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ABSTRACT OF THE DISCLOSURE 
An electrophotographic material having an electro 

photographic layer formed of a finely divided inorganic 
photoconductor, one or more spectral sensitizing dyes 
and an insulating film forming material comprising an 
alkyd resin cured with a polyisocyanate compound. The 
above is coated on a support, and the alkyd resin con 
tains 10 to 50% by weight of an aromatic dibasic car 
boxylic acid and has a hydroxyl value within the range 
10 to 100. The polyisocyanate compound is contained in 
an amount from about 1.2 to 8 times the equivalent 
amount corresponding to the hydroxyl value of the alkyd 
CS1 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to an electrophotographic 
material sensitized with spectral sensitizers and, in par 
ticular, relates to an electrophotographic material having 
a novel binder composition which is suitable for liquid 
development. 

Description of the prior art 

In electrophotography a process is known which com 
prises exposing an image onto a photoconductive insulat 
ing layer provided on a support after uniformly imparting 
an electrostatic charge thereon, thereby discharging the 
charge in the light-irradiated region to form an electro 
static latent image. Subsequently, the image is developed 
with a developer having dispersed therein an electro 
statically charged finely-divided toner in a highly insulat 
ing liquid carrier (which does not destroy the latent 
image) to convert the latent image to a visible image. In 
a liquid development process as described above, the fine 
powder having an electrostatic charge in the liquid car 
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rier electrophoretically deposits on the latent image, thus 
making the latent image visible. 
As an electrophotographic material, one prepared by 

establishing a photoconductive insulating layer having 
dispersed therein a finely-divided inorganic photocon 
ductive material such as zinc oxide, cadmium sulfide, 
titanium dioixde, zinc sulfide, etc. in an insulating film 
forming material on a flexible support, such as paper, is 
known. 

Heretofore, binder compositions used in an electro 
photographic material containing finely-divided inorganic 
photoconductors suitable for liquid developing processes 
include cured alkyd resins, polymethylmethacrylate, vinyl 
chloride/vinyl acetate copolymers, etc. All are insoluble 
in the liquid carrier of a liquid developer. 
Although all the above-described binders exhibit good 

characteristics, in particular, the cured alkyd resins have 
excellent advantages such as being capable of forming a 
flexible sensitive layer showing little tendency to curl; 
of dispersing an organic pigment; of being stable in or 
ganic solvents; and of permitting the use of inexpensive 
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2 
organic solvents, such as toluol or xylol, in coating 
operations. 
The inventors have found that the decay characteristics 

of an electrostatic charge on an insulating layer in a 
liquid developer which has heretofore been less noted is 
one of the most important factors affecting image quality. 
In particular, in the case of reproducing a continuous tone 
image, it has been proven that a slow decay of the sur 
face charge in a liquid developer is essential for high 
quality image reproduction. 
The cured alkyd resins have been found satisfactory 

as a binder with respect to the decay characteristic in the 
developer. Other resins which have hitherto been used as 
a binder form a hard coating and hence incorporation of 
plasticizers in a photoconductive coating containing such 
resins is ordinarily necessary to provide a photoconduc 
tive paper with an acceptable mechanical behavior. Plas 
ticizer incorporation, however, is sometimes accom 
panied by deterioration of the charge retention property 
in the liquid developer as well as a remarkable lowering 
of light sensitivity, resulting in an inferior material to 
those comprising alkyd resins. 

Heretofore, the curing of alkyd resins has been carried 
out by using at least one of the organic peroxides such 
as methyl ethyl ketone-peroxide, benzoyl peroxide, etc. 
and heavy metal compounds such as naphthenates of 
cobalt, manganese, iron, zinc, lead, etc. 

However, the alkyd resin binder composition has been 
found to be accompanied with a serious problem in a 
coating spectrally sensitized with organic sensitizing dyes, 
in particular, with those sensitive to oxidation, while 
there arises no problem in a coating composition not 
containing spectral sensitizers. It is clear that the sen 
sitizers are gradually decomposed in the presence of a 
catalyst such as cobalt naphthenate. The decomposition 
seems to proceed considerably at the curing step of the 
resin, and in particular, sensitizers such as cyanine, 
merocyanine and Xanthine dyes have been found weak 
to oxidation, and coatings containing such dyes faded 
rapidly during storage. 

