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This application is a continuation-in-part of 
our copending applications entitled "Liquid re 
finer,' Serial 9252, filed March 4, 1935; "Appa 
ratus for refining oil,' Serial 135,980, filed April 
9, 1937; and "Method of and apparatus for treat 
ing used motor oils," Serial 137,516, filed April 
17, 1937. 
This invention relates to a purifier of the type 

designed for the purification of petroleum lubri 
cating oils used in the lubrication of the rela 
tively moving metallic parts of internal com 
bustion engines in which the oil is subjected to 
the high temperatures characteristic of such 
engines. The impurities which appear in oils 
used in internal combustion engines are particles 
of abraded metal, dirt, and carbon, and products 
formed by chemical reaction between compo 
nents of the fuel, air, engine metal, and lubricat 
ing oil. These impurities are of two kinds: (1) 
Solid impurities which are held in Suspension in 
the oil; and (2) impurities which are present in 
the Oil in a State of Solution or in a colloidal 
state. 

It has been standard practice to remove sus 
pended solid particles from oil, or other liquid 
filtered, by entrapment in fibrous material. 
This phenomenon of entrapment is herein 
termed filtration, using that word in one of its 
authoritatively defined meanings. Oils so treated, 
While free of suspended solid particles such as 
metal and carbon, are of low lubricating quality, 
because there remain therein dissolved and col 
nidal impurities formed in the passage of the 
?il through the engine under the influence of its 
high temperature. w 

It has been standard practice to remove dis 
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of the adsorbent material itself or of other and 
non-adsorbent material. 

In the development of liquid purification by 
the phenomenon of adsorption, many materials 
have been tried, and among those Which have 
proved more satisfactory are the clayS, including 
fuller's earth, diatomaceous earth, and granu 
lated or finely divided carbon, such as boneblack. 
They have in general the common characteris 
tics of being finely divided, non-fibrous, and in 
ert chemically with respect to the usual impuri 
ties. They all have, in addition to their ad 

: sorptive power, a varying degree of ability to 
entrap solid impurities, but the latter quality is 
not so marked as it is in the case of the fibrous 
materials which have been mentioned above. 
It is to be noted that the fibrous materials have 
little or no adsorptive qualities. . . . . . 
While the word filtration has various shade 

of meaning, we shall use it here to refer to the 
phenomenon of mechanical entrapment of Solids 
from a liquid. As thus defined, cotton waste, 
paper pulp, and mineral wool are filtering mate 
rials, and the clays, finely divided carbon, etc., 
are adsorptive materials with a relatively small 
degree of filtering power. 

It is an object of our invention to provide in a 
purifier designed to remove both solid impuri 
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srived and colloidal impurities from oil or other 
liquid by passing the liquid to be treated through 
material which is composed of particles having 
the ability to attract to their surfaces the mole 
cules of such impurities. This phenomenon is 
known as adsorption, and there are many 
theories and explanations of what takes place 
in this process of adsorption. All of the theories 
have two points of agreement: (1) The adsorp 
tive material undergoes no chemical change; 
and (2) it acts as a medium and an arena for 
rollecting and changing physically or chemically, 
or both physically and chemically, the dissolved 
and colloidal impurities in the liquid. The ad 
Sorbates may be of a kind to remain in adsorbent 
relationship to the adsorptive particles, or may 
herome solids of such a character that they are 
rapable of suspension in the liquid. and of a 
filtering mechanical entrapment by the particles 
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ties and impurities in a state of Solution or col 
loidal suspension, a combination of filtering and 
adsorptive materials so arranged with relation 
to each other that all portions of the materials 
and the interstices therebetween will be filled 
with impurities to substantially the maximum 
extent of their capacity for retaining and holding 
impurities at the time when the purifying unit 
as a Whole ceases to function effectively in its 
treatment of the oil. 

It is another object of this invention to pro 
vide a purifier designed to remove both solid 
impurities and impurities in a state of solution 
or colloidal suspension in which filtering and 
adsorptive materials are so arranged with rela 
tion to each other that no portion or Zone of 
either material which may become clogged with 
impurities can prevent the free and satisfactory 
passage of oil through the materials of the puri 
fying unit. . W 
A further object of this invention is to pro 

vide a novel composition of matter particularly 
Suited for use as a purifying element, wherein 
the ingredients are relatively inexpensive and 
easily Compounded. 
A still further object of the invention is to 

provide a novel oil purifying unit of such com 
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pact form that the same may be installed and 
carried under the hood of an automobile, and 
which incorporates novel means for introducing 
the oil or other liquid undergoing treatment into 
intimate association with the purifying element. 
A further object of the invention is to provide 

means for use in the oil distributing system of a 
device requiring a lubricating service consist 
ing of the Continuous circulation of a lubricant 
to and through certain of its bearings, such, for 
example, as an internal combustion engine, 
whereby the oil used to lubricate the working 
parts may be continuously purified, in order that 
the oil delivered to the wearing parts will con 
tinuously be of the character of new refined lubri 
cating oil, 

It is a further object of our invention to pro 
vide a purifying unit of the kind adapted to re 
move both solid impurities and inpurities in a 
state of solution or colloidal suspension from 
lubricating oil and particularly from lubricating 
oil in the circulating system of an automobile, in 
which adsorptive and filtering materials are ar 
ranged for a large number of successive alternate 
contacts so that the impurities acted upon by the 
adsorptive material may be removed by the filter 
ing material quickly and before such impurities 
contact a successive body of adsorptive material. 

