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MAGNETIC TONER

HII

“FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a magnetic
toner for use in image forming methods; such as
electrophotography, eleetrostatic recording, and
magnetic recording.

Various developing methods for visualizing

~electrostatic latent images with toner have been known.

For example, there have been known the magnetic brush
2,874,063; the
cascade developing method as disclosed in U.S. Patent

2,618,552; the powder cloud method as disclosed in

U.S. Patent No. 2,221,776; in addition, the fur brush

developing method; and the liquid develoéing_method.
Among these developing methods, those develoﬁing
methode using a developer composed mainly of a toner
and a carrier such as the magnetic brush method, the
cascade process and the ligquid aeveloping method heve
been widely used commercially. Wwhile these methods

provide good images relatively stably, they involve

- common problems accompanying the use of two-component

‘developers, such as deterioration of carriers and

change in mixing ratio of tlie toner and carrier.
In order to'obviate such problems, various
developing methods using a one-component developer

Among °
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Various devel opi ng nethods for visualizing el ectrostatic | atent images
with toner have been known. 10 For exanple, there have been known the
magneti c brush met hod as disclosed in U'S. Patent No. 2,874, 063; the
cascade devel opi ng net hod as di sclosed in U S Patent No. 2,618, 552;
the powder cloud nethod as disclosed ir2- U S. Patent No. 2,221,776; in
addition, the fur brush 15 devel oping nethod; and the |iquid devel opi ng
et hod. Anong t hese devel opi ng net hods, those devel opi ng nmet hods
usi ng a devel oper conposed mainly of a taqner and a carﬂéﬁg such as the
d

magnet i ¢ brusthageodherr are manys exgeldente devalPning Mkt Sdevel opi ng

met hod have
using developers comprising magnetic toner particles.
U.S. Patent No. 3,909,258 has proposed a
developing method using an electroconductive magnetic
5 toner, wherein an electrgconductive magnetic toner is
carried on a cylindrical electroconductive sleeve
provided with a magnet inside thereof and is caused to
contact an electrostatic image to effect development.
In this method,as the development zone, an
10 electroconductive path is formed with toner particles
between the recording member surface and the sleeve
surface and the toner particles are attached to image
portions due to a Coulomb's force exerted from the
image portions to effect development. This method
15 using an electroconductive magnetic toner is an
excellent method which has obviated the problems
invo;véd in the two-component developing methods.
However, as the toner is electroconductive, there is
involved a proﬁlem, that it is difficult to transfer
20 the developed image electrostatically from the
regorging member to a finél support member such as
_plain paper.
. As a developing method using a magnetic toner
with a high resistivity which can be electrostatically
235 transferred, a developing meﬁhod using_a dielecﬁricm
polarization of toner particles is known. Sﬁch a

method, however, involves essential problemsS®¥hat the
R —
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20 been widely used comrercially. Vhilé'these met hods provi de good

I mges relatively stably, they involve common probl ens acconpanyi ng

t he use of two-conponent devel opers, such as deterioration of carriers
and change in mxing ratio of the toner- and carrier. 25 ' In
order to obviate such problems, various3- devel opi ng nethods using a
one- conponent devel oper consisting only of a toner, have, been

proposed. Anobng

developing speed is slow and a sufficient denéity of
developed image cannot be obtained.
As another method using a high resistivity

magnetic toner, there are known methods wherein toner -

5 particles are triboelectrically charged through
friction between toner particles or friction between a
friction member such as a sleeve and toner particles,
and then caused to contact an electrostatic image-
bearing member to effect development. However, these

10 methods involve problems that the triboelectric charge
is liable to.be insufficient because the number of
friction between the toner particles and the friction
member, and the charged toner particles are liable to
agglomerate on the sleeve becéuse 6f an enhanced

15 Coulomb's force.

A developing method having eliminated the

above described problems has been proposed in U.S.
Patent No. 4,395,476 (corresponding to_Japanese Laid-
Open Patent Application (KOKAI) No. 18656/1980). In

20 this method (so-called "jumping developing method"), a
magneFic toner is applied in a very small thickhess on
a-sleeve, triboelectrically charged and is brought to
an exfreme vicinity to an electrostatic image to effect
developﬁent. More specifically, in this method, an

25 excellent image is obtained through such factors that a
sufficient triboelectric charge can be obtaiﬂed because

a magnetic toner is applied onto-a sisewve in a very

1This Sheet Has Been Rerlacec




- 2- these, there are nmany excel |l ent devel opi ng net hods 'using

devel opers conprising nmagnetic toner particles. U. S. Patent
No. 3,909, 258 has proposed a devel opi ng nmet hod usi ng an '

el ectroconductive magnetic 5 toner, wherein an el ectroconductive nagnetic
toner is carried on a cylindrical electroconductive sleeve

provided with a nagnet inside thereof and is caused to contact an

el ectrostatic imge to effect devel oprment. In this nethod as t he

devel opnment zone, _.an _10 electroconductlveé%eth I S for é ner
particles small thickness to increase e opportu con act

between the sleeve and the toner; the toner is carried
by a magnetic force, and the magnet and the toner are
relatively moved to disintegrate the agglomerate of the
5 toner and cause sﬁfficient friction between the toner
and the sleeve; and ‘the toner layer is caused to face
an electrostatic image under a magnetic field and
without contact to effect development.
In the jumping developing ﬁethod'known
10 heretofore as described above, some difficulties can be
encountered in some cases on continuation of repetitive
copyiné, such as a decrease in uniformity of a
developer layer'earried on a developer-carrying member,
occurrence of streak coating irregularities in a
15 circumferential direction of the developer-carrying
member and remarkable local thickening of the carried
deﬁeloper layer compared with that at the initial
stage, resulting in spots irregularities or wave-like
irregnlarities. The former results in white streeks
20 and the latter results in spots or wave-like density
irreqylarities respectively in developed images. These
~difficulties seldom occur in ordinary repetitive
copyiﬁg_but can occur in some cases during continuous
use for a long period in an extremely low temperature-
25 1low humidity environment. In such cases, a loweriﬁé in
image density is liable to occur. Also in a.high |

' témperature-high humidity'environment, the developer

Sheet Has Been Replacec

W




10

15

20

decrease in image density in some cases.

According to our study, it has been found that
the above difficulties are céused by changes in
attachment of developer powaer onto the sleeve and
transfer of developer powder from the sleéve.

More specifically, the above difficulties are
caused by a change in environmental conditions
resulting in portions of ununiform triboelectric charge
in the developer layer carried on the developer-
carrying member. Thus, ugder extremely low
temperature~low humidity conditions, a portion of the
developer can have an extremely large triboelectric
charge due to friction between the developer-carrying
member surface and the developer and, due to an image
force caused by the charge, such a portion having an
extremely large triboelectric charge is liable to be
accumulated in the'vicinity of the developer-carrying
member. The accumulated portion having an extremely
large triboelectric charge affects the uniformity of

coating or developing performance of the developer

_forming an upper layer, thus resulting in the above-

mentiéned difficulties such as white streaks, spot

irregularities and wave-like coating irregularities.
The decrease in developer layer_thickness )

under high temperaturé—high humidity.conditiéns is

caused by an un-uniformity of triboelectrification

1This Sheet Has Been Reﬁlace

“between the recording nenber surface and the sleeve surface and the
toner particles are attached to inmage portions due to a Coul onb's
force exerted fromthe i mage portions to effect devel opnent. This
met hod 15 using an el ectroconductive magnetic toner is an’ excel | ent
met hod whi ch has obvi ated the problenms =5-. involved in the two-conponent
devel opi ng net hods. However, as the toner is electroconductive, there
is - i nvolved a problem that it is difficult to transfer 20 the
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pl ai n paper. As a devel opi hg nmet hod using a magnetic toner
with a high resistivity which can be electrostatically 25 transferred, a
devel opi ng method using a dielectric pol ari zati on of toner particles

I s known. Such a met hod, however, involves essential problens that the
- 3- devel opi ng speed is slow and a-6ufficient density of

between the developer and the developer-carryirng member
and thus unstébility of triboelectric charge of the
developer in the vicinity of the developer-carrying
member surface.

5 Un-uniformity of triboelectric charge of the
developer leads to dround fog as a serious image defect.
In recent years, a_variety of functions are required of
a copying machine including superposing multi-color
copying where a part of an image is erased by exposure,

10 etc., followed by insertion of another image thereat,
and framing where a marginal portion of transfer paper
is erased into white. In such cases, occurrence of
ground fog at parts of images to be erased in white
causes a serious éroblem.

15 ‘More specifically, when a potential of a
polarity oppbsite to that of a latent image potential
is provided by irradiation with intense light from an

- LED or a fuse lamp to erase an image, an increased
tendency of ground fog at such parts is observed.

20 PFurther, in case of multi-dolor superposition copying,
mixing_of colors can occﬁr to impair thé_clarity of

_images.

SUMMARY OF THE INVENTION
S An object of the present invention is to
provide a magnetic toner causing little change in image

density under varyiny &mvironmental conditions.
R

eet Has Been Replaced

i




devel oped i mage cannot be obtai ned. : "~ As anot her nethod using a
high resistivity magnetic toner, there are known nethods wherein toner
5 particles are triboelectrically charged through friction between
toner particles or friction between a friction nenber such as a sl eeve
and toner particles, and then caused-to contact an el ectrostatic inmage-
beari ng nenber to effect devel opnent. However, these 10 nethods involve
probl ens that the triboel ectric charge is liable to be insufficient

because the nunber of frictiqgn bet he t
friction Another ohgec o%e%%;:ﬁiéggg %%%%%EEESLQHQOthe

provide a magnetic toner with suppressed tendency of
so-called charge-~up phenomenon, i.e., failure in
maintenance of a suitable charge level due to

5 accumulation of excessivg charge on toner particles
resulting in a decrease in image denSity. |

Still another object of the present invention
is to provide a magnetic toner giving clear images
having a high image density and free from or with

10 suppressed fog.

According to the present invention, there is
provided a magnetic toner comprising magnetic_toner
particles containing at least a binder resin and
magnetic iron oxide particles, wherein said magnetic

15 irom oxide pérticles satisfy the following conditions
(a) - (c): |

(a) a dissolved.Fe(II) content in dissolved
totalliron of 14 - 33.3 wt. % at a dissolved total iron
percentage of 5 + 1 wt. &,

20 (b) a dissolved Fe(II) content in dissolved
tqtal'iron of 17 - 33.3 wt. % at a dissolved total iron
_percentage of 10 + 1 wt. %, and

. (c) a dissolved Fe(II) content in dissolved
total iron of 18 - 33.3 wt. % at a dissolved total iron

25 percentage of 15 & 1 wt. . |

These and other objects, features aﬁa

advantages of the present invention will become more
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menber, and the charged toner particles are liable to aggl onerate on
t he sl eeve because of an enhanced 15 Coul onb's force. A
devel opi ng nmet hod having elimnated the above descri bed probl ens has
been proposed in U S. Pat ent No. 4, 395,476 (corresponding to Japanese
Lai d- Open Patent Application (KO<89 No. 18656/1980). In 20 this
nmet hod (so-called "junpi ng devel opi ng nethod"), a magnetic toner is
applied in a very small thickness on a sleeve, triboelectrically
charged and is_brou eﬂ]{a#renp vicinity to an electrostatic

t to
i mage to effe&pparg“r}dewrb;ﬂre?ﬁ’?s ration9f th¢ \£oliPWiRE nethod, an

description of the preferred embodiments of the present
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF ' THE DRAWINGS

Figure 1 is a graph showing a change in ratio
of [dissolved Fe(II)/dissolved total iron) versus
dissolved total iron percentage (wt. %) of magnetic

10 iron oxides according to Production Examples 1, 2, 3
and 4.

Figure 2 is a graph showing a change in ratio
of [dissolved Fe(II)/dissolved total iron] versus
dissolved total iron percentage (wt. %) of magnetic

15 iron oxides according to Compafative Production
Examples 1, 2 and 3.

Figure 3 is a graph showing a change in ratio
of [dissolved Fe(II)/dissolved.total'iroﬁ] versus
dissolved total irqn percentage (wt. %) of magnetic

20 iron oxide according to Production Example 5.
-~ Figure 4 is a graph showing a change in ratio
 of [dissolved Fe(II)/dissolved total iron] versus
dissoived'total iron percentage (wt. %) of magnetic

iron oxide according to Comparative Production Example

S 4,

[
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2 excellent image is obtained through such factors that a suf ficient

triboelectric charge can be obtai ned because - “a magnetic toner is
applied onto a sleeve in a very -4-
smal | thickness to increase the opportunity of contact bet ween t he

sl eeve and the toner; the toner is carri-@d by a magnetic force, and the

magnet and the toner are

DETAILED DESCRIPTION OF THE INVENTION

As a result of our study for solving the
above-mentioned problems, it has beén found that a
principal cause of those problems resides in a magnetic

5 material in the magnetic toner and a further study is
made on magnetic matériais capable of solving the
problems.

As a result, we have developed a magnetic
material which can be uniformly dispersed in a toner,

10 can provide a toner with a stably and moderately
controlled charge at the time of toner charging and is
stable under various environmental conditions. The
objects of the present invention has been accomplished
by'a toner using the magnetic material.

15 As for production of magnetic iron oxide
through an aqueous solution reaction, various proposals
have been made regarding kinds of alkaline materials

.used for neutralization or pH value of the solution
coﬁtaining ferrous iron oxide after the neutralization.

20 However, the thus obtained magnetic iron oxide
'partigles still involve some room for improvement
.regarding stability under various environmental
condifions;

In order to improve magnetic iron oxide, it

25 has been proposéd to include an additive, such as
silicic aqid, aluminum or phosphoric acid,_iﬁ addition

to the components of inverse spinai ‘Fferrite represented
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relatively moved t o disintegrate the agglonerate of the 5 toner and cause
sufficient friction between the toner and the sl eeve; and the toner
| ayer is caused to face an electrostatic inmage under a magnetic field
and - wthout contact to effect devel opnent. In the junping
devel opi ng nethod known 10 heretofore et0€escri bed above, sone
difficulties can be encountered in sonme cases on continuation of
repetitive copyi ng, such as a decrease in uniformty of a devel oper.
T o oo e divatent metats (o 8. TBA s8-22367"" " he “adhiflon
of silicic acid has effective for providing an improved
heat-resistance by coverage of particles surfaces
(e.g., JA-A 53-35697). If this is applied to a
5 magnetic toner, the'silipic component such as silicate
or silicic acid hydrate tends to‘remarkably impair the
moisture resistance.
JP-A 58-189646 discloses a magnetic toner
containing a magnetic iron oxide of which the FeO
10 content is specified. As a result of our further
study, it is true that a toner using a magnetic iron
oxide having an FeO content in the range of 16 - 25 wt.
% has a tendency of causing a smaller change in
triboelectric charge under various environmental
15 conditions, but still involves some room for
improvement. The JP-A reference discloses a
Comparative Example using a magnetic iron oxide
'containing 26 wt. % or more of FeO. " The magnetic iron
oxide has a small.FeO conﬁent in the surface layer but
20 has a remarkably high FeO content at_the inner portion,
and tpe magnetic iron oxide as a whole has a large FeO |
.content. A toner containing the magnetic iron oxide
actuaily causes a remarkable change in triboelectric
charge as described in the JP-A reference.
3 | We have now found that the distribution state
of Fe(II) (i.e., Fe*, ferrous iron) in the éurface |

“™"layer of magnetic- iron oxide rather the FeO content in
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15 circunferential - direction of the devel oper-carrying . menber and
remar kabl e | ocal thickening of the carried devel oper | ayer conpared
with that at the initial stage, resulting in spots irregularities or
wave-|ike irregularities. The former results in white streaks 20 and
the latter results in spots or wave- Ilké'HEnsity irregularities
respectively in devel oped i nages. These difficulties seldomoccur in
ordi nary repetitive copyi ng but can occur in sone cases during

cont i nuous gtigr%@o+o&gl ré?fltigafﬂre&rhen:gb\}'teg%d enperature- 25

low hum dity envi T oRfen n-such Caseés | mage density
is liable to ogcats1 i hEfod "of tiflbelectric charge of a toner under

various environmental conditions.
This has not been theoretically fuliy
5 clarlfled but it is assumed that an appropriate
dlstrlbutlon of Fe(II) in the surface layer of
magnetic iron oxide affects the triboelectric charging
performance controlled by a delicate balance between
accumulation of triboelectric charge and relaxation of
10 charge unique to FeO or Fe(II) at microscopic
interfaces during repetitive friction of toner
particles. |
The magnstic iron oxide used in the magnetic
toner according to the present invention will now be
15 described in more detail. The magnetic iron oxide used
in the present invention is required to satisfy the
following conditions (a), (b) and (c) with respect to
the Fe(II) content/dissolved total iron versus the N
dissolved total iron percentage when dissolved in
20 agueous sulfuric acid solution.

. (s) a dissolved Fe(II) content/dissolved total
diron is 14 - 33.3 wt. % when the dissolved total iron
percedtage is 5 + 1 wt. %.

(b) a dissolved Fe(II) content/dissolved total
25 iron is 17 - 33.3 wt. % when the dissolved total iron
percentage is 10 + 1 wt. %,

TR (d) .a dissolved Fe(IXI) content/dissolved total s %fﬁﬁﬁ
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tenperature-high humdity environnent, the devel oper Iayef

thickness is liable to be thinner, to result in a decrease in inage
density in some cases. According to our study, it has been
found t hat t he above difficulties are caused by changes in 5

attachnent of devel oper powder onto thel®=eeve and

iron is 18 - 33.3 wt. % when the dissolved total iron
percentage is 15 + 1 wt. %.
The magnetic iron oxide may preferably satisfy
the following conditions (d), (e) and (f) with respect
5 to the Fe(II)/content/dissolved total iron versus the
dissolved total iron'percentage when dissolved in
aqueous sulfuric acid solution.

(d) a dissolved Fe(II) content/dissol?ed total

iron is 14 - 30 wt. % when the dissolved total iron
10 percentage is 5 + 1 wt. %.

(e) a dissolved Fe(II) content/dissolved total
iron is 17 - 32 wt. % when the dissolved total iron
percentage is 10 ¢ 1'wt..%.

(£) a dissolved Fe(II) content/dissolved total

15 iron is 19 - 33 wt. % when the dissolved total iron
percentage is 15 + 1 wt. %.

~ For magnetic irpn oxide particles, it is

poésible to analyze the extreme circumferential or
surface layer state of the particles in terms of a

20 dissolved total iron (or iron element) percentage of up
to‘30'wt. $. It has been found that a moderately
uniform presence of Fe2* (i.e., Fe(II)) at the very
surfaée layer which may be dissolved up to a dissolved
_totai iron percentage of 16 wt. %, allows relaxation of

25 excessive charée on the magnetic toner particles i
containiﬁg such magnetic ifon oxide particies; Such

charge relaxation &ffedt T charge stability cannot be
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transfer of déveloper powder fromthe sleeve. Mor e
specifically, the above difficulties are caused by a change in
environnmental conditions resulting in portions of ununiform
triboelectric charge 10 i'n the develop§{3layer carried on the devel oper-
carrying nmenber. Thus, under extrenely | ow tenperature-low humdity
conditions, a portion of the devel oper can have an extrenely | arge
triboelectric charge due to friction between the devel oper-carrying

e A e ke
'~ = (c) are satisfied, thus failing to provide good

triboelectrification performance under various _
environmental conditions. More specifically, if the

5 dissolved Fe(II) content exceeds the upper limit of any
one of the ranges (a), (b) and (c), the charge
stability of the resultant toner is impaired under a
high humidity condition. On the other hand, if the
dissolved Fe(II) content is lower than the lower limit

10 of any of the ranges (a) -~ (c), the charge relaxation
effect is lost particularly under low temperature-low
humidity conditions.

The magnetic iron oxide used in the present

invention may further preferably have an FeO (ferrous

15 oxide) content per total Fe (wf. %) of 30 - 40 wt. %.
It is further preferred that the magnetic iron oxide
particles have a dissolved Fe(II) content in total iron
y (wt. %) satisfying the following conditions (g) and
{h) for the range of the dissolved total iron

20 percentage x (wt. %) satisfying 4 < x < 16,
pﬁ?ticularly 0 ¢< x g 30.

(g) y < 33.3, and
(h) y 2 0.26x + 16.0.

v

The limiting conditions y = 33.3 and y = 0.26x
2 4+ 16.0 are indicated as the uppermdst line and the -
lowermost line in Figure 1 together with experimental

. data which will be discuésed'here;nafggr.
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extrenely large triboelectric charge is liable to be accunul ated in

the vicinity of the devel oper-carrying nmenber. The accunul ated portion
having an extrenely 20 large triboelectric charge affects the uniformty
of coating or devel opi ng perfoormance of the devel oper - formng an
upper layer, thus resulting in the abovet4- mentioned difficulties such
as white streaks, spot - irreqgularities and wave-1|ike coating
irregularities. 25 The decrease in devel oper |ayer thickness
under high tenperature-high humdity conditions is caused by an

un-uni fornity of triboe®¥cEptds€yingnthe above conditions (g) and (h)

in combination, better charge stability and charge

relaxation effect can be attained, whereby stable

triboelectrification is accomplished under various
5 environmental conditions.

If it is aSsumed_that a magnetic iron oxide
particle has the shape of a sphere having a particle
size of 0.2 micron, a dissolved total iron percentage
of 30 wt. % corresponds to dissolution of a surface

10 layer.up to about 100 & from the surface, and a
dissolved iron percentage of 16 wt. % corresponds to an
about 50 & from the surface.

The magnetic iron oxide particles used in the
present invention may préferably have an apparent bulk

15 density of 0.1 - 1.2 g/cc. If the magnetic iron oxide
have an apparent bulk density in this range, the
magnetic iron oxide particles show little
agglomeratability and predominantly'cdmprisg
octahedral particles rich in dispersibility, so that

20 the effects of the present invention are enhanced. The
magneFic iron oxide particles used in_the present
_invention are also rich in affinity wiﬁh a resin or an
organic solvent.

The magnetic iron oxide particles may

25 preferably have an average particle size which is
larger than 0.05 micron and smaller than 0.35 micron,

-~ more preferably larger than 0.10 micron and smaller -
- _
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bet ween the devel oper and the devel oper-carryi ng nmenber and t hus
unstability of triboelectric charge of the devel oper in the vicinity of
t he devel oper-carrying menber surface. 5 Un-uniformty of .
triboelectric charge of the devel oper |l eads to ground fog as a serious
| mage defect. In recent years, a varfgty of functions are required of

than 0.28 micron. 1If the particles have an average
particle size of 0.05 micron or smaller, they are
liable to cause agglomeration and have a lower
environmental stability. If the average particle size

5 1is 0.35 micron or larger, the magnetic iron oxide
particles are liable to form-excessive surface |
projection or localize when used by dispersion in thin
film or minute particles. Further, the large pa:ticles
tend to cause a decrease in blackness as a hue.

10 Methods for measurement of the above-mentioned
pa:ameters and other physical property data will now be
described in detail.

