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ABSTRACT OF THE DISCLOSURE 
This invention relates to a particulate carrier vehicle 

and a dry electrographic developer composition contain 
ing such a carrier vehicle. The particulate carrier vehicle 
described herein contains a mixture of rough-surfaced 
magnetically responsive particles, e.g., sponge iron pow 
der and smooth-surfaced magnetically responsive par 
ticles, e.g., smooth, spherical iron particles. 

This invention relates to electrography and to a dry 
developer composition useful, for example, in the mag 
netic brush development of latent electrostatic charge 
images. 

Electrographic imaging processes, especially electro 
photographic processes and techniques, have been exten 
sively described in both the patent and other literature, 
for example US. Pat. Nos.: 2,221,776, Calson, issued 
Nov. 19, 1940; 2,277,013, Carlson, issued Mar. 17, 1942; 
2,297,691, Carlson, issued Oct. 6, 1942; 2,357,809, Carl 
son, issued Sept. 12, 1944; 2,551,582, Carlson, issued 
May 8, 1951; 2,825,814, Walkup, issued Mar. 4, 1958; 
2,833,648, Wal‘kup, issued May 6, 1958; 3,220,324, Snell 
ing, issued Nov. 30, 1965; 3,220,831, McFarlane, issued 
Nov. 30, 1965; 3,220,833, McFarlane, issued Nov. 30, 
1965 and many others. Generally, these electrophoto 
graphic processes have in common the steps of employ 
ing a normally insulating photoconductive element which 
is prepared to respond to imagewise exposure with electro 
magnetic radiation by forming an electrostatic charge 
pattern. The electrostatic charge pattern is then rendered 
visible by a development step in which the charged surface 
of the photoconductive element is brought into contact 
with a suitable developer mix. One method for applying 
the developer mix is by the well-known magnetic brush 
process. Such a process generally utilizes apparatus of 
the type described, for example, in US. Pat. No. 3,003, 
462, Streich, issued Oct. 10, 1961, and customarily 
comprises a non-magnetic rotatably mounted cylinder hav 
ing ?xed magnetic means mounted inside. The cylinder 
is‘arranged to rotate so that part of the surface is im 
mersed in or otherwise contacted with a supply of de 
veloper mix. The granular mass comprising the developer 
mix is magnetically attracted to the surface of the cylin 
der. As the developer mix comes within the in?uence of 
the ?eld generated by the magnetic means within the 
cylinder, the particles thereof arrange themselves in 
bristle-like formations resembling a brush. The bristle for 
mations of the developer mix tend to conform to the lines 
of magnetic ?ux, standing erect in the vicinity of the 
poles and laying substantially flat when said mix is outside 
the environment of the magnetic poles. Within one revo 
lution the continually rotating tube picks up development 
mix from a supply source and returns part or all of this 
material to the supply. This mode of operation assures 
that fresh mix is always available to the copy sheet sur 
face at its point of contact with the brush. ‘In a typical 
rotational cycle, the roller performs the successive steps 
of developer mix pickup, brush formation, brush con 
tact with the photoconductive element, brush collapse and 
?nally mix release. 
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In magnetic-brush development of electrostatic images 

the developer is commonly a triboelectric mixture of ?ne 
toner powder comprising dyed or pigmented thermoplastic 
resins with carrier particles of irregularly-shaped soft 
magnetic material such as “ground chemical iron” (iron 
?lings) or reduced iron oxide particles. Several disad 
vantages relating to the use of rough, irregularly-surfaced 
magnetic carrier particles are generally recognized. First, 
the tendency of micro-size carrier particles to adhere to 
imaging surfaces is aggravated when the carrier surfaces 
are rough and irregular. In addition such rough and irreg 
ularly-surfaced particles undesirably tend to scratch a 
reusable electrophotographic surface during image trans 
fer and surface cleaning operation. Moreover, unless these 
rough and irregularly-surfaced carrier particles are coated 
with an insulating material, a developer mix containing 
such irregularly-surfaced carrier particles results in poor 
reproductions of ?ne line images. On the other hand, when 
coated with a resinous material to provide an insulating 
surface, these rough, irregularly-surfaced particles do not 
exhibit as good “?ow” properties through an electro 
graphic developer system as would be desirable. 

Recently it has been suggested that smooth, preferably 
curved-surfaced magnetic carrier particles, such as sub 
stantially spherical iron particles, or the like may, in 
certain cases, be preferable to the rough-surfaced carrier 
particles described above. This latter type of magnetic 
material, i.e. smooth-surfaced magnetic particles, has been 
found to provide generally good electrophotographic re~ 
production especially useful for reproducing ?ne-line and 
fuzzy carbon-paper images. In addition, this latter type 
of magnetic material, when used as a carrier in a mag 
netic-brush development composition, also provides good 
solid area reproduction. A more detailed description of 
this latter type of magnetic carrier material may be found 
in Canadian Pat. 838,061 issued Mar. 31, 1970. A method 
of making such smooth-surfaced magnetic particles may 
be found in US. Pat. 3,099,041 issued July 30, 1963. 
However, there are several problems related to the use 
of smooth-surfaced magnetic particles as carrier materials 
in a developer composition. A primary di?iculty encoun 
tered is the relatively high density of solid iron and similar 
ferromagnetic carrier materials which have these physical 
characteristics, i.e. smooth surfaces. Such high density, 
smooth particles tend to exhibit undesirable toner throw 
o? and di?‘icult toner replenishment characteristics. Fur 
thermore, although such particles are quite dense and 
smooth, and accordingly “?ow” extremely well in a mag 
netic brush developer system, these particles also have a 
relatively low apparent volume. Therefore, for optimum 
results, one generally uses about twice the weight level 
of these smooth-surfaced iron carrier particles in com 
parison to the weight of carrier required when one utilizes 
more conventional magnetic carriers such as the iron 
?lings and reduced iron oxide particles, discussed herein 
above. The latter more conventional magnetic carrier 
particles are characterized by a much lower density and 
a much higher apparent volume. Because of the generally 
high weight level of smooth-surfaced iron particles which 
may be required to obtain an optimum apparent volume 
for use in magnetic brush development compositions, 
there is a much higher torque requirement on the rotatably 
mounted magnetic-brush cylinder. And, of course, because 
a greater weight of these smooth-surfaced iron carrier 
particles is required, signi?cantly greater costs are in 
volved. 

