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SYSTEM USING ON-LINE LIQUID
CHARACTERIZATION APPARATUS

FIELD OF THE INVENTION

This invention relates to a manufacturing system using
on-line apparatus for determining the homogeneity of a
liquid.

BACKGROUND OF THE INVENTION

An organic solvent, a binder resin, and a pigment are
combined and milled for use in the charge generation layer
in the fabrication of organic photoreceptors. The pigment
and binder resin are chosen to optimize their photoelectric
properties, but it is not always possible to optimize the
dispersion quality of the resulting coating solution. Charge
generating solutions that become unstable over time are a
common problem in the fabrication of certain organic pho-
toreceptors. Unstable dispersions result in coating defects in
the charge generating layer that lower coating yield during
the fabrication process. There is a need, which the present
invention addresses, for a manufacturing system that can
continuously monitor the dispersion quality of the charge
generating solution to be able to prevent coating defects by
replacing the charge generating solution on the onset of loss
of dispersion quality.

One device that may be effectively used as a tool to
monitor dispersion quality is a Hele Shaw flow cell. A Hele
Shaw flow cell comprises a pair of flat plates narrowly
separated from each other by a fixed distance, and held
parallel to each other, thereby creating a gap region between
the two plates. The Hele Shaw cell is typically dimensioned
such that the separation distance between the plates is
several orders of magnitude less than the remaining two
orthogonal dimensions defined by the planar surface of
either of the plates. A further description of the Hele Shaw
flow cell may be found in An Introduction to Fluid Dynam-
ics by G. K. Batchelor (Cambridge University Press, 1967)
(copies of the title page, pages 222-223 and 604-605 are
attached).

At times over the past several years, a number of the
co-inventors checked the quality of a charge generating
dispersion batch by taking a small sample from the batch to
a laboratory located away from the photoreceptor fabrication
line, and running the sample through a rectangular Hele
Shaw flow cell where a human operator using a microscope
viewed the sample flowing through the flow cell. The batch
was approved or disapproved for use in Xerox commercial
photoreceptors based on the dispersion quality results of the
sample. The sample was then typically discarded. A problem
with the above described procedure is that manually check-
ing a sample at a laboratory separated from the photorecep-
tor fabrication line is very inefficient from a manufacturing
viewpoint. The present invention addresses this problem.

Aflow cytometer for investigating particle constituents in
liquids is described in Kosaka et al., U.S. Pat. No. 5,521,699.

SUMMARY OF THE INVENTION

The present invention is accomplished in embodiments by

providing a manufacturing system comprising:

(a) a vessel for holding a liquid,

(b) a first member and a second member, each having a
flat surface, wherein the flat surface of the first member
faces and is spaced from the flat surface of the second
member, thereby defining a gap region between the two
flat surfaces, wherein a section of the first member is
transparent through the thickness of the first member;
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2

(¢) a liquid delivery system connected to the vessel and
the gap region which delivers the liquid to the gap
region and the liquid flows in the gap region in view of
the transparent section of the first member;

(d) a camera positioned to view through the transparent
section of the first member;

(e) image processing means coupled to the camera for
determining the homogeneity of the liquid in the gap
region; and

(f) liquid dispensing equipment connected to the liquid
delivery system.

In the present invention, at least a portion of the charge
generating dispersion is directed to flow through a Hele
Shaw cell in the gap region, resulting in a thin, substantially
two-dimensional flowing film. The present invention further
includes means to evaluate the quality of the charge gener-
ating dispersion by observation and analysis of the appear-
ance of the two dimensional flowing dispersion film.

