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[57] ABSTRACT

An electrophotographic charge image transfer plate,
of the type comprising a matrix of interconnected
photoconductive crystals bound into a glass binder to
form a porous photoconductive charge transfer layer
bonded to an underlying electrically conductive pho-
ton transparent substrate, has its charge transfer char-
acteristics stabilized by infiltrating an electrically insu-
lative material into the porous surface of the photo-
conductive layer. The infiltrated insulative material
coats the interior surfaces of the porous glass coated
and bound layer with a coating of the insulative mate-
rial, whereby the charge transfer characteristics of the
charge transfer plate are stabilized.

8 Claims, 4 Drawing Figures
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PHOTOCONDUCTOR-GLASS BINDER PLATE
WITH INSULATING RESIN IN PORES

This is a continuation of application Ser. No. 131,385
filed Apr. 5, 1971,

DESCRIPTION OF THE PRIOR ART

Heretofore, electrophotographic charge image trans-
fer plates of the type comprising an interconnecting
matrix of photoconductive crystals, such as cadmium
sulfide, coated with glass and bound by the glass into
a porous photoconductive charge transfer layer over-
laying an electrically conductive photon transparent
substrate, have been stabilized with regard-to dark cur-
rent by aging for approximately 30 days in air. These
plates are used in an electrophotographic mode
wherein a charge image is transferred through the
image illuminated plate to an electrographic recording
medium, such as conductive paper having a thin dielec-
tric charge image retentive film supported thereon.

These powders are mixed together in a volatile vehi-
cle to form a paint or paste which is applied to an elec-
trically conductive coated glass substrate. The assem-
bly is fired in air at a temperature sufficient to melt the
glass and to produce sintering of the photoconductive
crystals. Upon cooling to room temperature, the photo-
conductive crystals recrystallize and due to the prepon-
derance of photoconductive material the photoconduc-
tive materials grow together where they touch each
other to form an interconnected matrix of photocon-
ductive material which is bound together by and coated
with the glass.

The resultant photoconductive charge transfer mem-
ber is relatively porous having an exposed surface por-
tion which is approximately 20 percent void and 80
percent solid material. Such electrophotographic
charge transfer plates and methods for making same
are disclosed and claimed in co-pending U.S. applica-
tion Ser. No. 721,331 filed Apr. 15, 1968 and assigned
to the same assignee as the present invention.

It has been found that electrophotographic charge
image transfer plates of the aforedescribed type, on
being removed from the furnace, exhibit a relatively
low dark current. Dark current is the current that will
flow through the photoconductive member in the ab-
sence of illumination with a given electrical potential
applied across the photoconductive member. Dark cur-
rent is undesired because it results in transferring unde-
sired charge to the background area of the charge
image transferred to the electrographic recording web.
However, after a few hours out of the furnace and with
exposure to the atmosphere, the dark current charac-
teristic of the photoconductor has substantially in-
creased to an unacceptable level. Upon further aging,
such as for 30 days in air or for a lesser time in an over
at 70°C, the dark current characteristic decreases with
time such that after approximately 30 days the dark
current has been reduced to an acceptable level. It is
desired to provide an improved electrophotographic
charge image transfer plate which does not require
aging and which has improved resistance to damage to
the charge transfer characteristics due to handling, hu-
midity, temperature and exposure to a bright light.

In the art of xerography, xerographic plates have
been employed which comprise photoconductive crys-
. tals suspended in a glass binder. In these plate a pre-

ponderance of glass is provided such that the individual-
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photoconductive crystals are not interconnected ‘to
form a photoconductive matrix. In addition these xero-
graphic plates, due to the large percentage of glass, do
not have a porous surface. In fact, special: care is taken
to assure that the photoconductive layer of the xero-
graphic plate has a glossy or smooth non-porous sur-
face. Such prior art xerographic plates are disclosed in
U.S. Pat. No. 3,151,982 issued Oct. 6, 1964,

Plates of this type have been rendered more abrasive
and humidity-resistant by overcoating the smooth ex-
posed surface of the plate with a relatively thin coating
of epoxy, such epoxy coating being within the range of
0.1 to 5 microns in thickness. Such a xerographic plate
is disclosed in Canadian Pat. No. 818,387 issued July
22, 1969, ’

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the
provision of an improved electrophotographic charge
transfer plate and method of making same.

