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MAGNETIC TONER 

FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a magnetic 

5 toner for use in image forming methods, sue~ as 

electrophotography, electrostatic recording, and 

magnetic recording. 

Various developing methods for visualizing 

electrostatic latent images with toner have been known. 

10 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 powder cloud method as disclosed in 

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

15 developing method; and the liquid developing method. 

Among these developing methods, those developing 

methods using a developer composed m_ainly of a toner 

and a carrier such as the magnetic brush method, the 

cascade process and the liquid developing method have 

20 been widely used commercially. While these methods 

px:_ovide good images relatively stably, they involve 

25 

c0mmon problems accompanying the use of two-component 

developers, such as deterioration of carriers and 

change in mixing ratio of the toner and carrier. 

In order to obviate such problems, various­

develop:ing methods using a. •.. ~~e-component developer 
-~·.:-
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these, there are many excellent developing methods 

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 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 member surface and the sleeve 

surface and the toner particles are attached to image 

portions due to a Coulomb's for~e 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 

involved in the two-component developing method_s. 

However, as the toner is electroconductive, there is 

involved a problem, that it is difficult to transfer 

20 the developed image electrostatically from the 

re,pording 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 J?Cirticles is known. Such a 

method, however, involves essential prablem~at the 
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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 Coulomb's force. 

A developing method having eliminated the 

above described problems has been pr~posed 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 

ma,gnetic toner is applied in a very small thickness on 

a·sleeve, triboelectrically charged and is brought to 

an extreme 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 obtained because 

a magnetic toner is applied ont-o·· a ~laeYe in a very 
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small 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 effect development. 

In the.jumping developing method known 

10 heretofore as described above, some difficulties can be 

encountered in some cases on continuation of repetitive 

copying, such as a decrease in uniformity 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 

developer layer compared with that ~t the initial 

stage, resulting in spots irregularities or wave-like 

irregularities. The former results in white stre~ks 

20 and the latter results in spots or wave-like density 

i:cre9:'1larities respectively in developed images. These 

,difficulties seldom occur in ordinary repetitive 

copying.but can occur in some cases during continuous 

use for a long period in an extremely low temperature-
-

25 low humidity environment. In such cases, a lowering in 

image density is liable to occur. Also in a high 

···-·tanperature-h.igh hum.idit:y environment, the developer 



-5-

layer thickness is liable to be thinner, to result in a 

decrease in image density in some cases. 

According to our study, it has been found that 

the above difficulties are caused by changes in 

5 attachment of developer powder 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 in the developer layer carried on the developer­

carrying member. Thus, ~~~er extremely low 

temperature-low humidity conditions, a portion of the 

developer can have an extre~ely 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 portion having an extremely 

20 large triboelectric charge affects the uniformity of 

co~ting or developing performance of the developer 

.forming an upper layer, thus resulting in the above­

mentioned difficulties such as white streaks, spot 

irregularities and wave-like coating irregularities. 

25 The decrease in developer layer thickness 

under high temperature-high humidity conditions is 

caused·by an un-uniformity of triboelectrification 

IThi·1111111 ~ii1i1nimr~ 
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between the developer and the developer-carryicg member 

and thus unstability of triboelectric charge of the 

developer in the vicinity of the developer-carrying 

member surface. 

Un-uniformity of triboelectric charge of the 

developer leads to ground 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 problem. 

15 More specifically, when a potential of a 

polarity opposite to that o~ a latent image potential 

is provided by irradiation with intepse light from an 

LED or a fuse lamp to erase an image, an increased 

tendency of ground fog at such parts is observed. 

20 Further, in case of multi-color superposition copying, 

mixin~ of colors can occur to impair the_ clarity of 

.images. 

25 

SUMMARY OF THE INVEN~ION 

An object of the present invention is to 

provide a magnetic toner causing little change in image 

density under va~yiny ·environmental conditions. 
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Another object of the present invention is to 

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 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 containing at least a binder resin and 

magnetic iron oxide particles, wherein said magnetic 

15 iron oxide particles satisfy the following conditions 

(a) - (c): 

(a) a dissolved Fe(II) cont~nt 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 

to.J:al 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 and 

advantages of the present·invention will become more 

This 1lf ii~ llD1iil11iiced 
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apparent upon a c0nsideration of the following 

description of the pref erred 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 Comparative Production 

Examples 1, 2 and 3. 

Figure 3 is a graph showing a change in ratio 

of [dissolved Fe(II)/dissolved total iron] versus 

dissolved total iron percentage (wt. %) of magnetic 

20 iron oxide according to Production Example 5. 

Figure 4 is a graph sho~ing a change in ratio 

of [dissolved Fe(II)/dissolved total iron] versus 

dissolved total iron percentage (wt. %) of magnetic 

iron oxide according to Comparative Production Example 

25 4. 

