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[57] ABSTRACT 
The present invention relates to photosensitive mem 
bers for electrophotography and more particularly to 
photosensitive layers prepared from organic photo 
conductive materials. The present invention provides 
photosensitive members which have been improved 
with respect to resistance to electric breakdown, adhe 
sive ability, ?exibility, and the like thereof and which 
are of great practical value. 

In accordance with the present invention, between a 
substrate and an organic photoconductive layer is 
interposed a barrier layer which is comprised mainly 
of copolymers comprising alkyl vinyl ethers and 
maleic anhydride or of composites of alkyl vinyl 
ethers/alkyl half esters of maleic acid copolymers and 
polyvinyl pyrrolidone or copolymers thereof. The 
photoconductive layer per se has been improved by 
incorporating vinylidene chloride/acrylic ester 
copolymers into the organic photoconductive layer. 

15 Claims, N0 Drawings 
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ORGANIC PHOTOCONDUCTIVE ELEMENT WITH 
INTERLAYER AND ADHESION PROMOTING 

ADDITIVE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to photosensitive mem 

bers for use in forming electrophotographic images, in 
which organic photoconductive layers are used. 

2. Description of the Prior Art 
The hitherto used organic photoconductive materials 

include high or low molecular weight organic com 
pounds such as poly-N-viny'lcarbazole, brominated 
poly-N-vinylcarbazole, polyvinyl anthracene, oxadia 
zoles, acylhydrazones, and the like. They have been 
used, if desired, in admixture with sensitizing agents to 
prepare photosensitive materials for use in electropho 
tography. 
The organic photoconductive materials are excellent 

in respect of transparency, ?lm forming ability, capa 
bility to select charging polarity, smoothness of formed 
surface, and the like, and the high molecular weight 
compounds are capable of forming a ?lm. 
However, the photosensitive member which is pre 

pared by providing the organic photoconductive com 
pound alone on the conductive substrate is susceptible 
to electric breakdown, and it is not of practical value 
in electrophotography. In addition, the photoconduc 
tive materials lack ?exibility and cannot be commer 
cially employed. 
The photosensitive members using the conventional 

photoconductive compounds are often subject to elec 
tric breakdown in corona discharging and thus white 
spots are formed in developed images, which results in 
remarkable deterioration of printed images. 
Some dificulties have been encountered in avoiding 

such drawbacks. For instance, a resinous adhesive layer 
has been provided between the organic photoconduc 
tive layer and the substrate. However, there has not 
been found any suitable resins capable of forming a 
practically effective ?lm, which resists electric break 
down, without materially decreasing sensitivity of the 
photoconductive layer. 
Moreover, such photosensitive members have not 

been usable in electrophotography wherein the photo 
sensitive member is used repeatedly, for the reasons 
that it is subject to deteriorations such as decreasing in 
amount of charge, residual of photomemory due to 
lowered initial charging rate, decreasing in sensitivity, 
and the like as well as electric breakdown. Almost no 
research has been made on the application of the pho~ 
tosensitive member comprising organic photoconduc 
tive materials to electrophotographic processes 
wherein the photosensitive member is subjected to re 
peated charging, exposing to light, developing, trans 
ferring, and the like, and furthermore, the aforemen 
tioned drawbacks have not been recognized. 
The construction of the photosensitive member com 

prising a substrate, a photoconductive layer, and a bar 
rier layer interposed between them is known in the art. 
However, materials which are commercially and effec 
tively usable in preparing a barrier layer have not been 
found and, needless to say, such materials have not 
been used in electrophotographic processes in which 
the photosensitive member is repeatedly used. There 
fore effects of the barrier layer on photosensitive mem 
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2 
bers which are repeatedly used have not been found, at 
all. 
The organic photoconductive member per se is not 

satisfactory in the points of strength and plasticity and 
in practical usage, there occur great drawbacks of peel 
ing of layer, cracking of photosensitive member, and 
the like. 
Many attempts have been made to avoid the above 

drawbacks by adding plasticizers, resins, and the like 
but, however satisfactory results have not been ob 
tained. 
That is, the conventional plasticizer, resin, or the like 

such as chlorinated polyphenyl in the amount equal or 
close to that of the above high molecular weight photo’ 
conductive compound is required for improving the 
flexibility of the photoconductive layer, which results 
in deterioration of sensitivity, injury to the human 
body, and the like. Generally, low molecular weight 
plasticizers are also required to be added in a large 
amount as in the chlorinated polyphenyl so as to obtain 
suf?cient effect thereof, which also results in deterio 
ration of sensitivity. 
On the contrary, sufficient effect can be attained by 

using a small amount of high molecular weight com 
pounds. For instance, it is known that the addition of 
polycarbonate of about 20% brings about good results. 
However, the conventional high molecular weight pho 
toconductive compounds are generally of high crystal 
linity and have molecular weights of more than one mil 
lion and therefore, they are not miscible with other 
polymers. As a result, the use of high molecular weight 
compounds as the plasticizer is not effective. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to 
overcome the aforementioned drawbacks and to pro 
vide excellent organic photoconductive materials for 
electrophotosensitive members. 
The secondary object of the present invention is to 

prevent electric breakdown and deterioration of a pho 
tosensitive member being repeatedly used in electro 
photography by providing a speci?c barrier layer. 
Another object of the present invention is to provide 

organic photoconductive members of high miscibility, 
?exibility, and adhesive ability. 
Other objects and advantages of the present inven 

tion will be apparent from the following explanation. 

