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partial 5  270, Park Avenue, New York, State of New   pressure in aeration
while simultaneously util- York, 10017, United  States of America,  izing a
high percentage of the oxygen con- (assignee of JOHN RUBEN McWHIRTER),
tained in the valuable gas. Conventional air do hereby declare the
invention, for which we  aeration  techniques  do  not satisfy  these  55
pray that a patent may be granted to us, and  requirements. 10  the method
by which it is to be performed, to  Other conventional gas-liquid
contacting be particularly described in and by the follow-  techniques such
as packed  or plate-type ing statement: -
columns, sparged columns, or agitated gas- This invention relates to a
method of and  liquid columns which are commonly employed  60 apparatus for
biochemically treating water  in chemical processing are not well suited
for 15  containing  biochemical oxidizable material  this  particular
purpose.   Although  these which gives the water a biochemical oxygen
systems can be designed to achieve a high per- demand (BOD), by
oxygenation. The water  centage oxygen absorption, they are not readily
having a BOD may for example be municipal  adapted to the handling of mixed
liquid-solid  65 sewage, chemical waste from petrochemical or  suspensions
such as encountered in the activ- 20  paper plants, or fermentation liquor.
ated sludge process for waste water treatment. With few exceptions,
biological oxidation   Neither are the conventional systems suited for
methods have employed air as the oxygen  contacting large volumes of liquid
and small source. The large quantity of air required to  volumes of gas
with high rates of dissolution  70 supply oxygen is primarily due to the 4:
1-  and with low energy consumption. 25  dilution with nitrogen, and
typically only    The achievement of both high  oxygen 5-10%  of the oxygen
is absorbed due to the  utilization and high oxygen partial pressure in low
oxygen mass transfer efficiency of the  biological oxidation is further
complicated by method. However, the air was " free " and the  the evolution
of diluent gases from the mixed  75 large amount of energy supplied to the
air was  liquor undergoing aeration. Usually the feed 30  normally
sufficient to mix and suspend the  water having a BOD to the process is
nitrogen- solids containing active bacteria, hereinafter  saturated with
respect to air.  While mass termed "biomass" or "active biomass " in
transfer of nitrogen is not a consideration when the liquid to form
"liquid-solid " or liquor.  air aeration is employed, it becomes a very  80
The direct use of oxygen instead of air in  significant factor when the
nitrogen content of 35  treatment of municipal and chemical wastes  the
aeration gas is reduced and the volume has been considered for many years
because of  of aeration gas becomes small. This is because its potential
advantages in reducing the quan-  the dissolved nitrogen will be stripped
from the tity of required gas. Moreover, it has been  liquid into the gas
and will reduce the oxygen  85 speculated that the rate and completeness of
partial pressure of the gas.  Other gases 40  such biochemical reactions
are suppressed by  evolved from the liquid which are inert to the low
dissolved oxygen (DO) levels. Because of  biochemical reaction will have a
similar effect, the additional cost of oxygen, it must be used  e.g., argon
and moisture.  Carbon dioxide, sparingly and effectively. This necessitates
a  which is a product of the oxidation, will also  90 small volumetric
ratio of gas-to-liquid as com-  evolve in substantial quantity and further
sup- 45  pared to air aeration. Also, the partial pres-  press the oxygen
partial pressure. 



sure of oxygen in the aerating gas must be    If an  oxygen-enriched
aeration  gas is sustained at high level to achieve economies in  utilized
effectively, then its volume relative to [Price 25p]    2
1,325,324                                        2 air will be very low,
e.g. 1/90. While this  chamber to form a first oxygenated liquid-solid
offers opportunities for cost savings in gas  restricted passageway means
for flow of un- compression, it aggravates the problems of  consumed
aeration gas from the upper portion liquid mixing and of oxygen dilution
with  of said one oxygenation chamber to at least one 5  impurities.  The
total energy input to the  further oxygenation chamber, restricted flow
70 small quantity of gas for purposes of oxygen   means for transferring
the first oxygenated solution may now be far less than that required
liquid-solid  to  said  second  oxygenation for suspending and mixing the
solids in the  chamber, and means for mixing said uncon- liquid. The inert
gases evolved from the liquid  sumed oxygen gas with first oxygenated
liquid- 10  will also impair the oxygen partial pressure to  solid within
said second oxygenation chamber a greater extent as the quantity of
aeration gas  to form a second oxygenated liquid-solid and  75 is reduced.
separate means for continuously recirculating a The present invention
provides a method for  fluid in each of said oxygenation chambers in
treating water having a Biochemical Oxygen   contact with other fluids in
such chamber. Demand (BOD) due to the presence of bio-    The method and
apparatus of this invention 15  chemically oxidizable material, by
oxygenation   has been successfully used to treat municipal  80 in contact
with a bacterially active biomass,  sewage in a manner significantly more
efficient comprising mixing said water, biomass and  than the widely used
air aeration treatment or feed gas comprising at least 50%  oxygen (by
could be achieved in a single step gaseous oxy- volume) and simultaneously
continuously recir-  genation treatment. The term " waste liquor " 20
culating one of such fluids against the other  as used herein includes any
liquid-solid waste  85 fluids in a first gaseous oxygenation stage to  of
domestic or industrial origin which is form first oxygenated liquid-solid
and first un-  polluted with organic matter (with or without consumed
oxygen-containing gas comprising at  inorganic substances) which can be
bio-oxid- least 35%  oxygen discharging said first un-  ized in water with
oxygen gas. 25  consumed oxygen-containing gas from the first    Fig. 1 is
a schematic view taken in cross-  go stage and mixing the discharged gas
with  sectional elevation of apparatus for performing liquid-solid and
simultaneously continuously  according to one method embodiment of the
recirculating one of such fluids against the  invention in which multiple
oxygenators float other fluids in at least one further gaseous  in a large
body of waste liquor; 30  oxygenation stage to form  at least a second
Fig. 2 is a schematic view taken in cross-  95 oxygenated liquid-solid and
second uncon-  sectional elevation of another embodiment sumed
oxygen-containing gas of lower oxygen   having common wall partitions
between the purity and content than the first gas, and dis-  oxygenation
stages and a common cover there- charging the second gas from the second
stage;  over; 35  and regulating the flow of oxygen-containing   Fig. 3 is
a schematic view taken in cross-  100 gas and/or liquid-solid and
regulating the  section elevation of still another embodiment mixing and
gas-liquid contact energy input to  having by brush-type mixers, the first
and succeeding gaseous oxygen stages  Fig. 4 is a schematic view taken in
cross- such that (a) at least 60%  (by volume) of the  sectional elevation
of a further method and 40  oxygen in said feed gas is consumed in the
apparatus embodiment having submerged tur-  105 liquid-solid of all stages,
(b) between 0.04   bine-type mixers, series flow of oxygenated and 0.24 kg,
-moles per hour of oxygen are  liquid-solid from stage-to-stage in a
direction introduced to the first stage per one kilowatt of  cocurrent to
the unconsumed oxygen gas, a mixing and gas-liquid contact energy used in
clarifier, and return of activated sludge to the 45  all stages, and (c)
the gas discharged from the  first stage;                            110
final gaseous oxygenation stage wherein un-    Fig. 5 is a performance
comparison graph consumed oxygen gas from the preceding stage  for
cocurrent versus countercurrent flow of 



