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United States Patent Office 

2,825,666 
METHODS OF AND APPARATUS FOR WASHENG 

DISHES 

Edgar S. Stoddard, Berwyn, Ill., assignor to Generai Eee 
tric Company, a corporation of New York 

Applicationa May 12, 1955, Serial No. 507,805 
37 Cains. (Cl. 134-25) 

The present invention relates to methods of and ap 
paratus for Washing dishes, or the like. 

It is a general object of the invention to provide an 
improved method of and apparatus for washing dishes, or 
the like, that substantially completely eliminates the de 
posit of mineral salts thereupon, with the result that the 
dishes, particularly glassware, have unusual brilliance and 
Sparkle. 

Another object of the invention is to provide an im 
proved method of and apparatus for washing dishes, 
or the like, that involves a control of the pH of the final 
rinse water, without the utilization of external chemical 
reagents. 
Another object of the invention is to provide an in 

proved method of and apparatus for washing dishes, or 
the like, that involves converting ordinary hard water 
into a soft aqueous acid rinse solution capable of dis 
Solving from the dishes any prior deposits of mineral salts 
thereon. 
A further object of the invention is to provide an im 

proved method of and apparatus for washing dishes, or 
the like, of the character described, wherein the conver 
Sion of the hard water into the soft aqueous acid rinse 
Solution is effected by apparatus for treating the hard 
water that employs ion exchange. 
A further object of the invention is to provide an im 

proved method of and apparatus for washing dishes, or 
the like, of the character described, wherein the con 
version of the hard water into the soft aqueous acid rinse 
solution is effected by apparatus for treating the hard 
Water that employs electro-dialysis. 

Further features of the invention pertain to the partic 
ular arrangement of the steps of the method and of the 
elements of the apparatus, whereby the above-outlined 
and additional operating features thereof are attained. 
The invention, both as to its organization and method 

of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing specification taken in connection with the accom 
panying drawings, in which: 

Figure 1 is a front elevational view, partly broken 
away, of dishwashing apparatus embodying the present 
invention; 

Fig. 2 is a vertical sectional view of the dishwashing 
apparatus, taken in the direction of the arrows along 
the line 2-2 in Fig. 1; 

Fig. 3 is a diagrammatic illustration of the water Sys 
tem incorporated in the dishwashing apparatus; 

Fig. 4 is an enlarged vertical sectional view of the 
water-treatment unit that is incorporated in the water 
system of the dishwashing apparatus, as illustrated in 
Fig. 3; 

Fig. 5 is a diagrammatic illustration of the electric 
control system incorporated in the dishwashing apparatus; 

Fig. 6 is a combined time and cycle sequence diagram 
of the operation of the elements incorporated in the 
electric control system of the dishwashing apparatus, as 
illustrated in Fig. 5; and 
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Fig. 7 is a diagrammatic illustration of the water 
System incorporated in a modified form of the dishwash 
ing apparatus. 

Referring now to Figs. 1 to 3, inclusive, of the draw 
ings, the dishwashing apparatus 10 there illustrated is of 
the general construction and arrangement of that dis 
ciosed in U. S. Patent No. 2,681,844, granted on June 
22, 95-4, to forrest A. Walker; which apparatus i8 cem 
prises a cabinet if housing a vat 22, and having aligned 
front openings, and provided with a front door 13 mov 
able between a substantially vertical ciosed position and 
a Substantially horizontal open position. The front door 
is is of a double-wall construction, and the inner wali 
carries a detergent-receiving cup 13a arranged adjacent 
to the lower portion thereof and opening into the wat 
i2. Also, the apparatus 10 comprises open wirework 
rack structure, not shown, that is movable into and out of 
the vat 12 when the door 13 occupies its open position; 
which rack structure is adapted to receive and support 
the dishes, giassware, or the like, that are to be washed. 
The apparatus it is also provided with a water system 

including an inlet conduit 4 that is connected to a hot 
water heater, indicated at 4a, that is, in turn, connected 
to a cold water supply pipe 4b that is adapted to be 
connected to a suitable source of raw water under pres 
Sure, such, for example, as the usual city water main. 
Also the apparatus 139 comprises a drain conduit 15 that 
is adapted to be connected to drain plumbing, not shown. 
Crdinarily, the source of raw water is at a temperature 
of about 50 F. to 60 F., and the water heater 4a is 
operative to supply the water to the inlet conduit 14 at 
a temperature at least as high as 135 F., and preferably 
in the general range 135 F. to 150 F. Arranged in the 
top of the vat 2 is water inlet mechanism i6 that is 
adapted to produce a finely divided downwardly directed 
spray of hot water; and also arranged in the bottom of 
the vat 2 is a Sump 37 that is adapted to accumulate a 
charge of hot water for washing and rinsing purposes. 
Moreover, an impeller i3 is arranged within the sump 7 
and operative to produce circulation of the hot water 
from the sump i7 ugwardly within the vat 2, the im 
peller 38 being operated by an associated electric drive 
motor :9 carried by the bottom of the vat 2. In the 
water system, a main inlet waive 2 is arranged between 
the inlet conduit iá and the water inlet mechanism ié, 
the main inlet valve 28 being of the solenoid operated 
type including an operating Solenoid 20a. Miore partic 
ularly, the main inlet waive 26 is normally biased into its 
closed position and is operated into its open position 
when the solenoid 20a is energized. Also in the water 
system, a drain valve 25 is arranged between the bottonia 
of the surnp 7 and the drain conduit is, the drain valve 
25 being of the solenoid operated type including an 
operating solenoid 2ia. More particularly, the drain 
valve 21 is normally biased into its open position and is 
operated into its closed position when the solenoid 2ia 
is energized. Specifically, the inlet of the drain valve 22 
communicates directly with an opening provided in the 
bottom of the sump 2A, and the outlet of the drain valve 
21 communicates with trap structure 22, that, in turn, 
communicates with the drain conduit 15. in the arrange 
ment, the inlet of the main inlet valve 28 is directly con 
nected to the inlet conduit 14, while the outlet of the 
main inlet valve 20 is connected to a conduit 23:extending 
to the water inlet mechanism 6. 

Further, the apparatus i8 comprises a water-treat 
ment unit 30, illustrated in Fig. 4 and described in de 
tail hereinafter; the unit 30 is operative to effect both 
demineralization of the raw water and acidification there 
of and operates upon principles of both ion exchange 
and of electro-dialysis and comprises an outer casing 
constituting a cathode that is connected to the grounded 



3 
negative terminal of a direct current source of supply. 
The cathode 31 houses an anode 32 insulated there 
from, as well as a permeable diaphragm or barrier 33 
arranged in interposed relation with respect to the cath 
ode 31 and the anode 32. Also an ion exchange bed, in 
dicated at 34, is arranged within the barrier 33 and 
embedding the anode 32. In the unit 30 a cathode 
chamber 35 is defined between the cathode 31 and the 
barrier 33, and an anode chamber 36 is defined between 
the barrier 33 and the anode 32, the ion exchange bed 
34 being arranged within the anode chamber 36. The 
bottom and the top of the cathode chamber 35 are re 
Spectively provided with inlet and outlet fixtures 37 and 
38; and the top and the bottom of the anode chamber 
36 are respectively provided with inlet and outlet fixtures 
39 and 40. In the arrangement, a flow control device 
41 is positioned adjacent to the entrance of the inlet 
fixture 39, and the anode 32 extends through the inlet 
fixture 39 in insulated relation therewith to the exterior 
where it is connected to the ungrounded positive termi 
nal of a direct current source of supply. 
The inlet conduit 14 is connected via a conduit 42, 

including a manual valve 43, to the inlet fixture 37 
of the cathode chamber 35; and the outlet fixture 38 of 
the cathode chamber 35 is connected via a conduit 44 
to the trap structure 22; whereby a catholyte may be 
conducted from the inlet conduit 14 through the cathode 
chamber 35 and thence into the trap structure 22 and 
ultimately into the drain conduit 15. Also the inlet 
conduit 14 is connected via a conduit 46, including an 
auxiliary inlet valve 47, to the inlet fixture 39 of the 
anode chamber 36; and the outlet fixture 40 of the anode 
chamber 36 is connected via a conduit 48 to the lower 
portion of the vat 12 somewhat above the sump 17; 
whereby an anolyte may be conducted from the inlet 
conduit 14 through the anode chamber 36 and thence into 
the vat 12. The auxiliary inlet valve 47 is of the sole 
noid operated type including an operating solenoid 47a; 
the auxiliary inlet valve 47 being biased into its closed 
position and operated into its open position when the 
Solenoid 47a is energized. 
An upstanding substantially cylindrical screen 49 is 

arrangcd in the Sump 17 in surrounding relation with 
respect to the impeller 18 in order to prevent foreign 
material, lettuce leaves and the like, from being caught 
up and flung by the impeller 28 upwardly through the 
vat 12 and into the rack structure, not shown, Support 
ing the dishes to be washed; and also an electric heating 
unit 50 is arranged in surrounding relation with respect 
to the impmeller 18 and below the rack structure men 
tioned, the heating unit 50 being employed in the drying 
of the dishes in conjunction with the impeller 8, as 
explained more fully hereinafter. Preferably, the heat 
ing unit 50 is of the sheathed resistance conductor type 
So that it is impervious to the water in the vat 12. 

Further, the apparatus 8 comprises a program con 
troller, indicated at Si, and provided with a manual 
control dial 52, as well as a door switch 53 operatively 
associated with the front door 13, a control switch in 
dicated at 54, a rectifier unit indicated at 55, a measuring 
coil or relay indicated at R56, and a source of current 
Supply of 118-volts, single-phase, 60-cycles. 
rangement, the door switch 53 may be secured to the 
vat 12 adjacent to the front opening thereinto and is 
operated into its respective open and closed positions 
by movements of the front door 3 into its respective 
open and closed positions. The program controllier 55. 
may be arranged in the top of the space disposed be 
tween the left-hand wall of the cabinet A and the left 
hand wall of the vat 12; and likewise, the elements 54, 55 
and R56 may be disposed in the space mentioned below 
the program controller 51. 

In the air-. 

The program controller 5: . 
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front end of the shaft mentioned exteriorly of the front 
wall of the cabinet 1. As indicated in Fig. 1, the unit 
30 may be mounted upon a bracket 57 secured to the left 
hand side wall of the vat 2, whereby the unit 30 is dis 
posed below the elements 51, etc. and between the left 
hand side wall of the cabinet 1 and the bottom wall of 
the vat 12. 

