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ORGANIC CONTAINING SLUDGE TO FERTILIZER ALKALINE
CONVERSION PROCESS

Reference to Related Applications

This application claims priority to United States Provisional Application No.
60/716,964 entitled “Organic Sludge to Fertilizer Conversion Process,” filed September
15, 2005, the entirety of which is specifically incorporated by reference.
Background

1. Field of the Invention

This invention is directed to fertilizers and methods for treating biosolids such as
organic-containing sludges and alkaline materials thereby converting them into useful
inorganic-organic nutrient fertilizers. The invention is also directed to treatment of
sludges or biosolids to reduce noxious odorants prior to drying steps in manufacture of

organic containing fertilizers.

2. Description of the Background

There are a number of methods currently available for converting organic
materials into fertilizers. Examples of such organic materials include, animal residuals
and manures, sewage sludge, lagoon sludges, pharmaceutical fermentation sludges, food
fermentation sludges and other microbial digested organic materials such as blood meal,
fish by-products and meal, food wastes, food processing wastes and animal remains such

as slaughterhouse wastes (all hereinafter referred to as “biosolids”).

When these organic-containing materials are manufactured into fertilizers, very
often they contain low levels of the important plant nutrients, nitrogen, phosphorus and
potassium. This limits their usefulness and marketability in commercial agriculture
which applies value to a fertilizer based upon its nutrient content, especially the nitrogen
and phosphorus concentrations in dry weight. This is especially true of products
manufactured from municipal biosolids as the nitrogen level in biosolids on a dry weight
basis is usually 3 to 5 percent. The implications of a low fertilizer nutrient level are low
market value with concomitant limitations on the distance these materials can be
transported from their manufacturing site. In contrast, high nitrogen fertilizers (products

containing over 8 percent nitrogen by dry weight and especially products over 12 percent
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nitrogen by dry weight) can be transported thousands of miles to wholesale and retail
markets.

A few organic products can be purchased "fortified" for a higher nutrient analysis.
The ingredients used to fortify organic fertilizers are generally inorganic fertilizer
components which because these already are fertilizers are expense, for example,
ammonium nitrate, ammonium sulfate, ammonium phosphate or urea and various sources

of potash (potassium) such as potassium oxides and greensand.

Organic fertilizers depend on soil organisms to break them down to release
nutrients; therefore, most are effective only when soil is moist and warm enough for the
microorganisms to be active. Nutrient release by microbial activity, in general, occurs
over a fairly long time period. One potential drawback is that the organic fertilizer may

not release enough of their principal nutrient when the plant needs it for growth.

Biosolids or dewatered sewer sludge is a recycled product of municipal sewage
treatment plants. Two forms are commonly available: activated and composted.
Activated sludge has higher concentrations of nutrients (approximately 5-3-0) than
composted sludge. It is usually sold in a dry, granular form for use as a general purpose,
long lasting, non-burning fertilizer. Composted sludge is used primarily as a soil
amendment or horticulture material and has a lower nutrient content (approximately 1-2-
0) because the microbial activity in the composting process has caused the loss of

nutrients into the atmosphere.

Compared to synthetic fertilizer formulations, organic fertilizers contain relatively
low concentrations of actual nutrients, but they perform important functions which the
synthetic formulations do not. They increase the organic content and consequently the
water-holding capacity of the soil. They improve the physical structure of the soil which
allows more air to get to plant roots. Where organic sources are used for fertilizer,
bacterial and fungal activity increases in the soil. Mycorrhizal fungi which make other
nutrients more available to plants thrive in soil where the organic matter content is high.
Organically derived plant nutrients are slow to leach from the soil making them less

likely to contribute to water pollution than synthetic fertilizers.
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There is concern with long term effects of using biosolids products in agriculture,
particularly around edible crops, in the prior art. Possible negative effects varied with the
origin of the biosolids and with the characteristics of the biosolids, for example, the level
of disinfection that was applied to the biosolids prior to its usage and to the level of
metals that were contained in the biosolids. Many commercial biosolids processing
technologies produce what is classed by the United States Environmental Protection
Agency as a Class B biosolids. This type of biosolids still has potential pathogens
present because of the milder stringency permitted in the processing of these biosolids as
compared to the high stringency Class A biosolids. The majority of biosolids processed
in the United States in 2006 are still processed using Class B type protocols. A third
concern regarding biosolids safety is their potential containment of personal
pharmaceuticals or bio-active compounds such as antibiotics. Very few commercial
biosolids processing methodologies have the mechanisms to eliminate these types of

materials. Thus there is a need for safer organic fertilizers made from organic sludge.