In order to avoid this difficulty, we tried to decrease the 
amount of catalytic heavy metal compounds such as 
naphthenates of cobalt, manganese, lead, etc., to a very 
small amount or even to zero, while instead making the 
curing conditions more intense by raising the curing tem 
perature or extending the curing time. This is because we 
found that even the presence of a very small amount of 
heavy metal compound is quite harmful and that very 
severe conditions of heat treatment are required to cure 
in the absence of such compounds. It has been shown 
decisively that a coating containing an alkyd resin binder 
insufficiently cured never exhibits a satisfactory charge 
retaining property in many nonpolar organic solvents 
suitable for the insulating carrier liquid of liquid 
developers. 
Another serious problem lies in the fact that the alkyd 

resin-containing photoconductive coating cured in the 
presence of a heavy metal catalyst such as cobalt naph 
thenate exhibits a photographic tone reproduction char 
acteristic curve with an average gradient a little too great 
for good reproduction of the average photographic print. 
Though spectral sensitization of such a composition 

occasionally lowers the gradient, the degree of the lower 
ing is slight, and the tone reproduction property is still 
too hard to produce an acceptable electrophotographic 
print from rather contrasty originals, such as a positive 
color transparency, by the positive to positive mode. 

SUMMARY OF THE INVENTION 
An electrophotographic material suitable for the re 

production of continuous tone images is provided in the 
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present invention. This material comprises an electropho 
tographic layer on a support, the electrophotographic 
layer comprising a finely-divided inorganic photocon 
ductor, one or more spectral sensitizing dyes and an in 
sulating film forming material. The insulating film form 
ing material comprises an alkyd resin cured with a poly 
isocyanate compound. The alkyd resin must contain 10 
to 50% by weight of an aromatic dibasic carboxylic acid, 
and must have a hydroxyl value within the range 10 to 
100. The polyisocyanate compound is contained in an 
amount within the range 1.2 to 8 times the equivalent 
amount which corresponds to the hydroxyl value of the 
alkyd resin. 

Accordingly, one object of the present invention is to 
provide an electrophotographic material suitable for re 
production of continuous tone images, and, in particular, 
to provide an electrophotographic material suitable for 
a liquid developing process with an excellent charge re 
tention property in many insulating organic liquids. 
A further object of the present invention is to disclose a 

novel binder composition for a finely-divided inorganic 
photoconductor which is spectrally sensitized. 
The present inventors have solved all the above-cited 

various problems by using polyisocyanate compounds for 
the curing of alkyd resins. 

BRIEF DESCRIPTION OF THE DRAWING 
The drawing shows three curves which illustrates the re 

flectance value versus the wave length for various electro 
photographic materials. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
This invention relates to a method of forming an elec 

trophotographic material and the material per se com 
prising a photoconductive insulating coating provided on a 
suitable support, said coating comprising a finely-divided 
inorganic photoconductor material, spectral sensitizer 
thereof, and an electrically insulating film-forming mate 
rial, which is characterized by that said insulating film 
forming material comprises alkyd resin hardened (cured) 
by polyisocyanate compound, said alkyd resin containing 
10 to 50% by weight of phthalic or isophthalic acid, hav 
ing a hydroxyl value between 10 to 100, said polyiso 
cyanate compound being added in an amount 1.2 to 8 
times as much as the amount equivalent to said hydroxyl 
value, and the excessive amount of said isocyanate radi 
cal being reacted with moisture. 
The above electrophotographic sensitive material of the 

present invention gives a tone reproduction characteristic 
curve with a low gamma and a high sensitivity. Moreover, 
the change of these characteristics during storage is quite 
small. 