The FeO or Fe(II) content (with reference to
the total iron element) and the dissolved total

15 iron percentage (iron element dissolution rate) may be
measured as follows. ¥For example, about 3 liter of
deionized water is placed in a 5 liter-beaker and
warmed to 45 - 50 °C on'a water bath. A slurry of
about 25 g of magnetic iron oxide in about 400 ml of

20 deionized water is further washed with separateiy
proviqed about 805 ml of deionized water, and the
resultant slurry together with the deionized water is
added.to thel5 liter-beaker.

" Then, while the liquid in the 5 liter-beaker

25 is maintained ég about 50 °C and stirred at about 200
rpm, about 695 ml of reagent-grade sulfuric a‘c:i.d is

~added to the 5 liter beaker to start the dissolution.-
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a copyi ng machi ne incl udi ng superposing nmulti-color copying where a
part of an image is erased by exposure, 10 etc., followed by insertion of

anot her image thereat, . and fram ng where a narginal portion of transfer
paper is erased into white. In such cases, occurrence of . ground fog
at parts of images to be erased in whit€l6- causes a serious problem 15

More specifically, when a potential of a polarity opposite to that of

a |latent inage potenti al is.provided by irradiation with intense |ight
from an LED or . a fuse lanp to erase an image, an increased

At this time, the magnetic iron oxide concentration is
about 5 g/l and the sulfuric acid concentration is at a
normality of about 5. A volume of 20 ml each of the
liquid is sampled at an interval of 10 min. from the

5 commencement of the dissolution of the magnetic iron
oxide until the liquid becomes transparent due to
complete dissolution, and each sample liquid is
filtered through a 0.1 micron-membfane filter to
recover a filtrate.

10 10 ml of the thus recovered sample filtrate is
subjected to a quantitative analysis of iron element
(total iron) by inductively coupled plasma (ICP)
emission spectrometry. The dissolved total iron
percentage is calcul#ted by the following equation:

15 pissolved total iron percentage (%) = [concentration of
iron element in a sample (mg/l)/(concentration of iron
element at complete dissolution] x 106.

For measurement of the Fe(II) content in each
sample, about 100 ml of deionized water is added to the

20 remaining 10 ml of the sample filtrate to form a sample
solut?on, which is then titrated with 0.1N-KMnO, by
Judging coloration inﬁo slight purple'as the end point.
Iﬂ paéallel therewith, a blank titration is effected.
The Fe(II) concentration (mg/l) is calculated as

3 follows. | i

Fe(II) concentration (mg/l) = (atomié weight

~7 of Fe(II): 55.85) -x (equivalent: 5) x 1/10 x [titration
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t endency of ground fbg at such parts i s observed. 20 Furt her, in case of

mul ti-col or superposition copying, - m.xing of colors can occur to
impair the clarity. of "~ i nmages. SUMMVARY OF THE | NVENTION 25
An object of the present invention is to provi de -a magnetic toner
causing little change in inmage derslity under varying evironnental

condi ti ons.

volume (ml) - blank titration volume (ml).] x 100.

The dissolved Fe(II) content, more
specifically the dissolved Fe(II)/dissolved iron
element (total iron) ratio, referred to herein is

| 5 basically a differential value at a specified dissolved
iron element (total irbn) percentage but is
approximated by a value for an increment between
successively taken samples. For example, the dissolved
Fe(II) content ) (wt. %) at the total dissolved iron

10 percentage.of 10 wt. % may be approximately obtained by
the following equation by using the measured values of
the dissolved total iron concentration and the
dissolved Fe(II) concentfation for successive samples
{assumed to have dissolved ﬁotal iron percentages of 5

15 wt. % and 10 wt. %, respectively):

Dissolved Fe(II) content(1o) [Fe(II)1o
Fe(II)S]/[TI10-TIS] x 100, wherein Fe(II)g and Fe(II)qg
deﬁote the measured values of the dissolved Fe(II)
concéntration'(mgll) at the dissolved total iron:

20 percentage of 5 wt. % and 10 wt. %, fespectively, and
TIg a?d TI4q denote the measured values of the
dirssolved total iron concentration_(mg/l) according to
the IéP emission spectrbmetry at the dissolved iron
percentages of 5 wt. % and 10 wt. %, réspectively.

25 In the present invention, the above-mentioﬁed
dissolved Fe(II) content is defined at the dissolved

total iron percentages of 5 wt. &, 10 wt. &% and 15 wt_ -
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-7- Anot her object of the present invention is to

provi de a magnetic toner wth suppressed tendency of so-called .
charge-up phenonenon, i.e., failure in mai nt enance of a suitabl e charge
| evel due to 5 accunul ation of excessive charge on toner particles
resulting in a decrease i'n i mage densi t18- Still another object
of the present invention Is to provide a magnetic toner giving clear

I mages _

%, respectively as the‘objeetive values with a
tolerance of +1 wt. % each but may be similarly
obtained at higher dissolved total iron percentages.
For the measurement of FeO content per total
5 iron (FeO/Fe) (wt. %), 1.g of magnetic iron oxide is
placed in a 500 ml-béaker, and 50 ml of deionized water
and then 20 ml of reagent-grede sulfuric acid are added
thereto to coméletely dissolve the magnetic iron oxide.
Then, 100 ml of deionized water and further 10
10 ml of aqueous MnSO, solution comprising MnSO,, H,SO,
and H3PO, (in molar ratios of 0.3:2.0:2.0) are added to
the above solution to form a sample solution, which is
titrated with a 0.1N KMnO4 solufion.
The FeO/Fe (wt. %) is calculated as follows:
15 FeO/Fe (wt. %) = (molecular weight of FeO:
71.85) x (equivalent: 5) x 1/10 x [titration volume
(ml) - blank titration volume (ml)]/(dissolved total
iron amount per 1 g of sample magnetic iron oxide based
on the measurement according to the ICP emission
20 gpectrometry).
-~ The apparent buik density of magnetic iron
oxide may be measured as follows. A powder tester
(avaiiable from Hosokawa Micron X.K.) pfovided'with a
710 micron-sieve is used for measurement of the
25 apparent bulk density. Disintegrated magnetic iron”
.oxlde is placed little by little on the sxeve under

vibration at a "stroke G6f about 1 mm. The placement of
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having a high imge density and free fromor with 10 suppressed fog.

According to the present invention, there is provi ded a magnetic toner
conpri sing rmagnetic toner particles containing at | east a binder resin
and magnetic iron oxide particles, wherein said nagnetic 15 iron oxide
particles satisfy the follow ng conditi em9- (a) - (c): '

(a) a dissolved Fe(ll) content in dissolved total iron of 14 - 33.3
w. %at a dissolved total iron percentage of 5 1 w. % 20

(b) a dissolved Fe(ll) content in dissolved
the magnetic iren oxide on the sieve and the vibration

of the sieve are continued until an accessory cup is
filled with a heap of the magnetic iron oxide. After
the termination, an excessive heap of the magnetic iromn
5 oxide powder on the cup is removed by leveling with an
accessory blade, and the cup containing the magnetic
iron oxide is weighed. The cup has an inner volume of
100 cc, and the weight of the magnetic iron oxide is
obtained by subtracting the weight of the cup per se.
10 The apparent bulk denéity is calculated by the
following equation: |
Apparent bulk density (g/cc) = magnetic iromn
oxide weight (g)/100 (cc)
| The measurement of average particle size and
15  observation of shape-of magnetic iron oxide may be
performed as follows. Sample magnetic iron oxide is
held on a copper-meshed collodion film and photographed
through a transmission microscope (“H-700H", available
from Hitachi Seisakusho K.K.) at a magnification of 10%
20 .under an acceleration voltage of 100 KV, fo;lowed by
pninﬁing at an enlargement ratio of 3 times to obtain a
_photograph at an overall magnification of 3x104. The
photoéraph is used for observation of the shape of the
sample magnetic iron oxide particles, and the average
particle size is obtained by measuring and averagiﬁ§

the largest lengths of the respective photogfaphed

e

particles.
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total iron of 17 - 33.3 wt. %at a dissolved total iron per cent age of

10+ 1 w. % and (c) a dissolved Fe(ll) content in dissolved
total iron of 18 - 33.3 wt. % at a dissolved total iron 2 percentage of 15
1 w. % . These and ot her objects, features and advant ages

of the present invention will becone nor20-

The magnetic irén oxide used in the magneﬁic
toner according to the present invention may be
prepared in the following manner.

For example, ferrous sulfate (FeSO4) is

5 - neutralized iﬁ an aqueous NaOH solution to form Fe(OH),
and then the liquid is brought to pH 12 - 13 by
addition of an NaOH aqueous solution, followed by
oxidation with steam and air to form a slurry of
magnetite.

10 lThen, the magnetite may be recovered from the
slurry and dried by means of a warm gas drier, e.g., at
50 - 140 °C in air or in an inert gas such as nitrogen
to form magnetite particles. The drying may be
performed under a reduced pressure as desired. The

15 resultant magnetic.iron oxide may be further reduced in
a hydrogen atmosphere ﬁo adjust the FeO content in the
resultant magnetic iron oxide and/or treated by a
disintegrator, such as a fret mill, to provide an
appropriate bulk density. The above-mentioned drying

20 step may preferably be conducted in an inert gas
atmosphere since the drying in air tends to cause
_surface oxidafion of the magnetic iron oxide to” reduce
the Fé(II) content in the surface layer.

Alternatively, the slurry of magnetite as

S obtained may be treﬁted by an attritor in the preseﬁce
of a dispersant as desired to a solid contenﬁ on the

“order of 40 wt. % and then dried by a spray drier of,

heet Has Been Replaced

\\Il\lll T




- 8- apparent upon a consideration of the follow ng description of

the preferred enbodi nents of the present I nvention taken in conjunction
wi th the acconpanyi ng drawi ngs. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS _ Figure 1 is a graph showing a change in ratio of
(di ssol ved Fe(ll)/dissolved total iron]-2ersus di ssol ved total iron

percentage (WM. % of nagnetic 10 iron oxides according to Production
Exanples 1, 2,

e.g., a disk atomizer type.

In order to produce the magnetic toner
according to the presént invention, the magnetic iron
oxide may be used in an amount of 40 - 150 wt. parts,

5 preferably 50 - 120 wt.’parts, per 100 wt. parfs of the
binder resin.

The binder for use in constituting the toner
according to the present invention, when applied to a
hot pressure roller fixing apparatus using an oil

10 applicator for applying an oil to the roller surface,
may be any known binder resin for toners. Examples
thereof may include: homopolymers of styrene and its
derivatives, such as polystyrene, poly-p-chlorostyrene,
and polyvinyltoluene; styrene copolymers, such as

15 styrene-p-chlorostyrene copolymer, styrene-vinyltoluene
copolfmer, styrene-vinylnaphthalene copolymer, styrene-
acrylate copolymer, styrene-methacrylate copolymer,
styrene-methyl ®-chloromethacrylate copolymer, styrene-
acrylonitrile copolymer, styrene-vinyl methyl ether

20 copolymer, styrene-vinyl ethyl ether copolymer,
styre?e—vinyl methyl ketone copolymer, styrene-
_butadiene copolymer, stjrene—isoprene copolymer, and
styreﬁe-acrylonitrile—indene copolymer; polyvinyl
chloridé, phenolic resin, natural resin-modified

25 phenolic resin, natural resin-modified maleic acid }
resin, acrylic resin, methacrylic resin, polfvinyl

acetate, silicone resin, polyester resii, polyurethéne,
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and 4. ~ _Figure 2 is a graph showing a change in ratio of

[ di ssol ved Fe(ll)/dissolved total iron] versus di ssol ved total iron
percentage (wt. % of magnetic 15 i ron oxides according to Conparative
Production Exanmples 1, 2 and 3. Figure 3 is a graph
showi ng a change in ratio - of (diss@Rwed Fe(ll)/dissolved total iron]
versus - di ssol ved total iron percentage (wt. 9% of magnetic 20 iron
oxi de according to Production Exanple 5. Figure 4 is a graph

showi ng a change in ratio
polyamide resin, furan resin, epoxy resin, xylene

resin, polyvinylbutyral, terpene resin, coumarone-
indene resin and peﬁroleum resin.
In a hot pressure roller fixing system using

5 substantially no oil application, serious problems are
provided by an offset phenomenon that a part of toner
image on toner image-supporting member is trénsferred
to a roller, and an intimate adhesion of a toner on the
toner image-supporting member. As a toner fixable with

10 a less heat energy is generally liable to cause

~ blocking or caking in storage or in a developing

apparatus, this should be also taken into
consideratioﬂ. With these phenomenon, the physical
properﬁy of a binder resin in a toner is most

15 concerned. According to our study, when the content of
'a magnetic material in a toner is decreased, the
adhesion of the toner onto the toner image-supporting
member mentioned above is improved, while the offset is |
more readily caused and aiso the blocking or caking are

20 also more liable. Accordingly, when a hot roller
fixing system using a1m65£ no oil application is
adopted in the present invention, selection of a binder
resin.becomes more serioﬁé. A preferred binder resin
may for example be a crosslinked styrené copolymer, or

25 a crosslinked polyester. Examples of éomonomers to
form such a styrene copolymer may include oné or more

¥inyl monomers selected from:--~monocarboxylic acid
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of [dissolved Fe(ll)/dissolved total iron] Ver sus
percentage (WM. % of nmagnetic

Producti on Exanple 25 4. -9-

DETAI LED DESCRI PTI ON OF THE | NVENTI ON
for solving the

-

-

10

15

20

having a double bond and their substituted derivatives, -

such as acrylic acid, methyl acrylate, ethyl acrylate,

butyl acrylate, dodecyl acrylate, octyl acrylate, 2-

ﬁethylhexyl acrylate, phenyl acrylate, methacrylic acid,

methyl methacrylate, ethyl methacrylate, butyl
methacrylate, octyl methacrylate, acrylonitrile,
methacrylonitrile, and acrylamide; dicarboxylic acids
having a double bond and their substituted derivatives,
such as maleic acid, butyl maleate, methyl maleate, and
dimethyl maleate; wvinyl esters, such as vinyl chloride,
vinyl acetaté, and vinyl benzoate; ethylenic olefins,
such as éthylene, propylene, and butyléne; vinyl
ketones, such as vinyl methyl ketone, and vinyl hexyl
ketohe; vinyl ethers, such as vinyl methyl ether, vinyl
ethyl ether, and vinyl isobutyl ethers.

The binder resin for constituting the toner of
the present invention may comprise a_crosslinking
agent. As the crosslinking agent, a compound having
two or more polymerizable double bonds may principally
be used. Examples thereof include: aromatic divinyl

compounds, such as divinylbenzene, and divinyl-

naphthalene; carboxylic acid esters having two double

bonds; such as ethylene glycol diacrylate,'ethylene

glycol dimethacrylate, and 1, 3-butanediol diacrylate;

divinyl compounds such as divinyl ether, divinyl

sulfide and divinyl sulfone; and compounds ha?ing three

=~ or more vinyl groups. These compounds may be used
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~ As a result of our study
above- nenti oned prof3ens, it has been found that a



princi pal cause of those problens resides in a magnetic 5 nmaterial in the

magnetic toner and a further study is made on magnetic material s
capabl e of solving the probl ens. As a result, we have
devel oped a magnetic mat eri al which can be unifornly dispersed in a
toner, 10 <can provide a toner with a s2%bly and noderately controlled
charge at the tine of toner charging and is st abl e under vari ous

envi ronnmental conditions. The obj ects of the present invention has been
acconpl i shed by a toner using the magnetic_nateri

singly or in mixture. In view of the ffiébility and

anti-offset characteristic of the toner, the

crosslinking agent may preferably be used in an amouht

of 0.01 - 10 wt. %, preferably 0.05 - 5 wt. %, based on
5 the weight of the binde; resin.

For a pressure-fixing system, a known binder
resin for pressure-fixable toner may be used. Examples
thereof may include: polyethylene, polypropylene,_
polymethylene, polyurethane elastomer, ethylene-ethyl

10 acrylate copolymer, ethylene-vinyl acetate copolymer,
ionomer resin, styrene-butadiene copolymer, styrene-
isoprene copolymer, linear saturated polyesters and
paraffins.

In order to provide the magnetic toner with a

15 negative chargeability, it is possible to add a
negative charge controller, such as an organometal
complex or chelate compound. More speéifically, there
may be used monoazo metal complexes, acetylacetone
metal complexes, and metal complexes of aromatic

20 hydroxycarboxylic acids and aromatic dicarboleic
aq;ds: In addition, there may be raised aromatic
'hydroxycarboxylic acids, aromatic mono- and poly-
carboinic acids, and their metal salts, anhydrides and
esters: phenol derivativeé,_such as bisphenols.

25 In order to provide the magnetic toner with a
positive chargeability, it is possible to add a charge

controller, such as nigrosifie "an#*~its modified
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.15 As for production of magnetic iron oxide t hrough an

aqueous solution reaction, various proposals have been made regardi ng
ki nds of al kaline materials used for neutralization or pH value of the
sol ution containing ferrous iron oxide after the neutralization. 20
However, the thus obtained nmagnetic iror®dxide particles still involve
sone room for inprovenent regardi ng stability under various

envi ronnent al condi tions. In order to inprove magnetic

iron oxide, it 25 has been oposed to jnclude an ad tlve such as
silicic acid,.Eﬁ?éh%Eﬁ1og“ E%E ?W@&P%Pmlﬁa%ﬂﬂft$

tributylbenzyl-ammonium-1 hydroxy-4-naphthosulfonic
acid salt, and tetrabutylammonium tetrafluoroborate;
diorganotin oxides, such as dibutyltin oxide,

5 dioctyltin oxide, and d#cyclohexyltin oxide; and
diérganotin borates,’ such as dibutyltin borate,
dioctyltin borate, and dicyclo-hexyltin borate.

As another type of positive charge controller,
there may be used a hbmopolymer of a monomer having an

10 amino group represents by the formula:

11‘1
CH, = C R,
-<l:ooczn4n\
Ry ,

15 wherein Ry represents H or CH3; and R, and R3 each
represent a substituted or unsubstituted alkyl group
(preferably C; - CG); or a copolymer of the monomer
having an amine group with another polymerizable
monomer such as styrene,.acrylates, and methacrylates

20 as described above. 1In this case, the positive charge
cqptr?ller also has a function of a binder.

. It is preferred to externally add silica fine
powdef to the magnetic toner according to the present
invention. A toner comprising a magnetic iron oxide

35 containing silica element, a positive charge controller
and silica fine powder is able to control thé

triboelectric chargeability to provide a-stable charge
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to the conponents of inverse spinel ferrite repfesented

- 10- by divalent netals (e.g., JP-A 58-2226). The addition of
silicic acid has effective for providing an inproved heat -r esi st ance by
cover-age of particles surfaces (e.g., JA-A-53-35697). If this.is

applied to a 5 magnetic toner, the silt+26e conponent such as silicate

better than a conventional toner.
The magnetic toner accbrding to the present'
inverition may be prepared as follows. First of all, a
binder resin, maénetic iron oxide powder, a charge
5 controller, etc., giving a magnetic toner may be
preliminarily blended by a blender such as a ball mill.
The resultant blend is kneaded by means of a melt
kneading device such as a roll mill. After cooling,
the kneaded product is coarsely crushed to a size of
10 several millimeters or smaller by using a crusher such
as a hammer mill, followed by fine pulverization by
using, e.g., an ultrasonic jet pulverizer into fine
particles on the order of 0.1 - 50 microns. The thus
obtained fine partiéles may be classified to obtain a
15 toner. 1In this instance, a toner having a prescribed
particle size distribution may be obtained by
controlling the crushing and pulverization to set a
particle size distribution before the classification
and controlling the classification depending on the
20 specific gravity and the feed rate of the toner.
Egamgles the classifier suitable for removing finer
_particles may include wind-force classifiers, such as
Micrdplex 132 MP (trade name) available from Alpine
Co., Acucut A-12 (trade name) available from Donaldson
25 Co. and Micron Separaﬁor MS-1 available from Hosokawa
Tekko K.K. Examples of the classifier suitable for

- removing coarser particles may include wind-force © e
S T

i
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or silicic-acid hydrate tends to remarkably inpair the noi sture
resi stance. JP-A 58-189646 di scl oses a magnetic toner
containing a magnetic iron oxide of which the FeO 10 content is specifi ed.
As a result of our further study, it is true that a toner. using a-
magnetic iron oxi de having an FeO cegit-ent in the range of 16 - 25 wt.
% has a tendency of causing a smaller change in triboelectric charge
under various environnmental 15 conditions, but still involves some room
for i mprovenent. The JP-A reference discloses a

classifiers such a Microplex 400 MP (trade name)-

available from Alpine Co. and Micron Separator MS-1

available from Hosokawa Micron K.K. and a shifter

classifier such as Blower Shifter available from

5 Taikoh K.K..

An example of production of a toner through
pulverization has been described above. In addition to
the above, it is also possible to produce the magnetic
toner according to the present invention also through

10 various processes inclusive of suspension
polymerization, or microencapsulation.

Into the magnetic toner according to the
invention, it is also possible to incorporate a waxy
substance, such as low-molecular weight polyethylene,

15 low-molecular weight polypropylene, microcrystalline
wax, carnauba wax, or -sasol wax, in a proportion of 0.5
- 6 wt. % of the binder resin so as to improve the
releasability at the time of hot roller fixation.

It is preferred to add silica fine powder to

20 the magnetic toner according to the present invention:
sq_as.to improve the charge stability, developing
_characteristic, fluidity or durability.

. The silica fine powder used in the present
inventi§n'may provide good results when it has a
25 specific surface area of 30 m?/g. as measured by the

BET method using nitrogen absorption. It is.preferred

to use 0.01 - 8 wt. parts, particularly U7+ 5 wt.
/
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Conpar ati ve Exanpl e using a magneti ci ron oxi de containing 26 wt. % or

nore of FeO. The magnetic iron oxi de has a small FeO content in the
surface |l ayer but 20 has a remarkably high FeO content at the inner
portion, and the magnetic iron oxide as a whole has a | arge FeO
content. A toner containing the magnetit28Tton oxide actual ly causes a
remar kabl e change in triboelectric charge as described in the JP-A
ref erence. We have now found that the distribution state

of Fe(ll) (i.e, e2+, _ferrous Lron) in.the sur e | ayer.of nmagnetic
i ron oxide ratBQFE?hebﬁeffibﬁ?eh%“?np°WGer per 186%¢. parfy s i

particles. |
The silica fine powder.used in the present

invention may have been preferably treated with one or

5 more of organic silicon compdunds, such as silicon
varnish, wvariously modified silicone varnish, silicone
oil, variously modified silicone o0il, silane coupling
agents, and silane coupling agents having functional
groups, as desired, for the purpose of providing

10 hydrophobicity, controlling chargeability, etc.

