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‘This invention relates to water softening and 
has more particular reference to a method of and 
apparatus for softening water. 
One object of the present invention is to pro 

vide a novel method of and apparatus for soften 
ing water. 
Another object of the invention is to provide 

an ion exchanger in which a plurality of ion ex 
change units are successively moved into and 
through one or more water softening chambers, 
then into and through a regeneration chamber, 
and then into and through one or more washing 
chambers. 
Another object of the invention is to provide 

an ion exchanger, as characterized above, where 
in .the softening, regenerating and washing cham 
bers are mounted with a pressure vessel to permit 
equalization of pressures within and without the 
chambers. 
Another object of the invention is to provide 

an ion exchanger in which a large surface area 
of relatively thin layers of granular ion exchange 
material, offering the minimum of resistance to 
the ?ow of water, is condensed into a small cubic 
space. 
Another object of the invention is to provide 

a system for water softening, including an ion 
exchanger, as characterized above, wherein means 
are provided for controlling the flow of hard 
water through the softening chambers, the flow 
of rinse water through the Washing chambers, 
and the ?ow of a regenerating medium through 
the regenerating chamber. 
Another object of the invention is to provide 

a system for softening water, as characterized 
above, wherein the means for controlling the 
flow of the hard water, rinse water, and regen 
crating medium through the ion exchanger is 
‘responsive to the rate of ?ow of soft water from 
the ion exchanger. 
Other objects and. advantages of the invention 

will appear in the speci?cation, when considered 
in connection‘ with the accompanying drawings, 
in which: 

Fig. 1 is a side elevation showing the mount 
ing and arrangement of the apparatus .of the 
invention; 

Fig. '2 is a plan View of the apparatus shown 
in Fig- 1; 

‘Fig. 3 is a vertical sectional view of the ion ex 
changer, taken on line 3—3 of Fig. 2, but omitting 
the driving mechanism; 

‘Fig. 4 is a horizontal sectional view of the ion 
exchanger, takenon‘line A-i of Fig. 3; 

Fig. 5 is an enlarged transverse sectional view 
of a seal; 
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Fig. 6 is a plan view of the seal shown in Fig. ,5; 
Fig. '7 is a vertical sectional view taken 01.1 line 

l'—-l of Fig. 6; r 
Fig. 8 is a horizontal sectional view taken on 

line 87-8 of Fig. 3; 
Fig. 9 is a partial Vertical sectional view of a 

manifold, showing the details of a roller; 
Fig. 10 is a plan view of a tubular ion exchange 

material containing unit; 
Fig. 11 is a vertical sectional view, with .part 

broken away, taken on line i I-—la' of Fig. 10; and 
Fig. '12 is a diagrammatic view showing the 

?ow of the hard water to be softened, the rinse 
water, and the regenerating medium through the 
system. 

In general, the invention comprises a method 
of and apparatus for continuously directing the 
flow of hard water to be treated ,into and through 
one or more softening chambers; continuously 
directing the ?ow of a regenerating medium into 
and through a regenerating chamber; continu 
ously directing the flow of rinse water into and 
through one or more washing chambers; and 
continuously and successively moving a plurality 
of ion exchange units into and through the 
chambers. 
Referring now to the drawings, there is shown 

in Figs. 1 and 2, one embodiment of apparatus 
and the arrangement thereof for carrying out 
the method of this invention. The apparatus 
shown includes a six stage ion exchanger I, two 
stages of which are used as softening chambers 
in which the hard water is brought into intimate 
contact with the ion exchange material, one 
stage of which is used as a regenerating chamber 
in which a regenerating solution is brought into 
intimate contact with the ion exchangematerial, 
and three stages of which are used ,as washing 
chambers in which the rinse water is .brought 
into intimate contact with the ion exchange ma: 
terial; a water motor 2; and an ejector 3. The 
exchanger is preferably supported in a raised 
position by a suitable framework, indicated at 4. 
The hard water to be softened is delivered un 