It is a further object of our invention to provide 
the filtering material in a novel form so that 
whether used in combination with an adsorptive 
refining material or used alone it will have effec 
tive entrapment qualities and will promote the 
free passage of oil through the purifying unit 
without clogging and without channeling. 

It is a further object of our invention to pro 
vide for use in the purifying element a paper pulp 
product in a form inexpensive of manufacture 
which shall have effective entrapment qualities 
and be adapted to promote free passage of oil 
through the purifying unit whether used alone 
or in combination with an adsorptive refining ma 
terial, another fibrous material, or a material 
relatively inert as a purifying agent. 
Further objects and advantages of the inven 

tion will be made evident throughout the follow 
ing part of the specification. 

Referring to the drawings, which are for illus 
trative purposes only, 

Fig. 1 is a utility view showing in side elevation 
an automobile engine equipped with an oil purifier 
embodying our invention. 

Fig. 2 is a vertical sectional view of a purifier 
embodying our invention, a portion of the purifier 
being shown in side elevation. 
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Fig. 3 is a horizontal section taken along the 
line 3-3 of Fig. 2. 

Fig. 4 is a fragmentary vertical sectional view 
of a purifier in which the purifying materials are 
granular clay and lumps or pellets of paper pulp 
prepared in accordance with one feature of our 
invention. 

Fig. 5 shows a sheet of pulp paper from which 
the paper lumps shown in Fig. 4 are prepared. 

Fig.6 shows the lumps of paper pulp shown in 
Fig. 4 at an intermediate stage of their manu 
facture. 

Fig. 7 shows the lumps of paper pulp in their 
final form. 

Fig. 8 is a fragmentary vertical sectional view 
showing a purifying material comprising lumps 
of paper pulp alone. 

Fig. 9 is a view similar to Fig, 8 showing a 
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2,869,857 
purifying element comprising sawdust and lumps 
of paper pulp. 

Fig. 10 is a view similar to Fig. 4 showing an 
nular layers of granular clay and mineral wool 
in alternation. 

Fig. 11 is a view similar to Fig. 10 showing a 
plurality of annular layers of granular clay, each 
two contiguous layers being separated by a wire, 
screen, 

Fig. 12 is a fragmentary view illustrative of the 
arrangement of the interface between a filtering 
and an adsorptive material, or between any two 
materials of differing purifying qualities with re 
spect to the flow of oil which is characteristic 
of many of the forms which our invention takes. 

Figs. 3 and 14 are fragmentary vertical and 
horizontal sectional views, respectively, showing 
an alternative arrangement of a filtering, and an 
adsorptive material. 

Fig. 15 is a view similar to Fig. 3 showing a 
purifying material arranged in spiral convolu 
tions, 

Fig. 16 is a fragmentary vertical sectional view 
of a purifier pack embodying our invention in 
another modified form. 
- In Fig. 1 of the drawings, the numeral desig 
nates a cylinder block of an internal combustion 
automotive engine having a crankcase 2, in 
which oil, during the operation of the engine, 
stands at a predetermined level in accordance 
with standard automotive practice. An oil pump 

withdraws oil through a pipe S from a co 
lecting reservoir is at the bottom of the crank 
case and delivers the oil to engine bearings 
by means of a duct system generally indicated by 
the numeral 8. A fractional portion of the oil 
is by-passed through a pipe 9 to an inlet 20 of a 
purifier 2. Oil is forced under pressure of the 
pump f4 through the purifier 2, where it is 
treated in a manner to be presently described, 
and from which it is conducted back to the 
crankcase through an outlet fitting 22 of the 
purifier by means of a pipe 23. 
The purifier 2 comprises an exterior casing 

2 of relatively heavy rigid metal with a cylin 
drical side wall 25 and an integrally formed bot 
tom 26, a closing top 27 suitably secured to the 
Casing 24 by annularly arranged bolts 28, and a 
purifying pack or unit 29 mounted within the 
Casing 24. . 
The purifying pack or unit 29 is preferably of 

cylindrical shape, and its contents are retained 
by a foraminous cylindrical sheet metal side wall 
if and fluid-tight top and bottom walls 32 and 
33, respectively, which are rigidly secured to the 
Side wall. The top wall 32 has a small central 
aperture 3. A conduit pipe 35, which extends 
approximately halfway of the length of the pack, 
is mounted in the interior thereof with its upper 
end Secured to the top wall 32 with its bore in 
registry with the aperture 34. 
The casing top 27 is formed with a downwardly 

extending cylindrical recess 36 having a bottom 
wall 37. Formed integrally with the bottom wall 
37 is a short depending tube 38 communicating at 
its upper end with the recess 36. The lower por 
tion of this tube 38 is of reduced diameter and 
is threaded to enter and fit within the threaded 
conduit pipe 35. A sealing washer 39 is seated 
against a shoulder 40 between the upper and 
lower portions of the tube 38. In assembling the 
purifier, the pack 29 is connected to the casing 
top 27 by screwing the conduit pipe 35 onto the 
tube 38 against the washer 3 and the pack 2 is 
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inserted within the casing 24, with its bottom 
wall 33 resting upon a spring seat 4f suitably 
mounted on the bottom 26 of the casing. The top 
27 is then centered in position over the casing 
with the lower end of the tube 38 seated within 
the conduit pipe 35, bringing the sealing washer 
39 into sealing contact with the top wall 32. The 
bolts 28 are then tightened, pressing the pack 
29 resiliently against the spring seat 4 and pro 
viding a leak-proof passage from the interior of 
the pack to the recess 36. 