has been contacted with aqueous liquid-solid  oxygen gas and liquid-solid
in a six stage waste comprises more than 21%  and less than 80%   treatment
system  employing 99.5%  oxygen 50  oxygen.
feed gas and wherein a 2 ppm. DO level is 115 In a further aspect the
present invention   maintained; provides an apparatus for oxygenation of
water    Fig. 6 is a performance comparison graph containing biochemically
oxidizable material  similar to Fig. 5 but for a system employing and
therefore having a BOD comprising a stor-  60%  oxygen feed gas; 55  age
enclosure for said water, an oxygen gas    Fig. 7 is a performance
comparison graph  120 source at least two separate oxygenation cham-
similar to Figs. 5 and 6 but for a system bers within said storage
enclosure each having  employing 80%  oxygen feed gas and wherein walls
extending substantially to the floor of  an 8 ppm. DO level is maintained;
said storage enclosure and a roof over the     Fig. 8 is a cost comparison
graph for opti- 60  upper ends of said walls, means for introducing   mum
operation of cocurrent and countercurrent 125 said feed water having a BOD
to one oxygena-  flow systems as a function of feed gas oxygen tion
chamber, passageway means between said  purity; oxygen  source and  said
one oxygenation      Fig. 9 is a schematic flow diagram of a four chamber,
means for mixing oxygen gas with  stage embodiment wherein the BOD level
and 65  said feed water within the one oxygenation   oxygen purity declines
through two stages with  130    3
1,325,324                                          3 intervening stages
wherein the oxygen gas and  the DO level and oxygen utilization may suffer.
liquid-solid flow countercurrently; and      A device should be chosen
which generates a Fig. 10 is a schematic flow diagram of an-  large amount
of interfacial area between gas other four stage embodiment wherein the
and liquor, yet which does not product a fine 5  flows are countercurrent
in the first oxygen   dispersion of liquor in the gas. Considerable  70 gas
stage and cocurrent in the remaining stages.  power is required to produce
fine liquid disper- Referring now to the drawings, Fig. 1 shows  sions and
such dispersions represent relatively a waste liquor storage enclosure 10
which may  inefficient mass transfer for this system. Suit- be a fabricated
tank but in this embodiment is  able mixing devices produce a large contact
10  a naturally formed fluid enclosure as for  area in a large volume of
liquid, such that the  75 example a lagoon. Waste liquor enters enclo-
liquid adjacent the interfacial area does not sure 10 through conduit 11,
and an oxygen gas  approach saturation. The oxygen partial pres- source as
for example container 12 as provided  sure driving forces for rapid
solution are there- nearby. The oxygen may be stored in liquid  fore
sustained, and mixing losses are reduced 15  form or as pressurized gas.
when the liquid in the contacting zone returns  80 At least two separate
oxygenation chambers  to the main pool. Satisfactory mixing devices float
in lagoon 10, and in Fig. 1 three cham-  include spargers which produce
fine bubbles in bers 13a, 13b and 13c are illustrated and  the liquid pool
and surface aerators which supported by floatation collars 14. Oxygena-
throw relatively massive sheets or streams of 20  tion chambers 13a, 13b
and 13c have walls 15  liquid into the gas.                        85 with
lower ends extending below the level of    The term  "mixing and gas-liquid
contact waste liquor 16 and upper ends supporting gas-  energy " used
throughout the present specifica- tight covers 17.  Means for mixing oxygen
tion refers to the total energy used only for gas and waste liquor are
provided in each   mechanical mixing to keep the solids in suspen- 25
chamber and may for example comprise rotat-  sion, and continuous fluid
recirculation of one  90 ing surface type impellers 18 usually powered
fluid against the other fluids in each oxygena- by electric motors 19. The
manner in which  tion stage. power is used in each oxygenation stage is
Aerating devices are commonly rated by the highly important in the practice
of this inven-  so-called " air standard transfer efficiency " 30  tion.
Two functions must be provided: The   which identifies the capability of
the device to  95 solids must be held in suspension in the liquid,
dissolve oxygen from  air into zero-DO  tap and the oxygen gas and liquor
must be con-  water at one atmosphere pressure and [err]. tacted
intimately. In many previous systems  Suitable devices are those which have
an air 



using air, the two functions were served by the  standard transfer
efficiency of at least 1.5 lb. 35  air alone.  The air volume was large, as
[err] (0.9 Kg. [err]/KWH). For these  100 required to provide the necessary
oxygen from   purposes, the power used in rating the device a gas highly
diluted with nitrogen, and the  is the total power consumed both for
agitating stirring action of the gas on the liquor, while  the liquor and
for gas-liquor contacting. inefficient, was adequate to hold the solids in
Conduit 20 with control valve 21 therein is 40  suspension.
provided between oxygen container 12 and one  105 In this efficient oxygen
aeration system   oxygenation chamber 13a, and gas comprising the quantity
of gas needed to supply the oxygen  at least 50%  oxygen flows therethrough
to is much smaller and does not provide the  chamber 13a for mixing with
waste liquor to mixing action needed to suspend the solids,  form  first
oxygenated liquid-solid.  In this 45  especially when solids loadings are
high. The   embodiment activated  sludge is circulated  110 energy needed
for stirring the liquor is prefer-  within the lagoon by natural flow and
impellers ably supplied by a mechanical agitator or pro-  18, and a portion
thereof is contacted by the peller which is considerably more efficient in
impeller of first chamber 13a. Part of this this respect than gas bubbling.
The stirrer  sludge gravity settles to the lagoon floor and 50  may be a
different device from the gas-liquor  may be periodically removed therefrom
by  115 contactor, as for example, a submerged pro-  dredging means.
Depending on the relative peller in conjunction with an additional gas
positioning of the waste liquor feed conduit 11 sparger. Optionally, the
two functions may be  and first oxygenator 13a, the waste liquor- served by
the same device but, in either event,  activated sludge mixing may and in
fact usually 55  the device should be of a type which sustains  does occur
prior to contact with oxygen-con-  120 a high oxygen partial pressure
differential  taining gas in the first oxygenation stage. across the
gas-liquor interfacial area generated  Restricted  passageway  means  22
com- by the device.                               municates between first
chamber 13a gas space In most stages, the energy required for gas-  and the
second chamber 13b gas space, and 60  liquid contact is substantially less
than the  facilitates flow of unconsumed oxygen-contain-  125 energy
required by the solid-liquid suspension.  ing gas from the former to the
latter. In this The gas-liquid contact energy is nevertheless  particular
embodiment, means 22 may be in significant, and unless the contacting
method is  the form of floating tubing. The unconsumed properly chosen, the
power consumption for  oxygen-containing gas entering second chamber 65
this function can become excessive. Moreover,  13b (of lower oxygen purity
and content than  130    4                                      1,325,324
4 the gas entering first chamber 13a) is mixed  liquor near the surface and
thus providing with water liquor in a manner analogous to  intimate mixing.
Since the common partitions first chamber 13a, and a second oxygenated
extend only a short distance into the liquor, liquid-solid is formed which
mixes with the  considerable mixing occurs among the liquors 5  waste
liquor. It should be noted that in Fig. 1,  from the four oxygenation
stages.      70 free mixing occurs between the waste liquor    Restricted
flow means are provided in the and the oxygenated liquid- solid from  each
common partitions 28a-b, b-c and c-d and oxygenation stage. Stated
otherwise, there is  may comprise small perforations 29. Accord- no
predetermined liquor flow pattern between  ingly, back-mixing of oxygen gas
from  a 10  the stages.  However, the oxygen-containing  succeeding
oxygenation chamber to a preceding  75 gas flows in a series manner
consecutively from   chamber is avoided as long as a slight pressure the
first to the second to the third oxygenation   differential is maintained.
chamber 13c with progressively decreasing     In the Fig. 3 embodiment the
mixer com- oxygen purity.  That is, the unconsumed  prises a brush-type
construction with horizontal 15  oxygen-containing gas disengaged from  the
shaft 30 extending the length of the adjoining  80 second oxygenated
liquid-solid in chamber 13b  oxygenation chambers and through the walls of
flows through restricted passage means 23 to   waste liquor storage tank
10. Multiple radial third chamber 13c for mixing therein with  spines in
circumferential arrays 31 are axially the waste liquor.  The still
unconsumed  spaced along the shaft and positioned to par- 



