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MEANS FOR PURIFYNGPOLLUTEDLIQUIDS 
Charles H. Shook, Dayton, Ohio, assignor to n 

filco Incorporated, a corporation of Delaware 

Original No. 2,097,779, dated November 2, 1937, 
Serial No. 18,925, April 29, 1935. Application 
for reissue February 23, 1939, Serial No. 258,111 

10 Claims. (C. 210-5) 
This invention relates to a new and useful 

process of, and means for, purifying polluted 
liquids. 

Polluted liquids such as sewage are composed, 
among other things, of nitrogen bearing com 
pounds which must be oxidized to insure good 
purification. 
There are three common methods of biologi 

cally oxidizing the nitrogen compounds in pol 
luted liquids: the oldest, and now practically 
abandoned, system of intermittent Sand filtra 
tion; the trickling filter; and the activated sludge 
method. Sand filters are very large and filtra 
tion rates are slow. Trickling filters as ordinarily 
employed are smaller than sand filters and allow 
much higher rates of sewage application. The 
activated sludge system is temperamental in its 
behavior, and expensive in construction and op 
eration. 
While this invention relates to the recircula 

tion of polluted liquids through a trickling filter 
to increase its efficiency, whether the filter be 
back of a chemical plant or any other type of 
plant, or be the sole unit of a system, it is par 
ticularly concerned with the recirculation of such 
liquids through a trickling filter that is back of 
a chemical plant. 

It would seen to be a logical conclusion that 
if an impure liquid receives purification by pass 
ing once down through a depth of trickling filter, 
a second passage of that liquid through the filter 
Would be bound to improve it to some degree. 
While a giveri quantity of a polluted liquid 

passing twice through a continuously operating 
filter will not be contained therein twice as long 
as the same quantity of liquid passing only once 
through such a filter, the fiquid in the first case 
Will be in contact with the filter media somewhat 
longer than the liquid in the second case, result 
ing in more efficient purification. 
The chief value, however, of recirculation lies 

in the inoculation or activation obtained. The 
biologic growths or cultures, which we see in the 
form of sline or jelly at different levels in the 
ordinary tricking filter, vary tremendously. If 
a liquid is discharged onto a customary trickling 
filter, the top layer acts to strain out the sus 
pended material, the next layer to inoculate the 
liquid with oxidizing organisms, and the rest of 
the filter to carry out the oxidation process. If 
liquid which has once passed through the filter. 
and which contains oxidizing organisms, is put 
back in the top of the filter, it follows that much 
more of the filter can be utilized to carry out the 
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terial slime, which continually sloughs from the 
filter, may prove of exceptional value in activat 
ing the filter and should be returned separately 
or in conjunctlon With the liquid if desired. 
Among other things, the renoval of suspended 

and colloidal organic material prior to filtration, 
decreases the load upon the filter. By renOWing 
this material first, there is actually less work for 
the filter to do, and consequently it can be smaller 
per gallon of Luquid treated. Also, if these organic 
Solids are prevented iron being deposited in the 
top layer of the filter, less danger from clogging 
and consequently better air circulation through 
the fliter will result. 
Organic material in solution is immediately 

available for oxidation by the filter, whereas solid 
material can digest on the outer surface only. 

. It is well known that a cake of ice disintegrates 
nuch faster when broken into small pieces than 
if it were let in a large cake. So it is with solids 
on a filter. The smaller the particles, the more 
rapid the digestion. Consequently, if only the 
Soluble solids are discharged to the filter, its 
efficiency should be increased. 
To insure complete efficiency in a system under 

which the trickling filter is placed back of a 
chemical plant, the pH value of the discharge to 
the filter must be maintained nearly constant. 
It is found that bacteria are seriously affected by 
changes in pH, and that the limits are relatively 
narrow. It is possible to accustom them to a pH 
Value that is higher or lower than their normal 
point, but this must be done gradually. The fluc 
tuations in pH that are found in normal sewage, 
therefore, are not conducive to the best filter 
action. 