PREFERRED EMBODIMENT OF THE INVENTION 

The present invention relates to photosensitive mem 
bers for electrophotography characterized in that be 
tween an organic photoconductive layer and a sub 
strate is provided a barrier layer which comprises alkyl 
vinyl ether / maleic anhydride copolymers or compos 
ites of alkyl vinyl ethers / alkyl half esters of maleic acid 
copolymers and polyvinylpyrrolidone or copolymers 
thereof. 
The volume resistivity of the barrier layer as used 

herein should be adjusted to a proper value ( 101° to 
lO‘l?-cm) so that electric breakdown may be com 
pletely prevented and deterioration of the photosensi 
tive member being repeatedly used may be prevented 
without adversely affecting photosensitivity, image 
properties, and the like thereof. It has been found that 
proper materials for the barrier layer which completely 
satisfy the above requirements include alkyl vinyl ether 
/maleic anhydride copolymers, and composites of alkyl 
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vinyl ethers / alkyl half esters of maleic acid copoly 
mers and polyvinyl pyrrolidone or copolymers thereof 
(complex). 
“Alkyl vinyl ethers” herein include methyl vinyl 

ether, ethyl vinyl ether, isopropyl ether, hexyl vinyl 
ether, dodecyl vinyl ether, and the like. Higher molecu 
lar weight alkyl vinyl ethers generally tend to lose 
copolymerizability thereof with maleic anhydride or 
alkyl half esters of maleic acid and to result in lower 
?lm forming ability of the formed copolymers. Thus the 
carbon number of the alkyl group is preferred to be not 
more than 12, and particularly not more than 6 is pre 
ferred. “Alkyl half esters of maleic acid” herein include 
methyl half ester of maleic acid, ethyl half ester of ma 
leic acid, iso-propyl half ester of maleic acid, n-butyl 
half ester of maleic acid, iso-butyl half ester of maleic 
acid, n-hexyl half ester of maleic acid, benzyl half ester 
of maleic acid, octyl half ester of maleic acid, and the 
like. 
As “polyvinyl pyrrolidone” herein, those having an 

average molecular weight of 4,000 to 360,000 may be 
used, and those having an average molecular weight of 
40,000 to 360,000 are most preferred in view of ?lm 
forming ability as the composite thereof. 
As “vinyl monomers” to be copolymerized with vinyl 

pyrrolidone, there may be used styrene, vinyl chloride, 
vinyl acetate, methacrylate, acrylate, acrylamide, acry 
lonitrile, vinyl ether, vinyl imidazole, ethylene, and the 
like. The molar ratio of the vinyl monomer to vinyl pyr 
rolidone is preferred to be in the range of 7 : 3 to 3 : 
7. 
The photosensitive member of the present invention 

prepared by providing a barrier layer composed mainly 
of the aforementioned composite between an organic 
photoconductive layer and a substrate is prevented 
from electric breakdown and deterioration in repeated 
developing. Furthermore, in accordance with the pres 
ent invention, ?lm properties of a photosensitive layer, 
such as adhesive ability, ?exibility, tensile strength, and 
the like are markedly improved and, thus excellent 
photosensitive members for electrophotography having 
stable properties are obtained. 
As the substrate as herein used, there may be em 

ployed any conventional one usable in electrophoto 
graphic photosensitive members, such as aluminum, 
copper and like plates; papers and aluminum laminated 
papers; surface active agent-incorporated synthetic 
resin ?lm and tertiary ammonium salts-treated conduc 
tive synthetic resin ?lm; glass, paper, and synthetic res 
ins deposited with metals, metal oxides, and metal ha 
lides on the surface thereof; and the like. 
Other representative substrates are as follows: sub 

strates which were prepared by depositing a thin ?lm 
of titanium oxide, stannic oxide, copper iodide, or the 
like as a light permeable photoconductive layer on 
transparent base ?lms such as polyethylene glycol tere 
phthalate (trade names: Mylar, Tetron, Lumirror, 
Daiafoil), cellophane, cellulose acetate, polycarbonate, 
nitro cellulose, polyvinyl chloride, and the like; and 
substrates which are prepared by providing a thin coat 

C0018 ‘ 

20 

25 

35 

40 

50 

55 

60 

4 
ing of antistatic agents composed mainly of surface ac 
tive agents known as low resistant materials on the 
aforementioned base ?lms. In some cases, the above 
base films per se are used as the substrate. Generally, 
there may be used those having volume resistivity of 
below lOQQ-cm, preferably below 105 Q cm. 
The barrier layer of the present invention is formed 

on the aforementioned substrates according to a pro 
cess which comprises dissolving the composites of the 
present invention in a proper solvent, adjusting the vis 
cosity of the solution so obtained to those suitable for 
coating, coating the solution in the conventional coat 
ing manners, and thereafter air-drying or drying by 
heating. At this stage, plasticizers which are well 
miscible with the aforementioned composites, such as 
methyl vinyl ether, trichloro ethyl phosphate, tricresyl 
phosphate, diphenyl chloride, and the like can be 
added to the composites in the amount of 10 to 50% to 
further facilitate ?lm properties. The barrier layer so 
obtained is suf?ciently ?exible and strong. 
Pigments may be, if necessary, added in the required 

amount at the step of preparing the coating solution. 
The thickness of the barrier layer of the present in 

vention is preferably below 10M and more particularly, 
good results can be obtained in the range of 2 to 7p 
thickness. In the photosensitive master to be repeatedly 
used, a barrier layer of about l,u. thickness can be used 
with excellent results. It has been, however, confirmed 
experimentally that the thickness of over 10a adversely 
affects the photosensitivity of the photosensitive mem 
ber. 
Thus, when the thickness of the barrier layer is made 

below 10a, decreasing in sensitivity can be prevented 
and moreover, when the barrier layer of the present in 
vention is provided, electric breakdown and deterio 
ration encountered in repeated uses can be completely 
prevented. 
The photosensitive member of the present invention 

can be produced by superposing a photoconductive 
layer on the barrier layer. 

