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TONER FOR DEVELOPI NG ELECTROSTATI C | MAGE, | MAGE FORM NG METHOOD AND PROCESS

'CARTRI DGE_FI €LD OF THE.1 NVENTI ON AND RELATED ART 5 . The present
i nvention relates to a toner, part|cularly a neg @;; toner
for developing electrostatic inages in image form ng nethods

electrophotography“_and el ectrostatic pripting. The present |nvent|on al so
relates to an 10 image form ng nethod 'and a process cartridge using t he
toner. Hitherto, a large nunber of electro- photographic processes have ™
been known, as disclosed in U S. "Patent Nos. -2,297,691; 3,666, 363;
4,071,361 15 and. oTONER. FORnDEWEserNGcE&EGEROSTAmnﬂnDMAGE,atent i mage is
forned on. a photosensitive nenber.- ,g 'ng a .phot oconductive material by
various neans, thenIMAGE| ROBMEINGHMEEHDE

toner, and t he resul t ant toner"’~
Iransfer-rece|V|ng naterlal sj

~pressing, heating_and pr
case of .nc|u§$ﬁ§2+9§-§ﬂ

removi ng 2 reS|duaI togﬁr

'wy\transferred 20 onto a

_=w\de5|red fi xed by heating,
il qGOPy or. a print. In the
'nage, a step of

£

"l:ipn 1ates to a tonmer,
eable toner, for
'developing electrostatic images in image formlng
methods, such as electrophotography; and electrostatié
printing. - The present invention also relates to an
10 image forming method and a process cartridge using the
toner. | |
Hitherto, a large number of electro-
photographic processes have been khdﬁn, as disclosed
in US Patent Nos. 2,297,691; 3,666,363; 4,071,361
15 and others. In these processes, an electric latent
image is:formed.on a photosehsitive'member Comprising
a photoconductive matefial by various means, then the
1atent image is developed and visualized with a toner,
and the resultant toner image.is) after transferred
20 onto a tfansfer-receiving material, such as paper, as
desired, fixed by heating, pressing, heating and
pressing, etc., to obtain a copy or a print. In the
case.of including the step of transferring a.toner
image, a Step-of removing a residual toner remaining
25 on the photosensitive member is ordinarily also
included. |

Known developing methods for visualizing



25 on the photosensitive nmenber is ordinarily also included. Known

devel opi ng nmet hods for visualizing -2- electrical latent inages with a
toner may -include, e.g., the magnetic brush nmethod described in U S. Patent
No. 2,874,063, the cascade devel opi ng nethod disclosed in U S. Patent No.
2,618,552, the powder 5 cloud nethod disclosed U S. Patent No. 2,221, 776,
and a met hod using an el ectroconducti ve-dragnetic toner disclosed in U S
Pat ent No. 3,909,258. As for the-step of fixing the toner inmage onto a
sheet material such as paper which is the final 10 step in the above

process, various nethods and apparatus have been devel oped, of which the
nost popul ar edeetrical datent dnpgaeddith 3 i@%@%ﬁ“%@ﬁ'&%"ﬂ%’ng hot '

g to be Rufed (e TG iy sevien (e ndind)tF ¥ 3108  hr ough
hot rOIIers,ﬁgyé&% No. 2,874,063, the cascade developing method
- disclosed in U.S. Patent No.'2,618,552,.the powder
5 cloud method disclosed U.S. Patent No. 2,221,776, and
a method ﬁsing an eieétroconductive magnetic toner
disclosed inlU.S. Patent No. 3,909, 258.
As for the step of fixing the tongr image
onto a sheet material such as paper which is the final
10 _step in the above process, various methods'and
.apparatus have been develdped, of which the ﬁost;
popular one is a heating and pressing fixation system
using hot rollers. | |
In the heating and p:essing system, a sheet
15 carrying'a toner image to be fixed (hefeinafter called
"fixation sheet") is passed through hot'rqllers, while
a-sﬁrface of a hot roller having a releasability with
the toner is caused to cohtact the toner iﬁage surface
of the fixation Shéet under pressure, to fix the -toner
20 image. In this mefhod, as the ﬁot roller surface and
fhe-toner_image on the fixation sheet contact each
other under a preséure, a very good heat efficiency_is
attainéd for melt-fixing the toner image onto thé
fixation sheet to afford quick fixation.
25 ' Recently, in place of hot rollers, there has
been commercialized a fiking apparatus comprising a

heating member and a pressing member which is disposed'



a surface of a hot roller having a releasability with the toner is caused
to contact the toner image surface of the fixation sheet under pressure, to
fix the toner 20 image. In this nethod, as the hot roller surface and the
toner inmage on the fixation sheet contact each other under a pressure, a
very good heat efficiency is attained for nelt-fixing the toner inage onto

the fixation sheet to afford quick fixaBiron. 25 Recently, in
pllace of hot rollers, there has been comercialized a fixing apparatus
conprising a heating nenber and a pressing nenber which is disposed - 3-

opposite to the heating nenber and presses a recordig% medi um (.such.as
e

paper) to copeResitfectfctbenBedtiber noRkes PPANPIEASERe3FREPTHARS, in
| mages | n acbeRiHcLSRFRNAENBABEE) oFoUraRERET, SO BRY AR BERESES and 11 ne
t oner partic%gg.ahggfm§pecificalIy, it has been desired to
On the other hand, in recent years, there
5 have been also desired high-quality copy or print
images in accordance with the use of digitalized
- copying machines and fine tonef particles}
Mére specifically, it has been desired to
obtain a photographic-image accompanied with
10 characters, so that the character images are clear
while the photographic image is excellent in density
gradation faithful to the original. Generally, in a
copy of,é phofographic image accompanied with
.characters, if the line density is increased so as to
15 provide clear character images, not only the density
gradation characteristic of the photograph image is
impaired, but also the halftone part thereof are
rbughened. |
| Further, resolution failure (céllapsion) of
20.'iine images and scattering are liable to be caused at
the time of fixation as described above, éo that the
image qualities of-the resultant copy images are
rather liable to be deteriorated.
| Further, in.case where the line iﬁage density
- 25 is increased, because of an increased toner coverage,
-a thick toner image is pushed againsf a photosensitive

member to be attached to the photosensitive member in



“obtain a photagraphic i mage acconpanied with 10 characters, so that the
character inmages are clear while the photographic image is excellent in
density gradation faithful to the original.. Generally, in a copy of.a
phot ogr aphi ¢ i mage acconpani ed with characters, if the line density is
~i.ncreased so as to 15 provide clear character inmages, not only the density
gradation characteristic of the photograph inmage is inpaired, but also the
hal ft one part thereof are roughened Further, resolution failure
. (col I apsi on) of 20 Iine | mages and scatterlng are liable to be caused at
the tine of fixation as descri bed above, so that the inage qualltles of the
resul tant cepe tongss txansfexhatep,aldce thatha dad-azalikexd edrartafeher, in
case where the line imuge density 25 is increased, because of an i ncr eased
toner cover £§d 1uxe; Kiogk & dedilawhrigrades) .pusiead @aénsltl%ll paglsensi tive

menber to be attached to _the photosensitive nenber in -4-
toner image (line 1mages in this case), in the

transferred image, is liable to be caused, thereby

5 providing poor quality of copy images. On the other
hand, in casé where the gradation characteristic of a
photographic image is intended to be improved, the
density of characters or line images are liable to be
lowered, thus providing unclear images.

10 In recent years; there has been obtained some
imérovement in'density gradation characteristic by a
system including-image density readout andldigital
conversion. However, a further improvement has been
desired.

15 : Regarding density gradation characteristic,
it is'impossible_to obtain a linear relationship
between a deveioping'poténtial {(difference between a
photosensitive member potential and a developer-_
carrying member potential) and a resultant (copy)

20 image density. Ih a halftone region, a slight change
in devéloping potential leads to a rematkable change
in image density; This provides a complexity in |

. obtaining a satisfactory density gradation
characteristic.

25 ' Genetally, copied images appear clearer
because of an edge effect of attracting an increased

amount of toner so that clear line images can be



the toner transfer step, so that a so-called transfer failure (or a holl ow

I mge), i.e.

a partial lack toner inmage (line images in this case),

in the

transferred inage, is liable to be caused, thereby 5 providing poor quality
of copy images. On the other hand, in case where the gradation

characteristic of a photographic inage is intended to be inproved,

density of characters or line i mages arQ4LjabIe to be | owered, thus
provi di ng uncl ear .i nages. 10 - I'n recent years, there has been

obt ai ned sone i nprovenent

t he

in density gradation characteristic by a system

i ncluding i mage density readout and digital conversion. However, a further

i nprovenent hzethdtRdan be Where a maximdieGRirEig dehsédy pr3gation
characteristic, it is inpossible to obtain a linear relationship between a
devel opi ng potientaittaifmdid fatr en@olket vimeyen gt odeirch tis/elesesrber potenti al
and a devel oper- carrying nenber potential) and a resultant (copy) 20 inmage
density. |n aafflectede byediben edgeslefiflectchange i n devel opi ng potenti al

| eads to a renarkabl e change in inage density. This provides a conplexity
in obtaining a satisfadfordpsge®f 13 rRilakearaphic image, however, the

5

10

15

20

25

‘maximum density of a photograph appears_less at a

glance because of ité surface gloss'but actually
amounts to a very high level of 1.90 - 2.00.
Accordingly, in a copy of a photographic image, even
iflthe surface gloss is suppfessed, a solid part image
density of ca. 1.4 - 1.5 is required since a density
increase due to.the edge effect cannot be excepted
because of a large image area.

- Accordingly, in providing a copy of a .
photographic image accompanied with chafacters, it
becomes very important to obtain a developing
poténtial-image density relationship which is close to
the first order (linear) one and also a maximum image
density of 1.4 - 1.5.

Further, the density gradation

_ characteristic is liable to be remarkably affected by

the'éafuration charge and the charging speed of a
déveloper used. In case where the saturatioh charge
is appropriate for-the develéping conditions, a
developer showing a siow charging speed provides a low
makimum image density, -thus generally thin and blurred
images inlthe initial stage of copying. In this case,

however, non-problematic images can'be obtained if the



characteristic. 25 ~Ceneral ly, copied inages appear clearer

because of an edge effect of attracting an increased amunt of toner so

that clear line inages can be -5- retained in case where a maxi mum
density of ca. 1.30 is attained at a solid image part which is |ess
affected by the edge effect. In case of a photographic inage, however, the

5 maxi num density of a photograph appeas | ess at” a gl ance because of its

surface gloss but actually amounts to a very high level of 1.90 - 2.00.

~Accordingly, in a copy of a photographic inmge, even if the surface gloss

is suppressed, a solid part image 10 density of ca. 1.4 - 1.5 is required
since a densmaximugy dmageddensd tthdsedge df-Foctascdarnrihed ahgied because
of a large inmage area. Accordingly, in providing a copy of aéﬁ?otographic

i mage acconp&hugd bgiing a%ea&%p&vuqtel@%mwafﬁr%m ©to obtain a

devel opi n o

ping slow chargeability. Even in case of the slow charging
speed, the initial copy image density is increased if
5 the saturation charge is increased. However, on
continuation of copying, the charge of the developer
is gradually increased to finally exceed an
appropfiate chafge for development, thereby resulting
in a lower copy image density.' Also in this case, no

10 problem occurs in line images if the maximum image
density is ca._1.3'

From the abové, it is understood that a
photographic'image is more remarkably affected by the
saturation charge and the charging speed of a

15 developer than a line image.

In case where a smaller particle size toner
is used, the dispersion state of a charge control
agent and a colorant remarkably affects the
chargeability of the toner.

20 ) A.toner for developing electrostatic images
“may generally.contain.a dye called a charge control
agent for controlling the chargeability of the tomer.
In order to provide a toner with a negative
chargeability, chromium Complex'¢qmpounds have been

25 principally used.

Japanese_Laid—Open Patent Application (JP-A)

60-170864, describes that, among such chromiun complex



potential -image density relationship which is close to the first order

(l'inear) one

and al so a maxi mum i nmage density of 1.4 - 1.5. Further

t he

density gradation 20 characteristic is liable to be remarkably affected by

t he saturati

on charge and the chargi ng speed of a devel oper used. |

n case

where the saturation charge is appropriate for the devel oping conditions,

devel oper sh
density, thu
copying. In

ow ng a slow charging speed’bTovides a low 25 nmaxi mum

| mage

s generally thin and-blurred images in the initial stage of

thi s case, however, non-problematic inmges can be obtai

ned if
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accompanies with dlfflcultles, such_remalnlng of a
toner residue on a photosensitive member due to
cleaning failure and filming, and those being

insoluble within a binder resin (particuiariy in a

‘polyester resin) show good chargeability and also good

10

anti-filming characteristic.
However, a metal complex salt compound
insoluble or incompatible with a binder resin shows a

poor dispersibility. Accordingly, when a toner

.containing such a metal complex salt compound is

15

20

25

formulated into fine particles, the toner is liable to
be charged exéessively particulérly in a low-humidity
environment, thus leading to for or a density
iowerihg. This is because a fine particle size
fraction and a coarse particle size fraction formed
through a pulverization step of toner production .are
caused to have remarkably different contents (weight
ratios) of the charge control agent (i.e.,so-called
localization of a charge control aéent), so thét toper
particles are caused to have different'
chargeabilities.

In case where a fine powder fraction and a
coarse powder fraction recovered from the classifying

step are re-utilized as a material for toner



appropri ate charge for devel opnent., thereby resulting in a | ower copy inmage
density. Also in this case, no 10 problemoccurs in line imges if the
maxi mum i nege density is ca. 1.3 Fromthe above, it is understood that a -
phot ographic image is nore remarkably affected by-the saturation charge and
t he charging speed of a 15 developer than a line image. In case where a
smal l er particle size toner is used, t#8 di spersion state of a charge
control agent and a colorant remarkably affects the chargeability of the
toner. 20. -~ .. A toner for devel oping electrostatic | mages may

Char goaby | | BYOBRCFAGRY oFBE. PRV &-C“atﬁens%b“" 39 (h a negat tve
char geabi | i &éca%g%ggégm %(}ngl %ac‘r un 5—% %qﬁq:? }u[}rd!l{éctl pal |y used.

Japanese Lali tent “ApplT SCri bes that,
among such ghpaRkYA ¢8MRhESe dlfflcultles, such as a lowering

in image density and fog due to a toner

5 electrification insufficiency under a low-humidity
condition. For this reasoﬁ, it has been hitheito
difficult to reutilize both fine powder and coarse
powder byfproduced in the classification step for
toner productioﬁ,'and coarse powder alone has been

10 @ reutilized as éroposed in JP-A 3-209266. JP-A 61-

155464 and JP-A 62-177561 have proposed an azo-type

iron complex as a charge conttol agent showing good
dispersibility within a binder resin. A tongr.
containing the azo-type iron complex is, however, -

15' accompanied with difficulties, such as a slow rate of
electrification and a lowering in image density after
a long period of standing or in a high humidity
environment. In :ecenf years, a smaller particle size
(at most 9 mm in terms of a weight-average particlg

20-'-size (diameter)) is recommended.for providing high-
quélity:images, A small particle size toner is liable
to have a.remarkabiy high charge_upder a low-humidity
condition and cause difficulties, such as thinning of
line images, a lowering in image density and

25 occurrence of reversal potential fog caused by a toher
charged to an opposité polarity due tb charging

failure on a developer-carrying member, such as a



conpounds, those having a good nmutual solubility with a binder resin show a
uni form negati ve chargeability and provide clear copy inages but are |liable
to be acconpanies with difficulties, such remaining of a 5 toner residue on
a photosensitive menber due to cléaning failure and filnming, and those
being insoluble within a binder resin (particularly in a polyester resin)
show good chargeability and al so good antg-film ng characteristic. 10
However, a nmetal conplex salt conpound insoluble or inconpatible with a

bi nder resin shows a poor dispersibility. Accordingly, when a toner
containimg such a nmetal conplex salt conpound is formulated into.fine

particles, thdeveleping lslekve,t dukb tie thiearppresaressiofelthearticularly in

a lowhumdity environment, thus leading to for or a density lowering. This
i s béecause a PrFesgively ehairged tememn and a coarse particle size
fraction forned through a pul verization step of toner production-are 20
caused to. have renar k3B PrdeE &oedmprovieefhe chargaaliditesohiathe charge

control agent (i.e.,so-called |localization_ of a charge cantrol ent), so
Chat DonasC n bRt CoRt AL i, SR i, @A Ee hron Conpled,” aEK

5 1-306862 has proposed a silicone resin-coated carrier
which has a high chargeability-iﬁparting effect, and
JP~-A 2-153362 has proposed a devéloping apparatus
iﬁcluding ah:imprOVed tonér layer'thickness-regulating
member and an impfoved tonér replenishment-assisting

10 member. In these ﬁrpposals, the developing
perfbrmance of'thé toner is retained by charge-~
imparting or -assisting members and if-is-difficult to
retain good image quality for a iong period due to
deterioration or soiling of the charge-imparting or

15 -assisting member.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a toner for developing electrostafic iméges
20 having solved the above-mentioned problems and capable
of retaining a high-quality image forming performance
for a long period.
An object of the present invention is to
-provide a toner having a gbod dispersibility of a
25 charge control agent and a uniform chargeability,
capable of retaining a high image density for.a'long

period and capable of providing images free from fog

gs



chargeabilities. 25 In case where a fine powder fraction and a
coarse powder fraction recovered fromthe classifying step are re-utilized
as a material for toner -8- production, the above-nentioned liability of

| ocal i zation of a charge control agent is further pronoted to cause
difficulties, such as a lowering in imge density and fog due to a toner 5
electrlflcatlon I nsuf ficiency under a lQ@-humdity condition. For this
reason, it has been hitherto difficult to reutilize both fine powder and
coarse powder by-produced in the classification step for toner production,
and coarse powder al one has been 10 reutilized as proposed in JP-A
3-209266. JPand6with584Bdghndesplntéenl77561 have proposed.an azo-type iron
conpl ex as- a charge control agent show ng good dispersibility within a

bi nder resin. A tonerAE@ﬁP&FnPhgeFﬁe°5zGg@yp€%599$ dewendions ishdgever, 15

acconpanled with difficulties, such as_a slqow rate_of
provide a toner which can be quickly charged and can

provide good toner images similarly as before standing
5 even after standin§ for a long period or in a high-
humidity'environment. |
Another object oflthe pfesent invention is to
provide a toner which can provide high-Quality images
withoﬁt using é charge-assisting member.

10 Another object of the present invention is to
provide a fine particle size toner which can provide
satisfactory developed iméges for a long period under
various-environmental conditions even in case of
providing high-resolution developed images.

15 Another object of the present invention is to
provide a toner which allowé re-~utilization of fine
powdér and coarse.powder by~produced in the
classification_step in toner production.

- Another object of the presenf invention is to

20 provide a toner highly Suitably adapted to an
electrophotographic précess nof adve;sely affecting a
photosensitive member or a‘developer—carrying.member.

A fu:thef object of the present invention is
to provide an image forming method and a process

25 . cartridge using such a toner aé desdribed above.

B According to the preéent invention, thére is

provided a toner for developing electrostatic images,

e



electrification and a lowering in inmage density after a |long period of
standing or in a high humdity environnent. In recent years, a smaller
particle size (at nost 9 [err]min terns of a weight-average particle 20
size (diameter)) is recommended for providing high- quality imges. A snal
particle size toner is liable to have a remarkably high charge under a

| ow-hum dity condition and cause diffigulties, such as thinning of line

i mages, a lowering in imge density and 25 occurrence of reversal
potential fog caused by a toner charged to an opposite polarity due to
charging failure on a devel oper-carrying nenber, such as a -9-

devel opi ng cdmpwbsingie to the copresence of the excessively charged toner
In order to inprove the chargeability of a toner containing such an '
azo-type iron conpl eka) J®-inder3pe8ER., has proposed a silicone resin- coated
carrier which has a high chargeability-inparting effect, and JP-A 2-153362
has proposed a develﬁbgnﬁ Loparakain alkyl compound represented

by the f0110w1ng formula (1), (2) or {(3):
5 CH3—CHyyzCHZOH (1),
| whereln x denotes an average value in the range of 35
- 150, |
CHy—¢ cnz-)i—o—éciucnz—o-)i—n (2),
_ I | .
10 wherein x denotes.an éverage value in the.range-of 35
- 150° zZ denotes an average value in the range of 1 -
5, and R denotes H or an alkyl group having 1 - 10
carbon atoms,
cn3-—{-cnz-)—— CH,COOH (3).
15 whereln y denotes an average value in the range of 35
- 150; and
(c) an azo-type iron complex compound

~ represented by the following formula (4):

_ o ' ' N Yo
2 | ®Ron : @ : |
BQ-N=N O © (Xom

SR S5
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i ncludi ng an i nproved toner |ayer thickness-regulating nmenber and an

| nproved toner replenishnent-assisting 10 nenber. In these proposals, the
devel opi ng performance of the toner is retained by charge- inparting or
-assisting nmenbers and it is difficult to retain good inmage quality for a
long period due to deterioration or soiling of the charge-inparting or 15
-assi sting nmenber. SUWARY OF THE | NVENI2-ON An. obj ect of the present '
invention is to provide a toner for devel oping el ectrostatic inmges 20
havi ng sol ved the above-nenti oned probl ens and capable of retaining a

hi gh-quality image formn erformance for a |long period. An object of the
present i nvaherein Xy @"15’? | dndenendantly, | dRPALY NP ERPSISRrat Mt ity of a
25 charge cqntrol ent and a uni form chargeability, capable of retaining a
high | mage dEMeT Pl SHGHR, JAMRR SHEPEE IR of MFER | UTORP i Fhges 11 e

fromfog h%qg)gvgnt hat;%mth:I %P arnef%ll'mde%ndte an integer of 1 - 3; R;

gnd R3 independently denote hydrogen atom, Cl—lé alkyl
5 or alkenyl, sufonamide, mesyl, sulfonic acid group;
carboxy ester group, hydrbiy, C1_18 alkoxy,
acetylamino, benzoylamino or halogen afqﬁ; n and n'
denote an integer of 1 - 3; Ry and R4 denote hydrogen
atomlor nitro group; and At denotes a cation including
10 75 - 98 mol. % of ammoniuﬁ ion and another ion
selected from the group cohsisting of hydrogen ion,
sodium ion, potassium iron and mixtures thereof.
- According to another aspect of the present
invention, there is provided an image forming method,
15 comprising:

a charging step of supplying é voltage to a
charging means in éontact with a member to be charged
to charge the member to be charged,

a step of forming an electrostatic image on

20- fhe;ég;rged membér to be.charged,
| a developing step of developing the
eléctrostatib image with a tonér as described.abové'to
form a toner image on the member to be charged,

a transfer step of transferring the toner

25 image to a transfer—receiving material directly or via
an intermediate transfer member, and'_

a fixing step of fixing the toner image onto



Anot her object of the present invention is to provide a toner which can be
qui ckly charged and can provide good toner images simlarly as before
standing 5 even after standing for a long period or in a high- humdity
envi ronment. Anot her object of the present invention is to provide a toner
whi ch can. provide high-quality imges w thout using a charge-assisting
menber. 10 : Anot her obj ect efl3-he present invention is to provide
~a fine particle size.toner which can provide satisfactory devel oped i nages
for a long period under various environnental conditions even in case of
provi di ng hi gh-resol uti on devel oped.i mages. 15 Anot-her object of
t he presentt%#véﬁﬁm§ﬁqn§ﬂ9§qiwingd@Eéfﬂﬁﬁﬁk-which allows re-utilization of
fine powder and coarse powder by-produced in the classification step in

t oner. production. And@rOrdimEede & MurthaeasnreGth \wintthdh Reesq0  provi de
a toner highlé s%LtabI adggted to angtggtagﬁpoto r aphi.c. process not
adversel y afP¥ERtHE éﬁ&r s BTy PIGCes T 9% ar ryi ng menber .
A further object..of. the pr t invention is to aovide an i nmage formng
et hod and %Pgégggg atpf%%gl a %é%%loﬂlnésmeaﬂg éﬁéja .
5 photosensitive member, .
the developing means and the photosensitive

member being integrated into_a cartridge which is

detachably mountable to a main body of an image

forming apparatus,

10 . wheréin the deveioping means cohtains a

toner as described above.

BRIEF DESCRIPTION OF THE DRAWINGS
| Figure 1 is a schematic iilustration of an
15 image forming appafétus used in Examples of the
present inﬁention.
o Figure 2 is an exploded perspective view of
essential parts of a fixing appaiatus used in Examples
- of the invention. |
20 o Figufe 3 is an enlarged sectional Qiew of a
fixing appafatus including a film in a non-driven
state used in.Examples of the preSent invention.
Figure 4 is a partial illustration of a
checker pattefﬁ for évaluating the developing
25 pefformance Of a toner.
Figure 5 isla schematic illustration of an

‘embodiment of the process—ca:tridge_according to the



25 cartridge using such a toner as described above. According to the
-present invention, there is provided a toner for devel oping el ectrostatic

I mages, conpri5|ng (a) a binder resin, (b) a long- chaln al kyl conpound
represented by the following formula (1), (2) or (3): [err]
(1), wherein x denotes an average value in the range of 35 - 150, [err]

(2), R10 wherein x denotes an averages-alue in the range of 35 - 150; z
denotes an average value in the range of 1 - 5, and R denotes H or an al kyl
group having 1 - 10 carbon atons, [err] (3), 15 whereiny
denotes an average value in the range of 35 - 150; and (c) an azo-type iron
conpl ex conpowsgnt invention.