Preferred alkyd resins used in the compositions of the 
invention are those which contain as the acid component 
in their polyester main chain aromatic dibasic acids such 
as phthalic or isophthalic acid, and as the alcohol com 
ponent glycerin, pentaerythritol, sorbitol, ethylene glycol, 
etc. Such polyester chains may be modified by monobasic 
aliphatic acids, saturated or unsaturated, which may, then, 
be further modified by styrene, or acryl esters. 
What is essential in the above compositions is that the 

polyester main chains do not substantially comprise ali 
phatic dibasic acids. Typical examples of suitable alkyd 
resins include phthalic acid-glycerin polyesters modified 
by any one member selected from the group comprising 
drying oil fatty acids, non-drying oil fatty acids, drying 
oil fatty acids modified with styrene or with acrylic ester, 
phenolformaldehyde resin, rosin, etc. 
As will be described in the following, experimental re 

sults have disclosed that alkyd or polyester resins con 
taining as the acid component in their main polyester 
chain aromatic dibasic acids give an electrophotographic 
coating having excellent properties. According to the de 
scriptions in The Journal of the Japanese Technical As 
sociation of the Pulp and Paper Industry, Vol. 16, pp. 
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4. 
974-977, polyisocyanate is used as a hardener for a poly 
ester resin comprising drying oil fatty acid and polyhydric 
alcohol, whereby the speed of photoresponse of the re 
sulting electrophotographic coating is lowered as the 
amount of the polyisocyanate increases, and greatly af 
fected by the acid value of the polyester resin. On the con 
trary, if polyisocyanate is used for a polyester containing 
the dibasic aromatic carboxylic acid, the characteristics 
are not substantially varied even if the large excess of 
polyisocyanate is used and also the acid value of poly 
ester does not greatly affect the characteristics of the product. 

Various alkyd resins can give electrophotographic coat 
ings of similar light sensitivity provided that they contain 
aromatic dibasic acids such as phthalic or isophthalic acid 
in the range between 10 to 50% by weight of the alkyd 
resin (as calculated by the content of the corresponding 
acid anhydrides) and that they have an acid value not 
higher than 25. Resins which have particularly high acid 
values are not desirable because of slow reaction speed 
with isocyanates, although they are practicable if the 
reaction is accelerated at a high temperature. The hy 
droxyl value should be not higher than 100, desirably 
below 75, and must be above 10 for sufficient curing. 
Polyesters with high hydroxyl values which have widely 
been used together with polyisocyanates to form polyure 
thane coatings or the like are not suitable for the present 
purpose since they would produce coatings with an in 
tense tendency to curl, mainly because of their too high 
cross-linking densities, and their low content of aro 
matic dibasic acids. When the resulting material is to be 
Subjected to dry development processes such as cascade, 
magnetic brush, or powder cloud development, satisfac 
tory dark decay characteristics can be obtained with the 
use of polyisocyanate 1.2 to 1.5 times equivalent to the 
hydroxyl content, 

Suitable polyisocyanates should have a low evaporation 
rate at ordinary temperatures. A condensation product 
of 1 mol of trimethylol propane and 3 mol of tolylene 
diisocyanate (commercially available product: Desmodur 
L. manufactured by Bayer Co., Ltd., Colonate L. manu 
factured by Nippon Polyurethane Industrial Co., Ltd.) 
is typical. 

Hexamethylene diisocyanate, 4,4',4'-triphenylmethane 
triisocyanate (Desmodur R of Bayer Co., Ltd.), diphenyl 
methane-4,4'-diisocyanate (Desmodur M of Bayer Co., 
Ltd.), etc. can also be utilized. 
The amount of these polyisocyanate compounds may 

be added 1.2 to 8 times the equivalent amount corre 
sponding to the content of hydroxyl groups in the alkyd 
resin to be cured. 
The variation of electrophotographic characteristics 

with the added amount of isocyanates proved very small. 
On the other hand, a large amount of isocyanate is 

5 necessary to provide an electrophotographic coating 
which exhibits a sufficiently slow dark decay character 
istic in an insulating non-polar liquid generally used as 
the carrier liquid of a liquid developer. As an example 
in the case of a styrene-modified alkyd resin having a 
hydroxyl value of 50, more than twice the equivalent 
amount of a polyisocyanate is necessary to obtain a pho 
toconductive coating which shows a dark decay rate in 
purified kerosene which is as slow as that in air. With 
a lesser amount than this, the dark decay rate is satis 
factorily slow in air, but quite rapid in liquids such as 
kerosene. However, if there is employed a liquid devel 
oper with a high concentration of toner which may de 
velop an electrostatic latent image before the charge 
leakage thereof, or one having a carrier liquid which has 
an exceptionally low dissolving power such as isoparaf 
finic hydrocarbon solvents, coatings containing 1.2 to 2 
times equivalents of isocyanate are also practicable. 
The charge decay characteristic of an electrophoto 

