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Description

[0001] This disclosure is generally directed to electro-
photographic imaging members and, more specifically,
to layered photoreceptor structures comprising a charge
transport layer that comprises self-assembled carbon na-
notube materials having pendant charge transport ma-
terials. This disclosure also relates to processes for mak-
ing and using the imaging members.
[0002] U.S. Patent No. 5,702,854 describes an elec-
trophotographic imaging member including a supporting
substrate coated with at least a charge generating layer,
a charge transport layer and an overcoating layer, said
overcoating layer comprising a dihydroxy arylamine dis-
solved or molecularly dispersed in a crosslinked polya-
mide matrix. The overcoating layer is formed by
crosslinking a crosslinkable coating composition includ-
ing a polyamide containing methoxy methyl groups at-
tached to amide nitrogen atoms, a crosslinking catalyst
and a dihydroxy amine, and heating the coating to
crosslink the polyamide. The electrophotographic imag-
ing member may be imaged in a process involving uni-
formly charging the imaging member, exposing the im-
aging member with activating radiation in image config-
uration to form an electrostatic latent image, developing
the latent image with toner particles to form a toner image,
and transferring the toner image to a receiving member.
[0003] U.S. Patent No. 5,681,679 discloses a flexible
electrophotographic imaging member including a sup-
porting substrate and a resilient combination of at least
one photoconductive layer and an overcoating layer, the
at least one photoconductive layer comprising a hole
transporting arylamine siloxane polymer and the over-
coating comprising a crosslinked polyamide doped with
a dihydroxy amine. This imaging member may be utilized
in an imaging process including forming an electrostatic
latent image on the imaging member, depositing toner
particles on the imaging member in conformance with
the latent image to form a toner image, and transferring
the toner image to a receiving member.
[0004] U.S. Patent No. 5,976,744 discloses an elec-
trophotographic imaging member including a supporting
substrate coated with at least one photoconductive layer,
and an overcoating layer, the overcoating layer including
a hydroxy functionalized aromatic diamine and a hydroxy
functionalized triarylamine dissolved or molecularly dis-
persed in a crosslinked acrylated polyamide matrix, the
hydroxy functionalized triarylamine being a compound
different from the polyhydroxy functionalized aromatic di-
amine. The overcoating layer is formed by coating. The
electrophotographic imaging member may be imaged in
a process.
[0005] U.S. Patent No. 4,297,425 discloses a layered
photosensitive member comprising a generator layer and
a transport layer containing a combination of diamine and
triphenyl methane molecules dispersed in a polymeric
binder.
[0006] U.S. Patent No. 4,050,935 discloses a layered

