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This invention relates to electrostatic printing and par 
ticularly, but not necessarily exclusively, to improved com 
positions and improved methods for producing record 
ing elements especially adapted for use in electrostatic 
printing processes. 
An electrostatic printing process is that type of process 

for producing a visible record, reproduction or copy 
which includes an an intermediate step, converting a 
light image or electrical signal into an electrostatic charge 
pattern on an electrically-insulating layer. The process 
may also include the conversion of the charge pattern into 
a visible image which may be a substantially faithful re 
production of an original except that it may be a differ 
ent size, color or contrast range. 
A typical electrostatic printing process may include 

preparing an electrophotographic recording element, for 
example, by coating a surface of a backing with a photo 
conducting insulating material such as selenium, anthra 
cene, or zinc oxide dispersed in an electrically-insulating, 
?lm-forming, water insoluble vehicle such as a silicone 
resin. An over-all'electrostatic charge is produced on 
the surface of the photoconducting material and a light 
image is ‘focused on the charged surface, discharging the 
portions irradiated by the light rays, while leaving the 
remainder of the surface in a charged condition thereby 
forming an electrostatic image. The electrostatic image 
is rendered visible by applying a developer powder which 
is held electrostatically to the charged areas of the sheet. 
The powder image thus formed may be ?xed directly to 
the photoconductive coating or it may be transferred to 
another surface upon which the reproduced image may 
be desired and then ?xed thereon. 

According to a ?rst prior art process, the recording 
element for electrostatic printing is prepared by ?rst mix 
ing the ?nely-divided photoconductor and the electrically 
insulating, ?lm-forming, water-insoluble vehicle with a 
volatile organic solvent for the vehicle, for example, by 
mixing zinc oxide and a silicone resin with toluene. This 
mixture is coated on the backing member by any standard 
coating procedure, dried and then cut or punched to a 
desired size. 
According to a second prior art process, a recording 

element ‘for electrostatic printing is prepared by mixing a 
?nely-divided photoconductor with an aqueous dispersion 
of an electrically-insulating, ?lm-forming, water insoluble 
vehicle, for example, by mixing zinc oxide with polyvinyl 
acetate resin dispersed in water. This mixture is coated 
on a backing member by any standard coating procedure, 
dried and then cut or punched to a desired size. Dur 
ing the drying step, the solute is removed and the dis 
persed particles coalesce to produce a continuous phase 
for suspending the photoconductor particles. 

‘This second prior art process depends on maintaining 
a suitable dispersion of normally incompatible substances. 
This is difficult, particularly in the presence of high pig 
ment concentrations such as used in the usual coatings for 
electrostatic printing. 
The foregoing prior art processes produce electrophoto 

graphic recording elements which may be used to produce 
single copies of a suitable original or which may be con 
verted into lithographic printing plates for making a plu 
rality of duplicate copies by chemical treatment after a 
powder image of hydrophobic material is ?xed thereto. 
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Such chemical treatment imparts hydrophilic properties 
to the coating surface. 
An object of this invention is to provide improved 

electrostatic printing processes and improved recording 
elements therefor. 
A further object is to provide improved compositions 

for producing recording elements for electrostatic print 
mg. 

Another object is to provide recording elements for 
electrostatic printing having a hydrophilic surface which 
is particularly adaptable for producing lithographic print 
ing masters by an electrostatic printing process without 
further chemical processing. 

Generally, the recording elements of the invention com 
prise a photoconducting layer including a major propor 
tion of a ?nely-divided photoconductor, such as a photo 
conductive zinc oxide, dispersed in a minor proportion of 
a water-soluble, electrically-insulating, ?lm-forming vehi 
cle such as polyvinyl alcohol. The photoconducting 
layer may be self-supporting but is preferably supported 
on a backing such as paper. The photoconducting layer 
may include also a bivalent or multivalent salt to make 
the layer particularly useful in preparing lithographic 
printing plates without further chemical processing. The 

' Vehicle of the recording element is preferably insolubil 
ized, as by polymerization, prior to use in electrostatic 
printing. 
The invention further includes electrostatic printing 

processes comprising the steps of producing an electro 
static charge image corresponding to an applied light 
image, developing said electrostatic image with a ?nely 
divided developer substance and then ?xing said devel 
oped image substantially in situ. Optionally, the photo 
conducting coating may be dried inunediately before the 
step of charging. 
The foregoing objects and other advantages will be 

more fully described in the following detailed descrip 
tion when read in conjunction with the accompanying 
drawings of which: 
FIGURE 1 is a partially-schematic, sectional view of 

an apparatus for producing a blanket electrostatic charge 
upon a recording element produced by the method of 
the invention. 
FIGURE 2 is ‘a partially-sectional, elevational view of 

an apparatus for projecting a light image upon the 
charged recording element of FIGURE 1, and 
FIGURE 3 is a sectional view of an apparatus for 

developing an electrostatic image upon the recording 
element of FIGURE 2. 