Thi• 1ii1 l1U1iillttUiced 
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DETAILED DESCRIPTION OF THE INVENTION 

As a result of our study for solving the 

above-mentioned problems, 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 mat~rials 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 modera~ely 

controlled charge at the time of toner charging and is 

15 

stable under various environmental conditions. The 

objects of the present invention has-been accomplished 

by a toner using the magnetic material. 

As for production of magnetic iron oxide 

through an aqueous solution reaction, various proposals 

have been made regarding kinds of al~line materials 

used for neutralization or pH value of the solution 

containing ferrous iron oxide after the neutralization. 

20 However, the thus obtained magnetic iron oxide 

particles still involve some room for improvement . 
. regarding stability under various environmental· 

conditions. 

In order to improve magnetic· iron oxide, it 

25 has been proposed to include an additive, such as 

silicic acid, aluminum or phosphoric acid, in addition 

to the components of inverse ·spine.J:-~errite represented .... 
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by divalent metals (e.g., JP-A 58-2226). The addition 

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 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 · 

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 content in the surface layer but 

20 has a remarkably high FeO content at the inner portion, 

and t~e 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. 
.. 

25 We have now found that the distribution state 

of Fe(II) (i.e., Fe2+, ferrous iron) in the surface 

··- --:-.i:rlayer of magnetic- iron oxide rather the. FeO content in .. "'"'· ·. 
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magnetic iron oxide criti~ally contributes to 

stabilization of triboelectric charge of a toner under 

various environmental conditions. 

This has not been theoretically fully 

5 clarified but it is assumed that an appropriate 

distribution of Fe(I1) 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 magnetic 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 

dissolved total iron percentage when dissolved in 

20 aqueous sulfuric acid solution. 

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

i~on is 14 - 33.3 wt. % when the dissolved total iron 

percentage 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. %. 

(d) .a diss~lved Fe(II) content/dissolved total ...... =~-~-
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iron is 18 - 33.3 wt. % when the dissolved total iron 

percentage is 15 ± 1 wt. %. 

The magnetic iron oxide may p~eferably 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/dissolved total 

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

percentage is 15 ± 1 wt. %. 

·For magnetic iron oxide par;icles, it is 

possible to analyze the extreme circlimferential 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 

surface layer which may be dissolved up to a dissolved 

total iron percentage of 16 wt. %, allows relaxation of 

25 excessive charge on the magnetic toner particles 

containing such magnetic iron oxide particles. Such 

charge relaxation E!ffedt ~··charge stability cannot be 

This Sheet Has Been Replaced' 
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attained unless all the above-mentioned conditions (a) 

- (c) are satisfied, thus failing to provide good 

triboelectrif ication 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), {bl 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 particular~y 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 (wt. %) of 30 - 40 wt. %. 

It is further preferred that the magnetic iron oxide 

particles have a dissolved Fe(II) content in total iron 

~ (wt. %) satisfying the following·conditions (g) and 

(h) for the range of the dissolved total iron 

20 percentage ~ (wt. %) satisfying 4 ~ x ~ 16, 

particularly 0 < x ~ 30. 

(g) y ~ 33.3, and 

(h) y ~ 0.26x + 16.0. 

The limiting conditions y = 33.3 and y = 0.26x 

25 + 16 .• 0 are indicated as the uppermost line and the -

lowermost line in Figure 1 together with experimental 

data which will .be discussed herei_naf1;~r. 
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By satisfying the above conditions (g) and {h) 

in combination, better charge stability and charge 

relaxation effect can be attained, whereby stable 

triboelectrif ication 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 1 from the surface, and a· 

dissolved iron percentage of 16 wt. % corresponds to an 

about 50 1 from the surface. 

The magnetic iron ox~de particles used in the 

present inv~ntion may preferably 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.comprise 

octahedral particles rich in dispersibility, so that 

20 the effe~ts of the present invention are enhanced. The 

m~gnetic iron oxide particles used in the present . 
inven~ion are also rich in affinity with 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. 1 O micron and smaller .... · 
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than 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 

environmental stability. If the average particle size 

5 is 0.35 micron or larger., the magnetic iron oxide 

10 

. 
particles are liable to form excessive surface 

projection or localize when used by dispersion in thin 

film or minute particles. Further, the large pariicles 

tend to cause a decrease in blackness as a hue. 
... -

Methods for 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. For example, about 3 liter of 

deionized water is placed in a 5 lit~r-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 separately 

provided 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 

25 is maintained ~t about 50 °c and stirred at about 200 

rpm, about 695 ml of reagent-grade sulfuric acid is 

added to the 5 liter beaker.· t:o start the dissolution •.. 
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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 

10 

complete dissolution, and each sample liquid is 
... ,, -~ filtered through a 0.1 micron-membrane 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 plasma (ICP) 

emission spectrometry. The dissolved total iron 

percentage is calculated by the following equation: 

15 Dissolved total iron percentage (%) = [concentration of 

iron element in a sample (mg/l)/(concentration of iron 

element .. at complete dissolution] x 190. 