Considering now in greater detail the construction and 
arrangement of the water treatment unit 30, and referring 
to Fig. 4, the cathode 31 is of elongated tubular form; 
the anode 32 is of elongated rod-like form; and the per 
meable diaphragm or barrier 33 is also of elongated tu 
bular form; preferably, the cathode 33 is formed of stain 
less steel and is substantially cylindrical being provided 
at the lower end thereof with an inwardly directed an 
nular flange 65 and being provided at the upper end 
thereof with an outwardly directed annular fange 62. 
Preferably, the anode 32 is formed of carbon or graphite 
and is substantially cylindrical and arranged along the 
longitudinal axis of the unit 36. Preferably, the per 
meable barrier 33 is formed of ceramic material and is 
substantially cylindrical and arranged in interposed rela 
tion with respect to the cathode 3 and the anode 32 and 
concentric therewith. Thus the cathode chamber 35 
defined between the cathode 3 and the barrier 33 is sub 
stantially annular, and the anode chamber 36 defined 
between the anode 32 and the barrier 33 is substantially 
annular. 
The opposite lower and upper ends of the cathode 3 

are closed by a pair of longitudinally spaced-apart sub 
stantially disk-like insulating plates 63 and 64. The lower 
plate 63 is supported upon the lower flange 6 with an 
annular sealing gasket 65 arranged therebetween; and 
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the upper plate 64 is secured in place by an associated 
clamping ring 66 disposed thereabove, an annular sealing 
gasket 67 being arranged mutually between the upper 
plate 64, the clamping ring 66 and the adjacent upper 
end wall of the cathode 31. More particularly, the barrier 
33 is clamped in position between the plates 63 and 64 
by the arrangement including the clamping ring 66, the 
upper face of the lower plate 63 having an annular groove 
68 therein receiving the adjacent lower end of the barrier 
33, and the lower face of the upper plate 64 having an 
annular groove 69 therein receiving the adjacent upper 
end of the barrier 33. In the arrangement, two sealing 
gaskets 79 and 7; are respectively arranged in the grooves 
68 and 69 and respectively engage the lower and upper 
ends of the barrier 33, thereby to form a liquid-tight seal 

50 

60 

is provided with a rotatable operating shaft that projects 
through a hole provided in the front wall of the cabinet 
11, the control dial 52 being mounted on the extreme 75 

between the cathode chamber 35 and the anode chamber 
36. The clamping ring 66 may be secured in place to 
the adjacent annular flange 62 disposed therebelow by a 
plurality of screws 72 provided with associated nuts 73 
in order to complete the assembly. In the arrangement, 
the plates 63 and 64 may be formed of phenol-formalde 
hyde condensation products; the gaskets 65, 67, 70 and 
71 may be formed of neoprene, and the clamping ring 
66 may be formed of any suitable material. 
The anode 32 extends through longitudinally spaced 

apart and aligned openings formed in the central portions 
of the plates 63 and 64; and preferably the major portion 
of the anode 32 is jacketed by a tubular sleeve 74 of 
insulating material. The upper portion of the sleeve 74 
extending through the central opening provided in the 
upper plate 64 to the exterior of the anode chamber 36 
is imperforate and suitably cemented in liquid-tight rela 
tion to the adjacent upper portion of the anode 32, as in 
dicated at 75; while the lower portion of the sleeve 74 
extending into the anode chamber 36 is perforated, as 
indicated at 76, to accommodate contact of the anode 32 
by the anolyte in the anode chamber 36. The extreme 
lower end of the anode 32 is positioned in the central 
opening provided in the lower plate 63 by an intervening 
Substantially cup-shaped supporting member 77. In the 
arrangement, the sleeve 74 and the cup 77 may beformed 
of phenol-formaldehyde condensation products. 
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In order clearly to definite the bed 34 and to retain the 
same in place, a pair of longitudinally spaced-apart Sub 
stantially disk-shaped reticulated plates or screens 78 and 
79 are respectively arranged in the lower and upper por 
tions of the anode compartment 36 within the barrier 33 
and in surrounding relation with respect to the anode 32; 
the lower plate 78 is spaced somewhat above the lower 
plate 63 by an interposed spacing ring 80 to define an 
annular chamber 81 therebetween; and likewise, the upper 
plate 79 is spaced somewhat below the upper plate 64 by 
an interposed spacing ring 83 to define an annular cham 
ber 84 therebetween. In the arrangement, the plates 78 
and 79, as well as the spacing rings 80 and 83, may be 
formed of phenol-formaldehyde condensation products. 
Preferably, the porous bed 34 completely fills the space 
within the anode chamber 36 defined mutually between 
the sleeve 74 and the barrier 33 and the upper and lower 
plates 78 and 79; the holes provided in the plates 78 and 
79 are of the same size in order to prevent pressure dif 
ferentials between the chambers 84, 36 and 81 when the 
anolyte is passing in a stream through the anode chamber 
36, the holes provided in the plates 78 and 79 being suffi 
ciently small to prevent the escape of the individual 
particles of the porous bed 34 from the anode cham 
ber 36. 
The outer ends of the central openings formed in the 

plates 63 and 64 are threaded and respectively receive the 
threaded ends of the lower and upper tubular elements 40 
and 86 respectively arranged in liquid-tight relation there 
with. An annular array of holes 87 is provided in the 
flower plate 63 and communicating between the upper 
“end of the tubular element 40 and the annular chamber 
81; and likewise, an annular array of holes 88 is provided 
in the upper plate 64 and communicating between the 
lower end of the tubular element 86 and the annular 
chamber 84. The extreme lower end of the tubular mem 
ber 40 is threaded in order to receive any desired con 
necting fitting; and likewise, the extreme upper end of 
the tubular member 86 is threaded and carries the sub 
stantially T-shaped fitting 39 having a longitudinally ex 
tending hollow head 89 surrounding the anode 32 and a 
laterally extending stem 89' receiving the threaded inner 
end of a tubular member 90, the outer end of the tubular 
member 90 being threaded to receive any desired connect 
sing fitting. The upper end of the head 89 is threaded and 
receives the lower end of a longitudinally extending tubu 
lar member 91 also surrounding the anode 32. The 
upper end of the tubular member 91 is threaded and re 
'ceives a substantially cup-shaped fitting 92 also surround 
ing the anode 32. A substantially sleeve-like compressible 
'sealing gasket 93, that may be formed of neoprene, is 
arranged within the upper end of the tubular member 91 
‘and within the fitting 29 in surrounding relation with the 
sleeve 74 and retained in compression by the fitting 92 
in order to provide a liquid-tight joint or gland closing 
the upper end of the tubular member 91 and sealing the 
same with respect to the exterior. The extreme upper end 
of the sleeve 74 and the anode 32 project through a cen 
tral opening 94 provided in the fitting 92 to the exterior; 
and the extreme upper end of the anode 32 projects be 
yond the extreme upper end of the sleeve 74 and carries 
'a terminal strap or fixture 95 that is adapted to be con 
'nected to the previously mentioned ungrounded positive 
terminal of the direct current source of supply. Also a 
terminal strap 96 is secured to the cathode 31 and adapted 
to be connected to the previously mentioned grounded 
negative terminal of the direct current source of supply. 
Further, the previously mentioned flow control device 4 
may take the form of plug 97 arranged in the outer end 
of the tubular member 90 and having a centrally dis 
'posed opening 98 formed therethrough; the body of the 
plug 97 being forried of resilient material, such, for ex 
cample, as neoprene, or the like, so that the configuration 
thereof may be somewhat distorted in response to an 
-aborinal pressure in the inlet supply conduit i4 connected 
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6 
thereto, so as to reduce the effective cross-sectional area 
of the hole 98 thereof with the consequent flow-regulating 
effect with respect to the passage of water into the fitting 
39. In other words, the flow control plug 97 is designed 
to accommodate the passage through the hole 98 of a 
substantially fixed flow of water, when the tubular mem 
ber 90 is connected to the household hot-water plumbing, 
involving the usual water pressures encountered therein. 
Finally, the two tubular fittings 37 and 38 are respectively 
secured in liquid-tight relation with lower and upper open 
ings provided in the wall of the cathode 31 and commu 
nicating with the respective lower and upper ends of the 
cathode chamber 35. 

In the arrangement, it will be understood that after 
removal of the fitting 92 from the tubular member 91, 
the anode 32 may be withdrawn from the upper end of 
the unit 30 for adjustment, repair or replacement, as re 
quired. Also, it will be appreciated that a controlled flow 
of water into the tubular member 90 downwardly through 
the anode chamber 36 and from the tubular member 40 
is effected upon opening of the auxiliary inlet valve 47 
arranged in the conduit 46 connected to the tubular mem 
ber 90; and likewise, a flow of water is established into the 
inlet conduit 37 upwardly through the cathode chamber 
35 and out of the outlet conduit 38 upon opening of the 
manual valve 43 arranged in the conduit 42 connected to 
the inlet conduit 37; whereby the stream of water flowing 
downwardly through the anode chamber 36 is in counter 
flow relation with respect to the stream of water flowing 
upwardly through the cathode chamber 35. The stream 
of water flowing through the anode chamber 36 readily 
penetrates the porous ion exchange bed 34 therein and is 
in wetting relation therewith; and also this stream of water 
is in wetting relation with the barrier 33 and the anode 
32 by virtue of the perforations 76 provided in the in 
sulating sleeve 74. Further, the stream of water flowing 
through the cathode chamber 35 is in wetting relation with 
the barrier 33 and the cathode 31. 

Moreover, the ungrounded anode 32 is completely elec 
trically insulated from the grounded cathode 3 and the 
other grounded elements 39, etc., of the unit 39; whereby 
the application of a potential between the anode 32 and 
the cathode 3 effects an electrolytic action upon the two 
streams of water respectively traversing the chambers 35 
and 36 and upon the ion exchange bed 34. 
Turning now to the composition of the ion exchange 

bed 34, it preferably comprises a mixed bed of discrete 
particles of cation exchange material and discrete par 
ticles of anion exchange material, although it may com 
prise only discrete particles of cation exchange material. 
Specifically, it is preferable that the porous bed 34 con 
prises first discrete particles of a synthetic organic poly 
tneric cation exchange resin, and second discrete particles 
of a synthetic organic polymeric anion exchange resin, 
the two types of particles being heterogeneously mixed 
(about 50%-50% by volume) in the mass of the bed 
34, thereby producing approximately equal cation ex 
change and anion exchange capacities. 
More particularly, this cation exchange resin is of 

bead-like formation and may comprise the strong-acid 
resin sold by Rohm and Haas under the name "Amberlite 
IR-120,' and this anion exchange resin is of bead-like 
formation and may comprise the strong-base resin sold 
by Rhoin and Haas under the names "Amberlite IRA 
430' and "Amberlite RA-410.' A cation exchange 
resin of the type specified essentially comprises a stable 
insoluble synthetic organic polymer, active acidic func 
tional groups chemically bonded thereto and dissociable 
into free mobile cations to impart a negative charge to the 
polymer, and water in gel relationship with the polymer. 
Similarly, an anion exchange resin of the type specified 
essentially comprises a stable insoluble synthetic organic 
poiymer, active basic functional groups chemically bonded 
thereto and dissociable into free mobile anions to impart 
a positive charge to the polymer and water in gel relation 



2,825,666 - 

7 
ship with the polymer. The active acidic functional 
groups attached to the associated organic polymer are 
oriented with respect to the interfaces thereof so as to 
be partially or completely dissociable in the internal gel 
Water into fixed negative ions linked to the polymer and 
into mobile exchangeable positive ions; and similarly, the 
active basic functional groups attached to the associated 
organic polymer are oriented with respect to the interfaces 
thereof so as to be partially or completely dissociable in 
the internal gel water into fixed positive ions linked to the 
polymer and into Inobile exchangeable negative ions. 

