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This invention relates to apparatus for 
carrying out processes involving exchange re 
actions and more particularly to apparatus 
for softening water and for purifying water, 
for example, for removing iron compounds 
therefron. 

It is the main object of the present inven 
tion to produce a simple form of apparatus in 
which successive operations of carrying out an 
exchange reaction, regenerating the exchange 
materia and Washing the same may be car 
ried out automatically, that is to say, without 
the need of control by human agency, and is 
simple so as not to have any liability to become 
out of order and is yet economical of regener 
ating agent and washing water. . 
According to the present invention, an ap 

paratus is arranged so that the successive 
operations consisting in the treatment of 
water or other liquid by an exchange material, 
regeneration of that exchange material and 
washing of the same are carried out in cycles 
in the same vessel or vessels and are con trolled by the operation of valves admitting 
the liquid to be treated and the regenerating 
solution and allowing of the outflow of the 
treated liquid, for example, to storage tanks 
or to a main, and of the exhausted regenerat 
ing agent and wash water to waste; these 
waives are controlled automatically by a bal 
ance mechanism which derives its power from 
the liquid. This is effected by leading some 
of the liquid to a receptacle forming part of 
the balance mechanism, for example the liquid 
may be passed after treatment to a propor 
tioning device from which a proportion or 
fraction of the treated liquid may be led to 
the receptacle on the balance mechanism. 
This baiance mechanism may conveniently 
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consist of a lever mounted to rock about a 
spindle which is operatively connected with 
the various valves, the receptacie being 
mounted upon one arm of the lever, and a 
weight being arranged to move between limits 
along the other arm. The liquid will then be 
admitted to the receptacie, and when the latter 
is full the mechanism will automatically be 
moved so as to admit the regenerating solu 
tion. The ever will be restored to its initial 
position when the receptacle has emptied it 
self. Since time must be allowed for com 
plete regeneration to take place and for the 

exhausted regeneration solution to be thor 
oughly washed out with water, the receptacle 
is arranged to empty itself slowly; for exam- 55 
ple a siphon may be arranged with an adjust 
able valve so that the time taken for the 
emptying may be regulated easily. The 
weight moves along the arm of the balanced 
lever from near to the end of that arm to a 60 
point close to the axis about which the lever 
rocks, and is made less than the weight of the 
liquid in the receptacle when the latter is full. 
The arrangement is preferably such that the 
weight moves out to the end of the arm as 65 
Soon as the balance mechanism starts to return 
to its original position, and thus the necessary 
turning couple for operating the valves is 
ensured. A lost motion device may be in- - 
serted between the balance mechanism and the 70 
valves so as to allow the mechanism to rock 
AEugh a small angle before taking up the 
O3O 

Preferably the treated liquid is led to a 
small tank provided with two orifices of dif- 75 
ferent sizes, and the outflow from the small 
orifice then goes to the receptacle on the bal 
ance mechanism. Such an arrangement en 
sures that the fraction of the liquid passing 
to the receptacle will be constant. 80 
A further feature of the present invention 

consists in maintaining the regenerating solu 
tion in a concentrated form in a storage tank 
from which it flows to a small measuring 
vessel having an outlet larger than the inlet 85 
from the storage tank. This measuring ves 
sel is provided with a float valve arranged to 
close the outlet when the level of regenerating 
solution in the vessel falls sufficiently. 
The invention is particularly applicable to 90 

apparatus used in the softening of water by 
means of exchange material such as artificial 
or natural zeolite or glauconite, but it is ap 
plicable to other exchange reactions; for ex 
ample it can readily be applied to the removal 95 
of iron compounds from water by the use of 
an exchange material containing manganese. 
Furthermore it can, of course, be applied to 
water softening plant in which the flow dur 
ing softening is either downwards or upwards i00 
through the bed. 

