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means for introducing influent into the tank; water collecting means for 
collecting purified water; a gas collecting system for collecting gas from 
the fluid contained in the reactor; a gas-liquid separation device; a riser 
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define, in the downer at the level of the liquid surface, a head pressure of 
at least about 1.4 in water column (about 0.14 bar). The invention also 
relates to a method for anaerobic purification device for purification of 
influent. 



WO 2006/132523 PCTINL2005/000423 

Anaerobic purification device 

The present invention relates to an anaerobic purification device for purification of 

influent, such as wastewater, the anaerobic purification device comprising: 

5 . a reactor tank* 

inlet means for introducing influent into the tank, the inlet means being located in 

the lower section of the tank, 

� water collecting means, such as an overflow gutter, for collecting purified water, 

the water collecting means being provided at the upper section of the tank and 

10 defining a liquid surface in said reactor tank; 

� at least one gas collecting system for collecting gas from the fluid contained in the 

reactor, the at least one gas collecting system being arranged at a level below the 

water collecting means; 

a gas-liquid separation device arranged at a level above the water collecting means; 

15 � at least one riser having a discharge opening debouching into the separation device, 

the at least one riser being connected to the at least one gas collecting system for 

raising fluid contained in the tank by gas lift action caused by gas collected in the at 

least one gas collection system; 

a downer having an inlet debouching into the separation device and an outlet 

20 debouching in the lower section of the tank for returning liquid separated in the 

separation device, into the lower section of the tanks 

Such a device is known from EP-A-170.332. According to this EP-A-170.332 one 

subjects wastewater that contains organic material to a process in which dissolved 

25 organic material is broken down under anaerobic conditions. By contact with biomass 

that contains methane-producing microorganisms, methane is being produced which is 

separated from the liquid. The treated water (effluent) is removed via overflows weirs. 

BP-A-170.332 describes as starting point for that invention on page 1 lines 21-32: It has 

been found that with a residence time of several hours a purification of as much as 901/6 

30 can be reached. The extent to which such purification efficiency can be maintained 

over a long period also depends on the sludge retention. In particular, care must be 

taken to ensure that on average no more sludge is rinsed out of the reactor than can be 

formed in a certain period of time. If a high hydraulic flow is used with alow COD 

G 
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concentration in the influent, there is a considerable risk that the internal settler will not 

be capable of preventing a large amount of sludge being flushed out. A factor which is 

of importance in this connection is the hydraulic surface loading of the settler. In the 

subsequent passage, EP-A-170.332 explains that the upward flowing water and the 

5 rising gas bubbles can stir up the biomass flocks and particles considerably. These can 

arrive into the uppermost part of the reactor where the gas collecting system is located. 

The turbulence produced can thus result in excessive quantities of biomass to be 

flushed out of the reactor. This limits the loading capacity of the reactor considerably. 

10 The invention of HP 170 332 aims to overcome the disadvantages just described and to 

create a reactor in which the main gas load is taken away from an uppermost gas 

collecting system. For this purpose HP 170 332 provides at least one additional gas 

collecting system for collecting gas, which additional system is arranged at a distance 

below the upper collecting system. The additional system has a hydraulic link with at 

15 least one riser pipe for raising liquid by gas lift action, said riser pipe discharging into 

at least one separation device for separating gas and liquid. In view of the fact that gas 

is trapped at a considerable distance below the liquid level and is conveyed further via 

the riser pipe, an essentially turbulence-free flow can occur in the upper section of the 

reactor. This increases the loading capacity, whereas at the top, clean effluent is 

20 obtained. it is important that the liquid, which is carried along with the gas to the riser 

pipe, is separated and returned to the reactor: While a quiet, eddy-free flow is required 

at the top of the reactor, very good mixing of sludge and fluid is required at the bottom 

of the reactor. For this purpose the heavy sludge near the bottom has to be fluidized. In 

� 
a preferred embodiment according to HP 170 332 this fluidization can be achieved in 

25 the bottom section of the reactor with the aid of energy obtained from the gas lifting 

liquid in the riser pipe. The lifted liquid is separated from the gas and, under influence 

of hydraulic gravity pressure, returned from the separation device, through a downer 

pipe, to the bottom section of the reactor chamber. 

For economic reasons, it is becoming more and more interesting to make the reactor 

30 column as high as possible. In that case, there would be more reactor volume and more 

biomass, whereas the footprint - the square meters of surface area occupied by the 

reactor - is the same. On the other band, the higher the reactor the heavier the column 

of biomass in the reactor will be. The heavier the column of biomass, the more difficult 
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it will be to maintain a good mixing and fluidization pattern now the bottom of the 

reactor. In some cases it may also happen that the biomass mixture becomes heavier 

due to the precipitation of inorganic material. Also in that case, it can be difficult to 

maintain a good fluidization. 

5 

A solution could be increasing the head pressure. However, prior art and experience 

teaches that, for a good mixture at the bottom of the reactor and overall functioning of 

the reactor, one requires, at the level of the liquid surface in the reactor, a head pressure 

of about 0.8 to 1 in water column (i.e. about 0.08-0.1 bar) in the downer, in order to 

10 overcome the pressure loss, which is required for good distribution at the bottom in the 

sludge bed. Too low head pressures result in non-optimal mixing at the bottom of the 

reactor and/or a poorer performance of the reactor respectively the ’process carried out 

in the reactor’ as a whole, whereas too high head pressure would result in very high 

shear forces on the biomass particles, and consequently destruction of the granular 

15 material. 

In practice at least about 80% of the head pressure is obtained from hydraulic pressure, 

whilst at most about 20% of the head pressure is obtained from gas pressure resulting 

from gas load situations during use. However in particular cases this has lead to 

20 problems with fluidization of the sludge in the bottom of the reactor and/or quite 

irregular gas flows. 

Thus although for economic reasons one would like to make the reactor column as high 

� 
as possible, the reactor height is in practice limited, because of the effects and teaching 

25 just mentioned. 

The present invention has the objective to provide an anaerobic purification device for 

purification of influent, such as wastewater, with improved fluidization at the bottom of 

the reactor which also allows increasing the reactor height 

According to the invention this object is achieved by providing an anaerobic 

purification device for purification of influent, such as waste water, the anaerobic 

purification device comprising: 

I 
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� a reactor tank; 

� inlet means for introducing influent into the tank, the inlet means being located in 

the lower section of the tank; 

� water collecting means, such as an overflow gutter, for collecting purified water, 

5 the water collecting means being provided at the upper section of the tank and 

defining a liquid surface in said reactor tank; 

at least one gas collecting system for collecting gas from the fluid contained in the 

reactor, the at least one gas collecting system being arranged at a level below the 

water collecting means; 

10 � a gas-liquid separation device arranged at a level above the water collecting means; 

� at least one riser having a discharge opening debouching into the separation device, 

the at least one riser being connected to the at least one gas collecting system for 

raising fluid contained in the tank by gas lift action caused by gas collected in the at 

least one gas collection system; 

15 � a downer having an inlet debouching into the separation device and an outlet 

debouching in the lower section of the tank for returning liquid separated in the 

separation device, into the lower section of the tank; 

characterized in that 

the purification device is arranged to define, in the downer at the level of the liquid 

20 surface, a head pressure of at least about 1.4 m (m stands for meter) water column 

(about 0.14 bar). 

In this respect, the head pressure is defined as the difference in pressure, at the level of 

the liquid surface in the reactor (which level is defined by the water collecting means, 

25 such as an overflow gutter), between a point inside the downer and a point outside the 

downer but inside the tank. 

According to a preferred embodiment of the invention, the head pressure is at least 

about 1.5 m water column (about 0.15 bar), preferably at least about 1.6 m water 

30 column (0.16 bar). 

R 
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According to a further preferred embodiment of the invention, the head pressure is at 

least 1.8 �2 m water column (about 0.18-0.2 bar), such as 2.5-3 m water column (0.25-

0.3 bar) or more. 

5 The invention as well as the above both advantageous embodiments will be explained 

below, as well as several further embodiments of the invention. 

According to the invention solutions have been found to create more head pressure 

without decreasing the performance of the reactor as might have been expected, but 

10 instead increase of performance came within reach. 

The reactor can, according to the invention, be designed in such manner that the device 

itself defines a head pressure of at least about 1.4 m water column, i.e. in use the head 

pressure will be at least 1.4 meter water column due to structural features present in the 

device. According to the invention there are several solutions each involving there own 

15 structural features. 

A first solution is to place the gas-liquid separation device at a higher level above the 

reactor tank in order to allow for more hydraulic pressure. As a consequence, not only 

that part of the riser pipe extending above the liquid surface needs to be extended but 

20 also the driving force of the gas for lifting water column to the gas-liquid-separation 

device. This can be done, for example, by increasing the length of the riser extending 

below the water surface, and/or by decreasing the flow resistance of the riser - for 

example by changing the diameter of the pipe -. Lowering the position where the gas is 

introduced into the riser creates more driving force for lifting the water column to the 

25 separation device. The upward pressure created by the displaced water volume in the 

riser pipe generates the driving force to bring the water to the gas-liquid separation 

device. 

A preferred embodiment according to this first solution is characterized in that the at 

30 least one riser (5) has a top part (26) which is defined as that part of the riser (5) 

extending upwards as from said liquid surface (21), and wherein said top part has a 

length (L13) which is at least about 12 m, preferably at least about 1.4 in, such as 1.6-

2 in or more. 

13 
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A second solution is to operate at a higher gas pressure in the gas-liquid separator. This 

second solution can be achieved, for example, by arranging the gas-liquid-separating 

process in an essentially closed vessel provided with means for keeping the gas 

5 pressure at predetermined threshold value. In this way an extra head pressure of 03 to 

1.0 m water column can be gained or even more if required. According to a preferred 

embodiment of this second solution, said threshold value is at least about 0.25 in water 

column (about 0.025 bar), such as at least about 0.5 in water column (about 0.05 bar). 

According to another preferred embodiment of this second solution, said threshold 

10 value is at most about 1.5 in water column (about 0.15 bar), such as at most about 12 

m water coiwnu (about 0.12 bar). 

A third solution is improving the flow of fluid flowing through the downer. This can, 

for example, be achieved by providing means that allow the fluid to enter the downer 

15 continuously and easily. According to an embodiment of this third solution, the gas-

liquid-separation device comprises a vessel, wherein the inlet of the downer is conically 

shaped with respect to a vertical axis and with the taper in the downward direction, and 

wherein the discharge opening of the at least one riser is arranged to create a tangential 

20 

fluid flow in the vessel around the conically shaped inlet of the downer. 

A fourth solution is a combination of one or more of the three afore mentioned 

solutions or possible other solutions. 

An important factor of influence is the quantity of gas production in the reactor, which 

25 is a result of the applied COD loading and the COD conversion rate. A higher gas 

production per specific reactor surface (for instance expressed in m3gas/in2.h) causes: a 

stronger gas lift, whereas at a lower gas production, the gas lift will slow down and will 

finally stop. As higher reactor columns will theoretically produce more in3gas/m2.h, 

the extra driving forces for more internal circulation flow or for lifting the water to a 

30 higher gas-liquid separation device will be available. Applicant found, contrary to what 

was expected, that this additionally available driving force is of an amount substantially 

enough to allow, contrary to prevailing prejudices, an increase of head pressure by 

simple design measures in the anaerobic purification device. 
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Since the reactors can be operated in a very wide range of Volumetric Loading Rates 

(VLR), in general between 5 and 35 kg COD/m3-d, the correct dimensioning should 

take into account the most probable operational circumstances. 

Now that for economic reasons, reactors higher than 20 m more often will to be 

constructed, it has been found that the internal circulation can be maintained or even 

improved by taking specific measures. Considering that the density of the biomass 

sludge is higher than water, that the downer pipe as well as the inlet distribution system 

10 causes a pressure loss and that the sludge bed has a certain resistance against 

fluidization, it has been found that for a "normal" gas pressure of 20 to 30 cm Water 

column, the gas lift needs to bring the water to a level of at least 1.2 m above the water 

level in the reactor, preferably 1.4 to 1.6 in and in some cases even above 2.2 in. In 

order to accommodate this for average reactor loads between 15 and 30 kg CODIm3.d, 

15 the total length of the riser pipe needs to be chosen such that the top part of the riser 

extending upwards as from said liquid surface .. i.e. the length above the water 

collecting means, such as the overflow gutter - will be between at least about 10 %, 

such as at least about 15%, and/or at most about 30 %, such as at most about 25%, of 

the total length of the riser pipe. Alternatively, the gas pressure could be increased to 60 

20 or 70 cm water column or even above 1.0 m water column. Also combinations of the 

two measures are possible, for instance raising the water column by the gas lift to 1.6 in 

and increasing the gas pressure to 60 cm water column in order to make a combined 

pressure or head pressure of 2.2 m water column. Taking these measures into account 

16 
reactor heights could be realized in the range of 24 to 36 m or even higher. 

25 

30 

According to an advantageous embodiment of the invention, the device further 

comprises upper gas collecting means (10) for collecting and removing gas from the 

fluid contained in the tank (14), the upper gas collecting means (10) being provided 

between the water collecting means (11) and the at least one gas collecting system (4). 

The present invention is also embodied by, and thus relates to, the use of an anaerobic 

purification device according to the invention. 
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The present invention is also embodied by, and thus relates to, a method of operating 

an anaerobic purification device for purification of influent, such as waste water, the 

anaerobic purification device comprising: 

. a reactor tank; 

5 � inlet means for introducing influent into the tank, the inlet means being located in 

the lower section of the tank; 

� water collecting means, such as an overflow gutter, for collecting purified water, 

the water collecting means being provided at the upper section of the tank and 

defining a liquid surface in said reactor tank; 

10 � at least one gas collecting system for collecting gas from the fluid contained in the 

reactor, the at least one gas collecting system being arranged at a level below the 

water collecting means; 

� a gas-liquid separation device arranged at a level above the water collecting means; 

at least one riser having a discharge opening debouching into the separation device, 

15 the at least one riser being connected to the at least one gas collecting system for 

raising fluid contained in the tank by gas lift action caused by gas collected in the at 

least one gas collection system; 

a downer having an inlet debouching into the separation device and an outlet 

debouching in the lower section of the tank for returning liquid separated in the 

20 separation device, into the lower section of the tank; 

characterized in that 

the anaerobic purification device is operated with a head pressure of at least about 1.4 

in water column (about 0.14 bar), said head pressure prevailing in the downer at the 

� level of the liquid surface. 

25 

Advantages of the use according to the invention as well as the method according to the 

invention and its preferred embodiments according to claims 14-17, will be clear from 

the preceding explanation in relation to the device according to the invention. 

30 In the next following the present invention will be further elucidated with reference to a 

drawing. In this drawing: 

Figure 1 shows very schematically an anaerobic purification device according to 

the invention and 

13 
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Figures 2A en 2B show schematically a part of purification devicese according to 

the invention to explain the term "head pressure". 

The anaerobic purification equipment shown in Figure 1 comprises a tall container 14, 

called reactor tank. 

In the bottom and of the reactor tank 14, there is provided a mixing zone 2 for influent 

introduced via supply 12. As the skilled man knows, such a mixing zone 2 can be 

accomplished in several ways. One advantageous manner of accomplishing the mixing 

10 zone is providing an inlet system in accordance with WO 92/01637. 

In the upper part of the reactor tank, water-collecting means in the form of overflow 

gutters 11 or other means are fitted which are connected to an effluent drainpipe 15 for 

discharging purified effluent. The water-collecting means define the level of the liquid 

15 surface 21 in the reactor tank 14. In case of overflow gutters 11, this level of the liquid 

surface 21 will be determined by the overflow edge of said gutters 11. 

Within the reactor tank 14 two gas- collecting arrangements 4 and 10 for collecting and 

removing gas are fitted. Each of the gas collecting arrangements comprises a 

20 multiplicity of hoods 19. Per gas collecting arrangement the hoods can be arranged in 

one layer or several layers, such as three layers as shown in the figure. Number 10 is, 

especially in the claims, called the upper gas collecting means and 4 is called, 

especially in the claims, the at least one gas collecting system. Figure 1 shows only one 

gas collecting system 4, but within the framework of the invention also two, three or 

25 more gas collection systems could be provided. The upper gas collecting means 10 

need not to be connected to the riser 5 and might be absent in case the fluid at this 

height of the tank is gas poor, or might be discharged separately to the gas liquid-

separation device 6 or elsewhere. 

30 Above the reactor there is provided a gas-liquid separation device 6. This gas-liquid 

separation device comprises an essentially closed vessel 16� although also an open 

vessel is possible, see Figure 2- having a gas outlet 7 for discharging gas such as 

biogas, a liquid outlet 17, and an inlet 18 for supplying a fluid containing the gas and 

’V 
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liquid to be separated. The liquid outlet 17 is the upper end of a downer pipe 8, or said 

differently the inlet of downer 8. The inlet 18 is the upper end of a riser pipe 5, or said 

differently the discharge opening of the riser. The gas outlet 7 is optionally provided 

with means 22, for keeping the gas pressure in the vessel at a predetermined threshold 

5 value. Preferably the threshold value will have a minimum value of about 0.25 m water 

column (about 0.025 bar). Optionally the threshold value can have a maximum value of 

about 1.5 m water column (about 0.15 bar). 

The riser 5 has a lower end with an inlet for drawing in fluid. This fluid is drawn in by 

10 gas lift action caused by gas collected by the at least one gas collection system 4 (lower 

level separators). For this purpose the hoods 19 of the at least one gas collection system 

4 are connected to the riser in such away, that the collected gas creates the gas 1111 in 

15 

the riser. As such all this concerning the riser is known from the prior art and can, as 

the skilled man knows, be realized in several manners. 

The downer 8 extends from the gas-liquid separation device 6 to the bottom region of 

the tank 14. Under the influence of gravity, liquid from the separation device, which 

can� depending from where the biomass is located - contain biomass as well, is 

returned to the bottom of the tank. At the bottom of the tank this return flow causes 

20 fluidization of the bed of biomass. 

Figures 2A and 2B show highly schematically two different embodiments according to 

the invention, with the purpose to explain the term head pressure as used in this 

application. For corresponding parts, we used the same reference numbers as with 

25 respect to Figures 1. 

In both Figures 2A and 2B the bead pressure Phd is the pressure difference between 

points A and B. Point A, having the pressure PM lies inside the downer 8 at the level of 

the liquid surface 21 in the tank 14. Point B, having the pressure PB, has outside the 

30 downer, but inside the reactor at the some level of the liquid surface. The pressure 

caused by the water column Hw above the point A is called P. The pressure P1 is the 

gas pressure just above the liquid level in the gas-liquid-separation device 6. P2 is the 

15’ 
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gas pressure just above the liquid level 21 in the reactor tank. All pressures are 

measured relative to the atmospheric pressure. 

In the embodiment according to Figure 2A, the gas-liquid-separation device 6 

5 comprises a closed vessel 16. In this closed vessel the gas pressure is P1. The reactor 

tank 14 has a so called open top. This means the top communicates with the 

environment so that the gas pressure P2 in the top of the reactor is about the 

atmospheric pressure; thus about zero/relative to atmospheric pressure. However, the 

reactor tank can also have a closed top allowing the gas pressure P2 to be different from 

10 the atmospheric pressure. Here for the head pressure applies: 

Phc PA�PB Pw+Pi�P2 

In the embodiment according to Figure 2B, the gas-liquid-separation device 6 has an 

open top and the reactor tank 14 has a closed top. Further the gas-liquid-separation 

15 device is arranged inside the reactor tank 14. Consequently the pressures P1 and P2 are 

identical. Here for the head pressure applies: 

PJIdPA_PBPW+Pi�P1=PW 

In Figure 2B, the head pressure would be the same when also the reactor tank 14 is an 

open tank. 

20 

During operation, fermentation takes place under anaerobic conditions as a result of 

contact between sludge granules or biomass flocks and substances soluble in water, 

such as fatty acids, methane being formed. In order to achieve a quiet, turbulence-free 

flow in the uppermost part of the reactor and to ensure that virtually no sludge is 

25 carried off with the effluent, the additional gas collecting means 4 are provided at a 

level, which is at a substantial distance below the overflow gutters 11. In separator 6 

liquid and gas are separated from each other by gravity and the liquid gathers at the 

bottom section of the separator and is - as explained above - returned into the mixing 

zone 2 of the reactor tank via the downer 8 to support the mixing. 

30 

As a result of the fact that the gas has lifted the water well above the fluid in the reactor 

tank 14, the liquid column in the downer 8 produces a fairly powerful downward flow 

in the downer pipe 8, which provides extra mixing at the bottom of the reactor. In a 

i6 
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simple way the effect is therefore achieved that tranquility prevails at the top of the 

reactor and heavy sludge and influent at the bottom of the reactor are thoroughly mixed 

by turbulence. 

