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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates in general to electrophotography and more specifically, to an improved electrophoto-
graphic imaging member and process for using the imaging member.

[0002] In the art of electrophotography an electrophotographic plate comprising a photoconductive insulating layer on
a conductive layer is imaged by first uniformly electrostatically charging surface of the photoconductive insulating layer.
The plate is then exposed to a pattern of activating electromagnetic radiation such as light, which selectively dissipates
the charge in the illuminated areas of the photoconductive insulating layer while leaving behind an electrostatic latent
image in the non-illuminated areas. This electrostatic latent image may then be developed to form a visible image by
depositing finely divided electroscopic toner particles on the surface of the photoconductive insulating layer. The result-
ing visible toner image can be transferred to a suitable receiving member such as paper. This imaging process may be
repeated many times with reusable photoconductive insulating layers.

[0003] As more advanced, higher speed electrophotographic copiers, duplicators and printers were developed, deg-
radation of image quality was encountered during extended cycling. Moreover, complex, highly sophisticated, duplicat-
ing and printing systems operating at very high speeds have placed stringent requirements including narrow operating
limits on photoreceptors. For example, the layers of many modern photoconductive imaging members must be highly
flexible, adhere well to each other, and exhibit predictable electrical characteristics within narrow operating limits to pro-
vide excellent toner images over many thousands of cycles.

[0004] One type of popular belt type photoreceptor comprises a substrate carrying a vacuum deposited aluminum
layer which is thereafter coated with two electrically operative layers, including a charge generating layer and a charge
transport layer. However, aluminum films are relatively soft and exhibit poor scratch resistance during photoreceptor
fabrication processing. In addition, vacuum deposited aluminum exhibits poor optical transmission stability after
extended cycling in xerographic imaging systems. This poor optical transmission stability is the result of oxidation of the
aluminum ground plane as electric current is passed across the junction between the metal and photoreceptor. The
optical transmission degradation is continuous and, for systems utilizing erase lamps on the nonimaging side of the
photoconductive web, has necessitated erase intensity adjustment every 20,000 copies over the life of the photorecep-
tor.

[0005] Further, the electrical cyclic stability of an aluminum ground plane in multilayer structured photoreceptors has
been found to be unstable when cycled thousands of times. The oxides of aluminum which naturally form on the alumi-
num metal employed as an electrical blocking layer prevent charge injection during charging of the photoconductive
device. If the resistivity of this blocking layer becomes too great, a residual potential will build across the layer as the
device is cycled. Since the thickness of the oxide layer on an aluminum ground plane is not stable, the electrical per-
formance characteristics of a composite photoreceptor undergoes changes during electrophotographic cycling. Also,
the storage life of many composite photoreceptors utilizing an aluminum ground plane can be as brief as one day at
high temperatures and humidity due to accelerated oxidation of the metal. The accelerated oxidation of the metal
ground plane increases optical transmission, causes copy quality nonuniformity and can ultimately result in loss of elec-
trical grounding capability.

[0006] After long-term use in an electrophotographic copying machine, multilayered photoreceptors utilizing the alu-
minum ground plane have been observed to exhibit a dramatic dark development potential change between the first
cycle and second cycle of the machine due to cyclic instability, referred to as "cycle 1 to 2 dark development potential
variation". The magnitude of this effects is dependent upon cyclic age and relatively humidity but may be as large as
350 volts after 50,000 electrical cycles. This effect is related to interaction of the ground plane and photoconductive
materials. Another serious effect of the aluminum ground plane is the loss of image potential with cycling at low relative
humidity. This cycle down voltage is most severe at relative humidities below about 10 percent. With continued cycling,
the image potential decreases to a degree where the photoreceptor cannot provide a satisfactory image in the low
humidity atmosphere.

[0007] In some multilayered photoreceptors, the ground plane is titanium coated on a polyester film. The titanium
coating is sputtered on the polyester film in a layer about 175 angstroms thick. The titanium layer acts as a conductive
path for electrons during the exposure step in the photoconductive process and overcomes many of the problems pre-
sented by aluminum ground planes. Photoreceptors containing titanium ground planes are described, for example, in
US-A 4,588,667 to Jones et al. The entire disclosure of this patent is incorporated herein by reference. Although excel-
lent toner images may be obtained with multilayered photoreceptors having a titanium ground plane, it has been found
that charge deficient spots form in photoreceptors containing titanium ground planes, particularly under the high elec-
trical fields employed in high speed electrophotographic copiers, duplicators and printers. Moreover, the growth rate in
number and size of newly created charge deficient spots and growth rate in size of preexisting charge deficient spots
for photoreceptors containing titanium ground planes are unpredictable from one batch to the next under what appear



10

15

20

25

30

35

40

45

50

55

EP 0 928 990 A1

to be controlled, substantially identical fabrication conditions. Charge deficient spots are small unexposed areas on a
photoreceptor that fail to retain an electrostatic charge. These charge deficient spots become visible to the naked eye
after development with toner material. On copies prepared by depositing black toner material on white paper, the spots
may be white or black depending upon whether a positive or reversal image development process is employed. In pos-
itive image development, charge deficient spots appear as white spots in the solid image areas of the final xerographic
print. In other words, the image areas on the photoreceptor corresponding to the white spot fails to attract toner particles
in positive right reading image development. In reversal image development, black spots appear in background areas
of the final xerographic copy. Thus, for black spots to form, the charge deficient spots residing in background areas on
the photoreceptor attract toner particles during reversal image development. The white spots and black spots always
appear in the same location of the final electrophotographic copies during cycling of the photoreceptor. The white spots
and black spots do not exhibit any single characteristic shape, are small in size, and are visible to the naked eye. Gen-
erally, these visible spots caused by charge deficient spots have an average size of less than about 200 micrometers.
These spots grow in size and total number during xerographic cycling and become more objectionable with cycling.
Thus, for example tiny spots that are barely visible to the naked eye can grow to a size of about 150 micrometers. Other
spots may be as large as 150 micrometers with fresh photoreceptors. Visual examination of the areas on the surface of
the photoreceptor which correspond to the location of white spots and black spots reveals no differences in appearance
from other acceptable areas of the photoreceptor. There is no known test to detect a charge deficient spot other than
by forming a toner image to detect the defect.

[0008] Many of the deficiencies of the aluminum and titanium ground planes have been overcome by the use of metal
ground plane layer comprising zirconium. This type of ground plane is described in detail in US-A 4,780,385, the entire
disclosure thereof being incorporated herein by reference. The metal ground plane layer comprising zirconium
described in US-A 4,780,385 may be utilized with various charge blocking layers, adhesive layers, charge generating
layers and charge transport layers. for example, the charge blocking layer may comprise polyvinylbutyral; organosi-
lanes; epoxy resins; polyesters; polyamides; polyurethanes; pyroxyline vinylidene chloride resin; silicone resins; fluoro-
carbon resins and the like containing an organo metallic salt; and nitrogen containing siloxanes or nitrogen containing
titanium compounds such as trimethoxysilyl propylene diamine, hydrolyzed trimethoxysilyl propyl ethylene diamine, N-
beta(aminoethyl) gamma-amino-propyl trimethoxy silane, isopropyl 4-aminobenzene sulfonyl, di{dodecylbenzene sulfo-
nyl) titanate, isopropyl di(4-aminobenzoyl) isostearoyl titanate, isopropyl tri(N-ethylaminoethylamino) titanate, isopropyl
trianthranil titanate, isopropyl tri(N,N-dimethyl-ethylamino) titanate, titanium-4-amino benzene sulfonat oxyacetate, tita-
nium 4-aminobenzoate isostearate oxyacetate, [HoN(CHb)4]JCH3Si(OCHs)s, (gamma-aminobutyl) methyl diethoxysi-
lane, and [HoN(CHo5)3]CH3Si(OCHg)> (gamma-aminopropyl) methyl dimethoxysilane, as disclosed in US-A 4,291,110,
US-A 4,338,387, US-A 4,286,033 and US-A 4,291,110. A preferred blocking layer disclosed in US-A 4,780,385 com-
prises a reaction product between a hydrolyzed silane and a zirconium oxide layer which inherently forms on the sur-
face of the zirconium layer when exposed to air after deposition. This combination reduces spots at time 0 and provides
electrical stability at low RH.