In order that the invention may be clearly 
understood and readily carried into effect, a 
Water softening plant in which the flow is 
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downwards through the bed will now be de 
scribed more fully by way of example with 
reference to the accompanying drawings, in 
which:-- 
Figure 1 shows a side elevation of the plant; 

some parts being in section; . 
Figure 2 shows to an enlarged scale a view 

of the ge mechanism by which the valves 
are operated. . . - 

In the drawings 
struction is filled with a bed of base exchange 
material, such for example as grains of baked 
glauconite. The crude water to be softened 
enters through a pipe 2 provided with a con 
trol valve 3 and flows downwards through 
the bed of glauconite. An outlet pipe 4 leads 
from near the bottom of the container 1 and 
has two branches, a pipe 5 with a control valve 
6 for the softened water and a pipe 7 with a 
control valve 8 through which the effluent 
from the container 1 flows to waste during the 
processes of regeneration and washing of the 
glauconite bed. 
The brine used for regeneration is kept in 

concentrated form in a storage tank 9 which 
communicates by way of a pipe 10 with a 
measuring vessel 11. The outlet of this ves 
sel11 is connected by a pipe 12 having a con 
trol valve 13 with the intake of an ejector 30 

nected by mechanical linkages 15, 16, 17 and 
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nozzle 14 disposed in the inlet pipe 2. 
The control valves 3, 6, 8 and 13 are con 

18 respectively to a horizontal spindle 19 on 
which a lever 20 is rigidly fixed. One arm of 
this lever 20 is shaped as a receptacle 21 into 
which water is delivered through a pipe 22, 

40. 

and the other arm of the lever 20 is made as a 
hollow tube in which a spherical weight 23 
can roll. The lever 20 is so proportioned that 
the tubular arm just overbalances the recep 
tacle when the latter is empty, but when the 
latter is full the weight of the water and the 
receptacle just overbalances the tubular arm 
and the spherical weight 23 even though the 

45 weight is at the end of the arm. A siphon 24 
, is provided in the receptacle 21 and has an adjustable valve 25, so that when the recep 
tacle 21 is full and the lever 20 tilts to the po 
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sition shown in dotted lines in Figure 1, the 
receptacle slowly empties itself at a rate that 
can easily be regulated. 
The water which flows into the receptacle 

21 through the pipe 22 is a fixed proportion 
or fraction of the soft water passing out 
through the pipe 5. This proportioning is 
effected by arranging the pipe 5 to deliver 
into a small proportioning box or tank 26 
provided with a relatively large orifice 27 
and a relatively small orifice 28. The mas 
jority of the water in the tank 26 will then 
flow through the orifice 27 into a soft water 
storage tank or reservoir 29, but clearly a 
small but fixed proportion of the softened 
water will flow through the orifice 28 into the 
pipe 22. A cut-off valve 30 is provided at the 

a container it of usual con 
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top of the pipe 5 and is controlled by a float 
31 so that when the tank 29 is full the opera 
tion of the whole apparatus may be stopped. 
The measuring vessel 11 for the regener 

ating brine comprises a small cylinder 
through the top of which a pipe 32 projects. 
The other end of this pipe 32 communicates 
with the top of the brine storage tank 9, and 
the depth which the pipe projects into the 
vessel 11 may easily be adjusted. A small disc 
33 is arranged to slide in the vessel 11 above 
a float 34 which is shaped so as to close the 
outlet pipe 12 from the vessel 11 when it is in 
its lowest position. This outlet pipe 12 is 
made of larger cross-section than the inlet 
pipe 10. ... 
The operation of the apparatus is as foll 