photosensitive member comprising a generator layer of
trigonal selenium and a transport layer of bis(4-diethyl-
amino-2-methylphenyl) phenylmethane molecularly dis-
persed in a polymeric binder.
[0007] U.S. Patent No. 4,281,054 discloses an imag-
ing member comprising a substrate, an injecting contact,
or hole injecting electrode overlying the substrate, a
charge transport layer comprising an electrically inactive
resin containing a dispersed electrically active material,
a layer of charge generator material and a layer of insu-
lating organic resin overlying the charge generating ma-
terial. The charge transport layer can contain triphenyl-
methane.
[0008] U.S. Patent No. 4,599,286 discloses an elec-
trophotographic imaging member comprising a charge
generation layer and a charge transport layer, the trans-
port layer comprising an aromatic amine charge transport
molecule in a continuous polymeric binder phase and a
chemical stabilizer selected from the group consisting of
certain nitrone, isobenzofuran, hydroxyaromatic com-
pounds and mixtures thereof. An electrophotographic im-
aging process using this member is also described.
[0009] U.S. Patent No. 4,415,640 discloses a single
layered charge generating/charge transporting light sen-
sitive device. Hydrazone compounds, such as unsubsti-
tuted fluorenone hydrazone, may be used as a carrier-
transport material mixed with a carrier-generating mate-
rial to make a two-phase composition light sensitive layer.
The hydrazone compounds are hole transporting mate-
rials but do not transport electrons.
[0010] U.S. Patent No. 5,336,577 discloses an ambi-
polar photoresponsive device comprising: a supporting
substrate; and a single organic layer on said substrate
for both charge generation and charge transport, for
forming a latent image from a positive or negative charge
source, such that said layer transports either electrons
or holes to form said latent image depending upon the
charge of said charge source, said layer comprising a
photoresponsive pigment or dye, a hole transporting
small molecule or polymer and an electron transporting
material, said electron transporting material comprising
a fluorenylidene malonitrile derivative; and said hole
transporting polymer comprising a dihydroxy tetraphenyl
benzidine containing polymer.
[0011] Japanese Patent Application Publication No.
2006-084987 describes a photoconductor for electro-
photography, characterized by an undercoating layer
containing a carbon nanotube.
[0012] In electrophotography, also known as Xerogra-
phy, electrophotographic imaging or electrostatographic
imaging, the surface of an electrophotographic plate,
drum, or belt (imaging member or photoreceptor) con-
taining a photoconductive insulating layer on a conduc-
tive layer is first uniformly electrostatically charged. The
imaging member is then exposed to a pattern of activating
electromagnetic radiation, such as light. The radiation
selectively dissipates the charge on the illuminated areas
of the photoconductive insulating layer while leaving be-
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hind an electrostatic latent image on the non-illuminated
areas. This electrostatic latent image may then be devel-
oped to form a visible image by depositing finely divided
electroscopic marking particles on the surface of the pho-
toconductive insulating layer. The resulting visible image
may then be transferred from the imaging member di-
rectly or indirectly (such as by a transfer or other member)
to a print substrate, such as transparency or paper. The
imaging process may be repeated many times with re-
usable imaging members.
[0013] An electrophotographic imaging member may
be provided in a number of forms. For example, the im-
aging member may be a homogeneous layer of a single
material such as vitreous selenium or it may be a com-
posite layer containing a photoconductor and other ma-
terials. In addition, the imaging member may be layered
in which each layer making up the member performs a
certain function. Current layered organic imaging mem-
bers generally have at least a substrate layer and two
electro or photo active layers. These active layers gen-
erally include (1) a charge generating layer containing a
light-absorbing material, and (2) a charge transport layer
containing charge transport molecules or materials.
These layers can be in a variety of orders to make up a
functional device, and sometimes can be combined in a
single or mixed layer. The substrate layer may be formed
from a conductive material. Alternatively, a conductive
layer can be formed on a nonconductive inert substrate
by a technique such as but not limited to sputter coating.
[0014] The charge generating layer is capable of pho-
togenerating charge and injecting the photogenerated
charge into the charge transport layer or other layer.
[0015] In the charge transport layer, the charge trans-
port molecules may be in a polymer binder. In this case,
the charge transport molecules provide hole or electron
transport properties, while the electrically inactive poly-
mer binder provides mechanical properties. Alternative-
ly, the charge transport layer can be made from a charge
transporting polymer such as a vinyl polymer, polysi-
lylene or polyether carbonate, wherein the charge trans-
port properties are chemically incorporated into the me-
chanically robust polymer.
[0016] Imaging members may also include a charge
blocking layer(s) and/or an adhesive layer(s) between
the charge generating layer and the conductive substrate
layer. In addition, imaging members may contain protec-
tive overcoatings. These protective overcoatings can be
either electroactive or inactive, where electroactive over-
coatings are generally preferred. Further, imaging mem-
bers may include layers to provide special functions such
as incoherent reflection of laser light, dot patterns and/or
pictorial imaging or subbing layers to provide chemical
sealing and/or a smooth coating surface.
[0017] Imaging members are generally exposed to re-
petitive electrophotographic cycling, which subjects the
exposed charge transport layer or alternative top layer
thereof to mechanical abrasion, chemical attack and
heat. This repetitive cycling leads to a gradual deteriora-