In addition to the problems noted above relating to 
the use of certain magnetic carrier particles, the art 
acknowledges that it is generally known that electrostatic 
reproduction of originals, including those developed by 
the magnetic brush technique, which have large solid 
image areas thereon are susceptible to a defect known as 
“edge effect.” That is, the electroscopic toner particles 
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are not uniformly deposited; most of the particles adhere 
to the edges of those solid areas leaving central zones of 
poor density. See, for example, U .S. Pat. 3,278,439 issued 
Oct. 11, 1966. 
A further defect of many conventional electrostatic de 

veloper compositions relates to the “mix life” or the useful 
life of the developer mix. “Mix life” is de?ned herein to 
mean the total number of reproductions that may be pro 
duced by an electrographic system before the developer 
composition becomes inoperable, i.e. “fatigued.” 
Numerous attempts have been made to correct the 

above-noted defects of electrostatic developers. For ex 
ample, U.S. Pat. 2,965,573 issued May 2, 1958 describes 
a developer to which relatively large, ?lamentary elec 
trically conductive particles are added to the developer 
apparently to correct edge effects. British Pat. 1,204,861 
dated Sept. 9, 1970 describes a similar cascade develop 
ment developer composition to which low density elec 
trically conductive particles having a size preferably larger 
than the carrier particles have been added. In addition, 
Japanese patent publication No. 14,518/ 68 published June 
19, 1968, describes an electrographic developer contain 
ing a ferromagnetic carrier composed of a mixture of 
electrically insulating resin coated iron powder and elec 
trically conductive iron powder. A developer containing 
the latter type of mixed carrier is alleged to provide good 
electrographic reproductions of both ?ne line and solid 
area images. . 

In accordance with this invention there is provided an 
improved particulate carrier vehicle and an improved dry 
electrographic developer composition containing such a 
carrier vehicle. The particulate carrier vehicle of the in 
vention comprises a mixture of “rough-surfaced” mag 
netically responsive particles and smooth-surfaced mag 
netically responsive particles. Preferably, the smooth-sur 
faced particles have rounded edges and curvilinear sur 
faces to provide enhanced ?ow through an electrographic 
development apparatus. 

In accordance with the invention, the electrical prop 
erties of the carrier mixture may be varied to provide cer 
tain advantageous results. For example, in one embodi 
ment of the invention the smooth-surfaced carrier parti 
cles may be modi?ed to provide smooth-surfaced particles 
which have a relatively high or intermediate electrical re 
sistance. According to this embodiment of the invention, 
it has been found that a carrier mixture comprising smooth 
surfaced, electrically insulating magnetic particles and 
rough-surfaced, electrically conductive magnetic particles 
provides a useful carrier composition. 

In another embodiment of the invention it has been 
found that a carrier mixture comprising rough-surfaced 
electrically insulating magnetic particles and smooth-sur 
faced electrically conducting magnetic particles provides 
a developer composition giving useful results. 

In a preferred embodiment of the invention it has been 
found that a carrier composition comprising rough-sur 
faced electrically conductive magnetic particles and 
smooth-surfaced electrically conductive magnetic particles 
also provides a carrier composition yielding substantially 
improved results. 

In still another embodiment of the invention it has been 
discovered that in carrier composition comprising rough 
surfaced electrically insulating magnetic particles and 
smooth curvilinear-surfaced, electrically insulating mag 
netic particles provides a developer composition yielding 
useful results. 
The advantages of the various embodiments of the in 

vention described hereinabove are discussed in greater de 
tail in the examples provided hereinafter. However, it can 
be generally noted that the carrier mixture and dry elec 
trographic developers containing such mixtures provide at 
least one or more of the following advantages: improved 
image characteristics such as substantial reduction or 
elimination of “edge-effect,” increased “mix life” of the 
developer composition containing the carrier mixture of 
the invention, improved flow properties, reduced toner 
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4 
“throw off” i.e. reduction in the amount of toner thrown 
out of the developer composition as it flows through a 
magnetic brush development system, reduction in abrasion 
of the reusable photoconductive element used in an elec 
trophotographic image system, ease of cleaning a photo 
conductive element used in an electrophotographic imag 
ing system and ease of toner replenishment. In addition, it 
has been discovered that when a carrier mixture of the 
invention comprising a mixture of rough-surfaced, elec 
trically conductive magnetic particles and smooth-sur 
faced electrically conductive carrier particles is utilized 
in an electrographic developer, one is able to obtain both 
good fringing and solid area development. This discovery 
is unexpected in view of the prior art teaching that low 
resistance carriers provide improved solid area coverage 
whereas high resistance carrier particles provide ?ne line 
(i.e. fringing) development. 
FIGS. 1 and 2, as explained in further detail hereinafter 

in Examples 7 and 8, illustrate certain of the advantages 
provided by the invention. FIG. 1 illustrates the depen 
dence of developer resistance on the composition and re 
sistivity of the carrier vehicle. FIG. 2 illustrates the im 
proved ?ow times obtainable using a developer contain 
ing a carrier vehicle comprising rough-surfaced and 
smooth-surfaced carrier particles. 
To aid in identifying rough-surfaced magnetic particles 

and smooth-surfaced magnetic particles useful in the pres 
ent invention, a particular sample of microsize magnetic 
particles may be viewed, for example, at 100x magni?ca 
tion. When viewed at 100 X magni?cation, magnetic parti 
cles having rough surfaces are readily distinguished from 
magnetic particles having smooth surfaces. For example, 
rough-surfaced particles when viewed at 100>< magni?ca 
tion have one or more of the following characteristics: 
substantially larger surface area than smooth, curvilinear 
surfaced particles sieved to the same mesh size; thin knife 
edges; pitted, ?ssured surfaces; bristle-like protrusions; 
irregular shapes. 
On the other hand, the smooth surfaced particles when 

viewed at 100x magni?cation have the following charac 
teristics: smooth, substantially continuous and substan 
tially unbroken surfaces; generally curved surfaces, prefer 
ably with few visible edges or corners (if corners or edges 
are present, they typically appear as corners or edges of 
an equidimensional particle, e.g., a smooth-surfaced cubi 
cal particle, or they are rounded and blunt); preferably 
these particles have similar shapes, typically an oval or 
spherical shape, to promote gOOd flow properties. Accord 
ingly, throughout the present speci?cation and appended 
claims, the terms “rough-surfaced” and “smooth-surfaced” 
are de?ned in terms of the above-described 100>< identi 
r?cation procedure. 