lows:-During the process of softening, the 
lever 20 is turned to the position shown in 
full lines in Figure i, and in this position the 
valves 3 and 6 are fully opened while the 
valves 8 and 13 are completely closed. The 
hard water enters through the pipe 2, passes 
down through the bed of glauconite into the 
container 1, and emerges as soft water 
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through the pipe 4 passing through the pipe 
5 to the proportioning box 26. As explained 
above, a definite small fraction of the soft 
ened water passes from the box 26 down. 
through the pipe 22 into the receptacle 21. 
The amount of water passing into this recep 
tacle 21 is so arranged that the bed of glau 
conite is practically exhausted during the 
time taken to fill the receptacle. When the 
receptacle 21 is full, the lever 20 tilts over, 
and as soon as it has passed the horizontal, 
the weight 23 runs down the tubular arm of 
the lever 20 with the result that the lever is 
then considerably unbalanced, and in turning 
further to the position shown in dotted lines 
in Figure 1, can exert sufficient power to move 
the valves 3, 6, 8 and 13. In order to allow 
the lever 20 to begin to move without having 
to move the valves, a lost motion device is in 
serted in the spindle 19. This lost motion de 
vice consists of a horizontal projecting arm 
35 which can move between the two arms of 
a fork 36. When the lever 20 has turned to 
the position shown in dotted lines, the valves 
8 and 13 will then be completely open, and 
the valve 6 completely shut, while the valve 3 
in the inlet pipe 2 will then be partially shut. 
At the same time, the siphon 24 will have been 
completely covered, and water will, therefore, 
begin to run out of the siphon 24 to waste. 
The reduced stream of water passing 

through the inlet pipe 2 and ejector nozzle 14 
will draw in brine from the measuring ves 
sel 11 so that the glauconite bed will be re 
generated. At the start of the regeneration 
the measuring vessel ill will be filled up to the 
level of the bottom of the pipe 32, but since 
the pipe 12 is larger than the pipe 10 it will 
gradually empty itself, and consequently 
the float 34 will sink until finally when it is 
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near the bottom it will be drawn down 
quickly to close the outlet pipe-12 by reason 
of the suction of the ejector 14. Concentrat 
ed brine will continue to flow, however, from 
the tank 9 through the pipe 10 until the disc 
33 rises into contact with the end of the 
pipe 32, thus providing a fresh measured 
charge of brine for the next period of regen 
eration. However, when the float 34 has 
closed the outlet pipe 12, crude water will 
continue to pass through the inlet pipe 2 and 
down through the glauconite bed, washing 
out the exhausted brine solution. Both this 
wash water and the exhausted brine solution, 
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of course, pass to waste through the pipe 7. 
The adjustable valve 25 on the siphon 24 

is so arranged that the time taken for the re 
ceptacle 21 to empty itself is exactly that re 
quired for the regeneration and washing of 
the glauconite bed. When the receptacle 21 
is completely empty, the lever 20 will start 
to turn back to the position shown in full 
lines in Figure 1, and as soon as it has passed 
the horizontal, the weight 23 will roll from 
the point close to the axis of the spindle 19 
to the extreme end of the tubular arm of the 
lever, and will thus provide the necessary 
power for the return of the various control 
valves to the positions in which softening 
takes place. By reason of the lost motion 
device 35, 36, the lever 20 is again free to 
start to turn before it has to take up the 
load of the valves. 
The apparatus illustrated and described 

in detail has been given merely by way of ex 
ample. The invention is not, of course, in 
any way limited to it. For example, any 
suitable form of proportioning device may be 
used in place of the box 26, or in the case of 
a supply to a pressure main, the box 26 may 
be enclosed and subjected to pressure in the 
main; in this case, however, the flow through 
the small orifice 28 may still return to the re ceptacle 21. 

Again, it will be clear that although in the 
apparatus described a proportion of the soft 
ened water is delivered into the receptacle 
21, the plant may easily be arranged so that 
instead the proportion of the hard water 
entering the apparatus may be used to fill the 
receptacle. Further, of course, any suitable 
arrangement of linkage may be employed be 
tween the spindle about which the balanced 
lever turns and the valves, and again it will 
be obvious that instead of employing the mov 
ing weight, a receptacle could be arranged 
at each end of the balance mechanism and 
could equally be supplied with water. 