DETAILED DESCRIPTION 6F THE INVENTION
As a result of our study, it has been found
5 possible to provide a toner capable of forming stable
images while retaining a high dévelopment performance
and ‘without beihg affected by an environmental change.
An azo-type iron complex, when used as a
charge cbntrol agent-for an electfophbtographic tbner,
10 provides'a toner which'shows an insufficient charging
speed under a high-humidity condition and'fails to
provide a sufficienf imagé density at an initial stage
or a long period of standing under a high-humidity
condition. Under a loﬁ-humidity condition, in a long-
15 period of continual use; the toner is liable to cause
an accumulation of an excessive triboelectric charge
(charge-up),.thus resulting in images with a low image
densitf and noticeable fbg.
In contrast thereto, a chromium of aluminum
20 complei doﬁpound insoluble in a binder resin
alleviates the above-mehtioned problems and has been
- therefore widely used. A toner using such a éhromium
'or aluminum complex'compound is accompanied with a
problem that classified fine powder and classified
25 coarse powder thereof cannot be readily re-utilized.
This is because the chromium or aluminum complex

compound is contained in different weight ratios-in'



represented by the followng formula (4); 20 [err] [err] 25 (4) -12-
wherein [err] and [err] independently denote hydrogen atom | ower alkyl
group, | ower al koxy group, nitro group or halogen atom mand mi denote an
integer of 1 - 3; [err] and R3 independently denote hydrogen atom J[err].
al kyl 5 or al kenyl, sufonam de, nesyl, sulfonic acid group, carboxy ester
group, hydroxy, [err] al koxy, acetyl am nps-benzoyl am no or hal ogen atom n
and-n' denote an integer of 1 - 3; R2 and R4 denote hydrogen atomor nitro
group; and A+ denotes a cation including 10 75 - 98 nol. % of ammoni umion
~and another ion selected fromthe group consisting of hydrogen ion, sodium
I on, pot assi whe rcdassifiedifins pdwdeof .classi flied mediuamt pewdespect of
t he present _
(used as a toner) and classified coarse powder, so .
that a toner'produced by re-utilization of the
classified fine powder and the classified coarse
5 powder is liable to cause a lowering in image density
and fog during a long period of continual use in a
low-humidity environment.
We have noted in combination that an azo-type
iron complex compound shows little localization in
10 classified powders and that a binder containing an
azo-type chromium complex compound insoluble in a
binder resin shows a good developing perfofmance,
whereby we héve succeeded in improwving the charge
__controllability of an aZo-type iron complex compound
15 while retaining the non-localizability of the azo-type
iron complex compound, by'forming micro-domains
(aggregations) of the azd—type iron complex compouhd
in toner particles.
The formation of an azo-type iron complex
20 compound is accomplished by the presence of a long-
chain alkyl compound in_toher particles. This is
considered because the OH groups or carboxyl groups in
the long-chain alkyl compound respectively form an
associated state and, under the irnfluence of the
25 associations, the azo-type iroﬁ comélex compound forms

microdomain. As a result, the azo-type iron complex

compound can be provided with an improved charge



I nvention, there is provided an image form ng nethod, 15 conprising: a
charging step of supplying a voltage to a charging neans in contact with a
menber to be charged to charge the nenber to be charged, a step of forning
an electrostatic image on 20 the charged nenber to be charged, a
devel opi ng step of developing the electrostatic inmage with a toner as
descri bed above to forma toner inmage -dr6the nenber to be charged, a
transfer step of transferring the toner 25 inmage to a transfer-receiving
material directly or via an internedi.ate transfer nmenber, and a fixing step

of fixing the toner inmage onto  -13- the transfer-receiving material.
Accor di ng t 6°AtE@llabd 13dye mhidre madniadddmg itheMamn, there is provided a

process-cartridge, conprising at |east a developing neans and a 5
photosensit#@@aﬂéﬁﬁéP}ltY' : i

The localization of an azd-type mretal complex
in classified fine powder, claésified'medium-powder
5 (used as a toner) and classified coarse powder - |
resultant after a classification step in a toner
production process using the_azo—type metal complex is
eValuated in the fdllowing mahner. Each powder
fraction is weighed in a prescribed amount within a

10 range of 1.0 -'3.0 g and is dispersed in 200 ml of
ethyl alcohol under stirring for 48 hours, followed by
filtration to recover a filtrate. Then, the
absorption spectrum in the visible range of the
filtrate is obtained and a relative absorbance at a

15 wavelength showing an'absorption, e.g., A = 480 nm,
attributable to the metal complex is measured. The
localization chafacteristic of.the metal complex is
evaluated by factors (ratios):

ODg/ODy and OD/ODy,

20 wherein ODg denotes an absorbance of a filtrate
obtained:from classified fine'powder, ODy; denotes an
absorbance of a filtrate obtained from classified
medium powder and OD- denotes an absorbance of a
filtrate obtained from classified coarse poWder.

25 . An azo-type iron complex compound represented
by the above—mentiéned formula (4) wherein A' |

comprises 75 - 98 mol. % of ammonium ions, has been



t he devel opi ng neans and the photosensitive nenber being integrated into a
cartridge which is detachably nountable to a main body of an inage formng
apparatus, 10 "~ wherein the devel opi ng nmeans contains a toner as
descri bed above. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic
illustration of an 15 inmmge form ng apparatus used in Exanples of the
present invention. Figure 2 is an exploléd perspective view of essential
parts of a fixing apparatus used in Exanples of the invention. 20

Figure 3 is an enlarged sectional ViEM/Of a fixing apparatus including a
filmin a non-driven state used in qgles of the gresent I nventi on.
Figure 4 is %Pﬁﬁﬂt#?ﬂe*n*Q%Yr%l?fﬁﬁ%ﬁr cﬂ%Eﬁ%Fmﬁ%F efR FOFMERd| uating the

of " an erbodi AL CTEE i BARE: ot MRS o EPRGEORLRE

compound having cations consisting solely of ammonium

ions tends to provide a toner showing an image density
5 which slowly increases after standing in a high-
humidity environment. Oh fhe other hand, én azo-type
'_iron complex compound having cations consisting only
of protons or alkali metal ions tends to provide a
toner showing a low image density in a high-humidity
10 envirdnment. .

As a result of our study, the use of cations
including both ammonium ions and alkali metal ions
and/or protons provides a gompound giving a toner
showing a good performance after a long period of

15 standing. The inclusion of ammoﬂium ions at 75 - 98
mol..% provides particularly good resuits regarding
image density increasing speed and image density 1evel
after the increase.

| - When the ammonium ion content is below 75 %,

20 . fhé image-density is iowered and, above 98 %, the
image denéity tendsffo increase slowly.

As a-resuit of further'study of ours, the
azq¥type iron complex compound used in the toner
accordihg to the present iﬂvention may preferably have

25 a solubility in methanol of 0.1 - 8 g/100 ml, more
preferably 0. 3 - 4 g/100 ml, furtherfpreferably 0.4 -
2 g/100 ml. |

-y



-14- present invention. DETAI LED DESCRI PTION OF THE | NVENTION As a result
of our study, it has been found 5 possible to provide a toner capabl e of
forming stable images while retaining a high devel opnent performance and
wi t hout being affected by an environnental change. An azo-type iron

conmpl ex, when used as a charge control .agent for ‘an el ectrophot ographic
‘toner, 10 provides a toner which showsl&mn insufficient charging speed
‘under a high-hunm.dity condition and fails to provide a sufficient inmage
density at an initial stage or a Iong period of standing under a

hi gh-hum dity condition. Under IOthun1d|t¥ condi tiop, & | ong 15
period of continual JUdk cask "{l'tﬁ'i‘é? the |solhi ’ot%a’cﬁebedjrf"’éc vhul ation of an

F?Sf??r'aéi &é&ﬁ%&'%“ﬁ%@e‘e% ﬁp%%%a?a 245TErRe ofr ?%L?ﬁ%eﬁm“ﬁﬁ he
_ ' 20
_:bg\r?emrjnrennt [ ong'gﬁ%r o)i"f q'ﬁ&&ﬁc}dha'{sbs“gé'een ere oé)épgl%djé# eéltsed hié/!t g;gf Ls?ng |

such a Chro@dﬂ@r even if the long-chain alkyl compound is used in

5 combination, rhus providing a toner which has ah
unstable triboeleetric chargeability and is liable to
cause image fog and scattering.

On the other hand, in case where the
solubility exceeds 8 g/100 ml, the toher performances
10 are liable' to be affected by the-temperature and
' humidity during a long period of standing in a high
temperature - high humidity environment, so that the
. toner chargeability.is impaired and_it'beéemes '
difficult to obtain a sufficient image density.

15 The charge control agent may preferably'be

used in a proportion of 0.2 - 5 wt. parts per 100 wt.
_parts of the binder resin. _
The selubility of the charge control agent

may be measured in the follow1ng manner.

20 <Solub111ty measurement of charge control agent>

| 2 gof a charge control agent is weighed and

placed in a 300 ml'Erlenmeyer flask to wﬁich 100 ml of
methanol is added. The system is heated to 50 Oc
under stirring and the stirring is further continued

25 for 1 hour (when all the charge control agent ie
dissoived, the charge control agent is further added

successively at an increment of 2 g each under .



or alum num conpl ex conpound is acconpanied with a problemthat classified
fine powder and classified 25 coarse powder thereof cannot be readily
~re-utilized. This is because the chrom um or alum num conpl ex conpound is
contained in different weight ratios in -15- the classified fine powder,
classified nedi um powder (used as a toner) and classified coarse powder, so
that a toner produced by re- utilization,gt the classified fine powder and
the classified coarse 5 powder is Iiab}e to.cause a lowering in imge
density and fog during a | ong period of continual use in a lowhumdity
environment. We have noted in conbination that an azo-type iron conpl ex
compound shoyéntintéd $OLating) i onThénlOthel agatbmeispevdtea and that a

bi nder containing an azo-type chrom um conpl ex conpound insoluble in-a
bi nder resi ncedmvsempgoatiutdevahdpthg. pesbdublecehanger ebptrnd have
succeeded in inproving the charge controllability of an azo-type iron
conplex conprdenrit is removed by a 0.1 pm-filter to measure the
absorbance (A) of the solution at a maximum absorptioﬁ
5 wavelength by using a spectrophotometer.
On the other hand, a standard solution of the
charge control agent (at a concéntration Co (= 0.02
g/l (= 20 ppm)) is prepared, and the absorbance (Ao)
thereof is measured. From these data, the solubility
10 of the charge control agent {(C (g/1)) is'calculated by
A/Ao = C/Co, based on thé Lambert-Beeis low
'represented by the folldwing fofmula:
A ="logg (1g/1) = €pCa,
wherein I denotes a trénsﬁitted light intensity
15 through a solution, I; denotes a transmitted light
intensity through a solvent (= methanol), 80 denotes
an absorption coefficienf, C denotes the concentration
of the charge control agent, and d denotes the
thickness of the solution for the absorbance
20 measurement.
The azo-type iron complex compound used in

the present invention has a structure represented by

the_following general formula (4):

25



15 while retaining the non-localizability of the azo-type iron conpl ex
conpound, by form ng m cro-donai ns (aggregations) of the azo-type iron

conpl ex conpound in toner particles.

conpl ex 20

car boxyl

associ ated state and, _
azo-type iron conpl ex conpound forms m crodonain.

I ron conpl ex
control | abi
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powder 5 (u
classificati
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(conpound ¢
ty while
be et al

(}(z)m'

_ conpl
ed as a toner

bn st ep in arjone (9rqb

groups in the |ong-chain algéh
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_ The formation of an azo-type iron
‘conmpound i s acconplished by the presence of a | ong-
conpound in toner particles.
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wherein Xl'and X9 independently denote hydrogen atom,

lowef alle group, lower aikoxy group, nitro group or
halogen atom; m-and mf denote an integer of 1 - 3; R
and Ry independently denote hydrogen atom, C;_;g alkyl
or alkenyl, sufonamide, mesyl, sulfonic acid group,
carboxy.ester group, hydroxy, C;_;g alkoxy,
acetylamino, benzoylamino or halogen atom; n and nf
denote an integer of 1 = 3; R, and Ry denote hydrogen
atom or nitro group; and at denotes a cation including
75 - 98 mol. % of,ammonium ion and another ion
eeleoteq from the group consisting of hydrogen ion,
sodiun.ion, potassium iron and mixtures thereof.

The above azo-type iron complex which is
suitabiy used as a negative charge control agent may
be synthesized according.to a known process}

The negative charge control agent may be used
singlyior.in combination of two or more epecies or_in
combination with another negative charge control

agent.



eval uated in the follow ng manner. Each powder fraction is weighed in a
prescribed amount within a 10 range of 1.0 - 3.0 g and is dispersed in 200
m of ethyl alcohol under stirring for 48 hours, followed by filtration to -
recover a filtrate. Then, the absorption spectrumin the visible range of
the filtrate is obtained and a rel ative absorbance at a 15 wavel ength

- showi ng an absorption, e.g., [err] = 48Q@y¥m attributable to the netal

conpl ex is nmeasured. The localization characteristic of the netal conplex
is evaluated by factors (ratios): ODF/ ODM and ODC/ CDM 20 wherein ODF
denot es an absorbance of a filtrate obtained fromclassified fine powder,
ODM denot es an absor bRepseseniaftiiver exemplles ofd theyrazg-typd iietbmedi um
powder and ODC denotes an absorbance of a filtrate obtained fromclassified

coarse powdefFompiex represenied,py. {thge aboyie daxrPube & HIRHYHr esent ed

' _ - - i - R _ y O
by the above, reat! Qed LI L ALY b’ AT iR 208 M1 %O

denotes the same meaning as defined above:

10

15

20

25



-17- found to exhibit a preferred performance in form ng stable toner

i mages. An azo-type iron conpl ex conpound having cations consisting solely
of ammoniumions tends to provide a toner showi ng an inmage density 5 which
"slowWy increases after standing in a high- humdity environnment. On-the

ot her. hand, an azo-type iron conpl ex conpound having cations consiSsting
only of protons or alkali netal ions tends to provide a toner showing a | ow
i mge density in a high-humdity 10 é@ﬁ'ronnent._As a result of our study,
the use of cations including both ammoniumions and al kali metal ions

and/ or protons provides a conpound giving a.toner show ng a good

per for mancerabheto phggg(gqriod of 15 standing. The inclusion of amoni um
ions at 75 - 98 nol. % provides particularly good results regardi ng i mage
density increasing speed and inage density_|evel after %&e i ncrease. Wen
the amoni umion cpntent is®Eklow 75 % 20 he i mage density is | owered
and, above 98 % the inage deysity tends tyo={i ncrease slpwy. As a result of
further study of ours, the N=N '

y
b

' - C—N—
5 N Y/ | H
. 0

@__‘13_(‘2 o” 1Yo
i,

Iron Complex (2)

10

_ - - C1 - ' @ | Yo
= S -1 o | 0 C—N |
: o Fe g _ 2
H || 7 .\
N—C 0 o Cl1
| ‘ o c1
20 _ ' _ : : J

25



azo-type iron conpl ex conpound used in the toner according to the present
~invention may preferably have 25 a solubility in nmethanol of 0.1 - 8 g/100
m., nore preferably 0.3 - 4 g/100 m, further preferably 0.4 - 2 g/100 m .
In case where the solubility is below 0.1 g/100 m, the charge contro

agent (azo-type iron conpl ex conpound) shows a | ow dispersibility inthe
toner even if the |ong-chain alkyl nggund is used in 5 conbination, thus
provi ding a toner which has an unstabr triboelectric chargeability and is
liable to cause inmage fog and scattering. On the other hand, in case where
the solubility exceeds 8 g/100 nl, the toner performances 10 are liable to
be affected;py,th ﬁm%ggyetg?ure and humidity during a | ong period of '
standing in a hi enperature - high humdity environnment, so that the

‘t oner chargeablllty is inmpaired and it becones difficult to obtain a
sufficient inmage density. 15 . The charge control agent may
preferably be , '

s 2:>\——N N} No.z

10

Iron Complex (4)

15 ( C1 | @ :
<:> N=N <:> NO:
. ' _ N/ I H @
. ' il /N O.
Q‘N_C O 19} NO.
20 : '

c1

25"



used in a proportion of 0.2 - 5 w.

parts per

100 wt.

parts of the binder

resin.
foll owi ng manner. 20
of a charge contro

flask to which 100 m of nethanol

agent

The solubility of the charge contro
<Sol ubi lity nmeasurefrent of charge contro
is weighed and placed in a 300 ml Erl enneyer -

is added. The systemis heated to [err]

under stirring and the stirring is furfhe

all the charge contr

ol ‘agent

i s di ssolved,

r continued 25
t he charge contro

further added successively at an increment of 2 g each under
the systemis cooled to roomtenperature and

continued stirring).

- the insoluggg c@ QﬁeQQ?
ce

measure the absorban

Then,

~wavel engt h by using a spectrophotoneter.

solutlon of the cparge contro

On the ot her

agent may be neasured in the

agent> 2 g

for 1 hour (when
agent is
-19-

gol agent is renoved by a 0.1 [err]mfilter to
) of the solution at a naxi mum absorption 5
hand, a‘'standard
agent (at a concentratlon Co (= 0.02

5
ﬁ——N
H
ﬁ Fe A@
N—C
H
CHs N=N C1
{ NO:
10 )
Iron Complex (6)
( L N
0\\ ﬁ——N
' H
O Fe 0 AE
H | / CHas |
Cenvs
cHs  {O) N=N
x ©
. J
" In the toner for developing the electrostatic
images the azo-type ion complex may preferably be used
25 parts, more éreferably

: 0.1-—.5 wt. parts,

resin.

in an amount of 0.1 - 10 wt.

per 100 wt .

parts of the binder



g/[err]

nmeasur ed.
(C (g/1)) _ i |
-represented by the following fornula: [err] wherein | denotes a transmtted
intensity 15 through a solution, [err] denotes a transmtted |ight

i ght

intensity through a solvent (= nethanolLpg-_to denotes an absorption

(= 20 ppm) is prepared, and the absorbance (Ao) thereof i
Fromthese data, the solubility 10 of the charge control
is calculated by A/ Ao = C Co, based on the Lanbert-Beeis | ow

S

coefficient, C denotes the concentration of the charge control agent,

denotes the thickness of the solution for the absorbance 20 neasurenment.
The azo-type iron conplex conpound used in the present

structure represent edThg Lbagfohhoni agkgtneovmpouadnused 4n the

[err]

10 -

15

20

25

[err] [err]
present invention may be represented by the following

formula (1), (2) or (3).

CH3—CH¥5—CH, OH (),
CH3—fCHz+§f0—f?HCH2-O+E~H (2),
B _

wherein x denotes an average value in the range of 35
- 150; =z denotes an averagé value in the range of 1 -
5, and R denotes H or an alkyl group having 1 - 10
carbon atoms.

~ The long-chain alkyl compoﬁnd of the above
formulae may for example be'prcduced as follows.
Ethylene is polymerized in the presence of a Ziegler
catalyst and, after the polymerization, oxidized to
-provide an a;koxide of the catalyst metal and

polyethylene, which is then hydrolyzed to provide an

"objective long-chain alkyl compound of formula (1).

By reacting the long-chain alkyl alcohol'of formula
(1) with an epoxy group-containing s#bstance, it is
poséible to obtain a long-chain alkoxy alcohol of
formula (2). The thus prepared lqng-chain alkyl
alcohols ha&e little branching and a sharp molecular
weighf distributidn'and are suitably used.in the
present inveﬁtion. |

CH3~¢CH; 35~ CH,COOH o (3),
wherein y denotes an integer of 35 - 150, |

The iong-chain alkyl compound of formula (3)

I nvention has a

- 20-

agent

and d



5 [err] [err] (4) wherein [err] and [err] independently
denote hydrogen atom 10 .lower al kyl group, |ower al koxy group, nitro
group or hal ogen atom mand m denote an integer of 1 - 3; [err] and R3

i ndependent |y denote hydrogen atom [err] al kyl or alkenyl, sufonam de,
mesyl, sulfonic acid group, carboxy ester group, hydroxy, [err] al koxy, 15
acetyl am no, benzoyl am no or hal ogen a2ém n and n' denote an integer of 1
- 3; [err] and [err] denote hydrogen atom-or nitro group; and A+ denotes a
cation including 75 - 98 nol. % of anmoni um i on and anot her ion- sel ected
fromthe group consjsting _of hydrogen ion, 20 sodiumion, potassiumiron
and m xt ur e®a¥hBeegbtainedabyy o*adazipge theo A ongmEPAINRIRYY s suitably -
used as a negative_charge contrql .agent nay be synthesized according to a
known proceggmp?ﬁgdn8 a?P&@“ ﬁa?dé'control agent may be used 25. -singly or

i n combination of tugogr  JB £ 3p8EhES :ApreRentUY BY ikl Wrldvenot her
gative charge contr agent. _ . :
formula (1), (2) or (3), x and y may preferably be 35
5 - 150. I1f x and ¥y afe below 35, the resultant toner
is liable to céuse melt-sticking onto the |
photosensitive member br a lower storage stability.
If.x and y are larger than 150, the above-mentioned
contfibution to toner chargeability,(i,e.,~promoting
10 the formation_of ﬁicrodomains of the azo-type iron
complex) is lowered, thus being unsuitable for.
accomplishing the object of the present invention. =z
is preferably at most 5. 1If z is larger than 5, the
resultant toner is liable to cause melt-sticking onto
15 the phbtosensitive member; For similar reasons, it is
preferred thaf R is Hor a C; - C;q alkyl group. | |
The long-chain alkyl éompound used in'the
present invention maf suitably be a mixture of
compounds having different molecular weights_ang"can
20 further contain at most 30 wt. %, pféferably at ﬁost
25 wt. % of hydrocarbon compounds free from fundtional
groups such as hydroxyl and carboxyl group as by-
produced through the above-mentioned production
- processes of the compounds of the formulae (1) - (3).
25 The lbng-éhain alkyl compound may preferably have a
number-average'molecuiar_ﬁeight (Mn) of 150 - 2500, a

weight-average molecular weight (Mw) of 250 - 5000,



Represent ati ve exanpl es of the azo-type iron conplex represented by the
above formula may include those having structures as shown bel ow wherein A
denotes the same neaning as defined above: 5 10 15 20 25 -22- lron
Complex (1) [err] 10 1 ron Conplex (2 ) 20 [err] [err] [err]

-27-~

and an Mw/Mn ratio of at most 3.
In case where Mn is below 150 or Mw is below
250, the toner is liabie to cause melt-sticking onto
the photosensitive_member or a'lower storage
5 stability. In case where Mn exceeds 2500 br Mw
exceeds 5000; the contribufion to toner chargeability
is lowered, thus being_liabie to cause pfoblems, such
as fog.
" The long-chain alkyl compound of formula (1)
10 . or (2) used in.the prgsent invention méy preferably
have an OH vaiue of'2‘- 150 mgKOH/g, more preferébly
10 - 120 mgKOH/g. 1If the long-chain alkyl compound
has an OH value below 2 mgKOH/g, the dispersibility
| thefeof in the binder resin is lowered to fesult,in
15 ununiform toner chargeability ieading to a density
decrease, fog, and inferior iﬁage guality in copy
images. In case where the long-chain alkyl compound
haé'an OH vaiue exceeding 150 mgKOH/g, the
iocalization‘of the OH group chargé density is
20- 'ihCreased'to exceed the charge density localization of
the OH groups in the binder resin, so that copy images
in the initiai state of image formation aie liable to
have a ldw density and a poor image quality.
Alternatively, even if fhe initial density is high,
25 the density is liable to be lowered gradually on
continuation of copying. Further, in case where the

OH value exceeds 150 mgKOH/g, the iong-chain alkyl



-23- Iron Conpl.ex (3) 5 [err] [err] 10
[err] Iron Conplex (4) 15 - [err] [err] [err] 25 -24- Iron
Conpl ex (5) [err] [err] 10 Iron Conpl ex (6) :

10

15

20

25

-28-

compound is caused to contain a large amount of low-

.molecular wéight molecules so that the resultant toner

is-liable to cause a me1t~stickipg onto the
photosensitive member and.lower the storage stability.
The long-chain alkyl compound of formola (3)
used in the.preseot invention may preferably have an
acid value of 2 - 150 mgKOH/g, more preferably 5 - 120
mgKOH/g. If the long—chain alkyl compound has an acid
value below 2 mgKOH/g, the dispersion thereof in the
binder resin becomés worse, thereby resulting in
inferior image qualities of copy images. Further, as
the carboxyl groups do not sufficiently associate each
other, the environmental characteristic is liable to
be impaired. Further, the resultant toner is liable
to show a low chargihg velocity, to result in a lower
density at the initial stage of copying. In case
where the acid value of the long-chain alkyl compound

exceeds 150 mgKOH/g, it.oohtains_a large amount of

_low—moleculat weight molecules, the resultant toner is

liable to caﬁse melt{sticking onto the photosensitive
member and lower the sforage stability. |

The long-chain aik?llcompounds, when used
singly, may preferably be contained in an amount of
0.1 - 30 wt. parts, particularly 0.5 - 20 wt. parts,
per 100 wt. parts of the binder resin.

-In casé where the long-chain alkyl compounds

are used in combination, the total amount thereof may



15 [err] [err] 20 In the toner for developing the electrostatic

| mges the azo-type ion conplex may preferably be used 25 in an anount of

0.1 - 10 wt. parts, nore preferably 0.1- 5 w. parts, per 100 wt. parts of

t he bi nder resin. -25- The |l ong-chain al kyl conmpound used in the present

invention may be represented by the followng formula (1), (2) or (3).

[err] - : (1, 5 -29- [err] - (2), R wherein

- X denotes .an -average value in the range of 35 - 150; z denotes an average

value in the range of 1 - 5, and R denotes H or an al kyl group having 1 -

10 10 carbon atons. The |ong-chain al kyl conpound .of the above
preferably be 0.1 - 30 wt. parts, more preferably 0.5

- 20 wt. parts, per 100 wt. parts of the binder resin.

It is preférre@ for the toner according to
the. present invention to contain 3 - 90 % by number of

5 toner particles having a particle size of 5 pm or
smaller. Hitherto, it has been considered difficult to
‘control the charge imparted to tonet particles of 5 um
or smalle;. Further, such fine toner partic1es are
considered to.impair the‘fluidity of the toner, soil

10 the garrier énd developing sleeve, cause cleaning
failure and filming onto the drﬁm and scatter to soil
the interior of an.image forming'apparatus. Thus, it
has beerni considered nécessa;y to remove or decréase'
tone; particles of 5 ym or smaller. |

15 As a result of our study{ however, in case of
a toner containing a specific long-chain alkyl
compound and an azo-type iron complex of the above-
mentioned formula, it has been found that_toner
particles of 5 pm or smaller are very effective for

20 pfoviding images'of a fine definition and a high
resolutioﬁ.