The rough-surfaced magnetic particles of the present in 
vention may be selected from a variety of magnetic parti 
cles having the aforementioned surface properties. Typical 
ly, these carrier particles have an average size within the 
range of from about 1200 microns to about 30 microns or 
less with particularly useful results being obtained with 
particles having an average size Within the range of from 
about 300 microns to about 60 microns. As used herein, 
the phrase “average size” refers to the average thickness 
of particles when measured along several axes. Average 
size also refers generally to the approximate size of the 
openings in a standard sieve series which will just retain 
or just pass a given particle. The phrase “average size” is 
thus not meant to imply that only perfectly uniform di 
mensioned particles can be used. The magnetic properties 
of these carrier particles may be imparted to the particles 
by a variety of techniques. These rough-surfaced magnetic 
particles may be formed from a non-magnetic core ma 
terial such as organic resinous material or inorganic ma 
terial such as a salt crystal or crystals, etc. having a mag 
netic overcoat applied thereto. Such a particle is described 
for example, in Belgian Pat. No. 726,806, published Mar. 
14, 1969. Or these particles may have a magnetic core 
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overcoated with a non-magnetic material such that the re 
sultant particles have a rough surface. Still further, these 
rough-surfaced carrier'particles may be composed of a 
hollow magnetic ball having a rough surface. Preferably, 
however, these particles are solid ferromagnetic materials 
having rough surface characteristics. Such materials are 
well known in the electrographic art and are convention 
ally utilized in many magnetic brush development process 
es. Examples of such rough-surfaced particles are iron 
and'steel ?lings, sponge iron powder, etc. These materials 
are sold under various trade names such as SCM Corpo 
ration Glidden 475 electrolytic iron powder and Hoegan 
aes Corporation Ancor EH—80-150 iron powder. Prefer 
ably, these rough-surfaced magnetic particles have a rela 
tively low apparent density less than about 3.5 grams per 
milliliter, preferably on the order of from about 2 to 
about 3 grams per ml. Accordingly, in view of their low 
apparent density, these preferred particles typically may 
be characterized as porous, rough-surfaced particles. 

Typically, the smooth-surfaced magnetic particles uti 
lized in the present invention have an average size within 
the range of from about 1200 microns to about 30 
microns or less with particularly useful results being ob 
tained with particles having an average size within the 
range of from about 300 microns to about 60 microns. 
Although these particles are distinguished from the rough~ 
surfaced magnetic particles described immediately here 
inabove, it will be apparent that these smooth-surfaced 
particles may generally have a composition similar to 
the rough-surfaced particles. These smooth-surfaced par 
ticles may be composed of a non-magnetic core over 
coated with a magnetic material such that the resultant 
particle has a smooth surface. Or, these particles may 
have a.,magnetic core overcoated with a non-magnetic 
material such that the resultant particles have a smooth 
surface. Still further, these particles may be composed 
of hollow magnetic balls having smooth surface char 
acteristics. Preferably, however, these materials are solid 
ferromagnetic particles having a relatively high apparent 
density. Such solid particles typically, by themselves, have 
an apparent density greater than about 3.5 grams per 
ml.; preferably an apparent density within the range of 
‘from about 4.0 grams per ml. to about 5.0 grams per ml. 
Moreover, the magnetic remanance of these solid, smooth 
surfaced magnetic iron particles is preferably signi?cantly 
higher than the magnetic remanance of the preferred low 
density rough-surfaced iron or steel particles used in the 
carrier mixture. Advantageously, these smooth-surfaced 
iron particles have a magnetic remanance of about 8 or 
more maxwells. Especially preferred as the smooth-sur 
faced magnetic carrier particles are solid particles Which 
are substantially oval or spherical in shape and which 
are prepared by methods such as that described in U.S. 
Pat. 3,099,041, hereby incorporated in the present inven 
tion by reference thereto. Other useful smooth curved 
surfaced magnetic carrier particles and methods of pre 
paring the same are described in Canadian Pat. 838,061. 

Although solid ferromagnetic particles such as various 
iron, nickel, and cobalt compounds and alloys and mix 
tures thereof are preferred magnetic materials useful in 
the invention, other magnetically-responsive materials 
may be used. For example, a number of extremely small 
magnetically-responsive particles may be joined together 
by a binder material such as a resin to form a larger 
magnetic particle having the appropriate surface charac 
teristics for use in the present invention. Such a carrier 
particle is described in Miller, Canadian Pat. 835,317 
dated February 24, 1970. 
The relative amounts of the rough-surfaced magnetic 

particles and the smooth-surfaced magnetic particles com 
prising the carrier mixtures of the present invention may 
vary widely. Typically, the carrier mixture should con 
tain at least about 10% by weight of the rough-surfaced 
magnetic particles, and preferably from about 15-75% 
by weight of the rough-surfaced magnetic particles with 
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6 
the remainder of the carrier mixture comprising the 
smooth-surfaced magnetic particles. Although amounts 
somewhat less than or more than the aforementioned 
percentages may be utilized, it will be recognized that an 
amount much lower or much higher than those speci?ed 
will lead to a carrier mixture which has nearly the same 
properties of a mixture composed solely of rough-sur 
faced particles or solely of smooth-surfaced particles and 
will not provide the advantages obtained using a mixture 
of these particles. 
As noted hereinabove, several embodiments of the in 