Oil enters the purifier through a hollow boss 
42 formed on the top 27. At the lower end of 
this boss 42 there is preferably provided a hori 
zontal, centrally perforated wall 43 providing a 
relatively small aperture 44 through which the 
oil passes. Oil finds its way through this aper 
ture 44 to a chamber 46 between the top 27 and 
the top wall 32 of the pack and thence to an 
annular space 45 between the side wall 3 of the 
pack and the side wall 25 of the casing. From all 
portions of this annular space 45, oil passes 
through the foraminous side wall 3 of the pack, 
thence through the contents of the pack itself to 
the tube 38 by which it is conducted to the recess 
36. If for any reason the resistance to the flow 
of oil through the contents of the pack becomes 
of undue magnitude, the oil is by-passed from 
the chamber 46 to the outlet fitting 22 through 
a relief valve 47 seated in a depending boss 48 
integrally formed on the under side of the bottom 
wall 37 of the recess 36. 
The recess 36 is closed on its upper side by a 

cover plate 49 secured to the top 27 by screws 
50. The recess 36 is formed with an annular 
shoulder 52. Between this shoulder and an an 
nular face 5? on the lower end of the cover plate 
49 is seated a fine mesh wire screen 53 extend 
ing across the recess 36 to prevent solid particles 
from passing from within the interior of the 
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pack into the engine lubricating system. The 
cover plate 49 is formed with a centrally depend 
ing tubular extension 54 which is interiorly 
threaded to receive the end of the outlet fitting 
22 shown in Fig. 2. The extension 54 has on its 4: 
lower end a plurality of circumferentially spaced 
lugs 54.a for the purpose of preventing closure of 
the tubular extension by the screen 53 should 
the screen be moved upwardly against it by pres 
Sure of the oil. 

Oil flows into the lower end of the conduit 
pipe 35 from a central internal cylindrical reser 
voir 55 extending from the top wall 32 of the 
pack 29 downwardly to a level within a relatively 
short distance of the bottom wall 33 of the pack. 
A helical Spring 56 is the stiffening framework 
for a cylindrical wall 57 of the reservoir 55. The 
lower end of the spring 56 is tapered to a point 
58. The wall 57 comprises several contiguously 
and alternately arranged sheets of woven wire 
and cheesecloth or similar material. The wall 
57 is formed by laying on a table alternate sheets 
of woven wire and cheesecloth. The sheets of 
woven wire are of substantially the same length 
as the uniformly diametered body portion of the 
Spring 56. The sheets of cheesecloth are some 
what longer and overlap the woven wire at each 
end. The spring is then laid on the sheets of 
material with the ends of its body portion in reg 
istry with the ends of the sheets of wire and 
preferably with a woven wire sheet uppermost on 
the table. The spring and sheets of material 
are rolled upon the table; the lower ends of the 
sheets of the cheesecloth are gathered together 
and tied as at 59; and the upper ends of the 

i5) 

() 

(i.5 

() 

5 

3 
sheets of chieesecloth are tucked down within the 
Spring 56. The spring and surrounding wall 57 
are then thrust upwardly over the conduit 35 
upon the enlarged upper end 35a, where they are 
held by frictional contact, the spring clamping 
the downwardly tucked portion of the sheets of 
cheesecloth against the enlarged conduit end 35a. 
A sheet metal cup 6 with an end wall 62 and 

cylindrical side wall 63 is preferably secured to 
the under side of the top wall 32 of the purify 
ing pack 29 to prevent direct flow of oil radially 
inwardly along the under surface of the top wall 
32. Such a direct flow in contact with the top 
wall 32 is apt to cause the formation of channels 
through the material of the purifying pack 
through which the oil will flow too rapidly for 
effective treatment. 
The inner surface of the side wall 3 of the 

pack is lined with a sheet of cheesecloth 64 which 
is held in position by a sheet of woven wire 65. 
The purifying material 66 comprises an adsorbent 
material 67, preferably granulated, and a filter 
ing material 68. The adsorbent material 67, 
which may be clay, is preferably activated with 
Sulphuric acid, and preferably has some sulphuric 
acid adhering to its particles. The filtering ma 
terial 68 comprises long and preferably bent, 
curled, or matted fibers of mineral wool, rock 
Wool, cotton waste, asbestos, curled hair, steel 
wool, paper, or a similar filtering medium inter 
Spersed in the adsorbent medium. 
The proportions of the two materials may be 

varied to accomplish different types of purifica 
tion, and the mixture of the materials is packed 
in the perforate container or pack 29 under sufi 
cient pressure to hold the materials tightly to 
gether, but not with such pressure that the fibrous 
Supporting structure will be broken down. In 
this manner the material 66 may be caused to 
provide a dense field or mass through which the 
oil will be brought into such intimate contact with 
the filtering and absorbent materials that it will 
be purified. ' - 

