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CHARGE MASGES 
Donald L. Fauser, Lakewood, and Edwin R. Kolb, Graf 

ton, Ohio, assignors to Harris-intertype Corporation, 
Cleveland, Ohio, a corporation of Delaware 

Original application Sept. 23, 1958, Ser. No. 762,756. 
Divided and this application July 26, 1963, Ser. No. 
297,906 

i5 Clains. (C. 252-62.) 
This application is a division of our earlier filed appli 

cation, Serial No. 762,756, filed September 23, 1958, and 
assigned to the same assignee. 

This invention relates to electrophotography and, more 
particularly, to improved systems for developing and fixing 
latent electrostatic images using liquid development tech 
niques and compositions. 

Electrophotographic or electrostatic reproduction 
processes of the character to which this invention re 
lates include processes such as disclosed in the copending 
application of Dolar N. Adams and Donald L. Fauser, 
Serial Number 640,353, filed February 15, 1957, and 
comprise generally the steps of impressing an electrostatic 
charge on a plate or paper or other image carrier base 
or sheet having an electrophotographic or electrophoto 
Sensitive surface, exposing the charged surface to a light 
image whereby portions of the charged surface corre 
sponding to the light image are discharged to form an 
electrostatic image or pattern, and rendering the electro 
static pattern visible or developed by applying thereto 
a visible developing agent or other developing agent 
having electrostatic charge characteristics such that it 
will be attracted to the charged areas and not to the 
discharged areas of the exposed surface, or vice versa, 
and then fixing the developing agent more or less per 
manently in place as electrostatically deposited to form 
the image. 

It should be noted that, in the following description 
and claims, such expressions as “developed,” “developer," 
"development,” etc., should be understood as not neces 
Sarity being restricted to the rendering of a latent or elec 
trostatic image visible to the eye, as such terms are gen 
erally understood in discussions of, for example, silver 
halide photography. Thus, in the “development' or 
rendering useful of an electrostatic image on, for example, 
a printing plate for lithographic printing, whether or not 
the image is “developed' so as to be rendered visible to 
the eye is not nearly so important as whether or not the 
image is “developed' in such manner as to have the cor 
rect oleophilic ink-receptive surface characteristics for 
the lithographic process, and such can be achieved, ac 
cording to this invention, using as a “developer” a per 
fectly clear resin which, when dried and fixed to the plate, 
has little or no visible contrast with background or non 
image areas of the plate. Similarly, in the production of, 
for example, a printed electric circuit, whether or not the 
"developed' image is visible is not as important as 
whether or not it is in a condition to be resistant to an 
etching composition or receptive to an etch-resistant paint 
or coating. Accordingly, the following description and 
claims should be read and linderstood as meaning, when 
ever reference is made to a "developer” or to “develop 
ing,' etc., not only rendering a latent electrostatic image 
visible to the eye as in the usual meaning of these terms, 
but also the broader connotation of rendering a latent 
electrostatic image permanent or useful for whatever 
use is desired for it. 

Generally, as will be understood, the final visual 
definition, resolution, continuity, and contrast (or the 
equivalent non-visual counterparts of those character 
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2 
istics as noted in the preceding paragraph) of the ulti 
mate developed image obtained by such electrophoto 
graphic processes are, in large measure, a function of 
the fineness, uniformity, and control with which a de 
veloping agent is or may be applied to the latent or 
invisible electrostatic image which, in most cases, is 
believed to possess inherent definition, clarity, and fine 
ness to a degree exceeding that obtainable by either 
chemically photosensitive systems as heretofore known 
or development techniques for electrophotography pre 
viously utilized. 

Thus, if the developing agent is in the form of a 
fusible resin powder in conjunction with a carrier ma 
terial having appropriate electrostatic characteristics 
(such as glass beads or iron filings, etc.), the fineness and 
definition of the resultant image (somewhat comparable 
to the so-called "grain' of conventional silver halide or 
other chemically photosensitive photographic systems) 
may be interrupted or determined by the minimum fine 
ness of the developer or the carrier particles required 
by the electrostatic arrangements. Similarly, if a so 
called “powder cloud' developing system is used where 
by developer particles are suspended in air or other 
gaseous fluid, the ultimate product may be disadvan 
tageously affected by the aerodynamic requirements of 
the developing system, as well as interjecting, in addition 
to the aforementioned disadvantages, the possibility that 
desirably fine particle size may lead to difficulties in 
containing the powder cloud against dissipation from 
dusting and the further possibility that, with ultrafine 
particles suspended in air and each of which is, by defi 
nition, charged to the same polarity, optimum electro 
static deposition of the particles on the charged electro 
static image may be interfered with by the electrostatic 
repulsive forces among the particles themselves. 

Similarly, as will be understood, the particular electro 
static characteristics of a developer material required to 
provide the deposition thereof on the electrostatic image 
may be (and usually are) quite independent of such 
characteristics as color or visible contrast with the back 
ground, particle fineness, oleophilic and similar surface 
characteristics, film-forming ability, and similar charac 
teristics having to do with the desired ultimate character 
istics of the developed image, as well as being independent 
of such characteristics of fusibility, solubility, adhesive 
ness, etc., which may be important or controlling in per 
manently fixing the developer materials to the image 
Surface after they have once been electrostatically de 
posited therein. Also, as will be understood, the fore 
going independent, and, perhaps, actually inconsistent or 
disparate, characteristics may all, similarly, be inde 
pendent of the purely mechanical characteristics of the 
developer material when considered in mechanically cas 
cading, aerodynamic, or hydrodynamic systems of appli 
cation. 

According to this invention, however, liquid develop 
ing Systems for such electrophotographic processes are 
provided whereby the developing agent, whether initially 
or ultimately itself in a liquid or solid form, is applied 
to the charged image in a liquid composition, particu 
larly as finely divided particles or droplets dispersed in a 
non-conductive liquid medium for enhancing the forma 
tive application, finer resolution and clarity, better con 
trol of intensity, and greater freedom of choice of ma 
terials to provide the desired color or intensity or other 
visible or chemical or mechanical characteristics in the 
ultimate developed image. This invention also includes 
the provisions of characteristics or components in the 
developing agent whereby more or less permanent fix 
ing of the developer on to the image is obtained after 
the electrostatic deposition thereon, and has, as a further 



3. 
advantage, the utilization of counter-electrode means 
whereby an enhanced control of the intensity and uni 
formity of electrostatic deposition of the developer ma 
terial is obtained. 
One object of this invention is to provide liquid de 

veloping compositions of the character described for ap 
plication to the surface of charged electrophotographic 
image carrier to render visible or otherwise useful an elec 
trostatic image thereon and including components where 
by such visible or useful image may be rendered essen 
tially permanent or fixed or non-smudging. 

Another object of this invention is to provide liquid 
developing compositions of the character described for 
use with electrophotographic or electrostatic reproduction 
techniques and including a pigment component and a 
binder component for fixing said pigment in position on 
an electrostatic image, both said components being finely 
and uniformly dispersed in an electrically non-conduc 
tive liquid vehicle. 
A further object of this invention is to provide meth 

ods of the character described for the liquid develop 
ment of electrostatic patterns or images in electrophotog 
raphy to render said images visible or otherwise useful 
and using for such development particles or droplets of 
a developing agent dispersed in a non-conducting liquid 
vehicle therefor and adapted to be electrostatically pre 
cipitated from said vehicle on to said image. 

