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METHODS FOR CONTROLLING IGNITABILITY OF ORGANIC WASTE
WITH MINERAL BY-PRODUCTS "

Field of the Invention

[001] The present invention relates to methods and systems for treating organic
waste, which include determining the ignition threshold temperature for the organic
waste and one or more mineral by-products, selecting a ratio of organic

waste:mineral by-product based on the determined 1gnition threshold temperature,

- combining the mineral by-product(s) with the organic waste, so as to arrive at a

mixture having the selected ratio of organic waste:mineral by-product(s); and drying
the mixture of organic waste and mineral by-product(s) to produce organic waste
solids.

[002] The present invention also relates to organic waste solids formed by the

methods of the present invention.

Background of the Invention

[003] Mineral by-products have been used in stabilizing semi-solid, odorous
organic waste through bulk drying, odor absorption, and granulation (see e.g., U.S.
Patent Nos. 3,877,920 and 4,5 54,002). In addition, mineral materials imcluding sand,
diatomaceous earth, perlite, and various mineral reagent powders have been used in
conjunction with fluidized heating, drying and burning of sludges and oily waste (see
e.g., U.S. Patent Nos. 4,159,682, 4,787,323, 4,970,803, 5,490,907). However,
existing thermal dryers have ongoing problems with drying waste high in organics,
particularly sewage sludges, in the waste sticking to dryer surfaces, charring and
producing burnt organic matter odors, and catching on fire.

[004] Therefore, a method of stabilizing organic waste without causing the
ignition, sticking and/or production of burnt organic matter odors, caused by

previously known methods, is desirable.
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Summary of the Invention

[004a] According to one aspect of the present invention, there is provided a method of
treating organic waste comprising: determining an ignition threshold temperature for
organic waste and at least one mineral by-product which is a coal combustion by-product,
wood ash, cement kiln dust, lime kiln dust, gypsum, mineral or rock fine; selecting a ratio
of organic waste:mineral by-product based on the ignition threshold temperature;
combining the at least one mineral by-product with the organic waste, so as to arrive at a
mixture having the selected ratio or organic waste:mineral by-product; and drying the
mixture of organic waste and mineral by-product to produce organic waste solids.

[004b] According to a further aspect of the present invention, there is provided a system
for treating organic waste comprising: means for determining an ignition threshold
temperature for organic waste and at least one mineral by-product; means for combining
the at least one mineral by-product with the organic waste, so as to arrive at a mixture
having a selected ration of organic waste:mineral by-product based on the ignition
threshold temperature; and drying means for drying the mixture of organic waste and
mineral by-product to produce organic waste solids.

[005] The present invention relates to methods and systems for treating organic waste.
The present methods first require determining the ignition threshold temperature for the
organic waste and one or more mineral by-products. The 1gnition threshold temperature is
determined by plotting the 1ignition temperature of a mixture of a sample of the organic
waste with a sample of the mineral by-products to be added to the organic waste. The plot
indicates a threshold dose rate of mineral by-product to inhibit spontaneous ignition of the
organic waste. Based on the 1gnition threshold temperature determined from the plot, a
rat1io of organic waste : mineral by-product (s) is selected for the actual (larger scale)
process and the mineral by-product (s) 1s mixed with the organic waste so as to arrive at a
mixture having the selected ratio of organic waste: mineral by-product (s). The mixture is
then dried (or stored first and then dried) to arrive at organic waste solids, which are at
least 60%, preferably at least 90%, more preferably at least 95% dried.

[006] The treatment methods of the present invention are methods of stabilizing the
treated organic waste so as to control the tendency of the organic waste to ignite for

example, 1n external heat dryers.
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[007] The present invention is further directed to organic waste solids produced by the

present methods, which are advantageous in not having a tendency to ignite.

Brief Description of the Drawings

[008] Figure 1 1s a theoretical plot of 1ignition temperature (°C) of a mixture of an organic
waste with a mineral by-product versus the dose rate of mineral by-product (% by weight
of the organic waste on a wet weight basis) added to the mixture.