tion in the mechanical and electrical characteristics of
the exposed charge transport layer.
[0018] Although excellent toner images may be ob-
tained with multilayered belt or drum photoreceptors, it
has been found that as more advanced, higher speed
electrophotographic copiers, duplicators and printers are
developed, there is a greater demand on print quality. A
delicate balance in charging image and bias potentials,
and characteristics of the toner and/or developer, must
be maintained. This places additional constraints on the
quality of photoreceptor manufacturing, and thus, on the
manufacturing yield.
[0019] Despite the various approaches that have been
taken for forming imaging members, there remains a
need for improved imaging member design, to provide
improved imaging performance, and longer lifetime.
[0020] The present invention provides an electropho-
tographic imaging member comprising a substrate, a
photogenerating layer, and an optional overcoating layer
wherein the photogenerating layer comprises a self-as-
sembled carbon material being in the form of carbon na-
notubes and having pendant charge transport materials,
wherein said carbon nanotube material includes carbon
atoms and other atoms selected from boron, nitrogen,
oxygen, phosphorus, sulfur, silicon and combinations
thereof, and wherein the photogenerating layer compris-
es a charge generating layer and a separate charge
transport layer, and the charge transport layer comprises
the self-assembled carbon nanotube material having
pendant charge transport materials.
[0021] The present invention further provides a proc-
ess for forming an electrophotographic imaging member
comprising the steps of providing an electrophotographic
imaging member substrate, and applying a photogen-
erating layer over the substrate, wherein the photogen-
erating layer comprises a self-assembled carbon mate-
rial being in the form of carbon nanotubes and having
pendant charge transport materials, wherein said carbon
nanotube material includes carbon atoms and other at-
oms selected from boron, nitrogen, oxygen, phosphorus,
sulfur, silicon and combinations thereof, and wherein the
photogenerating layer comprises a charge generating
layer and a separate charge transport layer, and the
charge transport layer comprises the self-assembled car-
bon nanotube material having pendant charge transport
materials.
[0022] Moreover, the present invention provides an
electrographic image development device comprising
the above electrophotographic imaging member.
[0023] Preferred embodiments of the present inven-
tion are set forth in the sub-claims.
[0024] The FIGURE is a schematic depiction of the
self-assembly of carbon nanotube materials having pen-
dant charge transport materials.
[0025] Electrophotographic imaging members are
known in the art. Electrophotographic imaging members
may be prepared by any suitable technique. Typically, a
flexible or rigid substrate is provided with an electrically
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conductive surface. A charge generating layer is then
applied to the electrically conductive surface. A charge
blocking layer may optionally be applied to the electrically
conductive surface prior to the application of a charge
generating layer. If desired, an adhesive layer may be
utilized between the charge blocking layer and the charge
generating layer. Usually the charge generation layer is
applied onto the blocking layer and a hole or charge trans-
port layer is formed on the charge generation layer, fol-
lowed by an optional overcoat layer. This structure may
have the charge generation layer on top of or below the
hole or charge transport layer.
[0026] The substrate may be opaque or substantially
transparent and may comprise any suitable material hav-
ing the required mechanical properties. Accordingly, the
substrate may comprise a layer of an electrically non-
conductive 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, and polyurethanes, which are flexible as thin
webs. An electrically conducting substrate may be any
metal, for example, aluminum, nickel, steel, or copper,
or a polymeric material, as described above, filled with
an electrically conducting substance, such as carbon, or
metallic powder, or an organic electrically conducting ma-
terial. The electrically insulating or conductive substrate
may be in the form of an endless flexible belt, a web, a
rigid cylinder or a sheet. The thickness of the substrate
layer depends on numerous factors, including strength
desired and economical considerations. Thus, for a
drum, this layer may be of substantial thickness of, for
example, up to many centimeters or of a minimum thick-
ness of less than a millimeter. Similarly, a flexible belt
may be of substantial thickness, for example, about 250
micrometers, or of minimum thickness less than 50 mi-
crometers, provided there are no adverse effects on the
final electrophotographic device.
[0027] In embodiments where the substrate layer is
not conductive, the surface thereof may be rendered
electrically conductive by an electrically conductive coat-
ing. The conductive coating may vary in thickness over
substantially wide ranges depending upon the optical
transparency, degree of flexibility desired, and economic
factors. Accordingly, for a flexible photoresponsive im-
aging device, the thickness of the conductive coating may
be 20 angstroms to 750 angstroms, such as 100 ang-
stroms to 200 angstroms for an optimum combination of
electrical conductivity, flexibility and light transmission.
The flexible conductive coating may be an electrically
conductive metal layer formed, for example, on the sub-
strate by any suitable coating technique, such as a vac-
uum depositing technique or electrodeposition. Typical
metals include aluminum, zirconium, niobium, tantalum,
vanadium and hafnium, titanium, nickel, stainless steel,
chromium, tungsten, and molybdenum.
[0028] An optional hole blocking layer may be applied
to the substrate. Any suitable and conventional blocking