Still another object of this invention is to provide liquid 
developer systems for the development of latent elec 
trostatic images in electrophotography, whereby finely di 
vided charged particles or droplets of developer material 
are electrostatically precipitated from a liquid vehicle or 
carrier in which they are dispersed and are thereafter 
Substantially permanently fixed to the surface of the 
image. 
A still further object of this invention is to provide 

liquid developing compositions of the character described 
for use with electrophotographic or electrostatic reproduc 
tion techniques and including a resin developing material, 
with or without a dye or pigment for controlling the 
visible color or intensity of the resin, dispersed in finely 
divided form in a substantially non-conducting liquid vehi 
cle or carrier which has substantially no solvent or soften 
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ing action on the electrostatic image film being developed, 
and including provision for the substantially permanently 
fixing of the developer material on to the surface of the 
electrostatic image on which it is electrostatically de 
posited during development. 

Still another object of this invention is to provide, in 
electrophotographic reproduction processes of the char 
acter described, a system for the liquid development of 
an electrostatic image on an electrophotosensitive sur 
face whereby the electrophotosensitive surface and the 
liquid developing material are specifically selected to have 
components or characteristics adapted, after development 
of the image by electrostatic deposition thereupon of a 
developer agent from the liquid developer material, for 
co-action to fix the developer agent more or less perma 
nently on to those areas of the image surface on which 
it was electrostatically deposited. 
A still further object of this invention is to provide 

apparatus for continuous electrophotographic reproduc 
tion of images on a web of electrophotosensitive sheet ma 
terials such as paper and the like and including provision 
for the liquid development of such images reproduced 
thereon. 

Still another object of this invention is to provide, in 
the liquid development systems of the character described, 
means and compositions whereby an electric field is 
formed outwardly of the charged image surface being 
developed and the liquid developer is flowed through 
such field for electrostatic precipitation and deposition on 
the image surface in charged areas of the field of finely 
divided developer materials dispersed in the liquid me 
dium, 
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4. 
Other objects and advantages will be apparent from the 

following description and the appended claims. 
It will be understood that, in electrostatic or electro 

photographic reproducing techniques of the character to 
which this invention relates, an electrophotosensitive film 
is provided on the surface of a sheet of paper or plate 
or other image carrier base on which an image is to be 
produced. As noted, the image may ultimately be de 
sired to be visible (as with the photographic reproduc 
tion of pictures or written matter) or have other par 
ticular characteristics as utility (as the oleophilic nature 
desired for an image on a lithographic printing plate) or 
be textured, electrically conductive or non-conductive, etc. 
Regardless of whatever are desired to be final character 
istics of the ultimately produced image or pattern, the 
electrophotographic production thereof indicates that the 
electrophosensitive film on the plate or other image car 
rier is capable of retaining an electrostatic charge, and 
may include an electrically insulating film-forming and 
binder component through which is dispersed a photo 
conductive or photosensitive component capable of low 
ering or removing an electrostatic charge applied to the 
electrophotosensitive film but selectively only those areas 
of the film which are exposed to light. 

Considering as illustrative of such electrophotographic 
processes, the use of a sensitized sheet of paper with an 
electrophotosensitive film applied to the surface thereof, 
as more particularly pointed out in the above mentioned 
copending application. This film, including an insulating 
or dielectric film-forming component and a photoconduc 
tive component as described, is given a uniform negative 
electrostatic charge in the dark room or otherwise in the 
absence of light. The charged sheet is then exposed to a 
light image, as, for example, by projecting an image 
thereon through a photographic transparency. Where 
the light strikes the film on the sheet, the original negative 
electrostatic charge is lowered or removed through the 
action of the photoconductive components in the film. 
This leaves an electrostatic latent image or pattern or 
charge image on the sheet corresponding to the light image 
projected thereon, but such electrostatic image is, of 
course, invisible, and the surface characteristics of the 
sheet, except for an electrostatic charge thereon in selected 
areas, are Substantially unchanged from the original 
characteristics and/or relatively as between exposed and 
unexposed areas thereof. 
To render this latent electrostatic image or pattern 

visible or useful or otherwise to alter the surface char 
acteristics of the film selectively in exposed or unexposed 
areas (depending upon the final use to which the “image' 
is to be put), some sort of developing material or resin 
or pigment or dye or mixtures thereof is used which can 
be made to become electrostatically attracted to or re 
pelled by, as the case may be, those areas of the electro 
static image in which the original uniform charge was 
altered by exposure to light. Advantageously, such devel 
oper material may include a binding component which, 
inherently or upon further treatment such as heating or 
reaction with after-applied materials, will more or less 
permanently become affixed to the desired areas of the 
image to which the developer is electrostatically attracted 
or deposited. As will be understood, however, the various 
unrelated and ultimately desired characteristics of such a 
developing agent (such as intense color for good visibility, 
a particular desired color, fineness for good definition, 
convertibility to a more or less permanently adhering or 
fixed condition, or the ability to provide final surface char 
acteristics of being oleophilic, etch resistant, electrically 
conductive, textured, etc.) may not necessarily all inhere 
in a particular material which also possesses electrostatic 
characteristics as required for the electrostatic attraction 
and deposition thereof to the electrostatic image. 
As noted, one of the substantial advantages in the 

utilization of liquid development techniques embodying 
this invention stems from the relative ease and control 



5. 
obtaining in the use of desirably finely divided developer 
particles or droplets when they are dispersed in a liquid 
medium or carrier instead of in a gaseous or mechanical 
carrier, and fine particle size for the developer materials 
appears to have an important effect on the clarity and 
definition achieved in the developed image and particu 
larly, as will be understood, in the reproduction of con 
tinuous tone photographs and multi-color images. Simi 
larly, the application of finely divided developer particles 
in a liquid carrier or vehicle enhances both the ease of 
control and the application of a desirably concentrated 
dispersion, perhaps primarily because the liquid devel 
opers are subject to hydrodynamic consideration of flow, 
etc., and are substantially free of problems incident to 
aerodynamic application, dusting problems, and the diffi 
culty of preventing waste or escape of the developer par 
ticles of a powder cloud, etc. 

Thus, liquid developers according to this invention 
have satisfactorily been prepared with the developer ma 
terial dispersed or emulsified in the vehicle in colloidal 
particle sizes or droplet sizes providing virtually no settling 
out or escape of the developer material from the vehicle 
and yet producing a liquid controllable according to regul 
lar hydrodynamic considerations. Especially with the 
use of a closely spaced counter-electrode, as hereinafter 
described, substantial advantage obtains by having the 
developer material in a liquid phase which can be flowed 
satisfactorily through a very narrow spacing between 
the image surface and the counter-electrode as noted 
below. 

Perhaps a less obvious advantage in using liquid devel 
oper systems according to this invention resides in the 
fact that, by the appropriate selection of vehicle, the 
charged developer particles can be presented to the charged 
surface of the image to be developed in a medium which 
is substantially entirely non-conducting and dielectric. 
Thus, the charges and electrostatic considerations involved 
in such electrophotographic reproduction systems (and 
particularly those where the image to be produced is a 
continuous tone picture) may involve rather small charges 
or differences in charge to which the developer particles 
must respond. If the development is carried on com 
pletely in a medium composed of non-polar organic sol 
vents (such as gasoline, carbon tetrachloride, kerosene, 
Varnolene, and the like, having an inherent resistivity of 
the order of 1016 to 101 ohm-centimeters), the medium 
or atmosphere in which the developer particles are to be 
attracted to the charged image areas may be considered 
as even more insulating or dielectric than, for example, air 
with regard to the orders of magnitude of the charges in 
volved. This effect is, also, enhanced by selecting, ac 
cording to this invention, such non-polar organic vehicles 
because, among other reasons, the non-polar characteris 
tics thereof indicate that the high resistivity desired will 
not be diminished, for example, by the vehicle taking up 
moisture from the atmosphere. 
The particular selection of non-polar organic liquids, 