In the toner used in thé present invention,
it is also preferreﬁ that-tonér parficles of 6.35 -
10.08 pm constitute 1 - 80 % by number and thé toner

- 25 has a wéight—average particle size of 4.0 -~ 10 pm,
more preferably 4.5 - 9.0 pm. |

Toner particles of 5 pym or smaller are able



fornmul ae may for exanple be produced as follows. Ethylene is polynerized in
the presence of a Ziegler catalyst and, after the pol ynerization, oxidized
to 15 provide an al koxi de of the catal yst netal and pol yethyl ene, which is
then hydrol yzed to provide an objective l.ong-chain al kyl conmpound of
formula (1). By reacting the |long-chai'n al kyl alcohol of formula (1) with
an epoxy group-containing substance, it3ps 20 possible to obtain a

| ong- chai n al koxy al cohol of formula (2). The thus prepared | ong-chain

al kyl al cohols have little branching and a sharp nol ecul ar wei ght

di stribution and -are suitably used in the present invention. 25

[err] to strictly coser andr faathfudavt sepaoducecgr of 35 - 150. The
| ong- chai n -al kyl ngound of forrmula (3) -26- may be obtained by
oxi di zi ng th€1¢6ﬁ§° athcaippgecohpsund slectrpgitatic) image MeT &hpound

represented by the, abov
P Z h%gher electric fleld intensity at the

' peripheral edge than the mlddle or central portion.

‘5 As a result, toner particles are attached to the
cehtral portion in a smaller thickness than to the
peripheral part, so that the inner part is liable to

. be thin in density. We have found that this problem
can be solved to provide a clear'image by using toner

10 perticles of 6.35 -~ 10.68 pm in a proportion of 1 ~ 80

| % by number. This may be attributable to a fact thet
toner particles of 6.35 - 10.08 pm are supplied to an
"inner part having a smaller intensity than the edge of
a latent image‘presumably because they haVe a

15 moderately controlled charge relative to toner
'particles_of 5 mam or smaller,.thereby to compensate
for the less coverage of toner particles ahd_result in
a uniform developed image. As a result, a sharp image
_having a high density and'excellent ih'reselution and

20 gradatlon characterlstlc can be attalned.

Further, it is most preferred that the
confents of the toner particles of 5 pm or smaller in
terms of %.bf number (N %) and % by volume (V %)
satisfy the relationship of N/V =.e0.05N+k, wherein 3

25 < k<12, and 5 < N ¢ 90. The toner'having a particle
size distribution satisfying the relationship ih

combination with the other characteristic features



formula (1), (2) or (3), x and y may preferably be 35 5 - 150. If x and y
are below 35, the resultant toner is liable to cause nelt-sticking onto the
phot osensitive nenber or a | ower storage stability. If x and y are |arger

t han 150, the above-nentioned contribution to toner chargeability (i.e.,
pronoting 10 the formation of m crodomai.ns of the azo-type iron conplex) is
| ower ed, thus being unsuitable for acce®l- shing the object of the present
invention. z is preferably at nmost 5. If z is l'arger than 5, the resultant
toner is liable to cause nmelt-sticking onto-15 the photosensitive nenber.
For simlar reasons, it is preferred that Ris Hor a [err] - [err] alkyl

group. The | esgosiding Zokithec pmesent Jdawentiomaquompditshes/ént i on may
suitably be a m xture of conpounds having different nolecul ar weights and

can 20 furt Rettegndevelaping Perfopmange yidite tafReGh YO 25 we. % of
Lo o oS CREAL s, et il o B el o o
At e SR RERNANEER R M R
of 150 '{?509in§ powder accomplishing the intended performance
satisfying the above fotmula during our study on the
_particlé size distribution with respect to particles
of 5 pm or smaller. -Fot a certain value of N, a'large
N/V value is understood to mean that a large
10 proportion of particles smaller than-5 pm are present
with a broad particle size distribﬁtion, and a small
N/V value is ﬁnderstood to mean that particles having
a partiecle size in the neighborhood of 5 pm is present
in a large proportion and particles smaller than thét
15 are ptesent in a small proportion. A further'better
thin-line reproducibility and high resolution in é
large quantity of copying or printing are accomplished
-whén the N/V is in the range of 1.0.- 7.45, N is_in'
the range of 5 - 96 and the above formula relationship.
20 is satisfied. | |
Toner particles of 12.7 pm or larger are
suppressed tb be not more than 2.0 % by volume. The
fewer, the better.
The particie_size distribution of the toner
25 used ih the present.invention is described more
| specifically below.

Toner'particles of 5 pm or smaller may be

.



wei ght - aver age nol ecul ar wei ght (My) of 250 - 5000, -27- and an Mv~ Mh
ratio of. at nost 3. In case where Mh is below 150 or Mv is bel ow 250, the
toner is liable to cause nelt-sticking onto the photosensitive nenber or a
| ower storage 5 stability. In case where Mh exceeds 2500 or Mv exceeds
5000, the contribution to toner chargeability is |owered, thus being |iable
to cause problens, such as fog. The | ong3@kai n al kyl conpound of formula
(1) 10 or (2) used in the present invention may preferably have an CH
value of 2 - 150 ngKOH g, nore preferably 10 - 120 ngKOH g. If the

| ong-chai n al kyl conpound has an OH value below 2 ngkO+{ g, the

di spersi bi | i t joRhaiBed iR RhRTAPAEELORCSENS| s POwdr By nymbezult in 15

AR R 8 e R A EE R - AR S
compound has éﬂmgtkvg%uSagéggfggvg }§OtHgKg§£%én%h%f the toner
' particles of 5 pum or smalier is below 5 % by number, a
5 portion of the toner particles efféctive for providing
a high image quality is few and pérticularly,_as the
toner is cqnsumed during a continuation df copying or.
printing—but,.the effective component is
pfeferentially_consumed to result in an awkward
10 . particle size disfribution of the toner ahd-gradually
deteriorates the image quality. If the content is
above 90 % by number, mutual agglomeration of the
toner particleS'and charge-up are liabie to occur,
thus leading to difficulties, such as cleaning
15 failure, a low image density, and a large difference
in density between the contour and interior of an
imagé to provide a somewhat hollow image;
It is preferred that the content of the
particles in the ranée of 6.35 - 10.08 pm.is 1 - 80 %
20 - by number;.further preferably 5.- 70 % by number. |
Above 80 % by number, the image quality becomes wofse,
and excess of toner coverage is liable to occur, thus
resulting in a lower thin4line'reproducibility and an
increased toner consumption. Below 5 % by number, it
25 becomes difficult to obtain a high image density in'
some cases. |

For similar reasons as N, V may preferably be



| ocal i zation of the OH group charge density is 20 increased to exceed the
charge density localization of the OH groups in t he binder resin, so that
~copy inmages in the initial state of image fornmation are liable to have a

| ow density and a poor. inmage quality. Alternatively, even if the initial
density is high, 25 the density is liable to be |owered gradually on
continuation of copying. Further, in cas3where the OH val ue exceeds 150
ngKOH g, the long-chain alkyl . -28- conpound is caused to contain a |arge
amount of | ow nolecul ar weight nolecules so that the resultant toner is
liable to cause a nelt-sticking onto the photosensitive nenber and | ower
the storage &-&bid %0y % Py volume. The | ong-chain al kyl conpound of
-formula (3) used in the present invention nmay referably have an acid val ue
of 2 - 150 ngKOH g, mote [&éﬁae‘r“@ol"ﬁﬁl"s prefgy 9.3 11 the M¥FRY- chai n -
al kyl conpounde&as. aci d v?hge bel ow 2 ngKCH/g, the dlsper5|on thereof in
the 10 bi nd®&F i eorre rse, thereby resulting in :

If k < 3.0, toner particles of 5.0 um or
5 below are insufficient, and the resultant image -
density; resolution and sharpness decrease. When fine
toner patticles in a toner, which have conveutionally
been considered useless, are present in an appropfiate
amount, they a:e;effective for achieving closest
10 packing ofitoner in development and contribute to the
formafion of a uniform image.' Particularly, these
lpartioles fill thin-line portions and contour oortions
of an image, thereby to visually improve. the sharpness
thereof. On the other hand, if k > 12, .an excess of
15  fine powdér'is present; whereby the balance of
particlé siie distribution can oe disturbed during
successive copying or print~out, thus.leading to
. difficulties such as a somewhat lower image density
and_filmiugt
20 _. The amount of toner particles having a
particle size of 12.7 pm or larger shbulo be 2.0 % by
volume or smaller, preferably 1.0 % by volume or
smaller, more oreferably 0.5 % by volumé or smaller.
If the'above amount is larger than 2.0 %‘by_volume,
25 -these particles are liable to impair thin-line
reproducibility.

The toner used in the present invention may



inferior image qualities of copy images. Further, as the carboxyl groups do
not sufficiently associate each other, the environnmental characteristic is
liable to be inpaired. Further, the resultant toner is liable 15 to show
a low charging velocity, to result in a |lower density at the initial stage

of copying. In case where the acid value of the |ong-chain al kyl conpound
‘exceeds 150 ngKOH/ g, it contains a | arg®&-anount of | ow nol ecul ar wei ght
nol ecul es, the resultant toner is 20 - liable to cause nelt-sticking onto

.'the phot osensitive nmenber and | ower the storage stability. The |ong-chain
al kyl conpounds, when used singly, may preferably be contdined in an anount
of 0.1 - 30 have mwelighkraverage |Igaxticle 2gize obafts, 1@5ampeporg0 wt .

parts of the binder resin. In case where the |ong-chain al kyl conpounds are.

used in contRYREGTHAPLE -} ot & Whounthifieyrbee nggnnot _B®. preferably be 0.1

20 0 P RS PELSL AN 0 B o Y B9 SenPEndQ0 M parts of

factors. 1If the weight-average_particle size is below
5 4 pm, the toner is liable to cause soiling of the
interior of an apparatus with scattered toner, a
lowering in image density in a low-humidity
environment and cleaning failure of the photosensitive
‘member. - if the weight-average particle size exceeds 9
10 mm, a minute spot of 100 um.or smaller cannot be
deveioped with a sufficieht fesoiution and noticeable
scattering to non—image part is observed, thus being
liable to provide inferior images. |
Examples of the binder resin used in the
15 toner of the present invention may inc1ude polyester
resins, vinyl resins and epoxy resins. Among these,
polyeéter resins or vinyl resins may preferably be
used in view of charging characferistic and fixing
charaéteristic;
20 | ' A.polyester_resin preferably used in the
| present invention may have a compbsition that it
qomprises 45 - 55 mol. % of alcohol component and 55 -
45 mol. % of acid component .
Examples of the alcohol component may
25 include: diols, such as ethylene glycol, propylene
glycol, i,3—butanediol, 1,4ibutanediol,.2,3- N

butanediol, diethylene glycol, triethylene glycol,

b



It is preferred for the toner according to the present invention to contain
3 - 90 %by nunber of 5 toner particles having a particle size of 5 pmor
smaller. Hitherto, it has been considered difficult to control the charge

i nparted to toner particles of 5 pmor smaller. Further, such fine toner
particles are considered to inpair the fluidity of the toner, soil 10 the
carrier and devel opi ng sl eeve, cause ckggrhing failure and filmng onto the
drum and scatter to soil the interior of an inage form ng apparatus. Thus,
it has been consi dered necessary to renove or decrease toner particles of 5
[err]mor.smaller. 15 As a result of our study, however, in case
of a toner cbndepentanedipkcili6-herngnedioh, ahegppentypoghcatd 2r azo-type
i ron conpl ex of the above- nentioned fornula, it has been found that toner
particles ofethykrl]drhexanediel. qhedyegonatedchbisphenpl2d. provi di ng

I mages of a fine definitigon_and a high resolution.. In-the toner used in the
present inveMt$Rhenels;and deriyatrivesqrensesenies BY theles of 6.35 -

10.08 [err]mconstitute 1 -_ 80 % by nunber and the toner 25 has a
meight-avergé%fggyi?gl§°§T9%aofé§:0 - 10 [err]m |

5 CHj

H—GORﬁ—O-©-Cl-©-O—fRO-)-y— H o,
. CHg |

wherein R denotes an ethylene or propylene group, x

and.y are independently a positive integer of at least
10 1 with the proviso that the avérage of x+y ié in the

range of 2 - 10; diols represented by the following

formula (B):
H~OR ' 3g-0-(Q)-0—+R' -Ojy—H (B,

15 | oy CHj
 wherein R' denotes -CH,CH,-, -CH,-CH- or —CHz-é- ,
| | éH3
X' and y' are a positive integér of at least 1 with
the prbviso that the average of x'+y' is in the :ange
20 of 1 - 10. |
Examples'of the dibasic acid constituting at
least 50 mol. % of.the total acid may include
benzenedicarboxylic acids, such as.phthalic écid,
terephthalic acid and isophthaiic acid, and their
l_25 anhydrides; alkyldicafhoxylic aéids, such as succinic

acid, adipic acid, sebacic acid and azelaic acid, and

their anhydrides; Cg - Ci8 alkyl or alkenyl-



nore preferably 4.5 - 9.0 pm Toner particles of 5 pmor snaller are able
-30- to strictly cover and faithfully reproduce an el ectrostatic image, but
an electrostatic inmage per se has a higher electric field intensity at the
peripheral edge than the mddle or central portion. 5 As a result, toner
particles are.attached to the central portion in a smaller thickness than
to the peripheral part, so that the innet3gart is |liable to be thin in
density. We have found that this problem can be solved to provide a clear
I mage by using toner 10 particles of 6.35 - 10.08 pmin a proportion of 1 -
80 % by nunber. This may be attributable to a fact that toner particles of
6.35 - 10. 08 [subdtitarted upptcinid acids hnend peliei haanhgdni des} | and
intensity than the edge of a |atent image presumably because they have a 15
noder at el y connsstiunatedrdjcarbonylic tacidmerspahtag| famaric aaidr
smal l er, thereby to conpensate for the | ess coverage of toner particles and
result in maleic acid, citraconic acid and itaconic acid, and
their anhydrides.
5 An especially preférred class of alcohol
components constituting the polyester resin is a
bisphenol derivative represented by the ébove formula
(A), and preferred examples of acid components may
include dicarboxylic écids inclusive of phthalic acid,
10 terephthalic acid, isophthalic acid and their
anhydrides; succinic acid, n-dodecenylsuccinic acid,
and their anhydrides, fumaric_acid,'maleic acid, and
maleic anhydride.
The polyester resin may preferably have a
15 - glass transition temperature of 40 - 90 °c,
particularly 45 - 85 °c, a number-average molecular
weight (Mn) of 1,000 - 50,000, particularly 1,500 -
20,000, and a weight-average molecular weight (Mw) of"
3x103 - 5x106, particularly 4x103 - 1.5x106.
20 - Examples of a vinyl monomer for providing the
vinyl resin may include: styrene; styrene derivatives,
such as o—methylstyrene; m—methylstyrene, P-
methylstyrene, p-methoxystyrene, p-phenylstyrene, p-
chiorostyrene, 3,44dichlorostyrene, p-ethylstyrene,
25 2,4~-dimethylstyrene, p-n-butylstyrene, p-tert-

butylstyrene, p—n-hexylStyrene, p-n-octylstyrene, p-n-

nonylstyrene, p4n-decylstyrene, and p-n-



a uni form devel oped image. As a result, a sharp inage having a high density

and excellent in resolution and 20 gradation characteristic can be
attained. Further, it is nost preferred that the contents of the toner
particles of 5 pmor smaller in ternms of % by nunber (N % and % by vol une
(V9% satisfy the relationship of NNV =-0.05N+k, wherein 3 25 [Jerr] k
[err] 12, and 5 [err] N [err] 90. The-B@ner having a particle size
distribution satisfying the relationship in conbination with the other
characteristic features  -31- according to the present invention -

acconplishes_a_better develo igg erformance with respect to a_digital
| atent i magedRRPRLBEYENG; nethYienicaliy wasatusahgdamerPPirhiiBfate of

Phe above 1 PR dS P ERELE0E PRODY BRARNcOBLYEFEPe EPBe distribution wiih -
oot ) B Phefl SRR HEE 66y yBike? SEERCR Yabdisbhelh o oroe

halogenated vinyls, such as wvinyl chloride, vinylidene

5 chloride, vinyl broﬁide, and vinyl fluoride; vinyl

esters, such as vinyl acetéte, vinyl propionate, and

vinyl benzoate; methacrylates, such as méthyl

methacrylate, et.hyl methacrylate, propyl methacrylate,

n-butyl methacrylate, isobutyl methacrylate, n-octyl

10 . methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl

" methacrylate, dimethyiaminoethyl methacrylate, and
diethflaminoethyl methacrylate; acrylates, such as
méthyi acrylate, ethyl-acrylate; n-butyl acrylate,

15 isobutyl acrylate, propyl acrylate,_n—octyl acrylate,
dodecyl acfyiate, 2-ethylhexyl acrylate, stearyl
acrylate, 2-chloroethyl acrylate, and phenyl acrylate,
vinyl ethers, such as vinyl methyl.ether, vinyl ethyl
ether, and vinyl isobutyl ether: vinyl ketones, such

20 - és vinyl methyl ketone, vinyl hexyl ketone, and methyl
isopropenyl ketone; N-vinyl compounds; such as N-
vinylpyrrole, N-vinylcarbazole, N-vinylindole,.and N-
vinyi pyrroclidone; v;nylnaphthélenes; acrylic acid
derivativés or methacrylic acid derivatiﬁes; such.as

25 acrylonitrile, methacryronitrile{ énd acrylamide; fhe
esfers of the above-mentioned.a,B-unéaturated acids

: and the diesters of the above-mentioned dibasic acids.

&



10 proportion of particles smaller than 5 pmare present with a broad
particle size distribution, and a small NV value is understood to mean
that particles having a particle size in the nei ghborhood of 5 pmis
present in a |large proportion and particles smaller than that 15 are
present in a small proportion. A further better thin-line reproducibility
and high resolution in-a large quantity-88-copying or printing are
acconpl i shed when the NNV is in the range of 1.0 - 7.45, Nis in the range
of 5 - 90 and the above fornula relationship 20 is satisfied. Toner
particles of 12.7 pmor |arger are suppressed to be not nore than 2.0 % by
vol une. The fewer, thEXRMRIes qfca earbexy growpdrentabningnvbhylhe toner

25 used in the present invention is described nore specifically below
Toner parti c/®EYeE PaxY inclyde prunggtypeated &bbaghat aches. | fughpr oporti on

_ 0
of 5 90 @*Qéf%é é%d acid, citraconic acid, itaconic acid,

'alkenylsuccinic_acid, fumaric acid, and mesaconic

"5 acid; unsaturated dibasic acid anhydrides, such as
maleic anhydride,fcitraconic anhydride, itaconic
anhydride, and alkeﬂylsuccinic-anhydride; unsaturated
dibasic acid hélf esters, such as mono-methyl ﬁaleate,
mono-ethyl maleate, mono-butyl maleate, mono-methyl

10 ' citraconate, mono-ethyl citraconate, mono-butyl |
citraconate, mono-methyl itaconate, moné-methyl
alkenylsuccinate, monomethyl fﬁmarate, and mono-méthyl
mesaconate; unsaturated dibasic acid esters, such as
dimethYl maleate and dimethyl fumarate; a,B-

15 - unsaturated acids, such as acrylic acid, methacrylic
acid, crotonic acid, and cinnamic acid; a,B-
unsaturated acid anhydrides, such as crotonic
anhydride, and cinnamic anhydride; anhydrides between
such an a,B—unsaturated acid and a lower aliphatic

20. acid;'alkenylmalbnic acid, alkénylglutaric acid,
alkenyladipic acid,.and énhydrides and mqnoesters of
fhese aéids. |

It is also pdssible fo'use a hydroxyl group-
containing vinyl monomer: inclusive of acrylic or

25 methacrylic acid esters, such as 2-hydroxyethyl
acrylate, and 2-hydroxyethyl methacrylate; 4-(1-

hydroxy-l—methylbutyl)styrene, and 4-(1l-hydroxy-1-



further preferably 9 - 75 % by nunber, of the total nunber of particles. If
the content of the toner particles of 5 pmor snaller is below 5 % by
nunber, a 5 portion of the toner particles effective for providing a high
i mage quality is few and particularly, as the toner is consuned during a
continuation of copying or printing-out, the effective conponent is
preferentially consuned to result in an awgward 10 particle size
distribution. of the toner and gradually deteriorates the inmage quality. If
the content is above 90 % by nunber, nutual aggl oneration of the toner
particles and charge-up are liable to occur, thus leading to difficulties,
such as cl eani ngth9lhbaillyseyraneQw i mage density, and a |arge difference
in density between the contour and interior of an inage to provide a
somewhat hol |l ow i mage. FThel yvipyaf eesdet mayt Have @rflass dradsditpanmi i cles in
the range of 6.35 - 10.08 pmis 1 - 80 %20 by nunber, further preferably
5 - 70 % by nupbént afo¢8 808% BE.newederably Sfage uIlG.t @ mambexs wor se,
and excess of toner coverage is liable to occur, thus:jesultbg% in a | ower
e

thin-1ine repr 8BYBERTR mO}egHdaznWRAGhEadMR )t @Fer2 - A3 dNinpt i 0 Bela®¥@ 5 % by

number., it 5 a weight-average molecular weight (Mw) . of 1x104 -
1.5x10°.

In the present invention, it is also possible
to use a mixture binder resin including a Qinyl
homopolymer ro copolymer, a polyester, polyester,

iO epoxy resin, polyvinyl butyral, rosin, modified rosin,
terpene resin, phenolic.resin, aliphatic or alicyclic-
hydrocarbon resin or aromatic petroleum resin, in
addition to the above-mentioned binder resin. |

In case of using a mixture binder resin

15 . including two or more resins of the same or different
types, the two or more resins may preferably have
different molecular weights and may be mixed with each
other in appropriate ratios.

The toner écccrding to the present invention

20 may be either'é magnetic toner or a_non-maghetic
toner. In order to constitute a magnetic toner, it is
preferred to.use a magnetic material as described

" below. '

Examples of the magnetic material contained

25 in the insulating magnetic toner used in the present
invention may include: irbn oxides, such as magnetite,

hematite, and ferrite; iron oxides containing another .



25 Dbecones difficult to obtain a high inage density in sone cases. For
simlar reasons as N, V may preferably be -33- 0.5 - 70 % by volune. The
k value may preferably be 3 - 12, nore preferably 4 - 10. If k < 3.0, toner
particles of 5.0 pmor 5 below are insufficient, and the resultant inmge
density, resolution and sharpness decrease.. \Wen fine toner particlesin a
toner, which have conventionally been cofyi dered usel ess, are present in an
‘appropriate amount, they are effective for achieving closest 10 packing of
toner in devel opnment and contribute to the formation of a uniformimge.
Particularly, these particles fill thin-line portions and contour portions
of an inmage, nidtAlelpkide;Vinitadly, iSGUD\as (e, GRrane i [ aieadllidyst he
other hand, if k > 12, an excess of 15 fine powder is present, whereby the
bal ance of paft ithesesimedalisstwithutotlrer avetrel sl ssuclbesls ALY o, Cu, '
Pb, Mg, Ni, Sn, Zn, Sb, Be, Bi, C4, Ca, Mn, Se, Ti, W
and V; and mixtures of the above.
5 Specific.examples of the magnetic material
may include: triiron tetroxide (Fe304), diiron
trioxide (f—Fezojj, zinc iron oxide (ZnFe504), yttrium
iron oxide (Y3Fe5012), cadmium iron oxide (CdFe204),
gadolinium iron oxide (Gd3Fe5012), copper iron oxide
10 (Cqu204), lead iron oxide (PbFelzolg), nickel iron
oxide (NiFe;04), neodymium iron oxide (NdFe,03),
barium iron oxide (BaFelzolg), magnesium iron oxide
(MgFeZOJ), manganese iron oxide (MnFe204),_1anthanum
iron oxide (LaFeO3), powdery iron {Fe), powdery cobalt
15 {Co), and powdery nickel (Ni). The above magnetic |
materials may be used singly or in mixture of two or
more species. Particularly suitable'magnetic matérial
for the present invéntion is fine powder of triiron
tetroxide or y-diiron trioxide.
20 The magnetic material may have an average
particle size (Dav.) of 0.1 - 2 uym, preferably 0.1 -
0.3 pm. The magnetic material may preferably show
magnetic propérties when measured by application of 10
kilo-Oersted, inclusivé of: a coercive force (Hc) of
25 20 - 150 Oersted, a saturation magnetization (os) of

50 - 200 emu/g, particularly 50 - 100 ému/g, and a

residual magnetization (or) of 2 - 20 emu/qg.



successive copying or print-out, thus leading to difficulties such as a
sonmewhat |ower image density and filmng. 20 The anount of toner
particles having a particle size of 12.7 pmor |arger should be 2.0 % by
volune or smaller, preferably 1.0 % by volune or snmaller, nore preferably
0.5 % by volune or smaller. If the above amount is larger than 2.0 % by
volume, 25 these particles are liable tqiLnpair thin-line reproducibility.

The toner used in the present invention may -34- have a wei ght-average
particle size of 4 - 10 [err]m nore preferably 4.5 - 9 pm This val ue
“cannot be considered separately fromthe above-nentioned factors. |If the

wei ght - aver age parti cl ehei maghethel materidlpmayt be contained iimblthet 0 cause

soiling of the interior of an apparatus with scattered toner, a lowering in

i mage densit ytonez linwahprogorgienvofodfent 280d wtl.eain¥$.f ai | ure of the

phot osensitive - S

preferably 20 - 150 wt. parts, per 100 wt. parts of
the binder resin. _

5 | The toner according to the present invention
may 6ptionally confain a colorant, inclusive of
arbitrary pigments or djes.