layer capable of forming an electronic barrier to holes
between the adjacent photoconductive layer and the un-
derlying conductive surface of a substrate may be uti-
lized.
[0029] An optional adhesive layer may be applied to
the hole blocking layer. Any suitable adhesive layer
known in the art may be utilized. Typical adhesive layer
materials include, for example, polyesters, and poly-
urethanes. Satisfactory results may be achieved with ad-
hesive layer thickness of 0.05 micrometer (500 ang-
stroms) to 0.3 micrometer (3,000 angstroms). Conven-
tional techniques for applying an adhesive layer coating
mixture to the charge blocking layer include spraying, dip
coating, roll coating, wire wound rod coating, gravure
coating, and Bird applicator coating. Drying of the depos-
ited coating may be effected by any suitable conventional
technique such as oven drying, infra red radiation drying,
or air drying.
[0030] At least one electrophotographic imaging layer
is formed on the adhesive layer, blocking layer or sub-
strate. The electrophotographic imaging layer comprises
a charge generator layer and a charge transport layer.
Charge generator layers may comprise amorphous films
of selenium and alloys of selenium and arsenic, tellurium,
and germanium, hydrogenated amorphous silicon and
compounds of silicon and germanium, carbon, oxygen,
and nitrogen fabricated by vacuum evaporation or dep-
osition. The charge generator layers may also comprise
inorganic pigments of crystalline selenium and its alloys;
Group II-VI compounds; and organic pigments such as
quinacridones, polycyclic pigments such as dibromo an-
thanthrone pigments, perylene and perinone diamines,
polynuclear aromatic quinones, azo pigments including
bis-, tris- and tetrakis-azos; dispersed in a film forming
polymeric binder and fabricated by solvent coating tech-
niques.
[0031] Phthalocyanines have been employed as pho-
togenerating materials for use in laser printers utilizing
infrared exposure systems. Infrared sensitivity is re-
quired for photoreceptors exposed to low cost semicon-
ductor laser diode light exposure devices. The absorption
spectrum and photosensitivity of the phthalocyanines de-
pend on the central metal atom of the compound. Many
metal phthalocyanines have been reported and include,
oxyvanadium phthalocyanine, chloroaluminum phthalo-
cyanine, copper phthalocyanine, oxytitanium phthalocy-
anine, chlorogallium phthalocyanine, hydroxygallium
phthalocyanine magnesium phthalocyanine and metal-
free phthalocyanine. The phthalocyanines exist in many
crystal forms which have a strong influence on photo-
generation.
[0032] Any suitable polymeric film forming binder ma-
terial may be employed as the matrix in the charge gen-
erating (photogenerating) binder layer. Typical polymeric
film forming materials include those described, for exam-
ple, in U.S. Patent No. 3,121,006. Thus, typical organic
polymeric film forming binders include thermoplastic and
thermosetting resins such as polycarbonates, polyes-
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ters, polyamides, polyurethanes, polystyrenes, pol-
yarylethers, polyarylsulfones, polybutadienes, polysul-
fones, polyethersulfones, polyethylenes, polypropyl-
enes, polyimides, polymethylpentenes, polyphenylene
sulfides, polyvinyl acetate, polysiloxanes, polyacrylates,
polyvinyl acetals, polyamides, polyimides, amino resins,
phenylene oxide resins, terephthalic acid resins, phe-
noxy resins, epoxy resins, phenolic resins, polystyrene
and acrylonitrile copolymers, polyvinylchloride, vi-
nylchloride and vinyl acetate copolymers, acrylate copol-
ymers, alkyd resins, cellulosic film formers, poly(amide-
imide), styrenebutadiene copolymers, vinylidenechlo-
ride-vinylchloride copolymers, vinylacetate-vinyli-
denechloride copolymers, styrene-alkyd resins, and pol-
yvinylcarbazole. These polymers may be block, random
or alternating copolymers.
[0033] The photogenerating composition or pigment is
present in the resinous binder composition in various
amounts. Generally, however, from 5 percent by volume
to 90 percent by volume of the photogenerating pigment
is dispersed in 10 percent by volume to 95 percent by
volume of the resinous binder, such as from 20 percent
by volume to 30 percent by volume of the photogenerat-
ing pigment dispersed in 70 percent by volume to 80 per-
cent by volume of the resinous binder composition. In
one embodiment about 8 percent by volume of the pho-
togenerating pigment is dispersed in about 92 percent
by volume of the resinous binder composition. The pho-
togenerator layers can also be fabricated by vacuum sub-
limation in which case there is no binder.
[0034] Any suitable and conventional technique may
be utilized to mix and thereafter apply the photogenerat-
ing layer coating mixture. Typical application techniques
include spraying, dip coating, roll coating, wire wound
rod coating, and vacuum sublimation. For some applica-
tions, the generator layer may be fabricated in a dot or
line pattern. Removing of the solvent of a solvent coated
layer may be effected by any suitable conventional tech-
nique such as oven drying, infrared radiation drying, or
air drying.
[0035] The charge transport layer comprises self-as-
sembled carbon nanotube materials having pendant
charge transport materials. That is, in an unassembled
starting form, carbon nanotube units comprise a nano-
tube self-assembling moiety containing a charge trans-
port material attached thereto. The carbon nanotube
units with pendant charge transport materials are then
self-assembled, in a two-dimensional and three-dimen-
sion fashion, to provide carbon nanotube materials hav-
ing pendant charge transport materials. In the assembled
form, the carbon nanotube material can have the pendant
charge transport materials located either inside the na-
notube, outside the nanotube, or both inside and outside
the nanotube, although having the charge transport ma-
terials located only outside the nanotube is desired in
embodiments in consideration of desired charge trans-
port properties through the material. Also in embodi-
ments, the carbon nanotube material itself can be either