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-KMn04 by 

.judging coloration into slight purple as the ena point. 

In parallel therewith, a blank titration is effected. 

The Fe(II) concentration (mg/l)· is calculate~ as 

25 follows. 

~--

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

of Fe(II): 55.aS)-x (equivalent: 5) x 1/10 x [titration -.. -
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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 iron) percentage but is 

approximated by a value for an increment between 

successively taken samples. For example, the dissolved 

Fe(II) contentc 1o) (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 percentages of 5 

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

Dissolved Fe(II) content( 10) = [Fe(II>10-

Fe(II)5]/[TI10-TI5] x 100, wherein F~(II}s and Fe(II)10 

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 

Tis and TI10 denote the measured values of the 

25 

. 
dissolved total iron concentration (mg/l) according to 

the ICP emission spectrometry at the dissolved iron 

percentages of 5 wt. % and 10 wt. %, respectively. 

In the present invention, the above-mentioned 

dissolved Fe(II) content is defined at the dissolved 

total iron ~ercentages of 5 wt. %, 10 wt. % and 15 wt: 
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%, 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 o~ deionized water 

and then 20 ml of reagent-grade sulfuric acid are added 

thereto to completely dissolve the magnetic iron oxide. 

10 

15 

Then, 100 ml of deionized water and further 10 

ml of aqueous Mnso4 solution comprising Mnso4 , a2so4 

and H3Po4 (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 KMn04 solution. 

The FeO/Fe (wt. %) i~ calculated as follows: 

FeO/Fe (wt. %) = (molecular weight of FeO: 

71~85) x (equivalent: 5) x 1/10 x [titration volume 

(ml) - blank titration volume (ml)J/~dissolved total 

iron amount per 1 g of sample magnetic iron oxide based 

on the measurement according to the ICP emission 

20 spectrometry). 

25 

The apparent bulk density of magnetic iron 

oxide may be measured as follows. A powder tester 

(available from Hosokawa Micron K.K.) provided with a 

710 micron-sieve is used for measurement of the 

apparent bulk density. Disintegrated magnetic iron 

oxide is placed little by little on the sieve under 

vibration at a ~stroke ... M about 1 mm. The placement of 
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the magnetic iron 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 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 iron oxide is 

obtained by subtracting the weight of the cup per se. 

10 The apparent bulk density is calculated by the 

following equation: 

Apparent bulk density (g/cc) = magnetic iron 

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 104 

20 under an acceleration voltage of 100 KV, followed by 

p~inting at an enlargement ratio of 3 times to obtain a . 
. photograph at an overall magnification of 3x104• The 

photograph is used for observation of the shape of the 

sample magnetic iron oxide particles, and the average · 

25 particle size is obtained ~Y measuring and averaging 

the largest lengths of the respective photographed 

particles·. .-.r 
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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) 2 

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. '?he 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 

20 step may preferably be conducted in an inert gas 

atmosphere since the drying in air tends to cause . 
surf ace oxidation of the magnetic iron oxide to· reduce 

the Fe(II) content in the surface layer. 

Alternatively, the slurry of magnetite as 

25 obtained may be treated by an attritor in the pr~sence 

of a dispersant as desired to a solid content on the 

... order of 40 wt. % and then dried by a spray drier· ·of, 
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e.g., a disk atomizer type. 

In order to produce the magnetic toner 

according to the present 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. parts 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 

copolymer, styrene-vinylnaphthalene copolymer, styrene­

acrylate copolymer, styrene-methacry~ate copolymer, 

styrene-methyl «-chloromethacrylate copolymer, styrene­

acrylonitrile copolymer, styrene-vinyl methyl ether 

20 copolymer, styrene-vinyl ethyl ether copolymer, 

styrene-vinyl methyl ketone copolymer, styrene-. 
butadiene copolymer, styrene-isoprene copolymer·, and 

styrene-acrylonitrile-indene copolymer; polyvinyl 

chloride, phenolic resin, natural resin-modified 

25 phenolic resin, natural resin-modified maleic acid 

resin, acrylic resin, methacrylic resin, polyvinyl 

acetate, silicone resin, polyester resitI, polyurethane, 
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polyamide resin, furan resin, epoxy resin, xylene 

resin, polyvinylbutyral, terpene resin, coumarone-

indene re·sin and petroleum resin. 