[009] Figure 2 1s a plot of ignition temperature (°F) of a sample of organic waste, in

particular biosolids, with a mineral by-product versus the dose rate of mineral by- product

(% by weight of the biosolids on a dry weight basis).

2a
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Detailed Description

[010] The present invention will now be described in detail for specific preferred
embodiments of the invention, it being understood that these embodiments are

intended only as illustrative examples and the invention is not to be limited thereto.

[011] Methods and systems are provided for treating organic waste with mineral
by-products. The methods and systems of the present invention are methods of
stabilizing organic waste so as to control the tendency of the organic waste to 1gnite,
where prior methods of treating organic waste have not yielded a consistent and
reliable method of controlling the 1gnition of organic waste or organic waste solids
resulting therefrom. The addition of determined amounts of mineral by-products to
organic waste changes the physical and chemical characteristics of the mixture and
significantly reduces the problems of the prior art, which does not consistently and
predictably produce organic waste solids having reduced 1gnitability. The addition
of mineral by-products to organic waste according to the methods of the present
invention reduces the need to reheat treated organic waste and reduces the potential
for fires and explosions when treated organic waste 1s stored and/or reheated.

[012] The treatment methods of the present invention are also applicable to the
drying of organic waste for purposes of physical stabilization of organic waste,
which includes controlling ignitability, odor control, ease of handling and ease of
storage, for purposes of disinfection, which includes destruction of pathogens in
those waste that contain pathogens, such as, sewage sludges and animal manures,
and for the controlled burning of organic waste as fuel for power generation.

[013] Non-limiting examples of organic waste that may be used in conjunction
with the present invention may include one or more of the following wastes: sewage
sludges, biosolids (which include stabilized sewage sludge), animal manures, pulp
and paper sludges, food processing waste, waste paper and cardboard, and 6ther

industrial organic waste, such as fermentation biomass and pharmaceutical waste.
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[014] One or more mineral by-products are used 1n accordance with the present
invention. According to one embodiment, the one or more mineral by-products
include at least two mineral by-products.

[015] Non-limiting examples of mineral by-products that may be used 1n
conjunction with the present invention may include one or more of the following by-
products: coal combustion by-products, wood ash, cement kiln dust, lime kiln dust,
gypsum, mineral and rock fines. When the organic waste solids produced by the
present invention are to be burned, for example 1n a coal burning power plant, non-
limiting examples of preferred mineral by-products include lime, quicklime,
diatomaceous earth and limestone.

[016] Coal combustion by-products include for example, fly ash. Fly ashes have
variable fineness, solids content, and chemical composition. Fly ash 1s generally
obtained from the combustion products of pulverized coal, usually by electrostatic
precipitation. The chemical composition of ash depends on the type of coal that is
burned. Typically, fly ash 1s made up of silica, alumina, iron oxide, calcium oxide,
sulfur oxide and other trace materials. Coals from the western U.S. are typically
high n calcium and thus, may contain a higher lime content than coals trom the
eastern U.S. Eastern coals are often higher in pyrif:e (FeS,), which oxidizes on
burning to SO,, producing an acidic fly ash. Fly ashes are high in silicon, and are
often 1n the form of a spherical glass. Some fly ashes are high 1n residual carbon in
the form of charcoal and these are effective i absorbing biosolids odors.

[017] Wood ash results when wood 1s burned for example, as a fuel for steam and
power production. The ash 1s a combination of mineral residue and charcoal. Wood
ash is a combination of mineral residue and charcoal. Wood ash has acid to alkaline
pHs, and is very high in potassium. It does not contain significant CaO, but can
produce heat when wetted. Most wood ash is handled as a slurry, but dry ash is

available.
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[018] Cement kiln dust is wasted in cement manufacture because soluble sodium
and potassium salts in the cement kiln dust lower cement quality. Cement kiln dust
is fine-grained, has high surface area, and 1s extremely dry. The composition 1s a
function of the limestone and clay that are mixed and fired in a kiln to produce
cement. Limestone can be primarily calcite (CaCO3) or dolomite (CaMg(COs) ,),
while clay can contain 1iron and aluminum oxides, silica (S10;), or kaolinite, mica,
vermiculite or montmorillonite. Part of the limestone 1s calcined to form CaO and
MgO, so that cement kiln dust contains a mixture of calcium and magnesium oxides
and carbonates.