[0009] Insome cases, an intermediate layer between the blocking layer and the adjacent generator layer may be used
in the photoreceptor of US-A 4,780,385 to improve adhesion or to act as an electrical barrier layer. Typical adhesive lay-
ers disclosed in US-A 4,780,385 include film-forming polymers such as polyester, polyvinylbutyral, polyvinylpyrolidone,
polyurethane, polycarbonates polymethylmethacrylate, mixtures thereof, and the like.

[0010] The photogenerating layer utilized in the photoreceptor disclosed in US-A 4,780,385 include, for example, inor-
ganic photoconductive particles such as amorphous selenium, trigonal selenium, and selenium alloys selected from the
group consisting of selenium-tellurium, selenium-tellurium-arsenic, selenium arsenide and mixtures thereof, and
organic photoconductive particles including various phthalocyanine pigments such as the X-form of metal free phthalo-
cyanine, metal phthalocyanines such as vanadyl phthalocyanine and copper phthalocyanine, quinacidones available
from DuPont under the tradename Monastral Red, Monastral violet and Monastral Red Y, Vat orange 1 and Vat Orange
3 trade names for dibromo anthanthrone pigments, benzimidazole perylene, substituted 2,4-diamino-triazines, polynu-
clear aromatic quinones available from Allied Chemical Corporation under the tradename indofast Double Scarlet, Ind-
ofast Violet Lake B, Indofast Brilliant Scarlet and Indofast Orange, and the like dispersed in a film forming polymeric
binder. Selenium, selenium alloy, benzimidazole perylene, and the like and mixtures thereof may be formed as a con-
tinuous, homogeneous photogenerating layer. Benzimidazole perylene compositions are well known and described, for
example in US-A 4,587,189. Other suitable photogenerating materials known in the art may also be utilized, if desired.
Charge generating binder layer comprising particles or layers comprising a photoconductive material such as vanadyl
phthalocyanine, metal free phthalocyanine, benzimidazole perylene, amorphous selenium, trigonal selenium, selenium
alloys such as selenium-tellurium, selenium-tellurium-arsenic, selenium arsenide, and the like and mixtures thereof are
especially preferred for the photoreceptor of US-A 4,780,385 because of their sensitivity to white light.

[0011] Although excellent images may be obtained with the photoreceptor described in US-A 4,780,385, it has also
been found that for certain specific combinations of materials in the different layers, adhesion of the various layers
under certain manufacturing conditions can fail and result in delamination of the layers during or after fabrication. Pho-
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toreceptor life can be shortened if the photoreceptor is extensively image cycled over small diameter rollers. Also, dur-
ing extensive cycling, many belts exhibit undesirable dark decay and cycle down characteristics. The expression "dark
decay" is defined as the loss of applied voltage from the photoreceptor in the absence of light exposure. "Cycle down”,
as utilized here and as defined as the increase in dark decay with increased charge/erase cycles of the photoreceptor.
[0012] A typical multi-layered photoreceptor exhibiting dark decay and cycle down under extensive cycling utilizes a
charge generating layer containing trigonal selenium particles dispersed in a film-forming binder. It has also been found
that multi-layered photoreceptors containing charge generating layers utilizing trigonal selenium particles are relatively
insensitive to visible laser diode exposure systems.

[0013] Multi-layered photoreceptors containing charge generating layers comprising perylene pigments, particularly
benzimidazole perylene, have been found to exhibit low dark decay compared to photoreceptors containing trigonal
selenium in the charge generating layer. Moreover, photoreceptors containing perylene pigments in the charge gener-
ating layer exhibit a spectral sensitivity up to 720 nanometers and are, therefore, compatible with exposure systems uti-
lizing visible laser diodes. However, some multi-layered photoreceptors containing perylene pigments in the charge
generating layer have been found to form charge deficient spots. The expression "charge deficient spots” as employed
herein is defined as localized area of dark decay.

[0014] Typically, flexible belts are fabricated by depositing the various layers of the photoreceptor as coatings onto
long belts which are thereafter cut into sheets. The opposite ends of these sheets are welded together to form the belt.
After coating, the web is slit to form sheets, the opposite ends of which-are thereafter overlapped to form a seam that
is welded. When the resulting welded multi-layered photoreceptor belts contain perylene pigments in the charge gen-
erating layer, it has been found that some of the photoreceptors fail at the welded seam during extensive electrophoto-
graphic image cycling.

[0015] Mechanical properties of the belt are improved by orders of magnitude as measured by "peel tests” and as
measured in machine performance when a polyarylate resin is utilized in the adhesive layer of the photoreceptor. How-
ever, photoreceptors which utilize polyarylate in the adhesive layer and benzimidazole perylene in the charge generator
layer exhibit higher levels of dark decay and depletion compared to utilizing a polyester adhesive layer

[0016] In photoreceptors experiencing charge depletion, the first deposited charge can sometimes vanish during
image cycling. Thus, for example, deposited charge during the first three cycles vanish in about 25 percent of photore-
ceptors containing polyarylate resin in the adhesive layer and benzimidazole perylene in the charge generator layer.
This is totally unacceptable for high quality, high volume electrophotographic imaging systems. Apparently, positive
charges from the benzimidazole perylene charge generation layer are injected into the charge transport layer and neu-
tralize the deposited negative charge on the outer surface of the charge transport layer.

[0017] Thus, there is a continuing need for improved photoreceptors that exhibit improved electrical properties and
which are more resistant to delamination during slitting, grinding, buffing, polishing and image cycling.

INFORMATION DISCLOSURE STATEMENT

[0018] US-A 5,492,785 issued to Normandin et al. on February 20, 1996 - An electrophotographic imaging member
is disclosed having an imaging surface adapted to accept a negative electrical charge, the electrophotographic imaging
member comprising a metal ground plane layer comprising at least 50 percent by weight zirconium, a siloxane hole
blocking layer, an adhesive layer comprising a polyarylate film forming resin, a charge generation layer comprising ben-
zimidazole perylene particles dispersed in a film forming resin binder of poly(4,4'-diphenyl-1,1'-cyclohexane carbonate),
and a hole transport layer, the hole transport layer being substantially non-absorbing in the spectral region at which the
charge generation layer generates and injects photogenerated holes but being capable of supporting the injection of
photogenerated holes from the charge generation layer and transporting the holes through the charge transport layer.
[0019] US-A 5,164,276 issued to Robinson et al. on November 17, 1992 - Photoreceptors, charge generating layers
and charge transport layers are disclosed, in which the charge generation layer or charge transport layer includes a
dopant of organic molecules containing basic electron donor or proton acceptor groups, and processes for the forma-
tion thereof. Preferred dopants include aliphatic and aromatic amines, more preferably, triethanolamine, n-
dodecylamine, n-hexadecylamine, tetramethyl guanidine, 3-aminopropyltriethoxy silane, 3-aminopropyltrihydroxysilane
and its oligomers.

[0020] US-A 4,780,385 to Wieloch et al., issued October 25, 1988 - An electrophotographic imaging member is dis-
closed having an imaging surface adapted to accept a negative electrical charge, the electrophotographic imaging
member comprising a metal ground plane layer comprising zirconium, a hole blocking layer, a charge generation layer
comprising photoconductive particles dispersed in a film forming resin binder, and a hole transport layer, the hole trans-
port layer being substantially non-absorbing in the spectral region at which the charge generation layer generates and
injects photogenerated holes but being capable of supporting the injection of photogenerated holes from the charge
generation layer and transporting the holes through the charge transport layer.

