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ABSTRACT OF THE DISCLOSURE 

This invention relates to a method and apparatus for 
countercurrent contact between a liquid stream and a 
bed of solid particles for the purposes of removing com 
ponents either from the liquid stream or from the solid 
particles. The invention is applicable to such processes 
as the treatment of sanitary or industrial wastes with 
powdered or granular coal, the treatment of water sup 
plies by ?ltration through beds of granular sand, the soft 
ening of hard waters ‘by means of particles of ion ex 
change resins, the decoloration of sugar solutions by 
means of activated carbon, the extraction of soybean oil 
with solvents, as well as other like processes which will 
be obvious to those skilled in the art. 
The invention provides a method and apparatus where 

in a bed of solid particles is maintained in a compact con 
dition by essentially completely ?lling the vessel in which 
it is contained, in which method and apparatus the spent 
portion of the bed is periodically or intermittently re 
moved by placing the bed of solid particles and the en 
trapped liquid under an absolute pressure such that the 
solid particles and any entrapped solids and liquid will 
issue forth when said particles are communicated with 
an external vessel at less than said pressure. The spent 
bed material is discharged from the lower surface of the 
bed. New bed material is then supplied to the upper sur 
face of the bed. ' 1 

CROSS REFERENCES TO RELATED‘ 
APPLICATIONS 

Four other related patent applications, assigned to the 
same assignee and ?led concurrently herewith are identi 
?led as follows: R. S. Bevans, SN 676,193, ?led Oct. 18, 
1957; 'R. S. Bevans, ISN 676,266, ?led Oct. 18,1957; J. 
B. Hellmann, SN 676,180, ?led Oct. 18, 1957; and I. I. 
Kugelman, SN 676,192, ?led Oct. 18, 1957. 

BACKGROUND OF THE INVENTION 
This invention is useful in various liquid treating ap 

plications, such as the treatment of sewage, industrial 
waste, and municipal water supplies. 
The closest known prior art is US. Pats. 3,244,561 and 

3,200,067. 
‘SUMMARY 

The invention contemplates an improved counter-cur 
rent apparatus and method for compacting and periodi 
cally or intermittently replenishing a solids-liquid con 
tacting bed. Compaction is accomplished by essentially 
completely ?lling a vessel with solid particles. The bed is 
maintained continually serviceable by periodically re 
moving and replenishing the solid particles or batches of 
the solid particles. 

THE DRAWING 

FIG. 1 illustrates schematically a sectional view taken 
through a form of an apparatus embodying the invention. 

FIG. 2 illustrates schematically a sectional view taken 
through a second form of an apparatus embodying the 
invention. 
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GENERAL DESCRIPTION 

In the drawing of FIG. 1, there is shown an upstand— 
ing vessel including two main sections 10 and 40, each of 
which is tapered at both ends and these two sections are 
joined together by a valve 36. Both sections 10 and 40 
contain granular coal or other appropriate material desig 
nated respectively 12 and 42. The section 10 may be re 
garded as the treatment section and section 40 as the 
charging section. Liquid in?uent, such as raw sewage or 
industrial waste, is fed into an inlet line 13, then raised 
in pressure by a pump 16 connected to a line 14, the line 
14 having suitable perforations 18 within the treatment 
section 10, and the in?uent is delivered through the per 
forations 18 to the lower region of the bed 12 which is 
contained within the treatment section 10'. A valve 38 is 
inserted in line 14 and operated, whenever desired, to in 
terrupt the supply of the in?uent liquid. An outlet line 
26, which includes a valve 24, is coupled to the upper 
region of the section 10. The portion of line 26 encom 
passed within section 10 also has suitable perforations 22 
to prevent any of the bed material 12 from entering line 
26. The valve 24 within line 26 is operated periodically 
to interrupt the ?ow of the e?luent liquid from output. 
line 26. The line 26 feeds the e?luent liquid to a holding 
tank 28. The ef?uent ?uid reaching tank 28 and dis 
charged through line 30 may be regarded as the treated 
liquid. Some of the treated liquid within tank 28 is,‘ at 
intervals, fed through a line 44, then raised in pressure 
by a pump 46 and supplied by another line 48 to the top 
of the charging section 40. A valve 50‘ is shown coupling 
the charging section 40' to a storage hopper- 60‘. Valve 50, 
is operated intermittently to allow some of the solid par 
ticles, such as coal, to be supplied to the top of the charg 
ing section 40‘. Another valve 20 is located in the lower 
most region of the treatment section 10 so that some of‘ 
the bed material, particularly some or all of the portion 
which has become clogged or otherwise spent, may be re 
moved intermittently and, if desired, delivered to another. 
station (not shown) where it may be regenerated for re 
use vin the column or disposed of or utilized for other 
purposes, for example, as a fuel. Valve 34 located below 
perforated line 14 may be periodically opened to remove 
liquid from vessel 10 to aid in bed compaction. , __ 

