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2,956,874
PHOTOCONDUCTIVE PHOTOGRAPHY

Edward ‘Charles Giaime, Jv., Princeton, N.J., assignor to
Radio Corporation of Americd, a corporation of Dela-
ware

Filed May 1, 1956, Ser. No. 581,949
7 Claims, (CL 96—1)

This invention relates to- photoconductive photography
and particularly, but not necessarily exclusively, to im-
proved photcconducting miettiods and méans for produc-
ing visible powder images in substantial configuration
with a latent conductivity pattern in a photoconducting
layer.

In one type of photoconductive photography process,
a photoconducting layer is- first electrostatically charged
by bombardment by charged particles as by the discharge
from- a' corona discharge dapparatus. Then; the charged
surface of the photocenducting layer is exposed to a light
image incident thereon, discharging the portions irradi-
ated by the light rays; while leaving the remainder of the
surface in a charged condition, thereby forming a latent
electrostatic image substantially corresponding to the light
image. The latent electrostatic image is- developed to
a visible powder image by applying thereto a developer
powder which is held electrostatically to selected areas
of the surface. The visible powder image- thus- formed
may be fixed directly to the photoconducting surface or
it may be transferred to another surface upon which:the

visible powder image may- be desired and then fixed there-

on. )
In another type of photoconductive photography proc-
ess, a'light image is projected incident upon an uncharged

photoconducting insulating layer producing therein-a la-

tent. conductivity. pattern. During the decay: of the con-
duetivity pattern, the photoconducting. layer is electro-
statically-charged by bombardment by charged particles
as. by the discharge.from.a corona discharge apparatus.
Electrostatic charges build up in the less condueting’areas
of the. photoconducting layer. thereby- producing a latent
electrostatic. image in substantial configuration vyith2 the
conduectivity, pattern. The latent electrostatic image is
then .developed to a visible powder image by any. of the
well-known-methods, as'by centacting the photoconduct-
ing insulating layer-with an electroscopic'powder.
Each of these processes: requires a separate step: of
electrostatically charging-the photoconducting.-layer- by
bombardment with charged particles ejther béfore or after
the step of exposure to an incident light image. Other pro-

posed processes have similarly included separate charging

steps-by other means. In addition, each -of the foregoing
processes requires the. formation’ of a latent eléctrostatic
image which must be stored for a finite period 'of time un-
til the development-of.the image is-effected.

ods and means of photoconductive photography. :
Another.object is to provide improved photoconducting

methods and means for producing a powder image in sub-

stantial configuration with -a latent conductivity pattern,

which improved methods omit the :step of eléctrostatical-*

ly charging the-photoconducting layer. .

Another object.is to provide improved methods and
means for direct conversion 'of -a latent conductivity pat-
tern into a visible-powder image.

In general, the processes of ‘thé.invention inchide es--

tablishifig a latent corductivity pattern in'a photocondict-
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ing layer. Such pattern may be established by storing
the photoconducting layer in darkness and then project-
ing a light image incident upon the photoconducting layer.
Then, during the decay of the conductivity pattern, estab-
lishing a unidirectional electric field through the photo-
conducting layer and, with e electric field applied, con-
tacting across the surface of the photoconducting layer
a dry physical mixture of electrostatically-attractable de-
veloper particles and magnetic carrier particles separated
from the developer particles in the triboelectric series.
Developer particles deposit upon the photoconducting
layer in substantial configuration with the conductivity
pattern. The electric field is preferably high at the be-
ginning and low at the end of the step of applying the de-
veloper particles. If desired, the contrast of the de-
veloped image may be varied; the developed image may
be reversed; and the spurious deposit of developer powder
particles in the background of the developed image may
be controlled by varying the strength and direction of
the electric field. , ]

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 in- which: - P
_Figure 1 is' a partially-sectional, partially-schematic
view of an apparatus for producing a latent conductivity
pattern in a:photoconducting layer, - N

