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ELECTROPHOTOGRAPHIC TONER BINDERS 
CONTAINING POLYESTER IONOMERS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of electrophotography. More particularly, it relates to poly 
meric compositions for use as binders in elctrophotographic 
toners and developers, and to the process by Which these 
polymeric compositions are prepared. 

BACKGROUND OF THE INVENTION 

[0002] In electrophotography, an image comprising a pat 
tern of electrostatic potential (also referred to as an electro 
static latent image), is formed on a surface of an electro 
photographic element and is then developed into a toner 
image by contacting the image With an electrographic devel 
oper. If desired, the latent image can be transferred to 
another surface before development. The toner image is 
eventually transferred to a receiver, to Which it is fused, 
typically by heat and pressure. Electrophotographic toners 
must meet many system requirements. For example, for high 
process speeds the toner must meet certain demands; toners 
must have the ability to fuse at loW fusing temperatures and 
also embody high melt strength. The combination of these 
tWo properties results in improved offset, large fusing lati 
tudes, and extended fuser roller life. 

[0003] Toners contain a binder and other optional addi 
tives, such as colorants and charge controlling agents. Bind 
ers are generally polymeric compositions selected so as to 

provide a balance betWeen various con?icting constraints. 
For example, the chemical nature of the polymer composi 
tion should alloW appropriate charging polarity and charge 
level for the toner incorporating the binder and yet exhibit 
sufficient compatibility With the receiving substrate to 
enhance the degree of adhesion. The problem often encoun 
tered is that binder compositions that are desirable for 
promoting adhesion to receiver substrates yield Wrong 
charge sign toner particles or insuf?cient charge level, and 
vice versa. There are many polar monomers that can be used 

as comononers in polymer synthesis Which possess speci?c 
af?nity for the receiver substrate during the fusing. HoW 
ever, due to their polar nature these comononers also have a 

signi?cant impact on the tribocharging behavior of the 
resulting toner particles. 

[0004] Further, the polymer architecture needs to be opti 
miZed so as not to yield a very high melt viscosity of the 
toner incorporating the binder Which can cause problems in 
grindability, and in fusing a toner image to a receiver. 
Enhanced grindability of a toner binder implies that the 
toner can be pulveriZed at a higher rate, Which Will loWer the 
toner manufacturing cost. The fusing off-set latitude refers to 
the range of temperatures betWeen the loWest temperature 
Where the toner does not shoW cold offset, (or the loWest 
temperature at Which toner fuses to the receiver substrate) 
and the highest temperature Where the toner does not exhibit 
hot offset, (or highest temperature at Which toner fuses to 
receiver Without offsetting to the fuser roller). 
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[0005] In general, the grindability of a toner binder can be 
improved by loWering its molecular Weight. HoWever, the 
loWering of the molecular Weight also impairs the rheologi 
cal behavior of the toner binder. More speci?cally, the melt 
viscosity of the binder polymer is loWered and this results in 
reduced melt strength and a greater propensity for the toner 
to shoW fusing offset. Increases in molecular Weight increase 
the melt strength, but the toner binder becomes both harder 
to grind and fuse. It is because of such competing require 
ments that toner binder properties are often compromised. 

[0006] As materials suitable for providing adequate fusing 
to receiver substrate, polyesters resins have attracted sig 
ni?cant attention. The use of loW molecular Weight polyester 
binders is described in US. Pat. Nos. 3,590,000 and 3,681, 
106. Toners prepared from loW molecular Weight polyester 
have limited fusing latitude since they adhere Well to the 
receiver, but also adhere to the fuser surface. 

[0007] In order to control the grindability of the polyester 
binders and also to control the melt rheological behavior of 
the polymeric binder, it is often possible to incorporate some 
branching or cross-linking to the polymer architecture. 
Examples of such binders are described in US. Pat. Nos. 

5,135,833 and 5,489,498. Toners prepared With such cross 
linked polyester resins exhibit reasonable fusing latitude, as 
their propensity for hot offset to fuser roller surface is 
reduced due to high melt elasticity of the toner binder. In 
addition, such resins can be readily pulverized. 

[0008] HoWever, polyester resins suffer from several 
draWbacks. First, the cost of the polyester resins is much 
higher than vinyl based toner binders. The cost of cross 
linked polyesters is higher still. This difference is magni?ed 
further in high volume copiers/printers due to the large 
amounts of toner consumed as Well as the need for higher 

fusing latitude required in high speed machines, Which 
necessitates the use of cross-linked polyesters. Second, the 
speci?c gravity of the polyesters is higher than vinyl based 
polymers. Thus, based on volume, the cost of the toner goes 
up even further. Third, the polyesters form much more 
cohesive poWders than vinyl polymers. As a result of higher 
cohesiveness, the poWder ?oW characteristics of polyester 
resin based toners are fairly poor. In order to address the 
poWder ?oW issue, it is often necessary to incorporate small 
amounts of inorganic oxide poWders such as silica or tita 
nium to the toner surface. Incorporating such surface treat 
ment on the toner particles further increases toner cost. 

[0009] Most vinyl polymer based toners are more cost 
effective due to loWer binder cost. Moreover, the toners 
based on vinyl polymers do not suffer from poWder ?oW 
concerns, as the vinyl polymers based binder polymers are 
tough and have higher Young’s modulus than polyesters. 
HoWever, the vinyl resin binders suffer from shortcomings 
associated With poor adhesion to receiver substrate. In 
addition, high molecular Weight vinyl resin binders exhibit 
poor pulveriZing behavior due to their toughness. 

[0010] Often, the problems associated With pulveriZing 
high molecular Weight tough resin binders can be addressed 
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by mixing a loW molecular Weight fraction With a high 
molecular Weight fraction. This is taught by US. Pat. Nos. 
4,973,538, to Suzuki et al; 4,486,524 to Fujisaki et al; 
4,499,168 to Mitsuhashi; and 5,135,833 to Matsunaga et al. 
By controlling the ratio of the tWo molecular Weight frac 
tions, the rheological and grindability of the toner binder can 
be someWhat controlled. HoWever, this approach does not 
provide satisfactory results if toners With higher melt elas 
ticity are desired or if the molecular Weight difference 
betWeen the tWo distributions is very large. Further, the 
addition of loW molecular Weight fraction has a negative 
impact on the fusing latitude as the melt elasticity of the 
toner is loWered. Finally, the most severe shortcoming of 
loW molecular Weight fraction is that adhesion to the 
receiver substrate remains mostly unaffected because the 
surface energy remains the same. 

