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1 TONER HAVI NG NEGATI VE TRI BOELECTRI C CHARGEABI W )5§~'D—

AND DEVELOP] NG METHOD FI ELD OF THE | NVENTI ON AND RELATED ART 5

The present invention relateg to a toner for devéj oy ng el ectrostatic
i mages in image form ng ~Jmet hods, such as electrogkﬂ%fﬂ@#ﬂﬂﬁﬁﬁﬁk

el ectrostatic . recordi ng, or an inmage form ng nmethod bf the toner jet
recordi ng scheme, and a devel opi ng methodrsing the 10 toner.

It is necessary for such a toner to be provided with a positive or
negative charge dependi ng on the polarity of an electrostatic inmage to

Cever sal "devel opRORENBAGH e NeCATHYe gkl n R AR iy 0

utilizing a ~ triboelectric I sin as a toner
g@@??ﬁ%ﬁdéﬁ% UeTiidis

conponent, but the toner charg Ity tnthrs case is . unstable so
that the resultant imge density cannot be

FIELD OF THE INVENTION AND RELATED ART

5 The present invention relates to a toner for
\ .developing electrostatic images in image forming
methods, such as electrophotography and elecfrostatic
recording, or an image forming method of the toner jet
recording scheme, and a developing method using the
10 toner.

It is necessary for such a toner to be
provided with a positive or negative charge depending
on the polarity of an electrostatic image to be
developed and the developing mode (normal development

15 mode or reversal development mode).

A toner can be charged by utilizing a
triboelectric chargeability of a resin as a toner
component, but the toner chargeability in this case is
unstable so that the resultant image density caﬁﬁst be

20 | raised quickly at the start of image formation and the
resultant images are liable to be foggy.' For this
geason, it has been frequently practiced to add a
charge control agent to the toner to provide the toner
with a desired triboelectric chargeability.

25 The charge control aggnts known in the art
nowadays.include: negatively cﬁargeabie charge control

agents inclusive of metal complex salts of monocazo

K



20 raised quickly at the start of inajb formation and the resul t ant

Il mges are liable to be foggy. For this reason, it has been frequently
practiced to add a - charge control agent to the toner to provide the

t oner with a desired triboelectric chargeability. 25 ~ The
charge control agents known in the art nowadays i nclude: negatively
char geabl e charge control agent s i ncBusi ve of netal conpl ex salts of
nonoazo - 2- dyes; neta
conpl ex salts of hydroxycarboxylic acids, di carboxylic acids and
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ammoni um sal t 8énfafhfifg an a€f8i8 component. On ERYCYRher 3l such
known charge contro

known positively chargeable charge control agents

5 include: nigrosine dyes, azine dyes, triphenylmethane
dyes and pigments, quaternary ammonium salts, and
polymers having a quaternary ammonium salt as a side
chain.

However, most of such known charge control

10 agents applicable to color toners have still left
functionally unsatisfactory points, such as difficulty
in formation of uniform highlight images and a large
fluctuation in image density during continuous image
formation.

15 Other points to be further improved may
include: a difficulty in obtaining a good balance
between image density and fog prevention, a difficulty
in obtaining a sufficient image density in a high
humidity environment, a poor dispersibility in an.-

20 resin, and adverse effects on stofage stability,
fixability and anti-offset property of the resultant
toner. |

As known charge control agents, metal
complexes or metal salts of aromatic carboxylic acids

25 have been proposed in Japanese Laid-Open Patent
Application (JP-A) 53-127726, JP-A 57-111541, JP-A 57-

124357, JpP-A 57-104940, JP-A 61-69073, JP-A 61-73963,



10 agents applicable to color toners Have ‘still left ~ functionally
unsati sfactory points, such as difficulty in formation of uniform

hi ghl i ght i nages and a | arge fluctuation in image density during
conti nuous i nage formation. 15 O her points to be further

| nproved may include: a difficulty in obtaining a good bal ance
between i mage density and fog prevention,™ 3rdifficulty I n obtaining a
sufficient inmage density in a high hum di ty environnent, a poor
dispersibility in a 20 resin, and adverse effects on storage stability,
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proposed in these references are generally excellent
5 in performance of imparting triboelectric
chargeability, but few of them are satisfactory in
providing a stable developing performance regardless
of environmental condition change, continued use and
condition of use even when used in a simple developing
10 . device structure; Few of them provide a stable
developing performance in a long term of continuous
image formation when used in a high-speed image
forming machine. Further, many of them are affected
by other toner materials, thus posing a constraint on

15 the selection of such other toner materials.

SUMMARY OF THE INVENTION

A generic object of the present invention is

to provide a toner having a negative trlboelectrlc
20 ' chargeability and having solved the above-mentioned
problems.

A more specific object of the present
invention is to provide a toner having a negative
triboelectric chargeability and a developing method

25 using the toner capable of stably providing high image
qualities even when used in a low humidity environment

or in a high humidity environment and not causing



JP-A 61-267058, JP-A 62-105156, JP-A 62-145255, JP-A 62- 160361, JP-A
63- 208865, JP-A -3-276166, JP-A 4- 84141, and JP-A 8-160668. Charge
control agents proposed in these references are generally excellent 5
in perfornmance of inparting triboelectric chargeability, but few of
them are satisfactory in provi ding a stabl e devel opi ng perfornmance
regardl ess of environnent al condltlbﬁ'change conti nued use and
condition of use even when used in a sinple devel oping 10 device
structure. Few of them provide a stable devel opi ng performance in a

mage 1 or WAL HRERERES BLPE LGP SRaRE SFonom arc affected by
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generic obj eclppbyife FTESREE hAVPRY! AMnbgative t01BEAYEERracI ONer having a
negative trlboelectrlc chargeabi l ity and having sol ved the

above- rrentlone@lhargeampbtynwmch is less 1iaP1BDte gpediti EinObJ ect of the

pr esent invention is to provide a toner having a negative

triboel ectsi c dseegbabated ytandr aedenewhpnngsedt inda cartridge-type
developing device of either a replenishment-type or.a
use-up type and exhibits excellent developing
performance, and a developing method using such a
tonér.

10 Still another object of the present invention
is to provide a toner having'a negative triboelectric
chargeability and a developing method for developing
electrostatic images capable of continually providing
developed images faithful to electrostatic images even

15 in a long term of continuous image formation.

According to the present invention, there is
provided a toner having a negative triboelectric
chargeability, comprising at least a binder resin,_a
colorant and an organic metal compouhd, o

20 ' wherein the organic metal compound is an
organic zirconium compound comprising a coordination
or/and a bonding of zirconium and an aromatic compound
as a ligand or/and an acid source selected from the
group consisting of aromatic diols, aromatic

25 hydroxycarboxylic acids, aromatic monocarboxylic
acids, and aromatic polycarboxylic acids.

According to another aspect of the present



25 wusing the toner capable of stably providing high imge qualities

even when used in a low humdity environnent or in a high humdity
envi ronnment and not causing _ « 4-

i mage defects with | apse of tine. ~Another object of the
present invention is provide a toner having a negative triboelectric
chargeability which is less liable to resdtt in 5 deteriorated toner even
when used in a cartridge-type devel opi ng device of either a n
repl eni shnment-type or a use-up type and exhibits excellent devel oping

performance, and_ a devel opi ng net hod uséag_such toner. 1
i

Still another ob 2t B HEDT SR RTPTY %nﬁefﬁbdi§°FodﬁY8§PHég§ foneL |
For devel oping™ =lePRE AL tinage, CBRBEERING ¥p8C8REPRURFE) "br ovi di ng
devel oped i mages fm1Jﬁfgr$fh§|§Ff£§@fa$fcaiﬂ@ﬂg§c8¥$8nent developer
comprising the above-mentioned toner having a negative
5 triboelectric charge in a regulated thickness on a
developer-carrying member by a developer thickness-
regulation means, and
developing an electrostatic image on an
electrostatic image-bearing member disposed opposite
10 to the developer-carrying member with the mono-
component developer carried on the developer-carrying
member.
These and other_objects,.features and
advantages of the present invention will become more
15 apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are respectively a sectional
illustration of a developer replenishment-type
developing device equipped with a developer~-carrying
member and a magnetic blade (Figure 1) or an elastic

25 blade (Figure 2), respectively, as a regulating member
and applicable to an embodiment of the developing

method according to the invention.



15 in a long termof continuous inmage formation. According to

the present invention, there is provi ded a toner having a negative
triboelectric chargeability, conprising at | east a binder resin, a
col orant and an organic netal conpound, 20 wherein the organic
metal compound is an organi ¢ zirconi um conpound conprising a

coordi nation or/and a bondi ng of zirécni um and an aromatic conpound
as a ligand or/and an acid source selected fromthe group consi sting
of aromatic diols, aromatic 25 hydroxycarboxylic acids, aromatic
nonocar boxyl i c acids, and_aromatic QI¥FarboxyIic aci ds. .
According to another asPa8Prsi 3; A8 pr Bagkial sectional illustratiengn,

there is providgd a net?od for developing‘lb aq{el trq;tatic i mage,
conpri si ng t heCt Bpgegploper-carrying megper, apbLd, A #bno- conponent

devel oper .1 siag th b - N o L lve 5
triboelectric %ﬁgggéh%@a&rfegﬁ ag é?egﬁ%éb%gg%‘%ﬁ a 2dthg €5 98e
invention.
5 ' Figure 4 is an illustration of an image

forming apparatus to which the developing method

according to the invention is applicable.

DETAILED DESCRIPTION OF THE INVENTION

10 We have found it possible to provide a toner
having a quick chargeability, having a high
chargeability even in a high humidity environment and
also free from excessive charging even in a low
humidity environment by using an organic zirconium

15 - compound obtained by reaction of a zirconium compound
with an aromatic diol, an aromatic monocarboxylic
acid, an aromatic polycarboxylic acid or/and an
aromatic hydroxycarboxylic acid. The organic
zirconium compound used in the present inventioﬂ.gg

20 excellent in transparency and is desirably used in a
color toner_for providing clear color images. The
organic zirconium compound can contain below 20 wt. %
of hafnium element based on the zirconium element.