Figure 2 is a partially-sectional, partially-schematic
view of an apparatus for producing a powder image from.
the latent conductivity pattern of Figure 1 according to
the invention, : - )

Figure 3 is a curve illustrating the conductivity of an
incremental area of a photoconducting layer of Figures 1
and 2-during the steps of the invention, ; ,

Figure 4 is a partially sectional, partially schematic
view of an apparatus for producing visible powder im-
ages from projected light images through the: intermediate
step of producing latent conductivity patterns according
to the invention; and R

Figure 5 is a sectional view along section’lines 5-—35
of Figure 4. . o

Similai referénce characters are applied to similar ele-
meiits throughout' the drawings. » .

Example—Referring to Figure 1, a photoconducting
layer 23, such as photoconducting zinc oxide dispersed in
a silicone resin, and supported upon a backing 21, such as
aluminti, is maintained in darkness for several hours.
An image of light within the range of spectral sensitivity
of the photoconducting layer 23 incident upon the photo-
conducting’layer 23 causing an increase in. the electrical
conductivity of the illuminated areas. thereof. ~ This
change in conductivity over portions of the photoconduct-
ing layer is refeired to as a conductivity pattern. The
conductivity pattern is latent and is substantially in the
sam¢ configuration as the incident light image. As shown
in Figire 1, a photographic transparency (positive) 24

is placed upon the photoconducting layer 23 and exposed

to light from a 40 watt tungsten source spaced about 20
iticheés from the photo conducting layer 23 for about one
second. = )
Referring to Figure 2, the latent conductivity pattern
is developed to a visible powder image by immediately
contacting a devéloper brush across the sucface of the
photoconducting layer 23 with the backing 21 grounded.
"The developer brush comprises a- magnetic pole piece 27,
a mass of developer mix 29 including a physical mixture
of magnetically-responsive carrier particles and developer
powder particles held together and to the pole piece 27
by magnetic attraction; and connection means for a source

;of biasing voltage attached to the pole piece 27;

The' magnetic pole piece 27 comprises “an iron- bar
with a permanently magnetized pole at one end thereof.
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The magnetic pole produces an external magnetic field
which attracts and holds the mass of developer mix 29.
The attracted mass of developer mix is loosely held
and easily deformable to the contours of a surface with
which it may be in contact. At the other end of the
iron bar, a threaded hole and screw provides a connection
means 37 for a source of biasing voltage to the developer
brush.

A battery 31 or other source of biasing voltage is
connected to the magnet 27 through the connection means
37, a double-pole, double-throw reversing switch 33 and a
potentiometer 35. Thus, the applied biasing voltage may
be changed in polarity and varied in magnitude.

The switch 33 and the potentiometer 35 are adjusted
such that about --700 volts with respect to ground is
applied to the magnet 27, and the developer mix 29 of
the brush is contacted across the surface of the layer 23.
During the period of contact, a unidirectional electric field
appears between the mass of developer mix 2% and the
backing 21 due to the biasing voltage applied between
the brush and the backing 21. Developer powder par-
ticles 67 from the mass of developer mix 29 deposit on the
less conducting areas of the photoconducting layer 23
producing a direct visible powder image thereon.

The visible powder image produced by the above-
described procedure has a very high contrast character-
istic and a minimum amount of spurious deposit in the
background areas. This set of characteristics is consid-
ered ideal for line drawings and line prints. By reduc-
ing the biasing voltage and therefore the unidirectional
field, the contrast between the dark and light areas of
the image is reduced, making it possible to obtain any
desired contrast characteristic over a very wide range of
contrast values. A preferred range of positive voltage is
about 4500 to 4-1500 volts. Often, a moderate amount
of developer powder deposits spuriously in the back-
ground areas of the visible powder image. Such spurious
deposit may be reduced to a minimum value by adjusting
the bias on the magnetic brush.