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects of the present invention will become appar-
ent as the following description proceeds and upon reference
to the Figures which represent preferred embodiments:

FIG. 1 is a simplified elevational drawing of one embodi-
ment of the present manufacturing system;

FIG. 2 is a simplified elevational drawing of another
embodiment of the present manufacturing system;

FIG. 3 is a simplified, plan view of the bottom half of the
flow cell used in FIG. 1;

FIG. 4 is a simplified, plan view of the bottom half of the
flow cell used in FIG. 1 further including an obstruction;

FIG. § is a simplified, elevational view of still another
embodiment of the flow cell;

FIG. 6 is a simplified, top view of the bottom half of the
flow cell depicted in FIG. §; and

FIG. 7 is a simplified, plan view of the bottom half of yet
another embodiment of the flow cell.

Unless otherwise noted, the same reference numeral in
different Figures refers to the same or similar feature.

DETAILED DESCRIPTION

In FIG. 1, the manufacturing system 2 is composed of a
flow cell 4, a vessel 6 holding a liquid 8, a camera 10, image
processing means 12, liquid delivery system 14, and liquid
dispensing equipment 16.

The flow cell 4 is composed of a first member 18, a second
member 20, and a housing 22 supporting the two members,
each member having a flat surface (24a, 24b), wherein the
two flat surfaces face one another and are spaced from each
other by a shim 36 to define a gap region 26. It is preferred
that the two flat surfaces (24a, 24b) are parallel to one
another. A section of the first member 18 is transparent
through the thickness of the first member. Preferably, the
first member is transparent along its entire length and
through the thickness of the first member, i.¢., all of the first
member is transparent. A section of the second member 20
may also be transparent. Preferably, the second member is
transparent along its entire length and through the thickness
of the second member, i.e., all of the second member is
transparent. As used herein, the term transparent refers to the
ability of a material to allow light to pass through the
material with little or no diffusion and the intensity of the
light is diminished after passage through the material by an
amount ranging for example from 0% to about 70% com-
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pared with the light intensity prior to passage through the
material; the extent of any diffusion should not significantly
impair the perception of distinct images. One or more
O-rings 28, and flat gaskets (29a, 29b) are provided at
appropriate locations to prevent leakage of liquid from the
flow cell. In embodiments, the first and second members
could be provided with a transparent conductive coating
such as indium tin oxide on their wetted surfaces. These
resulting conductive surfaces could then be suitably con-
nected to a voltage source so that the migration of for
example charge generator pigment particles during flow
through an applied electric field could be observed.

In FIGS. 14, the first member 18 and the second member
20 may be disk shaped plates with a diameter ranging for
example from about 10 cm to about 40 cm. In embodiments,
the two members are about 25 cm in diameter and have a
thickness of about 2.5 cm. The first and second members
may be fabricated by precision methods used in the produc-
tion of optical flats, with the inner (wetted) surfaces being
made flat to preferably within about one wavelength (about
632 nm). The two members may be made from a glass like
material such as quartz or fused silica or a transparent plastic
material that is resistant to the liquid.

The liquid delivery system 14 includes tubing 30, liquid
transport channels (32a, 32b, 32¢) within the flow cell (e.g.,
channels, liquid outlet ports 38, and liquid inlet ports 34
within the housing and the first member and the second
member), and one or more pumps 15 to deliver the liquid to
the gap region 26 and to deliver the liquid to the liquid
dispensing equipment. In embodiments of the present
invention, the liquid delivery system includes a single liquid
inlet port 34 positioned at the center of the gap region where
the liquid flows in the gap region in for example a radial
pattern. The liquid inlet port may be a strain relief
TEFLON™ plug with a center port for liquid inlet. As seen
in FIG. 3, there is depicted a channel 32a encircling and
adjacent to the flat surface 24b for the outflow of liquid, and
a circumferential channel 32b is connected to a series of
radial channels 32¢ passing beneath the shim (channel 32b
is in communication with channel 32a via radial channels
32¢), thereby allowing the liquid to exit the flow cell via the
outlet ports 38. There is also depicted in FIG. 3 a groove 40
in the housing for an O-ring. The first member 18 may have
the same or similar configuration as the second member 20.
Alternatively, the surface of the first member 18 facing the
second member may be entirely flat without any channels or
projecting areas.