In making the purifying material 66, we prefer 
ably use bodies of mineral wool and activated clay 
in predetermined quantities, and place the same 
in a container. We may rub the mineral wool, 
as, for example, between the hands, or by a 
tumbling and rolling action, so that the mineral 
wool is formed into small pellets, pledgets, lumps, 
rolls, or wads of fibers extending in substantially 
all directions therein, each pellet being com 
pressed from Substantially all directions to distort 
the fibers therein so that they strain to straighten 
out and thereby make the pellet resilient. These 
pellets, pledgets, lumps, rolls, or wads may be 
Subsequently intermixed with the adsorbent or 
refining material; or the mineral wool may be 
rubbed or tumbled in association with the acti 
wated clay, so that particles of such clay will be 
impregnated in the mineral wool. The mineral 
or rock wool, when formed into bodies or lumps, is 
not subjected to sufficient pressure that its struc 
ture is broken down, but instead the rough fibrous 
strands thereof remain substantially intact with 
Out being broken down. 
The activated clay facilitates the removal of or 

removes the primary and Secondary, Soluble, and 
colloidal products. This removal may be by ad 
Sorption of Such impurities or by reaction with, or 
alteration of, such impurities to provide insol 
uble products which are retained in the filtering 
material through which the oil flows immediately 
after its contact with the adsorbent. The action 
of the adsorbent material upon some of these 
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products, such as the higher molecular weight 
unsaturates which, unless removed, will be con 
verted into secondary products, e.g., sludges, may 
be in part due to the adsorption of sulphuric acid 
on the surface of the clay particles until this 
sulphuric acid reaches a sufficiently high degree 
of concentration at the surface of each particle 
to polymerize the unsaturates, and convert them 
to a form readily removable by the filtering mate 
rial, in addition to the catalytic polymerization by 
the clay per se. Likewise, the clay refines the oil 
by catalyzing polymerization so that undesirable 
components of the used lubricating oil, such as 
unstable unsaturates, are polymerized to provide 
the more stable hydrocarbons and, in some in 
stances, resins or guns which adhere to the sur 
face of the clay particles. This action takes place 
by virtue of the fact that the unpolymerized 
components are adsorbed at the surface of the 
clay particles, and polymerization is hastened in 
this field of adsorption at the particle surfaces. 
The action of the clay upon some of the impuri 
ties may be explained by the presence of an elec 
troStatic charge upon the particles of clay de 
veloped by friction or otherwise which attracts to 
the particles of clay colloidal or suspended im 
purities either because such impurities bear an 
opposite charge or by virtue of electrostatic in 
duction. Such impurities thus attracted to the 
surface of the clay particles form accretions of 
larger masses, and these accretions may break off 
from the particles of clay to be entrapped and 
filtered out by the filtering material. The im 
purities in colloidal or suspended form and bear 
ing an electrostatic charge opposite in value from 
the electrostatic charge present on the clay are 
discharged by contact with the clay, tending to 
diminish the electroStatic repulsion between the 
colloidal impurities and, hence, tending to coagul 
late the impurities in the body of lubricant to a 
form, permitting their entrapment and filtration 
by the filtering material. The colloidal and sus 
pended impurities thus charged may be attracted 
to the filtering material, the electrostatic be 
havior of which in frictional contact with the oil 
differs from that of the clay, such attraction aris 
ing either because of the presence of an opposite 
electrostatic charge upon the filtering material, 
or by virtue of the development of an electro 
static polarization in the filtering material by 
electroStatic induction. This attraction of the 
charged impurities to the filtering material facili 
tates their removal from the body of lubricant by 
mechanical entrapment in the filtering material. 
That the clay acts upon the impurities in the oil 
in a manner rendering preferable the subjection 
of the oil to contact with the filtering material 
immediately after its contact by the clay and the 
subjecting of the oil to alternate contacts with the 
clay and filtering material a very considerable 
number of times is indicated by the superiority of 
the purifying action when the oil is subjected to 
a considerable number of alternate contacts with 
the clay and filtering material over the purifying 
action when the oil is subjected to the entire body 
of clay and subsequently to the entire body of 
filtering material. 
The particles of the clay, by virtue of their 

proximity to each other, also provide a filtering 
action for the oil passing therethrough. The 
lumps of mineral wool act to entrap and hold the 
solid impurities in the oil entering from the 
crankcase, and by virtue of the proximity of all 
its portions to portions of the clay, the lumps act 
to entrap and hold immediately after their for 
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nation the solid impurities resulting from the 
adsorptive action of the clay on the soluble and 
colloidal impurities in the oil entering from the 
crankcase. - - 

Fig. 4 shows an arrangement of two materials 
similar to that shown in Fig. 2 with the exception 
that the pellets or lumps of Fig. 4 are made from 
paper pulp instead of mineral WOOl. The pellets 
of paper pulp are indicated by the numeral 69 and 
are interspersed in a continuous phase of gran 
ulated clay 8. 

Fig. 5 shows a sheet of paper pulp 70 from 
which the pellets 69 are manufactured. The 
sheets of paper pulp are put through a hammer 
mill in which they are comminuted and from 
which they emerge in the form of relatively flat 
shredded pieces, shown in Fig. 6. These pieces 
vary greatly in size and shape, but due to the 
character of the action of the hammer mill, por 
tions of each of the pieces are characterized by 
a relatively looser relationship of the constituent 
fibers than is characteristic of the sheets of pulp 
paper from which the pieces 7 were derived. 
The pieces 7 are then run through a burr mill of 
the type used to grind grain, in which they are 
subjected to a compacting and rolling action and 
from which they emerge as paper pellets 69, 
shown in Fig. 7. These pellets are of innumer 
able shapes and vary somewhat in size. They 
are then Screened to remove dust and very Small 
pieces of the paper pulp. The average size of 
the pellets may be regulated by adjustment of 
the burr mill. The pellets 69 are characterized 
by compacted portions 72 in which the fibers are 
mutually interlocked in distorted shape and un 
der stress so that they tend to straighten out and 
So that they act as resilient bodies when brought 
into contact with neighboring pellets or contigu 
Ous material of another kind. They are also 
characterized by outwardly extending streamer 
like groups of fibers 2a of a loose, fluffy charac 
ter in which there exists little, if any, compac 
tion. 