In a hot pressure roller fixing system using 

5 substantially no oil application, serious problems are 

provided by an off set phenomenon that a part of toner 

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 

consideration. With these phenomenon, the physical 

property 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 also the blocking or caking are 

20 also more liable. Accordingly, when a hot roller 

f i~inq system using almost no oil application is 

25 

. 
. 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 poly~ster. Examples of comonomers to 

form such a styrene copolymer may include one or more 

viny1. md"nomers selected from:·~ ... monocarboxylic acid 

·.· ..... 
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having a double bond and their substituted derivatives, 

such as acrylic acid, methyl acrylate, ethyl acrylate, 

butyl acrylate, dodecyl acrylate, octyl acrylate, 2-

__ ethylhexyl acrylate, phenyl 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, arid 

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 ethers, such as vinyl methyl ether, vinyl 

15 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 

20 be used. Examples thereof include: aromatic divinyl 

co~pounds, 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; 

25 divinyl compounds such as divinyl ether, divinyl 

sulfide and divinyl sulfone; and compounds having three 

~ - ~.-..i- or more vinyl groups. These compounds may be used 
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singly 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 

5 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 ·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 s~ecifically, there 

may be used monoazo metal complexes,· acetylacetone 

metal complexes, and metal complexes of aromatic 

20 hydroxycarboxylic acids and aroma~ic dicarboxylic 

aq~ds. In addition, there may be raised aromatic 

hydroxycarboxylic acids, aromatic mono- and poly­

carboxylic acids, and their metal salts, anhydrides and 

esters: phenol derivatives, 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 nigros~neand-91.~s modified 
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products, quaternary ammonium salts, such as 

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 

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 

10 amino group represents by the formula: 

i1 
= C R2 

bc2n4N( 
R3 I 

15 wherein R1 represents H or ca3; and R2 and R3 each 

represent a substituted or unsubstituted alkyl group 

(preferably c1 - c6); or a copolymer.of the monomer 

having an amine group with another p0lymerizable 

monomer such as styrene, acrylates, and methacrylates 

20 as described above. in this case, the positive charge 

coptroller also has a function of a binder. 

it is preferred to externally add silica fine 

powder to the magnetic toner according to the present 

invention. A toner comprising a magnetic iron oxide 

25 containing silica element,_ a positive charge controiler 

and silica fine powder is able to control the 

triboelect"r:J:ej chargeability to provide.a-:stable charge 
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better than a conventional 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. 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 ~ SO microns. The thus 

obtained fine particles may be classified to obtain a 

15 toner. In this instance, a toner having a prescribed 

particle size distribution m~y be obtained by 

controlling the crushing and pulver~zation 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. 

~amples the classifier suitable for removing finer 

particles may include wind-force classifiers, such as 

Microplex 132 MP (trade name) available from Alpine 

Co., Acucut A-12 (trade name) available from Donaldson 

25 Co. and Micron Separator MS-1 available from Hosokclwa 

Tekko K.K. Examples of the classifier suitable for 

removing coarser particles may include wind-force · ........ · 
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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 pos·sible 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 ~o 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· 

s0;..as to improve the charge stability, developing . 
characteristic, fluidity or durability. 

The silica fine powder used in the present 

invention·may provide good results when it has a 

25 specific surface area of 30 m2/g. as measured by.the 

BET method using nitrogen absorption. It is preferred 

to use 0.01 - 8 wt. parts, particula-rly u~·l-··~.li 5 wt. 

Th~ 1iiiii1iIDTI1iiiced', 
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parts, of silica fine powder per 100 wt. parts of toner 

particles. 

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, variously modified silicone oil, 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 present invention may include: 

lubricants, such as polytetrafluoroethylene, zinc 

stearate and polyvinylidene fluoride, among which 

15 polyvinylidene fluoride is preferred; abrasives, such 

as cerium oxide, silicon carbide, and strontium 

titanate, among which strontium tita~ate 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.. carbon black, zinc oxide, antimony oxide, and tin . 
oxide; developing cha~acteristic-improvers, such as 

white fine particles of a polarity opposite to that of 

the 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·-~sired. 
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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 charge and high image densities without 

causing a lowering in image density due to charge-up. 

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 

compositional 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 Feso4 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. 

Th~ solution was subjected oxidation at about 70 °c by . 
plowing air, as an oxygen-containing gas, thereinto. 

The resultant slurry was subjected to 

filtration, washing with water and drying to obtain 

25 magnetic iron oxide. In order to control the content 

and distribution of FeO in the magnetic iron.oxide, the 

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

5 magnetic iron oxide thus obtained are shown in Table 2 

together with those df the other Examples. 

Figure 1 shows the change in ratio of 

dissolved Fe(II) (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., 

20 ratio of dissolved Fe(II)/dissolved total iron) versus 

th~ change in the dissolved total iron percentage for . 
~hese Production Examples and Comparative Production 

· Examples are sho~ in any one of Figures 1 - 4. 

For reference, Table 3 lists raw experimental 

25 data taken at an interval of 10 min. for the magnetic 

iron oxide of Production Example 5 giving Figure 3. 

