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This invention relates to electrophotographic processes 
in which an insulating, photoconducting surface is charged 
and, after image-wise exposure, is dyed with a ?ne powder 
or aerosol (toner). A large number of the prior known 
development processes produce in such cases images hav 
intI the disturbing property that only the margins are dyed 
when the areas to be dyed are relatively large, or the mar 
gins are more strongly dyed than the inner parts of the 
said areas. The cause of this phenomenon is assumed to 
be that the ?eld intensity at the margins is particularly 
strong and thus also the force on the charged toner par 
ticles. 

It has now been found that when using a photoconduct 
ing layer applied to a su?iciently conductive support, uni 
formly dyed images are obtained after charging, image 
wise exposure and development by means of toners if the 
photoconducting layer is non-homogeneously charged and 
development is effected with toners having a large electri 
cal polarisability which are not or only slightly charged. 
in contrast to the known processes, the present process 

does not make use of the forces which exist between the 
charged toner and a like or oppositely charged surface, 
but the forces which operate in non-homogeneous zones 
on uncharged toner particles. In this case, there are re— 
quired of both the photoconducting layers and the toners 
which are used, properties which are in part in strict con 
trast to those necessary wtih the known processes. 

Processes are already known in which an originally 
homogeneous charge distribution is made non-homogene 
ous by a screen being exposed prior to, during or after 
the image exposure. Copying by means of a screen, 
however, is complicated and involves considerable time. 
The process according to the invention differs fundamen 
tally from this arrangement, in that thecharging of the 
photoconducting layer is made non-homogeneous from 
the outset and an electrically uncharged toner of high po 
larisability is used. 
A non~homogeneous charge distribution can be achieved 

in various ways. For example, in the Corona charging, 
the charging potential can be so chosen that the disrup~ 
tive ?eld intensity is exceeded in the photoconducting lay 
er. In the case of a layer having a thickness of 10-30;}. 
and which has been prepared in known manner from zinc 
oxide in silicone resin, the necessary voltages are for ex 
ample about 7 to 15 kv. The necessary voltage can also 
be adjusted with the aid of control electrodes known per 
se. In the prior known processes and in contrast to that 
described herein, disruptions are carefully avoided and 
care is taken that a uniform charging is obtained. 
Due to the disruptions distributed statistically over the 

area, small individual, discrete surface elements are more 
or less discharged, but extremely rarely completely dis 
charged; the charge distribution and thus also the ?eld 
intensity through the layer becomes non-homogeneous. 
The charging potential necessary for the disruptions de 
pends with each photoeonducting layer on the layer thick 
ness. In order to produce a large number of small, par 
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tially discharged islands, the layer thickness must be con 
stan, uniform and free from pores. The disruptive 
strength of the layer can be in?uenced in the desired man 
ner by incorporating ?nely dispersed substances therein. 
By suitable choice of the size, of the distribution of the 
incorporated substances and of the charging voltage, it is 
possible to produce the desired value for the islands par 
tially discharged by the disruptions. The polarity of the 
charge also has an in?uence on the disruption process. 
With negative charging, the partially discharged surface 

elements are usually smaller. The activity of the additives 
depends on their dark conductivity and the in?uence on 
the disruptive strength which is important in the present 
process. Where the incorporated substances are more 
conductive than the photoconductor in the dark, their ac 
tion is based on the fact that the charge already discharges 
from small islands during or shortly after the charging. 
The necessary charging voltage can be very greatly re 
duced down to about 500 volts by the additives. In this 
case, the ions can naturally no longer be produced by a 
Corona discharge. The already known production of 
ions by means of radio-active ionisers and the deposition 
thereof on the electrophotographic material in a relatively 
vweak ?eld has proved suitable. It has been found that 
with the incorporation of conductive substances in con 
centrations higher than about 40 percent, relating to the 
photoconducting substance, the discharging of the charges 
from the individual islands takes place independently of 
the charging voltage. With low concentrations and/or 
with poor conductivity, the incorporated substances act 
mainly by the reduction of the disruptive strength, so that 
the lack of homogeneity of the charge is only formed above 
a certain charging voltage. The grain size of the added 
substances is advantageously about the grain size of the 
photoconductor, but can be up to about 15a. 
A large number of the substances can be employed as 

additives. Their photoconductivity is of no importance 
for this process. Suitable for the incorporation are nu 
merous and preferably uncolored organic and inorganic 
substances which exist in a suitable grain size and the 
speci?c resistance of which is approximately between 10'1 
and 1014 ohms-cm. 

