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95
An industrial oil reconditioning é B
system forces dirty oil through a three-
stage filter (84) which usually includes a -

first stage (122) comprising a blend of
relatively flexible fibers (124) and rigid
fibers (126), a second stage (120) which
is all flexible fiber material, and a third
stage (112), preferably of animal fiber,
As the oil is forced through the system,
under pressure, the fibers of the first
and second stages are compressed. The
fibers of the first and second stages are
cut to a length which causes a weaving
or matting during the compression to
prevent channels from forming in the
filter through which oil might pass wi-
thout being cleaned. The heat of the oil
may be precisely.controlled at different
points in the system to thin the oil, to
break emulsions, and to vaporize conta-
minant fluids with heaters (91, 92). The
filtering materials and temperatures
may be varied depending upon the type
of oil and contaminants being proces-
sed.
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OIL RECONDITIONING SYSTEM

This invention relates to oil reconditioning
devices and more particularly to systems for cleaning
both solid and fluid contaminants from any of a great
variety of oils -~ especially, but not exclusively,
industrial oils.

Glen R. Priest is named as the inventor of
oil filters shown in U.S., Patents 3,915,860 and 4,006,084
which may be used on or in connection with internal
combustion engines, Therefore, these filters operate
in an environment which is different from the environ-
ment of other filters that are used to clean and
recondition industrial oil.

One problem which ié encountered in the Priest
filter is sometimes called "channelling". A channel
could be defined as a path of least resistance through
a filter, through which o0il can travel without being
cleaned. The low resistance enables a faster flowing
current of oil, which leads to a void or channel with
no filtering effect. '

More particularly, the Priest filter uses a
fibrous filter (cotton) through which the o0il must
pass, as it is pumped under the engine oil pressure.
The flowing oil finds the path of least resistance
through the cotton fibers, where the oil flow rate
increases. Since the faster flowing oil has a greater
force, it tends to push away the cotton fibers and
thereby further reduce the resistance to the oil
flowing through the forming channel. As the flow rate
increases, one or more channels could eventually open
through the fibrous filter. Then, the filter loses
its effectiveness and must be replaced.

Another problem with the Priest filter is
that it works well when used in connection with an
internal combustion engine, but it is not too well-

suited for continuously processing industrial oil,
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More particularly, when the Priest filter is used on
an internal combustion engine, the oil reaches temper-
atures above 400°F and there is mechanical friction be-
tween the piston and cylinder walls. This cracks |
the oil and tends to re-refine it, which is important
to Priest because the heavy hydrocarbon engine oil be-
comes contaminated with the light hydrocarbon fuel,
which means that light and heavy hydrocarbons become
mixed. The cracking removes carbon from the un-
wanted light hydrocarbon, and the Priest filter re-
moves that carbon. Since the Priest filter contin-
uwously works on the same oil, the unwanted light
hydrocarbon contaminant is progressively removed from
the wanted heavy hYdrocarbon. _

The industrial oils are not likely to become
mixed with other hydrocarbons and do not require one
hydrocarbon to be separated from another hydrocarbon.
Hence, the cracking and re-refining are irrelevant to
the processing of these oils. Instead, industrial oils
tend to become contaminated with emulsified liguids
(usually water) and solids, Therefore, an industrial
0il reconditioning system is directed to breaking up
the emulsion. Since emulsions do not occur in inter-
nal combustion engines, the Priest filtering system
is not designed to break the emulsion. TIf an attempt
is made to use the Priest filter for reconditioning
an industrial oil, it does not perform adequately
and successfully over a practically useful period of
time. _ : |

Unlike the limited amount of oil in an in-
ternal combustion engine, industrial oil is not utili-
ized as a small batch of oil and is not usually re-
circulated continuously through a filter. Therefore,
an industrial oil-filtering system is not adapted to
continuously reprocess the same batch of oil. Rather,
an industrial oil filtering system must reprocess and

clean the oil entirely on a single pass through the

system.
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A number of U.S. patents (2,330,211;
2,347,384; and 3,145,17Q) show various combinations
of materials such as: ramie, jute, cotton, wood
pulp, wood shavings or chips, rice hulls, and the
like. Use of these materials presents a number of
problems. Many of these materials, such as wood, add
contaminants, such as turpentine, for example, which
tends to be more serious than some of the contaminants
which are being removed from the oil. Other of the
materials, such as rice hulls, deteriorate and add
particulates to the oil instead of removing them,
Still other of the materials, such as jute, could
have extremely long, coarse fibers which extend all
or part of the way through the filter. The processed
oil will then follow the fibers, almost as if they were
pipes which guide and direct the flow of the oil.
Still other material, such as too finely divided
wood pulp could compact into such a dense filter that
the oil cannot penetrate it, for all practical matters.
Thus, the known blends have not been satisfactory.