der line pressure from a source of supply (not 
shown) to the water motor 2 by means of a pipe 
line 5. After its passage through the water motor, 
the hard water passes through pipe line '6 to the 
?rst softening stage of the exchanger. ‘During 
its ‘passage through the ?rst softening stage, the 
hard water is brought into intimate contact with 
the exchange material and. partially softened. 
After passing through the ?rst softening stage, 
the partially softened water passes through pipe 
line ‘i to the second softening stage of the ex 
changer. During its passage through the second 
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softening stage, the partially softened water is 
brought into intimate contact with the exchange 
material and ?nal softening takes place. After 
passing through the second softening stage, the 
completely softened water is delivered through 
pipe line ,8 to its point of use (not shown). 
Hard water under suitable pressure, passes 

through pipe line 9 to the ejector 3, where it 
mixes with a suitable solution, preferably brine, . 
drawn into the ejector through pipe line [0 from 
a source of supply (not shown) and forms a re 
generating solution, preferably a 5% brine solu 
tion, which passes from the ejector through pipe 
line I I to the regenerating stage of the ex 
changer. During its passage through the re 
generating stage, the regenerating solution is 
brought into intimate contact with the material 
and ‘regenerates it for reuse. After its passage 
through the regenerating stage, the regenerating 
solution passes through pipe line 12 to sewerage 
(not shown). Rinse water is supplied to the 
third or final washing stage through pipe line l3 
which connects with the soft water discharge 
pipe line 8. From the third or ?nal washing 
stage, the rinse water passes through pipe line Hi 
to the second washing stage, and from the second 
washing stage passes through pipe line E5 to the 
?rst washing stage. During its passage through 
the three washing stages, the rinse water is 
brought into intimate contact with the ion ex~ 
change material and thoroughly washes and 
cleans the material, thereby preparing it for re 
use. From the ?rst washing stage, the rinse 
water, together with the soluble salts and im 
purities washed from the ion exchange material, 
pass through pipe line It to sewerage (not 
shown). Pipe lines 5, 9, l0 and l3 may be pro 
vided with suitable valves ll, [8, I9 and 20, re 
spectively, to control the flow of water there 
through. 
The exchanger is generally similar in con 

struction to the dehydrator shown in my copend 
ing application Ser. No. ‘706,108, ?led October 28, 
19%6, now Patent No. 2,507,608, May 16, 1950, 
for Method of and Apparatus for Dehydrating 
Gas and Recovering Condensable Hydrocarbons 
Therefrom, and comprises a pressure vessel 2!; 
upper and lower annular manifolds 22, 23 ?xedly 
mounted within the vessel; a comp-artmentized 
annular drum 24 rotatably mounted within the 
‘pressure vessel between and in communication 
with the manifolds; and suitable driving mecha 
nism for rotating the annular drum. 
The pressure vessel 2! is preferably formed in 

two parts, an upper ?anged shell or cap 25 and 
a lower ?anged shell 26 suitably secured together, 
as by bolting, to form a gas-tight joint. 
The annular drum 24 is ?xedly attached, as by 

means of plates 21, 28, to a central vertical shaft 
29 suitably journaled in bearings carried by the 
upper and lower shell members 25, 26. The 
mechanism for rotating the annular drum is sup 
ported on a platform 30 mounted on the upper 
shell 25 and includes a shaft 3! having a gear 32 
on one end engaging a gear 33 on the upper end 
of shaft 25. The shaft 3| is driven, through suit 
able reduction gearing 34, by the water motor 2. 
The rotatable annular drum comprises two 

spaced concentric cylinders 35, 36, which form 
the side walls; two spaced annular plates 31, 33, 
each secured to the top of the cylinders 35, 36, 
respectively form the top of the drum, the space 
between the annular plates 31, 33 forming an 
annular opening 39 in the top of the drum; two 
spaced concentric annular plates 40, 4! each 
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4 
secured to the bottom of the cylinders 35, 35, re 
spectively form the bottom of the drum, the space 
between the annular plates 40, 4| forming an 
annular opening 42 in the bottom of the drum. 
The rotatable annular drum is divided into a 

plurality of compartments 43 by radial partitions 
or diaphragms M. In each of the radial com 
partments 153, near the bottom thereof, there is 
provided -a plate ‘l5 attached to the walls of the 
compartment, as by welding, to form a water 
tight joint. Each plate 45 forms a support for 
one or more tubular ion exchange material con 
tainers 45. In the particular embodiment shown, 
only one such container is shown as mounted in 
each compartment. 
The ion exchange material containers 45 (see 

