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(71) We, E. I. Du PoONT DE
NEMOURs & COMPANY a corporation
organised and existing under the laws of the
State of Delaware, United States of

5 America, of Wilmington, State of Delaware,
United States of America, do hereby
declare the invention for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be

10 particularly described in and by the follow-
Ing statement:—

This invention relates to an apparatus for
applying a particulate material to a tacky
surface and, more particularly, to an

15 apparatus for automatically developing an
image defined by a tacky surface using par-
ticulate materials.

A number of devices have been
developed to apply particulate material,

20 usually called toner, on an imagewise
exposed surface as a result of the wide
commercial acceptance of electrophotogra-
phy. Thus a variety of devices and techni-
ques such as sprinkling or dusting, cascad-

25 ing, transferring, brushing, etc., are well
known for applying electroscopic powders.

In the graphic arts photosensitive tacky
surfaced elements are used to define images
and particularly, multicolor images. A

30 photosensitive element is first given an
imagewise exposure resulting in the element
exhibiting different degrees of tackiness in
the exposed and unexposed areas. Follow-
ing the imagewise exposure, the latent

35 image is developed by the application of
toner particles on the surface and the subse-
quent removal of the excess particles from
the non-image areas by brushing away loose
toner.

40  Prior art image developing devices have
various deficiencies. For one, the applica-
tion is often not uniform. It is difficult to
clean and remove excess powder from the
applicating and cleaning elements, hence

45 the images become uneven and smudgy.

According to one aspect of the present
invention we provide apparatus for develop-
ing an image-defining tacky surface with
particulate material, said apparatus having a
dispenser for dispensing said particulate 50
material onto said surface, means for dis-
tributing said particulate material over said
surface and for embedding it therein, a
cleaner for removing excess particulate
material from said surface, and means for 55
moving said tacky surface in a first sense
past said dispenser, said material distribut-
ing and embedding means, and then said
cleaner, and wherein: said dispenser
includes a hopper having an independently 60
movable side wall, and first means to oscil-
late said side wall laterally of said first sense,
thereby to supply said particulate material
to said surface at a uniform, controlled rate.

In a particularly preferred embodiment, 65
the cover is provided with elongated mem-
bers extending downwardly into the hopper,
which are oscillated laterally of the first
sense, thereby to agitate the particulate
material out of phase with the side wall. 70
Further the material distributing and
embedding means may be provided with a
horizontally disposed agitating distributing
surface and means for oscillating the said
surface laterally of the first sense. Finally, 75
the cleaner also is provided with an agitating
cleaning surface and means are provided for
oscillating that cleaning surface laterally of
the first sense. The frequency of oscillation
of the various elements may be the same but 80
preferably is different. A perforated surface
1s provided for supporting the tacky surface
and to aid in cleaning the material distribut-
ing and embedding means and the cleaner
when no tacky surface is present. 85

A second aspect of the invention provides
apparatus for developing an image defining
tacky surface with particulate material
adherent to said surface, said apparatus hav-
ing a dispenser for dispensing said particu- 90
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late material onto said surface, means for
distributing said particulate material over
said surface and for embedding it therein, a
cleaner for removing excess particulate
5 material from said surface, and means for
moving said tacky surface in a first sense
past said dispenser, said matter dispensing
and embedding means, and then said
cleaner, and wherein: said material dis-

10 tributing and embedding means comprises a
horizontally disposed agitating distributing
surface, and means for oscillating said hori-
zontally disposed agitating distributing sur-
face laterally of said first sense.

15 Further advantages and features of this
invention will become apparent upon con-
sideration of the following description
wherein:

Figure 1 is a pictorial representation of an

20 image developing apparatus constructed in
accordance with one embodiment of this
invention;

Figure 2 is a partial pictorial representa-
tion of an image developing apparatus con-

25 structed in accordance with another embod-
iment of this invention; and,

Figure 3 is a partial pictorial representa-
tion of an image developing apparatus con-
structed in accordance with still another

30 embodiment of this invention.

In practising the invention, an element
useful in an image reproduction process of
the type disclosed in U.S. Patent 3,649,268
issued to Victor F. H. Chu et al. may be

35 selected. Such an element, following an
imagewise exposure, will bear on its surface
a latent image and will imagewise exhibit
different degrees of tackiness. When par-
ticulate materials such as toner particles are

40 sprinkled on such a surface, they tend to
adhere to the tacky regions and develop a
visible image. Such development is accomp-
lished by a particular sequence of operations
in feeding the element under the toner sup-

45 ply means, breaking up, depositing and dis-
tributing a uniform quantity of toner parti-
cles over the tacky areas of the element,
cleaning off the excess toner particles and
removing the treated element. Using the

50 apparatus of the present invention results in
a superior final developed image which is
substantially free of streaks, exhibits excel-
lent density uniformity and results in good
reproducibility of imaging as measured in

55 terms of density and density uniformity.
Other known tacky surfaces may be used as
desired.