All the organic photoconductive materials as known 
in the art may be used in the present invention and par 
ticularly polymerizable photoconductive materials are 
effectively employed. Such polymerizable photocon 
ductive materials include chlorinated polyvinyl carba 
zoles such as poly - 9 - vinyl carbazole, poly - 3 ~ chloro 

- 9 - vinyl carbazole, poly - 3,6- dichloro - 9 - vinyl car 

bazole, and the like; brominated polyvinyl carbazoles 
such as poly-3-bromo-9-vinyl carbazole, poly-3,6 
dibromo-9-vinyl carbazole,v and the like; poly-3-methyl 
9-vinyl carbazole; copolymers from monomers selected 
from the group of 9-vinyl carbazole, 3,6-dichloro-9 
vinyl carbazole, 3-bromo-9-vinyl carbazole, 3,6 
dibromo-9-vinyl carbazole, 3-methyl-9-vinyl carbazole, 
and the like; poly-9-vinyl carbazole derivatives such as 
chlorinated poly-9-vinyl carbazole, brominated poly-9 
vinyl carbazole, iodinated poly-9—vinyl carbazole, cya 
nated poly-9-vinyl carbazole, thiocyanated poly-9-vinyl 
carbazole, and the like. Furthermore, there may be 
used organic photoconductive materials containing ar 
omatic or hetero rings as shown below: 

(Iii 
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The photoconductive materials as herein used are not 
limited to those as noted above, and a wide variety of 
organic photoconductive materials such as anthracene, 
pyrene, perylene, triphenyl pyrazoline derivatives, acyl 
hydrazone derivatives, and the like may be also used. 
In particular, 9-vinyl carbazole, derivatives thereof, 
and polymers thereof are effectively used in the present 
invention. 
The sensitizing compounds are effectively added to 

the photoconductive materials as listedabove. The sen 
sitizing compoundsinclude chemically sensitizing com 
pounds, dye sensitizing compounds, and the like. As 
the chemically sensitizing compound, compounds 
which are generally known to be electron attractive 
may be given as follows: tetracyano ethylene, tet 
racyano quino dimethane, bromanil, chloranil, benzo 
quinone, naphthoquinone, anthracene, anthraquinone 
derivatives, P-nitro phenol, picric acid, 1,3,5-trinitro 
benzene, monochloro acetate, and the like. 
The dye sensitizing compounds include Crystal Vio— 

let Rhodamine B, Rhodamine 6G, Methylene Blue, 
Rose Bengal, Methyl Violet, cyanine dyes having nitro 
group, triarylmethane dyes having carbazole ring, and 

' the like. 

As the plasticizer, hydrochloric acid diphenyl dioct 
hyl phthalate, tricrezyl phosphoric acid, cumarone 
resin, chlorinated paraffin, and the like may be used. 

It is known that the aforementioned photoconductive 
materials are useful for electrophotography. It is con 
sidered that the high photoconductivity of the materials 
is based upon overlapped 1r bond due to the specific 
crystalline structure thereof. 
However, such crystallinity readily causes cracks in 

the formed film and deteriorates adhesive ability 
thereof to a substrate, which are considered to be seri 
ous drawbacks in practical usage. 

It has been found that the compound of the following 
formula is greatly effective for the high molecular 
weight photoconductive member. 

- on 4 

In addition it has been found that the aforementioned 
high molecular weight photoconductive member in 
which the vinylidene chloride-acrylic ester copolymer 
is added in an amount of 1% to 10% by weight based 
upon the photoconductive member exhibits excellent 
adhesive ability to the substrate and excellent ?exibil 
1ty. 
The addition of the copolymer in an amount beyond 

the upper limit deteriorates the miscibility of the high 
molecular weight photoconductive member with vinyli 
dene chloride-acrylic acidester copolymer and further 
deteriorates the transparency of the formed ?lm. When 
the copolymer is below the lower limit. the advantages 
of the present invention are difficult to obtain. 
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6 
The addition amount of the copolymer of the inven 

tion is small as compared with those of the conven 
tional plasticizers and thus the present invention is con 
sidered to have the advantages that suf?ciently good 
results can be obtained in such small addition amount. 
Therefore, decreases in sensitivity of the photosensitive 
plate are minimized. The aforementioned vinylidene 
chloride-acrylic ester copolymers may be used solely or 
preferably in admixture with other plasticizers. Such 
plasticizers include cumarone resin, chlorinated paraf 
?n, sulfonamide resin, epoxy resin, poly-isocyanates, 
styrene oligomers, and the like. 
The invention will be understood more readily with 

reference to the following examples; however, these ex 
amples are intended to illustrate the invention and are 
not to be construed to limit the scope of the invention. 

