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This invention relates ot image development of electro— 
static charge patterns. 

In order to simplify understanding of this invention it 
will be exempli?ed with the art of xerography wherein 
an electrostatic ‘latent image is formed as through direct 
charge deposition or exposure of a photosensitive mem 
‘ber to a light pattern or the like on an insulating layer 
and, if desired, the formed pattern may be visualized 
through the deposition thereon of developer material. 
One technique of image development commonly em 
ployed in xerography is generally referred to as “cascade" 
development. This involves cascading a developer mix~ 
ture comprising large particles generally referred to as 
“carrier” and ?ne particles generally referred to as 
'“toner,” across the image bearing surface for selective 
deposition of the toner on the surface in accordance with 
the charge pattern. Suitable developer mixtures and a 
full disclosure of their method of use are presented in 
Us. Patents 2,618,551, 2,618,552, issued on November 
18, 1952, and in US. Patent 2,638,416, issued May 12, 
1953. 
Although the cascade system of image development is 

the accepted commercial technique to visualize an elec 
trostatic latent image, it inherently does not fully develop 
large solid areas and frequently there results in the de 
veloped image what is generally referred to as the “halo” 
effect. Image development with the “halo” effect and 
lacking in solid area coverage is today understood to be 
due to the fact that particle deposition takes place in 
accordance with electrostatic lines of force rather than 
as directly controlled by the charge pattern being de 
veloped. Considering, for a moment, a large area of 
charge and realizing that lines of force do not cross and 
follow the direction of greatest potential gradient to an 
opposite pole, it can be realized that the charges on the 
outer edges are terminals for lines of force which extend 
outward from the surface of the plate and possibly to the 
next adjacent uncharged area on the surface of the plate. 
These lines of force near edges of the large areas of 
charge when developed with a proper developer material 
can result in particle deposition on the charges of the 
charge terminal end of the lines of force, thus properly 
re?ecting the pattern. However, at the central zone of 
the large area of charge the lines of force tend to extend 
inward through the image bearing member and since 
development is development of the lines of force, little 
or no development takes place. One technique of com 
batting this difficulty is to employ a development electrode 
or a closely spaced equipotential surface which causes 
the lines of force to extend outward from the image bear 
ing surface toward the equipotential surface thus causing 
particles to deposit accurately as a re?ection of the orig 
inal image. The electrode, however, in order to be effec 
tive must be close and frequently as, for example, in auto 
matic xerographic machines including cascade developing 
systems, the narrowness of the gap cannot be maintained 
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without sacri?ce in such areas as speed in output or dam 
age to the image bearing surface or member. 
Now, in accordance with the present invention, there 

is disclosed new improved concepts of image develop 
ment of electrostatic charge patterns. These concepts 
when employed improve the developed image by fully 
developing large areas of charge and by avoiding the 
“halo” effect. Further, these new concepts when applied 
in machines do not place limitations, as did known de 
velopers and developing systems, on other operational 
steps. As a further matter and in accordance with this 
invention a new and improved developer material is dis 
closed. 

Accordingly, it is an object of this invention to de?ne 
novel methods of image development to visualize electro 
static image patterns. 

It is a further object of this invention to improve 
image development in "the art of xerography. , 

It is a still further object of this invention to improve 
developer materials of the cascade variety. 

It is yet a further object of this invention to de?ne new 
xerographic developer materials. 

Additional objects and advantages of the present in 
vention will be more readily apparent in view of the fol 
lowing disclosure and description especially when read 
in conjunction with the accompanying drawing. 

In the drawing: 
Fig. 1 illustrates cascade development in accordance 

with the present invention; and 
Fig. 2 is an enlarged detail illustration of a section 

within 2-~2 of Fig. 1. 
Referring now to Fig. 1, there is illustrated a xero 

graphic plate 11 comprising a photoconductive insulating 
layer 12 overlying a conductive backing member 13. On 
the surface of the photoconductive insulating layer 12 is 
a charge pattern 15 comprising areas of charge and areas 
of no charge or areas of varying charge. In this ?gure 
the charge is illustrated as positive, but as is known in the 
art, the charge may be negative or even positive and neg 
ative. Cascading across the surface of plate 11 is a de 
veloper mix of developer 16 which deposits toner particles 
across the image bearing surface 12 in accordance with 
the image pattern. Developer 16 and its composition 
will be more thoroughly discussed hereinafter. 

