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Patented Aug. 3, 1954 2,685,565 
UNITED STATES PATENT OFFICE 

2,685,565 
FILTERING AND CLEANING MEANS 

Lerroy W. Jones, Minneapolis, Stanley J. Willis, 
St. Paul, and Manley M. Perry, Edina, Minn., 
assignors, by mesne assignments, to R. M. Hol 
lingshead Corporation, Camden, N. J., a cor 
poration of New Jersey 

Application November 5, 1949, Serial No. 125,794 
8 Claims. 

1. 
This invention relates to a new and improved 

filtering and cleaning means and more particul 
larly to filter constructions and filtering agents 
in combination especially adapted for use in con 
nection with the cooling systems of internal corn 
bustion engines. 

Filter constructions have heretofore been de 
veloped for the purpose of mechanically filter 
ing the liquid coolant used in connection with 
internal combustion engines. While such filter's 
are capable of beneficial results, they do not solve 
the real problem since they are incapable of do 
ing more than merely removing such material 
as may be entrained in the coolant liquid. Such 
filtering has no effect upon scale deposits or 
layers of sedimentation formed upon the engine 
and heat exchange surfaces in contact With the 
coolant. 

For the proper functioning of an internal com 
bustion engine, it is essential that cooling be 
efficient and uniform with regard to the cooling 
areas provided by the engine design and con 
struction. Any deposits upon surfaces contacted 
by coolant fluid hinders heat transfer and con 
sequent cooling. If the deposits are non-uniforn 
as to location or thickness or their effect upon 
heat transfer, there will be localized variations 
in temperature in the engine. Such variations 
may set up stresses in the engine block which 
have deleterious effects in twisting or deform 
ing contact and bearing Surfaces. Also, inade 
quate local cooling may cause burn-out of valves 
or valve seats. 
Chemical analyses of deposits found on engine 

coolant contact surfaces have shown these de 
posits to be a mixture of inert Sedimentation, 
various iron oxides in layer formations and in 
soluble calcium and magnesium Compounds. 
Many of these formations are caused to accumu 
late against the natural flow of the coolant by 
the presence of water scale acting as a cement. 
Other specimens of deposits show simple accu 
mulations of iron oxides and, in Substantially all 
cases, there exists an inner, thin layer of tightly 
bonded iron oxide formed in intimate contact 
with the cast iron surface. Radiator accumula 
tions are similar, with the exceptions that no 
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locally formed iron oxide is present to aid in 
the binding process and that sedimentation plays 
a more important role. In the radiator, while 
adequate heat transfer is essential, local heat 
transfer differentials are of minor importance. 

It is an object of the present invention to pro 
vide a new and improved filtering and cleaning 
means especially adapted for use in filtering the 
coolant liquid and cleaning the interior surfaces 
in the cooling system of an internal combustion 
engine. 

It is a further object to provide means adapted 
to carry out a simple and economical chemical, 
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electro-chemical, and mechanical method for 
treating an internal combustion engine system 
Whereby the surfaces of the system in contact, 
With the coolant, both engine and heat exchange 
portions, are effectively and safely cleaned and 
maintained in clean condition so that their heat 
transfer and heat dissipation functions can be 
uniformly effective. 

It is also an object to provide means for dis 
Solving or breaking down and loosening water 
Scale deposits or iron oxide deposits or other 
deposits or sedimentation and removing all such 
Suspended foreign matter from the coolant liquid 
by mechanical filtration. 
Other and further objects will appear as the description proceeds. 
We have shown certain preferred embodiments 

of Our invention in the accompanying drawings, 
in which 

Figure 1 is an elevation, partly broken away, 
showing one form of construction; 

Figure 2 is a vertical section taken on line 
2-2 of Figure 1; 

Figure 3 is a horizontal section, partly broken 
away, taken on line 3-3 of Figure 2; 

Figure 4 is a vertical elevation showing a modi 
fied form of construction; 

Figure 5 is a transverse vertical section through 
the construction of Figure 4; and 

Figure 6 is a plan view of the construction 
shown in Figure 4. 