Examples of these are metal oxides, sulphides, selenides 
and carbonates such as zinc sulphide, zinc oxide, antimony 
oxide, arsenic trioxide, titanium dioxide, tin dioxide, alu 
minium oxide, boron trioxide, silicon dioxide, bleaching 
earth, talcum, kaolin, zirconium oxide, cerium oxide, 
beryllium oxide, strontium oxide, tin sulphide, arsenic sul 
iphide, cadmium sulphide, sulphur, selenium, calcium car 
bonate, magnesium oxide, barium oxide, calcium oxide, 
lead sulphide, lead selenide and selenium furthermore 
mercuric chloride, cryolith, barium sulphate, lead acetate, 
powdered glass and organic substances such as anthra 
cene, terphenyl, chrysene, phenanthrene, pyrene, ?uorene, 
benzanthrene, acenaphthene, carbazole, naphthalene, ben 
zoquinone, anthraquinone, diphenyl, phthalodinitrile, ben 
zoic acid, uric acid, benzophenone, phenol, aminophenol 
and phthalic anhydride, hydroquinone, polyvinyl acetate, 
starch and powdered cellulose. It will be seen from the 
compounds listed that the chemical nature of the com 
pounds are of no signi?cance. 
When the charging is effected by friction, another pos 

sibility for the production of non-homogeneous charging 
distributions is to make the surface of the photoconduct 
ing layer irregular. Only electrophotographic materials 
have so far become known in which, contrary to the ma 
terial according to the invention, the support was provided 
with a screen or lenticulation, While the surface of the 
layer was ?at and developed with charged toner. In the 
process according to the invention, the irregularities in 
the surface which are always present but which are usually 
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insu?icient‘ for the purpose envisaged are for example 
intentionally formed by suitable casting conditions. When 
an uneven surface is rubbed, the projecting surface por 
tions are more heavily charged, while the recessed sur 
face portions are less charged or are not charged at all. 
In this way, the desired lack of homogeneity of the charge 
and of the ?eldintensity is obtained. The size of the 
heavily charged surface elements can be prescribed by 
the size of the uneven zones. The value of the charging 
density differences and thus of the unhomogeneity can be 
in?uenced by the depth of the uneven zones. A ‘mean 
spacing of the uneven zones of about, 10 to 100011., with 
a depth of 1 to 20;», has proved to be a suitable size for' 
the surface structure produced for example by means of 
an embossing cylinder. The mean spacings of the islands 
partially discharged by disruptions is likewise about 10 
to 1000p. A coarser structure is unsuitable. 
Theform of the surface structure can moreover ebe ' 

chosen to be very different. 
punctiform, and both regular and irregular. Irregularly 
distributed semispherical or’ conical protuberances of dif- . 
ferent sizes have proved especially suitable. 
The irregularities need not consist in unevenness or rug 

gedness of the surface only. Also irregularities with re 
gard to electrical for example tribo-electrical properties 
of the surface of the photoconductive layer cause an in 
homogeneous charging when being rubbed. 

It is very important for the present process that the re- 
solving power is not determinedby the structure of ‘the 
charge distribution. 
the charging voltage, there is no complete discharge .by 
the disruptions. The charging density difference being 
set up with a disruption causes on the one hand such a 
large unhomogeneity of the ?eld, that a uniform dyeing 
of large surfaces is effected. On the other hand, the re 
sidual charge is still sufficiently large to supply by expo-t 

It can be both linear and 

For example, by suitable choice of. 

20 

sure to light a developable electrostatic contrast.’ The ' 
same applies as regards the charging by friction. 
The properties of the toner best suitable for the process 

of the invention are substantially different from those 
formerly required. It is a particular advantage that un 
charged toner is used and thus the charging of the toner, 
perhaps with the aid of a support or a Corona discharge 
or by friction is super?uous. 