Typical such polymers to which active acidic func 
tional groups may be attached include: phenol-aldehyde 
resins, polystyrene-divinylbenzene copolymers, and the 
like; and such suitable active acidic functional groups in 
clude: -SO3H, -COOH, and the like; -SOH being 
usually preferred because of its high dissociation constant. 
Typical Such polymers to which active basic functional 
groups may be attached include: urea-formaldehyde 
resins, melamine-formaldehyde resins, polyalkylene-poly 
amine-formaldehyde resins, and the like; and such suitable 
active basic functional groups include: quaternary am 
nonium hydroxides, amino groups, the guanidyl group, 
the dicyanodiamidine group, and like organic nitrogen. 
containing basic groups, the quaternary ammonium hy 
droxide groups, the guanidine and the dicyanodiamidine 
residue being usually preferred because of their high dis 
sociation constants. Normally the water in gel relation 
ship with the polymer should be present in an amount of 
at least 15% of the weight of the dry resin. 
As a constructional example of the unit 30 especially 

designed for use in the dishwashing apparatus 10, the 
internal diameter of the cathode 31 may be 378'; the in 
ernal diameter of the barrier 33 may be 234'', the di 
arineter of the anode 32 may be 3%', the distance between 
the adjacent upper and lower surfaces of the plates 63 
may be 6% '; the other dimensions are proportionately 
lated; and the volume of the bed 34 may be 0.02 cubic 

eet. 
It is contemplated in the ordinary household that the 

dishwashing apparatus 10 will be utilized only once per 
day; and as explained more fully hereinafter, the water 
is conducted through the anode compartment 36 only 

O 

5 

25 

30 

35 

40 

'during the final rinsing step in the automatic cycle thereof . 
and involving a time interval of 30 seconds; whereby the 
flow control plug 97 may be constructed and arranged 
to accommodate the passage therethrough of 3 gallons 
per minute, thereby accommodating the passage of 6 
quarts of anclyte through the anode chamber 36 of the 
unit 36 in each cycle of operation of the dishwashing : 
apparatus 6. On the other hand, the flow of the catho 
lyte through the cathode compartment 35 may be con 
tinuous and at the exceedingly low rate of about 12 
gallons per month. In this case, the direct current may 
be conducted from the anode 32 to the cathode 31 con 
tinuously at about 0.1 amp. by impressing a direct voltage 
between the anode 32 and the cathode 3 of about 7. 
volts; whereby the energy requirement of the unit 32 
may have an average value of about 0.5 kilowatt-hour 
per month, this value being somewhat variable and de 
pendent upon the character of the hard water being 
treated. 

Turning now more particularly to the treatment of 
water in the unit 38, it is first noted that ordinary hard 
water contains dissolved metal salts, particularly salts 
of alkali earth metals, which electrolytes include such 
cations as: Cat, Mg++, Na+, Fett, etc., and such 
aniens as: Cl-, HCO, CO: , SO, NO, etc. 
Hard water to be treated frequently contains a dissolved 
solids count of 250 p. p. m. and higher, conprising dis 
solved electrolytes yielding the cations and the anions 
named; whereby it is totally unsuitable for use in the dish 
washing apparatus 10 for several reasons. In the first 
place, certain of these cations, particularly Cat form 
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precipitates with ordinary detergents and also with many 75 

8 
food soils introduced into the dishwasher on the dishes; 
whereby the resulting solids are deposited upon the 
dishes producing undesirable films, stains, etc. More 
over, incident to drying of the dishes, the evaporation 
of the water films thereon cause the deposit of metal 
Salts thereon, as it is apparent that when the solvent is 
evaporated the concentration of the cations and anions 
therein exceeds the solubility of the corresponding salts; 
whereby CaCO3, for example, is deposited upon the dishes 
producing corresponding scale thereon. Now in the 
practical demineralization of hard water, it is not neces 
sary to remove all of the dissolved solids but only to 
reduce the total dissolved solids to a tolerable value. 
For example Chicago city water is only moderately hard 
containing about 135 p. p.m. of hardnessions (calcu 
lated as CaCO3) and can be rendered altogether soft 
from a practical standpoint, by reducing the content of 
these hardness ions to 35 p. p. m. Restating the matter 
in terms of grains of hardness, Chicago city water is of 
8 grains hardness; whereby the viciume of the ion ex 
change bed 34 has a capacity for softening 87.5 gallons 
of Chicago city water, since the volume of the bed 34 
has an absolute capacity of reacting with 700 grains of 
water hardness. Now during the cng time interval when 
no anolyte is conducted through the anode compartment 
36, the continuous passage of the direct electric current 
between the anode 32 and the cathode 31 effects regen 
eration of the resins incorporated in the bed 34, and it 
may be readily calculated that this regeneration is at 
least 10% of that of the total capacity of the bed 34; 
whereby it is apparent that the unit 30 is regenerated to 
accommodate the softening of 8.75 gallons of Chicago 
city water per day. Now even if the dishwashing ap 
paratus 16 were installed in an area having exceedingly 
hard water, such, for example, as a few areas having a 
water hardness as high as 25 grains, the regeneration 
capacity of the unit 33 is then reduced to only 2.9 
gallons per day. However the conduction of even this 
volume of anolyte through the ancde chamber 36 of 
the unit 39 is not required in the final rinsing step of 
the cycle of the dishwashing apparatus it, as explained 
more fully hereinafter. - 

In the above discussion, only the demineralization or 
softening of hard water has been referred to, but it 
will be understood that the electrolysis that proceeds in 
the unit 39 is effective moderately to reduce the pH of 
the anolyte and substantially to increase the pH of the 
catholyte; whereby the reduction in the pH of the anolyte 
serves another very important function in the operation 
of the dishwashing apparatus 19 in that the rinse water 
involved in the final rinsing step of the automatic cycle 
thereof, being thoroughly acidified, is capable of dissolv 
ing previously deposited metal salts from the dishes un 
dergoing the dishwashing operation, as it is apparent 
that the solubility of the metal salts is substantially in 
creased as the pH of the final rinse solution is reduced 
with respect to neutrality. Thus this effect that is 
achieved in the dishwashing apparatus 0 is most bene 
ficial in obtaining a satisfactory appearance of the dishes 
at the conclusion of the washing cycle. 
The foregoing considerations will be understood in 

conjunction with a brief description of the electrodialysis 
that occurs in the unit 3). More particularly, the cat 
ions of the electrolytes dissolved in the anolyte are 
transported by diffusion through the permeable barrier 
33 into the catholyte by virtue of the attraction between 
the positive electrical charges and the cathode 31; and 
conversely, the anions of the electrolytes dissolved in 
the catholyte are transported by diffusion through the 
permeable barrier into the anolyte by virtue of the at 
traction between the negative electrical charges and the 
anode 32. Thus the cations are preferentially extracted 
from the anolyte and accumulated in the catholyte, and 
the anions are preferentially extracted from the catholyte 
..and accumulated in the anolyte. . Of course, the extrac 
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tion of cations from the anolyte, as well as the accumu 
lation of anions therein, effects an increase in the hy 
drogen ion concentration in the anolyte; whereby the 
pH of this aqueous solution is correspondingly reduced 
and may be disposed within the range 4.0 to 5.0, in 
the operation of the unit 30; and conversely, the extrac 
tion of the anions from the catholyte, as well as the 
accumulation of cations therein, effects a decrease in 
the hydrogen ion concentration in the catholyte; whereby 
the pH of this aqueous solution is correspondingly in 
creased and may be disposed within the range 9.0 to 
10.0, in the operation of the unit 30. Of course, some 
oxygen is evolved at the anode 32 that is swept along 
with the anolyte into the vat 12 of the dishwashing ap 
paratus 0; while some hydrogen is evolved at the cath 
ode 3 that is swept along with the catholyte into the 
trap 22 of the dishwashing apparatus 0. 

During the conduction of the water through the bed 
34 substantial amounts of the cations and the anions 
of the electrolytes dissolved in the raw water are respec 
tively exchanged with hydrogen ions and hydroxyl ions 
respectively by the cation exchange resin particles and 
by the anion exchange resin particles, thereby corre 
spondingly depleting respectively the cation exchange ca 
pacity of the cation exchange resin particles and the 
anion exchange capacity of the anion exchange resin 
particles. However, when the valve in the supply pipe 
communicating with the anode compartment 36 is sub 
Sequently closed, the cation exchange resin particles and 
the anion exchange resin particles undergo partial re 
generation, since the conduction of the direct current 
from the anode 32 to the cathode 33 is continuous. 
Specifically, the cation exchange resin particles are re 
generated by the release of the cations of the previously 
exchanged metal salts and by the recapture of hydrogen 
ions from the anolyte, which cations diffuse through the 
permeable barrier 33 into the continuously flowing cath 
olyte and are transported to the exterior of the unit 30, 
as previously explained. Similarly, the anion exchange 
Tesin particles are regenerated by the release of the anions 
of the previously exchanged metal salts and by the re 
capture of hydroxyl ions from the anolyte, which anions 
accumulate in the anolyte with the ultimate formation 
of oxygen moiecules dispersed therethrough. 
The arrangement of the mixed resin bed 34 in the 

anode chamber 36 is very advantageous as it materially 
reduces the internal resistance of the unit 30 between 
the anode 32 and the cathode 3 greatly facilitating the 
migration of both the cations and the anions through the 
permeable barrier 33, whereby the heating of the anolyte 
and the catholyte passing through the unit 30 is greatly 
minimized, thereby drastically reducing the energy re 
quirements thereof. Although the phenomenon is not 
altogether understood, it is surmised that the resins in 
the mixed resin bed 34 constitute solid poly-electrolytes 
for the transportation of the ions, and specifically, it is 
visualized that the cations are involved in a great multi 
plicity of exchanges with a considerable number of the 
individual cation exchange particles in their migration 
toward the cathode 31, and that the anions are involved 
in a great multiplicity of exchanges with a considerable 
number of the individual anion exchange particles in 
their migration toward the anode 32; the mechanism in 
volved being visualized as like the mode employed in 
playing the child's game of "musical chairs.” In this 
mechanism, it is suggested that the energy required to 
effect the successive ion exchanges of a great number 
of the ions in the mixed resin bed 34 and the consequent 
transportation of a great number of the ions between 
the anolyte and the catholyte is very small compared to 
the energy required to effect the direct migration of the 
same given number of ions through the same distance 
in the anolyte or in the catholyte, due fundamentally 
to the fact that in the direct migration of the ions there 
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must be a great amount of energy lost through randor?i 
collision by the ions with water molecules and the ions 
must expend a great amolist of work upon these di 
polar molecules in passing therethrough. In any case, 
and without reference to the exact mechanism involved, 
the utilization of the mixed resin bed 34 in the anode 
chamber 36 drastically reduces the energy requirements 
of the unit 30 with respect to the requirements thereof 
in the absence of the mixed resin bed 34 to effect the 
same total ion-exchange. Moreover, the provision of 
the ixed resin bed 34 permits a substantial reduction 
in the size of the unit 38 as it in effect permits of the 
accumulation or storage of ion exchange capacity dur 
ing the extremely long time interval during which the 
anolyte is not actively conducted through the aede 
compartilent 36. in this connection, it is noted that 
the continuous conduction of the catholyte through the 
cathode chainber 35 is very important as the arrange 
ment insures that the ion exchange bed 34 remaias wet 
at all times and in readiness to effect the required ion 
exchange when the andlyte is conducted through the 
anode chamber 35 during the short time interval, as 
it will be recalled that in these polymeric ion exchange 
resins water must be maintained in gel relationship 
with respect thereto, as the lion exchange mechanisin 
thereof involves the utilization of this water in gel re 
lationship therewith. In other words, it is important 
that the ion exchange bed 34 be flooded with water at 
all times so that it is in readiness to perform the required 
ion exchange function at all times. 