20  oxygen-containing gas comprising more than  tially dip within the
liquor. On rotation of  85 21%  oxygen is discharged from  the third  shaft
30 they project liquor into the gas space chamber gas space through conduit
24 having   of each chamber and cause liquor to circulate control valve 25
therein.  This gas may be  within tank 10. In this manner effective con-
released to the atmosphere or further processed  tact surfaces are created
and the fluids are 25  as desired. Purified liquid is discharged from
intimately mixed. As in the Fig. 2 embodi-  90 lagoon 10 by overflow weir
26 communicating   ment, the liquor freely circulates from stage-to- with
passageway 27 which may for example  stage. The unconsumed
oxygen-containing gas join a flowing body of water.               flows
from first chamber 13a to second cham- At least 60% (by volume) of the
oxygen in  ber 13b through restricted conduit 22, and 30  the feed gas
entering first chamber 13a is  from the latter to third chamber 13c through
95 consumed in the liquid-solid of all stages, so  restricted conduit 23.
These conduits may be that the gas discharged through conduit 24  sized to
provide only sufficient cross-sectional contains no more than 40%  of the
entering   area for the desired flow, or alternatively may oxygen.
Moreover, the feed gas comprises at  be provided with restricted flow means
as for 35  least 50% (by volume) oxygen. However, it is  example, a
restriction in the cross-section of 100 preferred that the feed gas
comprises at least  the conduit. 90% oxygen and the first unconsumed
oxygen-    In the aforedescribed embodiments, each of containing gas
comprises at least 55% oxygen.  the gas chambers collects and retains the
aera- The selection of a particular feed gas oxygen  tion gas in the gas
stage and one of the fluids is 40  purity and percent oxygen consumption
for a  circulated against the other.  The retention  105 plant depends on a
variety of factors, e.g. the  period of a quantity of gas in each stage is
nature of the waste, the number of stages to  long compared to the time the
gas is in transit be employed, the geographic location, and the  from one
stage to another, i.e. a time ratio of value of the aeration gas. The cost
of the  at least 30. 45  contained oxygen in the feed gas varies sub-    In
the Fig. 4 embodiment, the mixing means 110 stantially with purity.
However, any savings  for each stage includes a sparger 32 sub- in
contained oxygen cost realized at reduced   merged in the liquor and blades
33 preferably purity tend to be offset in the waste treatment  positioned
immediately above the sparger. system where lower oxygen partial pressure
Blades 33 are joined by a rotatable shaft to 50  requires more power and/or
larger oxygena.   suitable driving means, as for example a  115 tion
chambers.                              turbine. The small oxygen gas
bubbles dis- In the Fig. 2 embodiment four separate  charged from the
sparger 32 are distributed chambers 13a, 13b, 13c, and 13d are provided
through the chamber in intimate contact with for staged gaseous oxygenation
of waste liquor  the liquor by the turbine pressure and rise 55  in
enclosure 10, illustrated as a tank. The gas  through the liquor to the
surface where the 120 spaces within first and second chambers 13a
unconsumed portion disengages into the gas and 13b are separated by common
partition   space along with reaction product gases, 28a-b extending
downwardly from cover 17      To provide the necessary pressure driving to
a position below the waste liquor level.  force for continuous circulation
of oxygen gas 60  Similarly, common partition 28b-c separates  through the
chamber, the inlet of compressor 125 the second and third chamber gas
spaces and   or blower 34 is positioned in gas flow com- common partition
28c-d separates the third   munication with the chamber gas space and and
fourth chamber gas spaces. Each chamber  the discharge thereof is directed
through con- is provided with a mechanically driven surface-  duit 35 to
sparger 32. 65  type impeller 18 for oxygenating the waste    The Fig. 4
system differs from Figs. 1-3  130    5
1,325,324                                        5 by providing means for
flow of oxygenated   oxygen-containing feed gas.  The purified  65
liquid-solid from  stage-to-stage in the same  liquid is discharged from
clarifier 40 through direction, i.e. cocurrent, as the flow of un-  conduit
44. consumed oxygen gas.  Common partitions        It is preferred that
there are at least three 5  28a-b, 28b-c, and 28c-d extend substanti-
mixing stages and oxygenated  liquid-solid 



ally to the base of tank 10 and are joined  from the last mixing stage is
separated into  70 thereto in fluid-tight relation.  Oxygenated   purified
liquid and activated sludge and at least liquid-solid flow is provided by
restricted flow   part of the activated sludge is recycled to the opening
36  in  the  first-second  chamber  first gaseous oxygenation stage. 10
common partition 28a-b preferably near or    When three mixing stages are
provided it is beneath the bottom thereof, restricted opening   preferred
that the unconsumed oxygen-contain-  75 37 preferably in the upper portion
of second-  ing gas discharged from the third stage com- third chamber
common partition 28b-c and   prises more than 21% oxygen, the total contact
restricted opening 38 preferably in the bottom   time for liquid-solid in
the three stages is 15  portion of third-fourth chamber common parti-
between 20 and 180 minutes, between 0.06 and tion  28c-d.  This
liquid-solid  flow  and   0.18 kg-moles per hour of oxygen are intro-  80
oxygen gas flow relation affords the highest  duced to the first stage per
one kilowatt of possible oxidation rate per unit volume of  mixing and
gas-liquid contact energy used in waste liquor, and the highest treatment
effi-  the three stages and the volumetric flow ratio 20  ciency for a
given total oxygenation time.   of feed gas to liquid in the first stage is
As illustrated in Figs. 5-7 (discussed here-  between 0.08 and 2.0.
85 inafter in detail) at least 90% oxygen utiliza-    It should be
understood that clarifier 40 may tion is attainable with 60% and higher
oxygen   alternatively be positioned between two gaseous feed gas using six
or more stages and cocurrent  oxygenation stages rather than following the
25  gas-liquid-solid  flow.   Oxygen  utilization  last oxygenation stage.
For example, a por- above 90% can also be obtained with 50%  to  tion or
all of the third oxygenated liquid-solid  90 60%  oxygen feed gas, but the
corresponding   may be discharged from third chamber 13c to feed gas rates
are progressively further dis-  clarifier 40. Under these circumstances a
por- placed from optimum values. With a fewer  tion of the activated sludge
from the clarifier 30  number of stages the oxygen utilization tends  may
be directed to fourth chamber 13d for to diminish but 85% oxygen
utilization should  further oxygenation, and another portion of  95 be
attainable in four stages using cocurrent  activated sludge recycled to the
first chamber flow and 99.5% oxygen feed gas.              13a. As a
further variation it may be desir- The cocurrent flow embodiment of this
in-  able to pass the first oxygenated liquid-solid 35  vention is uniquely
suited to satisfy the in-  to a clarifier to remove supernatent liquid and
herent variation in BOD and oxygen demand  thereby reduce the quantity of
material handled  100 of staged liquid-solid flow.  That is, the  in the
succeeding oxygenation stage or stages. BOD is highest in the first stage
and progres-  Under these circumstances the food is pri- sively decreases
through succeeding gaseous  marily absorbed on the sludge in the first
stage 40  oxygenation stages. The feed gas representing   and thereafter
assimilated and oxidized. the highest purity oxygen is contacted with the
To achieve the advantages of this invention, 105 waste liquor in this first
stage. Accordingly,  at least two gaseous oxygenation stages are the first
or feed gas stage has the highest oxy-  required wherein feed gas
containing at least gen partial pressure and thus the highest oxy-  50%
oxygen is mixed with water having a 45  gen transfer rate, so is able to
supply the high   BOD such as waste liquor and active biomass, oxygen
demand in this stage.                 e.g. sludge, in a first stage and the
unconsumed  110 In the Figs. 1-3 embodiments the activated
oxygen-containing gas from this stage is con- sludge is substantially
uniformly distributed in  tacted with liquid-solid in a second oxygena- the
liquid-solid contacted with oxygen-contain-  tion stage. Although the Figs.
1-4 embodi- 50  ing gas in each gaseous oxygenation stage.  ments relate to
systems in which the oxygen- This distribution is afforded by natural
circula-  containing feed gas is contacted with waste  115 tion and the
mixing means of each stage. In  liquor which has not been previously mixed
the Fig. 4 embodiment the fourth oxygenated   with oxygen-containing gas,
this characteristic liquid-solid  is  transferred  through  flow  is not
essential as long as the first stage waste 55  restricted conduit 39 to
clarifier 40 for separa-  liquor has a substantial food content which tion
into purified liquid and activated sludge.  provides the BOD. Under some
circumstances  120 Clarifier constructions are well-known to those  it may
be advantageous to mix the incoming skilled in the waste treatment art and
may  waste liquor with oxygen-containing gas in a for example include
rotatable scraper 41 at the  preliminary treatment and discharge the un- 60
lower end to prevent coning. The activated  consumed oxygen-containing gas
from this pre- 



