
EP 0 373 652 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
invention The present invention relates to a method of fixing to a
recording medium a visible image formed with a toner, as in image forming
processes such as electrophotography, electrostatic printing, and magnetic
record- ing. 10 Related Background Art As a method of fixing a visible
image of toner onto a recording medium, a heat-roll fixing system is widely
used, In which a recording medium retaining thereon a tonervisible image
having not been fixed is heated while 15  It is held and carried between a
heat roller maintained at a given temperature and a pressure roller having
an elastic layer and coming into pressure contact with the heat roller. As
another method a belt fixing system is known, as disclosed in U.S. Patent
No. 3,578,797. The above conventional heat-roll fixing, however, has the
following disadvantages: (1) A long waiting time is required until the heat
roller reaches the given temperature. 20     (2) The heat roller must be
maintained at an optimum temperature in order to prevent poor fixing caused
by the variations of the heat-roller temperature that may occur when the
recording medium is passed or because of other external factors, and also
to prevent the offset phenomenon of toner on the heat roller. This makes it
necessary to make large the heat capacity of the heat roller or a heater
element, which re- quires a large electric power. 26     (3) When the
recording medium is passed over the heat roller and delivered out, the
recording medium and the toner on the recording medium are slowly cooled,
resulting In a state of high adhesion of the toner. Thus, conjointly with
the curvature of the roller also, there may often occur offset, or paper
jam caused by the rolling-up of the recording medium. (4) A protective
member must be provided in order to prevent direct touch to the
high-temperature heat 30     roller. On the other hand. the above problems
(1) and (2) of the heat-roll fixing are not fundamentally solved also in
the belt fixing system disclosed in U.S. Patent No. 3,578,797. Japanese
PatentApplication No. 147884/1987 (corresponding to European Publication
No. 0295,901), as having already been proposed by the present applicant,
proposes an image forming apparatus with a shorter 35  waiting period and a
low power consumption, comprising a fixing unit in which a toner visible
image is heated through a movable heat-resistant sheet by means of a
heating element having a low heat capacity, puisewise generating heat by
applying electric power, and thus fixed to a recording medium. Japanese
PatentApplication No. 63-12069 (corresponding to European Publication No.
0295,901), as also having already been proposed by the present applicant,
proposes a fixing unit for heat-fixing a toner visible image on a recording
medium 40  through a heat-resistantsheet, wherein said heat-resistantsheet
comprises a heat-resistantlayer and a release layer or a low-resistant
layer, thereby effectively preventing the offset phenomenon. In addition to
the fixing unit mentioned above, properties of the toner are greatly
concerned in realizing a fixing method that requires only a short waiting
period and a low power consumption while achieving the ex- cellent
performance of fixing a toner visible image to a recording medium and the
prevention of the offset phe- 45  nomenon. SUMMARY OF THE INVENTION An
object of the present invention is to provide a novel heat-fixing method
that has solved the problems 50  as discussed above, requires substantially
no, or only a very short, waiting period and a low power consump- tion, can
prevent the offset phenomenon from occurring, and can achieve good fixing
of a toner image to a recording medium. Another object of the present
invention is to provide a heatfixing method that employs no
high-temperature revolving roller, thus requiring no heat-resistant special
bearing. 55      Still another object of the present invention is to
provide a heat fixing method using a fixing unit so con- stituted as to
prevent direct touch to high-temperature parts, thus achieving higher
safety or requiring no pro- tective members. 



The above objects of the present invention can be attained by a method of
heat-fixing a visible image of 2    EP 0 373 652 B1 toner to a recording
medium, comprising applying a toner image onto the recording medium,
wherein; the toner has a melt viscosity [err] measured by an overhead-type
flow tester of [err] Pa s ([err] to [err] poise) at a temperature within
the temperature range of from [err], wherein the absolute value of the
inclination of a graph is not more than 0.50 [err] (poise)[err] when the
natural logarithms [err]of the melt 5   viscosities at [err] are plotted
with respect to the temperatures; and heat-fixing to the recording medium
the toner image retained on the recording medium by use of a heater element
stationarily supported and a pressure member that brings said recording
medium into close contact with said heater element through a film
interposed between them, said film being peeled from the toner image after
the heat fixing of the toner image. 10 BRIEF DESCRIPTION OF THE DRAWINGS In
the accompanying drawings; Fig. 1 is a schematic cross section of an
overhead-type flow tester used for measuring the melt viscosity 15  of
toner or binder resin. Fig. 2 is a graphic representation concerning the
inclination of the natural logarithms of the viscosity of toner or binder
resin, with respect to temperature. Fig. 3 is a graphic representation of
an endothermic peak of a toner, measured by differential thermal ana- lysis
(using DSC). 20      Fig. 4a is a schematic cross section of a fixing unit
used for carrying out the fixing method of the present invention, and Fig.
4b is a schematic cross section ofafixing unit used forworking the fixing
method according to another embodiment of the present invention. Fig. 5 Is
an example of the graphic representation to show the melt viscosity
characteristics at [err] to [err], of a suspension polymer toner used in
the present invention. The numbers on the ordinate indicate the 25
logarithms [err] of the melt viscosity of binder resin, and those of the
abscissa indicate temperature. The two- dot chain line in Fig. 5 shows the
inclination -0.50 [err] (poise)[err] of this graph. All binder resins (a)
to (c) show inclinations of smaller absolute values than those within the
temperature range of from [err]. Fig. 6 is an example of the graphic
representation to show the melt viscosity characteristics at [err] [err],
of a binder resin comprising a polymer composed of one or more kinds of
a,B-unsaturated ethylenic 30  monomers in a toner used in the present
invention. The logarithms [err] of the melt viscosity of binder resin is
plotted as ordinate, and temperature as abscissa. The two-dot chain line in
Fig. 6 shows the inclination -0.50 [err] (poise)[err] of this graph. Fig. 7
is a schematic cross section of an image forming apparatus equipped with
the fixing unit carrying out the fixing method of the present invention. 35
Fig. 8-1 schematically illustrates an example of an apparatus for making
particles fast on core particles, and Fig. 8-2 is a partial enlarged view
of the apparatus shown in Fig. 8-1. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS 40      The fixing apparatus used in the heat-fixing method of
the present invention will be described below. In the present invention,
the heater element has a smaller heat capacity than conventional heat
rolls, and has a linear heating part. The heating part may preferably be
made to have a maximum temperature of from [err]. A film is interposed
between the heater element and the pressure member, and may preferably
comprise 45  a heat-resistant sheet offrorn 1 to 100 um in thickness.
Heat-resistant sheets that can be used therefor include sheets of polymers
having high heat-resistance, such as polyester, PET (polyethylene
terephthalate), PFA (a tetrafluoroethylene/perfluoroalkyl vinyl ether
copolymers), PTFE (polytetrafluoroethylene), polyimide, and polyamide,
sheets of metals such es aluminum, and laminate sheets comprised of a metal
sheet and a polymer sheet. 



50     In a preferred constitution of the film, these heat-resistant sheets
have a release layer and/or a low-resis- tant layer. A preferred embodiment
of the present invention will be described below with reference to the
accompa- nying drawings. This, however, by no means limits the present
invention. Fig. 4A illustrates the structure of the fixing unit in the
present embodiment. 55      The numeral 11 denotes a low heat capacitance
linear heater element stationarily supported in the device. An example
thereof comprises an alumina substrate 12 of 1.0 mm in thickness, 10 mm in
width and 240 mm in longitudinal length and a resistance material 13 coated
thereon with a width of 1.0 mm, which is electrified from the both ends in
the longitudinal direction. The electricity is applied under variations of
pulse widths of 3    EP 0 373 652 B1 the pulses corresponding with the
desired temperatures and energy emission quantities which are controlled by
a temperature sensor 14, in the pulse-like waveform with a period of 20
msec of DC 100V. The pulse widths range approximately from 0.5 msec to 5
msec. In contact with the heater element 11 the energy and temper- ature of
which have been controlled in this way, a fixing film 15 moves in the
direction of the arrow shown in 5   Fig. 4A. An example of this fixing film
includes an endless film comprising a heat-resistant sheet of 20 um thick
(comprising, for example, polyimide, polyetherimide, PES, or PFA, and a
fluorine resin such as PTFE or PFA at least on the side coming into contact
with the image ) and a release layer provided thereon by coating to have a
thickness of 10 um in which a conductive material is added. In general, the
total thickness of the film may preferably be less than 100 um, and more
preferably less than 40 um. The film is moved in the direction 10  of the
arrow in a wrinkle-free state by the action of drive and tension between a
drive roller 16 and a flower roller 17. The numeral 18 denotes a pressure
roller having on its surface an elastic layer of rubberwith good release
properties as exemplified by silicone rubber. This pressure roller is
pressed against the heater element at a total pressure of 4 to 20 kg
through the film interposed between them and is rotated in pressure contact
with 15  the film. Toner 20 having not been fixed (hereinafter "unfixed
toner") on a transferring medium 19 is led to the fixing zone by means of
an inlet guide 21. A fixed image is thus obtained by the heating described
above. The above has been described with reference to the endless belt. As
Fig. 4B shows, however, a sheet- feeding shaft 24 and a wind-up shaft 27
may also be used, where the fixing film may not be endless. The image
forming apparatus includes apparatus that form an image by the use of
atoner, as exemplified 20  by copying machines, printers, and facsimile
recorders, to which the present fixing unit can be applied. When the
temperature detected by the temperature sensor 14 in the low heat capacity
linear heater ele- ment is [err], the surface temperature T2 of the film 15
opposed to the resistance material 13 is about [err] lower than [err]. The
surface temperature [err] of the film on the part at which the film 15 is
peeled from the toner- fixed face is substantially equal to the above
temperature T2. 25      The toner used in the fixing method of the present
invention will be described below. In the fixing method of the present
invention, the toner or the resin component of the toner has the prop-
erties that the melt viscosity [err] measured by an overhead-type flow
tester is from [err] poise at a tem- perature within the range of from
[err], and an absolute value of the inclination of a graph is not more than
0.50 en (poise)[err] when the natural logarithms [err] of the melt
viscosity at [err] are 30  plotted with respect to the temperatures. The
toner in the present invention includes a capsule toner formed of a core
particle and a shell that covers the core particle. In the present
invention as the resin component that constitutes the toner are preferably
used cross-linked polyester resins, or cross-linked polymers or copolymers
of [err]-ethylenically unsaturated monomers. 35      Preferred examples of
the cross-linked polyester resins will be described below. The cross-linked
polyester resins may preferably include cross-linked polyester resins
comprised of; (A) etherified bisphenois; (B) not less than 30 mol % of
aromatic dicarboxylic acid, in all acid components; 



(C) 5 to40 % byweightof alkenyl-substituted dicarboxylic acids and/or
alkyl-substituted dicarboxylic acids, 40      based on the total amount of
acids; and (D) polycarboxylic acids with three or more carboxylic groups
and/or polyols with three or more hydroxyl groups; and wherein the melt
viscosity [err] measured by an overhead-type flow tester is from [err]
poise at a temperature within the range of from [err], and an absolute
value of the inclination of a graph is not more than 0.50 en (poise)[err]
when the natural logarithms [err] of the melt viscosity at 45     [err] are
plotted with respect to the temperatures. In the heat-fixing method of the
present invention, the toner can be heat-fixed to the recording medium at a
lower power consumption when a toner is used which employs as the binder
resin a polyester resin having a basic skeleton comprised of etherified
bisphenols and aromatic dicarboxylic acids, where the polymer skel- eton
are made to have network structures by the polycarboxylic acids with three
or more carboxylic groups 50  and/or polyols with three or more hydroxyl
groups, and the alkenyl-substituted dicarboxylic acids and/or alkyl-
substituted dicarboxylic acids are introduced into the skeleton as soft
segments. An amount of the above softsegments which is less than 5 % by
weight based on the total amount of acids may result in an increase in the
power consumption required for the heat fixing. On the other hand, an
amount exceeding 40 % byweight may make stronger the agglomeration force
between toner particles to lowerstorage 55  stability. The polycarboxylic
acids, the component by which the polymer skeletons are made to have
network structure, Is preferably contained in the polyester in an amount of
from 5 to 30 % by weight. The polyols is preferably contained in an amount
of not more than 5 % by weight. The total amount of the polycarboxylic
acids and polyols which are cross-linking components, preferably, 4    EP 0
373 652 B1 is not more than 40 % by weight. An amount more than 40 % by
weight may result in a lowering of the moisture resistance of the toner and
make charge characteristics unstable because of environmental variations,
tending to bring about defects at the time an image is formed (at the time
of development or transfer) before the fixing. It may further result in an
increase in the cost for the pulverization in the step of preparing the
toner, requiring 5   a larger energy for achieving the heat fixing of the
toner. On the other hand, it is preferable that the total amount of the
polycarboxylic acids is not less than 10 % by weight in the polyester. An
amount less than that may make the tendency of excessive fusion of toner
begin to appear in the step of heat fixing. An amount less than 5 % by
weight is liable to cause the penetration into the recording medium such as
transfer paper, the bleed-through, or the bleeding of image because of the
10  spread of fused toner. In view of the charge characteristics,
durability, transfer performance and electrophotographic perfor- mance of
the toner, among the main components of the cross-linked polyester, it is
preferred for the aromatic dicarboxylic acids as the acid component to be
contained in the amount of not less than 30 mol %, more pre- ferably not
less than 40 mol %, in all the acid components, and for the etherified
bisphenols as the alcohol 15  component to be contained in the amount of
nor less than 80 mol %, more preferably not less than 90 mol %, in all the
alcohol components. The toner can be fixed on the recording medium at a
lower power consumption without causing any offset to the film, when as
described above, the melt viscosity [err] of the polyester resin measured
by an overhead- type flow tester is from [err] poise at a temperature
within the range of from [err], and an 20  absolute value of the
inclination of a graph is not more than 0.50 [err] (poise)[err] when the
natural logarithms [err] of the melt viscosity at [err] are plotted with
respect to the temperatures. The viscosity can be measured using an
overhead-type flow tester as illustrated in Fig. 1 (Shimazu Flow Tester
CFT-500 Type), where, in the first place, about 1.5 g of a sample 3 molded
using a pressure molder is extruded from a nozzle 4 of 1 mm in diameter and
1 mm in length under application of a load of 19 kgf at a 25  given
temperature using a plunger 1, so that the fall quantity of the plunger
(flow rate) on the flow tester is measured. This flow rate is measured at
each temperature (with the interval of [err] within the temperature range
of at least from [err]). The apparent viscosity [err] can be calculated
from the resulting values, 



based on the following equation. [err] wherein; [err] [err] 35
[err] [err]    : Apparent viscosity (poise) TW    : Apparent slide reaction
on tube wall (dyne/[err]) DW'  : Apparent slide speed on tube wall (1/sec)
Q     : Rate of flow-out (cm3/sec = ml/sec) 40   P     : Extrusion pressure
(dyne/[err]) [10 kgf= 980 x [err] dyne] R     : Radius of nozzle (cm) L
Length of nozzle (cm) A melt viscosity more than [err] poise at [err],of
the binder resin polyester used In the toner may result in an increase in
power consumption even in the heat-fixing method of the present invention,
bring- 45  ing about the disadvantages that fixing is made poor or quick
start is made difficult. If the total amount of the cross-linking
(network-structure forming) components in the polyester of the present
invention become more than 35 % by weight, the melt viscosity may sometimes
become more than 106 poise. On the other hand, a melt viscosity less than
[err] poise at [err] may make conspicuous the dis- advantages (such as
bleed-through, and bleeding of image) caused by the excessive fusion of
toner. so     If thetotal amountof the cross-linking (network-structure
forming) components in the polyesterof the pres- ent invention become less
than 5 % by weight, the melt viscosity may sometimes become less than [err]
poise even at [err]. The absolute values of the inclination to temperature
of the natural logarithms [err] of the melt viscosity [err] at [err]
reflect the sensitiveness of the viscosity of the polyester resin of the
present invention to the temperature variations. A value more than 0.50
[err] (poise)[err] is liable to cause the offset to 55  the recording
medium such as a film, moreover bringing about excessive gloss of fixed
images to lower the image quality level. The absolute value of this
inclination also depends on the amount of the cross linking components and
the amount of the soft segments in the polyester resin of the present
invention, and the proportion thereof,    EP 0 373 652 B1 and use of them
in the amounts within the range of what is claimed in the present invention
can achieve the fixing performance, offset resistance, and imageforming
performance in a good state in the heat-fixing method of the present
invention. In the present invention, the "inclination" of the viscosity is
a value obtained when, as shown in Fig. 2, a 5   measuring point at [err]
and a measuring point at [err] in the graph are connected by a solid ;ine
and its "inclin- aton" Is calculated from the equation: [err] [err] This is
used in approximation as the "inclination" of a slope, wherein [err]
represent values corre- 10  sponding to the natural logarithm of the
viscosity at [err], respectively. Those which can be used as the etherified
bisphenols, i.e., the component materials of the polyester resin serving as
the binder resin, include
polyoxystyrene(6)-2,2-bis(4-hydroxyphenyl)propane, polyhydroxybuty-
lene(2)-2,2-bis(4 hydroxyphenyl) propane,
polyoxyethylene(3)-2,2-bis(4-hydroxyphenyl)propane, polyoxypro-
pylene(3)-bis(4-hydroxyphenyl)thioether,
polyoxyethylene(2)-2,6-dichloro-4-hydroxyphenyl, 2',3',6'-trichloro- 15
4'-hydroxyphenylmethane, polyoxypropylene(3)-2-bromo-4-hydroxyphenyl,
4-hydroxyphenyl ether, polyoxy- ethyiene(2,5)-p,p-bisphenol,
polyoxybutylene(4)-bis(4-hydroxyphenyl)ketone, polyoxystyrene(7)-bis(4-hy-
droxyphenyl)ether,
polyoxypentylene(3)-2,2-bis(2,6-diiodo-4-hydroxyphenyl)propane, and
polyoxypropy- lene(2,2)-2,2-bis(4-hydroxyphenyl)propane. A group of the
etherified bisphenols includes etherified bisphenois. Preferred group of
the etherifled bi- 



