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[57] ABSTRACT 
The present invention relates to an electrographic de 
veloping composition containing ?nely divided carrier 
particles and ?nely divided toner particles having incor 
porated therein a fusible, crosslinked binder polymer. 
An improved electrographic developing process using 
such toner particles is also disclosed. 
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ELECTROGRAPHIC DEVELOPING 
COMPOSITION AND PROCESS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation-in-part of U5. Ser. 
No. 380,317 ?led July 18, 1973, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to electrography and 
particularly to the dry development of electrostatic 
charge patterns. 

DESCRIPTION OF THE PRIOR ART 

Electrographic imaging and developing processes, 
for example electrophotographic imaging process and 
techniques, have been extensively described in both the 
patent and other literature, for example, US. Pat. Nos. 
2,221,776 issued Nov. 19, 1940; 2,277,013 issued Mar. 
17, 1942; 2,297,691 issued Oct. 6, 1942; 2,357,809 issued 
Sept. 12, I944; 2,551,582 issued May 8, 1951; 2,825,814 
issued Mar. 4, 1958; 2,833,648 issued May 6, 1958; 
3,220,324 issued Nov. 30, 1965; 3,220,831 issued Nov. 
30, I965; 3,220,833 issued Nov. 30, 1965 and many oth 
ers. Generally these processes have in common the 
steps of forming a latent electrostatic charge image on 
an insulating electrographic element. The electrostatic 
latent image is then rendered visible by treatment with 
an electrostatic developing composition or developer. 

Conventional developers include a carrier that can be 
either a triboelectrically chargeable, magnetic material 
such as iron ?lings, powdered iron or iron oxide, or a 
triboelectrically chargeable, non-magnetic substance 
like glass beads or crystals of inorganic salts such as 
sodium or potassium chloride. In addition to the carrier, 
electrostatic developers include a toner which is elec 
trostatically attractable to the carrier. The toner is usu 
ally a particulate polymeric material which may, if 
desired, be suitably darkened or colored for image 
viewing purposes with a colorant such as dyestuffs or 
pigments, for example, carbon black. 
To develop an electrostatic image, the dry developer 

can be applied imagewise to the electrostatically 
charged surface by various techniques. One such tech 
nique is known as cascade development and is described 
in US. Pat. No. 2,618,552, issued Nov. 18, 1952. 
Another suitable developing technique is known as 

magnetic brush development and is described in US. 
Pat. No. 3,003,462, issued Oct. 10, 1961. 

In conventional electrophotographic applications, 
the developed image is formed on a photoconductive 
element and is transferred to a receiving sheet. The 
image thus transferred is then ?xed, ie. made permanent 
typically by heating to fuse the transferred image. Thus, 
the toner material must be capable of being fused under 
temperature conditions which will avoid any charring, 
burning or other physical damage to the receiver sheet 
which is typically formed of paper. 
A variety of processes and apparatus have been de 

scribed in the electrographic art for accomplishing ?x 
ing of the transferred image. Typically this is accom 
plished by the combined application of heat and pres 
sure, for example, by bringing the receiving sheet con 
taining the transferred developed toner image into 
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2 
contact with a heated fusing roller. In addition to the 
use of a heated fusing roller other devices may be uti 
lized for the ?xing of the developed toner image such as 
contacting the developed toner image with a heated 
platen or some other similar heated member. 

In any case, regardless of the type of heated fusing 
member employed, it has been recognized in the elec 
trographic art that there exists a substantial problem 
associated with the “off setting" of individual toner 
particles of the developed image during the ?xing oper 
ation. Off-setting is the undesirable transfer of toner 
particles from the developed toner image carried on a 
receiving member (e.g. copy sheet) to the surface of the 
heated fusing member. The surface of the fusing mem 
ber therefore becomes contaminated with toner parti 
cles; and, upon further use of such a contaminated fus 
ing member, it is found that these toner particles ad 
hered to the surface of the fusing member are trans 
ferred to subsequent copy sheets or receiving members. 
As a result, either a ghost image of previously ?xed 
images is formed on subsequent copy sheets, or undesir 
able deposits of toner material are formed in back 
ground areas of subsequent copy sheets, i.e. scumming 
or discoloration occurs in background areas of subse 
quent copies. 

SUMMARY OF THE INVENTION 

In accord with the present invention, an improved 
developing composition comprising ?nely divided car 
rier particles and ?nely divided crosslinked toner parti 
cles and an improved development process using such 
toner particles have been discovered. The ?nely di 
vided crosslinked toner particles useful in the present 
invention comprise a fusible binder polymer, the molec 
ular chains of said binder polymer being crosslinked to 
an extent suf?cient to extend the useful fusing range of 
said crosslinked toner particle by at least about 10° C. 
relative to comparable uncrosslinked toner particles 
comprising an identical binder polymer except that the 
molecular chains thereof are uncrosslinked as are con 
ventional toner binder polymers. 
The bond strength or bond energy of the individual 

crosslinks characteristically present in the crosslinked 
binder polymers used in the invention should be greater 
than about 8 kcal./mole. This is because polymers 
which contain only "weak crosslinks” having a bond 
energy of less than about 8 kcal./mole, for example, 
polymers in which the only linkage between individual 
polymer chains is through hydrogen bonding, are insuf 
ficiently linked together to result in any substantial 
increase in the useful fusing range of the resultant poly 
mer. In accord with an especially preferred embodi 
ment of the present invention, the crosslinked binder 
polymers used in the invention are crosslinked by cova 
lent chemical bonding. 

In accord with an especially preferred embodiment of 
the invention, the ?nely divided toner particles em 
ployed in the invention comprise a colorant and at least 
about 50 percent by weight of a covalently crosslinked 
fusible styrene-containing binder polymer. These pre 
ferred styrene-containing binder polymers are cross 
linked to an extent suf?cient to provide a useful fusing 
[rnage] range of at least about 90" C. and to extend the 
useful fusing range of the toner particles by at least 
about 20° C. relative to comparable uncrosslinked toner 
particles comprising the same styrene-containing poly 
mer, except in uncrosslinked form. 
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DESCRIPTION OF PREFERRED 
EMBODIMENTS 

It has been found unexpectedly that by crosslinking 
the molecular chains of the binder polymer material 
used in dry electrographic toner compositions, one is 
able to extend the useful fusing range over which such 
toner particles may be fused and thereby ?xed to a 
receiving member. By extending the useful fusing range 
of an electrographic developing composition, the range 
of permissible variation in surface temperature of a 
fusing member which is utilized to ?x such a developer 
composition is increased. As a result, it is found that the 
temperature range over which little or only minimal 
toner off-set occurs is extended, thereby eliminating or 
substantially reducing the amount of toner off-set which 
is encountered when using a conventional developing 
composition containing uncrosslinked or merely surface 
crosslinked polymeric toner particles. 
To applicants’ knowledge, the electrographic dry 

developing art, has generally completely avoided the 
use of any type of crosslinked polymeric toner particles, 
except in a very few specialized situations. For example, 
in Wright and Olson, U.S. Pat. No. 3,676,350, issued 
July ll, 1972, it is noted that certain polymeric toner 
particles subjected to a glow discharge treatment may 
be surface crosslinked to improve the resistance of these 
toner particles to caking. And, in Hagenbach et al., US. 
Pat. No. 3,533,835, it is noted that poly(amide) resins 
may be used to prepare fusible toner particles. Poly(a 
mide) resins, as is well-known, are characterized by the 
presence of hydrogen bonding between adjacent poly 
mer chains. These hydrogen bonds are sometimes 
thought of as weak crosslinks. However, toner particles 
which are only surface crosslinked as in the aforemen 
tioned Wright and Olson patent and toner particles 
which possess only hydrogen bonding have not been 
found to provide the increase in useful fusing range 
[characteristics] characteristic of the present inven 
tion. 

Similarly, although it has been recognized that cross 
linking certain specialized kinds of thermosetting poly 
meric toner particles, such as diallyl phthalate or iso 
phthalate toner particles, might enhance the storing 
characteristics of a permanent image composed of these 
particular kinds of thermosetting materials, crosslinking 
of these thermosetting toner particles has previously 
been carried out only after formulation of the toner 
particles and after the formation of a developed toner 
image as described in Fr. Pat. No. 2,083,064, dated Dec. 
10, 1971. See also Br. Pat. No. 1,174,571, at page 3, lines 
90-97. 

Several reasons are apparently responsible for the 
notion that crosslinked toner materials are generally not 
suitable for conventional electrostatic developing and 
?xing operations. A primary reason is probably the 
belief that crosslinking the toner would increase its melt 
temperature and require substantially higher ?xing tem 
peratures. This, of course, would be undesirable, espe 
cially where the receiving member to which the toner is 
to be ?xed has a low char point, e.g. plain paper. 
Another primary reason for this widely held view is 

simply that crosslinking the polymeric toner particle 
would be expected to provide a material that could not 
easily be rendered molten. By crosslinking the toner 
polymer, one would expect to reduce its thermoplastic 
character and to obtain a polymer particle tending to 
behave as if it were a thermoset polymeric particle. In 
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4 
such case because of its thermoset character one would 
expect the crosslinked polymer to be substantially infus 
ible, i.e., it could not easily be rendered molten and 
therefore could not be satisfactorily ?xed to a support. 

Still another reason for this view is that one might 
expect a crosslinked toner particle even if it somehow 
could be rendered molten to require an increased 
amount of heating time to satisfactorily fuse to a receiv 
ing member in comparison to an uncrosslinked or 
merely surface crosslinked particle. Such increased 
?xing times would so prolong the ?xing operation as to 
make such toner materials unacceptable in high speed 
copy systems. 
One recent publication which does discuss the use of 

certain types of “weak crosslinks” in toner materials is 
Strella et. al. Belgian Pat. No. 793,554 which corre 
sponds to Strella et. al., US. Pat. No. 3,804,764 issued 
Apr. 16, 1974. This publication is primarily concerned 
with the use of “weakly crosslinked" toners to provide 
a pressure-?xable toner. 