[0021] US-A 4,786,570 to Yu et al., issued November 22, 1988 - A flexible electrophotographic imaging member is
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disclosed which comprises a flexible substrate having an electrically conductive surface, a hole blocking layer compris-
ing an aminosilane reaction product, an adhesive layer having a thickness between about 200 angstroms and about
900 angstroms consisting essentially of at least one copolyester resin having a specified formula derived from diacids
selected from the group consisting of terephthalic acid, isophthalic acid, and mixtures thereof and a diol comprising eth-
ylene glycol, the mole ratio of diacid to diol being 1:1, the number of repeating units equaling a number between about
175 and about 350 and having a Tg of between about 50° C. to about 80° C., the aminosilane also being a reaction
product of the amino group of the silane with the -COOH and -OH end groups of the copolyester resin, a charge gen-
eration layer comprising a film forming polymeric component, and a diamine hole transport layer, the hole transport
layer being substantially non-absorbing in the spectral region at which the charge generation layer generates and
injects photogenerated holes but being capable of supporting the injection of photogenerated holes from the charge
generation layer and transporting the holes through the charge transport layer. Processes for fabricating and using the
flexible electrophotographic imaging member are also disclosed.

[0022] US-A 5,019,473 to Nguyen et al., issued May 28, 1991 - An electrophotographic recording element is disclosed
having a layer comprising a photoconductive perylene pigment, as a charge generation material, that is sufficiently
finely and uniformly dispersed in a polymeric binder to provide the element with excellent electrophotographic speed.
The perylene pigments are perylene-3,4,9,10-tetracarboxylic acid imide derivatives.

[0023] US-A 4,587,189 to Hor et al., issued May 6, 1986 - Disclosed is an improved layered photoresponsive imaging
member comprised of a supporting substrate; a vacuum evaporated photogenerator layer comprised of a perylene pig-
ment selected from the group consisting of a mixture of bisbenzimidazo(2,1-a-1',2'-b)anthra(2,1,9-def:6,5,10-
d'e'f)diisoquinoline-6,11- dione, and bisbenzimidazo(2,1-a:2',1'-a)anthra(2,1,9-def:6,5,10-d'e'f)diisoquinoline-10,21 -
done, and N,N'-diphenyl-3,4,9,10-perylenebis(dicarboximide); and an aryl amine hole transport layer comprised of mol-
ecules of a specified formula dispersed in a resinous binder.

[0024] US-A 4,588,667 to Jones et al., issued May 13, 1986 - An electrophotographic imaging member is disclosed
comprising a substrate, a ground plane layer comprising a titanium metal layer contiguous to the substrate, a charge
blocking layer contiguous to the titanium layer, a charge generating binder layer and a charge transport layer. This pho-
toreceptor may be prepared by providing a substrate in a vacuum zone sputtering a layer of titanium metal on the sub-
strate in the absence of oxygen to deposit a titanium metal layer, applying a charge blocking layer, applying a charge
generating binder layer and applying a charge transport layer. If desired, an adhesive layer may be interposed between
the charge blocking layer and the photoconductive insulating layer.

[0025] US-A 4,464,450 to Teuscher, issued August 7, 1984 - An electrostatographic imaging member is disclosed
having two electrically operative layers including a charge transport layer and a charge generating layer, the electrically
operative layers overlying a siloxane film coated on a metal oxide layer of a metal conductive anode, said siloxane film
comprising a reaction product of a hydrolyzed sane having a specified general formula.

[0026] US-A 4,265,990 to Stolka et al., issued May 5, 1981 - A photosensitive member is disclosed having at least
two electrically operative layers is disclosed. The first layer comprises a photoconductive layer which is capable of pho-
togenerating holes and injecting photogenerated holes into a contiguous charge transport layer. The charge transport
layer comprises a polycarbonate resin containing from about 25 to about 75 percent by weight of one or more of a com-
pound having a specified general formula. This structure may be imaged in the conventional xerographic mode which
usually includes charging, exposure to light and development.

SUMMARY OF THE INVENTION

[0027] i is, therefore, an object of the present invention to provide an improved photoreceptor member which over-
comes the above-noted disadvantages.

[0028] It is another object of the present invention to provide an improved photoreceptor member which simultane-
ously enhances the mechanical cycling life while achieving low dark decay and depletion.

[0029] It is yet another object of the present invention to provide an improved photoreceptor member having welded
seams that can be extensively cycled without failure.

[0030] It is another object of the present invention to provide an electrophotographic imaging member which exhibits
lower dark decay and improved cyclic stability.

[0031] The foregoing objects and others are accomplished in accordance with this invention by providing an electro-
photographic imaging having an imaging surface adapted to accept a negative electrical charge, the electrophoto-
graphic imaging member comprising

a metal ground plane layer comprising at least 50 percent by weight of a material selected from the group consist-
ing of zirconium, titanium and mixtures thereof,

a siloxane hole blocking layer,
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an adhesive layer comprising a polyarylate film forming resin,

a charge generation layer comprising

benzimidazole perylene particles dispersed in

a film forming resin binder of poly(4,4'-diphenyl-1,1'-cyclohexane carbonate), and
a hole transport layer comprising

a film forming polymer,

a charge transporting molecule and

tetramethyl guanidine.

[0032] The substrate may be opaque or substantially transparent and may comprise numerous suitable materials hav-
ing the required mechanical properties. Accordingly, this substrate may comprise a layer of an electrically non-conduc-
tive or conductive material such as an inorganic or an organic composition. As electrically non-conducting materials
there may be employed various resins known for this purpose including polyesters, polycarbonates, polyamides, poly-
urethanes, and the like. Preferably, the substrate is in the form of an endless flexible belt and comprises a commercially
available biaxially oriented polyester known as Mylar, available from E. |. du Pont de Nemours & Co. or Melinex available
from ICI.

[0033] The thickness of the substrate layer depends on numerous factors, including economical considerations, and
thus this layer for a flexible belt may be of substantial thickness, for example, over 200 micrometers, or of minimum
thickness less than 50 micrometers, provided there are no adverse affects on the final photoconductive device. In one
flexible belt embodiment, the thickness of this layer ranges from about 65 micrometers to about 150 micrometers, and
preferably from about 75 micrometers to about 125 micrometers for optimum flexibility and minimum stretch when
cycled around small diameter rollers, e.g. 12 millimeter diameter rollers.

[0034] A zirconium and/or titanium conductive layer may be formed on the substrate layer by any suitable coating
technique, such as vacuum depositing technique. Typical vacuum depositing techniques include sputtering, magnetron
sputtering, RF sputtering, and the like. Magnetron sputtering of zirconium or titanium onto a metallized substrate can
be effected by a conventional type sputtering module under vacuum conditions in an inert atmosphere such as argon,
neon, or nitrogen using a high purity zirconium or titanium target. The vacuum conditions are not particularly critical. In
general, a continuous zirconium or titanium film can be attained on a suitable substrate, e.g. a polyester web substrate
such as Mylar available from E.I. du Pont de Nemours & Co. with magnetron sputtering. It should be understood that
vacuum deposition conditions may all be varied in order to obtain the desired zirconium or titanium thickness. Typical
techniques for forming the zirconium and titanium layers are described in US-A 4,780,385 and 4,588,667, the entire dis-
closures of which are incorporated herein in their entirety.

[0035] The conductive layer may comprise a plurality of metal layers with the outermost metal layer (i.e. the layer clos-
est to the charge blocking layer) comprising at least 50 percent by weight of zirconium, titanium or mixtures thereof. At
least 70 percent by weight of zirconium and/or titanium is preferred in the outermost metal layer for even better results.
The multiple layers may, for example, all be vacuum deposited or a thin layer can be vacuum deposited over a thick layer
prepared by a different techniques such as by casting. Thus, as an illustration, a zirconium metal layer may be formed
in a separate apparatus than that used for previously depositing a titanium metal layer or multiple layers can be depos-
ited in the same apparatus with suitable partitions between the chamber utilized for depositing the titanium layer and
the chamber utilized for depositing zirconium layer. The titanium layer may be deposited immediately prior to the depo-
sition of the zirconium metal layer. Generally, for rear erase exposure, a conductive layer light transparency of at least
about 15 percent is desirable.