Similar reference characters are applied to similar ele 
ments throughout the drawings. 
A detailed example of preparing an electrophotographic 

recording element according to the invention will now be 
given. 
Example 1.--Prepare a mixture of the following com 

position: 
Polyvinyl alcohol ________________________ __g__ 5 
Methanol _____________________________ __ml__ 60 
Distilled water _ ml 40 

GP. photoconductive zinc oxide __________ __g__ 100 

The polyvinyl alcohol is dissolved in the water-meth 
anol mixture, and the zinc oxide dispersed therein as by 
blending in for 5 minutes in a high speed blendor. The 
blended mixture is coated on a paper backing to a thick 
ness to provide a ?nal dry coating of about 0.0005 inch. 
The coating is thoroughly dried and then cut or punched 
to the desired shape and size. The product is an electro 
photographic recording element comprising a paper back 
ing having a white, matte, photoconducting coating there 
on, which element is especially adapted for use in electro< 
static printing. 
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While the backing of the example is paper, any sub 
strate may be used. Thus, one may use cellulosic ma 
terial such as cellophane or cellulose acetate, a metallic 
material such as copper, aluminum or brass, or a mineral 
material such as glass or mica. The substrate or back 
ing may be in any desired shape or con?guration. It 
is preferred, although not necessary, that the substrate 
have a higher electrical conductivity than the ?nal photo 
conducting coating. 
The coating applied to the backing will determine the 

spectral response, the speed of response and the con 
trast characteristic of the printing base. By a proper 
choice of the photoconductor and the vehicle, almost 
any spectral response, speed of response or contrast char 
acteristic may be obtained within wide ranges. Almost 
any powdered pho-tocondnctor having su?iciently high 
value of surface photoconductivity may be used in the 
coating, for example, the photoconductive oxides, sul 
phides, selenides, tellurides, and iodides of cadmium, 
mercury, antimony, bismuth, thallium, molybdenum, alu 
minum, lead or zinc. In addition arsenic trisulphide, 
cadmium arsenide, lead chromate or selenium may be 
used. ‘It is preferable for the photoconductor to have 
a high electrical resistivity in the darkness. Mixtures of 
one or more photoconductors may be used. 
The particular photoconductor utilized determines the 

spectral response of the recording element. The color 
of the photoconductor indicates approximately the location 
or" the absorption edge of the photoconductor and of the 
recording element. Most photoconductors absorb light 
in the shorter wavelengths. When longer wavelengths 
are used, a value is reached where the absorption drops 
off sharply and the photoconductor ceases to absorb 
radiation. This value is called the absorption edge of 
the material. It is of particular advantage that by mak 
ing a proper selection of the photoconductor that one 
may obtain a printing base with any desired light ab 
sorption characteristic and thereby desired spectral sensi 
tivity. For example, thallium iodide has a peak re 
sponse around 4130 A. Silver sulphide has a peak re 
sponse around 13500 A., while other photoconductors 
may have their peak responses at other wavelengths in the 
electromagnetic spectrum and over a narrow or wide 
band of frequencies. 
The electrically-insulating, ?lm-forming vehicle is an 

essential part of the composition and may be any one 
of a number of substances which form dispersions in 
aqueous media. Most desirable is a vehicle having a 
high dielectric constant and high dielectric strength. These 
materials may be any water soluble natural or synthetic 
resin or gum, for example polyvinyl alcohol, hydroxy 
ethyl cellulose and carboxymethyl cellulose, gum arabic 
or guar gum. 