Referring first to the form of construction 
shown in Figures 1 to 3 inclusive, the filter hous 
ing member f is provided with integral securing 
legs 2 which may be connected to any support 
ing Surface. This member is also provided 
With a depending lug f4 to which is connected 
a resilient arm 6 which may be connected to 
the Supporting Surface as by the bolt, indicated 
at , of Figure 2. The top of housing member 
A is open and has a flanged edge 9 upon which 
is fitted a cover member 2. This cover member 
carries a recessed gasket 22 which engages the 
flange 9. The cover is held in place by bolts 
2 which extend through lugs 25 on the cover 
and lugs 26 formed on the body member , as 
shown in Figure 1. 

ihe lower portion of the body member is 
provided With an inlet opening 28, into which 
is fitted a threaded connecting plug 29. The 
Opening 28 leads into a recessed passage 30 which 
connects to the lower chamber 32 in the filter. 
Around the edges of this chamber 32 are located 
a plurality of vertically extending lugs 34 which 
are formed integrally with the walls of the body 
illember i. As best shown in Figure 1, the floor 
or bottom 35 of the chamber 32 is provided with 
a drain opening 3 which discharges into the 
Sump 39. The Sump is shown as formed of a 
tubular glass member 40, the upper edge of which 
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fitS into a flange 4f on the bottom of the men 
ber . The lower end of this inember 43 its 
against a packing 43 carried in a groove in the 
Sump bottoni member 5. This member 5 is 
held in place by a bolt A: Which, as show) in 
Figure 1, is threaded into a boss 49 extending 
downwardly from the botton 35 of the lody 
member . This surnp botton 5 is fortined with 
a concave upper Surface leading towards a dis 
charge orifice closed by the plug 5). 
The replaceable filter cartridge 52 is carried 

in the housing it between the lower late 53 
and the upper plate 58. Both of these plates 
are perforated, as shown, to perrait paSSage of 
fiuid therethrough. The lower plate SS has a 
central circular depressed boss 5, about Whici 
fits the upper end of the Supporting coil Spring 
59. The lower end of this spring 53 fits ak}cuit, 
an interrupted flange 6E formed on the uppei 
face of the botton wall 35 of the housing 4. 
The upper plate 56, as best shown in Figure 2, has 
its central portion convex upwardly and is pro 
vided with a peripheral upturned fiange 63 which 
fits agains, a flange 54 on the cover, this flange 
S4 being located internally of the gasket 22. Th; 
cover 2 is provided with an upwardly extend 
ing raised portion 66 forgining a passage 6 lead. 
ing to a threaded orifice 83, into which is screwed 
a connecting fitting 7 . 
The form of construction shown in figures 

4 to 6 inclusive is generally similar to that showin 
in Figures i to 3. The filter housing memeer i3 
is provided with the spaced lugs , by mea:S 
of which it may be Secured to any Supporting 
Surface. 
lugs & to receive securing bolts which pass 
through lugs is extending from the cover nei 
her 8. This cover nenber 8 Caliies the re. 
cessed gasket 9 which engages the up Warsily 
extending flange 8 located around the upper pe 
riphery of the body member 8. As shown in 
Figures 4 and 6, cover member 3 is provided 
with a radially extending outlet passage 82. 
The bottom of the housing member 2 is 

rounded, as shown at 84, and provided With 2. 
central threaded opening 85 closed by the 3 
3. The lateral walls of the chamber formed by 
the housing T) are provided with spaced lugs 89, 
upon which rest the spring support piate 3. This 
plate 9 has a central depressed portion 33 
adapted to receive the lower end of the support 
ing spiring 35. The center of the depressed pol 
tion 93 is shown as provided with an opening $3. 
Adjacent the lateral edges of this depressed poi'- 
tion 93 are located the tongues S8 which serve 
to hold the spring 95 in place. The cartridge 
supporting plate 00 has a central depressed por 
tion which fits into the upper end of the 
spring 95. This plate 90, as shown, is perfo 
rated thiroughout the central portion of its area. 
Tha inner Walls of the chambers are provided 
with lugs 2 which serve to limit downward 
movement of the plate 60. The replaceaisle 
filter cartridge 94 fits on plate 8, and the to 
pressure plate 95 rests upon the upper surface 
of the filter cartridge. $ is peifo 

sity 
5.1. 