5 In the Figures, number 20 indicates the position at which the gas - collected by the 

additional gas collection system- is introduced into the riser, H2 indicates the vertical 

distance between said gas introduction point 20 and the level of the water collection 

means 11 (effluent weirs/gutters), which level is in fact the fluid level 21 in the tank. 

113 indicates the vertical distance between the discharge opening 18 of the riser 5 and 

10 the level of the water collection means. Hi is essentially the sum of H2 and 113, i.e. 

H1H2+H3. The length of 113 can be in the range of 100/a to 30% of Hi. The discharge 

opening of the riser(s) 18 is preferably located above the fluid level in the gas-liquid 

separator and designed in a way to create a tangential flow pattern in the gas-liquid 

separator device 6 for optimizing the separation process. The inlet opening to the 

15 downer pipe 8 is preferably conically shaped to avoid gas entrapment and enable a 

constant downward flow. 

Within the scope of the invention various modifications are possible. The embodiments 

drawn and described are only examples. All the embodiments have in common that a 

20 significant portion of the gas evolved during the fermentation is collected before it can 

reach the uppermost section of the reactor and that the liquid propelled up in this 

process by the gas-lifting action is separated from gas and the potential energy of the 

relatively heavy liquid column is used via a re-circulating flow to obtain the stirring 

necessary for a thoroughmixing and fluidization at the bottom of the reactor. Power 

25 which would have been released at the top of the reactor is now taken to the bottom. 

The load capacity of the reactor is considerably increased as a result of the tranquillity 

at the top near the water outlet and the turbulence at the bottom near the water inlet. 
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1] Anaerobic purification device for purification of influent, such as waste water, 

the anaerobic purification device comprising: 

5 � a reactor tank (14); 

inlet meat’s (12) for introducing influent into the tank (14), the inlet means (12) 

being located in the lower section of the tank (14); 

water collecting means (11), such as an overflow gutter, for collecting purified 

water, the water collecting means being provided at the upper section of the tank 

10 (14) and defining a liquid surface (21) in said reactor tank (14); 

� at least one gas collecting system (4) for collecting gas from the fluid contained in 

the reactor (14), the at least one gas collecting system (4) being arranged at a level 

� below the water collecting means (11); 

a gas-liquid separation device (6) arranged at a level above the water collecting 

15 means (11); 

� at least one riser (5) having a discharge opening (18) debouching into the separation 

device (6), the at least one riser (5) being connected (20) to the at least one gas 

collecting system (4) for raising fluid contained in the tank (14) by gas lift action 

caused by gas collected in the at least one gas collection system (4); 

20 � a downer (8) having an inlet (17) commencing into the separation device (6) and an 

outlet debouching in the lower section of the tank (14) for returning liquid separated 

in the separation device, into the lower section of the tank; 

characterized in that 

the purification device is arranged to define, in the downer (8) at the level of the liquid 

25 surface (21), a head pressure of at least about 1.4 m water column (about 0.14 bar). 

2] Anaerobic purification device according to claim 1, wherein the head pressure is 

30 

at least about 1.5 m water column (about 0.15 bar), preferably at least about 1.6 m 

water column (0.16 bar). 

3] Anaerobic purification device according to claim 1, wherein the head pressure is 

at least 1.8 2 m water column (about 0.18-0.2 bar), such as 2.5-3 m water column 

(025-0.3 bar) or more. 



WO 2006/132523 

14 

PCTINL2005/000423 

4] Anaerobic purification device according to one of the preceding claims, wherein 

the at least one riser (5) has atop part (26) which is defined as that part of the riser (5) 

extending upwards as from said liquid surface (21), and wherein said top part has a 

5 length (H3) which is at least about 10%, such as at least about 15%, of the total length 

(Hi) of the at least one riser (5). 

5] Anaerobic purification device according to one of the preceding claims, wherein 

the at least one riser (5) has a top part (26) which is defined as that part of the riser (5) 

10 extending upwards as from said liquid surface (21), and wherein said top part has a 

length (0) which is at most about 30%, such as at most about 25%, of the total length 

(Hi) of the at least one riser (5). 

61 Anaerobic purification device according to one of the preceding claims, wherein 

15 the at least one riser (5) has a top part (26) which is defined as that part of the riser (5) 

extending upwards as from said liquid surface (21), and wherein said top part has a 

length (H3) which is at least about 1.2 in, preferably at least about 1.4 in, such as 1.6-

2 in or more. 

20 7] Anaerobic purification device according to one of the preceding claims, wherein 

the gas-liquid separation device (6) comprises an essentially closed vessel (16) 

provided with means (22) for keeping the gas pressure at a threshold value. 

81 Anaerobic purification device according to claim 7, wherein said threshold 

25 value is at least about 0.25 in water column (about 0.025 bar), such as at least about 0.5 

in water column (about 0.05 bar). 

9] Anaerobic purification device according to claim 7 or 8, wherein said threshold 

value is at most about 1.5 in water column (about 0.15 bar), such as at most about 1.2 

30 in water column (about 0.12 bar). 

101 Anaerobic purification device according to one of the preceding claims, wherein 

the gas-liquid-separation device (6) comprises a vessel (16), wherein the inlet (17) of 
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the downer (8) is conically shaped with respect to a vertical axis and with the taper in 

the downward direction, wherein the conically shaped inlet (17) is arranged inside the 

vessel (16), and wherein the discharge opening (18) of the at least one riser (5) is 

arranged to create a tangential fluid flow in vessel (16) around the conically shaped 

5 inlet (17) of the downer. 

111 Anaerobic purification device according to one of the preceding claims, 

wherein said device further comprises upper gas collecting means (10) for collecting 

and removing gas from the fluid contained in the tank (14), the upper gas collecting 

10 means (10) being provided between the water collecting means (ii) and the at least one 

15 

gas collecting system (4). 

12] Use of the anaerobic purification device according to one of the preceding 

claims. 

131 Method of operating an anaerobic purification device for purification of 

influent, such as waste water, the anaerobic purification device comprising:  �

a reactor tank (14); 

inlet means (12) for introducing influent into the tank (14), the inlet means (12) 

20 being located in the lower section of the tank (14); water collecting means (11), 

such as an overflow gutter, for collecting purified water, the water collecting means 

being provided at the upper section of the tank (14) and defining a liquid surface 

(21) in said reactor tank (14): 

� 
� at least one gas collecting system (4) for collecting gas from the fluid contained in 

25 the reactor (14), the at least one gas collecting system (4) being arranged at a level 

below the water collecting means (Ii); 

a gas-liquid separation device (6) arranged at a level above the water collecting 

means (11); 

� at least one riser (5) having a discharge opening (18) debouching into the separation 

30 device (6), the at least one riser (5) being connected (20) to the at least one gas 

collecting system (4) for raising fluid contained in the tank (14) by gas lift action 

caused by gas collected in the at least one gas collection system (4); 
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� a downer (8) having an inlet (17) commencing into the separation device (6) and an 

outlet debouchuig in the lower section of the tank (14) for returning liquid separated 

in the separation device, into the lower section of the tank; 

aracterized in that 

5 the anaerobic purification device is operated with a bead pressure of at least about 1.4 

ni water column (about 0.14 bar), said head pressure prevailing in the downer (8) at the 

level of the liquid sur&ce (21). 

14) Method according to claim 13, wherein the head pressure is at least about 1.5 m 

tO water column (about 0.15 bar), preferably at least about 1.6 m water column (0.16 bar). 

15] Method according to claim 13, wherein the head pressure is at least i 8-2m 

� water column (about 0.18-0.2 bar), such as 2.5-3 m water column (0.25-0.3 bar) or 

more, 

15 

16] Method according to one of claims 13-15, wherein the gas-liquid separator 

device (6) comprises an essentially closed vessel (16),. and wherein the gas pressure 

prevailing in said vessel (16) is at least about 0.3 in water column (about 0.03 bar), 

such as at least about 05 m water column (about 005 bar) 

20 

17] Method according to claim 16, wherein the gas pressure prevailing in said 

vessel (16) is at most about 1.5 m water column (about 0.15 bar), such as at least about 

1.2 m water column (about 0.12 bar). 
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D PU1FZ*CI I ôiu � -� .� . cmm 

DE LA LVENCiI 

� . . . 

L& presente invención se relacicna con un 

5. dispositivode purificaciôn  artaerObica para pu’rificaciÆn de 

flujo entrante, tal come agua residual, el diapositivo de 

� . . puriticaciótanaeróbica comprend: 

�.. un tanque de rator; 

� redios de ent-rad,a para intrducir lujo 

10 entrante en: el tanque, los mos de entrada se localizan 

� 

en la secci&i inferior del tnqD; 

s. medios de recclección de aqua, tal como Un 

canal de debordamiento, para recolectar aqua purificada,, 

los medios 4e recoleccin de aqua se poporcioan en Ia. 

15 sección superior del tanque y definen una mlperficie de 

� � 

liquido en el tanque de peactQ; - 

� al menos ün sist�na de recoleción de gas 

para recolectax gas del fluido contenido en el reactor, al 

menos un sistema de recolección  de gas que se dispone en un 

20L nivel por debjo de los T4edioz Ae recolección de aqua; 

� . 

un diposivo de separacin de’ gas -liquid 

dispuesto en un nivel sabre los niedios de recoleccin de 

� � agu.a; � . - 

al mends un tubo vertical de subida que 

25 tiene una abertura de desarga que desemboca en el -� 
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dispositivo  de separaciön, al  iienos i,rn tubo. vertic1 de 

sub:ida que ae conecta al menos en un sisteta de recolección 

de, gas para elevar el fluido contenido en el tanque por la 

acclón,  de elevacióri do gas causada por a]. gs recolectado 

�5  en al men Os un sistema de recolección de gas; 

tan .tubo vertical de bajada Ve tiene una 

..entrada que desembóca en el thspositivo de separaciôii  y uua, 

salida que dosembcca en la secciän inferior del tanque para 

� regrasar. el liqiiido separadP en el diapositivo de 

� 10 separción, dentro de la sección inferior del tanque. 

ANnc&Dzs DE TA 1NV!3tó*1  

TI dispositivo se conoce de P-A-l10.332. Dc 

acuerdo con este EP-A--170.332, se somete aua residual qua 

s 5 contiene material orgÆnico a uti proceo en el ca1 el 

� 

material orÆriico disueto se descompona bajo condiciones 

� � �:. 

anàerÆbicas. En contacto con la biomasa que contiene 

� .microorganismos que prodacen metano, se produce metano el 

� s cual se separa del lIquido. El aqua tratada (ef1uerit se 

� 20 remueve,mediante vertederos de desbordainiento. El P-A-

17032 describe como punto e partida para esainvención 

en. Ia.. pÆgiria 1, lineas 21-32 Se ha encontrado que con un 

tiempo de residencia do var.ias horas puede alcanzrse una 

purificación  de tanto como 90%. El grao al cual puede 

25 antener:se. tal eficincia de purificación durante un large / 

I: 
� - � 
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depende tarnbin de la rtención .de sdirnento.. En 

particuLa–, debe. tenerse cuidado para asegirar que en 

piomedio no se elve ma’s sedimentofueradel reactor que 

puede formarse en un cierto periodo de tiempo Si se 

5 �tiliza. un fluio hidrÆulico el evado con una conce.ntración  

baja de COD en el flujo entante, existe un riesgo 

considerable,’ de que el sedintentatlor interno no serA capaz 

de evi.tar que unÆ gran cantidad 4e sedimento $e dscargue 

Un factor el cual., es.de importancia en esta conexióni  es la 

10 carga de superficie hidrÆulica del sedimentado. En elt paso 

� subsiguiente P-A-170.332 explic3 que el agua que tluye 

hacia arriba y I 4 burbujas de gas emergentes pueden 

mezclar los. copos y prticulas de bioasa 

considerablernente Estos pue*en alcanzar l.a parte mÆs alta 

15 del reactor en dode se ubica el sistema de recolecciOn de 

gas. La turu1e.ncià producida de esta manera pued.re.sultar 

en cantidades exôesivaz de biomasa que se despargan, del 

reactor Esto lirnita la capacidad de carga del reactor 

. considerablemente 

.H. 

.. 

.. � 20 .. Lar invenciri de EP 170 332 pretendesuperar las 

� . � ....., .desve.ntajas reciØn descritas y crear un reactor, en el cuaJL .. . ..  � ... 

. ia crga do gas principal se sustrae de un sistetna de 

recoección de gas superior. Para este propósi,to,  EP 170 

� 

... .... 

332 proporciona al menos un sistema de xecolecci6n de ga 

2.5 adiciorial para coectr gas, cuyo sitema adicional sE 
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ispone en una distancidebajo del sistema de recolección  

superior.. El sistema adicional �iene una union hjdrÆulica 

con al menos un tubo vertical de subida para �eleva.r el 

liquido por la acción. de la elevación del gas, el tuba 

5. vertical de subida se descarga en al menos un dispositivo 

:de separación Para  separar gas y lIquido. En vista del 

hecho de que el gas se atrpa en una distancia consideTable 

� por debajo dl nivel de liquido y se transporta adeØs a 

trav4z del ti.tho vertical de ubicLa, puede ocurir un flujo 

10 esencialmente libre de trbuleria en la seción superior 

� � 

del reactor. Esto indiemeflta la capcidad de carga, 

mientras quo en la parte superior, se obtiene el efluente 

�limpio. Es impottante que el liquido, el cual e tran.porta, 

Junto con el Æsa1 tubo vertical de subida, se separe y 

15 regrese al reactorrMientras se requiere un flujo en qalma, 

libre de turbulenia en la parte superior del reactor, se 

requiere una excelente zezcla de sedimento y fluido en e  

fondo del reactor. �Para este propósito,  el sedimento denso. 

cerca del fondo tiere que fluidizarse. En una modlidad 

.20 preferida de acuerd.o con EP 170 332, esta fluidización 

puede ldgrarse en la secciOn inferior cl reactor con 
la 

ayuda de Łnrgia obtØnida a par–ir del liquido de eleaciOn 

de gas en etubo vertical de subida. El liquido elevado se 

separa del gas y, bajo la influencia de presi6n degravedad 

H 25 -. hidrulic.a, se regresa desde el dispositivo de paraciÔn 



5 

a travØs deun tub.vrical debajada, hasta la secein 

inferior de La cÆmara del reactor. 

Por razones económicas, se vuelve mÆs y �MA  

� jnteresante crear una columna del reactor tan 3lta comQea 

5 posible. En Aese caso, pWo-do existir mÆs volumen do reactor 

y .ms biQmasa, mieritras que el espacio - metros cuadrados 

� del Area superficial ocupada por el reactr - sea el rnino. 

For otro, lado, entre ns eleado sea el reactor, 
MaS
 sada 

� serÆ la colinma de biornasa en el reactor. Entre mÆs psada 

10. sea la colua.de biomasa, mÆs dificil serb mantener Un 

�buen mezclao yr: el patron do fluidizacift cer del ondo. 

� . del reactor; !n aigunos casos, puede suceder tmbiØn que la 

mezela do biomasa se vuelva man pesada debido a 1a 

� pre cipitaci4ji de material inorgnico. TabiØn en ese c.so, 

15 p.uode ser dificil mantener uvia buena flti4izaciOn. 

Una sol.uciÔn. podria incrementr la presión de 

descarga. Sip embargo,. la tØcnica anterior y la experencia 

� . onsea :que, -para unà buena mezcla en el fodo del reactor y 

�1  :fucLoniento total del reactor, so requiere, en ci 

20 nivel de la superficie do liquido en el rector una 

presión  do descarga de. una columna do aqua do 

ajroximadamete 0.8 I m ( decir, aprximadamente .Q08>) 

01 bar) en el sedintentador1 con el fin do superar la 

pØrdida do presión, la cual so requiere para buena 

25 distribiciôn en el fqndo en el lccho do sedirterto. 
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Presiones de desarga muy, bajs resultan 04 un mezclaio no 

en el-,fido del reactor yb un rendimiento màs p timo obre 

del reator riespectiiiamente del ’proceso lievado a cao en 

.l reactor’ en conjunt, xientras que una presiófl  de 

5 decarqa rnuy elevada puede re2l1tar en fuerzs cort4ntes 

.xnuy elevadas en las partculs de bionasa, y 

consecuntemnte la destrucci6n del m.ateri4l gvanular. 

&i, 

........ 
la prÆctica, al meno.s aproximaldamente  

la presión  de decarga s obtiene de la presión hi4rÆuUca, 

10 mientras que comb mÆimo 20% de la presiôn de descarga se 

� . 

obtiene de la presión degas que resulta de.1am situaciones 

� de carga dEk gas durante e]. uso Sin srmtbavqo, en csos 

Particulare, esto hA conthcido a problemas . con 

Iuithzaciófl  del sedimePto en el fonda del reactor yIo 

�l flujos de gs bastarite :irreg1as. 

De este modo, aunque por raones econ6rnic4$ se 

� deseara crear la columra de reactor tan a.lta como sea 

posible, la altura del reactor estª en prÆcttca 1imitada, 

debido a loS efetOS.. y etiseflainzas reclØn mncionados. 

20 

� . �8tThRIO DE LA ZNVEMCIÔN 

La presente inveiciOn tiene ci objetivo 
dcv, 

proporcionar un disposiUro de purificacin anaeróbica para 

purificaciófl de flujo entrante, tal coma aqua residual, con 

25 fluidizaci6n mejorada en ci fonda del reactor el cual 
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tambiØn permite incrementar la altura del reactor. 

D. acuerdo con la innción este objeto Se loga 

al proporciar un dispsitivo purificacion anaerica 

para purificación de flujo entrante, tal como Agua 

5 residual, ci dispositivo de purificación anaeróbica 

comprende: 

� un tanquede reactor; 

� medios dØ siitrada para introducir flujo 

entrante en el tanque, los medios de entrada se loca1izan, 

=10 en la sección interior d1 tanque; 

�medios de rec*leciôn de aqua, tal como urt 

canal de �desbordmªento, para recolectar agua purifiad,: 

los medios de recoiecci4n 4e aqua se propocionan n la"’ 

seccin suprior del tanque y dfinen una superficie de-

e15
 15 liquido en el tangue de etzor 

� al menos Un istema de recolección d 

Pararecolectar gas a partir <t6l fluid contenido C?rl el 

reactor, al merôs un sitema d recoleccióri de gas qie 

dispone en in nivel por xipbajo de los medios de reco1cci6n 

20 deagua; 
� 

� � .tn dispos,jtivo de separaciôn de gas-ltquidc 

dispuesto ep 1j nivel obre  lo$7 medios de recoleccin de 

agua; 

� al menosun tubo vertical de subidIL qua’ 

25 tiene una abertura de descara que desemboca an el 

H 
4,, 
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dispositivo de separaciOn, al Ænos un tubo vertical de 

subida que s conecta al 
’ntenos 

un sisterna de recolecciôn 

� 

�. de gas para elevar el fluido contenida en el tanque’ pot 

� accióii de elevación de qs cusada pot a). gas recolectado 

5 en l inenos tin sistema de recIecjón de gas; 

� 

un sedimetadcr que tiene una entz’ada que 

H desemboca ea el dispositivo de 4,,aparacion y una salida que. 

� desebaca e

 

la �secciOn inferior- del tanque para regar 

� : jjido sepaado en el dispositiv de separación, clentro de 

� 10 la sección inferior del tanque. 

� 

caEacterizado en 

el dispositivo de purificación  Se dispone para 

definir, en 01 sedirnentador en el nivel de la superticie de 

� lIquido, usia presión de dscarqa de a). menos 

H 15 aproximadamebte 1.4 m (in siriifica metro) de columna de 

H agua aproximadaiiente 0.14 bar). 

En este aspecto, la prión de carga se define’ 

coma la diferencia de presión, en el nivel,:,de la supericie 

� de liquido en el reactor (cuyo nivel se define pot los 

20 medios de vecolección deagua, t1 coma tin canal de 

’desbordÆnienio), entre un punto dentro del tubó vertical de 

-. baada y Un puito � fuera del Pediitentador, pero deritro del 

tanqus. 

� � De acuerdo con, una modalidad prefeida de la 

25 invención, la presión de descarga es una columna de aqua de 
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� ... a1renos aproxifiadarnente1.5 m prximamete 0.15 

de preferencia una cbltma. --’dC4aqua de al mnos 

aproimadamente 16 in (0.16 bar). 

IDe acuerdo con una modalidad preterida adicional 

.5 :de la inveniófl, la presión de descrga es una co1uma de 

agua de a]. mencs 1.8-2 rn (proximadamnt 0.18--0.2 bar), 

tal coiuo una columna de aqua de 2.5-3 in (0.25-0.3 bar) a 

mÆs. 

