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(57) Abrége/Abstract:

A process for liguefying microorganisms present Iin biosolids, such as waste activated sludge, generated by municipal or
Industrial wastewater treatment plants Is disclosed. The process includes the step of passing a slung of the sludge at a high
pressure through a nozzle having a restricted flow area to cause liguefication of the microorganisms as they are discharged from
the nozzle. The pressure drop across the nozzle preferably exceeds 12,000 psi. At least pan, of the liquefied microorganisms
may be recirculated to the treatment facility to feed nutrients to the wastewater treatment process. Optionally, the liguefied
microorganisms may be anaerobically converted to methane and carbon dioxide. For optimum results, the sludge Is subjected
to pH adjustment and/or maceration prior to being pumped through the high pressure nozzle.
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(57) Abstract

A process for liquefying microorganisms present in biosolids, such as waste activated sludge, generated by municipal or industrial
wastewater treatment plants is disclosed. The process includes the step of passing a slurry of the sludge at a high pressure through a nozzle
having a restricted flow area to cause liquefication of the microorganisms as they are discharged from the nozzle. The pressure drop across
the nozzle preferably exceeds 12,000 psi. At least part of the liquefied microorganisms may be recirculated to the treatment facility to feed
nutrients to the wastewater treatment process. Optionally, the liquefied microorganisms may be anaerobically converted to methane and

carbon dioxide. For optimum results, the sludge is subjected to pH adjustment and/or maceration prior to being pumped through the high
pressure nozzle,
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METHOD OF LIOQUEFYING MICROORGANISMS DERIVED
FROM BIOLOGICAL WASTEWATER TREATMENT PROCESSES

Technical Field

This application relates to a process for liquefying biosolids,
such as waste activated sludge, generated by municipal or industrial waste-

water treatment plants.

Background

In most municipal and industrial treatment facilities wastewater
and sewage 1s purified in acrobic treatment processes. Bacteria and other
microorganisms which occur naturally within sewage are cultured to consume
organic wastes 1n aeration tanks. In these tanks the microbes multiply and
digest the organic matter present in the wastewater. This process yields
treated water, carbon dioxide, and a biomass of microbes which settles as a
sludge 1n a clarifier connected to the aeration tanks. Some of the biomass is
recycled to the tanks to reseed the system. The excess biomass, which is
referred to as "waste activated sludge", is typically destroyed or otherwise
disposed of. Costs associated with dewatering and disposing waste activated
sludge can be substantial. Similar sludge management problems arise with
other types of aerobic biological wastewater treatment systems, such as

sequencing batch reactors and rotating biological contactors.

Various systems for conditioning sludge are known in the prior

art. Some systems operate at elevated pressures or temperatures in order to
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increase bacterial digestion rates. For example, Umted States Patent No.
4.192,741 1ssued 11 March, 1980 relates to a process for treating sewage
effluent which includes the step of passing the activated sludge through a high

pressure venturl to promote microbial activity.

It 1s also known 1n the prior art to condition activated sludge by
pH adjustment. Umited States Patent No. 3,718,582 1ssued 14 November,

1972 describes a microbial biolysis process in which the activated sludge is

made alkaline by the addition of caustic soda and then hydrolyzed at an

elevated temperature.

Maceration of sludge 1s commonplace as well. United States

Patent No. 3,658,262 which issued on 25 April, 1972 describes a grinder to

reduce the size of sludge particles prior to thermal conditioning.

While such prior art systems are useful in reducing the volume
of waste activated sludge, they typically result in increased energy, heating

and/or matenials costs. Accordingly, they do not meet the need to destroy

or dispose of the waste activated sludge in an economical fashion.

The inventors have devised a cost-effective means of liquefying
waste activated sludge or the like by lyzing microorganisms present in the
sludge using a very high pressure homogenizer nozzle. Homogenizers are in
common use in many industrial applications. Chemical, pharmaceutical,

dairy, specialty food and biotechnological facilities all use homogenizers to

emulsify, disperse, mix and process their products.
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Homogenizers have recently been designed for high pressure
operation. Such homogemzers employ high pressure pumps which force fluid
through a valve or nozzle having a restricted flow area. As the fluid moves
through the restriction, the velocity increases and the pressure decreases
according to Bernoullt's law. Intense hydrodynamic changes occur in the

fluid as high-pressure potential energy 1s converted to low-pressure kinetic

energy.

In the biotechnology field, homogenizers have been used for cell

disruption for many years. Passing a water slurry of microorganisms through

a homogenizer disrupts the cell walls, allowing the contents to be released.

In this way, the proteins and enzymes produced by the microorganisms can

be harvested. However, heretofore homogenmization technology has not been

applied on an industnal scale to the problem of waste activated sludge

management.