EXAMPLE 1 

A treating agent of low resistivity, an aqueous poly 
(N,N’-dimethyl~3,5-methylene) piperidinium solution 
was coated on a 75;/. thick poly-ethyleneterephthalate 
?lm and dried to prepare a light-transmittable conduc 
tive layer. 
Thereafter, a 10% by weight solution of methyl vinyl 

ether / maleic anhydride copolymer (GANTREZ, AN 
l39, supplied by GAP) and polyvinylpyrrolidone 
(PVP-K90, supplied by GAF) (in the weight ratio of 5 
: 5) in a mixture of ethyl alcohol and N,N'-dimethyl 
formamide (5 : 5) was coated on the photoconductive 
layer as formed above in a ?lm thickness of 3 to 4p. and 
dried to prepare a barrier layer. The thus—obtained film 
was greatly transparent, strong, and flexible and had an 
excellent capability to adhere to the photoconductive 
layer. On the barrier layer was coated (8g./m2) and 
dried a photosensitive agent of comprising a solution of 
benzene and chlorobenzene (l : 1) containing polyvi 
nylcarbazole and crystal violet to prepare a photosensi 
tive layer. The light transmittable organic photocon— 
ductive ?lm so obtained was subjected to charging and 
exposing to light in a conventional manner to obtain re 
duced images, which were further developed by a wet 
developer. As a result, extremely excellent positive im 
ages were obtained. 
On enlarging and projecting the positive image with 

a projector, it was found that with the conventional 
photosensitive ?lm in which the photosensitve layer 
was provided directly on the photoconductive layer’ 
without interposing the barrier layer, white spots due to 
electric breakdown were markedly detected while with 
the ?lm of the present invention in which the barrier 
layer was interposed, such disadvantages were com 
pletely removed and thus clear projected images were 
obtained. 

EXAMPLE 2 

On the photoconductive layer as obtained in Exam 
ple l was coated a 8.0 wt.% solution of methyl vinyl 
ether / butyl half ester of maleic acid (GANTREZ ES 
425, supplied by GAF) and vinyl pyrrolidone / vinyl ac 
etate copolymer (7 : 3, supplied by GAF) in the weight 
ratio of 6 : 4 in a mixture of ethylalcohol and N,N' 
dimethyl formamide (7 : 3) in an amount of forming a 
?lm thickness of 3 to 4p, when dried, and thus, a bar 
rier layer was obtained. A solution comprised of chlori— 
nated poly~N~vinyl carbazole 3g, N-vinyl carbazole 
0. lg, carbon tetrabromide 0.2g. and benzene (the 
weight ratio of benzene to the total weight of the three 
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compounds was 1 : l) was exposed to ultraviolet irradi 
ation and stored at a dark place and then coated on the 
aforementioned layer. On treating the light 
transmittable photoconductive ?lm as in Example 1, no 
white spot was detected and extremely excellent light 
transmittable positive images were obtained. 

EXAMPLE 3 

A 10% by weight solution of ethyl vinyl ether / iso 
propyl half ester of maleic acid in a 7 : 3 ethyl alcohol 
/ methyl alcohol mixture and a 10% by weight solution 
of polyvinylpyrrolidone (PVP-K60, supplied by BASF) 
in a 7:3 ethyl alcohol / N,N’-dimethyl formamide mix 
ture were mixed in the weight ratio of 4 to 6. To the re 
sulting solution were added l/4% by weight N,N’-dime 
thylformamide and 1/4% by weight of methyl ethyl ke 
tone, based upon the weight of the resulting solution 
and further a plasticizer of 30% by weight of trichloro 
ethyl phosphate to prepare a 5 wt.% solution of ethyl 
vinyl ether / isopropyl half ester of maleic acid and pol 
yvinylpyrrolidone. 
The solution so obtained was coated on a 75/1. thick 

polyester ?lm including a 60% visible light 
transmittable aluminum vapor deposited layer so as to 
form a 4 to 5p. thick ?lm, when dried, and thus a barrier 
layer was obtained. The barrier layer thus obtained, as 
in Example 1, was excellent in transparency, ?lm 
strength, and ?exibility thereof and furthermore excel 
lent in capability to adhere to the deposited layer. 
On the barrier layer was coated a photosensitive 

agent, which was-prepared by dissolving chlorinated 
poly - N - vinyl carbazole and Rhodamine B in a 1:1 

benzene / chlorobenzene mixture, in an amount of 5 to 
6g/m2 to form a photosensitive layer. 
The photosensitive ?lm so obtained, as in Example 1, 

was charged and exposed to light to form microimages, 
which were further developed with a wet developer. As 
a result, positive images of high sensitivity and sharp 
ness were obtained. On enlarging and projecting the re 
duced image with a projector, it was con?rmed that no 
white spots due to electric breakdown were detected 
on the screen and the and a projected image of equal 
?delity to the original one was obtained. Furthermore 
the above ?lm has been observed to be improved 
greatly in respect of film strength, ?exibility, and capa 
bility to adhere, which have not been observed with the 
conventional ?lms. 

