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[57] ABSTRACT 

A developer material comprising colored toner parti 
cles having a particle size less than about 30 microns 
and a minor proportion of submicroscopic silicon 
dioxide additive particles having at least a portion of 
the silicon atoms on the outside surface of the silicon 
dioxide particles directly attached through an oxygen 
atom to another silicon atom which is in turn directly 
attached through a carbon linkage to one to three or 
game groups. 

7 Claims, No Drawings 
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AN ELECTROSTATIC DEVELOPER CONTAINING 
MODIFIED SILICON DIOXIDE PARTICLES 

BACKGROUND OF THE INVENTION 

This invention relates to imaging systems, and more 5 
particularly, to improved electrostatographic.develop 
ing materials, their manufacture and use. 
The formation and development of images on the 

surface of photoconductor materials by electrostatic 
means is well known. The basic xerographic process, as 10 
taught by C. F. Carlson in U.S. Pat. No. 2,297,691, in 
volves placing a uniform electrostatic charge on a 
photoconductive insulating layer, exposing the layer to 
a light-and-shadow image to dissipate the charge on the 
areas of the layer exposed to the light and developing 1 
the resulting electrostatic latent image by depositing on 
the image a ?nely divided electroscopic material 
referred to in the art as “toner." The toner will nor 
mally be attracted to those areas of the layer which 
retain a charge, thereby forming a toner image cor 
responding to the electrostatic latent image. This 
powder image may then be transferred to a support sur 
face such as paper. The transferred image may be sub 
sequently be permanently affixed to the support sur 
face as by heat. Instead of latent image formation by . 
uniformly charging the photoconductive layer and then 
exposing the layer to a light-and-shadow image, one 
may form the latent image by directly charging the 
layer in image con?guration. Thepowder image may 
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be ?xed to the photoconductive layer ifl'elimination of 30 
the powder image transfer step is desired. Other suita 
ble ?xing means such as solvent or overcoating treat 
ment may be substituted for the foregoing -.h_"e'at ?xing 
steps. " ' ' _ 

Several methods are known for applying the electro 
scopic particles to the electrostatic latent image to be 
developed. One development method, as disclosed by 
E. N. Wise in U.S. Pat. No. 2,6l8,552 is known as “ 
cascade” development. In this method,a developer 
material comprising relatively large carrier particles 
having ?nely divided toner particles electrostatically 
coated thereon is conveyed to and rolled or cascaded 
across the electrostatic latent image bearing surface. 
The composition of the carrier particles is so selected 
as to triboelectrically charge the toner particles to the‘ 
desired polarity. As the mixture cascades or rolls across 
the image bearing surface, the toner particles are elec 
trostatically deposited and secured to the charged por 
tion of the latent image and vare not deposited on the 
uncharged or background portions of the image. Most 
of the toner particles accidentally deposited in the 
background are removed by the rolling carrier, due ap 
parently, to the greater electrostatic attraction between 
the toner and the carrier than between the toner and 
the discharged background. The carrier and excess 
toner are then recycled. This technique is extremely 
good for the development of line copy images. 
Another method of developing electrostatic images 

is‘ the “magnetic brush” process as disclosed, for exam 
ple, in U.S. Pat. No. 2,874,063. In this method, a 
developer material containing toner and magnetic car 
rier particles are carried by a magnetic. The magnetic 
?eld of the magnet causes alignment of the magnetic 
carrier into a brush-like configuration. This “magnetic 
brush” is engaged with the electrostatic image-bearing 
surface and the toner particles are drawn from the 
brush to the latent image by electrostatic attraction. 
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2 
Still another technique for developing electrostatic 

latent images is the “powder cloud" process as dis 
closed, for example, by C. F. Carlson in U.S. Pat. No. 
2,221,776. In this method, a developer material com 
prising electrically charged toner particles in a gaseous 
?uid is passed adjacent the surface bearing the electro 
static latent image. The toner particles are drawn by 
electrostatic attraction from the gas to the latent image. 
This process is particularly useful in continuous tone 
development. 

Other development methods such as “touchdown” 
development as disclosed by R. W. Gundlach in U.S. 
Pat. No. 3,166,432 may be used where suitable. 

Although some of the foregoing development 
techniques are employed commercially today, the most 
widely used commercial electrostatographic develop 
ment technique is the technique known as “cascade” 
development. A general purpose of?ce copying 
machine incorporating this development process is 
described in U.S. Pat. No. 3,301,126. In automatic 
electrostatographic imaging equipment, it is conven 
tional to employ an electrophotographic plate in the 
form of a cylindrical drum which is continuously 
rotated through a cycle of sequential operations includ 
ing charging, exposing, developing, transferring and 
cleaning. The plate is usually charged with corona of 
positive polarity by means of a corona generating 
device of i the type disclosed by L. E. Walkup in U.S. 
Pat. No.. 2,777,957 which is connected to a suitable 
source of high potential. After forming a powder image 
on the electrostatic latent image during the develop 
ment step, the powder image is electrostatically trans 
ferred to a support surface by means of a corona 
generating device such as the corona device mentioned 
above. In automatic equipment employing a rotating 
drum, a support surface to which a powder image is to 
be transferred is moved through the equipment at the 
same rate as the periphery of the drum and contacts the 
drum at the transfer position interposed between the 
drum surface and the corona generating device. 
Transfer is effected by a corona generating device 
which imparts an electrostatic charge to attract the 
powder image from the drum to the supportsurface. 
The polarity of charge required to effect image transfer 
is dependent upon the visual form of the original copy 
relative to the reproduction and the electroscopic 
characteristics of the developing material employed to 
effect development. For example, where a positive 
reproduction is to be made of the positive original, it is 
conventional to employ a positive polarity corona to'ef 
fect transfer of a negatively charged toner image to a 
support surface. When a positive reproduction from a 
negative original is desired, it is conventional to. employ 
a positively charged developing material which is 
repelled by the charged areas on the plate to the 
discharged area thereon to form a positive image which 
may be transferred by negative polarity corona. This 
imaging process is ordinarily repeated for each copy 
produced by the machine thousands of times during the 
usable life of the developer and drum surface. 