-A plasticizer may be used in conjunction with the ve 
hicle to impart ?exibility and pliability to the ?nal coat 
ing. The choice of the plasticizer is determined by 
the vehicle used. The quantity of plasticizer used is 
determined by the degree of flexibility required in the 
coating and by the particular polymer used as the ve 
hicle. This quantity may be present in an amount be 
tween zero and eighty percent by weight of the ve 
hicle. 
The proportion of powdered photoconductor to vehicle 

in the ?nal coating may vary over a very wide range 
although the photoconductor should comprise a major 
proportion of the composition. The preferred ranges are 
100 to 900 parts by weight of photoconductor to 100 
parts by weight of vehicle. The optimum proportion 
will depend upon the nature of the photoconductor, 
the nature of the vehicle and the results desired. 
The speed of response of the printing base particularly 

depends upon the nature of the photocondnctive material, 
the nature of the vehicle and the ratio by weight of photo 
conductor to. vehicle. Since the speed of response de 
pends upon a number of characteristics, almost any de 
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4 
sired response may be obtained by the proper selection 
of materials and composition. 
A proper selection of materials and compositions will 

also determine how long an electrostatic image may be 
stored on the surface of the photoconductive coating 
since storage of the electrostatic image depends upon the 
electrical resistivity of the material. Generally, the 
higher the resistivity of the coating the longer the storage 
time for the material. 
The mixtures of the invention may be coated on the 

backing by any convenient method. For example, the 
coating may be sprayed on or ?owed on or the backing 
may be dipped into the mixtures. Following the coating 
step, the coating is dried. The drying temperature is 
not critical. 'It should be su?iciently high to evaporate 
the water but not so high as to burn or char the backing 
or constituents in the coating. 
The coating of the ?nal product may be any thickness. 

However, it is preferred that the coating thickness be 
about 0.0003 to about 0.002 inch. For the coating of 
the example, a coating 0.0005 inch thick is preferred. 
A dye for sensitizing the photoconductive coating may 

be incorporated into the coating when the dispersions 
are prepared or after the coatings have dried. 

Referring to FIGURE 1, the recording element of 
Example 1, which comprises a backing 21 having a. photo 
conducting coating 23, may be utilized in an electrostatic 
printing process according to the following steps. If the 
recording element is stored at low humidity it may be used 
directly. Otherwise, it may be desirable to dry the photo 
conducting coating as by heating or dessicating for a 
short time. The recording element is placed with the 
backing 21 upon a grounded metal plate 25 and an elec 
trostatic charging device 61 passed in darkness over 
the photoconducting coating 23 to provide an electrostatic 
charge thereon. The charging device 61 may comprise 
an array of ?ne wires 53 mounted near the grounded 
metal plate 25. A source of DC. high voltage is con 
nected between the wires 53 and the grounded plate 25 
to provide a negative charge on the wires with respect 
to the grounded plate 25. The voltage should be suffi 
ciently high to cause a corona discharge adjacent the 
wires. The recording element passing under the charg 
ing device 61 becomes charged negatively. The appara 
tus and process may produce a blanket positive charge 
if the polarity of the wires 53 is positive with respect 
to the grounded plate 25. 
The next step in the processing is to discharge selected 

parts of the charged surface of the printing base in order 
to produce an electrostatic image thereon. Referring to 
FIGURE 2, this may be accomplished by exposing the 
printing base to an optical image derived, for example, 
from a projector 59 containing a photographic transpar 
ency of the subject matter to be printed. The optical 
image is focused on the charged surface ‘of the photo~ 
conductive coating 23. The subject matter to be print 
ed may, however, be any subject used in ordinary photo 
graphic processes. Any type of electromagnetic radia 
tion may be used depending on the spectral sensitivity of 
the photoconductive coating 23. For example, visible 
light, infra red, ultra violet, and X-rays may be used. 
Wherever the light strikes the surface of the photocon 

‘ductive coating '23, the electrostatic charge thereon is re 
duced or removed. This leaves an electrostatic image or 
pattern of charges corresponding to the dark portions of 
the light image. Other methods of producing an electro 
static image may also be used. 
The electrostatic image may be stored for a time if 

desired. Ordinarily the next step is to ‘develop the elec 
trostatic image with a ?nely-divided developer substance 
such as a ?nely-divided powder or an ink mist. Refer 
ring to FIGURE 3, development of the electrostatic im 
age is preferably accomplished by maintaining the re 
cording element in darkness and passing a developer brush 
55 containing a developer powder across the surface of 
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photoconductive coating 23 bearing the electrostatic im 
age. Areas of developer powder 27 are deposited on 
those areas of the surface retaining an electrostatic charge. 
The developer brush comprises a mixture of magnetic 
carrier particles, for example, powdered iron and the de 
veloper powder. The mixture is secured in a magnetic 
?eld by a magnet 57 to form a developer brush. 
A preferred carrier material for the developer mix con 

sists of “alcoholized iron,” that is, iron patricles free from 
grease and other impurities soluble in alcohol. These 
iron particles are preferably relatively small in size, being 
in their largest dimension about .002 to .008". Satis 
factory results are also obtained using a carrier consist~ 
ing of iron particles of a somewhat wider range of sizes 
up to about .001 to .020". 
A preferred developer powder may be prepared ‘as fol 