electrically conductive or electrically insulating, although
electrically neutral materials are desired in embodiments.
In the assembled form, charge within a layer containing
the self-assembled carbon nanotube materials having
pendant charge transport materials travels through the
charge transport materials along the carbon nanotube,
or between adjacent carbon nanotubes, but not through
or along the carbon nanotube itself.
[0036] The carbon nanotubes can be on the order of
from 0.1 to 50 nanometers in diameter, such as 1 to 10
nanometers in diameter, and up to hundreds of microm-
eters or more in length, such as from 0.01 or 10 or 50 to
100 or 200 or 500 micrometers in length. The carbon
nanotubes can be either conducting, semi-conducting,
electrically neutral, or insulating, with electrically neutral
nanotubes being particularly useful in embodiments.
[0037] The carbon nanotubes include carbon atoms
and other atoms selected from boron, nitrogen oxygen,
phosphorus, sulfur, and silicon. These combinations are
encompassed by the term "carbon nanotube materials"
herein. In embodiments, the carbon nanotube material
is desirably free, or essentially free, of any catalyst ma-
terial used to prepare the carbon nanotubes. For exam-
ple, iron catalysts or other heavy metal catalysts are typ-
ically used for carbon nanotube production. However, it
is desired in embodiments that the carbon nanotube ma-
terial not include any residual iron or heavy metal catalyst
material.
[0038] In an unassembled starting form, carbon nan-
otube units comprise a nanotube self-assembling moiety
containing a charge transport material attached thereto.
Suitable carbon nanotube self-assembling moieties in-
clude but are not limited to those outlined in H. Fenniri
et al., "Helical Rosette Nanotubes: Design, Self-Assem-
bly and Characterization", J. Am. Chem. Soc. 2001, 123,
3854-3855.
[0039] The carbon nanotube self-assembling moieties
are modified to include a charge transport material. In
embodiments, all, or substantially all, of the carbon na-
notube self-assembling moiety can be modified to include
a charge transport material, or less than all of the carbon
nanotube self-assembling moieties can be modified to
include a charge transport material. In the former, the
resultant self-assembled carbon nanotube material
structure would include the greatest number of charge
transport materials pendant from the carbon nanotube,
while in the latter the structure would have a proportion-
ately lesser number of charge transport materials pen-
dant from the carbon nanotube. For example, in embod-
iments, the ratio of carbon nanotube self-assembling
moieties that are modified to include a charge transport
material can range from as low as 10% by number to as
high as 100% by number, such as about 25%, about 50%,
or about 75% by number. Likewise, the number of charge
transport material moieties attached to a single carbon
nanotube self-assembling moiety can also be adjusted,
to adjust the final charge transport properties. For exam-
ple, an average of 1, 2, 3, 4 or more charge transport
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material moieties can be attached to a single carbon na-
notube self-assembling moiety, although 1 charge trans-
port material moiety per carbon nanotube self-assem-
bling moiety is desired, in embodiments. Adjusting the
ratio of carbon nanotube self-assembling moieties that
are modified to include a charge transport material, or
the number of charge transport material moieties at-
tached to each carbon nanotube self assembling moiety,
thus allows for a corresponding adjustment in the relative
amount of charge transport material in the final structure.
[0040] The carbon nanotube self-assembling moieties
can be modified to include the charge transport material
in any suitable manner as will be known in the art. For
example, in an embodiment, it is possible to modify the
self-assembling moieties with arylamine residues. Such
arylamine charge transport materials may commonly
have from 1 to 10 or more nitrogen centers per self-as-
sembling moiety; however it is more likely to from 1 to 6,
such as 1 or 2. Where there is more than I nitrogen atom
the nitrogen atoms may be covalently linked by carbon
residues which are considered aromatic such that there
is an electronic connection at an atomic or molecular level
between the nitrogen atoms. While this might be desira-
ble in embodiments, it is not necessary.
[0041] Suitable charge transport moieties that can be
attached to the carbon nanotube self-assembling moie-
ties include any of the various charge transporting small
molecules typically used in a charge transport layer as
dissolved or molecularly dispersed in a film forming elec-
trically inert polymer such as a polycarbonate. The ex-
pression charge transporting "small molecule" is defined
herein as a monomer that allows the free charge photo-
generated in the transport layer to be transported across
the transport layer. Typical charge transporting small
molecules include, for example, pyrazolines such as 1-
phenyl-3-(4’-diethylamino styryl)-5-(4"-diethylamino
phenyl)pyrazoline, diamines such as N,N’-diphenyl-N,
N’-bis(3-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine, hy-
drazones such as N-phenyl-N-methyl-3-(9-ethyl)car-
bazyl hydrazone and 4-diethyl amino benzaldehyde-1,2-
diphenyl hydrazone, and oxadiazoles such as 2,5-bis (4-
N,N’-diethylaminophenyl)-1,2,4-oxadiazole, and stil-
benes. In embodiments, small molecule charge trans-
porting compounds that permit injection of holes from the
pigment into the charge generating layer with high effi-
ciency and transport them across the charge transport
layer with very short transit times are N,N’-diphenyl-N,
N’-bis(3-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine, N,
N,N’,N’-tetra-p-tolylbiphenyl-4,4’-diamine, and N,N’-Bis
(3-methylphenyl)-N,N’-bis[4-(1-butyl)phenyl]-[p-terphe-
nyl]-4,4’-diamine. If desired, the charge transport mate-
rial moieties may comprise a polymeric charge transport
material or a combination of a small molecule charge
transport material and a polymeric charge transport ma-
terial.
[0042] The carbon nanotube units with pendant charge
transport materials are then self-assembled, in a two-
dimensional and three-dimension fashion, to provide car-