Examples of other additives to the magnetic

toner according to the éresent invention may include: -
iubriéants, such as polytetrafluoroethylene, zinc
stearate and polyvinylidene fluoride, among which

15 polyvinylidene fluoride is preferred; abrasives, such
as cerium oxide, silicon carbide, aﬁd strontium
titanate, among which strontium titanate is preferred;
fluidity-improving agents, such as titanium oxide and
aluminum oxide with hydrophobic ones being preferred;

20 anti-caking agent; conductivity-imparting agents, such
as,canon black, zinc oxide, antimony oxide, and tin
_oxide; developing characteristic-improvers, such as
white'fine particles of a polarity opposite to that of
fhe magnetic toner and black fine powder of a polarity

25 opposite to that of the magnetic toner. These

additives may be added in a relatively small-amount,

~~as desired.
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-11- magnetic iron oxide critically contributes to stabilization

of triboelectric charge of a toner under vari ous environnental

condi tions. Thi s has not been theoretically fully 5 clarified
but it is assumed that an appropriate distribution of Fe(ll) in the
surface | ayer of magnetic iron oxi d@%affects the triboel ectric charging

The magnetic toner containing a specific
magnetic iron oxide according to the present invention
provides images having a high density with little
change under varying environmental conditions.

5 Further, even under low temperature-low humidity
conditions, the magnetic toner retains an appropriate
level of chﬁrge and high image densities without
causing a lowering in image density due to charge-uﬁ.

Hereinbelow, the present invention will be

10 described in more detail with reference to Examples,
which however should not be understood to restrict the
invention in any way. The “parts" used in describing
coﬁpositional ratios are by weight.

First of all, Examples of production of

15 magnetic iron oxide are set forth hereinbelow.

Production Example 1

53 kg of FeSO, was dissolved in 50 liter of
water and maintained at a temperature of 40 °C or
higher while being warmed with steam, thereby to form a

20 solution having an iron concentration of 2.4 mol/liter.
The solution was subjected oxidation at about 70 °C by
blowing air, as an oxygen-containing gas, thereinto.

. The resultant SIurry_was subjected to
filtration, washing with water and drying to obtain

25 magnetic iron oxide. 1In order to control the content
and distribution of FeO in the magnetic iron_éxide, the

N 1 oxidation was performed at 80 Oc for 24 hours, and the e
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performance controlled by a delicate bal ance between accumul ati on of
triboelectric charge and relaxation of 10 charge unique to FeO or Fe(ll)
at mcroscopic interfaces during repetitive friction of toner
particles. The magnetic iron oxi.de used in the magnetic

toner according to the present inventio®Owill now be 15 described in nore
detail. The magnetic iron oxide used in the present invention is
required to satisfy the followi ng conditions (a), (b) and (c) with

respect to 4 LBeoFRLL! besPBLREL’ SE°88! ¥87: 4L al LORLNSEHEAL St &
normal pressure for 72 hours as shown in Table 1
appearing hereinafter together with the conditions in
other production examples. Physical properties of the

5 magnetic iron oxide thus obtained are.shown in Table 2
together with those of the other Examples.
Figure 1 shows the change in ratio of

dissolved Fe(II) (ferrous iron)/dissolved iron element
(total iron) wversus the change in dissolved total iron

10 percentage.

Production Examples 2 - 8 and Comparative Production

Examples 1 - 6

The procedure of Example 1 was repeated except
that the oxidation time and temperature, and the drying
15 time, temperature, atmosphere and pressure were
respectively changed as shown in Table 1, whereby the
magnetic iron oxides having physical properties shown
in Table 2 were respectively prepared. '
The changes in dissolved Fe(II) content (i.e.,
20 ratio of dissolved Fe(II)/dissolved total iron) versus
the cﬁange in the dissolved total iron percentage for
these Production Examples and Comparative Production
. Examplés are shown in any one of Figures 1 - 4.
For reference, Table 3 lists raw experimental
25 Jata taken at an interval of 10 min. for the magnetic
iron oxide of Production Example 5 giving Figﬁre 3.

For example, the disscilvea*¥e¥{TI) content at the
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di ssol ved total iron percentage when dissolved in 20 aqueous sulfuric acid

sol ution. " (a) a dissolved Fe(ll) content/dissol ved total I ron
is 14 - 33.3 wt. % when the dissolved total iron - percentage is 5 1 w.
% - (b) a dissolved Fe(ll) c0nt§§{idissolved'total 25 iron is 17 -
33.3 wt. % when the dissolved total iron percentage is 10 1 w. %

(d). a dissolved Fe(ll) content/dissol ved total

dissolved total iron percentages of 2.0 wt. % and 5.1
wt. % can be calculated based on the values in Table 3
as follows: |

at 2.0 wt. %: (15.40/70.0) x 100 = 22 (wt.%)

5 at 5.1 wt. %: [(34.93-15.40)/(178.5-70.0)1 x 100 =
18. (wt. %)

10

15
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-12-

ironis 18 -
percentage is 15 + 1 w.

preferably satisfy

r espect

sol uti on.

33.3 w.

%

the follow ng conditions (d),
5 to the Fe(ll)/content/dissolved total
di ssol ved total iron percentage when di¥%vl ved in

% when t he di ssol ved total
* The magnetic iron oxi de may
(e) and (f) with

iro

n

i ron versus the

aqueous sul furic acid
(d) a dissolved Fe(ll) content/dissol ved total
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ironis 14 - 30 wt. % when the dissolved total iron 10 percentage is 5 + 1

w. % (e) a dissolved Fe(ll) content/dissolved total iron is
17 - 32 wt. % when the dissolved total iron percentage is 10 + 1 wt. %
(f) a dissolved Fe(ll) content/dissolved_ total 15 ironis 19 - 33 w. %
when the dissolved total iron percenddge is 15 + 1 w. %
For magnetic iron oxide particles, it is possi ble to anal yze the
extrene circunferential or surface |l ayer state of the particles in
terms of a 20 dissolved total iron (or iron elenent) percentage of up
| g
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to 30 wt.

Fe[err]
up to a
of 25

such nmagnetic iron oxide particles. Such

% It has been found that a noderately uni form presence of
(i.e., Fe(ll)) at the very surface | ayer which may be dissol ved

di ssol ved total iron percentage of 16 w. % allows relaxation

excessi ve charge on the nagnetlcihpner particles cont ai ni ng
charge rel axation effect and

charge stability cannot be
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- 13- attained unless all the above-nentioned conditions (a) - ()

are satisfied, thus failing to provi de good triboelectrification
per f or mance under various . envi ronnmental conditions. Mre specifically,
if the 5 dissolved Fe(ll) content exceeds the upper limt of any - one
of the ranges (a), (b) and (c), the charde- stability of the resultant
toner is inpaired under a high humdity condition. On the other hand,

- if the di ssolved Fe(ll) content is lower than the lower Iimt 10 of

any of the ranges (a) 'Ng%%’EkQﬁpiggrg% Egh%§agkgauction using the
' above magnetic iron oxides prepared in the above
production examples are described.
Example 1
5 Styrene/n-butyl acrylaté/divinylbenzene
copolymer . | 100 parts
(copolymerization wt. ratio: 80/19.5/0.5,

weight-average molecular weight (Mw): 30x104)

Negative charge controller 2 parts
10 (monoazo chromium complex)
Low-molecular weight polypropylene 3 parts

.Magnetic iron oxide of Production
Example 1 80 éarts
The above ipgredients were sufficiently mixed
15 by a blender and melt-kneaded at 150 °C by a roll mill.
The kneaded product was cooled, coarsely crushed by a
hammer mill, finely pulverized by a pulverizer using a
jet air stream and classified by a wind-force
classifier, to obtaiﬁ magnetic black powder (magnetic
20  toner) having a volume-average particle size of 8.2
migrops.

4 parts of strontium titanate powder and 0.6
part of hydrophobic silica fine powder ("R812"
available from Nihon Aerosil K.K.) were added to 100

2> parts of the above-obtained black powdér and blended
therewith by means of a Henschel mixer to obfain a

- magnetic toner. e
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effect is lost particularly under |ow tenperature-I|ow hum dity

conditions. The magnetic iron oxide used in the present

i nvention may further preferably have an FeO (ferrous 15 oxide) content
per total Fe (wt. % of 30 - 40 mt. % It is further preferred that
t he magnetic iron oxide particles hdbe a dissolved Fe(ll) content in
total iron y (wt. 9% satisfying the follow ng-conditions (g) and

(h) for the range of the dissolved total iron 20 percentage X (Wt. %
satistying 4 [err] x [e&&L %@hs'obtaR%EEi%gbﬁékﬁcoténé %%%]s%%jected

to an image formation test.by using a commercially
available copying machine ("NP-8582", available from
Canon K.K.). As a result, under the normal

5 temperature/normal humidity conditions of 23.5 ©¢c/60
sRH, the resultant images showed a high aensity of
1.38, weie free from ground fog and showed a high
resolution. Further, a high image density of 1.35 was
obtained under low temperature/low humidity conditioms

10 of 15 °C/10 $RH, and a high image density of 1.31 was
obtained under high temperature/high humidity
conditions of 32.5 °C/85 $RH. Thus, little change in
image density was observed under various environmental
conditions. Further; during a successive copying test

15 for 50000 sheets, the resuitant images showed a stable
image density and were substantially free frem ground
fog or reversal fog.

The results of evaluation are summarized in

Table 3 appearing hereinafter together with the.results

20 in other Examples and Comparative Examples.

Examp}es 2 - 4
. Magnetic toners were prepared in the same
manhef.as in Example 1 except that magnetic iron oxides
of Production Examples 2 - 4, respectively, were used
25 instead of the magnetic iron oxide of Production "

Example 1. The thus obtained magnetic toners were

respectively subjectetd=to ‘I =fnile image formation test
. R

" i




(g) y [err] 33.3, and (hy 'y [err][ 0.26x + 16.0.

The limting conditions y = 33.3 and y -= 0. 26x "+ 16.0 are indicated as
the uppernost |ine and the | owernmost line in Figure 1 together with
experi ment al ' data which will be discussed hereinafter.

- 14- - ~37-

aé in Example 1. As a.result, these toners all showed
high densities with little change under #arious
environmental conditions and stable performance under
successive copying. |

5 Example 5

A magnetic ‘toner was prepared in the same

manner as in Example 1 except for using 4 parts of
nigrosine instead of 2 parts of the negative charge
controller and subjected to an image formation test by

10 using a commercially available copying machine
({"NP4835", available from Canon K.K.), whereby clear
images having a high image density were obtained with
littlg change under varying environmental conditions
and stably even during successive copying.

15 Comparative Example 1

. A magnetic toner was prepéred in the same
manner as in Example 1 except for using the magnetic'
iron oxide of Comparative Production Example 1 instead
of the magnetic iron oxide of Production Example 1.

20 The magnetic toner thus obtained was subjected to the
same ?mage formation test as in Example 1.

. Under the normal temperature/normal humidity
conditions of 23.5 ©C/60 %RH, the resultant images
showed an image density of 1.27 lower than in Example 1

25 and were accompanied with a slight aegree of ground—
fog. Under the low temperature/low humidity‘conditions

of 10 ©Cc/15 %RH, the resultent -irmces-were accompanied

This Sheet Has Been Replaced




By satisfying the above conditions (g) and (h) in conbi nati on, better
charge stability and charge rel axation effect can be attained, whereby
st abl e triboelectrification is acconplished under various 5

envi ronnment al conditi ons. If it is assunmed that a nagnetic

I ron oxide particle has the shape of %rsphere having a particle

size of 0.2 mcron, a dissolved total iron percentage ~of 30 wt. %
corresponds to dissolution of a surface 10 |layer up to about 100 [err]

fromthe surface., 306G freab1d £59' 488 LLQ0e8CL CENAIENQ i Einlge %

corresponds to an
density from 1.30 at the initial stage to 1.15 after

30,000 sheets of successive copying. Under the high
.temperature/high humidity conditions of 32.5 ©C/85 %RH,

5 the images showed a low image density of 1.02 even at
the initial stage which'was further lowered to 0.95
after 30,000 sheets of successive copying.

Comparative Example 2

A magnetic toner was prepared in the same

10 manner as in Example 1 except for using the magnetic
iron oxide of Comparative Production Example'z instead
of the magnetic iron oxide of Production Example 1.
The magnetic toner thus obtained was subjected to the
same image formation test as in Example 1.

15 | Under the normal temperature/normal humidity
conditions, the resultant imeges showed a lower image
density than in Example 1.  Under the low
temperature/low humidity conditions, the resultant
images caused a lowering in image density from 1.15 at

20 the initial stage to 1.09 after 30,000 sheets.oﬁ
successive copyzng and further to 1.02 in 50,000 sheets
'oﬁ copying. Under the high temperature/high humidity
condifions, the images at the initial stage showed a
image density of 1;22 bquwere accompanied with

25 noticeable toner scattering, and the image density was
lowered to 1.08 after 50,000'sheets of successive

- ek copying. : e e
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about 50 [err] fromthe surface. ' The magnetic iron oxide

particles used in the present invention may preferably have an apparent
bul k 15 density of 0.1 - 1.2 g/cc. If the magnetic iron oxide - have an
apparent bulk density in this range, the magnetic iron oxide particles -
show little aggl oneratability and pT%%Dninantly conpri se oct ahedr al
particles rich in dispersibility, so that 20 the effects of the present

i nvention are enhanced. The magnetic iron oxide particles used in the -
pr esent i”&SﬂbS?Qtf@@ ﬁ&éﬂpiécf inaffinity with a resin or an

or gani ¢ sol vent= '
A magnetic toner was prepared in the same

manner as in Example 1 except for using the magnetic
iron oxide of Comparative Production Example 3 instead
5 of the magnetic iron oxide.of Production Example 1.
The magnetic toner thustbbtained was subjected to the
same image formation test as in Example 1.
.Under the normal temperature/normal humidity
conditions, the resultant'images substantially
10 comparable with those in Example 1. However, under the
low température/low humidity conditions, the images
showed a slightly lower image density at the initial
stage of 1.30 than in.Example 1, which was then lowered
to.1.28 after 30,000 sheéts of successive copying and
15 then to 1.20 after 50,000 sheets of successive copying.
Under the high temperature/high humidity conditions,
the image density was lowered from 1.28 at the initial
stage to 1;24 after 30,000 sheets ofldopying and then
to 1.21 after 50,000 sheets.
20 - . The results of image density evaluation in the

above Examples and Comparative Examples are summarized

'in Table 4 below.
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The magnetic iron oxide particles may 25 preferably have an average
than 0.28 m cron.

particle size which is
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particle size of 0.05 micron or smal ler, they are | iable to cause

aggl oneration and have a | ower environnmental stability. If the average
particle size 5 is 0.35 micron or larger, the nagnetic iron oxide
particles are liable to form excessive surface -~ projection or |localize
when used by dispersion in thin fil mtdr mnute particles. Further, the
| arge particles tend to cause a decrease in blackness as a hue. 10
Met hods for neasurenent of the above-nentioned . paraneters and ot her
physi cal propeLt md ta.wll now be described in detail

The FeO or Fe(§¥¥—g§%%gnt (with reference to. '

Styrene/n-butyl acrylate/divinylbenzene'
copolymer 100 parts
 (copolymerization wt. ratio: 79/20.5/0.5,
5 weight-average molecular weight (Mw): 29x104)
Negative charge ‘controller . 2 parts
(monoazo chromium complex)
Low-molecular weight polypropylene 3 parts
Magnetic iron oxide of Production
10 Example 5 - 80 parts
rhe above ingredients were sufficiently mixed
by a blender and melt-kneaded at 150 °C by a roll mill.
The kneaded product was cooled, coarsely crushed by a
hammer mill, finely pulverized by a pulverizer using a
15 jet air stream and classified by a wind-force
classifier, to obtain magnetic black powder (magnetic
toner) having a volumé-average particle size of 9.0
microns.
4 parts of étrontium titanate powder and 0.6
20 part of hydrophobic silica fine powder ("R812" |
availéble from Nihon Aerosil K.K.) were added to 100
parts of the above-obtained black powder and blended
thereﬁith by means of a Henschel mixer to obtain a
mégnetic toner.
25 The thus obtained magnetic toner was subjeéted
to an image formation tgst by using a commeréially

available copying WasFIfRc&@RIE-5060", available from
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the total iron element) and the dissolved total = 15 iron percentage (iron
el emrent dissolution rate) may be - neasured as follows. For exanple,
about 3 liter of dei oni zed water is placed in a 5 liter-beaker and
warned to 45 - 50 [err]C on a water bath. A slurry.of about 25 g of
magnetic iron oxide in about 400 ml of —4%- dei oni zed water is further
washed with separately provi ded about 805 ml of deionized water, and

t he resultant slurry together with the deionized water is added to

the 5 111l DeBCls k.K.). As a result, inded he 'dBidhi " the °
temperature/nofmal humidity conditioﬂ§ of 23.5 °c/60
%RH, the resﬁltant ihages showed a high density of
1.40, were free from ground fog and showed.a high

5 resolution. Further, a high image density of 1.35 was
obtained under low temperature/low humidity conditions
of 15 °C/10 %RH, and a high image density of 1.32 was
obtained under high temperature/high humidity
conditions of 32.5 °c/85 $RH. Thus, little change in

10 image density was observed under various environmental
conditions. Further, during a successive copying test
for 50000 sheets, the resultant images showed a stable
image density and were substantially free from ground
fog or reversal fog.

15 ‘The results of evaluation are summarized in
Table 5 appearing hereinafter together with the results
in other Examples and Comparative Exampleé.

Examples 7 - 9

Magnetic toners were prepared in the same
20 manner as in Example 6 except that magnetic iron oxides
of.Prpduction Examples 6 - 8, respectively,.were used
" instead of the magnetic iron oxide of Production
Exampie 5. The thus obtained magnetic toners were
respectively subjected to the same image formation test
25 as in Example 6. As a result, these toners all'shOQed
high densities with little change undér variéus

envirenmental conditions and stable performance undexr A
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25 is nmuintained at about 50 [err]C and stirred at about 200 rpm about
695 m of reagent-grade sulfuric acid is added to the 5 liter beaker to
start the dissolution. - 16- At -

this tine, the magnetic-iron oxide concentration is about 5 g/l and the

sul furic acid concentration is at a
20 M each of the

10

15

successive. copying.

Example 10

A magnetic toner was prepared in the same
manner as in Example 6 except for using 4 parts of
nigrosine instead of 2 parts of the negative charge

controller and subjected to an image formation test by

'using a commercially available copying machine

("NP3825", available from Canon K.K.), whereby clear
images having a high image density were obtained with
little change under varying environmental conditions

and stably even during successive copying.

Comparative Example 4

A magnetic toner was prepared in the same

manner as in Example 6 except for using the magnetic

iron oxide of Comparative Producﬁion Example 4 instead
of the magnetic iron oxide of Production Example 5.
The magnetic toner thus obtained was subjected to the
same image formation test as in Example 6. |
Under the normal temperature/normal humidity
conditions of 23.5 °C/60 $RH, the resultant images

showed an image density of 1.28 lower than in Example 6

~and were accompanied with a slight degree of ground

fog. -Under the low temperature/low humidity conditions
of 10 ©°c/15 $RH, the resultant images were accompanied

with noticeable fog and caused a lowering in image B

density from 1.27 at the initial stage to 1.18 after

30,000 sheets of successive copying. Under the high -

i

heet HasiBeen Replaceg

JL

- BTnaIity'of about 5. A volune of



liquid is sanpled at an interval of 10 mn. fromthe 5 comencenent of the

di ssolution of the magnetic iron oxide until the |iquid becones
transparent due to conpl ete dissolution, and each sanple liquid is
filtered through a 0.1 micron-nenbrane filter to recover a filtrate. 10
10 m of the thus recovered sanple filttdt=e is subjected to a
quantitative analysis of iron el enent (total iron) by inductively
coupl ed plasnma (1 CP) em ssion spectronetry. The di ssolved total iron

percentage is ,cal cul ated ﬁ¥ ‘h f(%é}vmn equat i on: ' tal
i ron percent ad:gutg%raq}ut el}i Ofaf Sbn j'!I:J.ons ‘of ]ﬁ.[g iﬁ'_o)s\@eqlsl{}f),
the images showed an image density of 1.29 at the
initial stage which was lowered to 1.25 after 30,000

sheets of successive copying.

5 Comparative Example 5
| A magneticltoner was prepared in the same
manner as in Example 6 except'for using the magnetic
iron oxide of Comparative Production Example 5 insteéd
of the magnetic iron oxide of Production Example 5.
10 The magnetic toner thus obtained was subjected to the
same image formation test as in Example 6.

Under the normal temperature/normal humidity
conditions, the resultant images showed a lower image
density than in Example 6. Under the low

15 témpefature/low humidity conditions, the resultant
images caused - a lowering in image density from 1.24 at
the initial stage to 1.10 after 30,000 sheets of
successive copying. Under the high temperature/high
humidity conditions, the images at thelinitial stage

20 showed a image density of 1.26 but were accompanied
with poticeable toner scattering, and the image density
~was lowered to 0.97 after 30,000 sheets of successive
copyiﬁg.

Comparative Example 6

25 A magnetic toner was prepared in the same
manner as in Example 6 except for using the magnetic

iron oxide of Comparative Production Example 6 instead
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iron element in a sanple (my/ 1)/ (concentration of iron el enent at

conpl ete dissolution] x 100. - For neasurenent of the Fe(ll)
content in each sanpl e, about 100 ml of deionized water is added to
the 20 remaining 10 mM of the sanple filtrate to forma sanple

solution, which is then titrated with 04 Kvngerr] by “j udgi ng
coloration into slight purple as the end point. In parallel therewth,
a blank titration is effected. The Fe(ll) concentration (ng/l) is

calcul aed, 2ot end Ml sngm pide oA FubaESERGHAE (7P 2 o,
The magnetic toner thus obtained was subjected to the
same image formatioén test as in Example 6.

Under the normal temperature/normal humidity
S c¢onditions, ﬁhe resultant images showed an image .
density of 1.32, which wﬁs lowered to 1.23 after 30,000
sheets of copying. Under the low temperature/low
humidity conditions, the images showed an image density
at the initial stage of 1.30 which was then lowered to
10 1.17 after 30,000 sheets of successive copying. Under
the high temperature/high humidity conditions, the
image density was lowered from 1.28 at the initial
.stage to 1.21 after.30,000 sheets of.copying;'
The results of image density evaluation in the
15 above Examples 6 - 8 and Comparative Examples 4 - 6 are

summarized in Table 5 below.

20
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approxi mated by a value for an increnent between
sanpl es.

t ot al

di ssolved iron 10 percentage of 10 wt. % nay be approxi mately

obt ai ned by

concentration for successive sanpl es

successi vel y taken
For exanple, the dissolved Fe(ll) content(10) (m. % at the

the follow ng equation by using the neasured val ues of
t he dissolved total iron concentré&éifon and the di ssol ved Fe(I1)

iron percentages of 5 15 wt. Wband 10 wt. % respectively):
Di ssol ved Fe(ll) content(10) = [Fe(I1)10-

Fe(ll)[err]]/[TI[err]- TI[err]] X 100, wherein Fe(ll)[err] and Fe(ll) [err]O

T

10

15

20

A magnetic toner for electrophotography having
stable triboelectric chargeability under various
environmental cdnditions may be provided by using
magnetic iron oxide particles having a moderately high
surface FeO content,.spebified by the followin§
conditions: (a) a dissolved Fe (II) content in
dissolved total iron of 14 - 33.3 wt. % at a dissolved
total iron percentage of 5 + 1 wt. %, (b) a dissolved
Fe (II) content in dissolved to£a1 iron of 17 - 33.3
wt. % at a dissoived total iron percentage of 10 + 1
wt. %, and (c) a dissolved Fe (II) content in diséolved
total iron of 18 - 33.3 wt. % at a dissolved total iron

percentage of 15 + 1 wt. %.