duces a very sharply pronounced marginal eifect without 
dusting of the surfaces to be dyed. Instead of the charg 
ing of the toner, the polarisability of the toner particles 
is ‘important in the process according to the invention. 
The. polarisability of the toner must be large, so thatthe 
forces on the particles in non-homogeneous ?elds also be 
come large. In order that the lack of homogeneity of the 
charge distribution on relatively large surfaces to be uni 
formly dyed is not made visible by the toner, the latter 
mustnot be too ?ne. Grain sizes of about 5 to 20p have 
proved to be especially desirable. 
The polarisability of the toner is achieved according to 

the invention by one or more of the following steps. Sub 
stances with a large dielectric constant of at least 5—7 are 
per se suitable as toner material for example barium titan 
ate or titanium dioxide, but conductivity which must be 
greater than that of the photoconductive substance, that 
is greater than 10‘1‘1 ‘0hl'1’1S‘T1~Cm._1 of the toner or the 
toner composition is better. This conductivity can be 
achieved by a conductive toner substance for example car 
bon black, lamp black, graphite, charcoal (from wood) 
or conductive organic pigments of different colors such as 
aniline-black (Helioschwarz TW, tradename of Farben 
fabriken Bayer AG) or azopigments (ID-Schwarz, trade 
name of Farbenfabriken Bayer AG) and also by additives 
to a tonerv substance which per se is insulating. More 
over, the toner particles which per se are insulating such 
as carbon black dispersed in’a thermoplastic resin can be 
enclosed by a conductive sheath.. Known resinsv of low 
melting point for example bitumen, polyethylene, poly 
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4 
methacrylate or the like which are dyed with carbon black 
or other known pigments and improving agents are suit 
able as toner substance. 
additives or as conductive preparations for the surfaces 
are the substances'which are known per se for antistatic 
preparation, such as for example: sulphuratedoils, alkyl i 
sulphonates, longrchain alcoholsyethe'rs or esters, phos~ 
phorici. acid esters, polymethaorylic acid, polyethylene ox- - 
ide derivatives. 

Since the polarisability of a substance. isinot only. de-. 
termined by the dielectric constant .and the conductivity 
but also by the. volume and the shape of the particle; of 
said compound, the force in inhomogeneous ?elds‘can be . 

Rod-like. : 
particles are attracted with very/much greater force in: 
non-homogeneous '?elds than spherical particles on ac- ' 

intensi?ed by the shape of the; toner. particles. 

count of the smaller de-electrifying factor. For exam 
plc the attractive power of a particle having a dielectric 
constant of 7 ‘with a proportionof the, length and the». 
thickness like 10:1 is: three times as great as. that for - 
spherical particles. 
The development isimoreoverv effected by any one of 

the prior known processes which preferentially provide» 
the marginal effect, foriexample by the toner being scat- < 
'tered on the layer and thereaftershaken or blown off the : 
said layer; Since thealack of-homogeneity of the ?eld is 
necessary, this being in contrast-to the prior known proc 
esscs, no development electrodes need be used just above 
the layer when developing with clouds of toning agent." 

Unavoidable charging of a toning agent, regardless of - 
sign, has no in?uence, as long as the chargingdoesnot 
exceed a predetermined jlimit and/orthe toner particles 
do not fall below'a predetermined grain size.; Since. the : 
formerly employed Coulomb’s forces of attraction are - 
proportional to the surface,.whereas the dielectric forces 1 
used herein are proportional :to the: volume, the dielectric , 
forces are predominant underotherwise identical'circum- I 
stances, the predominance being greater‘as the toner par 

Since thetoner isattracted independent- > ticles are larger. 
1y of a possibly existing charging in thenon-homogeneous 
?eld of the charged areas, a positive image is formed. ~ The. > 
process is suitable forvboth line copie'skwith large areas . 
to be colored and also‘for half-tone images.v It can be 
used with electrophotographicé material in which the pho- . 
toconducting layer is applied to a metallic support, or in . 
which the photocondu'cting substance is applied in a bind~ - 
er to a su?iciently conductive support; 
The process will now be more fully explained by the . 

following example. 
A. Photoconductive . layer 

10 parts, by .weightoftsilicone- resin, for. example Bayer 
P 150K 60 percent in toluene 

10 parts by weight of zinc oxide PA Merck I 
.5 parts by weight of calcium sulphate‘ ' 
20 parts by weight of toluene 1 

are crushed in a ball mill.v 
This solutionis applied as a layer: to paper by methods . 

known per se.. 
B: Toner: 

A normal-commercial toner, Graph-O-Fax No. 2 (bi 
tumen and graphite), Philips A. Hunt Company, is stirred 
with addition of a wetting agent:.into a solution of 20 g. 
of Tallopol GK..(phosphoric acid ester), Stockhausen, . 
per litre of water. The: toner is ?ltered oif, dried at 55° 
C. in a drying. chamber, crushed in a mortar and screened. 