Figs, 10 and 11) are identical in construction and 
each comprises two concentric tubular wire 
screens 4'1, 48 held in spaced relation by a plural 
ity of longitudinal radial ?ns 5,9, with the annular 
space between the screens closed at the bottom. 
The mesh of the screens is such as to retain a 
granular ion exchange material 50, preferably 
zeolite, in the annular space between the screens. 
Each of the containers 4% is provided with a 

pair of concentric hoops 5!, 52, suitably secured 
to the upper portions of the screens 4?, 48. A 
cover plate 53 having an annular depending 
trough-like ?ange Ell ?tting between the hoops 
5i, 52, provides a closure for the top of the 
screen. The cover plate 53 is suitably detach 
ably secured to one of the hoops and is provided 
with a depending annular ?n 55 which projects 
downwardly below and between the hoops 5!, 52, 
and ?ts into slots 55 formed in the upper ends of 
the radial ?ns 49, all as shown in Fig. 11. The 
construction being such that, as the zeolite settles 
down, leaving a space between the top portion of 
the wire screens devoid of zeolite, the ?n 55 will 
prevent water from passing through the space 
devoid of zeolite. Each container 46 is detach 
ably mounted on a nozzle 157 projecting upwardly 
from an opening 58 formed in the plate 45, as 
clearly shown in Fig. 3. The nozzle 51 is secured 
in the opening 55, as by welding, to form a water 
tight joint. 
The top and bottom manifolds 22, 23, are 

mounted on the top and bottom of the annular 
drum 24, in communication with the annular 
openings 39, t2 formed in the top and bottom of 
the drum. The manifolds are identical in con 
struction and each is formed in the shape of an 
annular trough having an annular top (or 
bottom) 59 and annular side walls Gil, SI (see 
Fig. 5). 
A plurality of compression springs 52, mounted 

on brackets 63 suitably secured to the inner walls 
of the vessel 2 l, yieldably press the top and bot 
tom manifolds against the top and bottom, re 
spectively, of the annular drum (see Fig. 3). The 
top and bottom manifolds are held stationary 
relative to the rotation of the annular drum by 
means hereinafter to be described and, to prevent 
the escape of liquid between the rotating drum 
and the manifolds, sealing ring gaskets 64 are 
placed at the junction of the side walls of the 
manifolds and the drum. The sealing ring gaskets 
54 are held in tight sealing engagement with the 
top and bottom of the drum by means of annular 
hoops 65 which encircle the gaskets and hold 
them against the side walls of the manifold (see 
Fig. 5). The upper (or lower) ends of the hoops 
65 are secured to the top (or bottom) plate of 
the manifold, as by welding. The ring gaskets 

75 are retained between the hoops 65 and the side 
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walls 68, Bil of the manifolds by means of a plu 
rality of circumferentially spaced threaded ‘bolts 
66, which engage the ring gaskets and the lower 
portions of the hoops and side walls. The ring 
gaskets 64 are yieldably held in engagement with 
the top and bottom of the drum 24 by means of 
a plurality of compression springs 61 mounted on 
stud bolts 68 secured to the top (or bottom) of 
the manifolds and engaging annular plates or 
members 69 mounted on the top (or bottom) of 
the ring gaskets, all as clearly shown in Fig. 5. 
At six circumferentially spaced points in the 

top and bottom manifolds, there are located seals 
which, by reason of the sliding contact of the 
radial partitions 44 against the under surface of 
the bottoms of the seals, divide the manifolds and 
drum into six sectors, each sector water-tight 
with respect to the adjacent sectors. The seals 
are identical in construction and the details 
thereof are best shown in Figs. 5, 6 and 7 . Each 
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seal includes a bottom or sealing plate 18 mounted ' 
within the manifold between spaced radial par 
tition walls ‘ll, 12. The bottom plate 18 is yield 
ably urged against the top (or bottom) of the 
drum and rests on the concentric annular plates 
31, 38 which form the top of the drum (or plates 
48, Ill which form the bottom of the drum), as 
shown in Fig. 5. The side edges of the plate are 
bifurcated, as shown at 13, ‘M, for the reception 
of gasket strips 75, 16, which are yieldably pressed 
outwardly against the partition walls 1 | , ‘l2 of the 
seal by leaf springs l1, 18, as shown in Figs. 6 
and 7. 
The means for yieldingly pressing the bottom 