Therefore, an object to the invention is to
proyide oil reconditioning systems for cleaning and
processing the oil, preferably in a single pass
through the filter. Here an object is to provide
such systems for use with any of many different forms
and types of oils, especially industrial oils, hydraulic
fluids, and the like., '

Another object of the invention is to provide
new and improved fibrous filters which do not channel,
especially -- but not exclusiyely -- for the use in
a Priest type filter,

Still another object of the invention is to
provide new and improved multi-stage oil filters which
can be manufactured without the use of sophisticated
rag-packing machinery,

Yet another ohject of the invention is to
proyvide new and improved oii filters which insure that
all of the oil is distributed uniformly throughout
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the filter.

A further object of the invention is to
proyide new and improved filter material, especially
for reconditioning industrial oil, which filter

5 material does not add chemicals or contaminants when
used in its natural state.

Another object of the invention is to pro-
vide new and useful filter material which mechanically
polishes molecules to remove dirt clinging thereto, .

10 in addition to removing contaminants.

In keeping with an aspect of the invention,
these and other objects are accomplished By a system
which forces oil through a three-stage filter that
includes two stages of fibrous packing materials, and

15 a third stage of animal fibers. The first stage of
packing comprises a mixture of flexible and rigid
fibers. The flexible fibers may be a cotton-polyester
blend and the rigid fibers may be wood, for example,
The second stage ‘includes only that the flexible fibers

20 (cotton-polyester blend, for example). The third
stage includes only animal fibers, such as wool felt.
The o0il compresses the fibers of the first and second
stages until the compression forces within the packing

- materials become egqual to and are overcome by the

25 oil pressure. Then, the oil flows through theftbree
filter stages, in series., Thereafter, the oil flows
from the filters and through a zero humidity chamber -
vhich yvaporizes any liquids capable of separating from
the oil  (such as water), which have become mixed

30 with the oil, Materials can be cleaned with one pass

' through the system. The system includes controls,
conduits, and the like for enabling the oil to pass
through the filters at the prescribed rates and temper-
atures, : .

35 The flexible fibers of the first and second
stages may be threads made of a cotton-polyester blend
which absorbs contaminants directly and also separates

contaminants hy mechanically polishing molecules of
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the substance being filtered. "The rigid fibers of the
first stage are preferably aspen wood,,since.it is a
material which does not give off contaminants. Each
filter stage may be made by mixing the appropriate
fibers very loosely, as by blowing them simultaneously
into a container and there allowing them to settle
under gravity. As these air-laden fibers settle, they
tend to lie horizontally in a random weave pattern.

As they afe compressed by the pressure of incoming

0il, the fibers tend to be tensioned, and thereby

weave thémselves together into a mat. The quality

of the mat is determined by the length of the fibers.

If the fibers are too short, they become overly compact.
The oil will only pass through the filter stage slowly,
under great pressure, If the fibers are too long, they
do not tend to become tensioned correctly and, there-
fore, leave loose strands which the oil follows and
forms a channel through the fibers., Thereafter, the
0il passes through the filter stage without being cleaned.

The invention uses no chemicals or liquids
or any other foreign material except for a cotton-
polyester blend thread, aspen wood fibers, and a felt
disc. With this unique design, industrial oils
may be returned to a useful condition with all of the
original additives still intact. Solid and water
contaminants are removed, including emulsified, finely
divided and suspended water, Thus, industrial oil can
be restored to an operational condition from any suit-
able storage container,_tahk,,barrels, pits, etec. It
is not necessary to have the industrial oil circulating
through the  machine,

Another unique feature of the inventive de-
vice is that all of the contaminants are removed from
the industrial oil in one pass through the equipment.
It is not necessary to pass the industrial oil through
the equipment time and time again, as is usually
necessary‘in prior devices,

A preferred embodiment of such an oil recon-
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ditioning system is shown in tﬁé'attached drawings, in
which: )

Fig. 1 is a perspectiye view of the inventive
oil reconditioning system, with two access doors open;

Fig. 2 is a perspective view of the same
system with all access doors and panels removed; and

Fig. 3 is a cross~sectional view of a modi-
fication of the Priest filter, using the inventive
filtering material,

The principal parts of the inventive machine
(Fig. 1), include a free standing cabinet 20 mounted
on a fork-lift truck pallet 22, which may Be supported
by casters, such as 23, The cabinet 20 includes a
control panel 24, a filtration cabinet 26, and a
resexvoir 28 for receiving and temporarily storing
the clean oil,

The control panel 24 includes a combination
of levers and push buttons for commanding system
performance and of associated lights for indicating
the system operation and performance. In greater
detail, a lever 30 .is provided to switch power off and
on. Once power is switched on, a filtering cycle
begins when a start push button 32 is pushed, and an
associated lamp 34 lights'to indicate the at the filter-
ing system is in operation. A push button 38 may be
pushed to delay or stop the filtering any time during
a filtering cycle, which is indicated by a 1lit lamp 40.
To restart during the cycle while lamp 40 is 1lit, a
restart push button 42 may be pushed.