vention are provided herein whereby especially advan 
tageous results may be obtained. Generally, these em 
bodiments of the invention relate to changing the elec 
trical properties of the particles comprising the carrier 
mixture of the present invention. For example, accord 
ing to an especially preferred embodiment of the invention 
there is provided a mixture of electrically conductive 
smooth, curvilinear-surfaced magnetic particles and elec 
trically conductive rough-surfaced carrier particles. Ac 
cording to this embodiment of the invention, it has been 
found that a carrier mixture comprising from about 25 
to about 50° by weight of electrically conductive rough 
surfaced magnetic particles and from about 75 to about 
50° by weight of electrically conductive, smooth, curvi 
linear-surfaced magnetic particles in admixture with a 
suitable electroscopic toner material provides a developer 
having certain de?nite advantages. In this regard, it has 
been found that addition of smooth, curvilinear-surfaced 
magnetic particles generally provides a developer having 
good flow properties (see FIG. 2 and Example 8) and a 
developer which gives good solid area images free from 
scratches, mottle, etc., and good reproduction of line 
images. On the other hand, it has been found that rough 
surfaced magnetic carrier particles provides developers 
having good toner replenishment and toner throw-0E 
characteristics. Therefore, to optimize the advantageous 
features of both of these different types of carrier par 
ticles, the present invention calls for a mixture of the two. 
According to a preferred embodiment of the invention it 
has been found advantageous to maximize the amount 
of smooth, curvilinear-surfaced magnetic particles to pro 
duce the desired image characteristics while maintaining 
the good replenishment and throw-off characteristics as 
sociated with rough-surfaced magnetic particles. It has 
been found that for a given developer bulk resistance, a 
maximum of smooth-surfaced magnetic particles in a 
developer mixture is obtained when both the rough-sur 
faced and the smooth-surfaced particles have a relatively 
low electrical resistivity. (See FIG. 1 and Example 7.) 
Thus, in a preferred embodiment of the invention, as 
noted above, there is provided a developer comprising a 
carrier vehicle containing a mixture of electrically con 
ducting smooth, curvilinear-surfaced and rough-surfaced 
magnetic particles. 

Although, as stated above, a preferred embodiment of 
the present invention relates to a carrier comprising a 
‘mixture of electrically conducting smooth-surfaced and 
rough-surfaced magnetic particles, it will be appreciated 
that the present invention is not limited thereto. For ex 
ample, in certain situations, one may desire a fringing 
developer only. In such case the electrical properties of 
the developer mixture of the present invention may be 
varied to include electrically insulating particles therein. 
According to other embodiments of the invention one may 
"utilize a carrier mixture comprising electrically insulating 
smooth-surfaced and rough-surfaced magnetic particles, 
or a mixture of electrically insulating smooth-surfaced 
magnetic particles and electrically conductive rough-sur 
faced magnetic particles, or a mixture of electrically con 
ducting smooth-surfaced magnetic particles and electric 
ally insulating rough-surfaced magnetic particles. 

In the present speci?cation, the terms “electrically in 
sulating” and “electrically conducting” are de?ned herein 
as follows: electrically insulating carrier particles or de 
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veloper mixes (i.e., mixtures of carrier particles and dry 
toner powder) have an electrical resistance greater than 
about 108 ohms up to 1012 ohms and higher whereas 
electrically conducting carrier particles or developer mixes 
are de?ned as having a lower electrical resistance, i.e., 
less than about 108 ohms down to 10 ohms or lower. The 
electrical resistance of carrier particles and developer 
mixes as de?ned herein is measured according to the 
following test: A 15 gram quantity of the particular car 
rier particles or developer mix to be tested is selected. A 
cylindrically-shaped bar magnet having a circular end of 
about 6.25 square cm. in area is used to attract the 15 
grams of sample carrier and hold it in the form of a brush. 
After formation of the brush, the bar magnet is positioned 
with the brush-carrying end approximately parallel to 
"and about 0.5 cm. from a burnished copper plate. The 
resistance of the particles in the magnetic brush is then 
measured between the magnet and the copper plate. 
A variety of well known techniques are available and 

known in the art for modifying the electrical surface 
properties of carrier particles. Accordingly, extended dis 
cussion thereof is not necessary. Brief mention may be 
made of various methods of coating electrically insulating 
resins on carrier particles to impart electrically insulating 
properties thereto and methods for improving the electri 
cal conductivity of various types of carrier particles. In 
this regard, reference may be made to the following 
publications: Walkup, US. Pat. 2,618,551 issued Nov. 18, 
1952; Greig, US. Pat. 2,874,063 issued Feb. 17, 1959; 
Belgian Pat. No. 746,111 dated Apr. 30, 1970; Belgian 
Pat. No. 746,110 dated Apr. 30, 1970; Belgian Pat. No. 
746,109 dated Apr. 30, 1970; Miller, US. Pat. 3,547,822 
issued Dec. 15, 1970; Canadian Pat. No. 835,817 dated 
Feb. 24, 1970; and Hagenbach et al. US. Pat. 3,533,835 
issued Oct. 13, 1970. 

Electrostatic developer compositions of the present in 
vention can be prepared by mixing from about 90 to 
about 99% by weight of the above-described carrier ve 
hicle with from about 10 to about 1% by weight of a suit 
able electroscopic toner material. 

The toner material (or marking particles) useful in dry 
electrographic developer compositions are generally com 
prised of a resin binder and a colorant. Suitable toners 
can be selected from a wide variety of materials to give 
desired physical properties to the developed image and the 
proper triboelectric relationship to match the carrier par 
ticles used. Generally, any of the toner powders known in 
the art are suitable for mixing in the developer composi 
tion of this invention. In certain instances, the toner may 
be comprised solely of colorant material without any 
resinous binder. In other cases, where a visible image is 
not desired or needed, the toner may be composed solely of 
a colorless material, such as a resinous material, having 
the desired physical and triboelectric properties. 
When the toner powder selected is utilized with mag 

netic carrier particles in a magnetic-brush development 
arrangement, the toner clings to the carrier by triboelectric 
attraction. The carrier particles acquire a charge of one 
polarity and the toner acquires a charge of the opposite 
polarity. Thus, if the carrier is mixed with a resin toner 
which is higher in the triboelectric series, the toner nor 
mally acquires a positive charge and the carrier a negative 
charge. 