Aneedle valve could be provided at the central fluid inlet
port. The function of this needle valve would be to subject
the liquid to extremely high shear immediately before it
enters the flow cell, and subsequently flows through decreas-
ing shear conditions out to the perimeter. This feature will
help eliminate flocculation in dispersions by exceeding the
dispersion yield point, which improves coating quality.

In embodiments, a liquid inlet port could be provided in
the first member. This would enable a mode of operation in
which two different liquids or even the same liquid can be
supplied to the flow cell through both the first member and
the second member. A flow separating disk located at the
fluid inlet ports may be needed to stabilize the flow and
prevent initial mixing of the two liquids.

The camera 10 is positioned to view through the trans-
parent section of the first member. The camera may be a
video camera, a high speed movie camera, a silver halide
film still photography camera, a digital CCD still photog-
raphy camera, and the like. Optionally, there may be a light
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source 42 disposed adjacent a transparent section of the
second member to illuminate the liquid flow in the gap
region.

The light source is preferably rated at between 10 and
1000 watts of power. The light source preferably produces
substantially collimated light, with the size of the spot of
light which illuminates the liquid flow preferably being a
circular spot between 1 mm and 1 cm in diameter. The light
source is chosen such that the particular charge generator
dispersion that is being analyzed transmits a sufficient
portion of the light to the camera to enable the generation of
high quality images for analysis. Depending on the disper-
sion and gap thickness, the light source may be broad
spectrum white light such as that obtained from a tungsten
lamp; infrared light of 700 to 1000 nm wavelength; ultra-
violet light of 250 to 400 nm wavelength; and the like.

The camera and the light source may be mounted together
on a horizontal drive system and thus movable to traverse
along the surface of the first member and the second member
to better view the flow pattern of the liquid in the gap region.
In embodiments, it may be desirable to rotate the flow cell
(or move the camera) so that the entire 360 degrees of
angular displacement around the flow cell can be observed.
Several different light sources and cameras may be needed.
Preferably, the camera and light source cover the spectral
range from infrared to blue light (about 900 nm to about 450
nm). The gap region and the liquid flow rate through the flow
cell are chosen such that enough light is transmitted through
the liquid to enable observation, and the desired shear rates
are obtained.

The image processing means 12 can determine the homo-
geneity of the liquid flowing through the gap region in a
variety of ways. In one approach, the image processing
means quantifies the extent of homogeneity of the liquid in
the gap region to a numerical value. This allows a range of
liquid homogeneity values to be displayed for the machine
operator. In a second approach, the image processing means
renders the information from the camera to a binary answer,
e.g., whether the liquid is homogeneous or not homoge-
neous.

The term homogeneous will now be discussed in the
context of a charge generating dispersion, but the discussion
herein applies similarly to other types of liquids. As used
herein, the term homogeneous refers to a condition of the
liquid wherein flocculation has not proceeded to the extent
to which there are discrete solvent rich areas separated from
pigment rich areas, which are detectable by the image
processing means. Likewise, the phrase not homogeneous
indicates that the flowing dispersion has flocculated into
solvent rich areas distinctly separated from pigment rich
areas, wherein the image processing means may quantify the
extent of such separation. To the human eye, solvent rich
areas appear light, and pigment rich areas appear dark when
the dispersion flow is illuminated with white light as pre-
viously described in this specification.

The information from the image processing means can be
displayed for a human operator to determine if the liquid has
satisfactory homogeneity. In other embodiments, the image
processing means can optionally determine whether the
homogeneity of the liquid is acceptable and if unacceptable
can shut off the flow of liquid to the liquid dispensing
equipment, and will then send a signal for a human operator.

The image processing means preferably comprises a
cable, an interface circuit board, a personal computer, image
acquisition software, and image analysis software. The cable
connects the camera to the interface circuit board, which is