sludge is withdrawn through bottom conduit 42  liminary oxygenation
treatment for another 125 and at least a portion thereof is recycled  use.
For example, if the oxygen concentration through pump 43 to first
oxygenation chamber  of this gas is appreciably higher than in air, 13a for
mixing with the waste liquor and  it may be used in a combustion process.
The    6                                       1,325,324
6 liquid-solid from such a preliminary oxygena-  mediate stage, i.e.
contact stabilization, the tion treatment is thereafter flowed to the first
total contact time for a given quantity of BOD oxygenation stage of this
invention.         plus biomass is the sum of the contact times As
previously indicated, the fluid streams  upstream and downstream of the
intermediate 5  and the mixing energy input to the oxygena-  clarifier. The
upstream contact time is cal-  70 tion stages are regulated. With respect
to the  culated by dividing the upstream liquid volume fluid streams, the
practice of this invention   of oxygenation chambers by the volumetric does
not require adjustment of all fluid flows  flow rate of combined water
influent having a but instead only selected flows which are  BOD and
activated sludge recycle. The down- 10  readily controlled to maintain the
desired rela-  stream contact time is calculated by dividing  75 tionships.
For example, in a waste treatment  the downstream liquid volume of
oxygenation system the waste liquor and cleaned effluent  chambers by the
sludge discharge rate from liquid flows are not normally regulated but  the
clarifier flowing to the next higher stage instead normally fluctuate
widely between the   oxygenation chamber. 15  high throughput day period
and the low         The total contact time desired in a par-  80 throughput
night period.  The oxygen feed  ticular staged liquid-solid embodiment of
the gas rate may be readily adjusted by control  invention depends on
whether auto-oxidation valve 21. In the embodiments wherein acti-
(endogenous respiration) is to be enhanced. vated sludge is recycled to the
first gaseous  The latter is described more completely in our 20
oxygenation stage, the recycle rate may be  copending   application   No.
31857/70  85 adjusted to reflect variation in waste liquor  (L-7778). If
the sole objective is to assimil- flow. This adjustment may be accomplished
ate and oxidize the food which provides the by varying the speed of the
activated sludge   BOD of the influent water, then a relatively recycle
pump, e.g. pump 43 in Fig. 4. The   short contact time will suffice.
Fairly com- 25  aeration gas mixing rate may be controlled by  plete
assimilation of BOD has been experi-  90 the power input to the mixing
means, e.g.  mentally achieved after two stages of oxygena- impeller 18 of
Fig. 1, radial spines 31 of Fig.  tion with 99.5% oxygen feed gas and
cocurrent 3, and recirculation pumps 34 of Fig. 4.     liquid-solid flow
after a contact time of 37- If further control of fluid flows is necessary,
1/2 minutes in each stage or 75 minutes total. 30  adjustable valves may be
provided in the un-  The effluent from the second stage had a low   95
consumed oxygen-containing gas restricted pas-  BOD i.e. low food content
(e.g. 20-35 ppm.) sageway means between stages, as for example  and the
sludge stabilized and well settled. In conduits 22 and 23 of Fig. 1.
Similarly,  other  tests  wherein  some  auto-oxidation adjustable valves
may be provided in the oxy-  occurred, the total contact time was about 2.5
35  genated  liquid-solid  restricted  flow  means  hours for three stages
(50 minutes/stage) of 100 between stages. However, it is anticipated that
cocurrent flow and clarification after the third in most embodiments of the
invention, suffi-  stage (see Fig. 4 and Table A). In another cient flow
adjustment will be afforded by fixed  test series with auto-oxidation and
four stages size openings so that the flows will be a func-  of cocurrent
flow and clarification after the 40  tion of the fluid pressures.  In the
Fig. 4   fourth stage, the total contact time was 2.7  105 embodiment, both
the gas and the liquid-solid  hours or 40.5 minutes per stage.  It also are
retained in each stage and both fluids are  appears that a total contact
time for a six stage circulated one against the other.  Again the  system
having these same characteristics may retention time of the fluids in each
stage is long   be 1.5 hours (15 minutes per stage). A total 45  compared
with the transfer time between  contact time of at least 20 minutes is
neces- 110 stages.                                     sary for oxygen
absorption and BOD assimila- In the staged liquid-solid flow embodiments
tion. A total contact time of less than 180 



of this invention wherein the oxygen preferably   minutes provides
substantial reduction  of flows cocurrently as in Fig. 4, or counter-
sludge production if auto-oxidation is to be 50  currently, the total
contact or retention time for  practiced, permits avoidance of settling
prob- 115 the liquid-solid is preferably between 20 and  lems, and still
permits a substantial reduction 180 minutes. This contact time in most in-
in aeration chamber capacity as compared with stances refers to the biomass
solids (the total  conventional practice. Present activated sludge bacteria
present), since this is the material  plants employing air aeration are
believed to 55  which traverses the complete staged oxygena-  operate with
total contact time of 180-360  120 tion system regardless of where the
effluent  minutes. may be withdrawn. In the arrangement where-    The
aforementioned contact times are satis- in all oxygenation occurs upstream
of the clari-  factory for relatively low strength municipal fier, the
contact time is calculated as the total  waste liquids having up to about
300 ppm. 60  liquid volume of the oxygenation chambers  BOD.  For higher
strength  wastes from  125 divided by the volumetric flow rate of com-
chemical plants, longer contact times are neces- bined water influent
having a BOD  and   sary to yield an effluent of comparable purity.
activated sludge recycle.  If BOD-depleted     It is also preferred to
maintain the dissolved supernatant liquid is separated from oxygen-  oxygen
content (DO) of the liquid-solid mix- 65  ated liquid-solid discharged from
an inter-  ture at least at 0.5 ppm. in the first gaseous  130    7
1,325,324                                          7 oxygenation stage of
the staged liquid-solid  trolled; the gas recirculation rates were mea-
embodiment. The DO is rapidly consumed by  sured by rotameters and the
mixer power mea- the biomass in the first stage so that the DO   sured by
watt meters. level may be suppressed even though oxygen     Oxygen gas at
99.5%  purity was supplied 5  is being dissolved at high rate. It has been
from    pressure-regulated   liquid   storage  70 observed in the
aforementioned three-stage  cylinders.  The feed oxygen was saturated tests
that the first stage DO level on occasions  with water and then passed
through a wet was between 0.5 and 1.0 ppm.  However,  drum  meter to enable
manual measurement with all oxygenation stages operating the DO   of its
instantaneous flow rate and cumulative 10  level rose quickly through
subsequent stages  volumetric flow. The oxygen was introduced  75 and the
treatment quality was higher. Under  into the gas space above the waste
liquor and the preferred conditions of the staged liquid-  activated sludge
mixture in the first stage, and solid embodiment including a mixed liquor
the unconsumed oxygen gas (plus disengaged volatile suspended solids
(MLVSS) content of  reaction  product gas) conducted  to  each 15  at least
3,000 ppm. in the first gaseous oxy-  succeeding stage by a 24-30 inch
(61-76  80 genation stage, a low DO of 0.5 ppm. does  cm.) length of
1.85-inch (4.7 cm.) diameter not necessarily mean that an oxygen-starved
(ID) tubing extending through the first-second (near anaerobic) condition
exists.  It merely  stage vertical partition and the second-third indicates
that the oxygen treatment rate is  stage partition.  These openings were
suffi- 20  mass transfer limited and that still higher  ciently large to
permit restricted gas flow from   85 oxygenation rates might be achievable
if a  first stage to second stage to third stage under more efficient
aerator were available. In order  small pressure differential, and to
substantially to avoid a mass transfer limited condition, it is  avoid
back-mixing of the oxygenating gas preferred to maintain the dissolved
oxygen  from a higher to a lower stage. This pressure 25  level of the
first gaseous oxygenation stage at  differential was on the order of 0.125
inches  90 2 ppm. or higher. The DO level of this stage  (0.23 mm. Hg.)
water.  The unconsumed is also preferably maintained below about 5
oxygen-containing gas from the third stage was ppm. so as to avoid
excessive energy input to  exhausted through a second wet drum meter the
interests of economy and settleability. Too   and measuring device. The
oxygenated liquid- 30  much attrition on the floc by virtue of excessive
solid flowed cocurrently with the gas from each  95 mixing will impair
settleability, although re-  stage to the next higher oxygenation stage
agglomeration of the bacteria may occur to  through eight 2-inch (5.0 cm.)
diameter holes some extent in subsequent gaseous oxygenation   providing a
total flow area of 25 sq. inches 