The organic zirconium compounds usable in the

25 present invention may be classified into the following

three categories:

(i) zZirconium complexes each comprising



devel oper-carryi ng nenber by a devel oper thickness- regulatlon nmeans,

and devel oping an electrostatic i nage on an """" T T
el ectrostatic i mage-beari ng nmenber di sposed opp05|te to the

devel oper-carrying nenber with the nono- onent %m&whmﬁ
on the devel oper-carrying nenber . "I'

obj ects, features and advant ages of 4he present v

nore 15 apparent upon a consideration of the follomnng escrlp

of the preferred . enbodi nents of the present invention taken in
conjunction with the acconpanyi ng, draw ngs. 20 BRI EF DESCRI PTI ON
OF THE DRAW NGBetal element ofyizdpcaniumand aarle‘»sm(e%flmwremebccl onal

illustration of developer r.epl hnent t devel opi ng devi ce
equi pped with &3 8’&\/ ﬁ't}’ds roxy Y]a’rfii acidhgPet#R bl ade (Figure

menber - and SRR SR c(aF' AR of the Geveloping - et hod
according to the |nventquj zirconium complex salts each comprising
5 a metal element of zirconium and a ligand of an
3 aromatic diol, an aromatic hydroxycarboxylic acid or
an aromatic polycarboxylic acid, and

(iii) salts of zirconium with aremétic
carboxylic acids inclusive of aromatic carboxylic

10 acids, aromatic hydroxycarboxylic acids and aromatic
polycarboxylic aéids.

It is preferred to use a zirconium complex or
zirconium complex salt including 1 - 4 units of
aromatic diol, aromatic hydroxycarboxylic acid or

15 aromatic polycarboxylic acid so as to form a chelate.
It is also possible to use a zirconium complex or
complex salt including 1 - 6 units of coordinating
carboxy anions of aromatic diol, aromatic
hydroxycarboxylic acid or aromatic polycarboxylie.-

20 acid. 1In the case of an organic zirconium salt, it is
preferred to use a salt having 1 - 4 units, more
preferably 1 - 3 units, of aromatic carboxyl acid,
aromatic hydroxycarboxylic acid or aromatic
polycarboxylic acid. It is also possible to use a

25 mixture of complexes or complex salts having different
number of chelates or/and different species of

ligands. The zirconium salt can also be a mixture of



- 6- ' Figure 3 ts a partial sectional illustration of a

- devel oper-carryi ng nenber applicable to an enbodi nent of the

devel opi ng nmet hod according to the i nvention. 5 Figure 4 is
an illustration of an inmage form ng apparatus to which the devel opi ng
-met hod according to the invention is applicable. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 10 -8- W have found it possible to
provi de a toner havi ng a quick chargeability, having a high
chargeability even in a high hunidity environment and al so free from
excessi ve chargkﬁg)even in a |l ow hum di t _environneqﬁ by using an
organi ¢ zircorh Ii@ﬂﬁﬁnﬁﬁﬁﬁf?ﬁn%ﬂrﬂﬁ??ﬁ?? TR YR 22 F?conlun1conpound

bol ycar boxyl | ¢t igig Hheds oF R dNR G 45808 1R o, The
organi 1R T C%‘H@‘B}dgaliﬁf‘é’ 2 11 d i i SSEHBoldl C84h OR1 58 be
a mixture of an organic zirconium complex compound and
5 an organic zirconium salt.
| It has been found that the organic zirconium
compound provides an excellent developing performance
to a mono-component developer, inclusive of a magnetic
toner containing magnetic powder, which.is required to
10 -exhibit a quick chargeability and a high chérgeability
through relatively few triboelectrification
opportunities,'because of excellent performances as a
negative charge control agent of the organic zirconium
compound. It is also optimum to provide a non-
15 magnetic toner used in a non-magnetic. mono-component
developing method.
It is preferred that the organic zirconium
compound is used in combination with a resin having an
acid value in order to further improve the o
20 -triboelectric chargeability while utilizing the
polarity of water molecules retained in the toner
particles. The dispersibility of the organic
zirconium compound in the toner can be improved by
using two or more species of waxes having different
25 melting points or compositions, thereby préviding a
toner showing improyed uniform chargeability and

continuous image formation performances.



20 excellent in transparency and is desirably used in a col or toner

for providing clear color imges. The organi ¢ zirconi um conpound can
contain below 20 wt. % of hafnium el ement based on the zirconium

- el enent . The organi c zirconi um conpounds usable in the 25
present invention nmay be classified into the foll ow ng . three
cat egori es: (i) zirconium cBnpl exes each conpri sing
-7- nmetal elenent of zirconiumand a |igand of an aromatic
diol, an aromatic hydroxycarboxylic acid or an aromati c pol ycarboxylic
aci d, (i) zirconium conpl ex %al%g each conprising,., 5 a neta
el ement of zirconi um ant@ FPRERJRGFORHING 10,1 BRaPFESERY 10 tic
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aromatic nDnOC3§R95¥L§Ca sufficient chargeability in a low or high
humidity environment but also suppresses a 1owefing in

5 image density during a long term of continuous image
formation. The organic zirconium compound is
particularly effective for use in a magnetic toner
containing a magnetic iron oxide comprising various
different species of elements. Iron oxide containing

10 different elements or oxides or hydroxides of such
different elements, or iron oxide forming a mixture
crystal with such different elements, may be effective
for adsorbing water molecules, thus effectively
improving and stabilizing the charging based on

15 utilization of the polarity of water molecules. This
effect is enhanced when a binder resin having an acid
value is used in combination therewith.

The organic zirconium compound used in the

present invention includes a_zirconium ion capabié'of

20 ' easily assuming an ocfa—cbordinated configuration to
be coordinated or bonded with oxygen of carboxyl
and/or hydroxyl group. Accordingly, if a binder resin
having an acid value, such as a styrene resin having a
functional carboxyl group or a polyester resin, is

25 used together therewith, the organic zirconium.
compound can exhibit a good affinity with and a good

dispersibility in the binder resin, so that the



10 acids,
pol ycar boxylic acids. It is preferred to use a zirconi um
conpl ex or
aromatic diol, aromatic hydroxycarboxylic acid or 15 aronmatic

aromati ¢ hydroxycar boxylic acids and aromatic

zi rconi um conplex salt including 1 - 4 units of

pol ycarboxylic acid so as to forma chel ate. It is also possible to
use a zirconi um conpl ex or conpl ex$&+t including 1 - 6 units of
coordi nati ng carboxy anions of aromatic diol, aronmatic

hydr oxycar boxylic acid or aromatic pol ycarboxylic 20 acid. |In the case

of an organic_zirconiumsalt, it

preferred to use a salt having 1 -
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4 units, noreliberatiop.thereof from, the; toner, Narkicles TkyPe aci d,
aronmati ¢ hydrox
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exhibits little adverse effect to the toner

transparency, thus being preferable for constituting a

color toner.

Further, as the binder resin can be provided
with an increased crosslinking wvia the carboxyl or
hydroxyl group of the binder resin coordinated with
the zirconium, the binder resin can be provided with
an increased rubber elasticity, which favors an
increased releasability and effective prevention of
soiling of the fixing member. Thus, it is preferred
that the binder resin is crosslinked to such a degree
that it contains a THF-insoluble content. As a
result, it becomes possible to exert a shearing force
during melt-kneading, thus improving the dispersion of
a magnetic material, a pigment, or a dye to provide a
toner exhibiting a high coloring power and/or a éiéar
‘hue. |

As.mentioned above, the organic zirconium
compound used in the present invention is excellent
in triboelectric chargeability-imparting performance,
so that it functions as a charge control agent
suitable for a magnetic toner requiring a high.
chargeability. Further, the organic zirconium

compound not only shows a good dispersibility thereof



two or nore species of organie zirconiumsalts I ncl udi ng those of

di fferent nunbers of acids per nmol ecul e. The organic zirconium
conmpound can al so be a mxture of an organic zirconi um conpl ex
conpound and 5 an organic zirconiumsalt. It has been found
that the organic zirconium conpound provi des an excel |l ent devel opi ng
per f or mance to a nono-conponent develbper, inclusive of a magnetic
toner containing nagnetic powder, which is required to 10 -exhibit a quick
chargeability and a high chargeability through relatively few
triboelectrificatiaon ortunities, ?ecau se of _excel |l ent Eerfornances

as a negat® @ Rindee E ’i‘o‘P‘“ég%%?o uf‘ﬁ?BPﬁaﬁPc‘-’fPF‘B’dﬁ
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with a resin havin ue in order to I nprove the 20
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nol ecul es retained In the toner particles he dispersibility of the

organic 5 ZzZhAf£PSiNMEELLHEAPIlityt BRdt 8BAtiAABuBeimAGEOYBEmMAion USIiNg
two or nore species of waxes having different

\ performances.

Further, it has been found that the organic
zirconium compound used in the present invention
exerts some influence on the surface tension of the

10 toner binder iesin and provides a toner with an
excellent releasability when used in combination with
a plurality of waxes. As a result, it becomes
possible to provide a toner exhibiting excellent anti-
offset characteristic and suppressed soiling of the

15 fixing member. This effect is promoted when used in
combination with a binder resin having an acid value.

Another characteristic of the organic
zirconium compound used in the present invention is
that it provides a.toner less liable to cause a o

20 lowering in develbping performance after standing.
For example, when the toner is used in a high-humidity
environﬁent, then left standing for some pause period
and then re-used for image formation, the resultant
images cause little lowering in image density.

25 | Further, the toner according to the present
invention containing the organic zirconium compound is

less liable to cause insufficiently charged toner



25 nelting points or conpositi-ons, thereby providing a t oner show ng
| mproved uni form chargeability and continuous inmage formation
per f or mances. -9-

The toner according to the present invention contai ning the organic
zi rconi um conpound not only exhibits a sufficient chargeability in a
| ow or high hunmi dity environnment butl@kso suppresses a lowering in 5
i mage density during a long term of continuous inage formati on. The
organi ¢ zirconi um compound i s particularly effective for use in a
magneti c toner containing a magnetic iron oxide conpri_sing various
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wherein the agglomerating force is lowered, thus

5 causing various difficulties. More specifically, in
case of an image forming system using the corona
charging scheme, the scattered toner is attached to
the charging wire to cause discharge abnormality which
results in an abnormally charged electrostatic image

10 leading to a streak-like image defect in the case of
primary charging and also a streak-like transfer
failure in the case of transfer charging. However,
the toner according to the present invention can
reduce such difficulties. 1In case of an image forming

15 system using a contact charging scheme, the scattered
toner is liable to soil the contact transfer unit and
the soiling toner is liable to be transferred to a
transfer paper, thus causing so-called back soiling.
The toner according to the preéent invention is ;iéo

20 | less liable to cause such difficulty.