Useful toner particles can be prepared by various meth 
ods. Two convenient techniques for preparing these toners 
are spray-drying or melt~blending followed by grinding. 
Spray-drying involves dissolving the resin, colorant and 

' any additives in a volatile organic solvent such as dichloro 
methane. This solution is then sprayed through an atomiz 
ing nozzle using a substantially non-reactive gas such as 
nitrogen as the atomizing agent. During atomization, the 
volatile solvent evaporates from the airborne droplets, 
producing toner particles of the uniformly colored resin. 
The ultimate particle size is determined by varying the 
size of the atomizing nozzle and the pressure of the gas 
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8 
eous atomizing agent. Further details relating to spray 
drying may be found in Carlson, lU.S. Pat. 2,357,809 is 
sued Sept. 12, 1944, and in West, US. Pat. 3,166,510 
issued I an. 19, 1965. conventionally, particles of a diam 
eter between about ‘1/2/i and about 30)‘ are used, with 
particles between about 2p. and 15” being preferred, al 
though larger or smaller particles can be used Where 
desired for particular development or image considera 
tions. 

Suitable toners can also be prepared by melt-blending. 
This technique involves melting a powdered form of poly 
mer or resin and mixing it with suitable colorants and ad 
ditives. The resin can readily be melted or heated on com 
pounding rolls which are also useful to mix or otherwise 
blend the resin and addenda so as to promote the complete 
intermixing of these various ingredients. After thorough 
blending, the mixture is cooled and solidi?ed. The result 
ant solid mass is then broken into small pieces and ?nely 
ground to form a free-?owing powder of toner particles. 
Such a melt-blending technique is described in Walkup, 
US. Pat. 2,618,551 issued Nov. 18, 1951. Of course, 
various other techniques for making toner particles may 
also be used. For example, certain spray-freeze drying 
techniques may be modi?ed to provide useful methods for 
preparing toner particles. An example of such a modi?ed 
spray freeze drying technique is described in Product 
Licensing Index, Volume 84, Apr. 1971, pages 343 6. The 
resultant toner particles usually range in size from about 
1A: to about 30a. 
The resin material used in preparing the toner can be 

selected from a wide variety of materials, including natu 
ral resins, modi?ed natural resins and synthetic resins. 
Exemplary of useful resins are balsam resins, colophony, 
and shellac. Exemplary of suitable modi?ed natural resins 
are colophonyl-modi?ed phenol resins and other resins 
listed below with a large proportion of colophony. Suit 
able synthetic resins are all synthetic resins known to be 
useful for toner purposes, for example, polymers, such as 
certain polycarbonate resins described in US. patent ap 
plication Ser. No. 34,557 ?led May 4, 1970, and in Prod 
uct Licensing Index, Volume 84, April 1971, pages 69-70, 
vinyl polymers and copolymers including polyvinyl chlo 
ride, polyvinylidene chloride, polyvinyl acetate, polyvinyl 
acetals, polyvinyl ether, polyacrylic and polymethacrylic 
esters, polystyrene, including substituted polystyrenes; 
polycondensates, e.g., polyesters, such as phthalate, tereph~ 
thalic and isophthalic polyesters, maleinate resins and 
colophony-mixed esters of higher alcohols; phenolformal 
dehyde resins, including modi?ed phenol-formaldehyde 
condensates; aldehyde resins; ketone resins; polyamides; 
polyurethanes, etc. Moreover, chlorinated rubber and 
polyole?ns, such as various polyethylenes, polypropylenes, 
polyisobutylene, are also suitable. Typical toner materials 
having incorporated therein styrene containing materials 
are disclosed in the following US. Patents: Solar 2,917, 
460 issued Dec. 15, 1959; Carlson Re. 25,136 issued Mar. 
13,1962; Rheinfrank et al. 2,788,288 issued Apr. 9, 1957; 
Walkup et al. 2,638,416 issued Apr. 12, 1953; Wise 2,618, 
552 issued Nov. 18, 1952; and Copley 2,659,670 issued 
Nov. 17, 1953. Other useful styrene containing toner resins 
are copolymers prepared from a monomeric blend of (a) 
40-60% by weight styrene or styrene homolog; (b) 20 
50% by weight of lower alkyl acrylate and methacrylate, 
e.g. alkyl methacrylates and alkyl acrylates having up to 3 
carbon atoms in the alkyl group; and (0) 5—30% by 
weight of higher alkyl acrylates and methacrylates, e.g. 
alkyl methacrylates and alkyl acrylates having 6~20 or 
more carbon atoms in the alkyl group. 

Colorants useful in the practice of this invention can be 
selected from a variety of materials such as dyestuffs or 
pigments. Such materials serve to color the toner and thus 
render it more visible. Suitable toner materials having 
appropriate caking and charging properties can, of course, 
be prepared without the use of a colorant material Where 
it is desired to have a developed image of low optical 
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opacity. In those instances where it is desired to have high 
optical opacity, the colorants used- can, in principle, be 
selected from virtually all of the compounds mentioned in 
the Color Index, Vols. I and II, Second Edition, Included 
among the vast number of useful colorants would be such 
materials as Hansa Yellow G (C.I. 11680), Nigrosine 
Spirit soluble (C.I. 50415), Chromogen Black ETOO 
(CI. 14645), Rhodamine B (C.I. 45170‘), Solvent Black 
3 (Cl. 26150), Fuchsine N (C.I. 42510), C.I. Basic Blue 
9 ((3.1. 52015), etc. Another useful class of colorants is 
comprised of nigrosine salts such as nigrosine salts of 
mono- and (ii-functional organic acids having from about 
2 to about 20 carbon atoms such as chloroacetic acid, 
stearic acid, sebacic acid, lauric acid, azelaic acid, adipic 
acid, abietic acid and the like. Nigrosine salts of this type 
are disclosed in Belgian Pat. 734,570 dated Aug. 14, 1969. 
Carbon black also provides a useful colorant as disclosed 
in Walkup, US. Pat. 2,618,551 issued Nov. 18, 1952. The 
amount of colorant added may vary over a wide range, 
for example, from about 3 to about 20 percent of the 
weight of the resin binder. Particularly goOd results are 
obtained when the amount is from about 5 to about 10 
percent. In certain instances, it may be desirable or pre 
ferred to omit the colorant, in which case the lower limit 
of concentration would be zero. 