Examples of the pigment may include: carbon
black, aniline black,_acetylene black, Naphthol

10 Yellow, Hansa Yeliow, Rhodamine Lake, Alizarine Lake,
red iron oxide, Phthalocyanine Blue, and Indanthrene
Blue. It is preferred fo use 0.1 - 20 wt. parts,
particularly 1 - 10 wt. parts, of a pigment per 100
wt. parts of the binder resin. For similar purpose,

15 there may also be used dyes, such as azo dyes,
anthraéuinone dyes, xanthene dyes, and methine dyes,
which may preferabiy be used in an aﬁoﬁnt of 0.1 - 20
“wt. parts, particuiarly 0.3 - 10 wt. parts..per 100
wt. parts of the resin.

20 : 'In the present invention, it is also possible
tq'inCofporate one or two or more-species of release
agent, as desired, within a toner.

Examples of the release agent may include:
aliphatic hydrocarbon waxes, such as low-molecular

25 weight polyethylené, low-molecular weight

. polypropylene, mic;ocrysﬁalline wax, and paraffin wax,

oxidation products'of aliphatic hydrocarbon waxes,



menber. If the weight-average particle size exceeds 9 10 pm a m nute spot
of 100 pmor snaller cannot be devel oped with a sufficient resolution and
noti ceabl e scattering to non-image part is observed, thus being liable to
provide inferior inmages. Exanples of the binder resin used in the 15 toner
of the present invention may include polyester resins, vinyl resins and
epoxy resins. Anong these, polyester reggrhs or vinyl resins may preferably
_ be used in view of charging characteristic and fixing characteristic. 20
A pol yester resin preferably used in the present invention may have a
conposition that it conprises.- 45 - 55 nol. % of al cohol conponent and 55 -
45 nol . % of sachdagoapbtdined EﬁbnthBIGﬂetWexaleudobIOkaonent may 25
i nclude: diols, such as ethylene glycol, propylene % ycol , 1,3-but anedi ol ,
1, 4- butanedlﬁwPOQYBerﬁu?§n§ PBE; wa§9ﬁypen§agnyes|a iphatag egtegeycol ,
- 35_
as principal constituents, such as carnauba wax,
montanic acid ester wax, and partially or totally
5 deacidified aliphatic esters, such as deacidified
carnauba wax. Further examples of the release agent
may include: saturated linear aliphatic acids, such as
palmitic acid, stearic acid, and montanic acid;
unsaturated aliphatic acids, such as brassidic acid,
10 eleostearic acid and parinaric acid; saturated
alcohols, such as stearyl aléohdl, behenyl alcohol,
ceryl alcohol, and melissyl alcohol; polyhydric
'alcohols, such as sorbitol; aliphatic acid amides,
such as linoleylamide, oleylamide; and laurylamige;
15 saturated aliphatic acid bisamides, methylene-
bisstearylamnide, ethylene-biscap;ylamide, and
~ ethylene-biscaprylamide; unsaturafed aliphatic acid
amides, such as ethylene-bisolerylamide,
hexamethylene-bisoleylamide, N,N'—dioleyladipoylamide,
'20' and N;N'-dioleylsebacoylamide, aromatic bisamides,
such as m—xylene—blsstearoylamlde, and N,N'-~
d1steary11sophtha1ylam1de, aliphatic acid metal salts
(generally called metallic soap), such as calcium
stearate, calcium lauréte, zinc stearate, and
25 magnesium stearate; grafted waxes obtained by grafting

aliphatic hydrocarbon waxes with vinyl monomérs, such

as styrene and acrylic acid; partially esterified



1, 5- pentanediol, 1, 6-hexanediol, neopentyl glycol, 2- ethyl-1, 3-hexanedi ol,
hydr ogenat ed bi sphenol A, bisphenols and derivatives represented by the
“following formula (A): 5 ' CH3 [err] wherein R denotes an
et hyl ene or propylene group, x and y are independently a positive integer '
of at least 10 1 with the proviso that the average of x+y is in the range

. of 2 - 10; diols represented by the fel3ewing formula (B): [err] 15 wherein
'R "denotes [err] x' and y' are a positive integer of at least 1 with the
provi so that the average of x'+y' is in the range 20 of 1 - 10. Exanples of
‘the dibasic acid constituting at |least 50 nol. % of the total acid may

i ncl ude benPEREUrEar bekyeer adipbatigchRcidspandariod YAYAria er epht hal i ¢ acid

and isophthalic_acid, and their_ 25 anhydrides; _al kyl di carboxylic acids,
such as suctfPBOASr aSugGhi pecPebPRiCs 8648 BoROEd Y&ed 18861 & acid, and

methyl ester compounds having hydroxyl group as
obtained bj hydfogenating vegetable fat and oil.

5 | The particularly preferred class of release
agent in the-presént invention may include aliphatic
hydrocarbon waxes because of good disperéibility
within the binder resin (preférably one having an acid
value of 5 - 56), thus providing not only a good

10 fixability of the resultant toner but also a minimum
abrasion of an organic photoconductor when used in
'combinatioh with the toner according to the present
invention.

Specific examples of the release agent

15 preferably used in the present invention may include
e.g., a loﬁ-molecular weight alkylene polymer obtained
through polymerization of an alkylene by radical
polymerization under a high pressure or in the
éresence of a Ziegler catalyst under a low préssure:

20 an alkylene polymer obtained by thermal decomposition
of an alkylene polymer of a high molecular weight; and
& hydrocarbon wax obtained by subjecting a mixture gas
céntaining'carbon monoxide and hydrogen to the Arge
process to form a hydrocarbon'mixture and distilling

25 +the hydrocarbon mixture to recover a residue. -
Fractionation of wax may preferably be performed by

the press sweatigg method, the solvent method, vacuum



their anhydrides; [err] al kyl or al kenyl - -36- substituted succinic
acids, and their anhydrides; and unsaturated di carboxylic-acids, such as
fumaric acid, naleic acid, citraconic acid and itaconic acid, and their
~anhydrides. 5 An especially preferred class of al coho
conponents constituting the polyester resin is a bisphenol derivative
represented by the above formula (A), amgd-preferred exanples of acid
conmponent s may i nclude di carboxylic acids inclusive of phthalic acid, 10
terephthalic acid, isophthalic acid and their .anhydrides; succinic acid,
n- dodecenyl succi nic acid, and their anhydrides, fumaric acid, naleic acid,
and mal ei ¢ adliig8ildetidhecopolfyactdonating wayskadfldzatiprhavdsa thte gl ass
transition tenperature of 40 - 90 [err], particularly 45 - 85 [err], a
nunber - aver ageunseeedl dhenhivgrocampprowar,06¢ iSEPEERrIad thicwss |y 1, 500
- 20,000, and a weight-average nol ecul ar wei ght (Mn) of
hydrocarbons having up to several hundred carbon atoms
as obtained through synthesis from a mixture of carbon
5 monoxide and hydrogen in the presernce of a metal oxide
catalyst {(generally a composite of two or more
species), e.g., by the Synthollprocess; the Hydrocol
process (using a fluidized catalyst bed), and the Arge
process (using a fixed catalyst bed) providing a
10 product rich in waxy hydrocarbon, and hydrocarbons
obtained by polymerizing an alkylene, such as
'ethylené, in the presence of a Ziegler catalyst;'as
they are rich in saturated long-chain linear
hydrocarbons and accompanied with few branches. It is
15 further preferred to use hydrocarbon waxes synthesized
without polymerization because of their structure and
molecular weight distribution suitable for easy
fractionation.
As for the molecular weight distribution of
20 the wax, it is preferred that the wax shows a peak in
a molecular weight region of 400 - 2400, further 450 -
2000, particularly 500 - 1600. By satisfying such
jmolecular'weight diétribution, the resultant toner is
provided with preferable thermal characteristics.
25 The release agent may preferably be used in

an amount of 0.1 - 20 wt. parts, particularly 0.5 - 10

wt. parts, per 100 wt. parts of'the binder resin.



[err], particularly [err] 20 Exanpl es of a vinyl nononer for
providing the vinyl resin may include: styrene; styrene derivatives, such
as o-net hyl styrene, mnethyl styrene, p- nethylstyrene, p-nmethoxystyrene,

p- phenyl styrene, p- chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 25
2, 4-di met hyl styrene, p-n-butylstyrene, p-tert- butyl styrene, _
p- n-hexyl styrene, p-n-octylstyrene, p-n_g4aonylstyrene, p-n-decylstyrene,
and p-n- -37- dodecyl styrene; ethylenically unsaturated nonool efins,
such as et hyl ene, propyl ene, butyl ene, and isobutyl ene; unsaturated

pol yenes, such as butadi ene; hal ogenated vinyls, such as vinyl chloride,
vinylidene 5 chlorideThei pglehsenagentamdyVbey unfilfodmlge divpadsedst ers,
such as vinyl acetate, vinyl propionate, and vinyl benzoate; nethacryl ates,
such as net hyinnkheabineire restihybymat methpdaiof, mixdng tihe reledss e,

n- butyl methacrylate, isobutyl nethacrylate, n-octyl 10 nethacryl ate,
dodecyl net hadggntt én a- sohptherypf the resin at an elevated

_temperatufe under stirring or melt-kneading the'binder
5 resin together with the release agent;
A_flowability-improving agent may be
optionally blended with the toner to ih@rove the
flowability of fhe tdner. Examples thereof may
include: powder of fluorine—confaining resin, such as
10 polyvjhylidene fluoride fine poﬁder and
polytetrafluorpefhylene fine powdér; titanium oxide
- fine powder, hydrophobic titanium oxide fine powder;
fine poﬁdery silica such as wet-process silica and
dry—proéess silicé, and treated silica obtained by
15 surface-treating such fine powdery silica with silane
coupling agent, titanium coupling agent, silicone oil,
etc.
A preferred class of the flowability-
improving agent includes dry process silica or.fumed
20 silica obtained by vapor-phase oxidation of a silicon
halide. For exémple, silica powder can be produced
accor@ing to the method utilizing pyrolytic oxidation
~of gaseous silicon tetrachloride in oiygen-hydrogen
flame, and the basic reaction scheme may be
25 represented as follows: |
SiCly + 2Hy + Oy — SiO, + 4HCL.

In the above preparation Step, it is also



met hacryl ate, stearyl nethacrylate, phenyl. nethacryl ate, dinethylam noethyl
nmet hacryl ate, and di et hyl am noet hyl nethacryl ate; acrylates, such as nethyl
acrylate, ethyl acrylate, n-butyl acrylate, 15 isobutyl acrylate, propyl
acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate,
stearyl acrylate, 2-chloroethyl acrylate, and phenyl acrylate, vinyl

et hers, such as vinyl nethyl ether, vinydeethyl ether, and vinyl isobutyl
ether; vinyl ketones, such 20 as vinyl nmethyl ketone, vinyl hexyl ketone,
and net hyl isopraopenyl ketone; N-vinyl conpounds, such as N vinylpyrrole,
N-vi nyl carbazol e, N-vinylindole, and N- vinyl pyrrolidone; :

vi nyl napht halpe&ssible kg iabtain chnplex  fine dpowdenef ysitica and
derivatives, such as 25 acrylonitrile, nmethacryronjtrile ~and acrylam de;
the esters oOYheF MRFAL EFkdemdy B39 |othrRtMRtRrbpalide and the

di esters of the above-nent.ioned di basi ¢ acj ds, -38-. Exanpl es of a

car boxy grouFURAURGH RPSH (RA Qﬁﬂﬂﬁﬁﬁmré%;?¥&@%d%5 Eﬁgﬁ?haated di basi ¢

aC'dS’ such chloride together with silicon halide compounds. Such

5 is also included in the fine silica powder to be used
in the present invention.
It is preferred to use fine silica powder
‘having an average primary particle size of 0.001-- 2
pm, particularly 0.002 - 0.2 pm.

10 ._CommerCielly available fine silica powder
formed by vapor phaSe oxidation of a silicqn halide to
be used in the'presenf inventioh include those sold
under the trade names as shown below.

- AEROSIL : 130
15 | (Nippon Rerosil Co.) 200
| 300
380
TT 600
MOX 170
20 I " MOX 80
| COK 84
Cab—o~si1' ' ' M-5
(Cabot Co.) MS-7
MS-75
25 | ‘HS-5
EH-5

"Wacker HDK ' N 20



as maleic acid, citraconic acid, itaconic acid, alkenylsuccinic acid,

fumari c aci
such as nal
al kenyl succ
- mono- et hyl

ci traconate,

i taconat e,

nono- net hyl
mal eat e and
acrylic aci
unsat ur at ed
anhydri de;

al i phatic 2
al kenyl adi p
al so possib
Jof acrylic

5

10

15

20 -

25

d, and-nmesaconic 5 acid; unsaturated dibasic acid anh
ei ¢ anhydride, citraconic anhydride, itaconic anhydrid
i ni.c anhydride; unsaturated dibasic acid half esters,

mal eate, nono-ethyl nal eate, nono-butyl mal eate, nono-
nono- et hyl citraconate, modb-butyl citraconate, nono-

mono- met hyl al kenyl succi nate, nononethyl funmarate, and
mesaconat e; unsaturated di basic acid esters, such as
di rethyl funmarate; a,[err]- 15 unsaturated acids, su
d, nethacryIM§QK§RTC By (@MBHi d,V akRI ci nnami ¢ aci d:
aci d anhydri des, such as crotonic aﬁgéfrlde and cinn
anhydri des between such an a,[err]- urated acid an
0. acid; alkenylmalonic acid, alke |§HLH8IIC aci d,
Ic acid, and anhydrldes and nnnoesters of these aC|ds
le to use a hydroxyl group- containjng, vinyl nmonomer:
or 25 methacrylic acid esters, such as 2-hydroxyet hyl

D-C Fine Silica
{Dow Corning Co.)
‘Fransol

(Fransil Co.)

ydri des,
e, and

such as
met hyl . 10 -
nmet hyl

di met hyl
ch as

a, [err]-
am ¢

d a Iomer

It is
i ncl usi ve

It is further preferred to use treated silica

fine powder Obfained by subjecting the silica fine

powder formed by vapor-phase oxidation of a silicon

halide to a hydrophobicity-imparting treatment. It is

particuLariy preferred to use treated silica_fine
powder having a hydrophobicity'of 30 - 80 as measured
by the methanol tifration test.

Silica fine powder may be imparted with a
hydrophobicity by chemically treating the powder with
an organosilicone compound, etc.,_reactive.with or
physically adsorbed by the silica fine powder.

. Example of sﬁch an organosilicone compound
may include: heiamethyldisilazane, trimethylsilane,
trimethylchlorosilane, triméthylethoxyéilane,
dimethyldichlorosilane, methyltrichlorosilane,
allyldimethylchlorosilane, allylphenyldichlorosilane,

benzyldimethylcholrosilane, bromomethyl-

dimethylchlbrosilane, a-chloroethyitfichlorosilane,

f-chloroethyltrichlorosilane, chloromethyldimethyl-



acrylate, and 2-hydroxyethyl nethacrylate; 4-(!-
hydr oxy- | - met hyl butyl )styrene, and 4-(1-hydroxy-I-- -39- .
met hyl hexyl )styrene. The vinyl resin may have a glass transition point of
45 - 80 [err]C, preferably 55 - 70 [err]C, a nunber- average nol ecul ar
wei ght (M) of 2.5x103 - 5x104, and 5 a weight-average nol ecul ar wei ght
(Mv) of [err].[err]. In the present invengon, it is also possible to use a
m xture binder resin including a vinyl -homopolymer ro copolymer, a
pol yester, polyester, 10 epoxy resin, polyvinyl butyral, rosin, nodified
rosin, terpene resin, phenolic resin, aliphatic or alicyclic- hydrocarbon
resin or aronahlorpsﬁﬂaheunmméskganbsi&&dmunmapmanbhsuahoyﬁ&nen;|oned
bi nder resin. In case of using a m xture binder resin 15 i ncluding two or
more resins ofrimetbyisidyvlmertepsan.t fydiorganesiwylomamlatessi ns. may
preferably have different nol ecul ar weights and may be m xed with each
-+ vinyldimethylacetoxysilane, dimethylethoxysilane,
dimethyldimefhostilane, diphenyldiéthoxysilahe,
5 hexamethyldisiloxane, 1,3-divinyltetramethyldi-

siloxane, 1,34dipheny1tetramethy1disiloxane, and

dimethylpolysiloxane having 2 to 12 siloxane units per

molecule and containing each one hydroxyl group bonded

to Si at the terminal units. These may be used alone

10 or as a mixture of two or more compounds.

The flowability-improving agent used in the
present invention may have a specific surface area of
at least 30 m2/g, prefe;ably 50 mz/g, as measured by
the BET method according to nitrogen adsorption. The

15 'flowability-improving agent may be used-in_an.amount
of 0.01 - 8 wt. parts, preferably 0.1 - 4 wt. parts,
per 100 wt. parts of the toner.

In case where the toner according to the
present invention is used for constituting a two-

20 compohent type developer, the toner is blended with a
carrier. Examples of the carrier used in the present
invention may include: surfacefoxidized or -unoxidized
powder of metals, such as iron, nickel, éopper, zinc,
cobalt, manganese, chromium and rare earth metals,

25 particles of alloys of these metal, oxide particles,

and ferrite particles.

A coated carrier obtained by coating the



other in appropriate ratios. The toner according to the present invention

20 may be either a magnetic toner or a non-magnetic toner. In order to

constitute a magnetic toner, it is preferred to use a magnetic material as

descri bed bel ow. Exanpl es of the magnetic material contained 25 in the

I nsul ating magnetic toner used in the present invention may include: iron

oxi des, such as magnetite, hematite, andglerrite; iron oxides containing-

anot her _-40- nmetal oxide; nmetals, such-as Fe, Co and Ni, and all oys of
these netals with other netals, such as Al, Co, Cu, Pb, My, N, Sn, Zn, Sb,

Be, Bi, Cd, Ca, M, Se, Ti, Wand V, and m xtures of the above. 5

Speci fi ¢ exaapbge chririiernpartiiiciesatdithala mesimalayd@refieanabdy t et r oxi de

[err], diiron trioxide [err], zinc iron oxide [err], yttriumiron oxide

[err], cadm b nsed prirddcuderly dada devehoning @etdwd ewh€reigo@er iron

oxi de :
developing bias is supplied with an AC bias voltage.
The coating may be pe;forméd according to known

5 methods inclusive of a method applying a coating
liquid obtained by dissolving or suspending a coating
material such as a resin into a solvent onto the
surface of carrier core particles, and a method of
powder blending carrier core particles and a coating

10 material.'

Examples of the'coating material firmly
applied onto the core particles may include:
:polytétrafluoroethylene, monochlorotrifluo:oethylene
polymer, polyvinylidene fluoride, silicone resin,

15 polyester resin, styrene resin, acrylic resin,
polyamide, polyéinyl butyral, aminoacrylate resin,
basic dyes and lakes thereof, silica fine powder and
alumina fine powder. These cdating materials may be
used_singly or in combination of plural species.

20 _ The coating material may be applied onto the
core particles in a proportion of 0.1 - 30 wt. %,
preferably 0.5 - 20 wt. %, based on the'carrier
core particles. _The carrier may preferably have an
average particle size of 10 - 100 pm, more preferably

25 20 - 70 pm.

A particularly preferred type of carrier may

comprise particles of a magnetic ferrite such as Cu-



10 [err], lead iron oxide [err], nickel iron oxide [err], neodym umiron
oxide [err], bariumiron oxide [err],. magnesiumiron oxide [err], manganese
iron oxide [err], lanthanumiron oxide (LaFe®), powdery iron (Fe), powdery
cobalt 15 (Co), and powdery nickel (N). The above magnetic materials may.
be used singly or in mxture of two or nore species. Particularly suitable
magnetic material for the present invenUngis fine powder of triiron
tetroxide or [err]-diiron trioxide. 20 ~ The magnetic material my
have an average - particle size (Dav.) of 0.1 - 2 pm preferably 0.1 -
0.3 [err]m The magnetic material may preferably show nmagnetic properties-

when neasur edzhy Fepieiraairy0Fedrile urFaded-todbed RElUSIa/ F1Rforih&oer cive
force (Hc) of 25 .20 - 150 Cersted, a saturation nmagnetization ([err]s) of

50 -. 200 enu/ gonpatiniag aelsinSor al@tya@neg-barell ad=ay Judramonaid zat i on
(ar) of 2 - 20 enu/g. -41- The magnetic material nmay be contained in the
coating materials may include mixtures of a fluorine
containing resin and a styrene copolyme:, such as a
5 mixture of polyvinylidene fluoride énd'styrene-methyl
methacrylate resin, and a mixture of .
polytetraluforoethylene and styfene—methyl
methacrylaté resin. The fluorine—cqntainihg resin may
also be a copolymer, such as vinylidene
10 fluo;ide/tetrafluoroethylene (10/90 - 90/10)
copolymer. Other exampleé of the‘styrene—based resih.
may include styrene/Z-éthylhexyl acrylate (20/80 -
80/20) copolymer and stjrene/z-ethylhexyl
acrylate/methyl methacrylate (20'— 60/5 - 30/1b - 50)
15 copolymer. The fluorine—cbntaininglresin and the
styrene—based resin may be blended in a weight ratio
of 90:10 - 20:80, preferably 70:30 - 30:70. The
coating amoﬁnt @ay'be 0.01 - 5 wt. %; preferably 0.1 -
1 wt. % of the carrier core. |
20 " The coated magnetic ferrite carrier may
-preferébly include at leaét 70 wt. % of particles
of 250'meshfpass and 400 mesh-on, and have an average
barticle size of 10 - 100 pﬁ, mofe preferably 20 -
70 pm. A sharp particlé size distribution is
25 preferred. |
The characteristic values of a binder resiﬁ

'and a long-chain alkyl compound and_the particie size



toner in a proportion of 10 - 200 wt. parts, preferably 20 - 150 wt. parts,
per 100 wt. parts of the binder resin. 5 The toner according to
the present invention may optionally contain a col orant, inclusive of
arbitrary pignents or dyes. Exanples of the pignent may include: carbon

bl ack, aniline black, acetylene black, Naphthol 10 Yellow, Hansa Yell ow,
Rhodam ne Lake, Alizarine Lake, red iron-gxiLde, Phthal ocyani ne Blue, and

| ndanthrene Blue. It is preferred to use 0.1 - 20 w. parts, particularly 1
- 10 wt. parts, of a pignent per 100 wt. parts of the binder resin. For
simlar purpose, 15 there may al so be used dyes, such as azo dyes,-

ant hr aqui none diiystsributi e nef dy cbonendretehred tgeberemnchayapepr ef er ably
be used in an amount of 0.1 - 20 w. parts, particularly 0.3 - 10 wt.
parts, per l00neasuxedtacesrdirgrteibhe2following methadshe present.

I nvention, it is also p055|ble to incorporate one or two or nore species of
rel ease agent ,i-ak S L ARLE on temperature Fdes of the rel ease agent

arbon waxes, such as |.o ec
nay.lnclude allphatlc Q égégémeng may bé perpormed W-ng{-le gofiow1ng

S manner by using a dlfferential scanning calorimeter

("DSC-7", available from Perkin-Elmer Corp.).

A sample in an ampunt of 5 - 20 mg,
preferably about 10 mg, is accurately weighed.

The sample is placed on an. aluminum pah and

10 subjécted to measﬁrement in a temperature range of
30 - 200 ©°C at a temperature-raising rate of 10 °C/min
in a normal temperature - normal humidity environﬁent
in parallel with a blank aluminum pan as a reference.

In the course of temperature increase, a main

15 absorption peak appears in the temperature region of
40 - 100 ©°c.

In this instance, the glass transition
temparature is determined as a temperature of an
intersection between a DSC curve and an intermediate

20 line pressing between the base lines obtained before.
and after the appearance of the absorption peak.
(2) Molecular weight distribution (for binder resin)

The ﬁolecuiar weight (distribution) of a
binder resin may be measured based on a chromatogram

25 obtained by GPC (gel permeation chromatography)
' In the GPC apparatus, a column is stabilized

in a heat chamber at 40 ©C, tetrahydrofuran (THF)



25 wei ght polyethylene, |ow nolecular weight polypropyl ene,

m crocrystalline wax, and paraffin wax, oxidation products of aliphatic
hydr ocar bon waxes, -42- such as oxidi zed pol yethyl ene wax, and bl ock
copol ymers of these; waxes containing aliphatic esters as principal
constituents, such as carnauba wax, nontanic acid ester wax, and partially
or totally 5 deacidified aliphatic estersz_such as deacidified carnauba
wax. Further exanples of the release agent may include: saturated |inear
ali phatic acids, such as palmtic acid, stearic acid, and nontanic acid;
unsaturated aliphatic acids, such as brassidic acid, 10 eleostearic acid
and pari nari coloteht sid waissl ata dficdw , tiIscmiglastisé e@oYhmm | abhthat behenyl

al cohol, ceryl alcohol, and nelissyl alcohol; polyhydric al cohols, such as
sorbi tol; al itgmpexaturel atrialonteeh hanl /mbh eyl amd 20 ol 290 ad def and

| auryl am de; 15 saturated aliphatic acid bisam des, nethylene-

bi sst ear yl amd SPGisAmRIR -3 LR |3ddwRteq Rt a concentration of
0.05 - 0.6 wt. % is injected. The identification of

5 sample molecular weight and its molecular weight
diStribution is performéd based on a calibration curve
obtained by using several monodispefse polystyrene
sémples and having a logarithmic scale of molecular
weight versus count number. The standard polystyrene

10 sampies for’préparatibn of a calibration curve may'be
available from, e.qg., Pressﬁre Chemica1 Co. or Toso
K.K. 1t is appropriate to use at least 10 standard
polystyrene samples inclusive_of those having
molecular weights of, e.g., 6x102, 2.1x103, 4x103,

15 1.75x10%, 5.1x104, 1.1x10%, 3.9x10%, 8.6x10°, 2x10°
‘and 4.48x10%. The detector may be an RI (refractive
index) detecto;. For accurate measurement, it is
appropriate to constitute the column as a combination
pf several commercially available polystyrene gel

20 ° columns in order to'effeét accurate measurement in the
molecular weight range of 103 -_2x106. A preferred
example thereof may be a combination of p-styragel
500, 103,'104 and 10° a&ailabie from Waters Co.; a
combination of Shodex KF—801,.802, 803, 804, 805, 806

25 and 807 available from Showa Denko K.K.