In the dase_of a non—magﬁetic toner, the
toner particle scattering phenomenon is mofe
notideably caused in a high~humidity environment since

~the toner is constrained only by an electrostatic
25 force, this scattering phenomenon is also reduced by
the toner according to the present.invention..

Further, in a low-humidity environment, a non-magnetic



15 utilization of the polarity-of water nolecules. This effect is
enhanced when a binder resin having an acid value is used in .
conbi nati on therewth. The organi ¢ zirconium conmpound used in
t he present invention includes a zirconiumion ChpskRb@laOBeen R1RaSI | Y
assum ng an octa-coordi nated configuration to be _ bonded
w th oxygen of carboxyl and/ or hydredB- group. Al 1| | |E

bi nder resin havi ng an acid val ue, such as a styr _ ng a
functional carboxyl group or a polyester resin, is 25 used together
therewith, the_ organic zirconium conpound can exhibit a good affinity
with and a good°RET 1§ djapdepito cause ehdemsider inzagnlagdtthdn tahe

-10- i be ion thereof. fromthe toner particles can be wel
suppressed to g?gsﬁﬂgealﬁﬁgFopﬁFa & dosutfigienFly chazged ¢ chargeability.

' ' Is e Lbits |ittl d ef fect to the
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toner according to the present invention.

5 Now, the organic zirconium compounds inclusive of
4 zirconium complex, complex salts and salt with
aromatic diol, aromatic hydroxycarboxylic acid and
aromatic polycarboxylic acid will be described more
specifically.

10 Preferred examples of the zirconium complex
or complex salts may include those represented by
formulae (1) and (2) below:

_X | (2n-4)® o
Ar.\\ Zrt—(L)m (2n-4)CI
Y (1)
15 n . or
(n-2)c22®
wherein Ar denotes an aromatic residual group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl, o
20 alkoxycarbonyl, anyloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or
carbamoyl; X and Y independently denotes O or -CO-0O-;
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; C1 denotes a monovalent
25 cation, such as hydrogen ion, monovalent metal.ion,
ammonium ion or alkylammonium ion; C2 denotes a

divalent cation, such as a metal ion; n is 2, 3 or 4:



col or toner.

Further, as the binder resin can be provided

with an increased crosslinking via the carboxyl or ———hydrexyl--group-of
the binder resin coordinated with 10 the 2|rcon|un1 the blnder resin can
be provided with an increased rubber el asti

I ncreased releasability and effective prevention of he
fixing nmenber. Thus, it is preferred -14hat the bin mll u" II‘
crosslinked to such a degree 15 that it contains a THF-1nsol ubl e content

As a . result, it becones possible to exert a shearing force durlng
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conmpound not only shows a good di spersibility thereof

5

10

from each other in each complex or complex salt of a
formula. Further, each complex or complex salt of a
formula can also be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
Cl or/and C2. 1In order to improve the dispersibility
in binder resin and charge control ability of a

complex or complex salt, it is preferred that the

~aromatic residue group (Ar) comprises benzene ring,

15

20

25

naphthalene ring, anthracene ring or phenanthrene
ring; the optional substituent is alkyl, carboxyl or
hydroxyl; L is water; and Cl is hydrogen sodium,

potassium, ammonium or alkyl ammonium.

. _x (L)y | (20-4)@
Ar::: zr_ (2n+k-4)c1®
Y (A)y
n or

(2)

(n+k/2-2)C2%®
wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
alkoxycerbonyl, aryloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or

carbamoyl; X and Y independently denotes O or -CO-0-;



In a binder resin but also functions to pronote the di spersion of a

magnetic material in the binder resin if a resin having an acid val ue
is used as the binder resin, thus providing a magnetic toner wth

i nproved 5 uniformchargeability and continuous inmage formation _

per f or mances. Further, it has been found that the organic

zi rconi um conpound used in the present i mAdrtion exerts sone influence
on the surface tension of the 10 toner binder resin and provides a toner
with an excellent releasability when used in conbination with a

lurality of xes. As a result, it becopes ossible to provide a
ltoo'ner ex%i bi t i g%’é’éﬁserﬁ ngitral 119@% "ﬁfeﬁ‘"g\'ct%lr"f%??b aﬂ&“@%bﬁge;sed
soiling of the fjxi ery._ Thi ffect is prommted ep used in
conbi nati on wi taﬁ'&gflbal'dnlé{eérﬁl%r e ¥R Iir?fe&c? R fhsnion of V@a{ggenAnot her

characteristicpRigdig 10" mﬂoxy&eatez,i pretolel| eég,n}}?lﬁ%ﬁeds&ffé@% present

I nvention is that it provides a toner 0 Tause
cyano or thiocyano, a plurality of A can be identical

5 or different when k > 2; Cl denotes a monovalent
cation, such as hydrogen ion, monovalent metal ion,
ammonium ion or alkylammonium ionﬁ C2 denotes a
divalent cation, such as a metal ion; n is 1, 2, 3 6r
4; mis 0, 1, 2, 3 or 4; ak is 1, 2, 3, 4, 5 or 6;

10 a number (when n > 2) of ligands (such as aromatic
carboxylic acids and diols) can be identical to or
different from each other, and a number (when m 2 2)
of neutral ligands can be identical to or different
frém each other in each complex or complex salt of a .

15 formula. Further, each complex or complex salt of a
formula can also be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
Cl or/and C2. 1In order to improve the dispersib;iity

20 in binder resin and charge control ability of a
complex or complex salt, it ié preferred that the
aromatic residue group (Ar) comprises benzene ring,
naphthalene ring, anthracene ring or phenanthrene
ring; the optional substituent is alkyl; carboxyl or

25 hydroxyl; L is water; Cl is hydrogen, sodium,
potassium, ammonium or alkylammonium; and A is

hydroxyl or carboxylate ion.



20 lowering in devel opi ng performance after standing. For exanpl e,

when the toner is used in a high-humdity environnent, then |eft
standi ng for some pause period and then re-used for image formation,

t he resul tant i mges cause little lowering in inmage density. 25
Further, the toner according to the present I nvention containing the
organi ¢ zirconium conpound is |l ess I+bbte to cause insufficiently

char ged toner -12- particles
| eading to scattering toner particles. For exanpl e, a magnetic toner
Is liable to cause a noti ceabl e scattering in a |lowhumdity

envi r onment wher ei FFYRERHg| BFRFAFTRY ?B?t§1?§sP§mBFea1rFﬁHéum5

causing various difficulties. {e sg ficall ¢ n i mage

f or i ng systenw%ﬁﬁ@kﬁ%?ﬁa?ﬁw?ﬁﬂ? ex %ﬁé ? 'Y éﬁhﬁﬁgfeﬁﬁﬁ §§aP¥eF t oner
ttached t di sch b lity which

asal te in an dAorenTTg TRarabte 38 1 oBiTC (mge 10 leading o 4

streak-li ke im defect in dRe case of (2n-4)"
.i(n)l—@ Zr «—(H50) (2n-4)c1t (3)
O7n
0 1(2n-4)"
[ i
C-0
QR)I—@: }er—(HZO)m (2n-4)c1*  (4)
O n
/
0\
' ) N
~ (2n-4)"
(R)l—@: >>Zr<-—(H20)m (2n-4)c1*  (5)
>C-0
' /
\
15 In the -above formulae (3), (4) and (5), R

denotes a substituent of hydrogen, alkyl, aryl,
aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carbozxyl, halogen, nitro, amino 6r carbamoyl, a

20 plurality (when 1 > 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a
Plurality of R can be identical or different; C1l
denotes a monovalent cation such as hydrogen, alkaline

25 metal, ammonium or alkylammonium; 1 is an integer of 1
- 8, nis 2, 3 or 4; m is 0, 2 or 4; a number (n) of

ligands can be identical or different in each complex



primary charging and al so a streak-like transfer failure in the case
of transfer charging. However, the toner according to the present

i nventi on can reduce such difficulties. In case of an inmage form ng

15 system using a contact charging schenme, the scattered toner is
liable to soil the contact transfer unit and the soiling toner is
|iable to be transferred to a t r ansflék- paper, thus causing so-called
back soiling. The toner according to the present invention is also 20
|l ess liable to cause such difficulty. In the case of a

non- magneti c toner, the toner particle scattering phenonenon is nore
noti ceabl y ca®feFImPledisgtth e @ thP M43 onfBHtR@hiceeach CopRleBner s

constrained only b n elecgtrostatic 25 force, this scatteripg phenonenon
o2l o T educd SPRBLEX (SRIY Giter® ACUTET T RheP JFECRHES| Fhant | on.

Fggfher, in aééﬁﬁf&ﬁ“&ﬁdﬁé&%‘g'ﬂ¥¥¥ﬂ5’m&E65¥E§“EE¥¥é€ent n or/and
m, or a mixture of complex salts having mutually
5 different counter ions Cl. In order to improve the
3 dispersibility in binder resin and charge control
ability of the complex or complex salt, it is
preferred that the substituent R is alkyl, alkenyl,
carboxyl or hydroxyl; Cl is hydrogen, sodium,

10 potassium, ammonium or alkylammonium. It is
particularly preferred to use a complex compound of
the formula (4) or a neutral complex of the formula
(3), (4) or (5) (wherein n = 2) with no counter ion,
so as to exhibit excellent environmental stability,

15 . dispersibility in the binder resin,.and continuous

image forming performances.

0 (H-0). | (2n+k-4)©
((R)l—@[ j>z:‘/ 2% m (2n+k-4)c1®  (6)
o “S(A)y .