Fig. 8 shows a fragmentary section of a pack 
29 in which the purifying material consists only 
of paper pellets 69. While a pack so constituted 
acts principally as a filtering material with very 
little adsorptive action and is consequently rela 
tively ineffective for the removal of soluble im 
purities and impurities in a state of colloidal sus 
pension, there are conditions under which it 
meets the purifying requirements of a given in 
Stallation. 

In order to attain a degree of adsorptive action 
for the purpose of removing soluble and colloidal 
impurities and thereby refining and decolorizing 
the oil, we may manufacture the pellets 69 from 
sheets of paper pulp in which during the manu 
facture of the pulp there has been incorporated 
in a uniformly distributed manner particles of 
clay or other adsorbent material. 

Fig. 9 illustrates a pack in which the two ma 
terials are sawdust 73 and paper pellets 69. 
With this combination of materials a high degree 
of filtering action is secured, but there is rela 
tively little adsorptive removal of the soluble and 
colloidal impurities. Such a pack is therefore 
adapted for conditions under which a high de 
gree of adsorptive action is not required. We 
use relatively coarse sawdust which holds the 
paper pellets in spaced relationship, increasing 
the availability of both their exterior surfaces 
and the interstices between their fibers for filter 
ing action. The sawdust also acts as a filtering 
agent. Since it is a relatively hard material, 



2,869,857 
when used alone in a pack, it presents a compact, 

5. 
of which extends in an unbroken manner en 

unduly impervious mass. This condition is ob 
viated by interspersing it with the pellets of 
paper pulp. There exists in a pack of this kind a 
mutual action between the two materials, each 
material tending to afford porosity to the other, 
rendering it more accessible to the oil and afford 
ing a more intimate contact therewith than if 
either material were used alone. Furthermore, 
the sawdust arranged as a continuous phase 
around the paper pellets forms a relatively rigid 
framework which prevents contraction of the 
purifying pack under conditions of use, with ad 
vantageous results to be hereinafter set forth. 

Mineral wool pellets such as are shown in Figs. 
2 and 3 may also be used without clay in a puri 
fying pack in an arrangement similar to that 
shown in Fig. 8 in connection with the use of 
pellets of paper pulp. When the pack consists 
thus of mineral wool pellets without other mate 
rial or of pellets of paper pulp or of Sawdust and 
pellets of paper pulp, the cheesecloth 64 and 
woven screen wire 65 may be omitted from the 
construction of the unit. These elements are 
provided primarily to retain within the outer wall 
of the pack the Small particles of granulated clay 
with which the pack shown in Figs. 2, 3, and 4 is 
filled, 
As any of the purifying materials above men 

tioned are being placed in the pack, we may add 
a small quantity of an oxidation inhibitOr, usu 
ally in liquid form, such as the trade preparation 
Alox.' Such inhibitors are now introduced into 
the oil when it is placed in the engine. By intro 
ducing the inhibitor into the material of a puri 
fying pack, the material of the pack becomes a 
mechanical carrier for the inhibitor, which is 
gradually fed therefrom to the oil stream and 
made available to perform its function. 
In those forms of our invention in which we 

combine a filtering and an absorptive material, 
the essential feature is the disposition of the two 
materials in separate masses Or aggregates so re 
lated to each other that a portion or a drop of 
oil is subjected to filtering and adsorptive treat 
ments in rapid alternation, in fact at times even 
subjected simultaneously to the two treatments. 
The essential characteristic of an arrangement 
to accomplish such a result is the disposition of 
the interface between a portion, aggregate, or 
mass of one material and a contiguous portion, 
aggregate, or mass of the other material so that 
oil may flow for at least a fractional part of the 
distance of its passage through the purifying unit 
along or longitudinally adjacent this interface 
and thereby be subjected to first one treatment 
and then the other, with the advantageous results 
which have been hereinabove pointed out in dis 
cussing the character and inter-relationship of 
the absorptive and adsorptive actions. 
In Fig. 12 we have illustrated an interface 76 

between a filtering material 84 and an absorp 
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tirely across the space within the pack through 
which the oil moves. . . 
In the first place, a premature sline.bed can 

not develop in the pack to stop the normal flow 
capacity of the device. If a slime bed forms in 
any portion, for instance, of the adsorptive clay 
material, the oil is free to by-pass through adja 
cent portions of filtering fibrous material on the 
other side of the interface. 
In the second place, those soluble and colloidal 

impurities which are adsorbed by the clay and 
then converted into solids in suspension are 
quickly entrapped by the contiguous filtering 
material on the other side of the interface. 
In the third place, fibrous material is always 
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tive material 85, the interface being arranged . 
with the oil flowing longitudinally thereof as 
indicated by the arrow 86. While the interface 