-
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denote the neasured val ues of the dissolved Fe(ll) concentration (ng/l)
-at the dissolved total iron 20 percentage of 5 w. %and 10 wt. %
respectively, and Tl [err] and Tl[err] denote the neasured val ues of
the dissolved total iron concentration gpgll) accothds 8 e#UasBeem lgcep
em ssion spectronetry at the di ssol ved -i4%n Perce %)and
10 wt. % respectively. In the present
above-nenti oned di ssolved Fe(ll) content is deflne at t dlssolved

total iron pervﬁ&r)lt a_'g.’esagi‘]:&dl\/&s% 10 wt. % and 15 wt.

1. A magnetic toner comprising magnetlc toner

particles containing at least a binder resin and
magnetic iron pxide particles, wherein said magnetic

5 iron oxide particles satisfy the follbwing conditions
(a) - (c):

(a) a dissolved Fe (II) content in dissolved
total iron of 14 - 33.3 wt. & at a dissolved total irom
percentage of 5 + 1 wt. §,

10 : (b) a dissolved Fe (II) content in dissolved
total iron of 17 - 33.3 wt. & at a dissolved_total iron
percentage of 10 + 1 wt. &%, ana

(c). a dissolved Fe (IX) content in dissolved
total iron of 18 - 33.3 wt. & at a dissolved total iron

15 percentage of 15 + 1 wt. %.

2. The magnetic toner according to Claim 1,
wherein said magnetic iron oxide éarticles satisfy the
following conditions (4d) - (e):

20 _ (d) a dissolved Fe (II) content in dissolved
total iron of 14 - 30 wt. % at a dissolved total iron
_percentage of 5 + 1 wt. %,

' (e)la dissolved Fe (IX) content in dissolved
total iron of 17 - 32 wt. % at a dissolved total iron

25 percentage of 10 + 1 wt. %, -

(f) a dissolved Fe (II) content in dissolved

total iron of3pIHEFIE:- & at a dissolved total iron

* C L M s *



- 18- % respectively as the objective values with a tol erance of

[err]1 wt. % each but may be simlarly obt ai ned at hi gher dissol ved
total iron percentages. For the nmeasurenent of FeO content per
total 5 iron (FeOFe) (W\t.”" %9, 1 g of n&gnetic iron oxide is - placed in
a 500 m - beaker, and 50 ml of deioni zed—®&ater and—then—20-m of

reagent -grade sul furic acid are added IThis Sheet Has Been

poctaze ot 15 1o |

3. The magnetic toner according to Claim 1,
wherein said magnetic iron oxide particles having a
5 dissolved Fe (II) content in total iron y (wt. %)
satisfying the following conditions'(g) and (h) at a
dissolved total iron percentaéé x (wt. &) satisfying
0 < x ¢ 33.3: |
. (g) ¥ 33.3, and
AU (h) ¥ 2 0.26% + 16.0.

i~

4, The magnetic toner according to Claim 1,
wherein said magneﬁic iron oxide particles have a
dissolved Fe (II) content in total iron y (wt. %)

15 saﬁisfying thé following conditions (g) and (h) at a

dissolved total iron percentage X (wt. &) satisfying

4 < x ¢ 16:
(é) Yy £ 33.3, and
(h) vy 2 0.26x + 16.0.
20
- 5: The magnetic toner according to Claim 1,
_wherein said m&gnetic iron oxide particles have an FeO
conteﬁt per total Fe of 30 - 40 wt. %.
25 6. The'magnetic tongr according.to Claim 2,

wherein said magnetic iron oxide particles héve an FeO

content per totif-FZ*EHITY - 40 wt. %. _ -

* [ L M S *



thereto to conpletely dissolve the magnetic iron oxide. :
100 m- of dei oni TiesiShet Has Besh Rapldcber 10 10 nl of aqueous MhSJ err ]

sol ution conprisin
nol ar ratios of O.
ichis

sanpl e sol ution, whi

|
t

anount per 1 g of sénple nadﬁéélc | ;
according to tfgetlh SR ES il FPCLEEREk{de  particles have an FeO

content per total Fe of 30 - 40 wt. %.

10

15

20

8. The magnetic

wherein said magnetic

er
added t
l“rated Vﬁéﬁ

71.85) x (equivalent:

rl]Sqerr] and Herr]PJerr] (in

t he above solution to forma
. a 0.1N KMhd werr] sol ution.
The FeO Fe (wt. 9% is calculated as follows: 15 FeQ Fe (w.
(ol ecul'ar wei ght of FeOQ

vol une (m) - Pl ankrﬁé'tlﬁ

ron oxi ase

toner according to Claim 4,

iron oxide particles have an FeO

content per total Fe of 30 - 40 wt. %.

9. The magnetic
wherein said magnetic

apparent bulk density

10. The magnetic
wherein said magnetic

apparent bulk density
11. The magnetic
wherein said magnetic

apparent bulk density

12. The magnetic

wherein said magnetic

apparént bulk density

13. The magnetic
wherein said magnetic

average particle size

* C L M s * 1

toner according to Claim 1,
iron oxide particles have an

of 0.1 - 1.2 g/cc.

toner according to Claim 2,
iron oxide particles have an

of 0.1 - 1.2 g/cc.

toner according to Claim 3,
iron oxide particles have an

of 0.1 - 1.2 g/cc.

toner according to Claim 4,
iron oxide particles have an

of"o.1 - 1.2 gICCC

'toner according to Claim 1,
iron_oxide-particles have an

which is larger than 0.05 micron

Then,

t: 5) x 1/10 x [titrat?/?)n:
801 Y OLUE: (BhAbLESssebvetaigts

e heasur enent



The apparent bul k density of nagnetic'iron
foll ows. A powder tester

with a

bul k density.
little on the sieve under
pl acenment of

10

15

20

and smaller than 0.35

14. The magnetic
wherein said magnetic
average particle size

and smaller than 0.28

15. The magnetic
wherein said magnetic
average particle size
and smaller than 0.35

16. The magnetic
wherein said magnetic
average particle size
and smaller than 0.28

17. The magnetic
wherein said magnetic
average particle size

and smaller than 0.35

18. The magnetic
wherein'said magnetic
average particlg size

and smaller than 0.28

cw - Lew - :
A R e

vi brati o358 a stroke of

oxi de may be neasured as

(avai l abl e from Hosokawa™M—Tcron K'K") provided
710 micron-sieve is used for neasurenentTﬁgsﬁ
Di sintegrated magnetic iron

oxi de |

eﬁﬁHag certHUpRIcEd!
TR
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micron.

toner according to Claim 1,
iron oxide particles have an
which is larger than 0.10 micron

micron.

toner according to Claim 2,
iron oxide particles have an
which is larger than 0.05 micron

micron.

toner according to Claim 2,
iron oxide particles have an
which is larger than 0.10 micron

micron.

tonér according to Claim 3,
iron oxide particles have an
which is larger than 0.05 micron

micron.

1toner according to Claim 3,

iron oxide particles have an
which is larger than 0.10 micron

micron.

) 0 A VLR




the magnetic iron oxide—enthe sieve and the vibration of the sieve are
continued until an accessory cup s

filled wth a heap of the nmagnetic

i ron oxfikeShekf Hag Been R € ermi nati on, an excessive heap of the magnetic
i ron ﬁml the cup is remyved by leveling with an
accessory cup containi ng3f'te magnetic iron oxide is
wei ghed. The cup has an inner volunme of -~ 100 cc, and the weight of the
magnetic iron oxide is obt ai ned by subtracting the weight of the cup
per se.

10 The aRar e, DU IRNY Wores SRS Y iln 4,

10

15

20

wherein said magnetic
average particle size

and smaller than 0.35
20. The magnetic
wherein said magnetic
average particle size
and smaller than 0.28
21. The magnetic

copolymer.

22. The magnetic

iron oxide particles have an
which is larger than 0.05 micron

micron.

toner accbrding to Claim 4,
iron oxide particles have an

which is larger than 0.10 micron

micron.

toner according to Claim 1,

- wherein said binder resin comprises a styrene-type

toner according to Claim 2,

wherein said binder resin comprises a styrene-type

copolymer.

23. The magnetic

toner according to Claim 3,

wherein said binder resin comprises a styrene-type

copolymer.

24. The magnetic

toner according to Claim 4,

wherein said binder resin comprises a styrene-type

copolymer.

25. The #SyRrEsEEEsfer according to Claim 21,

I

(I



i ron oxi de weight (g)/100 (cc) The neasur@ggm&naésawmyRaummm
particle size and 15 observation of shape of magneti c |ron

performed as follows. Sanple magnetic. iron oxide is hoI

m croscope ("H 700H', avail able fromH tachi Seisakusho K K. ) at a

magni fication of 10[err] 20 wunder an accel eration voltage of 100 KV,

phot ograph at an overall magnification of 3x10[err

acrylate-divinylbenzene copolymer.

foll ow ng equati on: Apparént bul k density (g7cc) = magnetic
copper - meshed col l odion filmand photographed t hrough a
folloved by . whefEididdil Biidereted e Etipr £d & @fsa%]ztéﬂea&x-tmﬁqm ain a

26. The magnetic toner according to Claim 22,
5 wherein said binder resin comprises a styrene-n-butyl

acrylate-divinylbenzene copolymer.

27. The magnetic toner according to Claim 23,
wherein said binder resin comprises a styrene-n-butyl

10. acrylate-divinylbenzene copolymer.

28. The magnetic toner according to Claim 24,
wherein said binder resin comprises a styrene-n-butyl

acrylate-divinylbenzene copolymer.

15
29. The magnetic toner according to Claim 1,
wherein said magnetic toner particles contain 40 - 150
wt. parts of thé magnetic iron oxide particles per 100
wt. parts of the binder resin.
20
3?. The magnetic toner according to Claim 2,
_wherein said magnetic toner particles contain 40 - 150
wt. pérts of the magnetic iron oxide particles per 100
wt. parts of the binder resin.
5 -

31. The magnetic toner according to Claim 3,

wherein said magrzii~h tsexdasparticles contain 40 - 150

LU



phot ograph is used for observation of the shape of the
I ron oxi de particles,

and t

measuri ng and averagi ng

phot ogr aphed

The magnetic iron oxide used in the nagne?lc

10

15

particles.

wt. parts of
wt. parts of

32. The
wherein said
wt. parts of
wt. parts of

33. The
wherein said
wt. parts of
wt. parts of

34. The
wherein said
wt. parts of
wt.'parté of

35. The
wherein said

wt. parts of

wt. parts of

36. The
wherein said
wt. parts of

wt. parts of

he averagé

T

the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 4,
magnetic toner particles contain 40 -
the magnetic iron 6xide particles per

the binder resin.

magnetic toner according to Claim 1,
magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 2,
magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.

maghetic toner according to Claim 3,
magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.'

magnetic toner according to Claim 4,

magnetic toner particles contain 50 - {

the magnetic iron oxide particleé per

the binder resin.

x  C

L M H *

sanpl e magnetic
25 particle size IS obtained by

-20-
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100
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100

120
100
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100



toner according to the present

foll ow ng manner.

neutralized in an aqueous NaCH solution to forn1Fe(CPD[e

the liquid is brought to pH 12 -

fol |l oned by
10

sol uti on,

nagnetite.
slurry and dried by nmeans of a warm gas drier,

Then,

I nvention may be
For exanpl e,

prepared'in t-he

ferrous sulf éhe 'ﬁﬁ%ﬁg laced

the magnetite nay be recovered fromthe
e.g., at 50 - 140 [err]C

13 by addi ti on of an
oxidation with steamand air to f

inair or in an ingr! Offe SHkdneeid £6RE8FNaccording to Claim 1,

wherein said binder resin contaihs a crosslinking

B o

10

15

20

agent.

38,
wherein

agent.

39.
wherein

agent.

40.
wherein

agent.

41,
wherein
control

42,

-

.wherein

contr61

43,
wherein

contrdl

The

said

The

said

The

said

The

said

magnetic toner according to Claim 2,

binder resin contains a crosslinking

magnetic toner according to Claim 3,

binder resin contains a crosslinking

magnetic toner according to Claim 4,

binder resin contains a crosslinking

magnetic toner

according to Claim 1,

magnetic toner particles contain a charge

agent.

The

said

magnetic toner according to Claim 2,

magnetic toner particles contain a' charge

agent.

The

said

agent.

magnetic toner accordiﬁg

to Claim 3,

magnetic toner contaiﬂ'a charge

particles

W O



to formmagnetite particles. The drying may be perf or med under a
reduced pressure as desired. The 15 resultant nagnetlc I ron oxide may be

further reduced in a hydrogen at mosphere flos cednt ent in
the - resultant magnetic iron oxide a or tr
disintegrator, such as a fret mll, to- V|de ate bul k

density. The above-nenti oned drylng 20 step may preferably be conducted in
an inert gas atnDsphere since the drying in air tends to cause

surface oxidation @%énﬂyggééidrgghéyaégﬁéeﬁn U clai Qg Fe(ll)

content in the sur ace ayer ively, the'slurry of
magnetite as yherein said magnetic toner particles contain a charge

control agent.

5 45. The magnetic toner according to Claim 1,
wherein said magnetic toner particles contain a waxy
substance in a proportioh of 0.5 - 6 wt. % based on the

binder resin.

10 46. The magnetic toner according to Claim 2,
wherein said magnetic toner particles contain a waxy

substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

15 47. The magnetic toner according to Claim 3,
wherein said magnetic toner particles contain a waxy
substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

20 48. The magnetic toner according to Claim 4,
wherein said magnetic toner particles contain a waxy

substance in a proportion of 0.5 - 6 wt. % based on the

bindef resin.

25 49. The magnetic toner according to Claim 1,

which further comprises hydrophobic silica fine

powder.

* [4 L M S *



obt ai ned may be treated ttritor in the presence of a di spersant
as desired o a solid content on t he order of 40 wt. % and then dried

TR e o

10

15

Ghis&heétiHas Been Replaced’ oand

50. The magnetic toner according to Claim 2,
which further comprises hydrophobic silica fine

powder.

51. The magnetic toner according to Claim 3,
which further comprises hydrophobic silica fine

powder.

52. The magnetic toner according to Claim 4,
which further comprises hydrophobic silica fine

powder.

53. The magnetic toner according to Claim 49,
which contains 0.1 - 5 wt. parts of the hydrophobic
silica fine powder per 100 wt. parts of the magnetic

toner particles.

54, The magnetic toner according to Claim 50,
which contains 0.1 - 5 wt. parts of the hydrophobic
silica fine powder pér 100 wt. parts of the'magnetic

toner particles.

55. The magnetic toner according to Claim 51,

which contains 0.01 - 8 wt. parts of the hydrophobic

" silica fine powder per 100 wt. parts of the magnetic

toner particles.

* [ L M H *
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according to the present invention, the nmagnetic iron oxi de may be used
in an anount of 40 - 150 wt. parts, 5 preferably 50- 120 w. parts, per '
100 wt. parts of the bi nder resin. The bi nder for use in
constituting the toner according to_the present invention, when applied
to a hot pressure roller fixing apparatus using an oil 10 applicator
for applying an oil to the roller surface, may be any known bi nder
resin for toners. Exanples t hereof may include: honopol yners of styrene
and its deri vaséues Theumagaetiel Eohnereadcordingd tohlcaagat ¥pene, and
pol yvi nyl tol uene; styrene copol yners, such as

: which contains 0.01 - 8 wt. parts of the hydrophobic

silica fine powder per 100 wt. parts of the magnetic

toner particles.

5
10
15
This Sheet Has Been Replaced
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15 styrene-p-chl orostyrene copol yrrer styr(e{@ vi nyl tol uene copol yrer,

styrene-vi nyl napht hal ene copol ymer, styrene- - acryl ate copol yner,
styrene- net hacryl at e copol yner, styrene- et hyl -a-chl or onet hacryl at e
copol ynmer, styrene- acrylonitrile-copolyner-~ styrene-vinyl nethyl ether
20 copol yner, styrene-vinyl ethyl ~ether copolyner, styrene-vi nyl _nethyl
ket one copol yner, styrene- but adi ene copol yner, styrene-isoprene

copol ymer, and styrene-acrylonitril e-indene copol ynmer; polyvinyl

chloride, phenolic resin, natural resin-nodified 25 phenolic resin,
natural resin-nodified maleic acid

40

—O— PROD. EX. |

-@- PROD EX.2

DISSOLVED Fe(ll)/ DISSOLVED TOTAL IRON (wt. %)

0 —0— PROD.EX.3
—©— PROD.EX.4
] 1

o : 10 20 30

DISSOLVED TOTAL IRON
"PERCENTAGE (wt. %)

FIG. |

This Sheet Has Been Re| Iaced_




resin,. acrylic resin, nethacrylic resin, Z{)&/w nyl acetate, silicone
resin, polyester resin, polyurethane,

-22- pol yami de resin, furan resin, -epoxy resin, xylene resin,
pol yvi nyl butyral , terpene resi n, coumnarone- ~indene resin and petrol eum
resin. In a hot pressure roller fixing system using

40

30

10 - —/— COMP. PROD. EX. |
| -5/~ COMP PROD, EX.2
—>~ COMP PROD. EX.3

DISSOLVED Fe(I)/ DISSOLVED TOTAL IRON (wt. %)

o , .
0 _ 10 20 30

DISSOLVED TOTAL IRON
PERCENTAGE (wt. %)

FIG. 2

s Sheet Has Been Replaced’




5 substantially no oil application, serioh??ﬁkpb]ens are provi ded by an

of fset phenonenon that a part of- toner -1 rage on toner inmage-supporting
menber is transferred to-a roller, and-ar intimate adhesion of a toner
on the toner inmage-supporting nmenber. As a toner fixable with 10 a
| ess ‘heat energy is generally liable to cause . blocking or caking in
storage or in a devel oping apparatus, this should be also taken into
consideration. Wth these phenoneno th’g cal property of a
bi nder resin in a tonerlOGrfest—4=5 Ef..w. ng?yy}m,u. drrmg—toj our study, when
the content of a Qﬁ%;etlc material in a toner is decreased, the
E
S 80-
8 -
g O
_y 60F
<
Al_ A
EEE? 50
@
uTa 40+t
&> 30}
32 20f
o 7L
1= !
S IO-
0 510120 30 40 50 60 70 80 90 100
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adhesi on of the toner onto the toner |nage supporting member nenti oned

abovegi s, i nproved, while the offset " nos.e readily caused and al so the
bIocklng or caking are 20 also nDre I|able Accordingly, when a hot roller
fixing systemusing alnost no oil applicagion is adopted in the
present invention, selection of a binder resin beconmes nore serious. A
preferred binder resin - may for exanple be a crosslinked styrene

copol ymer, or a crosslinked polyester. Exanples- -of conononers to
formsuch a st ABSTRACTPOFY THE DARCLOSUREE one or nore Vi nyl nononers

selected from nonocarboxylic acid
A magnetic toner for electrophotography having

stable triboelectric chargeability under various
environmental conditions may be provided by using

5 magnetic iron oxide particles having a moderately high -
surface FeO content, spécified by the following
conditions: (a) a dissolved Fe (II) content in
dissolved total iron of 14 - 33.3 wt. & at a dissolved
toﬁal iron percentage of 5 + 1 wt. %, (b) a dissolved

10 Fe (II) content in dissolved total iron of 17 - 33.3
wt. % at a dissolved total iron percentage of 10 ¢ 1
wt. %, and (c¢) a dissolved Fe (II) content in dissolved
total iron of 18 - 33.3 wt. % at a dissolved total iron

percentage of 15 + 1 wt. %.
15 o
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MAGNETIC TONER

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a magnetic

 toner for use in image forming methbds, such as

electrophotography, electrostatic recording, and
magnetic recording.

Various developing.methods for wvisualizing
electrostatic latent images with toner have been known.'
For example, there have been known the magnetic brush
method as disclosed in U.S. Patent No. 2,874,063; the
cascade developing method as disclosed in U.S. Patent
No. 2,618,552; the pogder cloud method as disclosed in
U.S. Patent No. 2,221,776; in addition, the fur brush
developing method; and the liquid developing method.
Among these developing,methdds, those developing
methods using a developer composed mainly of a toner
and a carrier such as the magnetic brush method, the
cascade process and the liguid developing method have
been widely used commercially. While these methods
provide good images relatively stably, they involve
_ common problens accompanying the use of two-component
develbpers, such as deterioration of carriers and
change in mixing ratib of the toner and carrier.

In order to obviate such problems, various
developing methods using a one-component devélbper

congistivrgonly of a toner, have been proposed. Among
This is the replacement sheet
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nmet hagryl onitrile, and acryl am de; dicarboxylic acids havi ng a doubl e

bond and their substituted derivatives, . such as maleic acid, butyl

me} eate, methyl maleate, and. 10 di methyl nuleate; vinyl esters, such as
vinyl chlori de, vinyl acetate, and vinyl benzoate; ethylenic ol efins,
subh as et hyl ene, propyl ene, and butyl eag- vi nyl ket ones, such as vinyl
net hyl ketone and vinyl hexyl ket one; vinyl ethers, such as vinyl

met hyl ether, vinyl 15 ethyl ether, and vinyl isobutyl ethers.

The binder resin for constituting the toner of the present invention

may conprise atBeg§es| therggare magynexcedlent deyedomiihdrethads a

conpound haVingsing developers comprising magnetic toner particles.
U.S. Patent No. 3,909,258 has proposed a
developing method using an electroconductive magnetic
5 toner, wherein an electroconductive magnetic toner is
carried on a cylindrical electroconductive sleeve
provided with a magnet inside thereof and is caused to
contact an electrostatic image to effect development.-
In this method,as the development zone, an
10 electroconductive path is formed with toner particles
between the recording memﬁer surface and the sleeve
surface and the £oner particles are attached to image
portions due to a Coulomb's force exerted from the
image portions to effect.development. This‘ﬁethod
15 using an electroconductive magnetic toner is an
excellent method which has obviated the problems
involved in the two-component developing methods.
However, as the toner is electroconductive, there is
involved a probleﬁ, that it is difficult to transfer
20' the developed imagé electrostatically from the
reporging member to a final support member such as
_plain paper. | |
- As a developing method using a magnetic toner
with a high resistivity which can be electrostatically
25  transferred, a developing method using a dielectric’
polarization of toner particles is known. Sﬁch a

method, however, involves essential probl=msS»rhat the

This is the replacement sheet
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two or nDre'ponnerizabIe doubl e bonds may principally 20 be used.