plate 18 of the seal against the top (or bottom) - 
of the drum comprise a plurality of compression 
springs ‘I9 mounted on projections 88, formed on 
the upper surface of the plate 18. The springs 19 
engage the top (or bottom) of the seal and are 
held in position by bolts 8| projecting through the 
top (or bottom) of the seal and the coiled springs 
and threaded into the projections 88 formed on 
the plate 10. ’ 
Each radial partition or diaphragm 44 has a 

portion of its top and bottom edges extending up 
wardly between the edges of the openings in the 
top and bottom of the drum. A gasket 82 is se 
cured on these portions and extends above (or 
below) their top (or bottom) edges and engages 
the under face of the bottom plate 10 of the 
seal. 

‘Plates 83 are secured to the tops and bottoms 
of the partitions and are held spaced therefrom 
by a spacer strip 84, the plates and spacer strip 
being secured to the partitions by bolts 85. The 
gaskets 82 are con?ned between the partitions 
and ‘the plates 83, as by means of bolts 86, and 
are pressed upwardly (or downwardly) against 
the under surface of the bottom plates ‘Ill of the 
seals by means of leaf springs 81, all as shown in 
Figs. 5 and 7. 
In order to prevent the gaskets 82 from being 

unduly pressed upwardly when the gaskets are 
not engaging the bottoms of the seals, means are 
provided for spanning the reaches of the mani 
folds between the seals. These means comprise 
spaced pairs of curved plates 88, 89 which ex 
tend between and are secured to the partition 
walls of the seal, as shown in Fig. 8. The bot 
tom surfaces of the plates 88, 89 are in the same 
horizontal plane as the bottom surfaces of the 
bottomplates T8 of the seals, so that, as the 
gaskets 82 move out of engagement with the bot 
tom plate of the seal, they immediately engage 
the plates 88, 89. 
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A plurality of rollers 9|! are mounted within 
the top and bottom manifolds. These rollers are 
circumferentially spaced within the manifolds 
and are adapted to engage the annular plates 31, 
48 which form parts of the top and bottom, re 
spectively, of the rotatable drum. These rollers 
are adapted to prevent frictional surface engage 
ment between the side walls of the manifolds 
and the top or bottom of the drum. These rollers 
are identical in construction and mounting and 
each comprises a theaded stud bolt v9| screwed 
into the outer side wall 6! of the manifold; a 
ball race 92 ?xedly mounted on the bolt, and a 
wheel 93 mounted on the ball race, all as shown 
in Fig. 9. 

Six pipes or conduits 94, 95, 96, 91, 98 and 99 
having threaded ends project through the cap of 
the vessel 2| and have their threaded ends suit 
ably secured to the top plate of the manifold, as 
by means of lock nuts, which form water-tight 
joints. The pipes are welded to the cap and hold 
the top manifold stationary relative to the rota 
tion of the drum. In order that they may cooper 
ate with the springs 62, each of the six pipes is 
provided with a suitable ?exible section, as indi 
cated at l 89. The six pipes are circumferentially 
spaced with respect to the top manifold and each 
is secured to and communicates with the mani 
fold at a point located between the seals. 