In one feature of the present invention, the porous
exposed surface of a glass and photoconductor matrix
type electrophotographic charge transfer plate is infil-
trated with an electrically insulative material to coat
the interior glass coated surfaces of the porous layer,
with a coating of the insulative material, whereby the
charge transfer characteristics of the charge transfer
plate are stabilized. . '

In another feature of the present invention, the mate-
rial which is infiltrated into the pores of the plate com-
prises an organic insulative material dispersed in a-vola-
tile liquid vehicle. _

In another feature of the present invention, the or-
ganic material which is infiltrated into the pores of the
photoconductive layer is selected from the class con-
sisting of acrylic resins, ethyl cellulose and vinyl resins.

In another feature of the present invention, the insu-
lative material is infiltrated into the pores of the photo-
conductive layer by spraying a liquid volatile :vehicle
carrying the organic insulative material ‘therein onto
the exposed porous surface of the layer. - _

In another feature of the present invention, the insu-
lative material is infiltrated into the pores of the layer
by spraying the organic material onto the exposed sur-
face of the porous layer and then washing the organic
material from'the surface into the pores of the layer
with a liquid volatile solvent for the organic material:

In another feature of the present invention, a.poly-
merizable organic liquid or combination of liquids: is
infiltrated into the pores of the photoconductive layer
and polymerized in situ.’

Other features and advantages of the présent inven- -
tion will become apparent upon a perusal of the follow-
ing specification taken in connection with the accom-
panying drawings, wherein: : :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1'is a schematic cross-sectional view, partly. in
block diagram form, of an electrophotographic appara-
tus incorporating features of the present invention:

FIG. 2 is a plot-of dark current vs time depicting the
aging of a photoconductive charge transfer member of
the prior art. ,

FIG. 3 is an enlarged detail view of a portion.of the

structure of FIG. 1 delineated by line 3—3 and,
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FIG. 4 is an enlarged detail view of a portion of the
structure of FIG. 3 delineated by line 4—4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, there is shown an electro-
photographic printer ‘1 incorporating features of the
present invention. The electrophotographic printer 1
includes an electrophotographic station 2.

The electrographic recording web 3 from a supply
roll not shown comprises a conductive paper backing
4 having a thin film-of dielectric material 5 supported
thereon and forming the charge retentive surface. In a
typical example, the conductive paper backing 4 has a
bulk resistivity of approximately 10* ohm-centimeters
and the dielectric film 5 has a typical thickness of 4 mi-
crons. Such electrographic recording paper 3 is com-
mercially available from Plastic Coating Corporation of
Holyoke, Massachusetts and from Consolidated Paper
Company of Wisconsin Rapids, Wisconsin. This type of
electrographic recording web, its use, and the advan-
tages thereof are disclosed in the aforecited U.S. Pat.
No. 3,502,408.

In the electrophotographic station 2, the electro-
graphic recording web 3 is positioned with the charge
retentive surface § facing a photoconductive plate
member 6 which is supported upon a photon transmis-
sive substrate 7, as of glass. A photon transparent elec-
trode 8, as of tin oxide 1500 A thick, is deposited on
the transparent substrate 7 intermediate the substrate
7 and the photoconductor 6 for applying an electrical
potential across the photoconductor 6. A conductive
backing plate 9 overlays the conductive side 4 of the
electrographic recording web 3 and is pressed into
nominal physical contact with the web 3-for sandwich-
ing the web 3 between the photoconductor 6 and the
conductive plate 9. Springs 11 spring bias the plate 9
into engagement with the conductive side 4 of the elec-
trographic recording web 3.

A projection lens 12 projects an image 13, such as
that produced by an illuminated strip of microfilm,
onto the photoconductor 6. A source of dc potential
14, as of —400 to —1000 volts is applied between the
electrode 8 and the backing plate 9 and thus across the
photoconductor 6 and the electrographic recording
web 3, by means of a timer switch 15 which applies the
potential to the electrode 8 for a pre-determined expo-
sure time.

