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ABSTRACT OF THE DISCLOSURE 
An electrophotographic development carrier comprises 

core particles coated with a ?uoropolymer or a mixture 
of a ?uoropolymer and a modifying material. When 
utilized with appropriate electroscopic toner materials, 
the carrier, which is coated with the mixture of the ?uoro 
polymer and the modifying material, is effective in pro 
ducing a desired polarity and magnitude of the tribo~ 
electric charge on the toner particles, and the carrier, 
which is coated with the ?uoropolymer, is effective in 
producing a triboelectric charge of a desired magnitude 
on the toner particles. Control of the polarity and mag 
nitude of the triboelectric charge characteristic of the 
the carrier, which has its particles coated with the 
mixture of the ?uoropolymer and the modifying material, 
is obtained by heating the coated particles to a selected 
temperature depending upon the desired polarity and 
magnitude and the particular toner with which the carrier 
is used. Control of the magnitude of the triboelectric 
charge characteristic of the carrier, which is coated with 
the ?uoropolymer, is obtained by controlling the curing 
conditions. 

In electrophotography, a photoconductor is charged 
and then exposed imagewise to light. 'In the area of the 
photoconductor exposed to light, the charge dissipates or 
decays while the dark areas retain the electrostatic charge. 
The difference in the charges between the areas ex 

posed to light and the dark area produces electrical ?elds 
therebetween. Accordingly, the resultant latent electro 
static image on the photoconductor is developed by de— 
positing small colored particles, which are known as toner 
particles, over the surface of the photoconductor with 
the toner particles having a charge so as to be directed 
by the electrical ?elds to the image areas of the photo 
conductor to develop the electrostatic image. 
A number of means are known for developing the 

latent electrostatic image by the application of the toner 
particles. One of these is known as cascade development 
and is described in U.S. Pat. 2,618,552 to Wise. 
Another means is known as the magnetic brush process. 

This method is described in U.S. Pat. 2,874,063 to Greig. 
In each of the cascade and magnetic brush develop 

ment processes, a two component developer material is 
utilized. The developer material comprises a mixture of 
small toner particles and relatively large carrier particles. 
The toner particles are held on the surfaces of the rela 
tively large carrier particles by electrostatic forces, which 
develop from the contact between the toner and carrier 
particles producing triboelectric charging of the toner and 
the carrier to opposite polarities. When the developer 
material is moved into contact with the latent electro 
static image of the photoconductor, the toner particles 
are attracted to the latent image. 
The toner and carrier particles of the developer ma 

terial are specially made and processed so that the toner 
obtains the correct charge polarity and magnitude of 
charge to insure that the toner particles are perefential 
ly attracted to the desired image areas of the photocon 
ductor. For a given developer-hardware system, the mag 
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nitude of the triboelectric charge is important in that if 
such charge is too low, the copy will be characterized 
by high print density but heavy background; if the charge 
is too high, the background is good but the print density 
will tendto be low. Thus, there is an optimum range 
of toner charge for best overall results. 

‘Prior art dry developer materials, which are employed 
in an automatic copy machine, have carrier ?lming 
problems due to the recycling of the carrier particles 
through many cycles producing many collisions between 
the carrier particles and between the carrier particles 
and parts of the machine. The attendant mechanical 
friction causes some toner material to form a physical 
ly adherent ?lm on the surfaces of the coatings of the 
carrier particles. 
When this occurs, there is a gradual accumulation of 

permanently attached ?lm of toner material on the sur 
faces of the carrier particles. This ?lmed layer of toner 
tends to impair the normal triboelectric charging of the 
toner particles in the developer mix because the normal 
toner-carrier triboelectric charging is partly replaced by 
a toner-toner relationship. As a result, the toner, which 
is available for developing the latent electrostatic image, 
is less highly charged on the average. If this occurs to a 
su?icient degree, the improperly charged toner particles 
can be deposited on the non-image areas whereby the 
quality of the copies is impaired since the non-image 
areas possess an unacceptable level of background toner. 
When toner ?lming occurs to a sufficient degree, the 

entire developer material must be replaced thereby in 
creasing the cost of operation of the copy machine. Fur 
thermore, it is time consuming. This problem is especial 
ly signi?cant in high speed copy machines in which 
thousands of copy cycles occur in a relatively short period 
of time or in copy machines in which the developer is 
continuously agitated. 

Furthermore, because of the contact between the 
carrier particles and between the carrier particles and parts 
of the machine, there is abrasion of the coating of the 
carrier particles. This abrasion of the coating also may 
reduce the effectiveness of the triboelectric charging be 
tween the carrier and the toner by exposing the toner to 
the core material of the carrier. 
Thus, if the coating is not sufficiently resistant to abra 

sion, early replacement of the entire developer material 
is required. Again, this replacement of the entire devel 
oper material is costly and time consuming, especially in 
high speed copy machines. 

‘Furthermore, even if the coating of the carrier particle 
resists abrasion, the coating also must have good adhe 
sion to the core of the carrier particle. Otherwise, the 
coating can chip, ?ake, or spall, even if the coating is of 
a material that is not subject to abrasion, due to the rub 
bing or contact between the various carrier particles and 
between the carrier particles and parts of the machine. 
This also requires early replacement of the developer 
material. 

Therefore, in addition to having the proper triboelec 
tric characteristics, the coating of a carrier particle must 
have good anti-stick (low surface energy) properties to 
prevent ?lming of the carrier particle by the toner. The 
coating also must have good adherence to the core and 
be resistant to abrasion. 

In addition to having the foregoing desired properties, 
the carrier particles must have the characteristic of hav 
ing 'a triboelectric charge of a desired magnitude and 
polarity when used with a particular electroscopic toner. 
This is because the magnitude of the triboelectric charge 
of the toner is controlled by the magnitude and polarity 
of the carrier charge when the toner and the carrier are 
mixed. 
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The magnitude of the charge of the toner is important 
for the electrophotographic system to produce copies of 
a high quality. If the magnitude of the charge of the toner 
is too low, the copies have poor edge de?nition and lack 
contrast since the non-image or background areas possess 
an unacceptable level of toner as previously mentioned. 
If the magnitude of the charge of the toner is too high, 
then there is poor image ?ll since the toner would tend 
to stay with the carrier. Accordingly, the magnitude of 
the charge of the toner must be Within a range above that 
in which poor edge de?nition is produced and below that 
in which poor image ?ll occurs. 