Although automatic electrostatographic imaging 
machines are described above with reference to 

5 cascade development systems, it is apparent that other 
well known development techniques such as those 
described above would also utilize cycles of sequential 
operations including charging, exposure and develop 
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ing. Generally, thousands of cycles of service free per 
formance is expected of automatic machines today. 
Thus, the developer employed in automatic elec 
trostatographic imaging machines must be durable and 
exhibit stable and predictable performance for ex 
tended periods of time. 
Many developer materials, though initially pos 

sessing desirable properties such as proper triboelectric 
characteristics, are unsuitable because they tend to ex 
hibit a change in performance characteristics over ex 
tended periods of time. The change in performance 
characteristics is a result of numerous factors. For ex 
ample, the electrical properties of some toner and car 
rier materials ?uctuate with changes in relative hum idi 
ty and are not desirable for employment in elec 
trostatographic imaging systems, particularly in preci 
sion high speed automatic machines which require 
toners and carriers having stable and predictable 
triboelectric values. Another factor affecting predicta 
bility of developer performance in automatic machines 
is the formation of contaminating ?lms of toner materi 
al on reusable photoreceptor imaging surfaces and car 
rier particle surfaces. When toner and carrier particles 
are employed in automatic machines and recycled 
through many thousands of cycles, the millions of colli 
sions which occur between the toner particles, carrier 
particles and other surfaces in the machine caused the 
toner particles to be welded or otherwise forced onto 
the surfaces of photoreceptors and carrier particles. It 
is apparent that the gradual accumulation of per 
manently attached toner material on the surfaces of 
carrier particles causes a change in the triboelectric 
value of the carrier particles and directly contributes to 
the degradation of the copy quality by eventual 
destruction of the toner carrying capacity of the carri 
er. Similarly, gradual accumulation of unwanted toner 
?lms on the surface of reusable photoreceptors alters 
the electrical properties of the photoreceptor thereby 
altering the overall performance of the automatic elec 
trostatographic imaging machine. Developer deteriora 
tion in automatic electrostatographic imaging 
machines is visually detected on imaged copies in the 
form of increased toner deposits in the background 
areas, poor image resolution and low image density in 
solid areas. Thus, there is a continuing need for a better 
system for forming toner images in the electrostato 
graphic imaging machines. 

SUMMARY OF THE INVENTION 

it is, therefore an object of this invention to provide 
an imaging system which overcomes the above-noted 
de?ciencies. 

It is another object of this invention to provide an 
imaging system which stabilizes developer per 
formance. 

It is another object of this invention to provide an 
imaging system which forms images having reduced 
tonerdeposits in background areas. 

It is another object of this invention to provide an 
imaging system which provides images having dense 
solid areas. , 

It is another object of this invention to provide an 
imaging system which forms higher resolution images. 

It is another object of this invention to provide an 
imaging system which reduces the formation of toner 
films on carrier particle surfaces. 
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4 
It is another object of this invention to provide an 

imaging system which reduces toner ?lm formation on 
photoreceptor surfaces. 

It is another object of this invention to provide 
developing materials having physical and chemical pro 
perties superior to those of known developing materi 
als. 
The above objects and others are accomplished, 

generally speaking, by providing a developer material 
comprising colored toner particles having a particle 
size less than about 30 microns and a minor proportion 
of submicroscopic silicon dioxide additive particles 
having at least a portion of the silicon atoms on the out 
side surface of the silicon dioxide particles directly at 
tached through a silicon to carbon linkage to one to 
three organic groups. 
The additive particles may be introduced into the ul 

timate developer material in any suitable manner to 
form a physical mix of additive particles with develop 
ing material particles. Thus, for example, the additive 
particles may be initially mixed with carrier particles or 
toner particles and thereafter introduced into the 
developer mix. Generally, when the additive is physi 
cally mixed with toner or carrier particles, satisfactory 
results are achieved when about 0.01 to about 15 per 
cent additive based on the weight of the toner particles 
is employed. Greater stability of performance is 
achieved when the additive is present in an amount 
from about 0.05 percent to about 1.5 percent based on 
the weight of the toner in the ?nal developer mixture. 
For optimum stability of performance for prolonged 
periods of operating time, about 0.25 to about I per 
cent additive based on the weight of the toner should 
be employed. 
Any suitable submicron particulate silicon dioxide 