20  sphenois includes those formed into ethoxy or propoxy, having 2 or 3
mols of oxyethylene or oxypropylene per mole of bisphenol, and having a
propylene or sulfone group. Examples of this group are
polyoxyethylene(2,6)- bis(2,6-dibromo-4-hydroxyphenyl)sulfone,
polyoxypropylene(3)-2,2-bis(2,-difluoro-4-hydroxyphenyl)pro- pane, and
polyoxyethylene(1,5)-polyoxypropylene(1 ,0)-bis(4-hydroxyphenyl)sulfone.
Another preferred group of the etherified bisphenols includes
polyoxyethylene-2,2'-bis(4-hydroxyphe- 25   nyl)propane, and
polyoxyethylene- or
polyoxypropylene-2,2-bis(4-hydroxy-2,6-dichlorophenyl)propane (the number
of the oxyalkylene unit is 2.1 to 1.5 per mole of bisphenol). The aromatic
dioarboxylic acids, the component materials of the polyester resin of the
present invention, include terephthalic acid, isophthalic acid, phthalic
acid, diphenyl-p,p'-dicarboxylic acid, naphthalene-2,7-di- carboxylic acid,
naphthalene-2,6-dicarboxylic acid, diphenylmethane-p,p'-dicarboxylic acid,
benzophenone- 30  4,4'-dicarboxylic acid, and 1
,2-diphenoxyethane-p,p'-dicarboxylic acid. Acids other than these include
maleic acid, fumaric acid, glutaric acid, cyclohexanecarboxylic acid,
succinic acid, malonic acid, adipic acid, mesa- conic acid, citraconic
acid, sebacic acid, and anhydrides of these acids. Thealkenyl-substituted
dicarboxylic acids or alkyl-substituted dicarboxylicacids, the component
materials of the polyester resin of the present invention, include maleic
acid, fumaric acid, adipic acid, succinic acid, glu- 35  taric acid,
sebacic acid, azelaic acid substituted by an alkenyl group or an alkyl
group having 6 to 18 carbon atoms, and anhydrides or esters thereof.
Particularly preferred are n-dodecenyl succinate, isododecenyl suc- cinate,
n-dodecyl succinate, isododecyl succinate, isooctyl succinate, n-octyl
succinate, and n-butyl succinate. The polycarboxylic acids with three
ormore carboxylic acids, the component materials of the polyester res- in
of the present invention, include trimellitic acid, pyromellitic acid,
cyclohexanetricarboxylic acid, 2,5,7-napn- 40  thalenetricarboxylic acid, 1
,2,4-napnthalenetricarboxylic acid, 1 ,2,4-butanetricarboxylic acid, 1
,2,5-hexanetri- carboxylic add, 1,3-dicarboxyl-2-methylenecarboxylpropane,
1,3-dicarboxyl-2-methyl-2-methylenecarboxyl- propane,
tetra(methylenecarboxyl) methane, 1,2,7,8-octanetetracarboxylic acid, and
anhydrides or esters thereof. Polyols having three or more hydroxyl groups
may also be used if it is in a small amount. They include sorbitol, 1
,2,3,6-hexanetetol, 1 ,4-sorbitan, pentaerythritol, dipentaerythritol,
tripentaerythritol, sucrose, 1,2,4- 45   butanetriol, glycerol,
2-methylpropanetriol, 2-methyl-1,2,4-butenetriol, trimethylolethane,
trimethylolpropane, 1,3,5-trihydroxymethylbenzene,
erythro-1,2,3-butanetriol, and threo-1,2,3-butanetriol. In the toner used
in the present invention, other resins may also be added besides the
polyester resin com- prised of the above component materials, in a
proportion of not more than 30 % by weight of said polyester resin and so
as for the melt viscosity [err] measured by an overhead-type flow tester
not to become outside the 50  range of from [err] poise at a temperature
within the range of from [err], and for the absolute value of the
inclination of a graph not to become more than 0.50 [err] (poise)[err] when
the natural logarithms [err] of the melt viscosity at [err] are plotted
with respect to the temperatures. For example, there may be contained vinyl
resins mainly composed of styrene, styrenebutad ene resins, silicone
resins, polyur- ethane resins, polyamide resins, epoxy resins, polyvinyl
butyral resins, rosin, modified rosins, terpene resins, 55   phenol resins,
aliphatic or alicyclic hydrocarbon resins, aromatic petroleum resins,
chlorinated paraffin, and paraffin wax. When the above cross-linked
polyester resins has an acid value of from 5to 60, en organicmetal compound
containing a metal of two or more valences may be added in a small amount
in the step of heat-kneading where 6    EP 0 373 652 B1 the toneris
prepared, so thatthe excessive fusion oftonercan be effectively prevented
and the disadvantages such as the penetration into the recording medium,
the bleed-through, or the bleeding of image because of the spread of fused
toner, can be more effectively stopped from being involved. According to
the studies made by the present inventors, apart from the network-structure
forming com- 5   ponent in the component materials of the polyester resin,
a weak cross-linked structure", can be brought In the toner by metal ions,
so that there can be only a very little increase in the consumption of the
power required for the fixing. However, in the present invention, the above
effect attributable to the organic metal compound containing a metal of two
or more valences, can be attained when the polyester resin contains the
aromatic 



components in a large amount and the polyester resin has an acid value of
from 5 to 60. In such instances, 10  the metal compound can be added in a
smaller amount, thus resulting in no concurrence of the disadvantages such
as an increase in power consumption and a lowering of moisture resistance
of the toner. Accordingly, the metal compound in the present invention may
be added preferably in an amount of from 0.2 to 6 % by weight, more
preferably from 1 to 5 % by weight, based on the polyester resin. An amount
less than 0.2% by weight may bring about no substantial effect, and an
amount more than 6% by weight may cause 15  an increase in the power
consumption for the fixing because of an increase in the heat capacity of
the toner Itself, as in the case when an inorganic filler is added in a
large amount. This may considerably lessen the chargeability of the toner
because of the incorporation of the metal compound having a lower specific
reels- tance than that of the polymer, resulting in a lowering of
development performance. A lowering of moisture re- sistance has been
similarly recognized. 20      The organic metal compound which can be used
includes organic salts or complexes containing the metal of two or more
valences. Effective metal species include polyvalent metals such as Al, Ba,
Ca, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, Pb, Sn, Sr, and Zn. The effective
organic metal compound includes carboxylates, alcoxy- lates, organic metal
complexes or chelate compounds of the above metals. Examples thereof may
preferably include zinc acetate, magnesium acetate, calcium acetate,
aluminum acetate, magnesium stearate, calcium 25  stearate, aluminum
stearate, aluminum isopropoxide, aluminum acetylacetate,
acetylacetonatoiron (II), and chromium 3,5-ditertiarybutyl stearate. In
particular, acetylacetone metal complexes, salicylic acid metal salts, or
salicylic acid metal complexes are preferred. An embodiment in which the
resin used in the toner comprises polymers orcopolymers formed of
a,[err]-ethy- lenically unsaturated monomers will be described below. 30
In the present invention, as the binder resin of the toner is also used a
resin comprising a polymer formed of at least one kind of
a,[err]-ethylenically unsaturated monomer, the binder resin having the
physical properties that the melt viscosity is from [err] poise at a
temperature within the range of from [err] and an absolute value of the
inclination of a graph is not more than 0.50 [err] (poise)[err] when the
natural logarithms [err] of the melt viscosity at [err]are plotted with
respect to the temperatures. 35      The a,[err]-ethylenically unsaturated
monomer that constitutes the main component of the resin can be ex-
emplified by styrene and substitution products thereof such as styrene,
a-methylstyrene, and p-chlorostyrene; monocarboxylic acids having a double
bond or substitution products thereof such as acrylic acid, methyl ac-
rylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl acrylate,
phenyl acrylate, methacrylic acid, methyl methacrylate, ethyl methacrylate,
butyl methacrylate, octyl methacrylate, acrylonitrile, methacrylonitrile,
and 40  acrylamide; dicarboxylic acids having a double bond or substitution
products thereof such as maleic acid, butyl maleate, methyl maleate, and
dimethyl maleate, vinyl esters such as vinyl chloride, vinyl acetate, and
vinyl ben- zoate; vinyl ketones such as vinyl methyl ketone, and vinyl
hexyl ketone; and vinyl ethers such as vinyl methyl ether, vinyl ethyl
ether, and vinyl isobutyl ether. Such vinyl monomers are used alone or in
combination of two or more kinds. 45      The above a ,[err]-ethylenically
unsaturated resin may preferably be cross-linked. Compounds having two or
more copolymerizable double bonds are used as cross-linking agents. They
include, for example, aromatic div- inyl compounds such as divinylbenzene,
and divinylnaphthalene; carboxylic acid esters having two double bonds,
such as ethylene glycol diacrylate, ethylene glycol dimethacrylate
1,3-butanediol dimethacrylate; div- inyl compounds such as divinyl aniline,
divinyl ether, divinyl sulfide, and divinyl sulfone; and compounds having
50  three or more vinyl groups. These are used alone or in a mixture. The
cross-linking agents may be used in an amount of from 0.01 to 10 % by
weight, preferably from 0.05 to 5 % by weight, based on the total amount of
the a,[err]-ethylenically unsaturated monomers. In addition to the above
a,[err]-ethylenically unsaturated monomers, the following compound may be
contained in a proportion less than the content of said resin component.
The compound includes, for example, styrene-butadiene resins, sil- 55
icone resins, polyesters, polyurethanes, polyamides, epoxy resins,
polyvinyl butyral resins, rosin, modified ro- sins, terpene resins, phenol
resins, aliphatic or alicyclic hydrocarbon resins, aromatic petroleum
resins, chlor- inated paraffin, and paraffin wax. Every sort of release
agent may be optionally contained in the toner used in the present
invention. For 7  



EP 0 373 652 B1 example, polyethylene fluoride, fluorine resins,
fluorinated carbon oils, silicone oils, low-molecular polyethy- lenes, and
low-molecular weight polypropylenes may be used, which are added in an
amount of from 0.1 to 10 % by weight. When the tonerused is used as a
magnetictonercontaining magnetic fine particles, a material thatexhibits 5
magnetismorcan be magnetized is mixed as the magneticfine particles. Such a
material includesforexample, metals such as iron, manganese, nickel,
cobalt, and chromium; magnetite, hematite, all sorts of ferrites, man-
ganese alloys, and other ferromagnetic alloys. They can be used in the form
of fine powder having an average particle diameteroffrom 0.05 to 5 u,
preferably from 0.05 to 0.5 u. The magneticfine particles may be contained
in the toner preferably in an amount of from 15 to 70 % by weight, more
preferably from 25 to 45 % by weight, 10 based on the total weight of the
magnetic toner. In the toner used in the present invention. various
materials can be added for the purpose of coloring or electrostatic charge
control. Such materials include, for example, carbon black, black iron
oxide, graphite, Ni- grosine, metal complexes of monoazo dyes, ultramarine
blue, and all sorts of lakes such as Phthalocyanine Blue, Hanza Yellow,
Benzo Yellow and Quinacridone. 15      Colloidal silica may also be
contained in the toner particles as a fluidity improver, in an amount of
from 10 to 40 % by weight. Of course, this fluidity improver may be added
externally to the toner. In such instance, it is added In an amount of from
0.2 to 5 % by weight based on the toner weight. The toner (or capsule
toner) used in the heat-fixing method of the present invention, preferably,
is a toner (or a capsule toner) showing the maximum value (for example, the
temperature corresponding to TD in Fig. 3) 20  of from [err], of the
endothermic peak that first appears as a result of the measurement made
within the range of from [err] using a differential scanning calorimeter
(DSC). In particular, more preferred is a toner (or a capsule toner)
showing the maximum value of from [err]. The temperature at the time the
film is peeled from the toner-fixed face is, preferably, higher than the
above endothermic temperature. More preferably, the film may preferably be
peeled on condition of at least 25 [err] higher, more preferably from 40 to
[err] higher, than the above endothermic temperature. As for the method of
measuring the maximum value of the endothermic peak es used in the present
In- vention, the value can be calculated according to ASTM D-3418-82.
Stated specifically, 10 to 15 mg of the toner is collected, which is then
heated in a nitrogen atmosphere at a rate of temperature rise of [err]min
from room temperature to [err], and thereafter the temperature is
maintained at [err] for 10 minutes, followed 30   by rapid cooling. The
toner is thus pre-treated. Thereafter, the temperature is maintained at
[err] for 10 min- utes, and the toner is again heated to [err] at a rate of
temperature rise of [err]/min, where the measurement is made. The data as
shown in Fig. 3 can be commonly obtained. The maximum value of the
endothermic peak which first occurs between room temperature and [err] is
defined as the endothermic temperature ([err]). The polyester resins and
a,[err]-ethylenically unsaturated resins as described above can be used as
shells 35 for the toner having a capsule structure (i.e., the capsule
toner). In the embodiment in which the toner used in the fixing method of
the present invention comprises the capsule toner, the toner takes the form
in which its core particles are covered with the resin having the above
properties, so that since a material which may inhibit the toner
performance can be incorporated into the core particles, the tonercan have
superior chargeability, fluidity blocking resistance, and durability. Since
the toner 40   particles are covered with the resin having excellent fixing
performance and offset resistance, the toner can be very efficiently fixed.
Resin materials used in the core of the capsule toner can be selected from
various known resins, which can be used alone or in a mixture or a reaction
product of some of these. They can be exemplified by poly- styrene, and
homopolymers of substitution products thereof; styrene copolymers such as a
styrene/acrylate 45 copolymer, a styrene/methacrylate copolymer, a
styrene/acrylonitrile copolymer, a styrene/butadiene copoly- mer, a
styrene/isoprene copolymer, and a styrene/acrylonitrile/indene copolymers;
acrylic resins, methacrylic resins, silicone resins, polyester resins,
furan resins, and epoxy resins. They further include waxes such as beeswax,
carnauba wax, and microcrystalline wax; higher fatty acids such as stearic
acid, palmitic acid, and lauric acid; higher fatty acid metal salts such as
aluminum stearate, 