according to this invention, as vehicles for the liquid 
developing compositions also leads to satisfactory use 
of such compositions with a wide Variety of electro 
photosensitive image films. Thus, it is known to pro 
duce the electrophotosensitive sheet or plate or image 
carrier by forming on a suitable base a film of a finely 
divided photoconductive material uniformly dispersed 
through a resinous binder (for example, as disclosed in 
the aforementioned copending application) as well as hav 
ing the initially electrophotosensitive plate surface being 
formed entirely of a layer of solid photoconducting mate 
rial such as selenium, anthracene, Sulphur, etc. A wide 
variety of resin binders may be used, depending upon the 
particular characteristics and uses desired in the finished 
product. Thus the binders may be water-soluble resins 
(such as polyacrylic acid resins and polyamide resins), 
they may be soluble in water or polar organic solvents 
(such as methyl acrylic acid vinyl acetate copolymers, 
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methyl vinyl ether maleic anhydride copolymers, organic 
acid styrene copolymers, etc.) or they may be soluble 
only in polar organic solvents (such as certain acrylic 
acid esters, silicon resins, etc.). 
By selecting the developer vehicle according to this in 

vention, then, to be a non-polar organic liquid, in addi 
tion to the electrical advantages stemming therefrom, 
the further advantages obtain of having a developer com 
position satisfactorily applicable for use with a wide 
variety of different image films, none of which is solu 
ble in the non-polar organic developer vehicle. That is, 
of course, it is not desired to have the liquid vehicle of the 
developer such that it will distort or dissolve off or other 
wise ruin the image film itself when applied thereto during 
development, and this is particularly true where, for rea 
sons of convenience in handling or electrostatic considera 
tions, the sheet or plate or image being developed is com 
pletely immersed in the developing material or developer 
vehicle. 
The selection of a specific developer material for elec 

trostatic deposition on the charge image depends some 
what on a wide variety of conditions and end results 
desired. Basically, since it is desired according to this 
invention to present or apply to the charged image sur 
face a finely divided dispersion of developer agent in the 
non-polar organic liquid from which the developer agent 
will be precipitated or deposited by electrostatic attrac 
tion to the charged image areas, a wide variety of agents 
Jmay be used provided that they are dispersible (but not 
soluble) in the non-polar vehicle and may acquire as 
dispersed therein an electrostatic charge of the correct 
polarity for appropriate attraction to the charge on the 
image surface. Thus, a wide variety of solid inorganic 
and organic pigments may be selected for dispersion in a 
non-polar organic vehicle, and particularly where the pri 
imary desire of the developing step is merely to render 
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the electrostatic image visible in an appropriate color 
and with, of course, appropriate fixing of the pigment to 
the image surface, as described below. 
A preferred developer composition, however, involves 

producing as the liquid developer material an organosol 
in which a solution of a resin developing agent in a polar 
solvent therefor which is miscible in the non-polar ve 
hicle is dispersed, preferably in colloidal dimensions, in 
the non-polar vehicle. As illustrative of such arrange 
ment may be noted organosols of a mesityl oxide solu 
tion of Saran resin dispersed in Varnolene as the non 
polar Vehicle, an isopropenyl acetate solution of Epon 
resin dispersed in Varnolene, an isopropenyl acetate solu 
tion of polyisopropenyl acetate resin dispersed in Varnol 
ene, a mesity oxide solution of Epon resin dispersed 
in the non-polar organic liquid, etc. In this connection, 
it should be noted that the polarity of the charge acquired 
by the droplets of resin solution in such an organosol 
may vary with different resins and, perhaps, different 
polar solvents therefor. For example, droplets of a mesi 
tyl oxide Solution of Saran resin dispersed as an organo 
Sol in Varnolene acquire a negative electrostatic charge, 
whereas droplets of an isopropenyl acetate solution of 
Epon resin dispersed as an organosol in Varnolene ac 
quire a positive electrostatic charge. Thus there are 
available according to this invention properly charged 
developer materials for use where the image to be de 
veloped has either a positive or a negative electrostatic 
charge. 

Since the foregoing resin developer agents, even when 
deposited on the image surface and fixed thereto as noted 
below, may not provide the desired visible or colored or 
other characteristic for the image, a dye material (or a 
Solution of a dye material in a solvent which is the same 
as or compatible with the resin solvent) may be added 
to the resin solution, droplets of which are dispersed in 
the non-polar vehicle. Similarly, inorganic or organic 
pigments which are not soluble in any of the liquids of 
the System may satisfactorily be dispersed, for reasons of 
coloring or otherwise, in the resin-solvent solution, drop 
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lets of which form the organosol in the non-polar vehicle. 
In such case, the actual developing agent to be electro 
statically deposited from the vehicle on to the charged 
image surface includes dyed or pigmented (or both) par 
ticles or droplets of resin solution. As noted below, par 
ticularly if the resin is a film-forming resin or binder, this 
is a highly satisfactory and convenient way of develop 
ing the image with various common solid, non-fusible, 
insoluble pigment materials to a desired degree of intensity 
or color with the resin serving to bind the pigment on to 
the image, thereby greatly aiding in the problem of per 
manently fixing such common pigments as carbon black, 
titanium dioxide, zinc oxide, metallic sulphides, and other 
common colored pigments to the image. 

Actually, and particularly related to a developing step 
which produces a visible image of a particular desired 
color, one convenient commercial source of desirably 
finely divided colored pigments ground into a binder 
material is the variety of commercially available printing 
inks in various colors and consistencies, whether of the 
variety which binds merely upon the evaporation of 
solvent (as with a lacquer) or of the oxidizable or dry 
able variety of binder (as with linseed oil types), which, 
being essentially polar solvent systems, are satisfactorily 
dispersed in non-polar vehicles according to this inven 
tion to form dyed or pigmented (or both) organosols 
with which satisfactory results are achieved in the liquid 
development of electrostatic images according to this 
invention. It should also be noted that satisfactory results 
are achieved with liquid developers according to this 
invention which include a solution of a dye material (as 
distinguished from a resin binder) in a polar solvent with 
the solution dispersed in the non-polar vehicle. Such 
a system is illustrated by a dye such as Iosol Black dis 
solved in, for example, mesityl oxide or isopropenyl 
acetate and dispersed in Varnolene. The foregoing is 
also intended to include water solutions of water-soluble 
dyes dispersed (in a water-in-oil emulsion) in the non 
polar organic liquid. 
As will be understood, which of the foregoing par 

ticular materials and/or systems is selected will depend 
in large measure on the final visual and/or physio 
chemical or other characteristics desired in the final 
developed image, the uses to which the image and/or 
the electrophotographic reproduction is to be put, as well 
as the particular technique of permanently fixing the 
developing agent to the surface of the developed image. 
For example, a dispersion of pigment alone in the liquid 
vehicle with an after application of fixing binder may, 
for some uses, be perfectly satisfactory. In other in 
stances, it may be convenient to include a resin material 
which will, itself, during drying of the developed image, 
permanently fix a dye or pigmented surface to the image: 
As noted before, the particular visual characteristics of 
the resultant product may be less important than other 
surface characteristics thereof, such as, for example, pro 
viding as a developing agent a resin material, regardless 
of its visual characteristics, which will, upon drying and 
curing, form a desirably oleophilic film for the reception 
of lithographic ink in the developed image areas. 