If any pﬁoblems should occur, the filtering
machine may be stopped by an emergency stop button 44,
and a lamp 46 lights, One or more lamps 48 light to
identify any emergency problems, such as: high pressure,
low pressure, or high temperature and a suitable audible
signal is given By horn 43, to indicate the.existence
of an emergency condition.

During flltratlon, the invention contemplates
a use of a number of different heating elements which

OMPI
. TWIPO
Y. WIPO
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may be individually selected by" pushing one or the
other (or both) of the push buttons 50, 52, thereby
giving low, intermediate and high temperatures, ‘Of
course, any suitable continuous or graduated heat

5 selection may also be provided. Lamps 54, 56 light to
indicate the level of the heat which is selected by the
operétion of the push Buttons 50, 52. A pair of
lamps 58, 60 light to indicate that the cabinet is
adequately grounded. These two lamps 58, 60 are

10 provided. to increase reliability through redundancy.

As the reseryoir 28 is filled, a push button
62 may be pushed to pump the reconditioned oil from
the filtering system into any suitable container (not
shown), which ends the processing of the oil in the

15 inventive system. Lamp 63 indicates that the reser-
voir is emptying.

If it should become necessary to replace
the filters or to clear out the system, push Button
64 is pushed and the system is reverse pumped. A

20 lamp 66 lights to indicate that the system is being
pumped out. '

To facilitate a proper operation of the sys-
tem, the user is given vyisible readings of temperature
at gauge 68 and oil pressure at 70. Meter 72 records

25 . the total volume of -oil that is processed on an odometer
type of display device, The total elapsed time
during which the system operates is displayed at 74.
These volume and time readings may be used for billing,
production control, or the like.

30 Compressed air from any suitable source may
be introduced into the system at a fitting 76 in order
to provide the pressure to assist in removal of the
fibrous filter material, An electrical convenience
outlet 78 enables any suitable equipment to be powered.

35 Normally all of the system is enclosed with-
in a locked housing comprising removable access doors
and panels, two 80, .82 of which are shown opened in

/(/gﬁiﬁizﬁ‘\\

Fig, 1. If each of these doors and panels is re=-
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moved, the filtration system is* exposed (Fig. 2).
preferably, -all electrical components in the entire
system are made explosion proof.
Pour filters 84, 86, 88, 90 are provided
5 to be used either sequentially or in parallel to
increase the time period between filter replacement
or the flow of processed oil per unit time. That is,
filter material may be replaced 'in all four filters
g4, 86, 88, 20 and then each may be used in succession,
1a with one filter taking over as another filter becomes
fully contaminated. Thus, the period Petween main-
tenance calls may be up to four times longer than it
would be, if the filter material.must be replaced immed-
iately after it has hecome contaminated, in any ‘given
15 filter, If-all four filters are operated simultaneously,
four times as much oil-is processed, per unit time,
as would be processed hy a single filter acting alone,
Of course, various mixes may also be used where, say,
two or three filters are used simultaneously. Or
20 one filter may be used at one time and a multiple
number of filters.may be used at another time.
Fach of the four filters 84, 86, 88, 90 has
an identical structure (Fig. 3) which is similar to
the Priest filter shown and described in U.S. Patent
25 4,006,084, Howeyer, the inventive and Priest filters
are different in that Priest has only one heating
element 91, which does not give a selective multi-
plicity of heating ranges. -The invention introduces
a second heating element, at 32 in order to give three
30 separate heat settings and, therefore, a more precise
control over the heat. The electrical connections
are made to these elements via an explosion proof
box 140, as symbolically shown at 141, 2Any suitable
number of elements, or a continuously variable element
35 may be used. These heating elements may be plug-in .
units to facilitate an easy replacement thereof. The
0il being reconditioned never comes into contact with
the coils; therefore, the heat of the ceil has no
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effect upon additives which may be intentionally
combined with the oil. There are also differences
in the filter material 93 used in the filter and in
the response of the filter to a cleaning of the oil.

Since most of the structure shown in Fig, 3
is already described in the Priest patent, the follow-
ing description will be brief.

The filter housing comprises a lower cup
shaped member 94 closed at the top by a 1lid or top 96.
The 1id is secured to the cup-shaped mémber by a hoop
97 having a generally C-shaped cross section for em-
bracing outstanding peripheral lips on the cup and
top. The hoop is secured in place by passing a bolt
through outstanding ears 99 on the hoop and attaching
a nut 95 onto the bBolt., In one particular embodiment
actually built and tested, member 24 is l8-inches in
diameter and 42-inches high. O0il enters an orifice
98 at the bottom of the cup shaped housing 34, flows
upwardly through fibrous filter materials- 923 and 112,
a perforated plate 100, exchange cavity 102, perfor-
ations 104, a vaporization chamber 106, and out an
outlet” 108, The perforated plate is- -attached to the
bottom of a stepped metal member which is attached
to the cup-shaped housing by a plurality of radially-
extending bolts, one of which is seen at 113.