Exanpl es thereof include: aronmatic divinyl conpounds, such as
~di.vi nyl benzene, and di vinyl - napht hal ene; carboxylic acid esters
havi ng two. doubl e bonds, such as ethylene glycol diacrylate, ethylene
gl ycol dinethacrylate, and 1, 3-butanedtdt diacrylate; 25 divinyl
conpounds such as divinyl ether, divinyl sul fide and divinyl sulfone;
and conpounds having three or nore vinyl groups. These conpounds may
be used '

developing speed is slow and a sufficient density of
developed image cannot be obtained.
As another method using a high resistivity

magnetic toner, there are known methods wherein toner.

5 particles are triboelectrically charged through
friction between toner particles or friction between a
friction member such as a sleeve and toner particles,
and then caused to contact an electrostatic image-
bearing member.to effect development. However, these

10 methods involve problems that the triboelectric charge
is liable to be insufficient because the number of
friction between the toner particles and the friction
member, and the charged toner particles are liable to
agglomerate on the sleeve because of an enhanced

15 cCoulomb's force.
A developing method having eliminated the

above described problems has béen proposed in U.S.
Patent No. 4,395,476 (corresponding to Japanese Laid-
Open Patent Application (KOKAI) No. 18656/1980). 1In

20 this method (so-called "jumping developing method"), a
magnetic toner is appliéd in a very small thickness on
a+sleeve, triboelectrically charged and is brought to
an exéreme vicinity to an electrostatic image to effect
development. More specifically, in this method, an

25 excellent image is obtained through such factors that a
sufficient triboelectric charge can be obtaiﬂed because

a magnetic toner is applied onto-a sisewve in a very

This is the rsplacement sheet
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-24- singly or in mxture. In view of the fixability and

anti-offset characteristic of the toner, the crosslinking agent may
preferably be used in an anount of 0.01 - 10 . % preferably 0.05 - 5
W % based on 5 the weight of the biqger resin. For a
pressure-fixing system a known binder ™~ resin for pressure-fixable toner

may be used. Exanpl es t hereof may ‘i ncl ude: polyethyl ene, polypropyl ene,

émall thickness to increase the opportunity of contact
between the sleeve and the toner; the toner is carried
by a magnetic force, and the magnet and the toner are
relatively moved to disintegrate the agglomerate of the
5 toner and cause sufficient friction between the toner
and the sleeve; and the toner layer is caused to face
an electrostatic image under a magnetic field and
without contact to effgct development. _
In the jumping developing method known
10 heretofore as described above, some difficultiés can be
encountered.in some cases on qontinuation of repetitive
copyiné, such as a decrease.in uniforﬁity of a
developer layer carried on a developer-carrying member,
occurrence of streak coating irregularities in a
15 circumferential direction of the developer-carrying
member and remarkable local thickening of the carried
deﬁeloper layer compared with that at the initial
stage, resulting in spots irregularities or wave-like
irregulérities. The former results in white streaks
20 and the latter results in spots or wave-like density
irreqplarities respecti?ely in developed iméges. These
_difficulties seldom occur in ordinary repetitive
copyirg_but can occur in some cases during continuous
use for a long period in an.extremely low temperature-
25 low humidity environment. 1In such cases, a loweriﬁ§ in
image density is liable to occur. Also in a.high

‘témperature~high humidity environment, the developer

This is the replacement sheet
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pol yrmetthyl ene, pol yuret hane el astoner, ethylene-ethyl 10 acrylate

copol yner, ethyl ene-vinyl acetate copol yner, | ononmer resin,

st yrFene- but adi ene copol yner, styrene- i soprene copol yner, |inear
saturated polyesters and = paraffins. In order to provide
the magnetic toner with a 15 negative ehargeability, it is possible to add
a negative charge controller, such as an organonet al conpl ex or
chel at e conpound. More specifically, there may be used nobnoazo net al

O s, g o Bl B nome Tk A SBT R £ B BN SEOTRERIE ¥ o
.decreése in image density in some cases.

According té'our study, it has been found that

the abbve difficulties are caused by changes in
5 attachment of developer powdér onto the sleeve and
transfer of developer powder from the sleeve.

More specifically, the above difficulties are
caused by a change in environmental conditions
resulting in portions.of ununiform triboelectric charge.

10 iﬁ the developer layer carried on the developer-
carrying member. Thus, under extremely low
temperature~low_humidity conditions, a portion of the-
developer can have an extremely large triboelectric
charge due to friction between the developer-carrying

15 member surface and the developer and, due to an image
force caused by the charge, such a portion having an
extremely large triboelectric charge is liable to be
accumulated in the vicinity of the developer~carrying
member. The accumulated portioﬂ having an extremely

20_ large triboelectiic charge affects the uniformity of
coating or developing bérformance of the developer
_forming an upper 1ayer, thus resulting in the above-
mentiéned difficulties such as white streaks, spot
irregularities and wave-like coating irregularities.

35 The decrease in developer layer thickness
under high temperature-high humidity conditiéns is

caused-by an un-uniformity of triboelectrification

Th@istheredacementsheet
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aci-ds, In addition, there may be rai sed aromatic 'hydroxycarboxylic

acids, aromatic nono- and poly- carboxylic acids, and their netal
sajts, anhydrides and esters: phenol derivatives, such as bisphenols.
In order to provide the nagnetic toner with a positive chargeability,
itdi?_pgssible'to add a charge  contéoller, such as nigrosine and its
nodi fie : ' '

between the developer and the developer-carryirng member
and.thus unstability of ﬁriboelectric éharge of the
déveloper in the vicinity of the developer-carrying
member sufface.
5 Un-uniformity of triboelectric charge of the

developer leads to ground fog as a serious image defect.
In recent yéars, a variety of functions are required of
a copying machine including superpoéing multi-color '
copying where a part of an image is erased by exposure,

10 etc., followed by insertion of another image thereat,
and framing where a marginal portion of transfer paper
is e:aséd into white. .In such cases, occurrence of
ground fog at parts of images to be erased in white
causes a serious problem.

15 More specifically, when a potential of a
polarity opposite to that df.a latent image potential
is provided by irradiation with intense light from an
LED or a fuse lamp to erase an image, an increased
tendency of ground fog at such parts is observed.

20 pPurther, in case of multi-color superposition copying,
ﬁixing of colors can occur to impair the clarity of

images.

SUMMARY OF THE INVENTION

3 ~ An object of the present invention is to
provide a magnetic toner causing little change in image

density under varyiny -sm¥ironmental conditions.
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prodycté, quat ernary ammoni um salts, such as tributyl benzyl -amoni um 1

hydr oxy- 4- napht hosul f oni ¢ acid salt, and tetrabutyl amoni um

tetrafl uoroborate; - di organoti n oxides, such as dibutyltin oxide, 5

di octyltin oxide, and dicyclohexyltin oxide; and di organoti n borat es,

such as dibutyltin borate, dioctyltinyborate, and dicyclo-hexyltin

bor at e. As anot her type of positive charge controller, there .

may be used a honopol yner of a nononmer having an 10 ami no group represents

by the formula: [err] .

Another object of the present invention is to
provide a magnetic toner with suppreséed tendency of
so-called charge-up phenomenon, i.e., failure in
maintenance of a suitable charge level due to

5 accumulation of excessive charge on toner particles
resulting in a decrease in image density.

Still another object of the present invention
is to provide a magnetic toner giving clear images
having a high image density and free from or with

10 suppressed fog.

According to the present invention, there is
provided a magnetic toner comprising magnetic toner
particles conﬁaining at least a binder resiq and
magnetic iron oxide particles, wherein said magnetic

15 iron oxide particles satisfy the following conditions
(a) - {c):

(a) a dissolved Fe(II) content in dissolved
total iron of 14 - 33.3 wt. % at a dissolved total iron.
percentage of 5 + 1 wt. %, |

20 (b) a dissolved Fe(II) content in dissolved
total iron of 17 - 33.3.wt; % at a dissolved total iron
percentage of 10 + 1 wt. &, and

. (c) a dissolved Fe(II) content in dissolved
total iron of 18 - 33.3 wt. & at a dissolved total ironm

3 percentage of 15 + 1 wt. %,

These and other objects, features and

advantages of the present invention will become more
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15 wherein R err] represents Hor CHerr]; and Rlerr] and R err] each
represent a substituted or unsubstituted al kyl group (preferably C(err]
- (ferr]); or a copolynmer of the nononer havi ng an ami ne group with
anot her pol yneri zabl e nononer such as styrene, acrylates, and :
met hacrylates ° as described above.  _gn this case, the positive charge
controller also has a function of a binder. It is preferred to
externally add silica fine Powder to the magnetic toner according to

t he present )

apparent upon a coensideration of the following
description of the preferred embodiments of the present
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing a change in ratio
of [dissolved Fe(II)/dissolved total iron] versus
dissolved total iron percentage (wt. %) of magﬁetic

10 iron oxides according to Production Examples 1, 2, 3
and 4.
~ Figure 2 is a graph showing a chanée in ratio
of [dissolved Fe(II)/dissolved total ironl} versus
dissolyed total iron percentage (wt. %) of magnetic
15 iron oxides according to Comp#rative Production
Examples 1, 2 and 3.

Figure 3 is a graph showiné_a change in ratio
of [dissolved Fe(II)/dissolved total iron] versus
dissolved total irqn percentage (df. %) of magnetic

20 iron oxide accordihg to Production Example 5. |

Figure 4 is a graph showing a changé in ratio
of [dissolved Fe(II)/dissolved total iron] versus
dissoived-total iron percentage (wt. %) of magnetic

iron oxide according to Comparative Production Example

25 4,
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i nvention. A toner conprising a magnetic iron oxide Containing silica

el enent, a positive charge controller and silica fine powder is able to
control the . triboelectric chargeability to prOV|de a stabl e charge
- 26- better than a conventional teper. The magneti c toner

according to the present

DETAILED DESCRIPTION OF THE INVENTION

As a result of our study for solving the
above;mentioned probléms, it has been found that a
principal cause of those problems resides in a magnetic

5 material in the magnetic toner and a further study is
made on magnetic materials capable of-solving the
problems.

- As a result, we have developed a magnetic
material which can be uniformly dispersed in a toner,

10  can provide a toner with a stably and moderately
controlled charge at the time of toner charging and is
stable under various environmental conditions. The
objects of the present invention has been accomplished
by a toner ﬁéing the magnetic méterial.

15 ' As for production of magnetic iron oxide
through an aqueous-solution reaction, various proposals
have been made regarding kinds of alkaline materiéls
used for neutralization or pH value of the solution
containing ferrous iron o#ide after the neutralization.

20 However, the thus obtained magnetic iron oxide

partigles still involve some room for improvemént

_regarding stability under various environmental

_conditions.

In order to improve magnetic iron oxide, it
has been proposed to include an additive, such as

'silicic acid, aluminum or phosphoric acid, iﬂ addition

to the components of inverse spinel Ferrite represented
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i nvention may be prepared as follows. First of all, a bi nder resin,
magnetic iron oxide powder, a charge 5 controller, etc., giving a magnetic

toner may be

prelimnarily blended by a blender such as a ball mll.

The resultant blend is kneaded by neans of a nelt kneadi ng devi ce such
as aroll mll. After cooling, t he KHeaded product is coarsely crushed

to'a size of

as a hammer

m Cr ons.

10

15

10 several mllimeters or smaller by using a crusher such

mll, followed by fine pulverization by using, e.g., an
ultrasonic je

The” LSRR adks %:Q%%a'r t‘f@{'%isgér‘g?,zgg)t.he'r%d%g‘ifu@lnl - 50

arne e’'Classifred to obtain a,
of silicic acid has effective for providing an improved

heat-resistance by cdverage of particles surfaces

(e.g., JA-A 53-35697). If this is applied to a

magnetic toner, the silicic component such as silicate
or silicic acid hydrate tends to remarkably impair the
moisture resistance.

JP-A 58-189646 discloses a magnetic toner
containing a magnetic iron oxide of which the FeO
content is specified. As a result of our further
study, it is true that a toner using a magnetic iron
oxide having an FeO coﬁtént in the range of 16 - 25 wt.

% has a tendency of cauéing a smaller change in

" triboelectric chargé under various environmental

conditions, but still involves. some room for

- improvement. The JP-A reference discloses a

Comparative Example using a magnetic_ iron oxide

containing 26 wt. % or more of FeO. " The magnetic iron
oxide has a small FeO content in the surface layer but
has a remarkably high FeO content at the inner poxrtion,

and the magnetic iron oxide as a whole has a large FeO

_.content. A toner containing the magnetic iron oxide

actually causes a remarkable change in triboelectric
charge as described in the JP-A reference.
We have now found that the distribution state

of Fe(II) (i.e., Fez*, ferrous iron) in the surface

layer of magnetic: iron oxide rather the FeO content in
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15 toner. In this instance, a toner having a prescribed particle size
di stribution may be obtai ned by controlling the crushing and
pulwverization to set.a particle size distribution before the
~classification  and controlling the'qhq§§ification dependi ng on the 20
specific gravity and the feed rate of the toner. Exanpl es the
"classifier suitable for renoving finer particles may include w nd-force
-classifiers, such as - Mcroplex 132 MP (trade name) avail able from

Al pi ne Co. madtetic Arbh Oxidé diEcaad |cdita fivuaddarml dson 25 Co.
and M cron Separator MS-1 avail abl e from Hosokawa
stabilization of triboelectric charge of a toner under
various environmental conditions.
- This has not been theoretically fully.
5 ciarified'bﬁt it is assumed that an appropriate
. distribution of Fe(II) in the surface layer of

magnetic iron oxide affects the triboelectric charging
performance controlled by a delicate balance between
accumulation of triboelectric charge and relaxation of

10 charge unique to FeO or Fe(II) at microscopic
interfaces during repetitive'friction of toner
particles.

: Thé magnetic iron oxide used in the majnetic

toner according to the present invention will now be

15 described in more detail. The magnetic iron oxide used
in the present invgntion is required to satisfy the
following conditions (a), (b) and (c) with respect to .
the Fe(II) content/dissolved total iron versus the
dissolved total iron percentage when dissolved in

20 aqueouslsulfuric acid solution.

(?) a dissolved Fe(Il) content/dissolved total
iron is 14 - 33.3 wt. % when the dissolved total iron
perceﬁtage is 5 + 1 wt. %,

(b) a dissolved Fe(II) content/dissolved total

25 jron is 17 - 33.3 wt. % when the dissolved total iron

percentage is 10 + 1 wt. %.

{(d) .a.dissolved Fe(II) content/dissolved total
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Tekko K. K Exanples of the classifier suitable for renovi ng coar ser

particles may include w nd-force -27-
classifiers such a Mcroplex 400 MP (trade nane). avai l abl e from Al pi ne
Co. and M cron Separator M5-1 avai | abl e from Hosokawa M cron K K. and a
shifter classifier such as Blower Shifter available from

iron is 18 —.33.3 wt. % when the dissolved total iron
percentége is 15 + 1 wt. s.

The magnétic_iroh oxide may preferably satisfy

the following conditions (d), (e) and (f) with respect

5 to the Fe(II)/content/dissolved total iron versus the
dissolved total iron percentage when dissolved in
-aqueous sulfuric acid solution.

(d) a dissolved Fe(II) content/dissolved total
iron.is 14 - 30 wt. % when the dissolved total iron

10 percentage is 5 + 1 wt. %. _

(e) a dissolved Fe(II) content/dissolved total
iron is 17 - 32 wt. % when the dissolved total iron
percentage is 10 + 1 wt. %. |

(f) a dissolved Fe(II) content/dissolve& total

15 iron is 19 - 33 wt. % when the dissolved total iron
percentage is 15 + 1'wt. .

For magnetic iron oxide particles, it is
poésible to analyze the extreme circumferential or
surface layer state of the particles in terms of a

20 dissolved total iron.(or iron element) percentage of up
to.30.wt. %. It has been found that a moderately
.uniform presence of Fe2+ (i.e., Fe(II)) at the very
surfaée layér which may be dissolved up to.a dissolved
total iron percentage of 16 wt. %, allows relaxation of

S excessive charge on the magnetic toner particles i
containing such hagnetic iron oxide particles; Such
charge relaxation &ffedt &M charge stability cannot be
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5 Tai koh K K An exanpl e of production of a toner through

pul veri zation has been descri bed above. In addition to t he above, it is
al so possible to produce the magnetic toner according to the present

i nvention also through 10 various processes inclusive of suspension

pol yneri zation,  or m croencapsul ati on. =13~ Into the magnetic toner
according to the “invention, it is also possible to incorporate a waxy
substance, such as | ow nol ecul ar wei ght pol yet hyl ene, 15 | ow nol ecul ar

\iNﬁi gh;rgglo)rlf Ir %%%g%%wniregcsr %.S]:[laltltleneaboveykl?é(ﬂticoar{er?uggng\i@(iox?sr. a ol Wax,.
- (c) are satisfied, thus failing to provide good
triboelectrification performance under various
environmental conditions. More specifically, if the

5 dissolved Fé(II)lcontent exceeds the upper limit of any
one of the ranges (a), (b) and (c), the charge
stability of the resultant toner is impaired under a
high hﬁﬁidity condition. On the other hand, if the
dissolved Fe(II) content is lower than the lower limit
10 of any of the ranges (a) - (c), the charge relaxation
effect is lost pérticularly under low temperature-low
humidity conditions. _
| The magnetic.iron oxide used in the'prgsent :
invention may further preferably have an Feo.(ferrous
15 oxide) content per total Fe (wt. %) of 30 - 40 wt. %.
It is further preferre@ that the magnetic iron oxide
particles have a dissolved‘Fe(II) content in total iron
y (wt. %) satisfying'the following conditions (g) and
{h) for the range of the dissolved total iron
20 percentage x (wt. %) satisfying 4 < x g 16,
pg;ticularly 0 < x < 30. |
(g) y ¢ 33.3, and
(h) ¥
* The limiting conditions y = 33.3 and y = 0.26x

v

0.26x + 16,0.

+ 16.0 are indicated as the uppermost line and the -
lowermost line in Figure 1 together with experimental
data which will be discussed hereinafter.
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- 6 Wt. %of the binder resin so as tO'inprove t he rel easability at the
time of hot roller fixation. It is preferred to add silica
fipne powder to 20 the magnetic toner according to the present invention
- so as to inprove the charge stability, devel oping characteristic,
fluidity or durability. Theg4silica fine powder used in the
pr esent I nvention may provide good results when it has a 25 specific
surface area of 30 nR/g. as nmeasured by the BET net hod using nitrogen
absorption. It is preferred "to use 0.01 - 8 wt. parts, particularly
0.1- 5 w. By satisfying the above conditions (g) and (h)
in combination,.better charge stability and charge
relaxation éffect can be attained, whereby stable
triboelectrification is accomplished under various
5 environmental conditions.
If it is'assumed that a magnetic iron oxide
particle has the shape of a sphere having a particle
size of 0.2 micron, a dissolved total iron percentage
of 30 wt. % corresponds to dissolution of a surface
10 layer up to about 100 & from the surface, and a
dissolved iron percéntage of 16 wt. % corresponds to an
about 50 & from the surface.
The magnetic iron oxide particles used in the
present invention may preferably havé an appérent bulk
15 density of 0.1 - 1.2 g/cc. If the magnetic iron oxide
have an apparent bulk density in this range, the
magnetic iron oxide particles show little
-agglomefatability and predominantly comprise
octahedral particles rich in dispersibility, so that
20 the effects of the present invention are enhanced. The
magneFic iron oxide particles used in the present
_invention are also rich in.affinity with a resin or an
organic solvent.
The magnetic iron oxide particles may
preferably have an éverage particle size which is

larger than 0.05 micron and smaller than 0.35 micron,

more preferably larger than 0.10 micron and smaller --
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-28- parfs, of silica fine powder per 100 wt. parts of toner

particles. ~The silica fine powder used in the present
i nvention may have been preferably treated with one or 5 nore of organic
silicon conmpounds, such as silicon varni sh; variously nodified silicone

varni sh, silicone oil, variously meti§fied silicone oil, silane coupling

thén 0.28 micron. If the particles have an average
particle size of 0.05 micron or smaller, they are
liable to cause agglomeration and have a lower
environmentai stabilitj. If the average particle size

5 is 0.35 micron of larger, the magnetic iron oxide
particles are liable to form excessive surface
projection or localize when used by dispersion in thin
film or minute particles. Further, the large particles’
tend to cauée a decrease in blackness as a hue.

10 Methods fbr measurement of the above-mentioned
parameters and other physical property data will now be
described in detail.

The FeO or Fe(II) content (with reference to
the_total iron element) and the dissolved total

15 iron percentage (iron element dissolution rate) may be
measured as follows. 'Fér example, about 3 liter of
deionized water is placed in a 5 liter-beaker and
warmed to 45 - 50 ©°C on a water bath. A slurry of

about 25 g of magnetic iron oxide in about 400 ml of

2 deionized water is further washed with separately
Proviqea about 805 ml of deionized water, and the
.resultant slurry together with the deionized water is
added.to the 5 liter-beaker.

Then, while the liquid in the 5 liter-beaker

5

is maintained at about 50 °C and stirred at about 200
pm, about 695 ml of reagent-grade sulfuric acid is

added to the 5 liter beaker to statrt the dissolution.-
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agents, and silane coupling agents Having functi onal groups, as
desired, for the purpose of providing 10 hydrophobicity, controlling
chargeability, etc. Exanpl es of other additives to the

magneti c
| ubricants,

toner -according to the present invention may include:

such as pol ytetriafl uoroet hylléne, zinc stearate and

pol yvi nyl i dene fluoride, anmbng which 15 polyvinylidene fluoride is

preferred,
strontium

fluidity-inpr

10

15

20

abr-asi ves, such as cerium oxide, silicon carbide, and

3t $913 Sl P e o um L DaL S, L LR AL ok
about 5 g/l and the sulfuric acid concentration is at a
normaiity of about 5. A volume of 20 ml each of the
liquid is sampled at an interval of 10 min. from the
commencement of the dissolution of the magnetic iron
oxide until the liquid becomes trénsparent due to
complete dissolution, and each sample ligquid is
filtered through a 0.1 micron-membrané filter to
recover a filtrate.

10 ml of the thus recovered sample filtrate is
subjected to a quantitative analysis of iron element
(total iron) by inductively coupled plééma (ICP)
emission spectrometry. The dissolved total iron
percentage is calculated by the following equation:
Dissolved total iron percentage (%) = [concentration of
iron element in a sample (mg/l)/{concentration of iron
element at complete dissolution] x 100.

For measurement of the Fe(II) content in each
sample, about 100 ml of deionized water is added to the
remoining 10 ml of the sample filtrate to form a samplo

solut@on, which is then titrated with 0.1N-KMnO, by

judging coloration into slight purple as the end point.

In parallel therewith, a blank titration is effected.
The Fe(II) concentration (mg/l) is calculated as
follows. |

Fe(IX) concentration (mg/l) = (atomio weight
of Fe(II): 55.85) -x (equivalent: 5) x 1/10 x [titration
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al um num oxi de wi th hydr ophobi c ohés being preferred; 20 anti-caking

agent; conductivity-inparting agents, such as carbon bl ack, zinc oxide,
antinmony oxide, and tin ~ oxi de; devel opi ng characteristic-inprovers,
such as white fine particles of a polarity opposite to that of t he
magneti c toner -and bl ack fine powder of-1-polarity 2 opposite to that of
the magnetic toner. These additives nay be added in a relatively snal
anmount , as desired. ' :

volume (ml) - blank titration volume (ml)] x 100.