The reference characters T1, T2 and PS schematically 
represent a time factuator, a cycle-timer .and a pressure 
switch, respectively, which may be coupled in any well 
known manner to the controllable devices,v such as pump 
16 and valve 38, the‘ valves 20, 36 and 34 and the the 
pump 46 and outlet control valve 24. 

Detailed description of method 
of FIG. 1 ' 

Vessel 10 is initially essentially completely ?lled with 
the appropriate granular material, e.g. coal, with ‘the 

and apparatus 

spaces between particles ?lled with liquid. Vessel 40‘ is" 
initially ?lled either partially or completely, with the ap— 
propriate granular ' material with any space, which is 
un?lled by the granular material, ?lled with liquid. Under 
normal operating conditions, in?uent liquid, such asraw 
sewage, will‘ be supplied through the line 13 and raised _in_ 
pressure by pump 16 for transmission through line {14, 
then through the perforations 18 in that line, into the‘ 
lower region of the treatment section 10. With the bed dis 
charge valve 20 located at the bottom of the treatment 
section closed and the side arm valve 34 which isvalso 
coupled to the lower region of the treatment section v'10 
also closed, the influent liquid necessarily will ?ow up 
through the bed 12. The granular material within the bed 
12 serves to ?lter suspended solidsout of the in?uent 
liquid and this material will be moved downward, as will 
be explained. 
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With the valve 36 connecting the columnar sections 10 

and 40 closed and the outlet valve 24 open, liquid which 
has been ?ltered or treated in its travel vertically up 
through the bed 12 will enter the outlet line 26 through 
the perforations 22 therein and be discharged into the 
holding tank 28. The perforations 22 of the discharge 
pipe are appropriately screened to prevent bed particles 
or ?ltering material from escaping from the bed 12. The 
treated liquid is the desired end product, and it may be 
retained by tank 28 or in any other appropriate recep~ 
tacle (not shown), or it may be discharged into a lake 
or river. The treated liquid product is continuously fed 
to the tank 28 except during the very brief periods of the 
surge cycles when clogged bed material is discharged. 
The up?owing liquid traversing the bed 12 exerts an 

upward drag force on the bed 12. This force will in 
crease as the pore spaces become clogged by particles 
or solids extracted from the in?uent liquid. When the drag 
force exceeds the combined forces resulting from the 
buoyant bed weight of the bed 12 and from the friction 
due to the contact between the bed 12 and the wall of 
the treatment section 10, the bed will be caused to move 
up, that is, to be uplifted, or the spaces between particles 
will be caused to increase, i.e. the bed will be caused to 
be ?uidized. However, the bed 12 is restrained from any 
ordinary movement or expansion within the treatment 
vessel 10 because the grandular particles essentially com 
pletely ?ll vessel 10. The bed 12 will instead be caused 
to compact. The additional compaction with the bed 12 
will increase the ?ltration ef?ciency within the bed 12. 
As the pore spaces of the bed become clogged with 

solids removed from the liquid, the discharge pressure 
of the pump 16 required to force the liquid through bed 
12 will increase. 
The pressure resulting from the clogging of the pore 