graphic coating in a liquid developer depends not only 
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on the composition thereof, but also on the insulating 
properties and dissolving power of the liquid developer. 
Generally speaking, a carrier liquid having a strong dis 
solving power accelerates charge decay. In our experi 
ments purified kerosene is usually used to estimate the 
charge decay performance of various coatings and it has 
been proven that the behavior in kerosene corresponds 
well to those in actual liquid developers, though they 
sometimes contain stronger solvents such as cyclohexane 
and have a lower electrical resistance. In the liquid de 
veloping process the slow charge decay in the developer 
is essential for the satisfactory reproduction of continuous 
tone image. 
As is already known in the art, toner deposition pro 

ceeds preferentially from a high electrostatic field region 
independently of the use of a development electrode. 
Thus, in the case of development of a large, uniformly 
charged solid area surrounded by a background of Zero 
charge density, development proceeds at the edge of said 
area, and as toner deposition proceeds, the fill-in of the 
area into the inner region continues, since the deposited 
toner at the edge of the region neutralizes the charge 
thereon, thus pushing the high field region inside the solid 
area. If the charge of the latent image leaks away during 
such a filling-in process, the resulting image will show a 
sharp density gradient decreasing from the edge towards 
the inner portion of the area, instead of forming a uni 
form density image. 

Further, in the case of repulsion development wherein 
a liquid developer containing toner with a charge of 
the same polarity as that of the latent image to be de 
veloped is used, a bias voltage is applied to a develop 
ment electrode facing the latent image with a close spac 
ing, in such a manner that the field near the area having 
the maximum charge density in said latent image is 
substantially neutralized, thus preventing toner deposi 
tion at that area. When the charge decay rate of the 
image in the liquid developer is rapid, it is necessary to 
adjust the value of the bias voltage in a synchronized 
manner to correspondingly decrease with the decrease 
in the charge density in the image. This makes the ap 
paratus complicated and causes various troubles during 
practice. 
With a material having a slow dark decay rate in the 

liquid developer such control of the bias voltage is un 
necessary, and, if necessary, the range of the voltage 
value is quite small. 

Other features of the electrophotographic sensitive ma 
terial of the present invention is that the tone reproduc 
tion characteristic is very soft. This has been confirmed 
by an experiment using a liquid developer containing 
a toner having an average particle diameter near 0.2 to 
0.3u. 
When exposed to light, after being uniformly charged 

through an optical wedge, the electrophotographic sensi 
tive material of the present invention yields a gamma of 
about 0.7 to 1.3 for a characteristic curve while the cor 
responding value for many conventional materials lies 
between 1.5 to 2.0 through similar processing. The max 
imum optical density of the material prepared in accord 
ance with the present invention is generally high, reach 
ing 1.5 to 2.0. 

ty is determined from an average gradient of a tone 
reproduction curve which is drawn by plotting the re 
flection optical density of a developed wedge on the 
ordinate and log 

1. 

amount of exposure 
on the abscissa, whereby the length of the abscissa cor 
responding to the variation of 10 times exposure and 
that of the ordinate corresponding to the optical density 
are taken to be equal, and defined as unit length. A set 
of two parallel lines separated by one-tenth of the above 
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6 
defined unit length is drawn in such a manner that the 
tone reproduction curve is tangentially put between these 
lines, and the slope of the lines is defined as gamma. 

U.S. patent specification No. 3,025,160 describes an 
electrophotographic material utilizing a polyisocyanate 
such as Desmodur in the binder composition, and Hara 
saki and Hasegawa, et al. utilized polyisocyanate to cure 
unsaturated polyester resins (Journal of Paper and Pulp 
Technical Association 16, pp. 974-977 (1962). 
The technique disclosed in the above-cited specification 

completely differs from that of the present invention, 
since it makes use of an organic solvent soluble polyure 
thane resin as the binder, obtained by reacting a polyiso 
cyanate with a variety of compounds containing OH 
groups capable of condensing with the isocyanate radical. 
In fact, it is clear that the electrophotographic materials 
obtainable in accordance with the cited patent are inferior 
to those of the present invention in respect to charge decay 
characteristics in insulating liquids, mainly because of 
their not having a three-dimensional network in their 
molecular structures. 
On the other hand, the latter Japanese literature, which 

employed unsaturated fatty acids as a reaction partner, 
failed in providing dye sensitized materials with satisfac 
tory properties. 