La invención asi coma ambas modalidades 

10 ventaosas anterioxes se xp1iear4ri poteriormentef asi 

coma varias macjalidades aW.cionaIs de la invención. 

- ,.. veción, se ban encontrado De auerdQ con la in ri 

SO1UC1Ofl$ pra crear flt$ presiôn de descarga sin disminuir 

el rendimiento del reactor cow puede haberse espezado, 

15 Pero en camio el incrernnto del rendimiłnto viene dtro 

de su capacidad. 

El reactor puede, de uerdo con la invención, 

diseæ3re de tal manera que el dispositivo mismo, define una 

presiOn de descarga de una counrna de agua de al renos 

20 aproximadamente 1.4 in, es decir, n uso la presin de 

�4escarga  sera una àolumna d? aqua de al nnos 1.4 metros 

debido a las caracterIsticas estructurales presentes en el 

� dispositivo. De acuerdo con la invención, existen v-rias 

solucionØs que implican 6ada una sus propias 

25 caracterIstias estructurls. 

TS 
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Uæa primera 5o1uc6n e colocar l� sposit$vo d 

.separci6n d gas-liquicic en un nivel rnÆs levado sobre el 

tanque de reactor con el fin de permitir mÆs presi6n 

hidrÆulica. Come una cosecuencia no s10 esa parts del 

5.: tube vertical de subida que se extiende sbe la superficie 

de .liquido necesLta extenderse, sino tathi4n la f&zerz3 

� directriz d1 as para elevar la columna de agua Al 

� dIspositiy.o de separación  de gas-lIquido Esto ede 

� . . . haçrse,  per ejemplo, al incrementar la longitud del tube 

10 vertical de subida que se extiene debajo de la supercie 

cuos, y/o al disrninuir la resistencia e flujo del tubo 

� � vertical  de subida per ejep1o, al cambia el diÆetro 

del tube. El descenso de la posición en donde el gas se 

introduce en el tubo vertical de subida crea mâs fuerza 

15 threctriz para elevar la columna de aqua al dispositivo de 

separaciÆn a presión hecia arriba creada POT el volumen ���� 

de agua despIazada en el tube vertical de subida genera la : � 

fuerza direcrLz que traIada el aqua al dispoitivł de 

s.eparacióri de gas-liquido. 

20: Una modalidad preferida de auerdo �c�On esta 

primera soluiión  se caracteriza en que I rnenos un tube 

� . vertical (5) de subida tiene ui-i pate (26) superior la cual 

se define co aquella pa-rte del tube vertical (5) de 

� . .� � subida �que, Ske extiende hacia airiba a partir � de la 

25 superficie (21) de liquido, y en deride la parte superior 

36 



tiene una 1o*gituci (H3) la cu1 e al menos aroximadaxente 

.1.2 m, de prfrenca al meuos aLproximadamene 1.4 m tal 

coma 1.6-2 m 0 ITtÆS. 

� Una segunda solucióri es para operar a una pre36n 

5 :de gas mÆs tlevada en el spaxadr de gas-iquido. Sta 

segunda sol16n puede lograzse, or ejeplo, disponiendo 

el proceso te separaciór de gat-1iq’uido en in recips21te 

...............

 

esencialmenta cerrado provisto con medios par manten Ia 

� presiOp de gas en un valor ubra1 predeenado D 

1.0 este macjo, puede obtenerse una prsiôn de des 4a extra d 

columna de ata de 0.3 a 1.0 m si se requier. De acudo 

con una moda.ictad preferida de esta segunda oIuciOn, tal 

F . - valor de ura). as una co1wna de ag de al os 

aptoximadamexte 0.25 m aprocimadaniente O. O5 bar), tal 

15 coma una co1mna de agua de alnienos aproxi w&ente 5 in i. 

(aproximadmete 005 bar). De acuerdo can moda1dad 

preferida de osta segunda s1ci6n, tal vorde umbral es 

una columna de aqua de como it&xirno 
aproximHatente 

i 

(aproximadamete 0.15 bar), tal coma una ca1u4a de agua de 

20 a Ia sumo aprłxidamente  1.2 m (proximadamene 0.12 br). 

Una  tercera solucjÔfl  as mejorar I flujo de 

ftuido que f1ye a travØs del ethmentdor. ES  puede, por 

ejemplo, logarse al proporcionar, medios qua permiten al 

fluido entrar al sedimentador continua y,. fÆiImente. De 

25 acuerdo con Una modalidad de esta tercera olin, el 
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dispositivo de separación  de› gas-liquido comprende w 

recipiente, en donde Is ntrada el tubo vertcal de bada 

cor ct  a un  rtica1 con.-, en form   

is union cónica en  la, direcciOn descendente, y en don4e la 

5 abertura de descarga de al menos  tin tubo vertical de sbicLa 

se dispone Para cer un f1jo del fluido targencial on el 

recipiente a1e4edor de la entrada’en fora cnica del .tubo 

vertical de bjada. 

Uris cuarta soIci.5 er, -.una, ccnbin4ion de Una o 

10 .�rnÆs do las tres sO1uciGnS mencionadas anriormene u 

otras soluciones posibles. 

Un factor impoirtant6 d influencia s Ia cantithd 

de produccióri de gas en el reactar, is cual e Un resultado 

de la caiga de COD aplicaday e1 indice de ponversi&o de 

15 COD. Una producción  de gas mAs elevada por ?uperficiO 

reactor especifica (por ejernplo expresada m3gas/m24h) 

provoca una elevacift mÆs furte degas, mintras qu en 

una producciôn  do gas mÆs baa, is elevació del ga se 

desaelerarÆ y finalmente se detendrÆ. Ia que las coluinnas 

20 del reactor mÆs alta8 producirÆn teóricamente 1as 

m3gas/m2.h, las fuerzas matrices extras pa   fiujo de 

circulaciOn rtÆs interns o pars elevar el agua a un 

dispositivo de separaciói de qas-liquido ImAs elevado 

estarÆn disponibles. El solicitante encuentra, contrario a 

25 la quo so espera, que est4 fuerza diectriz a4içiona1mete 
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necesita elegirse la longitud totaldel vertical 

ubida de maneta que la parte superior del tuo vertical de 

.subida se etienda hacia arriba a., partir de la Superficie, 

de liquido es decir, 1a lonitud sobr?Ls medios de 

5 recolección de aqua, tel cOmo el,.canal de c1ebordamieto 

� estarÆ entre al menos aproximadamente 10%,I tel conic> a]. 

menos aproxitadarente 151% y/o como MAXiMo roxirpadanente 

30%, tal como a lo sumo 4prox.imadamente 2% de la Ior9itud 

total del tubo vertical de subida. ltentivament, la 

10.’ preaión  del gas podria incementse a una c lua de 0 6 

70 cm o incluso una colwnna rriba de 1.0 TambiØn, on 

� . . posibles coinaciones de dos medida, por ejep1o., 

elevando la Atolbmna de a’ta por 1A e1evci6*i gas a 1"6 m 

e incementaftdo la . pi& de ga a una col u+ 
de agua de 

15 60 cm can el fin de lograr una presión combiada o preión 

� de descarga ce columna de agua de 2.2 m. A tcmr en centa 

estas medidas, se pudiern raliar altura$ react en 

el intervalo de 24 a 36 m o incluao mÆs a14s. 

De acuerdo con una modali.dad venajosa de la 

20 invención el dispositivo comprerde edemas m.dios (10 de 

recolecciôn de gas superior pare rec1ectax remover 

del fluido contenido en el tarque (14), los md–os (1 de 

H. . recolecciÆn d gas superior se proporcionak entre los 

medios (11) de recolecci6 de aqua y al menus un sista 

25 (4) de recolección de gas. 

;t/O.. 
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La prsente in7ncin Se m an iiet mbiØn per, 

y se elacixia de este MO aliuso de i ipositivo de 

purificaciônanaerObica  de acuerdQ con la 

� ’ 

La presente invnci6n s manifieta tambiØn pot, 

5y se telaciOna de este rnodo, a, un mØtodo ra abir un 

disjositivo p,irificaci6n a&óbica para p ficaci4t de 

fluido entrante, tal como aqua ridual, el dspoitivoc1 

purificación  anaerbica cmprede: 

� m tanque de jector; ’ 

10. � nedios de entrada Para intrdwir flujo 

entxante en l tanq’ue, las medis �de entraaHe 
local?Lzan 

en la sección’inferior del tanque; 

� 
rnedios de recolecciôn de aqua F tal cornoun 

� 

� canal de de oraI4iento, para rcolectar u4 purifica4a, � 

15 ls rncdios dØ recolecci6n de agua se prpxionn en la 

sección supeior del tanque y deiinen tina sperficie- de 

lIquidQ en el taique de reactor; 

� al menos un sistena de reoie dan de gas � 

para rco1ectr gas a partir del fluido c4eido en el 

� 

. 20 reactor, al menos un sisteta dp, recolecciôn  dØ gas que se 

dispone en unirel pot debajo d’-?Ios medios d recolecin 

� ’ � deag.ia; ’ 

� un dispositivc e separación de gas-liquido 

� . . 
� dispuesto en lui nivel sobre 1as mthos de reo1ección de 
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� 
- al menos ;Ufl tub vertical e subida, que 

� tiene una bertura de- dcaria qu desmoca en el 

di.spositivo de separación, al menos un ,tub vrtica1 de 

H..’?-Subida que se conecta al menos a un sisteia 
de
 reco1eci6n 

� 5. de gs para elevar fluido contenido en el tariue per acción  

de e1evci6n de gas caus4a por el gas eco ectado 6m al 

menos un siatm de recol ion d gas; 

� 
� un sedimentador ue tiene entrada que 

deseboa en 1 dipositio de separación y uba sa1id.que --

� 10 deseboca en la secciOn interior ’del tanque ara regrsar 

liquido sepaxado en el di5positivo de separaci5n, dentro tie --

� 

� la sección inferior del tanque; 

carłcteriçto  ensue 

el dispositivo de purificación aiaeróbica se 

15 opera con unaptesión de dscrga de -upa cc1uxnxa de aqua de 

al menos aproximadaraente 1.4 m (aproimad$Tene 1.4 br), 

la presiôn de decargapr&valeciente en el -seirrentado� n 

el nivel de l superficie de luido. 

Ventajas del use cle acuerdo con la 
ikwención 

ai 

� � 20 como el thØtdc de acu-rdo con la inven4in y us 

mo1idds preferidas de scuerdo con las reirndicaciones F 

1417, serÆn cIaos a partir de la exp1icaci6! -precede 

� 

. en relación con el dispoitivo de acuerdo con l. invenci,ôn. � 

25 



17 

BRtVE DEscRDC LS FZc$**J 

A ontinuaci6n1 suindo I Ia presnte invenci6n’-

....se. exp1icar ademâs con; reerecia a n diujo En est 

� dibujo: 

5 La Fi9ura 1 mues.tr uy esquemo  ticamente un 

dispositivojl e purificai6n -anaeObica de auerdo cłn la 

invención; 
y 

L Figuras 2A y 2S muetran esqueiTt4ti came nte .una 

parte de diptivos de puificacin do 4uerdo con la, 

10 invenión para explicar et tØnnio "Presi6nd descarg3" 

DWRZPC14* DZLZDA DE L 

El equipo de prifiaiôn anaer6bic mostradb en 

� la Figura 1 domprende un c9ntlelnedor 14 altQ, 111arrado tnque 

15 de reactor. - 

En l extreno inf or del tanque l4 del reactor, 

se proporciona una zona 2. de clad pars fjo entrAte 

introducido a travs del iistro 12. Conio expert 10 

� 

sabe, 1-Ina zona 2 de me1ado puede 1ograr.e en vaias 

20 tormas Una manera ventajosa paa qonseguir la zona de 

mezolado es proporcionar un sstema ie entra4 de acuerdo 

� � ..con WO 92/0163g. 

� En la parte superior del tanque de reactor,- se 

� adaptan medios de recolecci&i de aqua, en Ja forms de 

25 canales 11 de desbordament u ottos medios .1. 8, cuales Se 

3.. 



conectan a’ un drenajel’ 152 de flurit 4’ia desrga 

efluente purificado. L68 rndi de recolecióri de agua 

definen el nivel de l superflce 21 de lquido11 e 

tanque 14 el reactor ; En, el caso cie cna1s 11 de 

5 desborcarn)to este nivel 14, superflcie 21 de lido’ 

se dtermina par là ori1l $bormitetO e tales 

.c4nales 11. 

Deitzo del. tnqe 14 401 reactor,, adapt aki ,dos 

diposicions 4 y1ł de xecoIec6n de gas ra 

10 y remover g4$. Cad.a una de las d xicions 04 reco1eción 

de gas cornprende una mu1tip1icid.d de cuan4 19. Par caja2 

thsposici.ón  de recolección ’de gas, 1as cnpanas pedefl 

disponerse eh una caa ovria capas, tal c4o tres pa  

como se muestra en I  figur’a E1 n6omrQ 10, especilment 

15 en, la reivithcaciones, se 1 IZA4 el niediQ ce recoleeción 

de gas superior y. 4 e llama, speclnente en’,’las 

reivindicaci4ne, al enos up sistenia de rcolecciôm  de 

gas. La Figuia I muestra óLq. un sistema 4 d recolección 

de gas, perł dentro dei marco’ de I  irwe4ción podrian 

W . . 20 proporcionarp tamblØn ’dos, trs a m&s 3i.stemas de 

recolecciôn de gas. El mdio 10 de ree1e4ci6n de gas 

superior no neceita conectxse al tubQ v rtical 5 de 

subida 
y 

podia estar ausI)te. en caso de qu el fluido a 

esta altura d,61 tanque sea ga pore, a podri descarg.arse 

25 de forma sep4raia al dis 6 de sePa,raiÆn de s-

H ’ ’ 





T20 
� el qas recoectado pot uenos in sistme?i 4 de rco1cci6n 

de. qas (paradores e i1 infeiór),. Para este 

propbito,Ias cmpanas 19 de al nienos un sistema 4 de 

rØolecciônde qs 3e.cónectan  al tubo vrtia de sid 

5 de tal modoi que el gas reoltdo crea l .elevaci de 

gas en el thbo vertical de sbida. Coo t, todo sto 

� relacionado .con el tubo veztioa1 de subjde con a’ 

� partir de I tØcica antrior y puede, 4> i etperto. 

sabe, real iz*r8 en varies mPeris. 

10 Eltiào vertical 8 de h*jada se xtnd des4e el 

� . �. dispoitivo 6 de searain de gas-liquido a la r$ion 

� inferior de tazque 14. l.a intluencia d0 g ved4 el 

� 

� liquido 6 P#-rtir del disposit de sepr6n, el’dual 

� 
. puede -’deper4ierdo de dóiule  se ubique l a bitsa - conener 

15 biomasi tar se regrsa 1 fando de ttque. Er el 

� fondo del. taflque este retoaa de flujo catEsa fluidizaón 

del lecho de Ia biom4sa. 

Las Fguras 2A y 2B mulestran muysqnticamnte 

dos diferent 16daliØad3  <eouerdo con 4wenciÆn, con 

� 

� 20 el propÆsito e explicar el tnnino de prió  :de descrga 

corno Seui1,za en est solicitud. ara pates 

correspor4ientes, se utliz4n JçCS mistot nimeros de 

� referencia coio con respecto ala igura 1. 

Tanto en las F19uz&s 2A coo 2J3 l. presióde 

25 dscarga desczga es la difttnc de prsiô entre rlO 



puntQs A y B. El Punto A, qt iee yace, 

defltro del tuio vertical 8 de b a ei b nivel 1a 

superficie 1 de lLquido en e l tape 14. E Punto B, que 

� tiene la pe–ón P yce fuera del tub vertic de 

5 ba ada, peru dentro del reactoen el mismriive1 d 1a 

�superfiie d LP liquido. La’ preión pausada por la co1umnd 

� aqua Hw sob el punt se llama P. La prsiôn P1 og 1a 

prein de as justo sthe eL niel d 11quic10 el 

d.ispositivo ,. de separaciÆfl cW gs-1iquidb. P2 1 i I. 

10 presiön  4e SI. justo sobte 41 Uv1 21 cie jiquido et Łl 

tanque ctŁ 3waptor. Tods s preiones e miden �com 

reiación al&prsi6n atmosf&zica. 

En i.a mc,dalidadde aciexdo co la i42ra 2A, el 

dispositivo de separacón de gas-*liquido comprendeun 

15 recipiente 1 cerrado. P. n �ete recipiete cerrado, 

presio.r d <j&15 es P1. El t4nque 14 del reactor tiene un*sI 

lia1adt2 tech abierto, Fpto sj4rifica cuØ 4 techo se 

comunica con sI ambiente de, maoer que la prsn de gas -P2. 

en el techo del reactor, es aproimadamente la preaión 

20 atmosfrica; si aproximadament 6ero/e1ativo a la preión 

atmosfØrica. !$in embargo, el tamque de reactor ptie 

taThiØn tener un techł cerrado que perntite a l. presión..de 

gas P2 ser diferente de la Aqul pZ 

� la presión de descarga Se apIic: 

Pdesarqa � -, + -P - .25 



£ 
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ubica de pefericia scbre nivel d Lido en el 

seprdor dergas_llquidy se disefw en tina orma qua cre 

un patron flujo taencial en el di3çoitivo 6 de 

separador d gas-liquidp para optimizar eL process de 

5 separaciOn. La abertura de ettrda al tibo rertical a de 

�bajada se łrma de pretereia. cOnicment para evitar c’  

� atrapaiento de gas y permte un f1i. descendnte 

conatante. 

Deitro del alcance de LI invenUn,I ’son posibi.es 

10 V4)–$ ftoditicaci ones. Las moda1idades sttada 
y 

descitas sn solamente ejeiflpJs. Tadas. la . moda1idajes 

tierien en comTh que una potci6n. nt le del gas 

desrro1ldourant.1a fereiaci6n  Se recpl  4nte8 de 

quo puda a1canzar la seciôn zMs alta del etor y qi* el 

15 liquido impiAlsado en eeite proceso par 14 accion de 

e1evat6n de gas se separa del gas 
y 

la nexa potenal 

de la cdumnÆ’ de liquido reItivamente pe.sad se uttiza 

mediante un fluo de Ecircii]4ci6r para obtener la 

� agitación necsaria para mezclsdo y flui zçin directa 

20 en el fondo Oel reactor. La potricia, la ciiaL hbIa 8tdo 

liberada on el t.cô del reactor se conduce 4h4ra al fo64o. 

La capacidad de carga del reactor se inc.rernta 

considerablemente corno. tin resultado de la calm en el tcho 

cerca de la slida de aqua yla turbulencia en el fondo 

25. cerca de la eritrada de aqua. . 
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fliendc descito I’a presrte tnvención e 

cohidera qomo novecjad y pcn 1c tanto se reclamacozo 

propiedad l’ cºscrito en las siguientes reividicacion. 

5 

LUn disposit?va de pirificaci6n 

purifcación de fluido entrate, tal como agu. residu$ i 

dispoitivo de puriicación  anaeôbica  etâ actimdo 

1. porque comprene: . 

� 

. n tanque de reactor (14); 

� I rdios de entda (12) parainroducir 0. 

entrariteen 01 tanque (14), los medios dłe*da (12) se 

�localizanen a sección in riQr del tanque (14; 

15. .. medios de ieoolcciÆn de aqua (1I tal ma 

un cnal ie desbordamiento, para cetar 4,Vua 

purificad, -Jos iedio de reeolecciÆz gua e. 

propó.rionan  en la sóx or del tnque (14.) y 

definen ina auperficie (,7 1) de liquido en 1 tanque de 

20 reactor (14.); 

� a  i eos un sistea de reco1ei6n de as 

(4) pera recolectar qas a partir del fluido contenido en-o el 

read tor (14), .l fnenos un sistema de recolecci6 (4) e gs 

que se di3pone en un niv1 por dbajo de 10 rndios de 

25 recoeciOr.deacjua (11); 



un disp<it (6) deacjn  d qa 

Uquido d–puesto en ’un ni*1 sobre I as hedił d4.i 

recoLección de aqua (11k; 

� al nenos trun  tubo vertical c1e su1iaa (5) qu 

5 tiene una 4bertura de escarga (18) que dsemboca e’D el 

dkspositivode separacI&n (6), *3. menos w t4bo v rtia1 dC 
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(57) ABSTRACT 

A method and a device for purifying waste: water is 
described, in particular for an anaerobic purification, in a 
container receiving a medium under the development of gas, 
wherein the gas developing is caught by a gas collector, 
ingredients of the medium entrained by the gas are separated 
and the ingredients separated are passed back into the 
medium below the gas collector. In order to improve the. 
purilication effect in a constructively smp1e manner, it is 
suggested to take in medium from the upper portion of the 
container by a gas lifting effect of the rising gas and to 
conduct it back into the container. 