spaces may be allowed to increase up to but not exceed 
ing the limit of the capacity of the pump 16, at which 
limit it will be necessary to remove the clogged layer 
or layers of the bed 12 from the vicinity of perforations 
18 in order to reduce the in?uent pressure and permit 
the system to continue to function. It is one of the ob 
jects of the invention, as already noted, to periodically 
or intermittently remove from the vicinity of perfora 
tions 18 that portion of the bed 12 that may be more 
densely clogged or otherwise spent and to discharge it 
from vessel 10. By discharging bed material positioned 
below perforations 18, space will be provided for the 
entire bed 12 to move downward and subsequently place 
unclogged or unspent bed material in the vicinity of per 
forations 18. Thus, the inlet pressure will be substantially 
reduced. 
The discharge of clogged bed materia is accomplished 

by stopping the operation of pump 16, closing the inlet 
valve 38 and the discharge valve 24. Thus, when the pump 
16 is de-energized and the valves 24 and 38 are closed, 
the liquid within the bed 12 will remain substantially sta 
tionary. Then the connecting valve 36 is openend and, 
shortly thereafter, the recycle pump 46 is started. The 
pump 46 will cause some of the previously treated liquid 
in tank 28 to be discharged through the lines 44 and 
48 into the top of the storage section 40. su?icient operat 
ing time is then allowed to enable the pump 46 to build 
up su?icient hydraulic pressure throughout vessels 40 and 
10. When a predetermined pressure has been achieved, 
the discharge valve 20 at the bottom of vessel 10 is 
opened. This will allow the previously clogged or spent 
bed material below the performations 18 to be discharged 
through the valve 20 accompanied by some amount of 
?uid. As the spent bed material is released via the open 
valve 20, fresh material will pass from the vessel 40 into 
the treatment section 10 and replenish an amount of 
material that is substantially the equivalent of that which 
has been discharged by valve 20. Valve 20 is maintained 
in the open position for a period of time equal to or 
less than the period of time required for the pressure 
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4 
throughout the vessels 40 and 10 to come to equilibrium 
with the pressure in the vessel into which coal and clogged 
solids are being discharged. After valve 20 closes, the 
valve 34 is opened to further compact the bed and 
complete the ?lling of vessel 10 if necessary. The open 
ing of valve 34 enables some of the liquid within the 
bed 12 to be discharged and this will serve to compact 
the bed 12 to the point where it will again act as an im 
proved ?ltering medium. Pump 46 is then de-energized, 
and valves 34 and 36 are closed. The system is then re 
turned to normal operation by the re-energizing of pump 
16 and the opening of valves 38 and 24. The spent bed 
‘material, including the sewage solids accompanying it 
which have been discharged through valve 20, may be dis 
posed of by burning or otherwise. 

While the countercurrent system involves an intermit 
tent ?ow of in?uent upwardly between the perforated sec~ 
tions 18 and 22 and an intermitten down?ow or dis 
charge of clogged material of bed 18 through the exit 
valve 20, in certain trial arrangements employing this 
invention, the upward flow of the effluent continued for 
periods varying between 30 and 180 minutes, but the 
surge cycle, for the discharge of spent coal, that is, the 
interval between the opening and closing of valve 36, 
lasted no more than about half a minute. Hence there 
were long ?ltering periods and relatively short surge 
cycles. Thus, the equipment performed ?ltering operations 
during a high percentage of the available operating time. 

For automatic operation, the pressure switch P.S., 
which is connected to the input line, may control a pro 
grammed stepping switch or a programmed series of tim 
ers represented by T2 in FIG. 1. These switches and tim 
ers will be started in operation upon the in?uent pres 
sure rising to a predetermined value. On the other hand, 
the timer actuator T1 may alternatively start the switches 
and timers after a predetermined interval, such as 30, 60 
or 90 minutes. The cycle of operations will involve the 
following sequential steps: 
(1) De-energize the in?uent pump 16. 
(2) Close the inlet and outlet valves 38 and 24. 
(3) Open the interconnecting valve 36. 
(4) Start recycle pump 46. 
(5) Open the bed discharge ‘valve 20. 
(6) Close the bed discharge valve 20. 
(7) Open the liquid discharge valve 34. 
(8) De-energize the recycle pump 46. 
(9) Close the liquid discharge valve 34 and connecting 
valve 36. 

(10) Energize the in?uent pump 16. 
( 11) Open the inlet and outlet valves 38 and 24. 