Although there is illustrated in this ?gure a xerographic 
plate 12 it is to be realized and understood that there is 
no intention to be limited to a particular surface bearing 
the image pattern. The developer and developing systems 
of this invention are, it is noted, most bene?cial when the 
image surface overlies a conductive member. This is 
because this invention overcomes the effects of the con 
ductive member. However, comparable quality is ob 
tained whether developing ‘a backed or unbacked image 
bearing layer and accordingly, any insulating layer is 
intended to be included herein and xerograpln'c plate 11 
is included herein only for illustrative purposes. 

In order to more fully understand development in ac 
cordance with this invention reference is now had to Fig. 
2. Although the illustration of this ?gure is drawn some 
what to scale to attempt to represent the relationship of 
particle sizes, the representation is primarily for illustra 
tive purposes and accordingly is somewhat diagrammatic 
in nature. It is further to be realized that in this ?gure 
there is captured for purposes of discussion the cascading 
particles during an instant of their movement across the 
image bearing surface. Thus, there is illustrated develop 
er mix 16 comprising carrier particles 17 (only some of 
which are numbered), toner particles 18 (again only 
some of which are numbered and ?laments 20 (again only 
some of which are numbered) cascading across plate 11 
comprising photoconductive insulating layer 12 overlying 
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backing member 13. As in accordance with the descrip 
tion in Fig. 1 there exists a‘charge pattern 15 on the sur 
face of image bearing layer 12. , 

In comparison to prior art techniques of image devel 
opment there has been added to developer mix 16 ?la 
ments 20. Carrier 17, as is fully de?ned in US. Patent 
2,618,551 comprises generally a granular carrier material 
‘which is of suf?cient speci?c gravity such as glass, sand 
or steel beads to insure against adherence of the granu 
lar carrier material to the image bearing surface as the 
carrier cascades across the surface being developed. The 
granular carrier should also have a desired triboelectric 
relationship to the toner material and if it is not inherent 
in the carrier material it may be coated or encased in a 
suitable covering to impart thereto these necessary prop 
erties. Generally the particle size of the carrier material 
should be in the range of from 20 to 200 mesh and pref 
erably between the range of 30 to 100 mesh. 
Toner 18 may comprise any of the known toners 

de?ned, for example, in the aforementioned US. patents 
and may consist, for example, of particles of pigmenting 
or coloring material encased in or surrounded by an 
insulating material which acquires by contact with the 
granular carrier material an electrostatic charge having 
a polarity opposite to that acquired by the granular ma 
terial. The coloring material as well as the toner ma 
terial is fully described in U.S. Patent 2,638,416 and gen 
erally should be no larger than 20 microns and prefer 
ably is within the range of from 5 to 10 microns average 
particle size. 
The coloring material may be carbon or other suit 

able pigments and the insulating material may be a rosin 
modi?ed phenol-formaldehyde resin, such as known com 
mercially as Amberol F-7l, manufactured by Rohm & 
Haas Company, The Resinous Products Division, Wash 
ington Square, Philadelphia 5, Pennsylvania, or as 
phaltum, or other suitable material. 
The pigmented electroscopic powder is prepared by 

?rst micronizing the resin material, such as Amberol 
F-7l, after which it is mixed with approximately 5% 
by weight of carbon black or other pigmenting material 
and the mixture ball-milled for about four hours in a 
ceramic jar with stone pellets. The mixture is then 
heated to a temperature of about 300° F. or to ?owing 
viscosity and mixed for ?ve minutes in order to encase 
the pigmenting particles with the Amberol F-7l. The 
mass is then permitted to cool, after which it is broken 
into small chunks and again micronized. 
The pigmented electroscopic powder is then in condi 