11 ClaIms, 1 Drawing Sheet 
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METHOD AND A DEVICE FOR THE 
PURIFICATION OF WASTE WATERS 

FIELD OF THE INVENTION 

The invention refers to a device for purifying waste water 
of the type described in the preamble of claim 1. 

BACKGROUND OF THE INVENTION 

A method of this type is known from EP C) 170 332 El. 
The known device operates anaerobic, preferably according 
to the IJASB method (upflow anaerobe sludge blanket) in 
which a container is used in whose lower portion the waste 
water to be purified is conducted and from whose upper 
portion the purified water is let off. Anaerobic micro organ-
isms are active in the container. Staked gas collectors in the 
form of hoods are located in the waste water inlet and the 
overflow for the purified water. The upper portion of the 
hoods is connected to a gas-sludge separation means via a 
line. The action of the micro organisms generates gas, which 
settles down on the sludge so that this sludge floats towards 
the top as so-called scum. This scum is caught by the hood 
and gradually emits its gas so that it becomes heavier and 
sinks back to the ground as so-called sinking sludge. The gas 
emitted by the pellets rises together with the free gas bubbles 
caught by the hoods towards the top in the lines and thereby 
entrains scum particles and fluid that was separated in the 
gas-sludge separation chamber. The gas is purposefully 
carried away while the fluid entrained, which may also 
contain sludge particles, reaches a penstock, which leads 
back to the bottom of the container. The purified waste water 
reaches a discharge line in the upper portion of the container 
via an overflow and is drawn off there. However, it proved 
that the purification power of such containers still needs to 
be improved. 

SUMMARY OF THE INVENTION 

Thus, the invention is based on the object of providing a 
method and a device for purifying waste water by means of 
which the purification effect is optimized in a constructively 
simple manner. 

The object is solved by the features cited in claim 1. By 
the method according to the invention of again sucking on 
medium from the upper portion of the container and intro-
ducing it into the purification circle, a circulation of the 
medium in the container is started or enforced, which leads 
to a substantially improved purification effect, wherein by 
the utilization of the gas lifting effect of the already sepa-
rated gas, this improved purification effect neither requires 
energy nor complicated constructive modifications for 
instance in already existing containers. 

In a useful manner, the medium taken-in is conducted 
back into the container together with those ingredients of the 
medium that were entrained during the gas accumulation. 

Claim 3 describes an especially preferred device for 
carrying out the method according to the invention. 

To realize the improved purification effect according to 
the invention, only one additional line exists between the 
upper portion of the container and the gas collection line 
which can of course also easily be retrofit in already existing 
containers. 

Advantageous embodiments of the device according to 
the invention can be derived from subclaims 4 to 10. 

BRIEF DESCRIPTION OF THE DRAWING 

An embodiment of the device according to the invention 
to carry out an embodiment of the method according to the 
invention can be derived from the enclosed only FIGURE. 

IP 
FIG. 1 shows a device 1 according to the invention for the 

anaerobic purification of waste water according to the 
UASB method, which, however, is only shown schemati-
cally. The device is a development of the device that is 

5 described in the unpublished German patent application 198 
15 616 to which reference is hereby made. 

DETAILED DESCRIPTION OF THE 
INVENTION 

10 The device 1 includes an upright standing container 19 
into which a waste water line 2 opens in the bottom portion 
in which a sinking sludge zone provided with micro organ-
isms is located. The waste water line may be provided with 
one of the conventional distributor systems for the waste 

is water, which, however, is not shown. 
A plurality of gas collectors 3 are arranged in a manner 

stacked across the height of the container. In the embodi-
ment shown, the gas collectors 3 are grouped into two 
systems, i.e. into a lower system 3a and into an upper system 

20 3b. Each of the gas collectors 3 is provided in the form of 
one of the known gas collector hoods having a downwardly 
pointing opening, which extends across the largest horizon-
tal cross section of the hood and which has a vertical cross 
section tapering towards the top. However, different forms 
of gas collectors may also be used. 

The gas collectors 3 of the lower system 3a of the 
container 19 according to the invention comprise lines 1$ 
extending through its ridge of the roof 11 and which are 

30 
welded in a gastight manner to the ridge U. Each of the lines 
18 projects from the ridge of the roof 11 a little bit further, 
preferably 0.1 to 0.4 times the height of the gas collector 
hood, downwardly into the gas collector hood and comprises 
a horizontal opening possibly provided with sludge repelling 

35 
means. Above the ridge of the roof 11, the lines 18 have an 
inverted U-shaped bend 4, which is connected to a discharge 
line 20. The opening of the inverted U-shaped curvature 4 
into the discharge line 20 or the opening of the discharge line 
20 into a total collector line formed as a riser 9 is located 

40 
some centimeters, preferably between 5 and 10 cm, above 
the opening of the line 18 below the ridge of the roof 11. The 
line 20, which is connected to all gas collectors 3 of the 
system 3a, opens into the riser 9, i.e. a pipeline having a 
cross section that is significantly diminished compared to the 

45 
cross section of the container 19. The riser 9 leads upwardly 
into a gas-sludge separation means 13 arranged above the 
container 19. A sinking line 10 leads from this gas-sludge 
separation means 13 back into the container 19 and opens 
with a downwardly projecting, horizontal opening below the 

so lower system 3a, and shortly above or within a sinking 
sludge zone formed in the container 19. 

The upper system 3b of the gas collector hoods 3 usually 
serves for retaining scum for preventing this scum from 
reaching the purified waste water. The gas collectors 3 of the 

155 upper system 3b also comprise lines 21 opening upwardly 
over the ridge of the roof 11, however, said lines opening 
without the U-shaped bend 4 of the system 3a into a 
discharge line 12, which in turn leads into the gas-sludge 
separation means 13. Below the ridge of the roof 11, the 

60 lines 21 are formed as the lines 18 of system 3a. 
Some or all of the gas collectors 3 of the upper system 3b 

may be connected to the sinking line 10 via a pipeline 16. 
The pipeline is located in the part of the gas collector 3 in 
which scum preferably collects. 

65 Above the upper system 3b, an overflow 22 for the 
purified water is located which determines the water level in 
the container 19, said overflow opening into a water line 6. 
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A return line 7, which is provided with a pump 8, leads out 
of the water line 6 and back into the gas-sludge separation 
means 13. A first gas line 14 leads out of the gas-sludge 
separation means 13, said gas line guiding away the col-
lected bio gas for further processing, e.g. for the generation 
of energy. A further gas line 16 leads out of the gas-sludge 
separation means 13, with a pump 15 also being connected 
into said gas line. The gas line 16 leads into the lower 
portion of the riser 9 so that the gas can be returned for 
supporting the lifting effect. 

The riser 9 leads below the discharge line 20 with a 
suction line 9a into the upper portion of the container 19 and 
opens there below the overflow 22 for the purified water, i.e. 
shortly below the water level. 

The device according to the invention operates according 
to the following method. The waste water to be purified, e.g. 
organically highly contaminated water from the food or 
paper industry, is conducted through the waste water line 
into the lower portion of the container 19 and into the 
sinking sludge layer existing there, which is provided with 
micro organisms, preferably in the form of conventional 
sludge pellets. The micro organisms decompose the organic 
contaminations of the waste water, which leads to the 
generation of gas. The gas rises in the form of gas bubbles 
towards the top and also gets caught on the sludge pellets, 
so that they become lighter and start to float. The gas and the 
gas-containing pellets floating in the form of scum reach the 
portion of the first system 3a and are caught by the gas 
collectors 3. The gas collects in a gas cushion 5 below the 
ridge of the roof 11 and above a layer formed of scum, which 
also gradually outputs its gas and sinks back as sinking 
sludge. The gas reaches the U-shaped bend 4 via the line 18. 
In this curvature a gas cushion is formed, which prevents 
rising and entraining of scum in the line 20. Thereby only the 
gas reaches the riser 9 via the line 20. There, the gas causes 
a strong, rising flow and thereby a vacuum at the intake 
opening of the intake line 9a. This vacuum causes medium 
from the upper portion of the container including the still 
existing ingredients, i.e. in particular substantially purified 
water with scum residue retained by the overflow or possibly 
residue gas, to be taken in and to be conducted hack into the 
gas-sludge separation means 13 together with the entrained 
particles and the gas from the gas collectors. The mixture of 
gas, taken-in sinking sludge and water from the upper 
portion of the container 19 and from the portion below the 
gas collector is separated in the gas-sludge separation means 
13, wherein the gas normally is conducted via lines 14 for 
further processing. The entrained sludge collects and is 
flushed by the water downwards via the sinking line 10 into 
the container 19, where it is relieved below the system 3a 
into the container, sinks back to the ground and causes 
turbulences there so that the micro organisms are rinsed by 
the waste water again and therefore find optimum conditions 
of life. Moreover, the waste water is subjected to a second 
cleaning process, and it is taken care that not too much 
residue sludge collects at the overflow 22, that there is a risk 
of the residue sludge being entrained into the purified water. 
Finally, an advantageous internal reactor circulation is gen-
erated in this manner without external energy, e.g. for a 
pump, having to be supplied. When the sludge sinks down 
from the separation means 13 through the sinking line 10, 
scum is taken in via the tube 17, said scum having collected 
below the gas collectors 3 of the upper systems 3b. This 
enforces the swirling effect effected by the returned sludge. 
A further enforcement of the swirling effect caused by the 
sludge sinking back may be achieved by the aid of a small 
quantity of waste water that is already purified, which is 

taken by pump 8 of the water line 6 and which is pumped 
back via line 7 into the separation means 13 where it helps 
effectively flushing out the sludge through the sinking line 
10. 

The intake, in particular the start of the device 1, may be 
supported in that gas or also air is pumped into the riser 9 via 
the line 16 and the pump 15. 

The scum and the gas bubbles, which were not yet caught 
by the lower system 3a or which have exited again when the 

10 collection capacity was exceeded, reach the area of the upper 
system 3b and are caught by the gas collectors 3 there. The 
gas collecting in the ridge ii is conducted via the straight, 
vertical lines 21 and the line 12 into the separation means 13, 
whereas the scum layer is either discharged via the tube 17 

15 or, after outputting the gas, sinks back to the ground. The 
purified waste water flows into the overflow 22 and there 
reaches the Water line 6. 

If needed, the device according to the invention may also 
be operated additionally anaerobic, wherein oxygen at a 

20 quantity of ito 3 volume percent is added to the gas-sludge 
separation means 13 for instance to obtain a biological 
oxidation of the sulfur prevailing in the gas. A return of the 
gas via the pump 15 and the line 16 is not carried out. 

Usually, anaerobic decomposition processes have an opti-
25  between 25° C. and 37° C. By the higher flows it is 

possible to lower the reaction temperature. The optimum 
temperature for the method according to the invention is 
between 10 and 37° C. This means a significant saving of 
energy, since a heating of the waste water is no longer 

30 required. 
Furthermore, the upper reactor chambers of high reactors 

may be provided with a higher density of pellet foam, 
thereby further increasing the efficiency. In the case of 
especially protein-containing or starch-containing waste 

35 waters, which form so-called floating coagulates, these 
waste waters may safely be conducted back into the ground 
portion. 

As a modification of the embodiment described and 
shown, more than two gas collector systems may be 

40 provided, or the container may contain only gas collectors of 
the lower gas collector system if they are capable of keeping 
away the scum from the overflow for the purified water. In 
the case of particularly small reactor heights, the pump for 
returning the gas into the riser may operate permanently. The 

45 riser may extend in the interior of the container and the 
sinking line may extend outside the container. It is also 
possible to conduct the sinking sludge not into the separation 
means but via a branch line from the riser directly into the 
container. If it is ensured that only gas or predominantly gas 

50 reaches the riser, the gas collectors may be equipped without 
the U-shaped bend or with another gas-separation means, or 
they may be connected with such a gas-separation means 
connected in front of the riser. Finally, the medium taken in 
via the intake line, in particular if it contains few gas, or no 

55 more gas, does not have to be conducted via the separation 
means but it may directly reach into the container. 

What is claimed is: 
1. A method of purifying waste water, in particular an 

anaerobic purification, in a container receiving a medium 
60 under the development of gas, wherein the gas developing is 

caught by a gas collector, ingredients of the medium 
entrained by the gas are separated and the ingredients 
separated are passed back into the medium below the gas 
collector, characterized in that caused by a gas lifting effect 

es of the rising gas, medium is taken in via an intake line from 
the the upper portion of the container above the gas collector 
and is conducted back into the container. 
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� 2. A method as claimed in claim 1, characterized in that U-shaped bond (4) of the line (18) upwardly leading out of 
the medium taken in from the upper portion of the upper the gas collector (3). 
container is returned together with the ingedienta separated 7. A device as claimed in claim 4, characterized in that a 
from din gas into the lower portion of the container. pipeline (11) from the lower portion of the gas collector (3) 

3. A device for purifying waste water, in particular by an 5 opens into the sinking 11$ (U)). 
anaerobic purification, comprising a container (19)receiving 8. Adevice as claimed in claim 4, characterized in that a 
the medium, a waste water intake (2), an outtake (22) for’ Lwt system ’ a) O4, 

- a plurality of gas collectors (3) is 
purified water, at least one gas collector (3) arranged in the provided in the container (19), said gas collectors being 
container (19) and a line (18,4) leading upwardly from the provided with upwardly extending lines (18) having a 
upper portion of the gas collector, characterized in U-shaped bend, and that a second system (3b) of a plurality 
above the gas collector (3) in the upper portion of the of gas collectors (3) is provide%d above the first system (3a). 

� 

container (19) an orifice- of an intake line (9a) is arranged, 
wherein the line (IS) of the gas collector (3) opens into the 9.A device as claimed :" claim $ characterized in that the 

� intake line (9a) in a manner that the gas coming from the gas pipeline is provided -between the gas collectors (3) of 

� collector (3) can be used as a gas lifter for taking in the the second system (3b) and the sinking line (10). 

medium into the intake line (9i). 10. A device as claimed. in claim 3, characterized in that 

4. Adevice as claimed in elaim3, charaeterizeduiithat the an additional gas line (16) opens into a riser (9). 

intake line (9a) together with the line (18) opens into a gas 11. A device as claimed in claim 3, characterized in that 

collector line (9), which leads into a gas-sludge separation a first system (3a) of a plurality of gas collectors () is 

� means (13) from which a sinking line (10) loads back into 20 provided in the container (19), said gas collectors being 

� the container (19) below the gas collector (3). provided with upwardly extending lines (15) having a 

S. A device as claimed in claim 4, characterized in that a U-shaped bend, and that a second system (3b) of aplurality 

gas separation means (4) is provided in the gas collector of gas collectors (3) is provided above the lirst system (3a). 

.. 6. Adevice-as claimed in claim 5, characterized in that the-
� 

gas separation means is formed of a substantially inverted * 

H.. 
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[571 ABSTRACT 

For the biological purification of waste water, use is made of 
a column containing a UASB reactor (1) at the bottom and 
an aerobic reactor (2) at the top. The two reactors (1; 2) are 
separated from one another by a partition (12) in which 
openings are provided to allow the anaerobic effluent 
through into the aerobic reactor. The partition (12) is situated 
at some distance above the gas collection means (8) in order 
to form a buffer zone (13) for anaerobic sludge which has 
flowed through. Preferably, a floatation apparatus (3) is 
mounted on the aerobic reactor in order to separate biomass 
from the purified water. 

8 Claims, 1 Drawing Sheet 
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APPARATUS FOR. THE BIOLOGICAL 
PURIFICATION OF WASTE WATER 

This is a continuation of co-pending international appli-
cation No. NITJNL97J00592 filed on Oct. 29, 1997, which 
designated the United States of America. 

The invention relates to an apparatus for the biological 
purification of waste water, comprising: 

a first part being an upilow anaerobic sludge blanket 
(UASB) reactor which has, at the bottom, a mixing 10 
section (4), at the top gas collection means (8) for 
collecting methane gas bubbles, and a fermentation 
section (6) which is present between the mixing section 
and gas collection means, which fermentation section is 
intended for biomass and the water to be purified, 

a second part being an aerobic reactor (2) mounted above 15 

the UASB-reactor (1), said aerobic reactor comprising 
means (14) for supplying air and/or oxygen, Such an 
apparatus is disclosed in International Patent Applica-
tion W096123735. 

Aerobic purification requires a relatively large amount of 20 
energy for aeration and results in a relatively large amount 
of solid waste in the form of surplus. However, the quality 
of the treated water is satisfactory. Anaerobic purification 
requires little or no energy and the amount of excess sludge 
is negligible. On the other hand, the quality of the treated 25 
water is generally unsatisfactory. If anaerobic and aerobic 
treatments are combined, the advantages of both methods 
are utilized, while the disadvantages are reduced. In the 
anaerobic part, the majority of the chemically oxidizable 
material (for example, 7596) is converted into methane gas 30 
the energy consumption and the sludge growth being low. 
The residual contamination is converted into sludge-type 
biomass and carbonic acid gas in the aerobic section. The 
savings are especially appreciable in the case of somewhat 
larger projects. In the case of small installations, the corn- 35 
bination of anaerobic and aerobic purification is less attrac-
tive because the savings do not offset the additional invest-
ment for an aerobic purification and because there is often 
insufficient space. Mounting the anaerobic reactor and the 
aerobic reactor above one another, preferably in one tank, 40 
makes the combination of anaerobic and aerobic purification 
profitable even for smaller projects. 

A possible drawback of the design disclosed in the 
abovementioned international patent application is that the 
anaerobic and the aerobic biomasses may mix with one 45 
another at the position of the transition from the one reactor 
to the other. As the result of the fact that the flow in the 
aerobic reactor may be fairly turbulent, the anaerobic bio-
mass cannot sink back into the anaerobic reactor, which 
adversely affects the purification efficiency. so 

The object of the invention is to avoid this drawback and, 
for this purpose, the method mentioned in the introduction 
is characterized by a third part being a buffer zone for 
anaerobic sludge which has flowed upwards through the gas 
collection means, said buffer zone being confined at the top 55 
by a partition provided with openings and at the lower side 
by said gas collection means, said means for supplying air 
and/or oxygen being mounted above said buffer zone. 

The partition ensures, inter alia, that the anaerobic sludge 
does not end up in the aerobic reactor and the aerobic sludge so 
cannot sink into the anaerobic reactor. The aerobic effluent 
can flow into the aerobic reactor via the openings in the 
partition. In the cairn buffer zone, any anaerobic sludge 
which has got in can be collected so that it can sink back into 
the anaerobic reactor chamber. 65 

It is pointed out that the JP-A-61274798 (abstract) dis-
closes an apparatus for treating organic waste water corn-

prising a vessel having an anaerobic reactor in the lower part 
and an aerobic reactor in the upper part. Between both 
reactors a partition is situated to which pressurized air is 
supplied to inject air bubbles into the aerobic reactor. There 
is no buffer zone formed between the partition and gas 
collection means. Consequently the problem of avoiding 
anaerobic sludge from flowing into the aerobic reactor is not 
solved. Further the anaerobic reactor is not an UASB-
reactor. 

In addition, DE-A-4411825 discloses an apparatus for 
purification of waste water having an anaerobic section in 
the lower part and an aerobic section in the upper part. The 
organic substances are floculated by an iron salt and the 
flocks and sludge of the aerobic part are introduced into the 
anaerobic part. There is no combination of a partition and a 
buffer zone to avoid anaerobic sludge from flowing into the 
aerobic section and aerobic sludge from flowing into the 
anaerobic section; on the contrary. Further U.S. Pat. No. 
5,147,547 relates to an oxidation and biological reduction 
reactor for liquid to be treated by upward circulation and 
recirculation. A vessel is filled by a lower layer of lower 
density than the liquid to be treated and an upper layer of 
higher density than the liquid to be treated. A partition is 
situated between said lower and upper layers. The partition 
is provided with pintles as a central tube. This reactor does 
not give any indication to solve the problem of the solution 
on which the present invention is directed. 

It is pointed out that the operation of the UASB reactor 
can be improved in a manner known per se by recirculating 
some of the effluent with the aid of the biogas acting as an 
internal pump (gas lift). In addition, some of the aerobic 
effluent can be recirculated via the anaerobic reactor in order 
to bring about denitrification. 

In order to separate the aerobic biomass from the purified 
liquid, sludge separation means, for example a floatation 
apparatus, are preferably mounted on the aerobic reactor. 

An efficient embodiment of the aerobic section comprises 
a central riser for feeding water up out of the aerobic reactor 
into a mixing chamber into which there debouches a pipe for 
supplying gas-bubble-rich recirculation water (white water). 
In addition, the mixing chamber mentioned may debouch at 
the top into a contact chamber in which water originating 
from the aerobic reactor, the gas-bubble-rich water and the 
water present in the floatation apparatus can mix With one 
another. 