If the switch 33 is reversed and an increasing voltage
applied to the magnet 27, a value is reached where there
is developed a reverse visible powder image; that is, the
powder deposits in the more conducting areas of the
photoconducting layer. The contrast of the reverse
visible powder image increases and the amount of spuri-
ous deposit in the background areas of the reverse image
decreases as the negative voltage is increased in magni-
tude. A preferred range of negative voltage is about
—500 to —1500 volts.

According to the invention, a direct or reverse visible
powder image may be obtained from the same latent
conductivity pattern. A direct visible powder image is
a developed image wherein the developed areas corre-
spond to the non-illuminated areas of the original light
i.mage. A reverse visible powder image is a developed
image wherein the developed areas correspond to the
lighted areas of the original light image. By adjustment
of the biasing voltage, any desired contrast character-
istic over a wide range may be obtained for either the
direct or the reverse image. Thus, one may simply and
quickly adjust an electrostatic printing apparatus to pro-
duce line prints of high contrast value, continuous tone
prints of intermediate contrast value and, in each case,
the print may be direct or reverse.

Any photoconducting layer usable in electrophotog-
raphy may be used in the invention. Some of the useful
photoconducting layers are described by C. J. Young and
H. G. Greig in “Electrofax-Direct Electrophotography
Printing on Paper,” RCA Review, December 1954, vol-
ume 15, No. 4, pages 469 to 484; by E. Wainer, “Phos-
phor Type Photoconducting Coatings for Continuous
Tone Electrostatic Electrophotography,” Photographic
Engineering, volume 3, No. 1, 1952, pages 12 to 22; and
by A. Middleton in U.S. Patent No. 2,663,636, issued
December 23, 1953.
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Some suitable photoconducting coatings are photocon-
ducting zinc oxide (AZO 33 marketed by the New Jersey
Zinc Co., Palmerton, Pa.) dispersed in a silicone resin,
photoconducting zinc selenide (Mallinkredt No. 8856
marketed by the Mallinkrodt Chemical Works, New
York, N.Y.) dispersed in a silicone resin, photoconduct-
ing zinc sulfide (Cryptone ZS 800 marketed by the New
Jersey Zinc Co., Palmerton, Pa.), and panchromatically-
sensitive zinc oxide prepared according to either U.S.
Patent No. 2,727,807 or 2,727,808 to S. M. Thomsen
dispersed in a silicone resin. In place of a silicone resin
one may substitute a polystyrene resin, a polyvinyl ace-
tate resin, a polyvinyl-chloride acetate resin, carnauba
wax or other electrically-insulating, film-forming vehicle.

A preferred composition may be prepared by intimately
mixing 100 grams of a photoconducting zinc oxide, such
as Florence Green Seal No. 8 marketed by the New
Jersey Zinc Company, Palmerton, Pa. with 65 grams of
a 60% solution of a silicone resin in xylene (such as GE
SR-82 marketed by the General Electric Co., Silicone
Products Division, Waterford, N.Y.), and 85 grams of
toluene.

After ball-milling to obtain a smooth, uniform con-
sistency, the mixture is coated on the surface of a paper
web and dried. Any standard coating techmique may
be used such as flowing, spraying dipping, spin-coating,
or brushing on.

In addition to the vehicle-bound type coatings de-
scribed, one may use coatings having no vehicle such
as sulfur, anthracene or selenium. Where selenium is
used, the magnetically responsive carrier patticles should
be non-conducting such as a ferrospinel powder or a
resin-coated iron powder.

An essential part of the developing procedure is that
it must be carried out during the decay of conductivity
of the photoconducting layer. Referring to Figure 3,
there is shown a plot of conductivity in an incremental
area of the photoconducting layer 23 of Figures 1 and 2
with respect to time. The photo-conducting layer is
stored in darkness for the period 0-1 and reaches 2
steady state of minimum conductivity as shown by A—B.
Light is turned on during the period 1-2, which is the
period of exposure to the light image, during which the
conductivity rises to a maximum value as shown by B—C.
After the light is turned off at 2, the conductivity begins
to fall to a minimum value during the period 2-3 as
shown by C—D. It is during the interval 2-3, that de-
velopment of the latent conductivity pattern must take
place. Development is preferably carried out as soon
as possible in order to take advantage of larger differ-
ences in conductivity. The photoconducting coating of
the example has a very long period of decay and devel-
opment may take place during a period of at least 16
hours after exposure to the light image. However, de-
velopment preferably takes place within a period of 30
minutes after exposure to the light image.