tion for mixing with a granular carrier such as poly 
merized methyl methacrylate, having a melting point 
of approximately 257° F., known commercially as Lu 
cite and manufactured by E. I. Du Pont de Nemours 
& Company, Wilmington, Delaware, or other material 
either conducting or insulating, provided the particles of 
granular material when brought in close contact with 
the electroscopic powder particles acquire a charge hav 
ing an opposite polarity to that of the electroscopic pow 
der particles, such that the electroscopic powder particles 
adhere to and surround the granular carrier particles. 
The granular carrier material is selected so that the par 
ticles acquire a charge having the same polarity as that 
of the photoconductive insulating layer of the plate on 
which the electrostatic image is produced, and an elec 
trical attraction for the electroscopic powder particles 
considerably less than that of the charged areas of the 
plate and somewhat greater than the discharged areas 
of the plate. 

Generally the mixture of toner and carrier comprises 
1 part toner mixed with from 20 to 200 parts carrier and 
preferably the mixture comprises 1 part toner to 50 to 
120 parts carrier. 
Filaments 20 are conductive strands and may comprise, 

for example, conductive wires, conductive strings or the 
like. Their length generally should be greater than 956 
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4 
inch and the upper limit on length is generally about 1% 
inch, but as will appear more clearly in the following dis 
cussion, greater lengths are also possible. The preferred 
length for ?laments 20 is between 1/8 and 1/2 inch, and 
for the typical range of material generally reproduced an 
average length of about 1A inch is preferred. The di 
ameter of ?laments 20 may range from 1 to 20 mils and is 
preferably between 3 and 10 mils. Triboelectrically, 
?laments 20 should be opposed in polarity to the toner 
while like in polarity to the carrier or should charge 
the toner to the same polarity as the toner charge when 
the toner 18 is brought into physical contact with car 
rier 17. Filament 20 should also be substantially neu 
tral triboelectrically in respect to carrier 17. Typically, 
?laments 20 may comprise Nichrome, steel, aluminum, 
copper, brass and particularly yellow brass, nickel, and 
the like. The material chosen preferably should be a 
stable material which, for example, resists oxidation which 
might act to change its triboelectric relationship to toner 
18 and carrier 17. A particularly effective and the pre 
ferred ?lament material for a positive developer wherein 
the carrier material comprises a resin-coated bead and 
the toner material comprises, for example, the Amberol 
F-7l mixture described previously and the toner material 
becomes charged negatively in relation to the carrier 
material on mixing with the carrier material is Nichrome 
chopped strands. A reversal mixture wherein the toner 
is charged positively in respect to the carrier comprises 
nickel-coated copper or copper strands which have been 
exposed to sulphur fumes at a high temperature. When 
employing both carrier particles 17 and toner particles 
18, ?lament particles 20 may be mixed with the carrier 
toner mixture in a ratio of from 100 parts developer (car 
rier and toner) to 5 to 150 parts ?lament and preferably 
the mixture may comprise 100 parts developer to 20 to 
1.00 parts ?laments. The preferred developer mixture 
including ?laments as illustrated in Fig. 2 comprises 
49% carrier 17, 49% ?lament 20 and 2% toner 18. 

It is to be realized that the ?lament material being dis 
cussed may vary in length and diameter and that the 
amount of ?lament material mixed with a developer mix 
is dependent to some extent on these variables. For ex 
ample, if ?lament 20 comprises a long length such as 
3/1 inch then a tendency exists for ?laments 26 to cluster 
and there follows a ?owing of the ?laments 20 across 
image bearing surface 12 as a clustered group. When 
this occurs a raking of the image is observed. This clus 
tering and raking problem can be overcome to some 
extent by using large diameter ?laments when employing 
long lengths in the ?lament material. A further tech 
nique of avoiding the clustering effect is to employ a 
low percentage of ?lament 20 to developer mix some 
where, for example, in the range of 2% to 3%. If 
shorter lengths as, for example 1/16 inch are used larger 
percentage ratios of ?lament to developer may be 
employed. 
The mechanism of operation now believed to effect 