50 lead stearate, barium stearate, magnesium stearate, zinc stearate, and
zinc palmitate; higher fatty acid deriv- atives such as methylhydroxy
stearate, and glycerol monohydroxy stearate; polyolefins such as
low-molecular polyethylene, low-molecular polypropylene, polyethylene
oxide, polyisobutylene, and polyethylene tetrafluor- ide; olefin copolymers
such as an ethylene/acrylic acid copolymer, an ethylene/acrylate copolymer,
an ethy- lene/methacrylic acid copolymer, an ethylene/methacrylate
copolymer, an ethylene/vinyl chloride copolymer, 55 an ethylene/vinyl
acetate copolymer, and ionomer resins; rubbers such as isobutylene rubber,
nitrile rubber, and chlorinated rubber; polyvinyl pyrrolidone, polyamides,
cumaroneindene resin, a methyl vinyl ether/maleic anhydride copolymer,
maleic acid modified phenol resin, and phenol modified terpene resin. Among
these, the materials can be used alone or in a mixture or a partial
reaction product of some of these. 8    EP 0 373 652 B1 In the present
invention, the core of the capsule toner usually contains various kinds of
dye or pigment as a colorant. Such a dye or pigment that can be applied
includes, for example, carbon black, Nigrosine dyes, lamp black, Sudan
Black SM, Fast Yellow G, Benzidine Yellow, PigmentYellow, Indofast Orange,
Irgazine Red, Paranitroaniline Red, Toluidine Red, Carmine FB, Permanet
Bordeaux FRR, Pigment Orange R, Uthol Red 5   2G, Lake Red C, Rhodamine FB,
Rhodamine B Lake, Methyl Violet B Lake, Phthalocyanine Blue, Brilliant
Green B, Phthalocyanine Green, Oil Yellow GG, Zapon First Yellow CGG,
Kayaset Y 963, KayasetYG, Sumi- plastYellowGG,Zapon FirstOrange RR, Oil
Scarlet, SumiplastOrangeG,AurazoleBrownB, Zapon FirstScar- let CG, Alzen
Spiron Red BEH, and Oil Pink OP. Magnetic powder may also be contained in
the core so that the capsule toner can be used as a magnetic 10  capsule
toner. The core of the capsule toner can be obtained by melt-kneading the
above components using an apparatus as exemplified by a roll mill,
pulverizing the kneaded product using a grinder such as a jet mill,
optionally fol- lowed by classification using an airclassifier.
Alternatively, it can be obtained, afterthe melt kneading, by gran- ulating
the kneaded product by spraying, suspension granulation, or electrostatic
spraying, optionally  followed 15  by classification, so that it can be
prepared as fine particles of 20 u or less in volume average particle
diameter. Known encapsulation techniques can be utilized for methods of
encapsulating these core particles. For example, preferably used are the
dry encapsulation in which shells are made fast on the core particle
surfaces by the action of mechanical shock, the spray drying, the
coacervation, and the phase separation. Besides these, it is also possible
to use the in-situ polymerization, and the methods as described in U.S.
Patents No. 20  3,338,991, No. 3,326,848 and No. 3,502,582 A method of
making the shells fast on the cores will be described below. It is not
preferable for the capsule tonerto cause separation of pulverized fragments
or walls of cores, or re-separation of walls which have been once adhered
even in a trace quantity. Hence, it is preferable for the shell to be
surely made fast on the core. It is important that the constitution of a
pulverizer is so modified that the dwell time of the powder can be pro- 25
longed at the pulverizing step, and an impact is controlled within the
range in which pulverization of cores Is not caused, and a temperature is
controlled within the range in which fusion is not caused. It is effective
to use a pulverizer capable of giving impact between a hammer and a
linerand having a recycle mechanism (see Fig. 8-1). In making the shells
fast on the core, the peripheral speed at the end of a blade or hammer may
be from 30 to 130 m/sec, preferably from 30 to 100 m/sec, and the
temperature, which is variable depending on 30  the physical properties of
the core and wall, may be from [err], preferably from [err], and more
preferably from [err]. The dwell time of the materials at the part the
impact is applied is preferably from 0.2 second to 12 seconds. The machine
of the type as shown in Fig. 8-1 has a great latitude since the powder
subjected to centrifugal force is gathered in the vicinity of the liner.
The apparatus as shown in Figs. 8-1 and 8-2 is equipped with a rotating
shaft 301, a rotor 302, dispersing 35  blade 303, a rotating member (blade)
304, a partition disc 305, a casing 306, a liner 307, an impact zone 308,
an inlet chamber 309, an outlet chamber 31 0, a return path 311, a
producttakeoutvalve 312, a material feeding valve 313, a blower 314, and
jacket 315. More detailed description will be made with reference to Fig.
8-1. The core particles having shell particles 



on their surfeces are fed from the feeding inlet 313b, pass through the
inlet chamber 309, pass through the 40  impact zone 308 between the blade
304 and the liner 307, pass through the outlet chamber 31 0, pass through
the return path 311 and blower 314, and then again circulate through the
same passage. In Fig. 8-2, the gap a between the rotating member (blade)
304 and the liner 307 is a minimum gap, and the space corresponding to the
width b of the rotating member 304 defines the impact zone. The gap between
the blade or hammer and the liner is preferably from about 0.5 to 5 mm, and
more pre- 45  ferably from 1 mm to 3 mm to give good results. In the
capsule toner obtained in the above way, agglomerates of shell particles or
deposits of fine core particles and fine shell particles of 5 u or less in
particle size may be produced, even in a small quantity. Hence, it may
sometimes occurthatthese may cause, beyond tolerance limits, fog orwhite
lines in images oralowering of image density in the course of repetitive
operation for a large number of sheets, depending on the matching 50  of
the tonerwith a photosentive memberorcopying machine. Afterthe shells have
been made faston the cores, a classification step may further be
additionally provided to remove fine powder and coarse powder, so that much
better image quality can be obtained. This classification step may be of
any of various systems, all of which can be effective. In particular,
however, it is possible to use a machine of a centrifugal force classifier
type or stationary wall type centrifugal force classif ier that employs a
rotating blade having a dispersion power. 55 In particular, a classifer
having a Coanda block applying the Coanda effect (see U.S. Patent No.
4,132,634) can give preferable results. In some instances, the capsule
toner may be used as a developer after the mixing (external addition) of a
fluidity improver such as colloidal silica, or a lubricant, an abrasive,
and a charge controller. 9    EP 0 373 652 B1 In the fixing method of the
present invention, the toner may be formed by suspension polymerization.
This toner is a suspension polymer toner formed by suspension
polymerization of a monomer composition to a toner particle size in an
aqueous medium, and also has the properties that the melt viscosity of the
toner is from [err]  poise at a temperature within the range of from [err],
and an absolute value of 5   the inclination of a graph in which the
logarithms ([err] ) of the melt viscosity [err] at the temperature range of
from [err] are plotted with respect to the temperature, is not more than
0.50 [err] (poise)[err]. The suspension polymer toner particles used in the
present invention can be obtained, for example, by the method as described
below, to which, however, the method is by no means limited. Amonomer
composition obtained by uniformly dissolving or dispersing a polymerizable
monomer, a colorant, a polymerization initiator, 10 and further optionally
a cross-linking agent a charge controller, a polar polymer, and other
additives, is put into an aqueous phase (i.e., a continuous phase)
containing a suspension stabilizer, and granulated with stirring to effect
polymerization. Thereafter, the suspension stabilizer is removed, followed
byfiltration and drying. The toner particles can be thus obtained. It is
particularly preferred to obtain the particles by the suspension
polymerization described below, since 15  particles with a sharp particle
size distribution can thereby be obtained. The polymerizable monomer that
can be used for the formation of the suspension polymer toner particles Is
a monomer having a [err]=C< group as a reactive group. It includes monomers
having a reactive double bond as exemplified by styrene and derivatives
thereof such as styrene, o-methylstyrene, m-methylstyrene, p-me-
thylstyrene, p-methoxystyrene, and p-ethylstyrene; acrylic acid,
methacrylic acid, maleic acd, and maleic acid 20  half esters a-methylene
aliphatic monocarboxylates such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2- ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates such as methyl acrylate, ethyl
acrylate, n-butylyl acrylate, isobutyl acrylate, propyl acrylate, n-octyl
acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate,
2-chloroe- 25  thyl acrylate, and phenyl acrylate; acrylic acid or
methacrylic acid derivatives such as acrylonitrile, methacry- lonitrile,
and acrylamide. These may be used alone or in combination of two or more
kinds. If necessary, a cross-linking agent may be used. The cross-linking
agent can be exemplified by divinylbenzene, divinyinaph- 



thalene, diethylene glycol dimethacrylate, and ethylene glycol
dimethacrylate. The cross-linking agent may be added usually in an amount
of from 0.01 to 10 parts by weight, and preferablyfrom 0.01 to 5 parts
byweight, 30   based on 100 parts by weight of the polymerizable monomer.
The polymer of these polymerizable monomers may be added in the monomer
composition in a small amount. Suspension polymer toner particles formed
from styrene, styrene having a substituent such as an alkyl group, or a
monomer mixture of styrene and the other monomer(s), among the above
monomers, are preferred when the developing performance and durability are
taken into account. 35      The polymerizable monomers may be polymerized
with the addition of a polar polymer having a polar group, a polar
copolymer, or a cyclized rubber, so that a preferred polymer toner can be
obtained. The polar polymer, polar copolymer, or cyclized rubber may be
added in an amount of from 0.5 to 50 parts by weight, and preferably from 1
to 40 parts by weight, based on 100 parts by weight of the polymerizable
monomer. An amount thereof less than 0.5 parts by weight makes it difficuit
for the tonerto take a satisfactory quasi-capsule 40  structure. An amount
more than 50 parts by weight may result in a shortage of the amountforthe
polymerizable monomer, increasing a tendency to lowerthe properties
required for the polymertoner. The polymerization may preferably be carried
out by suspending the polymerizable monomer composition in which the polar
polymer, polar copolymer, or cyclized rubber has been added, in an aqueous
phase of an aqueous medium in which a dispersant having a chargeability
opposite to the polar polymer has been dispersed. Cationic or anionic poly-
45  mer, cationic or anionic copolymer, or anionic cyclized rubber
contained in the polymerizable monomer com- position is electrostatically
attracted to reverse-chargeable anionic or cationic dispersant on the
surfaces of the partioles that form the toner, so that the dispersant
covers the particle surfaces. As a result, particles can be prevented from
coalescing and made stable, and at the same time the polar polymer, polar
copolymer, or cyclized rubber added gathers at the surface layers of the
particles thatform the toner, thus giving a form like 50  a kind of shell.
Hence, the resulting particles are in the form of quasi-capsules. The polar
polymer, polar co- polymer, orcyclized rubber, which has a relatively
high-molecularweight, having gathered at the surface layers of the
particles encloses a large number of low-softening compounds in the Insides
of toner particles, so that properties excellent in the blocking
resistance, development performance and wearresistance can be imparted to
the polymer particles of the present invention. 55      The polar polymer
(including the polar copolymer and cyclized rubber) and the
reverse-chargeable dis- persant that are usable in the present invention
will be exemplified below. The polar polymer may preferably have a weight
average molecular weight, measured by gel permeation chromatography (GPC),
of from 5,000 to 500,000, and preferably from 50,000 to 300,000, which is
preferably used since such a polymer can be well 10    EP 0 373 652 B1
dissolved in the polymerizable monomer and also has durability. (i) The
cationic polymer includes polymers of nitrogen-containing monomers, such as
dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate,
copolymers of styrene and nitrogen-containing mono- mers, or copolymers of
styrene, unsaturated carboxylates and nitrogen-containing monomers. 5
(ii) The anionic polymer includes polymers of nitrile monomers, such as
acrylonitrile, polymers of halogen monomers, such as vinyl chloride,
polymers of unsaturated carboxylic acids, such as acrylic acid, polymers of
unsaturated dibasic acids, polymers of anhydrides of unsaturated dibasic
acids, or copolymers of styr- ene and said monomers. The dispersant may
preferably be an inorganic fine powder capable of dispersing and
stabilizing the mono- 10  mer composition particles in the aqueous medium,
and slightly soluble in water. The dispersant may be added in the aqueous
medium in an amount of from 0.1 to 50 % by weight, and preferably from 1 to
20 % by weight, based on water. (iii) The anionic dispersant includes
colloidal silica such as Aerosil #2000, #3000 (produced by Nippon Ae- rosil
Co., Ltd. 15     (iv) The cationic dispersant includes hydrophilic
positively chargeable silica fine powders such as alumi- num hydroxide,
magnesium hydroxide, and aminoalkyl modified colloidal silica formed by
coupling-agent 



treatment. The anionic cyclized rubber may also be used in place of the
above polar polymer or polar copolymer. Magnetic particles are added in the
monomer composition in order to form magnetic suspension polymer 20  toner
partioles. In this instance, the magnetic particles also serve as the
colorant As the magnetic particles usable in the present invention are used
magnetic fine particles having a particle diameter of from 0.05 to 5 pm,
and preferably from 0.1 to 1 um. The magnetic particles may be contained in
an amount of from 10 to 60 % byweight and preferablyfrom 20 to 50 % by
weight, based on the tonerweight. These magnetic fine particles may be
treated with a treatment such as a silane coupling agent or a titanium
coupling agent, or any suitable 25  reactive resin. In this instance,
depending on the surface areas of the magnetic fine particles and the
density of the hydroxyl groups present on the surfaces, an amount of
treatment of not more than 5 % by weight, pre- ferably from 0.1 to 3 % by
weight, can achieve satisfactory dispersibility to the polymerizable
monomer and low-softening compound, and does not have deleterious influence
on the physical properties of the suspension polymer toner particles. The
suspension polymer toner particles contains a colorant, and the colorant
which 30   may be used includes well-known dyes, and pigments such as
carbon black and grafted carbon black whose particle surfaces are covered
with resin. The colorant may be contained in an amount of from 0.5 to 30 %
by weight based on the monomer or the mixture of the monomer and
low-softening compound. Acharge controller and a fluidity improver may also
be optionally added in the toner. As to the suspension polymerization, the
monomer composition obtained by uniformly dissolving and dis- 35  persing
the colorant or the additives optionally used is dispersed in the aqueous
medium (heated to a temper- ature at least [err] higher, preferably from
[err]  higher, than the polymerization temperature) containing from 0.1 to
50 % by weight of the suspension stabilizer (as exemplified by the slightly
water-soluble inorganic dispersant), using a homomixer a homogenizer or the
like. The rate and time of stirring and the temperature of the aqueous
medium may preferably be controlled so as for the particles in the
dissolved or softened mono- 40   mer composition to have the desired toner
particle size, usually of not more than 30 um (e.g., from 0.1 to 20 um in
volume average particle diameter). Thereafter, the liquid temperature of
the aqueous medium is dropped to the polymerization temperature while the
stirring being carried out to the extent that the particles are pre- vented
from settling so that the dispersed state may substantially be maintained
bytbe action of the dispersion stabilizer. The polymerization may be
carried out at a temperature set to not less than [err], preferably from 45
[err] and particularly preferably from [err], by the addition of a
substantially water-insoluble poly- merization initiator with stirring.
After completion of the reaction, the toner particles formed are washed,
the dispersion stabilizer is removed, and the particles are collected by
suitable means such as filtration, decan- tation or centrifugal separation,
followed by drying. The suspension polymertoner particles usable in the
pres- ent invention are thus obtained. In the suspension polymerization,
warter is used as the aqueous medium in 50  an amount of from 200 to 3,000
parts by weight based on 100 parts by weight of the polymerizable monomer
or the mixture of the monomer and low-softening compound. It is preferred
that the suspension polymer toner used in the heat-fixing method of the
present invention is a toner showing a maximum value of from [err], of the
endothermic peak that first appears as a resultofthe measurement made
within the measurement range of from [err] using adifferential scan- 55
ning calorimeter (DSC). In particular, more preferred is a toner (or a
capsule toner) showing a maximum value of from [err]. The temperature at
the time the film is peeled from the toner-fixed face may preferably be
higher than the above endothermic temperature. The film may more preferably
be peeled on condition of at least [err] 11    EP 0 373 652 B1 higher, and
further more preferably be from 40 to [err] higher, than the above
endothermic temperature. When the above toner or capsule toner is used in a
two-component developer, they are used by mixture with an iron powder
carrier, a ferrite carrier, or a coated carrier obtained by coating these
with styrene resin, silicone resin, acrylic resin or fluorine resin, or a
resinous carrier comprising a magnetic material dispersed in 5   a resin. 