Recapitulating, in conjunction with the operation of 
the unit 30, the raw Chicago city water in the inlet pipe 
14 may contain 8 grains of hardness and have a pH of 
7.0; whereas the anolyte that is conducted through the 
anode compartment 36 and employed in the final rinsing 
step of the automatic cycle of the dishwashing apparatus 
18 may contain about 2 grains of hardness and have a 
pH within the approximate range 4.0 to 5:0. 
The construction and arrangement of the unit .30, as 

well as the method of treating hard water therein, de 
scribed above, is disclosed and claimed in the copending 
divisional application of Edgar S. Stoddard, Serial No. 
556,196, filed December 29, 1955. 

Referring now to Fig. 5, the control circuit f00 for 
the apparatus 10 comprises the previously mentioned ele 
ments 19, 20a, 2a, 30, 33, 32, 47a, 50, 51, 52, 53, 54, 
55 and R56, as well as the alternating current source of 
supply that is provided with a grounded line conductor 
101 and an ungrounded line conductor i02. The pro 
gram controller 51 includes a rotatably mounted operat 
ing shaft 103, carrying five insulating control cams C1, 
C2, C3, C4 and C5 respectively cooperating with five 
sets of switch springs S1, S2, S3, S4 and S5, as well as 
a timer motor 104 of the synchronous type and provided 
with a drive shaft 95, and escapement mechanism 106. 
The drive shaft 105 drives the escapement mechanism 
106; and the escapement mechanism 106 drives the inner 
end of the operating shaft 103, the extreme outer end 
of the operating shaft 103 carrying the manual control 
dial 52, as previously mentioned. In the arrangement, 
when the timer motor 104 is energized, the drive shaft 
185 is rotated at a synchronous speed of 3600 R. P. M., 
and the escapement mechanism 06 incorporates speed 
reduction gearing, as well as escapement mechanism 
proper; whereby the operating shaft 103 is rotated inter 
mittently in the clockwise direction in steps of 3 each 
every 30-seconds. Also, the escapement mechanism to 6 
accommodates rotation of the operating shaft 03 in 
the clockwise direction under the control of the manual 
control dial 52 independently of the timer motor 04; 
whereby the manual control dial 52 is manually rotated 
from its of position into its on position and is then ro 
tated step-by-step back into its off position by the escape 
ment mechanism i.e6, as explained more fully hereinafter. 

In the program controller 51, the control cam C1 
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comprises three control levels, and the set of switch 
springs S3 comprises three individual springs, the right 
hand spring riding the control cam C1; the control can 
C1 selectively controls "X" contacts between the right 
hand spring and the middle spring and "Y' contacts 
between the middle spring and the left-hand spring. 
Similarly, the control cam C2 comprises three control 
levels, and the set of switch springs S2 comprises three 
individual springs, th middle spring riding the control 
cam C2; whereby the control cam C2 selectively controls 
“1” contacts between the right-hand spring and the middle 
spring and '2' contacts between the middle spring and 
the left-hand spring. Similarly, the control cam C3 
comprises three control levels, and the set of switch 
springs S3 comprises three individual springs, the mid 
dle spring riding the control cam C3; whereby the con 
trol cam C3 selectively controls “1” contacts between 
the right-hand spring and the middle spring and "2' 
contacts between the middle spring and the left-hand 
spring. Similarly, the control cam C4 comprises three 
control levels, and the set of switch springs S3 com 
prises three individual springs, the middle spring riding 
the control cam C4; whereby the control cam C4 selec 
tively controls “1” contacts between the right-hand spring 
and the middle spring and "2" contacts between the 
middle spring and the left-hand spring. Similarly, the 
control cam C5 comprises two control levels, and the 
set of switch springs S5 comprises two individual springs, 
the left-hand spring riding the control cam C5; where 
by the control cam C5 selectively controls contacts be 
tween the two springs. When the program controller 
51 occupies its off position: in the set of switch springs 
S1, the contacts “X” and the contacts “Y” are open; in 
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the set of switch springs S2, the contacts '1' and the 
contacts '2' are open; in the set of switch springs S3, 
the contacts "1' are closed and the contacts "2" are open; 
in the set of switch springs S4, the contacts “1” are closed 
and the contacts '2' are open; and in the set of switch 
springs S5, the contacts are closed. In the control cir 
cuit 100, the line conductors 0 and 92 are respec 
tively connected to two movable blades of the control 
switch 54 which two blades are provided with two sta 
tionary contacts that are connected by two conductors 
121 and 122 to the input terminals of the rectifier unit 
55, the output terminals of the rectifier unit 55 being 
connected by two conductors 123 and 124 respectively 
to the cathode 3 and to the anode 32. In the arrange 
ment, the rectifier unit 55 may be of any conventional 
type; whereby the input voltage of 118-volts A. C. is con 
verted into an output voltage of about 10-volts D. C., the 
positive terminal being ungrounded and connected to the 
anode 32 and the negative terminal being grounded and 
connected to the cathode 31; the line conductor 102 is 
connected to one spring of the door switch 53 and the 
other spring of the door switch 53 is connected to a 
supply conductor 107. The terminals of the drive mo 
tor 9 are connected across the supply conductor 107 
and a conductor 108; the terminals of the relay R56 
are connected across the conductor 108 and a conductor 
109; the terminals of the heating unit 50 are connected 
across two conductors 10 and 111; the terminals of 
the timer motor 104 are connected across the supply 
conductor 107 and the conductor 111; the terminals of 
the main inlet valve solenoid 20a are connected across 
two conductors 112 and 113; the terminals of the aux 
iliary inlet valve solenoid 47a are connected across the 
conductor 112 and a conductor 114; and the terminals 
of the drain solenoid 21a are connected across the con 
ductor 12 and a conductor 115; the relay R56 is pro 
vided with a pair of normally closed switch springs 16 
and 137 respectively terminating two conductors 18 
and 29. In the set of switch springs S1, the right-hand 
spring, the middle spring and the left-hand spring re 
spectively terminate the conductor 11, the line conduc 
tor 101 and the conductor 109; in the set of switch 
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12 
springs S2, the right-hand spring, the middle spring and 
the left-hand spring respectively terminate the conduc 
tor. 112, the supply conductor 107 and the conductor 
110; in the set of switch springs S3, the right-hand spring, 
the middle spring and the left-hand spring respectively 
terminate the conductors 168, 109 and 118; in the set 
of switch springs S4, the right-hand spring, the middle 
spring and the left-hand spring respectively terminate the 
conductors 113, 119 and 14; and in the set of switch 
springs S5, the right-hand spring and the left-hand spring 
respectively terminate the conductors 115 and 109. 

Considering now the cycle of operation of the dish 
washing apparatus 10, the person loads the dishes, glass 
ware and other objects to be washed into the rack struc 
ture, not shown, disposed over the front door 13, in its 
open position, and then moves the loaded rack structure 
into the vat 12. A suitable charge of detergent contain 
ing an amount of sequestering agent is then placed in 
the detergent cup 13a and the front door 13 is moved 
into its closed position operating the door switch 53 into 
its closed position to connect the line conductor 102 to 
the supply conductor 107. Preferably, the detergent 
that is employed is of the type sold under the tradename 
"Calgonite' that comprises about 40% sodium hexameta 
phosphate and 60% sodium metasilicate. In the deter 
gent the sodium hexametaphosphate is particularly ef 
fective to sequester calcium and magnesium cations, 
thereby minimizing the precipitation of solids from the 
hot water subsequently introduced into the vat 12. The 
manual control dial 52 is then rotated from its off posi 
tion into its on position, whereby the control cams C, 
C2 and C5 operate the associated sets of switch springs 

. Si, S2 and S5, as indicated in the chart of Fig. 6. Spe 
cifically, the control cam C1 closes the "X' contacts and 
the “Y” contacts of the set of switch springs S1; the con 
trol can C2 closes the '1' contacts of the set of Switch 
springs S2; and the control cam C5 opens the contacts 
of the set of switch springs S5. Closure of the con 
tacts "X" of the set of Switch springs S1 completes a 
circuit, including the conductor 111 for operating the 
timer motor 194 across the line conductor 101 and the 
supply conductor 107. The closure of the “Y” contacts 
of the set of switch springs S1 completes a circuit, in 
cluding the conductor 109, the “1” contacts of the set of 
switch springs S3 and the conductor 08, for operating 
the drive motor 19 across the line conductor 01 and 
the supply conductor 107. The normally closed “1” 
contacts of the set of switch springs S3 maintains a short 
circuit, including the conductors 103 and 09, around the 
winding of the relay R56 so as to prevent the starting 
current of the drive motor 19 from traversing the wind 
ing mentioned at this time; opening of the contacts of 
the set of switch springs S5 positively insures that the 
drain valve solenoid 21a is deemergized so that the drain 
valve 24 occupies its open position at this time. The 
operating drive motor 9 rotates the impeller 3; how 
ever, without effect at this time. The operating timer 
motor 104 operates the escapement mechanism 106 on a 
timed control basis; whereby the operating shaft 103 
of the program controller 51 is rotated step-by-step 
further in the clockwise direction and ultimately back 
into its off position bringing the manual control dial 52 
back into its off position. Specifically, the operating 
shaft 103 is rotated 3° each 30-seconds, as previously ex 
plained; whereby at the conclusion of two steps of the 
escapement mechanism 106, the operating shaft 193 is ro 
tated from its present “wait' section into the "spray” sec 
tion of its on position in the automatic cycle of the ap 
paratus 10. 