The developer powder particles of the deevloper mix
may be chosen from a large class of materials, for ex-
ample; zinc, copper, carbon, sulphur, gum copal, gum
sandarac, nylon, polystyrene, sealing wax and other
natural or synthetic resins of mixtures thereof. The de-
veloper powder particles may be coated with a thin layer
of a material for the purpose of modifying the physical
or electrical properties of the developer powder. It is
preferred, however, to use a pigmented thermoplastic
synthetic resin.

A preferred developer powder of the example may be
prepared as follows: a mixture comprising 200 grams of
200 mesh Piccolastic resin 4358 (an elastic thermoplastic
resin composed of polymers of styrene, substituted styrene
and its homologs) marketed by the Pennsylvania In-
dustrial Company, Clairton, Pa., and 12 grams of Carbon
Black G marketed by the Eimer and Amend Co., New
York, N.Y., are thoroughly mixed in a stainless steel

. beaker at about 200° C. The mixing and heating should

~
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be. done: int. as short. a:time . as . possible.. The. fielt is
poured- upon.. 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 - & 200. mesh . screen .and -is. then.ready for use
as-a developer. powder. This. powder takes on a: positive
electrostatic charge: when. mixed with: iron. powder. It
therefore will develop. the more.- insulating areas. of a
latent conductivity. pattern.with a positive biasing. voltage
applied.to-the magnetic. brush.

The magnetic - carrier particles: of the. developer mix
may be chesen.from. a large class of.powdéred. mag-
netically-attractable. materials. such - as.iron; steel, alloys
of aluminum, mickel. and. cobalt and other. magnetic
materials,

A preferred. carrier material -for. the. developer mix of
the. example consists of  “alcoholized irom,” that is, iron
particles free from grease and other. impurities soluble
in alcohol: These.iron particles:are preferably relatively
small in size, being in. their largest dimension.about 0.002
to 0.008 inch. Satisfactory results are also obtained: us-
ing, 'a.carrier. consisting, of . iron. particles.of. a somewhat
wider range. of sizes up. to. about. 0.001. to. 0.020. inch.
It is preferred to utilize a permanent bar magnet for
providing the.magnetic field for. maintaining the.developer
mix in a loose.mass:. However, other structures may. be
used, such.as.electromagnets:or other magnetic.field pro-
ducing means: Similarly, the- biasing: voltage. may. be
applied to the mass of developer- mix. of. the. brush
as shown in Figure 2 or may be applied to the backing
plate 44a.withthe developer mix connected to-ground, as
subsequently-described in Figure.4.

A positive or a negative voltage may be used to bias
themagnetic brush-so long-as-there is no electrical break-
down:in the: brush-or in-the photoconducting” layer. 23
upon which- the- latent- conduetivity- pattern resides;. It
is-preferred; however, to-use a-voltage between .—1500
to- —500 and . 4500 to-+1500 volts*D.C. The optimum
range of voltages- depends- upon thé thickness -and: the
electrical properties: of the: photoconducting layer 23.

Development. occurs instantaneously. with ==1500 volis
between the brusH 29:and*the backing 213 It order to
remove spurious deposits of developer powder in the
background areas, the voltage may be reduced to about
500 volts in the same polarity after the initial deposit
of developer powder. Various rates of lowering the
voltage may be used so long as the higher voltage pre-
ceded the lower voltage.