Vapars "and gases vent out of an opening 110
at the top of the chamber 106. A ball check valve
111 in the opening enables. hot gas to escape but
floats to the top to prevent oil from escaping. A
dust cover 102 closes the top of the opening 110
to keep out foreign objects while allowing hot gas
to escape. )

The cup-shaped housing 94 is filled with
three separate filter stages. When oil first enters
orifice 98, the fibrous filter 93 is dry and resists
wetting, so that no oil passes through it. Accordingly,
the inflowing oil is initiglly confined in the housing

space 116 below the filtex material 393. As the oil e
- . ) BUREAT
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continues to flow into space 116, the dual filter
material 93 is compressed as it is squeezed upwardly,
to reduce the interstices between the individual
fibers of the filter material. As will become more

5 apparent, the squeezing together of the filter fibers
tends to compress and tension them to produce a
randomly woven mat.

Eventually, the filter material 93 compresses

into a fairly dense mat with the fibers overlying and

10 weaving between each other with the fibers in tension.
The resistance to oil- flow is approximately the same
force as the force which is being exerted by the press-
ure of the o0il which continues to be pumped through |
inlet 98 and into the housing chamber portion 116.

15 After this pressure equilibrium point is passed, the
chamber 116 pressure forces the oil to enter and pass
through the dual fibrous. filter 93. The various
parameters of pressure, fiber length, mat density, etc.
are correctly interrelated when the lower surface of

2Q filter material 122 remains parallel to the bottom
of the housing (i.e.; the two sides of area 116 are

. parallel when the filter isrcompressed).
In one embodiment, oil passes through the
filter material 93 when the pressure chamber 116 is at

25 6Q PSI; however, higher pressureé may produce superior
results, but finer mesh filters might then be desired.
Any suitable pressure could be used if the diammeter
of the chamber is suitably changed. This chamber 116
pressure wets the filter fibers and enables the oil

3Q to flow smoothly into and out of the filter. Then,
if desired, the incoming oil flow may be reduced
sharply without causing the filter material 93 to lose
its compression, A reduced flow may be desired if the
oil should remain in the filter 84 for longer periods

35 of time,

After the oil is forced through the filter
material 93, it enters the felt pad 112, The felt pad
112 aksorbs small particulate matter and water from the
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oil; and also prevents fibers from being carried away
from the fibrous filter material 93 by the oil.

After the oil is forced through the felt
pad 112, it enters chamber 106 which is heated to a
temperature which is high enough to cause a zero
humidity within the chamber and vaéorize the water,
if any. The temperature established in chamber 106
depends on the type and amount of contaminant and
the type of oil being processed. Usually the contam-
inant is water, in which case zero humidity is achieved
when the temperature of chamber. 106 is about 180 to

250 degrees fahrenheit. When water is present in a

" zero humidity environment, it becomes a vapor and does

not condense into water,

The actual temperature of the oil in the fil=
tration system must not be high enough to result in a
loss of desired additives intentionally mixed into
the oil, which additives might tend to be damaged or
destroyed at higher temperatures. On the other hand
the temperature should be high enough to thin the
011 and get a better il flow,

In order te control the heat in the vapor
chamber 106, the inventive filter 84 has a plurality
of heating elements, More specifically, in this
particular embodiment there are two heating coils 91
and 92 which may be selectively energized to give
any one of three different heat levels (i.e. either or
both coils may be enexgized either individually or
together to give three heat ranges which are all
flexible) .

Preferably, the three-stage filter material
93 comprises stage 122 which is a mixture of flexible
and rigid fibers, stage 120 which is exclusively
flexible fibers, and stage 112 which is wool felt.
The flexible fibexrs 124 are preferably a bBlend of
cotton and polyester origin and the rigid fibers 126
are of wooden origin. The exact nature and propor-
tions of the material used may vary with the type of
oil that is being processed.
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For the first st;ge'lzz,.tﬁe flexible and
rigid fibers are first separated into their indivi-
dual fibrous states, from which they may be mixed by
being blown together in a common mixing chamber. The
ratio of the flexible to rigid fibers may Be selected
according to the specific needs that are being met by
the filter. In one embodiment. for reconditioning and
cleaning hydraulic £luid, which was actually built and
tested, with excellent results, the ratio was 60%
cotton and 40% wood fibers,  Usually, it is thought
that the wood fibers will not exceed about 50% of the

total volume of material 122,

In an embodiment whicthaS“made and success-
fully tested with industrial oil, the first stage in-

"cluded approximately twenty-eight pounds of a carefully

blended material of gpproximately 60% white cotton-
polyester blend éhread material cut in strands, each
approximately 3 -inches in length. The other 40% of the
blend is aspen. wood fibers, each approximately 3 inches
in length.and 9/1Q0Q “inches in diameter, The rigid
fibers may be visualized by thinking of three-inch-long
pieces of the excelsior similar to that which is

widely used as a shock=absorbing material for packing
fragile items,  Aspen wood is preferred because it

has inherent qualitites which allow it to be compressed
and to pass hot oil without leaching contaminants

such as turpentine, and the like, into the oil. The
main function of the aspen wood fibers is to create

a tumbling action of the oil molecules, which is
necessary to break the-emulsified, finely-divided

and suspended water from the oil.