stages before the clarification step.       (161 [err]) for each of
openings 36, 37 and 38. 35    The advantages of this invention  were
The clarifier contained a single V-notch  100 demonstrated in a series of
tests using a system   overflow weir, and was equipped with a 34- similar
to Fig. 4 and municipal sewage as  inch (86 cm.) diameter bottom scraper
motor- waste liquor.  In these particular tests three  rotated at about 6
revolutions per hour. The oxygenation stages were employed and the  recycle
activated sludge was returned to the 40  third oxygenated liquid-solid was
transferred  first oxygenation stage by a variable speed  105 to a
gravity-type clarifier for separation of  pump. activated sludge. The
latter was recycled to   Composite samples of the raw sewage and the first
stage.                             purified effluent were collected over 12
or 24- The entire assembly was positioned within  hour periods.  The
composite samples were 45  a rectangular tank 14 feet (4.26 m.) long X 5
stored in a refrigerated container maintained  110 feet (1.53 m.) wide X 4
feet (1.22 m.) deep.  at about [err] prior to analysis.  On some Each
oxygenation stage and the clarifier had   days, two sets of samples were
composited a rectangular horizontal cross-section of 5 feet  from  9 a.m.
to 9 p.m. and from 9 p.m. to (1.5 m.) X 3.5 feet (1.1 m.) and an operating
9 a.m. respectively.  These time spans were 50  volume of about 457 gallons
(1,730 liter). The  chosen to encompass the anticipated  high  115 mixing
system for each stage consisted of a  strength sewage conditions
experienced during 1/2-HP (1/3 Kw.) motor-driven submerged  the daylight
hours, and the relatively low variable speed axial flow 6-inch (15.24 cm.)
strength conditions prevalent at night. How- diameter impeller which
dispersed gas from a  ever, most of the data was based on 24-hour 55
stationary sparger located directly beneath the  composite analyses.  The
dissolved oxygen  120 agitation impeller.  The spargers were con-  (DO)
concentration of the liquid-solid in the structed of 1/2-inch (1.27 cm.)
diameter pipe  first oxygenation stage was continuously moni- with sixteen
spaced 1/16 inch (1.59 mm.)  tored and recorded. Accordingly, it provided
diameter  orifices.   Each   mixing  stage  data on the daily time
variations in DO level 60  employed a variable speed sliding vane rotary
at the essentially constant flow rate and oxy- 125 compressor to
recirculate the oxygenating gas  genation conditions. As such it was
indicative from the overhead gas space back to the sub-  of the daily
variations in BOD strength of the merged sparger.  The gas recirculation
rate  raw  sewage and consequently the system's within each stage and the
mechanical mixing  oxygen demand. 65  rate were separately and
independently con-    The test system  was operated at average  130    8
1,325,324 [err]    1,325,324                                       9 [err]
10                                     1,325,324
10 All measurements during these tests were  waste feed at a rate of 3.6
[err] gal. (13.6X [err] conducted in accordance with the standard  liters)
per day containing 250 ppm. BOD, with practices of the waste treatment
industry as  4000 ppm. volatile suspended solids content for example
outlined in " Standard Methods  (MLVSS) in the first stage mixed liquor
(feed 5  for the Examination of Water and Waste-  plus sludge recycle) and
120 minutes total  40 water ", published by the American Public  contact
time for the liquid-solid in the six Health Association, Inc., 11th Ed.
(1962).  stages. Inspection of Table A and in particular the  In each of
Figs. 5, 6 and 7, curve A repre- thirteen days average data reveals that
91%   sents the preferred cocurrent flow and curve B 



10  of the BOD in the raw sewage was removed in  represents the optional
countercurrent flow of  45 a system  characterized by remarkably effi-  gas
and liquid-solid.  This performance is cient oxygen utilization (85%
absorption) and   presented as total annual aeration costs (eper- low
energy consumption per unit of oxygen  ating and investment) corresponding
to a range input being 0.26 lb.-moles [err] introduced to  of oxygen feed
rates to the system kg-moles 15  the first stage per one horsepower of
mixing   [err] per hour). The cost ordinate (right side)  50 and gas-liquid
contact energy used, (0.16 Kg.  has been normalized using a scale wherein
100 [err]/Kw.).                                    cost units corresponds
to an appropriately As previously indicated, it is preferred to  large sum.
flow the oxygenated liquid-solid cocurrently  Curve C on each of Figs. 5, 6
and 7 shows 20  with the unconsumed oxygen gas from stage-  oxygen
utilization as the left side ordinate,  55 to-stage. This is surprising
because most mass  through the range of oxygen feed rates. For transfer
systems are usually operated with the  these comparisons, the oxygen
utilization was transferring fluids flowing countercurrent to  considered
to be the same for both cocurrent each other. The advantages of cocurrent
flow   and counter-current operation, and the power 25  are illustrated in
the Figs. 5-7 performance  needed  to  achieve  this  utilization  was  60
comparison graphs and the Fig. 8 cost com-  calculated. parison graph.  The
data is computed, but    Figs. 5, 6 and 7 show a very substantial based on
extrapolations from  actual experi-  advantage for cocurrent flow as
compared to ments.  The system comprises six stages of  countercurrent flow
over a broad range of 30  gaseous oxygen aeration with various selected
oxygen feed rates, and for entire range of  65 first stage feed gas
purities and DO  levels.  oxygen feed gas purities contemplated by this The
oxygenated liquid-solid is staged in a  invention.  Table B qualitatively
illustrates manner analogous to Fig. 4, either cocurrent  this advantage at
a representative feed rate of or countercurrent to the oxygen-containing
5.5 lb. (2.48 kg.) moles [err] per hour. 35 gas. The system is assumed to
treat municipal TABLE B Normalized Total Annual Aeration Cost Feed Gas and
DO                  Cocurrent Flow       Countercurrent Flow [err]  2 PPM
(Fig. 5)           64                    66 [err]  2 PPM  (Fig. 6)
69.5                  78 [err]  8 PPM  (Fig. 7)              67.5
77.5 Fig. 8 compares the total annual aeration  oxygen feed gas purities,
i.e. 50% to 100% costs for the illustrative plant under optimum   [err].
The remaining curves represent the mini- conditions for each mode of
operation. By  mums from other cost curves for the gas and way of
illustration, curve D  represents the  liquid-solid flow relationships and
DO levels  80 75  minimums from the cocurrent flow and 2 ppm.  indicated in
Table C. DO curves A over the contemplated range of TABLE C. Curve D
Cocurrent and 2 ppm. DO Curve E    Countercurrent and 2 ppm. DO 85
Curve F    Cocurrent and 8 ppm. DO Curve G     Countercurrent and 8 ppm. DO
11                                   1,325,324
11 - To exemplify the use of these curves, Fig. 2  ing normalized total
aeration cost being about -   shows that the optimum performance of the
58. This performance is represented by the 99.5% [err] feed gas - 2 ppm. DO
- cocurrent  right end of curve D in Fig. 8. flow system occurs with an
oxygen feed gas    Table D is a qualitative illustration of the  10 5  rate
of 4.8 lb. (2.18 kg.) moles per hour and   optimums for cocurrent and
countercurrent an oxygen utilization of 95%, the correspond-  flow as
summarized in Fig. 8. TABLE D Normalized Total Annual Aeration Cost 



Feed Gas and DO                Cocurrent Flow      Countercurrent Flow
99.5% [err],  2 PPM                     58                    63 (Curves D
and E) 60%  [err] 8 PPM                      85                      92
(Curves F and G) Table E illustrates conditions in a 6-stage,  the data is
shown for both 2 ppm and 8 ppm 15  cocurrent oxygen aeration system similar
to  DO in the mixed liquor. Whereas adequate, Fig. 4, outfitted with
aerators having an air  high-rate BOD removal can be obtained with  25
standard transfer efficiency of about 3 lb.  a DO level of 2 ppm, it is
usually beneficial to moles [err]/HP-hr (1.8 kg. [err]/KWH). Condi-  obtain
substantially higher levels. Higher DO tions typify the treatment of 250
ppm. BOD   levels in the mixed-liquor, hence in the purified 20  nunicipal
waste with 99.5%  [err] in mixed-  effluent, help to alleviate any
oxygen-depleted liquor containing 4000 ppm MLVSS for 2-  condition
pre-existing in the receiving waters. 30 hours total residence time. For
comparison,  Conditions in the clarifier are also improved.    12
1,325,324                                     12 TABLE E Stage 1        2
3         4         5         6 DO = 2 ppm Aeration Gas Composition [err]
Vol. %                    86.8      78.9      72.3      65.2      55.8
40.0 [err] Vol. %                       8.5      14.5      20.1      26.4
35.1      50.8 [err] Vol. %                      2.9       4.4       5.4
6.1       6.8       7.4 (2.1)    (1.6)     (1.2)     (0.9)     (0.7)
(0.5) Feed Gas Volume, 1b.(kg)moles/hr.    4.6       3.5       2.6
2.0       1.6       1.7 (1.6)    (1.2)     (0.9)     (0.7)     (0.5)
(0.3) Exit Gas Volume, 1b.(kg)moles/hr.   3.5       2.6       2.0       1.6
1.1        0.6 [err] of Feed [err] Absorbed/Stage        35        20
13        10         9         8 Accumulative % of Feed [err] Ads.       35
55        68        78        87        95 BOD, ppm.
115       53        24        11         5         2 DO = 8 ppm Acration
Gas Composition [err] Vol. %                     84.2      75.2      67.9
60.6      52.1      40.1 [err] Vol. %                      12.2      19.3
25.5      31.9      39.8      51.2 [err] Vol %                        2.0
3.3       4.2       4.9       5.5       6.1 (2.5)     (1.8)    (1.4)
(1.1)    (0.9)     (0.7) Feed Gas Volume, lb.(kg)moles/hr.    5.4       4.0
3.1       2.5       2.0       1.5 (1.8)     (1.4)     (1.1)     (0.9)
(0.7)     (0.5) Exit Gas Volume, lb.(kg)moles/hr.    4.0       3.1
2.5       2.0       1.5       1.1 % of Feed [err] Adsorbed/Stage         38
18        12         9         8         7 Accumulative % of Feed [err]
Ads.       38        56        68        77        85        92 BOD, ppm
120       57        27        13         6         3    13
1,325,324                                        13 -      It is seen in
the data of Table E that the  are identified by arrows. Mixing means and
65 oxygen content of the aeration gas decreases  valving are not shown for
simplicity. progressively from stage-to-stage and that this    In Fig. 9
the gas and liquor flow cocurrently profile is matched with a similarly
decreasing  in gas stage 1 but countercurrently in gas 5  biochemical
oxygen demand (BOD) through  stages 2, 3 and 4 and gaseous oxygen con- the
system. The highest oxygen partial pres-  centration  progressively
diminishes  there-  70 