This plate 89. 
rated and convex upwardly, as shown, with the 
upturned circumferential flange 8 engaging the 
internal fange 99 and the cover 3, The illet 
passage , shown on Figure 4, is located at a, 
level between the plate 9 and the plate G9. 

In the use of either form of filter, the fitter 
is coinisected to tine cooling systein of the internal 
combustion engine in Such manner that at least 
a portion of the cooiant liquid passes continu 

The housing is provided with upper : 
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4. 
ously thirough the filter. This fluid enters the 
inlet or intake which, in each case, is located 
at the lower polition of the filter, passes upwardly 
through the replaceable cartridge and out of the 
top of the filter through the outlet passage. Any 
entrained solids. Which are caught on the OWel 
face of the filter tend to deposit in the chamber 
below the filter cartridge. In the form of con 
Struction shown in Figure 1, Sich raateriai 
gravitates towards the central opening 3 where 
it, deposits into the Sump 33. Here, it will be 
isible through the glass walls of the Sump and 
ilay be renoved from tine to time by ten 
porarily unscewing the plug 5 G. in the form of 
construction shown in Figures 4 to 6, Such solid 
material tends to pass down through the Opein 
ing 96 in the spring support plate 93 and becoil); 2 
deposited in the chamber below that pate. Here, 
again, ii, Inay be removed by unscrewing the 
plug 8. 
The form of construction ShoW in Figures 

1 to 3 is especially designed for use with trucks 
or vehicles having large notorS 2nd, consequently, 
large quantities of coolant to be filtered. The 
more simple form of construction sinown in Eig 
uires 4 to 6 is especially designed and adapted 
for use in connection. With light truckS Oi pa S 
senger vehicles. 
The replaceable cartridge 52 of the first con 

struction and the similar cartridge 84 of the sec 
ond construction may be identical, except fol' 
size and shape. These cartridges are enclosed 
in an outer fabric covering, this covering being 
of such a nature and texture as to permit pas 
sage of the coolant through the cartridge for 
filtering purposes and, yet, being of Sufficiently 
fine mesh to retain the filtering material in the 
fabric covering. 
The particular constituents of the filter car 

tridges have been developed for the purpose of 
effectively cleaning the coolant liquid and, 
through the coolant, liquid, effectively cleaning 
the surfaces in the engine and in the heat trans 
fer apparatus, such as the radiator. The con 

5 stituents are also designed to maintain the war 
ious Surfaces clean during continued use. Since 
there are a number of elements to be attacked 
and removed in carrying out this function, the 
filter cartridge contains a plurality of chemical 
reagents. Water scale deposits are removed by 
the action of Sodium tetraphosphate introduced 
into the system by the coolant passing through 
the cartridge. These Water scale deposits of 
calcium and magnesium dissolve, ionize and are 
complexed by the sequestering action of the 
anions formed. Sodium tetraphosphate is espe 
cially Well adapted for this role, since its use 
eliminates the necessity for maintaining the 
highly alkaline solutions which are required by 
other common Scale-removing reagents. 
To directly attack the heavy iron oxide forma 

tions, a method of electrolytic reduction is en 
ployed. The electrolytic cell is set up by the in 
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troduction into the system of an expendable 
anodic metal high in the electro-chemical series 
with respect to iron. This may be done in the 
construction shown by making the upper or 
lower plates 54 and 56 of Figure 2 and 0 and 
5 of Figure 5, or both, of such a metal. A 

metal especially suitable for this purpose be 
cause of the fact that it does not become pas 
Sivated early in the process is magnesium. Other 
Suitable metals are aluminuin and zinc. The 
anodic magnesium, then, located in the filter 
maintains the cast iron coolant contact Surfaces 