EXAMPLE 4 

A lOwt.% solution of methyl vinyl ether / ethylhalf 
ester of maleic acid (Trade name: GANTREZ ES-225, 
supplied by GAF) and polyvinylpyrrolidone (Trade 
name: PVP K-60, supplied by GAF) in a weight ratio 
of 3:7 in a 7:3 ethylalcohol-formaldehyde mixture was 
coated on a conductively treated baryta paper to form 
a barrier layer of 3 to 4 ,a thickness, when dried. A pho 
tosensitive agent composed of a 1:1 benzene 
chlorobenzenc solution containing chlorinated poly-N 
vinyl carbazole and crystal violet was coated on the 
above barrier layer in the amount of 4 to 6g/m2. 
The photosensitive paper so obtained was charged, 

exposed to light, and developed according to the 
known electrophotographic copying process. As a re 
sult, sharp visible images were obtained and no white 
spot was detected. 
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EXAMPLE 5 

On the conductive layer as obtained in Example 1 
was coated a 10 wt.% solution of methyl vinyl ether / 
maleic anhydride copolymer and vinylpyrrolidone / 
methacrylate copolymer (7:3) in the weight ratio of 5:5 
in a 5:5 ethylalcohol-N,N’-dimethyl formamide mix 
ture to form a barrier layer of 3 to 4 ,u. thickness, when 
dried. 
A solution comprising 3g of chlorinated poly-N-vinyl 

carbazole, 0.1g of N-vinyl carbazole, 0.2g of carbon 
tetra bromide, and benzene (the ratio of benzene to the 
above three components was 1 to 1) was subjected to 
ultraviolet irradiation, stored in a dark place, and 
coated on the above barrier layer. 
The light-transmittable organic photoconductive ?lm 

was treated in the same manner as in Example 1 and 
then there was obtained an extremely clear, light 
transmittable positive images which was completely 
free from white spots. 

EXAMPLE 6 

On the conductive layer as obtained in Example 1 
was coated a 10 wt.% solution of methyl vinyl ether / 
maleic anhydride copolymer and vinyl pyrrolidone / ac 
rylonitrile copolymer (7:3) in the weight ratio of 3:7 in 
a 5:5 ethylalcohol-N,N’-dimethylformamide mixture to 
form a barrier layer of 3 to 4p. thickness, when dried. 
A solution comprising 3g of chlorinated poly-N 

vinylcarbazole, 0.1g of N-vinyl carbazole, 0.2g of car 
bon tetra bromide, and benzene (the ratio of the ben 
zene to all the above three components was 1:1) was 
subjected to ultraviolet irradiation, stored at a dark 
place, and coated on the barrier layer. 
The light-transmittable organic photoconductive ?lm 

was treated in the same manner as in Example 1 and 
thus there were obtained transparent, light 
transmittable positive images which were completely 
free from white spots. 

It can be seen from the foregoing that electric break 
down can be completely avoided by providing the bar 
rier layer of the present invention. Furthermore sensi 
tivity is excellent and ?lm properties of the photosensi 
tive layer have been markedly improved. Accordingly, 
light-transmittable or non light-transmittable organic 
electrophotographic members of great practical value 
can be easily produced. 

EXAMPLE 7 

On a 31p. thick conductive aluminum substrate was 
coated lOwt.% solution of methyl vinyl ether / butyl 
ester of maleic acid (GANTREZ ES-425, supplied by 
GAF) and polyvinylpyrrolidone (PVP K-90, supplied 
by GAF) in the weight ratio of 3:7 in a 7:3 ethylalcohol 
formamide mixture to from a barrier layer of 2p. thick 
ness, when dried. The barrier layer so obtained was of 
great transparency, strong, ?exible, and the ability 
thereof to adhere to the aluminum substrate was excel 
lent. Furthermore, a photosensitive agent comprising a 
1:1 benzenemonochloro benzene mixture, poly N-vinyl 
carbazole, Rhodamine B (the molar ratio of the poly 
N-vinyl carbazole to Rhodamine B was 1 : 5X10”), and 
a plasticizer of diphenyl chloride was coated on the 
barrier layer to form a 9p. thick photosensitive layer. A 
representative electrophotographic process comprising 
charging by -—7.0KV corona discharge, exposing to a 
500W tungusten lamp so as to obtain an exposure 
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amount of about 40 lux. sec. and transferring the latent 
image onto recording paper was repeatedly applied to 
the photosensitive member as obtained above. The re 
cording paper was developed with a wet developer, and 
it could be found that images were excellent and elec 
tric breakdown was markedly avoided as compared 
with the conventional master photosensitive member in 
which a barrier layer was not provided. 
The durable repeating number was as follows: 
member with no barrier layer . . . . about 100 

member with a barrier layer . i . . about 1,000 

EXAMPLE 8 

The photosensitive member prepared as in Example 
5 was subjected to the normal xerographic process 
which comprises charging by —7.0KV, exposing to light 
so as to obtain about 100 lux. sec. of exposure amount, 
developing with a wet developer, transferring to ordi 
nary paper, and cleaning the photosensitive layer. The 
process was repeated and it was found that sensitivity 
was excellent and electric breakdown was markedly 
prevented by the barrier layer. The number of times 
that the photosensitive member was durable to re 
peated uses, was as follows: 
photosensitive member with no barrier . . . . about 80 

photosensitive member with a barrier . . . . about 

1,000 

EXAMPLE 9 

Methyl vinyl ether / maleic anhyride copolymer 
(trade name: AN—l49, supplied by GAF) and polyvi 
nylpyrrolidone (trade name: PVP K-90, supplied by 
GAF) were mixed in the weight ratio of 3 to 7 and dis 
solved in a 3:5:2 methylalcohol-methyl ethyl ketone 
N,N’-dimethyl formamide mixture to prepare a 10 
wt.% solution thereof. The 10 wt.% solution was coated 
on a 31 ;1. thick electrically conductive aluminum sub 
strate to provide a 1 to 2 ,u thick, when dried, barrier 
layer. The thus-obtained barrier layer had the same 
characteristics as those of the barrier layer obtained in 
Example 5. 
On the other hand, poly N-vinyl carbazole and crystal 

violet in the molar ratio of 1 to 2.5 X 10's, and a plasti 
cizer Cumarone RS 1/2 (trade name, supplied by Fuji 
Seitetsu Co. Ltd.) were dissolved in a 1:1 benzene 
chlorobenzene mixture to produce a photosensitive 
agent. The photosensitive agent was coated on the 
above barrier layer to form an approximately 8 a thick 
photosensitive layer. With the thus-obtained photosen 
sitive plate, the same process as in Example 5 was re 
peated and latent images were repeatedly transferred 
to a electrostatic recording paper. 
The transferred electrostatic images were powder 

developed using a magnet brush and, as a result, it was 
found that electric breakdown was greatly prevented. 
Furthermore, deterioration of the photosensitive mem 
ber was extremely small and the number of times that 
the photosensitive members were durable to repeated 
uses, were as follows: . 