Accordingly, the technique in the present invention is 
quite different from the known technical arts, and gives 
electrophotographic photoconductive coatings having 
excellent properties with the combination of alkyd resins 
and polyisocyanates. 

Further, another preferable feature is that the present 
resin composition has no harmful influence on sensitizing 
dyes, thus showing no change of sensitivity under a long 
period of storage. It imparts a higher efficiency of spectral 
sensitization to the spectral sensitizer than other resin 
formulations. It is difficult to explain this high efficiency at 
present when theories have been given only for the inter 
action of carboxyl and hydroxyl groups in the resin with 
zinc oxide, since substantially the total amount of the hy 
droxyl groups originally present in the alkyd resin enter 
into condensation reaction with the isocyanate group to 
give a very low concentration of hydroxyl group in the 
final binder structure. 

Measurement of the infrared absorption of the cured 
coating containing zinc oxide has shown that the hydroxyl 
groups in the alkyd resin rapidly react upon heating to 40 
to 50° C., and then the excessive isocyanate gradually 
reacts with the moisture from the surrounding atmos 
phere, leaving a very low concentration of isocyanate. 
The fact that the binder of the present invention gives 

high Sensitivity may be understood with the explanation 
that although the -OH groups of the alkyd resin are 
decreased by the reaction with polyisocyanate, the -NH 
groups formed by the reaction of isocyanate with water 
may have a similar effect on ZnO as the OH group. 

Heretofore, the use of the binder containing the NH 
group has been relatively rare and is considered to have 
been overlooked because such binders are poor in other 
characteristics. In any event, the above explanation is 
only a theory. 

In the case of using an alkyd resin hardened with 
cobalt naphthenate, spectral sensitizers seem to have been 
already partially broken by oxidation during film forma 
tion, accordingly, for the case of an alkyd resin cured by 
an oxidizing catalyst such as cobalt naphthenate, it is 
clear that it is inferior to the resin formulation of the 
present invention in its sensitivity. Compared with other 
resin formulations comprising vinyl chloride/acetate co 
polymers, the present formulation exhibits several times 
higher. Sensitivity, which does not allow any clear ex 
planation. 

In a zinc oxide layer which is not sensitized with Spec 
tral sensitizers, little or no increase of photosensitivity is 
recognized with the binder formulation of the present in 
vention. It should thus be noted that the feature of the 
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present invention is demonstrated only in a spectral region 
expanded by the spectral sensitizer. 

Other advantages of the present invention are adapta 
bility for industrial production (because curing is carried 
out at a low temperature), and the capability of providing 
a flexible film with little tendency to curl. 

Spectral sensitizers to be utilized in the present inven 
tion include all of those hitherto well known in the art, 
typical of which are cyanine, merocyanine, oxonol, hemi 
oxonol, benzilidene, xanthene, sulfophthalein, triphenyl 
methane coloring matters, etc. Particularly, cyanin, mero 
cyanine and Xanthenes exhibit improved characteristics 
with the present formulation, since they are especially 
sensible to oxidation. 
The ratio of inorganic photoconductive material and 

binder is generally in the range of above 50 parts and 
below 50 parts of the binder per 100 parts of the former 
material. However, according to a special film forming 
method, a high insulating film is obtained even with 1 to 
0.5 part of the binder per 100 parts of the photoconductor. 
The present invention will be illustrated with the fol 

lowing examples in which part means by weight. 
EXAMPLE 1. 

Herein, the process of the present invention will be 
compared with one of the conventional processes. 