additive having at least a portion of the silicon atoms on 
the outside surface of the additive particles directly at 
tached to one to three hydrocarbon or substituted 
hydrocarbon groups may be employed in the developer 
of this invention. The silicon dioxide particles may be 
produced by any suitable technique such as the aque 
ous sodium silicate solution precipitation and silica 
tetrachloride high temperature oxidation processes. 
One well known high temperature technique for form 
ing the silicon dioxide particles includes ?ame hydroly 
sis decomposition of pure silicon tetrachloride in the 
gaseous phase in an oxyhydrogen ?ame at about 
1,100°C. Satisfactory results are obtained with treated 
silicon dioxide particles in a range of about 1 mil 
limicron to about 100 millimicrons. Optimum stability 
under high humidity conditions and extended periods 
of use are achieved with particles having a size between 
about 2 and about 50 millimicrons. The additives of 
this invention may be of any suitable shape. Typical 
shapes include spherical, granular and irregular parti 
cles. Optimum results are obtained with additive parti 
cles having a spherical shape because more uniform 
developer ?ow properties are achieved. Although 
reference has been made to substantially pure silicon 
dioxide particles, it is apparent that other material may 
be present in minor amounts. For example, if desired, a 
mixture of silicon dioxide and aluminum oxide may be 
formed by mutual ?ame hydrolysis of silicon tetrachlo 
roide and aluminum chloride. Analysis by X-ray in 
dicates that the silicon dioxide particles formed by 
?ame hydrolysis are amorphous. 
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Prior to reaction with the organosilicon compounds, 
the submicroscopic silicon dioxide particles employed 
in the developers of this invention have numerous 
silanol groups available for reaction on the particle sur 
faces. For example, submicroscopic silicon dioxide par~ 
ticles having a diameter between about 10 and about 
40 millimicrons formed by ?ame hydrolysis have about 
one silanol group per about 28 to about 33A.2. This 
amounts to about 2,000 silanol groups per silicon diox 
ide particle. Upon exposure of freshly prepared sub 
microscopic silicon dioxide particles to the ambient at 
mosphere, chemisorbed water molecules become at— 
tached to the silanol groups. The presence of water 
molecules causes a chemical reaction to occur between 
the water molecules and the organosilicon compounds 
rather than between the silanol groups and the organo 
silicon compounds. Thus, the sooner freshly prepared 
colloidal silica particles are reacted with the organo sil 
icon compounds, the greater number of silanol groups 
will be available for reaction with the organo silicon 
compound. The chemical attachment of hydrocarbon 
or substituted hydrocarbon groups to at least a portion 
of the silicon atoms on the surface of the silicon dioxide 
particles may be accomplished by any suitable 
technique. In one technique, silicon dioxide particles 
freshly obtained by the ?ame hydrolysis process 
described above is separated in a cyclone separator 
from the bulk of the hydrochloric acid also formed dur 
ing the process. The silicon dioxide particles; at least 
one organosilicon compound having hydrocarbon or 
substituted hydrocarbon groups as well as hydrolyzable 
groups attached to a silicon atom such as dimethyl 
dichlorosilane; and steam are pneumatically in 
troduced in parallel ?ow into a ?uidized bed reactor 
heated to about 400°C by means of an inert gas such as 
nitrogen. The organosilicon compound reacts with 
silanol groups on the surface of the silicon dioxide par 
ticles and chemical attachment between the silicon 
atom in the organosilicon compound and a silicon atom 
in the silicon dioxide particle occurs through an oxygen 
atom. Where the organosilicon compounds have more 
than one hydrolyzable group attached to each silicon 
atom in the organosilicon compound, there is a possi 
bility that (l) the silicon atom in the organosilicon 
compound may be chemically attached to two silicon 
atoms in the silicon particle through silicon-oxygen-sil 
icon bonding; (2) the silicon atom in the organosilicon 
compound may be bonded to a silicon atom in the sil 
icon dioxide particle and to a silicon atom in another 
organosilicon compound through silicon-oxygen-sil 
icon bonding; or (3) the silicon atom in the organosil 
icon compound may be attached to a silicon atom in 
the silicon dioxide particle through a silicon-oxygen-sil 
icon bond and the remaining hydrolyzable groups may 
be hydrolyzed leaving hydroxyl groups attached to the 
silicon atom of the organosilicon compound. Where an 
organosilicon compound having two hydrolyzable 
groups such as dimethyl dichlorosilane is employed, it 
is believed that the silicon atoms in two adjacent or 
ganosilicon compound molecules are attached through 
silicon-oxygen-silicon bonding to each other as well as 
to silicon atoms in a silicon dioxide particle. This belief 
is supported by measurements of hydroxyl group densi 
ty before and after reaction and by the hydrophobic 
properties exhibited by the silicon dioxide particles 
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6 
after treatment. In any event, at least one hydrophobic 
hydrocarbon or substituted hydrocarbon group is 
chemically attached by silicon-oxygen-silicon bonding 
to a silicon atom in the silicon dioxide particle. Obvi 
ously, some developer stability improvement occurs 
when at least some of the silanol groups available on 
the colloidal silica particles are reacted with the silane. 
For a noticeable improvement in stability, at least 
about 5 percent of the silanol groups on the surfaces of 
the silicon dioxide particles should be reacted with the 
organosilicon compounds. At least about 50 percent of 
the silanol groups should be reacted with organosilicon 
compound for significantly improved developer stabili 
ty under high humidity conditions. Optimum results are 
achieved when at least about 70 percent of the silanol 
groups are reacted with the organosilicon compounds. 
The foregoing percentages are based on an average sur 
face silanol group density of about 3 silanol groups per 
100A? of silicon dioxide particle surface area. Freshly 
prepared silicon dioxide particles formed by the ?ame 
hydrolysis technique described above have about 3 
silanol groups per 100A?‘ of surface. The surface 
silanol group density on the surface of submicroscopic 
silicon dioxide particles formed by any of the 
techniques described above may be regulated by heat 
treatment in vacuo. The heat treatment removes 

chemisorbed water and depending on the temperatures 
employed, also removes some of the hydroxyl groups. 
Thus, at equilibrium in a heat treatment in vacuo, the 
number of silanol groups per unit area of surface is 
about 5 silanol groups per 100A.2 of surface at 150°C 
and about 1 silanol group per 100A.2 of surface at 
800°C. 
The marked difference in characteristics between or 

dinary silicon dioxide particles and silicon dioxide par 
ticles in which silanol groups have been reacted with 
organosilicon compounds may be illustrated by placing 
the reacted and unreacted particles in a beaker of 
water. When unreacted submicroscopic silicon dioxide 
particles formed by the ?ame hydrolysis process 
described above is placed in a beaker of water, the par 
ticles are immediately wetted by the water and sink to 
the bottom of the beaker. However, when another sam 
ple of substantially identical silicon dioxide particles 
are treated with dimethyl dichlorosilane so that approx 
imately 75 percent of the silanol groups on the surface 
of the silicon dioxide particles are chemically reacted 
with the silane, the treated silicon dioxide particles will 
?oat inde?nitely on the surface of the water in the 
beaker. When viewed from below, the mass of ?oating 
treated colloidal silica particles is similar in appearance 
to ?oating mercury because of the substantially total 
re?ection of light. To further illustrate the unusual 
hydrophobic properties of silicon dioxide particles such 
as that described in the beaker of water test, a ?ne mist 
of water is mixed with a treated silicon dioxide particle 
and collected in a beaker. The particles of water are 
surrounded by the treated silicon dioxide particles and 
are prevented from reuniting with other particles of 
water to form larger particles. In a mixture of about 10 
percent of treated colloidal silica particles and about 
90 percent water droplets, the mixture takes on the ap 
pearance of a powder. Objects immersed in this mix 
ture are not wetted by the water. To further illustrate 
the difference between treated and untreated sub 
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microscopic silicon dioxide particles, the moisture ad 
sorption in terms of mg/lOOm2 at different relative hu 
midities are compared. At 40 percent relative humidi 
ty, untreated silicon dioxide particles absorb 4.0 
mg/l00m2 of water and the treated silicon dioxide par 
ticles absorb 0.4 mg/l00m2 of water. At 60 percent 
relative humidity, the untreated silicon dioxide parti 
cles absorb l0 mg/lOOmz of water and the treated par 
ticles absorb 0.9 mg/lOOm2 of water. At 80 percent 
relative humidity, the untreated silicon dioxide parti 
cles absorb 30 mg/lOOm2 and the treated particles ab 
sorb l.5 mg/l00m2 of water. Thus, at 80 percent rela 
tive humidity, the untreated colloidal silica particles 
absorb about 20 times more water than the treated col 
loidal silica particles. 
Any suitable hydrocarbon or substituted hydrocar 