Thus, if the coating of the carrier particle has the 
characteristic of imparting a triboelectric charge to the 
toner when mixed therewith so that the toner charge does 
not fall within the range in which copies of high quality 
can be obtained, the coating cannot be employed for a 
carrier for the toner even though it meets the abrasion, 
anti-stick, and adhesion requiremens. Accordingly, for a 
carrier coating to be satisfactory, it not only must meet 
the abrasion, anti-stick, ‘and adhesion requirements but 
also must be capable of causing the carrier to have the 
characteristic of triboelectrically charging the toner when 
mixed with the toner so that the charge of the toner is 
within the desired range that enables copies of high 
quality to be produced. 

lFluoropolymers such as ?uorocarbons and ?uorosili 
cones, for example, have good anti-stick properties to 
prevent or greatly inhibit toner ?lming thereon as well 
as being capable of adhering to a core and having resist 
ance to abrasion so that these would seem to make good 
carrier coatings. In fact, it has previously been suggested 
in US. Pat. 3,533,835 to Hagenbach et al. to employ 
fluorocarbons such as polytetra?uoroethylene, for exam 
ple, as a coating for a carrier particle if ?nely-divided 
conductive particles are impacted into the coating. 

However, polytetra?uoroethylene, which is sold under 
the trademark Te?on by Du Pont, has always been de 
scribed as being at or near the bottom of any published 
triboelectric series. In fact, the trademark Te?on has been 
used in some published triboelectric series as the identi? 
cation of the material rather than polytetra-?uoroethylene 
or ?uorocarbon. The trademark Te?on is employed by 
Du Pont to identify various non-stick ?nishes including 
both polymers and/0r copolymers of ?uorocarbons and 
mixtures of polymers and/or copolymers of a ?uorocar 
bon and a modifying resin or material. 

Accordingly, because of the location of Te?on, particu 
larly polytetra?uoroethylene, in the various published 
triboelectric series, materials sold under the trademark 
Te?on,- particularly polytetra?uoroethylene, have not 
been considered applicable for use as carrier coatings in 
electrophotographic systems other than those in which 
the triboelectric charge imparted to the toner particles by 
mixing with the coated carrier particles has produced a 
toner having a charge of a speci?c magnitude that is com 
patible withe the particular electrophotographic system. 
Because of this position in the various published tribo 
electric series, one would expect the magnitude of the 
charge imparted to the toner particles by mixing with the 
carrier particles coated with Te?on to be ?xed so that it 
could not be varied. 
The present invention satisfactorily solves the foregoing 

problems by providing a method for coating carrier parti 
cles of an electrophotographic developer with a material 
having the desired antistick, abrasion, and adhesion prop 
erties while being able to control the magnitude of the 
triboelectric charge of the carrier coating in accordance 
with the toner with which the carrier is used whereby the 
magnitude of the charge of the toner is controlled. Thus, 
the present invention enables the charge of a toner to be 
selectively controlled so that the magnitude of the charge 
of the toner falls within the desired range in which the 
charge is not so low as to produce poor edge de?nition 
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4 
and/or high background or so high as to produce poor 
image ?ll. Therefore, the electrophotographic process uti 
lizing the developer material of the present invention is 
substantially improved due to the high quality copy pro 
duced thereby. 

‘In addition to being able to control the magnitude of 
the charge of carrier particles coated with polytetra?uoro 
ethylene, the present invention also is capable of control 
ling the magnitude of the charge of carrier particles 
coated with a mixture of a ?uoropolymer and a modify 
ing material or resin, for example. Suitable examples of 
these mixtures in which the ?uoropolymer is a ?uorocar 
bon or a copolymer thereof also are sold by Du Pont as 
Te?on. 

Furthermore, when utilizing the mixture of the ?uoro 
polymer and the modifying material, the present inven 
tion is not only capable of controlling the magnitude of 
the charge but also its polarity. While the broad concept 
of changing the triboelectric charge polarity of a mix 
ture of a ?uoropolymer and a modifying material with re 
spect to various toners from electronegative to electro 
positive is disclosed in the copending application of Carl 
A. Queen‘er et al. for “Coated Oarrier Particles, Method 
of Making Same, and Improved lElectrophotographic 
Process,” Ser. No. 110,756, ?led Jan. 28, 1971, and as 
signed to the same assignee as the assignee of this appli 
cation, the present invention is able to selectively control 
both the polarity and the magnitude of the charge of the 
coated carrier particles in accordance with the toner with 
which the carrier is used. 
The present invention achieves this unexpected result 

by controlling the curing of the coated particles. With 
polytetra?uoroethylene, curing is controlled by quenching 
the coated carrier particles after they have been heated. 
With carrier particles coated with a mixture of a ?uoro 
polymer and a modifying material, curing is controlled 
through regulating the temperature to which the particles 
are heated. While it is known that the various materials, 
which are sold by ‘Du -Pont under the trademark Te?on, 
require a curing temperature to produce a desired ?nish, 
there is no suggestion that controlling the curing condi 
tions through selecting a curing temperature can produce 
a coating of the material on a core ?hlat results in the 
coated core being selectively positioned in a triboelectric 
series with respect to various materials which may be 
readily employed as toners in electrophotographic systems 
so that the triboelectric charge of the toners may have a 
desired magnitude and polarity. With either coating, the 
temperature must be sufficient to cause the coating to ad 
here to the core of the carrier particle. 
With the mixture of the ?uoropolymer and the modify 

ing material, the triboelectric characteristic of the carrier 
material can be varied over a wide range while that of 
polytetra?uoroethylene can be changed to a lesser extent. 
Thus, a wider control of the magnitude of the triboelec 
tric characteristic of the carrier particles is obtained when 
using the mixture of the ?uoropolymer and the modifying 
material than when using only the ?uoropolymer thereby 
making it compatible with a greater number of toner ma 
terials of differing triboelectric characteristics. 

Additionally, the mixture of the ?uoropolymer and the 
modifying material can be treated so as to be capable of 
being used as a carrier coating with a variety of toners, 
irrespective of whether they need to have an electronega 
tive or electropositive charge, in various types of electro 
photographic systems. This allows the polarity and the 
magnitude of the toner charge to be controlled so that the 
toner can be readily usable with any electrophotographic 
system. . 

Accordingly, even if the potential of the image areas in 
an electrophotographic system were changed signi?cantly 
so that the charge and/or polarity of the toner must be 
changed for the toner to continue to be employed in the 
electrophotographic system, this invention allows the par 
ticular toner to still be used. Addition-ally, this invention 



3,798,167 
5 

permits the selection of any one of a plurality of toners 
for use with a particular electrophotographic system. 
At the same time that this ?exibility of the toner charge 

through controlling the triboelectrie characteristic of the 
carrier material is available by employing the method of 
the present invention, the present invention also insures 
that the carrier particles have a relatively long life. This 
is because the coating of the carrier particles has the re 
quired anti-stick, abrasion, and adhesion properties neces 
sary for a long life coating for a carrier. 
An object of this invention is to provide a method for 

controlling the magnitude and/or polarity of the tribo 
electric charge of a coated ‘carrier particle in accordance 
with the toner and the electrophotographic system with 
which it is used. 