In addition, if desired, organic melt viscosity modifying 
agents for the resin binder may be incorporated in the 
toner particles. If such viscosity modifying agents are 
utilized, the ratio of melt viscosity modifying agent to 
resin binder generally can vary from about 1:3 to about 
1.5: 1. Further information concerning these viscosity mod 
ifying agents may be found in Merrill et al., US. Appli 
cation Ser. No. 23,031, ?led Mar. 26, 1970. 
The following examples further illustrate the invention. 
The following de?nitions are utilized in the examples. 
H: Refers to Hoeganaes Corp. Ancor EH—80-150 

sponge iron powder, a rough-surfaced powder sieved to 
—80 +120 mesh. 
W: Refers to high density, smooth-surfaced spherical 

iron powder particles obtained from the Nuclear Metals 
Division of Whittaker Corp. having an average particle 
size within the sieve range of —70 +170 mesh and an 
apparent density of about 4.64 g./ml. 

Conducting: Refers to treatment of the magnetic par 
ticle with an acid wash as described in Belgian 746,109 
dated Apr. 30, 1970, followed by nickel plating as de 
scribed, for example, in Belgian 746,110 dated Apr. 30, 
1970, to provide particles which are “electrically con 
ducting” as de?ned hereinbefore. 

Insulating: Refers to the coating of the magnetic par 
ticles with a thin layer of a polymeric material such as a 
vinylidene chloride-acrylonitrile-acrylic acid terpolymer or 
a metal ion-linked carboxylic acid-a-ole?n copolymer 
(such as those sold under the trademark of Elvax disper 
sions by E. I. du Pont & Co.) to provide particles which 
are “electrically insulating” as de?ned hereinbefore. The 
use of such materials are described in McCabe, patent 
application Ser. No. 236,765 ?led concurrently herewith 
and entitled “Electrographic Carrier Vehicle and Devel 
oper Composition—Case B” and in Kasper, patent appli 
cation Ser. No. 236,584, ?led concurrently herewith and 
now abandoned and entitled “Electrographic Carrier Ve 
hicle and Developer Composition-Case C.” 
The terms relating to image type are used in the ac 

companying Examples as follows: 
SA means solid area development predominates. That 

is, one obtains good copies of solid area images including 
good ?ll-in of solid area images. 
S-S means semisolid area development predominates 

characterized by slight loss in density of the center of a 
copy of a 25 mm. square solid image. 
M means medium area development predominates 

characterized by a large loss in density of the center of 
a copy of a 25 mm. square solid image. 
S-F means semi-fringed development predominates 
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10 
wherein little density is produced in the center of a copy 
of a 25 mm. square solid image. 
F means fringed development predominates wherein no 

density is produced over the majority of the internal area 
of a copy of a 25 mm. square solid image. 

Line Reproduction: Refers to the ability to reproduce 
?ne, weak and unsharp lines. 

smoothness: Refers to the ability to reproduce solid 
area images free from scratches, mottle, etc. 

Throwo?‘: Refers to the developer’s ability to hold toner 
without “dusting” as the developer is mechanically agi 
tated. 

Replenishment: Refers to the developer’s ability to ac~ 
cept toner in the replenishment mode. 
Flow: Refers to the developer’s ability to be carried 

around the magnetic brush during development. 
P,A,S: Refer to the ratings of poor, acceptable and 

superior, respectively. 

Example 1 

Part 1 of Table I, included below for purposes of com 
parison, lists the data which are obtained when a carrier 
vehicle containing a mixture of rough-surfaced electrically 
insulating particles and rough-surfaced electrically con 
ducting particles is used‘. Note particularly that the weak 
ness and strengths of the mixtures are controlled by the 
individual carrier components. A carrier mixture of this 
type exhibits three defects: poor ?ne-line reproduction, 
poor quality solid-area reproduction, and poor ?ow char 
acteristics. This rough-surfaced carrier material appears 
to have properties which prevent it from perforning satis 
factorily; e.g., rough-surfaced sponge iron has a craggy 
surface which is rough and irregular. Thus particles of this 
type are highly abrasive during the development operation 
causing poor ?ne-line reproduction, scratchy solid areas 
and characters, and poor developer flow. 
The surface properties of these rough-surfaced par 

ticles, however, do offer some distinct advantages. Be 
cause their surface area is large and rough-textured, these 
carrier particles will hold toner extremely well, producing 
very favorable throwoff and replenishment characteristics. 
In addition, they have a scrubbing action which tends to 
keep the level of background down, producing very clean 
prints. Carrier A, in this example is H-Conducting. Car 
rier B, in this example is H-Insulating, having a thin ex 
ternal layer composed of vinylidene chloride-acrylonitrile 
acrylic acid copolymer. 

Example 2 

Part 2 of Table I included for purposes of comparison 
shows that both conducting and insulating smooth-sur 
faced iron particles are acceptable in all imaging charac 
teristics, but fall short with regard to throwolf and replen 
ishment. The iron particles used in this example are quite 
dense, spherical and extremely smooth, quite different 
from the particles used in Example 1. The electrographic 
properties of these smooth-surfaced particles are also dif 
ferent from those exhibited by the particles used in Ex 
ample 1. If the insulating and conducting particles used in 
this example are mixed together, the carrier mixture is at 
best, a poor compromise. Carrier A in this example is 
‘W-Conducting. Carrier B in this example is W-Insulating, 
having a thin external layer composed of a vinylidene 
chloride-acrylonitrile-acrylic acid copolymer. 

Example 3 

Part 3 of Table I shows the results obtained when 
smooth~surfaced particles are mixed with rough-surfaced 
particles in accordance with the present invention. In 
order for a mixture to be judged acceptable in all areas, 
it should have an “A” or “S” rating in every category. 



3,838,054 
11 

Thus, the more “A”+“S” ratings a particular carrier ve 
hicle is given, the more useful the carrier vehicle becomes. 
The data of Part 3 indicate that a mixed carrier ve 

hicle of the invention satis?es all categories. The smooth 
surfaced particles contribute to the imaging properties to 
the extent that acceptable mages are generated, despite 
the presence of the rough-surfaced particles. The rough 
surfaced particles provide the necessary physical properties 
to hold the toner in the developer bulk. Carrier A in this 
example is H-Conducting. Carrier B in this example is 
W-Insulating, having a thin external layer composed of a 
vinylidene chloride-acrylonitrile-acrylic acid copolymer. 