[0011] Another problem With the above approach con 
cerns the mixing of tWo polymers of different molecular 
Weights and chemical compositions. Generally polyesters 
and styrenics are incompatible and exhibit macro-phase 
separation When melt blended With typical toner addenda 
such as colorants, charge control agents, and release 
addenda. Often, the resulting domains due to phase separa 
tion are larger than the desired toner particle siZe. This 
results in problems such as unacceptable developer stability 
and/or charging properties, poor developer flow properties, 
and toner batch to batch variations. 

[0012] The use of high volume (high process speeds) 
electrophotographic copiers and or the need for full process 
color electrophotographic prints has increased the need for 
toners Which are capable of being fused at loWer tempera 
tures. The demand for color engines has placed a premium 
on fusing quality as measured by image gloss and color 
clarity. Polyester as Well as epoxy resins represent polymer 
classes that have the desired adhesive, melt-?oW, and rheo 
logical properties that are suited for such applications. The 
problem With these materials is that they are more expensive 
than their styrenic counterparts, are fuser speci?c, and have 
poor particulate flow properties. On the other hand, styrenic 
polymers are inexpensive, have excellent particulate flow 
properties, but are less adhesive than polyester and therefore 
have poor fusing quality at comparable process speeds. 

[0013] Hence, there exists a need for a toner binder resin 
Which is more cost effective and Which provides adequate 
adhesion to the receiver substrate. It is therefore highly 
desirable to provide toner binders in Which the rheological 
properties re?ect both those of styrenics as Well as polyes 
ters. Further, there is a need for a toner binder Which fuses 
readily at high speeds. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method for mak 
ing an electrophotographic toner binder using a single-step 
reaction from Which the resultant toner binder has both 
styrenic and polyester characteristics. 

[0015] In one aspect of the invention there is provided a 
method of preparing an electrophotographic binder polymer 
comprising the steps of: 
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[0016] a) mixing together at least one vinyl type 
monomer and at least one polyester ionomer in an 

aqueous medium; and 

[0017] b) emulsion polymeriZing the mixture from 
step a) to form polymeric latex particles. 

[0018] Another aspect of the invention provides a method 
of preparing an electrophotographic toner comprising the 
steps of: 

[0019] a) melt blending the polymeric latex particles 
formed in claim 1 With optional addenda to produce 
a melt product; and 

[0020] b) pulveriZing the melt product to produce 
particles having a volume average particle siZe of 
from 4 to 15 micrometers. 

[0021] In yet another aspect of the invention, there is 
provided: 

[0022] a binder composition comprising a polymer 
formed from: 

[0023] 

[0024] 

at least one vinyl type monomer; and 

at least one polyester-ionomer. 

[0025] The instant invention is an improved and novel 
process Which employs polyesters as stabiliZers during the 
binder polymeriZation process. By preparing the toner 
binder by emulsion polymeriZation, toners prepared from 
the binder of the invention demonstrate advantages like loW 
cost, improved rheological and adhesive properties Which 
result in enhanced fusing quality. The polyester-ionomers 
function as protective colloids. 

[0026] The use of polyester-ionomers produces an emul 
sion latex polymer of the desired micro-dispersed phases of 
the above mentioned polyester-ionomers. The polyester 
ionomer phases are undetected by light microscope tech 
niques and are therefore smaller than 0.1 microns in 
diameter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] As used herein the term “polyester-ionomers” 
refers to polyesters that contain ionic moieties in sufficient 
number to render the polyester Water dispersible. These 
polyester are prepared by reacting one or more dicarboxylic 
acids or their functional equivalents such as anhydrides, 
diesters, or diacids With one or more diols in melt phase 
polycondensation techniques Well knoWn in the art. The 
ionic moieties required for Water dispersibility may be 
included in the dicarboxylic or in the diol reactants, or in 
both. Procedures for the preparation of polyester-ionomers 
are described in US. Pat. Nos. 3,018,272; 3,563,942; 3,734, 
874; 3,779,993; 3,929,489; and 4,307,174. 

[0028] The polyester-ionomers may be added to the aque 
ous phase or to the organic phase, preferably to both. They 
serve as the protective colloid during the polymeriZation 
reaction and render particulate stability to the resulting 



US 2001/0018474 A1 

emulsion. Useful polyester-ionomers conform to structure 

(1)1 

[0029] wherein 

[0030] R1 represents alkyl groups With up to 8 carbon 
atoms, such as methyl and t-butyl; 

[0031] R2 represents cyclohexyl, 1,4-dimethylenecyclo 
hexane, 4,4‘-benZophebnone, 4,4‘-diphenylmethane, diphe 
nylsulfone, 4,4‘-isopropylidenebisphenylene, 4,4‘-haxa?u 
oroisopropylidene, 4,4‘-cyclohexyliidneebisphenylidene, 
4,4‘-norbomylidenebisophenylidene, 4,4‘-indanylidene, and 
4,4‘-?uorenylidenebisphenylidene; 

[0032] Ar represents 1,1,3-trimethyl-3-(4-carboxyphe 
nyl)-5-indancarboxylate, 3-methylphthalic anhydride, 
isophthalic acid, terephthalic acid, and 5-t-butylisophthalic 
acid; 

[0033] Z represents 

6 

—SO3M, —SO2NSO2 CH3, and 
MG) 

—O4©iSO3M 
[0034] M represents any alkali earth metals such as 
lithium, sodium, or potassium. Additional cations may be 
selected from the following: ammonium, trimethylammo 
nium, triethylammonium, hydroxylalkylammonium, and 
ditoluylphenylmethyl phosphonium; 

[0035] n is an integer of from 2 to 12; 

[0036] X represents 2.5 to 50 mole percent; and 

[0037] Y represents 20 to 100 mole percent. 

[0038] Useful polyester-ionomers according to structure 
(1) can be prepared by means of melt phase polycondensa 
tion techniques (Sorenson and Campbell, “Preparative 
Methods of Polymer Chemistry”, 1st Ed., pages 113-115, 
Interscience Publishers, 1962), Well knoWn to those skilled 
in the art. The examples beloW are representative of some, 
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but not all, of the polyester-ionomers variations that Were 
evaluated. Those skilled in the art Will recogniZe that the 
preparation is not limited to the use of diesters and diols. The 
polyester-ionomers could also be prepared from diacids, and 
diacetates along With the appropriate catalyst. 