photosensitive member with no barrier layer . . . . . 

about 90 
photosensitive member with barrier layer . . . . about 

1,000. 

EXAMPLE 10 

The photosensitive plate prepared in the same man 
ner as in Example 7 was, according to a common xero 
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10 
graphic process, charged at —~7.0KV, and exposed to 
light so as to obtain an exposure amount of about 100 
lux.sec. on the surface thereof. Thereafter the latent 
images so obtained were powder-developed according 
to the cascade process and transferred to ordinary 
paper and then the photosensitive plate was cleaned. 
Such a process was repeated using the photosensitive 
plate. As a result, it was found that the photosensitive 
member's resistance to electric breakdown was excel 
lent. The number of times that the photosensitive mem 
ber was durable to repeated uses was as follows: 
photosensitive layer having no barrier . . . about 50 

photosensitive layer having barrier . . . about 800. 

EXAMPLE 1 l 

Butyl vinyl ether / maleic benzyl ester copolymer and 
polyvinylpyrralidone (PVP K-90, supplied by GAF) 
were mixed in the weight ratio of 4 to 6 and dissolved 
in a 3:3:3:l ethyl acetate / methyl ethyl ketone / ethyl 
alcohol / formamide mixture to prepare a 10 wt.% solu 
tion thereof. The 10 wt% solution was coated on the 
same substrate as used in Example 5 to form a l to 2 
p. thick dry ?lm and thus a barrier layer was formed. 
The barrier layer so obtained was of great transpar 

ency, strong, ?exibile, and furthermore the ability 
thereof to adhere to aluminum was excellent. 
On the barrier layer was coated a photosensitive ma 

terial in tetrahydrofuran solution which includes 0.5 
mole chlorinated poly-N-vinyl carbazole and 2,4,7 
trinitro-fluorenone (the molar ratio of them is l to 1) 
in addition to a plasticizer of diphenyl chloride to form 
a thickness of about 12 ,u.. According to an electrostatic 
transferring process, the thus-obtained photosensitive 
plate was corona-discharged at —7.0KV and exposed to 
light so as to obtain an exposure amount of about 10 
lux.sec. thereon. Thereafter the electrostatic latent 
image was transferred to electrostatic recording paper 
and developed with a wet developer. The image so 
formed was excellent and it was con?rmed that electric 
breakdown was effectively prevented. 
The number of times that the photosensitive layer 

could be used repeatedly was as follows: 
photosensitive member having no barrier . . . about 

800 
photosensitive member having barrier . . . about 

5,000. 

EXAMPLE 12 

The same photosensitive plate as in Example 9 was, 
according to a xerographic process, charged at —7.0KV 
and exposed to light so as to obtain an exposure 
amount of about 20 lux.sec. on the surface thereof. The 
latent image so formed was powder-developed in ac 
cordance with the magnet brush process and trans 
ferred to ordinary paper and thereafter the photosensi 
tive layer was cleaned. On repeating such a process it 
was found that the sensitivity of the photosensitive 
member was excellent and electric breakdown was ef 
fectively prevented. The number of times that the pho 
tosensitive plate could be used repeatedly was as fol 
lows: 
photosensitive member having no barrier . . . about 

300 
photosensitive member having a barrier . . . about 

2,500. 
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EXAMPLE 13 

As the conductive substrate there was used a 100 p. 
thick sand scratched aluminum plate, on which a bar 
rier layer was provided in the same manner as in Exam 
ple 9. 
A photosensitive solution composed of benzene and 

chlorobenzene ( l:l ) which included 0.5 mole chlorina 
ted poly-N-vinylcarbazole and Rhodamine B (the 
molar ratio of them was 1 : 5 X 10's) and further in 
cluded a plasticizer, 0.5g of diphenyl chloride was 
coated on the barrier layer to form a dry ?lm of 4 p. 
thickness. The thus-obtained photosensitive plate was, 
according to an electrostatic transferring process, 
charged at -—7.0KV and exposed to light at about 40 
lux.sec. and the resulting image was transferred to elec 
trostatic recording paper. Such a process was repeated. 
The electrostatic recording paper was developed by a 
wet developer and, as a result, it was found that electric 
breakdown was greatly prevented. The durable repeat 
ing number was as follows: 

photosensitive member having no barrier layer . . . 

about 100 
photosensitive member having a barrier . . . 