sure is employed in the aeration of highest  through.  The liquor flows
consecutively in strength mixed-liquor, and vice versa.      staged manner
through gas stages 1, 4, 3 and It is also apparent that the volume of aera-
2, and the BOD  is progressively reduced. 10  tion gas diminishes greatly
in transit through   The unconsumed oxygen-containing gas of the stages,
demonstrating that a large fraction  lowest oxygen purity is discharged
from stage  75 of the feed oxygen is dissolved and that the  4 and the
oxygenated liquid-solid of lowest impurities are vented with only a small
frac-  BOD is discharged from stage 2. Accordingly, tion relative to the
amount of feed oxygen of  the gas and liquor flows are countercurrent in 15
residual, unconsumed oxygen.                stages 2, 3 and 4. Finally, it
is evident that the performance    In Fig. 10 the liquor is introduced to
stage  80 of the process with 99.5% oxygen feed is quite  2 and flows
consecutively in staged manner insensitive to DO  level maintained in the
through gas stages 3, 4 and 1 for discharge mixed liquor.  With DO-levels
of either 2  from the latter. The BOD is progressively 20  ppm or 8 ppm,
the soluble BOD removal is  reduced in the same sequence. The gas-liquor
virtually  complete  and  the utilization  of  flow relationship is
countercurrent in gas stage  85 oxygen is above 90%.
1 but cocurrent in gas stages 2, 3 and 4. As  previously  indicated,  the
broadest    Although not illustrated, a clarifier may be method aspect of
this invention does not  joined to the final liquid oxygenation stage, i.e.
25  require any particular flow sequence for the  gas stage 2 of Fig. 9 or
gas stage 1 of Fig. 10, water having a BOD and active biomass rela-  in the
manner of Fig. 4. Alternatively, a clari-  90 tive to the oxygen-containing
gas. The liquid-  fier could be positioned between two liquor solid
(liquor) may be freely mixed among the  stages in the previously described
manner. gaseous oxygenation stages as for example     The present invention
therefore provides a 30  illustrated in Figs. 1-3, or may be sequenti-
method and apparatus for biochemically treat- ally flowed from
stage-to-stage and preferably  ing water having a BOD. in which high purity
95 cocurrent to the oxygen-containing gas flow   oxygen is used to achieve
a high rate of oxygen as illustrated in Fig. 4. Alternatively the liquor
transfer to the said water per unit of energy may flow countercurrent to
the oxygen-contain-  imput, which may represent a substantially 35  ing
gas. For example, in a staged liquor flow   higher energy transfer
efficient as compared system the first unconsumed oxygen-containing  to
conventional atmospheric air techniques. 100 gas from the first gaseous
oxygenation stage  The oxygen may be used at a high partial may be flowed
to a second gaseous oxygenation  pressure and high utilization efficiency.
stage receiving liquor from a second liquor-    Further improvements in the
field to which 40  solid oxygenation stage. The second uncon-  the present
invention relates are disclosed sumed oxygen-containing gas from this
second   and claimed in the Applicants co-pending  105 gaseous oxygenation
stage may then be flowed  applications: all dated 1970 Application No. to a
third gaseous oxygenation stage for mixing  31855/70 (Serial No. 1325321)
which teaches with liquor-solid from the first gaseous oxy-  a method for
treating waste water having a 45  genation stage.  In this instance the
third  biochemical oxygen demand (BOD) by aera- gaseous oxygenation stage
is also the second  tion in contact with a bacterially active sludge  110
liquor oxygenation stage. The gas discharged   having a volatile suspended
solids to total sus- from  this stage contains more than 21%   pended
solids mass ratio of at least 0.55 which oxygen according to this
invention, and third  includes concentrating solids from the aera- 50
oxygenated liquid-solid discharged from  the  tion and recycling
concentrated solid to the second gaseous oxygenation stage would have
aeration zone said sludge, comprising intro- 115 the lowest food content
and highest dissolved  ducing into an oxygenation zone waste water oxygen
content of the system.               having BOD biologically active sludge
having Figs. 9 and 10 are schematic flow diagrams  12,000 to 50,000 ppm.
total suspended solids 55  of other gas-liquid-solid flow relationships
con-  content and feed gas comprising at least 50% templated by the
invention, having the common  oxygen  (by volume) in  sufficient relative
120 characteristic of at least two series-connected   quantities to provide
mixed liquor of 4,000 to gas stages through which the gas flows in the
12,000 ppm. total suspended solids content direction of reducing BOD. The
stages have  and gas above said mixed liquor having an 60  been numbered in
gas flow sequence and the  oxygen partial pressure of at least 300 mm. gas
flow is identified by dotted lines with the  Hg. in said oxygenation zone,
and mixing said  125 



liquor flow shown as solid lines. The inter-  components in said zone for
20 to 180 minutes stage flows may for example be through the  to form
oxygenated liquor having a dissolved means illustrated in any of Figs. 1
and 4, and  oxygen content (DO) of at least 3 ppm., with    14
1,325,324                                      14 the day average
food/biomass weight ratio  ization zone or zones; introducing a second (
[err]/volatile suspended solids) for said  gas comprising at least 35%
oxygen (by liquor during the oxygen gas mixing being  volume) and mixing
same with said suspended maintained at least at 0.15 separating said
activated sludge in said stabilization zone or 5  oxygenated liquor into
said sludge and clarified  zones in sufficient quantity and rate to form
70 effluent; and recycling at least part of said   BOD-depleted activated
sludge having a lower sludge to said oxygenation zone at flow rate  BOD
than said suspended activated sludge, relative to that of said waste water
having a  the liquid-solid total contact time in said BOD  such that the
recycling sludge waste  aeration plus said sludge stabilization zones 10
water having a BOD volume ratio is 0.1 to 0.5.  being 20-90 minutes;
discharging said BOD-  75 Further improvements in the field to which
depleted activated sludge from  the sludge the present invention relates
are disclosed and  stabilization zone or zones into a separate claimed in
the Applicants co-pending applica-  auto-oxidation zone or zones;
introducing a tions: all dated 1970 Application No. 31856  third gas
comprising at least 35% oxygen (by 15  (Serial No. 1325322) which teaches a
method   volume) and mixing same with said BOD-  80 for treating water
having a BOD by oxygena-  depleted activated sludge in said auto-oxida-
tion in contact with bacterially active biomass,  tion zone or zones in
sufficient quantity and said method comprising mixing water having  rate to
maintain the DO of such mixture at a BOD biomass and feed gas comprising at
least 5 ppm with liquid-solid contact time of 20  least 60%  oxygen by
volume in an aeration   30-120 minutes to form auto-oxidized sludge;  85
zone to form a liquor body, as necessary vent-  and withdrawing and
returning at least part ing gas from said aeration zone, and continuing
of sludge derived from said sludge stabilization said mixing while
simultaneously:          and/or auto-oxidation zones to aeration zone a)
continuously recirculating one of said  containing water having a BOD as
said recycl- 25  aeration gas above the liquor and the liquor  ing sludge.
90 fluids in initimate contact with the other of    Application  No.
31861/70  (Serial No. said fluids in said aeration zone, the energy
1325325) which teaches in one aspect a method used in said mixing and said
contacting being  for treating water having a biochemical oxygen defined as
the mixing plus gas liquor contact  demand (BOD) provided by biochemically
30  energy, and maintaining                    oxidizable material by
cyclic oxygenation in  95 b) the oxygen feed gas to mixing plus-  contact
with bacterially active biomass, said liquor contact ratio at 0.02-0.24 Kg.
moles  method comprising a first oxygenation cycle oxygen per kilowatt hour
of energy supplied,  of mixing said water having a BOD and bio- c) the
aeration gas above said liquor at  mass as liquor and a first feed gas
comprising 35  an oxygen partial pressure of at least 300 mm.  at least 50%
oxygen (by volume) and having  100 Hg. but below 80% by volume of oxygen
while  an oxygen partial pressure of at least 37.8 cm consuming at least
50% by volume of the feed   Hg. while simultaneously and continuously gas
oxygen in said liquor,                 recirculating one of such fluids
against the d) the dissolved oxygen concentration of  other fluids in a
chamber for at least 10 40  said liquor at below 70%  of saturation with
minutes and with sufficient mixing and gas- 105 respect to the oxygen in
said aeration gas above  liquor contact energy input to consume at least
the liquor but above about 2 ppm; and there-  60% (by volume) of the oxygen
in said first after withdrawing oxygenated liquor contain-  feed gas to
form  a first oxygenated liquid- ing dissolved liquor from said aeration
zone.  solid and a first unconsumed oxygen-containing 45    Application No.
31857 (Serial No. 1325323)  gas over said first oxygenated liquid-solid
com- 110 which teaches a method for treating water  prising 10-70%  oxygen
but of lower oxygen containing bio-chemically oxidizable material  purity
than said first feed gas and having an which provides a BOD comprising
introduc-  oxygen partial pressure of at least 7.6 cm. Hg.; 