Finally, the proportioning device may be 
replaced by any suitable form of liquid meter 
arranged to close an electric circuit when a 
predetermined amount of liquid has passed. 
In this case the flow of liquid into the re 
ceptacle on the balance mechanism should 
be such that the receptacle will just be filled 

The closin 
termined amount of liquid can be treated. 

of the electric circuit can then 
be arranged to release a catch which frees 
the balance mechanism, and the latter will 
then operate in the fashion described above. 
In this case also, of course, the time of re 
gig, and washing wii 
only by the ra 
of the balance mechanism. A suitable over 
flow must be provided in the receptacle on 
the balance mechanism so that when it has 

l be determined 
the rate at which liquid flows out. 

3. 
in the shortest time in which the said prede. 
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filled before the catch is released, the liquid 
which continues to flow in can easily escape. - 
Since the treated liquid outlet pipe will be 80 
closed directly the catch is released and the 
balance mechanism tilts, no further liquid 
will flow to the meter until the receptacle has 
emptied itself and the balance mechanism 
has tilted back to its original position. 
We claim: - 
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1. An apparatus for the treatment of liquid 
by a base exchange material, consisting of a 
container for the base exchange material, in 
let and outlet pipes for the liquid to be treated 
connected to said container, a control valve 
arranged in said inlet pipe, a balance lever 
mechanism linked to said valve, a receptacle 
mounted upon said mechanism, and means 
for supplying a predetermined proportion of 
the liquid flowing from the treating appara 
tus to said receptacle. 
by a base exchange material, consisting of a 
container for the base exchange material, 
inlet and outlet pipes for the liquid to be 
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2. An apparatus for the treatment of liquid 
100 

treated connected to said container, a control 
yalve arranged in said inlet pipe, a balance 
lever mechanism linked to said valye, a re. 
ceptacle mounted upon said mechanism, and 
a proportioning device associated with said 
outletFE for supplying a fraction of the treated liquid to said receptacle. 

3. An PEER for treating a liquid by 
means of a base exchange material, compris 
ing a container for said base exchange mas 
terial, inlet and outlet pipes for the liquid 
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connected to said container, valves in said pipes for controlling the indow and outflow 
of liquid to the container, a storage tank for 
regenerating solution, a pipe connecting said 
tank to said container, a controlling valve 
in said pipe, a drain connection from said 
container, a valve controlling said drain cont 
nection, a balance lever device linked to all 
four of said valves, a receptacle mounted 
upon said balance lever device, and means for 
leading some of the liquid to said receptacle. 

4. An apparatus for the softening of water, 
comprising a container for base exchange 
material, inlet and outlet pipes for water to 
be treated connected to said container, a stor 
age tank for regenerating solution, a connect 
ing pipe from said tank to said container, a 
valve in said last-mentioned pipe, a balance 
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lever mechanism linked to said valve, a re 
ceptacle carried upon said balance ever 
mechanism, means for leading some of the 
liquid to said receptacle so as to overbalance 
said mechanism after the flow of a predeter. 
mined amount of liquid, and a siphon, device 
for emptying said receptacle in order to al 
low the return of said balance mechanism to 
cut of the supply of regenerating solution. 

5. An apparatus for the softening of water, 
comprising a container for base exchangema 
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terial, inlet and outlet pipes for water to be 
treated connected to said container, a stor 
age tank for regenerating solution and a con 
necting pipe for said storage receptacle to 
said container, a valve in said last-mentioned 
pipe, a balance lever mechanism linked to 
said valve, a receptacle carried upon said bal 
ance lever mechanism, means for leading 
Some of the liquid to said receptacle so as to 
overbalance said mechanism after the flow 
of a predetermined amount of liquid, a siphon 
device for emptying said receptacle in order 
to allow the return of said balance mecha 
nism to cutoff the supply of regenerating so 
lution, and an adjustable valve associated 
with said siphon for regulating the time 
taken for the emptying fsaid receptacle. 