For example, the dissool~.tea~·Fe:(·'!"i:) content at the 
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·II;; 
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. % : [ ( 3 4 • 9 3-1 5 • ·4 0 ) I ( 1 7 8 • 5-7 0 • 0 )] x 1 O 0 = 
18. (wt. %) 

10 

15 

20 

• 

25 

.,;'="•. 



., 

Table 1 

. 
Pmduc- Oxidation Drying conditions 
tion conditions -

Ex.No. Temp. Time 1st time 2nd time 
(oC) (hr) 

Atrrosphere Temp. Time :·P~ess. Atrrosphere Temp. Time . Press. 
(oC) (hr) (oC) (hr) 

Ex. 1 80 24 Air 60 72 NOJ:mkl - - - -
2 80 24 Air so 24_ . ":":5nttfjg - - - -. 
3 75 24 Air 70 10. ~~q - - - -
4 80 24 Air 130 15min. Nonna! Air 70 5 Nonna1 

5 85 20 N2 1.30 6 Nonna1 - - 6 Ndnnal 

6 80 20 N2 70 20 Nonna1 - - 20 Nonna! 

7 75 26 N2 150 5 Nor.ma! - - 5 Nonna! 

8 80 25 Ar 75 18 Normal Air 70 5 Nonna1 _____ .. __ ------------------------· ---~~ ----------________ ... ·-------..--------------
Coop. 

50 Ex. 1 48 Air 50 48 Nonna! "2 Nonna! 12 No:cnal 

2 70 18 Air 130 5 Nonnal - - - . -
3 95 24 Air 50 24 Nonna! Air 70 48 Nonna1 . 

4 80 20 Air 130 6 Normal - - - -
5 80 * 20 Air 70 10 Nonnal Air 100 10 Nonna1 

6 80 25 N2 70 10 Nor.mal Air 130 3 Nonna! 

•• ,1!1 *: A mixture of air/N2 (= 1/1) was blown in during oxidation. 
~ . 
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Table 2 

Production Physical properties 
Example . 
No. Dissolved Fe(II)/dissolved total iron (wt.%) 

Dissolved total iron percentage 

5;t1 % 10;!:1 % 15;!:1 % 

Exanple 1 21.6 23.0 23.4 

2 29.2 29.7 29.5 

3 25.6 27.0 27.8 

4 19.0 20.0 20.7 

5 18.0 21.0 22.0 

6 17.0 18.0 25.0 . 

7 14.0 17.0 19.0 

8 18.0 25.0 28.0 _______ _...._ 

~------------------------.. --------------canp. 
Exanple 1 14.8 15.9 16.S 

2 35.5 34.1 34.0 

3 17.8 17.9 18.1 

4 11.0 16.Q . 18.0 

·s 14.0 15.0 36.0 
' 6 17.0 11.0 17.0 

FEO/Fe D* 
(wt.%) (pm} 

36.9 0.19 

39.5 0.28 

38.7 0.22 

32.9 0.21 

37.2 0.19 

36.9 0.27 

36.S 0.15 
38.4 0.23 ---------------
43.2 0.42 

28.1 0.30 
24.S 0.09 . 

29.1 0.21 

37.2 0.10 

38.9 0.40 
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Table 3 

Dissolution Dis6olved total Dissolved total Dissolved Fe(II) 
time iron oonc. iron percentage oonc. 

(min.) (ng/l) (wt.%) (ng/l) 

10 70.0 2.0 15.40 

20 178.5 5.1 34.93 

30 371.0 10.6 75.35 

40 525.0 15.0 109.23 
: 

50 735.0 21.0 161.73 

60 .1201.s 34.5 284.58 

70 1627.5 46.5 402.18 

80 2110.5 60.3 55.19 

90 2467.5 70.5 173.00 

100 2803.5 . 80.1 300.68 

110 3171 90.6 455.03 

120 3290 . 94.0 497.87 

130 3500 100 -
140 3500 . 100 -

•: The percentage value for each 10 min. increment. 

Dissolved Fe(II) 
content 

(wt.%). 
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18 
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22 
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31 
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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 

10 

copolymer 100 parts 

(copolymerization wt. ratio: 80/19.5/0.S, 

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

Negative charge controller 

(monoazo chromium complex) 

Low-molecular weight polypropylene 

Magnetic iron oxi4e of Production 

Example 1 

2 parts 

3 parts 

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 ~ulverizer 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 

mi.crons • . 
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 

25 parts of the above-obtained black powder and blended 

therewith by means of a Henschel mixer to obtain a 

magnetic toner- ._. ... -~ 
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The thus obtained magnetic toner was subjected 

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 

%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 %RH. Thus, little change in 

image density was observed under various environmental 

conditions. Further, during a successive copying test 

15 for 50000 sheets, the resultant images showed a stable· 

image density and were substantially 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. 

