
)

1

REGULATION 9

A

o 
o

c

I
patent OFFICE

' fee stamp TO value OF 

,........ AJIACT‘0

FORM 1

COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952

APPLICATION FOR A STANDARD PATENT

Road,

: I.AfiS

We, THE BOC GROUP pic, an English Company, of Chertsey

Windlesham, Surrey GU20 6HJ, England, hereby apply for the grant of

a Standard Patent for an invention entitled'-
O 0

* 0
0'0©

Ο O O

= .which is described in the accompanying Complete Specification.
G OG
O 5

CXS J q

0
9 O

0

0 0
0
o

"TREATMENT OF AQUEOUS WASTE MATERIAL"

'Details of ο a
j

0’Number:

basic application:-

86 22510

Country: United Kingdom

Date: 18th September, 1986
t

Our address for service is: SHELSTON WATERS

55 Clarence Street

SYDNEY, N.S.W. 2000 .
• & <

• · 4
• «4

<
• » · Λ b »

• 4

DATED this 18th day of September, 1987

THE BOC GROUP pic

A»*
θ' oHLLSrON WATERS

To: The Commissioner of Patents
WODEN A.C.T. 2606 A?SU^0fflCE

I 1 8 SEP wFile: 101N

Fee: $165.00 1 Sydney.

δ



(CONVENTION - Company) FORM 8 - REGULATION 12 (2)

(a) Hero Insert (In full) 
Name of company,

COMMONWEALTH OF AUSTRALIA PATENTS ACT, 1952-1973 

DECLARATION IN SUPPORT OF A CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application No 
by?’.. THE, BOC, GROUP, PLC........................

marie

(hereinafter referred to as "Applicant") for a patent for an invention entitled:
(b) Here Insert Title of (b* 
Invention. .............*................................................................................................... ........................................................................

’.'T.R.EATH.E.NT. OF .AQUEOUS. .WASTE. .MATERIAL". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

o r "
o «

(S)’'and (d) Hero Insert 
sFull0 Name and Address 
sOfo Company official 
a-Jtlrorlsod to make 
declaration.

Ο o 0
a e «

λ e
o a &

o o

> 0
Ο Λ
9 β ί 6

(e) Here insert Basic 
Country or Countries 
followed by date or dates 
of Basic Appllcatlon(s).

(f) Here Insert Full 
N0mo(j) of Appllcant(s) 
in Basic Country.
(g) Here Insert (In full) 
Name rnd Address of 
actual Inventor or 
Inventors.

MICHAEL. WIC.KHANI

CH.ERT$E.Y. .ROAD.....................................................................
W I.N.DL ES.H.ANI,. .S.URR.Y. GU2.O. .6HU.. .ENGLAND........................

do solemnly and sincerely declare as follows:

1. lam authorised by Applicant to make this declaration on its behalf.

2. The basic Application(s) as defined by section 141 of the Act was/were made
in(e’ GREAT BRITAIN ..on the.18TH.day of.. SEPTEMBER.. .. . . . .19 .85

. . . .19 . . .. .on the........ .day of...........................
by!0..THE

i (9)

BOC GROUP PLC
MICHAEL ERNEST GARRETT
92 YORK ROAD ....................................

of.......... WOKING
.................S.U.R.REY.,. .ENG.LA.NP............................................................ is/are 

the actual Inventor(s) of the invention and the facts upon which Applicant is entitled to 
make the Application are as follows:

Applicant is the Assignee of the said Inventor(s).
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BOC GROUP PLC ARE ASIGNEES OF BOC LIMITED
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subject of the Application. . .
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(12) PATENT ABRIDGMENT (11) Document No. AU-B-78666/87 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 600027

(54) Title
TREATMENT OF WASTE MATERIAL WITH OZONISED OXYGEN
International Patent Classification(s)

(51)4 C02F 001/78 C02F 003/26 C02F011/06
(21) Application No.: 78666/87 (22) Application Date : 18.09.87
(30) Priority Data

(31) Number (32) Date (33) Country
8622510 18.09.86 GB UNITED KINGDOM

(43) Publication Date : 24.03.88
(44) Publication Date of Accepted Application : 02.08.90
(71) Applicant(s)