Example 4 

Part 4 of the table again shows the improved results 
obtained by the use of the mixed carrier of this invention. 
This example differs from Example 3 in that the rough, 
irregularly-surfaced iron is overcoated with a polymer to 
make it electrically insulating and the smooth-surfaced 
iron is nickeled to make it more conducting. The table 
indicates that the insulating rough-surfaced carrier by it 
self satis?es most of the tested requirements. This is to be 
expected, since the overcoat material may, to an extent, 
?ll up the interstitial voids in the carrier rendering it more 
round and smooth. But the rounding and smoothing op 
eration does not convert such particles completely to 
smooth-surfaced particles. The insulating rough-surfaced 
particles have at least one weakness which prevents a 
carrier of these particles from being totally accepted. That 
is, such a carrier provides primarily fringing and semi 
fringing developed images apparently due to the in?u 
ence of the insulating polymer coating and does not give 
good reproduction of solid area images. To obtain good 
solid-area reproduction, such a carrier should be admixed 
with a solid-area carrier, in this case conducting smooth 
surfaced iron particles. The admixture of smooth-surfaced 
iron particles also improves the ?ow properties of the 
carrier. 
The table shows that such a mixture works extremely 

well as 50/50, 67/33 and 75/25 ratios. 
Carrier A in this example is H-Insulating having a thin 

external layer composed of a vinylidene chloride-acrylo— 
nitrile-acrylic acid copolymer. Carrier B in this example 
is W-Conducting. 

Example 5 

Part 5 of the table shows that this invention is not re 
stricted to the use of insulating/conducting carrier mix 
tures only. When a smooth-surfaced conducting carrier 
and a rough-surfaced conductive carrier are mixed to 
gether, the superior properties of each blend together to 
produce mixtures which are acceptable in every category. 
Carrier A is H-Conducting. Carrier B is W-Conducting. 
This Example illustrates a preferred embodiment of the 
invention as explained in greater detail hereinbefore. 

Example 6 

Part 6 of the table indicates that the advantages of the 
invention can be realized by a mixture of two insulating 
mixtures. Note in particular the superior performance of 
the mixtures in the ratios of 40/60 and 35/65. Carrier A 
is H-Insulating, having a thin outer layer composed of a 
dried Elvax resinous dispersion, said outer layer contain 
ing about 33% by weight of electrically conductive car 
bon particles having a particle size within the range of 
1-20 microns. Carrier B is W-Insulating, having a thin 
external layer composed of a dried Elvax resinous disper~ 
sion, said outer layer containing about 35% by weight 
of small electrically conductive carbon particles having a 
particle size within the range of 1-20 microns. 

Example 7 

Table I shows that flow, smoothness and line repro 
duction are improved by the use of a smooth particle. 
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12 
Likewise, replenishment and throwoif are improved by 
the use of a rough particle. It is advantageous, therefore, 
to add a maximum of smooth carrier component to pro 
duce the desired image while maintaining good replenish 
ment and throwoff characteristics. 

FIG. 1 of this example illustrates that for a given de 
veloper resistivity a maximum of smooth carrier compo 
nent in a mixture is obtained when both particles are of 
low resistivity. The materials used to obtain the data on 
which FIG. 1 is based are described below as follows: 
The low resistivity carrier particles used in FIG. 1 are 

prepared by utilizing ferromagnetic particles having an 
oxide surface such that the electrical resistance of the par 
ticles is less than about 108 ohms using the resistance 
test described hereinbefore. The polymer coating is com 
posed of a dried Elvax resinous dispersion as described 
hereinbefore. The higher resistance carrier particles used 
in FIG. 1 of this example are prepared in a manner such 
that the oxide surface on the ferromagnetic particles pro 
vides particles having a resistance greater than about 108 
ohms. In FIG. 1 of this example, carrier A is composed 
of W iron particles having an Elvax coating thereon and 
has a relatively high electrical resistance. Carrier B is 
composed of H iron particles having an Elvax coating 
thereon and has a relatively low resistance. Carrier C is 
composed of W iron'particles having an Elvax coating 
thereon and has a relatively low electrical resistance. In the 
graph of FIG. 1, the horizontal axis represents the weight 
percent of smooth curvilinear-surfaced iron particles, i.e., 
W iron particles, present in a carrier vehicle composed of 
a mixture of smooth and rough-surfaced particles. The 
vertical axis of the graph represents the electrical resist 
ance of a developer containing 3-5 % by weight toner and 
95-97% by weight of the carrier vehicles represented on 
the horizontal axis. The electrical resistance of a given de 
veloper is determined as indicated earlier in the present 
speci?cation. 
The dry developers used in Examples 1-7 above con 

tain from about 3 percent to about 5 percent by weight 
of toner which is composed of particles of a black pig 
mented polycarbonate resin, said resin particles described 
in US. patent application Ser. No. 34,557, ?led May 4, 
1970, and Product Licensing Index, Volume 84, April 
1971, pages 69-70. 

Example 8 

FIG. 2 based on this example illustrates the improve 
ment in developer ?ow achieved by the addition of 
smooth, curvilinear-surfaced carrier particles to a carrier 
vehicle composed of a mixture of smooth and rough-sur 
faced particles. In this example, the data on which FIG. 
2 is based is obtained using W-iron particles having an 
Elvax coating as the smooth, curvilinear-surfaced particles 
and H-iron particles having an Elvax coating as the rough 
surfaced iron particles. In the graph of FIG. 2, the hori 
zontal axis represents the weight percent of smooth, curvi 
linear-surfaced iron particles, i.e., W iron particles, present 
in a carrier vehicle composed of a mixture of smooth and 
rough-surfaced, i.e., H-iron particles. The vertical axisof 
the graph of FIG. 2 represents the ?owtime in seconds for 
a unit volume of developer. Flowtimes are determined as 
follows: Using a Hall Flowmeter, su?icient developer 
(toner plus carrier) is allowed to ?ow through a standard 
Hall Flowmeter cup #856 (rated at 39.9 seconds) mount 
ed one inch above a 25 ml. receiving cup until the cup is 
completely ?lled (25 ml.). The developer is then placed 
back in the standard cup #856 and the time (in sec 
onds) for all of the developer to ?ow through the stand 
ard ori?ce is measured as the ?owtime. Each of the de 
velopers used to provide the data for the FIG. 2 graph 
are composed of 97% by weight carrier particles and 3% 
by weight of pigmented thermoplastic resin toner par 
ticles. 
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= The invention has been described in detail with par 
ticular reference to preferred embodiments thereof, but 
it '1 will be understood that variations and modi?cations 
can be effected within the spirit and scope of the inven 
tion. 
We Claim: 