Another object of this invention is to provide a coated 
carrier particle having the magnitude and/or polarity of 
its triboelectrie charge controlled in accordance with the 
toner and the electrophotographic system with which it is 
used. . 

A further object of this invention is to provide an elec 
trophotographic development carrier having a relatively 
long life. 

Still another object of this invention is to provide an 
improved electrophotographic process. 
The foregoing and other objects, features, and advan 

tages of the invention will be more apparent from the 
following more particular description of the preferred 
embodiments of the invention as illustrated in the ac 
companying drawings. 

In the drawings: 
FIGS. 1 to 3 are graphs having curves showing the re 

lationship between the toner charge and the curing tem 
perature for different toners and different coatings on the 
carrier particles. 
FIG. 4 is a graph having curves showing the relation 

ship of the charge of various toners relative to different 
cure times of a single carrier coating at a constant cure 
temperature. 
The core of the carrier particle formed by the present 

invention may be any material to which the coating can 
adhere and which can withstand the curing temperature. 
Thus, the material of the core of the carrier particle may 
be sand, glass beads, or metallic beads, for example. 
When the carrier particles of the present invention are 

employed in a developer utilized in the magnetic brush 
process, the material of the core is a ferromagnetic ma 
terial such as iron or steel, for example. Other suitable 
ferromagnetic materials such as magnetic oxides and 
alloys (copper-nickel-iron), for example, may be em 
ployed. 

The size of the core generally may be between 50 and 
1,000 microns. The preferred size range is between 100 
and 600 microns. 
The material of the coating of the core of the carrier 

particle of the present invention is formed of a ?uoro 
polymer or a mixture of a ?uoropolymer and a modify 
ing material. While the ?uoropolymer may be ?uorosili 
cone, for example, it is preferably a ?uorocarbon. Further 
more, the ?uorocarbon is preferably polytetra?uoroethyl 
ene when no modifying material is used and is a copoly 
mer of tetra?uoroethylene and hexa?uoropropylene hav 
ing thermal properties very close to the 1:1 copolymer 
when a modifying material is used. 

Pol'yTetra?uoroethylene is sold as pure Te?on by Du 
Pont. The copolymer of tetra?uoroethylene and hexa 
?uoropropylene having thermal properties very close to 
the 1:1 copolymer and mixed with a modifying material 
is sold by Du Pont as Te?on with a modifying description 
including a number. 

In applying the coating to the core, the coating may be 
applied by any suitable means such as dipping, spraying, 
tumbling the cores with a coating solution in a barrel, or 
through a controlled ?uidized bed. The ?uidized bed 
process is preferred since it enables a uniform coating to 
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6 
be applied to the cores of the particles. The ?uidized bed 
process is described in US. Pat's. 2,648,609, 2,799,241, 
and 3,253,944 to Wuster and 3,196,827 and 3,241,520 to 
Wurster et al. 

In the Wurster ?uidized bed process, for example, the 
cores are suspended and circulated in an upwardly ?ow 
ing stream of heated gas such as air, for example, in a 
manner such that the particles move upwardly and are 
sprayed by the coating material in a ?rst zone. Then, in 
a second zone, the particles settle through the air stream 
in a zone of lower air velocity and the liquid, which is a 
solvent and/or a dispersant, of the sprayed coating evapo 
rates to leave a thin solid coating on the particles. The 
particles recirculate to the ?rst zone so that successive 
layers of the coating material are built up on the core in 
a uniform manner. 

After the core has been coated to form the carrier parti_ 
cle, the coating is cured so as to possess the desired tri 
boelectric properties. The curing process depends upon the 
material of the coating and the composition of the toner 
with which the carrier particles of the present invention 
are to be employed. 

Thus, if the coating is a ?uoropolymer such as poly 
tetra?uoroethylene, for example, then curing of the coat 
ing occurs by heating the carrier particles at a selected 
temperature for a selected period of time. After the car 
rier particles have been heated at the selected tempera 
ture for the selected period of time, the carrier particles 
are quenched in a suitable ?uid such as water, for exam 
ple, thereby affecting the magnitude of the triboelectric 
charge of the carrier particle when mixed with a particu 
lar toner. Thus, for a particular toner, quenching of the 
carrier particles having a coating of polytetra?uoroethyl 
one produces an increase in the magnitude of the tribe 
electric charge of about 5% to 40% depending upon the 
core material, the core size, and the toner being used. This 
enables the triboelectric charge of the toner to fall within 
a desired range in which high quality copies are produced. 
When the material of the coating is a mixture of a 

?uoropolymer and a modifying material, the curing proc 
ess is different. In this curing process, the carrier particles 
are heated at a selected temperature for a selected period 
of time and then cooled to a low temperature such as by 
ambient air cooling. By selecting the temperature at which 
the carrier particles are heated after their cores have been 
coated, the magnitude and polarity of the triboelectric 
charge of the toner, which is mixed with the carrier par 
ticles, is controlled. 

It should be understood that the temperature must be 
sufficiently high so that the coating will adhere to the core. 
The desired magnitude and polarity of the toner charge 
for the particular toner determines the actual temperature 
selected. 
The thickness of the coating may vary from 1 to 20 

microns. However, it is preferably about 2 to 5 microns. 
The coating thickness must be sufficient to impart the 
desired triboelectric effect to the carrier with the upper 
limit of the thickness being determined by physical integ 
rity of the coating. 

Various suitable pigmented or dyed electroscopic toner 
materials may be utilized with the carriers, which have 
the cores of their particles formed by the coatings of the 
present invention. The suitability of a toner material to 
be used in conjunction with these carriers depends on its 
triboelectric behavior with such carriers. 

Examples of materials which are potentially viable as 
candidate toners include: rosin, gilsonite, phenol-formal 
dehyde resins, rosin modi?ed phenol-formaldehyde resins, 
methacrylic resins, polystyrene resins, polyethylene resins, 
polypropylene resins, epoxy resins, cumarone indene resin, 
asphaltum, polyamides, polyurethanes, polyesters, carbox 
ylated polyethylene ionomer resins, and mixtures of any 
of the foregoing. 
The following are examples of the present invention in 

detail. The examples are included merely to aid in the 
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understanding of the invention, and variations may be 
made by one skilled in the art without departing from the 
spirit and scope of this invention. 

