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[57} ABSTRACT

An organic photoconductive composition for use in
electrophotography containing 20 to 50 parts by
weight of chlorinated paraffin with respect to 100
parts by weight of organic photoconductor.

5 Claims, 2 Drawing Figures



PATENTENFER2 51875 3,868,251

(DARK DECAY REGION)

. CHARGE BUILT
~(LIGHT DECAY REGION) ~— (0P REGION ~ ) —
1{-300
wl
@)
5
FIG. 1 20§
a
2
[,
y a
/ @
/' - 4100
/
//
/
3 N 0 °
——— CHARGE TIME (min.)
(DARK DECAY REGION)
- Ny CHARGE BUILTy, ____|
(LIGHT DECAY REGION) = (Up Recion” )
-300
FIG 2 &
e 5
-200 S
Q.
o
5
o)
(e8]
-100
3 2 q 0O

— CHARGE TIME (min)



3,868,251

1

ORGANIC PHOTOCONDUCTIVE COMPOSITION
CONTAINING CHLORINATED PARAFFIN

This invention relates to an organic photoconductive
composition for use in electrophotography, and more
" particularly to such composition designed for tire pre-
vention of deterioration in its characteristics due to
electrical charge or light exposure.

An organic photosensitive material for use in electro-
photography has been developed which consists essen-
tially of a polymeric organic photoconductor, examples
of which include poly-N-vinylcarbazole, charge-
transfer molecular complexes such as poly-N-
vinylcarbazole-tetrachloro-p-benzoquinone and poly-
N-vinylcarbazole-tetracyanoquinodimethane, poly-N-
vinylcarbazole derivatives such as nitrated poly-N-
vinylcarbazole, polyvinylanthracene, and polyace-
naphthylene; and monomeric organic photoconductors
such -as anthracene, pyrazoline, oxazole, triazole and
hydrazone.

This type of organic photosensitive material has
many advantages over known inorganic photosensitive
material consisting essentially of selenium or zinc ox-
ide, etc. in easy sensitization, transparency, good film
formation, high flexibility, light weight, and low manu-
facturing cost. Hence there is a growing interest in its
practical applications.

There are, however, the serious disadvantages in that
the photosensitive materials consisting chiefly of the
abovementioned organic photoconductors suffer fa-
tigue due to electrical charging or light exposure, espe-
cially a marked deterioration in initial built-up voltage
and a considerable decrease in saturation potential,
thus constituting a fatal obstacle in its practical applica-
tions. In more detail, this type of organic photosensitive
material is not suitable for its repeated use in such elec-
trophotographic copying, as a toner or a charge trans-
fer copying due to its fatigue failure during repeated
use. Even when it is not repeatedly used, for example,
it is used as a material of photosensitive paper, it gives
rise to an undesired problem, such as a reduction in
image density because of the fatigue failure due to
roomlight exposure. '

Accordingly, it is an object of this invention to pro-
vide an organic photoconductive composition for use
in electrophotography which can always perform a pre-
determined function without deterioration in charac-
teristics due to the fatigue caused when used repeatedly
in an electrophotographic copying, such as a toner or
a charge transfer copying and when used as a photosen-
sitive material for a photosensitive paper.

In accordance with this invention there is provided a
photoconductive compaosition for use in electrophotog-
raphy comprising 100 parts by weight of an organic
photoconductor and 20 to 50 parts by weight of chlori-
nated paraffin.

FIGS. 1 and 2 show characteristic curves of built-up

voltage vs charge time for a photosensitive plate con-’

sisting of an organic photoconductor for use in electro-
photography to explain the characteristics of the pho-
toconductor.

The organic photoconductive composition of this in-
vention can be prepared by mixing 100 parts by weight
of organic photoconductor, about 0.1 to 20 parts by
weight of chemical sensitizer, about 0.02 to 4 parts by
weight of optical sensitizer and 20 to 50 parts by weight
of chlorinated paraffin. o
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The composition may be dissolved in a suitable sol-
vent such as chlorobenzene, toluene, benzene, methyl-
ene chloride or the like and uniformly stirred to form
a photosensitive material.