lows. A mixture comprising 200 grams of 200 mesh 
Piccolastic resin 4358 (an elastic thermoplastic resin com 
posed of polymers of styrene, substituted styrene and its 
homologs) marketed by the Pennsylvania Industrial Com 
pany, ‘Clairton, Pa., 12 grams of Carbon Black G, mark 
eted by the Eimer and Amend Co., New York, N.Y., 12 
grams of spirit Nigrosine S.S.B., marketed by the Allied 
Chemical and Dye Co., New York, N.Y., and 8 grams 
of Iosol Black, marketed by the Allied Chemical and 
Dye Co., New York, N.Y., are thoroughly mixed in a 
stainless steel beaker at about 200° C. The mixing and 
heating should be done in as short a time as possible. 
The melt is poured onto a brass tray and allowed to 
cool and harden. The hardened mix is then broken up 
and ball~milled for about 20 hours. The powder is 
screened through a 200 mesh screen and is then ready for 
use as a developer powder. This powder takes on a posi 
tive electrostatic charge when mixed with glass beads or 
iron powder. It therefore develops an electrostatic im 
age composed of negative charges. Two to four grams 
of the developer powder and 100 grams of the magnetic 
carrier material are blended together giving the completed 
developer mix. Other ratios may be used. ‘ 
The developer powder may be chosen from a large 

class of materials. The developer powder is preferably 
electrically charged to aid in the development of the elec 
trostatic latent image. The powder may be electrically 
charged because the powder (1) is electroscopic, or (2) 
has interacted with other particles with which it is tri 
boelectrically active or (3) has been charged from an 
electric source such as a corona discharge. Examples of 
suitable developer powders are powdered zinc, powdered 
copper, carbon, sulphur, natural and synthetic resins or 
mixtures thereof. 
The developer powder may be applied to the image in 

other ways, for example, it may be dusted on to the im 
age, or it may be mixed with ‘glass beads or other suit 
able carrier particles and then bringing the mixture into 
contact with the surface of the printing base. The beads 
serve merely as a temporary carrier, releasing the pow 
der particles upon contact with the charged surface. 
The type of powder described is a positively-charged 

powder and will adhere readily to negatively charged 
areas of the electrostatic image. In the developed image 
described, the developed areas of the image correspond 
to the non-illuminated portions of the optical image. If 
the printing base is charged positively, and the same steps 
are carried through as above described, a reverse image 
is obtained. If a negatively charged powder is used in 
place of the positively charged powder, then a reverse im 
age is obtained in the alternative case. 
The developed image 27 is now ?xed to the photocon 

ducting coating 23. If the developer powder or vehicle 
in the photoconducing coating 23 has a relatively low 
melting point, the image may be ?xed by heating, for 
example, with an infra red lamp to fuse the powder to 
the surface. The powder image is preferably fused 
through the photoconductive coating 23. Sulphur or syn 
thetic resin powders may be ?xed in this way. Alter~ 
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6 
natively, the powder image 27 may be pressed into the 
coating 23. Another method of ?xing the powder image 
27 is to apply a thin coating of a solvent for the mate 
rial of the powder image 27. The solvent may soften 
the developer powder particles and cause them to adhere 
to one another and to the coating 23. Alternatively, a 
solvent may be used to soften the photoconducting coat 
ing 23 and cause the developer powder particles to ad 
here thereto. Upon standing and preferably with the ap 
plication of a slight amount of heat the solvent is evapo 
rated from the printing base. 
Example 2.—Another formulation according to the 

invention is as follows: 

Polyvinyl alcohol ________________________ __g__ 10 
Distilled water ml 500 
10% dimethylolurea in distilled water _____ __ml__ 50 
10% ammonium nitrate in distilled water____ml__ 20 
Photoconducting zinc oxide ________________ __g__ 100 

The dimethylolurea acts as a polymerizing agent for the 
polyvinyl alcohol, rendering the dried coating water in 
soluble upon aging. The ammonium nitrate acts as a 
polymerization catalyst. Addition of water-soluble com 
pounds such as sodium methyl siliconate (available from 
the Silicone Products Division, General Electric Co.) 
which impart a hydrophobic character to the dried sur 
face, assist in preserving good charge storage properties 
in high humidity environments. 
The mixture of Example 2 is coated on a backing and 

dried as described for the coating of Example 1. It 
may then be used in electrophotography as described in 
the foregoing description. 
Example 3.--Another formulation according to the in 

vention which is particularly useful in producing litho 
graphic printing masters is as follows: 
The following mixture is prepared 