bon nanotube materials having pendant charge transport
materials. The assembly process can be conducted in
two steps, where assembly is first conducted in two di-
mensions and then in three dimensions, or the process
can be conducted in a single step, where assembly is
conducted in three dimensions at the same time. For ex-
ample, in the two step process, the first step generally
comprises self-assembling the individual carbon nano-
tube units with pendant charge transport materials in two
dimensions, where the individual carbon nanotube units
are joined together to form a ring shape with pendant
charge transport materials. The ring shape can be formed
as chemical bonds or hydrogen bonds. The second step
generally comprises self-assembling the ring-shaped
structures in three dimensions, where the ring-shaped
structures are joined together to form a nanotube struc-
ture with pendant charge transport materials. The nano-
tube structure can also be formed as chemical bonds or
hydrogen bonds, between the ring-shaped structures.
[0043] Additional details of the self-assembly process
can be found, for example, in H. Fenniri et al., "Helical
Rosette Nanotubes: Design, Self-Assembly and Charac-
terization", J. Am. Chem. Soc. 2001, 123, 3854-3855.
[0044] The FIGURE represents, schematically, only
one exemplary embodiment. In the schematic, self-as-
sembled carbon nanotube materials having pendant
charge transport materials are shown. As shown in the
figure, individual carbon nanotube units with pendant
charge transport materials are first self-assembled in two
dimensions, followed by the ring-shaped structures being
self-assembled in three dimensions to form a nanotube
structure with pendant charge transport materials.
[0045] The self-assembled carbon nanotube materials
having pendant charge transport materials can be used
in place of, or in addition to, conventional charge transport
materials in the charge transport layer. When the self-
assembled carbon nanotube materials having pendant
charge transport materials is used in addition to conven-
tion charge transport materials, the convention charge
transport materials can be, for example, individual charge
transporting small molecules, a polymeric charge trans-
port material, or a combination of a small molecule charge
transport material and a polymeric charge transport ma-
terial, such as those described above. In any case, the
self-assembled carbon nanotube materials having pen-
dant charge transport materials and any additional sep-
arate charge transport materials are dissolved or molec-
ularly dispersed in a film forming electrically inert polymer
such as a polycarbonate. The term "dissolved" as em-
ployed herein is defined herein as forming a solution in
which the charges transporting material is dissolved in
the polymer to form a homogeneous phase. The expres-
sion "molecularly dispersed" as used herein is defined
as the charge transporting material dispersed in the pol-
ymer, such as being dispersed in the polymer on a mo-
lecular scale.
[0046] The charge transport layer of the photoreceptor
can include the self-assembled carbon nanotube mate-
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rials having pendant charge transport materials in any
desired and suitable amount. For example, the self-as-
sembled carbon nanotube materials having pendant
charge transport materials can be included in an amount
of from 5 to 95 percent by weight of the cured charge
transport layer, such as 10 to 50 or 20 to 30 percent by
weight of the cured charge transport layer. Optionally, a
small molecule hole transport material may be present
in the charge transport layer, such as in an amount of
from 5 to 50 percent by weight of the cured charge trans-
port layer, such as 10 to 50 or 20 to 30 percent by weight
of the cured charge transport layer.
[0047] A benefit of the use of self-assembled carbon
nanotube materials having pendant charge transport ma-
terials in charge transport layers is that the materials ex-
hibit very high charge transport mobility. Accordingly, the
use of self-assembled carbon nanotube materials having
pendant charge transport materials in a charge transport
layer can provide charge transport speeds that are orders
of magnitude higher than charge transport speeds pro-
vided by conventional charge transport materials. For ex-
ample, the charge transport mobility in a charge transport
layer comprising self-assembled carbon nanotube ma-
terials having pendant charge transport materials can be
1, 2, 3, 4, 5, 6, 7, or more, such as 1 to 4, orders of
magnitude higher as compared to a comparable charge
transport layer that includes a similar amount of conven-
tional pyrazoline, diamine, hydrazones, oxadiazole, or
stilbene charge transport small molecules. This resultant
dramatic increase in charge mobility can result in signif-
icant corresponding improvements in the printing proc-
ess and apparatus, such as extreme printing speeds, in-
creased print quality, and increased photoreceptor reli-
ability.
[0048] Any suitable electrically inactive resin binder in-
soluble in the alcohol solvent used to apply an optional
overcoat layer may be employed in the charge transport
layer. Typical inactive resin binders include polycar-
bonate resin, polyester, polyarylate, and polysulfone.
Molecular weights can vary, for example, from 20,000 to
150,000. Exemplary binders include polycarbonates
such as poly(4,4’-isopropylidene-diphenylene)carbon-
ate (also referred to as bisphenol-A-polycarbonate, poly
(4,4’-cyclohexylidinediphenylene) carbonate (referred to
as bisphenol-Z polycarbonate) and poly(4,4’-isopropyli-
dene-3,3’-dimethyl-diphenyl)carbonate (also referred to
as bisphenol-C-polycarbonate). Any suitable charge
transporting polymer may also be utilized in the charge
transporting layer. The charge transporting polymer
should be insoluble in any solvent employed to apply the
subsequent overcoat layer described below, such as an
alcohol solvent. These electrically active charge trans-
porting polymeric materials should be capable of sup-
porting the injection of photogenerated holes from the
charge generation material and be incapable of allowing
the transport of these holes therethrough.
[0049] Any suitable and conventional technique may
be utilized to mix and thereafter apply the charge trans-