The discharge of liquid via valve 34, as above de 
scribed, might be omitted if desired, but the system will 
function considerably better if this step of the operation 
is retained. If the discharge via valve 34 ‘were omitted, 
the bed within chamber 10 might not be su?iciently ?lled 
with the granular medium and it might tend to ?uidize 
on the resumption of normal operation. The e?iciency of 
the operation would thereby be reduced. Tests have indi 
cated that the employment of valve 34 for ?uid discharge 
has signi?cant merit. 
FIG. 1 depicts the spent material as being discharged 

through valve 20 into vessel 64 which is substantially at 
atmospheric pressure. This requires that during the purg 
ing operation that the entire beds 12 and 40 be brought 
up to a pressure somewhat above atmospheric pressure. 
This is done by closing valves 38 and 24 and operating 
pump 46 until the desired pressure is reached. Valve 20 
is then opened. 

It is also possible to accomplish the purging of spent 
bed material by discharging such material through valve 
20 into a vessel maintained at less than atmospheric 
pressure. This is shown in FIG. 2 which depicts vessel 66 
maintained at less than atmospheric pressure by means of 
vacuum pump 68, communication between the vacuum 
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pump 68 and vessel being provided by pipe 70. A valve 
72 is provided so that material wasted from the column 
10 and delivered to the vacuum chamber 66 may be re 
moved when required. 

Certain examples employing the invention were aS 
follows: 

(1) Raw sewage was passed through a column 6 feet 
high having an inside diameter of 3% inches and packed 
with -—10 to +100 mesh anthracite coal at a ?ow rate 
of 30 gallons per hour per square foot of column cross 
section. The run lasted 17 days. Periodically during the 
run, coal and sewage solids were discharged by placing 
the entire column under pressures which varied from 20 
to 40 psi. and opening valve 20 to atmospheric pressure. 
Suspended solids removal averaged 88.4%, chemical oxy 
gen demand removal averaged 73.9%, coal removal aver 
aged 53.7 pounds per 1,000 gallons of sewage treated. 

(2) Raw sewage was passed through a column 6 feet 
high having an inside diameter of 3% inches and packed 
with —l0 to +100 mesh antracite coal at a ?ow rate of 
45 gallons per hour per square foot of column cross sec 
tion. Periodically coal and sewage solids were discharged 
by placing the entire column under pressure which varied 
from 20 to 40 psi. and opening valve 20 which was con 
nected to a tank which was maintained at 15 inches of 
vacuum. Suspended solids removal averaged 90.7% . chem 
ical oxygen demand removal averaged 68.5%, coal re 
moval averaged 59.5 pounds per 1,000 gallons of sewage. 
The run was conducted for four consecutive days. 

While the operation of the apparatus has been de 
scribed with reference to a bed of material, such as coal, 
for the treatment of sewage, the apparatus is equally and 
fully suitable for use in any other solids liquid contact 
process. Some examples of these are: ?ltration of water 
for industrial or domestic use through sand or coal, de 
mineralization or softening water with ion exchange resins, 
de-colorization of sugar solutions with activated carbon, 
removal of soluble organic matter from water and wastes 
with activated carbon, and the extraction of soybean oil 
with solvents. 

It will be apparent that the vessels 10 and 40 may be 
constructed of metallic, plastic or other materials of su?’i 
cient strength to withstand the pressures to be developed 
in the system. 
The ?uid inserted from line 48 to the top of vessel 

40 has been described as previously treated ?uid obtained 
from tank 28. It will be readily apparent that any other 
?uid, e.g., water, may be substituted for treated ?uid. The 
salient property is that the inserted ?uid transmitted 
through line 48 be subjected to a predetermined pressure 
and that such ?uid have little or no chemical reaction 
on the normal contents of vessels 10 and 40 or on the 
solids or ?uids in these vessels. 
While this invention has been shown and described in 

certain particular embodiments merely for the purpose 
of illustration, it will be understood that the general 
principles of this invention may be applied to other and 
widely varied organizations without departing from the 
spirit of the invention or the scope of the appended claims. 
What is claimed is: 
1. In a method employing apparatus including a vessel 