If chemical treatment, therefore, is applied to 
sewage ahead of trickling filter dosage, or any 
biologic treatment, the pH value of the discharge 
to the filter may be maintained nearly constant. 
Further, it can be maintained at a value that is 
particularly conducive to the purifying action 
of the organisms present. This value, it has been 
found, is within the alkaline range, where the 
nitrifying bacteria are more effective. The nitri 
fying organisms are the ones which oxidize the 
nitrogen bearing compounds of such polluted liq 
uids as sewage, and, consequently, anything done 
to promote their activity, will be beneficial. 

It is therefore one of the principal objects of 
this invention to first treat the liquid to be puri 
fled with chemicals, not only to settle out finely 
divided and collo'dal material but to maintain 
that liquid at a relatively uniform pH after which 

oxidizing process. The biologic growth, or bac- 55 the material remaining in the treated liquid is 



2 22,444 
oxidized by biologic action. This oxidation may 
be effected by passing the treated liquid through 
a trickling filter, or through granular material, 
Such as Sand, or by aeration and activation. 
As the human body can function more efficient 

ly at certain uniform temperatures, so can the 
nitrifying bacteria be made more effective in 
oxidizing the nitrogen bearing compounds of 
polluted liquids, such as sewage, at a uniform pH. 
Therefore, it is a particular object of this inven 
tion to maintain the pH constant, within the 
alkaline range during the chemical treatment of 
the liquid ahead of the trickling filter dosage or 
other biologic action. This constancy, or uni 
formity of the pH value, is maintained within the 
alkaline range in my system by the addition of 
lime or marl to the liquid under treatment. 
After the chemical treatment of the polluted 

liquid at a constant pH is completed, the liquid 
containing in Solution Such solids as Sugar, that 
cannot be precipitated out, is conducted to a 
trickling filter. 

It is therefore another important object of this 
invention to recirculate this treated liquid, or any 
other liquid that passes through the filter, to 
unifornly distribute the biologic growth or cul 
ture therein, as well as to inoculate and activate 
the incoming unfiltered liquid. 
Through recirculation active oxidizing organ 

isms are sent back to inoculate the incoming 
liquid. This inoculation starts purification. 
However, this preinoculation enables the top part 
of the filter to function more effectively than it 
would without such inoculation. By placing this 
bacterial sline, or jelly, more is rifoilly through 
out the fite oxidation of the filtered liquid is 
aided, clogging is 'educed, a (d. in Cléased ioading 
of the filter perritted. 

It is another object of the in Wellfior, t) return 
atteria. 2, or ii) tit, or ally the clear liqi. 

to the infoir, ii. 3 ignifi... or the part of either 
purpose of raising this et at , rn (*ins :nay he 

ei from the hulls provided for taking this 
tank, or the botton of the filter, or fron a recep 
tacle itet negate of bot: it lay aist is a ?igSire, 
age, however, i.e. 'side I: as for 3 wing this 
tetill liqui fi : If the Exittin: if it filter with 
...hen desirei, a sinks 2:23:: , of the Solids 
deposited in th:8 hunts tank. 

in large instaliations it. Wouli be more econom 
ical to connect the 'etlit if: to the botton of 
the ?ite, becallsig tic 1: ... t. E. Lecessary 
to it:ild Sich. :), large islii is tank. At the same 
title, a Sali pipe cold bf C: FY 20ts (i. etween the 
botton of tie hunu's talk is ti the £3.1 in line to 
draw irc. Suchi &ilk &S desired. If the 

-i. 

etulil ile ec Cicinect rid it the unus tank, 
one, the latter wouid have to be of large size, 

Since other Wise scre of tie Soids that, ordinarily 
Settle O tie i Et () , f Elite E3, k wod pass ot 
into the strea?, into whicis tie filtered liquids are 
rtin Etely dischargeti. 

it is another infortani, Qiject of tilis invention 
to provide for the return of the filtered liquid to 
the dosage ank through the same pipe which 
discharges the liquid from this tank into the 
fiter. 
Other importalnt and incidental objects will be 

brought out in the following specification and 
particularly set forth in the subjoined clains. 

In the drawing the figure is a schematic view, 
partly in Section, of one form of apparatus for 
practicing Eny filtration process. 