bon organic group directly attached to a silicon atom in 
the organosilicon compound may be employed. The or 
ganic group is preferably hydrophobic to improve the 
stability of developer materials under varying humidity 
conditions. The organic groups may comprise saturated 
or unsaturated hydrocarbon groups or derivatives 
thereof. Saturated organic groups include methyl, 
ethyl, propyl, butyl, bromomethyl, chloromethyl, 
chloroethyl and chloropropyl groups. Typical unsatu 
rated organic groups include: vinyl, chlorovinyl, allyl, 
allyl-phenyl, and methacryloxypropyl. The size of the 
organic group attached to a silicon atom in the or 
ganosilicon compound depends on numerous factors 
such as the number of organic groups attached to the 
silicon atom, the liklihood of steric hinderance occur 
ring, the number of silanol groups to be reacted, and 
the like. The principle criteria is that at least about 5 
percent of the silanol groups on the silicon dioxide par 
ticles are reacted with the organosilicon compound. 
Any suitable hydrolyzable groups may be attached to 
the silicon atom of the organosilicon compound. Typi 
cal hydrolyzable groups include: chloro, bromo, ethox 
y, methoxy, propoxy, propyloxy, acetoxy and amino 
groups. Examples of typical organosilicon compounds 
having an organic group attached directly to a silicon 
atom and hydrolyzable groups attached to a silicon 
atom include: dimethyl dichlorosilane, trimethyl 
chlorosilane, methyl trichlorosilane, allyl 
dimethylchlorosilane, hexamethyldisilazane, allylphen 
yldichlorosilane, benzyldimethylchlorosilane, 
bromomethyldimethylchlorosilane, alpha-chloroethyl 
trichlorosilane, beta-chloroethyltrichlorosilane, 
chloromethyldimethylchlorosilane, chloromethyl 
trichlorosilane, p-chlorophenyltrichlorosilane, 3 
chloropropyltrichlorosilane, 3-chloropropyltrimethox 
ysilane, vinyltriethoxysilane, vinylmethoxysilane, vinyl 
tris (beta-methoxyethoxy) silane, gamma-methacrylox 
ypropyltrimethoxysilane, vinyltriacetoxysilane, divinyl 
dichlorosilane, and dimethylvinylchlorosilane. Methy 
lated chlorosilanes, particularly, dimethyl 
dichlorosilane, are preferred because a greater number 
of silanol groups per unit area on the silicon dioxide 
particles are reacted with the silanes thereby reducing 
the humidity sensitivity of the treated silicon dioxide 
particles of this invention. This high degree of reaction 
efficiency appears to be due to the reduced in?uence of 
steric hinderance. 
Any suitable pigmented or dyed electroscopic toner 

material may be treated with the additives of this inven 
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8 
tion. Typical toner materials include polystyrene resin, 
acrylic resin, polyethylene resin, polyvinyl chloride 
resin, polyacrylamide resin, methacrylate resin, 
polyethylene terephthalate resin, polyamide resin, 
resinous condensation product of 2,2 bis-(4-hydrox 
yisopropoxy-phenyl) - propane and fumaric acid, and 
copolymers, polyblends and mixtures thereof. Vinyl 
resins having a melting point or melting range starting 
at least about 1l0°F. are especially suitable for use in 
the toner of this invention. These vinyl resins may be a 
homopolymer or a copolymer of two or more vinyl 
monomers. Typical monomeric units which may be em 
ployed to form vinyl polymers include styrene, vinyl 
naphthalene, mono-ole?ns such as ethylene, 
propylene, butylene, isobutylene and the like, vinyl 
esters such as vinyl acetate, vinyl propionate, vinyl 
benzoate, vinyl butyrate and the like, esters of 
alphamethylene aliphatic monocarboxylic acids such as 
methyl acrylate, ethyl acrylate, n-butylacrylate, isobu 
tyl acrylate, dodecyl acrylate, n-octyl acrylate, phenyl 
acrylate methyl methacrylate; ethyl methacrylate, butyl 
methacrylate and the like: vinyl ethers such as vinyl 
methylether, vinyl isobutyl ether, vinyl ethyl ether, and 
the like: vinyl ketones such as vinyl methyl ketone, 
vinyl hexyl ketone, methyl isopropenyl ketone and the 
like; and mixtures thereof. Generally, suitable vinyl 
resins employed in the toner have a weight average 
molecular weight between about 3,000 to about 
500,000. 
Toner resins containing a relatively high percentage 

of styrene resin are preferred because a greater degree 
of image definition is achieved with a given quantity of 
additive material. Further, denser images are obtained 
when at least about 25 percent by weight, based on the 
total weight of resin in the toner, of a styrene resin is 
present in the toner. The styrene resin may be a 
homopolymer of styrene or styrene homologues or 
copolymers of styrene with other monomeric groups 
containing a single methylene group attached to a car 
bon atom by a double bond. Thus, typical monomeric 
materials which may be copolymerized with styrene by 
addition polymerization include: vinyl naphthalene; 
mono-olefins such as ethylene, propylene, butylene, 
isobutylene and the like: vinyl esters such as vinyl 
acetate, vinyl propionate, vinyl benzoate, vinyl bu 
tyrate and the like; esters of alpha-methylene aliphatic 
monocarboxylic acids such as methyl acrylate, ethyl 
acrylate, n-butylacrylate, isobutyl acrylate, dodecyl 
acrylate, n-octyl acrylate, phenyl acrylate, methyl 
methacrylate, ethyl methacrylate, butyl methacrylate 
and the like; vinyl ethers such as vinyl methyl ether, 
vinyl isobutyl ether, vinyl ethyl ether, and the like; vinyl 
ketones such as vinyl methyl ketone, vinyl hexyl 
ketone, methyl isopropenyl ketones and the like; and 
mixtures thereof. The styrene resins may also be 
formed by the polymerization of mixtures of two or 
more of these unsaturated monomeric materials with a 
styrene monomer. 
The vinyl resins, including styrene type resins, may 

also be blended with one or more other resins if 
desired. When the vinyl resin is blended with another 
resin, the added resin is preferably another vinyl resin 
because the resulting blend is characterized by espe 
cially good triboelectric stability and uniform re 
sistance against physical degradation. The vinyl resins 
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employed for blending with the styrene type or other 
vinyl resin may be prepared by the addition 
polymerization of any suitable vinyl monomer such as 
the vinyl monomers described above. Other ther 
moplastic resins may also be blended with the vinyl 
resins of this invention. Typical non-vinyl type ther 
moplastic resins include: rosin modi?ed phenol formal 
dehyde resins, oil modi?ed epoxy resins, polyurethane 
resins, cellulosic resins, polyether resins, polycarbonate 
resins and mixtures thereof. As indicated above, if the 
resin component of the toner contains styrene 
copolymerized with another unsaturated monomer or 
is a blend of polystyrene and other resins, a styrene 
component of at least about 25 percent, by weight, 
based on the total weight of the resin present in the 
toner is preferred because denser images are obtained 
and a greater degree of image de?nition is achieved 
with a given quantity of additive material. 