is shown diagrammatically in the drawings 
as an approximately straight line, in practice 
this interface will be characterized by curves, 
bends, and irregularities, which will promote 
rapid alternation of contacts with the two ma 
terials. Any arrangement of the two materials 
providing an interface thus related to the flow 
of oil possesses a number of advantages over 
the standard arrangement of the two materials 
in layers perpendicular to the flow of oil, each 
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laterally available to serve as traps for the sus 
pended solids of the incoming oil stream which 
might otherwise be entrapped by the clay par 
ticles. As pointed out above, all filtering mate 
rials have absorptive capacity to a limited ex 
tent. Bodies of clay particles tend to both ad 
SOrb Solid inpurities and filter in Soluble sus 
pended solid matter. Such filtration reduces 
their adsorptive power... By arranging the fibrous 
filtering material so that some portion of 
it is immediately adjacent and laterally contig 
uous to the adsorptive clay, the latter is pre 
Vented from being clogged by Solids which will 
interfere with its adsorptive action. 
In the fourth place, by arranging the two-ma 

terials in lateral juxtaposition with reference to 
the lines of flow of the oil, the resilient and 
Cushioning qualities of the fibrous material, 
Whether it be mineral wool, paper pulp, or other 
material, are exerted transversely of the flow 
of the oil, which is in a direction more apt to 
keep the material loosened for the flow of the 
oil than if the cushioning material were arranged 
in uninterrupted sheets across the lines of flow 
of the oil between contiguous layers of the less 
resilient adsorbent clay. . . 

It is also to be observed that as a fifth ad 
vantage this lateral arrangement of the two 
materials on either side of the lines of flow of 
the oil prevents the formation, under the influ 
ence of the vibratory shocks of the vehicle, of 
cracks or open channels through which the oil 
can race without being purified. 
In the sixth place, the pack, when the oil flows 

longitudinally of the interfaces between two ma 
terials, instead of transversely thereof, is ca 
pable of possessing a rigidity which prevents 
contraction of the pack as a whole, which is 
otherwise lacking. Thus, if one material be 
granulated clay or sawdust, either of which is 
relatively incompressible, and the other mate 
rial be a fibrous, relatively compressible mate 
rial. Such as mineral wool or a paper product, 
and the two materials be arranged with their 
interfaces longitudinal of the fiow of oil through 
said materials adjacent the interfaces, the in 
compressible material acts as a stiffener or strut 
or frame to prevent contraction of the fibrous 
material and contraction of the pack as a whole. 
Contraction of the areas of fibrous material is 
undesirable as it closes their interstices, lowers 
their porosity, and renders them ineffective for 
entrapment of solids. Contraction of the pack 
as a whole to a smaller volume is undesirable, 
for it varies the character of the purifying ac 
tion, by varying the rapidity of the treatment, 
varying the degree of purification for each pas 
Sage of the oil through the pack, and in other 
respects, 
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ferent compressibility are used in alternate lay 
ers with their interfaces extending transversely 
of the flow of oil, in the manner characteristic 
of the two-material purifiers heretofore used, it 
is apparent that the more incompressible mate 
rial does not in any way protect the compres 
sible material from contraction due to the para. 
tial collapse of its internal structure under the 
action of oil pressure, vibratory shocks of the 
vehicle, or the pressure applied when the mate 
rials are initially assembled in the pack. 

Furthermore, the tendency to contraction in. 
a pack of fibrous material alone has given rise 
to serious difficulties. This difculty is overcome 
in a purifier, made in accordance with our in 
vention by combining the fibrous material with 
a relatively incompressible material, which may 
or may not be relatively inert as a purifying. 
agent, the second material being arranged to 
present interfaces with the fibrous material lon 
gitudinal of the flow of oil. The second mate 
rial then acts as a protecting stifrener, resist 
ing contraction of either the fibrous material, 
or the entire pack, along lines longitudinal of 
the flow of the oil. If the general direction of 
the flow of the oil through the pack is horizontal, 
it is apparent that the second material should 
preferably surround the fibrous material on all 
sides to bridge the areas of fibrous material and 
protect them from contraction resulting from 
the Weight of the pack. If the general direc 
tion of the flow of oil is vertical, the zones, areas, 
portions, aggregates, or masses of fibrous mate 
rial may, if desired, extend longitudinally con 
tinuously of the pack from top to bottom, in 
horizontally lateral juxtaposition with similarly 
continuous columnar Zones, areas, portions, ag 
gregates, or masses of the second relatively in 
compressible material. 

Figs. 2, 3, and 4 show one arrangement of the 
two materials by which an interface arranged 
longitudinally of the lines of flow of the oil may 
be secured. Large portions of the exterior sur 
faces of each of the pellets contact the sur 
rounding granular clay to form an interface 
parallel to the lines of flow of the oil or at a 
Small angle thereto. But many other relative 
arrangements of the two materials will be char 
acterized by interfaces along which the oil can 
be caused to travel. In Fig. 10 we have shown 
One Such arrangement. The pack 29a shown 
in Fig. 10 is similar in its mechanical construc 
tion to that shown in Figs. 2 and 3. The con 
tents of the pack, however, are differently ar 
ranged. A preferably relatively thin layer of 
clay 4 rests upon the bottom wall 83 of the 
pack, and above it is disposed a similar, prefer 
ably relatively thin layer of mineral wood T4a, 
preferably separated from the clay by a disk of 
Woven wire 5. Successive layers of clay and 
mineral wool to the top wall 32a complete the 
pack. The layers of wool 4a may be of even 
density or may be in the form of lumps or pellets 

. Such as are shown in Figs. 2 and 3. . 
For clarity, the thickness of the layers 74 

and 4a is shown in the drawings in exaggerated 
form. In practice these layers are as thin as it 
is practicable to make them, in order to prevent 
any given portion or drop of oil passing unin 
terruptedly for any extended interval through 
either material. The same remark applies to 
the showing of the thickness of the layers and 
other masses of purifying materials shown in 
Figs, 11 and 13 to 16. 
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If, on the other hand, two materials of dif * Fig. 11 shows a pack like that shown in Fig. 