large, solid area coverage as well as to avoid the halo effect 
is believed somewhat apparent when considering Fig. 2. 
For example, ?lament 20 also designated 21, it is to be 
observed, extends across a charged area as well as an 
uncharged area of image bearing surface 12. Since ?la 
ment 21 is conductive, it, like any other conductor, has 
a supply of free electrons and while over both a charged 
and an uncharged area there is a ?ow within ?lament 21 
controlled by the surrounding electric ?elds. There thus 
results polarization of charge within this ?lament so that 
negative charge appears over the positively charged areas 
of plate 11 and positive charge appears over the uncharged 
areas of plate 11. This member although polarized re 
mains an equipotential member and thus presents a close 
1y spaced equipotential surface to the image bearing sur 
face 12. Since the negative charged area of ?lament 
21 is positioned over the positive charged area of image 
bearing surface 12 strong electrostatic lines of force exist 
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between the positive charges and ?lament 21 and thus 
lines of force extend directly outward from the surface 
of plate 11. There follows particle deposition in ac 
cordance with lines‘of force as disclosed previously and 
there results particle deposition in accordance with the 
charge pattern. It is noted that areas of ?lament 21 
over uncharged areas of image bearing surface 12 are 
positive with respect to the image bearing surface and 
thus there follows a tendency to avoid particle deposition 
on the image bearing surface in these areas. Acc0rd~ 
ingly, ?lament‘ 21 when positioned as illustrated in Fig. 2 
acts ?rst to cause particle deposition in accordance with 
the charge on the surface being developed as well as to 
prevent deposition in areas of background thus producing 
background-free high quality copy. Considering now 
?lament 20, also designated 22, it is seen that this ?la 
ment is positioned over an uncharged area. Being over 
an uncharged area it is in a neutral condition and will 
tend to have no real effect on whether particles deposit 
or do not deposit on the surface of image bearing layer 
12. In fact it will act as any carrier particle. Looking 
now to ?lament 20, also designated 23, it is seen that this 
particle is in physical contact with ?lament 20, also desig 
nated 25, which is in contact with ?lament 20, also desig 
nated 26, which is in contact with ?lment 20, also desig 
nated 27, which is in contact with ?lament 20, also 
designated 21. Since these ?laments are conductive and 
are in contact, ?lament 23 will assume a slightly positive 
relationship in respect in respect to the uncharged area of 
photoconductive insulating layer 12 over which it is now 
positioned. This will aid also in preventing background 
deposition. 

It is to be realized that Fig. 2 illustrates a brief mo 
ment in the ?ow of the cascading developer 16 across 
plate 11 and that a moment later this contact relation 
ship between various ?lament particles is likely to be 
broken and a moment later it may be made anew with 
other particles, etc. Accordingly, there is a continuing 
change of ?lament reltaionship to the surface being de 
veloped, but as this change takes place and as the devel 
oper mixer moves across the surface of the plate, develop 
rnent electrode effects through the ?owing ?laments are 
extended to all areas of the plate to a substantially av 
erage level and result in a uniform high quality image de 
veloped in accordance with the charge pattern. It is also 
to be noted that control of the developed image may be 
exercised through control of the developer mixture. 
Thus, and‘ for example, if it is desired to develop large 
charged areas it is generally preferred to use longer ?la 
ments whereas with the average mixture of broad areas 
of charge and narrow areas of charge it is generally 
preferred to use an intermediate length in the ?lament 
material and with relatively small broad areas of charge 
it. is generally preferred to use the shorter length ?la 
ments. It is noted that the length of ?lament chosen is 
selected because of its bridging capabilities. Thus, with 
the larger areas of charge it is preferred to have a long 
?lament in order that probability of bridging from the 
broad area of charge to the uncharged area is greater 
thereby effecting particle deposition in the central zone 
more readily than if shorter ?laments are employed. 
This may also be accomplished, however, if a larger per 
centage of the smaller particles are incorporated into the 
developer mix. 
As is apparent in the illustration in Fig. 2, toner par 

ticles 18 also adhere in a releasable fashion to ?lament 
20. This is because of the triboelectric relationship be 
tween the toner particle 18 and the ?lament 20, and ad 
herence between toner particle 18 and ?lament 20 in no 
way detracts from the quality of the image developed. 