After the initial electrostatic deposition or precipita 
tion of the various developer agents according to this 
invention has been achieved on the charged image surface 
of the image carrier, some means is necessary for the 
fixing of the deposited material in more or less permanent, 
non-smudging, or useful condition to provide the desired 
end results for whatever use is contemplated for the 
developed image. As will be understood, a variety of 
specific fixing techniques is available for use in connec 
tion with systems and methods and compositions embody 
ing and for practicing this invention. Preferably, par 
ticularly in the cases where the developer agent is made 
up of dispersed droplets (an organosol) of resin-Solvent 
solution (whether or not dyed or pigmented) in the non 
polar vehicle, evaporation of the non-polar organic 
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3. 
developer vehicle (preferably induced or aided by heat 
ing the developed sheet) is accompanied by similar evapo 
ration of the solvent of the dispersed phase. If the resin 
developer agent of the dispersed phase in the non-polar 
vehicle organosol is selected to have film-forming or bind 
ing properties upon evaporation therefrom of the polar 
solvent of the dispersed phase, a firm binding resin film 
is conveniently produced in the single vehicle-solvent 
evaporation step. - 

Similarly, if the developer agent is a fusible pigment, 
fixing of the developer material to the image surface is 
satisfactorily achieved by fusing the developing agent 
onto the surface. Particularly in those instances where 
a colorless resin is included in the dispersed phase of 
the developer material and is dyed or pigmented by a 
dye or pigment soluble or dispersed therein, the resin may 
be satisfactorily selected to be a film-forming binder 
which, either by virtue of evaporation of the solvent or 
by the subsequent application of heat, will form a bind 
ing film medium for affixing a pigment dispersed therein 
to the image surface and/or a permanently adhered resin 
film dyed satisfactorily with the dye therein. 

It should be understood that the foregoing includes, 
particularly with the utilization of pre-formed pigment 
binder-solvent systems dispersed in the non-polar devel 
oper vehicle, the fixing or drying of the pigmented or 
dyed developer agent as by oxidation of an oxidizable 
binder therein as well as by the fixing to the image surface 
of the pigmented or other composition by fusion from 
heat or by the evaporation of solvent therefrom as with 
a lacquer-type ink. Also, according to this invention, a 
pigment or resin or other developer agent may be fixed 
to the image surface by a substance applied thereto after 
the developer vehicle is removed by evaporation, or other 
wise. For example, a dry, insoluble, and non-fusible 
pigment suspended in an appropriate non-polar developer 
vehicle may satisfactorily be fixed by the spraying there 
over after drying of the vehicle of a solution of film form 
ing resin which will tend, once applied, to bind the elec 
trostatically deposited pigment into position. Similarly, 
the after-application of a suitable solvent may be utilized 
to dissolve or soften or otherwise form into a binder 
consistency or condition an electrostatically deposited 
resinous material. Particularly with situations where a 
dye or solution of a dye is electrostatically deposited in . 
droplets or in particles over the image as a developing 
agent, the resultant image may be satisfactorily fixed by 
the spraying thereover of a material which will solubilize 
the dye and/or the covered areas of the image film itself 
to enable the dye permanently to discolor or otherwise 
dye or affix itself to the designated areas of the image 
surface to which it was electrostatically attracted. Also 
the image surface itself may be selected to contain a 
component which may be softened (but not sufficiently 
to distort or dissolve off or disrupt the image) by the 
non-polar vehicle, by the solvent of the dispersed phase, 
by a solvent applied after deposition, or by heat so that 
the deposited developer particles become affixed to the 
softened surface upon hardening thereof. 

In any case, however, the particular solubility, thermo 
plastic, film-forming, and binding characteristics of the 
various materials, as explained above, are utilized to pro 
vide a variety of materials for the permanent fixing of 
developer agents to the image surface depending upon, 
among other factors, the particular material selected for 
the developing agent, the particular end results or condi 
tions desired from the developed image, and the other 
noted appropriate characteristics for the achieving of sat 
isfactory results in the substantially permanent fixing to 
the image surface of the various developer agents and 
developer materials systems embodying and for practic 
ing this invention. 
A further advantage or feature of control, particularly 

adapted to liquid development techniques, in electro 
photographic reproduction methods or systems of the 
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character to which this invention relates has also been 
discovered and will be explained in connection with the 
use of a counter-electrode for intensifying and controlling 
the electrostatic precipitation of developer agent from 
liquid developer compositions embodying and for prac 
ticing this invention and with particular respect to the 
purely diagrammatic illustrations in the accompanying 
drawing, 

In the drawing: 
FIG. 1 is an essentially diagrammatic showing of a 

cross section through an exposed image surface having an 
electrostatic charged image thereon; 

FIG. 2 is an essentially diagrammatic showing of the 
image and charged surface of FIG. 1 with a counter 
electrode in place thereabove in accordance with this 
invention; 

FIG. 3 is a purely diagrammatic representation of a 
development result using developers in accordance with 
and for practicing this invention without the added effect 
of a counter-electrode; 

FIG. 4 is a purely diagrammatic representation of the 
same result of FIG. 3 but depicting the effect achieved by 
a counter-electrode; 

FIG. 5 is an exploded and somewhat diagrammatic 
view of one form of a counter-electrode embodying and 
for practicing this invention; 

FIG. 6 is a diagrammatic showing of the counter 
electrode plates of exploded FIG. 5 in operative position 
during the development of an image surface according to 
the teachings embodying and for practicing this invention; 

FIG. 7 illustrates a counter-electrode brush for use in 
accordance with this invention as being formed of a mass 
of iron filings magnetically attracted to one end of a bar 
magnet, 
FIG. 8 is a diagrammatic representation of apparatus 

for the continuous electrophotographic reproduction of an 
image on a web of paper or the like having an electro 
photosensitive surface, with the image being projected 
on to the web; and 

FIG. 9 is a diagrammatic representation of another em 
bodiment of apparatus for electrophotographic reproduc 
tion of images on a continuous web, with the electro 
photosensitive surface being exposed by a contact print 
ing technique instead of by projection. 
With reference to the drawings, which are purely and 

diagrammatically illustrative of this invention, FIG. 1 is 
a diagrammatic indication of an electrophotographic 
sheet or plate or other image carrier with the latent elec 
trostatic image thereon, but drawn to no particular scale. 
In the diagram of FIG. 1, the plate or image carrier is 
indicated at 10, and may be considered as being either a 
sheet of paper or a metal plate. Later reference to the 
sheet or plate 10 as being electroconductive should be 
understood as being applied to either an actual metal plate 
or a piece of paper. That is, with the critical resistivi 
ties of the order of magnitude involved in electrophotog 
raphy and with the conductivities involved as being of 
such orders of magnitude as are inherent with electro 
static images, the normal 6-10% residual moisture con 
tent of a sheet of paper renders that sheet of paper as a 
relatively good conductor, at least in terms of resistivities 
in the range of 1016 or 10 ohm-centimeters. 
On the base support 10 in FIG. 1 is shown a surface 

layer 11 of electrophotosensitive material having a charge 
image produced on the upper surface thereof. In the 
diagram of FIG. 1 (also FIG. 2) such charge image is 
illustrated by the minus signs in the areas 12, 13, and 14 
as a schematic or diagrammatic means for indicating the 
discontinuous areas on the surface of image layer 11 
carrying a negative electrostatic charge. In this particular 
illustration, the electrostatic charge carried by areas 
12-14 is a negative charge, and, of course, produces cor 
responding positive charge accumulations 15, 16, and 17 
indicated by the positive signs at the upper surface of base 
10 adjacent to interface between the electrically insulat 