EXAMPLE I 

A coating formulation containing a ?uoropolymer and 
a modifying resin, which is sold by Du Pont. as 954-101 
light green Te?on-S, is diluted about three (3) volumes 
to one ( 1) volume with methyl ethyl ketone by stirring 
at room temperature and sprayed onto steel beads haying 
an average diameter of about 450 microns and a surface 
suitably clean for adhesion. The ?uoropolymer is a co 
polymer of tetra?uoroethylene and hexa?uoropropylene 
which has thermal properties very close to the 1:1 copoly 
mer. The modifying resin is epoxy. 
The coating formulation of 954-101 light green Te?on-S 

is a solution including solvents and a pigment in addition 
to the ?uoropolymer and the modifying resin. The mod 
ifying resin is substantially dissolved in the solvents, which 
comprise a mixture of methyl isobutyl ketone and xylenes 
in ratios of 2:3 by weight. The pigment, which is chromic 
oxide, and the ?uoropolymer are cosuspended in the solu 
tion of the solvents and the modifying resin. By weight, 
the ?uoropolymer comprises approximately 36% of the 
total solution, the modifying resin approximately 18.5% 
of the total solution, the solvents approximately 41.5% 
of the total solution, and the pigment approximately 4% 
of the total solution. 
About 50 milliliters of the diluted material is applied 

per pound of steel beads. The material is sprayed onto the 
beads in a Wurster cyclic ?uidized bed tower at a coating 
temperature of about 100° F. 

Five portions of the material so prepared are now cured 
in ovens at ?ve (5) different temperatures with one por 
tion at 375° F., one portion at 475° F., one portion at 
575 ° F., one portion at 675° F., and one portion at 775° 
F. For each portion, the coated beads are brought to their 
designated temperature, left there for about 15 minutes, 
then removed from the oven, cooled to room temperature 
via ambient air cooling, and screened through a U8. 
standard 30 mesh screen to remove agglomerates. 

Aliquots of these ?ve portions, which have been cured 
at the dilferent temperatures, are now mixed with each of 
three (3) different tonersto a level by weight of about 
0.8% toner and 99.2% carrier. The three toners are Hunt 
Graph-O-Print toner sold by Philip A. Hunt Chemical 
Corporation, Palisades Park, N.J., IBM Part No. 1162057, 
and :IBM Part No. 1162051. 
The Hunt Graph-O-Print toner comprises a copolymer 

of styrene/n-butyl methacrylate resin, polyvinyl butyral 
plasticizer, and carbon black pigment. The IBM Part No. 
1162057 toner comprises a copolymer of styrene/n-butyl 
methacrylate resin, maleic anhydride modi?ed polyester, 
polyvinyl stearate plasticizer, and carbon black pigment. 
The IBM Part. No. 1162051 toner comprises a copolymer 
of n-butyl methacrylate/methylmethacrylate resin, maleic 
anhydride modi?ed polyester, polyvinyl butyral plasti 
cizer, carbon black pigment, and a fumed silica physically 
mixed in the toner after compounding. The charge gen 
erated between each of these 15 toner-carrier mixtures is 
now measured by cascading a portion of each mixture 
across an inclined slide upon which is imposed an electro 
static voltage pattern forming an image and observing the 
toner weight deposited and the charge that is displaced 
by the toner. 
The basic component of the charge measuring system 

is a phenolic circuit board wherein the copper has been 
etched so that a center electrode area is isolated from the 
outer electrode area by a ?ne etched line about .005” 
wide. After making arrangements for electrical contacts 
to the electrodes, a 1/2 mil Mylar sheet is laminated over 
the copper electrodes. 
The slide is then charged by an AC cut-01f corona 

which has the characteristic of supplying current to the 
test slide only as long as a potential difference exists 
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between the corona screen and the slide. During charging, 
the center electrode is biased positive or negative depend 
ing on the charge polarity being measured. 

Since the slide surface potential becomes equal to the 
screen potential, this serves as a means of repeatedly 
controlling the charge on the slide. After the Mylar is 
charged, the two electrodes are returned to ground. 
The surface potential is then due to the charge trapped 

on the Mylar surface and a charge image remains which 
is quite similar to the charge image on a photoconductor. 
A proximity voltmeter is used to measure the voltage to 
which the slide is charged. In these tests, :350 volts was 
used depending on the toner charge polarity. It should 
be understood that the Mylar acts as a capacitor so that 
there is a charge stored on the test electrode which is of 
equal magnitude and opposite polarity to the charge on 
the Mylar surface. 
When the toner-carrier mixture is cascaded over the 

slide, toner desposits over the center electrode and dis 
charges the slide. The resulting current is fed to an inte 
grating ampli?er where the output voltage is proportional 
to the integral-of the current. A 10-8 feed-back capacitor 
is used giving a calibration factor of 10-8 coulombs charge 
per volt output. With the observed 'voltage output, the 
charge displaced by the toner is easily calculated. The 
toner weight deposited is easily measured by weighing the 
slide before and after cascading the toner-carrier mixture. 
The charge is calculated by dividing the charge displaced 
by the toner weight deposited and converting electrons 
per gram. 
The charges calculated are plotted graphically versus 

curing temperatures in FIG. 1 wherein curve 10 represents 
the charges for the Hunt toner, curve 11 illustrates the 
charges for IBM Part No. 1162051 toner, ‘and curve 12 
shows the charges for IBM Part No. 1162057 toner. The 
curing temperature has controlled at will the magnitude 
and polarity of the charge imparted to the three toners 
by the 954-101 light green Te?on-S coated carrier. 

EXAMPLE II 

A coating formulation containing a ?uoropolymer and 
a modifying resin, which is sold ‘by Du Pont as 959-205 
dark chocolate one-coat Te?on enamel, is diluted about 
one (1) volume to one (1) volume with Du Pont T-8741 
thinner by stirring at room temperature and sprayed onto 
steel beads having an average diameter of about 450 mi 
crons and a surface suitably clean for adhesion. The 
?uoropolymer is a copolymer of tetra?uoroethylene and 
hexa?uoropropylene which has thermal properties very 
close to 1:1 copolymer. The modifying resin is urethane. 
The coating formulation of 959-205 dark chocolate 

one-coat Te?on enamel is a solution including solvents 
and a pigment in addition to the ?uoropolymer and the 
modifying resin. The modifying resin is substantially dis 
solved in the solvents which comprises a mixture of meth 
yl isobutyl ketone and n-methyl-Z-pyrrolidone in ratios of 
2:3 by weight with a small amount of water (approxi 
mately 5% of the solvents). The pigment, which is iron 
oxide, and the ?uoropolymer are cosuspended in the so 
lution of the solvents and the modifying resin. By weight, 
the ?uoropolymer comprises approximately 20% of the 
total solution, the modifying resin approximately 6% of 
the total solution, the solvents approximately 71% of the 
total solution, and the pigment approximately 3% of the 
total solution. The Du Pont T-8741 thinner is a diluent 
having the same basic solvent make-up as the solvents in 
the coating formulation of 959-205 dark chocolate one 
coat Te?on enamel. 
About 50 milliliters of the diluted material is applied 

per pound of steel beads. The material is sprayed onto 
the beads in a Wurster cyclic ?uidized bed tower at a 
coating temperature of ‘about 150° F. 