20 ' (lf (2n+k-4)©
c-0 (H,0)
((R)l—@: /)>Zf/ 27m (2n+k-4)c1®  (7)
0-7Tn  S(A)g
( 0 (2n+k-4)°

-0 /(Hzo)m

Zr (2n+k-4)C1®  (8)
078 N(A)y

25
(22X

o= O



toner is liable to cause a density irregularity in a "hal ft one i mage

due to insufficiently charged particles. This difficulty can also be
reduced by the toner according to the present invention. 5 Now,
t he organi c zirconi um conpounds i ncl usive of zi rconi um conpl ex, _
conplex salts and salt with aromatic diol, aromatic hydroxycarboxylic
acid and aromatic pol ycarboxylic acid8rill be described nore
specifically. 10 Preferred exanples of the zirconi um conpl ex

or conplex salts may include those represented by formulae (1) and (2)

bel ow. [err] 15 wherein Ar

denotes an aromatic resilalugflegla(?eb’ecgﬁzfm%ae (6)0'}‘ Wa\/?afr{bd oL &t iht gent Ff
: XY, roxyl,
akv 2L, dehkils o subXOLORREYlor Hyt0an 200, YALKY. Nydroxy

20 al koxycarbonyl, aryl oxycarbo axy, _ oxyl, hal ogen,
hitro, cyano, aﬂ‘h%ﬁ:yla}”b%i}o%rlkyl, AXRYIOY la116:301d sy yigpendent | y

denotes O or -CO denotes a neutral 1igand of water, alcohol,
ammoni a, Sy bl e sty 1Ry, diaKoxrbad®riAS A PMAl S onyl,

5 acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring |
capable of having 1 - 8 similar R substituent(s); a
plurality of R can be identical or different; A

10 denotes an anion of halogen, hydroxyl, carboxylate,
carbonate, nitrate, sulfate, cyano or thiocyano, a
plurality of A can be identical or different; C1
‘denotes a monovalent cation such as hydfogen, alkaline
metal, ammonium or alkylammonium; 1 is an integer of 1

15 -8 nis 1, 2, 3 0or 4; mis 0, 2 or 4; k is 1, 2, 3,
4, 5 or 6; a number (when n 2 2) of ligands can be
identical or different in each complex or complex salt
of a formula. Further, each complex or complex salt
of a formula can be a mixture of complex compounéé-

20 having mutually different n or/and m, or a mixture of
complex salts having'mutually different counter ions

" C1 or/and anions A. 1In order to improve the
dispersibility in binder resin and charge control
ability of the complex or complex salt, it is

25 preferred that the substituent R is alkyl, alkenyl,
carboxyl or hydroxyl; Cl is hydrogen, sodium,

potassium, ammonium or alkylammonium and A is hydroxyl



25 cation, such as hydrogen i.on, nonoval ent netal ion, anmoni um i on

or al kyl ammoni umion; C2 denotes a di val ent cation, such as a netal
ion; nis 2, 3 or 4 -14- mis
0, 2 or 4; a nunber (n) of ligands (such as aromati c carboxylic acids
and diols) can be identical to or different fromeach other, and a
nunber (m > 0) of neutral |igands canlBe identical to or different 5
fromeach other in each conplex or conplex salt of a formul a. Further,
each conpl ex or conplex salt of a formula can al so be a m xture of
conpl ex conpounds having nutually different _n Qr/and m or_a mxture
of conpl eRTsSPERORYVRES ABPRual LY dFf PEEEACULGEAYePTERRETeth t1 or/ and

G2 b S b2l IPLNSILIC Bl Bel L sorme IS LoRNAAY charae
oo L %) UGG heC BERELSS (8577099 o) Cndl 167 71 19
with no counter ion, so as to exhibit excellent
5 environmental stability, dispersibility in the binder
resin, and continuous image forming performances.
The zirconium complex or complex salt used in
the present invention includes hexa-coordinated and
ocfa-coordinated complex compound, and some octa-
10 coordinated compound may assume a form of plural-nuclei
compleg compound wherein ligands form a crosslinkage
to provide a rational formula giving a coordination
number of 6. Further, it is also possible to form a
plural-nuclei compound formed by successive linkage
15 with ligands, such as hydroxyl groups.
Some typical example structures of such
complex compounds are indicated by the following
formulae (9) - (29), wherein some complex compounds

having no ligand L are included.
20 L |
X\l _~A _
O
Y/]‘ A
L

- L w@

25 x|l .a
@:[ T c1® (10)
Y/]‘ A
A




15 ring; the optional substitwent is alkyl, carboxyl or hydr oxyl ; L

is water; and O is hydrogen sodi um pot assi um ammoni um or al kyl
anmonium  [err] wherein Ar denotes an aromatic residue group
capabl e of having a substituent of alkyl, aryl, aralkyl,
cycl oal kyl, al kenyl, al koxy, aryloxy, hydroxyl, 25 al koxycarbonyl,
aryl oxycar bonyl, acyl, acyl oxy, car b@®0H , hal ogen, nitro, cyano,
am no, am de, or carbanoyl; X and Y independently denotes 0 or -CO O
- 15- L denotes a neutral |igand of water, alcohol, ammonia,
al kyl am ne or pyridine; A denoteg_gn anion of hal ogen, hydr oxyl ,
carboxyl ate, carbgnate, nitrate, | fate, cyano or thiocyano, a
plurality of A can be |§enq|ca5
2c19 (11
Y/l )
\ A /
5

I[ |
z:(Yj@ (12)
T X

| |

10 3
729
x\ Y
/
X— Zp—Y 2c® 13
/X (13)
Y x—l\ :>
N\ !
15
ool e
\ A /
20
o= 0|
Zr 2¢c® 1
@Y/I Nx (13)
\ A /

25



5 or different when k [err] 2: Cl denotes a nonoval ent cation, such

as hydrogen ion, nonoval ent netal ion, anmoni um i on or al kyl anmoni um
ion; C2 denotes a di val ent cation, such as a netal ion; nis 1, 2, 3
or 4: mis 0, 1, 2, 3 or 4, akis 1, 2, 3, 4, 5 o0or 6; 10 a nunber
(when n [err] 2) of Ilgands (such as aromatjc car boxylic acids and
diols) can be identical to or di ff ereht—from each other, and a nunber
(when mlerr] 2) of neutral ligands can be identical to or different
from each other in each conplex or conplex salt of a 15 fornula.
Further, each conpl ex or %pnqlex salt of a formul a can al so be a
m xture of conpl ex conpou ds having nutually different n or/and m or
a m xture of x\ tQ,h. |ng mutual ly different counter ions
Cl or/and C2. In oqggﬁ:to e dispersibility ép in binder resin
and charge control conplex or conple sélt it is
preferred that the tlc residue group (Ar) conprises benzene ring,
napht hal ene ri ng, anthrac&ne:rlng or phenant hr ene ring; the optional
substituent is alkyl, carboxyl or 25 hydroxyl; L is water; O is
hydrogen, sodium pot assi um amoni um or al kyl anmonium and Ais
hydr oxyl or carboxlyl ate ion. g ~
X l/XY
™~
@: 2x _ 2c® (17)
Y/I\ X
Y
- O
A . /
10 .
] s

X Y
QMO | @ on
15 L 5 | )

L L
X\\ZI.['/A (19
)
Y7\ A
‘L L
20 \/ 29
~N
2c®
@Y/{ \\ (20)
y 8 /

4C
A



-16- Further, preferred sub-classes of zirconium

conpl exes or conplex salts may be represented by the fol |l ow ng
formulae (3) - (8). [err] 15 In the above
formulae (3), (4) and (5), R denotes a substituent of hydrogen, alkyl,
aryl, aral kyl, cycloal kyl, al kenyl, al koxy, aryl oxy, hydr oxyl ,
acyl oxy, al koxycarbonyl, aryloxycarbonyl,-22- acyl, carboxyl, hal ogen,
nitro, am no or carbanoyl, a N\

Lx; 3©

E:]:X\\lli:/’y

Zxr __ 3c® (22)

Y| \

4c® (23)

L L ©
X\\ //A :
10 @: . //Z'r\\A c® (24)

X\\/_-a
(@( Sl 2c® (25)

15

X A |
@i \\ir// 3c® (26)

20

.\ A
@: N ac® (27)

25 [ L L ©

O e c® (28)




20 plurality (when 1 [err] 2).of R can be nutually linked to

form an

alicyclic, aromatic or heterocyclic ring capable of having 1 - 8
simlar R substituent(s); a plurality of R can be identical or
different; d denotes a nonoval ent cation such as hydrogen, alkaline
25 netal, ammonium or al kylamonium 1 is an integer of 1 -8 nis
2, 3 or 4, mis 0, 2 or 4; a nunber (n) of23- | i gands can be identical or
different in each conpl ex -17-
or conplex salt of a formula. Further, each conpl ex or conplex salt of
a formul a can be m xt ure of conpl ex _gonpounds havi ng nutual I'y
different n or/an g&\ Ufh m xture f:%onplex salts having nutually 5
different counterji A nzo?ﬁaizﬂo inpr9%$9the %spersibility in
bi nder resin and £ :ibk‘ bilfity the co X or conpl ex salt,
it is preferred that” the suB%tituent R is al kyl, alkenyl, car boxyl
or hydroxyl; Cl i$ hydrogén, "sodi um
5 The organic zirconium compound used in the
3 present invention can also assume a form of complex
compound wherein a plurality of substituents, e.g., X
and Y of hydroxyl and/or carboxyl, attached to an
aromatic ring are bonded to different zirconium atoms
10 as represented by a partial structural formula (30)
) below:
0 Qo .
—Zr-X Y-Zr— (30)
71 AN
15 Such complex compounds may more. generally be
represented by the following formula (31):
X
@[ (2r)g (31)
Y-Tp
wherein p is an integer of at least 1 and g is an
20 integer of at least 2. From the formula (31), anionic
ligands, neutral ligands and counter-cations are
omitted from showing.
Preferred classes of aromatic carboxylic acid
zirconium salts as a category of the organic zirconium
25 compound used in the present invention may include

those represented by the following formulae (32) and

(33):



10 potassium ammni um or al kyl ammonium It is ~—partteutarly—
preferred to use a conpl ex conpound of the formula (4) or a neutral
conpl ex of the formula (3), (4) or (5) (wherei nThis Sheep asfebiRepRcggount er
i on, so as to exhibit excellent environnental stfﬂ,

di spersibility in the binder resin, and continuous m M """9
performances. [err] =24~ - 18-

In the above fornmulae (6), (7) and (8), R denotes a substituent of
hydr ogen, al kyl, aryl, aral kyl, cycl oal kyl, al kenyl, al koxy, aryl oxy,
hydroxyl, acyl oxy, , al koxycarbosgl , a(yl @xycarbgnyl S5cacyl, _carboxyl,

hal ogen, nitro, an{ﬁ5'§$gcghﬁﬁnn9#7 ixle% °5I225%/?9A2wﬁ2n 1(P§9r] 2) or R
can be nutually Ii d 4 n_alkig@yclic, aromatic or terocyclic
ring capabl e Q#Fh%§§Ebn&r- gbgkginblR substituent(s); é3g%

plurality of R can be iggn%ﬁgagbggedkggﬁﬁggg;(éz)lgnddqggtgsAgn ani on of
ylate,

hal ogen, hydroxyl, carbox
: denotes an aromatic residue group capable of having a

5 substituent of alkyl, aryl, aralkyl, cycloalkyl,

3 alkenyl, alkoxy} aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; Ap
denotes a monovalent anion such as halogen, hydroxyl,