10 with the annular. layers of mineral wool or 
other fibrous filtering material omitted. In 
either of the packs shown in Figs, 10 and 1 the 
oil passes radially inwardly along the interfaces 
between the layers 74 and T4a of Fig. 10 or inter 
faces between a layer of clay 4 and an ad 
jacent woven wire disk 75 of Fig. 11. When the 
mineral wool is omitted, as in the construction 
shown in Fig. 11, the wire screen 75 is alone 
relied upon as a filtering material to entrap 
solid impurities. In either case, the oil as it 
passes along the interface or through a layer 
of either kind of material longitudinally of the 
interface, is free to move back and forth from 
one material to the other in accordance with the 
relative resistance of the two materials at vari 
ous points along the path of flow of the oil, and 
is thereby subjected alternately to the filtering 
and absorptive treatments. 
Many possible shapes of masses of the two 

materials grouped in many possible relative ar 
rangements can be worked out, all of which 
will provide an interface of the type shown in 
Fig. 12. This is true whether the oil flows 
radially inwardly or outwardly of a casing in the 
manner heretofore described, or whether the oil 
flows longitudinally of the casing from an in 
flow end to an outflow end and whether the 
casing is cylindrical or of some other shape. . 
In Figs, 13 and 14 we have illustrated one of 
the many possible constructions. In this pack 
rod-like masses of fibrous filtering material 
are arranged radially within a continuous phase 
8 of adsorbent material such as granular clay. 
To present an interface of the type shown 

in Fig. 12, it is not necessary that the interface 
between the two materials lie in the directional 
line between the points of entrance of the oil 

40 into the pack and the points of departure there 
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from. In Fig. 15 we have shown a spirally ar 
ranged layer of mineral wool or other fibrous 
material 79 and a contiguous, spirally arranged 
layer of adsorptive material 87 such as granular 
clay suitably supported and separated by Screen 
wire 8f and cheesecloth 82. The mineral wool 
or other fibrous material may be omitted, the 
screen wire and cheesecloth being relied upon to 
entrap solid impurities. In the initial stages of 
the use of a purifier pack constructed as shown 
in Fig. 15, the oil will pass radially inwardly 
from the space outside the pack to the central 
reservoir. As portions of the material become 
filled with impurities and resist the flow of oil 
therethrough, the oil will in increasing quan 
tities follow the spiral path afforded by the in 
terfaces 83 between the two materials and be 
Subjected to the two kinds of treatment. 

In Fig. 16 we have illustrated a pack in which 
the oil enters at One end of a cylindrical pack, 
flows generally axially thereof and leaves at the 
other end of the pack. To manufacture a pack 
of this kind, one, two or more very thin layers 
9 of mineral wool, or other fibrous filtering 
material, in either sheet or pellet form, and the 
same number of layers 92 of granulated clay or 
other adsorbent material, are laid alternately 
upon a flat surface preferably with a sheet of 
cheesecloth between each two layers. The as 
Sembled materials are then rolled Spirally and in 
Serted endwise in a cylindrical metal container 
94, the ends of which are perforated and the 
cylindrical sides of which are fluid tight. 
In order to move the oil longitudinally of the 

interfaces, if the two materials are so arranged 
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in any modified form of our invention that some 
of their interfaces are perpendicular or nearly 
perpendicular to the general directional lines of 
flow of the oil from the intake to the outlet of 
the pack, the alternate layers of adsorbent and 
filtering material are not extended entirely across 
the path of general flow of the oil, as in the con 
bined adsorptive-filtering purifiers heretofore 
constructed. The layers may be convoluted at 
the edges of the pack or may be interrupted at 
one or more points, whereby the oil may always 
be free to progressively move through the pack 
longitudinally of an interface when localized 
portions of one material or the other become 
clogged with an impenetrable slime bed. 
In those forms of our invention in which a 

fibrous primarily filtering material as for in 
stance mineral wool is used in combination with 
a purifying material having primarily adsorbent 
qualities, as for instance clay, we may, as has 
been above pointed out roll or tumble portions of 
the wool in association with the clay, in which 
case the pack is comprised solely of pellets. We 
have also described how we may impregnate pel 
lets of paper pulp with clay for use in a pack 
comprised solely of pellets. While these packs 
have the advantages arising from the presence 
of voids between the pellets, we prefer for most 
conditions to separately form the pellets of min 
eral Wool or paper pulp without clay impregna 
tion and then place both the clay and pellets in 
the purifying pack in the manner which has been 
heretofore described so that the pellets are in 
terspersed in the clay, the clay occupying the 
voids between the pellets and in places separat 
ing adjacent pellets so that they do not contact 
each other. We prefer this latter disposition of 
the two materials, because it affords superior fil 
tering action and superior absorptive action upon 
the oil. 
In this preferred disposition of the two ma 

terials, many separable particles of a single ma 
terial are contiguously assembled. It is apparent 
that an assemblage of a given number of fibrous 
resilient particles of mineral wool, for example, 
possesses entrapment qualities and resilient qual 
ities in far greater degree than if that number 
of particles Were intermingled with particles of 
a non-fibrous, non-resilient character like sand, 
clay or carbon, in such a manner that many of 
the fibrous resilient particles are in contact with 
and surrounded by the non-fibrous, non-resilient 
particles. f 