ing into a contact aeration zone as herein-  discharging said first
unconsumed oxygen- 50  before defined, said water having a BOD   containing
gas from said chamber; a second  115 sufficient recycling bacterially
active sludge   oxygenation  cycle  of  mixing  in  said from a subsequent
sludge stabilization and/or  chamber  a  second  feed  gas  quantity
auto-oxidation zone or zones as hereinbefore  comprising    at   least
50%    oxygen defined to provide volatile suspended solids  (by  volume)
and  having  an  oxygen 55  content of at least 3000 ppm; and a first gas
partial pressure of at least 37.8 cm.Hg. and  120 comprising at least 50%
oxygen (by volume)  second water having a BOD and second bio- and mixing
same as the aeration gas with the   mass composed at least in part of said
first water having a BOD and recycled sludge in  oxygenated liquid-solid
while simultaneously the aeration zone for a liquid-solid contact
continuously recirculating one of such fluids 60  time of at least 5
minutes in sufficient quantity  against the other fluids for at least 10
minutes 125 and rate to maintain the dissolved oxygen  and with sufficient
mixing and gas-liquid content (DO) of the mixture at least 0.5 ppm
contact energy to consume at least 60%  (by and form  suspended activated
sludge; dis-  volume) of the oxygen in said second feed charging said
suspended activated sludge from   gas to form a second oxygenated
liquid-solid 65  the aeration zone into a separate sludge stabil-  and a
second unconsumed oxygen-containing  130    15
1,325,324                                     15 gas over said second
oxygenated liquid-solid  discharged from the final gaseous oxygenation
comprising 10-70%  oxygen but of lower  stage wherein unconsumed oxygen gas
from oxygen purity than said second feed gas and  the preceding stage has
been contacted with having oxygen partial pressure of at least 7.6  aqueous
liquid-solid, comprises more than 21% 5  cm.Hg.; and discharging said
second uncon-  and less than 80% oxygen.                 70 sumed
oxygen-containing  gas  from  said    2. A method as claimed in claim  1 in
chamber, and in another aspect apparatus for  which said water to be
treated is waste water, cyclic oxygenation of liquor containing bio-  said
biomass is activated sludge, and oxy- chemically oxidizable material said
apparatus  genated waste liquid-solid from a higher than 10 including a
liquid storage enclosure for con-  first mixing stage is separated into
purified  75 taining liquor to be treated, an oxygenation  liquid and
activated sludge, and at least part chamber adapted to be at least
partially  of the activated sludge is recycled to the first immersed in
liquor contained in the enclosure  gaseous oxygenation stage. and having an
opening in its normally sub-    3. A method as claimed in claim  2 in 15
merged portion to allow free flow of liquor  which oxygenated waste
liquid-solid from each  80 between the vessel and the chamber, oxygen
stage is transferred to the next succeeding supply conduit means between an
oxygen gas  gaseous oxygen mixing stage as the waste source and said
oxygenation chamber, means  liquid-solid to be mixed with unconsumed for
mixing said oxygen gas and said liquor in  oxygen gas from said first
mentioned stage. 20  said oxygenation chamber, conduit means for    4. A
method as claimed in any preceding  85 discharging unconsumed
oxygen-containing gas  claim in which the volatile suspended solids from
the upper portion of said oxygenation  content (MLVSS) of the waste
liquid-solid chamber and having a vent valve therein, and  mixture in the
first gaseous oxygenation stage gas flow control means comprising a gas
inlet  is at least 3000 ppm. 25  flow control valve in said oxygen supply
con-    5. A method as claimed in any of the  90 duit arranged to maintain
a predetermined gas  preceding claims, in which the feed gas com- pressure
in said oxygenation chamber, a shut-  prises at least 90% oxygen and the
first un- off valve in said oxygen supply conduit; and  consumed
oxygen-containing gas comprises at cycle control means for simultaneously
closing  least 55% oxygen. 30  said shut-off valve and opening the gas vent
6. A method as claimed in any of the  95 valve, and thereafter
simultaneously closing  preceding claims, in which the dissolved said gas
vent valve and opening said shut-off  oxygen content (DO) of the
liquid-solid mix- valve.                                     ture in the
first gaseous oxygenation stage is WHAT WE CLAIM IS:-
at least 0.5 ppm. 



35    1. A method for treating water having a    7. A method as claimed in
claims 3, 4, 5  100 BOD  by oxygenation  in contact with  a  or 6 in which
the food content (BOD) of the bacterially active biomass, comprising mixing
oxygenated liquid-solid in each stage is higher water having a BOD, biomass
and feed gas  than the next succeeding gaseous oxygenation comprising at
least 50%  oxygen (by volume)  stage. 40  and simultaneously continuously
recirculating    8. A method as claimed in claim 3 in  105 one of such
fluids against the other fluids in a  which at least three mixing stages
are pro- first gaseous oxygenation stage to form first  vided, oxygenated
liquid-solid from the last oxygenated liquid-solid and first unconsumed
mixing stage is separated into purified liquid oxygen-containing gas
comprising at least 35%   and activated sludge, and at least part of the 45
oxygen; discharging said first unconsumed  activated sludge is recycled to
the first gaseous 110 oxygen-containing gas from the first stage and
oxygenation stage. mixing the discharged gas with liquid-solid    9. A
method as claimed in claim  8 in and simultaneously continuously
recirculating  which three mixing stages are provided, the one of such
fluids against the other fluids in at  unconsumed oxygen-containing gas
discharged 50  least one further gaseous oxygenation stage to  from the
third stage comprises more than 21%  115 form at least a second oxygenated
liquid-solid  oxygen, the total contact time for liquid-solid and second
unconsumed oxygen-containing gas  in the three stages is between 20 and 180
of lower oxygen purity and content than the  minutes, between 0.06 and 0.18
kg. -moles per first gas, and discharging the second gas from   hour of
oxygen are introduced to the first 55  the second stage; and regulating the
flow of  stage per one kilowatt of mixing and gas-liquid  120
oxygen-containing gas and/or liquid-solid and  contact energy used in the
three stages and the regulating the mixing and gas-liquid contact
volumetric flow ratio of feed gas to liquid in energy input to the first
and add succeeding  the first stage is between 0.08 and 2.0. gaseous oxygen
stages such that: (a) at least    10. Apparatus for oxygenation of water 60
60% (by volume) of the oxygen in said feed  having a BOD  provided by
biochemically  125 gas is consumed in the liquid-solid of all stages,
oxidizable material comprising a storage enclo- (b) between 0.04 and 0.24
kg. -moles per hour  sure for BOD-containing water, an oxygen gas of oxygen
are introduced to the first stage  source, at least two separate
oxygenation cham- per one kilowatt of mixing and gas-liquid  bers within
said storage enclosure each having 65  contact energy used in all stages,
(c) the gas  walls extending substantially to the floor of 130    15
1,325,324                                      15 gas over said second
oxygenated liquid-solid  discharged from the final gaseous oxygenation
comprising 10-70%  oxygen but of lower  stage wherein unconsumed oxygen gas
from oxygen purity than said second feed gas and  the preceding stage has
been contacted with having oxygen partial pressure of at least 7.6  aqueous
liquid-solid, comprises more than 21% 5  cm.Hg.; and discharging said
second uncon-  and less than 80% oxygen.                  70 sumed
oxygen-containing  gas  from  said    2. A method as claimed in claim  1 in
chamber, and in another aspect apparatus for  which said water to be
treated is waste water, cyclic oxygenation of liquor containing bio-  said
biomass is activated sludge, and oxy- chemically oxidizable material said
apparatus  genated waste liquid-solid from a higher than 10 including a
liquid storage enclosure for con-  first mixing stage is separated into
purified  75 taining liquor to be treated, an oxygenation  liquid and
activated sludge, and at least part chamber adapted to be at least
partially  of the activated sludge is recycled to the first immersed in
liquor contained in the enclosure  gaseous oxygenation stage. and having an
opening in its normally sub-    3. A method as claimed in claim  2 in 15
merged portion to allow free flow of liquor  which oxygenated waste
liquid-solid from each  80 between the vessel and the chamber, oxygen
stage is transferred to the next succeeding supply conduit means between an
oxygen gas  gaseous oxygen mixing stage as the waste source and said
oxygenation chamber, means  liquid-solid to be mixed with unconsumed for
mixing said oxygen gas and said liquor in  oxygen gas from said first
mentioned stage. 20  said oxygenation chamber, conduit means for    4. A
method as claimed in any preceding  85 