7 _1_. An electrographic developer composition, for use in 
developing electrostatic charge patterns, comprising a free 
?owing particulate, magnetically-responsive carrier vehicle 
and ‘particulate electroscopic toner material triboelectri 
c'allyt-attractable to said carrier vehicle, said carrier ve 
hicle comprising a mixture of rough-surfaced, irregularly 
shaped magnetically responsive particles and smooth-sur 
faced, regularly shaped magnetically responsive particles, 
said rough and said smooth particles having an average 
size within the range of from about 1200 microns to about 
30 microns, said rough particles being present in an 
amount of from about 10 percent to about 83 percent by 
weight of the carrier vehicle. 

2. ‘The invention of claim 1 wherein said magnetically 
r'e'sponsive particles comprise solid particles of ferromag 
netic materials selected from the group consisting of iron, 
cobalt, nickel and alloys and mixtures thereof. 

3'. The invention of claim 1 wherein said'rough-sur 
faced; irregularly shaped‘ magnetically-responsive particles 
are electrically conducting and said smooth-surfaced, reg 
ularly‘shaped magnetically-responsive particles are elec 
trically insulating. 

‘ 4. The invention of claim 1 wherein said rough-sur 
fa’ced magnetically-responsive particles are electrically in 
sulating and said smooth-surfaced particles are electrically 
conducting. ' 

15-3 5;? The invention of claim 1 wherein said rough and 
said smooth‘particles are electrically insulating. 
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6. A11 electrographic developer composition, for use in 
developing electrostatic charge patterns, comprising a free 
?owing particulate, magnetically-responsive carrier ve 
hicle and particulate electroscopic toner material tribo 
electrically-attractable to said carrier vehicle, said carrier 
vehicle comprising a mixture of rough-surfaced, irregu 
larly shaped magnetically responsive particles and smooth 
surfaced, regularly shaped magnetically responsive par 
ticles, said rough and said smooth particles having an aver 
age size within the range of from about 1200 microns to 
about 30 microns, said rough and said smooth particles 
being electrically conductive, and said rough particles be 
ing present in an amount of from about 10 percent to 
about 83 percent by weight of the carrier vehicle. 

7. An electrographic developer composition, for use 
in developing electrostatic charge patterns, comprising a 
free-?owing particulate, magnetically-responsive carrier 
vehicle and particulate electroscopic toner material tribo 
electrically-attractable to said carrier vehicle, said carrier 
vehicle comprising a mixture of rough-surfaced, irregu 
larly shaped ferromagnetic particles having an apparent 
density less than about 3.5 g./ml. and smooth, regularly 
shaped convexly-surfaced ferromagnetic particles having 
an apparent density greater than about 3.5 g./ml., said 
rough and said smooth particles having an average size 
within the range of from about 1200 microns to about 
30 microns, said rough particles being present in an 
amount of about 10 percent to about 83 percent by weight 
of the carrier vehicle. 

8. The invention of claim 7 wherein said rough and 
said smooth particles comprise iron and wherein said 
rough and said smooth particles have an average size 
within the range of from about 300 microns to about 60 
microns. 
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9. An electrographic developer composition, for use in 
developing electrostatic charge patterns, comprising a free 
?owing particulate, magnetically-responsive carrier vehicle 
and particulate electroscopic toner material triboelectri 
cally-attractable to said carrier vehicle, said carrier vehicle 
comprising a mixture of (a) rough-surfaced, irregularly 
shaped, electrically conducting ferromagnetic iron or iron 
alloy particles having an apparent density within the 
range of from about 2 to about 3 g./ml. and (b) smooth, 
regularly shaped, electrically conducting, substantially 
spherical, ferromagnetic iron or iron alloy particles hav 
ing an apparent density greater than about 4 g./ml., said 
rough and said smooth particles having an average size 
within the range of from about 60 to about 300 microns, 
said rough particles being present in an amount of from 
about 10 percent to about 83 percent by weight of the 
carrier vehicle. 

10. The invention of claim 9 wherein said rough and 
said smooth particles have an electrical resistance less than 
about 10 ohms. 

11. An electrographic developer composition, for use 
in developing electrostatic charge patterns, comprising a 
free ?owing particulate, magnetically-responsive carrier 
vehicle and particulate electroscopic toner material tribo 
electrically-attractable to said carrier vehicle, said carrier 
vehicle comprising a mixture of rough-surfaced, irregu 
larly shaped magnetically responsive particles and smooth 
surfaced, regularly shaped magnetically responsive par 
ticles, said rough and said smooth particles having an 
average size within the range of from about 1200 microns 
to about 30 microns, said rough and said smooth par 
ticles being electrically conductive, and said rough par 
ticles being present in an amount of from about 15 per 
cent to about 75 percent by weight of the carrier vehicle. 

12. An electrographic developer composition, for use 
in developing electrostatic charge patterns, comprising a 
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free ?owing particulate, magnetically-responsive carrier 
vehicle and particulate electroscopic toner material tribo 
electrically-attractable to said carrier vehicle, said carrier 
vehicle comprising a mixture of (a) rough-surfaced, ir 
regularly shaped, electrically conducting ferromagnetic 
iron or iron alloy particles having an apparent density 
within the range of from about 2 to about 3 g./ml. and 
(b) smooth, regularly shaped, electrically conducting, sub 
stantially spherical, ferromagnetic iron or iron alloy par 
ticles having an apparent density greater than about 4 g./ 
ml., said rough and said smooth particles having an aver 
age size within the range of from about 60 to about 300 
microns, said rough particles being present in an amount 
of from about 15 percent to about 75 percent by weight 
of the carrier vehicle. ' 
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