10 nitrate or carboxylate; A, denotes a divalent anion,
such as sulfate, hydrogenphosphate or carbonate; and n
is 1, 2, 3 or 4. In case of n > 2 for each metal
salt, a plurality (n) of acid'ions, i.e., aromatic
carboxylates and aromatic hydroxycarboxylates may be

15 identical or different. Further, each metal salt of a
formula can be a mixture of different salts having |
different numbers of n. In order to improve the
dispersibility in binder resin and chargeability of
the zirconium salt, it is preferred that the aro&ééic

20 'residue group (Ar) comprises benzene ring, naphthalene
ring, anthracene ripg, or phenanthrene ring; the
optional substituent is alkyl, carboxyl, hydroxyl or
acyloxy. |

Further, preferred sub-classes of the
25 zirconium salt may be represented by the following

formulae (34) and (35):



carbonate, nitrate, sulfate, cyano or thiocyano, a plurality of A can

be identical or different; Cl denotes a nonoval ent cation such as

hydr ogen, al kal i ne nmetal , amoni um or al kyl amoniunm 1 is an integer
of 1 15 - 8, nis 1, 2, 3 or 4, mis O, 20r4;kisl,2,3, 4, 5 oor
6; a nunber (when n [err] 2) of |igands cgg I dentical or different
I n each conpl ex or conplex salt of ormul a. Further, each conplex or
conpl ex salt of a formula can be a m xture of conplex conpounds 20
having nutually djfferent n or/and m or a m xture of ~conplex salts
having nutually different cepotier ions Cl or/and anions A. In order to
| nprove the di sper s4 itylin binder resin and charge control

ability of the cpnpr onpl exz t(4Lﬁ)A§D 8e prehenna 2€hat(gq
substituent R isl\al kyT, kenyl], ~carbox or hydroxyl * Cl is hydrogen

sodi um pot assi um ammoni yinmor al kyl ammoni um and A is hydroxyl
-19- or carboxylate ion. |t is particularly preferred to

00~
5 (R){ @ zr?® (0)(2-n)a,© (35)

3 n
In the above formulae (34)) and (35), Ar
denotes an aromatic residue group capable of having a
substituent of alkyl, aryl, aralkyl, cycloalkyl,

10 alkenyl, alkoxy:; aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; A4
denotes a monovalent anion such as halogen, hydroxyl,
nitrate or carboxylate: Ao denotes a divalent anion,

15 such as sulfate, hydrogenphosphate or carbonate: and n
is 1, 2, 3 or 4.'iEn case of n > 2 for each metal
salt, a plurality (n) of acid iomns, i.e., aromatic
carboxylates and aromatic hydroxycarboxylates may be
identical or different. Further, each metal salt of a

20 formula can be a mixture of different salts having
different numbers of n; In order to improve the
dispersibility in binder resin and chargeability of
the zirconium salt, it is preferred that the aromatic
residue group (Ar) comprises benzene ring, naphthalene

25 ring, anthfacene ring, or phenanthrene ring:; the
optional substituent is alkyl, carboxyl, hydroxyl or

acyloxy.



use a conpl ex conpound of the formula (7) or a neutral conpl ex of the

formula (6), (7) or (8) (wherein n = 2) with no counter ion, so as to
exhibit excellent 5 environnmental stability, dispersibility in the binder
resin, and continuous imge form ng perfornmances. The

zi rconi um conpl ex or conplex salt used in t he present invention

I ncl udes hexa-coordi nated and oct a- co@tH nat ed conpl ex conmpound, and
some octa- 10 coordinated conpound nay assune a form of plural-nucle
conpl ex conpound wherein |igands forma crosslinkage to provide a
rational fornula giving_a coordlnatlon nunber of 6. Further, it is

al so possible to form aFurtheg), ppeferyed sWhnsARPIDIMeEDS successi ve

| i nkage 15 mnth I| ands, ch as hydr oxyl
typi cal exanpl & g&f’ﬂ'r 3? ey %&?81%5 iﬁ’nﬂ&ﬁld‘s‘lﬂa]r%“rri‘ﬁil ca;ed by
the follow ng ¢ 33 9), wherein sone conpl ex conpounds

9 Hre'“f 3 %39& <3(z§~

havi ng no |igan L [err]
CO0™
(R)l—@: 2c*®(4-n)a,© or (2-n/2)a,2°  (36)
5 OH
n
k Coo™
(R)l‘@: zr*® (0)(2-n)a,® (37)
OH
n

In the above formulae (36) and (37), Ar
10 denotes an aromatic residue group capable of having a
- substituent of alkyl, aryl, aralkyl, cycloalkyl,
alkenyl, alkoxy; aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; Aq
15 denotes a monovalent anion such as halogen, hydroxyl,
nitrate or carboxylate; A, denotes a diﬁalent anion,
such as sulfate, hydrogenphosphate or carbonate; and n
is 1, 2, 3 or 4. In case of n > 2 for each metal
salt, a plurality (n) of acid iomns, i.e., aromatié.
20 carboxylates and aromatic hydroxycarboxylates may.be
identical or different. Further, each metal salt.of a
- formula can be a mixture of different salts having
different numbers of n. In order to improve the
dispersibility in binder resin and chargeability of
25 the zirconium salt, it is preferred that_the aromatic
residue group (Ar) comprises benzene ring, naphthalene

ring, anthracene ring, or phenanthrene ring; the



-20- Jerr]

-23- [err]

10

15

20

25

[err] . : -22- [err]

-27-

optional substituent is alkyl, carboxyl, hydroxyl or
acfloxy.

The organic zirconium compound used in the
present invention may be synthesized by dissolving a
zirconium compound, such as.zirconium chloride oxide,
zirconium sulfate or an organic acid salt of zirconium
in a solvent, such as water, alcohol or aqueous
alcohol solution, and adding thereto (1) an aromatic
carboxylic acid, an aromatic diol or an alkaline metal
salt of these or (2) an aromatic carboxylic acid or an
aromatic diol and an alkaline agent. The product
organic zirconium compound may be purified by
fecrystallization from, e.g., an aqueous alcohol
solution and washing with alcohol. Further, in the
case of producing a complex salt, the above-prepared
product may be treated with a mineral acid, an
alkaline agent, an amine agent, etc., to prepare
complex salts having various counter-ions. Thus, it
is also possible to obtain an organic zirconium o
compound usable in the present invention which is a
mixture of complex salts having a plurality of
counter-ions selected from, e.g., hydrogen ion,
alkaline metal ions and aﬁmonium ion.

Hereinbelow, specific examples of the organic
zirconium compound used in the present invention are
enumerated with their rational formulae. Such organic

zirconium compounds can include 2 - 4 water molecules



5 The organi c zirconi um conpound used in the present invention
can al so assune a form of conpl ex conpound wherein a plurality of
substituents, e.g., X and Y of hydroxyl and/or carboxyl, attached to an
aromatic ring are bonded to different zirconiumatons 10 as represented by
a partial structural formula (30) bel ow. [err] 15 Such
conpl ex conpounds may nore generally be -28+epresented by the follow ng
formula (31): [err] wherein p is an integer of at least 1 and q is
an 20 integer of at least 2. Fromthe formula (31), anionic | i gands,
neutral |igands and counter-catiqns are omtted from show ng.

Preferred cl as&% r9andidinte sughdatet mrierules 2re ;pmikted) 35035 a

vent | on may SRS t2o (. S REBPISR { dHEHRg. TSRADI ae (32)
and (33): organic zirconium compound may include plural species
of counter-ions but only a major counter-ion (largest
5 in amount) is indicated in the following examples. 1In
3 the following formulae, tBu- denotes a tertiary butyl
group (CH3-C(CH3),-), Bu- denotes a normal-butyl group
(n-C4Hg-), MeO- denotes a methoxide group (CH30-), Me-

denotes a methyl group (CH3-), and iPr- denotes an

10 iso-propyl group ((CH3),CH-).

9 ' tBu
tBu C—0 ' 0~ :
>+ TI0L
~0— \O—ﬁ tBu (38)
. tBu O
15 0
co 0
iBu C—'O\ Zr/ @@ B
e > o e,
o)
o L
_ - i 0 _
Jo Me 0 =0~ , @@@ .
\ _
0./ ° % ©(40)
( cl 2
’ +
0= oy’
25 9 g O .
Cl C—0\ 0
O ¢
o~ N\o-cC
. [ Cl
\ 0 /



- 24- (Ar-COO-)[err]zr[err](4-n)Alerr] or (2-n/2)Alerr]

(32) (Ar-COJ err])[err]Zr[err] (O (2-n)Alerr] (33)
In the above fornmulae (32) and (33), Ar denotes an aronatic residue
group capable of having a 5 substituent of al kyl, aryl, aral kyl,
cycl oal kyl , al kenyl , al koxy; aryl oxy, hydroxyl, acyl oxy,
al koxycar bonyl, aryl oxycarbonyl, acyl, ca2Bexyl, hal ogen, nitro,

. cyano, am no, an}do or carbanoyl Alerr] denotes a nonoval ent ani on
such as hal ogen,{ hydroxyl,» 10 nitrate or carboxylatey A2 denotes a
di val ent ani on, such as sul f3 hydrogenphosphata4or carbonate; and n

is 1l 2, 3 or 4}1n case of n [er 3 for each netal "~ salt, a plurality
(n) of acid iong, i.e., aronatic car boxyl ates and}jaromati c

hydr oxycar boxyl gt es may be 1®©=CdentN cal or different Further, each
metal salt of a fornula canlbe éJnlxtuDe of dlffe ent salts having

di fferent nunber(s of der np&9 vellt he dl spersibility in
bi nder resin and | —/\@ aNa*
: a
o// \\

5 (42)
} C =0
L | 2ti§ )
0
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the zirconiumsalt, it is preferred that the aromatic 20 residue group

(Ar) conprises benzene ring, naphthal ene ring, anthracene ring, or
phenant hrene ring; the optional substituent is al kyl, carboxyl,

hydr oxyl or acyl oxy. Further, preferred sub-cl asses of
the 25 zirconiumsalt may be represented by the foll ow ng formul ae
(34) and (35): -30- -25- J[err]