The photoconductor 6 is rendered conductive in ac-
cordance with the pattern of photon illumination pro-
jected thereon by the projection lens 12. The applied
potential, supplied from source 14 via switch 15, trans-
fers a charge image corresponding to the photon image
13 onto the charge retentive surface § of the electro-
graphic recording web 3. The charge image is subse-
quently developed by a toning station, not shown, by
application of either dry or liquid electrographic toner
to the image bearing side of the electrographic record-
ing web 3.

The quality of.the prmted electrographic image de-
pends upon the charge transfer characteristics of the
electrophotographic charge transfer member 6 (photo-
conductor 6). A particularly suitable photoconductor
6 comprises a matrix of interlocking and intercon-
nected photoconductive crystals coated and bound to-
gether with a low melting point glass, such as solder
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glass, interstitially disposed in the interlocking photo-
conductive matrix.

The method for making such a photoconductive
charge transfer member 6 is disclosed and claimed in
the aforecited U.S. Pat. application Ser. No. 721,331.
Briefly, the method comprises the steps of forming a
layer on the conductively coated substrate 7 of a mix-
ture of particles of glass and photoconductive crystals
selected from the class consisting of sulfides, tellurides,
selenides and sulfoselenides of a member of the group
consisting of zinc and cadmium. Such photoconductive

- crystal particles are generally of the size of several mi-

crons in diameter.

The photoconductive crystal particles may be preac-
tivated with suitable activator material, such as halides
and compounds of copper or silver, or the activator
may be incorporated with the powdered mixture, e.g.,
as cadmium chloride, to provide the halide and copper
chloride to provide the metal activator. A suitable flux
for the photoconductor includes halides of cadmium of
zinc. Suitable glasses include the lead sealing: glasses
having a softening temperature between 50° and 250°C
below the temperature at which the mixed particles are
heated for melting the flux. Glass particles preferably
comprise between 5 and 40 percent by weight of the
total mixture of glass, fusing agent or flux, activator and
photoconductor.

The powdered mixture may be added to a quaritity of
ethyl alcohol and xylene forming a volatile vehicle such
that the mixture may be sprayed or applied as a paste
over the transparent conductive electrode 8 on the sub-
strate 7. The coating is applied to a thickness of ap-
proximately 20 to 100 microns and the coated assem-
bly is placed in a furnace operating in air at approxi-
mately 500°-600°C for 15 to 60 minutes and then al-
lowed to cool to room temperature.

The resultant photoconductive charge tansfer mem-
ber 6 has a consistency as shown in FIGS. 3 and 4.
More specifically, the photoconductive layer 6 com-
prises an interlocking matrix of photoconductive crys-
tals 19 coated and bound together with sealing glass 20
which is interstitially disposed in the interlocking crys--
tal matrix. The individual photoconductive crystal par-
ticles are sintered to each other so that a photoconduc-
tive bridge is formed between adjacent touching photo-
conductive crystals. The preponderance of photocon-
ductive crystals assures the existence of the photocon-
ductive bridges between the particles. The sealing glass
20 coats the fused photoconductive crystal partlcles
and provides a bond for bonding the matrix of inter-
locking photoconductive crystals to the electrically
conductive substrate 7.

The photoconductive layer 6 comprises between 5

- and 40 percent by weight of glass with a particularly de-

sirable proportion of glass being between 15 and 30
percent of the total weight of the layer 6. The exposed
surface of the photoconductive layer 6 is relatively po-
rous having by volume approxlmately 20 percent voids
and 80 percent solids.

Referring now to FIG. 2, there is shown the dark cur-
rent characteristics vs time for the photoconductive
layer 6, after it has been withdrawn from the sintering
furnace. More particularly, immediately after with-
drawing the photoconductive layer from the furnace
and allowing it to cool‘to toom temperature, the dark
current, i.e., the current that will flow through the con-
ductor in the absence of light with a given electrical po-
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tential difference applied across the photoconductor, is
at an acceptably low level.