It is to be understood that the speci?c description of 
components contained in the additives and resins of 
this invention represent the vast majority of the com 
ponents present, but do not exclude the presence of 
other monomeric units or reactants than those which 
have been shown. For example, some commercial 
materials such as polystyrenes contain trace amounts of 
homologues or unreacted or partially reacted 
monomers. Similarly, additive particles containing 
trace amounts of impurities have been described 
above. Any minor amount of such substituents may be 
present in the materials of this invention. 
Any suitable pigment or dye may be employed as the 

colorant for the toner particles. Toner colorants are 
well known and include, for example, carbon black, 
Resoform Red BN, Benzidene Yellow, nigrosine dye, 
aniline blue, Calco Oil Blue, chrome yellow, ul 
tramarine blue, duPont Oil Red, Quinoline Yellow, 
methylene blue chloride, phthalocyanine blue, 
Malachite Green Oxalate, lamp black, Rose Bengal and 
mixtures thereof. The pigment or dyes should be 
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present in the toner in a suf?cient quantity to render it ‘ 
highly colored so that it will form a clearly visible image 
on a recording member. Thus, for example, where con 
ventional xerographic copies of typed documents are 
desired, the toner may comprise a black pigment such 
as carbon black or a black dye such as Amaplast Black 
Dye, available from the National Aniline Products Inc. 
Preferably, the pigment is employed in an amount from 
about 1 percent to about 20 percent, by weight, based 
on the total weight of the colored toner. If the toner 
colorant employed is a dye, substantially smaller quan 
tities of colorant may be used. 
The combination of the resin component, colorant 

and additive, whether the resin component is a 
homopolymer, copolymer or blend, should have a 
blocking temperature of at least about 110°F. When 
the toner is characterized by a blocking temperature 
less than about 110°F. the toner particles tend to ag 
glomerate during storage and machine operation and 
also form undesirable ?lms on the surface of reusable 
photoreceptors which adversely affect image quality. 
The toner compositions of the present invention may 

be prepared by any well known toner mixing and com 
minution technique. For example, the ingredients may 
be thoroughly mixed by blending, mixing and milling 
the components and thereafter micropulverizing the 
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resulting mixture. Another well known technique for 
forming toner particles is to spray-dry a ball-milled 
toner composition comprising a colorant, a resin and a 
solvent. When the toner mixtures of this invention are 
to be employed in a cascade or magnetic brush 
development process, the toner should have an average 
particle size _ by weight percent less than about 30 
microns. For optimum results in cascade development, 
an average toner particle size between about 4 and 
about 20 microns is preferred. 

Suitable coated and uncoated carrier materials for 
cascade development are well known in the art. The 
carrier particles comprise any suitable solid material, 
provided that the carrier particles acquire a charge 
having an opposite polarity to that of the toner particles 
when brought in close contact with the toner particles 
so that the toner particles cling to and surround the car 
rier particles. When a positive reproduction of the elec 
trostatic images is desired, the carrier particle is 
selected so that the toner particles acquire a charge 
having a polarity opposite to that of the electrostatic 
image. Alternatively, if a reversal reproduction of the 
electrostatic image is desired, the carrier is selected so 
that the toner particles acquire a charge having the 
same polarity as that of the electrostatic image. Thus, 
the materials for the carrier particles are selected in ac 
cordance with its triboelectric properties in respect to 
the electroscopic toner so that when mixed or brought 
into mutual contact one component of the developer is 
charged positively if the other component is below the 
?rst component in the triboelectric series and negative 
ly if the other component is above the ?rst component 
in a triboelectric series. By proper selection of materi 
als in accordance with their triboelectric effects, the 
polarities of their charge when mixed are such that the 
electroscopic toner particles adhere to and are coated 
on the surfaces of carrier particles and also adhere to 
that portion of the electrostatic image-‘bearing surface 
having a greater attraction for the toner than the carri 
er particles. Typical carriers, include steel, flintshot, 
aluminum potassium chloride, Rochelle salt, nickel, 
aluminum nitrate, potassium chlorate, granular zircon, 
granular silicon, methyl methacrylate, glass, silicon 
dioxide and the like. The carriers may be employed 
with or without a coating. Many of the foregoing and 
other typical carriers are described by L.E.Walkup et 
al. in U.S. Pat. No. 2,638,416 and E.N.Wise in U.S. Pat. 
No. 2,618,552. An ultimate coated particle diameter 
between about 50 microns to about 2,000 microns is 
preferred because the carrier particles then possess suf 
?cient density and inertia to avoid adherence to the 
electrostatic images during the cascade development 
process. Adherence of carrier beads to xerographic 
drums is undesirable because of the formation of deep 
scrathces on the surface during the image transfer and 
drum cleaning steps. Also print deletion occurs when 
large carrier beads adhere to xerographic imaging sur 
faces. For magnetic brush development, carrier parti 
cles having an average particle size less than about 250 
microns are satisfactory. Generally speaking, satisfac 
tory results are obtained when about 1 part toner is 
used with about 10 to about 1,000 parts by weight of 
carrier in the cascade and magnetic brush developers. 
The toner compositions of the instant invention may 