In this regard, it is recognized that ionic crosslinks, 
i.e. crosslinks formed by ionic bonding, are useful in the 
present invention to provide an effective increase in the 
useful fusing range of a fusible toner and that ionic 
crosslinks are also alleged by Strella et. al. as one type of 
“weak crosslink” useful to provide a pressure ?xable 
toner. However, the crosslinks, including the ionic 
crosslinks, employed in the toner materials used in the 
present invention are retained and are not disrupted 
and/or broken during ?xing, e.g. roller-fusing, and are 
essential thereto because it is the presence of these 
crosslinks in the toner polymer which, during ?xing, 
provides the desired increase in useful fusing range. In 
contrast, as stated by Strella et. al., the so-called “weak 
crosslinks” used by Strella et. al. are “temporarily dis 
rupted and/or broken" by the application of pressure so 
that during ?xing of the Strella et. al. “weakly cross 
linked” toner, the toner polymer “has the properties of 
the uncrosslinked polymer." Moreover, hydrogen 
bonding which is alleged by Strella et. al. to represent 
one type of useful “weak crosslink” has been found 
ineffective in the present invention, ie. hydrogen bond 
ing does not represent a crosslink which provides any 
substantial increase in useful fusing range in the toner 
particles used in the present invention. In addition, co 
valent crosslinks which are especially effective in the 
present invention for providing substantial increases in 
the useful fusing range of a fusible toner material are 
expressly stated to be unsuitable for use in the “weakly 
crosslinked” toners described by Strella et. al. (See Col. 
2, lines 57—69, US. Pat. No. 3,804,764). 
The term “useful fusing range” employed herein is 

de?ned in terms of the following roller fuser test: The 
fusing properties of each sample toner are evaluated by 
a standard test contact roller fuser apparatus. The test 
contact roller fuser comprises a cylindrical steel pres 
sure roll coated with a copolymer of tetra?uorocthyl 
ene and ?uorinated ethylene propylene (e. g., TEF LON 
FEP a trademark of the E. I. DuPont de Nemours Co.) 
and a cylindrical resilient fusing roll. The two rolls are 
mounted such that their central axes are parallel to one 
another and with their external roller surfaces in 
contact. The fusing roller has an external silicone rub 
ber surface layer composed of a silicone rubber such as 
that available under the trademark of ECCOSIL 4952 
from the Emerson-Cumming Co., which has been 
ground down from an initial thickness to approximately 
0.13 cm. Surface speed of the pressure roll and fusing 
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roll is 5 inches per second. The pressure roll is regulated 
to apply a pressure of 15 pounds per lineal inch at the 
nip formed by the interface of the pressure roll and 
fusing roll. The outside diameter of the pressure roll is 
about 5.08 cm. and the outside diameter of the fusing 
roll is about 7.94 cm. The fusing roll may be heated by 
various means, for example, by radiant heating using an 
infrared lamp. Surface temperature of the fusing roll is 
monitored by a thermocouple contacting the roll. 

Before actual testing of toner samples, the test fusing 
roll is conditioned by (a) passing 100 sheets of blank 
paper through the roll while maintaining the surface 
temperature of the roll at 177° C. followed by (b) pass 
ing 50 sheets of paper completely toned with Xerox 
3600-7000 toner to provide toned solid areas having a 
re?ection optical density of 0.9 as read by a Macbeth 
Quantalog Model RD-lOOR Re?ection Densitometer. 
Each sheet of paper which is used to condition the 

fusing roll and which is used to carry out the fusing test 
described below is a sheet of white, 20 weight bond 
paper such as that available commercially as Interna 
tional Xerographic white, Substance 20. Toner, if ap 
plied to this paper, is applied to that side of the paper 
which bears a correct reading water mark. 
Each toner sample to be tested is ground in a ?uid 

energy mill to a particle size as measured by Coulter 
Counter of 2 to 40 microns. A toned, solid area, rectan 
gular test band approximately 1.90 cm. wide and about 
10 cm. long of each sample toner is then applied (by 
conventional electrostatic methods) to a standard 21.6 
cm. [b7] by 27.9 cm. piece of paper. The test band is 
placed at the center of the paper with the long dimen 
sion of the test band parallel to the long dimension of 
the paper. The re?ective optical density of each toned 
solid area test band is 0.9 as measured by the above 
noted densitometer. The paper bearing the test band is 
then passed through the above-described contact roller 
fuser. A blank piece of paper having the same dimen 
sions is fed into the roller fuser immediately following 
each piece of toned paper to determine whether offset 
of the toner from the toned paper onto the roller fuser 
has occurred. Any signi?cant amount of such toner 
offset can be readily observed simply by visually in 
specting each blank sheet of paper to see if any ghost 
image of the original toner test band is deposited onto 
the blank paper from the fusing roll. Offset is de?ned to 
have occurred when any area of the following blank 
sheet has toner deposited on it in an amount suf?cient to 
produce an optical re?ection density equal to or greater 
than 0.02 above that of the paper alone before passing 
through the fusing device. 
To determine the useful fusing range of each different 

toner composition, a series of identical toned paper 
samples are prepared as described above for each toner 
composition to be tested. Each toned paper sample 
followed by a blank sheet of paper is then passed 
through the standard contact roller fuser in the manner 
described above. A temperature pro?le for each toner 
sample is then prepared by increasing the surface tem 
perature of the fusing roll, beginning at room tempera 
ture, for each toned paper sample in a given series of 
identical toner samples. As a result, two different sur 
face roller fusing temperatures can be pinpointed for 
each test composition, namely “minimum adequate fus 
ing" (MAF) temperature and “hot offset" (HO) temper 
ature. 
The MAF temperature for each toner composition 

tested is de?ned as the lowest fusing roll temperature 
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6 
above room temperature at which no toner offset, as 
de?ned above, occurs and at which the toned image is 
adequately ?xed to the paper sheet. Adequate ?xing to 
the paper sheet is evaluated by the adhesive tape test 
described hereinafter. 
The H0 temperature for each toner composition 

tested is the lowest fusing roll temperature above the 
MAP‘ temperature at which toner offset, as de?ned 
above, is again observed. 
As noted above, adequate ?xing is evaluated quantita 

tively in terms of an adhesive tape test. To perform the 
adhesive tape test a 1.27 cm. width adhesive tape of 
suitable adhesive quality is selected such as Bear Brand 
No. 303 Cellophane Tape. Each roll of tape used is 
checked for “adhesive quality” by applying it to a ?at 
polished stainless steel plate with four passes at 5.08 
cm/second of a 905 gram brass roller 4.45 cm. in diame 
ter and 6.9 cm. in length. Only the weight of the roller 
is used in the application. The stainless steel plate has 
previously been degreased in acetone, washed in an 
aqueous detergent solution, rinsed in distilled water, 
and dried. The tape is immediately peeled at an angle of 
180° and at a rate of 30.48 cm./minute at 50 percent 
relative humidity (RH) and 25° C. in an lnstron testing 
machine. The range of the recorded peel force is the 
release value of the tape in grams/1.27 cm. A single 
isolated peak or valley on the Instron strip chart record 
ing is not included in the release value, nor are the ?rst 
or last 1.27 cm. of the peeled tape. Tapes which are 
acceptable for use will have a release value of 300-475 
grams/1.27 cm. when tested in this manner. 
Each toned image for which adequate ?xing is to be 

evaluated is equilibrated at 25° C. and 50 percent RH 
for at least a day prior to testing. 1.27 cm. width adhe 
sive tape of suitable adhesive quality is applied to the 
toned image with four passes at 5.08 cm/second using 
the weight of the previously described brass roller. The 
tape is immediately peeled at an angle of 180° at a speed 
of 15.24 cm/rninute. The test is invalid if paper ?bers 
are removed during the peeling. The optical re?ection 
density is read in several places where the tape was 
removed and an average is taken. 

Fixing quality is de?ned as: 

Image Density After Tax is Removed 
Image Density Before Tape is Applied Fixing Quality = 

The minimum temperature for adequate ?xing is de 
?ned as the lowest fusing roll temperature that will give 
a ?xing quality of greater than 0.50. 

Useful fusing range for a given toner composition is 
then expressed as the difference between the HO tem 
perature and the MAP‘ temperature. No offset [is] as 
de?ned above occurs within this useful fusing range. As 
indicated, the crosslinked molecular chains of the poly 
meric binder contained in the crosslinked toner compo 
sitions of the present invention exhibit at least a 10° C. 
increase in useful fusing range and, as a consequence, 
improved resistance to toner offset. (This improvement 
in resistance to offset is sometimes referred to as increas 
ing the offset latitude of the toner.) Those toner compo 
sitions which are found especially useful in accord with 
the present invention register an increase in useful fus 
ing range in excess of 20° C. up to 40° C. and above and 
possess a useful fusing range of 100° C. up to 125° C. and 
above. 
The 10'’ C. extension in useful fusing range exhibited 

by the crosslinked toner compositions used in the pres 
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cut invention is measured relative to a comparable un 
crosslinked toner. To provide a meaningful basis for 
comparison, the crosslinked toner and the uncross 
linked control toner should have an identical amount of 
polymeric binder and the MAP temperature of the 
crosslinked toner and the uncrosslinked toner should be 
similar. Accordingly, the term “comparable uncross 
linked toner" is de?ned herein as a toner which (a) 
contains an identical amount of the same binder poly 
mer used in the crosslinked toner, except that the binder 
of the uncrosslinked toner is in uncrosslinked form and 
(b) has a MAP temperature within i 15° C. of the MAP 
temperature of the crosslinked toner. 
The crosslinked organic polymeric binders employed 

in the toner particles of the invention may be selected 
from a variety of crosslinked polymers including natu 
ral and synthetic polymers, crosslinked homopolymers 
and crosslinked copolymerized blends of two or more 
monomeric components, as well as mixtures of any of 
the foregoing materials. 
The term “crosslinked" is defined herein to include 

both covalent crosslinking and ionic crosslinking. Both 
of these types of crosslinking have bond energies 
greater than about 8 kcaL/mole. Covalent crosslinking 
is preferred because, among other reasons, useful cova 
lently crosslinked polymers are generally much easier 
to prepare than useful ionically bonded polymers. 
Moreover, as indicated in the appended working exam 
ples, covalent crosslinks have generally been found to 
provide greater increase in useful fusing range than is 
obtained using ionic crosslinks. Covalent crosslinks 
typically have a bond energy of greater than about 40 
kcal./mole and ionic crosslinks typically have a bond 
energy of greater than about 10 kcal./mole. As men 
tioned previously, polymers in which the only “cross 
links" present between individual polymer chains are 
linkages due to hydrogen bonding are not useful in the 
present invention. Hydrogen bonding generally has a 
bond energy of about 2-7 kcal./mole. Further details 
concerning the use of both covalent crosslinking and 
ionic crosslinking are presented hereinafter. 