THE BOC GROUP PLC
(72) Inventor(s)

MICHAEL ERNEST GARRETT
(74) Attorney or Agent

SHELSTON WATERS
(57) Claim

1. A method of treating aqueous waste material
containing organic solids, comprising establishing in 
a pressure vessel a volume of the aqueous waste 
material to be treated, comminuting solids in the 
waste material externally of the pressure vessel, 
continuously withdrawing a stream of aqueous material 
from the pressure vessel, introducing ozonised oxygen 
into the stream, forming a dispersion of bubbles of 
ozonised oxygen in the stream, re-introducing the 
stream into the volume of waste material in the 
vessel, creating turbulence at the region of 
introduction, collecting undissolved ozonised oxygen 
in the head space of the vessel, and withdrawing gas 
from the head space and introducing it into said 
stream to form said bubbles.

12. Apparatus for treating aqueous waste material 

continuing organic solids, comprising a pressure vessel 

having an inlet for the aqueous waste material, and an 

,outlet for withdrawing a stream of aqueous waste material
.../2
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therefrom; means exterior to the pressure vessel for 

comminuting solids in the organic waste material; means 

for withdrawing a stream of aqueous material from the 

vessel; means for introducing ozonised oxygen into said 

stream such that a dispersion of bubbles of ozonised 

oxygen in the stream is able to be formed; means for 

reintroducing the stream into the waste material in the 

vessel; and means for creating tubulence at the region of 

reintroduccion, wherein said means for introducing 

ozonised oxygen into said stream comprises means for 

withdrawing ozinised oxygen from the head space of the 

vessel, and for passing it into said stream.
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This invention relates to the treatment of aqueous waste 
material. It is particularly concerned with the treatment 
of sewage sludge and animal slurry.

Sewage sludge and animal slurry are typically characterised 
by having a relatively high biochemical oxygen demand.
Thus, traditional aerobic or anaerobic treatments of such 
aqueous waste materials are particularly time consuming, and 
accordingly, in the event that such treatments are employed, 
there is a need for substantial holding tanks and the like

10 to be provided upstream of the main treatment vessel or 
vessels. Frequently, the land necessary for such holding 
vessels is not available.
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We believe substantial improvements in the treatment of 
sewage sludge and animal slurry may be achieved by the 
effective utilisation of ozonised oxygen as a treatment gas.

According to the present invention there is provided a 
method of treating aqueous waste material containing organic
solids, comprising establishing in a pressure vessel a

S’. volume of the aqueous waste material to be treated,
O 0 9 0

.2Q°‘O comminuting solids in the waste material externally of the
0 0 0

pressure vessel, continuously withdrawing a stream of 
«’’S’. aqueous material from the pressure vessel, introducing

0 6 0

ozonised oxygen into the stream, forming a dispersion of 
bubbles of ozonised oxygen in the stream, re-introducing the 
stream into the volume of waste material in the vessel,

0 0 9

creating turbulence at the region of introduction,
* ’ collecting undissolved ozonised oxygen in the head space of

the vessel, and withdrawing gas from the head space and 
introducing it into said stream to form said bubbles.

The invention also provides apparatus for treating aqueous 
waste material containing organic solids, comprising a 
pressure vessel having an inlet for the aqueous waste 
material, and an outlet for withdrawing a stream of aqueous 
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waste material therefrom; means exterior to the pressure 
vessel for comminuting solids in the organic waste material;
means for withdrawing a stream of aqueous material from the 
vessel; means for introducing ozonised oxygen into said 
stream such that a dispersion of bubbles of ozonised oxygen 
in the stream is able to be formed; means for reintroducing 
the stream into the waste material in the vessel; means for 
creating turbulence at the region of reintroduction, and 
wherein said means for introducing ozonised oxygen into said

10 Btream comprises means for withdrawing ozonised oxygen from 
the head space of the vessel( and for passing it into said 
stream.