be employed to develop electrostatic latent images on 
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any suitable electrostatic latent image-bearing surface 
including conventional photoconductive surfaces. Well 
known photoconductive materials include vitreous 
selenium, organic or inorganic photoconductors em 
bedded in a non-photoconductive matrix, organic or in 
organic photoconductors embedded in a photoconduc 
tive matrix, or the like. Representative patents in which 
photoconductive materials are disclosed include U.S. 
Pat. No. 2,803,542 to Ullrich, U.S. Pat. No. 2,970,906 
to Bixby, U.S. Pat. No. 3,121,006 to Middleton, U.S. 
Pat. No. 3,121,007 to Middleton, and U.S. Pat. No. 
3,151,092 to Corrsin. 
Although it is not entirely clear, numerous factors 

appear to affect the ability of the additive particles of 
this invention to stabilize the performance of 
developers in automatic machines. The stabilization of 
images as observed in terms of consistent high quality 
copies over extended periods of time reduces the need 
for servicing, extends the developer life, permits the 
construction of precision close tolerance automatic 
machines and eliminates the need to regulate machine 
environment. Factors which may be responsible for the 
ability of the additive to improve the stability of 
developer performance may include the enormous ex 
ternal surface area, extremely small particle size, rela 
tive chemical inertness, low water absorption, high 
electrical resistivity, high chemical purity, and chemi 
cal coupling of the organosilicon compound to the col 
loidal silica surface. The external surface area of the 
additive particles of this invention is enormous and 
ranges from below about 50 m’lg to above about 400 
m’lg of external surface area (BET). In view of the 
results achieved, it is hypothesized that the enormous 
external surface area provided by the additive particles 
prevents contaminants from depositing and altering the 
electrical characteristics of the carrier, toner and pho 
toreceptor surfaces. The extremely small size of the ad 
ditive particles is believed to permit the formation of a 
barrier layer of additive particles around the toner par 
ticles. In support of this belief, it is observed that in a 
sample of toner particles having an average particle 
size of about 22 microns and containing 1 percent by 
weight based on the weight of the toner particles of 
treated additive particles having an average particle 
size of about 15 millimicrons, each toner particle is sur 
rounded by about 3 million treated silicon dioxide par 
ticles. The high electrical resistivity of the treated sub 
micron silicon dioxide particles even under excep 
tionally high humidity conditions appears to reduce 
?uctuations in the electrical properties of the 
developer under varying environmental conditions. 
The high chemical purity as well as the chemically 
bonded organosilicon compound helps reduce the 
deposition of contaminants from the treated additive 
onto the toner, carrier and photoreceptor surfaces. The 
chemical bonding between the organosilicon com 
pound and the submicroscopic silicon dioxide particles 
is so strong that most boiling solvents will not remove 
the organosilicon compound from the colloidal silica 
particle surfaces. 

Surprisingly, the developer additive of this invention 
restores untreated developers which have exhibited 
deterioration in performance over an extended period 
of time in automatic electrostatographic imaging 
machines. Thus, developers which have deteriorated to 
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the point where images have high background toner 
deposits, reduced resolution, poor image fill in solid 
areas, poor image ?ll in line copies and poor edge 
de?nition no longer have to be discarded. The mere ad 
dition of a small amount of additive to the deteriorated 
developer followed by the formation of about 10 to 
about 30 additional copies with the altered developer 
mixture restores the imaging performance of the 
developer to the level at which it initially performed 
when freshly introduced into the machine. The reason 
for the restorative powers of the additives of this inven 
tion is not entirely clear. Perhaps the additive particles 
remove some of the contaminants which may have 
deposited on the toner, carrier and photoreceptor. 
Possibly the additive particles alter the degraded elec 
trical properties of the developer by electrically insulat 
ing the toner and carrier particles from each other or 
by altering the triboelectric properties of the toner and 
carrier particles. Although the mechanism through 
which improvement occurs is not positively 
established, the improved results are quite evident. The 
relative quantity of additive which may be employed to 
restore the developer is substantially the same as that 
which may be employed with fresh developer as 
described above. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following examples further de?ne, describe and 
compare exemplary methods of preparing the develop 
ment system components of the present invention and 
of utilizing them in a development process. Parts and 
percentages are by weight unless otherwise indicated. 
The examples, other than the control examples, are 
also intended to illustrate the various preferred em~ 
bodiments of the present invention. 

EXAMPLE I 

The vitreous selenium drum of an automatic copying 
machine is corona charged to a positive voltage of 
about 800 volts and exposed to a light-and-shadow 
image to form an electrostatic latent image. The seleni 
um drum is then rotated through a cascade develop 
ment station. A control developer comprising 1 part 
toner containing a polystyrene resin prepared by spray 
drying a solution of polystyrene and about 100 parts of 
sand core carrier beads prepared by the process dis 
closed in Example II of U.S. Pat. No. 3,467,634 is em 
ployed in the developer station. The toner particles 
have an average particle size of about 12 microns and 
the carrier beads have an average particle size of about 
600 microns. After the electrostatic latent image is 
developed in the developing station, the resulting toner 
image is transferred to a sheet of paper at a transfer sta 
tion. The residual toner particles remaining on the 
selenium drum after passage through the transfer sta 
tion is removed by means of a rotating brush in a 
vacuum housing. The background density, resolution, 
image ?ll in solid areas, image fill in line copies and 
edge de?nition are good in the initial copies. However, 
after 2,000 copies are made, background density is 
very high, resolution has decreased, image ?ll in solid 
areas is poor, image ?ll in line copies is poor and edge 
de?nition is poor. 
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EXAMPLE n 

The test described in Example 1 is repeated with sub 
stantially identical fresh developer mixed with about 
0.5 percent by weight treated submicron silicon dioxide 
particles based on the weight of the toner. The treated 
silicon dioxide particles are produced by ?ame hydrol 
ysis decomposition of pure silicon tetrachloride in the 
gaseous phase in an oxyhydrogen ?ame at about 
1,100°C followed by reactions in a heated fluidized bed 
reactor with dimethyl dichlorosilane as described in 
detail above. About 75 percent of the silanol groups 
present on the surface of the freshly prepared silicon 
dioxide particles are reacted with the silane in the 
fluidized bed reactor. The freshly prepared silicon 
dioxide particles have about 3 silanol groups per 
100A.2 of surface prior to reaction with the silane. 
Analysis of the treated silicon dioxide particles reveals 
that the particles contain more than about 99.8 percent 
SiO2, about 0.9 to about 1.3 percent carbon, about 0.03 
to about 0.05 percent Cl, less than about 0.003 percent 
heavy metals, less than about 0.003 percent Fe2O3, less 
than about 0.05 percent A1203, less than about 0.03 
percent TiO2 and less than about 0.01 percent NazOa. 
The particle size of the treated silicon dioxide particles 
is between about 10 to about 30 millimicrons and the 
surface area of the particles is about 90 to about 150 
mz/g. About 10,000 copies are produced with the 
treated developer. The image quality of all the copies 
produced are superior in every respect to the copies 
produced near the termination of the test in Example 1. 