Polyvinyl alcohol (water-soluble grade) ____ __g__ 5 
Distilled water ____ ml-.. 200 
20% zinc acetate in distilled water ________ __ml__ 75 
10% dimethylolurea in distilled water ______ __ml__ 20 
Photoconducting zinc oxide ________________ __g__. 100 
Methyl alcohol (to aid drying) __________ __ml__ 100 

The zinc acetate functions to render the photoconduct 
ing coating receptive to water after the image is ?xed to 
the coating. In the place of the zinc acetate in the above 
formulation, other water soluble bivalent metal salts may 
be used, for example, the water soluble acetates, nitrates, 
chlorides and formates of barium, cadmium, calcium, 
cobalt, copper, iron, lead, magnesium, nickel, strontium 
and zinc may be used. Ordinarily salts are used in con 
centrations between 5 and 15% by weight, however, in 
some cases they may be used in concentrations as high 
as 25% by weight. All the water soluble salts of bivalent 
metals selected from groups 1, 2, 4, 7 and 8 from the 
periodic table which are sufficiently stable in water solu 
tion may be used. In addition to the bivalent salts, wa 
ter soluble multivalent metal formate or acetate when 
used in conjunction with a water soluble alkaline metal 
or ammonium formate or acetate may be used. 
The developer powder used to prepare lithographic 

printing plates is a hydrophobic material such as the pre 
ferred developer powder described above. Upon ?xing 
the powder image to the photoconducting coating, the 
recording element may be used for lithographic printing 
without further treatment. The recording element is 
swabbed with a wetting solution such as “Platex” and 
then printing in conjunction with a fountain solution 
such as “Repelex” in normal dilution. “Platex” and 
“Repelex (trademarks), are marketed by the Addresso 
graph-Multigraph Corporation, Cleveland, Ohio. 
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Example 4.-—Another formulation according to the 
invention is as follows: 

The following mixture is prepared— 

Methyl cellulose (water-soluble grade) ______ __g.... 5 
Distilled water__ ____ __ ml 200 

20% zinc acetate in distilled water ________ __ml__ 75 
10% dimethylolurea in distilled water _____ __ml__ 20 
Photoconducting zinc oxide ________________ __g__. 100 
Methyl alcohol (to aid drying) ____________ __ml__ 100 

Example 5.——Another formulation according to the 
invention is as follows: 
The following mixture is prepared— 

Guar gum“ ____ __ g 5 

Distilled water__ ___ ml 200 

20% zinc acetate in distilled water ________ __ml__ 75 
10% dimethylolurea in distilled water _____ __ml__ 20 
Photoconducting zinc oxide ________________ __g__ 100 
Methyl alcohol (to aid drying) ____________ __ml__ 100 

Example 6.--Another formulation according to the 
invention is as follows: 
The following mixture is prepared 

Gum arabic ____________________________ __g-_ 5' 
Distilled water _________________________ __ml__ 200 
20% zinc acetate in distilled water ________ __ml__ 75 
10% dimethylolurea in distilled water _____ _..ml__ 20 
Photoconducting zinc oxide ________________ __g__ 100 
Methyl alcohol (to aid drying) ____________ __m1__ 100 

There have been described compositions and methods 
for using these compositions to produce electrophoto 
graphic recording elements for electrostatic printing. 
The compositions are simple and economical to prepare 
and use, do not present a ?re or a health hazard of or 
ganic or highly volatile solvent coatings and may be used 
in continuous web coating equipment designed ‘for silver 
halide emulsions. There have also been described im 
proved electrostatic printing processes including the elec 
trophotographic recording elements of the invention. 
What is claimed is: 
1. An article of manufacture adapted for use in elec 
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trostatic printing comprising a backing sheet coated with 
a photoconducting composition including about 100 to 
900 parts by weight of photoconducting zinc oxide and 
about 100 parts by weight of a vehicle consisting essen 
tially of about 5% to 25% by weight of zinc acetate 
and about 95% to about 75% by weight of resinous poly 
vinyl alcohol. 

2. A photoconducting composition for use in electro 
static printing comprising about 100 to 900 parts by 
weight of photoconducting zinc oxide and about 100 
parts by weight of a vehicle consisting essentially of 
about 5% to 25 % by weight of Zinc acetate and about 
95% to 75 % by weight of resinous polyvinyl alcohol. 
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