Referring to the accompanying drawing for a 
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detailed description of my process of filtering pol 
Iuted liquids as practiced by the use of the appa 
ratus therein disclosed, the numeral designates 
a trickling filter which consists in this instance 
of a tank 2 containing filtering material that 
obviously may be of various substances but in this 
instance comprising broken rocks 3 that present 
suitable Surfaces for the adherence of growing 
bacterial slime or jelly. 

In the present instance the liquid to be filtered 
is distributed upon the top of the filter bed 3 by a 
rotatable Spray head 4 carried by a short vertical 
riser 5. This riser is fitted in a T applied to one 
end of a horizontal inlet tube which is con 
nected to the lower end of a dosage tank 8, 
although it may lead directly from any receptacle 
containing a polluted liquid to be filtered. 
The dosage tank 8 is in communication with a 

Sedimentation tank 9 through a horizontal tube 
0. This tube leads from a skimming gutter 

in the upper portion of the tank 9 to the top of 
the dosage tank, where it is connected by a bend 
12 to a tube f3 that projects downwardly to a 
point near the bottom of the tank to deliver 
thereto iiquid that is skimmed from the tank 9. 
Sediment from the latter tank is drained off 
through the pipe f4. 
The polluted liquid, after being chemically 

treated in a box 5 to settle out much of the solid 
matter it holds in suspension, flows from the top 
of that box through a horizontal pipe 6 and 
connected vertical tube to the bottom of the 
Sedimentation tank. 9. 
As will now kie observed, I have illustrated in 

the drawing a trickling filter which is placed 
behind a chemical plant. To insure complete 
efficiency in such a system, the pH value of the 
discharge to the fliter must be maintained at a 
Constant pH value for the reasons heretofore 
given. This iesuit is achieved in the present 
&pia atlis try tile treatinent of Ile liquid in the 
ho'. 6 witi such chemicals as fearic chloride 
line & d mari. 

Relieved of tile Solids which settie gilt of it in 
tile ox is, the liquid passes iron the Oi Oi that 
it. X if the Loti.in) of the tanks, where a further 
Se?ii. i*i; } Lation takes place. In the r in : , lig 
liquid, however, there is present in solutio; such 
Soikile compounds as Sugar whical cannot be 
coveti by Chemical treatment and sieposition 
is solutinil rises to the skiii)ming gutter in 

tlift faik 3. from which it flows to the bottom of 
the dosage talk 8 for a cor:relied delivery 
through the tube i and otating S{}rgy head 4 to 
the top of the trickling filter , 
is lifreig ore stated, it is critietly du sirable 

that there be a recirculation of the filtered liquid 
to iistribute ore uniformly to lighout the tank 
2 the biologic growth which is g. iOinai'ily found 
rict prevalent in the lower kit is tie filter. 
The 'eturned liquid not only caries this bacterial 
Siri's or clitute to those portions of the fiel 
Where it is not present, but it sculates the in Con 
ling liquid with these active oxidizing or gallisins. 
Such inoculation starts purification. 
The apparatus for recirculia Ling the filtered 

liquid will now be described. Connected to the 
sloping bottom of the tank 2 by a bend 8 is one 
end of a horizontal tube 9, to the other eld of 
which there is secured a short vertical pipe 20 
which projects into a receptacle 2. Below this 
receptacle is a humus tank 22 into which the fill 
tered liquid delivered to the tank 2 f is adapted to 
flow from the latter through a horizontal pipe 23 
and connected vertical tube 24. This tube dis 
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32,444 
charges the filtered liquid and hunus pretty 
well down in the tank 22, from which the 
skimmed liquid, free of deleterious solids, flows 
into a river or other stream through a top pipe 2. 
The tube T which conducts the treated liquid 

from the dosage tank to the filter, also serves 
in the present apparatus to return the filtered 
liquid to that tank for recirculation through the 
filter. In order that the tube may perform this 
dual function, I provide the following means for 
periodically reversing the flow of liquid through 
it. 
Connected to the lower end of the T 6, through 

a short tube 26 and bend 27, is a horizontal pipe 
28 which communicates at its other end, through 
a check valve 29 and meter 30, with a centrifugal 
return pump S. Through a vertical tube 32 
projecting from this pump into the bottom por 
tion of the receptacle 2, filtered liquid is drawn 
from the latter by the pump and forced through 
the valve 29, and pipes 28 and , into the dosage 
tank when the pump is operated by the following 
8S 
Secured to the pump shaft 3 is a pulley 34 