EXAMPLE III 

A Xerox 720 automatic copying machine is modi?ed 
to replace the cascade development station with a mag 
netic brush development station. The vitreous selenium 
drum of the automatic copying machine is corona 
charged to a positive voltage of about 800 volts and ex~ 
posed to a light-and-shadow image to form an electro 
static latent image. The selenium drum is then rotated 
through the magnetic brush development station. A 
control developer comprising one part toner containing 
about 88 percent styrene-butyl methacrylate 
copolymer and about 3 percent l-amino-4-hydrox 
yanthraquinone colorant and about 9 percent polyvinyl 
butyral prepared .by conventional blending and 
micropulverizing techniques and about 50 parts steel 
core carrier beads prepared by the process disclosed in 
Example 11 of U.S. Pat. No. 3,467,634 is employed in 
the development station. The toner particles have an 
average particle size of about 14 microns and the carria 
er beads have an average particle size of about 100 
microns. After the electrostatic latent image is 
developed in the developing station, the resulting toner 
image is electrostatically transferred to a sheet of paper 
at a transfer station. The residual toner particles 
remaining on the selenium drum after passage through 
the transfer station is removed by a rotating cylindrical 
brush and vacuum system. The test is operated at an 
average temperature of about 75° and a relative hu 
midity of about 32 percent. The background density, 
resolution, image fill in solid areas, image ?ll in line co 
pies and edge definition are good in the initial copies. 
However, after 900 copies are made, background den 
sity has more than doubled, resolution has decreased, 

14 
image fill in solid areas is poor, image fill in line copies 
is poor and edge definition is poor. 

EXAMPLE IV 

The test described in Example III is repeated with 
fresh substantially identical developer mixed with 
about 1 percent of hydrophobic treated silicon dioxide 

' particles based on the weight of the toner. The treated 
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silicon dioxide particles have an average particle size of 
about 20 millimicrons. An average of at least about 2 
silicon atoms per 100A. of silicon dioxide particle sur 
face area are chemically bonded through an oxygen 
linkage to silicon atoms having two methyl groups at 
tached thereto. About 10,000 copies are produced with 
the treated developer. The image quality of all copies 
produced are superior in every respect compared to the 
copies produced near the termination of the test 
described in Example Ill. 

EXAMPLE V 

The procedure described in Example 111 is repeated 
with a developer comprising one part toner containing 
about 95 percent styrene-butyl methacrylate 
copolymer and about 5 percent Grasol Fast Yellow 
3GL colorant prepared by conventional blending and 
micropulverizing techniques and about 100 parts by 
weight steel beads coated with a thin ethyl cellulose 
coating is employed in the development station. The 
test is operated at an average temperature of about 75 
degrees and a relative humidity of about 24 percent. 
The background density, resolution, image fill in solid 
areas, image fill in line copy areas and edge de?nition 
are good in initial copies but extremely poor after 
2,400 copies. 

EXAMPLE VI 

The procedure described in Example V is repeated 
with fresh substantially identical developer mixed with 
about 1.5 percent hydrophobic silicon dioxide particles 
based on the weight of the toner. This hydrophobic sil 
icon dioxide material is substantially identical to the 
treated silicon dioxide particles described in Example 
1V. About 15,000 copies are produced with the treated 
developer. The image quality of all copies produced are 
superior in every respect compared to the copies 
produced near termination of the test described in Ex 
ample V. 

EXAMPLE VII 

The procedure described in Example 111 is repeated 
with a different control developer. This new control 
developer comprises 1 part toner containing about 97 
percent styrene-butyl methacrylate copolymer and 
about 3 percent puri?ed Resoform Red BN colorant 
prepared by conventional blending and micropulveriz 
ing techniques and about 100 parts steel core carrier 
beads prepared by the process disclosed in Example 11 
of US. Pat. No. 3,467,634. The toner particles have an 
average particle size of about 15 microns and the carri 
e'r beads have an average particle size of about 100 
microns. The test is operated at an average tempera 
ture of about 76 degrees and a relative humidity of 
about 30 percent. The background density, resolution, 
image fill in solid areas, image fill in line images and 
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edge de?nition are good in the initial copies. However, 
after 4,000 copies are made, resolution has decreased, 
image ?ll in solid areas is poor, image ?ll in line images 
is poor and edge de?nition is poor. 

EXAMPLE VIII 

The test described in Example V11 is momentarily 
stopped and about 3.5 percent of treated silicon diox 
ide particles based on the weight of the toner is mixed 
into the developer. The treated silicon dioxide particles 
have an average particle size between about 10 and 
about 30 millimicrons. An average of at least about 3 
silicon atoms per 100A.2 of the silicon dioxide particle 
surface area are chemically bonded through an oxygen 
linkage to silicon atoms having two hydrophobic or 
ganic groups attached thereto (Organ-O-Sil S-5, Cabot 
Corporation). After the treated silicon dioxide parti 
cles are added to the developer, 250 additional copies 
are made. The last 225 copies produced are superior in 
every respect compared to the copies produced near 
the termination of the test described in Example V1. 

EXAMPLE IX 

A control developer is tested in an automatic copy 
ing machine utilizing a web cleaning system. The pho 
toreceptor of the automatic copying machine is corona 
charged to a positive voltage of about 700 volts and ex 
posed to a light-and-shadow image to form an electro 
static latent image. The photoreceptor is then rotated 
through a cascade development station. The control] 
developer comprises 1 part toner comprising about 7 
parts styrene-butyl methacrylate copolymer, about 2 
parts pentaerythritol tetrabenzoate and about 1 part 
carbon black colorant prepared by conventional blend 
ing and micropulverizing techniques and about 125 
parts ?intshot coated with a thin coating of ethylcellu 
lose. The toner particles have an average particle size 
of about 12 microns and the carrier beads have an 
average particle size of about 700 microns. After the 
electrostatic latent image is developed in the develop 
ing station, the resulting toner image is electrostatically 
transferred to a sheet of paper at a transfer station. The 
residual toner particles remaining on the photoreceptor 
surface after passage through the transfer station is 
removed by a ?brous web rubbed against the pho 
toreceptor surface. The image density is good in the ini 
tial copies with a density reading of about 1.2. How 
ever, the image density deteriorates to about 0.8 after 
about 1,500 copies are made. 