An outline of the construction of an example of the image forming apparatus
making use of the fixing meth- od of the present inventions will be
described below with reference to Fig. 7. The numeral 71 denotes an orig-
inal-setting table comprising a transparent member such as glass, which
reciprocates in the direction of arrow a so that the original is scanned.
Right beneath the original-setting table, a short-focus small-diameter
image 10  formation device array 72 is provided, and the original placed on
the original-setting table Is irradiated using an illumination lamp 73. The
reflected-light image is brought to slit exposure on a photosensitive drum
74 through the above array 72. The photosentive drum rotates in the
direction of arrow b. The numeral 75 denotes a charger, which gives uniform
electrostatic charges onto the photosensitive drum 74 covered with, for
exam- ple, a zinc oxide photosensitive layer or an organic semiconductor
photosensitive layer. The drum 74 uniformly 15  electrostatically charged
by this charger 75 is image-exposed to light through the device array 72,
and an elec- trostatic latent image is thus formed. This electrostatic
latent image is made visible using a toner or developer by means of a
developing device 76. On the other hand, sheets P received in a cassette S
are successively fed onto the drum 74 through a pair of tracking rollers 78
which are rotated with pressure contact in the upper and lower directions,
taking the timing so that the feed roller 77 and the image on the
photosensitive drum 74 20  may be synchlonized. The toner image formed on
the photosensitive drum 74 is transferred onto the sheet P by a transfer
discharger 79. Thereafter, the sheet P separated from the drum 74 by a
separating means is led to a fixing unit 81 (shown in Fig. 4Aby its
enlarged view) through a tracking guide 80, the sheet being subjected to
heat fixing method and thereafter delivered onto a tray 82. After the toner
image is transferred, the toner remaining on the drum 74 is removed with a
cleaner 83. 25      The present invention employs the method in which the
visible image of the toner or capsule toner using the resin having the
properties that the melt viscosity is from [err] poise at a temperature
within the range of from [err], and an absolute value of the inclination of
a graph is not more than 0.50 [err] (poise)[err] when the logarithms
([err]) of the melt viscosity are plotted with respect to the temperatures,
is heat-fixed on a recording medium, using the heater element stationarily
supported and the pressure memberthat brings said so  recording medium into
close contact with said heater element through the film interposed between
them. Thus, there is provided a fixing method that can fix the toner image
to the recording medium in a good state, can obtain a bleeding-free sharp
image without not causing the penetration of the toner Into the recording
medium or the bleed-through, and yet may require only a low power
consumption and a very short wating period. 35 EXAMPLES The present
invention will be more specifically described below by giving Preparation
Examples and Ex- amples. 40  (1) Preparation Example of Polyester Resin A
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propene 45
23.5 parts by weight Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane.
34.0 parts by weight Terephthalic  acid                             19.5
parts by weight n-Dodecenylsuccinic  acid                       9.8 parts
by weight Trimellitic acid                               13.2 parts by
weight 55 The above materials in a total amount of 1,500 g were put into a
2 [err] volume four-necked round flask equip- ped with a thermometer, a
stirrer made of stainless steel, a nitrogen-feeding tube made of glass, and
a falling 12    EP 0 373 652 B1 condenser. Subsequently, the flask was
placed in a mantle heater, and nitrogen gas was fed from the feeding tube
made of glass so that the inside of the reaction vessel was kept an inert
atmosphere. Temperature was then raised. Thereafter, 0.10 g of dibutyltin
oxide was added, the temperature was maintained at [err], and
co-condensation reaction was carried out for 12 hours to give polyester
resin A. 5      This polyester resin A showed an apparent viscosity [err]
at [err]and an apparent viscosity [err]at [err] 



= [err] as measured by the overhead-type flow tester shown in Fig. 1, of
3.8 x [err] poise and 2.9 x [err] poise, respectively. The absolute value
of the inclination of the natural logarithms [err] of the melt viscosity at
[err] and [err] with respect to the temperature was found to be 0.086 [err]
(poise)[err]. 10  (2) Preparation Example of Toner A Using a twin-screw
kneader extruder, 100 parts by weight of the polyester resin Ain the above
Preparation Example, 60 parts by weight of magnetic powder (magnetic iron
oxide), 2 parts by weight of a negative charge controlling agent and 3
parts by weight of a low-molecular weight propylene were melt-kneaded.
Thereafter, 15  the kneaded product was cooled and then pulverized using an
air-stream pulverizer, followed by classification using an air classifier
to give a black fine powder (toner) with a volume average particle diameter
of about 12 pm. Based on 100 parts by weight of this black fine powder, 0.4
part by weight of hydrophobic colloidal silica powder was added and mixed
to give toner A. This toner A showed [err]. 20   Example 1 In the
heat-fixing unit of the present invention, as shown in Fig. 4A, the
temperature sensor surface tem- perature [err] of the heater element 11 was
set to [err]; the power consumption of the resistance material at the
heating part, 150 W; the total pressure between the heater element 11 and
the pressure roller 18 having 25  an elastic layer formed of silicone
rubber, 8 kg; the nip between the pressure roll and film, 3 mm; and the ro-
tational speed of the fixing film 15, 150 mm/sec. As the heat-resistant
sheet, a polyimide film of 20 um thick, having at the contact face with a
recording medium a low-resistance release layer comprising a conductive
material dispersed in PTFE was used. At this time, it took about 3 seconds
until the temperature sensor surface temperature [err] of the heater
element 30  reached [err]. The temperature T2 was [err], and the
temperature  [err]. Evaluation was made in the following way: Using a
modified machine obtained by detaching a fixing unit from a commercially
available copying machine NP-270RE, manufactured by Canon Inc., an unfixed
image of toner Awas obtained. As recording medium, commercially available
Canon New Dry paper (available from Canon Sales, Co., Inc.; 54 g/[err]) for
use in copying machines was used. The resulting unfixed image of toner 35
A was fixed using the above fixing unit to give a fixed image. Forfixing
performance tests on the fixed image, unfixed images on 200 sheets were
successively papered through the fixing unit to give fixed images, and the
1st, 10th, 50th, 100th and 200th sheets were each rubbed with Silbon paper
under application of a load of 50 g/[err]. The fixing performance was
expressed by the rate (%) of a lowering of image density. For offset
resistance tests, the unfixed images were successively fixed, 40  and
evaluation was made on how many sheets were papered until the fixed image
or fixing film became stained. As a result, the fixing performance was
almost constant at the initial stage and the 200th sheet in 200 sheet
papering, showing that it was as good as 1 to 3 %. As to the offset
resistance, almost no adhesion of toner on the surfaces of the fixing film
15 and pressure 45  roller 18 was seen even after 10,000 sheet papering.
The resulting images were free from bleeding or bleed- through and were in
good quality. Comparative Example 1 50      Using the tonerA prepared in
Example 1, and also using a modified machine of NP-270RE, manufactured by
Canon Inc., mounted with a heat-roller fixing unit from which the cleaning
mechanism of the fixing roller was detached and also in which the fixing
speed was so set as to be 150 mm/sec like that in Example 1, the fixing
tests were carried out by successively papering 200 sheets. The fixing
performance was within the tol- erance of practical use, but was from 7 to
9 %, showing a certain inferiority to Example 1. 55      In the offset
resistance tests, stain appeared on the fixing roller after 5,000 sheet
papering, showing ap- parent inferiority. On the other hand, the waiting
period (time) was 30 seconds, which was 10 times that in Example 1. 13
EP 0 373 652 B1 (3) Preparation Example of Polyester Resin B 



Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 5
30 parts by weight Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane
35.0 parts by weight 10 Terephthalic  acid
21.5 parts by weight n-Dodecenylsuccinic acid                          8.0
parts by weight 15       Trimellitic  acid
5.5 parts by weight Polyester B was obtained in the same manner as
polyester A except for using the above materials. This polyester resin B
showed an apparent viscosity [err] and an apparent viscosity [err] 20  as
measured by the overhead-type flow tester shown in Fig. 1, of 1.4 x [err]
poise and 2.0 x [err] poise, respec- tively. The absolute value of the
inclination of the natural logarithms [err] of the melt viscosity at [err]
and [err] with respect to the temperature was found to be 0.14 [err]
(poise)[err]. (4) Preparation Example of Toner B 25 TonerBwas obtained in
the same manner as tonerAexcept that 100 parts byweightof the above
polyester B was used in place of polyester A. This toner showed [err].
Example 2 30 Fixng tests and offset resistance tests were carried out in
the same manner as in Example 1 except that the temperature sensor surface
temperature [err] of the heater element 11 was set to [err]; and the
rotational speed of the fixing film, 270 mm/sec. The fixing performance was
as good as 1 to 3 %. The offset resistance also showed good results up to
10,000 sheet papering. 35      The waiting time of the fixing unit was
about 3 seconds similarly as in Example 1. Here, the temperature [err] was
[err], and the temperature [err]. The resulting images were free from
bleeding or bleed-through and were in good quality. Comparative Example 2
40 Using the toner (toner B) prepared in Example 2, and also using a
modified machine of a NP-6650 type (fixing speed: 270 mm/sec), manufactured
by Canon Inc., mounted with a heat-roller fixing unit from which the
cleaning mechanism of the fixing roller was detached the fixing tests were
carried out by successively pa- pering 200 sheets. The fixing performance
was within the tolerance of practical use, but was from 5 to 8 %, 45
showing a certain inferiority to Example 2. However, the power consumption
of the heat roller mounted was 820 W. This is a result from the consump-
tion of an electric power about 5.5 times that of the fixing unit of
Example 2. In the offset resistance tests, the upper roller began to be
stained at 1 00th sheet papering, and the transferring paper serving as the
recording medium wrapped around the upper roller at 250th sheet papering,
resulting in the stop of the machine. 50 55 14    EP 0 373 652 B1
Preparation Example of Polyester Resin C
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 23.5 parts by weight
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 34.0 parts by weight
10 Terephthalic  acid                               19.5  parts by weight
n-Dodecenylsuccinic  acid                         9.8 parts by weight 



15       Pyromellitic  acid                               13.2 parts by
weight The above materials in a total amount of 1,500 g were put into a 2
[err] volume four-necked round flask equip- ped with a thermometer, a
stirrer made of stainless steel, a nitrogen-feeding tube made of glass, and
a falling 20  condenser. Subsequently, the flask was placed in a mantle
heater, and nitrogen gas was fed from the feeding tube made of glass so
that the inside of the reaction vessel was kept an inert atmosphere.
Temperature was then raised. Thereafter, 0.10 g of dibutyltin oxide was
added, the temperature was maintained at [err], and co-condensation
reaction was carried out for 12 hours to give a polyester resin. This resin
showed an acid value of 16.5. 25 Preparation Example of Toner C Using a
twin-screw kneader extruder, 100 parts by weight of the polyester resin C
in the above Preparation Example, 60 parts by weight of magnetic powder
(magnetic iron oxide), 2 parts by weight of an organic metal so  complex (a
chromium complex of 3,5-ditertiarybutylsalicylic acid) and 4 parts by
weight of a low-molecular weight polyethylene were melt-kneaded (kneading
temperature: [err]). Thereafter, the kneaded productwas cooled and then
pulverized using an air-stream pulverizer, followed by classification using
an air classifier to give a black fine powder (toner) with an average
particle diameter of about 12 um. Using a pressure molding device, 15 g of
this blackfine powder was molded. The resulting molded product 35  showed
an apparent viscosity[err] and an apparent viscosity [err] as measured by
the overhead-type flow tester shown in Fig. 1, of 4.8 x 105 poise and 1.9 x
104 poise, respectively. The absolute value of the inclination of the
natural logarithms [err] of this apparent viscosity with respect to the
temperature was found to be 0.11 [err] (poise)[err]. Subsequently, based on
100 parts by weight of this black fine powder, 0.4 part by weight of
hydrophobic 40  colloidal silica powder was added and mixed to give toner
C. This toner C showed [err]. Example 3 In the heat-fixing unit of the
present invention, as shown in Fig. 4A, the temperature sensor surface tem-
45   perature [err] of the heater element 11 was set to [err]; the power
consumption of the resistance material at the heating part, 150 W; the
total pressure between the heater element 11 and the pressure roller 18, 13
kg; the nip between the pressure roll and film, 3 mm; and the rotational
speed of the fixing film 15, 150 mm/sec. As the heat-resistant sheet, a
polyimide film of 20 um thick, having at the contact face with a recording
medium a low-resistance release layer comprising a conductive material
dispersed in PTFE was used. At this 50  time, it took about 3 seconds until
the temperature sensor surface temperature [err] of the heater element
reached [err]. The temperature [err], and the temperature [err]. Evaluation
was made in the following way. Using a modified machine obtained by
detaching a fixing unit from a commercially available copying machine
NP-270RE, manufactured by Canon Inc., an unfixed image of toner C was
obtained. As recording medium, commercially available Canon New Dry Paper
(available from 55   Canon sales, Co., Inc.; 54 g/[err]) for use in copying
machines was used. The resulting unfixed image of toner C was fixed using
the above fixing unit to give a fixed image. Forfixing performance tests on
the fixed image, unfixed images on 200 sheetswere successively papered
through thefixing unit to give fixed images, and the 1st, 10th, 50th, 100th
and 200th sheets were each rubbed 15    EP 0 373 652 B1 with Slibon paper
under application of a load of 50 g/[err]. The fixing performance was
expressed by the rate (%) of a lowering of image density. For offset
resistance tests, the unfixed images here successively fixed, and
evaluation was made on how many sheets were papered until the fixed image
or fixing film became stained. 5      Asa result, the fixing performance
was almostoonstant at the initial stage and the 200th sheet in 200 sheet
papering, showing that it was as good as 1 to 3 %. As to the offset
resistance, almost no adhesion of toner on the surfaces of the fixing film
15 and pressure roller 18 was seen even after 10,000 sheet papering. The
resulting images were free from bleeding or bleed- 



through and were in good quality. 10 Comparative Example 3 Using the toner
C prepared in Example 3, and also using a modified machine of NP-270RE,
manufactured by Canon Inc, mounted with a heat-roller fixing unit from
which the cleaning mechanism of the fixing roller 15  was detached and also
in which the fixing speed was so set as to be 150 mm/sec like that in
Example 1, the fixing tests were carried out by successively papering 200
sheets. The fixing performance was within the tol- erance of practical use,
but was from 7 to 9 %, showing a certain inferiority to Example 3. In the
offset resistance tests, stain appeared on the fixing roller after 5,000
sheet papering, showing ap- parent inferiority. 20      On the other hand,
the waiting time was 30 seconds, which was 10 times that in Example 3.
Preparation Example of Polyester Resin D 25
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 30 parts by weight
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 30 35.0 parts  by
weight Terephthalic acid                                21.5 parts by
weight 35       n-Dodecenylsuccinic acid                           8.0
parts  by weight Pyromellitic  acid                                5.5
parts  by weight Polyester D was obtained in the same manner as polyester C
except for using the above materials. This 40  resin showed an acid value
of 21.5. Preparation Example of Toner D Using atwin-screw kneader extruder,
100 parts by weight of the polyester resin D in theabove Preparation 45
Example, 60 parts by weight of magnetic powder (magnetic iron oxide), and 3
parts by weight of an organic metal compound (acetylacetone iron) were
melt-kneaded (kneading temperature: [err]). Thereafter, the kneaded product
was cooled and then pulverized using an air-stream pulverizer, followed by
classification us- ing an air classifier to give a black fine powder
(toner) with an average particle diameter of about 12 um. Using a pressure
molding device, 15 g of this blackfine powder was molded. The resulting
molded product 50  showed an apparent viscosity [err] and an apparent
viscosity [err] as measured by the overhead-type flow tester shown in Fig.
1, of 2.2 x 105 poise and 6.5 x [err] poise, respectively. The absolute
value of the inclination of the natural logarithms [err] of this apparent
viscosity with respectto the temperature was found to be 0.12 [err]
(poise)[err]. Subsequently, based on 100 parts by weight of this black fine
powder, 0.4 part by weight of hydrophobic 55   colloidal silica powder was
added and mixed to give toner D. This toner D showed [err]. 16    EP 0 373
652 B1 Example 4 Fixing tests and offset resistance tests were carried out
in the same manner as in Example 3 except that the temperature sensor
surface temperature [err] of the heater element 11 was set to [err]; and
the rotational 5   speed of the fixing film, 270 mm/sec. The fixing
performance was as good as 1 to 3 %. The offset resistance also showed good
results up to 10,000 sheet papering. The waiting time of the fixing unit
was about 3 seconds similarly as in Example 3. Here, the temperature [err],
and the temperature [err]. The resulting images were free from bleeding or
bleed-through and were in good quality. 10 Comparative Example 4 Using
toner D prepared in Example 4, and also using a modified machine of a
NP-6650 type (fixing speed 270 mm/sec), manufactured by Canon Inc., mounted
with a heat-rollerfixing unitfrom which the cleaning mech- 



15  anism of the fixing roller was detached, the fixing tests were carried
out by successively papering 200 sheets. The fixing performance was within
the tolerance of practical use, but was from 5 to 8 %, showing a certain
inferiority to Example 4. However, the power consumption of the heat roller
mounted was 820 W. This is a result from the consump- tion of an electric
power about 5.5 times that of the fixing unit of Example 4. In the offset
resistance tests, the 20  upper roller began to be stained at 1 00th sheet
papering, and the transferring paper serving as the recording medium
wrapped around the upper roller at 250th sheet papering, resulting in the
stop of the machine. Preparation Example of Polyester Resin E 25
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 23.5 parts by weight
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 34.0 parts by weight
Terephthalic acid                              22.2 parts by weight 35
n-Dodecenylsuccinic acid                        9.8 parts  by weight
Trimellitic  acid                              10.5 parts by weight 40 The
above materials in a total amount of 1,500 g were put into a 2 [err] volume
four-necked round flask equip- ped with a thermometer, a stirrer made of
stainless steel, a nitrogen-feeding tube made of glass, and a falling
condenser. Subsequently, the flask was placed in a mantle heater, and
nitrogen gas was fed from the feeding tube made of glass so that the inside
of the reaction vessel was kept an inert atmosphere. Temperature was 45
then raised. Thereafter, 0.10 g of dibutyltin oxide was added, the
temperature was maintained at [err], and co-condensation reaction was
carried out for 12 hours to give a polyester resin. This polyester resin
showed an apparent viscosity [err] and an apparent viscosity [err] [err] as
measured by the overhead-type flow tester shown in Fig. 1, of 2.0 x [err]
poise and 1.1 x [err] poise, respectively. The absolute value of the
inclination of the natural logarithms [err] of this apparent viscositywith
50  respect to the temperature was found to be 0.097 [err] (poise)[err].
Preparation Example of Polyester Resin F 55        Polyoxypropylene.( 2,2)
-2, 2-bis (4-hydroxyphenyl)propane 30 parts by weight 17    EP 0 373 652 B1
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 35.0 parts by weight 5
Terephthalic acid                               21.9 parts by weight
n-Dodecenylsuccinic  acid                        8.0 parts by weight
Trimellitic acid                                 5.1 parts by weight
Polyester resin F was obtained in the same manner as polyester resin E
except for using the above ma- terials. This polyester resin showed an
apparent viscosity [err] and an apparent viscosity [err] = [err] as
measured by the overhead-type flow tester shown in Fig. 1, of 1.6 x [err]
poise and 1.0 x [err] poise, 15  respectively. The absolute value of the
inclination of the natural logarithms [err] of this apparent viscosity with
respect to the temperature was found to be 0.17 [err] (poise)[err]. Capsule
Toner E: 20  Polyethylene   100 parts by weight Magnetite     65 parts by
weight The above components were melt-kneaded using a roll mill. After
cooling, the kneaded product was coarsely pulverized with a cutter mill,
and furtherfinely pulverized using ajet mill. Next, the resulting fine pow-