(3) Molecular weight distribution (for long-chain

alkyl compound)




et hyl ene- bi scapryl am de; unsaturated aliphatic acid anmides, such as

et hyl ene- bi sol eryl am de, hexanet hyl ene- bi sol eyl am de, '

N, N - di ol eyl adi poyl-ami de, 20 and NN -di ol eyl sebacoyl am de, aronmatic

bi sam des, such as mxyl ene- bi sstearoyl am de, and N, N -

di stearyl i sopht hal yl am de; aliphatic acid netal salts (generally called
metal | ic soap), such as cal cium stearatg3-calciumlaurate, zinc stearate,
and 25 nmagnesium stearate; grafted waxes obtained by grafting aliphatic
hydr ocar bon waxes with vinyl nononers, such as styrene and acrylic acid;
partially esterified -43- products between aliphatic acids and

pol yhydri c al cohol s, %hehmelekalar weight rdiesdinibeticsy) afd aret hyl ester
conmpounds havi ng hydroxyl group as obtained by hydrogenating vegetable fat
and oil. 5 1long-chainThdkyadr compounidy mayeber medgstiresk byf GRE amsdemgent in
the present invention may include aliphatic hydrocarbon waxes because of
good di sper stBe| £0} 1AWLRBNCORE1LtiRAS: resin (preferably one having an acid

'~ Apparatus: '"GPC4150C“.(availab1e from Waters Co.)
5 . Column: "GMH-HT" 30 cm-binary (available from
Tosd K.K.) | |
Temperature: 135 °C
Solvent: o—dichlorobenzéne containing 0.1 % of
ionol. |
10 Flow rate: 1.0 ml/min. _
Sample: C.4 ml of a 0.15 %-sample.

Based on the above GPC measurement, the
molecular weight distribution of a sample is obtained
once based on a calibratiqn curve prepared by

15 ménodisperse polystyrene standard samples, and re-
calculated into-a distribution corresponding to that
of_polyethyleng using a conversion formula baséd on
the Mark—HQuwink Viscosity formula.

(4) Measurement of acid values and OH values

20 1) re: Acid value
A sample material is accurately.weighed and
dissolved in a mixture solvent, and water is added
thereto. The resultant liquid is titrated with 0.1N-
~ NaOH by potentiometric titration using glass.
25. electrodes (according to JIS K1557-1970).
2) re: .Hydroxyl value (OH value) |

A sample is accurately weighed into a 100 ml-



value of 5 - 50), thus providing not only a good 10 fixability of the
resul tant toner but also a m nimum abrasi on of an organi ¢ photoconduct or
when used in conbination with the toner according to the present invention.
Specific exanples of the rel ease agent 15 preferably used in the present

I nvention may include e.g., a | ow nol ecul ar wei ght al kyl ene pol yner
obt ai ned t hrough polynerization of an alggd ene by radi cal polynerization
under a high pressure or in the presence of a Ziegler catalyst under a | ow
pressure; 20 an al kylene polymer obtained by thermal deconposition of an
al kyl ene pol ymer of -a high nolecul ar weight; and a hydrocarbon wax obt ai ned
by subj ect i ngrod umetirirce flaskoramad 15 muil ceff o ameioxd akei ren cadsrlt oen to t he
Arge process to forma hydrocarbon m xture and distilling 25 the

hydr ocar bon riccurately resisad rtheneds dudhan acthersysten ofs vheated

preferably be perforned by the press smeatlcg met hod, the sol vent_nethod,
vacuum -4by dipping into a bath of 100 + 5 °C. After 1 - 2

hours, the flask is taken out of the bafh and allowed

5 to cool by standing, and water is added thereto,
followed:by shaking to decompoée acetic anhydride. 1In
order to complete the decomposition, the flask is
again heated for move than 10 min. by dipping into the
bath. After cooling, the flask wall is sufficiently

10 washgd with an organic solvent. The resultant liquid
is titrated with,é N/2-potassium hydroxide solution in
ethyl alcohol by potentlometrlc titration u51ng glass
electrodes (according to JIS K0070-1966). |
(5) Particle size dist:ibution measurement

15 Coulter Multisizer I1 (available from Coulter
Electronics Inc.) is used as an instrument for
measufement, to which an interface (availabie from
Nikkaki K.K.) for providing a number-basis
distribution, and a volume-basié distribution and a

20 persohal computer PC 9801 (available from NEC K.K.)
are éonhected.

For measurement, a 1 %-NaCl aqueous solution

' as an electrolytic éolution is prepared by using a
reagent-grade sodium chloride. Into 100 to 150 ml of

25 the electrolytic solﬁtion.,o.l to 5 ml of a
-sﬁrfacfant (preferably an alkylbenzenesulfonic acid

salt) is added as a dispersant, and 2 to 20 mg of a



distillation or fractionating crystallization. As the source of the

hydr ocarbon wax, it is preferred to use hydrocarbons having up to several
hundred carbon atons as obtai ned through synthesis froma m xture of carbon
5 nonoxi de and hydrogen in the presence of a netal oxide catalyst
(generally a conposite of two or nore species), e.g., by the Synthol _
process, the Hydrocol process (using a f&gidized catalyst bed), and the
Arge process (using a fixed catalyst bed) providing a 10 product rich in
waxy hydrocarbon,. and hydrocar bons obtai ned by pol yneri zing an al kyl ene,
such as ethylene, -in the presence of a Ziegler catalyst, as they are rich

i n saturat ed sample hibs naddex® athdwyeltoc arthe srasdl earon@aspedsibhhofew
branches. It is 15 further preferred to use hydrocarbon waxes synthesized
wi t hout pol yrthe zganple big atbe electedlyticutiguidais subgeated tei ght
distribution suitable for easy fractionation. As for the nol ecul ar weight
di stri buti on dfdkspergiopxtreatnenyrtorrakeut hht -t henivantesobs a peak in a
mol ecul ar wei ght regjon of 400 - 2400, further 450 - 2000, particularly 500
- 1600. By s&eas %y M HEARR G rdt#PeRseR; sand ptieennsubjectedy) t ant

toner Is 5 to measurement of particle size distribution in the

renge of 2 - 40 pm by using the above-mentioned
Coulter Multisizer II with a_lOO micronfaperture to
obtain a volume-basis distribution and a number-basis
distribution, Form the results of the volume-basis

10 distnibution and nunber—basis distribution in the
range of 2 - 40 pym, a weight-average particle size
(D4) is caleulated with a central value of each
channel taken as a representative vaiue of the
channel. .

15 Next, an embodiment_of the image forming
method according te'the present invention will be
described with reference to Fiéures 1 - 3. Figure 1
shbws.an electrophotographic apparatus usable as an
example of a cebying machine or a printer for

200 practicing the image forming method according to the
present invention. The apparatus inqludes a
developing means 1 containing a toner 13 according to
the present invention. The toner may be a magnetic
toner or a non-magnetic toner. In an image forming

25 apparatus other than the one shown in Figure 1, it is
possible to use a developing means including a two-

component type developer comprising a toner and a



provided with preferable thermal characteristics. 25 The rel ease
agent may preferably be used in an anount of 0.1 - 20 wt parts,
particularly 0.5 - 10 wt. parts, per 100 wt. parts of the binder resin.
-45- The rel ease agent nay be unifornly dispersed in the binder resin by a
met hod of m xing the rel ease agent in a solution of the resin at an

el evated tenperature under stirring or -&glt-kneading the binder 5 resin
together with the release agent. A flowability-inproving agent nay be
optionally blended with.-the toner to inprove the flowability of the toner.
Exanpl es thereof may include: powder of fluorine-containing resin, such as
10 pol yvi nycadehert| uori de fine powder and pol ytetrafl uoroethylene fine
powder; titanium oxide fine powder, hydrophobic titanium oxide fine powder;
fine powdery silica sB@ﬁeé§1ﬂ6t3§ﬁ68e§9 §§BP@& éndtéﬁyﬁﬁﬁﬁﬁﬁ§soﬁlicmi and

treated silica obtain urfa e treatln uch fine p er silica
‘With sil ane ph otosens$g1vg member %e g.., %P% %otose e¥

drum, an amorphous s111con photosens1t1ve drum or a
5 polysilicon'photosensitive drum) is charged by a
" charging means 11 (e.g., a contact charging means such
as a charging roller as shown; a charging brush or a
charging'blade) supplied With a voltage from a.bias
voltage application means 34. Then, the charged
10 surface of the phetosensitive ﬁember 3 is irradiated
with light 5 (e.Q., laser light or light from a
halogen.lamp) carrying image data to form an
electrostatic image on the éhotosensitive member. The
electrostatic image is developed with a magnetic toner
15 13 (ih this embodiment) on a deﬁeloping sleeve 6
enclosing a magnefic field generating means 15 (e.g.,
a magnet) of the developing means 1 also eqﬁipped with
a toner applicaﬁor blade 8 (e.g., an elastic blade or
a magnetic blade) for applying the toner 13 onto the
20 developing sleeﬁe 6. The development is performed by
either the normal development scheme or the reversal
development scheme to form a teher image on the
photosensitive member 3. At the developing station,
the developing sleeve may'be supplied, as desired;
25 with an alternating, a pulse, and/or a DC bias.voltage
from a bias voltage application means 12. When the

toner image on the photosensitive member 3 arrives at



coupling agent, titaniumcoupling agent, silicone oil, etc. A preferred
class of the flowability- inproving agent includes dry process silica or
fumed 20 silica obtained by vapor-phase oxidation of a silicon halide. For
exanpl e, silica powder can be produced according to the nethod utilizing
pyrol ytic oxidation of gaseous silicon tetrachloride in oxygen-hydrogen
flame, and the basic reaction schene may-3&- 25 represented as fol |l ows:
[err] In the above preparation step, it is also -46- possible to obtain
conpl ex fine powder of silica and other netal oxides by using other netal
hal i de conpounds such as al umi num chl oride or titaniumchloride together

with silicon Raftr@esdemhadsionstch Which s, 3 derapfket Matrridhe silica
pouder 10 be 43eddibeyt M Badi Sl Vsidd dpBERLSTERS Lo use Tine

' photosensitive member 3) of the transfer member P is
pressed and cha;ged by a transfer ﬁeans 4'(e.g., a

5 transfer roller és shown or a transfer belt) to which
a voltage is applied from a bias.application means 33,
to electrostatically'transfer the toner image 6n the
photosensitive member 3 onto the transfer material P.
As the case may be, the tonet image on-fhe_

16 photosensitive'member 3 can be transferred onto an
intermediate transfer member (not shown, such as an
intermediate transfer drum or an intermediate transfer
belt) and then to the transfer material P.

The toner image on the transfer matérial P

15 separated from the photosensitive member 3 may be
fixed onto the trénsfer material P by a heat-and-
pressﬁre application meansl35 (e.g., a fixing means as

" shown wherein a pressure roller 23 is presSed against
a fixed heat-génerating member 21 via a heat-resistént

20 isheet 22; or a heat-pfessure roller fixing means). A
portion, if any, of the toner remaining on the
photosensitive member 3 after the transfer'step may be
removed, as desired, from the surface 6f the
photosensitive member 3 by a cieaning means 7 (e.g., a

25 cleaning'blade as shown, a cleaning roller or a

cleaning brush). The photosensitive member 3 after

the cleanihg is again subjected to an image forming



havi ng an average primary particle size of 0.001 - 2 [err], particularly
0.002 - .0.2 [err]m 10 - Comrercially available fine silica powder
formed by vapor phase oxidation of ‘a silicon halide to be used.in the
present invention include those sold under the trade names as shown bel ow.

AEROSI L 130 15 (Ni ppon Aerosil Co.) 200
300 380 TT 600 MOX 170 20 -58- MOX 80 COK
84 Cab-O Sil - M5 (Cabot Co.) : M5-7 M5-75 25
HS-5 EH5 Wacker HDK . N 20 . -

cycle as described above starting from the charging
step by the charging means 11. |
‘The photosensitive member 3 as a member to be

lcharged and also an electrostatlc 1mage—bear1ng member

5 generally comprises a photosens1t1ve layer and an
électroconductive.substrate and is rotated in the
direction of an arrow as indicated. Thé developing
sleeve 6 comprising a nbn—magnetic gylinder as a toner
carrying member is.rotated'in the same direction as

10 the photosénsitive member 3 at the developing station.
Inside the developing sleevé 6, a multi-pqlar
permanent ﬁagnet'(magnet roll) 15 as a magnetic field-
generating means is fixedly dispoSed. The magnetic
toner 13 cgntained inside the developing means 1 is

15 applied by the applicator blade 8 onto the surface of
the developing sleeve, and the toner particles
constituting the toner are triboelectrically charged
by friction with.the applicator blade 8 and/or the
developing sleevé 6. The tonér may be uniformly

20 applied by the applicator blade 8 in a layer of e.qg.,
.10 - 300 pm on the surfaqe of the déveloping sleeve 6.
At the deveioping sfation, the developing sleeve 6'may.
be suppliéd with an AC bias voltage of f = 200 - 4000
Hz and Vpp = 500 - 3000 V. | |

25 o At the developing station, toner particles
are transferred onto the electrostatic image on the

photosensitive member due to the electrostatic force



-47- (WACKER- CHEM E GVBH) V15 N20ET 30 T 40 5 D-C Fine
Silica (Dow Corning Co.) Fransol (Fransil Co.) It is further preferred to
use treated silica 10 fine powder obtained by subjecting the silica fine
powder formed by vapor-phase oxidation of a silicon halide to a

‘hydr ophobicity-inparting treatnment. It is particularly preferred to use
treated silica fine powder having a hydbephobicity of 30 - 80 as neasured
15 by the nethanol titration test. Silica fine powder may be inparted with
a hydrophobicity by chem.cally treating the powler with an organosilicone
conpound, etc., reactive with or physically adsorbed by the silica fine-
powder. 20 ©of the photpsaepsitivesyembarn sngiAcs Wéoﬁgecéﬁﬁéeﬁd ofay

i ncl ude: hexanet hyl di si| azane, trinethylsilane, trinethylchlorosil ane,
trinethyleth%%y%?l%ﬁePU1se bias voltage. _ o

Incidentally, in Examples described
hereinafter, an image fbrming apparatus having
5 structure as shown in Figures 1 to 3 was used, of
which the included members are denoted bf reference
numerals as shown below.
That is; refefence numeral ‘3 denotes an
electrostatic image-bearing member (photosensitive_
10 drum); 11, a charger {charging rdller); 2, a process-—
" cartridge; 7, a cleaning means; 5, an exposure meéns;
15, a developei container; 6, a developer-carrying
_ meﬁber (developing sleeve); 15, a magnetic field |
generating means; 8, a layer thickness-regulating
15 elastic member; 4, a transfer means (transfer roller);
20, a stay; 21, a heating member;'Zla, a heater |
substrate; Zib, a heat-generéting member; 21c, a
Surfacé protective layer; 214, a temperature—detecting
element; 22, a fixing film; 23, a'pressing roller; 24,
20 a coil spring; 25, a film edge-regulating member; 26,
an electricity-supplying connector; 27, an electricity.
interrupting member:_28, an inlet-guide; and 29, an
" outlet guide (separation guide).
Further, Figure 5 is a schematic sectional
"~ 25 view of a process-cartridge detached from a méin bédy
bf an image forming apparatus as described above. The

process-cartridge at least includes a devéloping means



oﬂ
di net hyl di chl orosi | ane, nethyltrichlorosilane, allyldinethylchlorosilane, ’
al I yl phenyl di chl orosi | ane, 25 benzyl di net hyl chol rosi| ane, brononet hyl -

di mret hyl chl orosi | ane, a-chl oroethyltrichl orosilane,
[err]-chloroethyltrichlorosilane, chloronethyldinethyl - - 48-

chl orosil ane, triorganosilyl nercaptans such as trinethylsilylnmercaptan,
triorganosilyl acrylates, vinyldinethylggcetoxysilane, dinethylethoxysilane,
di met hyl di met hoxysi | ane, di phenyl di et hoxysilane, 5 hexamethyl di sil oxane,
1,3-divinyltetranmethyldi- siloxane, 1,3-diphenyltetranethyldisiloxane, and
~di net hyl pol ysi | oxane having 2 to 12 sil oxane units per nolecule and

- cont ai ni ng aadhaanelegtrostiatdcodmagerbec tingSimeatbeithavitievhmiaxad units.
These nay. be used alone 10 or as a mxture of two or nore conpounds. The
f1 owabi | it yiptegoated dgdm ausedtiniddes mesenttd beedetachablhave a
specific surface area of at least 30 [err]/g, preferably 50 [err]/g, as
neasur ed bympHBtaPYentohad madsobedyg ofo an timage, farsdng i on. The '

apparatus, such as a copying machine or a laser beam
5 printer. | |
In this embodiment shown in Figure 5, the
process-cartridge ihtegrally includes a developing
means 1, a drum;shaped electrostatic image bearing
member (photosensitive drum) 3, a cleaner'including a
10 cleaqing blade 7; and a primary charger (charging
roller) 11.- | |
In this eﬁboﬁiment, the developing means 1
includes a toner 1$yer thickness-regulating member 8
and a toner véssel containing a magnetic toner'13.' At
15 the time of development; a prescribed bias electric
-field is applied between the photosensitive drum 3 and
.the developzng sleeve 6 carrylng the magnetic toner 13
to effect a development of an electrostatlc image
formed on the photosensitive drum 3.
20 ' o ﬁereinbelow, the preseht invention ﬁill be
| described based on specific Examéles,

Resin Production Example 1

Terephthalic acid 12 mol.

%

Fumaric acid o 18 mol. %

25 _ Adipic acid | 10 mol. %
Trimellitic anhydride . 12 mol. %

Bisphenol derivatives of the above-



15 flowability-inproving agent nmay be used in an amount of 0.01 - 8 w.

parts, preferably 0.1 - 4 w. parts, per

case where the toner according to the present
conponent type devel oper,

constituting a two- 20
.a carrier. Exanples of the carrier used

I ncl ude:
ni ckel , copper, zinc, cobalt,
particles of alloys of these netal,
A coated carrier obtained by coating the
with a resin may préadsoribed formeDa peA ] i
wherein a devel oping bias is supplied wt

manganese,

sur f ace-oxi di zed or -unoxi di zedgpowder of netals,

oxi de particl es,

100 wt. parts of the toner. In

invention is used for

the toner is blended with

n the present invention may

such as iron,

chromumand.rare earth nmetals, 25

and ferrite particles.
-49- above carrier particles

cularly in a devel opi ng net hod

h an AC bi as voltage. The coating

may be perfornmed acdordipxppylemmuwx 5+ yret hdd2)i ncl usi ve 95 mohet &od
applying a coating liquid obtained by dissolving or suspending a coating

(R. = ethylene, X +y =

2.2) 33 mol. %

The above ingredients were subjected to poly-

5 condensation to obtain a polyester (called'“Resin A")

having Mn = 5,000, Mw =

value = 20, OH value = 20.

Resin Production Example 2

57,000, Tg = 60 ©°C, acid

Styrene. 87 wt.parts
10 Butyl acrylate 13 "o
Di-tert-butyl peroxide _ | 3 "

15

20

25

'The above ingredients were added dropwise in

4 hours-to 200 wt. parts of xylene heated to the

refiux temperature. .Further, the polymerization was
completed under xylene reflux (138 - 144 Oc), followed
by heating to 200 Oc under a reduced pressure to
remove the xylene. The thus-obtained resin is called

"Resin B".

‘Styrene 75 wt.part (s)
Butyl acryvlate 25 "
2,2-Bis(4,4—di-tert-butyi-

peroxycyclohexyl )propane 0.1 "
Benzoyl peroxide 0.1 "

To a mixture liquid comprising the above
ingredients, 170 wt. parts of water containing 0.12
wt. part of partially saponified polyvinyl alcohol was

added, and the system as vigorously stirred to form a



material such as a resin into a solvent onto the surface of carrier core
particles, and a nethod of powder blending carrier core particles and a
coating 10 material. Exanples of the coating material firmy applied onto
the core particles may include: polytetrafl uoroethyl ene, :

nmonochl orotrifl uoroet hyl ene pol yner, polyvinylidene fluoride, silicone
resin, 15 polyester resin, styrene resiRng2acrylic resin, polyam de,

pol yvi nyl butyral, ami noacrylate resin, basic dyes .and | akes thereof,
silica fine powder and alum na fine powder. These coating materials may be
used singly or in conbination of plural-species. 20 . ‘The coating
materi al may bsuspehsiédnohiquifie cBhe puspenbéeni digupdopest addedf to0. 1 - 30
w. % preferably 0.5 - 20 wt. % based on the carrier core particles. The
carrier my praf&ceastjonavesaalagentgénpagt P wtsi parss of wateg padr|m
nore preferably 25 ° 20-70 err%n1 A garticularly pref.erred tgpe of carrier
may conprise Fateeswithonifgnigen red,vas subdegted to suspension

polymerization at 80 °C for 8 hours. After the
5 réaction, the product was washed to obtain Resinlc;
The above Resin B and Resin C at a weight
ratio of 70:30 were dissolVed ih xylene and uniformly
mixed, followed by femoval of xylene to obtain Resin
D, which showed a molecular weight distribution -

10 . providing peaké at molecular weights of 1.2x10% and
8x105, Mn (numbér—average molecular weight) = 0.7x104
and Mw (weight-average molecular weight) = 2.5x105,
and Tg = 61 ©c.

Resin Production Example -3

15 Styreéne 80.0 wt.parts
Butyl acrylate | 10.0 "
Monobutyl maleate 10.0 "

Di-tert-butyl peroxide _ 6.0 "
Resin E was prepared from the above
20- ingredients otherwise in the same manner as in

production of Resin B in Resin Production Example 2

above.
Resin E S 40.0 wt.part(s)
Styrene ' 45.0 "
25 Butyl acrylate 15.0 "
Divinylbenzene o 0.5 "

Benzoyl pefoxide 0.5 "



-50- Zn-Fe ternary ferrite surface-coated with a fluorine- containing resin
or a styrene-based resin. Preferred coating materials may include m xtures
of a fluorine containing resin and a styrene copol yner, such as a 5

m xture of polyvinylidene fluoride and styrene-nethyl nethacrylate resin,
and a m xture of polytetral uforoethyl ene and styrene-nethyl nethacrylate
resin. The fluorine-containing resin agg-al so be a copol yner, such as.
vinylidene 10 . fluoride/tetrafluoroethylene (10/90 - 90/10) copol ymner.

O her exanpl es of the styrene-based resin may include styrene/2-ethyl hexyl
acrylate (20/80 - 80/20) copolymer and styrene/2-ethyl hexyl acryl ate/ et hyl
net hacrylate (20 - 60A5mixB@re(liqadd ¢ompripbhgnthe abpee '
fluorine-containing resin and the starene-based resin may be blended in a
wei ght ratiolRgredients wasgsubjeetedabpyspepensionopedymerizasaPhng anount
may be 0.01 - 5 w. % preferably 0.1 - 1 w. %of the carrier core. 20

The coated dH@hE??cs?@?r??%ﬂ%ﬁr?¥e+nnﬁﬁoﬂVﬁF%?ﬁbP§ ResifBdE IR | east 70 wt.

0,
% of part|0|§és1n Production Example 2 to obtain Resin F, which

5 showed Tg = 60 °C, Mn = 1x10% and Mw = 1x10°.

Example 1
Resin A : - 100 wt.parts
Magnetic iron oxide - 90 wt.parts .

(average particle size (Dév.) = 0.15 pm,

10 - Hec =115 ocersted, Og = 80 emu/qg,

Cr 11 emu/qg)
Long-chain alkyl alcohol of
Formula (1) _ 3 wt.parts

(x = 48 as an average valué, Mn = 440,

]

15 Mw = 870, Mw/Mn = 1.98, OH value = 66)
' Azo-type iron complex (1) 2 wt.%

(A* = 90 %:NHy, 10 %:Na* and H*

mixture; Syeom (solubility in methanol)

= 0.87 g/100 ml)

20 The above ingredients were pre-mixed by a
Henschei mixer and melt-kneaded through]a twin screw
extruder at 130 °C.. After cooling, the melt-kneaded
product was coarsely crushed by a cutter mill,
pu;verized_by a jet stream pulverizer, and ciassified

25 by a pneﬁmatic élassifier to obtain a magnetic toner
(1) having a weight-average particle size (D4) of 6.6

pm, content of ¢ 5 pm particles: 49.3 % (N, % by



of 250 mesh-pass and 400 nesh-on, and have an average particle size of 10 -
100 [err]m nore preferably 20 - 70 [err]m A sharp particle size
distribution is 25 preferred. The characteristic values of a binder resin
and a |l ong-chain al kyl conpound and the particle size -51- distribution
of. a toner referred to herein may be neasured according to the follow ng
met hods. (1) d ass transition tenperatuwgqgdg Measurenent nmay be perforned
in the following 5 nanner by using a differential scanning calorineter
("DSC-7", available fromPerkin-Elner Corp.). A sanple in an amount of 5 -
20 ng, preferably about 10 ng; is accurately weighed. The sanple is placed
on an al um numnkerland® B ¥ sib) écthyl tolumalur chisetcharactenpeingur e range
of 30 - 200 [err] at a tenperature-raising rate of 10 [err]/mn in a normal
t enper ature 9até @f theritonsr are rowwmarized pir sTaklewlth a bl ank al uni num

pan as a reference. . . ;
The localization factors of the azo-type 1ron

compléx in the fine and'coarse power fractiéns were
5 ODg/ODy = 1.012 and ODg/ODy = 0.998.
'100 wt. parts of the magnetic toner (i) and
1.0 wt. part of hydrophobic silica surface-treatéd
with hexamethyldisilazane were blended in a Henschel
mixer to obtain Developer No. 1.