which receives a belt 35 that is driven by the 
armature shaft 36 of an electric motor . This 
motor is started and stopped by a conventional 
electric switch 38 from which a connecting Wire 
39 leads to the motor. Another wire 40 con 
nected to the motor, and a wire connected to 
the switch, include both in a circuit supplied with 
current by a source not shown. 
When the liquid descends to the bottom of the 

dosage tank 8, it carries down with it a float 2 
to which there is attached an upwardly project 
ing rod 43. This rod carries two fixed collars 4 
and 45 between which a forked switch arm 6 
straddles the rod. When the upper collar 45 is 
lowered into engagement with the switch arm is 
by the descending float, the switch. 88 will close 
the electric circuit to the motor 3, which in turn 
will operate the pump 3 to return the filtered 
liquid from the receptacle 2 together with some 
of the solids from the humus tank 22, to the 
dosage tank B, through the same pipe that car 
ried the liquid to the filter. These solids are 
drawn from the humus tank through a pipe 22 
connected between the humus tank and the tube 
32. During this return flow of the liquid, the 
spray head still continues to revolve, because a 
part. of this liquid will be forced into the riser is 
for distribution upon the top of the filter bed. 
A part of the filtered liquid, however, is returned. 
to the dosage tank 8 to inoculate the incoming 
unfiltered liquid. 
When the float 2 is carried by the incoming 

liquid to a pre-determined level, the collar 
will engage the switch arm 46 to open the switch 
38 and thereby stop the motor. The filtered liq 
uid, together with the fresh liquid which it has 
inoculated with the active oxidizing organisms 
it has carried into the dosage tank from the filter 
and the humus tank, Will now flow back to the 
spray head through the pipe, for distribution 
upon the top of the filter bed 8. The recircula 
tion of this filtered liquid through the filter more 
uniformly distributes therein, and more particu 
larly deposits in its top portion, the bacterial 
sime or elly, which it has gathered from the 
bottom part of the filter in its previous descent 
therethrough. One part of the filter will, there 
fore more nearly approach the efficiency of any 
other part in the process of oxidation. 

This recirculation of the filtered liquid as many 
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stance through the single pipe by means of 
the electrically operated pump 3, whose opera 
tion is automatically controlled by the float ac 
tuated switch 38. 
As stated before, the invention is not lim 

ited to a filter which in this instance is back of 
a chemical plant, since it may be placed back 
of any other type of plant, or may be the sole 
unit of a system. In any use that may be made 
of my trickling filter, the recirculation of the 
filtered liquid will actively aid the process of 
Oxidation of the polluted liquids, and permit 
economies of construction and operation that 
are not possible with filters of the original types. 

Having described my invention, I claim: 
1. In an apparatus of the type described, a 

dosage tank to receive polluted liquids, a trick 
ling filter, means to receive the filtered liquid, a 
single conduit for delivering liquid from said 
dosage tank to the trickling filter and piping 
for returning the filtered liquid from the filtered 
liquid receiving means to said conduit for pas 
Sage therethrough to said dosage tank for re 
circulation through the filter. - 

2. In an apparatus of the type described, means 
for the chemical treatment and sedimentation 
of polluted liquids, a dosage tank, means for con 
ducting the liquid from which materials have 
been removed by chemical treatment and sedi 
mentation, to the dosage tank, a trickling filter, 
means to receive the filtered liquid, a single pipe 
for discharging said treated liquid from the dos 
age tank to the filter and piping for returning 
the filtered liquid from the filtered liquid re 
ceiving means to said single pipe for passage 
therethrough to the dosage tank. 