Specifically, in the spray section of the on position of 
the operating shaft 163, the control cam C3 operates the 
set of switch springs S3, whereby the contacts "1" are 
open and the contacts '2' are closed, as indicated in the 
chart of Fig. 6. Opening of the contacts “1” cf the set. 
of switch springs S3 removes the previously-mentioned 



2,835,388 
3 

short-circuit from around the winding of the relay R56; 
whereby a series circuit is completed, including the con 
tacts “Y” of the set of switch springs S1 and the con 
ductors 159 and 198, for energizing the winding of the 
relay R56 and the drive motor 19, so that operation Cf 
the drive motor 19 continues, but the relay R56 is not 
operated, as it is of the marginal type, and since the cur 
rent traversing the drive motor 9 is exceedingly small 
at this time. Closure of the contacts '2' of the set of 
witch springs S3 completes a circuit, including the con 

tacts "Y' of the set of switch springs S1, the conductor 
£9, the conductor 58, the Switch springs 116 and 17 

of the relay R55, the conductor a 9, the contacts '1' of 
the set of switch springs S4, the conductor 13, the con 
ductors 122 and the contacts “1” of the set of switch 
springs S2, for energizing the main inlet valve solenoid 
2i across the line conductor 81 and the supply con 
ductor 157; whereby the main inlet valve 20 is operated 
into its open position at this time, bringing about the 
supply of hot water from the inlet conduit 4 to the 
water inlet mechanism 6 and the resulting downward 
spray thereof through the supported dishes. The hot 
water thus sprayed downwardly through the supported 
dishes in the vat 2 is accumulated in the sump 17 and 
passes through the drain valve 2 in its open position 
into the drain conduit 5; whereby the supported dishes 
are subjected to an initial spray-step with hot water. 
At the expiration of an additional step of the escape 

ment mechanism 36, the operating shaft 103 is rotated 
from its spray section into its first wash section of its on 
position as indicated in the chart of Fig. 6; whereby the 
control cam C5 operates the set of switch springs S5 to 
effect closure of the contacts thereof so as to complete a 
circuit, including the “Y” contacts of the set of switch 
springs S and the conductors 09, 115 and 112, and 
the “1” contacts of the set of switch springs S2, for ener 
gizing the drain valve solenoid 2a across the line con 
ductor 10 and the supply conductor 107. Accordingly, 
the drain valve 21 is operated into its closed position so 
that the remainder of the hot water introduced into the 
vat 12 is accumulated therein and is caught-up by the 
impeller 18 and circulated upwardly through the Sup 
ported dishes effecting a first Washing step in the auto 
matic cycle of the apparatus 10. Upon the accumulation. 
of a predetermined amount of wash water in the Sunap 
17, it is deflected by the impeller 3 into the detergent 
cup i3a effecting the washing of the charge of detergent 
previously mentioned, into the charge of wash Water 
for the washing purpose. 
As the amount of water accumulating in the Sump 7 

increases, the load imposed upon the impeller S3 and 
consequently upon the electric motor 19 increases with 
the result that a larger current traverses the winding of 
the relay R56; whereby upon the accumulation of a pre 
determined charge of wash water in the sump 7, a pre 
determined load is imposed upon the electric motor 9 
so that a predetermined current traverses the winding 
of the relay RS6 effecting operation thereof, this relay 
being cf the marginal type. Upon operating, the relay 
R55 interrupts the contacts between the springs 16 and 
7 effecting the deemergization of the main inlet valve 

solenoid 2a with the result that the main inlet valve 28 
is returned back into its closed postion, so that the first. 
washing step proceeds in the vat 12 without the further 
addition of hot water. After two additional steps of the 
escapement mechanism 136, the operating shaft 103 is 
rotated so that the control cam S3 effects operation of 
the set of Switch springs S3 opening the contacts "2" 
and closing the contacts “1” thereof, as indicated in the. 
chart of Fig. 6. Opening of the contacts '2' of the set 
of Switch springs S3 interrupts a further point in the pre 
viously traced circuit for energizing the main inlet valve: 
solenoid 26a so that in any case the main inlet valve 29 
is returned back into its closed position and regardless 
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previously explained. Closure of the contacts "1' of 
the set of switch springs S3 recompletes the previously 
traced path for short-circuiting the winding of the relay 
R56, thereby to insure that the relay R56 is in its re 
stored position, the relay R56 being restored in the 
event it was previously operated, as previously explained. 
Moreover, the completion of the above-traced path for 
short-circuiting the winding of the relay R56 completes 
the previously traced original circuit for operating the 
drive motor 9 independently of the winding of the relay 

The first washing step in the automatic cycle of the 
apparatus 10 continues and at the conclusion of five 
additional steps of the escapement mechanism 206, the 
operating shaft 103 is rotated into its first drain posi 
tics, as indicated in the chart of Fig. 6, whereby the 
control can C5 operates the set of switch, springs S5 to 
open the contacts thereof effecting the deemergization of 
the drain valve solenoid 2a so that the drain valve 21 
is returned into its open position with the result that 
the first charge of wash water is drained from the vat 12 
into the drain conduit 15 and thence into the drain 
plumbing, not shown. 
The automatic cycle of the apparatus it includes a 

second washing step that is similar to the first washing 
step described, except that the preliminary spray of the 
stapported dishes is eliminated, as shown in the chart of 
Fig. 6; and also the automatic cycle includes a first rins 
ing step that is essentially the same as that of the first 
washing step described above, except that the time dura 
tion thereof corresponds to only three, steps of the es 
capement mechanism 106. 
At the conclusion of draining following the first rinsing 

step of the apparatus 6, the operating shaft 103 is ro 
tated into its flush section, whereby the control can C4 
operates the set of switch springs S4, as indicated in the 
chart of Fig. 6. Specifically, the contacts “1” of the set 
of switch springs S4 are opened in order to interrupt 
a point in the previously traced circuit for energizing 
the main inlet valve solenoid 20a, and the contacts "2" 
of the set of switch springs S4 are closed in order to 
complete a circuit for energizing the auxiliary inlet valve 
solenoid 47a across the line conductor 01 and the supply 
conductor 107. This circuit includes the contacts “Y” 
of the set of switch springs S, the conductor 109, the 
contacts "2' of the set of switch springs S3, the conductor 
118, the switch springs 116 and 117 of the relay R56, 
the conductors 119, 114 and 112, and the contacts “1” 
of the set of switch springs S2. Accordingly, the auxil 
iary inlet valve 47 is operated into its open position with 
the result that the hot-hard water from the inlet conduit 
14 is conducted into the anode chamber 36 of the unit 
13, displacing the anolyte therefrom and via the conduit 
48 into the vat 2, while the drain valve 2 occupies its 
open position. Accordingly, the aqueous solution coin 
prising the anolyte of the unit 30 is introduced into the 
vat 12 and flushed therethrough into the drain conduit 
5. At the conclusion of one additional step of the 

escapement mechanism 106, the operating shaft 03 is 
rotated into its second rinse section, whereby the control 
cam C5 operates the set of switch springs, S5, as indi 
cated in the chart of Fig. 6. Specifically, the contacts 
of the set of switch springs. S5 are closed re-completing 
the circuit for energizing the drain valve solencid 2ia 
so that the drain valve 21 is operated into its closed 
position. Accordingly, the remainder of the aqueous 
solution comprising the anolyte of the unit 39 that is 
introduced into the vat 12 is retained therein, this rinse 
solution being utilized in the second rinsing step of the 
apparatus 10. At the conclusion of one additional step 
of the escapement mechanism 106, the operating shaft 
03 is rotated so that the control cam C4 effects oper 

ation of the set of switch springs S4, whereby the circuit 
for energizing the auxiliary inlet valve solenoid 47a is 

cf whether the relay R56 has operated in the manne F 75 interrupted with the result that the auxiliary valve 47 is 



2,825,686 
- 5 m 

returned back into its closed position arresting the supply 
of the anolyte from the unit 30 into the vat 12. 

In view of the above, it will be understood that the 
anolyte from the unit 30 is flushed through the vat 12 for 
a time interval corresponding to one step of the escape 
ment mechanism 06 and is then caught in the vat 2 
for a time interval corresponding to one additional step 
of the escapement mechanism 106; and that the rinsing of 
the dishes with this second rinse solution proceeds for a 
total time interval corresponding to three steps of the 
escapement mechanism i96; whereupon the operating 
shaft i3 is rotated so that the control can C5 operates 
the Set of Switch springs S5 to open the contacts there 
between so as to interrupt the circuit for energizing the 
drain valve solenoid 21a with the result that the drain 
valve 21 is returned back into its open position to ac 
commodate draining of the second rinse solution from the 
Sump i7, as illustrated in the chart of Fig. 6. 

This arrangement insures that the initial portion of the 
anolyte in the anode chamber 36 of the unit 36, which is 
perhaps cold or only tepid, is flushed through the vat 12 
preceding the second rinsing operation. Of course, the 
initial portion of the anolyte mentioned is quickly flushed 
through the anode chamber 36 of the unit 30, when the 
auxiliary inlet valve 47 is operated into its open position, 
and is replaced by hot raw water from the inlet conduit 
4. This hot raw water is immediately treated by virtue 

of the storage capacity of the bed 34, as previously ex 
plained, and then supplied to the vat 12 to provide the 
Second rise solution in the second rinsing step of the 
apparatus (, in the manner previously explained, thereby 
insuring that the second rinse solution is, in fact, a hot 
solution. 
At the conclusion of one additional step of the escape 

ment mechanism 106, the operating shaft E3 is rotated 
so that the control cam C2 operates the set of switch 
Springs S2 to effect opening of the contacts “1” and clos 
iing of the contacts '2' thereof. Opening of the contacts 
'1' of the set of switch springs S2 interrupts the con 
nection to the conductor 12, thereby positively prevent 
ing further energization of the solenoids 20a, 23a and 
47a; while closure of the contacts '2' of the set of switch 
Springs S2 completes a circuit, including the contacts “Y” 
of the set of Switch springs S1 and the conductors 11 
and i8, for energizing the heating unit 53 across the line 
conductor 191 and the supply conductor 2.97. Thus at 
this time, the heating unit 58 is heated and the irapeller 
38 effects the circulation of a current of hot air throigt 
the vat 12 and through the supported dishes to effect 
fying thereof. This drying step continues for thirty 

eight steps of the escapement mechanism 66; whereby 
the operating shaft 103 is rotated so that the control cam 
C operates the set of switch springs S1 to open the “Y” 
contacts thereof, without opening the “X” contacts there 
of. This selective opening of the contacts “Y” of the set 
of Switch springs S. interrupts the previously traced cir 
cuit for operating the drive motor 9 with the resuit that 
rotation of the impeller 8 is arrested, with continued 
energization of the heating unit 50 and continued opera 
tion of the timer motor 194 and the escapement mech 
anism 106, as illustrated in the chart of Fig. 6. . . . 
More particularly, at the conclusion of eightéen add 

tional steps of the escapement mechanism 106, the oper 
ating shaft 103 is returned back into its off position re 
furning the Raanual control dial 52 back to its off posi 
tion; whereby the control cam C1 operates the set of 
switch springs S1 so as to open the contacts “X” thereof, 
while retaining open the contacts “Y” thereof. The con 
trol can C2 operates the set of switch springs S2 to open 
the contacts '2' thereof, while retaining open the contacts 
“1” thereof. Opening of the contacts “X” of the set of 
switch springs S1 interrupts both the circuit for energiz 
ing the heating unit 58 and the circuit for operating the 
timer motor 284; whereby the automatic cycle of the 
apparatus 10 is completed at this time. Of course, drying 
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vat 12 through the unit 36. 

a 6 

of the supported dishes in the vat 2 continues by virtue 
of the fact that both the dishes and the interior of the 
vat 2 are hot at this time. However, the dishes are sub 
stantially dry at this time, and they may be removed after 
opening the front door E3, if desired. 