Dark current should be minimized as it contributes to
undesired background in the electrophotographic
charge image transferred to the recording medium 3.
However, upon exposure to the atmosphere for a few
hours, the dark current characteristic of the photocon-
ductive layer increases rapidly to an unacceptably high
level. Upon further exposure to the atmosphere, such
as for 30 days, the dark current characteristic substan-
tially decreases back to an acceptable level. Therefore,
in the prior art, the photoconductive plates have been
aged for approximately 30 days in air at room tempera-
ture for stabilizing the dark current. Alternatively, the
aging process can be expedited by heating the photo-
conductive member in an oven at approximately 70° C
for several days.

It has been found that the dark current characteris-
tics, as well as other characteristics of the photocon-
ductor, such as sensitivity to humidity, fingerprints,
handling, temperature and exposure to bright light, can
be stabilized by infiltrating an electrically insulative
material into the pores of the photoconductive layer 6
to coat the interior surface of the porous layer, with a
coating of the insulative material.

More particularly, it has been found that certain or-
ganic insulative materials, such as acrylic resins, ethyl
cellulose, and vinyl resins, when infiltrated into the
pores of the photoconductive layer form the thin insu-
lative coating 21 (See FIG. 4). This coating 21 on the
glass coating substantially stabilizes the dark current at
an acceptably low level stabilizes stabilizer other
charge transfer characteristics of the layer 6 rendering
same relatively insensitive to humidity, temperature,
handling, and exposure to bright light.

The insulative layer 21, overlaying the outside sur-
face of the photoconductor 6 should be relatively thin,
i.e., less than 1 micron in thickness, in order such as not
to interfere with proper charge transfer from the photo-
conductive layer 6 to the adjacent charge retentive sur-
face §, of the recording medium 3.

In a preferred embodiment the matte or dull appear-
ance of the photoconductive layer 6, after infiltration
of the insulative material, is preferably retained in
order to assure a certain microscopic surface roughness
to produce a very minute air gap, as of 10 microns or
less, between the charge retentive surface 5 of the re-
cording web 3 and the exposed upper surface of the
photoconductive layer 6. This surface roughness facili-
tates obtaining the best quality in the developed elec-
trographic images. '

The precise mechanism by which the insulative coat-
ing 21 reduces the dark current to an acceptable level
and thus avoids the aging process, and how it serves to
stabilize the other charge transfer characteristics of the
photoconductive layer 6 is not fully understood.

The insulative material can be infiltrated into the po-
rous layer 6 by spraying a sufficiently dilute solution of
the insulative material in a volatile vehicle onto the sur-
face or by spraying a less dilute solution of the insula-
tive material onto the porous surface and then washing
off the excess insulative material with a liquid volatile
solvent for the insulative material.

In one example a suitable spray material applied by
an automatic spray booth includes 5 grams of Hercules
N-22 ethyl cellulose mixed with 25 milliliters of N-
hexanol, 50 milliliters of toluene and 25 milliliters of

20

25

30

35

50

60

65

6

xylene. This mixture is then sprayed onto the surface
and is sufficiently dilute to infiltrate the pores of the
photoconductive layer 6. Thereupon the volatile sol-
vents are driven off leaving a thin coating of the ethyl
cellulose throughout the porous layer.

In a second example of a suitable material ‘to be
sprayed onto the layer in an automatic spray booth, 7 .
to 10 percent by weight of DuPont Elvacite 2046
acrylic resin is dissolved in xylene, then sprayed onto
the surface of the photoconductor.

In a third example, Krylon brand crystal clear acrylic
resin available in aerosol spray form and manufactured
by Krylon, Inc.-of Norris-town, Pa. is sprayed onto the
exposed porous surface of the photoconductive layer 6.
The spraying is immediately followed by washing the
spray with a solvent for the spray, namely, acetone. The
acetone serves to wash off the excess spray to provide
a thin coating throughout. If the arcylic aerosol spray
is sufficiently dilute the step of washing after spraying
is not required. _

In a fourth example Vikem brand clear vinyl protec-
tive aerosol spray manufactured by Bel-Art Products of
Pequannock, New Jersey, is sprayed and washed, as
aforedescribed for the Krylon acrylic resin, into the
pores of the photoconductive layer 6.