Utilisation of ozonised oxygen facilitates relatively rapid
ί »*’· reduction in the biochemical oxygen demand of the waste
j material. In particular ozonised oxygen helps to render the

ft ♦ β ft
, ,, material sterile, and facilitates a breakdown of organic
♦ ft <*

*’’· compounds that are relatively difficult to oxidise (for 
’·**·’ example phenols). It is believed that the rate determining 
; ·,,, step in the treatment is the dissolution of the ozonised 
20 oxygen. By contacting bubbles of the ozonised oxygen with a 
,, stream of the waste material, relatively rapid dissolution
s «

1 “· of the ozone and oxygen is facilitated. Moreover, it is not
t ftft

necessary to rely upon transfer of gas from the ullage or
,,,, head space of the pressure vessel to a liquid surface

t < <

“ * exposed to the ullage space in order to effect transfer of
the oxygen and the ozone to the liquid phase. It is 
accordingly, possible to operate the pressure vessel with a 

1 relatively small ullage space.
t £. i < <' 1

< ς

The method according to the invention is typically operated
30 as a batch treatment in which, on average, during the 

residence of the aqueous waste material in the vessel it is 
recycled from 5 to 50 times. If desired, however, the 
process can be operated continuously, typically with there 
being a plurality of pressure vessels arranged in sequence, 
with continuous flow of the liquid of a treatment into the i
most upstream vessel and continuous flow of liquid from one Ί 
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vessel to the next in sequence, and continuous withdrawal of 
treated liquid from the most downstream of the vessels, each 
pressure vessel having associated therewith its own means 
for withdrawing and recirculating aqueous waste aterial, 
each such means having means for introducing ozonised oxygen 
into the recirculating liquid.

i
i

10

t e» 
» 4 4

• e · ·

t e t
« « I
ism

r t · 
« e «

4 4 4 9

» «4
« r 4 

« 4 »

< «
4 4
» 9 9 9

20
4 6
« 9
9 4 · *

4 4 *
• 4 4

4 « *

tail
4 4 4

9 9 1

Preferably, the pH of the aqueous waste material is adjusted 
prior to its introduction into the pressure vessel. Thus, 
sewage sludge is typically digested for a relatively short 
period, say in the order of 0.5 to 1 hour in sulphuric acid 
at a pH of about three, such digestion facilitating the 
breakdown of fibrous material. Typically, this treatment is 
performed in a holding tank upstream of the or each pressure 
vessel. A communicating pump recycling the waste material 
to and from the holding tank may be used to assist in the 
breakdown of fibrous material in the sludge or other aqueous 
waste material.

In a batch method according to the invention, the desired 
reduction in the biochemical oxygen demand of the aqueous 
waste material may typically be effected in a matter or 
hours rather than in the days that are required by prior art 
methods that rely on aerobic or anaerobic digestion of 
sludge.

Upon completing the treatment to reduce the biochemical 
oxygen demand of the volume of aqueous material, this volume

4 4 1

‘4',< is preferably then released from the vessel to a flotation 
tank which is typically open to the atmosphere.
Accordingly, gas bubbles are released from the volume of 
liquid in the flotation tank, thereby causing particles to

30 float to the surface. Such particulate material is then
extracted from the flotation tank and passed through a belt 
press in order to de-water it. This material is relatively 
easily pressed and is found to be suitable for use for 
direct land fill.

6



A method and apparatus according to the invention are now 
described by way of example with reference to the 
accompanying drawings, in which:

Figure 1 is a block diagram illustrating a process for 
treating sewage sludge or animal slurries or other forms of 
aqueous waste material having a relatively high biochemical 
oxygen demand, and

Figure 2 illustrates apparatus according to the invention 
for the oxygenation and ozonisation of aqueous waste

10 material as part of the process illustrated in Figure 1.

Referring to Figure 1 of the drawings, incomming aqueous 
waste material for treatment, containing suspended organic

t · «

solids, and typically having a biochemical oxygen demand in 
! the range 1000 to 10,000 parts per million, flows into a

S B Ο β

» ♦· holding tank 2, and sulphuric acid added to it until its pH
**’’ reaches the value of 3. The aqueous waste material is

• β «

• “· allowed to stand for, say, half an hour. It is then passed
6 «

ί into an apparatus 4 for the oxygenation and ozonisation of
the waste material. After about 2 hours treatment with

20 oxygen and ozone, the treated liquid then passed to a
’’’ flotation tank at atmospheric pressure. Dissolved oxygen 

’·’··* comes out of solution and floats particles to the top of the
.... surface in the tank 6. Particles floating on the surface

o « *

and then removed therefrom and dewatered in a press 8 to 
form a waste containing about 40% solids which can for

. .. example be used for land fill purposes. Water from the tank 9 « A
’ ” 6 and the press 8 may be discharged directly to the

9
0 β a · · o . .» · environment.