To remove the aerobic sludge separated, there may be 
provided, above the usual liquid level in the floatation 
apparatus, a floating layer skimmer which feeds the sludge 
which has collected on the liquid to a central sludge tank 
which is connected to a sludge recirculation pipe. 

A drainage pipe having an expansion valve for the 
removal of foam and air can be provided at the top of the 
aerobic tank underneath the bottom of the floatation appa-
ratus. 

Water can be entrained with the gas from the anaerobic 
reactor by means of a gas-lift action. In order to separate said 
water from the gas and, at the same time, to promote the 
recirculation, the gas removal means of the anaerobic reactor 
can be connected, via a riser, to a gas chamber which is 
connected in turn via a downer (dowucomer) to the mixing 
chamber just above the bottom of the apparatus. 

Said mixing chamber just above the bottom of the appa-
ratus is separated from the anaerobic reactor by a partition 
having openings. 

Another oxygen-containing gas can also be fed into the 
aerobic reactor instead of air. 

The invention will now be explained in greater detail by 
reference to the FIGURE which shows a diagrammatic 
reproduction of the apparatus according to the invention. 
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The apparatus shown is intended to purify waste water 
biologically and comprises an anaerobic reactor 1 of the 
UASB type, an aerobic reactor 2 and a floatation chamber 3. 
Said units are situated in a single, relatively high column (for 
example, 10 to 25 meters high). Said column is preferably a 
single tank. 

The lowermost section�the UASB reactor 1�is pro-
vided at the bottom with a mixing chamber 4 into which the 
influent pipe 5 debouches. Said mixing chamber is separated 
from the actual anaerobic fermentation chamber 6 by a 
partition 7 having flow-through openings. Facilities known 
per se may be present in the mixing chamber 4 in order to 
mix the influent, for example tangentially debouching inlet 
pipes. 

In the UASB reactor, contaminants are converted into 
methane. Provided in the uppermost section of the UASB 
reactor are gas collection hoods in which the methane 
formed in the chamber 6 is collected and fed via a riser 9 to 
a gas chamber 10. Water entrained with the gas collects in 
the chamber 10 and is fed back via a downcomer 11 to the 
mixing chamber 4. 

The UASB reactor 1 is separated from the aerobic reactor 
2 by a partition 12 having openings. Situated between the 
gas hoods S and the partition 12 is a buffer space 13 in which 
anaerobic sludge which has passed through the hoods S can 
collect so that it can sink back into the anaerobic reactor 1. 
The buffer space 13 is calm. 

Situated above the partition 12 are means 14 for feeding 
air and/or oxygen into the aerobic reactor. In said reactor, 
contaminants are converted into essentially carbonic acid 
and biomass by means of aerobic bacteria. The liquid level 
in the reactor 2 is indicated by 15 and the closed partition 
between the aerobic reactor 2 and the floatation chamber 3 
is indicated by 16. 

The purified water which becomes superfluous as a result 
of feeding effluent from the UASB reactor leaves the aerobic 
reactor via the central pipe 17 and ends up in a mixing 
chamber 18 into which water with air dissolved into it can 
be fed via a pipe 19. At the end of the pipe 19 there is an 
expansion valve 20. Air bubbles which give the water a 
white colour are produced by the expansion. 

The mixing chamber is followed by a contact chamber 21 
in which the white water mixes with the water in the 
floatation chamber 3, as a result of which floes are formed 
which are driven upwards by the air bubbles. A floating layer 
of biomass forms on the water in the floatation chamber. 

By means of a floating layer skimmer 22, the biomass is 
fed into a central sludge tank 23 in which it is removed from 
the floatation chamber 3 via the pipe 24. The biomass can be 
fed back to the aerobic reactor 2. The effluent from the 
aerobic treatment leaves the floatation chamber 3 via the 
annular pipe 25 and the drainage pipe 26 and can be 
discharged into the sewer or the surface water free of sludge 
and solid matter. The excess biomass can be drained at set 
times to a sludge storage apparatus. 

Situated at the position of the liquid level 15 in the aerobic 
reactor 2 is an outlet 27 for air together with any foam which 
debouches via the expansion valve 29 into a pipe 30 for 
removing air and a pipe 31 for removing foam. 

Because the complex treatment (anaerobic, aerobic, 
floatation) takes place in a column having a relatively great 
height (10-25 meters), little floor space is occupied. In 
addition, a number of components are not needed which 
would indeed be needed in the case of a separate 

construction, such as drainage gutters, covering materials 
and ventilation facilities. 

It goes without saying that all kinds of modifications and 
additional facilities are possible. For example, some of the 
aerobic effluent could be recirculated via the UASB reactor 
in order to bring about denitriftcation. The aeration could 
then be different from that described. Instead of air, pure 
oxygen can also be used. 

What is claimed is: 

10 
1. Apparatus for the biological purification of waste water, 

comprising: 
a first part being an upilow anaerobic sludge blanket 

(UASB) reactor which has, at the bottom, a mixing 
section (4), at the top gas collection means (8) for 
collecting methane gas bubbles, and a fermentation 

is section (6) which is present between the mixing section 
and gas collection means, which fermentation section is 
intended for biomass and the water to be purified, 

a second part being an aerobic reactor (2) mounted above 
the UASB-reactor (1), said aerobic reactor comprising 

20 means (14) for supplying air and/or oxygen, character-
ized by 
a third part being a buffer zone (13) for anaerobic 

sludge which has flowed upwards through the gas 
collection means, said buffer zone being confined at 

is the top by a partition (12) provided with openings 
and at the lower side by said gas collection means 
(8), said means (14) for supplying air and/or oxygen 
being mounted above said buffer zone (13). 

2. Apparatus according to claim 1, characterized in that 
30 sludge separation means, for example a floatation apparatus 

(3), are mounted on the aerobic reactor (2) in order to 
separate biomass from the purified water. 

3. Apparatus according to claim 1, characterized in that a 
central riser (17) is situated in the aerobic reactor (2) which 

35 is intended to feed water up out of the aerobic reactor (2) into 
a mixing section (18) into which there debouches a pipe (19) 
for supplying gas-bubble-rich water (white water). 

4. Apparatus according to claim 3, characterized in that 
the mixing section (18) mentioned debouches at the top into 

40 a contact chamber (21) in which water originating from the 
aerobic reactor, the gas-bubble-rich water and the water 
present in the floatation apparatus mix with one another. 

5. Apparatus according to claim 1 inclusive, characterized 
in that there is provided, above the usual liquid level in the 

45 floatation apparatus, a floating layer skimmer (22) which 
feeds the sludge which has collected on the liquid to a 
central sludge tank (23) which is connected to a sludge 
drainage pipe (24). 

6. Apparatus according to claim 2, characterized in that, 
50 a drainage pipe (28) having a reducing valve (29) for the 

removal of air and foam is provided at the top of the aerobic 
reactor (2) underneath the bottom (19) of the floatation 
apparatus (3). 

7. Apparatus according to claim 1, characterized in that 
55 the gas removal means (8) of the UASB reactor (2) are 

connected, via a riser (9), to a gas chamber (10) which is 
connected in turn via a downer (downcomer) (11) to the 
mixing chamber (4) just above the bottom of the apparatus. 

8. Apparatus according to claim 7, characterized in that 
so the mixing section (4) mentioned just above the bottom of 

the apparatus is separated from the UASB reactor (1) by a 
partition (7) having openings. 

21 
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Anaerobic purification equipment for waste water. 

The invention relates to an anaerobic purification 

equipment for waste water cciiprising a container with a reactor 

chamber for fermentation, means for introducing influent into the 

reactor chamber, at least one overflow gutter for collecting 

5 purified, water by overflow, and, fitted below the level of the 

overflow gutter, a collecting system for collecting and removing gas 

from the liquid. 

First subjecting waste water which contains organic 

material to a process in which the organic material is broken clown 

10 into substances soluble in water, in particular fatty acids and then 

treating the water pretreated in this manner under anaerobic 

conditions by contact with granular sludge which contains methane-

46  microorganisms, methane being produced which is separated 
from the liquid which still contains sludge, is known. The treated 

15 water (effluent) is removed via overflows. For the anaerobic 

fermentation the theoretical residence time of the liquid in the 

reactor is determined by the hydraulic flow in conjunction with the 

total capacity of the equipment including the settling chamber.  The 

optimum residence time of the liquid in the reactor is determined, 

20 provided there is sufficient sludge present, among others by the COD 

concentration of the waste water. It has been found that with a 

residence time of several hours a purification of as much as 90 % 

can be reached. The extent to which such a purification efficiency 

can be maintained over a long period also depends on the sludge 

25 retention. In particular, care must be taken to ensure that on 

average no more sludge is rinsed out of the reactor than can be 

formed in a certain period of time. If a high hydraulic flow is used 

with a low COD concentration in the inf3.uent, there is a 

considerable risk that the internal settler will not be capable of 

30 preventing a large amount of sludge being flushed out. A factor 

which is of importance in this connection is the hydraulic surface 

loading of the settler. 

Because there is a difference in density between the 

settled sludge mass in the settling chamber and the mixture of 

35 sludge particles, waste water and small gas bubbles in a reactor, 

the settled mass is partially stirred up. As a result of the 
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turbulence produced by this in the uppermost part of the reactor an 

excessive quantity of sludge will be flushed out of the reactor. lt 

this nvst be added the fact that so much methane has penetrated into 

a portion of the sludge grains that the grains have become lighter 

5 than the ambient liquid. This limits the load capacity of the 

reactor to a considerable extent. 

From Dutch Patent application 82.01293 it is known that 

the "gas-lifting recirculation" of the settled mass can be 

controlled by creating an overpressure in the gas-collecting 

10 chamber. According to this publication the overpressure required for 

this is at most 30 % of the static pressure in the reactor. This 

measure therefore prevents a portion of the settled mass being 

removed with the overflow as a result of uncontrolled gas evolution. 

. A disadvantage of this method is that as a result of the 

15 implementation of this type of method, installations are required 

which withstand pressure, ant3 this entails a considerable Increase 

in the cost price. 

The invention aims to overcame the disadvantages described 

above and to create a reactor of the type mentioned in the 

20 introduction in which a good control of the gas-lifting effect can 

be achieved without overpressure being produced in the reactor. 

According to the invention for this purpose at least one 

additional collecting system for collecting gas and buoyant sludge 

is fitted at a distance below the first-named collecting system. 

25 which additional system has a hydraulic link with at least one 

rising pipe for raising the liquid sludge mixture by gas lift 

action, said rising pipe discharging into a separation device for 

separating gas and liquid. 

In view of the fact that gas and buoyant sludge are 

30 trapped at a considerable distance below the liquid level and are 

conveyed further via the said rising pipe or rising pipes, an 

essentially turbulence-free flow can occur in the uppermost section 

of the reactor. This increases the load capacity. At the top clean 

effluent is obtained. 

35 It is of iqortance that the buoyant sludge which is 

carried along with the gas to the rising pipe or rising pipes is 

separated and returned to the reactor. While a quiet, eddy-free flow 

is required at the top of the reactor, good mixture of sludge and 
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fluid will be required at the bottom of the reactor. For this 

purpose the heavy sludge has to be fluidised. 

In a preferred embodiment according to the invention this 

fluidisation can be achieved in the bottom section of the reactor 

5 with the aid of the energy fran the gas lifting in the rising pipe 

or rising pipes described provided that fran said separation chamber 

at least one downpipe for returning separated liquid and sludge 

extends to the bottom section of the reactor chamber. 

The gas will have to be freed fran the entrained foam. For 

10 this purpose use can be made of a defoaxrcr for separating gas and 

foam, which defoamer is connected to a separation device and has an 

outlet connection for separated liquid to the said downpipe. 

It is preferable that the first-named collecting system is 

also connected to the said separation device. 

is. The additional collecting system will have to collect the 

gas and the buoyant sludge as completely as possible and will have 

to carry it off to the rising pipe or rising pipes without the 

rising liquid being excessively accelerated by constriction of the 

cross-section. In particular, such an acceleration would per se 

20 cause disturbance in the uppermost section of the reactor. According 

to the invention this is catered for by the fact that at least the 

said additional collecting system has a number of hoods arranged in 

layers, the hoods in each layer having a certain offset in relation 

to the hoods of a subsequent layer and that the crass-sectional area 

25 occupied by the hoods In one layer is at most 55 % of the total 

cross-sectional area. 

Within a relatively large reactor container the various 

pipes can be acoc.mricdated in a space-saving manner if within the 

container there is a number of said rising pipes which alternate 

30 with pipes provided by said collecting systems for conveying the 

purified liquid to an overflow gutter and with at least one down-

pipe, the various pipes being hexagonal and adjoining each other in 

a honeycomb pattern. 

The invention will now be explained in more detail by 

35 reference to the figures in which two exemplary embodiments are 

shown more or less diagrammatically. 

Figure 1 shows a vertical section of the first 

effkiotThuent. 
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Figure 2 shows on a larger scale a detail of the 

collecting system, of this enx,di.ment, for collecting gas and 

buoyant sludge. 

Figure 3 shows a plan view of the collecting system 

5 according to Figure 2. 

Figure 4 shows a vertical section of a second embodiment. 

Figure 5 shows a horizontal section along the line V-V in 

Figure 4. 

The anaerobic purification equipment shown in Figures 1 - 
10 3 comprises a tall container 1 into the bottom end of which there 

discharges an inlet 2 for influent. Near the upper rim of the 

container effluent gutters 3 are fitted which are connected to a 

drain pipe 4. Within the container two collecting systems 5 and 6 

for gas and buoyant sludge are fitted, each consisting of hoods 
15 fitted at four levels 5a, b, c, 6 and 6a, b, c, 6 respectively Which 

to some extent slope In the direction of a central rising pipe 7. 

During operation fermentation takes place particularly in 

the Ixttcin section of the reactor under anaerobic conditions as a 
result of contact between sludge grains 

and substances soluble in 
20 water such as fatty acids, methane being formed. A portion of the 

sludge grains absorb so uuch methane that they become lighter than 

the ambient fluid. In order to achieve a quiet, turbulence-free flow 

in the uppermost part of the reactor and to ensure that virtually no 
sludge is carried off with the effluent, there is fitted at a level, 

25 which is at a substantial distance below the overflow gutters 3, a 

collecting system which guides the gas and the buoyant sludge into 
the rising pipe 7. In the pipe 7 the gas and sludge collected by the 

system S end up in a constricted section of pipe 7’ which Is fitted 
inside the unconstricted section of pipe 7. The collecting system 6 

30 guides the collected gas and possibly some foam into the Un-

constricted section of pipe 7 � Both the sections 7 and 7’ discharge 
Into a separation chamber B where liquid and gas are separated from 
each other. Liquid gathers at the bottom of the separation chamber B 

and flows via a downpipe 9 to the bottom section of the reactor. A 
35 pipe 12 extends between the separation chamber 8 and a c3efcaner 11 

in which sludge and liquid are separated from gas. Liquid with 

sludge is guided to the downpipe 9 through pipe 10. 

M a result of the fact that the gas has been removed from 

7R 



5 0170332 

it, the liquid column in the pipe 9 is heavier than the ambient 

liquid in the reactor .1. This means that a fairly powerful downward 

flow is produced in the downpipe 9 which stirs up the relatively 

heavy sludge at the bottom of the reactor. In addition, separated 

5 sludge is returned to the bottom section of the reactor. In a simple 

way the effect is therefore achieved that tranquility prevails at 

the top of the reactor and heavy sludge and influent at the bottom 

of the reactor are thoroughly mixed by turbulence. 

The construction of the collecting systems 5 and 6 is such 

10 that accelerations of the flow by constrictions of the cross-section 

are to a large extent limited. Figures 2 and 3 show that in each of 

the layers 5a, 5b, Sc and Sd two gas hoods are fitted, the two gas 

hoods in each level occupying less than half the cross-sectional 

area. The hoods of successive layer overlap each other and the hoods 
15 of the four layers together cover the whole cross-sectional area. 

The cross-sectional area of the reactor occupied by the hoods of a 

single layer should not be more than 55 % of the total cross-section 

and preferably less (for example, less than 50 %). The outlines of 

the various hoods are indicated in Figure 3 by the reference figure 

20 of the layer concerned. 

It is possible to combine a number of embodiments 

according to figures 1, 2 and 3 into a big reactor container. 

Figures 4 and 5 slmr a second embodiment in which the 

reactor has a much larger cross-sectional area and is filled with a 

25 large number of hexagonal pipes. The reactor container is indicated 

by 21, the influent inlet by 22, annular effluent gutters by 23 and 

. the main drain for effluent by 24. The gutters 23 and the main drain 

24 are connected to each other by pipes 25. 

Within the container there are arranged approximately 

30 fifteen hexagonal reactor pipes 26, three cxthiried hexagonal rising 

pipes 27, and a central hexagonal pipe 28. In this last-named is 

mounted a downpipe 29 which, in contrast to the hexagonal pipes 26, 

27 and 28, extends almost to the bottom of the reactor 21. The pipes 

26, 27 and 28 are arranged in a honeycomb pattern. 

35 In each of the reactor pipes 26 there are gas-collecting 

systems 5, 6 at two levels. These have the same construction and 

position in relation to each other as described in connection with 

Figures It 2 and 3 � The gas-collecting systems 5 at the relatively 
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low level guide the collected gas and buoyant sludge to a rising 

pipe 7 which narrows connection pipe 30. One or more connection 

pipes 30 are connected to a combined rising pipe 27. In the combined 

rising pipe 27 there is accommodated a pipe 31 of considerably 

5 smaller cross-section which is joined to the pipe 27 by an adaptor 

32. Each of the three pipes 31 discharges at its upper rim into a 

separation chamber 33, the three chambers 33 being connected via 

connecting pipes 34 to a defoamer 35 and connected via connecting 

pipes 36 to a funnel 37 into which the central downpipe 29 

10 debauches. The defoamer has a gas cutlet 38 and a liquid drain 39. 

Also pipe 28 has a gas collecting system 40 collecting gas 

bubbles and guiding gas to a rising pipe. Pipe 28 is closed above 

system 40. 

The gas-collecting systems 6 are located in each of the 

15 reactor pipes 26 immediately below the annular overflow gutters 24 

for effluent. These systns collect the residual gas and foam and 

guide them to a rising pipe 7 which debauches into a gas-liquid 

separator 41. The fluid separated in the latter is conveyed via 

pipes 42 and a combined chamber 33 to the downpipe 29. The gas 

20 obtained is combined with the gas from the defoamer 35. 

In this reactor, which is more complicated compared with 

Figures 1, 2 and 3, the effect is also achieved that gas and buoyant 

sludge are removed from the reactor pipes 26 at a relatively low 

level via the collecting systems 5 and the pipes 27, 32, 21 so that 

25 in the uppermost part of the reactor pipes 26 tranquility prevails 

and effluent containing virtually no sludge can flow into the 

gutters 23. In addition, the heavy sludge at the bottom of the 

reactor will be stirred up by the relatively heavy liquid which 

flows downwards from the combined funnel 37 through the downpipe 29. 

30 The mixing of influent and sludge is considerably unproved as a 

result. The excess and even dangerous kinetic potential energy of 

the gas in the uppermost regions of the reactor is used to bring 

about the necessary mixing and fluidisation in the bottom reag ions. 

Within the scope of the invention various modifications 

35 are possible. The embodiments drawn and described are only examples. 

All the embodiments have in common that a significant portion of the 

gas evolved during the fermentation and the buoyant sludge are 

collected before they can reach the uppermost section of the reactor 
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and that the liquid propelled up in this process by the gas-lifting 

action is separated from gas and the potential energy of the 

relatively heavy liquid colunni is used via a recirculating flow to 

obtain the stirring necessary for a thorough mixing and fluidisation 

5 at the bottom of the reactor. Power present at the top of the 

reactor is taken to the bottom. The load capacity of the reactor is 

considerably increased as a result of the tranquility at the top and 

the turbulence at the bottan. The special construction of the 

overlapping gas hoods off-set in layers results in a good collection 

10 of gas and buoyant sludge without noticeable accelerations of the 

liquid. 
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C L A I M S 

1. Anaerobic purification equipment for waste water 

Ocfl)riairq a container with a reactor chamber for fermentation, 

means for introducing influent into the reactor chamber, at least 

one overflow gutter for collecting purified water by overflow, and, 

5 fitted below the level of the overflow gutter, a. collecting system 

for collecting and removing gas from the liquid, characterised in 

that at least one additional collecting system (5) for collecting 

gas and buoyant sludge is fitted at a distance below the first-named 

collecting system (6), which additional system (5) has a hydraulic 

10 link with at least one rising pipe (7, 71, 27, 32, 31) for raising 

the liquid-sludge mixture by gas lift action, said rising pipe 

discharging into a separation device (8; 33) for separating gas and 

. liquid. 