There is seen in FIG. 1 an apparatus con-
structed in accordance with one embodi-

60 ment of this invention. The apparatus
includes a pair of entrance pull rolls 6
including a pair of upper edge rolls 10
mounted on a shaft 14 and a lower roll 12
mounted on a shaft 16. The distance bet-

65 ween the edge rolls 10 may be adjustable to

acco:nmodate photosensitive elements (not
shown in FIG. 1, but designated by the
numeral 82 in FIG. 2) of varying widths. By
the use of edge rolls, only the edges of the
photosensitive element are gripped such 70
that the soft tacky areas are not damaged. A
complementary set of exit pull rolls 8 are
positioned at the outlet end of the apparatus
to pull the photosensitive element from the
apparatus upon completion of the develop- 75
ment operation. These exit pull rolls 10,
12’ are designated by the same numerals as
the entrance pull rolls, but for differentia-
tion are designated by the prime symbol ().
The entrance and exit pull rolls 6 and 8. 80
respectively, may be independently driven
by any suitable means such as by a chain
belt, or other linkage such that the rolls are
driven in synchronism in the directions indi-
cated by the arrows 18. Alternatively the 85
lower rolls 12, 12’ may be driven and the
upper rolls 10, 10’ rotated by frictional con-
tact of the material passing through the nip.
In any event they operate to feed the photo-
sensitive element through the apparatus in 90
the sense or direction indicated by the
arrows 19 (from right to left in the drawing).

The entrance rolls 6 pass the photosensi-
tive element, horizontally disposed, into the
first section 20 which is termed the dis- 95
penser section 20. The dispenser section is
followed in sequence by a material distribut-
ing and embedding section 22 and a cleaner
section 24, as will be described, to complete
the apparatus.

The dispenser section 20 comprises a
hopper 26 having a movable side wall 28
which side wall is adapted to be vibrated or
oscillated by a suitable drive means 30, act-
ing through any suitable linkage depicted by 105
the dashed line 32, in a horizontal plane and
in a sense lateral of or transverse to the
direction 19 in which the photosensitive
element moves through the apparatus. As
used herein, the term lateral means, in the
preferred embodiment, 90° or about 90° but
may be actually varied to as much as 90°
plus or minus 10° Actually greater devia-
tions from the perpendicular than this may
be employed but as the deviation increases
there is a tendency for the particulate mater-
ial in subsequent sections to become dis-
placed to one side or the other depending
upon the direction of angularity.

In similar manner, the hopper is provided
with an inverted U-shaped cover 36 which
also is freely movable relative to the hopper
26 in the lateral sense or direction depicted
by the arrows 42 laterally of the movement
of the photosensitive element through the
apparatus. Suitable lubricating material,
such as any of the known lubricating plas-
tics, may be placed between the cover and
the side walls of the hopper to facilitate this
movement. The cover 36 is driven by a suit- 130
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able drive means 38 acting through a link-
age depicted by the dashed line 40. The lin-
kages 32 and 40 and drive means 30 and 38
may be any suitable means such as electric
5 motors operating through a crank arm, sol-
enoid actuated vibrating members, etc.

A plurality of elongated pin-like elements
44, which preferably have a degree of flexi-
bility, are attached to the cover 36 and

10 extend downwardly into the toner 34 such
that, as the cover oscillates, it aids in main-
taining the particles in the fluid like, broken
up condition and prevents their reaggrega-
tion. The elements 44 are essentially in a

15 single line such that they extend down into
the slit 46. Alternatively, the elements 44
may be suspended from or attached to a
separate frame (FIG. 2) located below the
cover. In this event the separate frame is

20 driven by the linkage 40.