derwas classified using an airclassifier to give core particles with a
volume average particle diameterof 10.2 25  un. In a solution prepared by
dissolving and dispersing 20 parts by weight of polyester resin E and 300
parts by weight of THF, 100 parts by weight of the above core particles
were dispersed. Subsequently, the resulting dispersion was subjected to
encapsulation using a spray dryer. In 100 parts byweightof capsule toner E
thus obtained, 0.5 part byweight of colloidal silica was externally added
and mixed to give capsule toner E having colloidal silica on its particle
surfaces. 30 Capsule Toner F: Using the same core particles as those for
capsule toner E and also using polyester resin F, encapsulation was carried
out in the same manner as in capsule toner E. 35      Based on 100 parts by
weight of capsule toner E obtained here, OA part by weight of colloidal
silica was externally added and mixed to give capsule toner F having
colloidal silica on its particle surfaces. Capsule Toner G: 40
Polyethylene   100 parts by weight Irgazine Red   4 parts by weight The
above components were kneaded, pulverized and classified in the same manner
as in capsule toner E to give core particles with a volume average particle
diameter of 10.3 um. Subsequently, using the shell resin (polyester resin
E) for the capsule toner E, encapsulation was carried 45  out in the same
manner, except that the shell resin was used in an amount of 22 parts by
weight based on 100 parts by weight of the core particles. Based on 100
parts by weight of capsule toner G obtained here, 0.4 part by weight of
colloidal silica was externally added and mixed to give capsule toner G
having colloidal silica on its particle surfaces. Based on 10 parts by
weight of capsule toner G, 100 parts by weight of a resin-coated ferrite
carrier was 50  mixed to give a two-component developer. Next, fixing tests
were carried out using capsule toners E, F and G and the heat-fixing unit
as shown In Fig. 4A. Blocking resistance tests also were further carried
out. Example 5 55 In the heat-fixing unit as shown in Fig. 4A, the surface
temperature of the heater element 11 was set to [err] the power consumption
of the resistance material at the heating part, 150 W; the total pressure
of the pressure roller, 7 kg; the nip between the pressure roll and film, 3
mm; and the fixing speed (p s.), 100 mm/sec. 18    EP 0 373 652 B1 As the
heat-resistant sheet, a polylmide film of 20 um thick, having at the
contactface with a recording medium a low-resistance release layer
comprising a conductive material dispersed in PTFE was used. At this time,
it took about 1.5 seconds until the surface temperature of the heater
element reached [err]. Capsule toner E was applied to a modified machine
obtained by detaching a fixing unit from a commercially 5   available
copying machine Canon NP-270RE (manufactured by Canon Inc.), and an unfixed
image was ob- tained. This unfixed image was subjected to fixing tests
under conditions as in the above, using an external fixing unit as shown in
Fig. 4A. As transferring medium, commercially available Canon New Dry Paper
(available from Canon Sales, Co., 10  Inc.; 54 g/[err]) was used. For
fixing tests, the solid areas of 20 mm in diameter in the resulting fixed
image were rubbed with Silbon paper under application of a load of 50
g/[err]. The fixing performance was expressed by the rate (%) of a low-
ering of image density. A Macbeth reflection densitometer was used in the
measurement of the image density. For further examination on offset
resistance, the unfixed images taken from the modified machine were suc- 15
cessively passed through the external fixing tester to make judgement on
whether or not the fixing film and the opposed rollerwere stained, whether
or not the images were struck through because of offsetting, whether 



or not the images on the transferring medium were stained, and whether or
not the back side of the transferring medium was stained. As a result, the
fixing performance was almost constantatthe initial stage and afterthe200
sheet papering, 20  showing that it was as good as 1 to 5 % (2.0 % in
average). As to the offset resistance, no stain not only on the
transferring paper but also on the back side of the transferring paper was
seen at all even after 10,000 sheet papering of unfixed images. After the
continuous sheet papering, the surfeces of the film and opposed roller of
te fixing unit were further observed to find that there was little adhesion
of toner. In addition, 10 g of this toner put in a 100 cc cup made of
polypropylene was allowed to stand for 24 hours 25  in an oven made to have
an inside temperature of [err] (constant) to examine blocking resistance.
As a result, no formation of toner mass was observed, showing a good state.
Comparative Example 5 30      For the comparison of the present heat-fixing
unit with the heat roller fixing unit, the following tests were tried. An
external fixing unit used for heat-roller fixing was made ready for use.
This heat roller fixing unit is comprised of two rollers of an upper roller
and a lower roller. The surface of the upper roller comprises Teflon, and a
heater is provided at the center thereof. Silicone rubber is used in the
lower roller. The nip width was 3 mm. The total pressure between the
rollers was set to be 7 kg. 35      A heater with a power consumption of
150 W was fitted to the center of the heat roller (upper roller, and the
temperature was raised while the rolls were rotated. However, even after 5
minutes, the surface temper- ature was raised only to [err], and thus it
was impossible to carry out the fixing tests. Then, the heater was replaced
with a heater of 900 W power consumption so that if became possible for the
surface temperature of the fixing roller to be maintained at [err] or more.
At this time, it took 23 seconds until the surface temper- 40  ature of the
heat roller was raised from room temperature to reach [err], and it further
took a little more time in order for the temperature to be maintained to a
constant degree as a result of temperature control. This means that a very
large power consumption is required in the heat roll fixing and the waiting
time can not be eliminated. Fixing tests were carried out using this heat
roll external fixing tester provided with the 900 W heater and 45  In the
state that an oil application mechanism of the fixing roller and a cleaning
mechanism thereof were de- tached. The fixing was carried out at a speed of
100 mm/sec, which was the same speed as that in Example 5. As a result, the
fixing performance was from 3 to 10 % (4.4 % In average) as the rate of the
lowering of density at the initial stage and after 200 sheet papering,
which was a result poorer than that in Example 5. 50  When 200 sheets were
papered, blank areas caused by the offset phenomenon were already seen on
the im- age, and when 2,200 sheets were papered, stain appeared on the back
side of the transferring paper. After the continuous papering, the roller
surfaces were observed with the finding of adhesion of toner in a consid-
erable quantity. 55   Example 6 Fixing tests in Example 5 were repeated
exceptfor changing the fixing speed to 150 mm/sec. The surface temperature
of the heater element, however, was set to be [err]. At this time, it took
about 1.6 seconds until 19    EP 0 373 652 B1 the surface temperature of
the heater element reached [err]. Results of the fixing tests are shown in
Table 1. As Table 1 shows, good results were obtained. Comparative Example
6 5 Using the external f ixing tester comprised of the heat roll, used in
Comparative Example 5, the fixing speed was changed to 150 mm/sec and the
roller surface temperature was set to [err] in order to make comparison
with Example 6. At this time, it took about 25 seconds plus a little time
until the roller surface temperature reached [err]. 10      Results
obtained are shown in Table 1. As Table 1 shows, poor results were seen in
the fixing performance 



and offset resistance. Example 7 15      Using capsule toner F, fixing
tests and blocking tests of toner were carried out in the same manner as In
comparative Example 5. Test conditions and test results are shown together
in Table 1. Comparative Example 7 20      Using capsule toner F, fixing
rests were carried out in the same manner as in Comparative Example 5. Test
conditions and test results are shown together in Table 1. Example 8 25
Using capsule toner G, fixing tests and blocking tests of toner were
carried out in the same manner as In Example 5. Test conditions and test
results are shown together in Table 1. Comparative Example 8 30      Using
capsule toner G, fixing tests were carded out in the same manner as in
Comparative Example 5. Test conditions and test results are shown together
in Table 1. Table 2 shows the endothermic temperature ([err]) measured with
DSC, of the capsule toner samples shown in Examples of the present
invention, and the heater element temperature ([err]), film surface
temperature ([err]), and film surface temperature at the time of peeling
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652 B1 Table 2 5                               Endothermic Capsule
temperature   Fixing unit temperature Exam-   toner           of  toner
([err]) ple       sample            [err] 5         E                 69
170         150            148 6         E                 69
175         150            147 7         F                 67
165        146            144 15 8         G                 64
160         139            136 20       T  :  Heater  element  temperature
T : Film surface temperature 2 T  : Film  surface  temperature  at  the
time  of  peeling 25      3 



Preparation Example of Polyester Resin Powder G 30
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 23.5 parts by weight
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 35 34.0 parts by
weight Terephthalic  acid                              19.5  parts  by
weight 40        n-Dodecenylsuccinic acid                           9.8
parts by weight Pyromellitic acid                                 13.2
parts by weight The above materials in a total amount of 1,500 g were put
into a 2 [err] volume four-necked round flask equip- 45   ped with a
thermometer, a stirrer made of stainless steel, a nitrogen-feeding tube
made of glass, and a falling condenser. Subsequently, the flask was placed
in a mantle heater, and nitrogen gas was fed from the feeding tube made of
glass so that the inside of the reaction vessel was kept an inert
atmosphere. Temperature was then raised. Thereafter, 0.10 g of dibutyltin
oxide was added, the temperature was maintained at [err], and
co-condensation reaction was carried out for 12 hours to give a polyester
resin. 50      This resin showed an acid value of 16.5. In 100 parts by
weight of the above resin, 4 parts by weight of a chromium complex of
3,5-ditertlarybutyl- salicylic acid was further mixed, and the mixture was
melt-kneaded using a roll mill. The kneaded product was cooled and then
pulverized, followed by classification using an air classifier to give
polyester resin powder G used for the shell, with an average particle
diameter of 1.0 um. This resin powder G showed an apparent vis- 55   cosity
[err] and an apparent viscosity [err] as measured by the overhead-type flow
tester shown in Fig. 1, of 4.8 x [err] poise and 1.9 x [err] poise,
respectively. The absolute value of the inclination tan[err] of the natural
logarithms [err] of this apparent viscosity with respect to the temperature
was found to be 0.11 [err] (poise)[err]. 22    EP 0 373 652 B1 Preparation
Example of Polyester Resin Powder H
Polyoxypropylene(2,2)-2,2-bis(4-hydroxyphenyl)propane 30 parts by weight
Polyoxyethylene(2,2)-2,2-bis(4-hydroxyphenyl)propene 35.0 parts by weight
10 Terephthalic  acid  ,                           21.5  parts by weight
n-Dodecenylsuccinic acid                          8.0 parts by weight 15
Pyromellitic  acid                                5.5 parts  by weight A
polyester resin was obtained in the same manner as polyester resin powderG
exceptfor using the above materials. This resin showed an acid value of
21.5. 20     In 100 parts by weight of the above resin, 2 parts by weight
of a chromium complex of 3,5-ditertiarybutyl- salicylic acid was further
mixed, and the mixture was melt-kneaded using a roll mill. The kneaded
product was cooled and then pulverized, followed by classification using an
air classifier to give polyester resin powder H used for the shell, with an
average particle diameter of 1.0 um. This resin powder H showed an apparent
viscosity [err] and an apparent viscosity [err] 25   [err] as measured by
the overhead-type flow tester shown in Fig. 1 of 2.2 x [err] poise and 6.5
x [err] poise, respectively. The absolute value of the inclination tan[err]
of the natural logarithms [err] of this apparent viscosity with respect to
the temperature was found to be 0.12 [err] (poise)[err]. Capsule Toner H:
30 Polyethylene   100 parts by weight Magnetite     60 parts by weight 



The above components were melt-kneeded using a roll mill. After cooling,
the kneaded product was coarsely pulverized with a cutter mill, and further
finely pulverized using ajet mill Next, the resulting fine pow- 35  derwas
classified using an air classifierto give core particles with a volume
average particle diameter of 10.1 um. Based on 100 parts by weight of the
above core particles, 35 parts by weight of polyester resin powder G was
mixed. Subsequently, using the dry capsule apparatus as shown in Fig. 8-1,
encapsulation was carried out under conditions of a circulation time of 5
minutes, a stirring blade peripheral speed of 60 m/sec, an at- 40
mospheric temperature of [err],and a minimum gap of 2.5 mm. In 100 parts by
weightof capsule toner G thus obtained, 0.5 part by weightof
colloidalisilicawas externally added and mixed to give capsule toner H
having colloidal silica on its particle surfaces. Capsule Toner I: 45 Using
polyester resin powder H, and also using the same core particles as those
for capsule toner H, en- capsulation was carried out in the same manner.
Based on 100 parts by weightof capsule toner I thus obtained, 0.6 part by
weight of colloidal silica was externally added and mixed to give capsule
toner I having colloidal silica on its particle surfaces. 50 Capsule Toner
J: Polyethylene   100 parts by weight Pigment Blue   5 parts by weight 55
The above components were kneaded, pulverized and classified in the same
manner as in capsule toner H to give core particles with a volume average
particle diameter of 10.3 um. Subsequently, using polyester resin powder
used for the the shell of capsule toner H, encapsulation was carried out in
the same manner. 23    EP 0 373 652 B1 Based on 100 parts by weight of
capsule toner J obtained here, 0.5 part by weight of colloidal silica was
externally added and mixed to give capsule toner J having colloidal silica
on its particle surfaces. Based on 10 parts by weight of capsule toner J,
100 parts by weight of a resin-coated ferrite carrierwas mixed to give a
two-component developer. 5      Next, fixing tests were carried out using
Capsule toners H, I and J and the heat-fixing unit as shown In Fig. 4A.
Blocking resistance tests also were further carried out. Example 9 10
In the heat-fixing unit as shown in Fig. 4A, the surface temperature of the
heater element 11 was set to [err]; the power consumption of the resistance
material at the heating part, 150 W; the total pressure of the pressure
roller, 7 kg; the nip between the pressure roll and film, 3 mm; and the
fixing speed (p.s.), 100 m/sec. As the heat-resistant sheet, a polyimide
film of 20 um thick, having at the contactface with a recording medium a
low-resistance release layer comprising a conductive material dispersed in
PTFE was used. 15      Atthis time, it took about 1.5 seconds until the
surface temperature of the heaterelement reached [err]. Capsule toner H was
applied to a modified machine obtained by detaching a fixng unitfroma
commerially available copying machine Canon NP-270RE (manufactured by Canon
Inc.), and an unfixed image was ob- tained. This unfixed image was
subjected to fixing tests under conditions as in the above, using an
external fixing 20  unit as shown in Fig. 4A. As transferring medium,
commercially available Canon New Dry Paper (available from Canon Sales,
Co., Inc.; 54 g/[err]) was used. Forfixing tests, the solid areas of 20 mm
in diameter in the resulting fixed image were rubbed with Silbon paper
under application of a load of 50 g/[err]. The fixing performance was
expressed by the rate (%) of a low- 25  ering of image density. A Macbeth
reflection densitometer was used in the measurement of the image density. 