EXAMPLE X 

The procedure described in Example IX is repeated 
with fresh substantially identical developer mixed with 
about 0.5 percent by weight treated silicon dioxide ad 
ditive based on the weight of the toner. The additive, 
Aerosil R-972, is substantially identical to the treated 
additive described in Example 11. The initial images 
formed with this treated developer are very good with a 
density of about 1.3. The density of subsequent images 
through 4,000 copies remains good. All 4,000 copies 
exhibit a density of at least about 1.2. 
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EXAMPLE X1 

A Xerox 720 automatic copying machine with a 
cascade development station is employed. The vitreous 
selenium drum of the automatic copying machine is 
corona charged to a positive voltage of about 800 volts 
and exposed to a light-and-shadow image to form an 
electrostatic latent image. The selenium drum is then 
rotated through the cascade development station. A 
control developer comprising one part toner containing 
about 90 percent of a resinous condensation product of 
2,2 bis~(4-hydroxyisopropoxy-phenyl)-propane and fu 
maric acid and about 10 percent carbon black 
prepared by conventional blending and micropulveriz 
ing techniques, about 1 percent by weight untreated sil 
icon dioxide additive based on the weight of the toner 
and about 100 parts ?intshot carrier beads prepared by 
the process disclosed in Example 11 of U.S. Pat. No. 
3,467,634 is employed in the development station. The 
toner particles have an average particle size of about 10 
microns and the carrier beads have an average particle 
size of about 700 microns. Analysis of the additive, 
Aerosil 200, reveals that the particles contain more 
than 99.8 percent Si0z, less than about 0.025 percent 
HCl, less than about 0.05 percent A1203, less than 
about 0.03 percent TiO2 and less than about 0.003 per 
cent Fe,0,. The particle size of the untreated silicon 
dioxide particles is about 12 millimicrons and the sur 
face area of the particles is about 175 to about 225 
m'lg. After the electrostatic latent image is developed 
in the developing station, the resulting toner image is 
electrostatically transferred to a sheet of paper at a 
transfer station. The residual toner particles remaining 
on the selenium drum after passage through the 
transfer station is removed by a rotating cylindrical 
brush and vacuum system. The test is operated at an 
average temperature of about 75° and a relative hu 
midity of about 80 percent. The background density, 
resolution, image ?ll in line copies and edge de?nition 
are good in the initial copies. However, after about 900 
copies are made, background density has more than 
doubled, resolution has decreased, image ?ll in line co 
pies is poor and edge de?nition is poor. The pho 
toreceptor is examined at this point. A dull damp clay 
like ?lm is observed which cannot be removed by ordi 
nary cleaning techniques. 

EXAMPLE XII 

The procedure described in Example X1 is repeated 
with fresh substantially identical developer mixed with 
about 1 percent by weight treated silicon dioxide addi 
tive based on the weight of the toner. The treated addi 
tive Aerosil R-972 is described in detail above in Ex 
ample X. No clay-like ?lm is observed on the pho 
toreceptor surface even after about 2,500 copies. 

Although the treated silicon dioxide particles of the 
invention are described in terms of individual particles, 
it is apparent that many of the particles agglomerate to 
fonn larger particles or chains. These agglomerates and 
chains of smaller particles are deemed within the scope 
of this invention. 
The expression "developer material" as employed 

herein is intended to include electroscopic toner 
material or combinations of toner material and carrier 
material. 
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Although speci?c materials and conditions are set 
forth in the foregoing examples, these are merely in 
tended as illustrations of the present invention. Various 
other suitable toner components, additives, colorants, 
carriers and development techniques such as those 
listed above may be substituted for those in the exam 
ples with similar results. Other materials may also be 
added to the toner or carrier to sensitize, synergize or 
otherwise improve the imaging properties or other 
desirable properties of the system. 
Other modifications of the present invention will 

‘occur to those skilled in the art upon a reading of the 
present disclosure. These are'intended to be included 
within the scope of this invention. 
What is claimed is: 
1. An electrostatographic developing material com 

prising particles, said particles including finely divided 
toner material having an average particle size from 
about 4 to 30 microns and from about 0.05-1.5 percent 
based on the weight of said toner material, of silicon 
dioxide particles having at least 0.15 silicon atoms per 
A? on the surface of said silicon dioxide particles 
chemically attached through silicon-oxygen-silicon 
bonding to silicon atoms having 1 to 3 organic groups 
directly attached thereto by silicon-carbon bonding, 
said silicon dioxide particles having an average particle 
size of between about 1 millimicron and about 100 mil 
limicrons. 

2. An electrostatographic developing material ac 
cording to claim 1 including from about 10 to about 
1000 parts by weight per part by weight of said toner 
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material of carrier particles which are grossly larger 
than said ?nely divided toner material. 

3. An electrostatographic developing material ac~ 
cording to claim 1 wherein said developing material 
comprises from about 0.25 percent to about 1 percent 
by weight of said additive particles, based on the weight 
of said toner material. 

4. An electrostatographic developing material ac 
cording to claim 1 wherein said additive has an average 
particle size between about 2 millimicrons and about 
50 millimicrons. 

5. An electrostatographic developing material ac 
cording to claim 1 wherein at least about 1.5 silicon 
atoms per A? on the surface of said silicon dioxide par 
ticles are chemically attached through silicon-oxygen 
silicon bonding to silicon atoms having one to three or 
ganic groups directly attached thereto by silicon-car 
bon bonding. 

6. An electrostatographic developing material ac 
cording to claim 1 wherein at least about 2.1 silicon 
atoms per A.2 on the surface of said silicon dioxide par 
ticles are chemically attached through silicon-oxygen 
silicon bonding to silicon atoms having one to three or 
ganic groups directly attached thereto by silicon-car 
bon bonding. 

7. An electrostatographic developing material ac 
cording to claim 1 wherein said organic groups are 
selected from the group consisting of hydrocarbon 
groups, substituted hydrocarbon groups and mixtures 
thereof. 