An example of the apparatus 4 is shown in Figure 2 of the
30 accompanying drawings. Referring to Figure 2, the

illustrated apparatus also includes an upright cylindrical 
pressure vessel 10 holding a volume 12 of the aqueous waste 
material under the pressure of gas of about 5 atmospheres 
absolute in an ullage or head space 14 at the top of the

33
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vessel 10. Liquid is withdrawn from the vessel 10 from an 
outlet 16 near its base by means of a sewage pump 18 having 
a rotor (not shown) provided with comminution means (not 
shown) adapted to shred solid materials. (The pump may also 
have an additional inlet able to be placed in communication 
with the holding tank 2 (See Figure 1) to enable the vessel 
10 to be intially charged with the aqueous waste material, 
Ozonised oxygen is then introduced therein by one of the 
means described below to create in the head space 14 a 
gaseous atmosphere comprising ozonised oxygen at 
superatmospheric pressure. The outlet of the pump 18 
communicates with a venturi 20 which has a throat 22 at a 
lower pressure than the pressure in the head space 14 of the 
vessel 10 and communicating with the head space 14 by way of 
a conduit 24· In operation, ozonised oxygen is thus drawn 
from the head space 14 into liquid flowing through the 
venturi 20. The pressure in the head space or ullage space 
14 is preferably kept between chosen limits by appropriate 
addition of make-up oxygen-ozone from a source thereof which 
may comprise any commercially available ozoniser. Make-up 
ozonised oxygen is typically added to the conduit 24 through 
an inlet 26. Alternatively, it may be added directly to the 
head space of the pressure vessel 10 or may added to the 
stream of liquid produced by the pump 18 through a separate 
venturi (not shown).

• « «i
• < 

ft «
r

30

The venturi 20 is effective to create turbulence in the flow 
of liquid at its throat and thus the ozonised oxygen enters 
a turbulent flow of liquid. The turbulence helps to break 
the ozonised oxygen gas into bubbles, some of which dissolve 
in the aqueous waste material. The undissolved gas is 
conducted in the form of bubbles along a conduit 27 which 
terminates in a nozzle 28 within the volume 12 of aqueous 
waste material. In operation, the pump 18, the venturi 20 
and conduit 27 are so arranged as to maintain the bubbles in 
dispersion throughout their travel along the conduit 27 
without there being any significant coalescence of gas 
bubbles to form discrete slugs of gae and such that the
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j liquid-gas mixture issues from the nozzle 28 turbulently,
i whereby the turbulence is able to shear the bubbles into
I even finer bubbles which may readily dissolve

I in the liquid in the vessel 10. Some bubbles will however
\ pass into the ullage space 14, or gas will come out of
< solution and pass into the ullage space 14· The oxygen is
i employed to add the respiration aeorbic micro-organisms

which are naturally contained in the aqueous waste material 
and which break down or oxidise organic pollutants in the 

10 material. The presence of ozone considerably facilitates
the oxidation of certain organic species such as phenols. 
It is believed that the rate determining step in effecting 
reduction of the biochemical oxygen demand of the aqueous 
waste material is the transfer of oxygen and ozone from the 
gaseous phase into solution. By forming the oxygen and 
ozone into bubbles and allowing for contact between the

0 ft 9

bubbles and the liquid both in the conduit 27 and in the
i » volume 12 of the aqueous liquid, relatively rapid

0f « «5 β

·β·», oxygenation takes place in comparison with conventional 
,2f) processes.
o ft
O β ft ft

The rate of withdrawal of aqueous waste material through the 
outlet 16 may be selected in accordance with the desired

O ft ft 4

. reduction in the biochemical oxygen demand of the aqueous
ft 0 o

waste material.
β ft ft «

O ft ft
ft 4 ft

After treatment of the oxygen and ozone for a chosen period 
of time, the pump 18 may be employed to transfer the liquid 