having a vertical column essentially completely ?lled with 
granular material, the method of ?ltering in?uent material 
bearing sewage, which consists in inserting the in?uent 
material into the vessel at a point near the bottom thereof 
so that the in?uent material ?ows countercurrent against 
the granular material, removing e?luent liquid product 
from a point near the top of the vessel, intermittently 
interrupting the in?uent material and the e?iuent product, 
inserting a portion of the previously discharged ef?uent 
liquid product into the upper portion of a second vessel 
positioned above said ?rst vessel, and applying pressure 
to the ?rst Vessel through said second vessel for discharg 
ing some of the material from said ?rst vessel. 
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6 
2. The method recited in claim 1 in which the liquid 

product inserted into the upper portion of the said vessel 
is replaced by water. 

3. The combination of a vertical vessel essentially com 
pletely ?lled substantially continually with granular ma 
terial through which in?uent material is driven under 
pressure upwardly through the entire cross-section of said 
vessel and is discharged as liquid product from the upper 
region of said vessel, an apparatus for intermittently 
cleaning clogged granular material from the bottom of 
said vessel, said apparatus including means for shutting 
off the incoming in?uent material as well as the discharg 
ing liquid product, and means for applying some of the 
liquid product to said vessel under su?icient pressure in 
order to drive the clogged material out of the bottom of 
said vessel, and additional means for removing liquid 
from said vessel to improve the compaction of the granu 
lar material within said vessel. 

4. The combination recited in claim 3 in which the 
part of the liquid product to be applied to the vessel to 
drive clogged material out of the bottom of the vessel is a 
?uid which has no chemical interaction with the granular 
material contained within the vessel. 

5. The combination recited in claim 3 in which the ap 
paratus also includes means for discharging some of the 
applied liquid from the bottom of the vessel for facilitating 
the compaction of the material in said vessel. 

6. The combination recited in claim 5 including, in addi— 
tion, means for inserting additional granular material into 
the top of the vessel to replace the material discharged 
from the bottom of the vessel and to maintain the vessel 
substantially ?lled with said material. 

7. The combination of a treatment cylinder and a stor 
age cylinder, both cylinders being ?lled with granular 
material and being positioned in vertical alignment with 
each other so that the storage cylinder is positioned above 
the treatment cylinder, a normally closed valve coupling 
said cylinders to each other, a valve-controlled intake line 
positioned within and near the bottom of the treatment 
cylinder, an output line near the top of the treatment 
cylinder for receiving effluent material as it reaches near 
the top of the treatment cylinder, and apparatus for dispos 
ing of clogged granular material accumulated near the 
intake line within the treatment cylinder, said apparatus 
including cooperating means for shutting off the valve-con 
trolled intake line and for closing the output line, means 
for opening the normally closed coupling valve, and means 
for pumping some of the e?luent material under pressure 
to the storage cylinder so as to drive the clogged granular 
material out of the normally closed opening at the bot 
tom of the treatment cylinder and to move some replace 
ment material from the storage cylinder into the treatment 
cylinder. 

8. The combination de?ned by claim 7 in which said 
apparatus also includes a drain line at the bottom of the 
treatment cylinder and means for transmitting ?uid 
through said drain line. 

9. The combination of a vertically upstanding treatment 
vessel ?lled with granular material which is closed at its 
bottom, an intake line positioned near the bottom of said 
vessel for receiving in?uent material, an output line po 
sitioned near the top of said vessel receiving treated ma 
terial moving upwardly through said vessel and for dis 
charging ei?uent product from said vessel, means for dis 
posing of the clogged granular material accumulated near 
the bottom of said vessel, said means comprising means 
for shutting off both the intake and output lines and for 
feeding some of the e?iuent product under substantial 
pressure to said vessel so as to drive clogged material 
within the vessel out of the bottom of said vessel, and a 
storage vessel coupled between the treatment vessel and 
the output line. 

10. The combination recited in claim 9 in which the in 
take line and the output line each have a perforated sec 
tion within the treatment cylinder including means serving 
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to prevent any of the granular ‘material from entering said 
lines. . 

11. The combination de?ned by claim 10 in which said 
disposing means includes a drainline near the bottom of 
the treatment vessel which may be opened to release some 
of the ?uid from the bottom of the vessel to facilitate the 
compaction of said material in said vessel. 