5 
of the engine block electronegative. An elec 
trolyte circuit is formed by the inlet and outlet 
hose connections to the filter which carry the 
coolant from the engine to the filter and back. 
The electrical circuit is completed through the 
metal attachment Surface of the filter, usually 
the firewall in an automobile, and the engine-to 
frame electric bond, which is necessary to the 
Operation of the ignition system of the motor 
vehicle. The magnesium ions from the anode 
are immediately complexed by the sequestering 
additive, Sodium tetraphosphate, which serves 
to prevent such ions having a detrimental effect 
On the iron Surfaces of the engine and the brass 
Surfaces of the heat exchanger or radiator. 
The filter Operation, in part, can be described 

as a proceSS of employing current generated from 
a galvanic couple between the iron surface of the 
engine and a metal high in the electro-chemical 
Series to chemically reduce valence 3 iron oxide 
Surfaces to valence 2 iron oxide surfaces. Chem 
ical means are introduced into the coolant which 
Will react with valence 2 iron oxides to form a 
Compound at the iron Surface which is insoluble 
in the coolant. This compound constitutes an 
inhibiting film and the preferred film forming 
reagents are sodium chromate and sodium nitrite. 
The current generated by a galvanic couple of 

this nature would not produce the desired result 
were it not for the fact that as small portions 
of the iron oxide Surfaces are reduced, the forma 
tion of the insoluble film removes that portion 
of the surface from the cell. As long as iron 
Oxides of any valence are exposed to an electron 
eXceSS, continued reduction will occur. 
ever, at an intermediate stage of reduction, in 
the present case at the valence 2 level, a chemi 
cal reaction occurs between valence 2 iron and 
a reagent introduced into the System, electron 
exceSSes can no longer escape; thus, they act 
Only at those surfaces which are still able to 
provide an eScape path. It is this process of 
gradual renoval of portions of the surface from 
participation in the cell action that enables the 
film formation to gradually cover the entire sur 
face. 
Upon the cathodic iron of the engine block, 

iron oxide or rust layers are built up containing 
FeO, Fe3O4 and Fe2O3 where the electron excess 
SeekS to escape. 
Valence 3 iron to Valence 2 iron provides such an 
eScape as to allow the cell action to continue. As 
the ferric oxide is transformed to ferrous oxide, 
the Water Scale-removing agent, sodium tetra 
phosphate, is simultaneously at work. The com 
bined action results in a gradual disintegration of 
the deposit so that the film forming chemicals 
can come into contact with the valence 2 iron 
Oxide. The Sodium tetraphosphate also acts to 
prevent migration of the ions from the magnesi 
un anode to the iron surfaces and then deposi 
tion thereon as compounds. The heat exchange 
Surfaces are not affected by the cell action, as 
there is no migration path for the electrons be 
yond the metal surfaces. 
The Sodium chromate and sodium nitrite are 

of great importance in the chemical reactions 
which take place. The FeC must be prevented 
from being reduced down to metallic iron, since 
the iron will only reverse the reaction to reform 
Fe0 which, when reformed, will not be tightly 
bonded as previously. Sodium chromate reacts 
With the ferrous oxide to form ferrous chromate 
according to the following equation: . 