[0039] Toner binders prepared by emulsion polymeriZa 
tion are used in the ?eld of electrophotography and have 
enjoyed great commercial success. The importance of aque 
ous emulsion latexes has increased in recent years since they 
result in toners Which have signi?cantly reduced volatile 
organic residues, they are relatively inexpensive to prepare, 
and they result in toners With excellent electrical properties. 

[0040] Though high molecular Weight polymers generally 
have acceptable melt strength and thus are resistant to hot 
offset, they are dif?cult to grind to the desired particle siZe 
and require increased energy to fuse to acceptable color 
gloss and clarity. Therefore, in the process of this invention, 
a chain transfer agent is preferably used to control the 
molecular Weight and molecular Weight distribution. The 
chain transfer agent is used alone or in conjunction With a 
crosslinking agent; With the latter combination being pre 
ferred since it results in increased molecular Weight distri 
bution. 

[0041] The judicious selection of both levels of chain 
transfer agent, cross linking agent, as Well as initiator alloW 
one to control the molecular architectcure and also the 

insoluble fraction of the resulting polymer. Careful use of 
these polymeriZation factors alloW for the control of both 
polymer brittleness and rheology. 

[0042] Chain transfer agents are knoWn in the polymer art 
and any of the knoWn compounds can be used. This inven 
tion is not selective of any speci?c chain transfer agent. 
Among the chain transfer agents that are useful in our 
process are linear or branched alkyl mercaptans having from 
1 to 24 carbon atoms, or more, preferably from 4 to 14 
carbon atoms; aryl mercaptans having from 6 to 14 carbon 
atoms; further, any of the other knoWn types of chain 
transfer agents can be used provided they do not unduly 
interfere With the polymeriZation reaction. The concentra 
tion of chain transfer agent in the composition should be 
about 0.0 to 10.0, preferably 0.0 to 2.5, parts by Weight per 
100 parts of the total monomers. 

[0043] The cross-linkers can be present in the organic 
phase (monomer droplets) and are present in a concentration 
range based upon vinyl monomer from 0.0 to 5.0, preferably 
0.0 to 1.0 Weight percent, With the proviso that there must be 
a concentration suf?cient to obtain the desired polymer melt 
rheology. The invention is not speci?c to the type of 
crosslinker used and the list of acceptable crosslinkers 
should only be used as a general guide to the embodiments 
of the invention. 

[0044] Among the suitable crosslinkers are divinylben 
Zene, acrylyl or methacryl polyester of polyhydroxylated 
compounds, divinyl esters of polycarboxylic acids, dialkyl 
esters, allyl methacrylates, and N,N‘-methylene diacryla 
mides. 
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[0045] As indicated, the use of the chain transfer agents, 
and crosslinkers in the emulsion polymeriZations according 
to the processes of this invention permit control of both the 
molecular Weight and distribution so that toner binder com 

positions are obtained that have broader molecular Weight 
distributions With controlled insoluble fraction. Those 
skilled in the are familiar With the emulsion polymeriZation 
process, the conventional reaction conditions, proportions 
thereof, catalyst, colorants, or other materials conventionally 
used. 

[0046] Among the vinyl monomers that can be used in 
producing the binder polymer by the process of the instant 
invention are those containing at least one polymeriZable 
carbon-to-carbon unsaturated bond. These compounds are 
Well knoWn in the art. Illustrative thereof are the unsaturated 

compounds such as butadiene, isoprene, chloroprene, sty 
rene, vinyltoluene, 4-t-butylstyrene, chlororstyrene, ?uo 
rostyrene, acrylic acid, methacrylic acid, methylacrylate, 
methyl methacrylate, ethylacrylate, isopropyl methcrylate, 
butyl methacrylate, butyl acrylate, 2-ethylhexyl acrylate, 
2-ethylhexyl methacrylate, vinylchloride, vinylidene chlo 
ride, and vinylpyridine. It is understood by those skilled in 
the art that any combination of these monomers may be 
employed in the present invention. 

[0047] Useful styrenic copolymeric toner binders of the 
invention can be prepared by means of emulsion polymer 
iZation techniques (Sorenson and Campbell, “Preparative 
Methods of Polymer Chemistry”, 1st. Ed., Chapter 4, pages 
162-163. Interscience Publishers, 1962), Well knoWn to 
those skilled in the art. 

[0048] The binder polymer of the invention preferably has 
a tetrahydrofuran (THF) insoluble fraction ranging from 0 
percent to 75 percent by Weight of the binder, Which can be 
determined by insoluble fraction analysis. An insoluble 
fraction analysis can be performed by combining the binder 
and spectral grade THF so as to produce a 1% solution of the 
binder. This solution is stirred overnight. The resulting 
solution is then ultracentrifuged at 20,000 rpm for 3 hours 
and the supernatant is removed from the centrifuge tubes. 
About 5 grams of the supernatant is poured into a Weighed 
aluminum dish and alloWed to dry under vacuum at 80° C. 
The percentage of the binder that is insoluble (the “insoluble 
fraction” or “gel fraction”) is determined by measuring the 
difference in the amount of dried polymer obtained in the 
dish and the amount present in a 1% solution. 

[0049] The range of insoluble fraction present in the 
binder is related to the fusing quality of the toner comprising 
the binder as Well as the gloss levels observed on fused toner 

images. If the insoluble fraction is from 0 to 75 percent, 
more preferably from 0 to 25 percent by Weight of the total 
Weight of the binder, then the toner comprising the binder 
Will possess good fusing quality and desirable gloss levels. 

[0050] The melt rheological behavior of the binder is 
in?uenced by its insoluble fraction and determines the hot 
offset propensity of the toner comprising the binder. (Hot 
offset refers to the unWanted transfer of the toner melt to the 
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fuser member.) The desired rheological behavior for a toner 
melt is affected by the type of fusing sub-system geometry, 
type of materials selected for the fuser member surface and 
the fusing speed. The rheological behavior of the binder 
polymer in the molten state can be determined by using a 
dynamic mechanical rheometer such as RDA 700 manufac 
tured by Rheometrics Inc. by analyZing the supernatant of 
the 1% THF solution described above. The complex melt 
viscosity (eta*) at 150° C. and 1 rad/sec frequency is 
preferably in the range of 5,000 to 300,000 poise for the 
binder. The preferred melt storage modulus (G‘) is from 
5,000 to 275,000 dyne/cm2 at 150° C. and 1 rad/sec fre 
quency. The higher the melt storage modulus, the higher is 
the melt elasticity; therefore, toner comprising the binder 
Will exhibit a greater fusing range Without hot offset. 