C. Charging; development and ?xing 
The charging is effected .with a Corona-discharge, .dis- - 

charge :voltage 6 kv., spacing :between discharge wires 5 
and layer, 2 cm.’ After exposure, thetoner is scattered , 
on the layer and the image. isdeveloped by moving the 
toner backwards‘iand forwards‘overt the exposed surface. 

To be considered as conductive , 
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Fixing is obtained by heating the developed image for 
fusing the toner or by treating with organic solvents. 

In the above example three parts by weight of glass 
powder or 5 parts by weight of calcium carbonate can 
be used instead of 5 parts by weight of calcium sulphate. 
The charging can also be produced with Perlon or 

Dralon velvet instead of a Corona discharge. 
If no additives are used in the layer, a suf?ciently non 

homogeneous charging with uneven layers is certainly 
produced by friction, but not by a Corona discharge at 
voltages below about 5 kv. 

For the preparation of the toner, it is also possible 
to use a dispersion of 2 g. of stearic acid ester in 1 litre 
of water. In both cases, with homogeneous charging of 
the toner, only a narrow and sharp coloring of the mar 
gins is obtained, whereas unexposed and exposed areas 
remain white. 

It will be clear to those skilled in this art that the prac 
tice of the invention lends itself readily to a number 
of useful modi?cations in method, apparatus, for exam 
ple charging devices, electrophotographic materials and 
toners. For example the electrophotographic material is 
not limited to the previously mentioned because it may 
comprise any suitable compositions, for example the 
photoconductive layer may be a homogeneous one con 
sisting of selenium, sulphur or organic photoconductive 
products like anthracene or mixtures thereof. Further 
more, the photoconductive layer may consist of ‘a disper 
sion of solid photoconductors known per se in insulating 
binding agents such as silicone resins or any suitable or 
ganic resins for example on the base of polyurethanes, 
polyesters, polycarbonates, polystyrene, chlorinated rub 
ber, acrylic resin, vinylchloride-acetate resin or the like. 
Furthermore, the photoconductive substance such as or 
ganic photoconductors may be solved in the binding agent 
forming another type of homogeneous photoconductive 
layers. Also the support being transparent or not on 
which the photoconductive layer is applied may be paper 
or any ?lm-like material consisting of ?lm-forming agents 
having a sufficient conductivity. Furthermore, the ?xing 
may be accomplished by fusing the toner or by treating 
the developed electrophotographic image with organic 
solvents or vapours of organic solvents, like methylene 
chloride, trichloroethylene and the like. 
What is claimed is: 
1. In an electrophotographic process which comprises 

applying an electrostatic charge to a continuous layer 
of photoconductive insulating material, projecting a light 
image onto the said layer whereby a ?ow of electricity 
takes place through said layer producing an electrostatic 
latent image at a surface thereof, and developing the said 
image by depositing toner particles on the said surface 
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6 
to which the said toner particles adhere in a distribution 
varying in density with the intensity of the electrostatic 
image charge at the various parts of the surface, the im 
provement which comprises initially applying the elec 
trostatic charge to the layer of photoconductive insulating 
material by subjecting it to an electric potential by means 
of a Corona discharge, which potential is large enough 
to cause the layer to break down electrically at a multi 
plicity of closely spaced discrete locations and to charge 
the surface portions between the broken down sites, and 
depositing toner particles which are essentially uncharged. 

2. The process of claim 1 in which the layer of photo 
conductive material has its breakdown strength reduced 
by the incorporation therein of a ?nely divided ?ller hav 
ing a speci?c resistance between about 107 and 1014 ohm 
centimeters. 

3. An electrophotographic process as de?ned in claim 1 
in which the toner particles that are used have a dielec 
tric constant of at least 5. 

4. An electrophotographic process as de?ned in claim 1 
in which the toner particles that are used have an elec 
trical conductivity that is higher than that of the photo 
conductive insulating layer. 

5. An electrophotographic process as de?ned in claim 1 
in which the toner particles that are used have rod-like 
con?gurations. 

6. The process of claim 1 in Which the charged islands 
have mean spacings of no more than 1000 microns from 
each other. 

7. The process of claim 4 in which the toner particles 
are coated with an antistatic agent. 
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