10 ' The thus-obtained Developer No. 1 was chargéd
in a commerciallj available digital copying machine- |
("GP-55", available from Canon K.K.) and subjected to
image formation of 5x104 sheets under normal |
temperature/low humidity (N/L = 23.5 °C/5 %RH)

15 conditions and further 3x10% sheets undef high
temperature/high humidity (H/H = 32.5 ©C/80 %RH)
conditions. Further, Developer No. 1 was also charged
in a commercially available analog copying_maghine
("NP-9800", available from Canon K.K.) and subjected

20 | to image formation of 2x10S sheets under the normal
temperature/low humidity (N/L) conditions and further
lxld5 shéets under the high temperature/ high humidity
'(H/H) conditions. The results of the image formation

tests are showﬁ_in Tables 3 and 4.

25 In Tables 3 and 4, the evaluation results are

indicated by symbols respectiveiy indicating the .

following performances.



In the course of tenperature increase, a main 15 absorption peak appears

in the tenperature region of 40 - 100 [err]. In this instance, the gl ass
transition tenperature is determ ned as a tenperature of an intersection
bet ween a DSC curve and an internediate 20 |ine pressing between.the base

| i nes obtained before and after the appearance of the absorption peak. (2)
Mol ecul ar wei ght distribution (for bingg_resin) The nol ecul ar wei ght
. (distribution) of a binder resin may be neasured based on a chronat ogram 25
obt ai ned by GPC (gel perneation chromatography). In the GPC apparatus, a
colum .is stabilized in a heat chanber at 40 [err], tetrahydrofuran (THF)
-52- solvent. i sgrausakry ddodv t hrough the columm at that tenperature at a
rate of 1 m/mn., and 50 - 200 [err] of a GPC sanple solution adjusted at
a .concentrationecaf 0GH®d 0.6 Ww. %is injected. The identificati.on of 5
sanpl e nol ecul ar weight and its nol ecul ar wei ght -
oA: Practically of no problem
Al Slightly problematic_
5 X: Practically unacceptable
Further, a commercially available laser beam
printer ("LBP—SX“, available from Canon K.K.) was
remodeled as shown in Figure 1 (schematic view). More
specifically, the'process cartridge 2 was equipped
10 with a urethane rubber-made electric blade 8 and a
charging roller 9. Further, the main body was
equipped with a charging roller 4 and the heat-fixing
apparatis was remodeled into an apparatus 35 shown in
Figure 1, Figure 2 (ekploded perspective view) and
15 Figure 3 (secfional view). Image formation was
performed by using'Déveloper No. 1 under the following
conditions.
An OPC photosensitive member 3 was primarily
charged at a potential qf -600 volts and exposed to
20 form an electrostatic latent image thereon having é
light part potential Vi of -150 volts. At the
developing station, the photosensitivé'drum 3 and the
developing sleeve 6 (enclosing a magnet 15) were
- dispbsed with a gap of 300 ﬁm so that the developer
25 layer on the sleeve 6 did not contaét the

photosensitive member 3, and an AC bias (f = 1800 Hz,

Vpp = 1500 V and a DC bias (Vp:= -400 V) were applied



distribution is perfornmed based on a calibration curve obtained by using
several nonodi sperse pol ystyrene sanples and having a logarithm c scal e of
nol ecul ar wei ght versus count nunber. The standard pol ystyrene 10 sanples
for preparation of a calibration curve nmay be available from e.g.,
Pressure Chem cal Co. or Toso K. K. It is appropriate to use at |east 10

st andard pol ystyrene sanpl es incl usive ofgg-hose havi ng nol ecul ar wei ghts
of, e.g., [err] 15 [err] and 4.48x106. The detector may be an R
(refractive index) detector. For accurate neasurenent, it is appropriate to
constitute the colum as a conbinati on of several commercially avail able
pol ystyrene gdn mpermiqsmdm farakera thil sef fappl doxtion enemmas uk2neot i n t he
nol ecul ar wei ght range of [err referred exanpl e thereof may be a
conblnatlon oﬁhﬁe@ﬁve&gnungﬂskﬁnye[é;rqheqeby]dgngﬂqninq theii | abl e from
Waters Co.; a conbination of Shodex KF-801, 802, 803, 804, 805, 806 25 and
807 avai | abl e Sleshrafdatis. diarentk inage Wy & FeverRalydetriopfenti on (for

| ong-chai n al kyl. co ou
9- Q/ ”p I}er a toner 1mage on the OPC photosensitive

5 member 3. The thus-formed toner 1mage was transferred .'
onto plain papér by applying a positive transfer |
pofential and the piain paper carrying the toner image
was applied through the'heat fixing apparatus 35 to |

" fix the toner image onto the plain paper.' In tﬁe

10 heat-fixing apparétus, the surface temperature
detected by a sensor element 21d of a heating meﬁber
21 was set to 130 Oc, and a total préssure of 6 kg was
applied -between the heating member 21 and a preséing
roller 23 with a nip of 3 mm between the pressing

15. roller 23 and a fixing film 22. The fixing film 22
comprised a'50'pm-thick heat-resistant polyimide film
coated, on its side contacting the transfer material
P, with a low-resistivity release lajer comprising
polytetrafluoroethylene with an electroconductive

20 _substanée dispersed therein.

Under the above set conditions, an image
formaﬁion test (a printing test) was performed
cdntinuouSly for 7000 A4-sheets at a rate of 8 A4-
shéets/min.-while replenisﬁing the developer'as

25 required under normal temperature/nérmal humidity (N/N
= 25 ©°C/60 %RH) conditions. | |

Similar image formétion tests were performed



-53- The nol ecul ar wei ght (distribution) of a |Iong-chain al kyl conpound may
be nmeasured by GPC under the follow ng conditions: Apparatus: "GPC 150C'

(avail able fromWaters Co.) 5 Col um: "GV HT" 30 cm binary
(avail able from Toso K K. ) Tenperature: 135 [err] Solvent:
o- di chl orobenzene containing 0.1 %of ionol. 10 Flow rate: 1.0

m/mn. Sanple: 0.4 m of a 0.15 % sanpl-g7-Based on the above GPC
nmeasur enent, the nol ecul ar wei ght distribution of a sanple is obtained once
based on a calibration curve prepared by 15. nonodi sperse pol ystyrene
standard sanples, and re- calculated into a distribution corresponding to
t hat of pol yeuhdesnbigh tempegarrugesindghl dwumildd tyaddforr 1326 9@uwi nk
viscosity formula. (4) Measurenent of acid values and OH val ues 20 1)
re: Acid val udRH) conditions and low temperature/low humidity (L/L.

= 10 °C/15 %RH) conditions. In the high temperature -

high humidity environment, after a 6500 sheets image

5 formation test, the apparatus and developer were left
standing for 5 daYs in the same environment and then
further subjected to a 500 sheet image formation test.

The results are shown in Tables 5 and 6.

Examples 2 - 21 and Comgarative'Examples 1 -8

10 - Tdners having particle size distributions
respectively shown in Tab1e 1 were prepared in the
same manner as in-Exémple 1 except that préscriptions'
‘also shown.in Table 1 were-used. {In Table 1, values
'x, y and z are average values.) The localization

15 factors of the metal complex compounds (inclusive of
azo-tYpe iron complex compound used in Examples) for.
the respective toners are shown in Table 2. From
-these toners, Developers.Nds. 2 - 21'and Comparative
Developers Nos. 1 - 8 were prepared in the same manner

200 as in Example 1.

The.resultant developers were respeétivelf
evaluated by the same image formation as in Example 1.
The results are summarized in Tables 3 - 6.

The eialuation items listed in Tables 3 - 6

25 are supplemented hereinbelow.
<Evaluation by Digital copier GP-55 énd Analog copier

NP59800_(Tab1es 3 and 4)>

Y



A sanple material is accurately weighed and dissolved in a mxture sol vent,
and water is added thereto. The resultant liquid is titrated wwth 0.1N _
"NaOH by potentionmetric titration using glass 25 el ectrodes (according to
JI'S K1557-1970). 2) re: Hydroxyl value (OH value) A sanple is accurately
wei ghed into a 100 m - -54- volunetric flask, and 5 ml of an acetyl ating
agent ‘is accurately added thereto. Then68+he systemis heated by dipping
into a bath of 100 [err] + 5 [err] After 1 2 hours, the flask is taken
out of the bath and allowed 5 to cool by standing, and water is added

thereto, followed by shaking to deconppse.acetic anhédride. In order to
conpl et e the deconposti® oihage re$RLRTIQN Waf nevdhvatedofSnove than 10 nin.

by SLRPLNS AL Ae Dok o LB £OPhLGD cLhcoTLasketoLl b3, Bl Tlclent Y 10
N 2 potass! (B O £ SRlAL I OF 14sSHV of! £R0Gs PYnBRLGEAG O 1 €
different number of thin lines per mm, i.e., 2.8, 3.2,
5 3.6, 4.0, 4.5, 5.0, 5.6, 6.3, 7.1, 8.0, 9.0 and 10.0
lines/mm, respectﬁvely, each type including 5 thih
lines spaced regularly so as to have a line width and
a spacing which were equal to each other. A copy
image was prepared by reﬁroducing the qriginal image
10 under the'respectivelimage forming conditions and
observed through a'magnifying glass, whereby the
largest number of lines/mm at which the adjacent lines
could be observed clearly separately was taken as a
- resolution. |
15 Higher numbe; means & higher resolution.
" <Evaluation by Laser beam printer LBP-SX (Tables 5 and
6)>
The evaluation was performed iﬁ the following
manners for the respective items.
20 (1) Image density
The'density of an image'formed on an drdinary
plain paper for copyinglmaChine'(75 g/m2) after
printing 7000 sheets was evaluated by a MacBeth
Reflection Densitometer (availablé from MacBeth Co.)
25 as a relative density against a density ofl0.0Q ,
allotted to a printed white background portion..

(2) Fog



el ectrodes (according to JI'S KO070-1966). (5) Pafficle size distribution
measur enent 15 Coulter Multisizer Il (available from Coulter
El ectronics Inc.) is used as an instrunent- for neasurenent, to which an
interface (available from N kkaki K. K.) for providing a nunber-basis
distribution, and a vol une-basis distribution and a 20 personal conputer PC
9801 (available from NEC K. K.) are connegged. - For neasurenent, a 1 % NaC
aqueous solution as an electrolytic solution is prepared by using a
‘reagent-grade sodiumchloride. Into 100 to 150 m of 25 the electrolytic
solution, 0.1 to 5 mM of a surfactant (preferably an al kyl benzenesul fonic
acid salt) is added asImadesfegséfd, wandefalvatédngsof differencesanple is
added thereto. The resultant dispersion of the sanple in the electrolytic
liquid is subpeeveen:thg whipenressnofr aawhite beckgmoundlpordimnneifes by
nmeans of an uItrasonig di sperser, and then subjected
_ " a printed image and. the whiteness of an original
transfer paper by measurement with "Reflectometer"
5 (available from Tokyo Dénshoku K.K.). A fog value
exceeding 4 % is practicaily problematic.
(3) Image quality
A checker pattern shown in Figure 4 was
printed out and the dot reproducibility was evaluated
10 by counting the number of lacked dots. The results
were evaluated according to the following standards:
.Q (very'good): lack of 2 dots or less/100 dots
o (good): laék of 3 - 5 dots/100 dots
4 (fair): 1lack of 6 - 10 dots/100 dots
15 x (poor): 1lack of 11 dots or more/100 doté
(4) Fixability '
A fixed image was rubbed with a soft tissue
paper under a load of 50 g/cmz,_and the fixability was
evaluated'by a lowering (%) in image density after the
20 rubbing. The results were evaluated according to the
foliowing standards.
O (excellent): 5 % or below
o (good): at_ieast 5 % and below 10 %
A _(fair): at least 10 % and below 20 %
25 - x (poor): at least 20 %

(5) Anti-offset characteristic

A sample image having an image percentage



5 to neasurenent of particle size distribution in the range of 2 - 40 pm by
usi ng the above-nentioned Coulter Multisizer Il wth a 100 m cron-aperture

to obtain a volune-basis distribution and a nunber-basis distribution.

the results of the volune-basis 10 distribution and nunber-basis
distribution in the range of 2 - 4.0 [err]m a weight-average particle size
(D4) is calculated with a central val ue qﬂ)each channel taken as a
representative value of the channel. 15 Next, an enbodi ment of
the image form ng nethod according to the present |nvent|on will be

descri bed wit

h reference to Figures 1 - 3. Figure 1 shows an

Form

el ect r.ophot ogppAboutPBasiwas Prakitedowt) i enti-psdely nachi ne or

a printer for 20 practicing the image form ng nmet:hod according to the

present invencthatracterisyiar alass evalluaieas] dyletind ajEegueersshiss 1 containing a
toner 13 according to the present invention. The toner nmay be a magnetic

toner or a nosoddgngt on thecrimage @ftemgsintrimgELB0CpEheats. ot her than
the one shown |n Figure 1, it is possible to use a devel opi ng neans

i ncl uding a t%8e
| 5

10

15

20

25

Ees¥ditenWarsp @ vadnatssk b Ghe | fé?wg)“hlﬂﬂ)ner and a
standards.

O: Very good (non-observable)

o: Good (substantially hon—ohservable)

A: Fair | |

x: Poor
(Gj ‘Sleeve soiling

After the printing test, the state of

residual toner sticking onto the developiﬁg sleeve
surface ‘and the influence thereof on the printed
images were evaluated by observation with eyes. The
results were evaluated according to the following
standards.

©: Very good (not observable)

o: Good (substantially non-observable)

A: Fair (sticking was qbserved but did not affect

the images)

X3 Podr_(much sticking was observed and resu1tant'

in image irregularity)
(7) Film soiling

After the printing test, the state of

residual toner'sticking onto the surface of the fixing

film was evaluated by observation with eyes. The

results are evaluated'accbrding to the following



-56- carrier. Referring again to Figure 1, the surface of a photosensitive
menber 3 (e.g., an OPC photosensitive drum an anorphous silicon

phot osensitive drumor a 5 polysilicon photosensitive drum ‘is charged by a
chargi ng means 11 (e.g., a contact chargi ng nmeans such as a charging roller
as shown, a charging brush or a charging blade) supplied with a voltage
froma bias voltage application nmeans 34.7{hen, the charged 10 surface of
t he photosensitive nenber 3 is irradiated with light 5 (e.g., laser |ight
or light froma halogen |anp) carrying inmage data to forman electrostatic
i mage on .the photosensitive nmenber. The el ectrostatic inmge is devel oped

W th a magnetistdmdsardsls 13 (in this enbodi nent) on a devel oping sl eeve 6
enclosing a magnetic field generating neans 15 (e.g., a nagnet) of the
devel opi ng neans ©:al sVexpigpastl (naot cbsexreabbepl i cator bl ade 8 (e.g., an

el astic blade or a magnetic bl ade) for éfplying the toner 13 onto the
o Good (substantially non-observable) '

Al Fair

5 X: Poor

10

15

20

25



20 devel oping sleeve 6. The devel opnent is perforned by either the nornmal
devel opnent schene or the reversal devel opnent schene to forma toner imge
on the photosensitive nenber 3. At the devel oping station, the devel oping
sl eeve may be supplied, as desired, 25 wth an alternating, a pul se,

and/or a DC bias voltage froma bias voltage application neans 12. \Wen the.
toner image on the photosensitive nenbe?23 arrives at -57- a transfer

. station to which also a transfer naterial is conveyed, the back side (side
opposite the.photosensitive nmenber 3) of the transfer nenber P is pressed

and charfgeq by & transter neans 4 (e.d., a o transtfer roll gr;as shown or a
.transfer| b Iz) td“;lv\hich a VJlgag_e Is dgplied fr m;a bi as appgication means
33, to gle¢trostjatically transfer the|toner inmage on the photosensitive
menber 3 omto_ the transfer 7ﬁ§erial P.] As the case may be, |the toner image
on the 10q ph%tosenSitivelné er 3 car ke transflerted ontolan internedi ate
transfer 'ﬁfﬁ?_&v,éL \L'Bm shown sfich as an - .
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internmedi ate transfer drumor an internediate transfer belt) and then to
the transfer material P. The .toner imge on the transfer material P 15
separated fromthe photosensitive nenber 3 may be fixed onto the transfer
material P by a heat-and- pressure application neans 35 (e.g., a fixing
nmeans as shown wherein a pressure rollgj323 is pressed against a fixed
heat - generati ng nenber 21 via a heat-resistant 20 sheet 22; or a

heat -pressure roller fixing means). A portion, if any, of the toner

remai ni ng— oM The, pnqUuosSensitivg Menber 3@ ter the transfer step jmy be
removed, [ast desired,| fromthe gul:f ace of iﬁg photoseniiﬁﬁve menbef 43 by a
cl eani ng méans 7 (e.lg., a 25 ¢l eaning bl 4de as shown| a cleanin Jol | er or
a cleaning brush). The photosensitive menber 3 after fhe cleaningfiis again
subj ecteq #p an i made S orning o 58- cycle;aS'descriheQ above st@arting
fromthe |cfarging stle¥ by the ¢hirging means bhot osensi-tiye menber
3 as a nmgnper to be} - < o ~ o '
3 £ g 8 S
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charged and al so an el ectrostatic inmage-bearing nenber 5 generally

conpri ses a photosensitive layer and an el ectroconductive substrate and is
rotated in the direction of an arrow as .indi cated. The devel opi ng sl eeve 6
conprising a non-nmagnetic cylinder as a toner carrying menber is rotated in
the same direction as 10 the photosensitive nenber 3 at the devel opi ng
station. Inside the devel oping sl eeve 674x nul ti-pol ar permanent magnet
(magnet roll) 15 as a magnetic field- generating neans is fixedly di sposed.
The magngtic toner 1B contai ned}i nsidg the devel opijng neans 1 is 15
applied hy<the appligdtor bl ade 8ont d .the surface of; the devel opi ng

sl eeve, anf the tonek‘BarticIes constijtuting the tdner are. H
triboeleat&ically charged by frijction with the applli gator bladé 8 and/ or

t he develjogi ng sl eeveﬁ The tqngr ngy .Dbe uniformjys20 applfied-by the
applicatqr—hlade 8 ih A layer off & g | T0 - 300 pmjon the surlface of the
devel opi ngosl eeve 6. At the devel eping g ation, the eéevel oping sl eeve 6 may
be supplﬂeﬁ with an @ bi as vol tjage of| fg.= 200 - 4Q0€ Hz and |[Vpp = 500 -
3000 V. 25 ; M—the—developrrg stati-on—tgrer—parti€l es are
transferfe@ onto the eTectrostatiQ;i_rmge:on t he <
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Ex. 11
Ex
Ex
Ex. 14




phot osensitive nmenber due to the electrostatic force -59- of the

phot osensi tive nenber surface and the action of an AC or pul se bias

vol tage. Incidentally, in Exanples described hereinafter, an i mage forming
apparatus having 5 structure as shown in Figures 1 to 3 was used, of which
t he included nenbers are denoted by reference nunerals as shown be|OML That
is, reference nuneral 3 denotes an elecf?§§tatic | mge- beari ng nenber
(photosensitive 10 drum; 11, a charger (charging roller); 2, a process-
cartridge; 7, |a clleanijng npans 5, an exposure|neans; 15, a developer
cont ai ner; & la™ddved pe%-caﬁrylng“henber°( de\eJoplng sl eeve); 15, a
magnetic fli &l g Gbneﬁhtlﬁh heans; 18 a Ilver th ness-regul ati ng 15

el astic mgnber; a tiransfer megng (trangfer ler); 20, a stay; 21, a
heat i ng ntnﬁer;,Zlam;a heatex substy at e; élb heat-generating menber ;

21c, a sunffcq prdtective | dyer: 2Td_alt

<

ture-detecting

:
Y exq;e.i
LT I B B B N A S T S
a|s|~|a|49 |& |g
comqmé:.hmo
v |~ 1l aoa. |l o |~ | v |~
slelslels |2 |3
34 | 3| d |3 | d d <

None
None
None
None
None
None
None

ditto
ditto
ditto
ditto
ditto
ditto
ditto

ditto

ditto
Classified fine powder recovered as a by-product after a
classification step in-a particular Exanple indicated.
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el ement; 22, a fixing film 23, a pressing roller; 24, 20 a coil spring; -
25, a filmedge-regulating nmenber; 26, an electricity-supplying connector;
27, an electricity interrupting nenber; 28, an inlet guide; and 29, an

outl et guide (separation guide). Further, Figure 5 is a schematic secti onal
25 view of a process-cartridge detached froma nmain body of an i mage
form ng apparatus as descri bed above. Theéprocess-cartridge at |east

i ncl udes a devel opi ng neans -60- and an electrostatic inage-bearing

menber whifthare integrated iNMto a cantridge; 5o as to] be detachably
nmount abl e kq§a ngi £ bogy~ of |af inage.forningnﬂpparatus gsuch as a copying
machi ne or| a | asdr “beam® pifi Ater. In|tAl's enbodl ment sHown in Figure 5,
the processs-gartriidge | nfegriall'y inclydes a developing| ieans 1, a
drum shaped £l ectjfrastat i & inagp beari nggrenber Cﬁhotosensitive drum -3, a
cl eaner including 5.10 2l eqnf ng bl adgd 7 and a‘_Y,)rimar char ger g( char gi ng
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roller) 11. -In this enbodi ment, the devel oping nmeans 1 includes a toner

| ayer thickness-regul ating nenber 8 and a toner vessel containing a
magnetic toner 13. At 15 the tinme of devel opnent, a prescribed bias
electric field is applied between the photosensitive drum3 and the _
devel opi ng sl eeve 6 carrying the nmagnetic toner 13 to effect a devel opnent
of an electrostatic image fornmed on the/phot osensitive drum 3. 20

Her ei nbel ow, the present invention will be described based on specific
Exanpl es. T i on Exanple 1 Terephthalic acid
12 nol. 9% Fenari ¢ dcied | 18 mol . % 25
Adi pi ¢ acf|d™ ~ : 10 nmol. % Trinellitic anhydride
12 nmol . 94 Brsphenolf der] vati ves of the above- -61- described formula (A
(R = propyl8ne, x 4 4 2.2) 15 mol . % -

¥ <

E -

@©Q [0}

© ~

&

5 3'

o _

© b1]

5 E:

aitto
ditto

100 wt.parts
F.P, from ,,

100 wt.parts

100 wt.parts

Comp .Ex. 1
A

Az

Table 1 {continued)

Qomp Ex. 7
Comp.Ex. 8




(R =ethylene, x +y = 2.2) 33 mol. % The above ingredients
were subjected to poly- 5 condensation to obtain a polyester (called
"Resin A")Y having Mn = 5,000, Mv = 57,000, Tg = 60 [err] acid value = 20,
OH value = 20. Resin Production Exanple 2 Styrene

87 wt.parts 10 Butyl acrylate 13 _

Di -tert-butyl peroxide -78- " The above ingredients were
added dropwi se in 4 hours to 200 wt. parts of xylene heated to the reflux
tenperature. Further, the polynerization.was 15 conpl eted under xyl ene
reflux (138 - 144 [err]) followed by heating to 200 [err] under a reduced
pressure to renove the xylene. The thasteb2zained resin is called "Resin B".

Styrene 75 wt.part (s) 20 Butyl acrylate.
25 2, 2-Bis(4,4-di -t erlodalidatjmn diecyatshek yaiertypeeiron 0:1
Benzoyl peroxide 0.1 To a mxture liquid conprising the

above 25 ingredi mmple__:vocqmpoxpm:s s(@ﬂdvmb@t%@n?‘all‘?ﬁ“h@d-‘@) 12

: Ex. or To classified To classified
5 Comp. Ex. fine powder . coarse powder

- ODy/ODy ODg/ODy
Ex. 1 1.012 0.998

2 1.015 0.990 -
3 1.014 0.991
10 4 1.014 0.992
5 1.016 0.988
6 1.020 ' 0.982
-7 1.013 _.' 0.995
8 1.010 - | - 0.998
15 9 1.009 - 0.997
10 1.025 0.980
11 1.015 0.990
12 1.010 ' : 0.997
13 1.014 | 0.992
20 14 1.023 : 0.981
15 1.020 | 0.980
16 1.010 o 1 0.997

17 1.025 0.998
18 ©1.013 0.988
25 19 1.010 |  0.998

...cont.



w. part of partially saponified palyvinyl alcohol was added, and the
system as vigorously stirred to forma -62- suspension |iquid. The
suspension |iquid was added to a reaction vessel containing 50 wt. parts of
wat er and aerated with nitrogen, and was subjected to suspension

pol ynmeri zation at 80 [err] for 8 hours. After the 5 reaction, the product
was washed to obtain Resin C. The above_gﬁsin B and Resin C at a wei ght
rati o of 70:30 were dissolved in xylene and uniformy nmixed, followed by
removal of xylene to obtain Resin D, which showed a nol ecul ar wei ght
distribution 10 providi ng peaks at nol ecul ar weights of 1.2x104 and [err],

M (nunber -average nol ecul ar wahght) 2=(E8htinaBd)Mv (wei ght - aver age
nol ecul ar weight) = [err] ‘and Tg = 61 ferr] Resin Production Exanple 3 15

Styrene . 80.0 wt.parts Butyl acryl ate
10. 0 Monobutyl maleate ' _ 10.0
20 1.018 _ 0.997
21 1.013 E 0.998
5 Comp. . '
Ex. 1 1.013 0.997
2% 1.120 0.870
3* ~ 1.085 0.902
4 ~1.012 0.996
5% 1.210 0.860
10 -
6 - 1.113 - 0.885
7 ' - 1.019 0.996
8 1.012 - _ 0.998
* The contents of aluminum or chromium in
15
_ ‘classified fine powder, coarse powder and medium
powdér (toner) were respectively measured by the
atomic absorption spectrometry and the ratios among
these values were obtained.
20

25



But ylI

45.0 25

6.0 Resin E was prepared fromthe
Resin E

15. 0 D vi nyl benzene

-peroxide
I ngredi ents otherw se in the sanme manner as in production of

Resin B in Resin Production Exanple 2 above.
40.0 wt.part(s) Styrene

D-tert-butyl
acryl ate
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0.87 g/ 100 m) 20

(solubility in methanol)

[err]

% Na+ and H+ m xture;

the nelt-kneaded

and nelt-kneaded
pul veri zed by a jet stream

m xer

After cooling,

mill,

The above ingredients were pre-m xed bygg-Hensche

through a twin screw extruder at 130 [err].
product was coarsely crushed by a cutter

pul veri zer,

of 6.6 pm
9.6 % (V,

*pozZTTTIN-ox xopmod SuTy pPaTeAcOsy

‘x

-64- nunbgr),
0O 0 00 00 0

% by

49.3 % (N,

and classified 25 by a pneumatic classifier to obtain a
5 pmparticles:
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data of the toner are summarized in Table 1. The | ocalization factors of
the azo-type iron conpl ex in the fine and coarse power fractions were 5
CDF/ ODM = 1.012 and [err] = 0.998. 100 wt. parts of the magnetic toner (1)
and 1.0 wt. part of hydrophob| c silica surface-treated with

‘hexanet hyl di sil azane were bl ended in a Henschel m xer to obtain Devel oper

No. 1. 10 _ The t hus-obtai ned Dgyel oper No. 1 was charged in a
commercially available digital copying machine ("GP-55", available from
- Canon K. K.) and subjected to inmage formation of [err] sheets under nornal
tenperature/low humdity (N/L = 23.5 [err] 9%®RH) 15 conditions and further
3x104 sheet s, mperature/high humdity (HH = 32.5 [err] %H) -
conditions. F er, Devel qper No. 1 was also charged inea comrercially
avai l abl e anal*o copyi.ng nmgchi ne ("NP-9800", avail able f om Canon K. K.) and
subj ected 20|t mage for mgton, of %leSOShgetos ynder 4t nor mal
t enper at ure/ owﬁ*uum d|ty (N/ L) conditions and further [jetr] sheets under
the hi gh t enperattref—ht-ghhtf-ei-ty (H-H—eondi-t+ors—Hne results of the
i mage format g%ests are ghown in Tables 3 and 4.
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In Tables 3 and 4,
synbol s respectively indicating the foll ow ng perfornmances.