Five portions of the material so prepared are now 
cured in ovens at ?ve (5) different temperatures with 
one portion at 375° F., one portion at 475° F, one por 
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tion at 575° F., one portion at 675° F., and one portion 
at 775° F. For each portion, the coated beads are brought 
to their designated temperature, left there for about 15 
minutes, then removed from the oven, cooled to room 
temperature via ambient air cooling, and screened through 
a U.S. standard 30 mesh screen to remove agglomerates. 

Aliquots of these ?ve portions, which have been cured 
at the different temperatures, are now mixed with each 
of three (3) different toners to a level by weight of about 
0.7% toner and 99.3% carrier. The three toners are the 
same as in Example I. The charge generated between 
each of these 15 toner-carrier mixtures is now measured 
in the same manner as in Example I. The charges cal 
culated are plotted graphically versus curing temperatures 
in FIG. 2 wherein curve 14 represents the charges for the 
Hunt toner, curve 15 illustrates the charges for IBM Part 
No. 1162051 toner, and curve 16 shows the charges for 
IBM Part No. 1162057 toner. The curing temperature 
has greatly controlled the charge imparted to the three 
toners by the 959-205 dark chocolate one-coat Te?on 
enamel coated carrier. 

EXAMPLE III 

A coating formulation containing a ?uoropolymer and 
a modifying resin, which is sold by Du Pont as 958-202 
steel blue Te?on-S, is diluted about one (1) volume to 
one (1) Ivolume with Du Pont T-8595 thinner by stirring 
at room temperature and sprayed onto steel beads having 
an average diameter of about 450 microns and a surface 
suitably clean for adhesion. The ?uoropolymer is a co 
polymer of tetra?uoroethylene and hexa?uoropropylene 
which has thermal properties very close to the 1:1 co 
polymer. The modifying resin is urethane. 
The coating formulation of 958-202 steel blue Te?on-S 

is a solution including solvents and a pigment in addition 
to the ?uoropolymer and the modifying resin. The modi 
fying resin is substantially dissolved in the solvents, which 
comprise a mixture of methyl isobutyl ketone and n 
methyl-Z-pyrrolidone in ratios of 1:3 by weight. The pig 
ment, which is cobalt aluminate, and the ?uoropolymer 
are cosuspended in the solution of the solvents and the 
modifying resin. ‘By weight, the ?uoropolymer comprises 
approximately 16% of the total solution, the modifying 
resin approximately 5% of the total solution, the solvents 
approximately 75% of the total solution, and the pigment 
approximately 4% of the total solution. The Du Pont T 
8595 thinner is a diluent haw'ng the same basic solvent 
make-up as the solvents in the coating formulation of 
958-202 steel blue Te?on-S and contains, by weight, 75% 
n-methyl-2-pyrrolidone and 25% methyl isobutyl ketone. 
About 50 milliliters of the diluted material is applied 

per pound of steel beads. The material is sprayed onto 
the beads in a Wurster cyclic ?uidized bed tower at a 
coating temperature of about 150° F. 

Five portions of the material so prepared are now cured 
in ovens at ?ve (5) different temperatures with one por 
tion at 375° F., one portion at 475° F., one portion at 
575° F., one portion at 675° F., and one portion at 775° 
F. For each portion, the coated ‘beads are brought to their 
designated temperature, left there for about 15 minutes, 
then removed from the oven, cooled at room temperature 
via ambient air cooling, and screened through a U.S. 
standard 30 mesh screen to remove agglomerates. 

Aliquots of these ?ve portions, which have been cured 
at the different temperatures, are now mixed with each of 
two (2) different toners to a level by weight of about 1% 
toner and 99% carrier. The two toners are Hunt Graph 
O-Print toner sold by Philip A. Hunt Chemical Corpora 
tion, Palisades Park, N.J., and IBM Part No. 1162057. 
The charge generated between each of these 10 toner 
carrier mixtures is now measured in the same manner as 
in Example I. The charges calculated are plotted graphi 
cally versus curing temperature in FIG. 3 wherein curve 
18 represents the charges for the Hunt toner and curve 20 
shows the charges for IBM Part No. 1162057 toner. The 
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10 
curing temperature has controlled at will the magnitude 
and polarity of the charge imparted to the two toners by 
the 958-202 steel blue Te?on-S coated carrier. 

EXAMPLE IV 

Carrier particlesare prepared in the same manner as in 
Example I. Four separate portions of the material are now 
placed in an oven, and the temperature of the beads in 
each portion is now brought to about 575° F. One por 
tion is removed after 10 minutes at 575° F., one portion 
after 20 minutes at 575° F‘., one portion after 30 min 
utes at 575° F., and one portion after 60 minutes at 575° 
F. All are cooled to room temperature via ambient air 
cooling and all are screened through a U.S. standard 30 
mesh screen to remove agglomerates. 

Aliquots of these four ‘(4) portions, which have been 
cured at 575° F. for different times, are now mixed with 
each of three (3) different toners to a level by weight of 
about 0.7% toner and 99.3% carrier. The three toners 
are the same as in Example I. 
The charge on each of the 12 toner-carrier mixtures is 

measured by the method described in Example I. The 
charges so measured are plotted versus curing time in 
FIG. 4 wherein curve 21 represents the charges for the 
Hunt toner, curve 22 illustrates the charges for IBM Part 
No. 1162051 toner, and curve 23 shows the charges for 
IBM Part No. 1162057 toner. The curing time does not 
have a major effect on charge between 954-101 green 
Te?on-S carrier and these three (3) toners. 
While Examples I to III show that the use with par 

ticular toners and correct heat treatment of the mixture 
of the ?uoropolymer and the modifying material can pro 
duce a coating for a carrier particle of a developer in 
which the carrier particles can have their triboelectric 
charge magnitude and polarity controlled with respect to 
the toners, further examples will be given to show that the 
coatings of Examples I and II have a long life when used 
in a developer simulator. 