[0036] Regardless of the technique employed to form the zirconium and/or titanium layer, a thin layer of zirconium or
titanium oxide forms on the outer surface of the metal upon exposure to air. Thus, when other layers overlying the zir-
conium layer are characterized as "contiguous” layers, it is intended that these overlying contiguous layers may, in fact,
contact a thin zirconium or titanium oxide layer that has formed on the outer surface of the metal layer. If the zirconium
and/or titanium layer is sufficiently thick to be self supporting, no additional underlying member is needed and the zir-
conium and/or titanium layer may function as both a substrate and a conductive ground plane layer. Ground planes
comprising zirconium tend to continuously oxidize during xerographic cycling due to anodizing caused by the passage
of electric currents, and the presence of this oxide layer tends to decrease the level of charge deficient spots with xero-
graphic cycling. Generally, a zirconium layer thickness of at least about 100 angstroms is desirable to maintain optimum
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resistance to charge deficient spots during xerographic cycling. A typical electrical conductivity for conductive layers for
electrophotographic imaging members in slow speed copiers is about 102 to 103 ohms/square.

[0037] Aiter deposition of the zirconium an/or titanium metal layer, a hole blocking layer is applied thereto. Generally,
electron blocking layers for positively charged photoreceptors allow holes from the imaging surface of the photoreceptor
to migrate toward the conductive layer. Thus, an electron blocking layer is normally not expected to block holes in pos-
itively charged photoreceptors such as photoreceptors coated with charge generating layer and a hole transport layer.
Any suitable hole blocking layer capable of forming an electronic. barrier to holes between the adjacent photoconductive
layer and the underlying Zirconium and/or titanium layer may be utilized. The hole blocking layer is a nitrogen containing
siloxanes such as trimethoxysilyl propylene diamine, hydrolyzed trimethoxysilyl propyl ethylene diamine, N-beta(ami-
noethyl) gamma-amino-propyl trimethoxy silane, [HoN(CH5)4JCH3Si(OCHg)5, (gamma-aminobutyl) methyl diethoxysi-
lane, and [HsN(CH5)3]CH3Si(OCH3), (gamma-aminopropyl) methyl dimethoxysilane. A preferred blocking layer
comprises a reaction product between a hydrolyzed silane and the zirconium and/or titanium oxide layer which inher-
ently forms on the surface of the metal layer when exposed to air after deposition. This combination reduces spots at
time 0 and provides electrical stability at low RH. The imaging member is prepared by depositing on the zirconium
and/or titanium oxide layer of a coating of an aqueous solution of the hydrolyzed silane at a pH between about 4 and
about 10, drying the reaction product layer to form a siloxane film and applying electrically operative layers, such as a
photogenerator layer and a hole transport layer, to the siloxane film.

[0038] The hydrolyzed silane may be prepared by hydrolyzing any suitable amino silane. Typical hydrolyzable silanes
include 3-aminopropyl triethoxy silane, (N,N'-dimethyl 3-amino) propy! triethoxysilane, N,N-dimethylamino phenyl tri-
ethoxy silane, N-phenyl aminopropyl trimethoxy silane, trimethoxy silylpropyldiethylene triamine and mixtures thereof.
During hydrolysis of the amino silanes described above, the alkoxy groups are replaced with hydroxyl group.

[0039] After drying, the siloxane reaction product film formed from the hydrolyzed silane contains larger molecules.
The reaction product of the hydrolyzed sane may be linear, partially crosslinked, a dimer, a trimer, and the like.

[0040] The hydrolyzed silane solution may be prepared by adding sufficient water to hydrolyze the alkoxy groups
attached to the silicon atom to form a solution. Insufficient water will normally cause the hydrolyzed silane to form an
undesirable gel. Generally, dilute solutions are preferred for achieving thin coatings. Satisfactory reaction product films
may be achieved with solutions containing from about 0.1 percent by weight to about 5.0 percent by weight of the silane
based on the total weight of the solution. A solution containing from about 0.05 percent by weight to about 0.2 percent
by weight silane based on the total weight of solution are preferred for stable solutions which form uniform reaction
product layers. It is important that the pH of the solution of hydrolyzed silane be carefully controlled to obtain optimum
electrical stability. A solution pH between about 4 and about 10 is preferred. Optimum reaction product layers are
achieved with hydrolyzed silane solutions having a pH between about 7 and about 8, because inhibition of cycling-up
and cycling-down characteristics of the resulting treated photoreceptor are maximized. Some tolerable cycling-own has
been observed with hydrolyzed amino sane solutions having a pH less than about 4.

[0041] Control of the pH of the hydrolyzed silane solution may be effected with any suitable organic or inorganic acid
or acidic salt. Typical organic and inorganic acids and acidic salts include acetic acid, citric acid, formic acid, hydrogen
iodide, phosphoric acid, ammonium chloride, hydrofluorsilicic acid, Bromocresol Green, Bromophenol Blue, p-toluene
sulfonic acid and the like.

[0042] Any suitable technique may be utilized to apply the hydrolyzed silane solution to the metal oxide layer of a
metallic conductive anode layer. Typical application techniques include spraying, dip coating, roll coating, wire wound
rod coating, and the like. Although it is preferred that the aqueous solution of hydrolyzed silane be prepared prior to
application to the metal oxide layer, one may apply the silane directly to the metal oxide layer and hydrolyze the silane
in situ by treating the deposited silane coating with water vapor to form a hydrolyzed silane solution on the surface of
the metal oxide layer in the pH range described above. The water vapor may be in the form of steam or humid air. Gen-
erally, satisfactory results may be achieved when the reaction product of the hydrolyzed silane and metal oxide layer
forms a layer having a thickness between about 20 Angstroms and about 2,000 Angstroms.

[0043] Drying or curing of the hydrolyzed silane upon the metal oxide layer should be conducted at a temperature
greater than about room temperature to provide a reaction product layer having more uniform electrical properties,
more complete conversion of the hydrolyzed silane to siloxanes and less unreacted silanol. Generally, a reaction tem-
perature between about 100° C and about 150° C is preferred for maximum stabilization of electrochemical properties.
The temperature selected depends to some extent on the specific metal oxide layer utilized and is limited by the tem-
perature sensitivity of the substrate. The reaction temperature may be maintained by any suitable technique such as
ovens, forced air ovens, radiant heat lamps, and the like.

[0044] The reaction time depends upon the reaction temperatures used. Thus less reaction time is required when
higher reaction temperatures are employed. Satisfactory results have been achieved with reaction times between about
0.5 minute to about 45 minutes at elevated temperatures. For practical purposes, sufficient cross-linking is achieved by
the time the reaction product layer is dry provided that the pH of the aqueous solution is maintained between about 4
and about 10.
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[0045] One may readily determine whether sufficient condensation and cross-linking has occurred to form a siloxane
reaction product film having stable electric chemical properties in a machine environment by merely washing the
siloxane reaction product film with water, toluene, tetrahydrofuran, methylene chloride or cyclohexanone and examining
the washed siloxane reaction product film to compare infrared absorption of Si-O-wavelength bands between about
1,000 to about 1,200 cm™'. If the Si-O-wavelength bands are visible, the degree of reaction is sufficient, i.e. sufficient
condensation and cross-linking has occurred, if peaks in the bands do not diminish from one infrared absorption test to
the next. It is believed that the partially polymerized reaction product contains siloxane and silanol moieties in the same
molecule. The expression "partially polymerized” is used because total polymerization is normally not achievable even
under the most severe drying or curing conditions. The hydrolyzed silane appears to react with metal hydroxide mole-
cules in the pores of the metal oxide layer. This siloxane coating is described in US-A 4,464,450, the disclosure of
thereof being incorporated herein in its entirety.

