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Method and apparatus for determining the concentration of optically attenuating materials in fluids, such as soot on diesel
engine lubricating oils. An optical cell (10) is employed in the form of a very thin tapered sample volume formed by a base plate
(12) and a cover plate (14). The cell (10) is inserted into a light beam generated by a light source (20) and the attenuation of the
beam is measured by a detector (22) at a plurality of locations along the varying thickness of the sample.
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OPTICAL DETERMINATION OF FLUID OPACITY

Technical Field
This invention pertains to the field of photo-

metric analysis. More particularly, it pertains to the
measurement of opacity such as results from soot particles
in diesel engine lubricating oil.

Backdground Art

The most common pollutant of the lubricating oil
used in diesel engines is soot. Diesel engine lubricating
oils normally contain a dispersant for maintaining the soot
particles in suspension. It is important, for economical
operation of such an engine, to be able to determine when
the dispersant has been substantially used up. 1In this
manner, the lubricating oil can be changed at the most
economically advantageous time. Changing the o0il substan-
tially prior to the full utilization of the dispersant is
wasteful but going beyond such point might cause damage to
the engine. Accordingly, it would be helpful to have a
simple method of testing the soot content of a small sample
of lubricating oil.

It would also be important that any such test be
run quickly and that it be accurate and inexpensive. Such
a test would be particularly useful, for example, for
operators of long haul trucks.

It might appear obvious to make a simple optical
determination of soot particles in oil by placing an oil
sample in a conventional cell bounded by parallel glass
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plates and shining a light therethrough to a detector.
However, that is not the case. For example, when new or
only slightly used diesel oil is examined in such a cell,
the oil is frequently too clear to permit an accurate
measurement. On the other hand, oil which has been used
for some time is often too opaque to determine the soot
concentration. As a result, such a cell is usable only to
measure a limited range of concentrations. This problem
may be overcome by using several different cells or by
carefully diluting the oil samples.

. Accordingly, it is a primary object of the present
invention to provide an improved optical cell for determin-
ing soot concentration in lubricating oil. Other objects
are to provide such a cell which is simple in construction,
which is simple to use, which is usable through a wide
range of soot concentrations, which does not require cali-
bration against another cell or instrument, and which pro-
duces accurate and reproduceable'results. The manner in
which these objects are achieved will be apparent from the
following description and appended claims.

Disclosure of Invention

The cell of this invention comprises a wedge which
retains the sample between a pair of glass plates. The
cell is advanced through a light beam between a light
source and a detector. Attenuation of the beam increases
as the sample thickness in the wedge increases. This
provides a readout giving the desired information.

Brief Description of Drawings

Fig. 1 is a plan view of an optical cell in
accordance with the invention:;

Fig. 2 is an elevational view of the cell of Fig.
1 showing diagramatically the light source and detector;



WO 93/18393 PCT/US93/01938

-3=

Fig. 3 is an enlarged detail as viewed from 3-3 of
Fig. 1; and

Fig. 4 is a perspective view of a portion of an
instrument utilizing the cell of the invention.

Best Mode for Carrying Out the Invention

This invention operates upon the principle of
Beers’ law which is, itself, an extension of Lambert’s
law. According to Lambert’s law, radiation which traverses
a thin layer of matter is reduced in intensity in propor-
tion to the thickness of the layer. Beers’ law states
that, in the case of two solutions which are similar except
that the first contains twice the concentration of an
absorbing or scattering substance of the second, the atten-
uation of light (including the effects of absorption and
scattering) due to a given thickness of the first solution
is equal to that of twice the thickness of the second.

As light passes through an absorbing fluid, the
fractional change in intensity per unit of fluid thickness
is constant. Assuming a fluid that is uniform throughout
the light path, the fractional reduction of light intensity
with unit thickness is the same along the whole path.

Thus, the attenuation of light can be expressed as a cer-
tain fraction per unit thickness. Because this relation-
ship is logarithmic, and because it is desirable to express
the readings with as few digits as possible, attenuation is
expressed as decibels per micrometer. A decibel is ten
times the base ten logarithm of the intensity ratio.