For further examination on offset resistance, the unfixed images taken from
the modified machine were suc- cessively passed through the external fixing
tester to make judgement on whether or not the fixing film and the opposed
roller were stained, whether or not the images were struck through because
of offsetting, whether or not the images on the transferring medium were
stained, and whether or notthe backside of the transferring 30   medium was
stained. As a result, thefixing performance was almost constantatthe
initial stage and afterthe200 sheet papering, showing that it was as good
as 1 to 5 % (2.1 % in average). As to the offset resistance, no stain not
only on the transferring paper but also on the back side of the
transferring paper was seen at all even after 10,000 sheet papering of
unfixed images. After the continuous sheet papering, the surfaces of the
film and opposed 35  roller of te fixing unit were further observed to find
that there was little adhesion of toner. In addition, 10 g of this toner
put in a 100 cc cup made of polypropylene was allowed to stand for 24 hours
In an oven made to have an inside temperature of [err] (constant) to
examine blocking resistance. As a result, no formation of toner mass was
observed, showing a good state. 40   Comparative Example 9 For the
comparison of the present heat-fixing unit with the heat roller fixing
unit, the following tests were tried. An external fixing unit used for
heat-roller fixing was made ready for use. This heat roller fixing unit is
comprised of two rollers of an upper roller and a lower roller. The surface
of the upper roller comprises Teflon, 45  and a heater is provided at the
center thereof. Silicone rubber is used in the lower roller. The nip width
was 3 mm. The total pressure between the rollers was set to be 7 kg. A
heater with a power consumption of 150 W was fitted to the center of the
heat roller (upper roller), and the temperature was raised while the rolls
were rotated. However, even after 5 minutes, the surface temper- ature was
raised only to [err], and thus it was impossible to carry out the fixing
tests. Then, the heaterwas 50  replaced with a heater of 900 W power
consumption so that it became possible for the surface temperature of the
fixing roller to be maintained at [err] or more. At this time, it took 23
seconds until the surface temper- ature of the heat roller was raised from
room temperature to reach [err], and it further took a little more time in
order for the temperature to be maintained to a constant degree as a result
of temperature control. This means that a very large power consumption is
required in the heat roll fixing and the waiting time can not be 55
eliminated. Fixng tests were carried out using this heat roll external
fixing tester provided with the 900 W heater and In the state that an oil
application mechanism of the fixing roller and a cleaning mechanism thereof
were de- tached. The fixing was carried out at a speed of 100 mm/sec, which
was the same speed as that in Example 24    EP 0 373 652 B1 9. As a result,
the fixing performance was from 2 to 8 % (4.3 % in average) as the rate of
the lowering of density at the initial stage and after 200 sheet papering,
which was a result more or less poorer than that In Example 9. When 200
sheets were papered, blank areas caused by the offset phenomenon were
already seen 5   on the Image, and when 2,400 sheets were papered, stain
appeared on the backside of the transferring paper. Afterthe continuous
papering, the roller surfaces were observed with the finding of adhesion of
toner in a con- siderable quantity. Example 10 10 Fixing tests in Example 9
were repeated except for changing the fixing speed to 150 mm/sec. The
surface temperature of the heater element, however, was set to be [err]. At
this time, it took about 1.6 seconds until the surface temperature of the
heater element reached [err]. Results of the fixing tests are shown in
Table 3. As Table 3 shows, good results were obtained. 15 Comparative
Example 10 Using the external fixing tester comprised of the heat roll,
used in Comparative Example9, thefixing speed 



was changed to 150 mm/sec and the roller surface temperature was set to
[err] in orderto make comparison 20  with Example 10. At this time, it took
about 27 seconds plus a little time until the roller surface temperature
reached [err]. Results obtained are shown in Table 3. As Table 3 shows,
poor results were seen in the fixing performance and offset resistance. 25
Example 11 Using capsule toner I, fixing tests and blocking tests of toner
were carried out in the same manner as in Example 9. Test conditions and
test results are shown in Table 3. 30   Comparative Example 11 Using
capsule toner I, f ixing tests were carried out in the same manner as in
Comparative Example 9. Test Conditions and test results are shown in Table
3. 35   Example 12 Using capsule toner J, fixing tests and blocking tests
of toner were carried out in the same manner as in Example 9. Test
conditions and test results are shown in Table 3. 40   Comparative Example
12 Using capsule toner J, fixing tests were carried out in the same manner
as in Comparative Example 9. Test conditions and test results are shown in
Table 3. Table 4 shows the endothermic temperature ([err]) measured with
DSC, of the toner samples shown In Ex- 45  amples of the present invention,
and the heater element temperature (T1), film surface temperature ([err]),
and film surface temperature at the time of peeling (T3). 50 55 25    EP 0
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Endothermic Capsule  temperature   Fixing unit temperature Exam-   toner
of  toner                           ([err]) ple       sample
[err] 9         H                 73             170         150
147 10         H                 73             180         154
152 15       11          I                 72            170         150
149 12         J                 71             160         140
138 20       [err]  : Heater  element  temperature [err]: Film surface
temperature [err] : Film surface temperature at the time of peeling
Examples of preparing the suspension polymer toner according to the
heat-fixing method of the present Invention, and examples of the
heat-fixing method making use of the toner will be described below. 30
Preparation Example of Toner K Styrene monomer
150 parts by weight Ethylhexyl acrylate monomer                       50
parts by weight Styrene/dimethylaminoethyl methacrylate copolymer 8 parts
by weight 40 Divinylbenzene                                   0.2 part  by
weight Carbon black                                    20 parts  by weight
45 The above components were mixed. Thereafter, 1 part by weight of
azobisisobutylonitrile was added in the resulting mixture. A monomer
composition was thus prepared. This monomer composition was introduced 



into an aqueous medium of 2,000 parts by weight of heated ion-exchanged
water containing 10 parts by weight of Aerosil #200 (a product of Nippon
Aerosil Co., Ltd.), with stirring using a TK homomixer. Afterthey were In-
50  troduced, the contents were stirred for 25 minutes at 10,000 r.p.m. to
effect dispersion and granulation. After replacement of the stirring with
paddle stirring, stirring was further continued for 20 hours under heating,
and the polymerization was then completed. Thereafter, the reaction mixture
was cooled, and washed with a so- dium hydroxide solution to remove silica
by dissolution, followed by washing with water, dehydration, drying, and
classification to form suspension polymer toner particles of 12 um in
volume average particle diameter. 55      Graph (a) in Fig. 5 shows the
relationship between the melt viscosity of the toner, and the temperature.
This toner K had the TD at a temperature of [err]. 27    EP 0 373 652 B1
Preparation Example of Toner L Styrene monomer
120 parts by weight 5         2-Ethylhexyl acrylate monomer
50 parts by weight Methyl methacrylate monomer                        30
parts by weight 10        Styrene/diemthylaminoethyl methacrylate copolymer
5 parts by weight Divinylbenzene                                      0.3
part by weight 15         Carbon black
20 parts by weight The above components were mixed. Thereafter, 0.8 part by
weight of di-tertiarybutyl peroxide was added in the resulting mixture. A
monomer composition was thus prepared. Using this monomer composition, sus-
20   pension polymer toner L was formed in substantially the same manner as
in preparation Example of Toner K Graph (b) in Fig. 5 shows the
relationship between the viscosity of the toner, and the temperature. This
toner L had the [err] at a temperature of [err]. Preparation Example of
Toner M 25 Styrene monomer                                   150 parts by
weight 2-Ethylhexyl acrylate monomer                      40 parts by
weight Styrene/dimethylaminoethyl methacrylate copolymer (monomer ratio:
98:2; number average molecular weight: 35 2 x  104)
30  parts  by  weight Divinylbenzene
0.4 part by weight Carbon black                                       20
parts by weight 40 The above components were mixed. Thereafter, 0.8 part by
weight of di-tertiarybutyl peroxide was added in the resulting mixture. A
monomer composition was thus prepared. Using this monomer composition, sus-
pension polymer toner M was formed substantially the same manner as in
Preparation Example of Toner K 45      Graph (c) in Fig. 5 shows the
relationship between the viscosity of the toner M, and the temperature.
This toner M had the TD at a temperature of [err]. Example 13 50
Suspension polymer toner K (2 parts by weight) and 100 parts by weight of a
carrier were mixed to give a two-component developer. This developer was
applied to a modified machine of a commercially available copying machine
Canon NP-1215 (manufactured by Canon Inc.), and a recording medium on which
toner-unfixed image was formed was obtained therefrom, which was then
applied to the fixing unit as shown in Fig. 4A. 55      In this heat-fixing
unit, the temperature sensor surface temperature T1 of the heater element
was set to [err] the power consumption of the resistance material at the
heating part, 150 W; the total pressure at the pressure roller, 15 kg; the
nip between the pressure roll and film, 3 mm; and the fixing speed, 100
mm/sec. 



As the heat-resistant sheet, a polyimide f ilm of 20 um thick, having at
the contact face with a recording medium 28    EP 0 373 652 B1 a
low-resistance release layer comprising a conductive material dispersed in
PTFE was used. At this time, it took about 2 seconds until the temperature
sensor surface temperature [err] of the heater element reached [err]. The
temperature T2 also at this time was [err], and the temperature T3 was
[err]. As recording me- dium, commercially available Canon New Dry Paper
(available from Canon Sales, Co., Inc, 54 g/[err]) for use 5   in copying
machines was used. The resulting images were free from penetration of toner
into paper and bleed-through, and there were obtained good images also
showing good fixing performance and causing no offsetting to the film.
Example 14 10 Toner L (2 parts by weight) and 100 parts by weight of a
carrier were mixed to give a two-component de- veloper. Using this
developer, evaluation was made in the same manneras in Example 13. Asa
result, good images were obtained, which caused no offset phenomenon,
having excellent fixing performance, and also free from 15  penetration of
toner into paper, bleed-through, and feathering of images. The time taken
until the temperature sensor surface temperature [err] of the heater
element reached [err], and the temperatures [err] were substantially the
same as those in Example 13. Example 15 20 Suspension polymer toner M (2
parts by weight) and 100 parts by weight of a carrier were mixed to give a
two-component developer. This developer was applied to a modified machine
of a commercially available copying machine Canon NP-3225 (manufactured by
Canon Inc.), and toner-unfixed images were taken out, which was then fixed
using 25  the fixng unit as shown in Fig. 4A in the same manner as in
Example 13. The resulting images were evaluated. The resulting images were
sharp, free from penetration of toner into recording paper and
bleed-through, and also showed good fixing performance. No offsetting to
the film was observed. The time taken until the temperature sensor surface
temperature T1 of the heater element reached [err], and the temperatures
T2, T3 were substantially the same as those in Example 13. 30 Comparative
Example 13 Evaluation was made using the two-component developer in the
same manner as in Example 15 except that the fixing unit was detached from
the modified commercially available copying machine Canon NP-1215 35
(manufactured by Canon Inc.) and used as the fixing unit. This fixing unit
is a fixing unit of a heat roll type internally having a heating element of
900 W. and provided with no cleaning member. The evaluation was made by so
setting the surface temperature of the heat roll as to be maintained at
[err]. The images obtained as a result showed poor fixing performance, and
also caused the offsetting. The wait- 40  ing time in this instance was
about 60 seconds. Example 16 Using a twin-screw kneader extruder, 100 parts
by weight of a cross-linked polyethylene resin (its melt 45  viscosity
characteristics are shown by graph (a) in Fig. 6), 50 parts by weight of
magnetite, and 3 parts by weight of Nigrosine dye were melt-kneaded.
Thereafter, the kneaded product was cooled and then pulverized using an
air-stream pulverizer, followed by classification using an air classifier
to give a blackfine powder (to- nerN)with an average particle diameterof
about 12 um. Based on 100 parts by weight of this blackfine powder, 0.5
part by weight of commercially available silica powder was added to give
toner N having silica powder on 50  its particle surfaces. Toner N showed
[err]. This toner N was applied to a commercially available copying machine
Canon NP-1215 (manufactured by 



Canon Inc.), and a recording medium on which toner-unfixed image was formed
was taken out, which was then applied to the fixing unit as shown in Fig.
4A. In the heat-fixing unit as shown in Fig. 4A, the temperature sensor
surface temperature [err] of the heater 55  element was set to [err]; the
power consumption of the resistance material at the heating part, 150 W;
the total pressure at the pressure roller, 15 kg; the nip between the
pressure roll and film, 3 mm, and the fixing speed, 100 mm/sec. As the
heat-resistant sheet, a polyimide film of 20 um thick, having at the
contact face with a recording medium a low-resistance release layer
comprising a conductive material dispersed in PTFE 29    EP 0 373 652 B1
was used. At this time, it took about 2 seconds until the temperature
sensor surface temperature T1 of the heater element reached [err]. The
temperature T2 also at this time was [err], and the temperature [err] was
185C. As recording medium, commercially available Canon New Dry Paper
(available from Canon Sales, Co., Inc; 54 g/[err]) for use in copying
machines was used. 5      The resulting images were free from penetration
of toner into paper and bleed-through, and there were obtained good images
also showing good fixing performance and causing no offsetting to the film.
Example 17 10      Using 100 parts by weight of a cross-linked
styrene/butyl acrylate copolymer having its meltviscosity char- acteristics
asshown by graph (d) in Fig. 6,3 parts byweightof a low-molecular
polyethylene, 2 parts byweight of Nigrosine dye, and 4 parts by weight of
carbon black, toner O with an average particle diameter of about 14 um was
obtained in the same manner as in Example 16. The [err] of this toner O was
75.0. Based on 100 g of this toner 0, 1,000 g of an iron powder carrier was
mixed to give a two-component developer. 15      Using this developer,
unfixed toner images were formed using the copying machine NP1215, and
evalua- tion was made in the same manner as in Example 16. As a result,
good images were obtained, which caused no offset phenomenon, having
excellent fixing performance, and also free from penetration of tonerinto
paper, bleed-through, and feathering of images. The time taken until the
temperature sensor surface temperature [err] of the heater element reached
[err], 20  and the temperatures T2, T3 were substantially the same as those
in Example 16. Comparative Example 14 Evaluation was made using the
two-component developer in the same manner as in Example 17 except 25  that
the fixing unit was detached from the commercially available copying
machine Canon NP-1215 (manu- factured by Canon Inc.) and used as the fixing
unit. This fixing unit is afixing unitof a heat roll type internally having
a heating elementof 900W. The evaluation was made by so setting the surface
temperature of the heat roll as to be maintained at [err]. The images
obtained as a result showed poor fixing performance. The waiting time in
this instance was 30  about 60 seconds. Example 18 Using 100 parts by
weight of a mixture of a cross-linked polystyrene resin having its melt
viscosity char- 35  acteristics as shown bygraph (b) in Fig. 6 and paraffin
wax (mixing ratio: 90:10), and 5 parts by weight of Phtha- locyanine Blue,
toner P was obtained in the same manner as in Example 17, which toner was
further mixed with an iron powder carrier to give a two-component
developer. The toner P before it is mixed with the carrier showed [err].
Using this developer, evaluation was made  according to Example 17. As a
result, no offset phenomenon occurred, and sharp images with good fixing
performance were obtained. 40      The time taken until the temperature
sensor surface temperature [err] of the heater element reached [err], and
the temperatures T2, T3 were substantially the same as those in Example 16.
Capsule Toner Q: 45   Polyethylene   100 parts by weight Magnetite     60
parts by weight The above components were melt-kneaded using a roll mill.
After cooling, the kneaded product was coarsely pulverized with a cutter
mill, and furtherfinely pulverized using ajet mill. Next, the resulting
fine pow- 



derwas classified using an air classifier to give core particles with a
volume average particle diameter of 10.2 50  um. Cross-linked polystyrene
resin (Melt viscosity  [err] = 3.5  x  [err] poise  at  [err]; 30    EP 0
373 652 B1 absolute  value  of  inclination  = 0.14  [err] (poise)/[err])
100  parts  by weight 5          Nigrosine
2 parts  by weight The above components were similarly kneaded and
pulverized to give a shell resin powder. In a solution prepared by
dissolving and dispersing 18 parts by weight of the above shell resin in
300 parts by weight of THF, 100 parts by weight of the above core particles
were dispersed. 10      Subsequently, the resulting dispersion was
subjected to encapsulation using a spray dryer. In 100 parts byweight of
capsule tonerQthus obtained, 0.5 part by weight of colloidal silica was
externally added and mixed to give capsule toner Q having colloidal silica
on its particle surfaces. Capsule Toner R 15 Cross-linked polystyrene resin
(Melt  viscosity  [err]   =  1.2  x  10   poise  at  130C; 20
absolute value of inclination = 0.14 [err] (poise)/[err])
100  parts  by weight Nigrosine
1.2 parts by weight 25 The above components were subjected to the same
procedure as in the case of capsule toner Q to give a shell resin powder.
Using the above shell resin, encapsulation was carried out in the same
manner as in cap- sule toner Q. 30      Based on 100 parts by weight of
capsule toner R obtained here, 0.4 part by weight of colloidal silica was
externally added and mixed to give capsule toner R having colloidal silica
on its particle surfaces. Capsule Toner S Cross-linked styrene/acrylate
copolymer (Melt  viscosity  [err] = 2.0  x  [err]   poise  at  [err]; 40
absolute value of inclination = 0.17 [err] (poise)/[err])
100  parts  by weight Nigrosine
1.3 parts by weight 45 The above components were subjected to the same
procedure as in the case of capsule toner Q to give a shell resin powder.
Subsequently, using the same core particles as in capsule toner Q,
encapsulation was carried out in the same manner, except that the shell
resin was used in an amount of 22 parts by weight based on 100 parts by 50
weight of the core particles. Based on 100 parts by weight of capsule toner
S obtained here, 0.6 part by weight of colloidal silica was externally
added and mixed to give capsule toner S having colloidal silica on its
particle surfaces. Next, fixing tests were carried out using capsule toners
Q, R and S and the heat-fixing unit as shown in Fig. 4A. Blocking
resistance tests also were carried out. 55 Example 19 Inthe heat-fixing
unitas shown in Fig. 4A, the surface temperature of the
heaterelementwassetto [err]; 31  