[0046] The siloxane blocking layer should be continuous and have a thickness of less than about 0.5 micrometer
because greater thicknesses may lead to undesirably high residual voltage. A blocking layer of between about 0.005
micrometer and about 0.3 micrometer (50 Angstroms-3000 Angstroms) is preferred because charge neutralization after
the exposure step is facilitated and optimum electrical performance is achieved. A thickness of between about 0.03
micrometer and about 0.06 micrometer is preferred for zirconium and/or titanium oxide layers for optimum electrical
behavior and reduced charge deficient spot occurrence and growth. The blocking layer may be applied by any suitable
conventional technique such as spraying, dip coating, draw bar coating, gravure coating, silk screening, air knife coat-
ing, reverse roll coating, vacuum deposition, chemical treatment and the like. For convenience in obtaining thin layers,
the blocking layers are preferably applied in the form of a dilute solution, with the solvent being removed after deposition
of the coating by conventional techniques such as by vacuum, heating and the like.

[0047] Any suitable polyarylate film forming thermoplastic ring compound may be utilized in the adhesive layer. Pol-
yarylates are derived from aromatic dicarboxylic acids and diphenols and their preparation is well known. The preferred
polyarylates are prepared from isophthalic or terephthalic acids and bisphenol A. In general, there are two processes
that are widely used to prepare polyarylates. The first process involves reacting acid chlorides, such as isophthaloyl and
terephthaloyl chlorides, with diphenols, such as bisphenol A, to yield polyarylates. The acid chlorides and diphenols can
be treated with a stoichiometric amount of an acid acceptor, such as triethylamine or pyridine. Alternatively, an aqueous
solution of the dialkali metal salt of the diphenols can be reacted with a solution of the acid chlorides in a water-insoluble
solvent such as methylene chloride, or a solution of the diphenol and the acid chlorides can be contacted with solid cal-
cium hydroxide with triethylamine serving as a phase transfer catalyst. The second process involves polymerization by
a high-temperature melt or slurry process. For example, diphenyl isophthalate or terephthalate is reacted with bisphenol
A in the presence of a transition metal catalyst at temperatures greater than 230° C. Since transesterification is a
reversible process, phenol, which is a by-product, must be continually removed from the reaction vessel in order to con-
tinue polymerization and to produce high molecular weight polymers. Various processes for preparing polyarylates are
disclosed in "Polyarylates,” by Maresca and Robeson in Engineering Thermoplastics, James Margolis, ed., New York:
Marcel Dekker, Inc. (1985), pages 255-259, which is incorporated herein by reference as well as the articles and pat-
ents disclosed therein which describe the various processes in greater detail. Polyarylates in adhesive layers are
described in US-A 5,492,785, the entire disclosure thereof being incorporated herein by reference.

[0048] A typical polyarylate has repeating units represented in the following formula:

o)

@@

wherein R is C4-Cg alkylene, preferably C; and n is an integer sufficient to give the polyarylate a weight average
molecular weight greater than about 5,000 and preferably greater than about 30,000.
The preferred polyarylate polymers have recurring units of the formula:

n
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The phthalate moiety may be from isophthalic acid, terephthalic acid or a mixture of the two at any suitable ratios rang-
ing from about 99 percent isophthalic acid and about 1 percent terephthalic acid to about 1 percent isophthalic acid and
about 99 percent terephthalic acid, with a preferred mixture being between about 75 percent isophthalic acid and about
25 percent terephthalic acid and optimum results being achieved with between about 50 percent isophthalic acid and
about 50 percent terephthalic acid. The polyarylates Ardel from Amoco and Durel from Celanese Chemical Company
are preferred polymers. The most preferred polyarylate polymer is available from the Amoco Performance Products
under the tradename Ardel D-100. Ardel is prepared from bisphenol-A and a mixture of 50 mole percent each of tereph-
thalic and isophthalic acid chlorides by conventional methods. Ardel D-100 has a melt flow at 375° C of 4.5 g/10 min-
utes, a density of 1.21 Mg/m®, a refractive index of 1.61, a tensile strength at yield of 69 MPa, a thermal conductivity (k)
of 0.18 W/m°K and a volume resistivity of 3x1 06 ohm-cm. Durel is an amorphous homopolymer with a weight average
molecular weight of about 20,000 to 200,000. Different polyarylates may be blended in the compositions of the inven-
tion.

[0049] The polyarylates may be dissolved in any suitable solvent. Both the Durel and Ardel polyarylates dissolve read-
ily in tetrahydrofuran, chlorobenzene, methylene chloride, chloroform, N-methylpyrrolidinone, N,N-dimethylformamide,
N,N-dimethylacetamide, and the like.

[0050] Adhesive layers comprising the polyarylate provides markedly superior electrical and adhesive properties
when it is employed in combination with a charge generating layer comprising benzimidazole perylene dispersed in a
film forming resin binder of poly(4,4'-diphenyl-1,1'-cyclohexane carbonate) and a charge transport layer containing
tetramethyl guanidine and a charge transport molecule in a film forming polymer matrix which enables extensive image
cycling of welded photoreceptor belts without failure of the welded belt seam. A polyarylate adhesive layer employed
with a charge generating layer containing trigonal selenium particles dispersed in a film forming binder does not
improve adhesion to a siloxane treated zirconium and/or titanium ground plane.

[0051] The charge generating layer of the photoreceptor of this invention comprises a perylene pigment. The perylene
pigment is preferably benzimidazole perylene which is also referred to as bis(benzimidazole). This pigment exists in the
cis and trans forms. The cis form is also called bis-benzimidazo(2,1-a-1',1'-b) anthra (2,1,9-def:6,5,10-d'e'f') disoquino-
line-6,11-dione. The trans form is also called bisbenzimidazo (2,1-a1’,1'-b) anthra (2,1,9-def:6,5,10-d'e'f") disoquinoline-
10,21-dione. This pigment may be prepared by reacting perylene 3,4,9,10-tetracarboxylic acid dianhydride with 1,2-
phenylene. Benzimidazole perylene is ground into fine particles having an average particle size of less than about 1
micrometer and dispersed in a preferred polycarbonate film forming binder of poly(4,4'-diphenyl-1,1'-cyclohexane car-
bonate). Optimum results are achieved with a pigment particle size between about 0.2 micrometer and about 0.3
micrometer.. Benzimidazole perylene is described in US-A 5,019,473 and US-A 4,587,189, the entire disclosures
thereof being incorporated herein by reference.

[0052] The dispersions for the charge generating layer may be formed by any suitable technique using, for example,
attritors, ball mills, Dynomiills, paintshakers, homogenizers, microfluidizers, and the like.

[0053] Electrical life is improved dramatically by the use of benzimidazole perylene dispersed in poly(4,4'diphenyl-
1,1'-cyclohexane carbonate). Preferably, the film forming polycarbonate binder for the charge generating layer has a
molecular weight between about 20,000 and about 80,000. Satisfactory results may be achieved when the dried charge
generating layer contains between about 20 percent and about 80 percent by volume benzimidazole perylene dis-
persed in poly(4,4'-diphenyl-1,1'-cyclohexane carbonate) based on the total volume of the dried charge generating
layer. Preferably, the perylene pigment is present in an amount between about 30 percent and about 50 percent by vol-
ume. Optimum results are achieved with an amount between about 35 percent and about 45 percent by volume.
Poly(4,4'-diphenyl-1,1"-cyclohexane carbonate) allows a reduction in perylene pigment loading without an extreme loss
in photosensitivity.