Summary

The present invention overcomes the problems and disadvantages associated with
current strategies and designs for the production of fertilizers containing organic
components. The invention provides new tools and methods for converting organic
containing materials into safe and valuable nutrient fertilizers that are marketable in

commercial agriculture.

This invention is directed to systems, devices and methods for treating organic-
containing sludges such as, for example, municipal biosolids, manures, animal residuals,
pharmaceutical wastes, lagoon sludges, fermentation wastes and combinations thereof.
These methods destroys the pathogens contained in such sludges, especially municipal
biosolids and manures and in the final product creates a Class A product as defined by the
U.S. EPA. The present invention also increases the plant nutrient content, especially
nitrogen, phosphorus and/or potassium and iron in such organic-containing sludges. The
present invention describes a method which incorporates a significant alkaline treatment
and ammonia exposure to create a strong antimicrobial stress on the microorganisms

present immediately prior to an acidification of the material which captures or fixes the



10

15

20

25

30

WO 2007/035513 PCT/US2006/036085

ammonia present into ammonium salts which are components of plant nutrient fertilizers.
The present invention converts dewatered municipal wastewater biosolids or other
organic-containing sludges to a fertilizer comprising sufficient organic and inorganic
plant nutrients to be valuable and saleable into the commercial agricultural industry and

also, secondarily, reduces the odors associated with such organic sludges.

The present invention is also directed to processes for converting municipal
biosolids, manures or animal residuals, or other biological and organic-containing sludges
into fertilizers. The invention initially creates a thixotrophic or plastic homogenous paste
of the biosolids with no water addition. This is followed by a significant alkaline pH
increase or pulse to above pH 10.0 coupled with an ammonification of the mix to: a)
create a strong antimicrobial stress; b) further improve odors, and; ¢) simultaneously
introduce nitrogen into the mix. This ammonification is followed by an acidification
using concentrated phosphoric acid and/or sulfuric acid to: a) fix the ammonia into
ammonium phosphate and or ammonium sulfate; b) create an acid stress on the alkaline
and ammonia exposed microbes, and; c) to introduce phosphate and sulfur into the mix to
create nutrient value in the finished product. If the organic-containing sludge is
noxiously odorous then an oxidation step can be inserted in which a strong oxidant,
preferably, potassium or calcium ferrate, is reacted with the mix to interact with a
significant portion of the reduced sulfur compounds, amines and other organic molecules

including odorants such that they are partially oxidized and rendered less odorous.

In addition, the present invention is directed to process herein described further
including the addition of chemicals to the fertilizer mix such as one or more oxidants
such as, for example, hypochlorites such as sodium hypochlorite or calcium hypochlorite,
iron oxides, other metal oxides, calcium ferrate, potassium ferrate or sodium ferrate,
oxygen, hydrogen peroxide, other peroxides, ozone and chlorine dioxide to further reduce
odors As further elaborated in U.S. Patent Application Nos. 11/359,751 and 11/371,238
(both of which are hereby incorporated by reference) other nutrients can be added with
granulation agents to facilitate the creation of extrusions or granules that are hard, dry,
between pH 5.6 and pH 7.5 and valuable on the commodity agricultural fertilizer market.
This process would compete extremely well against alkaline stabilized biosolids

containing processes and their resultant products in that less calcium oxide or calcium
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hydroxide would need to be used, if at all, and the significant alkaline and disinfecting
agent, ammonia, contributes significant nitrogen value to the finished product. The
process and resulting products would be considered USEPA Class A biosolids containing
products and would commercially compete well against the heat-dried biosolids pellets as
manufactured at many municipal wastewater treatment plants (“WWTPs”) presently
throughout the U.S. and the world as well as of course the traditional alkaline-stabilized

biosolids products.