EP 0 373 652 B1 the power consumption of the resistance material at the
heating part, 150 W: the total pressure of the pressure roller, 7 kg; the
nip between the pressure roll and film, 3 mm; and the fixing speed (p.s.),
100 mm/sec. As the heat-resistant sheet, a polyimide film of 20 um thick,
having at the contact face with a recording medium a low-resistance release
layer comprising a conductive material dispersed in PTFE was used. 5
At this time, it took about 1.4 seconds until the surface temperature of
the heater element reached [err]. Capsule toner Qwas applied to a modified
machine obtained by detaching a fixing unitfrom a commercially available
copying machine Canon NP-1215 (manufactured by Canon Inc.), and an unfixed
image was obtained. This unfixed image was subjected to fixing tests under
conditions as in the above, using an external fixing unit as shown in Fig.
4A. 10      As transferring medium, commercially available Canon New Dry
Paper (available from Canon Sales, Co., Inc.; 54 g/[err]) was used. For
fixing tests, the solid areas of 20 mm in diameter in the resulting fixed
image were rubbed with Silbon paper under application of a load of 50
g/[err]. The fixing performance was expressed by the rate (%) of a low-
ering of image density. A Macbeth reflection densitometerwas used in the
measurement of the image density. 15  Forfurther examination on offset
resistance, the unfixed images taken from the modified machine were suc-
cessively passed through the external fixing tester to make judgement on
whether or not the fixing film and the opposed rollerwere stained, whether
or not the images were struck through because of offsetting, whether or
notthe images on the transferring medium were stained, and whether or
notthe backside of the transferring medium was stained. 20      Asa result,
the fixing performance was almost constantat the initial stage and afterthe
200 sheet papering, showing that it was as good as 1 to 6 % (2.9 % in
average). As to the offset resistance, no stain not only on the
transferring paper but also on the back side of the transferring paper was
seen at all even after 10,000 sheet papering of unfixed images. After the
continuous sheet papering, the surfaces of the film and opposed roller of
the fixing unit were further observed to find that there was little
adhesion of toner. 25     In addition, 10 g of this toner put in a 100 cc
cup made of polypropylene was allowed to stand for 24 hours in an oven made
to have an inside temperature of [err] (constant) to examine blocking
resistance. As a result, no formation of toner mass was observed, showing a
good state. Comparative Example 15 30 For the comparison of the present
heat-fixing unit with the heat roller fixing unit, the following tests were
tried. An external fixing unit used for heat-roller fixing was made ready
for use. This heat roller fixing unit is comprised of two rollers of an
upper roller and a lower roller. The surface of the upper roller comprises
Teflon, and a heater is provided at the center thereof. Silicone rubber is
used in the lower roller. The nip width was 3 35  mm. The total pressure
between the rollers was set to be 7 kg. A heater with a power consumption
of 150 W was fitted to the center of the heat roller (upper roller), and
the temperature was raised while the rolls were rotated. However, even
after 4 minutes, the surface temper- ature was raised only to [err]. Then,
the heater was replacedwith a heater of 900 W power consumption so that it
became possible for the surface temperature of the fixing roller to be
maintained at 150C or more. At 40  this time, ittook 17.5 seconds until the
surfacetemperature of the heat rollerwas raisedfrom room temperature to
reach [err], and itfurthertook a little more time in orderforthe
temperature to be maintained to a constant degree as a result of
temperature control. This means that a very large power consumption is
required in the heat roll fixing and the waiting time can not be
eliminated. Fixing tests were carried out using this heat roll external
fixing tester provided with the 900 W heater and 45  in the state that an
oil application mechanism of the fixing roller and a cleaning mechanism
thereof were de- tached. The fixing was carried out at a speed of 100
mm/sec, which was the same speed as that In Example 19. As a result, the
fixing performance was from 3 to 10 % (5.1 % in average) as the rate of the
lowering of density at the initial stage and after 200 sheet papering,
which was a result poorer than that In Example 19. 50  When 200 sheets were
papered, blank areas caused by the offset phenomenon were already seen on
the Im- 



age, and when 1,500 sheets were papered, stain appeared on the back side of
the transferring paper. After the continuous papering, the roller surfaces
were observed with the finding of adhesion of toner in a consid- erable
quantity. 55   Example 20 Fixing tests in Example 19 were repeated except
for changing the fixing speed to 150 mm/sec. Thesurfaoe temperature of the
heater element, however, was set to be [err]. At this time, it took about
1.5 seconds until 32    EP 0 373 652 B1 the surface temperature of the
heater element reached [err]. Results of the fixing tests are shown in
Table 5. As Table 5 shows, good results were obtained. Comparative Example
16 5 Using the external fixing tester comprised of the heat roll, used in
Comparative Example 15, the fixing speed was changed to 150 mm/sec and the
roller surface temperature was set to [err] in orderto make com- parison
with Example 20. At this time, it took about 20 seconds plus a little time
until the roller surface tem- perature reached [err]. 10      Results
obtained are shown in Table 5. As Table 5 shows, poorresults were seen in
the fixing performance and offset resistance. Example 21 15      Using
capsule toner R, fixing tests and blocking tests of toner were carried out
in the same manner as in Example 19. Test conditions and test results are
shown together in Table 5. Comparative Example 17 20      Using capsule
toner R, fixing tests were carried out in the same manner as in Comparative
Example 15. Test conditions and test results are shown together in Table 5.
Example 22 25      Using capsule toner S, fixing tests and blocking tests
of toner were carried out in the same manner as in Example 19. Test
conditions and test results are shown together in Table 5. Comparative
Example 18 30      Using capsule toner S, fixing tests were carried out in
the same manner as in Comparative Example 15. Test conditions and test
results are shown together in Table 5. Table 6 shows the endothermic
temperature ([err]) measured with DSC, of the capsule tonersamples shown in
Examples of the present invention, and the heater element temperature
([err]), film surface temperature ([err]), and film surface temperature at
the time of peeling (T3). 35 40 45 50 55 33    EP 0 373 652 B1 +j   :
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Capsule   temperature    Fixing unit  temperature Exam-   toner         of
toner                          ([err]) ple       sample           [err] 10
19         Q                72            150         130           128 20
Q                72            160         137           135 21         R
73            160         141           140 15 22         S
75            190         170           167 20       [err]:  Heater
element  temperature 



[err]: Film surface temperature [err]:Film surface  temperature  at  the
time of peeling 25 Claims 30  1. A method of heat-fixing a visible image of
toner to a recording medium, which comprises heatfixing a toner image
retained on a recording medium to the recording medium by use of a hea- ter
element as stationarily supported and a pressure memberthat brings said
recording medium into close contact with said heater element through a film
interposed between them, said film being peeled from the toner image after
the heat-fixing of the toner image. 35            wherein the toner has a
melt viscosity [err] measured by an overhead-type flow tester of  [err]
Pa-s ([err] poise) at a temperature within the temperature range of from
[err], wherein the absolute value of the inclination of a graph is not more
than 0.50 [err] (poise)[err] when the natural log- arithms [err] of the
melt viscosities at [err] are plotted with respect to the temperatures. 40
2. A method according to Claim 1, wherein said toner has an endothermic
peak [err] at a temperature of from 40 to [err]. 3. A method according to
Claim 1, wherein said toner has an endothermic peak [err] at a temperature
of from 55 to [err]. 45 4. A method according to Claim 1, wherein the
surface temperature of said film at the time of being peeled is at least
[err] higher than the temperature of the endothermic peak [err] of said
toner. 5. A method according to Claim 4, wherein the surface temperature of
said film at the time of being peeled 50      is from 40 to [err] higher
than the temperature of the endothermic peak [err] of said toner. 6. A
method according to Claim 1, wherein said toner comprises a binder resin
and at least one of a colorant and a magnetic powder. 55   7. A method
according to Claim 1, wherein said toner comprises a cross-linked resin. 8.
A method according to Claim 7, wherein said cross-linked resin comprises a
polyester resin or a polymer or copolymer formed from an
a,[err]-ethylenically unsaturated monomer. 35    EP 0 373 652 B1
*  C  L  M  S  * Table 6 Endothermic 5                  Capsule
temperature    Fixing unit  temperature Exam-   toner         of  toner
([err]) ple       sample           [err] 10        19         Q
72            150        130            128 20         Q                72
160        137            135 21         R                73            160
141            140 15 22         S                75            190
170            167 [err]:  Heater  element  temperature [err]: Film
surface  temperature [err] : Film surface temperature at the time of
peeling 25 Claims 30  1. Amethod of heat-fixing a visible image of toner to
a recording medium, which comprises heatfixing a toner image retained on a
recording medium to the recording medium by use of a hea- terelement as
stationarily supported and a pressure memberthat brings said recording
medium into close contact with said heater element through a film
interposed between them, said film being peeled from the toner image after
the heat-fixing of the toner image, 



35            wherein the toner has a melt viscosity [err] measured by an
overhead-type flow tester of 102 to 106 Pa-s ([err] poise) at a temperature
within the temperature range of from [err], wherein the absolute value of
the inclination of a graph is not more than 0.50 [err] (poise)[err] when
the natural log- arithms [err]of the melt viscosities at [err]  are plotted
with respect to the temperatures. 40  2. A method according to Claim 1,
wherein said toner has an endothermic peak TD at a temperature of from 40
to [err]. 3. A method according to Claim 1, wherein said toner has an
endothermic peak [err] at a temperature of from 55 to [err]. 45 4. A method
according to Claim 1, wherein the surface temperature of said film at the
time of being peeled is at least [err] higher than the temperature of the
endothermic peak [err] of said toner. 5. A method according to Claim 4,
wherein the surface temperature of said film at the time of being peeled 50
is from 40 to [err] higher than the temperature of the endothermic peak
[err] of said toner. 6. Amethod according to Claim 1, wherein said toner
comprises a binder resin and at least one of a colorant and a magnetic
powder. 55   7. A method according to Claim 1, wherein said toner comprises
a cross-linked resin. 8. A method according to Claim 7, wherein said
cross-linked resin comprises a polyester resin or a polymer or copolymer
formed from an a,[err]-ethylenically unsaturated monomer. 35    * C   L   M
S * 9. Amethod according to Claim 7, wherein said cross-linked resin
comprises; (A) an etherif led diphenol; (B) not less than 30 mol % of an
aromatic dicarboxylic acid, based on the total amounts of acids; (C) from 5
to 40 % by weight of at least one of an alkenyl-substituted dicarboxylic
acid and an alkyl- 5         substituted dicarboxylic acid, based on the
total amount of acids; and (D) at least one of a polycarboxylic acid with
three or more carboxylic groups and a polyol with three or more hydroxyl
groups. 10. A method according to Claim 9, wherein said alkenyl-substituted
dicarboxylic acid has an alkenyl group 10      having 6 to 18 carbon atoms.
11. Amethod according to Claim 9, wherein said alkyl-substituted
dicarboxylic acid has an alkyl group having 6 to 18 carbon atoms. 15  12. A
method according to Claim 8, wherein said cross-linked polyester resin has
an acid value of from 5 to 60. 13. Amethod according to Claim 12, wherein
said cross-linked polyesterresin is melt-kneaded with an organic metal
compound containing a metal of two or more valences. 20 14. A method
according to Claim 13, wherein said organic metal compound comprises a
polyvalent metal se- lected from the group consisting of Al, Ba, Ca, Cd,
Co, Cr, Cu, Fe, Hg, Mg, Mn, NI, Pb, Sn, Sr and Zn 15. A method according to
Claim 14, wherein said organic metal compound comprises a carboxylate, an
al- 25       koxylate, an organic metal complex, or a chelate compound. 16.
Amethod according to Claim 14, wherein said organic metal compound
comprisesan acetylacetone metal complex, a salicylic acid metal salt, or a
salicylic acid metal complex. 30  17. A method according to Claim 8,
wherein said a,[err]-ethylenically unsaturated monomer is a vinyl monomer.
18. Amethod according to Claim 8, wherein said cross-linked resin comprises
a cross-linked styrene polymer or a cross-linked styrene copolymer. 35  19.
Amethod according to Claim 18, wherein said cross-linked resin comprises a
styrene polymer or styrene copolymer cross-linked with divinylbenzene. 20.
A method according to Claim 1, wherein said heater element has a
temperature of from [err]. 40  21. A method according to Claim 1, wherein
said toner image is heated with a heater element having a tem- 



perature of from 100 to [err], through a film of from 1 to 100 um thick.
22. A method according to Claim 21, wherein said film has heat resistance.
45  23. Amethod according to Claim 22, wherein said film has a
layerformedof a polymerselectedfromthe group consisting of a polyimide, a
polyester, a polyethylene terephthalate, a
tetrafluoroethylene/perfluoroalkyl vinyl ether copolymer, a
polytetrafluoroethylene, and a polyamide. 24. A method according to Claim
22, wherein said film has a layer formed of a metal. 50 25. A method
according to Claim 22, wherein said film has at least one of a release
layer and a low-resistant layer. 26. A method according to Claim 22,
wherein said film comprises a layer of a polyimide film and a fluorine 55
resin layer. 27. A method according to Claim 22, wherein said fluorine
resin layer has a conductive material dispersed therein. 36    EP 0 373 652
B1                      *  C  L  M  S  * 28. A method according to Claim
26, wherein said fluorine resin layer comprises a polytetrafluoroethylene.
29. A method according to Claim 1, wherein said film is pressed against the
heater element by a pressure member under a total pressure of from 4 to 20
kg. 30. Amethod according to Claim 29, wherein said pressure member is
provided with a pressure roller having a rubber elastic layer. 31. A method
according to Claim 30, wherein said pressure member is provided with a
pressure roller having 10      an elastic layer formed of a silicone
rubber. 32. A method according to Claim 1, wherein said heater element is
heated by applying an electric current of a pulse-like waveform to a
resistor. 15  33. Amethod according to Claim 1, wherein said heater element
has a low heat capacity and is of linearstruc- ture. 34. A method according
to Claim 1, wherein said heater element is provided with a resistance
material and a temperature sensor, where, assuming the temperature of said
heater element detected by the tempera- 20      ture sensor as [err], the
surface temperature T2 of the film opposed to the resistance material is
about [err] to about [err] lower than the temperature T1, and the surface
temperature T3 of the film on the part at which said film is peeled from
the fixed toner image is substantially equal to the temperature T2. 35. A
method according to Claim 1, wherein said toner is prepared by
melt-kneading a mixture containing at 25      least a binder resin and a
colorant or a magnetic powder, cooling and pulverizing the resulting
kneaded product, followed by classification. 36. A method according to
Claim 1, wherein said toner is of capsule structure having a core particle
and a shell. 30 37. A method according to Claim 36, wherein said toner is
of capsule structure having a core particle and a shell, and the resin that
constitutes the shell has the properties such that the melt viscosity [err]
measured by an overhead-type flow tester is from [err] poise) at a
temperature within the temperature range of from [err] and an absolute
value of the inclination of a graph is notmore 35      than 0.50 [err]
(poise)[err] when the natural logarithms [err] of the melt viscosities at
[err] are plotted with respect to the temperatures. 38. A method according
to Claim 1, wherein said toner is a toner prepared by suspension
polymerization. 40  39. A method according to Claim 1, wherein said toner
has colloidal silica on the toner particle surfaces. Patentanspruche 45  1.
Verfahren zurW~rmefixierung eines sichtbaren Bildes aus Toner an einem
Aufzeichnungstrlger, bel dam ein Tonerbild, das auf einem
AufzeichnungstrAger festgehalten wird, durch Anwendung elnes ortsfest ge-
tragenen Heizelements und eines PreBteils, das den erwihnten
AufzeichnungstrAgermitdem erwlhnten 



Heizelement durch eine dazwischengebrachte Folie in engen Kontakt bringt,
an dem AufzeichnungstrAger wirmefixiert wird, wobei die erw~hnte Fo!ie nach
der W~rmefixierung des Tonerbildes von dem Tonerbild 50      abgeschalt
wird, wobe! der Toner bei einer Temperatur, die im Temperaturbereich von
120 0C bis 150 'C liegt, eine durch ein Oberkopf-FliefSprOfgerit gemessene
SchmelzviskositAt i- von 102 bis 1 06 Pa-s (103 bls 103 Poise) hat, wobel
der Absolutwert der Steigung eines Graphen nicht mehr als 0,50 En (Poise)/0
C betrAgt, wenn die natflrilchen Logarithmen en ill der
SchmeizviskositAtswerte bei 120 0C und 150 0C als Funktion der Tem- 55
peraturen aufgetragen sind. 2. Verfahren nach Anspruch 1, bei dem der
erwAhnte Toner bei einer Temperatur von 40 bls 120 QC einen
WArmeaufnahme-Peak TD hat. 37    EP O 373 652 B13I    c   L    1 S 3.
Verfahren nach Anspruch 1, bei dem der erwahnte Toner be! einer Temperatur
von 55 bis 100 C elnen Wlrmeaufnahme- Peak TD hat. 4. Verfahren nach
Anspruch 1, bei dem die Oberflachentemperatur der erwahnten Folse zu der
Zeit, in der 5       ste abgeschilt wird, mindestens 30 0C h6her ist als
die Temperatur des Warmeaufnahme-Peaks TD des erwahnten Toners. 5.
Verfahren nach Anspruch 4, bei dem die Oberflichentemperatur der erwahnten
Folie zu der Zeit, In der sle abgeschalt wird, 40 bis 140 C h6her ist als
die Temperatur des Warmeaufnahme-Peaks TD des er- 10      wlhnten Toners.
6. Verfahren nach Anspruch 1, bei dem der erwahnte Toner ein
Bindemittelharz sowie sin Farbmittel undloder sin magnetisches Pulver
umfafgt. 15  7. Verfahren nach Anspruch 1, bei dem der erwahnte Toner sin
vernetztes Harz umfal&t S. Verfahren nach Anspruch 7, bei dem das erwAhnte
vernetzte Harz sin Polyesterharz oder sin Polymer oder Copolymer, das aus
einem a,3-ethylenisch ungesattigten Monomer gebildet ist, umfaSt. -*    20
9. Verfahren nach Anspruch 7, bei dem das erwahnte vernetzte Harz Is-
(A) sin verethertes Bisphenol; (B) nicht weniger als 30 Mol% einer
aromatischen Dicarbonsaure, bezogen auf die Gesamtmenge der Sauren; (C) 5
bis 40 Masse% einer alkenylsubstituierten Dicarbonsaure und/oder einer
alkylsubstitulerten Di- 25         carbonsaure, bezogen auf die Gesamtmenge
der Sauren; und (D) sine Polycarbonsgure mit drei oder mehr Carboxylgruppen
und/oder sin Polyol mit drel odor mehr Hydroxyigruppen umfalt. 10.
Verfahren nach Anspruch 9, bei dem die erwahnte alkenylsubstituierte
Dicarbonsaure eineAlkenyigruppe 30      mit 8 bis 18 Kohlenstoffatomen hat.
11. Verfahren nach Anspruch 9, bei dem die erwahnte alkylsubstituierte
Dicarbonsaure sine Alkylgruppe mit 6 bis 18 Kohlenstoffatomen hat. 36  12.
Verfahren nach Anspruch 8, bei dem das erwahnte vernetzte Polyesterharz
sine Saurezahl von 5 bls 60 hat. 13. Verfahren nach Anspruch 12, bei dem
das erwahnte vernetzte Polyesterharz mit einer organischen Me-
taliverbindung, die sin Metall mit der Wertigkeit zwei oder einer h6heren
Wertigkeit enthilt, schmeszge- 40      knetet wird. 14. Verfahren nach
Anspruch 13, bei dem die erwahnte organische Metaliverbindung sin
mehrwertiges Metall enthilt, das aus der Gruppe ausgewAhit ist, die aus Al,
Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, Pb. Sn, Sr und Zn besteht. 45
15. Verfahren nach Anspruch 14, bei dem die erwahnte organische
Metallverbindung sin Carboxylat, sin Aikoxylat, einen organischen
Metalikomplex oder sine Chelatverbindung umfaIlt. 16. Verfahren nach
Anspruch 14, bei dem die erwahnte organische Metaliverbindung einen
Acetylaceton-Me- 