The more or less uniform length of three
inches for all,fibers is selected to cause g better
weaying. That is, asg the flexible and rigid fibers
are blown from separate sources into a heap of random-
ly fallen fibers, they tend tqQ overlap and thread
through each’ other, .Under gravity, they all lie
hori?QntallY in a lodsely and randdmly woven pattern.

OMPI
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Since all threads and fibers are approximately the
same length, the probability of random distribution
leads to a weave which is uniform throughout. The
three~inch length was selected for the described
embodiment on a basis of the internal diameter of
the filter housing. In the same embodiment, the second
stage has twenty-eight pounds of 100% white cotton-
polyester blend ﬁh;ead cut into strands approximately
3 inches in length, The 100% white cotton-polyester
blend thread is cut into this size because it enables
a complete seal te form against the vessel walls,
when compressed under pressure, If this complete
seal is not made, channeling may occur which would
render the il unsuitable,

Once a tumbling action of the oil is created
in the first stage, the second stage polishes the oil
molecules and absorbhs the water which has been released
from the oil during the tumbling action.

The third stage was a pad consisting of fibrous
wool felt, which meets the specifications promulgated
in Class 17R2 of the Wool Felt Specifications and Data
of the Northern Textile Association.(NTA). The NTA
Class 17R2 corresponds to SAE No.F26 and ASTM-CF 206
classification 8R5., It is composed of a minimum fiber
basis of 45% wool content, a maximum of other fibers
of 55%, and a minimum chemical basis of 40% wool content.
It displays the following chemical properties: a
maximum chlorothene solubility of 8.0% and a maximum
water solubility of 6,0%, for a total chlorothene/
water solubility of 14.0%, It also has a maximum
ash content of 5.,0%, The density of the wool felt
is 10.6 1h,/cu, ft, The pad is normally grey. 1In the
preferred embod;ment,.the thickness of the pad is one-
half inch thick, although that is not necessarily too -
critical, and a range of 0,125 to 1 inch thickness is
contemplated; _

In general, the principles are that the
molecules of the fast flowing oil strike the rigid SUREA [

OMPI
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aspen fibers from which they ricochet and are deflected
in random directions, The impact between the molecule
and the rigid fiber causes the oil to tumble and has
an effect which might be thought of as polishing the
molecules of oil to mechanically rub off the physical
contaminants. Also, with the ricocheting, there is
no steady stream of oil flowing through a single path
of least resistance to push fibers aside and create a
channel through the packing material. Rathexr, the
ricocheting molecules bombard each flexible fiber from
almost all directions, whereby it tends to remain more
or less tensioned and fixed in its original peosition
within filter material 122,

After the oil has travelled a discrete
distance through packing material 122, the flow smooths
out so that substantially the same amount of oil flow-
ing through any one given area of the filter also
flows through all other given areas of the same size.
For example, a fast flowing stream of oil directly
in front of orifice 98 tends to have more force than
a sluggish stream in some other area, such as, say, a
quarter inch in from a side of the container 94. If
so, there could Be a tendancy for channeling to occur
directly in front of the orifice 28.

The rigid fibers 126 prevent this channeling,
But it cannot affect the pressure of the oil stream
directly in front of the orifice 98.° Therefore, .
different amounts of qil enter the filter material
122 at different speeds across the surface where the
0il in chamber 116 meets filter material 122.
However, the higher velocity of the oil in the area
directly in front of orifice 28 causes a greater
dispersion of the molecules, which ricochet at higher
velocity than occurs in the areas where the oil flow
is more sluggish, Also. the ricocheting, fast flowing -
molecules drive adjacent-slower flawing molecules
sidewise to divert them and better distribute the
force of the flowing eil. A result is that the oil
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flow reaches substantial uniformity across the entire
cr055esec£ion of the filter material 122.

The length of the fibers of the first and
second stages is also important to prevent channeling.
The fibers must Be lang enough to mat down and randomly
weaver under pressure, but not s0 long that oil can
flow continuously through the filter stages along
a single fiber, thereby creating a channel. It is
expected that the length of the fibers will be approxi-
mately 1/6 of the diameter 6£ the filter housing, but
in no event will the fibers be so short that they
do not weave when they- are compressed, or longer than
the minimum height of the filter stage 122 when it is
at its maximum compression. The rigid fibers should
be approximately the same length as the flexible fibers,
to create a consistent weave., As noted above, a
charadteristic of a filter with fibers having a correct
length is that the bottom of the compressed filterx
(i.e., the interface between areas 93 and 116 in Fig.
3) is parallel with the Bottom of the housing 34.