The particulate material may be any of
the wellknown toner materials used for this
;z)urpose and is depicted at 34 in the hopper

6. In addition to the above noted functions,

25 the lateral oscillation of the side wall 28 aids
in uniformly distributing the toner across
the width of the photosensitive elements by
the movement of the moving side wall 28
relative to the other side wall of the hopper

30 26 which is fixed. To facilitate transmitting
the mechanical motion of the movable side
wall 28 to the particles 34, the side wall 28 is
lined at 29 with any soft resilient, plushy,
pad-like materials such as cotton, lambs

35 wool, acrylic pile, mohair or for that matter,
a soft bristle brush type material such as
camel hair may be used. In a preferred
embodiment of the invention, the side wall
is mohair-lined. The walls of the hopper

40 converge at the lower portion to form a nar-
row slit 46 transverse to the direction of
movement of the photosensitive element.

A support typically in the form of parallel
wires 50 is positioned under the exit slot 46

45 of the hopper 26 to provide a suitable sup-
port as the photosensitive element travels
through the dispenser section 20. A receiv-
ing chamber 52, which may be generally
U-shaped, is provided for collecting the

50 excess toner particles as they fall from the
entrance slot 46. It also provides a support
means for the wires 50. The front edge of
the chamber 52 together with the front edge
54 of the front wall of the hopper 26 define

55 opening or flared lips to receive the photo-
sensitive element and guide it into the dis-
penser section 20. Suijtable vacuum may be
applied to the chamber 52 through the
orifice 56 for removing excess airborne

60 toner particles.

The next section, the material distributing
and embedding section 22, may be formed
integrally with the dispenser section 20 and
may include a distributor member 60 which

65 may be in the form of a horizontally dis-

posed plate integral with the movable side
wall 28 with the lower surface of the dis-
tributor plate providing what is described as

an agitating distributing surface. Preferably
the agitating distributing surface may be 70
mobhair 62 although any of the materials dis-
closed previously for use in lining the side
walls 28 of the hopper may also be used.

The cleaner section 24 is next and
includes a horizontally disposed member 64 75
adapted to oscillate laterally, as depicted by
the arrows 66, of the direction or sense of
movement 19 of the photosensitive element
through the apparatus. Such oscillatory
motion is provided by a suitable drive means 80
68 operating through the mechanical link-
age depicted by the dashed line 70 which
may be similar to drive 30 and the linkage
32 previously described. The lower surface
of the member 64 is an agitating cleaning 85
surface 72 which preferably may be surfaced
with acrylic or mohair, although any of the
materials previously described for use with
the movable side wall 28 may be used in this
instance also. The frequency of oscillation of 90
the agitating surface 72 in the cleaner sec-
tion may be equal to or greater than that of
the movable side wall (or the distributing
and embedding section 22) although, in a
preferred embodiment of the invention, the 95
cleaner section is oscillated at a slightly
lower frequency. A support member for the
photosensitive element is positioned directly
under the horizontal member 64. This sup-
port member 74 may be a perforated plate
or, in a preferred embodiment, may be an
expanded metal plate. Such expanded metal
plate has diamond-shaped orifices or slots
therein which form a relatively abrupt edge.

In the absence of a photosensitive ele-
ment, the agitating surface 72 contacts the
support surface 74 and the perforations
therein aid in removing any remaining par-
ticulate material therefrom such that it may
drop into a collecting chamber 76 formed 110
below the support plate 74 to collect excess
toner particles. To this end a vacuum means
may be provided for removing airborne par-
ticles through an orifice 78. The front edge
80 of the support surface 74 may be bent 115
downwardly to facilitate the feeding of the
photosensitive element through the cleaner
section 24.

In operation, a photosensitive element
82, such as may be seen most clearly in FIG.
2, is fed to the entrance pull rollers 6 in the
direction depicted by the arrow 19. These
rollers grip the photosensitive element at its
side edges and move it into the entrance slot
of the dispenser section 20. As the photo- 125
sensitive element moves beneath the exit
slot 46 of the hopper 26, it receives the par-
ticulate material thereon in a relatively
uniform manner. Passing on to the distribut-
ing and embedding section 22, it is sub- 130
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jected to the lateral motion of the agitating
distributing surface 62 which tends to apply
a shear force. This shear force embeds the
particles in the tacky surfaces and redistri-
5 butes excess particles from the non-tacky
regions into the tacky regions. Any excess
particles, after the photosensitive element
82 leaves this region, are permitted to easily
pass through the support wires 50, and are

10 collected in the chamber 52. In this connec-
tion, it should be noted that the support
wires in many applications may be omitted.
This facilitates in the cleaning of the
apparatus.