The cell 10 of this invention is illustrated in
Figs. 1-3., It is formed from a pair of polished glass
plates. The lower or base plate 12 is longer and wider
than the upper or cover plate 14. Mounted upon the base
plate 12 is a thin strip of glass forming a pillar 16. The
length of pillar 16 is preferably at least equal to the
width of the cover plate 14. Mounted to one end of cover
plate 14 on its underside is a thin glass plate forming a
catch 18. '
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The dimensions of the members forming cell 10 are
not critical. However, in one embodiment the width of the
cover plate 14 is 25 millimeters. The distance from the

left end of cover plate 14 (as viewed in Fig. 1) to the
edge of the pillar 16 is 55 millimeters. The thickness of

pillar 16 is 1 millimeter and it is engaged by the catch 18
as illustrated in Fig. 3. The catch 18 serves to prevent
the cover plate 14 from sliding off the pillar 16.
Accordingly, its thickness is immaterial so long as it does
not contact the base plate 12. 1In addition, the catch 18,
by acting to limit the active length and position of the
cover plate 14 relative to the base plate 12 and pillar 16
reproducibly defines the wedge angle of the cell. This
angle may be approximately 1°.

As will be noted from Fig. 2, the cell 10 is
positioned between a light source 20, which may be a
fiber-optic source, and a detector 22, which may be a
silicon light-detecting cell. The cell is prepared for use
by depositing a small sample (about one ml) of the oil to
be tested upon the base plate 12. The cover plate 14 is
then lowered onto the sample until it is supported at one
end by the base plate 12 and at the other end by the pillar
16. The surface tension of the oil is sufficient to hold
the assembly together. Initially, the cell is completely
outside the light path and it is advanced into the light
path beginning with the thin edge of the wedge-shaped
cell. One method of accomplishing this is illustrated in
Fig. 4 wherein the cell 10 is shown resting upon a cradle
24. The cell 10 sits over an opening 26, permitting light
from the source 20 to reach the detector 22 (not shown).
The cradle 24 slides along a pair of rails 28 by means of a
rotating precision screw 30.

A computer may be employed to initiate rotation of
the screw 30, which drives the cell 10 into the light path.
As the thin end of the cell enters the light path, the
intensity of the light signal on the detector 22 is
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continuously measured and the resulting signal is digi-
tized. When a thick enough section of the sample cell
intercepts the beam so that significant attenuation is
observed, the computer automatically begins to save the
successive digitized values. The digital values of photo
detector current are stored and later converted into
decibels of attenuation. The stored values, along with the
position of the cradle 24 for each point, make it possible
to generate data points of attenuation versus film thick-
ness. These data are employed to determine a straight line
using a least squares regression to thereby determine deci-
bels attenuation per micrometer for the sample. After the
reading is obtained, the cradle 24 is backed out of the
light path where it is accessible to a technician to load a
new sample.

It has been determined that the readings obtained
by the method of this invention are proportional to the
concentration of soot in o0il. As long as the observations
follow both Lambert’s and Beers’ Laws, a number will be
generated which is proportional to the mass concentration
of soot in the oil. These numbers are convertible into
mass concentrations simply by multiplying them by a
constant.

Among the advantages of this cell are the fact
that it is not necessary to determine a zero point. Also,
a traditional cell having a fixed light path normally
requires a complementary measurement made with an identical
cell filled with clear oil. Furthermore, cells with
parallel windows are subject to reflections which affect
the readings. With the tapered, variable path length, cell
of this invention, it is only the change in light intensity
versus cell position that contributes to the measurement.

The dynamic range of this cell is extremely large.
This is because the range is determined by the product of
the dynamic range of the light measuring apparatus multi-
plied by the range of thicknesses obtainable from the cell.
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The accuracy of the output may be expressed as a
percentage of the reading. Most instruments must be rated
for accuracy in terms of percentage of full scale, which is
much less desirable. Since only the change of light attenu-
ation with film thickness is involved, it makes no differ-
ence whether the fluid contains only a small amount of soot
or a high concentration. High accuracy is obtained in
either case.