In accord with especially preferred embodiments of 
the invention, covalent crosslinking is accomplished by 
chemically reacting a crosslinking organic compound 
or compounds possessing two or more polymerizable 
ethylenically unsaturated groups such as divinylben 
zene, 1,3-butylene dimethacrylate, and the like (herein 
after referred to as type (a) crosslinking compounds) 
with binder material composed of an organic compound 
or compounds containing one polymerizable ethyleni 
cally unsaturated group (hereinafter referred to as type 
(1) binder material) or by chemically reacting a cross 
linking organic compound or compounds possessing a 
polymerizable functionality greater than two such as 
trimellitic anhydride or 2-hydroxy-2-methyl-l,3 
propanediol (hereinafter referred to as type (b) cross 
linking compounds) with polyester binder material 
(hereinafter referred to as type (2) binder material). The 
crosslinking organic compound whether type (a) or (b) 
is introduced for reaction with the type (1) or (2) binder 
material, respectively, during the actual polymeriza 
tion. 

In accord with the above-described embodiment of 
the invention wherein a separate type (a) crosslinking 
compound is used, one can appreciate that a variety of 
different such crosslinking compounds are effective. 
Typically, these compounds are monomeric. Represen 
tative of such materials containing two or more ethyl 
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8 
enically unsaturated groups are vinyl compounds such 
as divinylbenzene; allyl-containing compounds such as 
triallyl cyanurate and N,N-diallylmelamine; mixed al 
lyl-vinyl compounds such as allyl acrylate; vinylidene 
compounds such as ethylene glycol dimethacrylate; 
mixed allylvinylidene compounds such as allyl methac 
rylate; and mixed vinyl-vinylidene compounds such as 
the mixed ester prepared from ethylene glycol and 
acrylic and methacrylic acids. Other useful type (a) 
crosslinking compounds include the following; polyvi‘ 
nyl aromatic compounds, for example, divinyltoluene, 
divinylxylene, divinylethylbenzene, trivinylbenzene, 
divinylnaphthalene, divinylmethylnaphthalenes; the 
crosslinking vinyl esters, allyl esters and vinyl allyl 
esters of carboxylic and polycarboxylic acids including 
polymerizable ester monomers such as diallyl maleate, 
vinyl crotonate, divinyl succinate, divinyl adipate, vinyl 
acrylate, vinyl methacrylate; the aliphatic acetylenes 
such as vinylacetylene, and alpha-methyl vinylacety 
lene. 
The amount of type (a) crosslinking compound em 

ployed in accord with this embodiment may vary sub 
stantially depending on the number of ethylenically 
unsaturated groups present in the compound, the reac 
tivity of a speci?c crosslinking compound with a partic 
ular type (1) binder material, and the molecular weight 
of the particular crosslinking compound and type (1) 
binder material employed. Typically, amounts of cross 
linking compound of at least about 0.0] weight percent, 
preferably 0.01 to about 5 weight percent based on the 
total dry weight of the type (a) crosslinking compounds 
blended with the type (1) binder materials are em 
ployed. 
The type (1) binder material which is crosslinked in 

the preferred embodiment of the invention with the 
type (a) crosslinking compounds described above may 
be selected from a wide variety of known materials 
containing one polymerizable ethylenically unsaturated 
group. Typically, these materials are monomeric and 
contain polymerizable ethylenically unsaturated link 
ages, >C:C< , such as a vinyl, vinylene, or vinylidene 
group. A large number of these monomers are well 
known in the polymer art. These monomers include: 
monovinyl aromatic compounds such as styrene; the 
halogenated sytrenes such as mono- and dichlorosty 
rene; the alkylstyrenes such as the methylstyrenes, the 
ethylstyrenes, the dimethylstyrenes, the diethylsty 
renes, the isopropylstyrenes, the mixed alkylstyrenes 
and the halogenated alkylstyrenes; nuclear~substituted 
vinyl aryl compounds wherein the nuclear substituent is 
an alkyl, aryl, alkaryl, aralkyl, cycloalkyl, alkoxy, aryl 
oxy, chloro, ?uoro, chloromethyl, ?uoromethyl or tri 
fluoromethyl group; the vinylnaphthalenes, methyl 
vinylnaphthalenes and their halogenated derivatives; 
vinylaryl acids and vinylalkyl acids such as acrylic acid, 
and the alpha-alkyl substituted acrylic acid such as 
methacrylic acid, and esters of such acids and aliphatic 
alcohols; the amides of acrylic and methacrylic acids 
and derivatives thereof such as the methacrylamides, 
acrylamides, N-methylacrylamides, N,N-diethylacryla~ 
mide, N-ethylmethacrylamide, N,N-dimethylmetha— 
crylamide, etc; the nitriles such as acrylonitrile, methac 
rylonitrile, ethylacrylonitrile, chloroacrylonitrile and 
other nitriles; the alkyl esters of alpha-ethylenic ali 
phatic dicarboxylic acids such as diethyl fumarate and 
diethyl itaconate; the unsaturated ketones, methyl vinyl 
ketone and methyl isopropenyl ketone; the vinylpyri 
dines; the vinylquinolines; vinylfuranes; vinylcar 
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bazoles; the esters of vinyl alcohols such as vinyl ace 
tate; acylamino substituted acrylic and methacrylic 
acids; the ethers of ole?nic alcohols, especially the 
ethers of vinyl and allyl type alcohols such as vinyl 
ethyl ether, vinyl butyl ether, vinyl tolyl ether, divinyl 
ether, methyl isopropenyl ether, methallyl ethyl ether; 
the unsaturated aldehydes such as acrolein and methac 
rolein and the like; copolymerizable alkenyl chlorides 
including methallyl chloride, allyl chloride, vinyl chlo 
ride, vinylidene chloride, l-chloro-l-fluoroethylene and 
4-chlorobutene-l; and the vinylindenes. 

Preferred type (1) binder materials which may be 
used in the invention are styrene, styrene homologs and 
monomeric blends comprising such styrene materials. 
Such binder materials typically are comprised of at least 
about 40 up to 100 percent by weight of styrene or 
styrene homolog. As used in the present invention the 
phrase "styrene or styrene homolog" is used inter 
changeably with the expression “styrene materials.” 
Styrene materials are de?ned herein to include a mono 
mer or mixture of monomers having the formula 

R 

R 

wherein R represents hydrogen, a halogen such as chlo 
rine or bromine, a lower alkyl, including halogenated 
alkyls, containing 1-4 carbon atoms in alkyl moiety 
such as methyl, ethyl, propyl, isopropyl, butyl, and 
halogenated derivatives thereof. Binder materials 
which have been found especially useful in the inven 
tion are blends of from about 40 to about 90 percent by 
weight of a styrene material, preferably styrene per se, 
and from about 10 to about 60 percent by weight of 
another vinyl monomer other than styrene, for example, 
an alkyl acrylate or methacrylate, including branched 
alkyl and cycloalkyl acrylates and methacrylates such 
as cyclohexyl methacrylate, having up to 20 or more 
carbon atoms in the alkyl group. Typical of type (1) 
binder materials which have been found especially use 
ful as described hereinabove are blends of 40 to 90 per 
cent by weight styrene, from about 5 to about 50 per 
cent by weight of a lower alkyl acrylate or methacry 
late having from 1 to about 4 carbon atoms in the alkyl 
moiety such as methyl, ethyl, isopropyl, butyl, etc. and 
from about 5 to about 50 percent by weight of a higher 
alkyl acrylate or methacrylate having from about 6 to 
20 or more carbon atoms in the alkyl group such as 
ethylhexyl acrylate or methacrylate. A variety of other 
useful styrene material containing toner particles are 
disclosed in the following U.S. Pat. Nos.: 2,917,460 
issued Dec. 15, 1959; Reissue 25,136 issued Mar. 13, 
1962; 2,788,288 issued Apr. 9, 1957; 2,638,416 issued 
Apr. 12, 1953; 2,618,552 issued Nov. 18, 1952 and 
2,659,670 issued Nov. 17, 1953. 
The type (2) polyester binder material used with the 

type (b) crosslinking compounds referred to above are 
comprised of one or more dicarboxylic acids and one or 
more polyhydric alcohols which are capable of reacting 
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10 
with one another to form a polymer having the individ 
ual units thereof linked by ester groups. Especially use 
ful polyester binder materials are crystalline polyesters. 
Representative dicarboxylic acids which may be used in 
the preparation of the polyester binder materials are 
terephthalic acid and isophthalic acid including substi 
tuted terephthalic and isophthalic acid; cyclohexane 
dicarboxylic acid, and the like. Representative polyhyd 
ric alcohols which may be used in the preparation of the 
polyester binder materials are aromatic alcohols such as 
a bis(hydroxy alkoxy-phenyl) alkane having from 1 to 
about 4 carbon atoms in the alkoxy group and from 1 to 
about 10 carbon atoms in the alkane group, cyclohexane 
dialkanols having from 2 to about 10 carbon atoms in 
the alkanol groups, and alkylene glycols such as tetra 
methylene glycol having from 2 to about 10 carbon 
atoms in the alkylene group. 
The type (b) crosslinking compounds used in the 

present invention to react with the above-described 
polyester binder materials are characterized by having a 
polymerizable functionality greater than 2.0. the poly 
merizable functionality of a given material is the num 
ber of hydroxy and carboxyl groups chemically bonded 
to the material which are capable of reacting to form an 
ester linkage, 

with the polyester binder materials. These type (b) 
crosslinking compounds are typically monomeric mate 
rials containing from 3 to about 20 carbon atoms. Rep 
resentative type (b) crosslinking compounds include 
trimethylolethane, pentaerythritol, trimellitic acid an 
hydride, or pyromellitic acid or dianhydride, and the 
like. 
The amount of type (b) crosslinking compound 

which may be used may vary widely depending on a 
number of factors including the reactivity of particular 
type (b) crosslinking compounds and type (2) polyester 
binder materials, the molecular weight of the respective 
polyester binder and type (b) crosslinking materials, etc. 
Typically, an amount of type (b) crosslinking com 
pound greater than about 0.01 percent by weight, pref 
erably from about 0.01 to about 5 percent by weight 
based on the total dry weight of the type (b) crosslink 
ing compounds blended with the type (2) binder materi 
als is employed. 