[0051] The fraction of these cross-linked copolymer toner 
resins Which is soluble in THF can be characteriZed, eg the 
molecular Weight distribution can be determined by siZe 
exclusion chromatography. The equivalent number average 
molecular Weight of the soluble portion of the binder poly 
mers is preferably from 5,000 to 60,000 and it is preferred 
that the largest peak in the molecular Weight distribution 
curves corresponds to a peak molecular Weight of 5,000 to 
80,000. These values can be determined from a molecular 
Weight distribution curve generated by siZe exclusion chro 
matography of the supernatant of the 1% THF solution 
described above. A calibration curve Was prepared using 
polystyrene standards. Data beloW 37 mL elution volume 
Was truncated to eliminate the very small molecular Weight 
fractions in the polymer Which might be due to the recom 
bination product of the initiator. 

[0052] The desired percent insolubility and molecular 
Weight properties can be achieved by varying the composi 
tion and method of making the polymer binders, the reaction 
temperature, the proportions of monomers, crosslinking 
agent, initiator; and chain transfer agent, if present; and 
combinations of these variables. All of these adjustments 
can be made by those of skill in the polymer synthesis art to 
achieve the desired properties as set forth above. 

[0053] In addition to the binder, the toner composition can 
comprise additional components. Apreferred component of 
the toner is colorant: a pigment or dye. Suitable dyes and 
pigments are disclosed, for example, in US. Reissue Pat. 
No. 31,072 and in US. Pat. Nos. 4,160,644; 4,416,965; 
4,414,152; and 2,229,513. One particularly useful colorant 
for toners to be used in black and White electrostatographic 
copying machines and printers is carbon black. Colorants 
are generally employed in the range of from about 0 to about 
30 Weight percent on a total toner poWder Weight basis, and 
preferably in the range of about 2 to about 15 Weight percent. 

[0054] Another preferred but optional component is a 
charge control agent. The term “charge control” refers to a 
propensity of a toner addenda to modify the triboelectric 
charging properties of the resulting toner. A very Wide 
variety of charge control agents for positive charging toners 
are available. A large, but lesser number of charge control 
agents for negative charging toners are also available. Suit 
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able charge control agents are disclosed, for example, in 
US. Pat. Nos. 3,893,935; 4,079,014; 4,323,634; 4,394,430 
and British Patent Nos. 1,501,065; and 1,420,839. Charge 
control agents are generally employed in small quantities 
such as, from about 0.1 to about 5 Weight percent based upon 
the Weight of the toner. Additional charge control agents 
Which are useful are described in Us. Pat. Nos. 4,624,907; 

4,814,250; 4,840,864; 4,834,920- 4,683,188 and 4,780,553. 
The currently preferred charge control agent is described in 
US. Pat. No. 4,624,907 and has the structure: 

Cl 

N==N 

\ 
W 0/ 

N: :N 

[0055] The toner can also contain other additives of the 
type used in previous toners, including magnetic pigments, 
leveling agents, surfactants, stabiliZers, and the like. The 
total quantity of such additives can vary. A present prefer 
ence is to employ not more than about 10 Weight percent of 
such additives on a total dry toner composition Weight basis. 
HoWever, in the case of MICR (magnetic ink character 
recognition) toners and monocomponent toners, the Weight 
percent of iron oxide can be as high as 60% by Weight. In 
a particular embodiment of the invention, a Waxy or ole?nic 
additive is used at a concentration of about 0 to 5 Weight 
percent relative to the Weight of binder. Apreferred additive 
of this type is a loW molecular Weight polypropylene Wax 
such as a commercially available Wax as VISCOLTM from 

Sanyo Chemical Corporation as Well as the ethylene 
homopolymers and copolymers available from Baker-Petro 
lite Corporation. 

[0056] Toners can optionally incorporate a small quantity 
of loW surface energy material, as described in US. Pat. No. 

4,517,272. These references Were cited above, because they 
relate to the use of silicone additives to reduce holloW 

character. While not necessary for the present invention, 
they may provide some improvement. Optionally the toner 
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can contain a particulate additive on its surface such as the 

particulate additive disclosed in US. Pat. No. 5,192,637. 

[0057] The toners of this invention can be used in mono 
component or tWo-component developer compositions. The 
toner particles in a monocomponent developer are formu 
lated like the toners in a tWo-component developer, except 
that the toners for monocomponent developers typically 
comprise a magnetic additive. The monocomponent devel 
oper comprising the toner achieves the desired triboelectric 
charge and transports itself around the magnetic brush 

Without a second type of particle in the developer compo 
sition. TWo-component developers comprise toner particles 
and carrier particles. Carriers can be conductive, non-con 
ductive, magnetic, or non-magnetic. Examples of carriers 
include glass beads; crystals of inorganic salts, such as 
aluminum potassium chloride, ammonium chloride, or 
sodium nitrate; granules of Zirconia, silicon, or silica; par 
ticles of hard resin such as poly(methyl methacrylate); and 
particles of elemental metal or alloy or oxide such as iron, 
steel, nickel, carborundum, cobalt, oxidiZed iron and mix 
tures of such materials. Additional examples of carriers are 
disclosed in Us. Pat. Nos. 3,850,663 and 3,970,571. Espe 
cially useful carriers in magnetic brush development proce 
dures are iron particles such as porous iron, particles having 
oxidiZed surfaces, steel particles, and other “hard” and 
“soft” ferromagnetic materials such as gamma ferric oxides 
or ferrites of barium, strontium, lead, magnesium, or alu 
minum. Such carriers are disclosed in US. Pat. Nos. 4,042, 
518; 4,478,925; and 4,546,060. 