Organic photoconductor which has been found to be
suitable for the composition of the invention is, for ex-
ample, poly-N-vinylcarbazole, charge-transfer molecu-
lar complexes such as poly-N-vinylcarbazole-
tetrachloro-p-benzoquinone or poly-N-vinylcarbazole-
tetracyanoquinodimethane, poly-N-vinylcarzole deriv-
atives such as nitrated poly-N-vinylcarbazole, polyviny-
lanthracene, polyacenaphthylene, anthracene, pyrazo-
line, oxazole, triazole, or hydrazone. To increase pho-

tosensitivity, a chemical sensitizer and/or an optical

sensitizer may be added to these photoconductors.
Various kinds of additives may also be added to im-
prove other properties of the photosensitive material.

~ Especially in a monomolecular organic photoconduc-
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tor, a suitable polymer such as polymethylmeth-
acrylate, polycarbonate, cellulose nitrate or cellulose
acetate is preferably added as a binder to provide film
formation.

Prefered examples of chlorinated paraffin are Adeka-
cizer-E-410, Adekacizer-E-450, Adekacizer-E-480,
Adekacizer-E-500, Adekacizer-E-520 (trade names of
chlorinated paraffins manufactured by Adeka-Argus
Chemical Co., Ltd., containing 41 to 52% by weight of
chlorine); Enpara K-45; Enpara K-50, Enpara K-65

“(trade names of chlorinated paraffins produced by

Ajinomoto Kabushiki Kaisha, containing 40 to 65% by
weight of chlorine); and Monocizer-W-40, Monocizer-
W-45, Monocizer-W-50 (trade names of chlorinated
paraffins by Dainippon Ink and Chemicals, Inc.)

These chlorinated paraffins contain about eight to 18
carbon atoms, in either liquid or solid state depending
on the chlorine content. Taking into account the com-
patibility with the organic photoconductor, chlorinated
paraffin in liquid state containing 40 to 65% by weight
of chlorine is most preferred. A mixture of two or more
kinds of chlorinated paraffin may also be used.

The amounts of chlorinated paraffin to be mixed with
the organic photoconductor should be within the range
of 20 to 50 parts by weight against 100 parts by weight
of the organic photoconductor. This is because the ad-
dition of chlorinated paraffin not exceeding 20 parts by

* weight cannot prevent the occurrence of fatigue failure
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or deterioration, while the addition of chlorinated par-
affin exceeding 50 parts by weight causes a marked re-
duction in photosensitivity and a considerable decrease
in the built-up voltage, although the occurrence of fa-
tigue failure or deterioration may be prevented effec-
tively. It has been experimentally confirmed that the
addition of chlorinated paraffin exceeding the upper
and lower limits were unsuitable for practical applica-
tions to photoconductors for use in electrophotog-
raphy. .

As described above, the organic photoconductive
composition for electrophotography obtained by mix-
ing an organic photoconductor with a predetermined
amount of chlorinated paraffin can prevent or suppress
the occurrence of fatigue failure or deterioration, thus
performing the desired functions in use as a photosensi-
tive material. Although the operating mechanism of
chlorinated paraffin is unknown, it has been found that
a photosensitive material containing an organic photo-
conductor as a main component will suffer in practice

_negligibly little fatigue failure or deterioration due to
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electric charge or light exposure by adding chlorinated
paraffin. Even when repeatedly uscd as a photosensi-
tive material for a toner or a charge transfer copying
the composition of the invention can always perform a
predetermined function as a photosensitive material.
Even when applied to a photosensitive paper, it can ob-
tain a clear image without causing a reduction in its
image density due to room-light exposure fatigue fail-
ure or deterioration.

The organic photoconductive compaosition of the in-
vention will now be described in detail by following ex-
amples. Throughout the exampics “parts” means
“parts by weight.”