[019] Lime kiln dust 1s a by-product of lime (CaO or MgO) production by the
calcining of calcitic or dolomitic limestone. Lime kiln dust has physical properties
similar to those of cement kiln dust and usually contains more lime than cement kiln
dust.

[020] Gypsum is a natural mineral that may used as a soil additive and in the
manufacture of wall board. Synthetic gypsum, anhydrite (CaSO,), and CaSOs have
similar characteristics and are formed from the chemical reaction of SO, with lime in
the flue of coal-fired power plants. Synthetic gypsum 1s used primarily for wall
board manufacture.

[021] Lame, also known as quicklime has the chemical composition CaO and is
formed from the high-temperature calcining of limestone. Lime has a myriad of
commercial uses that are based on the production of heat when lime reacts with
water, and on the high pH (~12.5) of lime. Limestone, in the form of calcite or
dolomite, is one of the most abundant minerals in the earth’s crust. It is widely used
in agriculture to neutralize soil acidity, it is a precursor to lime production, and is
used in cement manufacture.

[022] Diatomaceous earth 1s composed of natural deposits of decomposed diatoms,
which are a form of algae, which have a silica skeleton. The siliceous remains are

structurally stable and microporous. The microporous nature of diatomaceous earth
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lends 1tself to use of this material as a filter in water treatment, e.g., in swimming
pools.

[023] Mineral and rock fines 1s a general term relating to fine-grained residual
materials from rock crushing and screening. These materials are often so fine-
grained as to be too difficult to use 1 commercial applications and become waste
products to be disposed. Examples of rock fines include those from limestone,
feldspar, sand, gravel, granite and marble quarries.

[024] Mineral by-products provide odor control, improve the products’ physical
characteristics and supply additional trace nutrients to the end product. The mineral
by-products of the present invention are preferably fine-grained, high surface area
mineral by-products. Batch testing 1n a laboratory furnace 1s used to determine the
by-product dose for a particular organic waste in a particular drying or fuel burning
application.

[025] The methods of the present invention first require determining the 1gnition
threshold temperature for the organic waste and at least one mineral by-product. The
1gnition threshold temperature 1s determined by plotting the 1gnition temperature of a
mixture of a sample of the organic waste with a sample of the mineral by-products to-
be added to the organic waste. The plot indicates a threshold dose rate of mineral
by-product to inhibit spontaneous 1gnition of the organic waste.

[026] Figure 1 is a theoretical example of a plot of ignition temperature (°C) of a
mixture of an organic waste with a mineral by-product versus the dose rate of the
mineral by-product (% by weight of the organic waste on a wet weight basis) added

to the mixture. The curve in Figure 1 shows that there is a relationship between the

: amount of mineral by-product added and the temperature at which the mixture

ignites. The addition of increasing amounts of mineral by-product yields higher
observed 1gnition temperatures. Figure 1 also demonstrates a threshold dose rate of
mineral by-product to inhibit spontaneous ignition of the organic waste. Beyond the

threshold dose, additional amounts of mineral by-product are meffective. The nature
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of the individual curve for a specific organic waste material 1s dependent on the
nature of the organic waste (e.g., the content of fat, o1l and grease lowers 1gnition
temperatures) and on the physical and chemical characteristics of the mineral by-
product(s) used. Therefore, a separate curve must be developed from laboratory
testing for a given combination of organic waste and mineral by-product(s).