[0058] Carrier particles can be uncoated or can be coated 
With a thin layer of a ?lm-forming resin to establish the 
correct triboelectric relationship and charge level With the 
toner employed. Examples of suitable resins are the poly 
mers described in US. Pat. Nos. 3,547,822; 3,632,512; 
3,795,618 and 3,898,170 and Belgian Patent No. 797,132. 
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Other useful resins are ?uorocarbons, such as, polytetra?uo 
roethylene, poly(vinylidene ?uoride), mixtures of these, and 
copolymers of vinylidene ?uoride and tetra?uoroethylene. 
See for example, US. Pat. Nos. 4,545,060; 4,478,925; 
4,076,857; 3,970,571; and 4,726,994. Polymeric ?uorocar 
bon coatings can shift the coated carrier particles to a 
position in the triboelectric series different from that of the 
uncoated carrier core material to adjust the degree of tri 
boelectric charging of both the carrier and toner particles. 
The polymeric ?uorocarbon coatings can also reduce the 
frictional characteristics of the carrier particles in order to 
improve developer ?oW properties. These polymeric ?uo 
rocarbons are also used other reasons such as to reduce the 
surface hardness of the carrier particles, to reduce carrier 
particle breakage and abrasion on the photoconductor and 
other components, to reduce the tendency of toner particles 
or other materials to undesirably permanently adhere to the 
carrier particles, and to alter the electrical resistance of the 
carrier particles. 

[0059] In an embodiment of the invention, the carrier can 
be strontium ferrite coated With 0.5 percent by Weight 
?uorocarbon based on the Weight of the carrier, and treated 
With an aqueous solution of 4 Weight percent KOH and 4 
Weight percent of a 2 parts by Weight to 1 parts by Weight 
mixture of Na2S2O8 and Na2S2O5 as disclosed in US. Pat. 
No. 5,411,832 by William E. Yoerger, Which is hereby 
incorporated herein by reference. Another useful carrier is a 
strontium ferrite core coated With silicone resin as described 
in Us. Pat. No. 5,709,975 by William E. Yoerger et al, 
Which is hereby incorporated herein by reference. 

[0060] The toner composition of this invention can be 
made by melt processing the polymer binder in for example 
a tWo roll mill or extruder. This procedure can include melt 
blending of other materials With the polymer, such as toner 
addenda and colorants. Aperformed mechanical blend of the 
binder polymer, colorants and other toner additives can be 
prepared, and then roll milled or extruded. The roll milling, 
extrusion, or other melt processing is performed at a tem 
perature suf?cient to achieve a uniformly blended compo 
sition. The resulting material, referred to as a “melt product” 
or “melt slab” is then cooled. For a polymer having a Tg in 
the range of about 50° C. to about 120° C., or a Trn in the 
range of about 65° C. to about 200° C., a melt blending 
temperature in the range of about 90° C. to about 240° C. is 
suitable using a roll mill or extruder. Melt blending times, 
that is, the exposure period for melt blending at elevated 
temperature, are in the range of about 1 to about 60 minutes. 

[0061] The melt product is cooled and then pulveriZed to 
a volume average particle siZe of from about 4 to 20, 
preferably 5 to 12 micrometers. It is generally preferred to 
?rst grind the melt product prior to a speci?c pulveriZing 
operation. The grinding can be carried out by any convenient 
procedure. For example, the solid composition can be 
crushed and then ground using, for example, a ?uid energy 
or jet mill, such as described in Us. Pat. Nos. 4,089,472, 
and can then be classi?ed in one or more steps. 

[0062] The toner composition of this invention can alter 
natively be made by dissolving the polymer in a solvent in 
Which the charge control agent and other additives are also 
dissolved or are dispersed. The resulting solution can then be 
spray dried to produce particulate toner poWders. Methods 
of this type include limited coalescence polymer suspension 
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procedures as disclosed in Us. Pat. No. 4,833,060 Which are 
particularly useful for producing small, uniform toner par 
ticles. 

[0063] The term “particle siZe,”“siZe,” or “siZed” as used 
herein in reference to the term “particles”, means the median 
volume Weighted diameter as measured by conventional 
diameter measuring devices, such as a Coulter MultisiZer, 
sold by Coulter, Inc. of Hialeah, Fla. The median volume 
Weighted diameter is the diameter of an equivalent Weight 
spherical particle Which represents the median for a sample. 

[0064] In the preferred embodiments, the toner is part of 
a tWo-component developer Which comprises from about 1 
to about 20 percent by Weight of toner and from about 80 to 
about 99 percent by Weight of carrier particles. Usually, 
carrier particles are larger than toner particles. Carrier par 
ticles can have a particle siZe of from about 5 to about 1200 
micrometers and are generally from 5 to 200 micrometers, 
Whereas the toner particles preferably have a siZe from 4 to 
20 microns. The developer can be made by simply mixing 
the toner and the carrier in a suitable mixing device. The 
components are mixed until the developer achieves a maxi 
mum charge. Useful mixing devices include roll mills and 
other high energy mixing devices. 

[0065] The developer comprising the toner of the inven 
tion can be used in a variety of Ways to develop electrostatic 
charge patterns or latent images. Such developable charge 
patterns can be prepared by a number of methods and are 
then carried by a suitable element. The charge pattern can be 
carried, for example, on a light sensitive photoconductive 
element or a non-light-sensitive dielectric surface element, 
such as an insulator coated conductive sheet. One suitable 
development technique involves cascading developer across 
the electrostatic charge pattern. Another technique involves 
applying toner particles from a magnetic brush. This tech 
nique involves the use of magnetically attractable carrier 
cores. After imageWise deposition of the toner particles the 
image can be ?xed, for example, by heating the toner to 
cause it to fuse to the receiver carrying the toner. If desired, 
the unfused image can be transferred to a receiver such as a 
blank sheet of copy paper and then fused to form a perma 
nent image. 

[0066] The invention is further illustrated by the folloWing 
examples. 
[0067] Binder polymers of the invention Were prepared as 
folloWs: 

EXAMPLES 

Preparation of Polyester Ionomers 

Polyester-ionomer A 

[0068] Poly[ 4,4-xylylene-co-2,2‘-oxydiethylene Isoph 
thalate-co-5-sodiosulfoisophthalate] 
[0069] Polyester-ionomer A Was prepared as folloWs: 
159.08 grams (0.82 moles) of dimethylisophthlate, 53.28 
grams (0.18 moles) of dimethyl-5-sodiosulfoisophthalate, 
92.74 grams (0.644 moles) of cyclohexanedimethanol, and 
80.14 grams (0.756 moles) of 2,2‘-oxydiethanol, and 100 
ppm titanium catalyst Were combined in a polymeriZation 
?ask equipped With a nitrogen bubbler, Claisen head, and 
thermometer. The contents Were placed in a salt bath at 200° 
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C. to achieve a homogenous melt and interchanged over a 
temperature range from 200° C. to 240° C. for a period of 
3 hours. The ?ask Was the equipped With a stirred, connected 
to a vacuum source, and the polycondensation step Was 
performed at 240° C. until the desired melt viscosity as 
monitored by stirrer torque Was achieved. The resulting 
polyester ionomer had a Tg of 54° C., an IV/DCM of 0.28 
dl/g, and a polystryene equivalent molecular Weight of 
39,000. 