The most uniform parallelisn indicates the Best charac-
teristic of the filter material. The effectiveness

of the filter is improved if the fibers are kept dry
both when the filter is originally formed and there-
after while the filter is stored and Before it is put
into use. |

Excessive moisture in the fibers may lower
the equilibrium pressure at which oil begins to pass
through the system. This would result in less compres-
sion of the fibers, which reduces.the effectiveness of
the filter, Therefore, beginning just before manufac-
ture and continuing through the insertion of the filter
into the housing 94, the filter must be kept dry, at
all times, ’ '

It is thought that the remaining components
in the ‘inventive system (Fig. 2) will be understood
best from a description of how the system operates,

The oil to be reprocessed reaches a holding tank

PCT/US79/00525
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(not shown) at any convenient 1bdation, From there, .
it is conveyed through any suitable hose, pipe, .
or -the like 128 (Fig. 2) into a heater 130 which in-
cludes a tank that is large enough to insure that the
oil will reach a predetermined temperature Before it
is delivered to the filters, Thus, the oil flows
continﬁously into heater 13Q at an ambient room tempera-
ture and continuously out of the heater at a predeter-
mined higher!temperature'(such at 1ll0-degrees fahrenheit,

‘for example), A pump 132 draws the oil through the

heater 130 to a manifold 134, - A thermocouple 136
monitors and controls the heat of the incoming oil,

Valves (not shown) are selectively operated
in manifold 134 in order to select one or more of
the filters 84, 86, 88, 90, Depending upon such valve
settings, oil flows from heater 30, through manifold
134, and via orifice 28 (Fig. 3), into filter 90, for
example. A check yalve 135 (Fig, 3), prevents the oil
from flowing out a compressed air intake line.

Switches on control panel 24 (Fig. 1) are
operated to heat the yaporization chamber 106 (Fig. 3)
to a specific temperature yia electrical connections
made through the junction box 140 (Fig. 2). A suit-
able flow meter 142 sends electrical pulses to a flow
meter 72 (Fig. 11 for recording the total amount of
oil that is processed,

The oil flows through the filter 90 (for ex-
ample) during a period which might be in the order of
a half of a minute, in some systems.. The reconditioned
and clean oil leaves the active filter by gravity
flow into the reservoir 28, which is a buffer stofage
unit. Pump 144 draws the oil from the reservoir and
delivers it to g final storage unit. A pair of float-
controlled switches 146, 148 measure and detect upper
and lower levels of 0il stored in reservoir 28, When
the reprGCQSSed 0il rises to operate the lower level
switch 148,-piljis pumped from the reservoir 28 to any

location, as may be desired, - If the system bBacks BURE,

’ OMPI
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up, the upper float-controlled switch 146 operates
to stop the reprocessing system, Pump 144 may be
either manually or automatically controlled,

Eventually, the filter material 93 (Fig. 3)
becomes contaminated, In one embodiment actually Built
and tested, this contamination occurred after 200Q
to 4000 gallons of oil had been processed, The first
step in filter matexial replacement is to operate push
button 64 (Fig, 1) to reverse pump all oil from the
system. To prevent the filter material 124, 126 from
entering the inlet 98 during reverse pumping, a suitable
screen (not shown) is positioned over the filter end
of filter 98,

' Assuming that the filter material 93, 112
(Fig. 3) is to be replaced in filter 90 (Fig. 2), the
nut 95 (Fig. 3), and then hoop 97, are removed. The
1id or top 96 is lifted off the housing 94, The radial
bolts 113 are removed,_togethef with all of the inter-
nal filter parts down to the plate 1a0. Next, a valve
(such as lSZ_Fig; 2) is gperated on a compressed air
manifold 154, Compressed air introduced into the
system at 76, is fed through a pressure controller
156 and the operated manifold valve 152, to an input
158 (Fig. 3) at the bottom of the cup~-shaped filter
housiné 4. A check yalye 16Q prevents the compressed
air from feeding back through inlet 98 and into the
oil deliyery systemn,

Compressed air entering the filter housing
chamber 116 blows the dual filter material 93 and felt’
pad 112 either entirely out of the cup-shaped housing
94 or into a position from which it may easily be
lifted out,. _

Then, a fresh supply of dry filter material
93 and a new felt pad 112 may Be placed into the bottom
of the housing 94, If desired, the material 93 may be
precompressed to approximately the volume which it S
has after the oil has entered into chamber 116 in

sufficient quantity to wet and flow through the filter ~RURE4y
- , OMPI
WIPO
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material 93, An advantage of such precompression is
that material 93 'is easier to handle and that the time
required for oil to wet the filter material may be
reduced sharply. |

