail 10.2
Example 2 PASS 0.1
Comp. Ex. 2 Fail 9.8
Example 3 PASS 0.1
Example 4 PASS 0.2
Comp. Ex. 4 Fail 10.3
Example 5 PASS —
Example 6 PASS —
Example 7 PASS —
Example 8 PASS -
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BINDER PERFORMANCE

[0061]  The binder performance of the compositions described in the previous examples
were compared. The binder system tested was comprised of the lignite suspensions in the
previous examples, an isocyanate, and a catalyst. For the isocyanate component, “Mondur
MR,” an aromatic polymeric isocyanate based on diphenylmethane-diisocyanate was used,
and a liquid tertiary amine based on 4-phenol propyl pyridine was the catalyst. The test
method used was similar to what is typically used in the art, comprising the steps of mixing
sand with the three parts of the binder system, packing the binder-coated sand mto a test
sample mold, and measuring the tensile strength of the test specimen after various time
intervals. All tests were carried out with 3,000 g of round grain silica sand (Badger 5574).
Table 1 shows the sand binder compositions and the binder performance of the
above-described PEG-100 stearate- and PEG-150-containing resin binder compositions
compared to prior art compositions. The claimed compositions differed from the prior art
systems because they contained a dispersing agent (PEG-100 stearate) and a thickening agent
(PEG-150). The greater the tensile strength of the samples, the more effective the
composition is as a binder. As evident from Table 1, the PEG-100 stearate- and PEG-
150-containing resin binder compositions described herein consistently showed superior
binder performance, as compared to the prior art lignite resin binder compositions. When
combined with silica sand, the resin binder compositions described herein yielded tensile
strengths higher than the prior art humic acid resin binder compositions at comparable or

reduced cure rates.
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What is claimed is:

1. A solid-polyol suspension comprising:
an organic solid, a polyol, and a stabilization agent;

wherein the solid-polyol suspension is shear thinning.

2. Aprocess of making the solid-polyol suspension of claim 1, the process
comprising:
admixing an organic solid, a polyol, and a stabilization agent at a temperature in a
range of about 30 °C to about 150 °C; wherein the admixing preferably comprises

high-shear mixing.

3. AKkit for binding an aggregate comprising:
the solid-polyol suspension of claim 1, and
a polymerizable isocyanate; and preferably
a polyurethane polymerization catalyst; preferably wherein the polymerization
catalyst is selected from group consisting of 1,4-diazabicyclo[2.2.2]octane
(DABCO), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU), pentamethyldipropylenetriamine,
bis(dimethylamino ethyl)ether, pentamethyldiethylenetriamine,
dimethylcyclohexylamine, tris (3-dimethylamino) propylamine, and a mixture

thereof.

4. The suspension, process, or kit of any one of the preceding claims, wherein the

stabilization agent comprises a dispersing agent and a thickening agent.

5. The suspension, process, or kit of claim 4, wherein the dispersing agent is selected
from the group consisting of (A) a polymer selected from the group consisting of a
monoesterified polyethylene glycol (PEG), a poly(acrylic acid) (PAA), a
poly(methacrylic acid) (PMA), a poly(vinyl alcohol) (PVA), a poly(acrylamide), a
poly(ethylene imine), a poly(diallyldimethyl ammonium halide), a poly(vinyl
methyl ether), and a mixture thereof; (B) a polyvinylpyrrolidone (PVP); (C) a
polyvinylpyrrolidone copolymer; and (D) a copolymer of a plurality of monomers

selected from the group consisting of propylene oxide, vinyl acetate, vinyl amine,
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vinyl chloride, acrylamide, acrylonitrile, ethylene, propylene, ethylene oxide,
lauryl methacrylate, methyl methacrylate, hydroxystearate, dimethylsiloxane,
diallyldimethyl ammonium halide, ethylenimine, acrylic acid, and methacrylic
acid; and (E) a mixture thereof; preferably wherein the dispersing agent is selected
from the group consisting of from PEG-100 monostearate, PEG-125

monostearate, PEG-150 monostearate, and a mixture thereof.

6.  The suspension, process, or kit of anyone of claims 4 or 5, wherein the thickening
agent is selected from the group consisting of a non-esterified polymer, a
diesterified polymer, and a mixture thereof; wherein the polymer is selected from
the group consisting of a polyethylene glycol (PEG), a poly(acrylic acid) (PAA), a
poly(methacrylic acid) (PMA), a poly(vinyl alcohol) (PVA), a poly(acrylamide), a
poly(ethylene imine), a poly(diallyldimethyl ammonium halide), a poly(vinyl
methyl ether), and a mixture thereof; preferably wherein the thickening agent is
selected from the group consisting of PEG-100, PEG-125, PEG-150, PEG-100
distrearate, PEG-125 distrearate, PEG-150 distrearate, and a mixture thereof.

7. The suspension, process, or kit of any one of the preceding claims, wherein the
organic solid is humic organic matter; preferably wherein the humic organic
matter is a lignite that preferably comprises about 0 wt.% to about 10 wt.% water,
based on the weight of dry lignite; and more preferably wherein the lignite is

leonardite.

8.  The suspension, process, or kit of any one of the preceding claims, wherein the
polyol is selected from the group consisting of a glycol having a molecular
formula of HO-(CH,CH,0)-H, where x is a value between 1 and about 25, a

glycerol, and a mixture thereof.

9.  The suspension, process, or kit of any one of the preceding claims, wherein a
quantitative centrifuge test on the solid-polyol suspension results in a decrease in a
specific gravity of less than about 5% preferably of less than about 1%; more

preferably less than about 0.5%.
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10.  The suspension, process, or kit of any one of the preceding claims, wherein the
solid-polyol suspension passes either or both a centrifugal settling test and a static

settling test.

11.  The suspension, process, or kit of any one of the preceding claims, wherein the
solid-polyol suspension shear thins; preferably wherein a viscosity of the lignite-
polyol suspension decreased (shear thins) by 50% when a shear rate is increased

from 0.5 rpm to 100 rpm.

12.  The suspension, process, or kit of any one of the preceding claims, wherein the

solid-polyol suspension has a viscosity of less then 4000 cps at 100 rpm.

13.  The suspension, process, or kit of any one of the preceding claims, wherein the
solid-polyol suspension comprises about 0.1 wt.% to about 85 wt.% lignite, about
15 wt.% to about 90 wt. % polymerizable polyol, about 0.01 wt.% to about
30 wt.% dispersing agent, and about 0.05 wt.% to about 15 wt.% thickening agent.
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