50      talikomplex, sin Salicylsaure-Metallsalz oder einen
SalicylsAure-Metalikomplex umfast. 17. Verfahren nach Anspruch 8, bei dem
das erwahnte acl-ethylenisch ungesittigte Monomer sin Vinyl-Mo- nomer ist.
55   18. Verfahren nach Anspruch 8, bei dem das erwahnte vernetzte Harz sin
vernetztes Styrol-Polymer odor sin vernetztes Styrol-Copolymer umfal~t. 19.
Verfahren nach Anspruch 18, bei dem das erwahnte vernetzte Harz sin
Styrol-Polymer oder Styrol-Co- 38    EP 0 373 652B1                      |
1111111 11111 11111 liiliii *c   L  N   s* polymer umfaBt, das mit
Divinylbenzol vernetzt ist. 20. Verfahren nach Anspruch 1, bei dem das
erwahnte Heizelement eine Temperaturvon 100 bls 300 C hat. 6   21.
Verfahren nach Anspruch 1, bei dem des erwahnte Tonerbild durch eine Folib
mit elner Dicko von I bis 100 pm hindurch mit einem Heizelement erhitzt
wird, das eine Temperatur von 100 bis 300 C hat. 22. Verfahren nach
Anspruch 21, bei dem die erwahnte Folio HitzebestAndigkeit zegt. 10  23.
Verfahren nach Anspruch 22, bei dem die erwahnte Folie eine Schicht hat,
die aus einem Polymergebildet ist, das aus der Gruppe ausgewhilt ist, die
aus elnem Polyimid, einem Polyester, einem Polyethylente- rephthalat, einem
Tetrafluorethylen/Perfluoralkylvinylether-Copolymer, einem
Polytetrafluorethylen und einem Polyamid besteht. 15  24. Verfahren nach
Anspruch 22, bei dem die erwahnte Folie eine aus einem Metall gebildete
Schicht hat. 2& Verfahren nach Anspruch 22, bei dem die erwahnte Folie eine
Trennmittelschicht und/oder eine nieder- ohmige Schicht hat. 20  26.
Verfahren nach Anspruch 22, bei dem die erwahnte Folie eine Schicht aus
einer Polyimidfolie und eine -K>             Fluorkohlenstoffharzschicht
umfalt. 27. Verfahren nach Anspruch 26, bei dem in der erwahnten
Fluorkohlenstoffharzschicht ein leitfahiges Ma- terial dispergiert ist. 25
28. Verfahren nach Anspruch 26, bei dam die erwahnte
Fluorkohlenstoffharzschicht ein Polytetrafluorethylen umfal~t. 29.
Verfahren nach Anspruch 1, bei dem die erwahnte Folie durch ein Pretteil
unter elnem Gesamtdruckvon 30      4 bis 20 kg gegen das Heizelement
geprelt wird. 30. Verfahren nach Anspruch 29, be! dem das erwahnte
Prellteil mit einer Pre1twalze versehen ist, die eine gummielastische
Schicht hat. 35  31. Verfahren nach Anspruch 30, bei dam das erwahnte
Prelteil mit einer PreSwalze versehen ist, die eine elastische Schicht hat,
die aus elnem Silicongummi gebildet ist. 32. Verfahren nach Anspruch 1, bei
dem das erwahnte Heizelement erhitzt wird, indem elnem Widerstands- element
ein elektrischer Strom mit elner impulsartigen Kurvenform zugef0hrt wird.
40 33. Verfahren nach Anspruch 1, bei dam das erwahnte Heizelement eine
niedrige Wdrmekapazitit hat und von linearer Struktur ist. 34. Verfahren
nach Anspruch 1, bei dem das erwahnte Heizelement mit einem
Widerstandsmaterial und el- 45      nem Temperatursensor versehen ist,
wobel die OberflAchentemperatur T2 der Folio, die dem Wider- standsmaterial
gegenuberliegt, unter der Annahme, dalB T, die durch den Temperatursensor
ermittelte Temperatur des erwahnten tleizelements ist, etwa 10 C bis etwa
30 C niedriger ist als die Temperatur T1 und die Oberflachentemperatur T3
der Folie an dem Tell, be! dem die erwghnte Folio von dem fixierten
Tonerbild abgeschalt wird, im wesentlichen gleich der Temperatur T2 ist. so
35. Verfahren nach Anspruch 1, bei dem der erwahnte Toner hergestellt wird,
indem eine Mischung, die min- destens ein Bindemittelharz sowie ein
Farbmittel oder ein magnetisches Pulver enthilt, schmelzgeknetet wird und
das erhaltene geknetete Produkt abgekuhit und pulverisiert wird, worauf
eine Klassierung folgt. 



55   36 Verfahren nach Anspruch 1, bei dam der erwahnte Toner eine
Kapselstruktur mit einem Kernteilchen und elner HOlle hat. 37. Verfahren
nach Anspruch 36, bei dem der erwahnte Toner eine Kapselstruktur mit elnern
Kembtilchen 39    EP 0 373 652 B1                    1111 1         11111
IIM ! und elner Hiille hat und das Harz, das die HOlle bildet, die
Eigenschaften hat, daB die durch ein Oberkopf- FlieprufgerAt gemessene
SchmelzviskositAt TlI bei elner Temperatur, die im Temperaturbereich von
120 C bis 150 0C liegt, 102 bis I05 Pa.s (103 bis 106 Poise) betragt und
daB der Absolutwert der Stelgung ehnes Graphen nicht mehr als 0,50 fn
(Poise)! C betrAgt, wenn die natOrlichen Logarithmen en il' der 5
Schmeizviskositatswerte bei 120 C und 150 C als Funktion der Temperaturen
aufgetragen sind. 38. Verfahren nach Anspruch 1, be! dem der erwAhnte Toner
ein Toner ist, der durch Suspensionspolymnerj- satbon hergestellt wird. 10
39. Verfahren nach Anspruch 1, bei dem der erwAhnte Toner auf den
Tonerteilchenoberflachen kolloidales Siliclumdioxid hat. Revendlcations 15
1. Proc6d6 pour fixer A la chaleur une image visible de toner sur un
support d'enregistrement, qui comprend le fixage A la chaleur A un support
d'enregistrement d'une image de toner retenue sur ce support, par
utilisation d'un element chauffant supporte en position fixe et d'un
6lement de presson qui place le support d'enregistrement en contact etroit
avec l'el6ment chauffant par l'intermediaire d'un film lnterpos6 20
entre eux, ce film etant decolle de l'image de toner apres le fixage A la
chaleur de cotte image, le toner ayant une viscosite il' A l'etat fondu,
mesur6e par un appareil d'essai d'6coulementdu type agissant par le haut,
de 102 A 105 Pa.s (1 03 a 10 poises) A une temperature comprise dans la
plage de 1200C a 1500C, la valeur absolue de la pente d'une courbe n'6tant
pas superieure a 0,50 en (poise)1C lorsque la variation des logarithmes
naturels hnil' des viscosites a l'etat fondu a 1200C et A 150C est 25
represent6e graphiquement par rapport aux temperatures. 2.  Proc6de suivant
la revendication 1, dans lequel le toner a un pic endothermique TD A une
temp6rature de 40 A 1200C. 30  3.  Procede suivant la revendication 1, dans
lequel le toner a un pic endothemmique TD A une temperature de 55 A 1 000C.
4.  Procede suivant la revendication 1, dans lequel la temperature a la
surface du film au moment oOi il est decolle est supefieure d'au moins 300C
A la temperature du pic endothermique TD du toner. 35 5. Procede suivant la
revendication 4, dans lequel la temperature de surface du film au moment
d'etre de- colle depasse de 40 A 140C la temperature du pic endothermique
TD du toner. 6. ProcWdi suivant la revendication 1, dans lequel le toner
comprend une resine utilisee commellant et au 40      moins un colorant et
une poudre magnetique. 7.  Proc6de suivant la revendication 1, dans lequel
le toner comprend une resine reticulee. 8.  Prochd6 suivant la
revendication 7, dans lequel la resine reticulee comprend une resine de
polyester ou 45      un polymere ou copolymere forme A partir d'un monomere
A non-saturation a,,B-ethylenique. 9. Proc6de suivant la revendication 7,
dans lequel la resine r~ticul6e comprend: (A) un diphenol etherifie; (B)
pas moins de 30 moles % d'un acide dicarboxylique aromatique, sur la base
des quantites totales 50         d'acides, (C) 5 A 40 % en poids de l'un au
moins d'un acide dicarboxylique A substituant alcenyle et d'un acide
dicarboxylique A substituant alkyle sur la base de la quantite totale
d'acides ; et (D) I'un au moins d'un acide polycarboxylique portant 3 ou
plus de 3 groupes carboxyliques et d'un po- lyol portant 3 ou plus de 3
groupes hydroxyle. 55 



10. Procedb suivant la revendication 9, dans lequel l'acide dicarboxylique
a substituant alcbnyle porte un groups alcenyle ayant 6 a 18 atomes de
carbone. 40    EP 0 373 652 B1                      *   C   L !    s  * 11.
Proced6suivantla revendication 9, danslequel 1'acide dicarboxytique a
substituantalkyle porteun groupe alkyle ayant 6 A 18 atomes de carbone. 12.
ProcWd6 suivant la revendicatlon 8, dens lequel la r6sine de polyester
r6ticul6e a un Indice d'acide de 5 6       a60. 13. Procde suivant la
revendication 12, dans lequel la resine de polyester reticul6e estmalaxee A
ltatfondu avec un compose organom6tallique contenant un m6tal de valence
egale ou superleure a 2. to  14. Procede suivant la revendication 13, dens
lequel le compose organometallique oomprend un m6tal poly- valent choisi
dans le groupe consistant en Al, Ba, Ca, Cd, Co, Cr, Cu. Fe, Hg, Mg, Mn,
Ni, Pb, Sn, Sr et Zn. 15 Procede suivant la revendication 14, dans lequel
to compose organometallique comprend un carboxylate, 16      un alkoxylate,
un complexe organometallique ou un chelate. 16 Proode suivant la
revendication 14, dens lequel le compose organometallique oomprend un
complexe d'acetylac6tone et d'un metal, un sel metallique d'acide
salicyclique ou un oomplexe metallique d'acide salicylique. 20 17. Proc6d6
suivant la revendication 8, dans lequel le monomere A non-saturation
a,p-Athyl6nique eat un mn- nomere vinylique. 1& Procede suivant la
revendication 8, dans lequel la resine r6ticul6e comprend un polymere de
styrbne rs- 26      ticul6 ou un copolymbre de styrene reticule. 19.
Proc6d6 selon la revendication 18, dans lequel la resine reticulee comprend
un polymbre de styrene ou un copolymAere de styrbne reticule avec du
divinylbenzene. 30  20. Procede suivant la revendication 1, dans lequel
I'e6lment chauffant a une temperature de 100 A 3000C. 21. Procede suivant
la revendication 1, dans lequel l'image de toner est chauffee avec un
6l6ment chauffant ayant une temperature de 100 A 300C par l'intermediaire
d'un film de I a 100 gm d'epaisseur. 35  22. Procedh suivant la
revendication 21, dans lequel le film est dou6 de resistance a la chaleur.
23 ProcWd suivant la revendication 22, dans lequel to film porte une couche
formee d'un polynmre cholsi dans le groupo comprenant un polyimide, un
polyester, unpolyt6rephtalate d6thylene, un copoiyrnmre tW
trafluordthyleneldther de perf luoralkyle et de vinyle, un
polytetrafluordthylAne et un polyamide. 24. Procede suivant la
revendication 22, dens lequel le film porte une couche form6e d'un metal.
25. Procede suivant la revendication 22, dans lequel le film porte au moins
une couche de separatfon et une oouche de falble resistance. 45 26. Procede
sulvant la revendication 22, dens lequel le film comprend une couche d'un
film de polyimide et une couche de resine fluoree. 27. Procede suivant la
revendication 26, dens lequel la couche de resine fluor6e contient on
dispersion une 50      matiere conductrice. 28 Procede suivant la
revendication 26, dens lequel la couche de resine fluoree comprend un
polytetrafluo- rethylbne. 56  29. Procede suivant la revendication 1, dans
lequel le film est presse contre l'element chauffant par un 616- ment de
pression agissant sous une pression totale de 4 A 20 kg. 30. ProcedA
suivant la revendication 29, dans lequel l'element de pression est pourvu
d'un rouleau de pres- 41    
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* sion portant une couche 6lastique de caoutchouc. 31. Procede sulvant la
revendication 30, dans lequel 1'element de presslon est pourvu d'un rouleau
de pres. slon portant une couche 6lastique form6e d'un caoutchouc de
silicone. 5 32. Proc6d6 suivant la revendication 1, dans lequel l'lment
chauffant est chauffe par application A une r6- sistance d'un courant
electrique de forme d'onde pulsee. 33. ProcWd6 suivant la revendication 1,
dans lequel t'6l6ment chauffant a une faible capacit6 thermique et a 10
une structure lineaire. 34. Proc6d6 suivant la revendication 1, dans lequel
l'element chauffant est pourvu d'une matiere douee de resistance et d'un
capteur de temperature, de sorte que, si l'on appelle T1 la temperature de
l'el6ment chauffant detect6e par le palpeur de temperature, la temperature
de surface T2 duflim oppos6 a la matiere 15      dou6e de resistance est
inferieure d'environ 10 A environ 30C a la temperature T1 St la temp6rature
T3 de surface du film sur la partie dans laquelle ce dernier est decolle de
l'image fix6e du toner eat sensi- blement egale A la temperature T2. 35.
Proc6de sulvant la revendication 1, dans lequel le toner est pr6pare par
malaxage A l'tat fondu dun m6- 20      lange contenant au mains une resine
utilisee comme liant et un colorant ou une poudre magn6tique, re-
froidissement et pulverisation du produit malax6 resultant, puis
classification. 36. Proc6d6 suivant la revendication 1, dans lequel le
toner a une structure en capsule comprenant une par- ticule centrale et une
enveloppe. 25 37. Proc6d6 suivant la revendication 36, dans lequel le
tonera une structure en capsule cornprenant une par- ticule centrale et une
enveloppe, et la r6sine qui constitue l'enveloppe a des propri6tes teles
quo la vis- oosit6 ql A l'tatfondu mesuree parun appareil d'essai
d'ecoulementdu type agissant parle hautpr6sente unevaleurde 102 Ai 105 Pa.s
(i3O & 106 poises) A une temperature comprise dans la plagede 120 a 150C,
30       ot une valeur absolue de pente d'une courbe n'est pas sup6rieure a
0,50 fn (poises)/C lorsqu'on faitvarier les logarithmes naturels en des
viscosit6s a l'btat fondu 3 1200C et A 1500C en rapport avec les temp6-
ratures. 38. Procede suivant la revendication 1, dans lequel le toner est
un toner prepare par polymerisatbon en sus- 35       pension. 39. Procede
suivant la revendication 1, dans lequel le toner porte de la silice
colloldale sur le surfaces de ces particules. 40 45 50 S5 42    