port layer coating mixture to the charge generating layer.
Typical application techniques include spraying, dip coat-
ing, roll coating, and wire wound rod coating, Drying of
the deposited coating may be effected by any suitable
conventional technique such as oven drying, infra red
radiation drying, or air drying.
[0050] Generally, the thickness of the charge transport
layer is between 10 and 50 micrometers, but thicknesses
outside this range can also be used. The charge transport
layer should be an insulator to the extent that the elec-
trostatic charge placed on the charge transport layer is
not conducted in the absence of illumination at a rate
sufficient to prevent formation and retention of an elec-
trostatic latent image thereon. In general, the ratio of the
thickness of the charge transport layer to the charge gen-
erator layers is desirably maintained from 2:1 to 200:1
and in some instances as great as 400:1. The charge
transport layer, is substantially non-absorbing to visible
light or radiation in the region of intended use but is elec-
trically "active" in that it allows the injection of photogen-
erated holes from the photoconductive layer, i.e., charge
generation layer, and allows these holes to be transport-
ed through itself to selectively discharge a surface charge
on the surface of the active layer.
[0051] To improve photoreceptor wear resistance, a
protective overcoat layer can be provided over the pho-
togenerating layer (or other underlying layer). Various
overcoating layers are known in the art, and can be used
as long as the functional properties of the photoreceptor
are not adversely affected.
[0052] Also, included within the scope of the present
disclosure are methods of imaging and printing with the
imaging members illustrated herein. These methods
generally involve the formation of an electrostatic latent
image on the imaging member; followed by developing
the image with a toner composition comprised, for exam-
ple, of thermoplastic resin, colorant, such as pigment,
charge additive, and surface additives, reference U.S.
Patents Nos.4,560,635, 4,298,697 and 4,338,390; sub-
sequently transferring the image to a suitable substrate;
and permanently affixing the image thereto. In those en-
vironments wherein the device is to be used in a printing
mode, the imaging method involves the same steps with
the exception that the exposure step can be accom-
plished with a laser device or image bar.

Claims

1. An electrophotographic imaging member compris-
ing:

a substrate,
a photogenerating layer, and
an optional overcoating layer,
wherein the photogenerating layer comprises a
self-assembled carbon material being in the
form of carbon nanotubes and having pendant
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charge transport materials, wherein said carbon
nanotube material includes carbon atoms and
other atoms selected from boron, nitrogen, ox-
ygen, phosphorus, sulfur, silicon and combina-
tions thereof, and wherein the photogenerating
layer comprises a charge generating layer and
a separate charge transport layer, and the
charge transport layer comprises the self-as-
sembled carbon nanotube material having pen-
dant charge transport materials.

2. The electrophotographic imaging member of claim
1, wherein the pendant charge transport materials
are located outside of the nanotube portion of the
carbon nanotube material.

3. The electrophotographic imaging member of claim
1, wherein the nanotube portion of the carbon nan-
otube material is electrically neutral.

4. A process for forming an electrophotographic imag-
ing member comprising:

providing an electrophotographic imaging mem-
ber substrate, and
applying a photogenerating layer over the sub-
strate,
wherein the photogenerating layer comprises a
self-assembled carbon material being in the
form of carbon nanotubes and having pendant
charge transport materials, wherein said carbon
nanotube material includes carbon atoms and
other atoms selected from boron, nitrogen, ox-
ygen, phosphorus, sulfur, silicon and combina-
tions thereof, and wherein the photogenerating
layer comprises a charge generating layer and
a separate charge transport layer, and the
charge transport layer comprises the self-as-
sembled carbon nanotube material having pen-
dant charge transport materials.