In fact, developer mixtures excluding carrier 17 have 
been tried and have been very successful in developing 
images. It is noted in this respect that ?lament 20 is 
after all of the same triboelectric relationship to the toner 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
as the carrier material and accordingly can act as the 
carrier material. A problem, however, which has been 
present to date employing ?lament 20 as both ?lament 
20 and carrier 17 is the tendency for the developer mix 
ture to rake the surface being developed. Thus, the 
developed image occasionally includes a streaked pattern 
as if raked whenthe carrier is omitted; whereas, with a 
developer mixture employing a carrier material 17 ‘this 
pattern is avoided. It is presently believed that the car 
rier material is bene?cial in providing the “wheels” to 
cause the entire developer mixture 16 to roll across the 
surface being developed without dragging or raking as it 
apparently occasionally does without carrier 17. Ac 
cordingly, it is generally preferred that developer mix 
tures according to this invention also include carrier 17, 
and carrier 17 may be composed of the same material 
as ?lament 20. When carrier material 17 is not present 
in the developer mixture, then the developer mixture 
may comprise 1 part toner 18, to 20-200 parts ?lament 
and preferably 1 part toner to 50-120 parts ?lament. 

In summary, ?laments 20 added to xerographic cas 
cade developers in accordance with this. invention should 
comprise a good electrical conductor having a substan 
tially neutral triboelectric relationship to the carrier and 
the same triboelectric relationship to the toner as the 
carrier has to the toner and. should be in strip, chopped 
wire or ?lament-like form whereby conductive bridging 
of an area over the surface being developed can readily 
take place. 
What is claimed is: 
1. A xerographic developer for electrostatic latent 

images comprising, in mixture, a ?rst component compris 
ing granular carrier particles having‘ a size range of from 
20 to 200 mesh, a second component comprising ?la 
mentary electrically conductive particles having a length 
in the range of from about 1,66 inch to about 3/1 inch 
and having diameters in the range of about from 1 
to 20 mils, and a third component comprising pigmented 
toner powder particles no larger than about 20 microns, 
each of said ?rst and said second components being tri 
boelectrically different from said third component and 
each having a triboelectric relationship of like polarity 
with respect to said third component and said second 
component having a substantially neutral triboelectric 
relationship with respect to said ?rst component, a de 
veloper mixture comprising one part of said third compo~ 
neat to 20 to 200 parts of said ?rst component and the 
?rst and third component mixture comprising about 100 
parts to about 5 to 150 parts of said second component. 

2. A xerographic developer for electrostatic latent 
images comprising, in mixture, a ?rst component compris 
ing granular carrier particles in' the size range of about 
from 30 to 100 mesh, a second component comprising 
?lamentary electrically conductive particles having lengths 
in the range of from about 1A; to 1/z~ inch and having 
diameters in the range of from about 3 to 10 mils, and 
a third component comprising: pigmented toner powder 
particles in the range of about. 5 to 10 microns in size, 
each of said ?rst and said second components being tribo 
electrically different from said third component and each 
having a triboelectric relationship of like polarity with 
respect to said third component and said second com 
ponent having a substantially neutral triboelectric rela 
tionship with respect to said ?rst component, one part 
of said third component being mixed with 50 to 120 parts 
of said ?rst component and 100 parts of the mixture of 
said ?rst component and said third component being 
mixed with 20 to 100 parts of said second component. 

3. A developer in accordance with claim 2 in which 
the carrier comprise about 49% by weight of the mix 
ture, the ?lamentary particles comprise about 49% by 
weight of the mixture, and the toner material comprises 
about 2% by weight of the mixture. 

4. The developer of claim 2 in which said second 
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component comprises ?lamentary electrically conductive 
particles having a length of about ‘A inch. 

-5. The developer of claim 2 in which said second com 
ponent comprises Nichrome. 

6. The developer of claim 2 in which said second com 
ponent comprises nickel-coated copper. 

7. The developer of claim 2 in which said second 
component comprises copper strands which have been 
exposed to sulphur fumes at a high temperature. 