The technique of this invention ignores micelles
of dark gelatinous material floating in the oil. These are
small compared to the area of the light beam and have
little effect on the reading. Another reason for the
immunity to absorbing bodies such as dark micelles, large
particles, small air bubbles, etc. is that the contribution
of such artifacts is minimized by the least squares regres-
sion analysis.

The successive readings are fundamentally independ-
ent because each data point is taken through a different
light path. This results in a "homogenizing" or "averag-
ing" effect. Accordingly, any factor that causes errors in
only a few readings is significantly reduced or eliminated.
An air bubble in the sample is an example of such a factor.

It is believed that the many advantages of this
invention will now be apparent to those skilled in the
art. It will also be apparent that a number of variations
and modifications may be made therein without departing
from its spirit and scope. For example, it will be obvious
that the invention is usable, not only for-determination of
soot in o0il, but for measurement of any opacity creating
substance in fluid. Accordingly, the foregoing description
is to be construed as illustrative only, rather than
limiting. This invention is limited only by the scope of
the following claims.



WO 93/18393 PCT/US93/01938

What is Claimed is:

1. A method for analyzing a fluid for light
attenuating matter therein which comprises:

providing an optically transparent tapered cell;

placing a sample of said fluid within said cell;

providing a light source on one side of said cell;

providing a light detector on the opposite side of
said cell;

passing light along a path from said source,
‘through said cell and fluid, and onto said detector;

moving said cell and light path relative to one
another whereby the portion of the light path length
traversing the fluid contained within the cell varies
between a first and a second value; and

generating a signal proportional to the intensity
of the light impinging on said detector during said
relative movement to indicate the concentration of light
attenuating matter.

2. The method of claim 1 wherein said fluid is a
liquid.

3. The method of claim 1 wherein said fluid is
oil. '

4. The method of claim 3 wherein said attenuating
matter is soot.
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5. A method for analyzing a fluid for particulate
matter suspended therein which comprises:

providing an optically transparent tapered cell;

placing a sample of said fluid within said cell;

providing a light source on one side of said cell;

providing a light detector on the opposite side of
said cell;

passing light along a path from said source,
through said cell and fluid, and onto said detector;

moving said cell and light path relative to one
another whereby the portion of the light path length
traversing the fluid contained within the cell varies
between a first and a second value;

, generating a first signal proportional to the

intensity of the light impinging on said cell;

generating a second signal proportional to the
intensity of the light impinging on said detector; and

comparing the ratio of said first and second
signals during said relative movement to indicate the
concentration of particulate matter.

6. The method of claim 5 wherein said fluid is a
liquid.

7. The method of claim 5 wherein said fluid is
oil.

8. The method of claim 7 wherein said particulate
matter is soot.

L2y
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9. Apparatus'for measuring the concentration of
optically attenuating matter within a fluid which
comprises:

an optically transparent tapered cell for
containing said fluid;

a light source on one side of said cell;

a light detector on the opposite side of said cell
p051t10ned to receive light passing along a path from said
source through said cell and fluid;

means for moving said cell and light path relative
to one another whereby the portion of the light path length
traversing the contents of the cell varies between a flrst
and a second value; and

means for generating a signal proportional to the
intensity of the light impinging on said detector during
said relative movement to indicate the concentration of
optically attenuating matter.

10. The apparatus of claim 9 wherein said cell
comprises:

a transparent base plate;

a substantially rectangular transparent top plate
having a first edge resting on said base plate and an
opposed second edge; and

means for maintaining said second edge spaced from
said base plate to define a wedge-shaped cell volume
between said plates.

11. The apparatus of claim 10 wherein said
maintaining means comprises a fluid impermeable strip
between said plates.
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12. A cell for analyzing the optical attenuation
characteristics of a fluid which comprises:

a transparent base plate;

a substantially rectangular transparent top plate
having a first edge resting on said base plate and an
opposed second edge; and

means for maintaining said second edge spaced from
said base plate to define a wedge-shaped cell volume
between said plates.

13. The cell of claim 12 wherein said maintaining
means comprises a fluid impermeable strip between said
plates.

L 2]
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