Polyester-ionomer B 

[0070] Poly[ 4,4-xylylene-co-2,2‘-oxydiethylene Isophth 
late -co-5-sodiosulfoisophthlate] 

[0071] Polyester-ionomer B Was prepared as per polyes 
ter-ionomer A except that 184.3 grams (0.95 moles) of 
dimethylisophthlate and 14.8grams (0.05 moles) of dim 
ethyl-5-sodiosulfoisophthlate Were employed as the diester 
components. The resulting polyester-ionomer had a Tg of 
34° C., IV/DCM of 0.27 dl/g, and a polystyrene equivalent 
molecular Weight of 24,600. 

Polyester-ionomer C 

[0072] Poly[ 4,4-xylylene-co-2,2‘-oxydiethylene Isophth 
late-co-5-sodiosulfoisophthlate] 
[0073] Polyester-ionomer C Was prepared in the same 
manner as polyester-ionomer A except that 174.6 grams 
(0.90 moles) of dimethyl isophthalate and 29.6 grams (0.10 
moles) dimethyl-5-sodiosulfoisophthalate Were employed as 
the diester components. The resulting polyester-ionomer had 
a Tg of 38° C., IV/DCM of 0.18 dl/g, and a polystyrene 
equivalent molecular Weight of 22,000. 

Polyester-ionomer D 

[0074] Poly[ 4,4-xylylene-co-2,2‘-oxdiethylene Isophtha 
late-co-5-sodiosulfoisophthalate] 
[0075] Polyester-ionomer D Was prepared in the same 
manner as polyester-ionomer A except that 164.9 grams 
(0.85 moles) of dimethylisophthalate and 44.4 grams (0.15 
moles) of dimethyl-5-sodiosulfoisophthalate Were employed 
as the diester components. The resulting polyester-ionomer 
had a Tg of 42° C., an IV/DCM of 0.15 dl/g, and a 
polystyrene equivalent molecular Weight of 24,000. 

Polyester-ionomer E 

[0076] Poly[ 2,2‘-oxydiethylene-co-ethylene Isophthalate 
co-5-sodiosulfoisophthalate] 
[0077] Polyester-ionomer E Was prepared in the same 
fashion as example ionomer A except that 170.72 grams 
(0.88 moles) of dimethylisophthalate, 35.52 grams (0.12 
moles) of dimethyl-5-sodiosulfoisophthalate, 126.14 grams 
(1.19 moles) of 2,2‘-oxydiethanol, and 17.36 grams (0.28 
moles) of ethylene glycol Were combined as per sample 
ionomer A. The resulting polymer had a polystyrene equiva 
lent molecular Weight of 32,000 and a Tg of 36° C. 

Polyester-ionomer F 

[0078] Poly[ 2,2‘oxydiethylene Isophthalate-co-5-sodio 
sulfoisophthalate] 
[0079] Polyester-ionomer F Was prepared as per example 
ionomer A except that 148.4 grams (1.40 moles) of 2,2‘ 
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oxydiethanol, 170.72 grams (0.88 moles) of dimethylisoph 
thalate, and 35.52 grams (0.12 moles) of ethylene glycol 
Were combined as per sample ionomer A. the resulting 
polymer had a polystyrene equivalent molecular Weight of 
28,000 and a Tg of 28° C. 

[0080] Useful polyester-ionomers may range in polysty 
rene equivalent Weight average molecular Weights measured 
by siZe exclusion chromatography (SEC) from 1500 to 
100,000 and preferably from 5,000 to 50,000 and exhibit 
glass transition temperature form 20° C. to 100° C. 

Preparation of Binder Polymers Comprising 
Polyester Ionomers 

Toner Polymer A 

[0081] Poly[styrene-co-butylacrylate] 
[0082] This example Was prepared in the same fashion as 
Comparative Toner Polymer I except that 50 grams of a 
Polyester-ionomer AWas added to the aqueous phase of the 
mixture. The resulting polymer Was found to have a poly 
styrene equivalent molecular Weight of 145,000 and a Tg of 
61° C. 

Toner Polymer B 

[0083] Poly[styrene-co-butylacrylate] 
[0084] Toner Polymer B Was prepared in the same fashion 
as Toner Polymer A except that 25 grams of Polyester 
ionomer AWas added to the “pot” solution and 25 grams of 
Polyester-ionomerAWas added to the mixture. The resulting 
contents Were then polymeriZed and isolated in the fashion 
resulting in a product having a polystyrene equivalent 
molecular Weight of 165,000 and a Tg of 60° C. 

Toner Polymer C 

[0085] Poly[ styrene-co-butylacrylate] 
[0086] Toner Polymer C Was prepared in the same fashion 
as Toner Polymer A except that 33 grams of Polyester 
ionomer AWas added to the “pot” solution and 33 grams of 
Polyester-ionomerAWas added to the “header” mixture. The 
resulting emulsion Was polymeriZed and isolated in the same 
fashion resulting in a product having a polystyrene equiva 
lent molecular Weight of 155,000 and a Tg of 59° C. 

Toner Polymer D 

[0087] Poly[styrene-co-butylacrylate-co-hydroxyethy 
lacrylate] 
[0088] Toner Polymer D Was prepared in the same fashion 
as Toner Polymer A except that 12.5 grams of styrene Was 
replaced With the same amount of 2-hydroxyethylacryalte. 
The resulting emulsion Was polymeriZed and isolated in the 
same fashion resulting in a product having a polystyrene 
equivalent molecular Weight of 225,000 and a Tg of 62° C. 

Toner Polymer E 

[0089] Poly[ styrene-co-butylacrylate-co-divinylbenZene] 
[0090] Toner Polymer E Was prepared in the same fashion 
as Toner Polymer A except that 0.75 grams of styrene Were 
replaced With the same amount of divinylbenZene. The 
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resulting emulsion Was polymerized and isolated in the same 
fashion resulting in a product having an insoluble fraction of 
5% and a Tg of 60° C. 