In accord with another preferred embodiment of the 
invention a covalent crosslinked polymeric binder use 
ful in the toner particles of the invention may be ob 
tained simply [be] by curing a polymer having in its 
molecular structure crosslinking sites. A variety of 
chemical moieties which may serve as crosslinking sites 
in the molecular structure of a polymer are well known 
in the polymer art. Curing of polymers containing these 
sites may sometimes be accomplished by heat alone but 
is more generally facilitated by use of heat and a cross 
linking compound (commonly referred to as a curing 
agent). Various catalysts may also be used in accord 
with conventional polymerization. Included below in 
Table l is a partial list of representative crosslinking 
sites and corresponding curing agents. 
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TABLE 1 
l2 

Crosslinking 
Site on Polymer 

Crosslinking Compound 
(curing agent) 

A. a carboxylic acid site 
such as methacrylic acid, 
for example, poly(styrene 
CO‘IIICU'IY] methylacrylate-co 
2 ethylhexyl-methacrylate 
co-methacrylic acid) 

formula 

CH3 

CH3 

A-2. a carbodiimide such as dicyclo 

A-l a diepoxide such as isopropylidene 
bis(phenyl glycidyl ether) having the 

hexylcarbodiimide having the formula 

A~3. a dihalide such as 
a,a'-dichloro-p-xylene having the 
formula 
CHZCI 

CHzCl 

together with a tertiary amine 
catalyst 
B-l. a dicarboxylic acid such as 
schacic acid 

B. an epoxide site such as 
glycidyl methacrylate, 
for example, poly(styrene 
co<ethylhexyl methacrylate 
co-glycidyl methacrylate 
co-methyl methacrylate9 5-2, a primary amine or a secondary 

amine 
C, a halide site such as 01. a primary amine or a secondary 
vinyl benzyl chloride, for amine 
example, poly(slyrene-co~ 
ethylhexyl methacrylate 
co-methyl methacrylate-co 
vinyl benzyl chloride) 
D. an active methylene site 
such as ethyl acrylyl acetate, 
for example, poly(styrene-co 
methyl methacrylate-co 
ethylhexyl acrylate-co 
ethyl acrylyl acetate) 
E. ethylenic unsaturation 
site such as butadiene, for 
example, poly(styrene-co 
methyl methylacrylate-co 
ethylhexyl methacrylate 
co'butadiene) 
F. a hydroxyl site such as 
hydroxyethyl methacrylate, 
for example, poly(styrene 
co-methyl methacrylate 
co-ethylhexyl methacrylate~ 
co-hydroxyethyl methacrylate) 

D- l. formaldehyde 

E-l. elemental sulfur admixed with 
a sulfur-containing compound such 
as Z-mercaptobenzothiazole 

F-l. a diisocyanate such as toluene 
diisocyanate 

F-Z. a melamine curing agent such 
as a melamine-formaldehyde resin 
or hexamethylolmelamine 

O 

In accord with another embodiment of the invention, 
the covalently crosslinked polymeric binders employed 
in the invention may be prepared without a separate 
chemical crosslinking compound. For example, many 
polymeric materials having an appropriate crosslinking 
site may be covalently crosslinked simply by exposure 
to an external activating radiation source, such as elec 
tron beam or electromagnetic radiation, for example, 
ultraviolet radiation. 

Representative of thermoplastic, radiation crosslink 
able materials useful in the preparation of the covalently 
crosslinked toner materials described herein are the 
cinnamylidenemalonate-containing polyesters such as 
those described in US. Pat. No. 3,674,745 issued July 4, 
I972 incorporated herein by reference thereto. Such 
polymers are typically prepared by reacting a mono 

55 

60 

meric mixture of approximately 50 mole percent of one 
of more polyhydric alochols and 50 mole percent of a 
composition comprising dialkyl cinnamylidenemalonate 
and one or more additional esters of a dicarboxylic acid 
such as terephthalic acid or isophthalic acid. Typical of 
useful cinnamylidenemalonate-containing polymers are 
poly(ethylene glycol-codimethyl terephthalate-co 
butanediol-co-dimethyl cinnamylidenemalonate) tet 
rapolymers composed of about 37.5 mole percent ethyl 
ene glycol units, 6.85 mole percent dimethyl terephthal 
ate units, 12.5 mole percent butanediol units, and 43.15 
mole percent dimethyl cinnamylidenemalonate units. 
The above-described cinnamylidenemalonate-con 

taining polymers are typically covalently crosslinked by 
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exposure to ultraviolet radiation for a period of from 
about I to about 30 hours or more. 
The ionic crosslinked binders employed in the pres 

ent invention are conveniently prepared in a manner 
similar to that described above wherein covalent cross 
linked binders are prepared by curing the polymeric 
binder in the presence of heat aone or in the presence of 
heat and curing agent to form covalent chemical link~ 
ages between the crosslinking sites of adjacent poly 
mers. The difference between ionic crosslinked binders 
and the above-described covalently crosslinked binders 
prepared by curing is that in the former case the linkage 
between crosslinking sites of adjacent polymer chains is 
an ionic linkage rather than an actual covalent chemical 
bond. The ionic linkage may be conveniently formed by 
subjecting a polymeric binder having ionic crosslinking 
sites in its molecular structure to heat in the presence of 
an ionic crosslinking compound or by admixing the 
ionic crosslinking compound in a solution of the poly 
meric binder to be ionically crosslinked as described in 
Example Vl hereinafter. 

Regardless of the particular chemical composition of 
the crosslinked binders used in the present invention, 
preferred crosslinked binders have a softening tempera 
ture within the range of from about 40° C. to about 200° 
C. so that the resultant toner particles can readily be 
fused to conventional receiving sheets to form a perma 
nent image. Especially useful crosslinked binders are 
those having a softening temperature within the range 
of from about 40" C. to about 65° C. because toners 
containing these binders may be used in high speed 
electrographic copy machines employing plain paper as 
the receiving sheet to which the toned images are fused. 
Of course, where other types of receiving elements are 
used, for example, synthetic high melting point poly 
meric sheets, metallic sheets, and the like, crosslinked 
polymers having a softening temperature higher than 
the values specified may be used. 
As used herein the term “softening temperature" 

refers to the softening temperature of a polymer as 
measured by E. l. duPont de Nemours Model 94] TMA 
(Thermal Mechanical Analyzer) apparatus using a 
probe pressure of 48 p.s.i.a. and a heating rate of 5° C./ 
minute. 
The toner particles employed in the present invention 

may comprise varied amounts of the crosslinked binder 
polymer described hereinabove depending upon a num 
ber of factors, including the amount and types of color 
ant or other modifying materials, ifany, incorporated in 
the particle; the amount and kind of additional binder 
materials, if any, such as conventional linear or straight 
chain thermoplastic polymers, incorporated in the toner 
particle; the desired softening point of the toner parti 
cles, and the like. Advantageously, the crosslinked fus 
ible binder comprises 25 percent by weight or more of 
the toner particles used in the invention. In accord with 
preferred embodiments of the invention where the 
toner particles of the invention are to be used in rela 
tively high speed office copy devices, it has been found 
advantageous to use toner particles comprising at least 
50 percent by weight, and preferably 75—95 percent by 
weight, of the crosslinked binder polymers described 
above. 
The toner particles of the present invention can be 

prepared by various methods, such as melt-blending, 
etc. Particles having an average diameter between 
about 0.1 micron and about 100 microns may be used, 
although present day office copy devices typically em 
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ploy particles having an average diameter between 
about 1.0 and 30 microns. However, larger particles or 
smaller particles can be used where desired for particu 
lar methods of development or particular development 
conditions. For example, in powder cloud development 
such as described in US. Pat. No. 2,691,345, issued Oct. 
12, 1954, extremely small toner particles on the order of 
about 0.01 microns may be used. 
The above-noted melt-blending method for preparing 

the toner composition of the present invention involves 
melting a powdered form of binder polymer and mixing 
it with other necessary or desirable addenda including 
colorants such as dyes or pigments. The polymer can 
readily be melted on heated compounding rolls which 
are also useful to stir or otherwise blend the polymer 
and addenda so as to promote the complete intermixing 
of these various ingredients. After thorough blending, 
the mixture is cooled and solidified. The resultant solid 
mass is then broken into small particles and ?nely 
ground to form a free-?owing powder of toner particles 
having the desired size. 
A variety of colorant materials selected from dye 

stuffs and/or pigments are advantageously employed in 
the toner materials of the present invention. Such mate 
rials serve to color the toner and/or render it more 
visible. Of course, suitable toner materials having the 
appropriate charging characteristics can be prepared 
without the use of a colorant material where it is desired 
to have a developed image of low optical opacity. In 
those instances where it is desired to utilize a colorant, 
the colorants used, can, in principle, be selected from 
virtually any of the compounds mentioned in the Col 
our Index, Volumes I and 2, Second Edition. 