Referring to Figures 4 and 5, the improved methods
and means of the invention may be embodied in an
improved continuous electrostatic printing process and
apparatus. A continuous web comprising a paper back-
ing 51 having on one surface thereof a photoconducting
insulating coating 53 comprising a powdered photocon-
ductor, such as zinc oxide, dispersed in an electrically-
insulating, film-forming vehicle is unwound from a roll
55.

The continuous web next passes to a station where a
light image is produced upon the surface of the photo-
conducting coating 53, for example, by projection from a
photographic transparency image by means of a projector
57. The photoconducting insulating layer 53 now has
therein a latent conductivity pattern substantially cor-
responding to the light image which was projected there-
on.

The continuous web next advances fo a station where
the latent conductivity pattern is developed by the method
of the invention by contact with a first magnetic brush.
A grounded rotary pole piece 63a of a magnetic struc-
ture is provided with spaced parallel inclined elliptical
discs 61a facing the photoconducting coating 53. A
magnetic field is maintained between a fixed magnetic
pole piece 454 spaced from the elliptical discs 61a and
on the opposite side of the web through magnetic pieces
“47a and 49a and through the gap therebetween, A rteser-
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voir- 65a Holds a quantity of developer mix if comfact
with the discs 63a. A’ shield 444 located between the
fixed pole piece 454 and the web is maintained in con-
tact- with. or closely spaced: behind the paper backing
51 and’is connected to a.voltage source 31a through a
double-pole, double-throw reversing switch 334 and a
potentiometer 35a. The switch 334 and the potentiometer
35a are adjusted to provide the desired” biasing voltage
upon the shield 44 for example; a voltage of 41500 volts.
As the rotary polé piéce 63a rotates ini a clockwise direc-
tion as viewed in Figire 4, developer mix forms on the
periphery of the discs-61a in brush-like filaments 69a
and is. carried upwardly -and swept across.the surface
of the photoconducting insulating coating 53 passing the
station. Developer powder particles 73" deposit” upon
areas previously unilluminated producing a reverse. visible
powder - image on' the  photoconducting coating' 53 in
substantial configuration with the latent conductivity
pattern. Acctording to' the invention, direct or reverse
visible. powder images may be produced’ and the back-
ground color valile and the contrast value-of the visible
image may be varied by adjusting the biasing voltage to
the shield 44 as previously described in Figure 2.

The continuous web now passes ‘to a'station where-the
photoconducting coating 53- is contacted with a second
magnetic brush. The second magnetic' brush- has the
same structure and operates in the same manner as the
first: magnetic brush: except that the biasing voltage on
the shield ‘445 is- maintained at about 4500 volts, The
function of the-second magnetic brush is to clear away
any spurious deposit of 'developer powder without: dis-
turbing the powder image 67.

The' continuous-web bearing. the: visible powder: image
73 thereon now-passes 16 a station where the visible image
is-fixed to'the photoconductive coating 53: For this. pur-
pose a- radiant heater comprising: a . resistance wire 79
connected 1o a-voltage source 75 through:a potentiometer
77.  The resistance wire: 79 is maintained in closely
spaced relationship with: the visiblezpowder-image. Heat
radiated. from : the- wire: 79+ softens . the: thermoplastic
resin'.of the developer: powder causing it:to. adhere: to

-the. photocondicting: coating. 53:  The . visible: powder

image may be fixed to the photoconducting layer 53 by
other means for example, by spraying with an adhesive
or by coating with a softener for either the photocon-
ductor 53 or the developer powder particles. The visible
powder image may also be transferred to another surface
and fixed thereon by any convenient means. The con-
tinuous web bearing the fixed visible image is now wound
upon the roll 56. The continuous web of course, may
be cut into convenient lengths and stacked in piles or
utilized directly.

There have been described improved methods and
means of photoconductive photography including im-
proved methods and means for developing latent con-
ductivity patterns. There have also been described meth-
ods and means for producing direct or reverse visible
images and for controlling the contrast value of the visi-
ble powder image developed according to an improved
photoconductive photography process.