Other embodiments and advantages of the invention are set forth in part in the
description, which follows, and in part, may be obvious from this description, or may be

learned from the practice of the invention.

Description of the Figures

Figure 1 Diagram of pH during process steps of “Alkaline Ammonia Pulse” Process.
Figure 2 Schematic Diagram of “Alkaline Ammonia Pulse” Process.

Description of the Invention

As embodied and broadly described herein, the present invention is directed to
systems, devices and methods for treating organic containing-sludges and producing an

inorganically-enhanced bioorganic fertilizer.

The “inorganically-enhanced bioorganic fertilizer” is produced in a method of
processing organic containing sludges to a microbially safe condition simultaneously
with combining such sludges with plant nutrients containing nitrogen, phosphate,

potassium along with sulfur and iron.

It has been surprisingly discovered that by chemically modifying organic
containing sludges to fit the needs of nitrogen, phosphorus and/or potassium fertilizer
requirements by reacting them with hot, molten or oxidative compounds of nitrogen,
phosphate and other plant nutrients like potassium, sulfur, iron, and/or calcium creates a
unique and valuable product. The results are a product with at least: a) enhanced
commercial valuation, b) reduced odor; and, ¢) increased nitrogen, phosphorus, iron or
other plant nutrients, e.g., potassium and/or sulfur. Significantly, the treated finished

product, because it contains a high level of nutrient and is made to contain the physical
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characteristics of commercial fertilizers, can be sold as is into the commercial
marketplace, in other words, without further modification or supplementation as is
required with other materials. The advantages associated with the present invention over
the state of the art include one or more of the following: combination of high
concentration of inorganic plant nutrients with an unusually high concentration of
organics in the same fertilizer granule, binding of the organics with the inorganic
ammonium ions, production of a safer biosolids or organic sludge containing product,
reduction of odors of the dried fertilizer product, increased nitrogen content in the
product, increased phosphorus content in the product, increased iron content in the
product, increased sulfur content in the product and/or increased potassium content in the

product and/or increasing the calcium content or other mineral content in the product.

The conventional method for treating municipal wastewater sludge is to make
products that are safe from a public health standpoint, preferably achieving the U.S.
EPA’s Class A standard for biosolids containing products. The problem is that these
products generally have such low commercial value that they have difficulty moving
consistently into the commercial marketplace especially at distances over 200 miles from
the site of manufacture. As a consequence of this, these biosolids products are either sold
for a few dollars per ton or given away or even commonly buried to simply dispose of
them. The present invention integrates plant nutrients into the finished product which
increases the value of the finished fertilizer and may, as a secondary effect, reduce said

odors associated with the finished product.

By using aqueous ammonia instead of anhydrous ammonia as a disinfectant and
simultaneously as a source of nitrogen, the manufacturing process avoids the restrictions
and prohibitions that exist in many communities from transporting or working with the

potentially hazardous anhydrous ammonia material.

Preferably, the process of the invention may be established close to or at existing
or new wastewater treatment plants if processing municipal biosolids. If processing a
manure or animal waste or biological sludge as in from a fermentation process, it is
preferable that the processing plant be constructed as near to the source as possible.

Logistics and liability can be minimized by the close association of the inorganically
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augmented bioorganic fertilizer plant with the biosolids or organic containing sludge

source.

The present invention teaches improving the odorant quality of the biosolids that
are fed to a granulation and heat drying step and improving the odorant quality of the
finished fertilizer by introducing chemical additives to react with odorants within the
biosolids, and by placing a coating on the granules or pellets produced thereby reducing
the rate at which remaining odorants emit from the finished pellet product. Such a
coating also reduces the dusting of said pellets during storage, transport and application

thereby further improving their value and usefulness.