In the developer simulator in which the developer mix 
tures of Examples V to VII were tested, the developer 
simulator was a conventional bucket elevator cascade de 
veloper. The developer mixture was scooped from a reser 
voir by buckets, elevated to a point above a drum used 
to simulate a photoconductor drum, cascaded across the 
drum surface, and then returned to the sump by gravity. 
This cycle, which is continuously repeated, simulates the 
environment to which a developer mixture is subjected 
in an operating copy machine. 
The following examples were prepared and tested in 

the developer simulator. 

EXAMPLE V 

A coating formulation containing about 0.6% by 
weight Orasol red “B" dye, sold by Ciba Chemical and 
Dye Company, Rte. 208, Fairlawn, N.J., and about 4.4% 
by weight N-type ethyl cellulose, sold by Hercules, Inc., 
Wilmington, Del., dissolved in methyl ethyl ketone by 
stirring at room temperature is sprayed onto steel beads 
having an average diameter of about 450 microns and 
a surface suitably clean for adhesion. 
About 100 milliliters of the solution is applied per 

pound of steel beads. The material is sprayed onto the 
beads in a Wurster cyclic ?uidized bed tower at a coating 
temperature of about 80° F. 
The coated cores are then placed in an oven and the 

temperature of the heads is brought to about 190° F. and 
left there for about 24 hours, at which time the tempera 
ture is raised to about 270° F. for about an additional 
one hour. The cured beads are now removed from the 
oven, cooled to room temperature via ambient air cooling, 
and screened through a U.S. standard 30 mesh screen to 
remove agglomerates. 
A developer mixture, which forms the control sample, 

is now prepared by thoroughly mixing 0.5% by weight 
of Hunt Graph-O-Print toner, sold by Philip A. Hunt 
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Chemical Corporation, Palisades Park, NJ., with the 
carrier particles. The resultant developer mixture is now 
exercised in the cascade developer simulator. 

After 273 hours of such simulation, the carrier is 
examined. Substantial/amounts of coating are missing, 
and the carrier surface is heavily ?lmed or impacted 
with toner. Charge imparted to the Hunt Graph-O-Print 
toner is measured by the method outlined in Examples 1 
to IV on two samples. One sample is removed from the 
developer mixture at the beginning of the simulation and 
the second sample is removed from the developer mix 
ture at the end of the simulation. The charge of the 
toner has degraded by about 30% during the simulation. 

In addition, electrostatic images developed with the 
?nal material in a copy making robot are characterized 
by high background and poor character de?nition. Much 
toner dusting in the operating developer also is noted. 

EXAMPLE VI 

The same developer simulator experiment, as per 
formed in Example V, is performed except 954-101 light 
green Te?on-S coated carrier, prepared as per Example I, 
is substituted for the red dyed ethyl cellulose coated car 
rier. Hunt Graph-O-Print toner at 0.5% by weight is 
used, and the same developer simulator unit is used. 
The carrier is exercised for about 360 hours and then 

examined. There is no signi?cant ?lmed~on or impacted 
toner, and the amount of coating missing from the carrier 
is minimal. 
The charge imparted to the Hunt Graph-O-Print toner 

is measured by the method outlined in Examples I to IV 
on two samples. One sample is removed from the de 
veloper mixture at the beginning of the simulation and 
the second sample is removed from the developer mix 
ture at the end of the simulation. No signi?cant difference 
is found in the charge. 
Copy made with this material in the same copy making 

robot as referred to in Example VIII has low back 
ground, good print quality, and there is less dusting in 
the developer unit than in Example V. 

EXAMPLE VII 

The same developer simulator experiment, as per 
formed in Example V, is performed except 959-205 dark 
chocolate one coat Te?on enamel carrier, prepared as 
per Example II, is substituted for the red dyed ethyl 
cellulose carrier. Hunt Graph-O-Print toner at 0.5% by 
weight is used, and the same developer simulator unit is 
used. 
The carrier is exercised for about 340 hours and then 

examined. There is no signi?cant ?lmed-on or impacted 
toner, and the amount of coating missing from the carrier 
is minimal. 
The charge imparted to the Hunt Graph-O-Print toner 

is measured by the method outlined in Examples I to IV 
on two samples. One sample is removed from the de 
veloper mixture at the beginning of the simulation and 
the second sample is removed from the developer mix 
ture at the end of the simulation. A signi?cant but not 
limiting degradation difference is found in the charge. 
Copy made with this material in the same copy making 

robot as referred to, in Example VIII has low back 
ground, good print quality, and there is less dusting in 
the developer unit than in Example V. 
To ascertain the type of copy produced from a de 

veloper mixture having the carriers prepared in accord 
ance with the present invention, carrier particles formed 
in accordance with Examples I and II were tested in a 
copy making robot and then compared with a control 
sample. The copy making robot is equipped with charg 
ing, imaging, developing, transferring, and cleaning sta 
tions. The developing station has a conventional bucket 
cascade developer. The copy making robot uses a photo 
conductor of the type employed in the copying machine 
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12 
sold by IBM, the assignee of this application, and de 
scribed in U.S. Pat. 3,484,237 to Shattuck et al. 
The following examples show the results. 

EXAMPLE VIII 

The carrier particles were prepared in the same way 
as described in Example V. The only difference being that 
the Hunt Graph-O-Print toner was 0.8% by weight rather 
than 0.5% by weight. 
The resultant developer mixture was placed in the copy 

making robot and one million copies were made. The car 
rier performance was monitored throughout by observing 
coating loss, ?lmed-on or impacted toner, and the toner 
concentration required for equivalent print densities at es 
sentially constant photoconductor electrostatics. 

After 300,000 copies, the carrier has lost 10% to 15% 
of its coating, exhibits some ?lmed-on toner, and must 
operate at 0.6% to 0.7% by weight toner to give print 
densities equivalent to those obtained at 0.8% to 0.9% 
toner at the beginning of the test. After one million copies, 
the carrier has lost about 20% to 25% of its coating, is 
heavily ?lmed with toner, and must operate at 0.3% 
to 0.4% by weight toner to give print densities equivalent 
of the test. This demonstrates that the carrier’s ability to 
charge toner has been seriously degraded and that operat 
ing considerations (toner concentration) has had to have 
been changed to accommodate the degradation. 