The dissolved Fé(II) content, more
specifically the dissolved Fe(II)/dissolved iron
'element‘(total iron) ratio, referred to herein is

5 basically a differential value at a specified dissolved -
iron element (total iron) percentage but ié
approximated by a value for an increment betwéen
successively taken samples. For example, the dissolved
Fe(II) content(qq) (wt. '$) at the total dissolved iron

10 percentage of 10 wt. may be approximately obtained by
the following equation by using the measured values of
the dissolved total iron concentration and the
dissolved Fe(II) concentration for successive samples
(assumed to have dissolved total iron percenéages of §

15 wt. % and 10 wt. %, respectively):

Dissolved Fe(II) content 49) = [Fe(II)qq-
Fe(II)51/[TI;o-TIs] x 100, wherein Fe(II)s and Fe(II)qq
denote the measured values of the dissolved Fe(II)
concentration (mg/l) at the dissolved total iron

20 percentage of 5 wt. % and 10 wt. %, respectively, and
TIg agd TI4o denote tﬁe measured values of the
disssolved total iron concentration (mg/l) according to
the IéP emission spectrometry at the dissolved iron
percentages of 5 wt. % aﬁd 10 wt. %, respectively.

In the present invention, the above-mentioned
dissolved Fe(Ii) contenﬁlis defined at the diésolved

total iron percentages of 5 wt. &, 10 wt. § and 15 wt: -

_ This is the replacement sheet

Date: 2 8 FEB 1997



-29- The magnetic toner cohtaining a specific magnetic
I ron oxide according to the present invention provi des i mages having a
hi.gh density with little change under varying environnmental conditions.
5 Further, even under |ow tenperature-low humdity conditions, the
magneti c toner retains an appropriate -1glevel of charge and hi gh inmage
densities w thout causing a lowering in inmge density due to charge-up.
%, respectively as the- objective values with a
tolerance of +1 wt. % each but may be similarly
obtained at higher dissolved total iron percentages.
For the measurement of FeO content per total
5 iron (FeO/Fe) (wt. %), 1 g of magnetic iron oxide is
placed in a 500 ml-beaker, and 50 ml of deionized water
and then 20 ml of reagent-grade sulfuric acid are added
thereto to completely dissolve the magnetic iron oxide.
Then, 100 ml of deionized water and further 10
10 ml of agqueous MnSO, solution comprising MnSO,, H,S0,
and.H3P04 (in molar ratios of 0.3:2.0:2.0) are.added té
the above solution to form a sample solution, which is
titrated with a 0.1N KMnO, solution.
The FeO/Fe (wt. %) is calculated as follows:
15 FeO/Fe (wt. %) = (molecular weight of FeO:
71.85) x (equivalent: 5) x 1/10 x [titration volume
(ml) - blank titration volume (ml)]/(dissolved total
iron amount per 1 g of sample magnetic iron oxide based
on the measurement according to the ICP emission
20 gpectrometry).
The apparent bulk density of magnetic iron
oxide may be measured as follows. A powder tester
(avaiiable from Hosokawa Micron K.K.) provided with a
710 micron-sieve is use@ for measurement of the
S apparent bulk density. Disintegrated magnetic iron
oxide is placed little by little on the sieve under
vibration at a “stroke df about 1 mm. The placement of
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Her ei nbel ow, the'present invention will be 10 described in nore detai

with reference to Exanpl es, whi ch however shoul d not be understood to
restrict the invention in any way. The "parts" used in describing
conpositional ratios are by weight. 9 First of all, Exanples of
production of 15 nmagnetic iron oxide art?Set forth hereinbel ow.

Production Exanple 1 53 kg of FeSO err] was dissolved in 50
liter of wat er and mai nt'ained at a tenperature of 40 [err]C or

hi gher while %ﬂen%ﬂﬁﬁé@ﬁc"\ﬁ@n%ff&é bReERAY st 8vEoaABAth0vEBkHLi®R havi ng
an iron conce atron of 2.4 nol/liter. ' )

of the sieve are continued until an accessory cup is
filled with a heap of the magnetic iron oxide. After
the termination, an excessive heap of the magnetic iron
5 oxide powder on the cup is removed by leveling with an
accessory blade, and the cup containing the magnetic
iron oxide is weighed. The cup has an inner volume of
100 cc, and the weight of the magnetic irqﬁ oxide is
dbtained by subtracting the weight of the cup per se.
10 The apparent bulk density is calculated by the
following equation:
Abparent bulk density'(g/cc) = magnetic iron
oxlde weight (g)/100 (cc)
The measurement of average particle size and
15 observation.of shape .of magnetic iron oxide may be
performed as follows. - Sample magnétic iron oxide is
held on a copper-meshed collodion film and photographed
through a transmission microscope ("H-700H", available
from Hitachi Seisakusho K.K.) at a magnification of 104
20 under an acceleration voltage of 100 KV, followed by
pninQing at an enlargement ratio of 3 times to obtain a
'photograph at an overall magnification of 3x10%. The
photoéraph is used for observation of the shape of the
sample ﬁagnetic iron oxide particles, and the average
35  particle size is obt&ined by measuring and averaging

the largest lengths of thé respective photographed
particles. ' '
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The sol.ution was subjected oxidation at about 70 [err] C by bl owi ng air,

as an oxygen-contai ni ng gas, thereinto. The resultant slurry
was subjected to filtration, washing with water and drying to obtain
magneti ¢ ir.on oxide. In order to control the content and distribution of
FeO in the magnetic iron oxide, the =20« dation was perforned at 80

[err]C for 24 hours, and the

- The magnetic iron oxide used in the magnetic_
toner according to the present invention may be
prepared in the following manner.

For example, ferrous sulfate (FeSO,) is

5 neutralized in an aqueous NaOH solution to form Fe(CH)
and then the .liquid is brought to pH 12 - 13 by
addition of an NaOH aqueous solution, followed by
oxidation with steaﬁ and air to form a slurry of
magnetite.

10 ' Then, the magnetite may be recovered from the
slurry and dried by means of a warm gas drier, e.g., at
50 - 140 °C in air or in an inert gas such as nitrogen
to form magnetite particles. The drying may be
performed under a reduced pressure aS'desireé. The

15 resultant magnetic iron oxide may be further reduced in
a hydrogen atmosphere;to adjust the FeO content in the
resultant magnetic iron oxide and/or treated by a
disintegrator, such as a fret mill, to provide an

appropriate bulk density. The above-mentioned drying

20 step may preférably be conducted in an inert gas
atmos?here since the drying in air tends to cause
_surface oxidation of the magnetic iron oxide to reduce
the Fe(II) content in the surface 1ayer;

Alternatively, the slurry of magnetite as

25

obtained may be treated by an attritor in the preseﬁce
of a dispersant as desired to a solid contenf on the

““order of 40 wt. % and then dried by a spray drief'bf,
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-30- ¢ drying was perforned at 60 Cin an air atnosphere at a

normal pressure for 72 hours as shown in Table 1 appeari ng hereinafter
together with the conditions in " ot her production exanpl es. Physi cal
properties of the 5 magnetic iron oxide thus obtained are shown in Table 2
t oget her with those of the other Exanpleg Figure 1 shows the
change in ratio of di ssol ved Fe(Il) errous i ron)/dissolved iron

el enent (total iron) versus the change in dissolved total iron 10

per cent age:
The magnetic iron oxide used in the magnetic

toner according to the present invention may be
prepared in the following manner.
For example, ferrous sulfate (FeSO4) is

5 neutralized in an aqueous.NaOH solution to form Fe(OH),
and then the liquid is'brought to pH 12 - 13 by
addition of an NaOH aqueous solution, followed.by
oxidation with steam and air to form a slurry of
magnetite.

10 Then, the magnetite may be recovered-from the
slurry and dried by means of a warm gas drier, e.g., at
50 - 140 °C in air or in an inert gas such as nitrogen
to form magnetite particles. The drying may be
performed under a reduced pressure as desired. The

15 resultant magnetic iron oxide may be further reduced in
a hydrogen atmosphere to adjust the FeO content in the
resultant magnetic iron oxide and/or treated by a
_disintegrator, such as a fret mill, to provide an

appropriate bulk density. The above-mentioned drying

2 step may preferably be conducted in an inert gas
atmos?here since the.drying in air tends to cause
,surface oxidation 6f the magnetic iron oxide to reduce
the Fé(II) content in the surface layer.

Alternatively, the slurry of magnetite as

]

obtained may be treated by an attritor in the presence
of a dispersant as desired to a solid contenﬁ on the
~order of 40 wt. % and then dried by a spray'drief'of,
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Producti on Exanples 2 - 8 and Conpar ati ve Production Exanples 1 - 6
The procedure of Exanple 1 was repeated except that the oxidation tinme
and tenperature, and the drying 15 tinme, tenperature, atnosphere and
pressure were respectively changed as shown in Table 1, whereby the
magnetic iron oxides having physical prggerties shown in Table 2 were
respectively prepared. The changes in dissolved Fe(ll) content
(i.e., 20 ratio of dissolved Fe(ll)/dissolved total iron) versus t he
change in the dissolved total iron percentage for
~e.g., a disk atomizer type.
In order to produce the magnetic toner
acaording to the preseﬁt'invention, the magnetic iron
axida may be used in an amount of 40 - 150 wt. parts,
5 preférably 50 - 120 wt. parts, per 100 wt. parts of the
binder resin. '
The binder for use in constituting the toner
accofding to the present invention, when applied to a
hot pressure roller fixing apparatus using an oil
10 applicator for applying an oil to the roller surface,
may be any known binder resin for toners. Examples
thereof may include: homopolymers of styrene and its
derivatives, such as polystyrene, poly-p-chlorostyrene,
and polyvinyltoluene; styrene copolymers, suah as
15 styrene-p-chlorostyrene copolymer, styrene-viayltoluene
copolymer, styrene-vinylnaphthalene copolymer, styrene-
acrylate copolYmer, styrene-methacry}ate copolymer,
styrene—mathyl ®—chloromethacrylate copolymer, styrene-
'acrylonitrile copolymer, styrene-vinyl methyl ether
20 copolymer, styrene-vinyl ethyl ether copolymer, '
styrene-vinyl methyl ketone copolymer, styrene-
‘butadiene copolymer, stjrene-isoprene copolymer’, and
styreﬁe—acrylonitrila-indene copolymer; polyvinyl
_chloride, phenolic resin, natural resin-modified
phenolic resin, Aatural resin-modified maleic acid ~

resin, acrylic resin, methacrylic resin, polfvihyl

acetate, silicone resin, polyester resirn, polyurethane,
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t hese Production Exanples and Cbnparatlve Producti on Exanpl es are shown

I n any one of Figures 1 - 4. For reference, Table 3 lists .raw
experinmental 25 data taken at an interval of 10 nin. for the magnetic

i ron oxide of Production Exanple 5 giving Figure 3. For exanple, the

di ssol ved ‘Fe(11) content at the -22-

polyamide resin, furan resin, epoxy resin, xylene
resin, polyvinylbutyral, terpene resin, coumarone-
indene resin and petroleum resin.
In a hot pressure roller fixing system using
5 substantially no oil application; serious problems are
pfovided by an offset phenomenon that a part of tonmer
image on toner image-supporting member is transferred
to a roller, and an intimate adhesion of a toner on the
toner image-supporting member. As a toner fixable with
10 a less-heat energy is generally liable to cause
blocking or caking in storage or in a developing
apparatus, this should be also.taken into
consideratioﬂ. With these phenomenon, the physical
property of a binder resin in a toner is moé£
15  concerned. According to our study, when the content of
a magnetic material in a toner is decreased, the
adhesion of the tonef onﬁo the toner image-supporting
member mentioned above is improved, hhilg the offsef is
more readily caused and also the blocking or caking are
20 _aiso more liable. Accordingly, when a hot roller
fixing system using almost no oil application is
_adopted in the present invention, selection of a binder
resin becomes more serious. A preferred binder resin
may for example be a crosslinked styrene copolymer, or
a crosslinked polyester. Examples of comonomers to
form such a styrene copolymer may include oné or more

¥inyl mdnomers selected from: -monocarboxylic acid
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di ssol'ved total iron percentages of 2.0 wt. %and 5.1 w. % can be
cal cul ated based on the values in Table 3 as foll ows: at 2.0
w. % (15.40/70.0) x 100 = 22 (wt.%9 5 at 5.1 wm. %

((34.93-15.40)/(178.5-70.0)] x 100 =
- 32- ' -23-

18 (wt. %

having a double bond and their substituted derivatives,
such as acrylic acid, methyl acrylate, ethyl acrylate,
butyl acrylate, dodecyl acrylate, octyl acrylate, 2-
ethylhexyl acrylaﬁé, pheﬁyl acrylate, methacrylic acid,
5 methyl methacrylate, ethyl methacrylate, butyl
- methacrylate, octyl methacrylate, acrylonitrile,
methacrylonitrile, and acrylamide; dicarboxylic acids
having a double bond and their substituted derivatives,
such as maleic acid, butyl maleate, methyl maleate, and
10 dimethyl maleate; vinyl.esters, such as vinyl chloride,
vinyl acetate, and vinyl benzoate; ethylenic olefins,
such as ethylene, propylene, and butylene; vinyl
ketones, such as vinyl methyl ketone; and vinyl hexyl
ketone; vinyl ethe;s, such as vinyl methyl ether, vinyl'
15 ethyl ether, and vinyl isobutyl ethers.

The binder resin for constituﬁing the toner of
the present invention may comprise a.crosslinking
agent. As the crosslinking agent; a compound having
two or more polymerizable double bonds may principally

20 Dpe used. Examples thereof include: aromatic divinyl
coppbunds, such as divinylbenzene, and divinyl-
_napht£a1ene; carboxylic acid esters having two double
bdnds; such as ethylene glycol diacrylate,'ethylene
glycol dimethacrylate, and 1, 3-butanediol diacrylate;
divinyl compounds such as divinyl ether, divinyl
sulfide and divinyl sulfone; and compounds ha&ing three

‘or more vinyl groupﬁ. These compounds may be used
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[err]®

10

15

- 33- [err]
-24-

sinély or in mixture. In view of the fixability and
anti-offset characteristic of the toner, the
crosslinking agent.may preferably be used in an amount
of 0.01 - 10 wt. %, preferably 0.05 - 5 wt. %, based on
the weight of the binder resin.

For a pressure-fixing system, a known binder
resin for pressure-fixable toner may be used. Examples
thereof may include: polyethylene, polypropylene,
polymethylene, polyurethane'elastomér, ethylene-ethyl
acrylate copolymer, ethylene-vinyl acetate copolymer,
ionomer resin, styrene-butadiene copolymer, styrene-
isoprene copolymexr, linear séturated polyesters and
paraffins.

In order tofpfovide the magnetic toﬁer with a
negative chargeability, it is possible to add a
negative charge controller, such as an organometal
complex or chelate'compound. More specifically, there
may be used monoazo metal complexes,'acetylacétone
metal complexes, and metal complexes of aromatic
hydroxycarboxylic acids and aromatic dicarboxylic

acids. In addition, there may be raised aromatic

_hydroxycarboxylic acids, aromatic mono- and poly-

carboiylic acids, and their metal salts, anhydrides and

‘esters: phenol derivatives, such as bisphenols.

In order to provide the magnetic toner with a

pPositive chargeability, it is possible to add a charge

- controller, such as nigrosite “dm#>={ts modified
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-34- .

10

15

[err]
-25-
prodﬁcts, qﬁaternary ammonium salts, such as

tfibutylbenzyl-ammonium-1 hydroxy-4-naphthosulfonic

acid salf, and tetrabutylammonium tetrafluoroborate;

diorganotin oxides, such as dibutyltin oxide,

dioctyltin oxide, and dicyclohexyltin oxide; and
diorganotin borates, such as dibutyltin borate,
dioctyltin borate, and dicyclo-hexyltin borate.

As another type of positive charge'controller,
there may be used a homopolymer of a monomer having an
amino group represents by the formula:

R4

CH, = C Ry

éOOC2H4N<:

R3'
wherein R4 represents H or CHjz; and R, and Rj each

represent a substituted or unsubstituted alkyl group

(preferably Cq - Cgli or a copolymer of the monomer

having an amine group with another polymerizable
monomer such as styrene, aérylafes, and methacrylates
as described above. In this case, the positive charge
controller also has a function of a binder.

It is preferred to externally add silica fine
POWdef to the magnetic toner according to the present
invention. A toner comprising a magnetic iron oxide
Containing silica element, a positive charge controller
and silica fine powder is able to control the

Eriboelectriv chargeability to provide.a-stable charge
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Now, Exanples of toner production using the ~ above magnetic iron oxides

prepared in the above producti on exanpl es are descri bed. Exanple 1
5 - Styrene/ n-butyl acryl ate/divinyl benzene copol yrer
100 parts © (copolynerization w, ratio: 80/19.5/0.5,

~26-

better than a con%entioﬁal'toner.
The magnetic toner according to the present
invention may be prepared as follows. First of all, a
binder resin, magnetic iron oxide powder, a charge
5 controller, etc., giving a magnetic toner may be
preliminarily blended by a blender such as a ball mill.
The resultant blend is kneaded by means of a melt
kneading device such as a roll mill. Aftef cooling,
the kneaded product is coarsely crushed to a size of
10 several millimeters or smaller by using a crusher such
as a hammer mill, followed by fine pulverization by
‘using, e.g., an uitrasonic jet pulverizer into fine
particleg on the order of 0.1.— 50 microns. The thus
obtained fine particles may be classified to obtain a
15 toner. 1In this instance, a toner having a presqribed
particle size'distribution may be obtained by
controlling the crushing and pulverization to set a
particle size distribution before the clgssification
and controlling the classification dépending on the
2 specific gravity and the feed rate of the toner. |
Examgles the classifier suitable for removing finer
_particles may include .wind-force classifiers, such as
Microplex 132 MP (trade name) available from Alpihe
Co., Acucut A-12 (trade name) available from Donaldson
Co. and Mic;on Separator MS-1 available from Hosokawa
Tekko K.K. Examples of the classifier suitable for

© removing coarser particles may include wind-force
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wei ght - aver age nol ecul ar wei ght (Ma): 30x10[err]) Negati ve charge

controller . 2 parts 10 (monoazo chrom um conpl ex)

Low nol ecul ar wei ght pol ypropyl ene 3 parts Nhgnetlc i ron
oxi de of Production Exanmpl e 1 80
parts The above ingredi ent37were sufficiently mixed 15 by a
bl ender and nelt-kneaded at 150 [err]C by a roll mll. The kneaded
product was cool ed, coarsely crushed by a hanmer mll, finely

DUl veri zed bY & PUYELLEET o438, Bhcrophfb, 200, AEL FRRRARCHARRISI o0 oY @
available from Alpine Co. and Micron Separator MS-1
available from Hosokawa Micron K.K. and a shifter
classifier such as Blower Shifter available from

5 Taikoh K.K.
| An example of production of a toner through
pulverization has been described above. 1In addition to
the above, it is also possible to produce the magnetic.
toner according to the present invention also through
10 various processes inclusive of suspension
polymerization, or microencapsulation.

Into the magnetic toner according to the
invention, it is als0‘po§sible to incorporate a waxy
substancé, such as low-molecular weight polyéthylene,

15 low-molecular weight pol&propylene; microcrystalline
wax, carnauba wax, or sasol wax, in a proportion of 0.5
- 6 wt. % of the binder resin so as to improve thé
reléasability at the time of hot roller fixation.

It is preferred to add silica fine powder to

20 the magnetic toner according to the present invention
so, as to imprbve the charge stability, developing
.characteristlc, fluidity or durability.

: ' The silica fine powder used in the present
invention may provide good results when it has a
specific surface area of 30 mzlg. as measured by the
BET method using nitrogen absorption. It is.preferred

to use 0.01 - 8 wt. parts, particuldarly U t== 5 wt.
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20 tomer) having a vol-une-average particle size of 8.2 m crons.

4 parts of strontiumtitanate powder and 0.6 part of hydrophobic
silica fine powder ("R812" avai l abl e from Ni hon Aerosil K K. ) were
added to 100 25 parts of the above-obtgged bl ack powder and bl ended
therewi th by neans of a Henschel mxer to obtain a magnetic toner-

barts, of silica fine powder per 100 wt. parts of toner
particles. o
The silica fine powder used in the present
invention may'have been preferably treated with one or
5 more of organic silicon compounds, such as silicon
varnish, variously modified silicone varnish, silicone
oil, variouély modified silicone oil, silané coupling
agénﬁs, and silane coupling agents having functional
groups, as desired, for the purpose of providing
10 hydrophobicity, controlling chargeability,'etc.
Examples of other additives to the magnetic
toner according to the present invention may include:
iﬁbricants, such as polytetrafluoroethylene, zinc
SEearate and polyvinylidene fluoride, among which
15 polyvinylidene fluoride is preferred; abrasives, such
aé cerium oxide, silicon cafbide, and strontium |
titanate, among which étrontium titanate is preferred;
fluidity-improving agents, such as titanium oxide and
aluminum oxide with hyd:ophobic ones being preferred;
20 anti-caking agent; conductivity-imparting agents, such
as,ca;bon black, zihq oxide, antimony oxide, and tin |
_oxide} developing characteristic-improvers, such as
white fine particles of a §6iarity opposite to that of
the magnetic toner and black fine powder of a polarity
S opposite to that of the.magnetic toner. These )
| additives may be added in a relatively small.amount,

‘as desired.

This'is ths replacement sheet

Date: ¢ B FFE 1097



- 36- _ The thus obtained magnetic toner was subjected to
an inmage formation test by using a comercially avai |l abl e copyi ng
machi ne (" NP-8582", available from Canon K. K.). As a result,.under the
normal 5 tenperature/normal hum dity conditions of 23.5 [err] T 60

RH, the resultant inmages showed a high.gignsity of 1.38, were free
fromground fog and showed a high resolution. Further, a high inmge

density of 1.35 was obt ai ned under |ow tenperature/low humdity

condi tions

10

15

20

The magnetic toner containing a spécific
magnetic iron oxide according to the present invention
provides images having a high density with little
change under varying environmental conditions.
further, even under léw temperature-low humidity
condiﬁions, the magnetic toner retains an appropriate
level of charge and high image densities without
causing a lowering in image density due to charge-uﬁ.

Hereinbelow, the present invention will be
described in more detail with reference to Examples,
which however should not be understood to restrict the
invention in any way. The "parts" used in describing
cdmpositional ratios are by weight..

First of all, Examples of production of
magnetic iron oxide are set forth hereinbelow.

Production Example 1

53 kg of FeSOy4 was.dissolveq in 50 liter of
water and maintained at a temperature of 40 °C or
higher while being warmed with steam, thereby to form a

solution having an iron concentration of 2.4 mol/liter.