In the above formulae (34)) and (35), Ar denotes an aronatic residue
group capabl e of having a substituent of alkyl, aryl, aralkyl,

cycl oal kyl, 10_.al kenyl, al%gxy; aryl oxy, hydroxyl, acyl oxy,

T

C—

o~  “No-c (47)
5
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al koxycar bonyl , aryl oxycarbonyi, acyl, carboxyl, hal ogen, nitro,

cyano, am no, am do or carbanoyl; Alerr] denot es a nonoval ent ani on
such as hal ogen, hydroxyl, . nitrate or carboxylate; A2 denotes a

di valent anion, 15 such as sulfate, hydrogenphosphate or carbonate; and n
is 1l 2, 3or 4. In case of n[err] 2 for_each netal salt, a
plurality (n) of acid ions, i.e., aromat i S1- carboxyl ates and aromatic
hydr oxycar boxyl at es nay be identical or different. Further, each

metal salt of 20 fornula gan be a mxture of different salts having
di fferent nunE§§3Q§;}p. I'n ofder to inprove the di spersibility in

bi nder resin € -0 t he-AD rCQni salt, it is preferred
due gr53b~g con;fzaégitgnzeﬁe ring,
Tacqye-T1 ng, Ok grhen ﬁwpﬂziliihe
H

that the aromatic
napht hal ene 25 r?ng,

optional substituent is alkyl, carboxyl, hydr%§yl or .d@)»x¥53)
-26-
; (3 CH,
C —_
- : O\Zr/oj/\OEk
. 54
CH, _ 0 (54)
9 R
CH, C—0
o TR > 0L
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| o=¢ CH (55)
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Further, preferred sub-cl asses of the zirconiumsalt may be
represented by the follow ng fornmul ae (36) and (37): [err]

In the above fornulae (36) and (37), Ar 10 denotes an aronatic residue
group capabl e of having a substituent of alkyl, aryl, aralkyl,

cycl oal kyl , al kenyl , al koxy; aryl oxy, hydroxyl, acyl oxy,

al koxycar bonyl , aryl oxycarbonyl, acyl, carBdxyl, hal ogen, nitro,

cyano, am no, am do or carbanmoyl; Alerr] 15 denotes a nonoval ent anion
such as hal ogen, hydroxyl, nitrate or carboxylate; A2 denotes a

di val ent ani on, - such as sul fate, hydrogenphosphate or carbonate; and n
is 1l 2, 3 or 4. In case of On [err] 2 for each netal salt, a plurality
(n) of acid ions, i.e., aro??tlc carb06ylates and aromatic

hydroxycarboxylatﬁ%u QY entlgaP’ nt. Further, each neta
salt of a f or nul @ be a tdr diffe salts havi ng
di fferent nunbers of n. () o i nmpr —tﬁ Cﬁber3|blllﬁ9)|n

bi nder resin and.charg% D! 0

5 0

\ HOOC \@/\ O\ /O\/@\ '
- 0 —* " o c COOH (61)
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CeHir C 0 0
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25 the zircon
or phenant hren
optional subst
The organic zi
synt hesi zed by
chl ori de oxi de
in a sol vent,

iumsalt, it

is.preferred that the aromatic

resi due

group (Ar) conprises benzene ring, naphthal ene ring, anthracene ring,
e ring; the -27-
ituent is al kyl, carboxyl, hydroxyl or acyl oxy.
rconi um conpound used in the present invention may be
dissolving a 5 zirconi um-&8mpound, such as zirconium
, zirconiumsul fate or an organic acid salt of zirconium
such as water, alcohol or aqueous al cohol sol ution, and
(1) an aromatic carboxylic acid, an.aromatic diol or an

addi ng thereto
al kal i ne net al
aromati c di ol

conpound may b purified by

al cohol S
producing a co

10

15

20

25

10 salt of these or an aromati c CE

4

rgoxylic acid or an

and an al kal i ne ag e product organi ¢ zirconi um
ystallization frgm e.g., an agueous
pl uti on and washin t h _al cohol . Further,2kﬁ-the 15 case of
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product may be treated with a-mneral acid, an al kal i ne agent, an

am ne agent, etc., to prepare conpl ex salts having various
counter-ions. Thus, it is al so possible to obtain an organic zirconium
20 conpound usable in the present invention which is a m xt ure of
conplex salts having a plurality of counter-ions selected from e.g.,
hydr ogen i on, al kal i ne netal ions armB4mmoni um i on.
Her ei nbel ow, specific exanples of the organic 25 zirconium conpound used
in the present invention are enunerated with their rational fornmulae.
Such organicCFL "~ zirconi um gonpounds can include 2 - 4 water nol ecul es
- 28- as| -ﬁ;ns but sjch water nolecul g are omtted from
showi ng fromthe ig) QW eQarPhkes. Fur t her- Csuc organi c zirconi um
conmpound may include pf@)ql species Zr L of cou j ons but only a ngj or
fgunter-lon (1 argest 9 %ang I's dpca | ollomnn97f§anples
0] 0 CH,
5 Q 0
CN C—0 0—-C
e > e
c—0-~ No-c CN
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the follow ng fornulae, tBu- denotes a tertiary butyl gr oup

(CH3-C(CH3) 2-), Bu- denotes a normal-butyl group (n-Cerr]Herr]-),
MeO denotes a nethoxide group (CHerr]O), M- denotes a nethyl group
(CH3-), and iPr- denotes an 10 iso-propyl group ((CHerr])[err]CH).
[err] -29- [err] -30- Jerr] -31- [err]
-35-
0 0 .
HOOCTCE( O\Zr/o é:@\
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-32- Terr]
- 35- [err]
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- 36- [err] ' . t Bu -37- Jerr]
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[err] . -51- The

organi ¢ zirconi um conpound used in the present invention may be

i ncorporated in the toner by addi ng the organic zirconi um conpound
internally into toner particles (i.e., as a conponent of toner 5
particles) or externally to toner particles (i.e., as a powder bl end
with the toner particles). In the case =-41-of internal addition, the

or gani ¢ zi rconi um conpound may preferably be added in 0.1 - 10 w.

parts, nore preferably 0.5 - 5 w. parts, per 100 w. parts of the 10.
bi nder resin. In the case of external addition, the organi c zirconium -
conpound may preferably be added in 0.01 - 5 w. pats per 100 wt.

parts of the binder esip@ud it Lg,ga iC eferred that the
organi ¢ zirconig : S negﬁaﬂgp €mi cal | 3 ed to the
surface of tone && O"/, ‘\\\6 & »on|un1ﬁﬁﬂyfund

can al so be | [

Bu ' Bu
5 ' '
\ ) CH. COO- -
\@ OBu Zl'4+ (CI'LCOO_ ) 3 (113)
CHs
10 CH coo”. \ -
. \T:;]::dBu Zk4+5042- (114)
CHs ' 9
CH, co0~

15 , ' - 115

\@ OBU ZI'4+ OH ( )
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COO- -
Cils 4 (116)
20 | OBu Zr
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used in conbination with a conventional charge control agent as
described in the part of the related art herein, such as anot her
organic netal conplex, netal 20 salt or chelate conpound. Specific
exanpl es of such a known charge control agent may include: nobno-azo
met al conpl exes, acetyl acetone netal conpl exes, hydroxy- car boxy
acid netal conpl exes, polycarboxylic acid ~42- netal conpl exes, and pol yol
nmetal conpl exes. her 25 exanples may include: carboxylic acid

derivati ves, such as carboxylic acid netal salts, carboxylic acid
anhydri des. -52-

Exanpl es of the bi ndér HOQCR_f O tuting the toner according to
t he present inventioph may clude: sfyrene resin, styrene copol ymer
resin, pol yestef resin, resinj p@r V|nyI chloride 5(1ngn
phenolic resin, natutal resin-nodified phenolic resin, natural
resin-nodi fied nmal ei § aci d r esiCOOH a lelc resin, nethacrylic resin,

pol yvi nyl acet at e,
5

! - Zr
‘ (119)

Co0™
10
. . 4T .
: | Z (120

| | . _Coo |
15 _ (121)

n(;ZZ)

20

(123)
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silicone resin, polyurethane resin, polyamde resin, furan resins,
epoxy resin, xylene resin, polyvinyl 10 butyral, terpene resin,

counar one-i ndene resin, and _petrol eum resin. Exanpl es of
conononers for providing styrene copol ynmers together with styrene
nmononer may i ncl ude: vinyl nononers, inclusive of styrene derivatives,
such 15 as vinyltoluene; acrylic acid;, =3yl ate esters, such as

nmet hyl acrylate, ethyl acrylate, butyl acrylate, dodecyl acryl ate,
octyl acrylate, 2-ethyl hexyl acryl ate, and phenyl acryl ate;

met hacrylic acid; nmet hacryl ate esters, such as nethyl nethacryl ate,

20 ethyl nethacrylate,. butyl nmethacrylate, and octyl nmet hacryl at e;

di car boxyl i ¢ aci ds, havijfig .a doubl (?on and derivatives thereof, such
as maleic acid, butyl éH e =a{§? nmethyl gﬁTeate and di et hyl nmal eat e;
acrylonitrile, nethacr%!oniﬁ:’ e, buta eng, and 25 acrylamde; _viny
chl oride; vinyl es\ers, chvas villyl acetate, and vinyl beh?dade;
et hyl eni c ol efi ns, such ‘as et hyl ene, propylene and butyl ene; vinyl

5

., ' coo~ :
‘ | Cl\@/ I
, . 4 (126)
10 * ON co0™ 4+
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- 53- _ ket ones, such as.vinyl nethyl ketone and vinyl hexyl

ket one; and vinyl ethers, such as vinyl nethyl ether, vi nyl et hyl

et her, and vinyl isobutyl ether. These vi nyl nononers may be used
alone or in mxture of two 5 or nore species in conbination with the
styrene nmonomner . A binder resin principally conprising
a styrene-acryl copolyner (i.e., a-a@polyner of styrene with an
acrylic nononer, such as (nmeth)acrylate or 10 (meth)acrylic acid) may
preferably be one including a THF (tetrahydrofuran)-sol ubl e content
providing a nol ecul ar wei ght distribution by GPC (gel perneation
chromat ography) showi ng at | east one peak in a nol ecul ar wei ght region

of 3x10[err] - 5x1p[err{geand at kﬁ§§T 5 one peak in a nol ecul ar wei ght
region of at | east 10[erFT13§£[:an cont ini!g+50 - 90 wt. % of a conponent
having a mol gcul ar wei of at mosy 10(err]. It is further

preferred to have \ main peaK i n QC@GHecll ar wei ght regi on (331)
5x10[err] - 3x10[ePfr], nost preferably 8x40[err] - 20 2x10[err]. It is

al so preferred to have a sub-peak in a nol ecul ar wei ght regi on of
10[err] - 80[err], nore preferably