Very good O

25

the evaluation results are indicated by

-65- O:

Slightly

Practically of no problem A:

Good [err]:

a commercially
t he

avai l abl e from Canon K K. ) was

Practically unacceptabl e Further,

X:
process cartridge 2 was equi pped 10 with a urethane rubber-made electric

renodel ed as shown in Figure 1 (schenatic88i-ew). Mre specifically,

avail abl e | aser beam printer ("LBP-SX".

probl ematic 5

© L0

—
P
= 2
S ®©

G
ERS
OO0 LD
O .- C -
=E>.- ‘poTTRF UOTINTOSIY  :xx
oS> ‘pozTTTIN-81 TopMod SUTF PaTanocosy iy
SW.I. 2> : : .
€3 8c v o x | ¢6°0 - x lowt| zesee | x [ery| o's/ere | vlezi| e
Wm m o o X | L6°0 ** x |ciou| 9tes9te | x oLt €79/e°9 v{ogL]
mM 2 o o X | 0670 . X {1670| 9°€/9°S | V |SiTL| €°9/€°9 o |ogL] =9
£g38 o o x |oLo *x x |g6°0| 9°¢€/9°s | ¥ loti| 9's/g%9 olozL| =S
£ o do o o v |ot't| o9e/9e | vV |sitL| o9s/€9 | v |seru| o°8/0°8 o | gL 2
@ E o v |sz L | e9/€c9 [Wo oett| e/t | wo|setL| 0°8/0%6 o | 0%l £
“535 o o | x o080 e | x oot e | v ok beste | o det| 2
seNzs o o x o0t | ow/os | v |ezu| o9°s/9s | Vv |ettit ] L/LL o |ogt | *xg
<. m : *dirop
_.m_..m u.mm o o | ©|ori| 0806 | O |evL| 06/0°0L) © jepLjooL/ooL | © |eptL| xlE
o= o o © |ov:L| 0°8/0°8 | © |vp L | 0°6/0°6 | © |ppL|0"0L/070L | © | UL | x0T
9ma £° o o | ©)erL| 0'8/0°6 | © |vyil | 0°0L/0°0L| © |¥¥ L |0°0L/0°0L | © |SpTL | x6l
299y O o K © |ev'L | 0°6/0°6 | © |sv'L | o'ot/0c0L| © |ov L jotoL/00L | © |ZptL | 8l
Sog<o O o |vo fgeL| 1°u/0°g [vo |oy'L | 1°z/0°8 |Vo |Le'L | 0°6/0°6 o |vprL | Ll
_=mos o o © |ovL| o0°8/06 | © [zv'L | o"oL/o0L| © |€v-L |otoL/0t0L | © |w¥TL | 9L
2378 o o o oL | 0806 |© |LpL| o'6/070L| © |¥peL [0°0L/0°0L | © [SpL | SL
E<§E5 © o "[vo [9e't | o0°8/0'8 |vo [8eL | 0°8/0°6 [¥o |ov'L | 0°6/0°6 o |epL | wl
ma 2o 0 o © [se'L| o's/0e [ @ [seL| o0°8/0°6 | © lovL | 0°6/0°6 |- © Lyl | €L
®— mm. o o O | vt 0'8/0°6 | © [¥¥'L | oc0L/0°0L| © |sp°L |0°OL/0°0L | ©@ [SE°i ZlL "xa
2 27E=
“o8m 5 -
0 C o (PeNUTIUOD) p STdRL
.- © O O : .

QOO = —
T = © S50
C C o>
—CC O . m
O o @l




conditions. An OPC photosensitive nenber 3 was primarily charged at a
potential of -600 volts and exposed to 20 forman electrostatic |atent

i mage thereon having a light part potential [err] of -150 volts. At the
devel opi ng station, the photosensitive drum 3 and the devel opi ng sl eeve 6
(encl osing a magnet 15) were disposed with-a gap of 300 pmso that the
devel oper 25 layer on the sleeve 6 did +®4-contact the photosensitive
menber 3, and an AC bias (f =:1800 Hz, Vpp = 1500 V.and a DC bias (VD =
-400 V) were applied =~ -66- in superposition froma bias application neans
12 to the devel opi ng sl eeve 6, thereby devel oping the electrostatic |atent

I mmge by a reversal devel opnent schenme to forma toner inmage on the OPC

" phot osensitive 5 menber 3. The thus-formed toner inmage was transferred onto
pl ai n paper by applying a positive transfer potential and the ptain paper
carrying the toner inage was applied through the heat fixing apparatus 35
to

...cont.

H/H

Image quality

6000 sheets

After

/L
1.8
1.8
1.9

2.2
2.3
1.9
1.9

2.0
2.5
2.0
3.3
1.8
1.8
1.8

2.1
3.1

5000 sheets
2.1

{both sides)

stage
1.45
1.45
1.43
1.44
1.44
1.43
1.43
1.44
1.44
1.43
1.39
1.42
1.43
1.39
1.44
1.45
1.44

1.42
1.43
1.42
1.43
1.43
1.42
1.42
1.43
1.43 -
1.42
1.38
1.42
1.42
1.37
1.43
1.42
1.42

standing

Evaluation by LBP-SX
H/H
Initial | Fignal stage | Final | After

1.45
1.44
1.45
1.44
1.45
1.44
1.44
1.44
1.44
1.43
1.40
1.43
1.44
1.41
1.46
1.45
1.45

Image density

Table 5:

L/L
Final
stage
1.47
1.47
1.46
1.46
1.46
1.45
1.45
1.46
1.45
1.45
1.45
1.44
1.45
1.44
1.47
1.46
1.46

stage
1.46
1.45
1.45
1.45
1.45
1.45
1.45
1.44
1.45
1.44
1.44
1.44
1.45
1.43
1.46
1.47
1.46

N/N
45
.46

1.47
1.46
1.45
1.46
1.45
1.45
1.46
1.45
1.45
1.45
1.46
1.44
1.46
1.46
1.46

Initial | Final

Ex
10

11
12
13
14
15
16
17

Ex.




fix the toner image onto the plain paper. In the 10 heat-fi xi ng appar at us,
the surface tenperature detected by a sensor elenment 21d of a heating
menber 21 was set to 130 [err], and a total pressure of 6 kg was

appl i ed- between the heating nmenbér 21 and a pressing roller 23 with a nip
of 3 mm between the pressing 15 roller 23 and a fixing film22. The
fixing film22 conprised a 50 pmthick hggt-resistant polyimde film
coated, on its side contacting the transfer material P, with a

" lowresistivity release |ayer conprising polytetrafluoroethylene with an
~el ectroconductive.20 substance dispersed therein. Under the above set
conditions, an inage formation test (a printing test) was perforned
continuously for 7000 A4-sheets at a rate of 8 A4- sheets/mn. while
repl eni shing the devel oper as 25 required under normal tenperature/norna
humdity (NNN 25 [err] %RH) conditions. Simlar inmage formation tests were
per formed -67-
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under high tenperature/high humdity (HH = 32.5 [err] %H conditions and
| ow tenperature/low humdity (L/L = 10 [err] 9%H) conditions. In the high
tenperature - high humdity environnment, after a 6500 sheets image 5
formation test, the apparatus and devel oper were | eft standing for 5 days
in the sane environnent and then further subjected to a 500 sheet inmage
formation test. The results are shown -486-Tables 5 and 6. Exanples 2 - 21
and Conparative Exanples 1 - 8 10 Toners having particle size

di stributions respectively shown in Table 1 were prepared in the sane
-manner as in Exanple 1 except that prescriptions also showm in Table 1 were
used. (In Table .1, values x, y andaPlg & average values.) The

| ocal i zation 15 factors of the netal conpl ex _conpounds (inclusive of
azo-type iron conpl ex conpouf¥3d¥a¥ion BEHRFsSX for the respective toners
are shown in Table 2. Fromthese toners, Developers Nos. 2 - 21 and :
Conpar ati ve Devetropers—Nos—i—-8—were—prepared—+r—the—sare—ahner 20 as
in Exanple 1. The resultant l.Qpers r.e res tively eval uated by the
same image formation as i%&é%g’\régllggl. ﬁg&;re%sul t%%%afrvee su-m%aﬂ'zed in Tables

3- 6. g
Ex. 1 o 0 o o
Ex. 2 0 @l o o
Ex. 3 o o) o o
Ex. 4 o o) o o
10 Ex. 5 o o o o
Ex. 6 o o o o
Ex. 7 o o o 0
Ex. 8 © o - -
Ex.. 9 o o o o
15 Ex. 10 o o o o
Ex. 11 o A o o
Ex. 12 o o) o o
Ex. 13 o o o o
_ Ex. 14 0o ‘A P\ o’
20 Ex. 15 o o o o
Ex. 16 o o o °
Ex. 17 A o o o
Ex. 18 o o o o
Ex. 19 o O o o
| 20 -0 o o o

25 Ex.

. .cont.



The evaluation itens listed in Tables 3 - 6 25 are suppl enented

her ei nbel ow. <Eval uation by Digital copier GP-55 and Anal og copi er NP-9800
(Tabl es 3 and 4)> -68- The inmage resol ution was eval uated as fol |l ows.
An original image was prepared so as to conprise 12 types of resolution

i mages including different nunber of thin lines per nm i.e., 2.8, 3.2, 5
3.6, 4.0, 4.5, 5.0, 5.6, 6.3, 7.1, 8.0, -g7Q and 10.0 |ines/mm
respectively, each type including 5 thin |lines spaced regularly so as to
have a line width and a spaci ng which were equal to each other. A copy

i mge was prepared by reproducing the original imge 10 under the
respective i mage form ng condi Tabie &ndcolntdnued )t hr ough a magni fyi ng

gl ass, whereby the largest nunber of |ines/mmat which the adjacent |ines
coul d be observed clearly separately was taken as a resolution. 15.

H gher nunber neans_a higher resolution

Ex. 21 o ' o o o

Comp.
5 Ex. 1 o o o x A

Comp.

Ex. 2 o A A A

Comp. o

Ex. 3 A X x A

Ex. 4 : b4 A ) o
10

Comp. _ _

Ex. 5 o A A A

Comp.

Ex. 6 A ) 4 X A

Comp. '

Ex. 7 o : A b4 A
15 Comp. . .

Ex. 8 4 X b4 A
20 -

25



<Eval uation by Laser beam printer LBP-SX (Tables 5 and 6)> The eval uation
was perfornmed in the follow ng manners for the respective itens. 20 (1)

t mage density The density of an inmage formed on an ordinary 2 plain paper
for copying machine (75 [err] ) after printing 7000 sheets was eval uated by
a MacBeth Refl ection Densitoneter (available from MacBeth Co.) 25 as a
relative density against a density of 0-88-allotted to a printed white
background portion. (2) Fog -69- Image fog (%9 was ev as a

di fference between the whiteness of a white background por '[“““
| mage and the whiteness_of an _original transfer paper by “\m \
"Ref | ect onet eWHAE I3 GLAIMED I5:m Tokyo Denshoku K. K. ). A Teg value® s * .

) o . )
Qxceedlng 4 %is ?[aCthC%LL rp%89| g%%&%ping electrostatic images,

coﬁprising:
| (a) a binder resin,
5 (b) a long-chain alkyl compdund fepresented
by the following formula (1), (2) or (3):
CH3—¢CH ) CH,0H : (L),
wherein x denoteé an average value in the fange of 35
- 150,
10 | CH3—CHy )5~ O—¢CHCHy ~0}s—H C(2).
g
wheréin'x denotes an average value in the range of 35
- 150; z denotes an average valué in the range of 1 -
5, and R denotes H or an alkyl group having 1 - 10
15 carbon atoms,
| CH3—CHyJ}3CHCOOH L (3),
wherein y denotes an average value in the range of 35
- 150;.and
(c) an azo-type iron complex compound'.

20 | représented by the following formula (4);

(Ron | O e
BQ‘ =N @ © (Xdm

| Xo)m' O Fe 0 1 A®
25 _ .}Ezsy_ I 7\

H 1 ¢ n : '
(O)—~N= -@2 o
MR (4)




(3) I'mage quality A checker pattern shown in Figure 4 was printed out and
the dot reproducibility was evaluated 10 by counting the nunber of | acked
dots. The results were evaluated according to the follow ng standards: o
(very good): lack of 2 dots or |ess/100 dots o (good): lack of 3 -_
dots/ 100 dots A (fair): Jlack of 6 - 10 dots/100 dots (poor)

| ack of 11 dots or nore/ 100 dots (4) Fi=-8fhility A fixed

with a soft tissue 2 paper under a load of 50 [err], and mm

eval uated by a lowering (% in inage density after the 20 ng. "he
results were eval uated according to the follow ng standards. o (excellent):
5 % or bel owwhergdsod: angk &zeasndepen%ﬁlmlqu@ dpydrqgen rgtomgt | east

10 % and bel qw 20 %_25 éﬁaor at least 20 % (5) Anti-offset
char act eri st TOWRTs Zivd %9@'@ h &tk Ay S Re it group oOr,

halogen atom; m and m' denote an integer of 1 - 3; Ry

=
=3

and R3 independently dénote hydrogen atom, Ci_.ig alkyl
5 or alkenyl, sufonamide, mesyl, sulfonic acid group,
carboxy ester group, hydfoxy, Ci-1g alkoxy,
acetylamino, benzoylamino or halogen atom; n and n{
denote an integer of 1 - 3; Ry and Ry dehote hydrogen
atom or nitro group; and A% deﬁbtes a cation inclﬁding
10 75 - 98 mol. % of ammonium ion and anéther_ion
sélécted from the group consisting of hydrogen ion,

sodium ion, potassium iron and mixtures thereof.

2. The toner according to Claim 1, wherein said
15 long-chain alkyl compound comprises é long-chain alkyl

alcohol represented by the formula (1).

3. The toner according to Claim 1, wherein said
long-chain alkyl compound comprises a long-chain alkyl

20 alkoxyalcohol represénted by the formula (2).

4, The toner according to Claim 1, wherein said
'-azo—type iron compiex compound has a solubility'in
methanol of 0.1 - 8 g/100 ml.
25
5. The toner according to Claim 4, wherein said

azo-type iron complex compound has a solubility in



-70- of about 5 %was printed out, and the anti-offset characteristic was
eval uated by the degree of s soiling on the inmage after printing of 3000
sheets. The results were evaluated by the following 5 standards. [err]:
Very good (non-observable) o: Good (substantially non-observable) [err]:
Fair x: Poor 10 (6) Sleeve soiling After the printing test, the state of
resi dual toner sticking onto the devel aggyy sl eeve surface and the

i nfl uence thereof -on the printed i mages were eval uated by observati ]
eyes. The 15 results were evaluated according to the folTow ng standards.
[err]: Very good -(not observable) o: Good (substantially mmmmm“‘
[err]: Fair fethakholgofa®.dbsedveylod mii.d not affect 2ol\|“m i ByE 1 1L
* [ L
EN ; .

6. The toner according to Claim 5, wherein said

~azo-type iron complex compound has a solubility in

5 methanol of 0.4 - 2 g/100 ml.

7. The tone: according to Claim 1, wherein said
16ng-chain alkyl compound has a number-average
molecular weight Mn of 200 - 2500, a weight-average

10 molecular weight Mw of 400 - 5000, and a ratio

therebetween Mw/Mn of at most 3.

8. - The toner according to Claim 2, wherein said
long-chain alkyl compound has an OH value of 2 - 150

15 mgKOH/g.

9. The toner according to Claim 8, wherein said

long-chain alkyl compound has an OH value of 10 - 120

mgKOH/g.
20
10. The tbner aCcording to Claim'l, wherein séid
long-chain alkyl compound has an acid value of 2 - 150
| mgKbH/g.
25 "11. The toner according to Claim 10, wherein said

1ong-chain alkyl compound has an acid value of 5 - 120

mgKOH/g.



x: Poor (much sticking was observed and resultant in image irregularity)
(7) Filmsoiling After the printing test, the state of 25 residual toner
sticking onto the surface of the fixing fil mwas eval uated by observation

with eyes. The results are evaluated according to the foll ow ng -71- o
standards. [err]: Very good (not observable) o: Good (substantiatty —
non- observable) [err]: Fair 5 . X: -gijPoor 10 15 20 25

M Il

12, The.toher according to Claim 1, wherein said
toner has a weight—averaée particle size of 4.0 - 10.
am and contain toner,particles of 5 pm or smaller in
terms of % bf number (N %) and % by volume (V %)
5 satisfying N/V = -0.05N + k, wherein k is a number of
3 - 12. | |

13. The toner according to Claim 12, wherein said
toner'has.a weight—average particle size of 4.5 - 9 pm
100 and contain tonef particleé of 5 gm.or smaller ih
terms of % by nuﬁber (N %) and % by volume (V %)
satisfying N/V =.-b.05N + k, wherein k is a number of

4 - 10.-~

15 14._ The toner according to Claim 1, having a

negativé triboelectric chargeability.

15. An-image forming method, comprising:
a charging step of supplying a voltage to a
20 charging means in céntact with a member to be charged
to charge the member to be charged,
| a sfep of forming an'eleétrostatic image on
the charged member fo be chérged, |
a developing step of déveloping the
25 electrostatic image with a toner to form a toner imagé
‘on the member to be charged,

a transfer step of transferring the tomer



-72- [err] -73- [err] -74- [err] -75- N [err] -76- [err]'

-92- !l!lll!l_llll[l i

image to a transfer—reéeiving material directly or via
an intermediate transfer member, and |
a fixing_sfep_of fixing the toner image onto
the transfer-receiving materiél, | |
5 wherein said toner comprises:
(a) a binder resin,
(b) a long-chain alkyl compound represented
by the following formula'(l), (2) or (3):
'CH3—~€CHy)5—CH,0H o (1),
10 - wherein x denotes an average value in.the range of 35
- 150,
CH3 ~CHyJ5% O—CHCH,-0)5—H (2),
!IR |
Qherein X denotes an average value in the range of 35
15 - 150; z denotes an average value in the range of 1 -
5, and R denotes H_or én alkyl group having 1 - 10
carbon atdﬁs, |
CH3—¢CHy 5~ CH, COOH (3,
wherein y denotes an average value in the range of 35
20 - 150; and | |
(c) an azo-type iron coﬁplex compound

represented by the following formula (4),

25



-77-

[err]

-78- Table 2 Localization factors of azo-type iron conpl ex

conpounds (and rel ated conpounds) Ex. or To classified To
-cl assified Ex. fi ne powder coarse powder ODF/ CDM

[err]
0. 990
1.014
1.020
1.010

Ex.

3

10

15

20

25

1 1.012 o 0.998 2

—1t 015
1.014 0.991 10 -
S, AN A

0. 998

®R)a 1€
. Q’N—N _ " X |
Re c

' ‘N
X' 0 JH 4O
. |

ou AN

wherein X, aﬁd X5 indepehdently denote hydrogen atom,

lower alkyllgroup, 1ower'a1koxy group, nitro group or
halogen atom; m and m' denote an integer of 1 -~ 3; R;
and R3 independently denote hydrogen atom, Cl-is alkyl
or alkenyl, sufonamide, mesyl, sulfonic acid.group, |
carboxy ester group, hydroxy, C1-18 alkoxy,
acetYlémino, benzoylamino or halogen atom; n and n'-
denote an integer of 1 - 3; R, and Ry denote hydrogen
atom or nitro group; and A* denotes a cation in¢luding
75 - 98 mol. % of ammonium ion and another ién |
selected from the group consisting of hydrogen ion,

sodium ion, potassium iron and mixtures thereof.

16. The image fotming method according to Claim
15, wherein said charging means comprises a charging

roller means supplied with a voltage.

17. The image forming method according to Claim

15, wherein said charging means comprises a charging



ol

PROORPRPROOR

980
997
023
010

013

998
997
013
085

11
13

9 1. 009 . 0.997 10 1. 025

1. 015 0.990 12 1. 010
1.014 0.992 20 14
0.981 15 - 1.020 : 0.980 16
.0.997 17 1. 025 - 0.998 18
0.988 25 -94.19 1010 ' :

...cont. -79- Table 2 (continued) 20 1.0ﬁ
™ e T s o U

10

15

20

25

brush meapsO@upplied with a voltage.

18. The image fofming method according to Claim
15,.wherein said charging means comprises a charging

blade means supplied with a voltage.

19. The image forming method according to Claim
15, wheréin the toner image on the member to be
charged is transferred to the transfer-receiving
material by a_transfer roller méans supplied with a

voltage.

20. - The image forming method according to Claim
15, wherein the toner image on the member to be
charged is transferred to the transfer-receiving
material by a transfer belf means supplied with a

voltage.

21. The image forming method according to Claim
15, wherein the tonér image on the member to be
charged is transferred to the intermediate transfer

member, and the toner image on the intermediate

" transfer member is'transferred to the transfer-

receiving material by a transfer roller means supplied

with a voltage.

22. The image fotming method according to Claim



0.996 5* 1.210

4 1.012 :
0.860 10 6* 1.113 0.885 7 . 1.019
0.996 8 1.012 - 0.998 * The contents of al um num or

chromiumin 15 classified fine powder, coarse powder and medi um powder
(toner) were respectively nmeasured by the atom c absorption Spectironetry

and thelrat_i os anong these val ues wer e_ghBtai ried.. 20-25 ”!II“j)"IIleI,!”‘IISI[Iﬂ!'I]

15, wherein the toner image on the member to be

charged is transferred to the intermediate transfer |
member, and the toner image on the intermediate
' transfer member is transferred to the transfer-

5 receiving material by a transfer belt ﬁeans subpiied

with a voltage.

23. The image forming method according to Claim
15, wherein'said long-chain alkyl compound comprises a
10 longfchain alkyl alcchol represented by the formula
(). | |

24. - The image forming method according to Claim
15, wherein said long-chain alkyl compound comprises a
15 long~-chain alkyl alkoxyalcohol represented by the

formula (2).

25. The image forming method according to Claim
15, wherein said azo-type iron complex compound has a

20 solubility in methanol of 0.1 - 8 g/100 ml.

26. The image forming method according to Claim
25, wherein said azo-type iron complex compound has a
solubility in methanol of 0.3 - 4 g/100 ml.
25 |
| 27._-The image forming method according to Claim

26, wherein said azo-type iron complex COmpound has a



_[err] [err] 8 -82- [err] [err] -83- [err] -84- [err] - 85-

10

15

20

25

T

-96-
solﬁbility in methanol of 0.4 - 2 g/100 ml.rx

28. The image forming method according to Claim
15, wherein said long-chain alkyl compound has a
number-average molecular weight Mn of 200 - 2500, a
weight-average molecular weight Mw of 400 - 5000, and

a ratio therebetween Mw/Mn of at most 3.

29. The image fo:ming method according to Claim
23, wherein said long-chain alkyl compound has an OH

value of 2 - 150 mgKOH/g.

30. " The image forming method according to Claim
29, wherein said long-chain alkyl compound has an OH

value of 10 - 120 mgKOH/g.

31. The image forming method according to Claim
15, wherein said'long—chain alkyl compound has an acid

value of 2 - 150 mgKOH/g.

32. The image forming method according to Claim
31, wherein said long-chain alkyl compound has an acid

value of 5 - 120 mgKOH/g.

33. The image forming method according to Claim
15, wherein said toner has a weight-average particle

size of 4.0 -~ 10 ﬁm and contain toner particles of 5



-86- Table 6 Evaluation of LBP-SX Fixability  Anti- Sl eeve Fi l
3

of f set soil soil 5 Ex. 1 0 Ex. 2 0 Ex. Ex. 4
10 Ex. 5 Ex. 6 Ex. 7 Ex.-- 8 Ex. 9 15 Ex. 10 Ex. 11
[err] Ex. 12 Ex. 13 Ex. 14 _ ' _—

T

pm or smaller in terms of % by number (N %) and % by
volume (V %) satisfying N/V = -0.05N + k, wherein k is

a number of 3 - 12.