.·.·*, to the fermentation tank 6 shown in Figure 1. Gas comming 
ft ft ft

. out of solution during the transfer helps to float solid
ft ft ft ft ft ft

‘ ’ particles to the surface of the liquid in the tank 6, as
30 aforementioned.
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A method of treating aqueous waste material 
containing organic solids, comprising establishing in 
a pressure vessel a volume of the aqueous waste 
material to be treated, comminuting solids in the 
waste material externally of the pressure vessel, 
continuously withdrawing a stream of aqueous material 
from the pressure vessel, introducing ozonised oxygen 
into the stream, forming a dispersion of bubbles of 
ozonised oxygen in the stream, re-introducing the 
stream into the volume of waste material in the 
vessel, creating turbulence at the region of 
introduction, collecting undissolved ozonised oxygen 
in the head space of the vessel, and withdrawing gas 
from the head space and introducing it into said 
stream to form said bubbles.

A method as claimed in claim 1, in which the pH of 
the aqueous waste material is adjusted prior to its 
introduction into the said pressure vessel1.

A method as claimed in claim 2, in which the waste 
material is sewage sludge which is digested in 
sulphuric acid.

A method as claimed in claim 3, in which the sludge 
is digested at a pH of 3·

A method as claimed in any one of claims 2 to 4, in 
which the pH adjustment is performed in a holding 
tank upstream of the said pressure vessel.

6. A method as claimed in claim 5, in which a 
comminuting pump recycling the waste material to and 
from the holding tank is used to assist in break down 
of fibrous material in the aqueous waste material.

8-



7. A method as claimed in any one of the preceding 

claims, in which aqueous waste material is released from 

the pressure vessel to a flotation tank open to the 

atmosphere.

8. A method as claimed in claim 7, in which particulate 

material at the surface of the liquid in the flotation 

tank is separated therefrom, and is passed through a 

belt-press to dewater it.

9. A method as claimed in any one of claims 1 to 8, in

which, on average, during the residence of the aqueous 

waste material in the pressure vessel it is recycled from 

5 to 50 times. '

10. A method as claimed in claim 1 or claim 2, in which 

there is a plurality of pressure vessels, arranged in 

sequence, with there being a continuous flow of aqueous 

waste material into the most upstream vessel and then from 

one vessel in the sequence to the next and continuous 

withdrawal of treated liquid from the most downstream of 

the vessels, aqueuous waste material being recirculated to 

and from each vessel and ozonised oxygen being introduced 

into each recirculating liquid.

11. A method of treating aqueous waste material 

substantially as herein described with reference to Figure 

2 of the accompanying drawings.

12. Apparatus for treating aqueous waste material 

continuing organic solids, comprising a pressure vessel 

having an inlet for the aqueous waste material, and an

9
outlet for withdrawing a stream of aqueous waste material5 <1 - s -



therefrom; means exterior to the pressure vessel for 

comminuting solids in the organic waste material; means 

for withdrawing a stream of aqueous material from the 

vessel; means for introducing ozonised oxygen into said 

stream such that a dispersion of bubbles of ozonised

10 oxygen in the stream is able to be formed; means for

4 reintroducing the stream into the waste material in the
a - »

«> -r 'vessel; and means for creating tubulence at the region of
4 a ή O

a λ
, reintroduction, wherein said means for introducing

o * .·
Wo" ozonised oxygen into said stream comprises means for
q «

• "’’“o withdrawing ozinised oxygen from the head space of the

vessel, and for passing it into said stream.

13. Apparatus as claimed in claim 12, additionally 

including a holding tank upstream of the said pressure 

vessel whereby the pH of said aqueous waste material may 

be adjusted in said tank.

14. Apparatus as claimed in claim 13, additionally 

including a pump for recycling the waste material to and 

from the holding tank.

15. Apparatus as claimed in any one of claims 12 to 14, 

additonally including a flotation tank, open to the

atmosphere, downstream of the pressure vessel.

16. Apparatus for treating aqueous waste material 

containing organic solid, substantially described herein 

with reference to Figure 2 of the accompanying drawings.

DATED this 15th day of May, 1990.
THE BOC GROUP PLC

Attorney: WILLIAM S. LLOYD
Fellow Institute of Patent Attorneys of Australia 

of SHELSTON WATERS
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