‘The solution was subjected oxidation at about 70 °C by

blowing air, as an 6xygen—containing gas, thereinto.
The resultant slurry was subjected to

filtration, washing with water and drying to obtain

- magnetic iron oxide. In order to control the content

and distribution of FeO in the magnetic iron bxide, the

oxidation was performed at 80 °C for 24 hours, and the

This is the replacement sheet

Date: 2 8 FrR gy



10 of ‘15 [err] 10 %RH, and a high imge density of 1.31 was | obt ai ned
under high tenperature/high humdity conditions of 32.5 [err] /85 %=H
Thus, little change in i mage density was observed under various
envi ronment al ~conditions. Further, during a successive copying test
15 for 50000 sheets, the resultant imgeggshowed a stable I mage
density and were substantially free from ground fog or reversal fog.
The results of -evaluation are summari zed in Tabl e 3 appeari ng
herei nafter together with the results 20 in other Exanples and Conparative
Exanpl es. drying was performed at 60 ©C in an air atmosphere at a
normal pressure for 72 hours as shown in Table 1
appearing hereinafter together with the conditions in
other production examples. Physical properties of the
S magnetic iron oxide thus obtained are shown in Table 2
together with those of the other Examples.
Figure 1 shows the change in ratio of
dissolved Fe(1lI) (ferrous iron)/dissolved iron element
{total iron) versus the change in dissolved total iron
10 percentage.

Production Examples 2 -~ 8 and Comparative Production

Examples 1 - 6

The procedure of Example 1 was repeated except
that the oxidation time and temperature, and.the drying
15 time, temperature, atmosphere and pressure were
respectively changed as shown in Table 1, whereby the
magnetic iron oxides having physical properties shown
in Table 2 were respectively prepared.
| The changes in dissolved Fe(II) content (i.e.,
0 ratio of dissolved Fe(II)/dissolved total iron) versus
the change in the dissolved total iron percentage for
these Production Examples and Comparative Production
- Examples are shown in any.one of Figures 1 - 4. ‘
For reference, Table 3 lists raw experimental
data taken at an interval of 10 min. for the magnetic
iron oxide of Production Exémple's giving Figﬁre 3.

For example, the dissclved Fe{#T) content at the
. This is the repiacement sheet
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Exanples 2 - 4 Magnetic toners were prepared in the sanme
manner as in Exanple 1 except that magnetic iron oxides. of Production
Exanples 2 - 4, respectively, were used 25 instead of the magnetic iron
oxi de of Production Exanple 1. The thus obtained magnetic toners were

respectively subjected to the sanme i-mag%for mation test
-37- =T

dissolved total iron percentages of 2.0 wt. % and 5.1
wt. % can be cal.culated based on the values in Table 3
as follows:
at 2.0 wt. %: (15.40/70.0) x 100 = 22 (wt.%)
5 at 5.1 wt. %: [(34.93-15.40)/(178.5-70.0)]1 x 100 =
18 (wt. %)
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as in Exanple 1. As a result, these toners all showed hi gh densities
‘with little change under various environmental conditions and stable
per f or mance under successive copying. 5 Exanple 5 A
magnetic toner was prepared in the sang.,  nmanner as in Exanple 1 except
for using 4 parts of ni grosi-ne instéad of 2 parts of the negative

char ge controller and subjected to an inage formation test by 10 using
a comercially avail abl e copyi ng machi ne
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Normal

10
3

Time | Press.
(hr)
5
6
20
5
5
12
48
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("NP4835", avail able from Canon K K. ), whereby clear | mages having a
hi gh i nage density were obtained with little change under varying

envi ronment al conditions and stably even during successive copying. 15
Conpar ative Exanple 1 A nagnetég toner was prepared in the
sane manner as in Exanple 1 except for~dsSing the nagnetic I ron _
oxi de of Conparative Production Exanple 1 instead of the magnetic iron
oxi de of Production Exanple 1. 20 The nmagnetic toner thus obtai ned was

subj ected to the sane imge formation test as in Exanple 1. Under the
normal tenperature/normal humdity 9 .

*: Average particle siz
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I mage

density of -"1.27 lower than in Exanple 1 25 and were acconpanied with a

slt ght degree of ground

condi tions
- 38-

showed an
I mage

I mages were acconpani ed
I n

| mages
wi th noticeable fog and caused a-Bgwering,

Under the | ow tenperature/low humdity
t he resultant-

the resultant
of 10 [err]C 15 9RH,

f og.

conditions of 23.5 [err]C/ 60 9%RH,
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density from1.30 at the initial stage to 1.15 after 30, 000 sheets of

successi ve copying. Under the high tenperature/ high humdity conditions
of 32.5 [err]C/85 %RH, 5 the imges showed a | ow i nage density of 1.02
even at the initial stage which was further |owered to 0.95 after
30, 000 sheets of successive, copyi ng. Conmpar ati ve Exanple 2

A magnetic toner was prepared in the sang 10 manner as in Exanple 1 except
for using the magnetic i ron oxide of Eﬁnparative Producti on Exanple 2

I nst ead of .the magnetic iron oxi de of Production Exanple 1

Now, Examples of toner production using the
above magnetic iron oxides prepared in the above
production examples are described.

Example 1
5 Styrene/n-butyl acrylate/divinylbenzene
copolymer 100 parts
(copolymerization wt. ratio: 80/19.5/0.5,

weight-average molecular weight (Mw): 30x104)

Negative charge controller 2 parts
10 {monoazo chromium complex)
.Low-molecular weight polyproleene 3 parts

Magnetic iron oxide of Production

Example-1 ' | 80 parts
_ The above ingredients were sufficiently mixed
15 by a blender and melt-kneaded at 150 ©C by a roll mill.

The kneaded product was cooled, coarsely crushed by a

hammer mill, finely pulverized by a pulverizer using a

jet air stream and classified by a wind-force

classifier, to obtain magnetic black powder (magnetic
20 toner) having a volume-average particle size of 8.2
microns.

4 parts of strontium titanate powder and 0.6
part 6f hydrophobic silica fine powder ("R812"
available from Nihon Aerosil K.K.) were added to 100
parts of the above-obtained black péwder and blended
therewith by means of a Henschel mixer to obfain a

magnetic toner.
This is ths replacement sheef
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The magnetic toner thus obtained was subjected to the sanme i mge

formation test as in Exanple 1. 15 Under the nor mal
“tenperature/normal humdity conditions, the resultant inmages showed a
| ower i mage density than in Exanple 1. Under the |ow
tenperature/l ow hum dity conditions, theygesultant | mages caused a

|l owering in imge density from1.15 at 20 the initial stage to 1.09 after
30, 000 sheets of successive copying and further to 1.02 in 50, 000
sheet s of copying. Under the high tenperature/high humdity

conditions, the inmages Ehetthus Mbhiained aympgsébivdtaner whgngubiestedy of
1.22 but were acconpanied with
- to an image formation test by using a commercially

available copying machine ("NP-8582", available from
Canon K.K.). As a result,. under fhe normal

5 temperature/normal humidity conditions of 23.5 °c/60
%RH, the resultant images showed a high density of
1.38,'were free from ground fog and showed a high _
resolution. Further, a high image density of 1.35 was
obtained under low temperature/low humidity conditions

10 of 15 °C/10 %RH, and a high image density of'1.31 was
obtained under high temperature/high humidity
conditions of 32.5 °c/85 sRH. Thus, little change in
image density was observed under various environmental
conditions. Further, during a successive coéying test

15 for 50000 sheets, the resultant images showed a stable
image density and were substgntially free from ground
fog or reversal fog.

The results of evaluation are summarized in

Table 3 appearing hereinafter together with the results

20 in other Examples and Comparative Examples.

Examg}es 2 - 4
Magnetic toners were prepared in the same
manner as in Example 1 except that magnetic iron oxides
of Production Examples 2 - 4, respectively, were used
%5 instead of the magnetic iron oxide of Production
Example 1. The thus obtained magnetic toners were
respectively subjectedS4v “i=Psile image formation test
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25 neticeable toner scattering, and the inage density was |owered to 1.08

after 50,000 sheets of successive copyi ng.
- 39- Conpar ati ve Exanple 3 A magnetic toner was prepared
in the sane manner as in Exanple 1 except for using the nagnetic

-37-

as in Example 1. As a result, these toners all showed
high densities with little chaﬁge under various
environmental conditions and stable performance under
successive copying.

5 Example 5

A magnetic toner was prepared in the same

manner as in Example 1 except for using 4 parts of
niQrosine instead of 2 parts of the negative charge
controller and subjected to an image formation test by

10 using a commercially available copying machine
("NP4835", available from Canon K.K.), whereby clear
images having a high image density were obtained with
little change under varyiﬁg environmental conditions
and stably'even during successive copying. -

15 Comparative Example 1

A magnetic tonér was prepared in the same

manner as in Example 1 except for using the magnetic
iron oxide of Comparative Production Example 1 instead
of the magnetic iron oxide of Production Example 1.

20 The magnetic toner thus obtained was subjected to the
same image forﬁation test as in Example 1.

. l Under the normal tgmperature/normal humidity
condiﬁions of 23.5 °C/60 $RH, the resultant images
showed an image density of 1.27 lower than in Example 1

3 and were gcccmpanied with a slight degree of ground
fog. Under the low temperature/low humidity‘conditions

of 10 Oc/15 sRrRH, the resultaant -iregds:-were accompanied

-
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I ron oxi de of Conparative Production Exanple 3 instead 5 of the magnetic

i ron oxide of Production Exanple 1. The magnetic toner thus obtained
was subjected to the sanme imge formation test as in Exanple 1.

Under the normal tenperature/normal humdity condi‘tions, the resultant
i mges substantially 10 conparable w t438&-+hose in Exanple 1. However, under
t he | ow tenperature/low humdity conditions, the imges showed a
slightly lower inmage density at the initial stage of 1.30 than in
Exanple I @Qggﬂhgﬁgﬁgﬁggbi%“%%d and caussd o Adwiriig PO Slegds of

density from 1.30 at the initial stage to 1.15 after
30,000 sheets of successive copying. Under the high
temperature/high humidity conditions of 32.5 ©C/85 %RH,

s the images showed a low image density of 1.02 even at
the initial stage which was further lowered to 0.95
after 30,000 sheets of successive copying.

Comparative Example 2

A magnetic toner was prepared in the same

10 manner as in Example 1 except for using the magnetic
iron oxide of Comparative Production Example 2 instead
of the magnetic iron oxide of Production Example 1.
The magnetic toner thus obtaiﬂed was subjected to the
same image formation test as in Example 1. .

15 Under the normal temperature/normal humidity
conditions, the resultant images showed a lower image
density than in Example 1. Under thg low
temperature/low humidiﬁy conditions, the resultant
images caused a lowering in image density from 1.15 at

20 the initial stage to 1.09 after 30,000 sheets of

sugée§sive copying and further to 1.02 in 50,000 sheets

of copying. '6nder the high temperature/high humidity

condiéions, the images at the initial stage showed a

image density of 1.22 but were accompanied with

noticeable toner scattering, and the image density was
lowered to 1.08 after 50,000 sheets of succeésive

copying. _ : B
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15 then to 1.20 after 50,000 sheets of successive copying. Under the

hi gh tenperature/ high humdity conditions, the i nage density was

| owered from1.28 at the initial stage to 1.24 after 30,000 sheets of
copying and then to 1.21 after 50,000 sheets. 20 The results
of inmage density evaluation in the Agave Exanpl es and Conparative

Exanpl es are sunmari zed I n Table 4 bel ow.

Comparative Example 3

A magnetic toner was prepared in the same
manner as in Example 1 except for using the magnetic
iron oxide of Comparative Production Example 3 instead

5 of the magnetic iron oxide of Production Example 1.
The magnetic toner thus obfained was subjected to the
same image formation test as in Example 1.

Under the normal temperature/normal humidity

conditions, the resultant images substantially

10 comparable with those in Example 1. However, under the
low temperature/low humidity conditions, the images
showed a slightly lower image density at the initial
stage of 1.30 than in Example 1, which was gpen lowered
to 1.28 after 30,000 sheets of successive copying and

15 then to 1.20 after 50,000 sheets of successive copying.
Under the high temperature/high humidity conditions,
the image density was lowered from 1.28 at the initial
stage to 1.24 after 30,000 sheets of copying and then
to 1.21 after 50,000 sheets.

20 The results of image density evaluation in the
ahpve.Examples and Comparative Examples are summarized

'in Table 4 below.

[
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Styrene/ n-butyl acryl ate/divinyl benzene - copol yner

100 parts (copol yneri zation wt. ratio:79/20.5/0.5, 5
wei'ght - average nol ecul ar wei ght (Mn): 29x104) Negati ve charge
controller 2" parts (nmonoazo-chrom um conpl ex)

- Low nol ecul ar wei ght polypropyl ene ~-413- parts Magnetic iron
oxi de of Production 10 Exanple 5 80
parts : The above ingredients were sufficiently m xed by a
bl ender and nelt kneaded at 150 [err]C by aroll mll.

Example 6 -

Styrene/n-butyl acrylate/divinylbenzeﬁe
copolymer 100 parts
(copolymerization wt. ratio: 79/20.5/0.5,
5 weight-average molecular weight (Mw): 29x104)
Negative charge controller 2 parts
(monoazo chromium complex)
Low-molecular weight polypropylene 3 parts
Magnetic iron oxide of Production |
10 : Example 5 80 parts
The above ingredients were sufficiently mixed
by a blender and melt-kneaded at 150 °C by é roil mill.
The kneaded product was cooled, coarsely crushed by a
hammer mill, finely pulverized by a'pulverizér using a
15 Jjet air stream and classified by a wind-force
classifier, to obtain magnetic black powder (magnetic
toner) having a vblume—average particle size of 9.0
microné. |
. 4 parts of strontium titanate powder and 0.6
2 part of hydrophobic silica fine powder ("R812"
avgil?ble from Nihon Aerosil K.K.) were added to 100
_parts of the above-obtained biack powder and blended
there&ith by means of a Henschel mixer to obtain a
magnetic toner.
S The thus obtained_magnetic.toner was subjeated
to an image formation test by using a commeréially

available copying‘ﬁ&dﬁiﬁﬂiwﬁﬂ?=5060", available from -
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The kneaded product was cool ed, coarsely crushed by a hanmer mill,
finely pulverized by a pulverizer using a 15 jet air streamand classified
by-a w nd-force classifier, to obtain magnetic bl ack powder (nagnetic’
toner) having a vol une-average particle size of 9.0 m crons.
4 parts of strontiumtitanate powder and_g,6 20 part of hydrophobic silica
fine powder ("R812" avail able from N hon Aerosil K K ) were added to
100 parts of the above-obtained bl ack powder and bl ended therewith
by means of a Henschel m xer to obtain a magneti c toner.

[ Canon K.K.). As a result, under the normal

temperature/normal humidity conditions of 23.5 °¢/60
%RH, the resultant images showed a high density of
1.40, were free from ground fog and showed a high

5 resolution. Further, a high image density of 1.35 was
obtained under low temperature/iow humidity conditions
of 15 ©°C/10 ¥RH, and a high image density of 1.32 was
obtained under high temperature/high humidity
conditions of 32.5 9¢/85 $RH. Thus, little change in

10 image density was observed under various environmental
‘conditions. Further, during a successive copying test
for 50000 sheets, the resultant images showed a stable
image density and were substantially free from ground
fog or reversal fog. |

15 ‘The results of evaluation are summarized in
Table 5 appearing hereinafte; together with the results
in other Examples and Comparative Examples.

Examples 7 - 9

Magnetié toners were §repared in the same
2 manner as in Example 6 except that magnetic iron oxides
of.Pr?duction Examples 6 - 8, respectively, were used
.instead of the magnetic iron oxide of Production
Exampie 5. The thus 6btained magnetic toners were
respectively subjected to the same image formation test .
5 as in Example 6. As a result, these toners all showed
high densities with little change under variéus

environmental conditions and stable pérformance unde: -
This is the replacement sheet
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The t*hus obt ai ned nmagnetic toner was subjected to an image formation

test by using a comrercially avai l abl e copying [err]-5060", avail able
from -42- Canon K K ). As a
result, under the nornal tenmperature/normal humdity conditions of 23.5
[err] T 60 B : -43-

successive. copying.

Example 10

A magnetic toner was prepared in the same
manner as in Example 6 except for using 4 parts of
5 nigrosine instead of 2 parts of the negative charge
controller.and subjected to an image formation test by
using a commercially available copying machine
("NP3825", available from Canon K.K.), whereby clear
images having a high image density were obtained with
10 little change under varying environmental conditions

and stably even during successive copying.

Comparative Example 4
'-A magnetic toner was prepared in the same
manner as in Example 6 except for using the maghetic
15 iron oxide of Comparative Production Example 4 instead
of the magnetic iron oxide of Production Example 5.
The magﬁetic toner thus obtained was subjected to the
same image formation test as in Exaﬁple-s.
Under the normal temperature/normal humidity
20 conditions of 23.5 °9¢/60 $RH, the resultant images
showed an image density of 1.22 lower than in Example 6
.and were accompanied with a slight degree of ground
fog. 'Under the low temperatura/low humidity conditions
of 10 ©¢/15 %RH, the resultant images were accompanied
25 with noticeable fog and causec a lowering in image
density from 1.27 at the initiz]l stage to 1.18 after

30,000 sheets of successive copying. Under the high

This is the replacement sheet
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%RH, t'he resultant inages showed a high density of 1.40, were free from
ground fog and showed a high 5 resolution. Further, a high inmage density
of "1. 35 was obt ai ned under |ow tenperature/low hum dity conditions

of 15 [err]C/10 %H,, and a high inage density of 1.32 was obt ai ned
under high tenperature/high humdity -4nditions of 32.5 [err] /85 %RH.
Thus, little change in 10 inmage density was observed under vari ous

envi ronnment al . conditions. Further, during a successive copying test

for 50000 sheets, the resultant inmges showed a stable | mage density
and were subst aemperafuireddiighohupicdlity condidians raf/e32a5 T@{85 $RH,

the images showed an image density of 1.29 at the
initial stage which was lowered to 1.25 after 30,000

sheets of successive copying.

5 Comparative Example 5

A magnetic toner was prepared in the same
manner as in Example 6 except for using the magnetic
iron oxide of Comparative Production Example 5 instead
of the magnetic iron oxide of Production Example 5.

10 The magnetic toner thus obtained was subjected to the
same image formation test as in Example 6.

Under the normal temperature/normal humidity
conditions, the resultant images showed a loyer image
density than in Example 6. Under the low.

15 temperature/low humidity conditions, the resultant
images caused a lowering in image density f;om 1.24 at
the initial stage to 1.10"£fter 30,000 sheets of
successive copying. Under the high temperature/high
humidity conditions, the images at the initial stage

¥ showed a image density of 1.26 but were éccompanied
with poticeable toner scattering, and the image density
.was lowered to 0.97 after 30,000 sheets of successive
copyiﬁg.'

Comparative Example 6

A magnetic toner was prepared in the same
manner as in Example 6 except for using the magnetic

iron oxide of Comparative Production Example 6 instead

This s the raplacement sheer
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15 v The results of evaluation are summarized in Table 5

appearing hereinafter together with the results I n other Exanples and
Compar at i ve Exanpl es. Exanmples 7 - 9 Magneti c _toners were
prepared in the sane 20 manner as in Exanple 6 except that magnetic iron
oxi des of Production Exanples 6 - 8, respectively, were used

I nstead of the nagnetic iron oxide of F#%ﬂuction Exanpl e 5. The thus
obt ai ned magnetic toners were respectively subjected to the same i mage

formation test 25 as in Exanple 6. As a result, these toners all showed
| of the magnetic iron oxide of Production Example 1.

The magnetic toner thus obtained was subjected to the
same image formation test as in Example 6.
L Under the normal temperature/normal humidity
5 conditions, the resultant images showed an image
density of 1.32, which was lowered to 1.23 after 30,000
sheets of copying. Under the low temperaturé/low
humidity conditions, the images showed an image density
at the initial stage of 1.30 which was then lowered to
0 1.17 after 30,000 sheets of successive copying. Under
the high temperature/high humidity conditions, the
image density was lowered from 1.28 at the initial
stage to 1.21 after 30,000 sheets of copying.
The results of imaée density evaluation in the
5 above Examples 6 - 8 and Comparative Examples 4 - 6 are

summarized in Table 5.below;
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Exanpl e 10

manner as in Exanple 6 except for using 4
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hi gh*densities with little change under various
successi ve copyi ng.

condi tions and stabl e performance under
was prepared in the sane

- 43-
parts of
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5 nigrosine instead of 2 parts of the negative charge controller and
subjected to an inage formation test by using a conmmercially avail abl e
copyi ng machi ne ("NP3825", available from Canon K K. ), whereby clear

i mges having a high inage density weregygbtained with 10 little change
under varying environnmental conditions and stably even during
successi ve copyi ng. Conparati ve Exanple 4 A magnetic
toner was prepared in the sane manner as in Exanple 6 except for using
the magnetic 15 iron oxide of Conparative Production Exanple 4 instead

A magnetic toher for electrophotography having
stable triboelectric chargeability under various
environmental conditions may be provided by using

5 magnetic iron oxide particles having a moderately high .
sﬁrface FeO content, specified by the following
conditions: (a) a dissolved Fe (II) content in
dissolved total iron of 14 - 33.3 wt. % at a dissolved
total iron percentage of 5 + 1 wt. %, (b) a dissolved

10 Fe (II) content in dissolved toéal iron of 17 - 33.3
wt. % at a dissoived total iron percentage of 10 + 1
wt.. %, and {(c) a.dissolved Fe (II) content in dissolved
total iron of 18 - 33.3 wt. % at a_dissolved.total iron

percentage of 15 # 1 wt. %.
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of the magnetic iron oxide of Production Exanple 5. The magnetic toner
t hus obt ai ned was subjected to the sane imge farmation test as in
Exanpl e 6. Under the nor nal tenperature/nornal hum dity 20
conditions of 23.5 [err]C/60 9%H, the resyltant i magBys Sheet H lﬁcedmge
density of 1.28 lower than in Exanple 6 - and were

slight degree of ground fog. Under the | ow terrper mﬁﬂ |ty
condi tions of 10 [err]C/ 15 %RH, the resultant |nages wer e acconpani ed

25 with noticeable fog and caused a |lowering in inmage density from
1.27 at the | WHARIISIGLAINED 1T98 aft er 30, 000 sheets of successive

copyi n Under the high .
Pyl no. 1. g A magnetic toner comprising magnetic toner

particles containing at least a binder resin and
magnetic iron oxide particles, wherein said magnetic

5 diron oiide particles satisfy the.following conditions
(a) - (e):

(a) a dissolved Fe (II) content in dissolved _
total iron of 14 - 33.3 wt. % at a dissolved total irom
percentage of § + 1 wt. %,

10 (b).a dissolved Fe (II) content in dissolved-
total iron of 17 - 33.3 wt. % at a dissolved total iron
percentage of 10 + 1 wt. %, and

(c) a dissolved Fe (II) content in dissolved
total iron of 18 - 33.3 wt. % at a dissolvea-total iron

15 percentage of 15 + 1 wt. %.