Recapitulating, from an examination of the chart of 
Fig. 6, it will be appreciated that in the automatic cycle 
of the apparatus 10, the supported dishes are first sub 
jected to a spraying step of 30-seconds; then the supported 
dishes are subjected to a first washing step of 3-minutes 
and 30-seconds; then after 1-minute, the supported dishes 
are subjected to a second washing step of 3-minutes and 
30-seconds; then after 1-minute, the supported dishes are 
subjected to a first rinsing step of 1-minute and 30-sec 
onds; then after 1-minute, the supported dishes are sub 
jected to a flushing step of 30-seconds; then the supported 
dishes are subjected to a second rinsing step of 1-minute 
and 30-seconds; then after 1-minute, the supported dishes 
are subjected to a preliminary drying action by heating, 
with the circulation of a current of air, of 19-minutes; 
and then the supported dishes are subjected to a sec 
ondary drying action by heating, without the circulation 
of a current of air, of 9-minutes. in the spray step, in 
the first washing step, in the second washing step and in 
the first rinsing step, raw hard hot water is employed in 
the vat 2, since the supply of solution thereto is gov 
erned by the main inlet. valve 2 controlling the direct 
connection from the inlet conduit (4 to the vat 2, and 
bypassing the unit 30. On the other hand, in the flushing 
step and in the final rinsing step, the anolyte of the unit 
32 is employed in the vat 32, since the supply of solution 
thereto is governed by the auxiliary inlet valve 47 con 
trolling the connection from the inlet conduit 14 to the 

This arrangement, wherein. 
the unit 30 is employed only to supply treated water to 
the vat 2 in the second or final rinsing step thereof, is 
very advantageous, as the utilization of such treated water 
is really only required in the final rinsing step immedi 
ately preceding the drying step; whereby the water-treat 
ing capacity of the unit 30 may be greatly minimized with 
the consequent economy with respect to size and manu 
facturing costs thereof. 

Moreover, the supply of this particular anolyte from 
the unit 30 to the vat 2 for the carrying out of the 
final rinsing action comprises an important feature of the 
nethod and of the apparatus, as the composition thereof 

is unique, since the norial operation of the unit 30 not 
only effects softening of the hard water (with respect 
to the removal of the cations of the metal salts there 
from) but it also effects acidification thereof with the re 
sult that the final rinse solution is both soft and acidified. 
The soft character of the final rinse solution prevents 
the deposit of metal salts upon the dishes in the subse 
quent drying step, whereas the acidic character of the final 
rinse solution effects the substantial dissolving of any 
prior deposits of metal salts upon the dishes, as well as 
dissolving of other types of deposits and films from the 
dishes; whereby the general appearance of the dishes is 
materially improved with respect to that produced in con 
ventional dishwashing apparatus. This general improve 
ment in the appearance of the dishes is particularly 
noticeable in the additional sparkle that is imparted to 
glassware and the higher degree of luster imparted to 
silverware. . 

Furthermore, the supply of this particular catholyte 
from the unit 30 into the trap structure 22 comprises 
an important feature of the method and of the apparatus, 
as the composition thereof is unique, since the normal 
'operation of the unit 30 not only concentrates calcium, . 
magnesium, sodium, etc., ions in the catholyte, but ef 
fects alkalization thereof with the production therein of 
the corresponding hydroxides. Not only are these hy 
droxides useful in the trap structure 22 to neutralize the 
acid of the final rinse solution in the connected drain 
(conduit 15, but these particular hydroxides saponify the 
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higher fatty acids of animal and vegetable origin that 
tend to collect and cake in the trap structure 22, and 
otherwise render water-soluble many other organic com 
pounds that tend to encrust the interior surfaces of the 
trap structure 22. Thus, the arrangement renders the 
trap structure 22 self-cleaning, and contributes materially 
to the satisfactory operation of the apparatus is over a 
long period of time, without special care or attention. 
Again considering the automatic cycle of the appara 

tuis ;), it may be assumed that the hot ray water that is 
supplied to the inlet conduit 4 has a ternperature is: 
the general range 135 F. to 150 F. and a pressure of 
about 25ii p.s. i.; that the main inlet valve 29 in its open 
position accommodates the supply of the hot raw water 
to the water inlet fixture i6 at a rate of about 12-quarts 
per Lininutes; that the flow control plug 97 incorporated 
in the unit 33 accommodates the supply cf the hot raw 
water to the anode chainber 36 when the auxiliary inet 
valve 47 occupies its open position at a rate of about 
12-quarts per minute, and that the manual viave 43 is 
adjusted to effect the continuous supply of the hot raw 
water to the cathode chamber 35 at at rate of about 
i2-galions per month. Mioreover, the marginal char 
acteristic of the relay R55 is adjusted so that it is oper 
ated when the load imposed upon the drive motor 9 
is that corresponding to a cad imposed upon the im 
pelier 3 by the accitautation in the sump if of about 
3-qarts of water. This, in the automatic cycle of the 
apparatis ii): in the spray step about 6-quarts of hot 
raw water are sprayed downwardly through the supported 
dishes and discharge from the sump 37 to the exterior; 
in the first washing step about 6-quarts of hot raw water 
are accumulated in the sump i7 under the control of the 
relay R56 and circulated by the impeller 18 for the first 
washing purpose; and likewise, in the second Washing step 
and in the first rinsing step, about 6-quarts of hot raw 
water are accumulated in the sump i7 under the control 
of the relay R55 and circulated by the impeller i8 for 
the second washing purpose and for the first rinsing pur 
pose. 

In the flushing step about 6-quarts of treated solution 
from the unit 33 are flushed through the vat 2; and in 
the second rinsing step about 6 quarts of hot treated 
solution from the unit 38 are accumulated in the sump 7 
under the control of the relay R56 and circulated by 
the impeller 3 for the second rinsing purpose. In the 
flushing step and in the second rinsing cycle step, it is 
noted that while the auxiliary inlet valve 47 occupies 
its open position for a total time interval of 1-minute, the 
flow through the anode chamber 36 of the unit 39 is also 
established by the flow control plug 97 at the rate of 
3-gallons or 12-quarts per minute. 

Also, in this regard, it is recapitulated that both the 
total quantities and flow rates of the raw water through 
the respective cathode chamber 35 and anode chamber 
36 are altogether disproportional in the normal operation 
of the unit 30 in the dishwashing apparatus C. Specifi 
cally, the catholyte is conducted continuously through 
the cathode chamber 35 in a total quantity of about 12 
galions in a period of one month or thirty days; whereas 
the anolyte is conducted intermittently through the ancfie 
chamber 36 about once per day or thirty times per month 
and in the total quantity of about 90-gallons in the period 
of one month or thirty days. Thus the conduction of 
the catholyte through the cathode chamber 35 is at a 
rate of about 2.8x10 gallons per minute, while the 
conduction of the anolyte through the anode charaber 
36 is at a rate of about 3.0 gallons per minute; whereby 
the rate of flow of the anolyte through the ai1cde cham 
ber 36 is about 10,000 times as great as that of the rate 
of flow of the catholyte through the cathode chamber 35. 
However, the arrangement is entirely feasible, since the 
flow of the anolyte at its relatively high rate through the 
anode chamber 36 occurs only for about 1-minute in each 
twenty-four hour pericd; whereas the of the cath 
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8 
ciyÉe at its exceedingly iow rate through the cathode 
chamber 35 occurs continuously; the ion exchange bed 
34 has a high rate cf expenditure of its accumulated 
capacity to exchange ions; and the ion exchange bed 34 
is under continuous regeneration at the low rate in 
volving the continuous conduction thereof of the direct 
eiectric current of about 0.1 amp. 

In a modification of the control circuit 60, the con 
trol cams C2, C3, C4 and C5 are varied slightly in order 
to increase the time intervals of the first and second wash 
ig steps fron: 3-minutes and 30-seconds to 5-minutes and 
30-seconds and to increase the time intervals of the first 
and second rinsing steps from 1-minute and 30-seconds to 
2-minutes and 30-seconds; which modification requires no 

ince it amounts to a mere extension of the 
corresponding time intervals in the chart of Fig. 6. 

Referring now to Fig. 7 of the drawings, the modified 
form of the dishwashing apparatus it there illustrated is 
essentially the Sanhe as that of the apparatus 10 except 
that an electric water heater 260 is incorporated therein 
and arranged in the conduit extending from the unit 230 
to the vat 252. Specifically, the electric water heater 
269 comprises a tank 26, the inlet or bottom of which 
is connected to the conduit section 248a and the outlet 
or top of which is connected to the conduit section 248b. 
The other ends of the conduit sections 248a and 248b 
are respectively connected to the anode chamber of the 
unit 230 and to the vat 2:2 in the manner previously ex 
plained, whereby the electric water heater 260 is merely 
inserted in the conduit 243. The tank 260 is provided 
with an insulating jacket, indicated at 262, as well as an 
electric heating eiement 253 and a thermostatic switch 
264. The electric heating element 263 may be of the 
conventional immersion type arranged in the bottom of 
the tank 253 and the thermostatic switch 264 may be of 
any conventional type and arranged in the wall of the tank 
262 intermediate the bottom and the top thereof; the ele 
ments 263 and 2.54 being connected in series relation and 
across the alternating current source of power supply in 
a conventional manner. In the arrangement, the tank 
263 may have a volume of about 2-gallons and the 
thermostatic Switch 264 may be set to govern the circuit 
of the electric heating element 263 so as to maintain a 
temperature of about 160 F. of the treated anolyte con 
tained in the tank 255. 

it is contemplated that the electric water heater 260 will 
be arranged within the cabinet, not shown, of the appa 
ratus 213 exteriorly of the vat 222 and preferably adja 
cent to the water-treatment unit 230 so as to provide a 
compact arrangement of the elements. Also, in the ap 
paratus 2:8, it is pointed out that the supply of raw water 
via the conduit 246 into the anode chamber of the unit 
239, when the auxiliary inlet valve 247 occupies its open 
position, as well as the Supply of raw water via the con 
citit 242 into the cathode chamber of the unit 230; when 
the manual valve 243 occupies its open position, is effected 
from an associated inlet conduit 250 that may be con 
nected either to a hot source of raw water under pressure 
or to a coid source of raw water under pressure, as de 
sired. In other words, it is not essential that hot raw 
water be supplied to the unit 230, since the electric water 
heater 260 is provided; whereby the conduit 250 may be 
connected to a cold water supply conduit, if convenient, 
or to the hot water inlet conduit 254. 

Considering now the mode of operation of the appa 
ratls 2:8 and assuming that the inlet conduit 250 is con 
ected to a source of cold raw water under pressure, the 

manual valve 243 is opened to provide the continuous 
supply of catholyte through the cathode chamber of the 
unit 238), the catholyte draining into the trap structure 
222 for the purpose previously explained. Now when the 
auxiliary inlet valve 247 is operated into its open posi 
tion, the cold raw water from the inlet conduit 250 is 
conducted through the anode chamber of the unit 230 for 
the treatinent purpose previously explained and the re 
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Sulting anolyte is conducted via the conduit section 24.8a. 
into the bottom of the tank 26i. The cold anolyte sup 
plied into the bottom of the tank 25 drives the hot 
anolyte therein through the conduit section 243b into the 
vat 2:2 and governs the thermostatic switch 264 to bring 
about energization of the electric heating element 263 sc 
that the anoiyte in the tank 263 is again heated to the 
temperature of about 60° F., as previously mentioned. 