5 34. The image forming method according to Claim
| 33, wherein said toner has a weight-average particle
size of 4.5 - 9 pm and contain toner particles of 5 pm
or smaller in terms of ¥ by number (N %) and % by
volume (V %) satisfying N/V = ~0.05N + k, wherein k is
10 a number of 4 - 10. | ' '

35. The image formihg method according to Claim
15, wherein séid toner has a negative triboelectric
chargeability.
15
36. A process-cartridge, comprising at least a
developing means and a photosensitive member,
.the developing means and the photosensitive
member being integrated into a cartridge which is
200 detachably mountable to.a main body of an image
forming apparafus,.
' wherein the developing means éontains a
tbner, and the téner comprises:
(a) a binder resin,
25 (b) a.long—chain alkyl compound represented
by the fpllowing formula (1), (2).orT(3):

CH3~—~+CH 35 CH,0H ' (1),



20 Ex. 15 Ex. 16 Ex. 17 Ex. 18 Ex. 19 25 Ex. 20 ...cont.

:87- Table 6 (continued) Ex. 21 Cbnp 5 Ex. 1
x Conp. Ex. 2 A Conp. Ex. 3 A X
x Comp. Ex. 4 [err] A 10 Conp

o
T i

wherein x denotes an average value in the range of 35

- 150,
CH3*fCHZ}§?0—fTHCH2—01§~H (2),

.5 whefein x denotes an average value in the range of.35
- 150; z denotes an average value in the range of i -
5, and R denotes H or an alkyl group having 1 - 10
carbon atoms, |

| CH3—(CHy}5—CHCOOH | (3),

.10 wherein y denotes an avefage value in the range of 35.

- 150; and.
(c) an azo-type iron.complex.compound

represented by the following formula (4):;

- ' N
R ©
15
’ (thl
“

. NLJN
20
\. S

(4)

.wherein X, and X5 independently denote hydfogen atom,
lower aikyl group, lower aikoxy.group, nitro group or

25 halogen atom; m and m' denote an integer of 1 - 3: Ry
and R3 independently denote hydrogen atom, C1-18 alkyl

or alkenyl, sufonamide, mesyl, sulfonic acid group,



Ex. 5 0 . A Conp. Ex. 6

X x Conmp. Ex. 7 _ A X 4 15
Conp. Ex. -8 X x 20 25 -88- WHAT | S CLAI MED
s ' [err] 1. A toner for developlng

el ectrostatic images, conprising: (a) a binder resin,
| ong-chai n al kyl conpound represented bygthe follomﬁng for :
(3): [err] wherein x denotes an average value in the rangem Im ," I”H"I
H (2), |

carboxy ester'g:oup, hydroxy, C1-18 alkoxy,

acetylamino, benzoylamino or halogen atom; n and n!'

denote an integer of 1 - 3; R, and R4 denote hydrogen

'atom or nitro group; and At denotes a catibn including

5 75 - 98 mol. % of ammonium ion and another ion
selected from the group consisting of hydrogen ion,

sodium ion, potassium iron and mixtures thereof.

37. The process cartridge according to Claim 36,
10'_wherein said photosensitive member comprises a

photosensitive drum.

38. - The process cartridge according to Claim 36,
wherein a contact charging means is disposed in

15 contact with the photosensitive drum.

39. The process cartridge according to Claim 38,
wherein the contact charging means comprises a

charging roller.

20
40. The process cartridge according to Claim 38,
wherein the contact charging means comprises a
' charging brush.
25 41. The process cartridge according to Claim 38,

wherein the contact charging means comprises a

charging blade.



[err] wherein x denotes an average value in the range of 35 - 150; z
denotes an average value in the range of 1 - 5, and R denotes H or an al kyl
group having 1 - 10 15 carbon atons, [err] (3), whereiny
denotes an average value in the range of 35 - 150; and (c) an azo-type iron
conpl ex conpound 20 represented by the following fornulra (4); [err]

?ntzjgpendent | y denot e[ ﬁ;(rj]r bgen[ :'E (r)]m ) Isg—wle(?ﬁ]glralln E;(ra(r)lrj]p ar]m ml“‘“llmmr“(lm)

‘nitro group or halogen atom mand [err] denote an integer Sletrd
and R3 i ndependently denote hydrogen atom [err] alkyl 5 or aIkenyI

suf onam de, nesy?. sitierprocess] @Mdmqur@tﬂgrtgr@l@imh?droxy, [err]
al koxy, . ' .

wherein a cleaning means is disposed in contact with .

the photosensitive member.

5 43. The process.cartridge aCcording to Claim 42,
wherein said cleaning means comprises a cleaning

blade.

44. The process cartridge according to Claim 36,
10 wherein Said long-chain alkyi compound'comprises a
long-chain'alkyl alcohol represented by the formula

(1).

45, - The_process cartridge according to Claim 36,
15 wherein said long-chain alkyl compound comprises a
long-chain alkyllalkoxyalcohol represeﬁted by the

formula (2).

46. The process cartridge according to Claim 36,
20 wherein said azo-type iron cdmplex compound has a

solubility in methanol of 0.1 - 8 g/100 ml.
47. The process cartridge according to Claim 46,
wherein said azo-type iron complex compound has a

25 solubility in methanol of 0.3 - 4 g/iOO ml.

48. The process cartridge according to Claim 47,



acetyl am no, benzoylam no or hal ogen atom n and n' denote an integer of 1
- 3; R2 and R4 denote hydrogen atomor nitro group; and A+ denotes a cation
including 10 75 - 98 nol. % of ammoniumion and another ion selected from
the group consisting of hydrogen ion, sodiumion, potassiumiron and

m xtures thereof. 2. -The toner accordlng to Caim 1, wh | Ld 15

| ong-chai n al kyl conpound conprises a Ioz zchain aIkyI al cohol represented

by the formula (1). 3. The toner accor g to Claim1l; Em
| ong-chai n al kyl compound conpri ses a | ong-chain al kyl 20 nmmﬂm”m
represented by the fornula (2). 4. The toner according to. dai'm?

wherein said ¥hCsai@Nas §£28RO hag 2ompbubidl hh¥ &n met hanol Of.
0.1 - 8. g/lodﬁlr?ré i3 s# . %hgn?%ﬁér aggoggﬁﬁg to & glﬁ]? wherein said

azo-type IrOnsapimiﬁtfom%eénaamaosobuhl ki nygl/moo m120- nethanol of 0.3
- 4 9g/100 m . [err]
49. The process cartridge according to Claim 36,
5 wherein said long-chain alkyl compound has a number-
average molecular weight Mn of 200 - 2500, a weight-
- average molecular weight Mw of 400 - 5000,'and a ratio

therebetween Mw/Mn of at moét 3.

10 50. The process cartridge according to Claim 44,
wherein said long-chain alkyl compound has an OH value

of 2 - 150 mgKOH/g.

51. The process cartridge according to Claim 50,
15 wherein said_long-chain'alkyl compound has an CH value

of 10 - 120 mgKOH/g.

52. The process cartridge according to Claim 36,
wherein said long—chain'alkyl compound has an acid

20 value of 2 - 150 mgKOH/g.

53. The procesé-cartridge according to Claim 52;
wherein said long—chaih alkyl compound has an acid
vélue of 5 - 120 mgKOH/g.

25
54. The process cartridge according to Claim 36,

wherein said toner has a weight-average particle size



6. The toner according to Claimb5, wherein said azo-type iron conpl ex
conmpound has a solubility in 5 nethanol of 0.4 - 2 g/100 m . 7. The
toner according to Caim1, wherein said |ong-chain al kyl compound has a
nunber - average nol ecul ar wei ght Mh of 200 - 2500, a wei ght-average 10
nmol ecul ar wei ght Mwv of 400 - 5000, and a ratio therebet;
most 3. 8. The toner according to Clajgm?2, wherein sai : o ' I
compound has an OH value of 2 - 150 15 ngKOH g. 9. Thﬂd“@iﬁmaﬁ’ﬂﬂﬂlﬂwto
Claim 8, wherein. said | ong-chain al kyl conpound has an valede L0l 'w 10s - 0
ngKOH g. 20 10. The toner according to Claim1, wherein said |ong-chain '
al kyl conpoyyyd f1aF AN AGiH afd Worfait -tdmdr B dle€L%f 5 yd.or The toner
according to Caim 10, wherein said l'ong-chain al kyl conmpound has an acid
val ue of 5 -siAAdWKAV1erms of $ by number (N %) and % by volume

(V %) satisfying N/V = -0.05N + k, wherein k is a

number of 3 - 12.

_55.- The process cartridge according to Claim 54,
wherein said.toner has a weight-average pérficle size
of 4.5 - 9 mm and contain toner particles of 5 pm or
smaller in terms of % by humber (N %) and % by volume |

10 ' (V %) satisfying N/V = -0.05N + k, wherein k is a

number of 4 - 10.

56. The process cartridge according to Claim 36,
wherein said toner has a negative triboelectric

15 chargeabiiity.

20

25



12.- The toner.according to Claim1l, wherein said toner has a

wei ght - average particle size of ‘4.0 - 10 [err]mand co
of 5 [errlmor smaller in terns of % by nunber (N % and % by volunme (V @6
S satisfying NV = -0.05N + k, wherein k is a nunber of 3Ms$ﬁa}hi3mmljrmal .

toner according to Caim.l2, mhereln said toner .has a wei
particle size of 4.5 - 9 [err]n110 and_ gggLain toner - part
snaller in terns. of % by nunber (N % and % by volunme (V @6 sa y|n

= -0.05N + k, wherein k is a nunber of 4 - 10. 15 14. The toner
according to Caim1l1, having a negative triboelectric chargeability. 15. An
i mage form NEBSERACT, OF OTHE | BISQLOSURRAr gi ng step of supplying a voltage to
a 20 charging nmeans in contact wth a nmenber to be charged to charge the
menber to be charged,Aatchep Ho6rfdevebgpingeedetctooksatdci tmggesn .t he
charged nenber to be charged, a devel oping step of devel oping the 25

el ect r ost at i kavimgea vinihform openpesitbeom andonni fommgperformances

over. varying sizes of toner partic;es'is constituted

5 by-(a) a binder fésin, (b) a long;chain alkyl compound
and (c) an azo-type iron complex. The 1ong—chain
'alkyl compound is represented by the following formula

(1), (2) or (3):

CH3—CHy¥5—CH,0H - (1),
10 . CH3—¢CHy}x—O—(CHCHy-O)5—H (2),

| | . I
CH3—CHy )~ CH,COOH | (3),

wherein X and y independently denote én average value
in the range of 35 -~ 150;'2 denotes an average value
15 in the range of 1 - 5, and R denotes H or an alkyl
group having 1 - 10 carbon afoms. The azo-fype irén
complex ¢Ompound is represented by thé following
formula (4):; - | - :
D SN O °
20 _
_ . . }K;%f_ = <::> " (Xdm

5 | <:>' N= “;%§§E

(4)



on the nenber to be charged, a transfer step of transferrlng

-92- - [err] image to a transfer-receivi i terlal dlrectly
or via an internediate transfer nenber, and a f|X|ng step iBaen Re

toner inmage onto the transferjreceiving mat eri al , alqj
toner conprises: (a) a binder resin, (b) a |ong- cha| n aI ’i

represented by the followng forrmula (1)94C2) or (3): [err]

(1), 10 wherein x denotes an average value in the range of 35 -150, [err]
(2), R wherein x-denotes an average value in the range of 35 15 - 150; z
denotes an average value in the range of 1 - 5, and R denotes H or an aIkyI
group havi ngwHereif xgrhnd ngomndependently denote hydrogen atom,

lower alkyl group, lower alkoxy group, nitro group or

halogen atom; m and m' denote an integer of i - 3; Rl

and Ry 1ndépendent1y denote hydrogen atom, Cy_j;g alkyl
5 or alkenyl, sufonamide, mesyl, sulfonic acid group,

carboxy ester group, hydroxy, Ci-18 alkoxy,

acetylamino, benzoylamino or halogen atom; n and n'

denote an infeger of 1 - 3; Ry and R4 denote hydrogen

atom or nitro group; and A+ denotes a cation 1nclud1ng '

10 75 - 98 mol. $ of ammonium ion and another ion
selected from the group consisting of hydrogen ion,

sodium ion, potassium iron and mixtures thereof.

15

20

25

yu072/2109



[err] (3), wherein y denotes an average value in the range

of 35 20 - 150; and (c) an azo type iron conpl ex conpound represented-by

the following fornula (4), 2 5 [err] (4) wherein [err] and

[err] independently denote hydrogen atom 10 |ower al kyl OrifidRheet 944Bten Replaced

al koxy group, nitro group or hal ogen atom m and m denote"an *
3; [err] and R3 independently denote hydrogen atom [err] alk mmamum! l‘ j
suf onam de, nesyl, sulfonic acid group, carboxy ester group,

al koxy, 15 acetyl am no, benzoyl am no or hal ogen atom n and n' denote an
integer of 1 - 3; R2 and R4 denote hydrogen atomor nitro group; and A+

denotes a cation including 75 - 98 nol. %% of amoni umion and anot her ion
sel ected fromthe group consisting of hydirogen ion, 20 sodiumi on, 7
potassiumiron and m xtures thereof. r

a__|
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FIG.

A Y S A A L A

22




16. The irﬁage form ng nethod according to C aim 15, wherein said charging

means conprises a charging roller nmeans supplied wth a voltage—25-17__The

i mage form ng method according to Caim 15, wherein said charging nmeans

conprises a charging -94- [err] brush neans supplied w samumhiaaﬁR ed .
The image form ng met hod according to Caim15, wherein sai s ;‘y
conprises a charging 5 blade neans supplied with a voltage ?
form ng nethod according to Caim15, wherein the toner |nage on \l

to be charged is transferred to the transfer-receiving 10 material by a
transfer roller nmeans supplied with a voltage. 20. The image form ng net hod
according to Cl aim 15, wherein the toner inmage on the nenber to be 15
charged is transferred to the transfer-receiving .




material by a transfer belt neans supplied with a voltage.—21. The |rrage
formng nethod according to Caim20 15, wherein the toner |mage ~-—-___,
nmenber to be charged is transferred to the internediate trapg E menber ,

and the toner inmage on the internediate transfer nenber is i BeaﬂRtg aced
the transfer- receiving material by a transfer roller rreansl "
with a voltage. 22. The image form ng nmethod according to C

wherein the toner. i nage on the nenber to be charged is transferred t

i nternedi ate transfer menber, an . hage on the intermediate

transfer menber i's transferrgg®0 the trans \-\\ receiving material by a
transfer belt means suppl i g ‘\ I mge form ng nethod
according to C aim15, \ conmpound conprises a

10 1ong-chain al kyl alg \ a 20 '

—-_‘-_‘_




(1) 24.- The image fornmi ng nethod according to daim15, whereimsatd—
| ong-chai n al kyl conpound conprises a 15 |ong-chain al kyl al koxyal cohol
represented by the formula (2). 25. The image form ng nethod aﬂ_&h@bl&mdi
Cl ai m-15, wherein said azo-type iron conplex conpound has a 2 ' :
in methanol of 0.1 - 8 g/100 m. 26. The inmage form ng nethod l

Cl aim 25, wherein said azo-type iron conpl ex conpound has a solubility 1n

met hanol of 0.3 - 4 g/100 m . 25 27. The inage form ng nethod according to

Cl airm 26, wherein said azo-type iron conplex conpound has a -96- [err]
solubility in methanol of 0.4 - 2 g/100 m. 28. The inmage form ng nethod
according to Claim15, wherein said |ong-chain alkyl conpound has a 5

nunber - average nol ecul ar wei ght M1 of 200 - 2500, a




e

.\I(\mght average nol ecul ar wei ght Mwv of 400 - ‘5000, and a r at

Mh of at nmost 3. 29. The image form ng nmethod according ltioﬂﬁll.mm“i@ 28LET
ther ei n said | ong-chai n al kyl conpound has an OH val ue of - 15Q ngK@nggﬁ
30.- The image forming nethod according to Caim 29, wherei|nDsat.d.. ?

Iong chai n al kyl. conpound has an OH 15 value of 10 - 120 "’3’1:'-—":FHE'“'*‘3’ ,
I mage - form ng net hod accordi ng to Caim 15, wherein said |ong- chai n al kyl
conpound has an acid value of 2 - ISOIWKO—Vg 20 32. The imge form ng

met hod according to daim 31, whereifmsard | ong-chain al kyl conmpound has an

LR e,

acid value of 5 - 120 ngKOH g. 25 © 33. The imge fornm ng nethod
according to Caim15, wherein said toper has a wei ght-average particle

size of 4.0 - 10 pm and contain tonerngparticles of 5° [err]mor snaller
interms of % by nunber (N % and % QUi vol une (V % satisfying NNV = -0.05N
+ k, wherein k is o | . : : -

mypmsgpuerp—p——g—F L ot

FIG.
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%
a_nunber of 3 - 12. 5 34. The image form.ng nethod accord1ng to darmi
33, wherein said toner has a wei ght - average particle Si zejl ¢f ™45 2 9'[err]m
“and contain toner particles of 5 pmor smaller in terns of % by ﬁ@ﬁhﬂ%(ﬁ&ﬁ
% and % by volune (V % satisfying NV = -0.05N + k, whereéin ks 10-a: e
nunber of 4 - 10. 35. The inmmge form ng nethod accordlng to Claim 15, =~ =~
wherein said toner has a negative triboelectric chargeability. 15 36. A
process-cartridge, conprising at |east a devel oping neans and a

phot osensi t.i ve nenber, the devel opi ng NS and the photosensitive nenber
being integrated into a cartridge whitirTs 20 detachably nountable to a
mai n body of an image form ng apparatus, wherein the devel opi ng neans
contains a toner, and the toner conprises: (a) a binder resin, 25°

(b) a long-chain al kyl conpound represented by the foll ow ng fornula (1),
(2) or (3): [err] (1),

24

FIG. 2
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- 98- ' ] [err] wherein x denotes an averag valgﬁ
gaﬁgéa@@)

. -~range of 35 - 150, [err] (2), R5 wherein x denotes

“value in the range of 35 - 150;. z denotes an average vaIMe,Ln,ﬁhe-Laﬂge-ﬁf
1 -5, and R denotes H or an alkyl group having 1 - 10 carbon atons, [err]
(3), 10 wherein y denotes an average value in the range of 35 - 150; and
(c) an azo-type iron conpl ex conmpound3f4epresented by the follow ng formula
(4); [err] 15 20 (4) wherein [err] and X2 |ndependently denote hydrogen
atom |ower al kyl group, Iomer ST,

s0um V/// VA %
T 7 7
% %/_ ////,
A VA Y
%/

FIG. 4
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25 hal ogen atom mand m denote an integer of 1 - 3;
i ndependently denote hydrogen atom
mesyl, sulfonic acid group,
[err] al koxy, acetylam no, benzoyl am no or hal ogen atom |inpand-

an integer of 1 - 3; [err] and R denote hydrogen atom or ¥

- 99-

[err] alky
[err] carb

A+ denotes a cation including 5 75 - 98 nol.
ion selected fromthe group consisting of hydrogen ion,

pot assi umiron and m xtures thereof.

[e
| or al ken
oxy ester

roup,

R o) BT |

| pERUAETEHEAT dE' il
i
i

SIS
—
i H

Fogroup; and

% of ammoni um i on and anot her

sodi um i on,

37. The process cartridge according to

Claim 36, 10 wherein said photosensitive4ﬂ§nber conprises a photosensitive
drum 38. The process cartridge accordiTmg—to C aim 36, wherein a contact
charging neans is disposed in 15 contact with the photosensitive drum 39.
The process cartridge according to Claim 38, wherein the contact charging

means conprises a

15




charging roller. 20 40. The process, cartrldge accordliE xGGCLakwpaa_
t

- wherein the contact chargi ng neans mx rush F
‘The process cartridge according to in é@ﬁﬂawtngﬂﬁﬁ
means conpri ses a chargi ng bl ade. ‘TfﬁT? AP

n1 erel cleanlng means |s

process cartridge according to d ai

di sposed in contact with the photosen3|tdye nmenber . 43. The process
cartridge. according to daim42, mhereln sai d cleanlng means conpri ses a

cl eani ng bl ade. 44. .IQBEBLQEQBSDEEELQEEEQ;ELEGTEOSQAEECCIHAGE%6 10 wherein
said | ong-chai n al kyIMAGEpBORMINGNMETBEB ANDoRROCESSnCARERIDGECONOI

representedABETRRETfanmﬂg_btscﬂ@sﬁﬁnaFwocess cartridge according to Claim
36,

A toner for developing electrostatic 1mages ;
having a uniform composition and uniform performances
over varying sizes of toner particles,is constituted
by (a) a binder resin, (b) a long-chain alkyl compound
and (c) an azo-type iron complex. The long-chain
alkyl compound is represented by the following formula

(1), (2) or (3):

CH3—¢CH,y 5 CH,OH | (1),

_cn3-+cnz+§fo—+?ncnz-o+3—n (@),
R

CH3—¢CH )y~ CH,COOH | (3),

wherein x and y independently denote an average value
in the range of 35 - 150; =z denofes an average value
in the ranée of 1 - 5, and R'dehotes H or aﬁ alkyl
group’having 1l - 10 cafbon atoms. The azb-type-iron_
complex.compound is represénted by the following

formula (4);

( Rdn 1°-
BQ'N = @ . " (Xodm

(4)



-

.al koxyal cohol represented by . the f heetﬁzs)aeerﬂﬁeplaaaﬂeu

ess cartr
*accordlng to Claim36, 20 wherein sal q%ﬂ& _____________ gﬁeﬁgﬁ
solubility in nethanol of 0.1 - 8 g/ r:Ann

according to Cl aim46, wherein said

\15 wherein said | ong-chain al kyl conpound conprises a OETR@ ‘@Eﬂéqﬁggggr

conplex conpound has a 25

solubility in nmethanol of 0.3 - 4 g/IOO 4- 48. The process cartridge
according to Cl aim47, [err] -101- mhereln said azo-type iron conpl ex

- conpound has a solubility in methanol of 0.4 - 2 g/100 ml. 49. The process
cartridge according to Caim36, 5 wherein said |ong-chain al kyl conpound

has a number ghaygiaog flrrahacstl a5 niRipalaeMt 19 ddifbte IRAogen Rl average

nol ecul ar wei ght Mwv o

nost 3. 10

400 - 5000 and a.ratio therebetween Mv M1 of at
lowe20alk¥e goapss I ow@rl @10y ABUP Nhiltrd gddiptbor

halogen atom; m and m' denote an integer of 1 - 3; R;
and Rj indépendently denote hydrogen atom, C;_;g alkyl
or alkenyl, sufonamide, mesyl, sulfonic acid group,
carboxy ester Qroup, hydroxy, Cj.1g alkoxy,
acetylamino,.benzoylamino or halogen atom; n and n'
denote an integer of 1 - 3; Ry and Ry denote hydrogen
atom or nitro group; and A*ldenotes a cation including
75 - 98 mol. % of ammonium ion and anot@er ion
selected froﬁ_the group.consisting of hydrogen ion,

sodium ion, potassium iron and mixtures thereof.

Figure 1



Vw] Ky

ai d | OFARGH RER@R’B derligetipmNo- 0460k JETE 7 TR0 pkGH 0.
5 process cartridge accordifpg to Caimb50, 15 &h@Fg %ngrgglong chaln
al k#® conpound has an OH value of |10 - 120 nmpKOH/ g. § r
dﬁﬂ?f@ﬂ@ﬂTH&ﬂdﬁﬂﬂthﬂb Cla|n136 wher ei n sald Iong che C

by (a) a binder resin, (b) a long-chain alkyl compound-

and {(c) an azo-type iron complex. The long-chain
alkyl compound is represented by the following formula
(1), (2) or (3):
CH3—CHy¥5—CHyOH
CH3—+CH2+§—O—+?HCH2-O}E—H
R

(1),
(2),

CH3—{CHy}5~ CH,COOH (3),
wherein x and y independently denote an average value
in the range of 35 -~ 150; z denotes an average value
in the range of 1 - 5, and R denotes H or an alkyl
group having 1 - 10 carbon atoms. The azo-type iron
complex compound is represented by the following

formula (4);

r

Yo
Ron @
N=N @ (X0m
~ O\I/O i H
(O.0) P < A D
% N@ o/E c\o s
H— I Ran’
=2
R,
\ O

(4)

(see continuation)

to Cla|n152 mhereln sald Ion%ég dln'alkyl conpound has an acid value of

. 120 : mgKOH g. 2585%0neTh EOf Geved RIS (*IRe ERRﬁFQﬁ%ﬁ)%Q?Q?%Jn136 wher ei
sald to r has a weight-average .particle; size
[orr] off3XNG &oUpLEPFH SABPESHELTH @&?erundaﬁque%rf&rfsarb?ﬁ%r smal ler |
Lervn\f]efgqﬁ/é%yvggggﬁgn%éf /%f o%d % é%r Bl B S AGLV Y = -0 05N

H
A
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Mr oces §EMQHQBE\EQBI gopisater e 09446 e JERY I zt aner i

erage particle size of 4.5 - 9 [err]mand cdntain 't oner partlclles
pmor smaller in terns of %Ny nunher (N % and g

P’&EX&?QF@WABSTR@@BN Sk wherel K e number o e

rOCESS cartridge accordimg to Crarm 36, WHereirm Sar d toner has a negative
1 ic 15 chargeability. 20 25
{don%nua 1on5 9 y

wherein X; and X, independehtly denote hydrogen atom,
lower alkyl group, lower alkoxy group, nitro group ox
halogen atom; m and m' denote an integer of 1 - 3; Ry
and Rq independently denote hydrogen atom, Cj_1g alkyl
or alkenyl, sufonamide, mesyl, sulfonic acid group.,
carboxy ester group, hydroxy, Cji_isg alkoxy,
acetylamino, benzoylamino or halogen atom; n and n'
denote an integer of 1 - 3; Ry and R4 denote hydrogen
atom or nitro group;-and At dehotes a cation iﬂcluding
75 - 98 mol. % of amménium.ion and another ion
selected from the group consisting of hydrogen ion,

sodium ion, potassium ion and mixtures thereof.

Figure 1 __

Foot note: In consideration of the statements on page 17 of the description (and e.g. page 72,

ex. 2,4 (K+)) it is suggested, that the word ,,iron“ in the last line of the abstract

should read ,,jon“, although there is the same spelling in the description (see e.g.
page 12, linel2; page 20, line 20). See also the abstract of EP 0 621 513 A2/A3,
cited in the Search Report.
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