Six additional pipes HH, I82, E83, I94, Hi5 and 
H36 having threaded ends, project through the 
bottom of the vessel 2! and have their threaded 
ends suitably secured to the bottom plate of the 
bottom manifold, as by means of lock nuts, which 
form water-tight joints. These pipes are welded 
to the bottom of the vessel 2| and hold the bot 
tom manifold stationary relative to the rotation 
of the drum. In order that they may cooperate 
with the springs 82, each of these pipes is pro 
vided with a suitable ?exible section I81. These 
pipes are circumferentially spaced with respect to 
the bottom manifold and each is secured to and 
communicates with the manifold at a point locat 
ed between the seals. The width of the seals with 
respect to the radial compartments 43 containing 
the ion exchange units is such that at all times at 
least one of the partitions or diaphragms 46 is 
engaging the bottom plate ‘E8 of the seal in water 
tight engagement. From the foregoing, it readily 
will be seen that by the engagement of the radial 
partitions with the seals, the manifolds and the 
drum are divided into six water-tight chambers 
or sectors which form the ?rst softening stage, 
the second softening stage, the first washing 
stage, the second washing stage, the final or third 
washing stage, and the regenerating stage. The 
drum carrying the tubular zeolite containers is 
rotated clockwise, as viewed in Fig. 8, and as it 
rotates, the tubular zeolite containers are succes 
sively moved through the stages in the fol 
lowing order: the second softening stage, the ?rst 
softening stage, the regenerating stage, the third 
washing stage, the second washing stage, and the 
?rst washing stage. 
The size of the ion exchanger, the number of 

radial compartments £43 to be positioned at the 
same time in each of the six chambers or sec 
tors, and' the number of tubular zeolite contain~ 
ers in each of the radial compartments are mat 
ters of design to be determined by the speci?c re 
quirements for each machine. In the particular 
embodiment shown, there are eleven radial com 
partments 43, each containing one tubular zeolite 
container. The seals are so spaced as to provide 
for three of the radial compartments #3 being 
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operatively positioned in each of the softening 
sectors and one of the radial compartments to be 
operatively positioned in each of the washing and 
the regenerating sectors, at one time. 

- The six pipes 94%, 95, es, 9?, 98 and 99 are con 
nected to pipe lines ‘E, ii, l5, l4, l3 and 8 respec 
tively, and the six pipes iill, m2, I03, H34, H35 and 
186 are connected to pipe lines 6, l2, l6, l5, l4 and 
7, respectively, by means of which hard water, 
rinse water and brine solution flow into and out 
of the ion exchanger. The flow of the water to be 
treated, the rinse water and the brine solution 
are shown schematically in Fig. 12. 
The hard water to be treated or softened passes 

through pipe line 6 to the ion exchanger and en 
ters the bottom manifold of the ?rst softening 
stage through pipe 12%. Then it moves upwar ly 
through the opening in the bottom of the drum 
into the bottom of the various compartments of 
the drum as are at that time contained within 
the sector forming the ?rst softening stage. 
Thence, upwardly through the openings in the 
plates 65 and up into the interior of the tubular 
zeolite containers, through the pervious layer of 
zeolite, into the compartments of the drum. As 
the hard water passes through the zeolite, an in 
terchange of Ca and Mg ions of the hard water 
with the Na ions of the zeolite takes place and 
the water is partially softened. The partially 
softened water then passes upwardly through the 
opening in the top of the drum into the top mani 
fold. From the top mam'fold, the partially sof 
tened water passes through lines 94, l and 
Hit to the bottom manifold of the second sof 
tening stage. Then, it moves upwardly through 
the second softening stage, in a manner similar 
to its upward passage through the first softening 
stage and during its passage the final softening 
takes place. After passing through the second 
softening stage, the now softened water passes 
through pipes 99 and 8 to its point of use. 
The brine solution used as the regenerating 

medium passes from the ejector through pipe 
I i to the ion exchanger and enters top inani~ 
fold of the regenerating stage through pipe line 
95. Then it moves downwardly from the manifold 
through the opening in the top of the drum into 
the various compartments of the drum contain 
ing the tubular zeolite containers as are at that 
time contained within the sector forming the re 
generating stage. The brine solution passes 
through the pervious layer of zeolite into the in 
terior of the tubular containers; thence, down 
wardly through the openings in the plates 45 into 
the bottom of the drum and through the opening 
therein into the bottom manifold. As the brine 
solution passes through the zeolite, an inter 
change of the Na ions of the brine solution with 
the Ca and Mg ions of the zeolite takes place and 
the zeolite is regenerated. From the bottom 
manifold, the brine solution, together with the 
soluble Ca and Mg salts recovered from the 
zeolite, passes through pipes i532 52 to sewer~ 
age. 
The water used for rinsing is soft water and 