3. In an apparatus of the type described, a 
receptacle to receive polluted liquids, a trick 
ling filter, means for conducting said liquids to 
the filter, a hunus tank, a tank intermediate the 
trickling falter and humus tank, a discharge line 
leading from the filter to the intermediate tank, 
a second line leading from the latter to the 
humus tank, a return line between the inter 
mediate tank and the first receptacle, a pipe 
connected between the humus tank and the re 
turn line, and pump means for returning the fill 
tered liquid in the intermediate tank, with some 
solids from the humus tank, to the receiving re 
ceptacle, 

4. In an apparatus of the type described, a re 
ceptacle to receive polluted liquids, a trickling 
filter, a pipe for conducting said liquids from 
the receptacle to the top of said filter, means 
between the bottom of the filter and said pipe 
to return the filtered liquid to the receiving re 
ceptacle, a pump in said line to effect this re 
turn, an electric motor for operating the pump, 
a check Valve in said line between the receiving 
receptacle and the pump, an electric switch, an 
electric circuit including said motor and switch, 
and a float in said receiving receptacle for ac 
tuating said switch, to close the cricuit and start 
the pump when the liquid descends to a prede 
termined point in the receptacle, and to open 
the circuit and stop the pump when the liquid 
ascends to a predetermined point in the recep 
tacle. 

5. In an apparatus of the type described, a 
primary settling tank to receive polluted liquids, 
a tricking filter, an influent conduit for dis 
tributing liquid over the top of the trickling filter 
from said tank, a final settling tank, means for 
conveying the effluent from the bottom of said 

times as desired, is carried on in the present in 75 tricking filter to said final settling tank, and 



4. 
means for diverting from the flow of said final 
settling tank a portion thereof and returning 
the same prior to settling to said conduit to be 
redistributed over the top of the filter for recir 
culation therethrough. 

6. Apparatus for sewage purification compris 
ing a raw sewage settling tank, a trickling filter, 
a distributor for distributing sewage uniformly 
over the top of said trickling filter, a final settling 
tank, means for conveying filtered sewage from 
the bottom of said filter to said final settling 
tank, and means for delivering a mixture of 
settled raw sewage and freshly filtered sewage 
to said distributor comprising a conduit from 
said raw sewage settling tenk and a conduit 
from said conveying means between said filter 
and said final settling tank, said conduits unit 
ing in a common conduit leading to said dis 
tributor. 

7. The apparatus of claim 6 comprising also 
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means for controlling the delivery of freshly 
filtered sewage to said conomn conduit so that 
the amount thereof is greater when the flow of 
settled raw sewage is lesser and vice versa. 

8. A Sewage treating process Comprising the 
steps of first flowing raw sewage through a pri 
mary settling zone, then passing all of the settled 
sewage through a biological contact zone by 
trickling said sewage downwardly filmwise over 

s 
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aerobic biological slime adhering to filter bed 
material while exposed to free air, then discharge 
ing part of the flowing effluent fronh the said 
biological contact zone to a final quiescent set 
tling zone, diverting part of said flowing effuent 
and dellvering said diverted part back into said 
process at a point intermediate said primary 
settling Zone and said biological contact zone. 

9. The process of claim 8 wherein the rate of 
return of diverted effluent is controlled to afford 
a substantially constant rate of fluid delivery to 
the biological contact step. 

10. In a sewage treating process comprising 
the steps of first flowing all the liquid through 
a primary settling zone, then trickling all the liq 
uld downward through a biological contact zone, 
then flowing liquid from the biological contact 
zone to a Subsequent quiescent settling zone and 
then to Waste, the improvement which comprises 
diverting liquid from said flow from said biologi 
cal contact zone in advance of said subsequent 
Settling Zone and returning the thus withdrawn 
liquid with the solids contained therein to the 
said biological contact zone, and controlling the 
delivery of such withdrawn liquid so that the 
amount thereof is greater when the flow from 
the primary settling zone is lesser and wise versa. 

CHARES H, SHOOk. 



CERTIFICATE OF CORRECTION. 
Reissue No. 22,444, February 22, 1944. 

CARLES E SHOOK 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Pagel, first 
column, line l, claim 5, for the ward of after "flow" read - -to--; and 
second column, line 5, claim 8, after "zone" and before the oomma insert 
-- and, in advance of said final quiescent settling zone-- and that the 
said Letters Patent should be read with this oorrection there in that the 

same may conform to the record of the case in the Patent Office. 
signed and sealed this 9th day of May, A. D. 1944. 

Leslie Frazer 

(Seal) Acting Commissioner of Patents. 