What is claimed is:

1. An electrostatic printing process comprising the steps
of producing a conductivity pattern in a photoconducting
insulating layer consisting of a finely-divided photocon-
ductor dispersed in an electrically-insulating vehicle by
exposing said layer to a light image before any electrical
field is established through said layer, then magnetically
transporting across said conductivity pattern a dry phy-
sical mixture of loose, movable particles of electrostati-
cally-attractable powder and separate electrically con-
ductive magnetically-attractable carrier particles by sub-
jecting said magnetically attractable particles to a mag-
netic field brought across said conductivity pattern, said
carrier particles and powder particles having a tribo-
electric relationship of opposite polarity, the powder par-
ticles thereby being electrostatically-charged through tri-
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boelectric action by contact with the carrier particles to
adhere electrostatically to the surface of the carrier par-
ticles, and during said transporting step applying a bias-
ing voltage to said electrically conducting particles with
respect to the opposite surface of said layer to establish
through said layer a unidirectional electric field and to
cause powder particles to become attracted to said insu-
lating layer and to adhere thereon in substantial config-
uration with said conductivity pattern.

2. An electrostatic printing process comprising the steps
of producing a conductivity pattern in a photoconducting
insulating layer consisting of a finely-divided photocon-
ductor dispersed in an electrically-insulating vehicle by
exposing said layer to a light image before any electrical
field is established through said layer then magnetically
transporting across said conductivity pattern a dry mix-
ture of loose, movable particles of electrostatically-attract-
able powder and separate electrically conductive mag-
netically-attractable carrier particles by subjecting said
magnetically-attractable particles to a magnetic field
brought across said conductivity pattern, said carrier par-
ticles and powder particles having a triboelectric relation-
ship of opposite polarity, the powder particles thereby
being electrostatically-charged through triboelectric ac-
tion by contact with the carrier particles to adhere elec-
trostatically to the surface of the carrier particles, spacing
an electrode from said mixture and on the side of said
insulating layer opposite to said mixture, and applying a
biasing voltage between said- electrode and said magneti-
cally attractable particles during said transporting step
to establish a unidirectional electric field through said
insulating layer and to-cause powder particles to become
attracted to said insulating surface and to adhere thereon
in substantial configuration with said conductivity pattern.

3. An electrostatic printing process comprising the steps
of producing a conductivity pattern in a photoconducting
insulating layer consisting of a finely-divided photocon-
ductor dispersed in an electrically-insulating vehicle by
exposing said layer to a light image before any electrical
field is established through said layer, then magnetically
transporting across said conductivity pattern a dry mizx-
ture of loose, movable particles of electrostatically-attract-
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able powder and separate electrically-conductive mag-
netically-attractable carrier particles by subjecting said
magnetically-attractable particles to a magnetic field
brought across said conductivity pattern, said carrier par-
ticles and powder particles having a triboelectric rela-
tionship of opposite polarity, the powder particles thereby
being electrostatically-charged through triboelectric ac-
tion by contact with the carrier particles to adhere elec-
trostatically to the surface of the carrier particles, spacing
an electrode from said mixture and on the side of said
insulating layer opposite to said mixture, applying a bias-
ing voltage between said electrode and said magnetically-
attractable particles during said transporting step to es-
tablish a unidirectional electric field through said insu-
lating layer and to cause powder particles to become at-
tracted to said insulating surface and to adhere thereon
in substantial configuration with said conductivity pat-
tern, and then repeating said contacting step with a lower
biasing voltage applied.

4. The process of claim 2 wherein said insulating layer
comprises photoconducting zinc oxide dispersed in a sili-
cone resin.

5. The process of claim 3 wherein said insulating layer
comprises photoconducting zinc oxide dispersed in a sili-
cone resin.

6. A method according to claim 2 wherein said bias-
ing voltage is between 500 and 1500 volts.

7. A method according to claim 3 wherein said bias-
ing voltage is about 1500 volts and said lower biasing
voltage is about 500 volts.
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