discharging unconsumed oxygen-containing gas  claim in which the volatile
suspended solids from the upper portion of said oxygenation  content
(MLVSS) of the waste liquid-solid chamber and having a vent valve therein,
and  mixture in the first gaseous oxygenation stage gas flow control means
comprising a gas inlet  is at least 3000 ppm. 25  flow control valve in
said oxygen supply con-    5. A method as claimed in any of the  90 duit
arranged to maintain a predetermined gas  preceding claims, in which the
feed gas com- pressure in said oxygenation chamber, a shut-  prises at
least 90%  oxygen and the first un- off valve in said oxygen supply
conduit; and  consumed oxygen-containing gas comprises at cycle control
means for simultaneously closing  least 55% oxygen. 30  said shut-off valve
and opening the gas vent    6. A method as claimed in any of the  95 valve,
and thereafter simultaneously closing  preceding claims, in which the
dissolved said gas vent valve and opening said shut-off  oxygen content
(DO) of the liquid-solid mix- valve.
ture in the first gaseous oxygenation stage is WHAT WE CLAIM IS: -
at least 0.5 ppm. 35    1. A method for treating water having a    7. A
method as claimed in claims 3, 4, 5  100 BOD  by oxygenation  in contact
with  a  or 6 in which the food content (BOD) of the bacterially active
biomass, comprising mixing  oxygenated liquid-solid in each stage is higher
water having a BOD, biomass and feed gas  than the next succeeding gaseous
oxygenation comprising at least 50%  oxygen (by volume)  stage. 40  and
simultaneously continuously recirculating  8. A method as claimed in claim
3 in  105 one of such fluids against the other fluids in a  which at least
three mixing stages are pro- first gaseous oxygenation stage to form first
vided, oxygenated liquid-solid from the last oxygenated liquid-solid and
first unconsumed  mixing stage is separated into purified liquid
oxygen-containing gas comprising at least 35%   and activated sludge, and
at least part of the 45  oxygen; discharging said first unconsumed
activated sludge is recycled to the first gaseous 110 oxygen-containing gas
from the first stage and  oxygenation stage. mixing the discharged gas with
liquid-solid    9. A method as claimed in claim  8 in and simultaneously
continuously recirculating  which three mixing stages are provided, the one
of such fluids against the other fluids in at  unconsumed oxygen-containing
gas discharged 50  least one further gaseous oxygenation stage to  from the
third stage comprises more than 21% 115 form at least a second oxygenated
liquid-solid  oxygen, the total contact time for liquid-solid and second
unconsumed oxygen-containing gas  in the three stages is between 20 and 180
of lower oxygen purity and content than the  minutes, between 0.06 and 0.18
kg. -moles per first gas, and discharging the second gas from   hour of
oxygen are introduced to the first 55  the second stage; and regulating the
flow of  stage per one kilowatt of mixing and gas-liquid  120
oxygen-containing gas and/or liquid-solid and  contact energy used in the
three stages and the regulating the mixing and gas-liquid contact
volumetric flow ratio of feed gas to liquid in energy input to the first
and add succeeding  the first stage is between 0.08 and 2.0. gaseous oxygen
stages such that: (a) at least    10. Apparatus for oxygenation of water 60
60%  (by volume) of the oxygen in said feed  having a BOD  provided by
biochemically  125 gas is consumed in the liquid-solid of all stages,
oxidizable material comprising a storage enclo- (b) between 0.04 and 0.24
kg. -moles per hour  sure for BOD-containing water, an oxygen gas of oxygen
are introduced to the first stage  source, at least two separate
oxygenation cham- per one kilowatt of mixing and gas-liquid  bers within
said storage enclosure each having 65  contact energy used in all stages,
(c) the gas  walls extending substantially to the floor of 130    16
1,325,324                                       16 said storage enclosure
and a roof over the    15. Apparatus for oxygenation of water upper ends of
said walls, means for introduc-  having a BOD  which comprises a storage
55 ing feed water having a BOD to one oxygena-  enclosure for said water,
an oxygen gas source tion chamber, passageway means between said  for
supplying feed gas comprising at least 50% 5  oxygen  source and  said  one
oxygenation   oxygen by volume; at least two separate oxy- chamber, means
for mixing oxygen gas with  genation chambers within said storage enclo- 



said feed water within the one oxygenation  sure each having walls
extending substantially  60 chamber to form  a first oxygenated liquid-  to
the floor of said storage enclosure, a roof solid, restricted passageway
means for flow of  over the upper end of said storage enclosure, 10
unconsumed aeration gas from the upper por-  a roof over the upper end of
said walls, fluid tion of said one oxygenation chamber to at  passageway
means between said oxygen gas least one further oxygenation chamber, re-
source and one of said oxygenation chambers,  65 stricted flow means for
transferring the first  means for introducing a feed water having a
oxygenated liquid-solid to said second oxy-  BOD to the first oxygenation
chamber; a first 15  genation chamber, and means for mixing said  rotatable
impeller, located within the first unconsumed oxygen gas with first
oxygenated   oxygenation chamber at a level normally liquid-solid within
said second oxygenation   attained by said feed water when the chamber  70
chamber to form a second oxygenated liquid-  is in operation, for mixing
and continuously solid, and separate means for continuously  recirculating
said feed water against said 20  recirculating a fluid in each of said
oxygena-  oxygen gas to form  first oxygenated liquid tion chambers in
contact with other fluids in  solids; restricted fluid passageway means for
such chamber.                               flow of unconsumed oxygen gas
from the upper  75 11. Apparatus as claimed in claim  10 in  portion of
said first oxygenation chamber to at which gas spargers positioned beneath
the  least  one  further  oxygenation  chamber; 25  normal level of water
having a BOD in each  restricted flow means for transferring the first of
said oxygenation chambers when in opera-  oxygenated liquid-solid to said
second oxy- tion as said separate means for continuously  genation chamber,
a second rotatable impeller  80 recirculating a fluid.
located within said second oxygenation cham- 12. Apparatus as claimed in
claim  11  ber at a level normally attained by said first 30  which
includes a separate gas blower or com-  oxygenated liquid-solid in said
second oxy- pressor with inlet side in gas flow  com-  genation  chamber
when  in  operation  for munication with the upper portion of each  mixing
and continuously recirculating said first  85 said chamber discharge side
in gas flow com-  oxygenated liquid-solid against said uncon- munication
with said gas sparger.           sumed oxygen gas to form second
oxygenation 35    13. Apparatus as claimed in claim 10 in  liquid-solid.
which blades positioned beneath the normal    16. A method for treating
water contain- level of water having a BOD in each of said  ing
biochemically oxidizable material sub-  90 oxygenation chambers when in
operation and  stantially as hereinbefore described with par- separately
joined to rotatable shafts with each  ticular reference to the examples. 40
of said shafts joined to driving means as said    17. A method for treating
water contain- separate means for continuously recirculating a  ing
biochemically oxidizable material accord- fluid.
ing to claim 1 substantially as described with  95 14. Apparatus as claimed
in any of claims  reference to Figs. 1-4 of the accompanying 10 to 13 which
includes means for withdrawing   drawings. 45  oxygenated liquid-solid from
a higher-than-   18. Apparatus for treating water contain- first
oxygenation chamber; means for separat-  ing biochemically oxidizable
material with ing oxygenated liquid-solid into supernatant  particular
reference to Fig. 4 of the accom- 100 liquid and concentrated active
biomass; and  panying drawings. means for returning said biomass to the
next 50 higher oxygenation chamber as the oxygenated liquid-solid  for
mixing  with  unconsumed         W. P. THOMPSON  & CO., oxygen gas from
said higher-than-first oxy-   12 Church Street, Liverpool, L1 3AB. genation
chamber.                                    Chartered Patent Agents.
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