If, how 

The interface reduction of 
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In turn, the sodium nitrite reacts with the dis 
Solved oxygen in the coolant to speed the forma 
tion of a water-insoluble chromate film and to 
prevent the formation of Soluble dichronates. 
Because of the thinness of the rust layer on Sonne 
portions of the cast iron, the chromate and ni 
trite anions at Such portions will be diffused at 
a faster rate than at other localities. Thus, 
those Surfaces on which deposits are of the least 
thickness will become passivated and renoved 
from active participation in the magnesium-iron 
electrolytic cell first. The celi action. On the 
unpaSSivated Surfaces continues until all of the 
engine Coolant contact Surfaces become cleaned 
and paSSivated, at which time the anodic mag 
nesium becomes relatively inactive. Thus, the 
aiaodic reaction of magnesium ionization de 
Creases as the Cathodic Stimulation, or the proc 
CSS of reducing iron in the iron oxide, decreases. 
AS disintegration of these Surface deposits occurs, 
the released formations are carried off by the 
flowing coolant to the filter and removed by the 
mechanical filtering action of the filter cartridge. 
A further constituent of the filter cartridge 

is preferably a Water - Softening medium, Such 
as a natural zeolite, greensand. The use of the 
Zeolite in the filter allows later additions of cool 
ant Water to the system to be made without the 
risk of further scale deposition. The Zeolite in 
the cartridge Serves to provide a safeguard for 
the Sodium tetraphosphate and the two are al 
ways in equilibrium with regard to the amount 
of calcium and magnesium ions they are keeping 
out of the coolant, Should a coolant loSS be 
experienced, the totai annount of Sodium tetra 
phosphate would be reduced and thus its unused 
capacity to remove the ions Would also be re 
duced but, since the equilibrium between the 
Zeolite and the Sodiurn tetraphosphate has been 
disturbed, paSSage of the coolant through the 
Zeolite will cause partial regeneration of the 
Sodium tetraphosphate until equilibrium is re 
established. Further corrosion is prevented by 
the presence of the continuous iron chromate 
film, and further sedimentation accumulations 
aire prevented by the continuous filtration of the 
Coolant. 
While the specific proportion of each reagent 

to be placed in the replaceable cartridge may 
be varied to a Substantial extent, depending upon 
conditions to be met and requirements of the 
particular type of coolant liquid used, the foll 
lowing proportions have been found generally 
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effective: 

10 parts Sodium tetraphosphate 
6 parts Sodium nitrite 
6 parts Sodium chromate 
80 parts natural Zeolite greensand 
80 parts silica, filtering sand 

Both the silica filtering sand and the zeolite 
have a part in the mechanical filtering effect, 
of the filtering cartridge. 

the total weight of the cartridge for the filter 
adapted for truck use, as shown in Figures 1 to 3, 
Would be on the order of two and one-half 
pounds, while the cartridge for the smaller filter, 
Shown in Figures 4 to 6, would be on the order 
Of One and one-quarter pounds. 
The filter Cartridge Will require replacement, 

from time to time, the exact time depending 
largely upon the amount of material which has 
been deposited and upon the hardness of the 
water used as the basis for the coolant. The 
chemical constituents become dissipated in the 
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reactions of the process and the softening effect 
of the zeolite is used up. Also, the filter casing 
of fabric and the sand itself may become Sone 
what clogged in spite of periodic drainage of 
the Sump. 
The mutual interdependence of the chemical, 

electrochemical, and mechanical filtration actions 
is important in the present filtering means aid 
in the method by which it functions to clean 
and maintain clean the coolant and the Coolant 
contact surfaces. A magnesium-iron cell alolae 
would reduce iron oxide formations, but With 
out the complexing of the magnesium ions by 
other reagents, they would migrate to the iron 
surface and there deposit the very type of scale 
formation which it is desired to eliminate. 
Without the passivating action of a chroianate 
and niti'ite, the cell action would cause the re 
duction of thinly deposited Surfaces to in attalia. 
iron and the subsequent re-oxidation of the iron 
to form a loose iron oxide would result. The 
passivating chemicals alone would Soon be dis 
sipated by the reaction of the chromate with 
valence 3 iron oxide to form water Sciuble iron 
chromate. Water softening alone, by the Zeolite, 
would eliminate Subsequent Scale folination.S. but 
would, at the same time, stinaulate corrosion. 
It will be apparent, therefore, that the Several 
constituents of the filter and filter cartridge have 
a been carefully Coordinated to bling about a 
unitary result by their interrelated action. 
The reagents which have been Specified are 