The present invention introduces significant chemical stresses to microorganisms
that are contained in the dewatered biosolids during the manufacturing process. For
example, the treatment of the slightly alkaline biosolids, normally found between pH 7.0
and pH 9.0 to a treatment pH of greater than pH 10 and preferably greater than pH 11
causes the ammonium ions present in the mix to convert to gaseous ammonia. This free
ammonia begins the disinfection process for the mix. Further, the present invention
teaches that either aqueous ammonia, or anhydrous ammonia, can be directly added to the
mix to further increase the concentration of free ammonia and continue the disinfection
process. The concentration of free ammonia should meet or exceed 2,000 ppm, or 5,000
ppm, and preferably 10,000 ppm and more preferably 15000 ppm. Such concentrations
of ammonia are strongly antimicrobial and directly sensitize very refractile
microorganisms such as microbial spores, cysts, and parasite eggs to additional stresses
such as acid pH exposure and or heat exposure. High concentrations of ammonia will
affect the membranes of microorganisms. The present invention does not need the
ammonia to kill the microbial pathogens present, but only needs to sensitize them making
exposure to subsequent acidification, and or heat, more effective in destroying these
organisms. The concentration of ammonia added to the mix can be raise the
concentration of nitrogen in the mix by 6%, preferably by 10% and more preferably by
14%. A portion of this ammonia can be added after the acidification step to avoid
creating too much gaseous nitrogen. Adding a portion of the ammonia after acidification
will facilitate the production of ammonia salts such as ammonium sulfate or ammonium

phosphate. Some additional acid may need to be added after this second ammonia
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addition in order to react with any free ammonia and to adjust the pH to between pH 5.0

and 7.0.

The present invention improves and broaden the art of municipal sludge treatment
and fertilizer manufacture by making a safe valuable inorganically augmented organic

combined fertilizer.

The graph in Figure 1 and the diagram in Figure 2 illustrate the steps and
associated pH changes that occur during the treatment of a biological sludge or biosolids
with the present invention. Step 1 represents the starting pH of the untreated dewatered
biological sludge or biosolids. Further, the starting ammonia concentration in the
untreated sludge was about 15 ppm. Step 2 is the conditioning step in which the
biosolids or sludge is rendered thixotrophic or into a paste-like consistency. The pH and
the ammonia concentration did not change. In step 3, an alkaline material selected from
calcium oxide, calcium hydroxide, potassium hydroxide, sodium hydroxide, alkaline by
products such as cement kiln dust, lime kiln dust, Class C fly ash, Class F fly ash, lime
injected fly ash or other high alkaline materials, is added and mixed directly to the
biological sludge. This causes the pH to rise, as in this example to pH 11.0. This pH rise
causes ammonium ion present in the biological sludge to convert to gaseous ammonia

and begin the disinfection process.

As a consequence, the free ammonia concentration rose to 2000 ppm. In step 4
additional 9% waste aqueous ammonia is added. This ammonia may also be anhydrous
or may be other aqueous percents such as the commonly used 29% aqueous ammonia
used in commercial fertilizer protocols. As a consequence, the free ammonia rose to over
10,000 ppm. At the concentrations in step 4 and step 5, ammonia is diffusing into the
microorganisms present, causing damage to the cells and cell membranes, and decreasing
their subsequent resistance to additional stresses such as acidification and or the
application of heat during additional mixing steps or during granulation and drying. The
ammonia exposure in the mix should be for a period of about 30 seconds, preferably for
about 2 minutes and more preferably for over 5 minutes. During the period of ammonia
exposure that the mix be agitated to maximize exposure of microorganisms contained in