[027] One method of arriving at a plot as in Figure 1 to determine a threshold
ignition temperature for a given organic waste sample and mineral by-product(s),
includes performing the following laboratory test protocol steps: 1) small (preferably
less than 100 g dry weight) samples of organic waste are mixed with mcreasing
doses of a selected mineral by-product or a mixture of selected mineral by-products,
the doses ranging from 0 to 100 % of mineral by-products based on the wet weight
of the organic waste on a wet weight basis in increments of 10 %; (2) the mixtures
are placed in a conventional muffle furnace modified so as to introduce an air stream
into the oven and with a mirror mou;nted on the outlet aperture of the oven so as to
observe ignition; (3) the temperature control on the oven 1s set to mcrease at a
constant interval; and (4) the ignition temperature for each dose rate 1s recorded and
the data 1s plotted as in Figure 1 to determine the threshold 1gnition temperature for:
the particular waste and mineral by-product.

[028] A specific example of a method of plotting ignition temperature versus
percent mineral by-product added 1s set forth in Example 1 below and 1s depicted in
Figure 2.

[029] Other methods of determining a threshold ignition temperature may be used,
based on the above description. For example, the dose increments may be varied,
the furnace type may be varied, and other features of the experiment may be varied
and still fall within the method of the present invention.

[030] Based on the ignition threshold temperature determined from the plot for
given organic waste and mineral by-product(s), a ratio of organic waste:mineral by-

product(s) for the actual (larger scale) process is selected and the one or more
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mineral by-products are then combined with the organic waste so as to arrive at a
mixture having the selected ratio of organic waste:mineral by-product(s).

[031] The combining step preferably involves intimate mixing of prescribed
amounts of organic waste and mineral by-product(s) in a mixer or blender. The
mixer or blender 1s preferably a mixer or blender that thoroughly mixes the organic
waste with the mineral by-product(s) until the mix is substantially homogeneous
throughout the mass. Suitable mixers or blenders for this purpose would be known
to those skilled in the art having read the present disclosure.

[032] The process of the present invention then includes drying (or first storing and
then drying) the organic waste-coal combustion by-product mixture to at least 60%,
preferably at least about 90% solids, more preferably at least 95% solids, most
preferably as near 100% solids as possible. The mixture so-dried is referred to
herein as “organic waste solids”. The organic waste solids of the present invention
may include mineral by-products from the mixture prior to drying.

[033] Organic waste 1s generally 1n the form of a moist feed that may, as a practical
matter include from about 5% by weight to about 50% or more of solids. Depending
on the organic waste being treated and the amount and type of moist feed and the
degree of solids therein, multiple drying steps may be required in order to produce
organic waste solids in accordance with the methods of the present invention,
including the drying methods set forth below. Drying steps may take place before
the organic waste solids are combined with the one or more mineral by-products, as
well as taking place after such combination.

[034] The drying of a moist feed or organic waste, may be accomplished in a
number of different ways by different types of devices. One such device 1s a pug
mill; another is a rotating drum; a third is a simple covered mixing tank provided
with stirring or agitating means. A fluidized bed is another example of an apparatus

that may be used to dry the moist feed.
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[035] Additionally, commercial dryers, may be used alone or in combination with the
pug mill or other drying methods, to dry the organic waste, or mixture of organic waste
and mineral by-products. Such commercial dryers are available in two forms, direct and
indirect. A dryer according to the present invention may include one or more direct dryers
or indirect dryers.

[036] Dairect dryers use heated air in direct contact with the organic waste. According to
one embodiment of the present invention, exhaust stack gases from a power plant for
example, may be used directly or waste steam or hot water from the power plant may be
used with a heat exchanger to heat air for drying.

[037] Alternatively, indirect dryers may be used, which heat metal surfaces that come in
contact with the organic waste. In one example of this embodiment, waste steam or hot
water from the power plant may be used to heat the drying surfaces via a heat exchanger in
which the waste steam or water 1s used to heat oil, the fluid normally used in indirect
dryers.

[038] Non-limiting examples of suitable dryers according to the present invention
include direct concurrent flow dryers, direct rotary dryers, concurrent forced air rotary
dryers, horizontal single, double and triple pass indirect dryers, and vertical counter flow
rotating disk indirect dryers.