O 

20 

30 

40 

45 

50 

55 

60 

65 

70 

75 

10. 
ing photoconductive layer 11 and the conductive base 10. 
With the accumulation of electrostatic charges in the 

areas 2-14 on the upper surface of image film 1, and 
with, of course, the accumulation of oppositely charged 
areas 15-17 at the upper surface of base 10, the electro 
static picture is complete. As is well known, however, the 
accumulation of these oppositely polarized charges at 
points spaced apart by the nonconductive electrophoto 
sensitive image layer 11, an electric field is produced be 
tween the negative charges on the surface of layer 11 in 
areas 12-14 and the positive charge accumulations at the 
top area of base 10, and such field is indicated generally 
by the lines of flux 20 in the diagram of FIGS. 1 and 2. 
As will be noted from this description, and particu 

larly with regard to relatively large image areas 12-13 
such as large black or dark areas in a photograph or 
drawing or other material being electrostatically pro 
duced-the lines of force 20 are apparent at the edges 
of charged areas 12-14 and, in a manner of speaking, 
accessible from the outside thereof, by contrast with the 
discharged areas 21, 22, 23, and 24 between the charged 
areas 12-14. Accordingly, a positively charged dispersed 
developer agent in an electrically insulating or non-con 
ductive liquid medium flowing over the upper charged 
surface of layer 11 in FIG. 1 tends, first of all, to be 
preferentially attracted to the lines of force 20 depict 
ing the electric field existing between the concentration 
of negative charges in areas 12-14 and the corresponding 
concentration of positive charges therebelow in areas 15 
17. Such electric field, however, is, in a manner of 
speaking, primarily noticeable to charge particles dis 
persed in a liquid flowing over the upper surface of layer 
11 at the edge portions only of the charged areas 12 
14, and particularly of the larger charged area 13. The 
existing electric field induced by the central portions of 
large areas as 13 is directed essentially downward through 
layer 11 and is not necessarily apparent to or effective 
upon the positively charged particles dispersed in a flow 
of developing material over the top of layer 11. 
As a result, large "dark' or charged areas, such as 

13 in FIG. 1, may be developed as diagrammatically 
depicted in FIG. 3 with the developer particles being 
most strongly or intensely precipitated or deposited upon 
or attached to the charged area 13 only around the pe 
riphery thereof to produce an 'edge effect” by virtue 
of the fact that, regardless of the electrostatic charge 
in the area 13, the electric field set up between a con 
centration of negative charges on the upper surface of 
layer 11 and a corresponding concentration of positive 
charges at the upper surface of the conducting base 10 
produces an attraction or intense concentration of develop 
ment particles only at the edges or periphery of the charged 
area 13. 

It has been found, in accordance with this invention, 
that an increased uniformity and/or intensification of 
developer particle deposition on, particularly, the large 
areas of the charged image can be enhanced, if desired, 
and controlled by the interposition over the imaged sur 
face of what, for convenience, will here be called “a 
counter-electrode,' as systematically or diagrammatically 
illustrated in FIG. 2. Thus, the diagram of FIG. 2 
also depicts a base support and conductive sheet or plate 
or layer 10 over the surface of which is formed essentially 
electrically insulating photoconductive layer 11. As in the 
situation depicted in FIG. 1, photoexposure of the top sur 
face layer 11 results in negatively charged image areas 12 
14 thereon, which are illustrated as depicting a concen 
tration of negative charges in areas of varying sizes. 

If one positions a counter-electrode (which, in its 
broadest sense, can be considered as any relatively elec 
trical conducting medium, here indicated as merely a 
metal plate 25 or roll or other conducting surface posi 
tioned closely adjacent to the charged surface 1 and 
grounded to the base 10, for example, by a specific 
conductor 26 or through the body of the person conduct 
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ing the development), a concentration of positive charges 
27, 28, and 29 will be accumulated in areas of the counter 
electrode 25 corresponding to the negatively charged areas 
12-14 on the upper surface of layer 11, which concen 
tration of charges will set up an electric field, indicated 
by the lines of force 30, between the upper surface of 
layer 11 and the counter-electrode 25-and, indeed, pref 
erentially to the downwardly extending electric field de 
picted in FIG. 1, provided, however, that the highly con 
ductive counter-electrode 25 is spaced closely adjacent 
to the charged surface 11. 
By contrast to the situation illustrated in FIG. 1 

where the liquid developer is flowed over charged sur 
face 1 the electric field of which is downwardly extend 
ing to conducting base 10, with the use of a counter 
electrode 25 as is illustrated in FIG. 2, the developer 
material is flowed over charged image surface 11 but 
through the electric field, as indicated by the lines of 
flux 30, upwardly extending between surface 11 and coun 
ter-electrode 25, and the intensification of deposition or 
electrostatic attraction or effect on the positively charged 
particles in the liquid developer is intensified so that an 
area, such as 12, which would be developed without the 
counter-electrode as diagrammatically illustrated in FIG. 
3, now is developed, under the counter-electrode situation 
and conditions depicted in FIG. 2, to have a more or 
less uniform intensity of development or deposition 
throughout the entire area thereof, as indicated in FIG. 4. 
As illustrative of appropriate means or apparatus for 

accomplishing the aforementioned counter electrode effect, 
there is illustrated in the exploded diagram of FIG. 5 
apparatus in accordance with this invention as compris 
ing a top metal plate 35 and a bottom metal plate 36 
between which are sandwiched during the development 
the plate or sheet or other image carrier 37 having the 
image to be developed. Spacing members 38 are pro 
vided to space upper and lower plates 35 and 36 apart 
by some small but distinct extent-preferably no more 
than a small fraction of an inch-and the image carrier 
37 is deposited within the area defined by spacers 38 so 
as to contact bottom plate 36 but be spaced from upper 
plate 35. The liquid developer, then, is flowed across 
the upper surface of image carrier 37 and between such 
upper surface and the lower surface of upper plate 35. 
Spacers 38 are, as will be understood, preferably provided 
of a non-conducting medium, and upper and lower plates 
35, 36 are connected with a conductor 26 (which may 
satisfactorily be, as noted, merely the hand of the op 
erator). 
As a further means of increasing the intensification 

of deposition of the developer particles by the use of 
this counter-electrode apparatus, a positive electrical po 
tential may be superimposed between upper and lower 
plates 35 and 36, as indicated by the battery symbol 40 
interposed in the conductor 26 therebetween, for con 
trolling the deposition and electrostatic precipitation of 
positively charged developer agent particles or droplets 
from the liquid developer material flowing over image 
carrier 37 and beneath upper plate 35 and through the 
electric field therebetween. 

. Since, as noted, the foregoing counter-electrode effect 
is obtained, according to this invention, by the adjacent 
positioning of any conductive material grounded to the 
image carrier base 10 and closely spaced above the 
charged image surface 11, a variety of arrangements, 
other than the metal plates 35 and 36 give satisfactory 
results. For example, a metal brush to which the de 
veloper particles may be preliminarily electrostatically at 
tracted may be satisfactorily utilized in this connection 
with the plate or sheet or image carrier surface being 
developed immersed in either a non-polar organic liquid 
vehicle or a liquid composition of Such non-polar vehicle 
with the developer agent suspended therein. Some dif 
ficulty may be experienced in finding a metal brush of the 
required or desired optimum fineness, but satisfactory 
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results are achieved using as such metal brush a brush 
formed, as noted in FIG. 7, by dipping a bar magnet 
45 into iron filings so that the filings, being magnetically 
attracted to the bar magnet, form what might be called 
the "bristles' 46 of a brush, the bar magnet forming the 
handle, which can be used as a counter-electrode by 
simply brushing the surface of charged layer 11 to have 
the desired intensifying effect on the uniform deposition 
of developer particles on the surface, whether such par 
ticles originate as being electrostatically attracted to the 
bristles of the brush or whether they are merely dispersed 
in a liquid developing composition in which the plate 
10 is immersed and in which the "brushing' occurs. Also, 
as noted in the co-pending application of Donald L. 
Fauser and Edwin R. Kolb, Serial No. 762, 699, executed 
and filed of even dates herewith, now U.S. Patent No. 
3,155,531, certain other advantages may be achieved by 
utilizing such a magnetic brush as a counter-electrode 
in liquid developer systems of the character to which this 
invention relates and, particularly, when the developer 
agent includes a magnetic material. 
With particular regard to forming visible reproduc 

tions of drawings or pictures or written matter as in the 
graphic arts, electrophotography has many advantages 
stemming from, for example, the continuous tone or 
photographic clarity and definition obtainable, etc. The 
liquid developer systems embodying and for practicing 
this invention also lend themselves particularly to the 
multiple reproduction of electrophotographic copies 
by enabling electrophotographic advantages of multiple 
copy reproduction at virtually printing press speeds. 
Reference to FIG. 8 indicates a diagrammatic showing 
of apparatus for the continuous multiple reproduction of 
image material by electrophotography to a continuous 
Web of electrophotosensitive paper or the like particularly 
for graphic art reproduction in the manner of a print 
1ng press. 