[0054] Any suitable solvent may be utilized to dissolve the polycarbonate binder. Typical solvents include tetrahydro-
furan, toluene, methylene chloride, and the like. Tetrahydrofuran is preferred because it has no discernible adverse
effects on xerography and has an optimum boiling point to allow adequate drying of the generator layer during a typical
slot coating process.

[0055] Satisfactory results may be achieved with a dry charge generating layer thickness between about 0.3 microm-
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eter and about 3 micrometers. Preferably, the charge generating layer has a dried thickness of between about 1.1
micrometers and about 2 micrometers. The photogenerating layer thickness is related to binder content. Thicknesses
outside these ranges can be selected providing the objectives of the present invention are achieved. Typical charge
generating layer thicknesses give an optical density from about 1.7 and about 2.1.

[0056] Any suitable coating technique may be used to apply coatings. Typical coating techniques include slot coating,
gravure coating, roll coating, spray coating, spring wound bar coating, dip coating, drawbar coating, reverse roll coating,
and the like.

[0057] Any suitable drying technique may be utilized to solidify and dry the deposited coatings. Typical drying tech-
niques include oven drying, forced air drying, infrared radiation drying, and the like.

[0058] Any suitable charge transport layer containing tetramethyl guanidine may be utilized. The active charge trans-
port layer may comprise any suitable transparent organic polymer of non-polymeric material capable of supporting the
injection of photo-generated holes and electrons from the charge generating layer and allowing the transport of these
holes or electrons through the organic layer to selectively discharge the surface charge. The charge transport layer in
conjunction with the generation layer in the instant invention is a material which is an insulator to the extent that an elec-
trostatic charge placed on the transport layer is not conducted in the absence of illumination Thus, the active charge
transport layer is a substantially non-photoconductive material which supports the injection of photogenerated holes
from the generation layer.

[0059] An especially preferred transport layer employed in one of the two electrically operative layers in the multilayer
photoconductor of this invention comprises tetramethyl guanidine (TMG), between about 25 and about 75 percent by
weight of at least one charge transporting aromatic amine compound, and between about 75 to about 25 percent by
weight of a polymeric film forming resin in which the aromatic amine and tetramethyl guanidine are soluble, based on
the total weight of the dried transport layer. The amount of tetramethyl guanidine in the charge transport layer is rela-
tively small and can be between about 0.15 ppm and about 60 ppm tetramethyl guanidine, based on the total weight of
the dried transport layer. Preferably, the dried charge transport layer contains between about 0.25 ppm and about 2.5
ppm tetramethyl guanidine, based on the total weight of the dried transport layer, between about 40 percent and about
50 percent by weight of the small molecule charge aromatic amine transport molecule, and between about 60 to about
50 percent by weight of a polymeric film forming resin in which the aromatic amine and tetramethyl guanidine are solu-
ble, based on the total weight of the dried charge transport layer. When less than about 0.15 ppm by weight of tetram-
ethyl guanidine is utilized, dark decay and depletion are at an unacceptably high level. When more than about 60 ppm
by weight of tetramethyl guanidine is utilized, the photosensitivity is lowered to an unacceptable level. Tetramethyl gua-
nidine (TMG) in charge generating or charge transport layers is described in US-A 5,164,276, the entire disclosure
thereof being incorporated herein by reference.

[0060] The charge transport layer forming mixture preferably comprises a charge transporting aromatic amine com-
pound. Typical aromatic amine compounds include triphenyl amines, bis and poly triarylamines, bis arylamine ethers,
bis alkyl-arylamines and the like.

[0061] Examples of charge transporting aromatic amines for charge transport layers capable of supporting the injec-
tion of photogenerated holes of a charge generating layer and transporting the holes through the charge transport layer
include, for example, triphenylmethane, bis(4-diethylamine2-methylphenyl)phenylmethane; 4'-4"-bis(diethyl-
amino)2',2"-dimethyltriphenylmethane, N,N'-bis(alkylphenyl)-[1,1'-biphenyl]-4,4'-diamine wherein the alkyl is, for exam-
ple, methyl, ethyl, propyl, n-butyl, etc., N,N'-diphenyl-N,N'-bis(chlorophenyl)-[1,1biphenyl]-4,4"-diamine, N,N'-diphenyl-
N,N'-bis(3"-methylphenyl)-(1,1"-biphenyl)-4,4'-diamine, and the like dispersed in an inactive resin binder.

[0062] Any suitable inactive resin binder soluble in methylene chloride or other suitable solvent which also dissolves
tetramethyl guanidine may be employed in the process of this invention. Typical inactive resin binders soluble in meth-
ylene chloride include polycarbonate resin, polyvinylcarbazole, polyester, polyarylate, polyacrylate, polyether, polysul-
fone, and the like. Molecular weights can vary from about 20,000 to about 1,500,000. Other solvents which dissolve
tetramethyl guanidine include, for example, tetrahydrofuran, toluene, chlorobenzene, and the like.

[0063] The preferred electrically inactive resin materials are polycarbonate resins have a molecular weight from about
20,000 to about 120,000, more preferably from about 50,000 to about 100,000. The materials most preferred as the
electrically inactive resin material is poly(4,4'-dipropylidene-diphenylene carbonate) with a molecular weight of from
about 35,000 to about 40,000, available as Lexan 145 from General Electric Company; poly(4,4'-isopropylidene-diphe-
nylene carbonate) with a molecular weight of from about 40,000 to about 45,000, available as Lexan 141 from the Gen-
eral Electric Company; a polycarbonate resin having a molecular weight of from about 50,000 to about 100,000,
available as Makrolon from Farbenfabricken Bayer A. G., a polycarbonate resin having a molecular weight of from about
20,000 to about 50,000 available as Merlon from Mobay Chemical Company, and a polycarbonate resin poly(4,4'-diphe-
nyl-1,1'-cyclohexane carbonate having a molecular weight of about 20,000 to about 80,000 available as PC-z from Mit-
subishi Gas Chemical.

[0064] Examples of photosensitive members having at least two electrically operative layers include the charge gen-
erator layer and diamine containing transport layer members disclosed in US-A 4,265,990, US-A 4,233,384, US-A
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4,306,008, US-A 4,299,897 and US-A 4,439,507. The disclosures of these patents are incorporated herein in their
entirety.

[0065] Any suitable and conventional technique may be utilized to mix and thereafter apply the charge transport layer
coating mixture to the charge generating layer. Typical application techniques include spraying, dip coating, roll coating,
wire wound rod coating, and the like. Drying of the deposited coating may be effected by any suitable conventional tech-
nique such as oven drying, infra red radiation drying, air drying and the like. Generally, the thickness of the transport
layer is between about 5 micrometers to about 100 micrometers, but thicknesses outside this range can also be used.
A dried thickness of between about 18 micrometers and about 35 micrometers is preferred with optimum results being
achieved with a thickness between about 24 micrometers and about 29 micrometers.

[0066] The hole transport layer is substantially non-absorbing in the spectral region at which the charge generation
layer generates and injects photogenerated holes but is capable of supporting the injection of photogenerated holes
from the charge generation layer and transporting the holes through the charge transport layer.

[0067] Other layers such as conventional ground strips comprising, for example, conductive particles disposed in a
film forming binder may be applied to one edge of the photoreceptor in contact with the zirconium and/or titanium layer,
blocking layer, adhesive layer or charge generating layer.

[0068] Optionally, an overcoat layer may also be utilized to improve resistance to abrasion. In some cases a back coat-
ing may be applied to the side opposite the photoreceptor to provide flatness and/or abrasion resistance. These over-
coating and backcoating layers may comprise organic polymers or inorganic polymers that are electrically insulating or
slightly semi-conductive.

[0069] The after coating, the photoreceptor web may cut into sheets and opposite ends of the sheet may be welded
by conventional ultrasonic welding techniques to form a photoreceptor belt with a welded seam which extends from one
edge of the belt to the other. Ultrasonic welding is described, for example in US-A 4,878,985 and US-A 5,085,719, the
entire disclosures of these two patents being incorporated herein by reference.