In another method of infiltrating the porous photo-
conductor layer, a polymerizable organic liquid system
impregnates the pores and then is polymerized or con-
densed in situ. As an example, methyl methacrylate
monomer is combined with 0.5 percent benzoyl perox-
ide as a catalyst and infiltrated into the porous photo-
conductive layer. The excess of liquid is wiped off, and
a thin sheet of polyethylene terephthalate is placed in
contact with the photoconductive layer in order to
keep away air which inhibits the polymerization. A
glass plate is placed over the polyethylene terephthal-
ate, and the sandwich is placed into an oven at 50°C to
speed the polymerization. Optionally, some polymer-
ized acrylic resin may be dissolved in the methyl metha-
crylate monomer before infiltration.

In another example of the formation of a resin layer
in situ, a two-component unfilled epoxy resin system is
mixed just before infiltration into the photoconductor
pores, and then cured. Since such systems are fairly vis-
cous the infiltration may be aided by coating the plate
with epoxy, placing it in a vacuum chamber, releasing
the vacuum, then mixing or scraping off the excess
resin.

What is claimed is: .

1. A method for stabilizing the charge image transfer
characteristics of an electrophotographic charge image
transfer member of the type comprisirig a matrix of in-
organic photoconductive crystals in a glass binder in
which the glass comprises between about 5 to about 40
percent by weight of the photoconductive layer and in
which the photoconductive layer is overlying and
bound to an electrically conductive substrate, such
photoconductive layer being porous and having an ex-
posed surface with a matte appearance, comprising
processing as follows:

infiltrating pores in communication with the external

surface of said photoconductive layer with an elec-
trically insulative organic resin selected from the
group consisting of acrylics, epoxy, ethyl cellulose,
and vinyls by applying such a resin to the external
surface; and,
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removing any excess resin from said surface so that
such resin applied to said photoconductive layer is
on average less than about 1 micron thick at said
~ exposed surface,
the external surface of the photoconductive layer hav-
ing pores connunicating with pores in said layer after
such processing.
2, The method of claim 1 in which said resin is ap-
plied by spraying in a volatile liquid vehicle.
3. The method of claim 2 in which the insulating or-
ganic resin comprises an acrylic resin.
4. The method of claim 3 in which excess resin is re-
moved by washing with a solvent for said acrylic resin.

5. An electrophotographic charge image transfer
member comprising:

photon transparent electrically conductive substrate
means;

an inorganic photoconductive layer overlaying the
substrate means and being bonded thereto;

the photoconductive layer comprising a matrix of in-
organic photoconductive crystals in a glass binder,
the glass comprising between about 5 to about 40
‘percent by weight of the photoconductive layer;

the photoconductive layer being porous and having
an external surface adapted to be disposed facing
and in nominal contact with a dielectric charge re-
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tentive layer of an electrographic recording web
for transfer of the charge image to the charge re-
tentive layer in response to illumination by a pho-
ton image and simultaneous application of a charge
transfer potential across the charge image transfer
member and the web;

pores of said photoconductive layer in communica-
tion with said external surface having infiltrated
therein an insulative organic resin for stabilizing
the charge image transfer characteristics of the
charge image transfer member, such resin in said
photoconductive layer being on average less than
about 1 micron thick at said external surface; and

said external surface having pores communicating

with pores in said layer.

6. The electrophotographic charge image transfer
member of claim 5, wherein the insulative organic ma-
terial is a resin selected from the group consisting of
acrylic, epoxy, ethyl cellulose, and vinyl resin.

7. The electrophotographic charge image transfer
member of claim 5, in which the photoconductive crys-
tals comprise cadmium sulfide.

8. The electrophotographic charge image transfer
member of claim 5, in which the resin comprises an

acrylic resin.
* ok ok k%
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