Examp.les 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 

25 instead of the magnetic iron oxide of Production 

Example 1. The thus obtained magnetic toners were 

respectively subjecte~ ""e .. JC #&me image formation test 
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as in Example 1. As a result, these toners all showed 

high densities with little change 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 

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 

little change under varying environmental conditions 

and stably even during successive copying. 

15 Comparative Example 1 

A magnetic toner was prepared in the same 

manner as in Example 1 except for us~ng 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 

sa!lle image 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 degree of ground 

fog. Under the low temperature/low humidity conditions 

of 1 O 0 c/15 %RH, the resul"bant. ""ii.WIJIJs·-were accompanied 
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with.noticeable fog and caused a lowerin~ in image 

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 wh1ch 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 

15 

iron oxide of Comparative Production Example 2 instead 

of the magnetic iron oxide of Production Example 1. 

The magnetic toner thus obtain~d was subjected to the 

same image formation test as in Example 1. 

Under the normal temperature/normal humidity 

conditions, the resultant images 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 o~ 

su9cessive copying and further to 1.02 in 50,000 sheets 

ofi copying. Under the high temperature/high humidity 

conditions, the images at the initial stage showed a 

image density of 1.22 but were accompanied with ...... · .. .:. 

25 noticeable toner scattering, and the image density was 

lowered to 1.08 after 50,000 sheets of successive 

copying. 
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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 obtained 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 then lowered 

to 1.28 after 30,000 sheets of successive copying and 

15 then to 1.20 after 50,000 sheets of successive copying. 

20 

25 

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. 

The results of image density evaluation in the 

aQpve Examples and Comparative Examples are summarized 

ia Table 4 below. 
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Table 4 

\ Image Density* . 
Initi~l stage After 10000 sheets After 30000 sheets 

. 
Nl'/NH LT/UI H1' /HH NT/NH LT/LB Hl'/HH NT/NH LT/ill HT/HH 

Ex. 1 1.38 1.35 1.31 1.37 1.35 1.32 1.37 1.34 1.33 

2 1.38 1.36 1.29 1.35 1.34 1.30 1.35 1.33 1.31 

3 1.36 1.30 1.30 1.35 1.31 1.28 1.34 1.33 1.29 

__ f 1.35 1.31 1.27 1.33 1.32 1.30 1.33 1.34 1.31 

1.35 1.33 1.31 1.33 1.31 1.29 1.34 1.30 1.30 
~--_.._ __________ 

--~------.. ---...-· --------------.-.---· 

1~ 1.27 1.30 1.02 1.20 1.18 0.98 1.20 1.15 0.95 

1.26 1.15 1.22 1.21 1.10 1.09 1.22 1.09 1.10 

3 1.36 1.30 1.28 1.33 1.29 1.25 1.30 1.28 1.24 

* : NT /NH: . No:r:mal terlp!rature/nm:mal humidity ( = 23. 5 °C/ 60%RH) 

LT/UI: It:M t:atq:lerature/low humidity (= 10°C/15%RH) 

Hl'/HH: High teqlerature/high humidity (= 32.5°C/85%RH) _ 

After 50000 sheets 

Hl'/NH LT/IJi HT/HH 

1.36 1.35 1.30 

1.36 1.32 1.28 

1.33 1.34 1.28 

1.32 1.31 1.31 

1 • 35 1 • 33 . 1 • 29 __________ ..,.. __ 
1. 21 1.13 0.97 

1.23 1.02 1.08 

1.26 1.20 1.21 

I 
~ 
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Example 6 

Styrene/n-butyl acrylate/divinylbenzene 

copolymer 100 parts 

(copolymerization wt. ratio: 79/20.5/0.5, 

5 weight-average molecular weight (Mw): 29x104) 

10 

Negative charge·controller 

(monoazo chromium complex) 

Low-molecular weight polypropylene 

Magnetic iron oxide of Production 

Example 5 

2 parts 

3 parts 

80 parts 

The 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 volume-average parti~le size of 9.0 

microns. 

4 parts of strontium titanate powder and 0.6 

20 part of hydrophobic silica fine powder ( "R812" 

a~~ilable from Nihon Aerosil K.K.) were added to 100 

parts of the above-obtained black powder and blended 

therewith by means of a Henschel mixer to obtain a 

magnetic toner. 

25 The thus obtained magnetic toner was subjected 

to an image formation test by using a commercially 

available copying ~ib~-5060", available from 
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Canon K.K.). As a result, under the normal 

temperature/normal humidity conditions of 23.5 °c/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/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 

15 

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. 

·The results of evaluation are summarized in 

Table 5 appearing hereinafter together with the results 

in other Examples and Comparative Ex~mples. 