EXAMPLE IX 

The same copy making robot experiment, as performed 
in Example VIII, is performed except 954~l01 light green 
Te?on-S carrier, prepared as per Example I, is substituted 
for the red dyed ethyl cellulose carrier. The Hunt Graph 
O-Print toner of 0.8% by weight is used, a sister robot 
with equivalent hardware is used, and the test is run to one 
million copies. Again, carrier performance is monitored 
throughout by observing coating loss, ?lmed-on or im 
pacted toner, and toner concentration required for equiv 
alent print densities at essentially constant photoconduc 
tor electrostatics. 

After 300,00 copies the carrier has lost only about 5% of 
its coating, has essentially no ?lmed-on toner, and the 
toner concentration for equivalent print density has not 
changed signi?cantly since the beginning of the test. After 
one million copies, the carrier has lost only 10% to 15% of 
its coating, still has no signi?cant ?lmed-on toner, and the 
toner concentration for equivalent print density has not 
chaged sigi?cantly since the beginning of the test. 

EXAMPLE X 

The same copy making robot experiment, as performed 
in Example VIII, is performed except 950-205 dark choco 
late one~coat Te?on enamel carrier, prepared as per EX 
ample II, is substituted for the red dyed ethyl cellulose car 
rier. Hunt Graph-O-Print toner of 0.8% by weight is used, 
and the same copy making robot is used as in Example IX. 
Again, carrier performance is monitored throughout by 
observing coating loss, ‘?lmed-on or impacted toner, and 
toner concentration required for equivalent print densities 
at essentially constant photoconductor electrostatics. 

After 300,000 copies, the carrier has lost only about 7% 
of its coating, has essentially no ?lmed-on toner, and the 
toner concentration for equivalent print density is lower 
by only 0.1% toner since the beginning of the test. The 
test was not run to 1,000,000 copies. _ 

The carrier was in better condition at 300,000 copies 
than the red dyed ethyl cellulose of Example VIII—less 
coating loss and no ?lmed-on toner-but not as good as 
the 954-101 light green Teflon-S of Example IX as the 
toner charge (as indicated by the need to run at slightly 
lower toner concentration) had degraded slightly. 
The following is an example of controlling the magni 

tude of the charge in which the coating is formed of poly 
tetra?uoroethylene through controlling the curing by 
quenching. 
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EXAMPLE XI 

A coating formulation consisting of 850-201 Te?on 
primer for steel, which is sold by Du Pont, is diluted about 
two (2) volumes to one (1) volume with water ‘by stirring 
at room temperature and sprayed onto steel beads having 
an average diameter of about 450 microns and a surface 
suitably clean for adhesion. The coating formulation of 
850-201 Te?on primer for steel is a solution comprising, 
by weight, approximately 35% polytetra?uoroethylene, 
approximately 12% chromic acid and phosphoric acid, 
and aproximately 53% water. 
The material is applied to the beads in a Wurster cyclic 

?uidized bed tower at a temperature of about 190° F. 
About 12 milliliters of the diluted material is applied per 
pound of beads. 
The primed beads are now removed from the tower, 

placed in an oven, and the temperature of the beads is 
brought to about 780° F. and left there for about 11 min 
utes. The beads are now removed from the oven, cooled 
to room temperature via ambient air cooling, and then 
placed back into the ?uidized bed tower. 
A coating formulation of Du Pont 852-201 clear Te?on 

enamel diluted about two (2) volumes to one (1) volume 
with water by stirring at room temperature is now sprayed 
onto the beads in the Wurster cyclic ?uidized bed tower 
at a coating temperature of about 190° F. The coating 
formulation of 852-201 clear Te?on enamel contains, by 
weight, approximately 48% polytetra?uoroethylene, ap 
proximately 3% Triton type surface active agent (blend 
of alkyl aryl polyether alcohol with organic sulfonate), 
and approximately 49% water and toluene in the ratio 
of 95 to 5. About 30 milliliters of the diluted material is 
applied per pound of beads. 
The beads are then removed from the tower, placed 

in an oven, and the temperature of the beads is brought 
to about 780° F. and left there for about 11 minutes. 
The material is now immediately divided into two equal 
portions. One-half is allowed to cool to room tempera 
ture via ambient air cooling and the other half is rapidly 
quenched in water whose temperature is about 50° F. 
to 70° F. 
The air cooled material is screened through a US. 

Standard 30 mesh screen to remove agglomerates. The 
quenched material is broken up to reduce the agglom 
erates, then dried 01f in the ?uidized bed tower with warm 
(approximately 250° F.) air for about 20 minutes, and 
then cooled to room temperature. The triboelectric 
charges between the quenched material and IBM Part 
No. 1162051 toner and between the air cooled material 
and IBM Part No. 1162051 toner are now measured by 
the technique described in Example I. The triboelectric 
charge between the carrier having the quenched material 
as the coating and this toner is higher than the tribo 
electric charge between the carrier having the air cooled 
material as the coating and this toner by on the order 
of 10%. All charge data at about 0.7% toner by weight 
is between 3.0 and 6.0x l013 electrons/ gram of toner and 
the toner is triboelectrically positive. Quenching in Water 
has increased the triboelectric charge between the carrier 
having the coating of polytetra?uoroethylene and IBM 
Part No. 1162051 toner by affecting the cooling rate after 
curing. 

While Example XI shows that the use with a particu 
lar toner and quenching of the polytetra?uoroethylene 
produces a coating for carrier particles of a developer 
in which the carrier particles have their triboelectric 
charge magnitude controlled and increased with respect to 
the toner, an example will be given to show that the coat 
ing of Example X-I has a long life when used in a de 
veloper simulator. 

EXAMPLE XII 

A sample of a carrier having a coating of quenched 
polytetra?uoroethylene prepared as per Example XI is 
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14 
life simulated for 650 hours in the developer simulator. 
The developer simulator is the conventional bucket ele 
vator cascade developer as described with respect to Ex 
amples V to VII. No toner is used in the simulator; how 
ever, the carrier’s ability to triboelectrically charge toner 
is checked periodically by removing the carrier from the 
simulator, mixing with about 0.8% by weight IBM Part 
No. 1162051 toner, and making copy in an operating 
cascade development copy robot. The carrier is also mon 
itored for coating damage and loss. 

After 650 hours, the carrier has lost less than 10% of 
its coating and makes excellent copy in a copy making 
robot. The 1650 hour developer simulation has not sig 
ni?cantly degraded the performance of the coating of 
polytetra?uoroethylene. 