preferred, but the invention may be carried out 
using other chemical compounds. For example, 
sodium hexametaphosphate may be Substituted 
for sodium tetraphosphate, both being polyphoS 
phates of an alkali- metal. Sinhilarly, Sodium 
tungstate can be used in place of Sodium chro 
nate, both being alkali oxysalts of group V 
inetals. Also, Sodium phosphite can be used in 
stead of Sodium nitrite, both compounds being 
aikai oxysalts of group W metals existing at 
lower, oxidation States. 
While certain preferred embodiments of the 

structure and proportions of the constitueatS 
have been shown and described, these are to be 
understood to be illustrative only as further 
changes may be made to meet differing condi 
tions and requirements, and we contemplate 
such modifications as come within the Spirit and 
scope of the appended claims. 
We claim: 

... A filter for use in filtering coolant liquids 
in contact with ferrous surfaces, comprising a 
filter housing, a metallic member in the housing, 
said metallic member being electrically connected 
to the ferrous material and being formed of a 
metal high in the electro-chemical Series with re 
Spect to iron and constituting an anode in Con 
tact with the cooling liquid, a filter cartridge Sup 
ported in the housing whereby fluid passing 
through the housing passes through the car 
tridge, said cartridge containing material con 
stituting a mechanical filter and containing film 
forming reagents including approximately equal 
parts by weight of sodium nitrite and sodium 
chronate. 

2. A filter as defined in claim 1 further char 
acterized in that the reagents include Sodium 
tetraphosphate. 

3. A filter as defined in claim 2 further char 
acterized in that zeolite is included in the filter 
cartridge. 

4. A filter for use in filtering coolant liquids 
in contact with ferrous surfaces, comprising a 
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filter housing, a metallic member in the housing, 
said metallic member being electrically connected 
to the ferrous material and being formed of a 
metal high in the electro-chemical series withie 
spect to iron and constituting an anode in con 
tact with the cooling liquid, a filter cartridge Sup 
ported in the housing whereby fluid passing 
through the housing passes through the car 
tridge, said cartridge containing material con 
stituting a mechanical filter and containing re 
agents comprising: approximately 10 parts SO 
dium tetraphosphate, 6 parts Sodium nitrite, 6 
parts sodium chiromate and Zeolite exceeding in 
quantity the total other reagents, Said parts be 
ing measured by Weight. 

5. A replaceable filter cartridge for use in-fil 
tering fluids in contact with different metals in 
cluding iron and a sacrificial metal higher in the 
electro-chennical Series than iron which com 
prises a flexible, permeable casing and finely, di 
Wided material therein, said material comprising 
Substantially insoluble inert material serving as 
a mechanical filter and a film forming composi 
tion consisting essentially of Sodium nitrite, and 
Sodium chromate in Substantially equal parts by 
Weight. 

6. A replaceable filter cartridge as defined in 
claim 5 further characterized in that the nate 
rial in the casing includes sodium tetraphOS 
phatc. 

7. A replaceable filter cartridge as defined in 
claim 5 further characterized in that the nate 
rial in the casing includes zeolite. 

8. A replaceable filter cartridge for use in fil 
tering fluids in contact with different metals in 
cluding iron and a sacrificial metal higher in the 
electro-chemical Series than iron which com 
prises a flexible, permeable casing and finely di 
vided inaterial therein, said material comprising 
substantially insoluble inert material serving as 
a mechanical filter and a film forming and fluid 
treating composition including approximately 10 
parts Sodium tetraphOSphate, 6 parts Sodium 
nitrite, 6 parts Sodium chromate and zeolite ex 
ceeding in quantity the total other reagents, said 
parts being measured by weight. 
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