the sludge to the ammonia. In step 5, an acidification takes place, in this example using
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waste black phosphoric acid at 65% P,0s. This step reduces the pH to the physiological
friendly pH ranging from pH 5.7 to pH 7.0. preferably to pH 6.5. The reaction of this
acid with the ammonia present in the mix creates ammonium phosphate and will release
exothermic heat into the mix. This heat, greater than 176 degrees Fahrenheit (80°C),
preferably greater than 212 degrees Fahrenheit (100°C) and more preferably greater than
250 degrees Fahrenheit (121°C), fbllowing the ammonification earlier, will continue the
disinfection process. This acidification step will reduce the ammonia concentration
significantly—in this example, to 10 ppm. Further, the ammonium phosphate now
formed in the reacted mix will contribute plant nutrient value to the final product. In the
final Step in this example, other nutrients are added, selected from the group comprised
of ammonium sulfate, ammonium nitrate, mono-ammonium phosphate, di-ammonium
phosphate, potash, urea, ferric oxide, and ferric sulfate and the mix is processed using
conventional granulation and drying technologies into the finished hard, dry granular
fertilizer product.. Further, liquid fertilizers, such as urea ammonium nitrate ("UAN"),
and or aqueous urea, can be blended into the mix following acidification. The

concentration of free ammonia will continue to drop—in this example, to approximately
3 ppm.
Figure 2 of the Alkaline Ammonification Pulse (“AAP”) process shows the steps

used to create a valuable fertilizer product starting with an organic sludge. The pH and
the ammonia concentration are represented as stpes. Step 1 represents the biosolids as
they enter the process. Step 2 is immediately after the biosolids are rendered
thixotrophic. Step 3 is upon addition of the alkaline material to the process initially
increasing the ammonia concentration. Step 4 adds additional ammonia required to raise
the ammonia concentration in the mix to over 10,000 ppm. Step 5 is following
acidification of the mix. Step 6 is the resultant pH and ammonia concentration at

completion of the process of the invention.

Overall, the dewatered municipal biosolids at a concentration of approximately 25
percent solids. In the AAP process, the preferred practice is to place the processing plant
at or near the biosolids generating plant, preferably the wastewater treatment plant
(“WWTP”). One purpose of the close proximity of the AAP processing plant with the

WWTP is to reduce logistics and liability associated with moving the sludge or biosolids
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from the WWTP to the AAP plant as well as to retain the processing capability of
returning extracted water from the biosolids back to the WWTP thereby preventing the
necessity of discharging this water into the aqueous or atmospheric environment. By not
having to transport the amount of water contained in dewatered biosolids to a distant

biosolids processing plant a large economic savings can be an advantage.

The initial step in the AAP process as shown in Figure 1 is to convert the
dewatered biosolids cake into a thixotrophic material, preferably a paste-like consistency
without the addition of water or other materials to the biosolids or sludge. This is
accomplished efficiently using the preferred method of introducing the biosolids into a
plow blender dual-shafted pugmill or other vigorous mixer, which will agitate and mix
the biosolids into the thixotrophic consistency. Following this step, the biosolids can be
deodorized if necessary, by the introduction into the pugmill or mixer or an additional
pugmill or mixer of an oxidant, in this example, a chlorine dioxide, which oxidatively
modifies the reduced sulfur, amine and organic odors to an acceptable level.
Alternatively, the addition of calcium ferrate or potassium ferrate can be added as the
oxidative step. The addition of ferrate has the advantage here since ferrate is a powerful
oxidant that has the ability not only to oxidize reduced sulfur compounds and other
odorants, it can denature protein and other organic molecules present in the sludge
thereby reducing or eliminating their odor or biological activity. Further, the addition of
ferrate, following the oxidation, causes valuable iron to be part of the nutrient chemistry
of the final product. The next step in the procedure, for which this method obtains its
title, is the addition of an alkaline agent, in this example, the addition of an amount of
lime kiln dust containing calcium oxide, which raises the pH of the mix to greater than
pH 10.0 and in this example to pH 11.0. This increase in pH will cause the liberation of a
significant proportion of the ammonium ion present into free ammonia. This free
ammonia will commence the disinfection process for the biosolids. To insure that
disinfection is significant and that sufficient nitrogen is added to the mix to form a
valuable fertilizer, the next step is an ammonification of the mix by the introduction of an
ammonia containing material, in this example, using 9% aqueous ammonia, to raise the
ammonia concentration in the mix to greater than 10,000 ppm and in this example to