EXAMPLE 1

A charge-transfer reaction was carried out between
poly-N-vinylcarbazole and tetrachloro-p-benzoquinone
in a weight ratio of 1:1.27 to obtain a charge-transfer
molecular complex. A mixture of 100 parts of the
charge-transfer molecular complex, 0.5 part of 3, 5 di-
nitrosalicylic acid as a chemical sensitizer and 0.5 part
of Brilliant Green as an optical sensitizer was dissolved
in 1,800 parts of chlorobenzene. The resultant solution
was divided into seven equal parts. Adekacizer-E-410
was added to each part at the rate indicated in Table
1 with respect to 100 parts of the charge-transfer mo-
lecular complex. The Adekacizer-E-410 is a trade
name of chlorinated paraffin manufactured by Adeka-
Argus Chemical Co., Ltd., containing 41% by weight of
chlorine. Each solution was coated on aluminium plate
substrates to form, when the solution is dried, seven
photosensitive plate samples having a film thickness
ranging between 5 and 6 pm.

Table 1

Amount of chlorinated  Fatigue index (%) due to

Sample No. paraffin added, parts light exposure of 4000
lux. sec.
1 min. 3 min.

(Control) | 0 44 21

2 10 15 13

3 20 2 3

4 25 0 1

5 35 i 0

6 45 0 2

7 2

50 2 0

FIG. 1 shows the results of measuring the electropho-
tographic characteristic curves of Sample 1 by a paper
analyzer (rotation-speed of a sample turntable: 13 rpm;
corona charging voltage: —5,000V: light source tung-
sten-filament lamp; illumination: 9 lux.). The curves
(a), (b) and (c) in FIG. 1 indicate the results obtained
when light of 0, 1,000 and 4,000 lux.sec., respectively,
are irradiated over the surface ot the sample prior to
measurement. It is clear from FIG. 1 that a sample with
no addition of chlorinated paraffin suffered much fa-
tigue (deterioration in initial buiii-up voltage and re-
duction in saturation voltage). More exactly, the fa-
tigue index due to light exposure is defined by

(Vo= Vi/VoX 100 (%)

where :
v, = built-up voltage of a sample subjected to light
exposure of 4,000 lux.sec. prior to measurement,
and .
V, = built-up voltage of a sample when subjected to
no previous light exposure. ‘
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According to this definition, the fatigue indexes of
Sample | are as follows:

44%—1 minute after the commencement of charging
(mainly a deterioration in built-up voltage, as shown
clearly in FIG. 1); and

21%—3 minutes after the initiation of charge (chiefly
a deterioration in saturation voltage}.

Similarly, the fatigue indexes of Samples 2 to 7 due
to light exposure were measured. Related results were
shown also in Table 1. ,

It is evident from Table 1 that a photoconductive
composition obtained by adding not less than 20 parts
of chlorinated paraffin to 100 parts of an organic pho-
toconductor suffers substantially no fatigue failure due
to light exposure. Addition of not less than 50 parts of
chlorinated paraffin became impractical because of the
considerable reduction in both of photosensitivity and
initial built-up voltage.

EXAMPLE 2

The process of Example 1 was essentially repeated
except that Adakacizer-E-410 was replaced with
Adekacizer-E-520 (trade name of chlorinated paraffin
manufactured by Adeka-Argus Chemical Co., Ltd.,
containing 52% by weight of chlorine). Samples 8 to 14
having the compositions shown in Table 2 were thus
obtained. :

Table 2

Amount ‘of chlorinated  Fatigue index (%) due to

Sample No. paraffin added, parts repeated use:
I min. 3 min.
(Control) 8 0 29 23
9 10 18 16
10 20 3 0
11 25 2 1
12 35 0 2
13 45 1 0
14 50 0 1

The electrophotographic characteristics of Sample 8
were repeatedly measured by the paper analyzer as in
Example 1. Related results were obtained, as indicated
in FIG. 2. Note that the curves (d). (e} and (f) in FIG.
2 are the results of the first, second and third successive
measurements, respectively. It is clear from FIG. 2 that
a sample without addition of chlorinated paraffin suf-
fered heavy fatigue due to its repeated use (mainly due
to charging). The fatigue index due to light exposure is
defined by

(Vo — ValVo) X 100 (%)

where

Vo= built-up voltage of a sample at the first measure-

ment, and

Vx = built-up voltage of a sample at the third meas-

urement. ,

According to this definition, the fatigue indexes of
Sample 8 are as follows:

29%-—1 minute later; and

23%—3 minutes later.