(1) The conventional process 

(1)-a. 0.2 part of cobalt naphthenate (cobalt metal 
content 10%) was mixed with 100 parts of photoconduc 
tive zinc oxide and 40 parts of styrene alkyd resin varnish 
(non-volatile concentration 50%, phthalic anhydride con 
tent 21%, styrene content 30%, hydroxyl value 45, acid 
value 5, Xylol solvent) in toluene, and 0.02 part of 
Eryshrosine (trademark, manufactured by Ciba Co., Ltd., 
Swiss) dissolved in a small amount of methanol was 
added dropwise thereto. The resulting pink colored dis 
persion was coated on sheets of aluminized paper; one 
sheet was kept in a light tight thermostat held at 40° C. 
for 16 hours, while another sheet was allowed to stand 
in a dark place at room temperature. Immediately after 
Solvent evaporation, both sheets were measured for spec 
tral reflectance by means of an automatic recording 
spectrophotometer. The heated sheet showed 62.5% re 
flectance at 544 mu on the basis of the magnesium oxide 
powder layer, while the latter sample showed only 57%. 

(1)-b. A sensitive layer was prepared in the same 
manner as in (1)-a except that 25.4000 part of p-dimethyl 
aminobenzylidene rhodanine replaced the Eryshrosine B 
and methyl Cellosolve was used as the solvent. After coat 
ing, this was heated at 40 C. for 16 hours to cure the 
resin. The spectral reflectance curve is shown as curve a 
in the attached figure, which lacks in a clear absorption 
peak. Curve b shows the spectral reflectance of the same 
layer allowed to stand in a dark place at room temperature 
for four months. This shows that the rhodanine dye is 
'completely decomposed. 

Relatively low reflectance values in the total visible 
region is attributed to a light coating weight and the 
effect of the aluminum layer of the support contributing 
to absorption. 
The photosensitivity to blue light decreased to 40% 

of the original value during four months storage. The 
blue light was given by using a blue filter passing light in 
the range of 380 to 510 mp (no spectral sensitizer). 

(1)-c. For the purpose of confirming the fact that a 
hardening catalyst such as cobalt naphthenate causes the 
above sensitivity reduction with lapse of time, the follow 
ing experiment was carried out. 
An electrophotographic material was prepared in a 

similar manner as (1)-a differing only in that cobalt 
naphthenate was omitted from the coating formulation. 
This material exhibited a reflectance value of 57% at 544 
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8 
mu, after 16 hours storage at 40 C, showing that the 
sensitizer hardly decomposed in the absence of cobalt 
naphthenate. To confirm the harmful effect of cobalt salt 
there was carried out a more drastic thermal treatment of 
four hours storage at 60° C. with these two samples with 
the result that the coating containing cobalt naphthenate 
gave 66% reflectance, while the other showed no rise of 
reflectance. 
The dark decay characteristics in kerosene of these 

drastically thermal-treated samples were measured, after 
complete dark-adaptation, by charging them electrostati 
cally with a negative corona, and by wetting their surfaces 
with purified kerosene having a volume resistance higher 
than 8x1018 ohms-cm. The potential remaining factor of 
the one containing cobalt naphthenate was 87% while 
that of one free of it was only 40%. After one minute 
dark decay, the one not containing the hardening catalyst 
is not completely cured even by this thermal treatment, 
and the charge thereon leaks away rapidly in the liquid. 
The temperature and moisture at the time of measure 
ment was 22° C. and 60% RH. 

(2) The process of the present invention 
100 parts of photoconductive zinc oxide immersed in 

a methyl Cellosolve solution containing 2%000 parts of p 
dimethylaminobenzylidene rhodanine and dried were 
mixed with 24 parts of the same styrene alkyd resin used 
in (1) diluted with a suitable amount of toluene, and, 
immediately before coating, 10.7 parts of a solution of 
polyisocyanate compound in 75% ethyl acetate (Des 
modur L-75 of Bayer Co., West Germany) were added 
thereto, coated on an aluminized paper as in (1), and 
allowed to stand in a thermostat at 40 C. for 16 hours. 
The spectral reflectance of the layer thus obtained was 
as shown in curve c in the attached drawing. It is clear 
that even in (1)-b (immediately after preparation), the 
coloring matter has been considerably "broken.” In c, 
the film is slightly thick, and the reflection factor is high, 
eliminating the influence of the dark aluminum Support. 
The photosensitivity for the same blue light as before 

was 520 for 100 in the state of a., about a five times 
elevation of sensitivity being obtained for (1)-b. The 
spectral reflection characteristic and photosensitivity were 
not changed after storage in a dark place for four months. 
Also, the potential decay in kerosene was 95% (remain 
ing) after one minute. In this example, 3.8 times the 
isocyanate of the theoretical equivalent (calculated from 
hydroxyl value) in alkyd resin is utilized. 