Comparative Toner Polymer I 

[0091] Poly [styrene-co-butylacrylate] 
[0092] 700 ml of distilled Water, 2 grams of sodium 
carbonate, 5 grams of potassium persulfate, 2.5 grams of 
sodium bisulfate, and 1.5 grams of Alipal CO436 Were 
combined in a three neck, three liter round bottom ?ask 
equipped With stirrer, Water cooled condenser, and nitrogen 
bubbler. The contents Were heated to 80° C. under a positive 
nitrogen atmosphere. The header mixture Was prepared by 
emulsifying 187.5 grams of styrene and 62.5 grams of 
butylacrylate into 300 ml of Water containing 2.09 grams of 
sodium carbonate and 1.0 grams of Alipal CO436. The 
resulting emulsion Was then added in a dropWise fashion to 
the solution already in the above three liter ?ask over a 
period of an hour. The resulting chalky White latex Was 
alloWed to polymeriZe at 80° C. for an additional 16 hours. 
The contents Were then devolatiliZed, cooled, coagulated 
and collected by ?ltration. The isolated polymer Was then 
vacuum oven dried at 50° C. and Was found to have a 
polystryene equivalent Weight average molecular Weight of 
150,000 and a glass transition temperature (Tg) of 62° C. 

Comparative Toner Polymer II 

[0093] For comparative purposes, commercially available 
resin sold by Kao under the trade name Kao Resin N Was 
used as the toner binder. The binder is based on bis-phenol 
A and is slightly cross-linked. The Weight average molecular 
Weight of this loW acid binder Was found to be 107,000. The 
glass transition temperature (Tg) Was 65° C. With an acid 
value of 3.0 mg KOH/gram. 

TABLE 1 

Melt 
Viscosity 

Toner Polymer <Mn> <MW> % Insoluble Tg(° C.) (poise) 

Comparative I 4,300 160,000 0 59 32,000 
Comparative II 3700 107,000 2 60.6 6,500 
Toner Poly. A 4,100 150,000 0 62 26,000 
Toner Poly. B 4,000 165,000 0 61 32,000 
Toner Poly. c 4,200 155,000 0 59 70,000 
Toner Poly. D 9,800 225000 0 62 108,000 
Toner Poly. E — — 5 60 56,000 

Toner Preparation 

[0094] Negative charging toners Were prepared as folloWs. 
A dry blend Was prepared of 50.0 grams of the polymers 
described in Table 1 With 3.5 grams of Black Pearls 430TM 
carbon black, marketed by Cabot Corporation, and 1.25 
grams of Hodogaya T-77 charge controlling agent. The dry 
blend Was added to a heated tWo-roll compounding mill. The 
roller surface temperatures Were set to 150° C. The melt Was 
exercised on the roll mill for 20 minutes, then Was removed 
and cooled. The resulting melt slab Was ?rst coarse ground 
to 2 mm siZe on a laboratory mill, then ?nely pulveriZed to 
approximately 10 micrometers siZe on a Trost TX jet mill. 

[0095] A list of toner samples prepared using the proce 
dures described above is provided in Table 2. 
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TABLE 2 

Toner Polymer Carbon CCA 

Comparative Ex. A Comparative 7 pph B.P. 430 2.5 pph T-77 
Toner Polymer I 

Comparative Ex. B Comparative 7 pph B.P. 430 2.5 pph T-77 
Toner Polymer II 

Example C Toner Polymer B 7 pph B.P. 430 2.5 pph T-77 
Example D Toner Polymer C 7 pph B.P. 430 2.5 pph T-77 
Example E Toner Polymer E 7 pph B.P. 430 2.5 pph T-77 

[0096] Developers Were prepared for these toners indi 
cated above, by mixing toner particles prepared as described 
above at a Weight concentration of 10 Weight percent toner 
With carrier particles comprising strontium ferrite cores 
thinly coated With (approximately 2 percent by Weight) With 
silicone resin. The volume average particle siZe of the carrier 
particles Was from 25 to 52 micrometers. 

[0097] The developers described above Were used to 
develop toner patch on a paper surface. The toner laydoWn 
coverage Was approximately 120 milligrams/square meter. 
The patches Were used to examine the fusing behavior of the 
toner resins of this invention. 

[0098] The toner laydoWn patches Were fused in a fuser 
sub-assembly of an EK95 copier. The fuser is equipped With 
a hard Te?on fuser roller surface. The back-up pressure 
roller has a compliant rubber surface. The fusing experi 
ments Were carried out at 200° C. at varying fuser speeds. 
The fusing speeds Were varied from 0.075meter/sec to 0.60 
meter/sec. In this test, a good fusing toner Would provide 
good fusing performance at high fuser speeds, Where the nip 
time available for heating the toner particles is small. 
Conversely a poor fusing toner Would exhibit poor quality at 
high speeds. At loW fusing speeds the fusing differences are 
small since there Would be suf?cient heat available to fuse 
toner particles adequately. Any difference in the loW speed 
performance observed in the hot offset behavior of the toners 
particles Would be due primarily to the differences in the 
melt elasticity of the toner melts. If desired, the melt 
elasticity can be easily optimiZed by controlling the molecu 
lar architecture and molecular Weights of the toner binder 
resin. 

[0099] A tape-transfer test Was employed to evaluated the 
respective toner fusing properties. The fused images of 
comparable density are contacted With adhesive tape and the 
tape is removed. The image density difference before and 
after being exposed to the adhesive tape is recorded. This 
density change is then converted into a percent density 
remaining as image. Therefore, the greater the value 
recorded, the better the fused image has adhered to the 
receiver. The test is performed at various speeds and there 
fore over a range of shear rates. This alloWs for the deter 

mination of the toners dynamic fusing range. The toner melt 
strength is sensitive to sloWer roller speeds, While the toner 
adhesive properties (fusing quality) respond to the faster 
roller speeds. Tape-transfer results for toner variants of 
interest are given in Table 3. 
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TABLE 3 

Tape Transfer 
Toner Polmer PEI" Speed meter/second @ 2000 C. 