In any event, whether precompressed or not,
the filter material 93 is placed in the bottom of the
cup shaped housing 94. The parts of the filter above
felt pad 112, which were previously removed, are re-
turned to their installed positions as shown in Fig. 3.
Then, the bolts 113, hoop 97, the bolt and nut 95 are
replaced and tlghtened - The system may now bBe returned
to operation. - } ‘ :

- The advantages of the invention should now
be clear. The ability to recondition "dirty" oil re=-
sults in a substantial savings for a critical natural
resource which is in short and diminishing supply. 1In
one case, the noyel inventiye filter material was

found to have approximately 800% of the service life

~ of the original Priest filter material, Also, the

invention has made it possible to continuously process
industrial oils- (as distinguished from the repeated
batch processing of a limited amount of engine oil),
The separate and controllable heaters 91, 92 (Fig. 23)
and 13Q (Fig. 2) of the inventive system may be co-
ordinated and indiyidually controlled to process any
of many different types -of oils, as distingquished
from the single oil-type filtering performed by the
Priest filter, C

' Those who are skilled in the art will readily
perceive how changes may be made in the disclosed
structure and methed. Therefore, the appended claims
are to be construed to cover all equivalent structures
falling and methods within the true scope and spirit

of the invention,
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‘I CLAIM:
1. A continuously flowing industrial oil cleaning and
reconditioning system comprising means for contin-
wously pumping industrial oil through said system,
means for preheating incoming oil to a predetermined
temperature, filter means including a blend of flexi=
ble and rigid excelsior-like fiber material, said
filter means being coupled to said o0il heating means
for causing all of said oil to initially flow through

.said blend of fibrous material to mechanically clean

said oil, vaporizing means for thereafter transmitting

" said oil through a controlled heating chamber at sub-

stantially zero humidity for vaporizing contaminants
from said oil, and means for continuously conveying
cleaned and reconditioned oil away from said filter
means., _

2. The system of claim 1 wherein said Blend of fibers
comprises cotton and wood fibers substantially uniform-
ly mixed together, '

3. The system of claim 2 wherein said wood fibers
constitute approximately 50% ox less of the total
blend, measured by yolume,

4. The system of claim 2 wherein said cotton and wood
fibers are blended in the approximate ratio of 60%

- 40% respectively.,

5. The system of claim 1 wherein said filter means
comprises a generally cup shaped~housing having an

oil inlet in the bottom and closed at the top by a
1id, said flexible and rigid fibers forming a first
layer in the bottom of said cup shaped housing, said
heating” chamber being positioned above said layer

of fibers, and means for controlling the heat in said
heating chamber to establish said zero humidity for
contaminants in said oil:without establishing a
temperature which is high enough to adversely affect
desired additiyes in said oil, ' )

6. The system of claim 5 wherein said flexible fibers

are cotton fibers and said rigid fibers are wood fibers
o _ X BUREA G
) , ' OMP]
M. TWIPO .
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7. The system of claim 6 wherein said wood fibers do
not exceed approximately 50% of the bulk of said
fibers. '
8. The system of claim 7 and a second layer of cotton
fibers positioned above said first layer in said cup
shaped housing, - '
9., The system of -claim 8 wherein said vaporizing means
for controlling the heating chamber yaporization
comprises a-plurality of heating elements and means
for selec;ive1y~energizing any one or more of said

5  heating elements at a .'given time. .

' 1Q. The systen of claim ‘9 and means for metering oil
reconditioned bgﬁgaid system, whereby services charges
may be based upon the amount of oil that is recondition-
ed. '

11. A filter for reconditioning industrial oil compris-
ing a blehd of fleiible'cotton—like,and rigid excelsior-
like fibers mixed substantially uniformly throughout
said blend, and means for forcing oil through said

5 fihers, said rigid- fibers randomly deflecting and
mechanically polishing molecules of said oil.
12, The filter of claim 11 wherein said flexible
fibers are cotton and said rigid excelsior-like fibers
are wood.,
13. The filter of claim 12 vherein said wood fibers
are approximately 50% or less of the total mass of
said blend.
14, The filter of claim 12 wherein said wood fibers
are substantially 40% and said cotton fibers are sub~=
stantially 60%:of said total mass.
15, A filter comprising a mass of cotton fibers-
blended substantially uniformly with rigid wooden
excelsior-like means for precluding channeling through
said cotton fibers, - '
16, The filter of claim 15 wherein said excelsior-
like channel precluding means polishes molecules of
oil flowing past said means.
17. A system for cleaning and reconditioning oil
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comprising heater means fox prehéating oil introduced
into said system, a plurality of filter means, means
for diverting said introduced oil through selected

5 ones of said filter means, each of said filter means
including a blend of flexible cotton and elongated
rigid wooden fibiers for mechanically cleaning said
oil and then exposing said cleaned oil to a zero
humidity environment and means for metering the yolume

10  of said oil as it is reconditioned by said system.
18. The system of claim 17 and means for continuously
pumping the oil introduced into said system 3in order
to proyide a continuous reconditioning system, -
19, The system of claim 17 wherein said Blend of
fibers are in the bottom of a cuplike housing, and
compressed air means feor Blowing said fibers out of
said cup shaped housing when the blend is to be re-

5 plqced.