15,000 ppm. This concentration of ammonia will cause membrane damage to the

10
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microorganisms present and continue the disinfection process. Many microorganisms
will die as a result of this treatment; however, it is not necessary for all of the pathogens
present to be killed by this step. What does happen is that this ammonification is a
significant stress to the pathogens present and renders them more sensitive to subsequent
antimicrobial stresses of acidification and ultimately in the process of this invention to
heat exposure, greater than 176 degrees Fahrenheit (80 degrees Celsius), preferably
above 212 degrees Fahrenheit (100 degrees Celsius) and more preferably above 250
degrees Fahrenheit (121 degrees Celsius), such that the resultant product is safe from a
public health perspective. The product of this invention meets the U.S. EPA’s Class A

standard for products containing a percentage of municipal biosolids.

The ammonification step occurring in a pugmill or mixer is then followed in a
subsequent pugmill, by the acidification of the mix. Preferably, and in this example,
phosphoric acid is added, in this case 65% waste black phosphoric acid, such that the pH
in the mix is reduced to below pH 7.0 and in this example to pH 6.5. Various plant
nutrients are then added, such as diammonium phosphate (“DAP”), ammonium sulfate,
urea, potash (“KCI”), and or ferric oxide to create a plant nutrient concentration that is
suitable for marketing the product as a commercial fertilizer. In this example, the
nutrients added caused the mix, in the final product, to equal, on a weight percent basis a
10-10-10-0-1-20 (N-P-K-S-Fe-Organic) fertilizer. Further, granulating agents, such as
industrial molasses or proprietary binding agents, are added here to facilitate the
granulating process to convert the mix into spherical granules. The mix is then moved to
a granulator dryer to create a product with a preferred diameter of between 2.0 mm and
3.5 mm, preferably and in this example to 2.7mm. The proper diameter is insured by
moving the granules through a screen system with the reject sizes being milled and
recycled to the granulation system. The proper sized granules are cooled, and optionally
coated with a material to prevent the dusting of the granules during storage and shipment.
Further, the optional coating material is selected, in the Present invention, to retard the
emission of any odorants remaining in the granules. Finally the granules are moved to

dry storage until shipment.

The present invention accomplishes at least the following:

11



10

15

20

25

WO 2007/035513 PCT/US2006/036085

A. The creation of a high value fertilizer granule employing an alkaline and ammonia

stabilization strategy.

B. That sludges or biosolids to be treated may be comprised of municipal biosolids or
sludges, manures or animal residuals, or from organic sludges as produced from food

fermentation wastes or pharmaceutical fermentation wastes.

C. The production of a commercially viable amount of plant nutrient content in finished

fertilizer granules.

D. Methods to reduce the odors associated with organic containing sludges during the

production of inorganic augmented-bioorganic fertilizer granules.

E. The first step in treating organic containing sludges is to convert them to a

thixotrophic or paste-like mix.

F. Following conversion to a thixotrophic paste the addition of an alkaline agent to the

mix will cause the ammonium ion present to convert to free ammonia.

G. An additional pulse of ammonia can be added to bring the free ammonia
concentration to over 1000 PPM and preferably over 10,000 PPM and more preferably
over 20,000 PPM.

H. Nutrient enhancement may come from directly adding dry or liquid fertilizers to the

mix before it is granulated and dried.
I. The reduction of odors and addition of plant nutrients to said fertilizer granules.

J. Reduction of odors and addition of plant nutrients to occur simultaneously in the

production of said fertilizer granules.

K. The introduction of a multiple sequential antimicrobial stresses during the

manufacture of fertilizer granules.

L. Concentrated acid is added to ammoniated dewatered biosolids a significant
exothermic heat reaction will occur which will introduce a physical heat disinfecting
process to the biosolids prior to the granulating and drying steps in the manufacture of

fertilizer granules.

12
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M. The production or manufacture of a valuable fertilizer capable of being sold into the

commercial agricultural marketplace.

N. Treats biosolids or organic containing sludges to increase the level of plant nutrients
that will be contained and plant available in the finished dried pellet or granule. The
chemical additions are made to dewatered biosolids. The chemical additions are added to
the dewatered biosolids by means of a mixer, such as a pugmill, preferably a dual-shafted
plow-bladed pugmill, that blends the additives with the biosolids mix such that the
additives have the opportunity to completely interact and react with the chemical

components of the biosolids.