According to FIG. 8 a roll of paper or the like is in 
dicated at 50 as representing a continuous web of paper 
or other suitable base material provided with a suitable 
electrophotosensitive surface layer. From roll 50, the 
Web 5E is withdrawn for feeding through the machine, 
as, for example, by passing over a tension brake roll 52. 
A registration punch or similar device for controlling or 
metering the feed of web 51 in increments commensurate 
with the lineal dimension of whatever image is desired 
to be repeatedly reproduced on the electrophotosensitive 
Surface of web 51 is indicated at 53 for cooperation with 
a web length measuring roll 54 for controlling the feed 
ing of Web 51, either incrementally or continuously, 
through the apparatus. A registration mark reader and 
impression counter is indicated at 55 as a further com 
ponent of the web feed control elements of the apparatus. 

In the apparatus illustrated in FIG. 8, the electro 
photosensitive surface is on the inside surface of web 51 
(i.e., the lower surface of the horizontal portions of web 
51) and this electrophotosensitive surface is given a 
uniform electrostatic charge by a corona charging unit 
indicated at 60 through which the web passes. After 
leaving corona charging unit 60, the electrophotosensi 
tive Web with a uniform electrostatic charge thereon 
passes into the exposure area of the machine indicated 
at 61 where a light image 62 is projected on to the web 
as by a projector 63 having lens elements 64, and con 
densers 65 for a source of light 66 for projecting light 
image 62 from, for example, a photographic transparency 
indicated at 67. The projection of light image 62 on 
to the charged surface of web 51, of course, alters the 
uniform electrostatic charge thereon which was pro 
duced by corona charging unit 60, and produces on web 
51 a latent electrostatic charge or pattern. 

Immediately after exposure to this light image, web 
51 passes over guide roll 69 and around driving capstan 
70 which immerses the charge image on web 5 in a 
liquid developer composition 75 contained in developer 
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tank 76 where development of the electrostatic charge 
image on web 51 occurs in accordance with this inven 
tion. Still driven by driving capstan 70, the web 51 con 
tinues, over guide rolls 77 and 78, to contact a heated 
drying drum 80 around which web 51 travels for the 
drying removal of the liquid developer vehicle and other 
solvent evaporation or heat fusion for fixing the developer 
agent firmly on to the surface of the web, after which 
web 51 leaves the drying step over guide roll 81 and 
passes on to a sheeter or other subsequent operations. 
As noted in FIG. 8, a counter-electrode 85 is preferably 
provided in the developing tank 76, and is illustrated as 
a magnetic brush in the form of the rotating magnetic 
roller carrying about the periphery thereof "bristles' of 
iron filings magnetically attracted to the roller for the 
desired contact relationship with the image surface of 
web 51 as it passes beneath driving capstan 70 in the 
liquid developing composition 75 in developer tank 76. 
Also, a hood 90 is preferably provided around drying 
drum 80 with a suction vent 91 to aid in the evaporation 
and removal of the developer vehicle and my other sol 
Vents as web 51 passes around drying drum 80. 

Referring now to FIG. 9, another embodiment of ap 
paratus according to this invention is diagrammatically 
illustrated for providing similar continuous multiple re 
production of image material on a continuous web, but 
having the light exposure of the electrophotosensitive web 
made by contact with a transparency, instead of by pro 
jection of an image on to the web as with FIG. 8. In 
this embodiment, a roll 50 of electrophotosensitive web 
51 is provided from which the web 51 is withdrawn over 
tension brake 52 and through registration punch. 53, to 
be fed over measuring roll 54 and through reader and 
counter 55 to corona charging unit 60 where the electro 
photosensitive surface of the web 5 is given a uniform 
electrostatic charge. From charging unit 60, web 51 is 
led over guide roll 95 around exposure cylinder 100. 
This exposure cylinder is fabricated of transparent ma 
terial and carries around the periphery thereof a photo 
graphic transparency or other source of light image 103 
in much the same manner as the impression cylinder of 
a lithographic press carries around the periphery thereof 
the lithographic plate from which successive impressions 
are to be made. Substantially at the axis cylinder 100 
is a flash lamp or other source of light 101 so that, with 
web 51 (the electrophotosensitive surface thereof being 
against cylinder 100) is carried around cylinder 100, 
light source 101 (either by flash exposure or otherwise) 
lights up to produce a light image on the surface of web 
51 through the transparency 103 around cylinder 100. 

After exposure on exposing cylinder 00, web 51, pass 
ing over guide roll 102, is led to developing tank 76 con 
taining a liquid developing composition 75 and, after 
having passed over guide roll 69, is immersed in develop 
ing tank 76 by driving capstan 70, as described with re 
gard to FIG. 8, and emerges therefrom over guide rolls 
77 and 78 to contact a heated drying drum 80, preferably 
positioned in a hood 90 with suction vent 91, where dry 
ing removal of the developer vehicle and other solvent 
evaporation or heat fusion incident to the fixing of the 
developed image is accomplished. Also, a counter 
electrode is provided in the apparatus of FIG. 9 as indi 
cated at 105, and is in the form of a stationary magnetic 
brush, rather than the rotating roller 85 of the apparatus 
of FIG. 8. 
As will be understood, with regard to both FIGS. 8 

and 9, at least that portion of the web travel from corona 
charging unit 60 to the emergence of the developed web 
from developing tank 76 is housed or enclosed in a man 
ner such that the sensitized web with the uniform charge 
or the charge image thereon is not exposed to light until 
development of the image, or, at least, exposed to no 
more than photographic darkroom 'safe light' intensity 
or wave length of light. 
As will be seen, with apparatus Such as illustrated in 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

14 
FIGS. 8 and 9, continuous multi-reproductions can be 
made electrophotographically to utilize the photographic 
fineness and clarity and definition of an electrophotograph 
ic process and yet at speeds or quantities virtually approxi 
mating regular printing press speeds and, because of the 
liquid developer contributions according to this invention, 
without the necessity of individual handling of each re 
production during development as well as avoiding the 
mechanical difficulties in a continuous operation of hav 
ing the developer particles carried on a mechanical car 
rier and/or aerodynamically applied to the charge image 
during development. 
As further illustrative of the operation and enhanced 

results achievable by liquid developer systems embody 
ing and for practicing this invention, the following spe 
cific examples are noted among those with which satis 
factory results in the development of electrophotographic 
images according to this invention are obtained: 

Example I 
A dispersion of black iron oxide pigment in Varnolene 

(a petroleum derivative indicated as number 3039 and 
supplied by the Sohio Oil Company) was achieved by 
intimately admixing iron filings with a quantity of iron 
oxide pigment or powder (to break up agglomerations 
in the latter), and then pouring the filing-oxide mixture 
into Varnolene, as a result of which charged iron oxide 
particles floated off into a dispersion in which the de 
velopment was conducted. Fixing was accomplished by 
overcoating the developed image, after evaporation of 
the Varnolene vehicle by forced air drying, with a water 
solution of polyacrylic acid which was then dried to a 
firm transparent film. 