2. Anaerobic purification equipment according to claim 1, 

15 characterised in that from said separation device (8; 33) at least 

one &’mpipe (9; 29) for returning separated liquid and sludge 

extends to the bottom section of the reactor chamber. 

3. Anaerobic purification equipment according to claim 2, 

characterised in that a defoamer (11; 35) for separating gas and 

20 foam is connected to the separation device (8; 33), Which defoamer 

has an outlet connection for separated liquid to the said downpipe 

(9; 29). 

4. Anaerobic purification equipment according to claim 2 

or 3, characterised in that the first-named collecting system (6) is 

25 also linked to the said separation device (8; 33). 

5 Anaerobic purification equipment according to one of 

the preceding claims, characterised in that at least the said 

additional collecting system (5) has a number of hoods arranged in 

layers, the hoods in each layer having a certain offset in relation 
30 to the hoods of a subsequent layer and the cross-section occupied by 

the hoods in a layer being at most 55 % of the total cross-sectional 

area. 

6. Anaerobic purification equipment according to one of 

the preceding claims, characterised in that within the container (1) 

35 there are a number of combined rising pipes (27), which alternate 

with the pipes (26) provided by the said collecting systems (5, 6), 

M 
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Description 

The invention relates to an anaerobic purifica-
tion equipment for waste water comprising a 
container with a reactor chamber for fermenta-
tion, means for introducing Influent into the reac-
tor chamber, at least one overflow gutter for 
collecting purified water by overflow, and fitted 
below the level of the overflow gutter, a collecting 
system for collecting and removing gas from the 
liquid. 

First subjecting waste water which contains 
organic material to a process in which the organic 
material is broken down into substances soluble 
In water, in particular fatty acids and then treating 
the water pretreated in this manner under 
anaerobic conditions by contact with granular 
sludge which contains methane-producing 
microorganisms, methane being produced which 
Is separated from the liquid which still contains 
sludge; Is known. The treated water (effluent) is 
removed via overflows. For the anaerobic fermen-
tation the theoretical residence time of the liquid 
in the reactor is determined by the hydraulic flow 

. in conjunction with the total capacity of the 
equipment Including the settling chamber. The 
optimum residence time of the liquid in the 
reactor is determined, provided there is sufficient 
sludge present, among others by the COD con-
centration of the waste water. It has been found 
that with a residence time of several hours a 
purification of as much as 90% can be reached. 
The extent to which such a purification efficiency 
can be maintained over a long period also 
depends on the sludge retention. in particular, 
care must be taken to ensure that on average no 
more sludge is rinsed out of the reactor than can 
be formed in a certain period of time. If a high 
hydraulic flow is used with a low COD concen-
tration in the influent, there is a considerable risk 
that the Internal settler will not be capØble of 
preventing a large amount of sludge being 
flushed out. A factor which is of importance In this 
connection is the hydraulic surface loading of the 
settler. 

Because there is a difference In density 
between the settled sludge mass in the settling 

S chamber and the mixture of sludge particles, 
waste water and small gas bubbles in a reactor, 
the settled mass Is partially stirred up. Ma result 
of the turbulence produced by this in the 
uppermost part of the reactor an excessive quan-
tity of sludge will be flushed out of the reactor. To 
this must be added the fact that so much methane 
has penetrated into a portion of the sludge grains 
that the grains have become lighter than the 
ambient liquid. This limits the load capacity of the 
reactor to a considerable extent. - 

From Dutch Patent Application 82.01293 it Is 
known that the "gas-lifting recirculation" of the 
settled mass can be controlled by creating an 
ovetpressure In the gas-collecting chamber. 
According to this publication the overpressure 
required for this Is at most 30% of the static 
pressure In the reactor. This measure therefore 

prevents a portion of the settled mass being 
removed with the overflow as a result of uncon-
trolled gas evolution. A disadvantage of this 
method is that as a result of the implementation 

5 of this type of method, Installations are required 
which withstand pressure, and this entails a 
considerable increase in the cost price. 

The invention alms to overcome the dis-
advantages described above and to create a 

ro reactor of the type mentioned in the introduction 
In which a good control of the gas-lifting effect 
can be achieved without overpressure being pro-
duced in the reactor. 

According to the Invention for this purpose at 
is least one additional collecting system for collect-

ing gas and buoyant sludge is fitted at a distance 
below the first-named collecting system which 
additional system has a hydraulic link with at least 
one rising pipe for raising the liquid sludge 

20 mixture by gas lift action, said rising pipe dis-
charging Into a separation device for separating 
gas and liquid. 

In view of the fact that gas and buoyant sludge 
are trapped at a considerable distance below the 

2$ liquid level and are conveyed further via the said 
rising pipe or rising pipes, an essentially turbu-
lence-free flow can occur In the uppermost sec-
tion of the reactor. This Increases the load 
capacity. At the top clean effluent Is obtained. 

30 It is of importance that the buoyant sludge 
which Is carried along with the gas to the rising 
pipe or rising pipes Is separated and returned to 
the reactor. While a quiet, eddy-free flow is 
required at the top of the reactor, good mixture of 

36 sludge and fluid will be required at the bottom of 
the reactor. For this purpose the heavy sludge has 
to be fluidised. 

In a preferred embodiment according to the 
invention this fluidisatfon can be achieved In the 

40 bottom section of the reactor with the aid of the 
energy from the gas lifting In the rising pipe or 
rising pipes described provided that from said 
separation chamber at least one downpipe for 
returning separated liquid and sludge extends to 

4$ the bottom section of the reactor chamber. 
The gas will have to be freed from the entrained 

foam. For this purpose use can be made of a 
defoamer for separating gas and foam, which 
defoamer is connected to a separation device and 

so has an outlet connection for separated liquid to 
the said downpipe. 

It Is preferable that the first-named collecting 
system is also connected to the said separation 
device. 

M The additional collecting system will have to 
collect the gas and the buoyant sludge as com-
pletely as possible and will have to carry it off to 
the rising pipe or rising pipes without the rising 
liquid being excessively accelerated by cdnstric-

60 tion of the cross-section. In particular, such an 
acceleration would per as cause disturbance In 
the uppermost section of the reactor. According 
to the Invention this Is catered for by the fact that 
at least the said additional collecting system has a 

as number of hoods arranged in layers, the hoods In 

2 70 
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each layer having a certain offset in relation to the 
hoods of a subsequent layer and that the cross-
sectional area occupied by the hoods in one layer 
Is at most 65% of the total cross-sectional area. 

Within a relatively large reactor container the 
various pipes can be accommodated In a space-
saving manner if within the container there is a 
number of said rising pipes which alternate with 
pipes provided by said collecting systems for 
conveying the purified liquid to an overflow gtt-
ter and with at least one downpipe, the various 
pipes being hexagonal and adjoining each other 
In a honeycomb pattern. 

The Invention will now be explained In more 
detail by reference to the figures in which two 
exemplary embodiments are shown more or less 
diagrammatically. 

Figure 1 shows a vertical section of the first 
embodiment. 

Figure 2 shows on a larger scale a detail of the 
collecting system, of this embodiment, for collect-
ing gas and buoyant sludge. 

Figure 3 shows a plan view of the collecting 
system according to Figure 2. 

Figure 4 shows a vertical section of a second 
embodiment. 

Figure 5 shows a horizontal section along the 
line V�V In Figure 4. 

The anaerobic purification equipment shown In 
Figures 1-3 comprises a tall container 1 into the 
bottom end of which there discharges an inlet 2 
for Influant. Near the upper rim of the container 
effluent gutters 3 are fitted which are connected 
to a drain pipe 4. Within the container two 
collecting systems 5 and 6 for gas and buoyant 
sludge are fitted, each consisting of hoods fitted 
at four levels Se, b, c, d and 8a, b, c, d respectively 
which to some extent slope in the direction of a 
central rising pipe 7. 

During operation fermentation takes place par-
ticularly In the bottom section of the reactor under 
anaerobic conditions as a result of contact 
between sludge grains and substances soluble In 
water such as fatty acids, methane being formed. 
A portion of the sludge grains absorb so much 
methane that they become lighter than the 
ambient fluid. In order to achieve a quiet, turbu-
lence-free flow in the uppermost part of the 
reactor and to ensure that virtually no sludge Is 
carried off with the effluent, there is fitted at a 
level, which is at a substantial distance below the 
overflow gutters 3, a collecting system which 
guides the gas and the buoyant sludge into the 
rising pipe 7. In the pipe 7 the gas and sludge 
collected by the system S and up in a constricted 
section of pipe 7’ which is fitted inside the 
unconstricted section of pipe 7. The collecting 
system 6 guides the collected gas and possibly 
some foam into the unconstricted section of pipe 
7. Both the sections 7 and 7’ discharge Into a 
separation chamber 8 where liquid and gas are 
separated from each other. Liquid gathers at the 
bottom of the separation chamber 8 and flows via 
a downplpa 9 t the bottom section of the reactor. 
A pipe 12 extends between the separation 

chamber 8 and a defoamer 11 in which sludge 
and liquid are separated from gas. Liquid with 
sludge is guided to the downpipe 9 through pipe 
10. 

a As a result of the fact that the gas has been 
removed from It, the liquid column In the pipe 9 is 
heavier than the ambient liquid In the reactor 1. 
This means that a fairly powerful downward flow 
is produced In the downpipe 9 which stirs up the 

to relatively heavy sludge at the bottom of the 
reactor. In addition, separated sludge is returned 
to the bottom section of the reactor. In a simple 
way the effect Is therefore achieved that tranquil-
ity prevails at the top of the reactor and heavy 

is sludge and Influent at the bottom of the reactor 
are thoroughly mixed by turbulence. 

The construction of the collecting systems 6 
and 8 is such that accelerations of the flow by 
constrictions of the cross-section are to a large 

20 extent limited. Figures 2 and 3 show that in each 
of the layers be, Sb, Sc and Sd two gas hoods are 
fitted, the two gas hoods In each level occupying 
less than half the cross-sectional area. The hoods 
of successive layer overlap each other and the 

25 hoods of the four layers together cover the whole 
cross-sectional area. The cross-sectional area of 
the reactor occupied by the hoods of a single 
layer should not be more than 55% of the total 
cross-section and preferably less (for example, 

.30 less than 50%). The outlines of the various hoods 
are indicated In Figure 3 by the reference figure of 
the layer concerned. 

It is possible to combine a number of embodi-
ments according to figures 1, 2 and 3 into a big 

as reactor container. 
Figures 4 and 5 show a second embodiment in 

which the reactor has a much larger cross-sec-
tional area and Is filled with a large number of 
hexagonal pipes. The reactor container is mdi-

40 coed by 21, the influent inlet by 22, annular 
effluent gutters by 23 and the main drain for 
effluent by 24. The gutters 23 and the main drain 
24 are connected to each other by pipes 25. 

Within the container there are arranged 
45 approximately fifteen hexagonal reactor pipes 26, 

three combined hexagonal rising pipes 27, and a 
central hexagonal pipe 28. In this last-named is 
mounted a downpipe 29 which, in contrast to the 
hexagonal pipes 26,27 and 28, extends almost to 

so the bottom of the reactor 21. The pipes 26,27 and 
28 are arranged In a honeycomb pattern. 

In each of the reactor pipes 26 there are gas-
collecting systems 6, 8 at two levels. These have 
the same construction and position in relation to 

as each other as described In connection with Fig-
ures 1, 2 and 3. The gas-collecting systems 5 at 
the relatively low level guide the collected gas 
and buoyant sludge to a rising pipe 7 which 
narrows connection pipe 30. One or more connec-

so tlon pipes 30 are connected to a combined rising 
pipe 27. In the combined rising pipe 27 there is 
accommodated a pipe 31 of considerably smaller 
cross-section which Is joined to the pipe 27 by an 
adaptor 32. Each of the three pipes 31 discharges 

56 at Its upper rim into a separation chamber 33, the 
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three chambers 33 being connected via connect-
ing pipes 34 to a defoamer 35 and connected via 
connecting pipes 36 to a funnel 37 Into which the 
central downpipe 29 debauches. The defoamer 
has a gas outlet 38 and a liquid drain 39. 

Also pipe 28 has a gas collecting system 40 
collecting gas bubbles and guiding gas to a rising 
pipe. Pipe 28 Is closed above system 40. 

The gas-collecting systems 6 are located In each 
of the reactor pipes 26 Immediately below the 
annular overflow gutters 24 for effluent. These 
systems collectthe residual gas and foam and guide 
them to a rising pipe 7 which debauches Into a gas-
liquid separator 41. The fluid separated In the latter 
Is conveyed via pipes 42 and a combined chamber 
33 to the downpipe 29. The gas obtained Is com-
bined with the gas from the defoamer 35. 

In this reactor, which Is more complicated 
compared with Figures 1, 2 and 3, the effect is 
also achieved that gas and buoyant sludge are 
removed from the reactor pipes 26 at a relatively 
low level via the collecting systems 5 and the 
pipes 27,32,21 so that In the uppermost part of 
the reaÆtor pipes 26 tranquility prevails and 
effluent containing virtually no sludge can flow 
Into the gutters 23. In addition, the heavy sludge 
at the bottom of the reactor will be stirred up by 
the relatively heavy liquid which flows down-
wards from the combined funnel 37 through the 
downpipe 29. The mixing of influent and sludge is 
considerably improved as a result. The excess 
and even dangerous kinetic potential energy of 
the gas In the uppermost regions of the reactor is 
used to bring about the necessary mixing and 
fluidisation in the bottom regions. 

Within the scope of the invention various modi-
fications are possible. The embodiments drawn 
and described are only examples. All the embodi-
ments have in common that a significant portion 
of the gas evolved during the fermentation and 
the buoyant sludge are collected before they can 
reach the uppermost section of the reactor and 
that the liquid propelled up in this process by the 
gas-lifting action Is separated from gas and the 
potential energy of the relatively heavy liquid 
column Is used via a recirculating flow to obtain 
the stirring necessary for a thorough mixing and 
fluldisation at the bottom of the reactor. Power 
present at the top of the reactor Is taken to the 
bottom. The load capacity of the reactor Is con-
siderably Increased as a result of the tranquility at 
the top and the turbulence at the bottom. The 
special construction of the overlapping gas hoods 
off-set in layers results in a good collection of gas 
and buoyant sludge without noticeable accelera-
lions of the liquid. 

1. Anaerobic purification equipment for waste 
water comprising a container with a reactor 
chamber for fermentation, means for Introducing 
Influent Into the reactor chamber, at least one 
overflow gutter for collecting purified water by 
overflow, and, fitted below the level of the over-

flow gutter, a collecting system for collecting and 
removing gas from the liquid, characterised in 
that at least one additional collecting system (5) 
for collecting gas and buoyant sludge is fitted at a 

5 distance below the first-named collecting system 
(6), which additional system (6) has a hydraulic 
link with at least one rising pipe (7,7’, 27, 32,31) 
for raising the liquid-sludge mixture by gas lift 
action, said rising pipe discharging into a separa-

to lion device (8; 33) for separating gas and liquid. 
2. Anaerobic purification equipment according 

to claim 1, characterised in that from said separa-
tion device (8; 33) at least one downpipe (9; 29) 
for returning separated liquid and sludge extends 

is to the bottom section of the reactor chamber. 
3. Anaerobic purification equipment according 

to claim 2, characterised in that a defoamer (11; 
35) for separating gas and foam is connected to 
the separation device 18; 33), which defoamer has 

as an outlet connection for separated liquid to the 
said downpipe (9 ; 29). 

4. Anaerobic purification equipment according 
W claim 2 or 3, characterised in that the first-
named collecting system (6) is also linked to the 

as said separation device (8; 33). 
5. Anaerobic purification equipment according 

to one of the preceding claims, characterised In 
that at least the said additional collecting system 
(5) has a number of hoods arranged in layers, the 

30 hoodÆ in each layer having a certain offset in 
relation to the hoods of a subsequent layer and 
the cross-section occupied by the hoods In a layer 
being at most 55% of the total cross-sectional 
area. 

as 6. Anaerobic purification equipment according 
to one of the preceding claims, characterised in 
that within the container (1) there area number of 
combined rising pipes (27), which alternate with 
the pipes (26) provided by the said collecting 

40 systems (5, 6), for conveying purified liquid to an 
overflow gutter (23) and with at least one pipe (28) 
for a down flow, the various pipes (26, 27, 28) 
being hexagonal and adjoining each other In a 
honeycomb pattern. 

45 
Patentansprflche 

1. Anaerobe Relnlgungselnrlchtung für Abwas-
sar, mit elnem Behäiter mit elner Reaktionskam-

so mer für die G8rung, mit einem Zulauf für die 
Einspelsung des Elntaufgutes In die Reaktions-
kammer, mit zumindest einer Uberlaufrinne, zum 
Auffangen gereinigten Wassers im Uberlauf, und 
mit einem unterh8ib der Eberie der Uberlaufrmnne 

as angeordneten Sammelsystem zur Sammlung und 
AbfUhrung von Gas ens der FlUssigkeit, dadurch 
gekennzelchnet, dat zumindest ein zusätzliches 
Sammelsystem (5) zur Sammlung von Gas und 
schwlmmfªhigem Schlamm Im Abstand unter-

60 halb von dem erstgenannten Sammelsystem (6) 
angeordnet ist und In Strômungsverblndung 
steht mit zumindest einer Stelgleltung (7, 71, 27, 
32, 31), urn die flflssige Schlammlschung durch 
elne Art Gasheber anzuhebert, wobel die 

as genannte Steigleltung In sine Gas und FlQsslgkelt 
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voneinander trennenda Trenneinrlchtung (8; 33) 
mUndet. 

2. Reinigungseinrichtung nach Anspruch 1, 
dadurch gekennzeichnet, daB sich von der 
genannten Trenneinrichtung (8; 83) zurn Boden 
der Reaktlonskammer zumindast sin FaHrohr 19; 
29) erstreckt für die RUckführung der gatrennten 
Phasen FlOasigkait und Schfamm. 

3. Reinigungseinrlchtung nach Anspruch 2, 
dadurch gakennzelchnat, daB an die Trennein-
richtung (8; 33) ama Antischaumeinrichtung (11; 
35) zur Trennung von Gas und Schaum ange-
echiossen 1st, und daB diese Antischaumein-
rlchtung Mr die abgetrennte Plussigkeit sine 
AustaBverbindung mit dam genanoten Faflrohr 
(9; 29) aufweist. 

4. Reinigungaeinrichtung nach Anspruch 2 odor 
3, dadurch gekennzeichnet, daB des erstgenannte 
Sammelsystem (6) such an die genannte Trenn-
einrichtung (8; 33) angesohlossen 1st. 

5. Reinigungeeinrichtung nach ainem der vor-
hergehenden Ansprüche, dadurch gekennzaich-
net, daB zumindest des genannte zusØtzliche 
Sammelsystem (6) mebrere etagenförmig über-
elnander angeordnete Hauben aufweist, wobel 
die Hauben jeder Etage gegenüber den Hauben 
amer folgenden Etage umfangsvereetzt sind, und 
wobei der von den Hauben elner Stage abge-
deckte Querschnitt maxiaml 55% des gesamten 
Querschnittsbereiches umfalk. 

6. fleinigungseinrichtung nach elnam der 
vorhergehenden AnsprOche, dadurch gekenn-
zeichnet, daB im Behälter (1) mehrere zusammen-
gefaBte Steigleitungeri (27) vorgesehen sind, die 
mit Leitungen (26) altemieren, die mit den 
genannten Sammel-systa men (5, 6) aus9eetattet 
sind, urn gerelnigte Flüssigkeit zu amer Uberlau-
frinne (23) zu taken, und mit zumindast amer 
Leitung (28) für amen AbtIuB, wobel die verechie-
denen Leitungen (26,27,28) eechseckig sind und 
aneinander angrenzen entsprechand elnem Bie’. 
nenwabenmuster. 

Revendicatlons 

1. Equipement d’Øpuratlon anaØrobie d’eau 
rØsiduaire, comprenant une enceinte a chambre 
de reaction destinØe a Is fermentation, des 
moyens pour introduire I’affluent dens Is cham-
bra de reaction, au moles une gouttiBre de trap-
plain pour recueillir I’eau ØpurØe par trap-plain, 
at fixØ au-dessous du niveau-de Is gouttiŁre de 

trop-plain, un systŁme collecteur pour recueillir at 
Øliminer les gaz du liquid, caractØrisØ on ce qu’au 
moms un systŁme collecteur additionnel (5) pour 
recuelllir les gaz at lea boues flottantas eat fixC a 

s une certalne distance su-dessous du systŁme 
collecteur (6) pramiŁrement mentionnØ, lequel 
systŁme additionnel (5) comports une liaison 
hydraulique avec au moms un tuyau de montØe 
(7,7’’27,32,31)  pour Ølever Is mØlange do liquids 

to at de bouc par effet d’ailift, ledlt tuyau do montOe 
dØbouchant dens un dispositif de separatIon (8; 
33) pour sØparar Is gaz at Is liquids. 