3,000 
about 

EXAMPLE l4 

l-lexyl vinyl ether / maleic benzyl ester and polyvinyl 
pyrrolidone (PVP K-90, supplied by GAF) were mixed 
in the weight ratio of 5:5 and dissolved in a 4:4:2 
methyl ethyl ketone/ N,N'-dimethyl formamide / 
methyl alcohol mixture to prepare a 10 wt.% solution 
thereof. The resulting solution was coated on conduc 
tively treated baryta paper to form a dry film of 3 to 4 
,u. thickness and thus there was formed a barrier layer. 
The barrier layer had the same film properties as that 

of Example 5. A photosensitive agent solution of tetra 
hydrofuran which included 0.5 mole chlorinated poly 
N-vinylcarbazole and 2,4,7-trinitro?uorenone (1:1 
molar ratio) and further included 0,5g of diphenyl 
chloride as a plasticizer was coated on the barrier layer 
to provide an approximately 12 ,u. thick layer. 
The thus-obtained photosensitive plate was, accord 

ing to an electrostatic transferring process charged at 
—7.0KV and exposed to light at about 5 lux.sec. and the 
resulting image was transferred to electrostatic record 
ing paper. Such a process was repeated. The electro 
static recording paper was developed with magnet 
brush process and thus there was obtained an excellent 
image and it was also con?rmed that resistance to elec 
tric breakdown was improved. The durable repeating 
number was as follows: 
photosensitive member having no barrier . . . about 

400 
photosensitive member having a barrier . . . about 

3 ,000 7 

EXAMPLE 15 

On a 100 ,1. thick polyester ?lm having a 70% light 
transmittable aluminum vacuum evaporated layer was 
coated on 8 wt.% solution of methylivinyl ether / maleic 
anhydride (trade name: AN-l69, supplied by GAF) 
and vinyl pyrrolidone / vinyl ether copolymer, which 
was prepared by dissolving methyl vinyl ether / maleic 
anhydride and vinylpyrrolidone / vinyl ether copolymer 
of the weight ratio of 4 to 6 in an ethyl acetate 4 / 
methyl ethyl ketone 3 / formamide 3 mixture, to form 
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12 
a l to 2 [.L thick dry ?lm and thus there was obtained 
a barrier, layer. 
The thus-obtained barrier layer had the same ?lm 

properties as those of the barrier layer obtained in Ex 
ample 5. ~ 

A photosensitive agent, which was prepared by dis 
solving poly-N-vinyl carbazole and Crystal Violet (in 
the molar ratio of l to 2.5 X 10*) together with a plas 
ticizer of 0.5g of diphenyl chloride in a benzene / chlo 
robenzene (1:1) mixture, was coated on the above bar 
rier layer to form a dry ?lm of about 4n thickness. 
The photosensitive plate so obtained was charged at 

——7.0KV and exposed to light at about 100 lux.sec. ac 
cording to the electrostatic transferring method, and 
the images formed were transferred to electrostatic re 
cording paper repeatedly. The transferred image was 
developed with a liquid developer and, as a result, it 
was observed that the effect of preventing electric 
breakdown of the barrier was considerably excellent. 
The number of times that the photosensitive member 

could be used repeatedly was as follows: - 
photosensitive member with no barrier layer . . . 

about 300 
photosensitive member with a barrier layer . . . about 

4,000 

EXAMPLE 16 

On an electrically conductive substrate composed of 
an aluminum plate (thickness of 31p.) was coated a 
15wt.% solution of methyl vinyl ether / maleic benzyl 
ester and vinylpyrrolidone / vinyl acetate copolymer 
(the weight ratio of 6:4) in a acetic acid / ethyl alcohol 
/ N,N’-dimethyl formamide (325:5) mixture to prepare 
a dry ?lm of 3 to 4p. thickness, and thus a barrier layer 
was formed. 
On the thus-formed barrier layer was coated the 

same photosensitive compound as in Example 9 to 
form a about 10p. thick photosensitive layer. 
The formed photosensitive plate was repeatedly used 

in the electrostatic transferring process comprising 
charging at —7.0KV, exposing to light so as to obtain 
about 10 lux. sec. of exposure amount, and thereafter 
transferring electrostatic images to electrostatic re 
cording paper. 
On developing the images, excellent printed images 

were obtained and the effect of preventing electric 
breakdown of the barrier layer was observed. The num 
ber of times that the photosensitive plate could be used 
repeatedly was as follows: 

photosensitive member with no barrer layer . . . about 

700 
photosensitive member with barrier layer . . . about 

4,000 
EXAMPLE 17 

The following photosensitive layer was used in the 
foregoing Examples. 

3g of poly-9-vinyl carbazole (Lunican M-l70) was 
dissolved in 45ml of mono chloro benzene, to which vi 
nylidene chloride-methyl methacrylate copolymer and 
0.0l5g of 3,3'-di-n-octhyl-6,6'-dinitro-2,2' 
thiacarbocyanine tosylate were added to prepare a 
photosensitive liquid. 
The barrier layers usedin the foregoing Examples 

were used. 
The photosensitive liquid was coated on the barrier 

layer so as to form a Su thick dry ?lm. 
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The ratio of vinylidene chloride to methylacrylate in 
the copolymer thereof and the addition amount of the 
copolymer were shown below. 

Run No. Added Trans 
amount parency 

Flexibi 
lity 

Ratio of 
comono 
mers 

(mol :mol) 

Speci?c 
Sensi 

tivity 

0.1 
II 

85 
100 
100 
105 
90 

n 

u 

n 

5: 
3: 
l: 
l: 
1: 

The mark (9 in the column of ?exibility indicates that 
the film is not cracked when wound around an iron rod 
of 4mm diameter. 

Specific sensitivity is calculated from the exposure 
amount required until the initial electric potential is de 
cayed to 1/10. 