Example II 
A developer material consisting of colloidally dispersed 

graphite pigment was prepared by dispersing the graphite 
in a non-conducting petroleum vehicle comprising one 
part by volume Oildag (a petroleum oil supplied by 
Acheson Colloids Company) to 500 parts kerosene. For 
fixing the developed image, approximately 5% by weight 
of paraffin was incorporated in the liquid developer for 
fixing as by fusing of the paraffin binder on the image 
surface to bind or hold the graphite development pigment 
particles more or less permanently into position as de 
posited under the influence of the electrostatic field 
conditions. 

Example III 
Finely ground Epon resin (as commercially available 

from the Shell Oil Company) was dispersed in Varnolene, 
in which Epon resin is not soluble, and an electrostatic 
image was developed on an electrophotographic Surface 
comprising zinc oxide as a photoconductor dispersed in a 
polyacrylic acid binder matrix. The developed image 
was fixed by heat fusion to the deposited resin on the 
plate surface during heat drying and evaporation of the 
developer vehicle. In this example, since it was desired 
to emphasize the visible characteristics of the developed 
image, the intensity and contrast of the image were in 
creased by the lithographic application of an ink. That 
is, since the surface itself, in non-image areas thereof, 
has the inherent characteristic of being hydrophilic and 
since the Epon resin developed image has oleophilic sur 
face characteristics, the required visible intensity was 
achieved by dampening the entire surface with water and 
then rubbing a standard greasy lithographic ink there 
over with a cotton Swab, as a result of which treatment, 
the ink was repelled by the non-image or undeveloped 
areas and was received by the image areas on which was 
the oleophilic fused Epon resin film. 

Example IV 
For an organosol-type liquid developer agent, one part 

by weight Saran resin was dissolved in 100 parts mesity 
oxide. The organosol was attained by dispersing with 
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Stirring one part by weight of the foregoing solution into 
20 parts Varnolene, and the electrostatic charge image 
was developed. After drying the developed plate, the 
resin image was heat fused for fixing, and the visible 
image contrast was increased by applying lithographic 
ink on the fused image as with the previous example. 

Example V 
For increased visible contrast and intensity, a dye 

Such as Iosol Black (commercially available from the 
National Aniline Division of Allied Chemical and Dye 
Corp.) was added to the Saran resin solution of Example 
IV before dispersing the solution in Varnolene. The 
dye was added in a quantity to give the desired blue to 
blue-black color, then the dyed solution was dispersed 
in Varnolene and the image developed as with Example 
IV with fixing being accomplished by fusing the resin 
image with heat. 

Example VI 

As illustrative of fixing the developer material to the 
plate by softening of the image film surface, a liquid 
developer was made by dispersing one part by volume of 
a standard commercial Gravure Red ink (identified as 
IPI-FG-12277) in 500 parts Varnolene. An electro 
static charge image was developed on a plate with this 
developer and the image surface air dried. The ink pig 
ment image was fixed onto the image surface by dipping 
the developed plate in toluene, a solvent for the binder 
component of the image surface (in this case an acrylic 
acid ester polymer known as Acryloid B-7 sold by Rohm 
& Haas) so that the image surface resin was softened 
Sufficiently to bind or adhere and permanently fix the ink 
pigment. 

Example VII 

Using the same liquid developer as in the previous ex 
ample, an electrostatic charge image was developed on 
a plate having as the binder component in the electro 
photographic surface a methyl acrylic acid vinyl acetate 
copolymer (commercially available Elvalan resin) in 
stead of the acrylic acid ester of the previous example. 
After the image was developed and air dried for removal 
of the Varnolene, the developer material was observed to 
be fixed onto the image surface. Since Varnolene is not 
a solvent for the image surface resin, fixing in this case 
was obtained by the action of the ink solvent and/or resin 
on the image surface film. 

Example VIII 
The charge image on a plate similar to that in the 

previous example (i.e., with an Elvalan resin binder in 
the electrophotosensitive surface) was developed using 
the organosol dispersion of Saran resin dissolved in 
mesityl oxide as in Example IV. When the developed 
plate was dried of the Varnolene vehicle, the image was 
observed to be fixed on the plate through the action of 
the mesityl oxide resin solvent with the Elvalan resin in 
the image surface binder. 

With regard to the foregoing specifically illustrative 
examples, it should be noted that the electrophotosensitive 
surfaces referred to were utilized on both metal and 
paper bases or image carriers and comprise, as photo 
conductive material, finely divided zinc oxide dispersed 
in a variety of resin binding materials, all insoluble in non 
polar organic solvents-e.g., polyacrylic acid, methyl 
acrylic acid vinyl acetate copolymer (Elvalan), acrylic 
acid esters (Acryloid B-7), etc. Charging of the electro 
photosensitive coatings or surfaces prior to exposure to a 
light image was accomplished by a corona charging unit 
with a negative electrostatic charge being impressed on 
the image surface during sensitization thereof. Exposure 
to the light image was accomplished both by contact and 
projection types of exposure through photographic trans 
parencies. The liquid development of the latent electro 
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6 
static image was accomplished by immersing the exposed 
plate or image carrier in the developer liquid as well as 
by pouring the developer liquid over the exposed plate. 
In either case, excess developer liquid, including excess 
dispersed developer material which might be merely gravi 
tationally or mechanically deposited without attraction on 
the surface, was rinsed off the developed surface with 
clean non-polar solvent. Forced or normal air drying 
of the developed image was used for evaporating the 
residual non-polar vehicle, with or without heat for fusing 
the developer material in the fixing step as noted. In 
those examples where fixing was obtained by the after 
application of a transparent overcoating to bind the de 
posited developer material pigment to the dried plate, 
either water soluble film formers (e.g., polyacrylic acid) 
or organic soluble film formers (e.g., paraffin or Epon 
in an appropriate solvent which has no disruptive or dis 
tortive solvent reaction with the binder component of the 
image surface) were satisfactorily used. Satisfactory re 
Sults are also obtained by utilizing in the organosol-type 
of developer referred to in Example IV and related exam 
ples instead of the solution of Saran resin in mesityl oxide 
as the dispersed phase, such other resin solutions as a 
commercial resin made by Eastman Kodak and designated 
as Kodak Photo Resist dissolved in a solvent therefor 
(KPR thinner), Epon resin in isopropenyl acetate, poly 
isopropenyl acetate in isopropenyl acetate, and Epon resin 
in mesityl oxide, etc., as noted. 