The need has therefore arisen for an industrial scale process for

liquefymng microorganisms present in sludge or other biosolids employing

high-pressure homogenization technology.

Summary of Invention

In accordance with the invention, a method of liquefying
microorganisms present in biosolids produced by a biological wastewater

treatment facility, such as waste activated sludge, 1s disclosed. The method

includes the step of passing a slurry of the microorganisms at a high pressure
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through a nozzle having a restricted flow area to cause liquefication of the
microorganisms as they are discharged from the nozzle. The pressure drop
across the nozzle exceeds 12,000 psi (83,000,000 Pa). At least part of the
liquefied microorganisms may be re circulated to the treatment facility to feed

s  putrients back to the biological wastewater treatment process. Optionally, the
liquefied microorganisms may be anaerobically converted to methane and

carbon dioxide.

The shury may be subjected to pre-treatment to weaken the cell

10  walls of microorganisms present in the slurry prior to being pumped through
the high pressure nozzle. For example, the pH of the shury may be altered,
such as by treatment with sodium hydroxide, acid or other chemicals.

Additionally, the slurry may be macerated in a chopper to reduce the particle
size of the solid fraction.
15

Brief Description of Drawings

In a drawing which illustrates the preferred embodiment of the
invention, but which should not be construed as restricting the spint or scope

20 of the invention in any way,

Figure ] is a schematic view of the applicant's waste activated

sludge treatment process.

25
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Description

An activated sludge wastewater treatment system 1s a type of
secondary biological treatment process used to clean wastewater before it 1s
discharged into a receiving stream. The equipment used to carry out this
process typically includes an aeration tank or basin where the raw wastewater
1s treated with microorganisms in the presence of dissolved oxygen. The

treatment microorganisms reduce contaminants present in the wastewater and

reduce the biological oxygen demand.

The second component of the system is typically a clarifier
where solid sludge containing the microorganisms settles. Microorganisms
in sludge vary widely. Aerobic and facultative anaerobic organisms
predominate. Protozoa and bacteria make up most of the biomass, though
small nematodes, insect larvae, yeasts, fungi and even algae are found in the
sludge. Several bactenal species associated with activated sludge include
Acinetobacter, Alcaligenes, Brevibacterium, Flavobacterium, Pseudomonas

and Zooglea.

Settled sludge is removed from the clarifier on a regular basis.
Some of the sludge 1s pumped back to the aeration tank to seed the growing
system. This 1s sometimes referred to as return activated sludge or RAS.
The excess sludge 1s removed from the system for further processing or
disposal. Thus 1s called waste activated sludge or WAS. For example, the

waste activated sludge may be dewatered and disposed of by incineration or

PCT/CA99/00707
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it may be stored in a landfil. The clarified effluent, which mow has a low
solids content, is discharged into an outlet stream or storage container.

This application relates to a process for treating waste activated
5  shudge (and/or return activated studge). With reference to Figure 1, the waste
activated sludge is first conditioned by an acid or base in a tank reactor 10 to
alter its pH. For example, the sludge may be treated with sodium hydroxade
or some other alkaline reagent to help solubilize lipids present in the sludge,
thereby making the microbial cells more prope to lysis. Depending upon the
10  make-up of the siudge, the pH may be increased to about 11 for this purpose. .

The sludge is then preferably delivered to a chopper pump 12 for
maceration of solids present in the sludge. Reduction of the particle size of
the solids helps prevent clogging of the high pressure nozzle 16 used in a
15 subsequent step of the process as described below.

After pH adjustment and/or maceration pre-treatment, a sharry
of the sludge is next delivered to a high pressure pump 14 which forces the

slurry through a homogenizer nozzle 16 at very high pressures. Pressures
20  within the range of about 12,000 - 20,000 psi (83,000,00 - 138,000,000 Pa)

have been found to be optimum. The slurry is subjected to a substantial
pressure drop as it emerges through nozzle 16 from the high pressure

environment to atmospheric pressure, which causes lysis and liquefication of
 the cellular material present n the sludge.
25
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The hquefied waste activated sludge is readily biodegradable.
A portion of the hiquefied sludge 1s preferably returned to the aeration tank
to recycle mtrogen and phosphorous. The liquefied sludge is therefore
ultimately converted to carbon dioxide or is used as a nutrient substrate for
the microbes reproducing in the aeration tank. Optionally, some of the
liquefied sludge may be pumped to an anaerobic treatment plant where it is
converted to methane and carbon dioxide. The methane and carbon dioxide

gas generated by anaerobic digestion may be recycled back to the aeration

tank to neutralize the sludge prior to liquefaction.