SV
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(133)
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10[err] - 10[err]. . A binder resin principally conprising a
pol yester resin may preferably have such a nolecular 25 weight

di stribution that a GPC curve of its THF- sol ubl e content shows at

| east one peak in a nol ecul ar wei ght region of 3x10[err] - 5x10[err]
and contains 60 - 100 - 54-

wt. % of a conponent having a nol ecul ar wdbght of at nost 10[err]. It
is further preferred to have at |east one peak within a nol ecul ar

wei ght region of 5x10[err] - 2x10[err]. 5 By using a binder
resin having a pregfgged gggpt ar weight distribution represented by
specific pepk saies abpve, |L becones possible to

provide a toner Wth a gggéjbalance nodb‘flxablllty, anti - of f set
characteristic ahd storagefstability 10 The toner aééé#dlng to
the present invefNtion CHont ai ni ng4t he above-menti oned organi c zirconi um
conpound exhi bits*a chargeability with little change

5 a i}
CH, C—NH COO0 Zr“'
B Cal Of
4
CO0~ g _
10 (Zr0) (CH,CH.COO ) (139)
OMe
tBu COO— 2+ '
OMe 2 .
15 :
Cco0~ +
tBu (Zr0)2
2 (141)
20

(velol o+
: 0)
) 2 (Zr (142)
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over a wide range of environnments including a high- hum dity to
| ow- hum dity environnment, thus exhibiting 15 stable devel oping

performance. Further, in the case of using a binder resin having an
acid value, the . organi c zirconium conpound can be well dispersed
therein and is therefore less liable to be fall off t he toner
particles, thus exhibiting a stable 20 -#&-f ormance in continuous inage
formati on. Furt hernore, when a binder resin having a
functional group of carboxyl or/and hydroxyl, "the bi nder resin can be
crosslinked via a coordination | i nkage of the carboxyl or/and hydroxyl
to the 25 zirconi ymggi,Qm therg@m'e i biting rubber elasticity. As a
result, the resultapt ton e proyided .wigh excel | ent

rel easability, antifoffset acteristic,(ZrO)

- 55- prevention of s iIidQHfro the fixing nmenber and (144)

prevention of pluggling W thm@g,transferfnaterial
: 2 .
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(jamm ng) due to separation failure at the fixing unit. Further, the
toner particles are reinforced and 5 provided with a stability of

devel opi ng performance in continuous inage formation. Moreover,

t hr ough prevention of the toner breakage at the cleaning section,
t he cl eani ng performance can be stabilized. - Further, the flowability
can be inproved and the 10 change theredf7can be reduced, thus
contributing to i nprovenents in stability of devel opi ng and cl eani ng
performances. Further, the fixed i mage can be suppressed in gloss and
density change. As the fixed i mge i s toughened, it becones possible

to inprove the 15 fixing stabjlity and [regyce the sghpng of the

respective nenberg even jgO(he §ase of, ,bot h-si copyi hg, su erfosed
copyi ng or using nt (ze)ér, {thus r ing the $oil ihg‘s‘b

resul tant inmages. In the ppresent iffvention, if is preferred
20 that the crossltnkage |leading to the ove- NefBy oned effects is
caused to an extent providing a recoyni zabl e THF-i nsol’ubl e content.
Mor e specifically, it is preferred that the toner is caused to

have a THFs nsol uble content of 1 - 70 wt., % nore 25 preferably 5 - 60
w. % based on the i I n\excess of 70 wt. % the

rorepin. | £
fixability is lialjl e eolﬂ\[::]/,COO (Z10)* (151)
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| owner ed. ' - 56- The

crosslinking structure of Z|rcon|un1mﬁth car boxyl or/and hydroxyl
group is richin flexibility in spite of toughness because of a | arger
si ze of zirconium atom and readi ness of formng a bond or 5 |inkage
wi th oxygen atom conpared wi th crosslinkages formed wth other netal
atons, such as al um num chrom um i+48-0r zinc. As a result, the
fixability of the resultant toner is less liable to be | owered

regardl ess of inprovenent in releasability and 10 toughness. Thus, the
addition effect of;, the organic i rconi um conpound becones | arger at
conpar abl e | evel sf tBu-Qf <y 0s800nkalje or THF-insol uble content. In other

B zirconidmis effective even at a small
OH 15 ffegﬁ a+ a |large content conpared
econe clear that the toner

words, the crossljnkage
content and exerthp ‘|l ess
with other netals

accor di ng tolth sencﬁhnventlon can exhibit excellent (157)
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triboelectric chargeability in-a triboelectrification process relying
on the friction wwth a devel oper- 20 carrying nenber. Mre specifically,

t oner cont ai ni ng the organi c zirconium conpound and a bi nder

resin having an acid value in conbination has been found to acquire a
| arge triboelectric charge even at a |l ow degree of contact with the
devel oper-carrying 25 nenber surface. ~-49- The bi nder resin used
in the present i'nvention may preferably have an acid value of 1 - 100
-57- nmgKOH/ g, nnrgopreferably 1 - 70 ngKOH g, further

preferably 1 - 50 ngKOH gy particularly preferably - 40 mgKOH g. In
case where the aciﬂBuaIue“Lé bel ow 1 tB ab-the synergistic effect
in conbination with t% B*gg@bﬁ—;irconi conmpouhd | eading t

i mprovenent s in 6QopT'Ng stabillity a mbiljty in contiﬁu%%%

image formation is |iapgle to be insuff'cieq&h?nd t he
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crosslinkage effect

100 ngKOH g, the
toresult in a

the i nventions ar
<Aci d val ue>

fol |l owi ng manner.
20 the other co
(pol ynmer conponen
Al ternatively, th
pol ymer conponent
determ ned in adv
is directly subje
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binder resinis 10

is less exhibited. On the other
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- 58- conponents, such as a colorant or a nmagnetic materi al are

determ ned based on their acid val ues and contents and subtracted from

t he neasured val ue of the sanple toner to calculate an acid val ue of

the binder resin.) 5 The neasurenent is perfornmed as foll ows. _ 1
Ca. 0.1 - 0.2 g of a sanple is accurately wei ghed to record its weight
at W(g). 2) The sanple is plac®d-in a 300 nl-beaker and 150
cc of a toluene/ethanol (4/1) mixture solution is 10 added thereto to

di ssol ve the sanple. 3) The solution in the beaker is titrated

with a 0.1 nDI/Iit%r-KCH al cohol_ solution by using a

potentiometric tit rat or The, Qrgaé'll}Foﬁ&trc@léﬁllluy‘ ﬁq‘mdw used b?n Li"stﬂﬁhg a
otentiometric or, _and an e ectrica rj ven hQure

PAT 400" (eqU|Bpe tﬁanHt on mﬁ@%% OFRFec B tQQ%é) &Xivel y,

| abl e t of the KOH
2X?Lt?oneused FOEREEK¥QEQ Qggé'atlo?é%nﬁ?qu§9W?qﬁﬁ%3ﬂ4#3 li%zﬂﬁ??est i s
20 perforned i eoaa&abg%luweget(w ede @aggﬁ%f?k td3e KCH sol ution

for the blank titration at he am&:vaerue of the
sanpl e is &al cphatedidy) or externally to toner particles (i.e., as

3 a powder blend with the toner particles). In the case
of internal addition, the organic zirconium compound
may preferably be added in 0.1 - 10 wt. parts, more
preferably 0.5 - 5 wt. parts, per 100 wt. parts of the

10 binder resin. In the case of external addition, the
organic zirconium compound may preferably_be added in
0.01 - 5 wt. pats per 100 wt. parts of the binder
resin and it is particularly preferred that the
organic zirconium compound is mechanochemically

15 attached to -the surface of toner particles.

The organic zirconium compound can also be
used in combination with a conventional charge control
agent as described in the part of the related art
herein, such as another organic metal complex, metal

20 - salt or chelate compound. Specific examples of such a
known charge confrol_agent may include: mono-azo metal
complexes, acetylacetone metal complexes, hydroxy-
carboxy acid metal complexes, polycarboxylic acid
metal complexes, and polyol metal complexes. Other

25 examples may include: carboxylic acid derivatives,
such as carboxylic acid metal salts, carboxylic acid

anhydrides.



the follow ng fornmula: . Acid value = (S-B) x f x 5.61/W
wherein f 25 denotes a factor of the KOH sol ution. <Mol ecul ar wei ght
di stribution> The nol ecul ar wei ght distribution of a binder
- 59- resin as a toner material or a binder resin in a toner
conposi tion is measured according to GPC %ggl perneation
chromat ography) using THF (tetrahydrofura as a solvent in the
fol | owi ng nmanner. 5 In the GPC apparatus, a columm is
stabilized in a heat chanber at 40 [err]C, tetrahydrofuran (THF)
e % rheed 1 Bl BRI el gor o RS L @
ol courar et ghie toneSrebaBzatly b tAETbEeRAe tudhntT & ¥ by ot on
curve obt ghaeHalY sEyPEn8c¥BEh, TBRYILRRCLIHAYMEY Wetis,
polyester resin, polyol resin, polyvinyl chloride
5 resin, phenolic resin, natural resin-modified phenolic
resin, natural resin-modified maleic acid resin,
acrylic resin, methacrylic resin, polyvinyl acetate,
silicone resin, polyurethane resin, polyamide resin,
furan resins, epoxy resin, xylene resin, polyvinyl
10 butyral, terpene resin, coumarone-indene resin, and -
petroleum resin.

Examples of comonomers for providing styrene
copolymers together with styrene monomer may include:
vinyl monomers, inclusive of styrene derivatives, such

15 as vinyltoluene; acrylic acid; acrylate esters, such
as methyl acrylate, ethyl acrylate, butyl acrylate,
dodecyl acrylate, octyl acrylate, 2-ethylhexyl
acrylate, and phenyl acrylafe; methacrylic acid;
methacrylate esters, such as methyl methacrylate; )

20 'ethyl methacrylate, butyl methacrylate, and octyl
.methacrylate; dicarboxylic acids having a double bond
and derivatives thereof, such as maleic acid, butyl
maléate, methyl maleate and dimethyl maleate;

acrylonitrile, methacrylonitrile, butadiene, and

25 acrylamide; vinyl chloride; vinyl esters, such as

vinyl acetate, and vinyl benzoate; ethylenic olefins,

such as ethylene, propylene and butylene: vinyl



sanpl es and having a logarithm c scale of nolecul ar meight versus
count nunber. The standard pol ystyrene 15 sanples for preparation of a

calibration curve nay be t hose havi ng nol ecul ar weights in the range

of about 10[err] to 10[err] available from e.g., Toso K K. or Showa
Denko K. K. It is appropriate to use at |east 10 standard pol ystyrene

sanpl es. The detector nmay be an 20 RI (5F<+active index) detector. For

accurate measurenent, it is appropriate to constitute the colum

as a conbi nation of several commercially avail able pol ystyrene gel
colums. A preferred exanple t her eof may be a conbinati on of Shodex
KF- 801, 802, s&gtomes. syuch @ vigyy msrhvdndksoor and wvievbirexybn of TSK
el GL000 H err &00QH (H err]) G3000H (H[err]% (4000H

(gH[ err]), Hﬂfe (1 r%t“é'rlr 138 Vigodre ity krethernd TSK

- 60- val bIe f ano The GPC
sanmpl e may be pre%(1 3??1 % v1ny 150}%“%4 SRS s%l'r’r?ﬁ’% S

placed in THF 33dv1 monomers may be used alone or in mixture of two
5 or more species in combination with the styrene
monomer.