It will, accordingly, be seen that liquid developers of 
various types are provided according to this invention for 
the development of a variety of different electrostatic 
charge images on a variety of different electrophotosensi 
tive surface films or layers applied to a variety of different 
bases or plates or image carrier materials, and that, as the 
film characteristics of the electrophotosensitive surface 
may vary and as the ultimate end results of the developed 
image may vary, still the liquid development systems are 
provided, according to this invention, for the accomplish 
ment and developing and fixing of a wide variety of elec 
trostatic charge images applied to a wide variety of elec 
trophotosensitive surfaces for a wide variety of ultimate 
end results. Similarly, systems and methods and appa 
ratus are also provided for controlling or intensifying, by 
a counter-electrode technique, of the actual development 
results experienced, including, of course, the added con 
trol that, by using a counter-electrode at the proper polar 
ity and electric potential, one may not only provide the 
enhanced intensity and control of deposition of developer 
particles or droplets, but may also actually obtain or pro 
duce a positive or reversal print for a given developer of 
a given polarity with respect to a given charge image of 
a given polarity, merely by controlling the electric field 
force and polarity of the counter-electrode to conform to 
or be correlated with the force and polarity of the elec 
trostatic charge image and, by selection according to this 
invention, the polarity and attractive capacity of the 
charged developer particles. 
As will be noted from the foregoing, the liquid develop 

ment Systems according to this invention contemplate both 
direct and reversal development of electrostatic images. 
Thus, if the electrostatic charge image to be developed is 
negatively charged and the developer material is positively 
charged, as indicated with the discussion of, for example, 
FIGS. 1 and 2, a direct development occurs with the de 
veloper material being attracted to the charged areas of 
the image. If, however, the charge image is negative and 
a negatively charged developer is used, deposition of the 
developer material, due to the repulsion thereof by the 
charge image, occurs on uncharged areas of the image 
surface to produce, in essence, a reversal development of 
the image. As also will be understood from the fore 
going, such a situation is substantially facilitated by the 
utilization of a counter-electrode adequately charged to 
the correct polarity to provide in the developer flow area 
above the charged image surface an electrostatic field for 
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controlling and intensifying precipitation or deposition of 
developer particles or droplets. Also, the selection of 
polarity of developer particles, image charge, counter 
electrode, etc., as contemplated by this invention, is within 
the control of the operator. For example, a selenium 
image surface can satisfactorily be charged with either a 
positive or a negative charge prior to exposure, as can an 
electrophotosensitive surface comprising zinc sulfide as a 
photoconductor in an acrylic resin binder, whereas electro 
photosensitive films utilizing zinc oxide as a photocon 
ductor in a resin binder primarily take on a negative 
charge. 

Considering the impressing of a potential between 
counter-electrode plates 35 and 36 (FIG. 6), it should be 
noted that a battery connection providing a polarity on 
upper plate 35 opposite to that of the charge image pro 
duces an intensification of deposition of developer parti 
cles, perhaps even including some unwanted deposition 
in non-image or background areas, and is particularly 
effective for the reproduction of images having large solid 
charge areas and/or continuous tone images, and the like. 
In the development of screened half tones, and other types 
of material where maximum contrast is desired and the 
image is made up of relatively small solid areas, arrang 
ing the polarity of bottom plate 36 to be opposite to that 
of the charge image minimizes inadvertent deposition of 
developer particles in background areas without inter 
fering with the desired deposition on image areas. 

While the methods, compositions and forms of appa 
ratus herein described constitute preferred embodiments 
of the invention, it is to be understood that the invention 
is not limited to these precise methods, compositions and 
forms of apparatus, and that changes may be made there 
in without departing from the scope of the invention which 
is defined in the appended claims. 
What is claimed is: 
1. An electrophotographic developer composition com 

prising an emulsion of two substantially immiscible liquid 
phases at least the continuous phase thereof comprising a 
liquid of high electrical resistivity, the dispersed phase 
comprising a resin. dissolved in a solvent and carrying an 
electrostatic charge, and said solvent being immiscible 
with said continuous phase. 

2. A developer as set forth in claim wherein said 
continuous phase has a resistivity of at least about 1013 
ohm-centimeters. 

3. A developer as set forth in claim 2 wherein said dis 
persed phase includes a toning element. 

4. A developer as set forth in claim 3 wherein said 
toning element is a pigment. 

5. A developer as set forth in claim 3 wherein 
toning element is a dye. 

6. A developer as set forth in claim 3 wherein 
toning element is dissolved coloring material. 

7. A developer as set forth in claim 3 wherein 
toning element is insoluble in the continuous phase. 

8. A developer as set forth in claim 3 wherein said 
toning element is insoluble in said resin. 

9. A developer as set forth in claim 3 wherein 
toning element is insoluble in said solvent. 

10. A liquid developing composition for developing 
electrostatic charge images on an electrophotographic sur 
face, which comprises a carrier phase and a dispersed 
phase, said carrier phase comprising an electrically insulat 
ing liquid vehicle, said dispersed phase comprising a finely 
divided developer agent dispersed in said vehicle as an 
emulsified phase, said developer agent including a resin 
present in an amount sufficient to form said emulsified 
phase, said dispersed resin being substantially insoluble 
in Said vehicle, and said agent being capable of attraction 
to and depositing on said surface in accordance with said 
electrostatic charge image thereon. 

11. A liquid developing composition for developing 
electrostatic charge images on an electrophotographic sur 
face, which comprises a carrier phase and a dispersed 
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phase, said carrier phase comprising an electrically in 
sulating vehicle, said dispersed phase comprising a finely 
divided developer agent pigment and liquid resin dis 
persed in said vehicle as an emulsified phase, said resin 
being present in an amount sufficient to form said emulsi 
fied phase, said pigment and resin being substantially in 
soluble in said vehicle, and being capable of attraction to 
and depositing together on said surface in accordance 
with said electrostatic charge image thereon, and said resin 
being fusible at a temperature less than a temperature 
which causes distortion and disruption of said electro 
photographic surface. 

12. A two phase liquid developing composition for de 
veloping electrostatic charge images on an electrophoto 
graphic surface including a binder, which comprises an 
electrically insulating liquid vehicle, constituting a car 
rier phase, a finely divided developer agent dispersed in 
said vehicle and constituting a dispersed phase, said agent 
including a liquid resin substantially insoluble in said ve 
hicle but being at least softenably soluble in a solvent other 
than said vehicle and in which the binder of said electro 
photographic Surface is insoluble and present in an amount 
sufficient to form an emulsified dispersed phase, and said 
agent as dispersed in said vehicle being capable of attrac 
tion to and depositing on said surface in accordance with 
said electrostatic charge image thereon. 

13. A liquid developing composition for developing 
electrostatic charge images on an electrophotographic sur 
face, which comprises an electrically insulating liquid ve 
hicle carrier phase and a dispersed phase comprising a 
solution of a resin developing and fixing agent substan 
tially insoluble in said vehicle and dissolved in a solvent 
different from said vehicle, said resin solution being dis 
persed in finely divided droplets in said vehicle, and said 
droplets of said resin solution as dispersed in said vehicle 
carrying a charge for attraction to and depositing on said 
surface in accordance with said electrostatic charge image 
thereon. 

14. A liquid developing composition for developing 
electrostatic charge images on an electrophotographic sur 
face, which comprises an electrically insulating non-polar 
organic liquid vehicle, a solution of a polar resin developer 
agent insoluble in said non-polar vehicle and dissolved in 
a polar solvent miscible in said non-polar vehicle, said 
resin solution being dispersed in said non-polar vehicle in 
finely divided droplets, and said droplets as dispersed in 
said vehicle being capable of attraction to and depositing 
on said Surface in accordance with said electrostatic charge 
thereon. 

15. A liquid developing composition for developing 
electrostatic charge images on an electrophotographic sur. 
face, which comprises an electrically insulating organic 
liquid vehicle, a solution of resin developer fixing agent 
insoluble in said vehicle and dissolved in a solvent different 
from said vehicle, and a finely divided developer pigment 
insoluble in both said vehicle and said resin solution sol 
vent and being dispersed in finely divided form in said 
resin solution, said resin solution with said pigment dis 
persed therein being dispersed in finely divided droplets 
in Said vehicle, and said droplets of resin solution with said 
pigment dispersed therein being capable of attraction to 
and depositing on said surface in accordance with said 
electrostatic charge image thereon. 
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