Included among the vast number of useful colorants 
would be such materials as l-Iansa Yellow G (C. I. 
H680), Nigrosine Spirit soluble (C.]. 50415) Chromo 
gen Black ETOO (CI. 45170), Solvent Black 3 (CI. 
26l50), Fuchsine N (C.I. 425l0), C.I. Basic Blue 9 (CI. 
52015), etc. Carbon black provides a particularly useful 
colorant. The amount of colorant added may vary over 
a wide range, for example, from about I to about 20 
percent of the weight of the crosslinked binder. Particu 
larly good results are obtained when the amount is from 
about 2 to about 10 percent. In certain instances, it may 
be desirable to omit the colorant, in which case the 
lower limit of concentration would be zero. 
Other modifying materials such as various long chain 

anionic or cationic surfactants, conductive materials, 
and magnetic materials may also be incorporated, if 
desired, in the toner particles of the invention. Still 
other toner additives which may be incorporated in the 
toner particles are materials such as those described in 
Jacknow et al., US. Pat. No. 3,577,345 issued May 4, 
I971. Generally, if any of the various modifying materi 
als described above are used in the toner particles of the 
invention, the total amount thereof (excluding the 
weight of colorants) should be less than about 30 weight 
percent of the total weight of the toner particle. 
The toners of this invention can be mixed with a 

carrier vehicle to form developing compositions. The 
carrier vehicles which can be used with the present 
toners to form new developer compositions can be se 
lected from a variety of materials. Suitable carrier vehi 
cles useful in the invention include various nonmagnetic 
particles such as glass beads, crystals of inorganic salts 
such as sodium or potassium chloride, hard resin parti 
cles, metal particles, etc. In addition, magnetic carrier 
particles can be used in accordance with the invention. 
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Suitable magnetic carrier particles are particles of ferro 
magnetic materials such as iron, cobalt, nickel, and 
alloys and mixtures thereof. Other useful magnetic car 
riers are ferromagnetic particles overcoated with a thin 
layer of various ?lm-forming resins, for example, the 
alkali-soluble carboxylated polymers described in 
Miller, U.S. Pat. No. 3,547,822 issued Dec. 15, 1970; 
Miller, U.S. Pat. No. 3,632,5l2 issued Jan. 4, 1972; Mc 
Cabe, U.S. Ser. No. 236,765, ?led Mar. 21, 1972, enti 
tled “Electrographic Carrier Vehicle and Developer 
Composition—Case B". Kasper et al U.S. Ser. No. 
236,584, ?led Mar. 21, 1972, entitled “Electrographic 
Carrier Vehicle and Developer Composition—Case C"; 
and Kasper U.S. Ser. No. 236,614, ?led Mar. 21, 1972, 
entitled, “Electrographic Carrier Vehicle and Devel 
oper Composition-Case D." Other useful resin coated 
magnetic carrier particles include carrier particles 
coated with various fluorocarbons such as polytetra?u 
oroethylene, polyvinylidene ?uoride, and mixtures 
thereof including copolymers of vinylidene ?uoride and 
tetrafluoroethylene. 
[Aa] A typical developer composition containing 

the [abovedescribed] above-described toner and carrier 
particles generally comprises from about 1 to about 15 
percent by weight of particular toner particles and from 
about 85 to about 99 percent by weight carrier particles. 
Typically, the carrier particles are larger than the toner 
particles. Conventional carrier particles used in cascade 
or magnetic brush development have an average size 
particle size on the order of from about 30 to about 1200 
microns, preferably 60-300 microns. 
The above-described toner and developer composi 

tions can be used to develop electrostatic charge pat 
terns, Such developable charge patterns can be pre 
pared by a number of well-known means and be carried, 
for example, on a light sensitive photoconductive ele 
ment or a non-light sensitive dielectric-surfaced receiv 
ing element. Suitable dry development processes in 
clude cascading a cascade developer composition 
across the electrostatic charge pattern as described in 
detail in U.S. Pat. Nos. 2,618,551; 2,618,552; and 
2,638,416. Another process involves applying toner 
particles from a magnetic brush developer composition 
as described in US. Pat. No. 3,003,462. Still another 
useful development process is powder-cloud develop 
ment wherein a gaseous medium such as air is utilized as 
a carrier vehicle to transport the toner particles to the 
electrostatic charge pattern to be developed. This de 
velopment process is more fully described in U.S. Pat. 
No. 2,691,345 and U.S. Pat. No. 2,725,304. Yet another 
development process is fur brush development wherein 
the bristles of a brush are used to transport the toner 
particles to the electrostatic charge pattern to be devel 
oped. This development process is more fully described 
in Walkup, US. Pat. No. 3,251,706. 
As will be apparent from the above discussion the 

improved electrographic development process of the 
present invention using the toner particles described 
herein can employ various types of carrier vehicles 
ranging from the conventional inorganic particles used 
in cascade development and magnetic particles used in 
magnetic brush development to gaseous media and fur 
brushes used in powder cloud and fur brush develop 
ment, respectively. 

After imagewise deposition of the toner particles in 
accord with the process of the invention, the image can 
be fused as described earlier herein to adhere it to the 
substrate bearing the toner image. If desired, the un 
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fused image can be transferred to another support such 
as a blank sheet of copy paper and then fused to form a 
permanent image thereon. 
The following examples are included for a further 

understanding of this invention. 

EXAMPLE I 

Crosslinking a styrene-acrylic polymer with divinyl 
benzene during polymerization 

Polymer References la 
lb 
lc 

Toner References I-] 
[-2 
I. 
[-4 
Xerox 3600-7000 

POLYMER DESCRIPTION: 

Ia - A mixture of 50 kg. styrene, 25 kg. methyl meth 
acrylate, 25 kg. ethylhexyl methacrylate, 2 kg. 
azobisisobutyronitrile is added with stirring over a 
2% hour period to 300 kg. of water at 75° C. con 
taining 400 g. of poly(vinyl alcohol) (Vinol 540, 
Airco). the polymerization is conducted under a 
nitrogen atmosphere and is allowed to continue for 
4 hours after monomer addition is completed. The 
product is collected by ?ltration and washed with 
water. The resultant copolymer is identi?ed as 
poly(styrene-co-methyl methacrylate-co-Z-ethyl 
hexyl methacrylate). 

Ib - This polymer is prepared in a manner identical to 
la except that 0.2 weight percent (based on the 
weight of the initial monomers) of divinylbenzene 
(assay 55 percent) are introduced into the initial 
monomer mixture. The resultant crosslinked co 
polymer is identi?ed as poly(styrene-co-methyl 
methacrylate-co-Z-ethylhexyl methacrylate-co 
divinylbenzene). 

lc - This polymer is prepared in a manner identical to 
la except that 0.3 weight percent (based on the 
weight of the initial monomers) of divinylbenzene 
(assay 55 percent) are introduced into the initial 
monomer mixture. The resultant crosslinked poly 
mer is identi?ed as poly(styrene-co-methyl metha 
crylate-co-Z-ethylhexyl methacrylate-co-divinyl 
benzene). 

TONER DESCRIPTION 

I-l is an uncrosslinked control toner and is prepared 
by compounding on a two roll rubber mill 100 parts 
Ia and 5 parts Regal 300R carbon black purchased 
from Cabot Corporation. The composition is 
ground to toner size particles (2-40 microns) in a 
fluid energy millv 

1-2 is a control toner prepared in a manner identical to 
that described in L1 above except that the resultant 
toner particles are subjected to a glow discharge 
post treatment as described in U.S. Pat. No. 
3,676,350 to effect surface crosslinking of the toner 
particles. The glow discharge post treatment is 
carried out by placing a sample of the I-1 toner 
particles described above on a piece of ?lter paper 
contained within a polymeric holder capable of 
vibrating the toner, and the holder is placed be 
tween two parallel electrodes. The apparatus is 
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contained in a bell jar which is evacuated to a pres— 
sure of 0.6 mm of mercury. Helium is then bled into 
the bell jar to a total of 2.4 mm of mercury. The 
vibrator is turned on, and a 10 kc A.C. ?eld suffi 
cient to produce a glow at a current of 60 ma is 5 
applied across the electrodes. To prevent fusing of 
the toner, the current is turned off at regular inter 
vals. Total time the toner is subjected to the glow 
discharge is 5 minutes. The glow discharge treated 
toner is labelled I-2. Samples of the 1-1 and 1-2 
control toners are placed in an oven at 60° C. for 24 
hours and then checked for tendency to cake or 
agglomerate. I-2 becomes free flowing after several 
taps on its container, but l-l does nsot. A spatula is 
required to break up the lumps formed in the I-1 
container. This experiment demonstrates that the 
surface characteristics of the toner are indeed al 
tered by a glow discharge treatment. Roller fusing 
tests for 1-1 and 1-2 are carried out in the manner 
noted below. The results are set forth in Table 2. 

1-3 is a control toner prepared in a manner similar to 
that described in Example I of US. Re. Pat. No. 
25,136 reissued Mar. 13, I962. These toner particles 
consist of 25 percent by weight poly(butylmetha 
crylate) sold by E. l. duPont de Nemours under the 
trademark Elvacite 2044, 65 percent by weight of a 
blend of polymerized styrenes [commerically] 
commercially available under the trademark Pic 
colastic Resin D-l25, and 10 percent by weight of 
carbon black. This control is noted to have particu 
larly poor keeping properties, i.e., it tends to clump 
up and agglomerate, in comparison to the cross 
linked toner used in the invention. 

[-4 is a crosslinked toner of the invention prepared by 
compounding on a two roll rubber mill 100 parts Ib 
with 5 parts Regal 300R carbon black. The compo 
sition is ground to toner size particles in a ?uid 
energy mill. 

I-5 is a crosslinked toner of the invention prepared 
similarly to 1-] except that Ic is used as the polymer 
binder. Xerox 3600-7000 toner is a control and is 
commercially available from the Xerox Corpora 
tion. The polymer components of the toner are 
believed to be composed of an uncrosslinked co 
polymer of styrene and n-butyl methacrylate plus a 
small amount of poly(vinyl butyral). 