preferably is obtained from the soft water dis 
charge pipe 23 by means of pipe line i3 and enters 
the top manifold of the third or ?nal washing 
stage through pipe Q8. Then it moves down 
wardly irom the manifold through the opening 
in the top of the drum into the various compart 
ments of the drum containing the tubular zeolite 
containers as are at that time contained within 
the sector forming the third Washing stage. The 
rinse water passes through the pervious layer of 
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zeolite into the interior of the tubular containers; 
thence, downwardly through the openings in the 
plates :35 into the bottom of the drum and through 
the opening therein into the bottom manifold. 
As the rinse Water passes through the zeolite it 
washes and cleans it of all salts and other impuri 
ties. From the bottom manifold, the rinse water 
passes through pipes i535, ill and 9'! into the top 
manifold of the second washing stage. The rinse 
water passes downwardly through the second 
washing stage, in a manner similar to its down 
ward passage through the third washing stage. 
During its passage through the second washing 
stage, further washing and cleaning of the zeolite 
takes place. From the second washing stage the 
rinse water passes through pipes £04, £5 and 96 
into the top manifold of the ?rst washing stage. 
The rinse water passes downwardly through the 
?rst washing stage in a manner similar to its 
downward passage through the third washing 
stage, and during its passage the ?rst washing and 
cleaning of zeolite takes place. From the bottom 
manifold of the ?rst washing stage the rinse 
water, together with the salts and other impuri 
ties separated from the zeolite, passes through 
pipes tilt and iii to sewerage. 

If desired, and preferably, the rate of rotation 
of the drum 24 is controlled by the rate of ?ow 
of the discharged soft water through pipe line 8. 
For this purpose, a relay operated valve ll, placed 
in the hard water supply line 5, controls the rate 
of ?ow of the hard water to the water motor and 
thereby the rate of rotation of the drum 24. The 
relay operated valve ll is controlled by a ?ow 
meter Hi8 connected across a restricted ori?ce in 
the soft water discharge line 8. A pipe line I09 
connects the how meter and the relay operated 
valve. 
By mounting the drum and. the manifolds with 

in a pressure vessel, the method may be carried 
out with high pressure water and, too, the equal 
ization of pressure within the drum, manifolds, 
and vessel, permits the drum and manifolds to 
be made of lighter weight material, which adds 
considerably to the ef?cient and economical op 
eration of the ion exchanger. 
The equalization of pressure may be accom 

plished by ?lling the pressure vessel with liquid 
or gas and maintaining it under pressure equal 
to the pressure of the water being treated. Pref 
erably, the pressure equalization is accomplished 
by means of a small opening i it formed in that 
portion of the pipe line iili within the vessel 2|. 
From the foregoing, it will be seen that there 

has been provided a novel method of and im 
proved apparatus for softening hard water. The 
method comprises, broadly, the steps of continu 
ously circulating ion exchange material in a closed 
path; continuously directing the ?ow of hard Water 
through the exchange material at one or more 
points in its closed path to effect an interchange 
of ions therebetween; continuously directing the 
flow of a regenerating medium through the ex 
change material at one point in its closed path 
to effect the interchange of ions therebetween; 
and continuously directing the flow of a rinse 
water through the exchange material at one or 
more points in its closed path which are between 
the points traversed by the regenerating medium 
and the hard water. At this point, it may be 
well to point out that the hard water to be treated 
?ows through the ion exchange material in the 
same direction in the two softening stages, viz., 
from the inside to the outside of the tubular con 
tainers, while the regenerating medium and the 
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rinse water ?ow through the ion exchange mate 
rial in the opposite direction in the regenerating 
and washing stages, viz., from the outside to the 
inside of the tubular containers. This reversal 
of flow, has an important bearing in the practice 
of the method of the invention. In the soften 
ing stages, due to the how from the “inside to 
the outside” of the tubiilar containers, the inter~ 
change of ions between the ion exchange mate 
rial and the hard water progressively decreases 
from the inside to the outside, resulting in a pro» 
gressive decreasing saturation of the zeolite with 
the greater amount of Ca and Mg ions closer to 
the internal circumferences of the tubular con-— 
tainers. By reversing the flow of the regenerat 
ing medium and the rinse water, the regenera 
tion of the exchange material is speeded up and, 
in addition, the cleaning and removal of soluble 
mineral salts and other impurities is facilitated, 
due to the “down ?ow” ‘through the machine. 
While the apparatus and the method of the 