[0070] Surprisingly, the combination of a polyarylate adhesive layer arid a charge transport layer containing tetrame-
thyl guanidine in a photoreceptor markedly improves dark decay and depletion compared to a photoreceptor containing
a polyarylate adhesive layer and no tetramethyl guanidine in the charge transport layer or a photoreceptor containing
no polyarylate in an adhesive layer and containing tetramethyl guanidine in the charge transport layer. This unexpected
synergistic result is illustrated in the Examples below. The overall effect of the combination is a superior dark decay and
depletion resistant photoreceptor with significantly improved mechanical properties. The mechanical properties of the
photoreceptor of this invention are improved by orders of magnitude as measured by "peel tests” and as measured in
machine performance. However, polyarylate alone imparts higher levels of dark decay and depletion compared to the
combination in the photoreceptor of this invention which gives superior mechanical properties while maintaining low
dark decay and depletion.

[0071] The invention will now be described in detail with respect to the specific preferred embodiments thereof, it
being understood that these examples are intended to be illustrative only and that the invention is not intended to be
limited to the materials, conditions, process parameters and the like recited herein. All parts and percentages are by
weight unless otherwise indicated.

REVERSE AND NORMAL PEEL TESTS

[0072] The photoconductive imaging members of Examples | 11, Ill (invention), IV were evaluated for adhesive prop-
erties using a 180° (reverse) peel test and normal test.

[0073] The 180° peel strength is determined by cutting a minimum of five 0.5 inch x 6 inches imaging member sam-
ples from each of Examples | and II, Ill, IV. For each sample, the charge transport layer is partially stripped from the test
imaging member sample with the aid of a razor blade and then hand peeled to about 3.5 inches from one end to expose
part of the underlying charge generating layer. The test imaging member sample is secured with its charge transport
layer surface toward a 1 inch x 6 inches x 0.5 inch aluminum backing plate with the aid of two sided adhesive tape, 1.3
cm (142 inch) width Scotch Magic Tape #810, available from 3M Company. In this condition, the anti-curl layer/substrate
of the stripped segment of the test sample can easily be peeled away 180° from the sample to cause the adhesive layer
to separate from the charge generating layer. The end of the resulting assembly opposite to the end from which the
charge transport layer is not stripped is inserted into the upper jaw of an Instron Tensile Tester. The free end of the par-
tially peeled anti-curl/substrate strip is inserted into the lower jaw of the Instron Tensile Tester. The jaws are then acti-
vated at a 1 inch/min crosshead speed, a 2 inch chart speed and a load range of 200 grams to 180° peel the sample at
least 2 inches. The load monitored with a chart recorder is calculated to give the peel strength by dividing the average
load required for stripping the anti-curl layer with the substrate by the width of the test sample.
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ELECTRICAL SCANNING TEST

[0074] The electrical properties of the photoconductive imaging samples prepared according to Examples |, Il, Il and
IV were evaluated with a xerographic testing scanner comprising a cylindrical aluminum drum having a diameter of
24.26 cm (9.55 inches). The test samples were taped onto the drum. When rotated, the drum carrying the samples pro-
duced a constant surface speed of 76.3 cm (30 inches) per second. A direct current pin corotron, exposure light, erase
light, and five electrometer probes were mounted around the periphery of the mounted photoreceptor samples. The
sample charging time was 33 milliseconds. Both expose and erase lights were broad band white light (400-700 nm) out-
puts, each supplied by a 300 watt output Xenon arc lamp. The relative locations of the probes and lights are indicated
in Table 1l below:

TABLE I

Element | Angle (Degrees) Position Distance From Photore-

ceptor
Charge 0 0 18 mm (Pins)

12 mm (Shield)

Probe 1 22.50 47.9 mm 3.17 mm
Expose 56.25 118.8 N.A.
Probe 2 78.75 166.8 3.17 mm
Probe 3 168.75 356.0 3.17 mm
Probe 4 236.25 489.0 3.17 mm
Erase 258.75 548.0 125 mm
Probe 5 303.75 642.9 3.17 mm

The test samples were first rested in the dark for at least 60 minutes to ensure achievement of equilibrium with the test-
ing conditions at 40 percent relative humidity and 21°C. Each sample was then negatively charged in the dark to a
development potential of about 900 volts. The charge acceptance of each sample and its residual potential after dis-
charge by front erase exposure to 400 ergs/cm? were recorded. The test procedure was repeated to determine the
photo induced discharge characteristic (PIDC) of each sample by different light energies of up to 20 ergs/cm?. The pho-
todischarge is given as the ergs/cm? needed to discharge the photoreceptor from a Vddp of 800 volts or 600 volts to
100 volts, QV intercept is an indicator of depletion charging.

EXAMPLE |

[0075] A control photoconductive imaging member was prepared by providing a web of titanium-zirconium coated pol-
yester (Melinex, available from ICl Americas Inc.) substrate having a thickness of 3 mils, and applying thereto, with a
gravure applicator, a solution containing 50 grams 3-amino-propyliriethoxysilane, 15 grams acetic acid, 684.8 grams of
200 proof denatured alcohol and 200 grams heptane. This layer was then dried for about 5 minutes at 135°C in the
forced air drier of the coater. The resulting blocking layer had a dry thickness of 500 Angstroms.

[0076] An adhesive interface layer was then prepared by the applying a wet coating over the blocking layer, using a
gravure applicator, containing 3.5 percent by weight based on the total weight of the solution of copolyester adhesive
[du Pont 49,000 (49K), available from E.I. du Pont de Nemours & Co.] in a 70:30 volume ratio mixture of tetrahydro-
furan/cyclohexanone. The adhesive interface layer was then dried for about 5 minutes at 135°C in the forced air drier of
the coater. The resulting adhesive interface layer had a dry thickness of 620 Angstroms.

[0077] The adhesive interface layer was thereafter coated with a photogenerating layer (CGL) containing 40 percent
by volume benzimidazole perylene (BZP) and 60 percent by volume poly(4,4'-diphenyl-1,1'-cyclohexane) carbonate.
This photogenerating layer was prepared by introducing 52.1 pounds of a solution containing 20 percent by weight of
poly(4,4'-diphenyl-1,1'-cyclohexane) carbonate (PCZ-200, available from Mitsubishi Gas Chemical) in tetrahydrofuran
into a size 108 attritor with 1/8 inch diameter stainless steel shot. To this solution was added 2518 grams of benzimida-
zole perylene. This mixture was then attrited at 148 RPM for 24 hours. 28.3 pounds of the resulting dispersion was
added to 8.2 pounds of a 20 percent by weight solution of poly(4,4'diphenyl-1,1'-cyclohexane) carbonate in tetrahydro-
furan. An additional 25.5 pounds of tetrahydrofuran was then added. The resulting slurry was thereafter applied to the
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adhesive interface with a Bird applicator to form a layer having a wet thickness of 0.5 mil. The layer was dried at 135°C
for 5 minutes in a forced air oven to form a dry thickness photogenerating layer having a thickness of 1.5 micrometers.
[0078] This photogenerator layer was overcoated with a charge transport layer. The charge transport layer was pre-
pared by introducing into an amber glass bottle in a weight ratio of 1:1 N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-
biphenyl-4,4'-diamine and Makrolon R, a polycarbonate resin having a molecular weight of from about 50,000 to
100,000 commercially available from Farbenfabriken Bayer A.G. The resulting mixture was dissolved in methylene chlo-
ride to form a solution containing 15 percent by weight solids. This solution was applied on the photogenerator layer
using a Bird applicator to form a coating which upon drying had a thickness of 25 microns. During this coating process
the humidity was equal to or less than 15 percent. The resulting photoreceptor device containing all of the above layers
was annealed at 135°C in a forced air oven for 5 minutes and thereafter cooled to ambient room temperature.