In this arrangement, since the treated anolyte in the 
tank. 260 is at the required temperature for the final rins 
ing purpose in the vat 2:2, there is no occasion to fitish 
any portion thereof through the vat 2:2; whereby the con 
trol circuit €4 when employed in the apparatus 219 is 
preferably modified to eliminate the flushing step immedi 
ately preceding the second rinsing step. This may be ac 
complished in an obvious manner by a slight modification 
of the control cam C4 so that the closure of the contacts 
'2' of the set of Switch springs S4 is delayed one step in 
the rotation of the control shaft 93 and occurs simul 
taneously with the closure of the set of switch springs SS 
by the control can C5; whereby the auxiliary inlet valve 
247 is energized for a total time duration corresponding 
to only one step of the escapement mechanism 336. This 
arrangement is very advantageous in view of the fact that 
none of the arolyte from the unit 239 is wasted by flushing 
through the vat 2:2 preceding the final rinsing step, by 
virtue of the fact that the anolyte that is supplied to the 
vat 212 is always hot as a result of the provision of the 
electric water heater 269 in the conduit 248 and interposed 
with respect to the unit 23 and the vat 212; whereby the 
water-treatment capacity of the unit 23é may be substan 
tially reduced. Furthermore, since the tank 26 has a 
capacity of about 2-gallons and only about 6-quarts of the 
anolyte is employed in the final rinsing step of the appa 
ratus 210 in a 24-hour period, in the normal operation 
thereof, there is no recovery problem in the electric water 
heater 269; whereby the wattage rating of the heating ele 
ment 263 may be extremely small. This arrangement is 
also advantageous in view of the fact that the total load 
imposed upon the associated power supply system is ex 
ceedingly modest and well within the normal limits of a 
"plug-in appliance", whereby the apparatus 219 requires 
no special wiring beyond that normally provided in the 
usual household. 
The complete description of the cycle of operation 

of the apparatus 218 is not reiterated and the small modi 
fication of the electric control circuit 108 described aboye 
has not been illustrated; all in the interest of brevity, since 
these items are readily apparent from the compete de 
Scription and illustration of the apparatus 2 and the 
electric control circuit 8. 

In the construction of the apparatus 16 and 28 the 
materials of the component element thereof should be 
Selected in view of the pH of the corresponding aqueous 
Solutions in contact therewith, stainless steel being gen 
erally recominaended, as it must be borne in mind that 
many materials that are resistant to corrosion in acid 
solutions are not necessarily resistant to corrosion in 
basic sclutions, and conversey. 

in the foregoing Specification and in the appended 
claims the terminology “dishes' is employed, but it will 
be appreciated that this terminology is employed in the 
broad sense to embrace the ordinary items that are nor 
mally washed in home dishwashing apparatus; whereby 
the term "dishes” embraces items formed of porcelain, 
pottery, glass, metai, bone, plastics, wood, etc., which 
items are employed in the storage, preparation, cooking, 
serving and eating of foods and drinks. 

In view of the foregoing, it is apparent that there has 
been provided an improved method of and apparatus for 
washing dishes, or the like, and incorporating apparatus 
for treating water employed in such dishwashing appa 
ratus. . . V 

While there has been described what is at present con 
sidered to be the preferred embodiment of the invention, 
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it will be understood that various modifications may be 
made therein, and it is intended to cover in the appended 
clains aii such modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: 

said raw water by dissolving therein a quantity 
Stibjecting the dishes to a Washing action 
solution, producing a rinse solution from 

and of the pH thereof, and then subjecting the dishes 
a rinsing action with said rinse solution. 
2. The method set forth in claim 1, wherein said 

preferential extraction of said cations with respect to said 
anions is controlled to effect the reduction of the pH 
of said second portion of said raw water to a value with 
in the approximate range 4.0 to 5.0. 

3. The method of washing dishes comprising provid 
ing raw water having dissolved therein small amounts of 
taetai Saits, producing a wash solution from a first por 
tion of said raw water by dissolving therein a quantity 
of detergent, subjecting the dishes to a washing action 
with said wash solition, producing a rinse solution from 
a Second portion of said raw water by preferentially ex 
tracting therefroin the cations with respect to the anions 
of said dissolved metal salts with the consequent simulta 
neous reduction of the concentration of said cations there 
in and of the pH thereof, subjecting the dishes to a rinsing 
action with said rise solution, and then subjecting the 
dishes to a drying action by a current of hot air. 

4. The method of washing dishes comprising provid 
ing raw water having dissolved therein simal amounts 
of Salis of an alkali earth metal selected from the class 
consisting of calcium and magnesium, producing a wash 
Solution from a first portion of said raw water by dis 
solving therein a quantity of detergent, subjecting the 
dishes to a washing action with said wash solution, pro 
ducing a rinse solution from a second portion of said raw 
Water by preferentially extracting therefrom the cations 
with respect to the anions of said dissolved alkali earth 
metal salts with the consequent simultaneous reduction 
of the concentration of said cations therein and of the 
pH thereof, and then subjecting the dishes to a rinsing 
action with said rinse solution. 

5. The method set forth in claim 4, wherein said alkali 
earth metal salts are selected from the group consisting 
f chloride, Sulfate, carbonate and bicarbonate. 
6. The method of washing dishes comprising provid 

ing raw water having dissolved therein small amounts 
of metal salts, producing a wash solution from a first 
portion of said raw water by dissolving therein a quan 
tity of detergent, subjecting the dishes to a washing ac 
tion with said wash solution, producing a rinse solution 
from a second portion of said raw water by extracting 
therefrom a substantial proportion of the cations of said 
dissolved metal salts without extracting therefrom any 
Substantial proportion of the anions of said dissolved 
metal salts with the consequent simultaneous reduction 
of the concentration of said cations therein and of the 
pH thereof, and then subjecting the dishes to a rinsing 
action with said rinse solution. 

7. The method of washing dishes comprising providing 
raw water having dissolved therein small amounts of 
metal salts, producing a wash solution from a first portion 
of Said raw water by dissolving therein a quantity of 
detergent, Subjecting the dishes to a washing action with 
said wash solution, extracting from a second portion of 
Said raw water some of the cations of said dissolved metal 
salts therein, extracting from a third portion of said raw 
Water some of the anions of said dissolved metal salts 
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therein and transporting said extracted anions into said 
second portion of said raw water to produce a rinse 
solution therefrom, and then subjecting the dishes to a 
rinsing action with said rinse solution. 

8. The method of washing dishes comprising providing 
raw water having dissolved therein small amounts of 
metal salts, producing a wash solution from a first por 
tion of said raw water by dissolving therein both a 
quantity of a detergent and a quantity cf a metal cation 
sequestering agent, Subjecting the dishes to a washing 
action with said wash solution, producing a rise solu 
tion from a second portion of said raw water by prefer 
entially extracting therefron the cations with respect to 
the anions of said dissolved metal salts with the conse 
quent simultaneous reduction of the concentration of 
said cations therein and of the pH thereof, and tier. Sub 
jecting the dishes to a rinsing action with said rise solu 
tion. 

9. The method of Washing dishes comprising providing 
raw water having dissolved therein small amounts of metal 
salts, producing a hot Wash solution from a first portion 
of said raw water by heating the same and by dissolving 
therein a quantity of detergent, Subjecting the dishes to a 
washing action with said hot was solution, producing a 
hot rinse solution from a second portion of said raw 
water by heating the sanne and by preferentially extracting 
therefrom the cations with respect to the anions of said 
dissolved metal salts with the consequent simultaneous 
reduction of the concentration of said cations therein and 
of the pH thereof, and then subjecting the dishes to a 
rinsing action with said hot rinse solution. 

10. The method set forth in claim 9, wherein said sec 
ond portion of said raw water is heated prior to the 
extraction therefrom of the ions of said dissolved inetal 
salts. 

11. The method set forth in claim 9, wherein said sec 
ond portion of said raw water is heated subsequent to 
the extraction therefrom of the icins of said dissolved 
metal salts. 

12. The method of washing dishes comprising providing 
hot raw water having dissolved therein Sinall amounts of 
metal salts, introducing a quantity of detergent into a 
first portion of said hot raw water to produce a hot 
wash solution, Subjecting the dishes to a Washing action 
with said hot wash solution, conducting second and third 
portions of said hot raw water into cocperating reiation 
with the opposite sides of a diaphragiin and simultaneously 
conducting an electric current therebetween and iirough 
said diaphragm so that said second and third portions of 
said hot raw water respectively constitute a hct catholyte 
and a hot anolyte with the resuli that the anions and 
the cations of the dissolved metal salis therein are re 
spectively concentrated in said hot anciyte and in said 
hot catholyte effecting simultaneous alkalizing cf Said inot 
catholyte and acidifying of Said hot anolyte, discharging 
said hot cathclyte to the exterior, retaining said hot arolyte 
as a hot rinse solution, and then Subjecting the dishes to 
a rinsing action with said hot rinse solution. 

13. The method of Washing dishes comprising iro 
viding cold raw water having dissolved therein small 
amounts of metal salts, heating and introducing a quan 
tity of detergent into a first portion of said cold raw 
water to produce a hot wash solution, subjecting the 
dishes to a washing action with said hot wash solution, 
conducting second and third portions of said cold raw 
water into cooperating relation with the opposite sides 
of a diaphragm and simultaneously conducting an elec 
tric current therebetween and through said diaphragm so 
that said second and third portions of said cold raw water 
respectively constitute a catholyte and an arolyte with 
the result that the anions and the cations of the dissolved 
metal salts therein are respectively concentrated in said 
anolyte and in said catholyte effecting simultaneous alka 
lizing of Said catholyte and acidifying of said anolyte, dis 

O 

5 

20 

30 

35 

40 

50 

5 

6. 

65 

is 

22 
charging said catholyte to the exterior, heating said anolyte 
to produce a hot rinse solution, and then subjecting the 
dishes to a rinsing action with said hot rinse solution. 

14. Dishwashing apparatus comprising a vat adapted to 
receive dishes to be washed, a supply conduit adapted to 
be connected to a source of water under pressure and 
having dissolved therein Sinal anounts of mineral salts, 
structure provided with a channel therethrough, a drain 
conduit, a first connection from said supply conduit di 
rectly to said vat, a second connection from said supply 
cor; duit via said channel to said vat, a third connection 
froi, said vat to said drain conduit, first inlet mechanism 
selectively operative to control the introduction of water 
into said vat via said first connection, second inlet mech 
anism selectively operative to control the introduction of 
w&ier into said vat via said second connection, means for 
preferentially extracting from the water passing through 
Saidi channel the cations with respect to the anions of the 
nineral salts dissolved therein so as simultanecusly to 
dermineralize and to acidify the same, drain mechanism 
Selectively operative to control the draining of water from 
said vat via said third connection, a motor operatiye to 
circulate the water in said vat into contact with the 
dishes therein, and means for selectively operating said 
first and second inlet mechanisins and said drain mech 
anism and said notor in a predetermined sequence in 
order to produce a given washing cycie in said wat. 

15. The dishwashing apparatus set forth in claim 14, 
and further comprising a water heater arranged in said 
Supply conduit so that the water supplied to said channel 
and to said vat is hot. 

16. The dishwashing apparatus set forth in claim 14, 
and further comprising a water heater arranged in said 
Second connection between said channel and said vat so 
that the dermineralized water supplied from said channel 
to Said vat is hot. 

17. The dishwashing apparatus set forth in claim 14, 
wherein said given washing cycle includes a washing step 
in which the wash water employed in said vat is intro 
duced thereinto via said first connection and a rinsing 
step in which the rinse water employed in said vat is intro 
duced thereinto via said second connection. 

18. The dishwashing apparatus set forth in claim 14, 
wherein said cation extracting means includes a facility 
for conducting an electrolytic current through the water 
passing through said channel. 

19. The dishwashing apparatus set forth in claim 14, 
Wherein said cation extracting means includes a porous 
ion exchange bed arranged in said channel and accom 
modating the ready passage therethrough of the water 
passing through said channel. 

20. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein small amounts of metal salts, a 
Waier-treatment unit provided with main and auxiliary 
channels therethrough and operative to transfer metal 
cations of dissolved metal salts from water passing through 
said main channel into water passing through said aux 
iliary channel, a drain conduit, means for conducting 
Water from said supply conduit via said auxiliary channel 
into Said drain conduit, a first connection from said Slip 
ply conduit directly to said vat, a second connection from 
Said Supply conduit via said main channel to said vat, 
a third connection from said vat to said drain conduit, 
first inlet mechanism Seiectively operative to control the 
introduction of water into said vat via said first connec 
tion, Second inlet mechanism selectively operative to 
control the introduction of water into said yat via said 
Second connection, drain mechanism selectively operative 
to control the draining of water from said vat via said 
third connection, a motor operative to circulate the water 
in said vat into contact with the dishes therein, and means 
for selectively operating said first and second inlet mech 
anistas and said drain mechanism and said rioter in a 



23 
predetermined sequence in order to produce a given wash 
ing cycle in said vat, wherein said given washing cycle 
includes a washing step in which the wash water employed 
in Said vat is introduced thereinto via said first connec 
tion and a rinsing step in which the rinse water employed 
in Said vat is introduced thereinto via said second con 
nection. 

21. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein Sinal amounts of retai saits, 
a water-treatment unit provided with main and auxiliary 
channels therethrough and operative to transfer a sub 
Stantial proportion of the cations of the dissolved metal 
Salts from Water passing through said main channel into 
Water passing through said auxiliary channel and to trans 
fer a substantial proportion of the anions of the dissolved 
metal Salts from water passing through said auxiliary 
channel into water passing through said main channel, 
whereby water passing through said main channel is acidi 
fied and water passing through said auxiliary channel 
is alkalized, a drain conduit, means for conducting water 
from Said supply conduit via said auxiliary channel into 
said drain conduit, a first connection from said stipply 
condit directly to said vat, a second connection from said 
Supply conditiit via said main channel to said vat, a third 
connection from said vat to said drain conduit, first 
iaiet mechanism selectively operative to control the in 
troduction of water into said vat via said first connection, 
second iiiet in echanism selectively operative to control 
the introduction of water into said wat via said second 
connection, drain mechanisin selectively operative to con 
trol the draining of water from said wat via said third 
connection, a mctor operative to circulate the water in 
said vat into contact with the dishes therein, and means 
for selectively operating said first and second inlet mech 
anisms and said drain mechanism and said motor in a 
predetermined sequence in order to produce a given wash 
ing cycle in said vat, wherein said given washing cycle 
includes a washing step in which the wash water employed 
in Said vat is introduced thereinto via said first connec 
tion and a rinsing step in which the rinse water employed 
in said vat is introduced thereinto via said second con 
nection. 

22. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein Srial amounts of metal salts, 
structure defining first and second chambers and provided 
with a permeable barrier as a common wall therebetween, 
a drain conduit, means for conducting water from said 
supply conduit through said first chamber into contact 
with said barrier and thence into said drain conduit, 
means for selectively conducting water from said Sup 
ply conduit directly into said vat, means for selectively 
conducting water from said supply conduit through said 
second chamber into contact with said barrier and thence 
into said vat, means for selectively conducting water from 
said vat into said drain conduit, and means for conducting 
an electric current from the water in one of said cham 
bers through said barrier into the water into the other of 
said chambers in order to modify both the electrolytic 
concentration and the pit of the water in both of said 
chanbers. 

23. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein small amounts of metal salts, 
structure defining first and second chambers and provided 
with a permeable barrier as a common wall therebetween, 
a drain conduit, means for conducting water from said 
supply conduit through said first chamber into contact 
with said barrier and thence into said drain conduit, 
means for selectively conducting water from said supply 
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ducting water from said supply conduit through said sec 
ond chamber into contact with said barrier and thence 
into said wat, means for selectively conducting water 
from said vat into said drain conduit, a cathode in con 
tact with the water in said first chamber, an anode in 
contact with the water in said second chamber, and means 
for conducting an electric current from said ancde through 
said barrier to said cathode, whereby the concentration 
of the cations of the dissolved metal salts in the water 

nd chainber is reduced and also the pH of the 
said second chamber is reduced. 

. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein small amounts of metal salts, 
Struct:e defining first and second chambers and provided 
with a perimeable barrier as a common wall therebetween, 
a drain conduit, trap structure connected to said drain 
coiduit, means for conducting water from said supply 
conduit through said first chamber into contact with said 
barrier and thence into said trap structure, means for 
selectively conducting water from said supply conduit 
directly into said vat, means for selectively conducting 
water from said supply conduit through said second cham 
ber into contact with said barrier and thence into said 
yat, means for selectively conducting water from said 
wat into said trap structure, said trap structure over 
flowing into said drain conduit, and means for conducting 
an electric current from the water in said first chamber 
through said barrier into the water in said second chamber 
in order to modify both the electrolytic concentration 
and the pH of the water in both of said chambers, whereby 
the pH of the water it said first chamber is increased 
above 7.0 and the pii of the water in said second cham 
ber is reduced below 7.0. 

25. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of water under pressure and 
having dissolved therein small amounts of metal salts, 
structure defining first and second chambers and provided 
with a permeable barrier as a common wall therebetween, 
a drain conduit, means for conducting water from said 
Supply conduit through said first chamber into contact 
with said barrier and thence into said drain conduit, a 
porous ion exchange bed arranged in said second cham 
ber, means for selectively conducting water from said 
Supply conduit directly into said vat, means for selectively 
conducting water from said supply conduit through said 
Second charnber and said bed and into contact with said 
barrier and thence into said vat, means for selectively 
conducting water from said vat into said drain conduit, a 
cathode in contact with the water in said first chamber, an 
anode in contact with the water in said second chamber, 
and means for conducting an electric current from said 
anode through said barrier and said bed to said cathode, 
whereby the concentration of the cations of the dissolved 
metal salts in the water in said second chamber is re 
duced and also the pH of the water in said second chamber 
is reduced. 

26. The dishwashing apparatus set forth in claim 25, 
wherein said bed essentially comprises a loosely packed 
mass of discrete particles of ion exchange material. 

27. The dishwashing apparatus set forth in claim 25, 
wherein said bed essentially comprises a loosely packed 
mass of discrete particles of cation exchange material. 

28. The dishwashing apparatus set forth in claim 25, 
wherein said bed essentially comprises a loosely packed 
mass of first discrete particles of cation exchange material 
and of second discrete particles of anion exchange mate 
rial. 

29. The dishwashing apparatus set forth in claim 28, 
wherein said cation exchange material essentially com 
prises synthetic organic polymeric cation exchange resin 
and said anion exchange material essentially comprises 

2 4. 

conduit directly into said vat, means for selectively con- 75 Synthetic organic polymeric anion exchange resin. 
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30. The dishwashing apparatus set forth in claim 25, 
wherein said ion exchange bed is characterized by re 
generation of the cation exchange capacity thereof upon 
conduction of an electric current therethrough when no 
raw water is being conducted through said second cham 
ber. 

31. In dishwashing apparatus including a cabinet, a vat 
arranged in said cabinet and adapted to receive the dishes 
to be washed, structure defining a doorway from the 
exterior into said vat, and a door cooperating with said 
structure and movable between open and closed positions 
with respect to said doorway; the combination compris 
ing a supply conduit adapted to be connected to a Source 
of water under pressure and having dissolved therein 
small amounts of mineral salts, structure arranged in 
said cabinet exteriorly of said vat and provided with a 
channel therethrough, a drain conduit, a first connection 
from said supply conduit directly to said vat, a second 
connection from said supply conduit via said channel to 
said vat, a third connection from said vat to said drain 
conduit, first inlet mechanism selectively operative to con 
trol the introduction of water into said vat via said first 
connection, second inlet mechanism selectively operative 
to control the introduction of water into said vat via said 
second connection, means for preferentially extracting 
from the water passing through said channel the cations 
with respect to the anions of the mineral salts dissolved 
therein so as simultaneously to demineralize and to acid 
ify the same, drain mechanism selectively operative to 
control the draining of water from said vat via said 
third connection, a motor operative to circulate the 
water in said vat into contact with the dishes therein 
and control means for selectively operating said first and 
second inlet mechanisms and said drain mechanism and 
Said motor in a predetermined sequence in order to pro 
duce a given Washing cycle in said wat. 

32. The dishwashing apparatus combination set forth 
in claim 3i, wherein said control means repeatedly op 
erates said first inlet mechanism to effect the introduction 
of water into said vat in each of a plurality of washing 
steps and also in an initial rinsing step, and said control 
means operates said second inlet mechanism to effect 
the introduction of water into said vat in a final rinsing 
Step. 

33. Dishwashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of raw water, means for 
Selectively controlling the supply of raw water from said 
Supply conduit to said vat, a water-treatment unit, means 
for Supplying raw water from said supply conduit to said 
unit, means for operating said unit to produce a first 
aqueous acidified solution and a second aqueous alkalized 
Solution from said raw water supplied thereto, means for 
Selectively controlling the supply of one of said aqueous 
solutions from said unit to said vat, a drain conduit, 
means for selectively controlling the draining of liquid 
from Said vat into said drain conduit, and means for 
discharging the other of said aqueous solutions from said 
unit into said drain conduit. 

34. Dishwashing apparatus comprising a vat adapted 
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to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of raw water, means for 
selectively controlling the supply of raw water from said 
supply conduit to said vat, a water-treatment unit, means 
for supplying raw water from said supply conduit to said 
unit, means for operating said unit to produce a first 
aqueous acidified solution and a second aqueous alkalized 
solution from said raw water supplied thereto, a heater, 
means for selectively controlling the Supply of one of 
said aqueois solutions from said unit via said heater to 
said wat, a drain conduit, means for selectively controll 
ing the draining of liquid from said vat into said drain 
conduit, and means for discharging the other of said 
aqueous solutions from said unit into said drain conduit. 

35. Diswashing apparatus comprising a vat adapted 
to receive dishes to be washed, a supply conduit adapted 
to be connected to a source of raw water, means for 
selectively controlling the supply of raw water from said 
supply conduit to said vat, a water-treatment unit, means 
for supplying raw water from said supply conduit to said 
unit, means for operating said unit to produce a first 
aqueous acidified solution and a sceond aqueous alkalized 
solution from said raw water supplied thereto, means for 
selectively controlling the supply of said first aqueous 
solution from said unit to said vat, a drain conduit, trap 
structure arranged between said vat and said drain con 
duit, means for selectively controlling the draining of 
liquid from said vat into said trap structure, and means 
for discharging said second aqueous solution from said 
unit into said trap structure, liquid entering said trap 
structure overflowing therefrom into said drain conduit. 

36. The method of washing dishes set forth in claim 1, 
wherein said preferential extraction from said second 
portion of said raw water of the cations with respect to 
the anions of said dissolved metal salts comprises an ion 
exchange step. 

37. The method of washing dishes set forth in claim 1, 
wherein said preferential extraction from said second 
portion of said raw water of the cations with respect to 
the anions of said dissolved metal salts comprises an 
electrodialysis step. 
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