Examples 7 - 9 

Magnetic toners were prepared in the same 

20 manner as in Example 6 except that magnetic iron oxides 

OL Pr?duction Examples 6 - 8, respectively, were used 

instead of the magnetic iron oxide of Production 

Example 5. The thu~ obtained magnetic toners were 

respectively subjected to the same image formation test 
-· 

25 as in Example 6. As a result, these tone-rs all showed 

high densities with little change under various 

en..virGRIRental conditions and stable performance undel: -. ..,.,.~-
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successive.copying. 

Example 10 
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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 ~he same 

manner as in Example 6 except for using the magnetic 

15 iron oxide of Comparative Production 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 

20 conditions of 23.5 °c/60 %RH, the resultant images 

s~pwed 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 

25 with noticeable fog and caused a lowering in image 

density from 1.27 at the initial stage to 1.18 after 

30, 000 sheat.s of successive copying. Under the high -· · 
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temperature/high humidity conditions of 32.5 °c/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 imag~s showed a lower image 

density than in Example 6. Under the low 

15 temperature/low humidity conditions, the resultant 

images caused.a lowering in image density from 1.24 at 

the initial stage to 1.10 after 30,0~0 sheets of 

successive copying. Under the high temperature/high 

humidity conditions, the ima9es at the initial stage 

20 showed a image density of 1.26 but were accompanied 

w~th noticeable toner scattering, and the image density 

25 

. 
was lowered to 0.97 after 30,000 sheets of successive 

copying. 

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 
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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. 

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 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, 0.00 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 

25 
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Table 5 

. 
Image Density* 

Initial Stage After 30000 sheets 

Nr/NH Ifr/r.11 Hl'/HH Hr/HN LT/r.11 HT/HH 

EKample 6 1.40 1.37 1.32 . 1.38 1.36 1.31 

7 1.38 1.36 1.30 1.35 1.32 1.28 

8 1.36 1.33 1.31 1.36 1.33 1.30 

9 . 1.37 1.35 1.30 1.37 -1.34 1.32 

10 1.39 1.38 1.35 1.37 1.35 1.33 
--------- .. ·- ------~-----~--------.. -------

Catip. 
Exanple 4 1.28 1.27 1.29 1.24 1.18 1.25 

5 1.24 1.20 1.26 1.10 1.02 1.13 

6 1.32 1.30 1.28 1.23 1.17 1.21 

*: Nr/NH: Normal tellprature/noi:mal humidity (= 23.5°C/60%RH) 

LT/ill: IJ:M temperature/low humidity (= 10°C/15%RH) 

HT/HH: High tE:tlpmlture/high humidity (= 32.5°C/85%RH) 

I 
~ 

°' I 
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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,. 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. t, (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 

15 

20 

25 

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. %. 

yu032/1339 
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WHAT IS CLAIMED IS: 

1. A magnetic toner comprising magnetic toner 

particles containing at least a binder resin and 

magnetic iron oxide particles, wherein said magnetic 

5 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. %, 

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 dissolved total iron 

15 percentage of 15 ± 1 wt. %. 

20 

2. The magnetic toner according to Claim 1, 

wherein said magnetic iron oxide particles satisfy the 

following conditions (d) - (e): 

(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) 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 at a dissolved to.tal iron 

I lllllll llllll lllll lllll II llll 
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percentage of 15 :t 1 wt. %. 

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 (hf at a 

dissolved total iron percentage .!. (wt. %) satisfying 

0 < x ~ 33.3: 

10 

(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 

dissolved Fe (II) content in total iron y (wt. %) 

15 satisfying the following conditions (g) and (h) at a 

dissolved total iron percentage .!. (wt. %) satisfying 

4 ~ x ~ 16: 

20 

25 

(g) y ~ 33.3, and 

(h) y ~ 0.26x + 16.0. 

~ s • The magnetic toner according to Claim 1 , . 
wherein said magnetic iron oxide particles hav~ an FeO 

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

6. The magnetic toner according to Claim 2, 

wherein said magnetic iron oxide particles have an FeO 

content per totn:~~·- 40 wt. %. 

111111111111111111111111111111 
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7. The magnetic toner according to Claim 3, 

wherein said magnetic iron oxide particles have an FeO 

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

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 g/cc. 

20 

11.. .The magnetic toner according to Claim 3, 

wherein said magnetic iron oxide particles have an 

apparent bulk density of 0.1 - 1.2 q/cc. 

12. The magnetic toner according to Claim 4 ,· 

wherein said magnetic iron oxide particles have an 

apparent bulk density 0£·0.1 - 1.2 g/cc. 

25 13. The magnetic toner according to Claim 1, 

wherein said magnetic iron oxide particles have an 

· . ·-=....-s:..-.- average particle size which is larger than 0. 05 micron 

111111111111111111111111111111 
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and smaller than 0.35 micron. 