Sample Binder Content 0.075 0.150 0.3 0.45 0.60 

Comp. Compara. — H" * 70 50 40 10 
Exam. A Toner 

Polymer I 
Comp. Compara. — H** H** 99 97 50 
Exam. B Toner 

Polymer II 
Exam. C Toner 2.5 85 70 60 50 40 

Polymer B 
Exam. D Toner 5.0 95 85 70 60 50 

Polymer C 
Exam. E Toner 5.0 99 99 95 70 60 

Polymer E 

' PEI; polyester-ionomer 
' **H; toner hot offset observed 

[0100] The results in Table 2 demonstrate the fusing 
advantage observed With the toners of the invention. Com 
parative example B, a polyester resin, demonstrates superior 
fusing quality but has unacceptable toner hot offset proper 
ties. Comparative example A, a linear styrene-acrylic, exhib 
its both poor fusing quality as Well as unacceptable hot offset 
resistance. The toners of the invention, examples C, D, and 
E all have small amounts of polyester character and exhibit 
a signi?cant improvement in both fusing quality as Well as 
resistance to hot offset. Toner example D, of the invention, 
is superior in performance When compared to comparative 
example A Which consist of a polyester binder. Toner 
example D exhibits both superior fusing quality as Well as 
hot offset resistance. All of these binders of this invention 
exhibit excellent fusing performance and fuser roller hot 
off-set behavior. These binders not only have the fusing 
quality similar to the polyester binder based toners, but also 
exhibit better hot off-set performance against the fuser roller 
surface. Since the majority of the binder composition is still 
styrenic, the improved performance is realized Without 
incurring higher cost associated With all polyester toner 
binder. Additionally, these binders of invention have poWder 
?oW similar to the other vinyl polymers. The speci?c gravity 
of these toners is also similar to vinyl toners, hence a larger 
volume of the toners particles can be prepared With each unit 
Weight. 
[0101] The invention has been described in detail With 
particular reference to certain preferred embodiments 
thereof, but it Will be understood that variations and modi 
?cations can be effected Within the spirit and scope of the 
invention. 

What is claimed is: 
1. A method of preparing an electrophotographic binder 

polymer comprising the steps of: 

a) mixing together at least one vinyl type monomer and at 
least one polyester ionomer in an aqueous medium; and 

b) emulsion polymerizing the mixture from step a) to 
form polymeric latex particles. 

2. A method of preparing an electrophotographic toner 
comprising the steps of: 
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a) melt blending the polymeric latex particles formed in 
claim 1 With optional addenda to produce a melt 
product; and 

b) pulverizing the melt product to produce particles 
having a volume average particle size of from 4 to 20 
micrometers. 

3. The method of claim 2 Wherein the optional addenda 
are selected from the group consisting of colorant, charge 
control agent, magnetic pigment, leveling agent, surfactant, 
stabilizer, and loW surface energy material. 

4. The method of claim 1 or 2 Wherein the vinyl type 
monomer is selected from the group consisting of styrene, 
vinyl toluene, alpha-methylstyrene, methylstyrene, n-alky 
lacrylates, alkyl methacrylates, butadiene, unsubstituted or 
substituted monocarboxylic acids having double bonds, ole 
?ns, vinyl ketones, and vinyl ethers. 

5. The method of claim 1 Wherein the polyester ionomer 
is represented by the general formula: 

(1) 

[ OCHZCHZ ] n V 

wherein 

R1 represents alkyl groups With up to 8 carbon atoms, 
such as methyl and t-butyl; 

R2 represents cyclohexyl, 1,4-dimethylenecyclohexane, 
4,4‘-benzophebnone, 4,4‘-diphenylmethane, diphenyl 
sulfone, 4,4‘-isopropylidenebisphenylene, 4,4‘-haxa?u 
oroisopropylidene, 4,4‘-cyclohexyliidneebisphe 
nylidene, 4,4‘-norbornylidenebisophenylidene, 4,4‘ 
indanylidene, and 4,4‘-?uorenylidenebisphenylidene; 

Ar represents 1,1,3-trimethyl-3-(4-carboxyphenyl)-5-in 
dancarboxylate, 3-methylphthalic anhydride, isoph 
thalic acid, terephthalic acid, and 5-t-butylisophthalic 
acid; 

Z represents 

CH3, and 

M represents any alkali earth metals such as lithium, 
sodium, or potassium. Additional cations may be 
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selected from the following: ammonium, trimethylam 
monium, triethylammonium, hydroXylalkylammo 
nium, and ditoluylphenylmethyl phosphonium; 

n is an integer of from 2 to 12; 

X represents 2.5 to 50 mole percent; and 

Y represents 20 to 100 mole percent. 
6. A binder composition comprising a polymer formed 

from: 

at least one vinyl type monomer; and 

at least one Water dispersible polyester-ionomer. 
7. The binder composition of claim 6 Wherein the vinyl 

type monomer and the polyester-ionomer are mixed and 
emulsion polymerized to form polymeric latex particles. 

8. The binder composition of claim 6 Wherein the vinyl 
type monomer is selected from the group consisting of 
styrene, vinyl toluene, alpha-methylstyrene, methylstyrene, 
n-alkylacrylates, alkyl methacrylates, butadiene, unsubsti 
tuted or substituted monocarboXylic acids having double 
bonds, ole?ns, vinyl ketones, and vinyl ethers. 

9. A toner composition comprising: 

at least one vinyl type monomer; 

at least one polyester-ionomer; and 

optional addenda. 
10. Toner particles comprising: 

at least one vinyl type monomer; and 

at least one polyester-ionomer; 

10 
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Wherein the vinyl type monomer and the polyester-iono 
mer are mixed, emulsion polymeriZed, melt blended 
and pulveriZed, in that order, to form the toner particles. 

11. The toner composition of claim 9 Wherein the optional 
addenda are selected from the group consisting of colorant, 
charge control agent, magnetic pigment, leveling agent, 
surfactant, stabiliZer, and loW surface energy material. 

12. The binder composition of claim 6 Wherein the 
concentration of polyester ionomer is betWeen 0.25 and 15.0 
parts by Weight per 100 parts by Weight of the total mono 
mers. 

13. The binder composition of claim 6 Wherein the 
concentration of polyester ionomer is betWeen 0.5 and 5.0 
parts by Weight per 100 parts by Weight of the total mono 
mers. 

14. The binder composition of claim 6 Wherein the 
concentration of vinyl type copolymer is betWeen 70 and 
99.5 parts by Weight per 100 parts by Weight of total toner 
Weight. 

15. The binder composition of claim 6 containing an 
optional cross-linker at a concentration betWeen 0.0 and 5 .0 
parts by Weight per 100 parts by Weight of the total mono 
mers. 

16. The binder composition of claim 6 containing an 
optional chain transfer agent at a concentration betWeen 0.0 
and 10.0 parts by Weight per 100 parts by Weight of the total 
monomers. 

17. The toner composition of claim 9 comprising toner 
particles having a volume average particle siZe betWeen 4 
and 20 micrometers. 