EXAMPLE 18 

Into 40ml of monochlorobenzene was dissolved 3g of 
chlorinated poly-9-vinylcarbazole (chlorine content: 
7.5%) and 0.015g of 1,1 ’-n-octyl-3,3,3',3’-tetramethyl 
5,5’-dinitro-2,2'-pentamethine tosylate to prepare a 
homogeneous solution. To the homogeneous solution 
was added 0.6g of Cumaron LCR (cumarone resin pro 
duced by Shin Nippon Seitetsu), 0.75g Enpara 4O 
(chlorinated parra?n produced by Azinomoto) and a 
vinylidene chloride-methyl acrylate copolymer (the 
ratio of vinylidene chloride to methyl acrylate; 1 mol : 
3 mol, molecular weight; 400,000) to prepare a photo 
sensitive liquid. 
The same barrier layers as in the foregoing Examples 

were used. 
The photosensitive liquid was coated on the barrier 

layer to form a 5p. thick layer and thus a photosensitive 
plate was prepared. 
The addition amount of vinylidene chloride-methyl 

acrylate copolymer and the properties of the photosen 
sitive plate are shown below. 

Run No. Amount of E 1/10 Capability Flexibility 
copolymer Speci?c to adhere - 

(g) sensitivity 

1 0 100 X X 
2 0.03 100 A-O O 
3 0.06 95 O O 
4 0.1 92 (D (9 
5 0.2 80 ® (9 
6 0.5 77 ® @ 

Specific sensitivity is calculated from the exposure 
amount required until the initial electric potential is de 
cayed to l/lO. . 

In the column of capability to adhere, the mark 6) m 
dicates that the layer is not peeled off when an adhesive 
tape is adhered thereto and peeled therefrom. 

In the column of ?exibility, the mark (9 indicates that 
the plate is not cracked when wound around an iron 
rod of 2mm diameter. 
We claim: 
1. An electrophotographic photosensitive member 

comprising a support; and overlying said support an in 
termediate barrier layer having a thickness of less than 
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14 
10 microns for preventing electric deterioration and 
fatigue due to repeated use, said intermediate barrier 
layer consisting essentially of (1) a copolymer of ma 
leic anhydride and an alkyl vinyl ether wherein the 
alkyl moiety thereof has from 1 to 12 carbon atoms or 
(2) mixtures of (a) copolymers of alkyl vinyl ethers 
wherein the alkyl moiety thereof has from 1 to 12 car 
bon atoms and alkyl half esters of maleic acid and (b) 
homopolymers of vinyl pyrrolidone having an average 
molecular weight of from 4,000 to 360,000 or copoly 
mers of vinyl pyrrolidone with vinyl monomers copoly 
merizable therewith having an average molecular 
weight of from 4,000 to 360,000; and overlying said in 
termediate barrier layer a photoconductive layer con 
sisting essentially of an organic photoconductor and 
from 1 to 10% by weight, based on the weight of the or 
ganic photoconductor, of a copolymer of vinylidene 
chloride and an acrylic acid alkyl ester. 

2. The electrophotographic photosensitive member 
of claim 1, wherein the alkyl moiety of said alkyl vinyl 
ether has from 1 to 6 carbon atoms. 

3. The electrophotographic photosensitive member 
of claim 1, wherein the alkyl moiety of said alkyl half 
esters of maleic acid has from 1 to 8 carbon atoms. 

4. The electrophotographic photosensitive member 
of claim 3, wherein said alkyl moiety includes aryl 
substitue alkyl groups. 

5. The electrophotographic photosensitive member 
of claim 4, wherein said aryl-substituted alkyl group is 
benzyl. 

6. The electrophotographic photosensitive member 
of claim 1, wherein the average molecular weight of 
said vinyl pyrrolidone homopolymer or copolymer is 
from 40,000 to 360,000. 

7. The electrophotographic photosensitive member 
of claim 1, wherein said vinyl monomers are selected 
from the group consisting of styrene, vinyl chloride, 
vinyl acetate, methacrylate, acrylate, acrylamide, acry 
lonitrile, vinyl ethers, vinyl imidazole and ethylene. 

8. The electrophotographic photosensitive member 
of claim 7, wherein the molar ratio of vinyl monomer 
to vinyl pyrrolidone is from seven-thirds to three 
sevenths. 

9. The electrophotographic photosensitive member 
of claim 1, wherein said substrate is composed of a ma 
terial having a volume resistivity of below 109ohm/cm. 

10.. The electrophotographic photosensitive member 
of claim 1, wherein the thickness of said barrier layer 
is from 2 to 7 microns. 

11. The electrophotographic photosensitive member 
of claim 1, wherein the volume resistivity of the barrier 
layer is from 1010 to 10‘1 ohm/cm. 

12. The electrophotographic photosensitive member 
of claim 1, wherein said organic photoconductor is 
composed of 9-vinyl carbazole, derivatives thereof or 
a polymer thereof. 

13. The electrophotographic photosensitive member 
of claim 1, wherein said photoconductive layer further 
includes a sensitizator for said organic photoconductor. 

14. The electrophotographic photosensitive member 
of claim 1,. wherein said barrier layer consists essen 
tially of an‘ unsaponi?ed copolymer of maleic anhy 
dride and an alkyl vinyl ether wherein the alkyl moiety 
thereof has from 1 to 12 carbon atoms. 

15. The electrophotographic photosensitive member 
of claim 1, wherein said intermediate barrier layer con 
sists essentially of a mixture of said copolymer of ma 
leic anhydride and an alkyl vinyl ether with said homo 
polymers or copolymers of vinyl pyrrolidone. 