In one embodiment of the invention, an alkaline material is added to the organic
sludge after the sludge is converted into a thixotrophic paste-like material and after the
sludge has been oxidized with an oxidizing agent such as calcium ferrate. This alkaline
step is followed by an addition of more ammonia via either aqueous ammonia or
anhydrous ammonia. Concentrated acid or mixture of concentrated acids, such as
phosphoric acid and/or sulfuric acid is/are introduced to the ammoniated mix. Further,
the acid pH created by such acid addition is within the range of pH 4.0 to 7.5, preferably
from pH 5.0 to 7.0 and preferably to a narrower range of pH 5.8 to pH 6.8. Such a
desirable pH range is preferred by fertilizer distributors and/or the grower/farmer final
customer of the product of this invention. The effect of this interaction and reaction is to
lessen the odor associated with the finished heat dried product and to increase the plant
nutrient chemical content and value of the finished heat dried product. Concentrated
phosphoric acid, as 70% super phosphoric acid and/or 50-65% phosphoric acid (black or
green, agricultural grade phosphoric acid) is added directly to the ammoniated sludge
mixture. The addition of phosphoric acid not only reduces the odor associated with such
biosolids, but simultaneously increases the phosphorus (P) content of the finished
product. The generation of ammonia by addition of alkaline admixture to the biosolids as
well as by direct additions of ammonia, either as aqueous ammonia or anhydrous
ammonia or ammonium ions, will have a disinfecting role in destroying pathogens that
are contained in the dewatered biosolids prior to the drying step of fertilizer granule

manufacturing process.
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Further, the present invention involves oxidants such as such as calcium ferrate or
potassium ferrate or sodium ferrate, hydrogen peroxide, oxygen, ozone, sodium
hypochlorite and calcium hypochlorite and chlorine dioxide in reducing odor of organic
containing sludges prior to their being treated with the alkaline agent and the
ammoniating agent. Further, the invention teaches the use of iron oxide and other forms

of iron, such as iron sulfate which can be mixed in directly with the alkaline mix

Further, the process employs one or more nutrient fertilizer materials, such as
ammonium sulfate, ammonium nitrate, mono-ammonium phosphate, di-ammonium
phosphate, and urea and further, may be selected from the group of liquid fertilizers, such
as urea ammonium nitrate ("UAN"), liquid urea or from other liquid N-P-K fertilizers
such as, for example, 16-4-8, 10-8-8, or 6-14-6.

Other embodiments and uses of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention disclosed
herein. All references cited herein, including all publications, U.S. and foreign patents
and patent applications, are specifically and entirely incorporated by reference. It is

intended that the specification and examples be considered exemplary only.
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Claims
1. A process of fertilizer manufacture comprising:

creating a thixotrophic paste from a composition containing biosolids;

adding an oxidizing agent to the paste;

adding an alkaline agent to the paste to produce a pH of 10 or higher;

exposing the paste to ammonia at a concentration of at least 1,000 ppm.

adding an acid to the paste to produce heat and a pH 7.0 or less;

adding a granulating agent to the paste;

extruding or granulating the paste; and

drying the extruded or granulated paste to a dryness of 90% or more of solids.
2. The method of claim 1, wherein the biosolids are selected from the group
consisting of municipal biosolids and sludges, manures and animal residuals, lagoon
sludges, organic-containing sludges produced from food fermentation, sludge waste
products, pharmaceutical fermentation waste industrial fermentation products, and

mixture and combinations thereof,

3. The method of claim 1, wherein the oxidizing agent is selected from the group
consisting of hypochlorite, sodium hypochlorite, calcium hypochlorite, iron oxide, metal
oxide, calcium ferrate, potassium ferrate, sodium ferrate, oxygen, hydrogen peroxide,

peroxide, ozone, chlorine dioxide, and combinations thereof.