8. A developer for electrostatic latent images compris 
ing, in mixture, a ?rst component comprising ?lamentary 
electrically conductive particles having a length in the 
range of from about 1,66 to 1% inch and having diameters 
in the range of from about 1 to 20 mils, and a second 
component comprising pigmented toner powder particles 
no larger than about 20 microns, said ?rst and said sec~ 
0nd components being admixed one part of said second 
component to about 20 to 200 parts of said ?rst compo 
nent, said ?rst and said second components being tribo 
electrically diiferent from each other to cause said second 
component to electrostatically adhere to said ?rst com 
ponent when said ?rst and said second components are 
admixed and said triboelectric relationship being of an 
intensity to allow said second component to be released 
to an electrostatic charge pattern when said mixture of 
said ?rst and said second component are cascaded across 
an electrostatic image bearing surface. 

9. The developer of claim 8 in which said ?rst compo 
nent comprises Nichrome. ’ ‘ 

10. The developer of claim 8 in which said ?rst com 
ponent comprises yellow brass. 

11. The developer of claim 8 in which said ?rst com 
ponent comprises nickel-coated copper. ' 

12. The developer of claim 8 "n which said ?rst com 
ponent comprises copper strands which have been ex 
posed to sulphur fumes at a high temperature. 

13. A developer for electrostatic latent images com 
prising, in mixture, a ?rst component comprising ?la 
mentary electrically conductive particles having an aver 
age length of about 1A inch and having diameters in the 
range of from about 3 to 10 mils, and a second compo 
nent comprising pigmented toner powder particles in the 
size range of from about 5 to 10 microns, said ?rst and 
said second components being admixed one part of said 
second component to 50 to 120 parts of said ?rst com 
ponent, said ?rst and said second components being tribo~ 
electrically different from each other to cause said second 
component to adhere to said ?rst component when said 
?rst and said second components are admixed and said 
triboelectric relationship being of an intensity to allow 
said second component to be released to an electrostatic 
charge pattern when said mixture of said ?rst and said 
second component are cascaded across an electrostatic 
image bearing surface. 

14. A xerographic developer for electrostatic images 
comprising, in mixture, a ?rst component comprising 
granular carrier particles having a size range of from 
about 30 to about 100 mesh, a second component com 
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prising ?lamentary electrically conductive particles hav 
ing a length of about 1%; inch to about 1/2 inch and having 
a diameter in the range of from about 3 to about 10 
mils, and a third component comprising pigmented toner 
particles in the range between about 5 to about 10 mi 
crons, said components being admixed one part of said 
third component to 50 to 120 parts of said ?rst compo 
nent and the third and ?rst component mixture being 
admixed with said second component in a ratio of 100 
parts of the mixture of the third and ?rst components 
to 20 to 100 parts of said second component. 

15. The developer of claim 14 in which said second 
component comprises ?lamentary electrically conductive 
particles having a length of about 1%; inch. 

16. A developer for electrostatic latent images com 
prising, in mixture, a ?rst component comprising granular 
carrier particles having a size range of from 20 to 200 
mesh, a second component comprising ?lamentary parti 
cles of yellow brass having a length in the range of about 
1/16 inch to about % inch and having a diameter in the 
range of about 1 to 20 mils, and a third component com~ 
prising pigmented toner particles no larger than about 
20 microns, each of said ?rst and said second components 
being triboelectrically different from said third compo 
nent and each having a triboelectric relation of like polar 
ity with respect to said third component and said second 
component having a substantially neutral triboelectric 
relationship with respect to said ?rst component, said de 
veloper comprising a toner carrier mixture in mixture 
with yellow brass, said toner carrier mixture comprising 
one part toner to 20 to 200 parts carrier, and said de 
veloper comprising about 100 parts of said toner carrier 
mixture in mixture with about 5 to 150 parts ?lamentary 
particles of yellow brass. 

17. A xerographic developer for electrostatic latent 
images comprising, in mixture, a ?rst component com 
prising granular carrier particles having a size range of 
from 20 to 200 mesh, a second component comprising 
?lamentary electrically conductive particles having a 
length of from about 1/16 inch to about 3/; inch and having 
a diameter in the range from about 1 to 20 mils, and a 
third component comprising pigmented toner powder par 
ticles no larger than about 20 microns, said mixture 
comprising one part toner to 20 to 200 parts carrier and 
the toner carrier mixture comprising about 100 parts to 
about 5 to 150 parts ?lamentary particles. 
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