ROLLER FUSER PERFORMANCE 

Fixing of the toner to the paper is carried out with a 
roller fuser apparatus described previously to yield the 
following results: 
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TABLE 2 
Minimum Useful 
Adequate Hot Off- Fusing 

Fusing Temp. set Temp. Range 55 
Toner Description ('C.) ('C.) (' C.) 

1-] Control l35 218 83 
1-2 Control B5 218 83 
[-3 Control [2] I63 42 
I4 crosslinked I35 232 97 
1-5 crosslinked I35 >260 >125 6° 

Xerox Control 
36(1)- Commercial 
7000 toner 135 204 69 

From Table 2, it is noted that the useful range of the 65 
crosslinked toner particles used in the present invention 
has been increased in comparison to the control toner 
compositions which are composed of various related, 

18 
but uncrosslinked, binders. It may be further observed 
that crosslinking only the surface of polymeric binder 
containing toner particles does not provide any substan 
tial change in the useful fusing range of the toner parti 
cles. (Compare l-l control to 1-2 control). 

EXAMPLE II: 

crosslinking a styrene-acrylic polymer with l,3-buty 
lene dimethacrylate during polymerization 

Polymer References: is of Example I 
[la 
H Toner References: of Example I 

POLYMER DESCRIPTION 

Ia [poly(styrene-co-methyn] poly (styrenewwmethyl 
methacrylate-co-Z-ethylhexyl methacrylate) de 
scribed in Example I 

Ila This is a polymer prepared in a manner identical 
to polymer Ia of Example I except that 0.75 weight 
percent (based on the weight of the initial mono 
mers) of l,3-butylene dimethacrylate crosslinking 
monomer is added as one of the initial monomeric 
reactants. The resulting crosslinked polymer is 
identi?ed as poly(styrene-co-methyl methacrylate 
co-2-ethylhexyl methacrylate-co-1,3-butylene di 
methacrylate). 

TONER DESCRIPTION 

1-1 is an uncrosslinked control toner and is described 
in Example I. 

11-1 is a crosslinked toner prepared by compounding 
on a two roll rubber mill 100 parts Ila with 5 parts 
Regal 300R carbon black. The composition is 
ground to toner size particles in a ?uid energy mill. 

ROLLER FUSER PERFORMANCE 

The toners are tested on a roller fuser as described 
previously to yield the following results. 

TABLE 3 
Useful 

Minimum Adequate Hot Ol'f- Fusing 
Fusing Temp. set Temp. Range 

Toner Description (‘(I.) (‘C.) ('C.) 
[-1 control US 218 83 
[1'1 crosslinked l35 >260 > 125 

The data from Table 3 indicate that the useful fusing 
range has been increased more than 42° C. by crosslink 
ing the toner. 

EXAMPLE III: 

Crosslinking a polyester during polymerization 

Polymer References: lIIa 
Illb 

Toner References: llI- l 
Ill-2 

POLYMER DESCRIPTION 

"Is. A mixture of 50 g. of dimethyl isophthalate, 50 
g. dimethyl terephthalate, 67 g. ethylene glycol, 10 mg. 
zinc acetate, and 20 mg. antimony trioxide is heated 
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under nitrogen at 200“ C., and the evolved methanol is 
distilled off. The temperature is raised to 235° C., and 
vacuum is gradually applied to the stirred melt to re 
move excess glycol. Polymerization proceeds by the 
removal of glycol until the desired viscosity is reached. 
The resultant copolymer is identi?ed as poly(ethylene 
terephthalate-co-isophthalate) and has an inherent vis 
cosity of 0.25 (The inherent viscosity is measured at 25° 
C. by dissolving 0.25 g. of the copolymer in 100 ml. of 
chloroform.) 

Illb. This polymer is made in the same manner as IIIa 
except after the initial ester exchange 2.9 g. of Z-hydrox 
ymethyl-2~methyl-l,3-propanediol is added. The poly~ 
merization under vacuum is allowed to proceed until 
the product is no longer soluble in chloroform. The 
resultant polymer is identi?ed as poly(ethylene tereph 
thalate-co-isophthalate) crosslinked with Z-hydrox 
ymethyl-Z-methyl-1,3-propanediol. 

TONER DESCRIPTION 

Ill-1 is an uncrosslinked control and is prepared by 
compounding on a two roll rubber mill 100 parts IIIa 
with 6 parts Sterling FT carbon black purchased from 
Cabot Corporation with subsequent reduction to toner 
size particles in a fluid energy mill. III-2 is a crosslinked 
toner prepared similarly to Ill-l except [Ilb is used as 
the polymer binder. 

ROLLER FUSER PERFORMANCE 

The toners are tested on a roller fuser as described 
previously to yield the following results: 

TABLE 4 

Hot Useful 
Minimum Adequate Offset Fusing 

Fusing Temp. Temp. Range 
Toner Description ('C.) (°C.) ('C.) 

"H control l2l I77 56 
lll<2 crosslinked 135 > 260 > l25 

The data in Table 4 indicate that the useful fusing 
range has been increased greater than 69° C. by cross 
linking the toner. 

EXAMPLE IV: 

Crosslinking a styrene-acrylic polymer while com 
pounding 

Polymer References: la 
IVa 

Toner References: [-1 
IV-l 

POLYMER DESCRIPTION 

Ia. poly(styrene-co-methyl methacrylate-co-Z-ethyl 
hexyl methacrylate) described in Example I 

lVa. A mixture of I00 g. styrene, 50 g. methyl meth 
acrylate, 50 g. ethylhexyl methacrylate, I g. meth 
acrylic acid. 4 g. azobisisobutyronitrile is flushed 
with nitrogen and heated at 60° C. for 20 hrs. The 
resultant polymers is identi?ed as poly(styrene-co 
methyl methacrylate-co-Z-ethylhexyl methylacry» 
late-co-methacrylic acid). The methacrylic acid 
units of the resultant polymer serve as crosslinking 
sites. 
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TONER DESCRIPTION 

1-1 is an uncrosslinked control toner and is described 
in Example I. 

IV-l is a crosslinked toner prepared by compounding 
on a two roll rubber mill 100 parts by weight of 
polymer IVa with 0.3 parts by weight triethylene 
diamine, 3 parts by weight Epon 100] (an epoxy 
resin purchased from Shell Chemical Co.), and 5 
parts by weight Regal 300R carbon black. During 
the compounding operation, the rheological prop 
erties of the melt changed from that characteristic 
of an uncrosslinked polymer to that typical of a 
crosslinked polymer. The compound is ground to 
toner size particles in a ?uid energy mill. 

ROLLER FUSER PERFORMANCE 

The toners are tested on a roller fuser as described 
previously to yield the following results: 

TABLE 5 

Hot Useful 
Minimum Adequate Offset Fusing 

Fusing Temp. Temp. Range 
Toner Description ('C.) ('C.) ('C.) 
[-1 control 135 ZlB 83 
IV-l crosslinked 135 260 125 

The data in Table 5 indicate that crosslinking the 
toner has increased the useful fusing range 42° C. 

EXAMPLE V: 

Crosslinking a styrene-acrylic polymer after com 
pounding 

Polymer References: Va 
Toner References: V- l 

V'Z 

POLYMER DESCRIPTION - Va 

A mixture of 300 g. styrene, 210 g. methyl methacry 
late, 90 g Z-ethylhexyl acrylate, 50 g ethyl acrylacetate, 
and 18 g benzoyl peroxide is added dropwise with stir 
ring over 2-3 hr. to 800 ml. of water at 75° C. containing 
0.75 g of poly(vinyl alcohol). The polymerization is 
conducted under a nitrogen atmosphere and is allowed 
to continue for 12 hr. after monomer addition. The 
product is collected by ?ltration, washed with water, 
and dried. The polymer is identi?ed as poly(styrene-co 
methyl methacylate-co-Z-ethylhexyl acrylate-co-ethyl 
acrylylacetate). 

TONER DESCRIPTION 

100 parts by weight of polymer Va is compounded 
with 5 parts by weight Regal 300R carbon black on a 
two roll rubber mill. The material is ground to pass 
through a 20 mesh screen and divided into two equal 
parts. V-l is an uncrosslinked control toner and is pre 
pared by taking one part of the foregoing compounded 
and ground material and grinding it further to toner size 
particles in a fluid energy mill. V-Z is a crosslinked toner 
prepared by taking the other part of the above 
described material and placing it in a 35 percent aque 
ous formaldehyde solution adjusted to pI-l9 with sodium 
hydroxide. The mixture is tumbled for 48 hours and 
dried. The solubility of this material is determined in 
methylene chloride before and after the aqueous formal 
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dehyde treatment. The matter is soluble before treat- TABLE 7 
ment and insoluble after treatment indicating that cross- Minimum 
linking has taken place. The material is ground to toner Adcqua‘c Hot Offsct Useful 
Sil? particles in a ?uid energy mill. Fusing Temp. Temp. Fusing 

5 Toner Description ('c.) ('0) Range ('c.) 
ROLLER FUSER PERFORMANCE H wmml 149 232 83 

The toners are tested on a roller fuser as described v1" cmssli'lked ‘63 >260 >97 

previously to yield the following results: , _ ’ 

TABLE 6 '0 The data in Table 7 indicate that the useful fusing 
‘ _ range may be increased greater than 14 C. by the use of 

M'mmm" ionic crosslinking. 
Adequate Hot Off- Useful 

Fusing Temp. set Temp. Fusing EXAMPLE VII; 
Toner Description ('C.) ('C.) Range ('C.) _ I _ 15 Covalent Crosslinking of a Crystalline Polyester 
V-l control 149 218 69 
V-2 crosslinked 149 > 260 > I l l 

Polymer References: VIla 

The data in Table 6 indicate that the useful fusing Toner References: range has been increased by greater than 42° C. by 20 vim 

crosslinking. 

EXAMPLE VI= POLYMER DESCRIPTION 

Ionic crosslinking of a styrene-acrylic polymer 25 Vua _ A mixture of 39 g. of [dememyu dimethyl 
isophtlialate, 39 g. dimethyl terephthalate, 45 g. 