Similarly, the fatigue indexes of Samples 9 to 14 due
to their repeated use were measured. Related results
thus obtained are listed in Table 2.

It is obvious from Table 2 that 2 photosensitive mate-
rial having not less than 20 parts by weight of chlorina-
ted paraffin suffered substantially no fatigue.
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EXAMPLE 3

A mixture of 100 parts of poly-N-vinylcarbazole, 10
parts of 2, 4, 7-trinitrofluorenone (a chemical sensi-
tizer), and 30 parts of Enpara K-45 (trade name of
chlorinated paraffin produced by Ajinomoto Kabushiki
Kaisha, containing 45% by weight of chlorine) was dis-
solved in 1,800 parts of tetrahydrofuran to prepare a
photosensitive solution. The surface of an aluminium
plate support was coated with this solution and then
dried to produce a sample of photosensitive plate. The
fatigue indexes of the sample due to light exposure
were measured as in Example 1. Related results were
2% in | min. and 0% in 3 min., whereas the correspond-
ing fatigue indexes in a control experiment with no ad-
dition of chlorinated paraffin were 33% (1 min.) and
20% (3 min.). :

EXAMPLE 4

The process of Example 3 was substantially repeated
except that poly-N-vinylcarbazole was replaced with
polyacenaphthylene. The mcasured fatigue indexes of
the sample due to light exposurc were 1% 1 minute
later and 2% 3 minutes later.

It will be readily understood from the foregoing de-
scription that a photoconductive composition for use in
electrophotography comprising 100 parts by weight of
an organic photoconductor and 20 to 50 parts by
weight of chlorinated paraffin will suffer practically no
fatigue failure or deterioration due to electric charge or
light exposure. Accordingly, the composition of the in-
vention will always display a predetermined function,
even when repeatedly used as a photosensitive material
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in a toner or a charge transfer copying.

What we claim is:

1. A photoconductive composition for use in electro-
photography comprising 100 parts by weight of an or-
ganic photoconductor and 20 to 50 parts by weight of
chlorinated paraffin wherein said chlorinated paraffin
contains 40 to 65% by weight of chlorine and wherein
said chlorinated paraffin contains eight to 18 carbon
atoms.

2. A photoconductive composition for use in electro-
photography comprising 100 parts by weight of an or-
ganic photoconductor and 20 to 50 parts by weight of
chlorinated paraffin wherein said chlorinated paraffin
contains 40 to 65% by weight of chlorine and wherein
said chlorinated paraffin contains eight to 18 carbon
atoms, wherein said organic photoconductor is one
member selected from the group consisting of poly-N-
vinylcarbazole, charge-transfer molecular complexes.
poly-N-vinylcarbazole derivatives, polyvinylanthra-
cene, polyacenaphthylene, anthracene, pyrazoline, ox-
azole, triazole and hydrazone.

3. The photoconductive composition according to
claim 2 wherein said charge-transfer molecular com-
plex is selected from the group consisting of poly-N-
vinylcarbzaole-tetrachloro-p-benzoquinone and poly-
N-vinylcarbazole-tetracyanoquinodimethane.

4. The photoconductive composition according to
claim 2 wherein said poly-N-vinylcarbazole derivative
is nitrated poly-N-vinylcarbazole.

5. The photoconductive composition according to
claim 1 wherein said chlorinated paraffin is in liquid

state.
* ok ok kX