[039] Heat for drying the mixture may alternatively, or additionally come from a source
other than a power plant, such as a steam turbine or other sources known to those skilled
1n the art.

[040] The methods of the present invention may also include burning the organic waste
solids, for example in combination with coal in a coal burning power plant as described in

tfurther detail in a U. S. Patent No. 6,405,664 entitled "Processes and Systems for Using

Biomineral By-Products as a Fuel and for NOy Removal at Coal Burning Power Plants".
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[041] The present invention also provides organic waste solids formed by the
methods described herein, which are advantageous over prior organic waste solids n
that they do not have a tendency to ignite. The organic waste solids may be useful
for example as a fuel source for example, to a coal burming power plant. The
stabilized organic waste formed by the methods described herein may also be used as -
soll additives.

[042] The present invention further provides a system for treating organic waste,
which 1includes means for determining an 1gnition threshold temperature for organic
waste and the one or more mineral by-products, means for combming the one or
more mineral by-products with the organic waste, so as to arrive at a mixture having
a selected ratio of organic waste:mineral by-product(s) based on the 1gnition
threshold temperature, and drying means for drying the mixture of organic waste and
mineral by-product to produce organic waste solids. In this embodiment, the mineral
by-product(s), organic waste, organic waste solids, and other features are as
described above with regard to the methods of the present invention.

[043] In this embodiment, the means for determining an 1gnition threshold
temperature for organic waste includes, for example the method described above,
which includes plotting the ignition temperature of a mixture of a sample of the
organic waste to be treated with a sample of the mineral by-product(s) to be added to
the organic waste.

[044] The means for combining the one or more mineral by-products with organic
waste may include for example providing a mixer or blender as described 1n further
detail with respecf to the methods described above.

[045] The drying means of this embodiment may include for example, a pug mall or
other non “dryer” apparatus described above, and/or one or more dryers described
above and known to those skilled in the art, based on various factors including for
example, the composition being dried, the amount of the composition being dried,

and the extent to which it must be dried.

10
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[046] The present invention will now be described in detail with respect to showing
how certain specific representative embodiments thereof can be made, the materials,
apparatus and process steps being understood as examples that are imtended to be
illustrative only. In particular, the invention is not intended to be limited to the
methods, materials, conditions, process parameters, apparatus and the like

specifically recited herein.

Examples
Example 1

[047] A laboratory test protocol for creating a plot, from which to determine
threshold 1gnition temperature includes the following steps: 1) adding various
amounts of fly ash to an anaerobically digested biosolids product, 2) drying the
mixtures to approximately 60% solids, and 3) placing small (2 g) samples of the
mixtures on a stainless steel screen 1n a conventional muffie furnace (modified so as
to mtroduce an air stream info the oven and with a mirror mounted near the outlet
aperture of the oven so as to observe 1gnition) equilibrated to specific temperature.
The samples are then observed for a 5-minute interval for ignition (appearance of a
flame). The temperature that each mixture ignited is recorded and the data plotted as

in Figure 2 to reflect the threshold 1gnition temperature for each biosolids/fly ash

mixture.

Example 2

[048] A direct rotary dryer is used to dry dewatered sewage sludge filter cake (20%
solids). Samples of the sludge are mixed with coal fly ash and the ignition threshold
temperature 1s determined using the protocol previously described. The ignition
threshold temperature dose rate 1s used to determine the sludge : fly ash mixing ratio.
The sludge filter cake and a predetermined amount of fly ash are mixed 1n a pug mill

and discharged into a concurrent forced air rotary dryer. The mixture is dried to > 95

11
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% solids to meet U.S. EPA requirements for Class A pathogen reduction and vector

attraction reduction (VAR).

Example 3

[049] Waste heat from a coal burning power plant is used to dry chicken manure in
an indirect dryer. Coal fly ash from the power plant 1s mixed with the chicken
manure to control ignition during drying. Samples of the chicken manure (60 %
solids) are mixed with coal fly ash and the 1gnition threshold temperature 1s
determined using the protocol previously deséribed. The 1gnition threshold
temperature dose rate is used to determine the sludge : fly ash mixing ratio. The
chicken manure and fly ash are mixed in a pug mill and discharged 1nto a counter-
current, indirect dryer using waste steam or hot water from the power plant as a heat
source. The mixture 1s dried to close to 100 % solids and 1s mixed with pulverized

coal as a supplemental fuel.