EXAMPLE XI'II 

A coating formulation containing about 11% by weight 
Exon 497 resin, which is sold by Firestone Plastics Com 
pany, Pottstown, Pa., and about 1% by weight Orasol 
red “B” dye, which is sold by Ciba Chemical and Dye 
Company, Fairlawn, N.J., dissolved in methyl ethyl ke 
tone by stirring at room temperature is sprayed onto steel 
beads having an average diameter of about 450 microns 
and a surface suitably clean for adhesion. The material is 
sprayed onto the beads in a Wurster cyclic ?uidized bed 
coating tower at a temperature of about 90° F. and 
about 45 milliliters per pound is applied. 
The coated beads are then placed in an oven, and the 

temperature of the beads is brought to about 190° F. for 
about 6 hours. The temperature is then raised to about 
210° F. for about one hour; then the beads are removed 
from the oven and cooled to room temperature via ambi 
ent air cooling. The material is next screened through a 
US. standard 30 mesh screen to remove agglomerates. 
A sample of the material so prepared is now life simu 

lated for 50 hours in the developer simulator as per 
Example XII. After only 50 hours simulation, the coating 
is at least 50% gone, and the carrier is badly deteriorated 
as an electronegative carrier. 
To ascertain the type of copy produced from a de 

veloper mixture having the carrier with the coating pre 
pared in accordance with Example XI, carrier particles 
formed in accordance with Example XI were tested in a 
copy making robot as described for Examples VIII to X. 
Because of the damage to the coating of Example XIII, 
this carier could not be tested in a copy making robot. 

EXAMPLE XIV 

A sample of a carrier having a coating of quenched 
polytetra?uoroethylene prepared as per Example X1 is 
life tested in an operating copy machine for 380,000 
copies. The machine has conventional charging, imaging, 
cascade developing, transferring, fusing, and cleaning 
stations. Carrier performance is monitored by observing 
coating loss, ?lmed-on or impacted toner, and copy 
quality. 

After 380,000 copies, there is no signi?cant ?lmed-on 
toner, only about 10% coating loss, and the copy is ex 
cellent. There has been no signi?cant degradation in the 
ability of the carrier to triboelectrically charge toner. 
Based on these recognized parameters for carrier degra 
dation, the life of this carrier is signi?cantly greater than 
380,000 copies. 
Examples I to IV show that the magnitude of the tri 

boelectric charge and its polarity is not affected by the 
curing time but only by the temperature at which the 
particles are heated. Therefore, it is not necessary to heat 
the carrier particles at the selected temperature for over 
15 minutes. 
Example XI is discloses that control of the magnitude 

of the triboelectric charge of the carrier particles, de 
pendent upon the toner composition, can be effectively 
increased. Thus, this enables more ?exibility for the use 
of the particles coated with pure Te?on. 
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From the foregoing, it is readily observed that the coat 

ing of the carrier particles comprises at least essentially 
a ?uoropolymer irrespective of whether the coating is a 
?uoropolymer or a mixture of a ?uoropolymer and a 
modifying material. Thus, when used in the claims, the 
terms “at least essentially a ?uoropolymer” includes a 
?uoropolymer or a mixture of a ?uoropolymer and a 
modifying material. 
An advantage of this invention is the carrier particles 

having a ?uoropolymer coating can have the magnitude 
of the triboelectric charge and its polarity controlled pre 
cisely for various toners whereby ?exible selection of the 
toner is obtained. Another advantage of this invention is 
that high quality copies are obtained from a copying ma 
chine. A further advantage of this invention is that toner 
?lming is reduced. Still another advantage of this inven 
tion is that good adhesion of the coating on the core is 
obtained with the carrier having the desired triboelectric 
properties. - 

While the invention has been particularly shown and 
described with reference to preferred embodiments there 
of, it ‘will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein Without departing from the spirit and 
scope of the invention. 
What is claimed is: 

_ 1. An electrophotographic developer material compris 
mg: 

?nely divided toner particles and carrier particles mixed 
with each other; 

each of said carrier particles comprising a core having 
a substantially continuous ?lm ?rmly adhered to its 
surface; 

said ?lm being a material selected from the group of 
materials with each of the materials comprising a 
mixture of an inherently triboelectrically negative 
?uoropolymer and a modifying resin in which the 
?uoropolymer is essentially insoluble; 

and said carrier particles having the magnitude of the 
triboelectric charge characteristic for a selected com 
position of the material of said toner particles, 3 
selected percent by weight of said toner particles 
relative to said carrier particles, and the electrophoto~ 
graphic system with which the developer material is 
to be used selected in accordance with the curing 
temperature of the selected material of said ?lm with 
the temperature being in a range between 300° F. 
and 800° F. 

2. The material according to claim 1 in which the 
?uoropolymer is a ?uorocarbon. 

3. The material according to claim 2 in which the 
?uorocarbon is polytetra?uoroethylene. 

4. The material according to claim 2 in which the 
modifying material is selected from the group consisting 
of epoxy and urethane resins. 
. 5. An electrophotographic developer material compris 
mg: 

?nely divided toner particles and carrier particles mixed 
with each other; 

each of said carrier particles comprising a core having 
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a substantially continuous ?lm ?rmly adhered to its 
surface; 

said ?lm being a material selected from a group of ma 
terials with each of the materials comprising a mix 
ture of an inherently triboelectrically negative ?uoro 
polymer and a modifying resin in which the ?uoro 
polymer is essentially insoluble; 

and said carrier particles having the polarity of its tri 
boelectric charge characteristic for a selected com: 
position of the material of said toner particles 
selected in accordance with the composition of the 
selected material of said ?lm and the temperature at 
which the selected material of said ?lm is cured with 
the temperature being in a range between 300° F. 
and 800° F. 

6. The material according to claim 5 in which the 
?uoropolymer is a ?uorocarbon. 

7. The material according to claim 6 in which the 
modifying material is selected from the group consisting 
of epoxy and urethane resins. 

8. An electrophotographic developer material compris 
mg: 

?nely divided toner particles and carrier particles mixed 
with each other; 

each of said carrier particles comprising a core having 
a substantially continuous ?lm ?rmly adhered to its 
surface; 

said ?lm comprising a substantially insoluble ?uoro 
polymer; 

and said carrier particles having the magnitude of the 
triboelectric charge characteristic for a selected com 
position of the material of said toner particles, a 
selected percent by weight of said toner particles rela 
tive to said carrier particles, and the electrophoto 
graphic system with which the developer material is 
to be used selected in accordance with the curing 
process of the selected material of said ?lm in which 
the material is heated to a temperature in a range 
between the glass transition temperature of the 
?uoropolymer and 800° F. and then quenched. 

9. The material according to claim 8 in which the 
?uoropolymer is a ?uorocarbon. 

10. The material according to claim 9 in which the 
?uorocarbon is polytetra?uoroethylene. 
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