15 Upon leaving the material distributing
and embedding section 22, the photoseasi-
tive element is passed on to the cleaner sec-
tion 24 still being driven by the entrance
rolls 6. As it reaches the cleaner section 24,

20 it is subjected to the lateral motion of the
agitating surface 72 such that any remaining
loose particles are removed entirely from
the non-tacky regions thereof after which
the element is passed on to the exit rolls 8,

25 as depicted by the arrows 19, passed on to
be stacked or otherwise retrieved by the
operator. Once the cleaner section 24 is free
of the photosensitive element, continued
oscillatory movement of the agitating sur-

30 face 72 against the perforated support plate
74 tends to remove any of the particles
adhered to such surface and allow them to
fall into the chamber 76. This cleaning
mechanism greatly facilitates the usage of

35 the apparatus with different colored toner
particles.

Another form of the invention is shown in
Figure 2 in which the distributing and
embedding section 22 is formed indepen-

40 dently of the movable side wall, designated
28, of the hopper 26. This leaves an inde-
pendently movable distributor plate 60 and
agitating distributing surface 62’. Also, the
pin like elements 44 are attached to a later-

45 ally movable plate 45 driven by the drive
means 38 (FIG. 1) through the linkage 40
(FIG. 1). This permits the cover to remain
stationary. Otherwise its construction and
movement are substantially identical. In this

50 instance a common chamber 90 having a
vacuum attachment 92 is provided to
receive any excess toner from either the
applicator section 22 or the cleaner section
24. A common perforated support plate 94,

55 which may be the same as the perforated
plate 74 described previously, may be used
for both the material distributing and
embedding section and the cleaner section.
This has the advantage in that excess parti-

60 cles are more readily removed from the dis-
tributor plate 60'; otherwise, the operation
remains the same except that the plate 94
has its front portion 75 sloped down. This
provides a larger entrance opening for the

65 element 82 and, more particularly impor-

tantly, subjects a portion of the pad 62’ to

an increasing pressure gradient as the ele-
ment 82 moves through the apparatus. In
this manner the pad 62’ with toner is sub-
jected to a gradually increasing pressure 70
gradient. This has the advantage in that par-
ticulate materials require consistent pres-
sures to be uniformly affixed to the tacky
surface. Hence regardless of the pressure
required it is always supplied at some point 75
in the gradient throughout the full width of
the pad 62'. Too much pressure is not harm-

ful as long as it does not stall the element 82.
Another advantage provided by this sloped
entrance is that it does not contact the lead- 80
ing portion of the pad 62’ leaving an
uncleaned area at the entrance. This acts as

a toner reservoir — the toner is packed in
the bristles — for subsequent elements 82.
Without such arrangement the leading edge 85
of an element often can be toner ‘“‘starved”.
The sloped entrance thus permits a more
uniform toner application.

Still another alternative embodiment of
the invention depicted in FIG. 1 is shown in 90
Figure 3. In this embodiment, as in FIG. 2, a
common chamber 90 is used for both the
distributing and embedding section 22 and
the cleaner section 24. Thus the perforated
support 94 underlies the cleaner plate 64 as 95
well as the applicator plate 60, the latter
being integral with the movable side wall 28
as depicted in an embodiment of FIG. 1.
Another change in this embodiment is that
the front wall 100 of the hopper 26 is hinged 100
as at 102. The hinged portion is actuated by
a solenoid or other two position device 104
acting through a suitable linkage 106 to
open or close (103) the entrance slot 46 of
the hopper. This provides a more positive
action; i.e., opening and closing of the exit
slot, which may be desirable in many appli-
cations. Alternatively, a multiposition
actuator 104 may be used to permit the slot
to acquire different opening degrees further 110
to accommodate it to various particulate
material.

There has thus been described an
improved apparatus for developing images,
particularly those formed on tacky surfaces.
The development mechanism is simple, eas-
ily cleaned, permits uniform application of
the particulate material to the surface,
embeds the material in the surface and
finally, cleans the material all automatically.
The mechanism by which these operations
are performed relies upon oscillating the
various elements at varying frequencies
transversely to the direction of motion of
the photosensitive elements to accommo- 125
date this purpose.

WHAT WE CLAIM IS:—

1. Apparatus for developing an image
defining tacky surface with particulate mat-
erial, said apparatus having a dispenser for 130
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dispensing said particulate material onto
said surface, means for distributing said par-
ticulate material over said surface and for
embedding it therein, a cleaner for remov-
5 ing excess particulate material from said sur-
face, and means for moving said tacky sur-
face in a first sense past said dispenser, said
material distributing and embedding means,
and then said cleaner, and wherein: said

10 dispenser includes a hopper having an inde-
pendently movable side wall, and first
means to oscillate said side wall laterally of
said first sense, thereby to supply said par-
ticulate material to said surface at a uniform

15 controlled rate.