Example 4

[050] This example demonstrates the instability of sludge resulting from drying by
methods known in the art without using the methods of the present invention.

[051] A direct rotary dryer 1s used to dry dewatered sewage sludge filter cake (20%
solids). The sludge filter cake and a pre-determined amount of fly ash are mixed 1n a
pug mill and discharged mto a concurrent torced air rotary dryer. The mixture is
dried to > 95 % solids to meet U.S. EPA requirements for Class A pathogen
reduction and vector attraction reduction (VAR). The dried material is then
conveyed and stored in an enclosed silo or other enclosed structure in which the
combination of dried organic dusts and volatiles and heat may cause spontaneous

combustion.
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[052] In this example, in which the 1gnition threshold temperature was not
determined and the relevant sludge: fly ash mixing ratio determined, the drying may
produce unstable dried sludge, which may spontaneously combust.

[053] The method of the present invention has several advantages over previous
techniques for treating organic waste. In paﬁicular, the present method produces
more stable organic waste than the prior methods, which stable organic waste does
not ignite.

[054] While the present invention 1s described with respect to particular examples
and preferred embodiments, 1t is understood that the present invention 1s not limited
to these examples and embodiments. In particular, the present invention is not
limited to use with particular organic waste or particular mineral by-products.
Moreover, the present imnvention 1s not limited to use with the particular exemplified
dryers or drying conditions, so long as thé drying takes place at a temperature lower
than the 1gnition temperature of the organic waste depending on the percentage of
mineral by-product added to the organic waste. Additionally, further ingredients
may be added to the mixture of organic waste and mineral by-products depending on
the desired use for the resulting organic waste solids, as long as the further
ingredients are also accounted for in the determination of the ignition threshold
temperature.

[055] The present invention as claimed therefore, includes variations from the

particular examples and preferred embodiments described herein, as will be apparent

to one of skill in the art.
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CLAIMS:

1. A method of treating organic waste comprising:

determining an ignition threshold temperature for organic waste and at least one
mineral by-product which 1s a coal combustion by-product, wood ash, cement kiln dust,
lime kiln dust, gypsum, mineral or rock fine;

selecting a ratio of organic waste:mineral by-product based on the ignition
threshold temperature;

combining the at least one mineral by-product with the organic waste, so as to
arrive at a mixture having the selected ratio or organic waste:mineral by-product; and

drying the mixture of organic waste and mineral by-product to produce organic

waste solids.

2. The method of claim 1, wherein the organic waste comprises industrial organic
waste.
3. The method of claim 1, wherein the organic waste comprises sewage sludge,

animal manure, biosolids, pulp or paper sludge, food processing waste, waste paper or

cardboard.

4. The method of any one of claims 1 to 3, wherein the at least one mineral

by-product comprises at least two mineral by-products.

5. The method of any one of claims 1 to 4, wherein said drying is conducted by direct

or indirect dryers.

6. The method of any one of claims 1 to 5, further comprising burning said organic

waste solids.

7. The method of claim 6, wherein said at least one mineral by-product comprises

lime, quicklime, diatomaceous earth or limestone.

14
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8. The method of any one of claims 1 to 7, further comprising storing the mixture of

organic waste and mineral by-product.

0. The method of claim 8, further comprising burning said organic waste solids after

storing.

10. A system for treating organic waste comprising:

means for determining an ignition threshold temperature for organic waste and at

least one mineral by-product;

means for combining the at least one mineral by-product with the organic waste, so
as to arrive at a mixture having a selected ration of organic waste:mineral by-product

based on the ignition threshold temperature; and

drying means for drying the mixture of organic waste and mineral by-product to

produce organic waste solids.
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FIGURE 1
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FIGURE 2
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