The entrapment capacity of the wool depends 
upon the Voids between the interlaced elongated 
wool particles. If these voids are filled with clay 
particles the entrapment capacity is greatly re 
duced. 
The resilient character of the wool depends 

upon the freedom of the individual elongated 
particles Of Wool to be flexed to a condition of 
stress by external pressure. If the voids between 
the wool particles are filled with clay, it is ob 
vious that each individual Wool particle is to a 
arying degree supported against the flexing ac 

tion of an external pressure, and that, to that 
extent, it cannot cooperate With other wool parti 
cles to impart the quality of resiliency to the 
assemblage of Wool particles as a whole. 
The adsorbent capacity of the clay is also 

markedly decreased by the presence between the 
individual clay particles of wool particles. While 
the wool particles interlaced with the clay parti 
cles have a decreased entrapment capacity, they 
yet, in association with the clay, which has per 
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se entrapment capacity in low degree, will catch 
and hold sludge and other similar solid impurities 
in the oil stream in sufficient quantity to retard 
the flow of oil past the surfaces of the clay 
particles, reducing the rapidity of the adsorption 
of solutes from the oil stream. These entrapped 
Solid impurities will also overlie portions of the 
Surfaces of the clay particles, reducing their cas 
pacity for adsorptive action. . . 
We accordingly prefer to dispose the individual, 

integral, separable, fibrous, resilient, primarily 
filtering particles in homogeneous assemblages or 
collections of substantial thickness, in which 
there are substantially no particles of clay or 
other primarily adsorbent refining material and 
to dispose the individual integral separable parti 
cles of clay in homogeneous assemblages or col 
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lections of Substantial thickness, in which there 
are substantially no primarily filtering particles. 
We accomplish this by interspersing pellets of 
wool, paper, or other similar material in the clay 
or other adsorbent, as shown in Figs. 2, 3, and 4, 
or by arranging the two materials in alternating 
areas or portions in the form of transverse lay 
ers, longitudinal columns, or the like, as shown 
in Figs. 10 to 16. 
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In all of these relative dispositions of the two 
materials substantially all the particles in any 
given pellet, area, portion, layer, or the like are 
of the same material. It will also be observed 
that the internal void Space within any one por 
tion, whether that portion be a pellet of mechani 
cally separable fibrous particles of mineral wool, 
paper, or other material, or be an assemblage of 
mechanically Separate or separable particles of 
clay or other material, is made up of Void pas 
sages which extend continuously around the 
particles of the portion from any point on its 
periphery to any other point thereof and com 

40 municate with each other at many points in the 
labyrinthine like manner of the void space of a 
SpOnge. 
We have used the Word "particle' in this ap 

plication to mean an individual integral Solid 
body of matter, all portions of which molecularly 
cohere in Such manner that no portion is Sep 
arable from its contiguous portions except by a 
severance of a character to break the cohesive 
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bond, and to which no other portions of matter 
thus cohere. As thus defined, the Word "particle' 
defines a single grain of sand, a single granule 
of clay, a single fiber of mineral Wool, a single 
fiber of cotton, wool, or paper. It is not used to 
define and excludes a group of several grains, 
granules, or fibers held together solely by ex 
ternal pressure, by adhesion, by a liquid or Solid 
bond, by mechanical interlacing or entanglement, 
or by other means permitting Separation of the 
several grains, granules, or fibers from each other 
without disruption of a cohesive bond. 
We claim as Our invention: 
1. In an oil purifier, the combination of: a 

container; a first purifying material within Said 
container comprising separately formed paper 
pellets, said pellets being constituted to substan 
tially retard the flow of oil therethrough and ex 
ercise a substantial filtering action upon the sus 
pended solid impurities in the oil; a Second puri 
fying material within said container comprising 
an adsorbent material, said material being Con 
stituted to substantially retard the flow of oil and 
exert an adsorptive action upon the soluble and 
colloidal impurities in the oil and arranged in a 
continuous phase about said individual Ones of 
said pellets, said second material consisting of 
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contiguously disposed, shape-retaining, relative 
ly incompressible particles; and means for pass 
ing oil through said first and second purifying 
materials in said container. 

2. In an oil purifier, the combination of: a 
container; a plurality of paper pellets within said 
container, said pellets having a reiatively con 
pact central portion, the particles of which are 
inter-related to provide resiliency to the pellet 
as a whole, and relatively loosely disposed fibers 
extending outwardly from said compact central 
portion; and means for passing oil through said 
paper pellets in said container. 

3. In an oil purifier, the combination of: a 
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container; a plurality of separately formed pellets 
of lacerated paper within said container, each 
of said pellets having a relatively compact mat 
ted central portion and having loosely disposed 
fibers extending outwardly from said compact 
central portion; sawdust arranged as a continu 
Ous phase around said pellets in said Container 
to cooperate with the walls of the container to 
hold said pellets in distributed positions; and 
means for passing oil through said paper pellets 
and sawdust in said container. 

JOHN K. RUSSEL, 
writrars.coins. 
WATER, W. BOGGS. 