Pol mer References- “ of Exam 1e 1 1,4-butanediol and ?ve drops of tetrabutyl or 
y ' Via p thotitanate is heated under nitrogen at 210° C. and 

Toner References: [-1 of [example :lExample l the evolved methanol iS distilled Off. The tempera 
vi-i 30 ture is raised to 235’ C., and vacuum is gradually 

applied to remove excess diol. Polymerization pro 
ceeds by distillation of diol until the desired viscos 

POLYMER DESCRIPTION ity is reached. The resultant polymer is identi?ed as 

Ia poly(styrene_co_methyl methacrylate_co_2_ethyl_ polyttetramethylene isophthalate-co-terephthalate) 
h . . 35 and is partially crystalline. 
exyl methacrylate) as described in Example I . . . 

. VIIb - This polymer is made in the same manner as 
VIa a mixture of 100 g. of styrene, 50 g. of methyl - - - h 1 25 f h ‘h l h l l 0 above except after the initial ester exchange 3 g. of 
met acry ate’ o.“ y exy met “9'? ate’ 2-hydroxymethyl-Z-methyl-1,3-propanediol is 
g‘ Pf,me_‘hY'a°rY"° and ‘End 6 g‘ of azoblslsobutyr' added. The polymerization is allowed to proceed 
ommle '5 ?ushed wnh {Imogen and_hFated_ at 60° 40 under vacuum until the product gels. The resultant 
C. for 4 days. The resulting polymer is identified as polymer is identi?ed as polyuetramethylene isoPh, 
P°ly($tY|'ene'C°-m¢myl methifcrylfite'cofthl'l' thalate-co-terephthalate) crosslinked with 2 
hcxyl men.‘acrylale'co'methacryhc acid) To lomc' hydroxymethyl-Z-methyl-l,3-propanediol, and it is 
ally crosslmk this polymer, ?fty grams of this poly- partially crystalline. This polymer and similar poly 
mer is dissolved in 400 ml. of methylene chloride 45 mers are partially crystalline. As a result, the toner 
and to it is added l.0 g. of calcium hydroxide, prepared from this polymer exhibits good storage 
which is equivalent to the acid in the polymer. The stability against caking, and the melt temperature 
suspension, in abottle, is rolled for 24 hours. At the of this polymer, about 125° C, allows the toner 
end of this time it is a thin gel. It is poured into a 50 prepared using this polymer to be fused at a rela 
tray to evaporate most of the solvent and drying is tlvely low temperature‘ 
completed in vacuum at 50° C. “C resultant poly 
mer is ionically crosslinked. _ u I 

VII-l is an uncrosslinked control toner and 1S pre 
TONER DESCRIPTION 55 pared by compounding on a two-roll rubber mill 

1-] is an uncrosslinked control toner and is described 100 parts VH8‘ and 5. parts Regal 300R Garb?“ 
in Example I black. The compound is then ground to toner size 

VI 1 . . .' . particles (2-4-0 microns) in a ?uid energy mill. 
- is an ionically crosslinked toner prepared by VII 2 - “- I. k d d _ 

ding on a two-roll rubber mill 100 arts - 1S a crysta me Fross m e tour an is pr-e 
compoun P 60 pared by compounding on a two-roll rubber mill 
V13 “95 plans Regal 300R carbon_black‘ The 100 parts VIII: and 5 parts Regal 300R carbon 
compos'_uon 15 Eben grPund to to"? Sue Pamela's black. The compound is then ground to toner size 
(2-40 microns) "1 a mud energy mln- particles (2-40 microns) in a fluid energy mill. 

ROLLER FUSER PERFORMANCE 65 ROLLER FUSER PERFORMANCE 

Fixing of the toner to the paper is carried out with a 
roller fuser apparatus described previously to yield the 
following results: 

Fixing of the toner is carried out with a roller fuser 
apparatus described previously at a speed of 5 lIl/SCC 
and a pressure of 15 lb/in. 
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TABLE 8 

Minimum Hot 
Adequate Offset Useful 

Fusing Temp. Temp. Fusing 
Toner Description (°C.) ("0) Range ("C.) 
VII-l Control 107 107 0 
VII-2 Crosslinked 107 149 42 

The data in Table 8 indicate the useful fusing range 
has been increased 42° C. by crosslinking the above 
described partially crystalline polymer. 

EXAMPLE VIII: 

Approximately 3 to 4 weight percent each of cross 
linked toners [-4, 1-5, Il-l, III-2, IV-l, V-2, VI-l and 
VlI-Z are mixed with from 96 to 97 weight percent of 
magnetic carrier particles having an average particle 
size within the range of about 100 to 250 microns to 
form a magnetic brush developer composition. A por 
tion of each of these developers is used in a magnetic 
brush development process of the type described in 
US. Pat. No. 3,003,462 issued Oct. 10, 1961, as follows: 
The developer composition is maintained during the 

development cycle in a loose, brushlike orientation by a 
magnetic field surrounding a rotatable non-magnetic 
cylinder having a magnetic means ?xedly mounted 
inside. The magnetic carrier particles are attracted to 
the cylinder by the described magnetic ?eld, and the 
crosslinked toner particles are held to the carrier parti 
cles by virtue of their opposite electrostatic polarity. 
Before and during development, the crosslinked toner 
acquires an electrostatic charge of a sign opposite to 
that of the carrier material due to triboelectric charging 
derived from their mutual frictional interaction. As this 
brushlike mass or magnetic brush of carrier and cross 
linked toner particles is drawn across a photoconduc 
tive surface bearing an electrostatic image, the cross 
linked toner particles are electrostatically attracted to 
an oppositely charged latent image and form a visible 
toner image corresponding to the electrostatic image. 
The developed crosslinked toner image is then trans 
ferred to a plain paper receiving sheet and fused. 
Each of the aforementioned crosslinked toner com 

positions produces good quality images on the resultant 
plain paper receiving sheets. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof, but, 
it will be understood that variations and modi?cations 
can be effected within the spirit and scope of the inven 
tion. 
We claim: 
1. An electrographic developing composition com 

prising a mixture of ?nely-divided carrier particles and 
?nely-divided crosslinked toner particles electrostati 
cally attractable thereto, said toner particles having an 
average particle size within the range of about 0.01 to 
about 100 microns and comprising a fusible binder poly 
mer, the molecular chains of said polymer being cova 
lently crosslinked to an extent sufficient to extend the 
useful fusing range of said toner particles by at least 
about 10° C. relative to comparable uncrosslinked toner 
particles comprising the same binder polymer except in 
uncrosslinked form. 

2. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about 1 to about 15 percent by weight of ?nely-divided 
crosslinked toner particles electrostatically attractable 
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24 
thereto, said toner particles having an average particle 
size within the range of from about 0.1 to about 100 
microns and comprising at least about 25 percent by 
weight of a fusible binder polymer, said polymer being 
covalently crosslinked to an extent sufficient (a) to pro 
vide a useful fusing range for said toner particles of at 
least about 90° C. and (b) to extend the useful fusing 
range of the toner particles by at least about 20° C. 
relative to comparable uncrosslinked toner particles 
comprising the same binder polymer except in uncross 
linked form. 

3. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of finely divided carrier particles and from 
about 1 to about 15 percent by weight of ?nely divided 
toner particles electrostatically attractable thereto, said 
toner particles having an average particle size of from 
about 0.1 to about 100 microns and comprising at least 
about 50 percent by weight of a fusible binder polymer, 
the improvement wherein said binder is a covalently 
crossliked polymeric reaction product of (1) one or 
more crosslinking organic compounds possessing two 
or more polymerizable ethylenically unsaturated 
groups and (2) one or more organic compounds possess 
ing one polymerizable ethylenically unsaturated group, 
said binder being crosslinked to an extent sufficient (a) 
to provide a useful fusing range for said toner particles 
of at least about 90° C. and (b) to extend the useful 
fusing range of said toner particles by at least about 20° 
C. relative to comparable uncrosslinked toner particles 
comprising the same binder polymer except in uncross 
linked form. 

4. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about 1 to about 15 percent by weight of finely divided 
toner particles electrostatically attractable thereto, said 
toner particles having an average particle size within 
the range of from about 0.1 to about 100 microns and 
comprising at least about 50 percent by weight of a 
fusible polymeric binder, the improvement wherein said 
binder is a covalently crosslinked polymeric reaction 
product of (1) one or more crosslinking organic com 
pounds possessing a polymerizable functionality greater 
than two and (2) a blend comprising a dicarboxylic acid 
and a polyhydric alcohol capable of reacting with one 
another to form a polymer having individual units 
thereof linked by ester groups, said binder being cross 
linked to an extent sufficient (a) to provide a fusing 
range for said toner particles of at least about 90° C. and 
(b) to extend the useful fusing range of said toner parti 
cles by at least about 20° C. relative to comparable 
uncrosslinked toner particles comprising the same 
binder polymer in uncrosslinked form. 

5. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about 1 to about 15 percent by weight of finely divided 
tone particles electrostatically attractable thereto, said 
toner particles having an average particle size of from 
about 0.1 to about 100 microns and comprising at least 
about 50 percent by weight of a fusible polymeric 
binder, the improvement wherein said binder is a cova 
lently crosslinked polymeric reaction product of a cur 
ing agent and a polymer having crosslinking sites along 
its molecular structure capable of reacting with said 
curing agent, said binder being crosslinked (a) to pro 
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vide a useful fusing range for said toner particles of at 
least about 90" C. and (b) to an extent suf?cient to ex 
tend the useful fusing range of said toner particles by at 
least about 20° C. relative to comparable uncrosslinked 
toner particles comprising the same binder polymer in 
uncrosslinked form. 

6. The developer composition as de?ned in claim 5 
wherein said crosslinking site on said polymer is se 
lected from the group consisting of a carboxylic acid, an 
epoxide, a halide, an active methylene, an ethylenically 
unsaturated group, and a hydroxyl group. 

7. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about I to about 15 percent by weight of ?nely divided 
crosslinked toner particles electrostatically attractable 
thereto, said toner particles having an average particle 
size within the range of from about 0.1 to about l00 
microns and comprising a dye and/or pigment as color 
ant and a fusible styrene-containing binder polymer, 
said binder polymer being covalently crosslinked (a) to 
provide a useful fusing range for said toner particles of 
at least about 90‘ C. and (b) to an extent suf?cient to 
extend the useful fusing range of the toner particles by 
at least about 10° C. relative to comparable uncross 
linked toner particles comprising said styrene-contain 
ing polymer in uncrosslinked form. 

8. The developer composition as de?ned in claim 7 
wherein said covalently crosslinked styrene-containing 
polymer has a softening temperature within the range of 
about 40° C. to 200‘ C. and is a crosslinked polymeric 
reaction product of (l) at least one crosslinking organic 
compound having two or more polymerizable ethyleni 
cally unsaturated groups and (2) a blend of monomers 
having one polymerizable ethylenically unsaturated 
group and comprising from about 40 to 100 percent by 
weight of styrene or styrene homolog. 

9. The developer composition as de?ned in claim 7 
wherein said covalently crosslinked styrene-containing 
polymer has a softening temperature within the range of 
about 40° C. to 65° C. and comprises a polymeric reac 
tion product of (l) at least one crosslinking organic 
compound possessing two or more polymerizable ethyl 
enically unsaturated groups and (2) a monomeric blend 
comprising from about 40 to about 90 percent by weight 
of styrene or styrene homolog, from about 5 to about 50 
percent by weight of a lower alkyl acrylate or methac 
rylate having from I to about 4 carbon atoms in the 
alkyl group thereof, and from about 5 to about 50 per 
cent by weight of a higher alkyl acrylate or methacry 
late having from about 6 to about 20 carbon atoms in the 
alkyl group thereof. 

10. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided magnetically attractable 
carrier particles and from about 1 to about 15 percent 
by weight of ?nely divided crosslinked toner particles 
electrostatically attractable thereto, said toner particles 
having an average particle size within the range of from 
about 0.1 to about 100 microns, and comprising at least 
about 75 percent by weight of a fusible binder polymer, 
said polymer having a softening temperature within the 
range of about 40° C. to 200° C. and being covalently 
crosslinked to an extent sufficient (a) to provide a useful 
fusing range for said toner particles of at least about 
100° C. and (b) to extend the useful fusing range of the 
toner particles by at least about 40° C. relative to com 
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parable uncrosslinked toner particles comprising said 
binder polymer in uncrosslinked form. 

11. The developer composition of claim 4 wherein 
said polymer is a crystalline polymer. 

12. An electrographic developing composition com 
prising a mixture of from about 35 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about l to about 15 percent by weight of ?nely divided 
crosslinked toner particles electrostatically attractable 
thereto, said toner particles having an average particle 
size within the range of from about 0.01 to about I00 
microns and comprising at least about 25 weight per 
cent of a covalently crosslinked binder polymer, said 
polymer a polymeric reaction product of a mixture 
comprising (1) from about 0.01 to about 5 weight per 
cent of one or more crosslinking organic compounds 
possessing two or more polymerizable ethylenically 
unsaturated groups and (2) one or more organic com 
pounds possessing one polymerizable ethylenically un 
saturated group. 

13. An electrographic developing composition com 
prising a mixture of from about 85 to about 99 percent 
by weight of ?nely divided carrier particles and from 
about 1 to about 15 percent by weight of ?nely divided 
crosslinked toner particles electrostatically attractable 
thereto, said toner particles having an average particle 
size within the range of from about 0.1 to about 100 
microns and comprising a pigment as colorant and at 
least about 50 percent by weight of a fusible covalently 
crosslinked styrene-containing polymer, said polymer a 
polymeric reaction product of a mixture comprising (l) 
from about 0.01 to about 5 weight percent of one or 
more crosslinking compounds possessing two or more 
polymerizable ethylenically unsaturated groups and (2) 
a monomeric blend having one polymerizable ethyleni 
cally unsaturated group and comprising from about 40 
to 100 percent by weight of styrene or styrene homolog, 
said polymer having a softening temperature within the 
range of 40’ C. to 200° C. 

14. The developer composition as de?ned in claim 
[14] 13 wherein said polymer has a softening tempera 
ture within the range of from about 40° C. to about 65° 
C. and wherein said monomeric blend comprises from 
about 40 to about 90 percent by weight of styrene or 
styrene homolog and from about 10 to about 60 percent 
by weight of an alkyl acrylate or methacrylate having 
from about 1 to about 20 carbon atoms in the alkyl 
moiety. 

15. In an electrographic imaging process wherein an 
electrostatic charge pattern is contacted with dry ?nely 
divided toner particles having an average particle size 
within the range of about 0.01 to about I00 microns 
comprising a fusible binder polymer to develop said 
charge pattern and, subsequently, the developed toner 
particle image corresponding to said charge pattern is 
?xed to a suitable receiving support by fusing said parti 
cles to said support, the improvement wherein (a) the 
molecular chains of said polymer are crosslinked, and 
remain crosslinked during fusing, to an extent suf?cient 
to extend the useful fusing range of said toner particles 
by at least about 10° C. relative to comparable uncross 
linked toner particles comprising said binder polymer in 
uncrosslinked form and (b) said polymer has a crosslink 
bond energy in excess of about 8 kcal/mole. 

16. An electrographic imaging process according to 
claim [16] 15 wherein said molecular chains are cova 
lently crosslinked. 
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17. An electrographic imaging process according to 
claim [l6] 15 wherein molecular chains are ionically 
crosslinked. 

18. A method for developing a latent electrostatic image 
bearing member comprising forming a latent electrostatic 
image on said member and applying a developer thereto, 
said developer including at least a toner where said toner is 
affected by said latent image to effect development thereof,‘ 
said toner comprising a pulverized. colored, crosslinked, 
vinylic polymer resin obtained by (a) polymerizing the 
monomer thereof in the presence of a crosslinking agent of 
at least 0.01 percent by weight of the monomer, said cross 
linking agent being a compound which forms a crosslinked 
polymer having a crosslink bond energy in excess of about 
8 kcal/mole, (b) mixing at least one coloring material with 
the thus obtained resin and (c) pulverizing the obtained 
mixture. 

19. A method as in claim 18 where said vinylic polymer 
resin is a homopolymer or a copolymer of at least two 
vinylic monomers. 

20. A method as in claim 19 where said monomer is 
selected from the group consisting of styrene, chlorostyrene, 
vinyl-naphthalene, vinyl esters, ethylenic monocarboxylic 
acids and esters thereo? substituted ethylenic monocarbox 
ylic acids, ethylenic dicarboxylic acids and substituted 
derivatives thereof: vinyl ketones, vinylidene halides, and 
N-vinyl compounds. 

21. A method as in claim 19 where said monomer is 
selected from the group consisting of styrene, p-chlorosty 
rene, vinyl-naphthalene. ethylenic unsaturated monoole 
?ns, acrylic acid and esters thereof methacrylic acid and 
esters thereof,‘ alkyl esters of alpha-ethylenic aliphatic di 
carboxylic acids, vinyl ketones, vinyl esters, vinylidene 
halides, vinyl pyridines, vinyl quinolines and vinyl carba 
zoles. 

22. A method as in claim 18 where the amount of said 
crosslinking agent is 0.01 to 5 percent by weight of the 
monomer. 

23. A method as in claim 18 where the process of said 
application of said developer to the electrostatic latent 
image member comprises the magnetic brush developing 
process, the average particle size of said pulverized, colored, 
crosslinked vinylic polymer resin being from I to 30 mi 
crons. 

24. A method as in claim 18 where the average particle 
size of said pulverized, colored, vinylic polymer resin is 
from I to 30 microns. 
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28 
25. A method as in claim 18 including the steps of trans 

ferring the developed toner image to a copy sheet and fixing 
the transferred toner image onto a copy sheet by feeding the 
copy sheet by a heat ?xing roller where the heated roller 
contacts the transferred toner image to thereby fix it into a 
copy sheet. 

26. A method according to claim 18 wherein said cross 
linking agent forms covalent crosslinks. 

27. A method according to claim 18 wherein said cross 
linking agent is a crosslinking organic compound possess 
ing two or more polymerizable ethylenically unsaturated 
groups. 

28. A method according to claim 27 wherein said cross 
linking agent is selected from the group consisting of vinyl 
aromatic compounds; allyl-containing compounds; mixed 
allyl-vinyl compounds,‘ vinylidene compounds; mixed allyl 
vinylidene compounds; mixed vinyl-vinylzdene compounds,‘ 
crosslinking vinyl esters, allyl esters, and vinyl-allyl esters 
of polycarboxylic acids; and aliphatic acetylenes 

29. A method according to claim 18 wherein said cross 
linking agent is selected from the group consisting of aro 
matic divinyl compounds and acrylic and methacrylic 
diesters of alkylene glycols. 

30. A method as in claim 18 where the vinylic polymer 
resin is colored by a coloring material selected from the 
group consisting of dyes and pigments, the coloring mate 
rial being no more than 20%by weight of the colored resin. 

31. A method as in claim 30 wherein the coloring mate 
rial is a pigment, the pigment being from about 2 to 10 
percent by weight of the color resin. 

32. A method for developing a latent electrostatic image 
bearing member comprising forming a latent electrostatic 
image on said member and applying a developer thereto. 
said developer including at least a toner where said toner is 
affected by said latent image to effect development thereof 
said toner comprising a pulverized, colored, crosslinked, 
vinylic polymer resin obtained by (a) polymerizing the 
monomer thereof in the presence of a crosslinking agent of 
at least 0.01 percent by weight of the monomer, said cross 
linking agent being selected from the group consisting of 
aromatic divinyl compounds, diethylenecarboxylate esters, 
and mixtures thereof,‘ (b) mixing at least one coloring 
material with the thus obtained resin and (c) pulverizing 
the obtained mixture. 

33. A method according to claim 32 wherein said cross 
linking agent is divinyl benzene. 