EXAMPLE 2 

The effect of the amount of polyisocyanate to be added 
to the binder composition on the electrophotographic 
characteristics will be described in this example. 
By combining a dye sensitized zinc oxide, soybean oil 

modified short oil type alkyd resin varnish (non-volatile 
content 50%, xylol solvent, oil length 35%, phthalic an 
hydride content 46%, hydroxyl value 40, acid value 5), 
and Desmodur L-75, the following three mixtures shown 
in Table I were prepared. 

Toluene was used as a solvent. 
The adsorption sensitization for the zinc oxide surface 

was carried out by dispersing 100 parts of dried zinc 
oxide in methanol and adding to the dispersion a meth 
anol solution containing three different sensitizers having 
the following formulae: 

SENSITIZER 1. 
S 

M 

N/ 
CECHCOOH 
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SENSITIZER 2 

ir Br 
O 

NaO / O 

Br NC Br 

-COONa 

SENSITIZER 3 
SO3Na 

{ X-N(CH) CH 

C. N - SO3 >=N (C.H.) CH-( > 
so.Na 

The amounts of the sensitizers used were 0.04 part 
for 1, 0.02 part for 2, and 0.025 part for 3. 

Most of methanol was then removed by centrifugation, 
and further the dispersant was replaced with toluene by 
adding toluene to the dispersion and repeating centrifuga 
tion. The resulting paste was used in the following 
operations. 

TABLE 

Number------------------------ A. B C 

ZnO---------------------- - 00 100 100 
Short type alkyd warnish.------- 32 28 20 
Desmoduru------------------- 5.4 8 3.3 

Each mixture was coated on an aluminum surface of 
polyethylene terephthalate film (vacuum coated with 
aluminum to a dried thickness of 7u) and dried in a 
thermostat at 40° C. for 16 hours. 
The resulting sample was dark-adapted, and, after 

being charged negatively, exposed to light from standard 
light source A through an optical wedge, whereby four 
pieces of the same optical wedge were parallel placed, 
three of which were superimposed with blue, green and 
red filters, respectively, in order to obtain spectral tone 
reproduction characteristics. After exposure, the sheet 
was wetted with kerosene and developed for two minutes 
with a liquid developer comprising a commercially avail 
able offset printing ink in cyclohexane. Development was 
carried out with the use of a development electrode. 

Coulomb-attraction development occurred wherein the 
toner deposits on the area where the surface charge still 
remains. 
The characteristic curve of the resulting image was 

analyzed, and the relative sensitivity and average y were 
obtained as shown in Table 2. 

TABLE 2 

Sample----------------------------------------- A. B C 

Dark decay characteristic in air, percent.------- 90 97 95 
Dark decay characteristic in kerosene, percent. 78 97 94 
Sensitivity to White light, percent.-----------... 100 120 115 
1 for White light----------------------- ---- 0.70 0.70 0.88 
Y for blue light------------------------ -- 0.74 0.78 0.92 
Y for green light.---- 0.72 0.72 0.88 
Y for red light---------------------------------- 0.77 0.74 1.04 

1 Percentage of potential remaining after dark decay for one minute 
under the atmosphere of 22° C. 60%. R.H. 

2 Percentage of potential remaining after one minute dark decay in 
kerosene. Kerosene is applied on the photoconductive surface with a pad 
so as to Wet the surface. 