6. An apparatus for the treatment of liquid 
by means of base exchange material, compris 
ing a container for base exchange material, 
inlet and outlet pipes for said liquid connect 
ed to said container, a valve in said inlet pipe, 
a double-armed balanced lever linked to said 
valve, a receptacle carried on one arm of said 
lever, means for leading a predetermined pro 
portion of the liquid flowing from the treat 
ing apparatus to said receptacle, and a weight 

40 

45 

50 

5 5 

carried on the other arm of said lever so as 
to be movable thereon between limits. 7. An apparatus for the treatment of a 
liquid by a base exchange material, consist 
ing of a container for base. exchange ma 
terial, inlet and outlet pipes for said liquid 
connected to said container, a control valve in Said inlet pipe, a Supply pipe for regenerat 
ing solution connected to said container, a 
control valve in said last-mentioned pipe, a balance lever mechanism operative between 
and directly linked to said control valves, and 
means for permitting rocking of said lever 
after a predetermined volume of liquid has 
flowed and for return of the same after a 
predetermined further interval of time. 

8. An apparatus for the treatment of a 
liquid by a base exchange material, consist 
ing of a container for base exchange mate 
rial, inlet and outlet pipes for the liquid to 

BO 
Said container, a storage tank for regenerat 
ing. Solution, a pipe connecting said tank to 
Said container, a drain connection from said 
container, valves controlling each of said. 
three pipes, and said drain connection, a dou 

termined volume of 
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ble-armed balanced lever, a shaft linked to 
said valves, and a lost motion connection be 
tween said double-armed lever and said shaft. 

9. An apparatus for the softening of 
water, consisting of a container for base ex 
change material, inlet and outlet pipes for 
the Water connected to said container, a stor 
age tank for regenerating solution, a meas 
uring vessel for said solution, an inlet pipe 
to said measuring vessel from said tank, an 
outlet pipe from said measuring vessel to 
said container and of larger cross-section 
than said second mentioned inlet pipe, a 
valve in said second mentioned outlet pipe, 
means for opening said valve after a prede 

water has flowed 
through the container and for closing said 
valve after a measured volume of regenerat 
ing solution has flowed through same. 

10. An apparatus for the softening of 
Water, consisting of a container for base ex 
change material, inlet and outlet pipes for 
the water connected to said container, a stor 
age tank for regenerating solution, a meas 
uring vessel for said solution, an inlet pipe to 
said measuring vessel from said tank, an out 
let pipe from said measuring vessel to said 
container and of larger cross-section than 
Said second mentioned inlet pipe, a valve in 
said second mentioned outlet pipe, means for 
opening said valve after a predetermined vol 
ume of water has flowed through the con 
tainer and for closing said valve after a meas 
red volume of regenerating solution has 

flowed through same, and a float valve in 
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Said measuring vessel arranged to close the . 
outlet pipe therefrom when said vessel has 
become empty. 

11. An apparatus for softening water, con 
sisting of a container for base exchange ma 
terial, inlet and outlet pipes for the water 
connected to said container, a storage tank 
for regenerating solution, a small closed 
measuring vessel for said solution, an inlet 
pipe from said storage tank to said measur 
ing vessel, an outlet pipe from said measur 
ing vessel to said container of larger cross 
Section than said Second mentioned inlet pipe, 

: an automatically operated control valve in 
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Said Second mentioned outlet pipe, a vent pipe 
connecting Said measuring vessel with said 
storage tank above the level of the solution 
therein, and a float valve in said measuring 
vessel adapted to close said vent pipe when 
Said measuring vessel contains a predeter 
mined volume of solution but to sink and 
close the solution outlet pipe when the pre 
determined volume of solution has flowed 
to the container. 
In witness whereof we hereunto subscribe 

our names this 6th day of March, 1928. 
ROBERT HUNTER THOMSON. 
HAROLD SYDNEY LAWRENCE, 
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