20. A continuously flowing industrial oil cleaning
and reconditioning systen comprising means for contin-
uously pumping oil through said system during any
filtration run, means for preheating incoming oil

5 to a predetermined témperature,_filter means iIncluding
at least a first stage which is a blend of flexible
and rigid fiber material, said flexible and rigid
fibers including fibers of substantially uniform
length laid in a randomly distributed pattern, said

10 filter means being coupléd'to said oil heating means
for said oil to initially flow through said fibrous
material to mechanically clean said oil, means for
transmitting said oil at. g pressure adequate to tension
said fibers through said filter and to a controlled

15 heating chamber at substantially zero humidity for
vaporizing contaminants from said qil, and means for
continuously caonveying cleaned and reconditioned oil
away from said filter means,

21. The system of claim 20 wherein said first stage
comprises cotton-polyester and aspen wood fibers sub-
stantially uniformly mixed together in said random
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distribution.
22, The system of claim 21 wherein said aspen wood
fibers constitute approximately 50% or less of the total
blend, measured by volume.
23, The system of claim 21 wherein said cotton-polyester
and aspen wood fibers are blended in the approximate
ratio of 60% - 40%, respectively,
24, The system of claim 20 and a second stage in said
filter to receive oil after is has flowed through said
first stage, said second stage comprising blended
cotton-polyester fibers,
25, The system of claim 24 and a third stage in said
filter comprising an animal fiber felt to receive oil
after it has flowed through said second stage. -
26. The system of claim 25 wherein said filter means
comprises a generally cup shaped housing having an oil
inlet in the bottom and closed at the top by a 1id, '
said first stage forming a first layer in the bottom
of said cup-shaped housing, said second stage forming
a second layer over said first layer, and said third
stage forming a third layer over said second layer,
said heating chamber being positioned above said
layer of fibers, and means for centrelling the heat
in said heating chamber to establish said zero humidity
for contaminants in said oil without establishing a
temperature which is high enough-to adversely affect
desired additives in said oil,
27, The system of claim 26 wherein said flexible
fibers in both the first and second -stages are cotton-
polyester fibers and said rxigid fibers are aspen wood
fibers,
28, The system of claim 25 wherein said aspen wood
fibers do not exceed approximately 50% of the bulk
of said fibers.
29. The system of claim 27 wherein the length of said
cotton-polyester and aspen wood fibers is approximately
equal to one-sixth @f the diameter of said housing,
but said length is not longer than the minimum height
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5  of the total blend of fibers during filtration.
30. The system of claim 26 wherein said means for
controlling the heat comprises a plurality of heating
elements and means for selectively energizing any one
or more of said heating elements at a given time to

5 give one of a plurality of heat settings.
31. In a continuously flowing industrial oil cleaning
and reconditioning system, a filter for reconditioning
industrial oil comprising a blend of cotton-polyester
fibers and aspen wood fibers mixed Substantially
uniformly distributed throughout said Blend, and

5 means for forcing oil through said fibers.
32. The filter of claim 31 wherein said aspen wood
fibers are approximately 50% or less of the total mass
of said blend. ‘
33. The filter of claim 31 wherein said aspen wood
fibers are substantially 40% and said cotton-polyester
fibers are substantially 60% of said total mass.
34, The filter.of claim 31 wherein the polyester con-
tent of the polyester cotton fibers is 30-50%.
35. In a contihuously~flowing industrial o0il cleaning
and reconditioning systems a filter comprising a mass
of cotton-polyester fibers blended substantially uni-
formly with means for precluding channeling through

5 said cotton fibers. ‘
36. The filter of claim'35 wherein said channel pre-
cluding means polishes molecules of oil flowing =
past said means. -
37. .A system for clgaﬁingvand'reconditioning oil
comprising heater means for preheating oil introduced
into said system, a plurality of filter means, means
for diverting said introduced oil through selected

5 ones of said filter’medns,,said filter means including

a Blend of flexible and rigid fibers for mechanically
cleaning said oil and then exposing said cleaned oil
to a zero humidity environment, and means for metering
the yolume of said oil as it is reconditioned by

10 said system. “SOREAD
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38, The system of claim 37 wherein said a blend of
flexible and rigid fibers comprises cotton and wood
fibers.
39, The system of claim 38 and fork lift truck pallet
means for supporting said system to enable an easy
movement thereof. _
40. The system of claim 38 and means for continucusly
pumping the oil introduced into said system in order
to provide a continuous reconditioning system.
41, The system of claim 38 wherein said blend of
fibers are in the bottom of a cup-~like housing, and
compressed air means for Blowing said fibers out of
said cup-shaped housing when the blend is to De replaced.
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