EXAMPLE II

[0079] A photoreceptor was prepared as in Example | except that 1 ppm of tetramethyl guanidine (TMG) (available
from J.T. Baker Chem Co.), based on the weight of the methylene chloride was added to the charge transport layer coat-
ing solution.

EXAMPLE lil

[0080] A photoreceptor was prepared as in Example Il except that polyarylate (ARDEL D-100, available from Amoco
Performance Products) was substituted for the 49,000 as the adhesive interface layer.

EXAMPLE IV

[0081] A photoreceptor was prepared as in Example | except that the polyarylate ARDEL D-100 (Amoco Performance
Products) was substituted for the 49,000 as the adhesive interface layer. Unlike Example Il, no tetramethyl guanidine
(TMG) was added to the charge transport layer coating solution.

EXAMPLE V

[0082] The photoreceptors described in Examples 1, Il, Il and IV were tested for sensitivity, dark decay, depletion and
peel resistance. The test results are shown in the following Table A:

TABLE A
Example Variable Sensitivity 600- | Dark Decay (A) Depletion (Bg) Mechanical Peel
100 Test Reverse/Nor-
mal
| BZP Control 85 -104 -74 7.8/ 181
49K+no TMG
Il BZP+49K 1 ppm 10.7 -57 +77 7.1/ 167
T™MG
I BZP+Ardel+ 1 9.4 -69 +72 215/ Broke
ppm TMG inven-
tion
v BZP+Ardel+ No 6.9 -144 -204 177/ Broke
T™MG
"Variable" lists the variable photoreceptor layer components being compared. BZP was used in the charge generator
layer and TMG was used in the charge transport layer. When employed, either 49K or Ardel was used in the adhesive
layer.
"Sensitivity 600-100" is the ergs/cm? of light needed to discharge the photoreceptor from a Vddp of 600 volts to 100
volts.
"Dark Decay (A)" is the loss of Vddp in Volts/sec in the dark.
"Depletion (By)" is the y intercept of the QV plot in volts.
"Mechanical Peel Test Reverse/Normal” is described above with the numerical values representing g/cm.
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Replacement of the polyester (49K) adhesive layer with polyarylate (Ardel) alone increases the dark decay from 104
v/sec to 144 v/sec, and increased the charge depletion from -74 to -204. Using a combination of polyarylate in the adhe-

sive layer and tetramethyl guanidine (TMG) in the charge transport layer reduced the dark decay from 104 v/sec to 69
v/sec and the depletion from -74 to +72.

EXAMPLE VI

[0083] A photoreceptor was prepared as in Example | except that instead of benzimidazole perylene particles dis-
persed in poly(4,4'-diphenyl-1,1'-cyclohexane) carbonate, the charge generator layer comprised of 7.5 percent by vol-
ume trigonal selenium particles dispersed in polyvinylcarbazole having a thickness of 1.8 to 2.3 micrometers.

EXAMPLE VIl

[0084] A photoreceptor was prepared as in Example VI except that polyarylate (ARDEL D-100, available from Amoco
Performance Products) was substituted for the copolyester (49000) as the adhesive interface layer.

EXAMPLE VIII

[0085] The photoreceptors described in Examples VI, and VIl were tested for sensitivity, dark decay, depletion and
peel resistance. The test results are shown in the following Table B:

TABLE B
Example | Variable Sensitivity 800-100 | Dark Decay (A) | Depletion (Bo) Mechanical Peel Test
Reverse/Normal
\' t-Se+49K 5.9 312 -46 5.7/66.1
Vi t-Se+ARDEL 71 -447 -54 53/724

[0086] Results indicate that the use of ARDEL as an adhesive layer with trigonal selenium particles in the charge gen-
erating layer does not provide improved mechanical properties as does its use with benzimidazole perylene

[0087] Although the invention has been described with reference to specific preferred embodiments, it is not intended
to be limited thereto, rather those having ordinary skill in the art will recognize that variations and modifications may be
made therein which are within the spirit of the invention and within the scope of the claims.

Claims

1. An electrophotographic imaging member having an imaging surface adapted to accept a negative electrical charge,
the electrophotographic imaging member comprising

a metal ground plane layer comprising at least 50 percent by weight of a material selected from the group con-
sisting of zirconium, titanium and mixtures thereof,

a siloxane hole blocking layer,
an adhesive layer comprising a polyarylate film forming resin,
a charge generation layer comprising
benzimidazole perylene particles dispersed in
a film forming resin binder of poly(4,4'-diphenyl-1,1'-cyclohexane carbonate), and
a hole transport layer comprising

a film forming polymer,
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a charge transporting molecule and
tetramethyl guanidine.

An electrophotographic imaging member according to claim 1 wherein the hole transport layer comprises between
about 0.15 ppm and about 60 ppm of tetramethyl guanidine based on the weight of solids.

An electrophotographic imaging member according to claim 1 wherein the hole transport layer comprises between
about 0.25 ppm and about 2.5 ppm of tetramethyl guanidine based on the weight of solids.

An electrophotographic imaging member according to claim 1 wherein said polyarylate film forming resin has the
following repeating structural units:

i i
n

An electrophotographic imaging member according to claim 1 wherein said member when subjected to mechanical
peel gives a peel strength value of at least 150 gm/cm.

An electrophotographic imaging process comprising

providing an electrophotographic imaging belt having a welded seam, the electrophotographic imaging belt
comprising

a metal ground plane layer comprising at least 50 percent by weight of a material selected from the group
consisting of zirconium, titanium and mixtures thereof,

a siloxane hole blocking layer,
an adhesive layer comprising a polyarylate film forming resin,
a charge generation layer comprising
benzimidazole perylene particles dispersed in
a film forming resin binder of poly(4,4'-diphenyl-1,1'-cyclohexane carbonate), and
a hole transport layer comprising
a film forming polymer,
a charge transporting molecule and
tetramethyl guanidine,
forming an electrostatic latent image on the belt,
developing the latent image to form a toner image in conformance with the latent image,

transferring the toner image to a receiving member, and
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repeating the latent image forming, developing and transferring steps.

7. An electrophotographic imaging process according to claim 6 wherein said member when subjected to mechanical
peel gives a peel strength value of at least 150 gm/cm.

16



P)

EPO FORM 1503 03.82 (P04C01)

EP 0 928 990 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 99 10 0101

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Re!e\{ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (Int.CI.6)
D,Y |US 5 492 785 A (S.E.NORMANDIN) 1-7 G03G5/05
20 February 1996 G03G5/10
* claims 1-5 * G03G5/14
G03G5/06
Y UsS 5 607 802 A (S. MISHRA) 4 March 1997 1-7
* claims 1,7,8,12,13,18-20 *
D,Y [GB 2 251 086 A (XEROX) 24 June 1992 1-7
* claims 1,4,6,14 *
Y DATABASE WPI 1-7
Section Ch, Week 9533
Derwent Publications Ltd., London, GB;
Class E10, AN 95-248522
XP002099945
& JP 07 152175 A (MITA), 16 June 1995
* apstract *
TECHNICAL FIELDS
SEARCHED (Int.C1.6)
GO3G
The present search report has been drawn up for all claims
Place of search Date of compietion of the search Examiner
THE HAGUE 15 April 1999 Vanhecke, H
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularty relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Actechnological back@round ettt et nee
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

17




EPO FORM P0459

EP 0 928 990 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 99 10 0101

This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

15-04-1999
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5492785 A 20-02-1996 BR 9600017 A 21-01-1998
CA 2164033 A 04-07-1996
EP 0722124 A 17-07-1996
JP 8234627 A 13-09-1996

US 5607802 A 04-03-1997 NONE

GB 2251086 A 24-06-1992 us 5164276 A 17-11-1992
JP 4268565 A 24-09-1992

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

18




	bibliography
	description
	claims
	search report