2. Equipment d’Øpuratlon anaØrobie salon Is 
revendication 1, caractØrisØ an co qu’au mains un 

is tuyau de descents (9; 29) destine Ł ramener Is 
liquids at Is boue sØparØs s’Øtend Jusqu’à Is  
section infØrieure do Is chambre de reaction. 

3. Equipement d’Cpuratlon anaØrobie salon Is 
revendlcation 2, caractØrisØ an as qu’un d6mous-

20 sour (II; 35) destine a sØparer Is gaz at Is mousse 
� eat rouØ au dispositif do sØpa ration (8; 33), lequel 
dØmousseur prØsente une connexion do sortie 
destinØe 

a 

renvoyer Is liquids sØparØ audit tuyau 
do descents (9; 28). 

25 4. Equipment d’Øpuratlon adaØrobie salon Is 
revendlcation 2 ou 3, caractØrisØ an co qua is 
systŁme collecteur (6) premiere ment mentionnd 
eat Øgalement reflØ audit dispositif do separation 
(8; 33). 

30 S. Equipment d’Øpuratlon anaØrobie salon 
l’une quelconque des revendications prØcØ-
dentes, caractØrisØ an ce quo [edit systŁme collec-
teur additlonnel (5) au moms comprend un cer-
tain nombre de capots disposes an couches, les 

as capots do cheque couche prósentant un certain 
dØcalage par rapport aux capots d’une couche 
subsequent., at Is section transversale occupØe 
par les capots d’une couche Øtant au maximum 
de 55% de l’alre de surface totals. 

40 S. Equipemant d’Øpuration anaCrobie salon 
l’une quelconque des revandicatlons prØcØ-
dentes, caractØrisØ an ce qu’un certain nambre de 
tuyaux do montØe combines (27) sont prØvus 
dens l’enceinte (1), qui alternent avec les tuyaux 

45 (28) appartenant auxdits systŁmes cotlecteurs (5, 
6) an vue d’acheminer Ia liquids ØpurØ vets une 
gouttlŒre do trop-plein (23) at avec au moms un 
tuyau (28) pour un courant descendant, lea divers 
tuyaux (26,27,28) Øtant hexagonaux at voisins les 

so uns des autres on formant un ensemble an nid 
d’abeilles. 
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BIOLOGICAL TREATMENT PROCESS 

FIELD OF INVENTION 

[0001] This invention relates to anaerobic and anaerobic"
 aerobic processes conducted in stacked sections, and par-

ticularly concerned with mixing, separation and collection 
of digestion gases, generation of methane-rich digestion 
gases, and solid-liquid separation in stacked reactors. 

PRIOR ART 

[0002] A stacked two-stage anaerobic reactor for treat-
ment of liquid wastewater have been disclosed by Vellinga 
in U.S. Pat. No. 4,609,460, stacked anaerobic-aerobic reac-
tors for treatment of liquid wastewater and for considerably 
viscous wastewater sludges have been disclosed by 
Khudenko in U.S. Pat. Nos. 5,514,277 and 5,616,241, and 
by Habets ct,al, in U.S. Pat. Nos. 5,972,219 and 6,063,273. 
The described methods and apparatus address passive mix-
ing of liquid wastewater by digestion gases and separation of 
the treated liquid from the sludge due to gravity in fluidized 
beds with garnular sludge and in quiescent settling devises 
as commonly used for liquid wastewater. Khudenko also 
teaches how to produce digestion gas substantially free from 
hydrogen sulfide. Passive mixing in fluidized beds are 
described by Khudenko in U.S. Pat. No. 4,472,358, by 
Vellinga in U.S. Pat. No. 4,609,460, and by Habets in U.S. 
Pat. No. 6,03,273. Passive mixing of viscous sludges is 
described in by Khudenko in U.S. Pat. No. 4,472,358 and by 
Edwards in U.S. Pat. No. 5,441,634. Active mixing in 
fluidized beds by recycling effluent with pumps is well 
known. The problems of such recycling are as follows: it is 
very difficult to produce uniform or other predetermined 
distribution of flows with multiple suction ports and a single 
pump or a single header and several pumps, use of multiple 
pumps is complex, it is difficult to select pumps with very 
low head as needed for most mixing applications because 
such pumps are not made, pipelines are large and require 
many turns, many control valves are required, electrical part 
for the system of many pumps becomes complex, sludge 
flocks and granules break up in pumps and pipelines with 
multiple turns. Active mixing with various submersible 
propeller mixers is also known. Propeller mixers have 
problems similar to those of pumps. One active system of 
airlift-mixers for fluidized beds is described by Khudenko in 
U.S. Pat. No. 6,048,459 and for fluidized beds and viscous 
sludges in a co-pending patent application. A method of 
providing pH and alkalinity control with an additional 
benefit of generating methane-rich digestion gas virtually 
free from hydrogen sulfide is described by Khudenko in U.S. 
Pat. No. 5,798,043. None of these technologies provides for 
collection of treated methane-rich digestion gas under pres-
sure, an option that would greately improve conditions for 
utilization of this gas instead of flaring it. Collection of the 
digestion gas can be further improved if the reactors are 
made taller. Above-ground reactors, or conventional at least 
partially in-ground reactors are usually limited in height by 
about 25 meters, and sometimes somewhat taller. 

[0003] U.S. Pat. Nos. 4,217,211, 4,251,361, 4,253,949, 
4,287,070, 4,374,027, 4,466,928, 4,477,393, 5,503,748, 
5,650,070, 5,651,892, 5,645,726, 5,660,724, 6,214,228 131, 
Re. 30,944 describe a variety of aerobic and otherwise 
aerated treatment systems making use of airlift-aerators for 
the combined purposes of aerating and mixing. These sys-
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tems have an advantage of a very deep reactor of up to 
150-200 meters deep. Such system can be very economical 
for conducting thermophilic processes, which present great 
advantages in both the process rate and the degree of 
treatment. The use of combined anaerobic-aerobic systems, 
especially with sludges of both anaerobic and aerobic steps 
being at least partially mixed further significantly improves 
the performance. 

[0004] Accordingly, the main objective of the present 
invention is to provide a stacked anaerobic-aerobic process 
with active controllable mixing of either fluidized beds or 
viscous sludges in reactors. 

[0005] Another objective of the present invention is to 
generate and collect under pressure a methane-rich clean 
digestion gas. 

[0006] Another objective of the present invention is to 
provide a simple and economical way of separating solids 
and liquid in treatment processes, while increasing a quality 
of the effluent and improving the biological processes in 
reactors. 

[0007] Yet another objective of the present invention is to 
increase the biological process rate and degree of treatment. 

[0008], Other objectives will become apparent from the 
ensuing description of the invention. 

SUMMARY OF INVENTION 

[0009] This is a method of biological treatment of waste-
water with biomass. Wastewater and biomass form mixed 
liquor. Preferably, a tall reactor is used, for example, pre-
dominantly in-ground deep shaft reactor, or above ground 
column type reactors of a substantial height, much greater 
than conventional 3-43 m. The reactor has a closed or open 
top, a bottom, and an essentially horizontal partition 
between the top and the bottom. Depending on the techno-
logical (treatment related) and structural requirements, the 
partition can be fiat, conical, pyramidal, or curvilinear, 
convex or concave, or of other shape. The main process 
steps comprise (a) at least one anaerobic treatment step 
conducted between the bottom and the partition, a digestion 
gas comprising methane and carbon dioxide is formed in the 
anaerobic treatment, (b) a step of mixing said mixed liquor 
in said anaerobic step by at least one controllable gaslift with 
a gas other than the digestion gas. At least one step of 
treatment of wastewater can be conducted between the 
partition and top of said reactor. The organic loaded waste 
can be water, wastewater, wastewater sludge, hazardous 
waste, manure, guano, industrial waste, agricultural waste, 
polluted soils, contents of polluted ponds and lagoons, and 
combinations thereof. These mixing steps are very effective 
not only for treatment of wastewater with dilute biomass but 
also for treatment of thicker sludges or wastewater with high 
content of biomass. This method is also more convenient 
than mixing with digestion gases: there is no corrosion of 
equipment by digestion gas impurities, no gas leak and fire 
problems. Unlike with other mixing systems, critical equip-
ment (everything but the submerged pipes) can be open to 
the atmosphere and is easy to operate, repair, and replace. 

[0010] The controllable gaslift lifts the mixed liquor from 
at least one location between the bottom and the partition to 
the uppermost point of said controllable gaslift and returns 
said mixed liquor in said anaerobic treatment step. The 
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lifting and returning constitute a lifting-returning operation 
step effecting said mixing. Usually, the most convenient 
uppermost point of the gaslift is above the top of the reactor. 
However, this point can be at any elevation from the intake 
or discharge level of the gaslift, whichever is higher, to the 
top of the reactor. The lifting-returning operation step can 
include a nonreversible flow in airlift pipes, reversible flow, 
when the same pipe is used, first, to lift liquid and than to 
return it back, continuous flow meaning a constant flow rate 
all the time, discontinuous flow, a flow through a riser-
downcomer pipe, a flow through a system of stacked con-
tracting-expanding zones, for example stacked cones form-
ing a virtual pipe which is a nonconflned hydraulic stream 
within the liquid volume, periodic flow, for example on/off 
flow or stepwise changing flow, and combinations thereof. 
Gas other than the digestion gas can be an oxidizing gas, 
oxygen, air, oxides of nitrogen, nitrogen, and combinations 
thereof. The oxidizing gas provides oxidizing reactions in 
the mixed liquor, whereby the mixed liquor is heated. The 
oxidizing reactions can be biological reactions, abiotic reac-
tions, and combinations thereof. 

[OOU] Stripping carbon dioxide from the mixed liquor in 
the anaerobic treatment step can also be provided. Stripping 
carbon dioxide can be done by gas stripping, oxygen strip-
ping, air stripping, nitrogen stripping, steam stripping, 
vacuum-stripping, vacuum-vapor-stripping, vacuum-vapor-
stripping with steam recompression and condensation, 
vacuum-vapor-stripping with steam recompression and con-
densation with preheating the influent, vacuum-vapor-strip-
ping with steam recompression and condensation with heat-
ing the contents of said reactor, heat degassing, and 
combinations thereof. 

[0012] The method also provides steps of vaporization of 
wastewater from the mixed liquor with production of a low 
pressure steam. This steam is condensed and becomes the 
treated effluent. The vaporization method can be vaporiza-
tion by preheating the mixed liquor, vaporization by vacu-
uming the mixed liquor, vaporization by vacuuming the 
mixed liquor with steam recompression and condensation, 
vaporization by vacuuming the mixed liquor with steam 
recompression and condensation and preheating the influent, 
vaporization by vacuuming the mixed liquor with steam 
recompression and condensation and preheating the mixed 
liquor, and combinations thereof. 

[0013] The method also provides steps of feeding 
reagents, for example, recuperable alkaline species, recu-
perable oxidation-reduction species, alkalies, acids, nutri-
ents, micronutrients, probiotics, and combinations thereof. 
Recuperable alkaline species help to control pH and alka-
linity by creating a carbonate-bicarbonate buffer which is 
maintained by stripping biologically produced carbon diox-
ide. Calcium and iron ions are most practicable species. The 
bulk of these metals is in form of insoluble carbonates or 
hydroxides at the stage of solid-liquid separation. Recuper-
able oxidation-reduction species mediate oxidation-reduc-
tion of the original organics in the wastewater, intermediate 
products and the sludge. Iron ions are most practicable 
oxidation reduction species. They cycle between ferric and 
ferrous ions, ferric ions are made of ferrous by oxidation 
with oxygen, nitrates and nitrites, some halogenated organ-
ins, and some other species. The bulk of these ions is in form 
of insoluble hydroxides at the stage of solid-liquid separa-
tion. Maintaining elevated alkalinity also produces very low 
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carbon dioxide concentration in the anaerobic mixed liquor. 
Accordingly, very high methane content of the hat-vested 
digestion gas can be obtained. 

[0014] The method also provides for transferring the 
mixed liquor between anaerobic and other process steps. 
Additionally, the partition can be a flow-through means 
capable of collecting the digestion gas and passing through 
the mixed liquor, or at least partially clarified water. The step 
of treatment of said wastewater conducted between the 
partition and the top of the reactor can be an aerobic 
treatment, an aerobic treatment with aeration by air, an 
aerobic treatment with aeration by oxygen, an aerobic treat-
ment with nitrification, an aerobic treatment with denitrifl-
cation, an aerobic treatment with phosphorus removal, an 
anoxic treatment, a treatment with iron as an intermediate 
oxidation-reduction specie, an anaerobic hydrolysis treat-
ment, an anaerobic acetogenic treatment, an anaerobic aci-
dogenic treatment, an anaerobic sulfate reduction treatment, 
.an anaerobic methanogenic treatmentg, and combinations 
thereof. 

[0015] This is also a method of biological treatment of 
wastewater with biomass, where wastewater and biomass 
form mixed liquor. Tail reactors are preferably used. The 
reactor has a top, a bottom, and an essentially horizontal 
partition between said top and said bottom. The main 
process steps comprise (a) at least one anaerobic treatment 
step conducted between said bottom and said partition, a 
digestion gas comprising methane and carbon dioxide is 
formed in such anaerobic treatment, (c) at least one step of 
treatment of wastewater conducted between the partition and 
the top of the reactor, and (d) collecting digestion gas under 
the partition, whereby the collected gas is pressurized. The 
accumulation and the release of the gas from under the 
partition are controlled such a way that the gas volume under 
the partition changes between preset maximum and mini-
mum values. This simple task can be pet-formed by a variety 
of ways well familiar to skilled in art. This process modi-
fication can also include step of stripping carbon dioxide 
from the mixed liquor in the anaerobic treatment step. 
Stripping can be coupled with maintaining high alkalinity. 
As previously described, a methane-rich digestion gas 
results. Collecting methane-rich digestion gas under pres-
sure can reduce the gasholder requirements by an order of 
magnitede, while doubling or tripling the heat value of the 
gas. Moreover, this gas is also free from hydrogen sulfide. 
Accordingly, the gas quality and the convenience of the gas 
storage greatly increase, thus making the gas utilization 
(instead of flaring) a very attractive option. 

[0016] This is further a method of biological treatment of 
wastewater with biomass, where wastewater and the biom-
ass form mixed liquor, in a tall reactor, said reactor having 
a top, a bottom, and an essentially horizontal partition 
between the top and the bottom, comprising (a) at least one 
anaerobic treatment step conducted between the bottom and 
the partition, a digestion gas comprising methane and carbon 
dioxide is formed in the anaerobic treatment, (c) at least one 
step of treatment conducted between the partition and the 
top of the reactor, and (e) at least one step of vaporization-
separation of liquid from solids in said mixed liquor, 
whereby the separated liquid constitutes the treated effluent. 
The step of vaporization can be vaporization by preheating 
the mixed liquor, vaporization by biobeating the mixed 
liquor, vaporization by vacuuming the mixed liquor, vapor-



0" 

n 

US 2003/0085171 Al 

ization by vacuuming the mixed liquor with steam recom-
pression and condensation, vaporization by vacuuming the 
mixed liquor with steam recompression and condensation 
and preheating the influent, vaporization by vacuuming the 
mixed liquor with steam recompression and condensation 
and preheating the mixed liquor, and combinations thereof. 
The bioheating is provided by oxidizing the organics and the 
biomass with an oxidizer such as oxygen of air, oxygen, iron 
as intermediate oxidation-reduction specie, and combina-
tions thereof. The method further provides a step of vacuum 
evacuation of digestion gases from mixed liquor simulta-
neously with step (e). The of vacuum evacuation of gases 
can be chemical vacuum evacuation, steam recompression 
vacuum evacuation, and combinations thereof. Chemical 
evacuation involves absorption with chemical reaction, for 
example, absorption of carbon dioxide into an alkaline 
solution. Steam recompression is a process used mainly in 
water distillation. It involves a vacuum-compressor (a 
blower) which pumps water vapors through with a vacuum 
at the suction side and some pressure at the discharge side. 
In the present case, the vacuum compressor will pull in 
under vacuum both, the water vapors and the gases. On the 
ifiseharge side, water vapor is condensed while gases are 
separated from water and evacuated for utilization or dis-
charge. 

[0017] The method taught in this application can be cur-
ried out in a reactor selected from the group of deep shaft 
reactors, tall above-ground reactors, multi-cell reactors, and 
combinations thereof. Deep shaft reactors can be as deep as 
150-200 in, above ground tanks are from at least 5 to 25 m 
and possibly taller. Multi-cell tanks are a considerably large 
footprint reservoirs divided into smaller cells to take advan-
tage of the hydraulics of tall tanks. Either both, the bottom 
and the top sections or only bottom, or only top sections of 
multi-cell tank can be divided into cells. Top and bottom 
cells may also have different dimensions, 

DRAWINGS 

[0010] FIG. 1 is a stacked reactor with anaerobic stage at 
the bottom and aeated stage at the top, the reactor is provided 
with passive and active mixing means and with a pressurized 
digestion gas collection. 

[0019] FIG. 2 is an alternative embodiment of FIG. 1 
having multiple active gaslift means. 

[0020] FIG. 3 is a bottom section of anaerobic reactor 
showing a passive means for sludge or fluidized bed mixing 
and active means in form of a pipe-gaslift with complete 
absoption of the driving gas. 

[0021] FIGS. 4 and S are details of the improved passive 
mixing system. 

[0022] FIG. 6 is a bottom section of anaerobic reactor 
showing a passive means for sludge or fluidized bed mixing 
and active means in form of a nonconfined gaslift with 
complete absoption of the driving gas. 

[0023] FIG. 7 is a system with a first anaerobic stage and 
an aerated stage stacked on top of the second anaerobic 
stage. 

[0024] FIG. 8 is a stacked reactor with passive and active 
mixing means, pressurized gas collection, and a vaporize-
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tion-steam-recompression-heat utilization system for sepa-
rating effluent from the mixed liquor in the reactor. 

[0025] FIG. 9 is an alternative embodiment of that shown 
in FIG. 8 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0026] Referring now to FIG. 1, there is shown a reactor 
1 having a bottom 100, a top 101, and a partition 66 defining 
the bottom anaerobic section comprising zones Ma and Sib., 
56, and 52 respectively for reaction, at least partial sludge 
separation, and gas collection. A mixing cone 6 is a passive 
mixing means. Pipelines 60 and 61 with air (or oxygen, or 
another nondigestion gas) supply lines 23a and 23b con-
nected to an elevated vessel 71 are the active mixing means. 
Optionally, vessel 71 is provided with an air line 10 and 
distributors (not shown) for stripping carbon dioxide. Also 
optionally, an influent line 8 and lines for feeding reagents 
80 (for example, for lime) and 81 (for example, for iron) are 
connected to vessel 71. Alternatively, lines 8, 80, and 81 can 
be connected to the anaerobic process stage, or to the aerated 
process stage. A calming box 69 is provided at the lower end 
of pipeline 61, and flow directors 70 are provided around the 
lower end of pipeline 60. The gas collection section 52 is 
provided with a line 11 for gas evacuation. A flow passage 
65 across the partition 66 with a flow calmer is provided. A 
central pipe 59 and an air (or oxygen) line 23f are provided 
in the upper aerated stage 53a. The upper stage also has a 
circular clarifier 55 with an effluent collection flume 54, 
sludge return airlifts 58, and an effluent line 9. Optionally, 
means for conveying anaerobic mixed liquor to the aerated 
stage and for feeding mixed liquor from the aerated stage to 
the anaerobic stage can also be provided. These mixed liquor 
transfer means are not shown in FIG. 1. 