4. The method of claim 1, wherein the alkaline agent is selected from the group
consisting of calcium oxide, calcium hydroxide, potassium hydroxide, sodium hydroxide,
alkaline by products, cement kiln dust, lime kiln dust, Class C fly ash, Class F fly ash,

lime-injected fly ash, high-alkaline materials, and combinations thereof,

5. The method of claim 1, wherein, after addition of the alkaline agent, the mixture
is pH 11 or higher.

6. The method of claim 1, wherein the ammonia is aqueous or anhydrous ammonia.
7. The method of claim 1, wherein the concentration of ammonia is at least 5,000
ppm.

8. The method of claim 1, wherein the concentration of ammonia is at least 10,000
ppm.
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9. The method of claim 1, wherein the concentration of ammonia is at least 20,000
ppm.

10. The method of claim 1, wherein the exposure is for at least 30 seconds.

11.  The method of claim 1, wherein the exposure is for at least 2 minutes.

12.  The method of claim 1, wherein the exposure is for at least 5 minutes.

13. The method of claim 1, wherein the concentration of ammonia provides a dry
weight nitrogen concentration of 6%.

14.  The method of claim 1, wherein the concentration of ammonia provides a dry
weight nitrogen concentration of 10%.

15. The method of claim 1, wherein the concentration of ammonia provides a dry
weight nitrogen concentration of 14%.

16.  The method of claim 1, wherein, after addition of the alkaline agent, the mixture
is pH 11 or higher.

17.  The method of claim 1, wherein the acid is phosphoric or sulfuric acid.

18.  The method of claim 1, wherein the concentrated acid is selected from the group
consisting of phosphoric acid, sulfuric acid, sulfamic acid, hydrochloric acid, nitric acid

and combinations thereof.

19.  The method of claim 1, wherein, after treating with the acid, the paste is pH 7.0 or
less.
20.  The method of claim 1, further comprising blending a plant nutrient with the

thixotrophic paste to increase nitrogen, phosphorus and iron levels.

21. The method of claim 20, wherein the plant nutrient content is at least 8% nitrogen
by dry weight.

22.  The method of claim 20, wherein the plant nutrient content is at least 12% by dry
weight.

23.  Themethod of claim 20, wherein the plant nutrient content is at least 15% by dry
weight.

24.  The method of claim 1, wherein odor associated with the paste is reduced.
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25.  The method of claim 1, wherein the thixotrophic paste is treated with an oxidizing
agent such that odorants emission is reduced simultaneously with increasing plant

nutrient concentration.

26.  The method of claim 1, wherein the extruded paste is formed into pellets or
granules.

27.  The method of claim 26, wherein the pellets or granules are coated.

28.  The method of claim 1, further comprising storing the dried paste in a dry
environment.

29.  The method of claim 1, further comprising applying the dried paste to plants as a
fertilizer.

30.  The method of claim 1, further comprising applying an antimicrobial stress during

any step.

31.  The method of claim 30, wherein the microbial stress is selected from the group
consisting of a pH greater than pH 10, a pH greater than pH 11.0; free ammonia
concentration in the paste at greater than 1,000 ppm, free ammonia concentration in the
paste at greater than 10,000 ppm; free ammonia concentration in the paste at greater than
15,000 ppm; heat at greater than 80°C; greater than 100°C, heat at greater than 121°C and

combinations thereof.

32. The method of claim 1, further comprising adding a fertilizer to the dried pellets

or granules to provide nutrient enhancement.

33.  The method of claim 32, wherein the fertilizer is selected from the group
consisting of dry fertilizers, liquid fertilizers, ammonium sulfate, ammonium nitrate,
mono-ammonium phosphate, di-ammonium phosphate, urea, urea ammonium nifrate
("UAN™), liquid urea, liquid N-P-K fertilizers, 16-4-8, 10-8-8, 6-14-6, and combinations
thereof.

34. A fertilizer produced by the method of claim 1.

35.  The fertilizer of claim 34, which emit little or no odor and contain at least 8%

nitrogen by dry weight and contain plant nutrient levels of iron and sulfur.
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Diagram 2

Figure 2
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