invention have been described in connection with 
the use of cation exchange material, and the use 
of a 5% brine solution as the regenerating me 
dium, the apparatus and. method are also appli 
cable to the treatment of water with hydrogen ion 
exchange materials, in which case, the regenerat 
ing medium would be dilute sulphuric acid, and 
with anion exchange materials whichv are for the 
most part basic resins, being condensation prod 
ucts of amines with formaldehyde, in which case 
the regenerating medium would. be dilute sodium 
carbonate instead‘ of sodium chloride or sulphuric 
acid. 

Obviously, the invention is not restricted to the 
particular embodiments thereof herein shown 
and described. Moreover, it is not indispensable 
that all of the features of the invention be used 
conjointly since they may be employed advan~ 
tageously in various combinations and subco » 
binations. 
What is claimed is: 
1. A system for softening hard water compris 

ing, in combination, an ion exchanger including 
a rotatable annular drum, partitions dividing the 
drum into a plurality of compartments‘, a forami 
nous container adapted to hold ion exchange ma 
terial removably mounted in each of said com 
partments; a pair of spaced stationary manifolds 
communicating with said drum, sealing means 
mounted in said manifolds and cooperating with 
said partitions to divide said drum and said man 
ifolds into at least three water-tight sectors; 
means including conduits for delivering the hard 
water to be treated into one of said sectors 
whereby the hard water will come in contact with 
the exchange material contained in the compart 
ments in said sector and the desired ion inter 
change will take place; means including conduits 
for delivering regenerating medium into another 
of said sectors whereby the regenerating medium 
will come in contact with the exchange material 
contained in the compartments in the sector and 
the desired ion interchange will take place, there 
by reactivating the exchange material for reuse; 
means including conduits for delivering rinse 
water into another of said sectors, whereby the 
rinse water will come into contact with the ex 
change material contained in the compartments 
in the sector and wash any regenerating medium 
thereon therefrom; and means for rotating said 
drum whereby said compartments containing ex 
change material are successively moved through 
each sector. 

2. A system as set forth in claim 1, wherein 

10 
the annular drum is provided with a pair of 
spaced annular openings and wherein each man 
ifold communicates with one of said openings. 

3. A system as set forth in claim 1, wherein the 
rotatable annular drum and the manifolds are 
mounted within a pressure vessel. ‘ 

4. In an apparatus for softening hard water, 
the combination, comprising a rotatable annular 
drum having annular openings in its top and bot 
tom; a plurality of vertical partitions mounted in 
and dividing said drum into a plurality of radial 
compartments; a transversely extending parti 
tion provided with at least one opening mounted 
in each of said compartments and forming a 
water-tight joint with the walls thereof, at least 
one tubular ion exchange material container lo 
cated in each of said compartments and remov 
ably mounted on said partition, each container 

‘ being closed at its top and having its hollow inte 
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rior at its bottom end in communication with 
an opening in said partition; an upper manifold 
mounted above said drum, means for holding said 
manifold in water-tight engagement with the top 
of said drum with the manifold communicating 
with the opening in the top of the drum; a lower 
manifold mounted below said drum, means for 
holding said lower manifold in water-tight en 
gagement with the bottom of the drum, with the 
manifold communicating with the opening in the 
bottom of the drum; a plurality of sealing means 
located in each of said manifolds and cooperating 
with said partition to divide the drum and the 
manifolds into a plurality of sectors, each sector 
being water-tight with respect to its adjacent 
sector; means for passing hard water through at 
least one of said sectors; means for passing a 
regenerating medium, through another one of said 
sectors; means for passing rinse water through at 
least still another of said sectors; and means for 
rotating said drum whereby said compartments 
with the ion exchange material containers are 
successfully moved through each of said sectors. 