5. An electrographic image development device com-
prising the electrophotographic imaging member of
claim 1.

Patentansprüche

1. Elektrofotografisches Bilderzeugungselement, das
umfasst:

ein Substrat,
eine fotoelektrische Erzeugungsschicht, und
eine optionale Überzugsschicht,
wobei die fotoelektrische Erzeugungsschicht
ein selbstorganisiertes Kohlenstoffmaterial um-
fasst, das in Form von Kohlenstoff-Nanoröhren
vorhanden ist und hängende Ladungstransport-

materialien aufweist, das Kohlenstoff-Nanoröh-
renmaterial Kohlenstoffatome und andere Ato-
me enthält, die aus Bor, Stickstoff, Sauerstoff,
Phosphor, Schwefel, Silizium und Kombinatio-
nen daraus ausgewählt werden, die fotoelektri-
sche Erzeugungsschicht eine Ladungserzeu-
gungsschicht sowie eine separate Ladungs-
transportschicht umfasst und die Ladungstrans-
portschicht das selbstorganisierte Kohlenstoff-
Nanoröhrenmaterial mit hängenden Ladungs-
transportmaterialien umfasst.

2. Elektrofotografisches Bilderzeugungselement nach
Anspruch 1, wobei sich die hängenden Ladungs-
transportmaterialien außerhalb des Nanoröhrenab-
schnitts des Kohlenstoff-Nanoröhrenmaterials be-
finden.

3. Elektrofotografisches Bilderzeugungselement nach
Anspruch 1, wobei der Nanoröhrenabschnitt des
Kohlenstoff-Nanoröhrenmaterials elektrisch neutral
ist.

4. Verfahren zum Ausbilden eines elektrofotografi-
schen Bilderzeugungselementes, das umfasst:

Bereitstellen eines Substrats des elektrofoto-
grafischen Bilderzeugungselementes, und
Aufbringen einer fotoelektrischen Erzeugungs-
schicht auf dem Substrat,
wobei die fotoelektrische Erzeugungsschicht
ein selbstorganisiertes Kohlenstoffmaterial um-
fasst, das in Form von Kohlenstoff-Nanoröhren
vorhanden ist und hängende Ladungstransport-
materialien aufweist, das Kohlenstoff-Nanoröh-
renmaterial Kohlenstoffatome und andere Ato-
me enthält, die aus Bor, Stickstoff, Sauerstoff,
Phosphor, Schwefel, Silizium und Kombinatio-
nen daraus ausgewählt werden, die fotoelektri-
sche Erzeugungsschicht eine Ladungserzeu-
gungsschicht sowie eine separate Ladungs-
transportschicht umfasst und die Ladungstrans-
portschicht das selbstorganisierte Kohlenstoff-
Nanoröhrenmaterial mit hängenden Ladungs-
transportmaterialien umfasst

5. Elektrofotografische Bildentwicklungsvorrichtung,
die das elektrofotografische Bilderzeugungselement
nach Anspruch 1 umfasst.

Revendications

1. Élément d’imagerie électrophotographique
comprenant :

un substrat,
une couche de photogénération, et
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une couche facultative de sur-revêtement,
dans lequel la couche de photogénération com-
prend un matériau de carbone autoassemblé
étant sous la forme de nanotubes de carbone
et ayant des matériaux de transport de charge
pendants, dans lequel ledit matériau de nano-
tubes de carbone inclut des atomes de carbone
et d’autres atomes choisis parmi le bore, l’azote,
l’oxygène, le phosphore, le soufre, le silicium et
des combinaisons de ceux-ci, et dans lequel la
couche de photogénération comprend une cou-
che de génération de charge et une couche de
transport de charge séparée, et la couche de
transport de charge comprend le matériau de
nanotubes de carbone autoassemblé ayant des
matériaux de transport de charge pendants.

2. Élément d’imagerie électrophotographique selon la
revendication 1, dans lequel les matériaux de trans-
port de charge pendants sont situés à l’extérieur de
la partie de nanotubes du matériau de nanotubes de
carbone.

3. Élément d’imagerie électrophotographique selon la
revendication 1, dans lequel la partie de nanotubes
du matériau de nanotubes de carbone est électri-
quement neutre.

4. Procédé de formation d’un élément d’imagerie élec-
trophotographique comprenant :

la prévision d’un substrat d’élément d’imagerie
électrophotographique, et
l’application d’une couche de photogénération
par-dessus le substrat,
dans lequel la couche de photogénération com-
prend un matériau de carbone autoassemblé
étant sous la forme de nanotubes de carbone
et ayant des matériaux de transport de charge
pendants, dans lequel ledit matériau de nano-
tubes de carbone inclut des atomes de carbone
et d’autres atomes choisis parmi le bore, l’azote,
l’oxygène, le phosphore, le soufre, le silicium et
des combinaisons de ceux-ci, et dans lequel la
couche de photogénération comprend une cou-
che de génération de charge et une couche de
transport de charge séparée, et la couche de
transport de charge comprend le matériau de
nanotubes de carbone autoassemblé ayant des
matériaux de transport de charge pendants.

5. Dispositif de révélation d’image électrophotographi-
que comprenant l’élément d’imagerie électrophoto-
graphique selon la revendication 1.
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