2. Apparatus according to claim 1
wherein said side wall has means disposed
thereon for imparting motion to said par-
ticulate material.

20 3. Apparatus according to claim 2,
wherein said motion imparting means is a
resilient plushy material.

4. Apparatus according to claim 1, 2 or
3, wherein said hopper has a cover which is

25 independently movable laterally of said first
sense, said cover having elongated members
extending downwardly into said hopper, and
second means to oscillate said cover out of
phase with said side wall.

30 5. Apparatus according to any one of
claims 1 to 4 wherein said material distribut-
ing and embedding means comprises a hori-
zontally disposed agitating distributing sur-
face, and means for oscillating said agitating

35 distributing surface laterally of said first
sense.

6. Apparatus according to claim 5
wherein said horizontally disposed agitating
distributing surface is, in use, oscillated at a

40 frequency different from that of said side
wall.

7. Apparatus according to claim 6
wherein said horizontally disposed agitating
distributing surface oscillation frequency is

45 lower than said side wall oscillation fre-
quency.

8. Apparatus according to claim 5, 6 or
7, wherein said means for moving said tacky
surface includes a stationary perforated

50 support under said horizontally disposed
agitating surface, thereby to aid in cleaning
said horizontally disposed agitating dis-
tributing surface.

9. Apparatus according to any one of

55 the preceding claims wherein said cleaner
comprises a horizontally disposed agitating
cleaning surface, and means for oscillating
said horizontally disposed agitating cleaning
surface laterally of said first sense.

60 10. Apparatus according to claim 9
wherein said means for moving said tacky
surface includes a stationary perforated
support under said horizontally disposed
agitating cleaning surface, thereby to aid in

65 cleaning said horizontally disposed agitating

cleaning surface.

11. Apparatus according to claim 10
which includes vacuum means under said
perforated supports for removing said par-
ticulate material that is airborne.

12.  Apparatus according to any one of
claims 1 to 3, wherein said hopper has elon-
gated members extending downwardly into
said hopper, and second means to oscillate
said members laterally of said first sense out 75
of phase with said sidewall.

3. Apparatus for developing an image
defining tacky surface with particulate mat-
erial adherent to said surface, said apparatus
having a dispenser for dispensing said par- 80
ticulate material onto said surface, means
for distributing said particulate material
over said surface and for embedding it
therein, a cleaner for removing excess par-
ticulate material from said surface, and 85
means for moving said tacky surface in a
first sense past said dispenser, said matter
dispensing and embedding means, and then
said cleaner, and wherein: said material dis-
tributing and embedding means comprises a 90
horizontally disposed agitating distributing
surface, and means for oscillating said hori-
zontally disposed agitating distributing sur-
face laterally of said first sense.

14. Apparatus according to claim 13, 95
wherein said means for moving said tacky
surface includes a stationary, perforated
support under said horizontally disposed
agitating distributing surface, thereby to aid
in cleaning said horizontally disposed agitat- 100
ing distributing surface in the absence of
said tacky surface.

15. Apparatus according to claim 14,
wherein the entrance portion of said perfo-
rated support under said horizontally dis-
posed agitating distributing surface is sloped
downwardly.

16. Apparatus according to claim 13, 14
or 15, wherein said cleaner comprises a
horizontally disposed agitating cleaning sur-
face, and means for oscillating said horizon-
tally disposed agitating cleaning surface,
thereby to aid in cleaning said horizontally
disposed agitating cleaning surface.

17. Apparatus according to claim 16,
wherein said means for moving said tacky
surface includes a stationary perforated
support under said horizontally disposed
agitating cleaning surface, thereby to aid in
cleaning said horizontally disposed agitating 120
cleaning surface in the absence of said tacky
surface.

18. Apparatus according to any one of
claims 13 to 17, wherein said dispenser
includes a hopper having elongated mem-
bers extending into said hopper, and second
means for oscillating said members laterally
of said first sense.

19.  Apparatus for uniformly developing
an image defining tacky surface, such 130
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apparatus being substantially as hereinbe- J.A.KEMP & CO.,

fore described with reference to, and as Chartered Patent Agents,

illustrated in Figure 1 or Figure 2 or Figure 14, South Square,

3 of the accompanying drawings. Gray’s Inn,
London WCIR SEU.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980. Published at the
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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