The applicant's process has been shown to be suitable for
treatment of effluent derived waste activated sludge from pulp and paper
mills. Approxmmately 20% of the ongoing cost of treating pulp mill effluent
In an activated sludge process is attributable to supplying oxygen to the
aeration tank and approximately 80% of the ongoing costs are attributable to
supplying other matenals, principally nitrogen, phosphorous and polymer,
and for waste activated sludge disposal. As explained above, the applicant's
process returns a portion of the liquefied waste activated sludge to the
aeration tank to recycle nitrogen and phosphorous and largely avoids the
costs associated with dewatering, polymer addition and waste disposal. This

reduces the second category of costs significantly (from 80% to about 10%
of the total amount).
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Example 1

Waste activated shudge derived from a pulp mill was treated

a conventional anaerobic treatment facility which resulted in a 30% reducuon

5 in volatile solids over a period of 30 days. The same sludge was treated in
accordance with the mvention with sodium hydroxide to pH 11 and then
pumped through a bomogenizer nozzle at a pressure of 12,000 psi
(83,000,000 Pa). Treatment in accordance with the invention resulted in 72%

liquefaction as measured by the reduction in total suspended solids concentra-
10 tion and 69% total volatile sohids reduction over a period of 5 days.

Example 2

The siudge of Example 1 was treated in accordance with the
15 invention with sodmum hydroxide to pH 11 and then pumped through a
homogenmizer nozzle at a pressure of 18,000 psi (124,000,000 Pa). Such
treatment resulted 1n 76% liquefaction as measured by the reduction in total
suspended solids concentration and 72% total volatile solids reduction over
a period of 5 days.
20
The results of Examples 1 and 2 indicate that the Applicant’s

process achieves a significantly improved reduction in volatile solids 1 a

much shorter time period than conventional systems (i.e. over twice as many
volatile solids were removed from the slurry in one sixth the time). This
25 amounts to a greater than ten fold improvement in performance. Accordingly,

in comparison to existing waste activation sludge treatment systems, the
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Applicant’s process can operate at a much higher capacity with lower capital

and operating costs.

As should be apparent to someone skilled in the art, in addition
to solids management, the present invention could also be used for killing
microbes present in water. Although the concentration of microbes present
in water would be significantly lower than in biosolids, the same process

steps could be used lyze the microorganisms which are present (apart from

maceration which is only useful for solid materal).

As will be apparent to those skilled in the art in the light of the
foregoing disclosure, many alterations and modifications are possible 1n the
practice of this invention without departing from the spirit or scope thereof.

Accordingly, the scope of the invention is to be construed in accordance with

the substance defined by the following claims.

PCT/CA99/00707

-—



. . — -t v - 2V ) 48t — - 3. ¢4 ) N Ll T
. e e == ~—CA 02338192 2001-01-19 : +H 89 1

— 13-07-2000 7 CA 009300707

(a) chemically treating said microorganisms presemt in said slurry to
weaken their cell walls; and

(a) passing said slurry through a nozzle having a restricted flow area at a
pressure exceeding 12,000 psi (83,000,000 Pa) to cause liguefaction

of said microorganisms as they are discharged from said nozzle,

wherein said method increases the bjodegradation rate of said volatile solids by at

least 200% as compared to untreated sludge.

9. The method of claim 1, further comprising digesting said slurry under

anaerobic conditions.

3 The method of claim 1, further comprising digesting said slurry under

aerobic condifions.

4  Tbe method of claim 1, wherein the biodegradation rate of said volatile
solids is increased by at least 300% as compared to untreated shudge.

AMENDED SHEET
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5  The method of claim 1, further comprising the step of recirculating at least
part of the liquefied microorganisms to said treatinent facility.

¢  The method of claim 1, further comprising the step of anaerobically
converting the liquefied microorganisms 10 methane and carbon dioxide.

7 The method of claim 1, wherein the step of chemically treating comprises
altering the pH of said shurry containing said miCroorganisms.

¢  The method of claim 7, wherein said pH is increased to approximately pH
1].

6 The method of claim 7, wherein said pH is lowered to approximately pH 2.

10. The method of claim 1, further comprising the step of macerating said shurry

before passing it through said nozzle.
11. A method of treating waste activated sludge comprising the steps of:

(aj obtaining a supply of waste activated sludge from a wastewater
treattment factlity:

(b) altering the pH of said sludge to weaken the cell walls of microorganisms

present in said sludge; and

(C) -passmg a liquid sturry of said sludge at high pressure througb a nozzle

AMENDED SHEET
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having a restricted flow area,

characterized in that the pressure drop across said nozzle exceeds 12,000 psi
(83,000,000} to cause liquefaction of said microorganisms as they are discharged

from said nozzle.
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