14. The magnetic toner according to Claim 1, 

wherein said magnetic iron oxide particles have an 

5 average particle size which is larger than 0.10 micron 

and smaller than 0.28 micron. 

15. The magnetic toner according to Claim 2, 

wherein said magnetic iron oxide particles have an 

10 average particle size which is larger than 0.05 micron 

and smaller than 0.35 micron. 

16. The magnetic toner according to Claim 2, 

wherein said magnetic iron oxide particles have an 

15 average particle size which is larger than 0.10 micron 

and smaller than 0.28 micron. 

17. The magnetic ton~r according to Claim 3, 

wherein said magnetic iron oxide particles have an 

20 average particle size which is larger than 0.05 micron 

and smaller than 0.35 micron. 

18. The magnetic-toner according to Claim 3, 

wherein said magnetic iron oxide particles have an 

25 average particle size which is larger than 0.10 micron 

and smaller than 0.28 micron. 

I 11111111111111111111111111111. 
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19. The magnetic toner according to Claim 4, 

wherein said magnetic iron oxide particles have an 

average particle 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 have an 

average particle size which is larger than 0.10 micron 

and smaller than 0.28 micron. 

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, 

wherein said binder resin comprises a styrene-type 

copolymer. 

23. The magnetic toner according to Claim 3, 

20 wherein said binder resin comprises a styrene-type 

copolymer. 

24. The magnetic toner according to Claim 4, 

wherein said binder resin compr~ses a styrene-type 

25 copolymer. 

25. The ~r according to ciaim 21, 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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wherein said binder resin comprises a styrene-n-butyl 

acrylate-divinylbenzene copolymer. 

26. The magnetic toner according to Claim 22, 

s wherein said ~inder 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. 

15 

20 

25 

28. The magnetic toner according to Claim 24, 

wherein said binder resin comprises a styrene-n-butyl 

acrylate-divinylbenzene copolymer. 

29. ·The magnetic toner according to Claim 1, 

wherein said magnetic toner particle~ contain 40 - 150 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

30. The magnetic toner according to Claim 2, 

wherein said magnetic toner particles contain 4~ - 150 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

31. The magnetic toner according to Claim 3, 

wherein said magrll!!".i:::i:ie!..e•ta;:ifpa.rticles contain 40 - 150 

11111111111111 111111111111 1111 
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wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

32. The magnetic toner according to Claim 4, 

5 wherein said magnetic toner particles contain 40 - 150 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

33. The magnetic toner according to Claim 1, 

10 wherein said magnetic toner particles contain 50 - 120 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

34. The magnetic toner according to Claim 2, 

15 wherein said magnetic toner particles contain SO - 120 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

35. The magnetic toner according to Claim 3, 

20 wherein said magnetic toner particles contain SO - 120 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. 

36. The magnetic toner according to Claim 4, 

25 wherein said magnetic toner particles contain 50 - 'f 20 

wt. parts of the magnetic iron oxide particles per 100 

wt. parts of the binder resin. ··- v-:~ \~;-::-c, -='.CJ". 

111111111111111111111111111111 
* C L M S * 



-54-

37. The magnetic toner according to Claim 1, 

wherein said binder resin contains a crosslinking 

agent. 

5 38. The magnetic toner according to Claim 2, 

wherein said binder ~esin contains a crosslinking 

agent. 

39. The magnetic toner according to Claim 3, 

10 wherein said binder resin contains a crosslinking 

agent. 

40. ·The magnetic toner according to Claim 4, 

wherein said binder resin contains a crosslinking 

15 agent. 

20 

41. The magnetic toner accordin~ to Claim 1, 

wherein said magnetic toner particles contain a charge 

control agent. 

42. The magnetic toner according to Claim 2, 

wherein said magnetic toner particles contain a· charge 

control agent. 

25 43. The magnetic toner according to Claim 3, 

wherein said magnetic toner particles contain· a charge 

control agent. 

' 111\111 11111\ 111\t 1\111 \I Ill\ 
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44. 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. 

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 

binder resin. 

25 49. The magnetic toner according to Claim 1, 

which further comprises hydrophobic silica fine 

powder. 

111111111111111111111111111111 
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50. The magnetic toner according to Claim 2, 

which further comprises hydrophobic silica fine 

p0wder. 

5 51. The magnetic toner according to Claim 3, 

which further comprises hydrophobic silica fine 

powder. 

S2. 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 so, 
which contains 0.1 - 5 wt. parts of the hydrophobic 

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

tqper particles • . 

SS. The magnetic toner according to Claim 51, 

which contains 0.01 - 8 wt. parts of the hydrophobic 

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

toner particles. 

111111111111111111111111111111 
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56. The magnetic toner according to Claim 52, 

which contains 0.01 - 8 wt. parts of the hydrophobic 

silica fine powder per 100 wt. parts o~ the magnetic 

toner particles. 
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