From this table, it can be seen A is poor in decay 
characteristic in liquid. 
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EXAMPLE 3 

The sensitive layer obtained from the coating mixture 
having the following composition exhibited an excellent 
electrophotographic characteristic: 

Parts 
ZnO as sensitized as in Examples 1 and 2 -------- 100 
Medium oil length linseed oil modified alkyd resin 

varnish (non-volatile content, 50%; oil length, 
55%; phthalic anhydrous content, 33%; hydroxyl 
value, 20; acid number 5) ------------------ 28 
Desmodur L. ------------------------------- 8 

EXAMPLE 4 

Substituting 28 parts of phenol resin modified short oil 
type alkyd resin varnish (non-volatile 50%, inseed oil 
length 28%, phthalic anhydride content 27%, acid num 
ber 10) for alkyd resin in Example 3, the same preferred 
result was obtained. 
What is claimed is: 
1. An electrophotographic material for use in a liquid 

developing environment having an electrophotographic 
layer comprising: 

(a) a finely-divided inorganic photo-conductor, 
(b) one or more spectral sensitizing dyes, and 
(c) an insulating film forming material on a support, 

said film forming material consisting essentially of 
an alkyd resin cured in the presence of moisture 
with a polyisocyanate compound, said alkyd resin 
in its cured state containing from 10 to 50%, by 
weight, of an aromatic dibasic carboxylic acid and 
having a hydroxyl value ranging from 10 to 100, 
and said polyisocyanate compound being present in 
an amount ranging from 1.2 to 8 times the equiva 
lent amount corresponding to the hydroxyl value of 
said uncured alkyd resin, 

said film forming material having a 3-dimensional 
network within its molecular structure. 

2. The electrophotographic material as claimed in 
claim 1, wherein said alkyd resin is a styrene-modified 
alkyd resin. 

3. The electrophotographic material as claimed in 
claim 1 wherein said polyisocyanate is a condensation 
product of about 1 mole of trimethylol propane and 3 
moles of tolyene diisocyanate. 

4. The electrophotographic material as claimed in claim 
1 wherein said photoconductor is zinc oxide and the 
weight ratio of zinc oxide to binder in said electrophoto 
graphic material is from 3:1 to 10:1. 

5. The electrophotographic material as claimed in 
claim 1 wherein said aromatic dicarboxylic acid is 
phthalic acid or isophthalic acid. 

6. The electrophotographic material as claimed in 
claim 1 wherein said alkyd resin has an acid value less 
than 25. 

7. The material of claim wherein from about 5.0 to 
50 parts of insulating film-forming material are utilized 
per 100 parts of inorganic photoconductor. 

8. The material of claim 1 wherein said alkyd resin 
contains as a constituent thereof a member selected from 
the group consisting of glycerin, pentaerythritol, sorbitol 
and ethylene glycol. 

9. The electrophotographic material as claimed in 
claim 1, wherein said alkyd resin has a hydroxyl value 
of 75. 

10. The electrophotographic material as claimed in 
claim 1, wherein said alkyd resin has a hydroxyl value 
of 100. 

11. An electrophotographic material for use in a liquid 
developing environment having an electrophotographic 
layer comprising: 

(a) a finely-divided inorganic photo-conductor, 
(b) one or more spectral sensitizing dyes, and 
(c) an insulating film forming material on a support, 
said film forming material consisting essentially of 
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an alkyd resin cured in the presence of moisture with 2,982,754 5/1961. Sheffer et al. 260-75 TNK 
a polyisocyanate compound, said alkyd resin in its 3,008,917 11/1961 Park -----...-- 260-75 TNK 
uncured state containing 10 to 50%, by weight, of 3,122,451 2/1964. Bunge et al. ---- 260-75 TNK 
an aromatic dibasic carboxylic acid and having a 3,052,540 9/1962 Greig --------------- 96-1.7 
hydroxyl value of 100, said polyisocyanate com- 5 3,300,304 1/1967 Kosche -------------- 96-1.5 
pound being present in an amount of from 1.2 to 8 3,122,451 2/1964 Bunge et al. 260-75 TNK 
times the equivalent amount corresponding to the 3,401,037 9/1968 Roteman et al. ---------- 96-1 
hydroxyl value of said alkyd resin, and the acid 3,403,019 9/1968 Stahly et al. --------- 96-1.5 
value of said uncured alkyd resin being below 25, 

said film forming material having a 3-dimensional 10 FOREIGN PATENTS 
network within its molecular structure. 1,102,348 2/1968 Great Britain -------- 96-1.8 
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