12. The method of treating liquid bearing sewage, 
which consists of transmitting the in?uent liquid upwardly 
through a bed of granular material, removing the treated 
liquid from a point near the top of the same bed, inter 
mittently re-inserting some of the treated liquid under 
pressure to the top of the bed through a storage space, 
and intermittently discharging some of the material from 
the bottom of the bed, whereby in?uent liquid to be treated 
is moved only in an upwardly direction through the bed 
and the bed is moved step-by-step only in a downward 
direction. 

13. The method de?ned in claim 12, in which some of 
the liquid within the bed is discharged near the bottom of 
the bed so as to facilitate the compaction of the bed. 

14. The combination of a liquid-treating cylinder ?lled 
with granular material, an intake line for feeding to the 
cylinder liquid to be treated and to be moved only in 
an upward direction through the cylinder, an output line 
near the top of the cylinder for receiving the treated liquid, 
means for periodically pumping some of the treated liquid 
under pressure into the top of the cylinder, means for 
periodically discharging some of the material from the 
bottom of the cylinder, and means for periodically dis 
charging some of the liquid from the bottom of the cylin 
der, to facilitate the compaction of the material within the 
cylinder. 

15. The combination recited in claim 14 including, in 
addition, means for periodically supplying replenishing 
material to the top of the cylinder to replace the dis 
charged material, whereby the cylinder will be maintained 
substantially ?lled with material at all times. 

16. Apparatus for the treatment of a liquid bearing 
sewage, comprising a vertical cylinder ?lled with par 
ticles or material, means for causing the liquid to be 
treated to move unidirectionally upwardly through the 
cylinder and for the material within the cylinder to be 
moved periodically downwardly through the cylinder, an 
input line positioned near the bottom of the cylinder for 
feeding the liquid to be treated to the bottom of the 
cylinder, an output line near the top of the cylinder for 
receiving treated liquid, a pump for periodically pumping 
some of the treated liquid under pressure to the top of 
the cylinder, a valve at the bottom of the cylinder through 
which material within the vessel may be discharged, 
means for intermittently opening said valve in order to 
discharge said material from the bottom of the cylinder, 
and separate means for periodically discharging some of 
the liquid from the bottom of the cylinder to facilitate 
the compaction of the material within the cylinder. 
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17. Apparatus for the treatment of a liquid bearing 
sewage in accordance with claim 16 including, in addi 
tion, vacuum apparatus coupled to said valve at the 
bottom of the cylinder, said vacuum apparatus increasing 
the pressure differential between the two sides of said 
valve at the bottom of said cylinder so as to facilitate 
the discharge of said material through said valve. 

18. Apparatus for the treatment of a liquid bearing 
sewage in accordance with claim 17 including, in addition, 
a second valve for discharging liquid from the bottom 
of the cylinder in order to aid in the compaction of the 
material within the vessel. 

19. A liquid treatment apparatus, comprising a vessel 
substantially ?lled with granular material for the treat 
ment of incoming liquids, normally closed upper and 
lower valves for said vessel through which said granular 
material may be, respectively, supplied to or removed 
from said vessel, a closed receptor into which the lower 
valve discharges, means for supplying liquid under pres 
sure through said upper valve to render the internal pres 
sure within the vessel signi?cantly higher than the inter 
nal pressure within said receptor, and means responsive 
to the difference between the internal pressures of the 
vessel and the receptor for discharging substantially spent 
material from said vessel into said receptor. 

20. A liquid treatment apparatus according to claim 
19, in which the receptor includes means to maintain a 
pressure which is substantially below atmospheric pres 
sure. 

21. A liquid treatment apparatus according to claim 
19, in which the receptor includes means for normally 
maintaining pressure. 

22. A liquid treatment apparatus according to claim 
19, including means by which liquid is fed into the vessel 
through the upper valve to raise the pressure within the 
vessel to the range of twenty to forty p.s.i. 

23. A liquid treatment apparatus according to claim 
19, including means by which the pressure within said 
receptor is maintained at a value of about 15 inches of 
mercury. ' 
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