[0027] The embodiment of FIG. 1 is operated as follows. 
The influent via line 8 is fed in vessel 71 and ultimately, via 
line 60 or 61 in the anaerobic process stage wherein it 
undergoes anaerobic transformations resulting in organics 
conversion to water, carbon dioxide, methane, and lesser 
quantities of ammonia and hydrogen sulfide. The process is 
intensified by mixing. Mixing is naturally provided by the 
digestion gas, however, the quantity of gas per unit volume 
of the reactor diminishes with increased degree of treatment, 
and additional mixing is required. Mixing can be partially 
intensified by using a cone 6 which produces circulations as 
shown in FIG. 1 and as described in the U.S. Pat. No. 
4,472,358 which is made a part of this application by 
inclusion. Lacking a generic term, the term cone is used here 
in a broad sense. Actually, it can be a pyramid, or a pair of 
oppositely inclined baffles forming a contracting cross sec-
tion in the direction of the flow, or other shape producing 
effect of flow contraction and circulation around baffles. 
Such cones may not provide sufficient mixing, especially at 
low gas production rates. Accordingly, active mixing means 
should be used. A simple version of such means is as 
follows: air is fed via line 23a in pipeline 61 and lifts liquid 
from the calming box 69 and ultimately from the top of 
fluidized bed or from the upper part of the viscous sludge in 
the vessel 71. From vessel 71 thus lifted liquid descends via 
pipe 60 to the reactor bottom 100, strikes the bottom, and the 
flow directors 70 and flows upwardly. If the cone 6 is 
present, the flow forms the rotational patterns as shown by 
arrows. Alternative patterns of mixing streams can be pro-
duced by skilled in arts, for example, a rotational bottom 
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flow as in the U.S. Pat. No. 5,338,447, or other, preferably 
nonuniform flows. The digestion gas accumulates in the 
liquid and separates into bubbles, which flow up and become 
collected in section 56 from where the gas is evacuated via 
line 11. Unlike in other systems, digestion gas is evacuated 
under substantial pressure thus saving on the compression 
equipment and storage volumes. This is an important unex-
pected benefit. Another unexpected benefit is in the use of air 
in the active airlift which produces stripping of carbon 
dioxide and thus greatly improves pH and alkalinity control 
in the system. This effect is further improved by stripping 
carbon dioxide by air (or oxygen) fed via line ił in vessel 
71. The stripping process is additionally improved by pro-
viding recuperable alkaline species, calcium and iron, as 
described in the U.S. Pat. No.. 5,798,043 which is made a 
part of the present invention by inclusion. It may be impor-
tant to strip carbon dioxide from largely bicarbonate solution 
by forming carbonates of calcium provided with lime or 
otherwise. When calcium carbonate is formed, it is precipi-
tated in the biomass. When this biomass is returned in the 
anaerobic stage, thus precipitated carbonate reacts with 
carbon dioxide and makes bicarbonates. Accordingly, pH in 
the reactor is not significantly reduced and carbon dioxide 
gas is not released from the solution. Hence, only methane-
rich gas is released. It is important that the total amount of 
the carbonate alkalinity and the rate of recycle of this 
alkalinity are sufficient to substantially exclude free carbon 
dioxide formation. Another benefit is in bioheating of the 
wastewater or sludge due to oxidation by oxygen of air or 
better by oxygen in the airlift line 61 and in the stripping step 
conducted in vessel 71. Such heating increases the process 
rate. The aerated section is operated as usual aeration tank 
with aerators or with airlift-aerators. Aerated stage can be 
either a conventional activated sludge process, or process 
with nitrification, or a microaeration process, or any other 
process with various levels of oxidation-reduction poten-
tials. Moreover, even methanogenic bacteria can be pro-
vided in the aerated stage, these bacteria producing methane. 
Airlift-aerators are shown in FIG. 1. As described in prior 
art, airlift-aerators have a partially aerated downeomer and 
aerated riser. In case of using oxygen instead of air, virtually 
all oxygen can be absorbed and consumed in the process 
thus reducing the quantity of off gases and heat loss with off 
gases and improving the heating efficiency of the process 
overall. The absorbtion of gases can be further increased by 
providing iron ions in the reactor. In aerated stage, iron in 
ferrous form is oxidized to ferric ions by oxygen and thus 
increases oxygen absorbtion via chemosorbtion mechanism, 
with ferric ions oxidizing organics and sludge in the system. 
Ferric and ferrous ions also participate in oxidation-reduc-
tion removal of ammonia and nitrates and nitrites with the 
formation of nitrogen. The beneficial effects of iron ions are 
described in U.S. Pat. No. 5,919,367 which is made a part of 
this application by inclusion. For many waste the present 
invention may increase the total methane content in the 
digestion gas from about 50% to 95%, and the collected gas 
pressure may be several atmospheres, for example, 3 ata. At 
such conditions, the volume of the required gas storage may 
be reduced almost by a factor of six. This is a very tangible 
benefit for many industries and municipalities. 

[0028] Alternative operations of the active airlift system 
may include using only line 60 in a reciprocal regime: when 
vessel 71 is filled via line 60, air in line 23b is shut off and 
flow goes from the vessel 71 to the reactor bottom. Another 
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alternative can be when one or both airlifts can be operated 
periodically, both airlifts can be operated in a reciprocal flow 
regime, line 60 can be a riser and line 61 can be a down-
corner, lines 60 and 61 can be alternating in the riser-
downcoming regimes. Such mixing in multiple points with 
very variable operating regimes is virtually impossible with 
pumps and submersible mixers. Additionally, airlifts have no 
moving parts, easy to service (only air solenoids beyond the 
reactor volume), and are unlikely to break down, if well 
made. Even best pumps and especially submersible mixers 
periodically break down, require extraction from the system 
for service and repair. 
[0029] Referring now to FIG. 2, there is shown a modified 
version of the reactor of FIG. 1. The common parts of these 
reactors will not be described. FIG. 2 shows alternative feed 
locations &z and Sb for the influent directed in the aerated 
stage and in the anaerobic stage respectively. The reactor 1 
has a curvilinear bottom 100, there are no mixing cones in 
the anaerobic section and there is no airlift aerators in the 
aerated stage. The anaerobic stage is provided with multiple 
gaslifts 60, 61, 62, 63, and 64 having intakes at various 
elevations and terminating in the vessel 71. These gaslifts 
can be operated periodically, for example, gaslift 60 can 
periodically lift some well digested methanogen-rich sludge 
from the reactor bottom, this sludge can be fed down any of 
the remaining airlifts and mixed with the sludge volume 
being digested. In such a case, the bottom part of the reactor 
will serve as a sludge conditioner as described in U.S. Pat. 
No. 5,514,277. This patent is made a part of the present 
application by inclusion. The contents of any vertical seg-
ment between intakes of the gaslifts of the anaerobic stage 
can be mixed with any other segment or recycled from the 
bottom up or in opposite direction within any segment. 
Gaslifts may be provided with a variable flow of air so that 
at a lower air feed the gaslift stays in a neutral position, 
which means it does not lift any noticeable quantity of liquid 
and does not let any noticeable quantity to flow down. At 
maximum air feed, the gaslift lifts the liquid in the vessel 71. 
When air is not fed, the gaslift becomes a downcomer. 
Additionally, the vessel 71 can be split into more than one 
compartment. More than one gaslift originating at a given 
elevation in the reactor can be provided. Such arrangements 
of active mixing can be very convenient and effective in 
anaerobic deep shaft reactors or deeper anaerobic reactors. 
The use of air and/or oxygen will provide the benefits 
already discussed in the FIG. 1. The aerated stage can be 
operated as previously described with the airlift-aerator or as 
a more conventional aerated stage. 
[0030] Referring now to FIGS. 39 4, and 5 there is shown 
an anaerobic stage of the reactor 1 from the bottom 100 to 
the partition 66. The upper stage is not shown. It can be the 
same as in FIGS. 1 and 2, or it can be such as shown later 
in FIGS, 7 or S. Other variants are also well known to skilled 
in arts. FIGS. 3, 4, and 5 show a combination of a passive 
and an active mixing means comprising multiple stacked 
cones 6 secured to a central pipe 2 by gussets 12. There are 
openings 14 between the upper end of the cone in sectors 16 
and the central pipe, and openings 15 in the central pipe 
within sectors 17. Sectors 16 and 17 are separated by gussets 
12. A working gaslift gas is fed in the central pipe via line 
23. In operation, digestion gases are formed in the entire 
volume of the anaerobic stage and form floating bubbles. 
Bubbles are collected under the cones and produce rotational 
mixing pattern around cones through openings 14 as shown 
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by arrows. A portion of the gases in sections 11 is directed 
through openings 15 into the central pipe and serve as a 
gaslift gas. All these gases eventually are collected in the gas 
section 52 and evacuated via line II. The working gas fed 
via line 23, preferably methane, or possibly oxygen, creates 
a controllable gaslift effect in the central pipe. As already 
described, oxygen in very deep tanks can be dissolved 
virtually completely. Accordingly, the gas collected in sec-
tion 52 will not contain oxygen. 

[0031] Referring now to FIG. 6, there is shown an anaero-
bic stage of the reactor 1 from the bottom 100 to the partition 
66. FIG. 6 differs from FIG. 3 by the absence of the central 
pipe in the mixing arrangement. Instead the cones 6 and the 
connecting gussets 21 form a cage with a central passage 
into which a working gas is provided via line 23. Hydrau-
lically, the non-confined central passage plays the same role 
as the central pipe 2 in FIGS. 3, 4, and 5. The operation of 
the embodiments of FIGS. 6 and FIGS. 3, 4, and S are 
similar. 

[0032] Referring now to FIG. 7, there is shown a reactor 
1 having a bottom 100, a top 101, and a partition 66, the 
partition divides the reactor into stacked lower and upper 
stages. The lower stage of the present embodiment has like 
elements marked with like numerals already described in 
previous Figures. Note, the airlift vessel in FIG. 7 is marked 
as ha. The portion of the upper level circumscribed by the 
partition 66, top 101, outer wall of the reactor 1, and a 
vertical circular partition 103 accommodates a first anaero-
bic stage 102. Partition 103 delimits the aerated stage within 
the upper level. This partition can be level with the hori-
zontal partition 66, or, as shown in FIG. 7, it may form a 
recess in the partition 66, or skilled in art may choose other 
configurations, for example, the entire upper stage may be 
the first anaerobic stage, or the anaerobic stage may be 
inscribed into aerated stage. Alternatively, the upper level 
stage can be an equalization basin or can include an equal-
ization basin. The first anaerobic stage is equipped with 
gaslifts 105 supplied with the working gas, air or oxygen, via 
lines 23g. These gaslifts lift mixed liquor from the stage 102 
into a separate lift vessel 71b, carbon dioxide is partially 
stripped from the mixed liquor, preferably by air, and 
returned via the same airlifts back into the first anaerobic 
stage. Stripping means are not shown in FIG. 8. Gas 
accumulating at the top of stage 102, mainly carbon dioxide, 
is released via line 107, preferably in the vessel 71a where 
it is scrubbed and re-stripped from the mixed liquor. A 
portion of the flow lifted to the vessel 71b is transferred via 
passage 106 into vessel 71a and further into the lower 
anaerobic stage, which in this embodiment is the second 
anaerobic stage. The effluent from the second anaerobic 
stage is transferred to the aerated stage via passages 65. The 
aerated stage can be similar to those already described. The 
biological transformations in the first anaerobic stage are 
preferably limited to hydrolysis and acidification of wastes 
without or with negligible methane production. The second 
stage can be a metbanogenic stage. In general, these two 
stages can be operated as a two-stage anaerobic process or 
as a two-phase anaerobic process. The system of FIG. 7 can 
be provided with any known means for solid-liquid separa-
tion, including those shown herein in other Figures. 

[0033] Referring now to FIG. 8, there is shown a biologi-
cal reactor 1 having a lower portion from the bottom 100 to 
the partition 66 occupied by an anaerobic stage, and an 
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upper part from the partition 66 to the top 101 used for 
aerated process stage 53. The anaerobic process stage of 
FIG. 8 is similar to that of FIG. 1 and the like parts having 
like numbers will not be described again. FIG. 8 shows a 
further development of mixing arrangement at the bottom, 
comprising flow directors 70 and the bottom fill 72 for 
improved circulation of the fluidized bed or of a viscous 
sludges. In the upper part of the anaerobic stage, conical 
baffles 68 and 90 and a water collection through 67 form a 
gravity separator (settler, or clarifier) for solid-liquid sepa-
ration. Additional downcomers 73 from the elevated vessel 
71 to the vicinity of the anaerobic clarifier are provided for 
bringing carbonates for neutralization of carbon dioxide in 
the upper portion of the anaerobic reactor thus eliminating 
gassing and floatation of the sludge in the clarifier. The 
aerated stage can be the same as previously described. A 
system for separating effluent from the mixed liquor 
includes a stripper 74 for carbon dioxide connected by line 
75 to the aerobic stage 53 and further by line 76 to a 
vacuum-evaporator vessel 90 connected via line 31 to a 
vacuum-compressor 32 which further is connected to a heat 
exchanger 33 having an effluent line 9. A heat exchanger is 
provided with a gas separation line 41. Alternative arrange-
ments for gas separation are also known to skilled in art. 
Influent line 8 is also connected to the heat exchanger. 
Alternatively, a recycle line with a pump for heating the 
contents of either anaerobic stage or the aerated stage in the 
heat exchanger 33 can also be provided. A portion of the 
contents of the vacuum-evaporator vessel 90 can be recycled 
back in the reactor 1, for example, in aerated stage by pump 
78 via line 77. In the stripper 74, carbon dioxide is largely 
removed from the mixed liquor by, preferably, air stripping, 
although other gases can also be used. In the vacuum-
evaporator vessel 90 a portion of the water is evaporated 
from the mixed liquor. Vacuum improves evaporation at 
below-boiling point temperature, for example, at a thermo-
phylic biological range of 45 to 750 C. Other temperature 
ranges can also be used. Vacuum is created by the vacuum-
compressor 32 and the steam condensation in a heat 
exchanger 33. Recompression of the vapors with the 
vacuum-compressor insures .the evacuation of gases which 
cannot be condensed in the heat exchanger 33 and provides 
some additional energy to the steam, thus compensating heat 
losses in the system. The gases to be evacuated are primarily 
carbon dioxide and traces of methane, oxygen, nitrogen, and 
possibly other gases. Steam condensation and dissolution of 
these gases in the cooled, and even in the chilled, condensate 
will not be sufficient to evacuate gases and to eliminate the 
"vacuum breakage" due to the gas build up in the vessel 90. 
Removal of carbon dioxide and reduction or prevention of 
its formation in the vessel 90 are improved by providing 
additional alkalinity. Alkalinity can be in a well soluble 
form, for example, as sodium hydroxide, or in form of 
soluble/insoluble compounds such as calcium bicarbonates/ 
carbonates. With biomass present, calcium carbonate pre-
cipitates into the biomass. 

[0034] Referring now to FIG. 9, there is shown a modi-
fication of the embodiment exemplified in FIG. 8 with the 
principal difference in the arrangement of the vaporization 
vessel 90, which is disposed above the top of the reactor 1 
now. This arrangement also includes a recycle line 35 with 
pump 36 and sprinklers 37 for improving the steam vapor-
ization and for controlling foam in the vessel 90. A carbon 
dioxide stripping section 27 communicating with the aerated 
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stage via openings 28 and 29 and having air supply 40 and 
the gas exhaust 30 is provided. The airlift effect in section 27 
allows to recycle the degassed contents of the combined 
aerated section-evaporator vessel-and stripping section to be 
partially recycled via line 38 in the lower anaerobic stage of 
the reactor 1. The aerated stage is provided with a conical 
partition to illustrate the possibility of using it for airlift-
aerator: the air, or in this case highly preferably oxygen, is 
fed via line and a distributor 10 in the dowucomer space "C" 
and is circulating through the riser space "B" with a portion 
of the liquid being split in the vaporization space "A". The 
use of oxygen is preferred considering the possibility of its 
virtually complete utilization so that no aeration gases, for 
example, nitrogen of air, are vacuum-stripped with vapor in 
the vessel 90. When the system with addition of alkali is 
used, it is possible to keep the carbonic acid species in the 
forms of mainly carbonates and bicarbonates with very little 
free carbon dioxide. This is achieved by stripping carbon 
dioxide in section 27 in the presence of elevated alkalinity. 
Accordingly, there is a very low partial pressure of either 
carbon dioxide or oxygen, or other gas in the vacuum-
vaporization vessel 90. Respectively, a small and low-power 
vacuum-compressor 32 is needed and a small and simple 
means for separating gases after the steam condensation are 
required. FIG. 8 also illustrates the possibility of using the 
vacuum in the upper stage for mixing the lower stage: 
vacuum "pulls up" the liquid into vessel 90, when vacuum 
in vessel 90 is temporarily released the pulled-up liquid 
rushes thorough the riser-downeomer into the bottom 100 
thus producing mixing in the anaerobic stage, afterwards, 
the liquid is pulled up again. Means for releasing vacuum in 
vessel 90 are trivial and are not shown. The anaerobic stage 
is also provided with an active airlift operated with a 
working gas, preferably oxygen, fed via line 23. The anaero-
bic stage is further provided with passive mixing cones 6 
attached to a central pipe 2 with gussets. In this embodiment, 
the mixing cones are inverted. 

I claim: 
1. A method of biological treatment of wastewater with 

biomass, said wastewater and said biomass form mixed 
liquor, in a tall reactor, said reactor having a top, a bottom, 
and an essentially horizontal partition between said top and 
said bottom, comprising (a) at least one anaerobic treatment 
step conducted between said bottom and said partition, a 
digestion gas comprising methane and carbon dioxide is 
formed in said anaerobic treatment, (b) a step of mixing said 
mixed liquor in said anaerobic step by at least one control-
lable gaslift with a gas other than said digestion gas, and (c) 
at least one step of treatment of said wastewater conducted 
between said partition and said top of said reactor. 

2. The method of claim 1, wherein said at least one 
controllable gaslift lifts said mixed liquor from at least one 
location between said bottom and said partition to the 
uppermost point of said controllable gaslift and returns said 
mixed liquor in said anaerobic treatment step, whereby said 
lifting and said returning constitute a lifting-returning opera-
tion step effecting said mixing. 

3. The method of claim 2, wherein said lifting-returning 
operation step is selected from a group consisting of non-
reversible flow, reversible flow, continuous flow, discontinu-
ous flow, flaw through a riser-downcomer pipe, flow through 
a system of stacked contracting-expanding zones, periodic 
flow, and combinations thereof. 
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4. The method of claim 1, wherein said gas other than said 
digestion gas is selected from the group consisting of an 
oxidizing gas, oxygen, air, oxides of nitrogen, nitrogen, and 
combinations thereof. 

5. The method of claim 4, wherein said oxidizing gas 
provides oxidizing reactions in said mixed liquor, whereby 
said mixed liquor is heated, said oxidizing reactions are 
selected from biological reactions, abiotic reactions, and 
combinations thereof. 

6. The method of claim 1, wherein a step of stripping said 
carbon dioxide from said mixed liquor in said anaerobic 
treatment step is provided, said step of stripping carbon 
dioxide is selected from a group consisting of gas stripping, 
oxygen stripping, air stripping, nitrogen stripping, steam 
stripping, vacuum-stripping, vacuum-vapor-stripping, 
vacuum-vapor-stripping with steam recompression and con-
densation, vacuum-vapor-stripping with steam recompres-
sion and condensation with preheating the influent, vacuum-
vapor-stripping with steam recompression and condensation 
with heating the contents of said reactor, heat degassing, and 
combinations thereof. 

7. The method of claim 1 and further providing steps of 
vaporization of wastewater from said mixed liquor with low 
pressure steam production and condensation of said steam. 

8. The method of claim 7, wherein said step of vaporiza-
tion is selected from a group consisting of vaporization by 
preheating said mixed liquor, vaporization by vacuuming 
said mixed liquor, vaporization by vacuuming said mixed 
liquor with steam recompression and condensation, vapor-
ization by vacuuming said mixed liquor with steam recom-
pression and condensation and preheating said influent, 
vaporization by vacuuming said mixed liquor with steam 
recompression and condensation and preheating said mixed 
liquor, and combinations thereof. 

9. The method of claim 1 and further providing steps of 
feeding reagents selected from a group of recuperable alka-
lithe species, recuperable oxidation-reduction species, alka-
lies, acids, nutrients, mieronutrients, probiotics, and combi-
nations thereof. 

10. The method of claim 1 and further providing steps of 
transferring said mixed liquor between said anaerobic and 
said aerobic process steps. 

11. The method of claim 1, wherein said at least one step 
of treatment of said wastewater conducted between said 
partition an said top of the reactor is selected from the group 
consisting of aerobic treatment, aerobic treatment with aera-
tion by air, aerobic treatment with aeration by oxygen, 
aerobic treatment with nitrification, aerobic treatment with 
denitrification, aerobic treatment with phosphorus removal, 
anoxic treatment, treatment with iron as intermediate oxi-
dation-reduction specie, anaerobic hydrolysis treatment, 
anaerobic acetogenic treatment, anaerobic acidogenic treat-
ment, anaerobic sulfate reduction treatment, anaerobic 
methanogenic treatmentg, and combinations thereof. 

12. A method of biological treatment of wastewater with 
biomass, said wastewater and said biomass form mixed 
liquor, in a tall reactor, said reactor having a top, a bottom, 
and an essentially horizontal partition between said top and 
said bottom, comprising (a) at least one anaerobic treatment 
step conducted between said bottom and said partition, a 
digestion gas comprising methane and carbon dioxide is 
formed in said anaerobic treatment, (c) at least one step of 
treatment of said wastewater conducted between said parti-
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