5. In an apparatus for softening hard water 
asset forth in claim 4, wherein each of said seal 
ing means comprise a spaced pair of transverse 
ly extending wall members mounted in the mani 
fold; a bottom sealing plate vertically slidably 
mounted between said wall members; and resil 
ient means urging said plate toward said drum; 
and wherein the top and bottom ends of said 
vertical partitions cooperate with the sealing 
plates in said sectors to divide the drum and the 
manifolds into said plurality of sectors as the 
drum revolves’. 

6. In an apparatus for softening hard water as 
set forth in claim 4, wherein the annular drum 
and the manifolds are mounted within a pressure 
vessel and wherein means are provided for equal 
izing the pressure within the pressure vessel, the 
rotatable drum and the manifolds. 

7. In an apparatus for softening hard water, 
the combination comprising a rotary member 
having a plurality of axially extending compart 
ments, each of said compartments having a pair 
of vertically spaced Openings formed therein; a 
foraminous container adapted to hold granular 
adsorbent material removably mounted in each of 
said compartments; a pair of vertically spaced 
stationary annular manifolds having radial par 
titions therein dividing them into a plurality of 
separate corresponding sectors, each of said sec 
tors having a ?uid conduit communicating there 
with and having an opening therein for the pas 
sage of fluid; said manifolds being mounted to 
slidably engage said rotary member as it rotates 
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and being positioned so that the vertically spaced 
openings in said compartments will be succes 
sively brought into communication with the open 
ings in ‘the corresponding sectors of the vertically 
spaced manifolds respectively as the rotary mem 
ber rotates, whereby successive axial flows of 
?uids will take place through the compartments 
of the rotary member as said rotary member 
rotates. 

8. In an apparatus as set forth in claim 7, 
wherein said foraminous containers are tubular 
and have an open bottom end and a closed upper 
end and are mounted in said compartments with 
their open bottom ends in communication with 
the bottom openings in said compartments. 

9. In the softening of hard water involving the 
contact of ion exchange material with the hard 
water with the resultant exhaustion of the ma 
terial and the subsequent treatment of the ma 
terial with a regenerating medium to regenerate 
the material for further contact with the hard 
water, the improvement which comprises rotating 
a series of separated thin beds of ion exchange 
material directly in succession and substantially 
continuously relative to and through a succession 
of reaction zones, a regenerating zone and a rins 
ing zone; continuously directing the ?ow of the 
hard water under pressure in succession and in 
series through said reaction zones; continuously 
withdrawing the softened water from the last one 
of the reaction zones; continuously directing the 
flow of a regenerating medium under pressure 
through the regenerating zone; continuously 
withdrawing the exhausted regenerating medium 
from said regenerating zone; continuously direct 
ing a ?ow of rinse Water under pressure through 
said rinse zone to wash o? any regenerating me 
dium left on the material; and continuously 
withdrawing the rinse water and excess regener 
ating medium from said rinsing zone. 

10. The method, as set forth in claim 9, where 
in the direction of the series flow of the hard 
water is opposite to the direction of rotation of 
the exchange material beds, whereby the hard 
Water will always make its last passage through 
freshly regenerated exchange material beds. 

11. In the softening of hard water involving 
the contact of ion exchange material with the 
hard water with the resultant exhaustion of the 
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material and the subsequent treatment of the 
material with a regenerating medium to regener 
ate the material for further contact with the hard 
water, the improvement which comprises rotating 
a series of separated thin beds of ion exchange 
material directly in succession and substantially 
continuously relative to and through a succession 
of reaction zones, a regenerating zone and a suc 
cession of rinsing zones; continuously directing 
the flow of the hard water under pressure in suc 
cession and in series through said reaction zones; 
continuously withdrawing the softened water 
from the last one of said reaction zones; con 
tinuously directing the flow of a regenerating 

' medium under pressure through the regenerating 
zone; continuously withdrawing the exhausted re 
generating medium from said regenerating zone; 
continuously directing a ?ow of rinse water under 
pressure in succession and in series through said 
rinsing zones to wash off any regenerating me 
dium left on the material; and continuously with 
drawing the rinse water from the last one of the 
rinsing zones. ' 

ERNEST B. MILLER. 
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