2. The magnetic toner according to Claim 1,
wherein said magnetic iron oxide particles satisfy the
following conditions (d) - (e):

20 (d) a dissolved Fe (II) content in dissolved
total iron of 14 - 30 wt. % at a dissolved total iron
.parceétage of 5 + 1 wt. %,

' (e) a dissolved Fe (II) content in dissolved
total iron of 17 - 32 wt. % at a dissolved total iron

25 percentage of 10 + 1 wt. %,

(f) a dissolved Fe (II) content in dissolved

total iron Of VRO TP § at a dissolved total iron

This is th i . et
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-44- ~. tenperature/ high humdity conditions of 32.5 [err] (/85 9RH,

the i mages showed an inmage density of 1.29 at the initial stage which
was |owered to 1.25 after 30,000 sheets of SUCCess+%%¥{¥HﬂH4ﬂ}——4§———
Conparative Exanple 5 - 49 - This Sheet Has Been Replaced

percentage of 15 + 1 wt. %.

3. The magn_et_:ic toner according to Claim 1,
wherein said magnetic iron oxide particles having a
5 dissolved Fe (II) content in total iron y (wt. %)
satisfying the following conditions (g) and (h) at a
dissolved total iron percentage x (wt. %) satisfying
0 < x ¢ 33.3:

(g) ¥ 33.3, and

10 ~(h) ¥y > 0.26x + 16.0.

A

v

-4, The magnetic toner according to Claim 1,
wherein said magnetic iron oxidé particles have a
i dissolved Fe (II) content in total iron y (;It. %)
15 satisfying-the following conditions (g) and (h) at a
dissolved total iron percentage x (wt. %) satisfying
4 < x ¢ 16:

(g) ¥y ¢ 33.3, and

v

(h) y 2 0.26x + 16.0.

20
. 5. The magnetic toner according to Claim 1,
_Wwherein said magnetic iron oxide particles have an FeO
content per total Fe of 30 - 40 wt. %.
S 6. The magnetic toner according to Claim 2,

wherein said magnetic iron oxide particles ha;ve an FeO

content per totif&-F¥Z'TLEWO - 40 wt. . -

. This is the replacement sheet
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A nagnétic toner was prepared in the sane manner as_in Exanple 6 except
for using the nmagnetic iron oxide of Conparative Production Exanple 5

i nst ead of the magnetic iron oxide of Production EthisSheetsias Been Replaced
- magnetic toner thus obtained was subjecleggto the S tion
test as in Exanple 6. Under the nor mal tenpey

hum dity .conditions, the.resultant inmges showed a | ower | nage
density than in- Exanple 6. Under the low 15 tenperature/low humdity

conditions, the regultan | mages .caused a Iomerln | jage density
from1.24 at tﬁein i‘PaP‘ q Fone aggrding O‘%b&%’e‘?f
wherein said magnetic iron oxide particles have an FeO

content per total Fe of 30 - 40 wt. %.

5 8. The magnetic toner according to Claim 4,
wherein said magnetic iron oxide particles have an‘FeO

content per total Fe of 30 - 40 wt. %.

9. The magnetic toner according to Claim 1,
10 wherein said magnetic iron oxide particles have an

apparent bulk density of 0.1 - 1.2 g/cc.

10. The magnetic toner according to Claim 2,
wherein said magnetic iron oxide particles have an

15 apparent bulk density of 0.1 -~ 1.2 gl/cc.

11. The magnetic toner according to Claim 3,
wherein said magnetic iron oxide particles have an

apparent bulk density of 0.1 - 1.2 g/cc.

20
12. The magnetic toner according to Claim 4,
'wherein said magnetic iron oxide particles have an
apparent bulk density of 0.1 - 1.2 g/cc.
S 13. The magnetic toner according to Claim 1,

wherein said magnetic iron oxide particles have an

average particle size which is larger thén 0.05 micron

Tiis is the replacement sheet
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successi ve copyi ng. Under the high tenperature/high
the inmages at the initial

condi tions,
1.26 but were acconpani ed
i mage density

copyi ng. Coripar ati ve Exanple 6
prepared in the sane
magneti c

and smaller than 0.35
14. The magnetic
wherein said magnetic

5 average particle size
and smaller than 0.28
15. The magnetic
wherein said magnetic

10 average particle size
and smaller than 0.35
16. The magnetic
wherein said magnetic

15 average particle size
and smaller than 0.28
17. The magnetic
wherein said magnetic

20 average particle size
and smaller than 0.35
18. The magnetic
wherein said magnetic

average particle size

and smaller than 0,28

AR O RO

with noticeabl e toner
was | owered to 0.97 afgfr 30, 000 sheets of successive

manner as in Exanple 6 except fagg
i ron oxi de of Conparative Production Exanple

hum dity
20 showed a i nage density of
scattering, and the

st age

25

A magnet i c—tonet

WesS

Lé?ﬁ &qlatsif%en Replaced’

toner according to Claim 1,

micron.

iron oxide particles have an
which is larger than 0.10 micron

micron.

toner according to Claim 2,
iron oxide particles have an
which is larger than 0.05 micron

micron.

toner according to Claim 2,
iron oxide particles have an
which is larger than 0.10 micron

micron.

toner according to Claim 3,
iron oxide particles have an
which is larger than 0.05 micron

micron.

toner according to Claim 3,
iron oxide particles have an
which is larger than 0.10 micron

micron.
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-45- ° of the magnetic iron oxide of Production Exanph%%k————lhe________
nagnetlc toner thus obtained was subjected to the sa ormation
test as in Exanple 6. Under the nornal tenperapﬁ en Replaced
hum dity 5 conditions, the resultant ng%es showed an i mag

1.32, which was Towered to 1.23 after sheet s of
the | ow tenperature/l ow

19. The magnetic toner according to Claim 4,
wherein said magnetic iron oxide particles have an
average partiéle size which is larger than 0.05 micron

and smaller than 0.35 micron.

20. The magnetic toner according to Claim 4,
wherein said magnetic iron oxide particles havelan
average particle size which is larger than 0.10 micron
and smaller than 0.28 micron.

10

21. The magnetic toner according to Claim 1,

wherein said binder_resin comprises a styrene-type

copolymer.

15 22. The magnetic toner according to Claim 2,
ﬁherein said binder resin comprises a styrene-type

copolymer.

23. The magnetic toner according to Claim 3,
20 wywherein said binder resin comprises a styrene-type

copolymer.
24. The magnetic toner according to Claim 4,
wherein said binder resin comprises a styrene-type

5 copolymer.

25. The F3YFeEDWeLdNer according to Claim 21,

| This is the repl t sheet
A ) R s e epacamer e

Date:



humi dity conditions,
stage of 1.30 which was then |owered to

suctcessi ve copmlgiﬁ mﬂeenmﬁ&
n
30,-000 she

evaluation in the

t he
after

ar e

10

5

at the initial

i rage de

15 above

summari zed in Table 5 bel ow

wherein said

the | mages—showed an i mage density

10 1.17 after 30,000 sheets of
i gh tenperature/high humdity conditions,
d from1.28 at the initial stage. to 1.21
% The results of inmage density

a

Exanpl-es 6 - nd Conparative Exanples 4 - 6

binder resin comprises a styrene-n-butyl

acrylate-divinylbenzene copolymer.

26. The

" wherein said

magnetic toner according to Claim 22,

binder reSin comprises a styrene-n-butyl

acrylate-divinylbenzene copolymer.

27. The

wherein said

magnetic toner according to Claim 23,

binder resin comprises a styrene-n-butyl |

acrylate-divinylbenzene éopolymer.

28. The

wherein said

magnetic toner according to Claim 24,

binder resin comprises a styrene-n-butyl

acrylate-divinylbenzene copolymer.

29. The
wherein said
wt. parts of

vt. parts of

30.

The

Wherein said

- wt, pérts of

wt. parts of

31. The

Wherein said

magnetic toner according to Claim 1,
magnetic toner particles contain 40 - 150
the magnetic iron oxide particles per 100

the binder resin.

magnetic tomer according to Claim 2,
magnetic toner particles contain 40 - 150
the ﬁagpeéic iron oxide particles per 100

the binder resin.

magnetig toner according to Claim 3,

magrioieh temciiitparticles contain 40 - 150

RN RO
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-46-

£y

10

15

wt. parts of
wt. parts of

32. The
wherein said
wt. parts of
wt. barts of

33. The
wherein said
wt. parts of
wt. parts of

34. The
wherein said
wt. parts of
wt. parté of

35. The
wherein said

wt. parts of

wk. parts of

36. The
wherein said
wt. parts of

wt. parts of

Sheet Has Been Replaced

- 54 -

il

the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 4,
magnetic'toner particles contain 40 -
the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 1,
magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 2,

magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.

maghetic tonér according to Claim 3{
magnetic toner particles contain 50 -
the magnetic iron oxide particles per

the binder resin.

magnetic toner according to Claim 4,
magnetic toner barticles contain 50 -
the magnetic iron oxide particleé per

the binder resin.

| O
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magnetic toner for electrophotography having

chargeablllty under vari ous

usi ng

10

15

37.
wherein

agent,

38.
wherein

agent.

39,
wherein

agent.

40.
wherein

agent.
41.

wherein

control

42,

wherein

contrél

43.
wherein

control

The

said

The

said

The
said

The

said

The

said

envi r onnent al
- 55 -

47 -

condi ti ons

stab I'I'ﬁlstsrhéé}@ﬁ%éﬁ Réplaced

L

magnetic toner according to Claim 1,

binder resin contains a crosslinking

magnetic toner according to Claim 2,

binder resin contains a crosslinking

magnetic toner according to Claim 3,

binder resin contains a crosslinking

magnetic toner according to Claim 4,

binder resin contains a crosslinking

magnetic

magnetic

agent.

The

said

magnetic

magnetic

agent.

The

said

magnetic

magnetic

agent.

N 0 D

toner

toner

toner

toner

toner

toner

according

particles

according

particles

according

particles

to Claim 1,

contain a charge-

to Claim 2,

contain a charge

to Claim 3,

contaiﬂ a charge

_ This is the replacement sheet
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I ——
5 magnetic iron oxide partlcles haV|ng a noderately high surface FeO

content, specnﬁbQMe zsﬁbe conditions: (a) a dissolved Fe (I1)
cohtent-ln |ron of 14 - 33.3 wt. % at a dissol ved
total iron perce @6 (%% a dissolved 10 Fe (I11) content

in dissolved tot |ron of 17 4 . %at a dissolved total iron
percent age of 10 [err] 1 Wt . @6 and (c) a dissolved Fe (Il) content in
di ssol ved total iron of 18 - 33.3 wt. %at a dissolved total iron

ercentage of 15 rr w. %
P 9 J ]The magnetic toner according to Claim 4,

wherein said magnetic toner particles contain a charge

control agent.

5 45. The magnetic toner according to Claim 1,
wherein said magnetic toner particles contain a waxy
substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

10 46. The magnetic toner according to Claim 2,
wherein said magnetic toner particles contain a waxy
substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

15 47. The magnetic toner according to Claim 3,
wherein said magnetic toner particles contain a waxy
substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

0 48. The magnetic toner according to Claim 4,
wherein said magnetic_toner particles contain a waxy

_substance in a proportion of 0.5 - 6 wt. % based on the

binder resin.

5 49, The magnetic toner according to Claim 1,
which further comprises hydrophobic silica fihe

powder.

_ This is the replacement shest
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48 Cl ai s 1. A magnetic toner conprising nag
particles containing at | east a binder resin and nagnetbﬁiiron oxi de

particles wherein the Fe (11) distribution in the surfacd® rHasBeen Repiaced
magnetic iron oxide particles satisfies de foIIomAnB b

(a)-(c): - ' a) a dissolved Fe (I1) content in dis ron
of 14-33.3; Wm % at a dissolved total iron percentage of 5

50. The magnetic toner according to Claim 2,
which further comprises hydrophobic silica fine

powder.

5 51. The magnetic toner according to Claim 3,
- which further comprises hydrophobic silica fine

powder.

52. The magnetic toner according'to Claim 4,
10 which further comprises hydrophobic silica fine
powder.

53. The magnetic toner according to Claim 49,
which contains 0.1 - 5 wt. parts of the hydrophobic
15 silica fine powder per 100 wt. parts of the magnetic

toner particles.

54. The magnetic toner according to Claim 50,
which contains 0.1 - 5 wt. parts of the hydrophobic
20 silica fine éowder per 100 wt. parts of the magnetic
toner particles.
'55.- The magnetic toner according to Claim 51,
which contains 0.01 - 8 wt. parts of the hydrophobic
3 silica fine powder per 100 wt. parts of the magnetic

toner particles.

AW O VR This is tho replacement sheet
* ¢ L M § x o
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[err]* 1 w. % b) a dissolved Fe (I11) content in dissolved total
iron of 17-33.3 W. % at a dissolved total iron percentage of 10

1 w. % and c) a dissolved Fe (I1) content in dissolved total
iron of 18-33.3 wt. % at a dissolved totgg iron percentage of 15

1 w. % and whérein said magnetic iron oxide particles have an FeO content

per total Fe of 30-40 wt. % 2. The nmmgnetic toner according to claim1,
wherein the Fe. (I11) distribution in the surface |ayer of said magnetic iron
oxide particles satisfies the followi ng conditions (d) - (e): d)

a dissolved Fe (Ilﬁﬁconbﬁg% i_n d| %gwgaééxgégogéﬁﬁbc%9Jé&égﬁvgz'96at a

di ssol ved tota

di ssol ved Fe <+qhkcﬁoems 13 w oLYed ot %afesorapfr]ﬁemymphdsfe a

di ssol ved total iron percen age

a di ssol ved Fegfhk):aConk@ ool fs.,ea;w% e 2lpdre of e Saghectoat a

di ssol ved total iron percentage 0 [err] .% 3. The
magneti c toner tagaeer pattilclesl.aim 1. wherein said nagnetlc i ron oxide

particles having a dissolved Fe (11) content in total irony (w. %
satisfying she follow ng conditions (g) and (h) at a dissolved total iron
percentage x - (wt. 9% satisfying 0 < x 5 33.3: (g) vy [err]
33.3, and (h) y [err] 0.26x + 16.0. .

This Sheet Has Been Rerlaced

(- -

This is the replacement shest
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4. The magnetic toner according to cIa|n11 wher ei n sald magnetic iron oxide

particles have a dissolved Fe (I1) #ontenty:!f.:. in total irony (w. %
satisfying the follow ng conditions (g) and (h) at a dlSSOlVPd total iron
percentage [err] (w. % satlsfylng94 [err] X err

(g) y [err] 33.3. and (h) y [err] O. 26x +TU etHa etlc
toner according to any of clainms 1 to 4. wherein said OXI
particl es have .an apparent bul k density of 0. 1-

The magnetic t oENEEr®thipert 0 any of clains 1 to 4. mhereln ‘sai d nagnetlc
iron oxide particles have an average particle size which is |arger
than 0.05 [err]mand smaller than 0.35 [err]m 7. The. magnetic toner

according to aRgstiRA®RigE® ThE drbcriiyge " Sai d magnetic iron oxide

particles have™an average partrere—si ze which is larger than 0..10

[errImand smaller than a0 md@netild Bondt £01° JTHBIGEShdLEEFamtef Hakr ity t O

any of clains 1 to 4. wherein said binder resin conprises a styrene type
copol yner. 9. sHablengndbo ledtafiAGHE Fidibi i ©f anudér vdeieas said bi nder-

resin conprises a styrene-n-butyl acryl ate-divinyl - benzene copol yner.
10. The magnet ieavigoamentadr dianglittd cany nefy deaipwovided by wesimg n sai d
magnetic toner particles contain 40-150 w. parts of the nagnetic iron

oxi de. part|éle§ﬁ&aetﬂyahmpn|Qmﬁd¢<nanﬁ&c1nsuhavims|m moderately high
surface FeO content, specified by the follow1ng
conditions: (a) a dissolvgdiFe (II) content in
dissolved total iron of 14 - 33.3 wt. % at a dissolved
total iron percentage of 5 + 1 wt. %, (b) a dissolved

10 Fe (II) content in dissolved to£a1 iron of 17 - 33.3

wt. % at a dissolved total iron percentage 6f 10 + 1
wt. %, and (c) a dissolved Fe (II) content in dissolved
total iron of 18 -~ 33.3 wt. % at a dissolved total iron
percentage of 15 + 1 wt._%.

FIGURE 1
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11. TFhe mmgnetic toner according to any of fcfl aims 1 to 4 wherein said

magnetic toner particles contain 50-120 W:: i

~ oxide particles per 100 wt parts of the bi nder resin 12.
. toner according to any of claims 1-to 4 jherein said binder resin contains

a crosslinking agent.
- 49 -

parts of the nmagnetic iron

The magnetic
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13. The magnetic toner according to any of clains 1 to 4, wherein said

magnetic toner particles contain a charge control agent. 14. The
-magnetic toner according to any of clainms 1 to 4, wherein said magnetic
toner particles contain a waxy Sub- ance in a proportion of 0.5-6 wt.

' % based on the binder resin. 15. The maghetic toner "according to any of
clains 1 to 4 which further conprises hydrophobic silica fine powder. 16.
The magnetic toner according to claim 15 which contains 0.1-5 w. parts of
t he hydrophobic silica fine powder per 100 wt. parts of the magnetic
toner particles.

40

ol —~/~ COMP, PROD, EX. |
| -7~ COMR PROD, EX. 2
~~ COMP PROD. EX.3

DISSOLVED Fel(l)/ DISSOLVED TOTAL IRON (wt. %)

} 1

0 10 20 30
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FIG. 2

This is the replacement sheset

Date: ¢ 8 FER Q7



- (PROD. EX.5)

100 -

04]
(@]

/ DISSOLVED TOTAL IRON (wt. %)

DISSOLVED Fe(1I)

11111 -l

0 510120 30 40 50 so 7o 80 90 100

15
' DISSOLVED TOTAL IRON
FIlG. 3 PERCENTAGE (wt. %)

(COMP. PROD. EX. 4)

100
90
80
70}
60
50|
40r
301

20'.’,!_,__1'_!_‘,_
10k ' '
o) 5 IO 1520 30 40 50 60 7o ao 90 100

DISSOLVED TOTAL IRON
F | G 4 PERCENTAGE (wt. %)

‘et

DISSOLVED Fel(l)
-/ DISSOLVED TOTAL IRON (wt. %)

This is the. replacement sheet'

Date: £ 8 "fP @gr



<)

foes72-5 oS

Claims

1. A magnelic toner comprising magnelic toner particles containing at least a binder resin and magnetic iron oxide
particles. wherewn the Fe (1) distribution in the surtace layer of said magnetic ron oxide parucies satisfies the

following conditions (a) - (c}:

a) a dissoived Fe (It) content in dissolved total iron of 14-33.3 wt % at a dissoived total iron percentage ol 5

1w %,
b} a dissolved Fe (i) content in dissolved lotal iron of 17- 33 3 wt. % at a dissoived total iron percentage of 10

1w %, and
¢) a cissolved Fe (11} content in dissoived total iron of 18-33.3 wt. % at a dissolved total iron percentage of 15

= 1 wt. %, and wherein said magnetic iron oxide particles have an FeQ centent per total Fe of 30-40 wt, %.

2. The magnetic toner according o ciaim. 1, wherain the Fe (l1) distribution in the surface layer of said magnetic iron
oxide particles satisfies the {ollowing conditions (d) - (e):

d) a dissoived Fe (I1) content in diséolved total iron of 14-30 wt. % at a dissolved total iron percentageof 5%
1 wt. %,

e) a dissolved Fe (II) content in dissolved total iron of 17-32 wt. % at a dissolved total iron percenlage of 10
+1wm %, .
f) a dissolved Fe (i1} content in dissolved total iron of 19-33 wt. % at a dissoived total iron percemage of15¢
1wt %.

.3. The magnetic toner according to claim 1, wherein said magnetic iron oxide particles having a dissolved Fe (11)
" content in total iron y (wt. %) satisfying the following conditions (g) and (h) at a dissolved total iron percentage x
(wt. %) satisfying 0 < x < 33.3:

(g)y = 33.3, and
(h)y = 0.26x + 16.0.

4. The magnetic toner according to claim 1, wherein said magnetic iron oxide particles have a dissoived Fe (ll} content
in total iron y {(wt. %) satistying the tollowing conditions (g} and (h) at a dissolved total iron percentage x (wt. %)
satislying 4 S x 5 16; : '

(8)y = 33.3, anet
(h)y & 0.26x + 16.0.

8. The magnetic toner according to any of claims 1 to 4, wherein said magnetic iron oxide particles have an apparent
bulk density of 0.1-1.2 giem?d.

6. The magnaetic toner according to any of claims 1 to 4, wherein said magnetic iron oxide particles have an average
particle size which is larger than 0.05 um and smalier than 0.35 pm.

7. The magnetic toner according to any of claims 1 to 4, wherein said magnetic iron oxide pamcles have an average
particle size which is larger than Q.10 um and smaller than 0.28 pm.

8. Themagnaeticioner accordingtoany of claims 1 to 4, wherein said binder resin comprises a st?rene-lype copolymer.

9. The magnelic toner according to claim 8, wherein said binder resin comprises a styrane-n-butyl acrylate-divinyl-
- benzene copolymer.

10. The magnetic toner according 1o any of claims 3 10 4, wherain said magnetic loner particles contain 40-150 wt.
. parts of the magnetic ron oxide particles per 100 wt. parts of the binder resin. :

11. The magnetic loner according lo any of claims 1 to 4, wheren said magnelic tones particles contain S0-120 wt,
parts of the magnelic iron oxide pasticles per 100 wt. parts of the binder resin

12. The magnetic tonar according to any ol claims 1 10 4, wharein said hinder resin contains a crosshinking agent.

—K . v .
: This is the replacement sheet
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13. The magnetic toner according to any of claims 1 1o 4, wherein said magnaetic toner particles contain a charge
control agent.

14. The magnetic toner according to any of claims 1 to 4, wherein said rmagnetic toner particles contain a waxy sub-
stance in a proportion of 0.5-68 wt. % based on the binder resin.

15. The magnetic toner according to any of claims 1 to 4 which [urther comprises hydraphabic silica fine powder.

16, The magnetic toner according to claim 15 which contains 0.1 -5 wt. parts of the hydrophabic silica fine powder per
100 wt. parts of the magnaetic toner particles.

This is the replacement sheet
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MAGNETIC TONER

ABSTRACT OF THE DISCLOSURE

A magnetic toner for electrophotography having
stable triboelectric charééability under various
environmental conditions may ﬁe provided by using
magnetic iron oxide particles having a moderately high
surface FeO content, specified by the following
conditions: (a) a dissolvéd‘Fe (II) content in
dissolved total iron of 14 - 33.3.wt. % at a dissolved
total iron percentage of 5 + 1 wt. %, (b) a dissolved
Fe (II) content in dissolved toéal iron of 17 - 33.3
wt. & at a dissolved total iron percentage of 10 & 1
wt. %, and (c) a dissolved Fe (II) content in dissolved
total iron of 18 - 33.3 Qt. $ at a dissolved total iron

percentage of 15 + 1 wt._%.

FIGURE 1
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