A binder resin principally comprising a
styrene-acryl copolymer (i.e., a copolymer of styrene
with an acrylic monomer, such as (meth)acrylate or

10 (meth)acrylic acid) may preferably be one including a
THF (tetrahydrofuran)~-soluble content providing a
molecular weight distribution by GPC (gel permeation
chromatography) showing at least one peak in a
molecular weight region of 3x103 - 5x104 and at least

15 one peak in a molecular weight region of at least 10°
and containing 50 ~ 90 wt. % of a component having a
molecular weight of at most 105. It is further
preferred to have a main peak in a molecular weight-
region of 5x103 - 3x104, most preferably 5x103 ;-”

20 | 2x104. It is also preferred to have a sub-peak ih a
molecular weight region of 105 - 108, more preferably
10° - 107,

A binder resin principally comprising a
polyester resin may preferably have such a molecular

25 weight distribution that a GPC curve of its THF-
soluble content shows at least one peak in a molecular

weight region of 3x103 - 5x104 and contains 60 - 100



| eft standing for several hours (e.g., 5 - 6 hours). 5 Then, the m xture

Is sufficiently shaken until a |lunp of the resinous sanpl e di sappears
and then further left standing for nore than 12 hours (e.g., 24 hours)
at roomtenperature. In this instance, a total tinme of fromthe

m xing of the sanple wwth THF to the 10 conpletion of the standing in THF
Is taken for at |east 24 hours (e.g.5544 - 30 hours). Thereafter, the
m xture is caused to pass through a sanple treating filter having a
pore size of 0.2 - 0.5 pm(e.qg., "Mai shoridi sk H 25-5", available from

Toso K K) to 15 recover the filtrate as a GPC sanple. The sanple
concentra%ionlﬁi eﬂjQQ?RQQﬁRFkP%V¥%%|% m°1e°%%%€éﬂ?%abtoﬁfmﬁthln t he

] | ub) t
[rﬁgg?ng]:)l 8b|5e con en]t W d% F{Ifélio Prgfetted %%n}é?v?ra?'@r?‘ﬁf‘sﬁr a

manner .o “?“d‘.’gf U et W FAR o100 BE olbove o

g), placed in g4 ndrical filter (e.g., "No. 86R’, ~available from
Toyo Roshi K K.) and then subjected to 25 extraction with 200 m of

sol vent THB in a Soxhl etdy using exiBHedOF f@éiﬂ%@@ﬂ&érHFTB‘é‘?fglfi‘&Ht i s

evapor at ed fromthe extract solution to | eave a e resin
molecular weight distribution represented by specific

3
peaks are described above, it becomes possible to
provide a toner with a good balance among fixability,
anti-offset characteristic and storage stability.

10 The toner according to the present invention
containing the above-mentioned organic zirconium
compound exhibits a chargeability with little change
over a wide range of environments including a high-
humidity to low-humidity environment, thus exhibiting

15 stable developing performance. Further, in the case
of using a binder resin having an acid value, the
organic zirconium compound can be well dispersed
therein and is therefore less liable to be fall off
the toner particles, thus exhibiting a stable o

20 | performance in continuous image formation.

Furthermore, when a binder resin having a
functional group of carboxyl or/and hydroxyl, the
binder resin can be crosslinked via a coordination
linkage of the carboxyl or/and hydroxyl to the

25 zirconium atom, thereby exhibiting rubber elasticity.
As a result, the resultant toner can be provided with

excellent releasability, anti-offset characteristic,



-61- content, which is-dried under vacuum at 100 C for severa
hours and then wei ghed (at W2 g). The wei ght of conponents, such as a
magnetic material or a pi gnent, other than the resinous conponent is

5 determned (at WB g). THF-insoluble content (THF[err]) I s cal cul ated
as foll ows: THF[err] (wt. %9 =

[Werr]-(Werr]-Werr])]/(Werr]-Werr])=-%5400. : Al ternately,
THF-i nsol ubl e content (THF[err]) may al so be determ ned based on the
extraction residue 10 (weighted at W g) as foll ows: THF[err] =

e e LS L VL Ll £odOBron g, £aranenplbet atihng, (1 21 ¢
or Torr] ol kyl BEereoEiPieet “ohurthns vIRK o FrHHSTer RatBEhaL i 1< acta,
o e ! Blaling 4p 8 0BBaEklonCtREEE Y dnavieliadiet € aci
' unit. Further, the toner particles are reinforced and
5 provided with a stability of developing performance in
continuous image formation. Moreover, through
prevention of the toner breakage at the cleaning
section, the cleaning performance can be stabilized.
Further, the flowability can be improved and the
10 change thereof can be reduced, thus contributing to
improvements in stability of developing and cleaning
performances. Further, the fixed image can be
suppressed in gloss and density change. As the fixed
image is toughened, it becomes possible to improve the
15 fixing stability and reduce the soiling of the
respective members even in the case of both-side
copying, superposed copying or using a document
feeder, thus reducing the sciling of resultant iﬁages.
In the present invention, it is preferféa
20 that the crosslinkage leading to the above-mentioned
effects is caused to an extent providing a
recognizable THF;insoluble content. More
specifically, it is preferred that the toner is caused
to have a THF-insoluble content of 1 - 70 wt. %, more
25 preferably 5 - 60 wt. %, based on the binder resin.
In excess of 70 wt. %, the fixability is liable to be

lowered.



di carboxylic acids, such as fumaric acid, maleic acid, 20 alkenylsuccinic

acid, itaconic acid, nesaconic acid, di met hyl nal eic acid, and

di mret hyl fumari c aci d, citraconic acid, and nono-ester derivatives and
anhydrides thereof. Desired polyners may be synt hesi zed by

pol ynerizing these nononers alone or in 25 mixture for copolynerization

w th ot her nononers. Anong these, it~ 5§‘part|cularly preferred to use
nono- ester derivatives of unsaturated dicarboxylic acids

-62- for controlling the acid val ue. ] Preferrfd o
exanpl es thereof may in noest er err]-unsaturate

di chboxyI i ¢ acids, ysucﬁllﬁéd cr%ssﬂrr:blhorreq h?/ ?‘éﬁ% £n%¥15‘é?%§7}mn’ﬁf‘

b |l 5
Tonophenyl mal Gata i S My dFeEP %%yﬁcmg%%’r‘ﬁ%h%nobutyl
fumarate and mappiered d#ingy éﬁfhess beldsdTHPCS  LAFGOF size of

al kenyl di car boxyli c aci ds,
zirconium atom and readiness of forming a bond or

5 linkage with oxygen atom compared with crosslinkages
formed with other metal atoms, such as aluminum,
chromium, iron or zinc. As a result, the fixability
of the resultant toner is less liable to be lowered
regardless of improvement in releasability and

10 toughness. Thus, the addition effect of the organic
zirconium compound becomes larger at comparable levels
of crosslinkage or THF-insoluble content. 1In other
words, the crosslinkage with zirconium is effective
even at a small conteht and exerts less adverse

15 effects at a large content compared with other metals.

It has become clear that the toner according
to the present invention can exhibit excellent
triboelectric chargeability in a triboelectrification
process relying on the friction with a developeg—”

20 carrying member. More specifically, a toner
containing the organic zirconium compound and a binder
resin having an acid wvalue in combination has been
found to acquire a large triboelectric charge even at
a low degree of contact with the developer-carrying

25 member surface.

The binder resin used in the present

invention may preferably have an acid value of 1 - 100



nmonobut yl
nonoet hyl
nonobut yl
car boxyl

n- but enyl succi nate, -nononet hyl n- 10 octenyl succinate,

n- but enyl mal onat e, nononet hyl n-dodecenyl gl utarate, and
n- but enyl adi pat e. The above-nenti oned
gr oup- cont ai ni ng nmononer may preferably constitute 0.1 - 20

w. % 15 particularly 0.2 - 15 w. % of the total nononers

provi di ng the binder resin.

-5&-reason why a nononer in the

in

formof a di carboxylic acid nonoester is preferred is that an
ester having a |ower solubility in aqueous suspension 20 medi um and
having a high solubility in an aorganic | vent or ot her nononers,
preferred. mgKOH/g, morg PHGfBFé§éﬁt1|ﬁvgﬁtﬁgﬁoﬁ:ﬁé EHR8H i ¢ aci

group and carb
saponi fication

Bieafobilicn oS, ukhel: pRrd sty aresdinna

d

"o a pol ar 10 REERE/BGnartPils Hyefsa%%%cﬁ Vb S HRSTA | oni o

-63-

10

15

20

25

mgKOH/g, the synergistic effect in combination with
the organic zirconium compound leading to improvements
in developing stability and stability in continuous
image formation is liable to be insufficient and the
crosslinkage effect is less exhibited. On the other
hand, in excess of 100 thOH/g, the binder resin is
liable to be excessively hygroscopic, to result in a
toner giving a low image density and increased fog..

Some properties and/or parameters described
herein for characterizing the inventions are based on
measurement methods described belows.
<Acid value>

The acid value of a binder resin in a toner
composition is meaéured~basically according to JIS K-
0070 in the following manner.

As a preparatory step, from a toner sample,
the other components are removed to recover a binder
resin (polymer component) as a sample to be used for
measurement. Alternatively, the acid value and
content of components other the polymer components
(binder resin and crosslinked binder resin) are
detérmined in advance. (For example, in the case
where a toner sample is directly subjected to

measurement, the contributions of the other



conponent . The al kaline treatnment may be performed by

adding an alkali into the solvent nedium after the preparation of the
bi nder resin. Exanples of the 5 alkali may include: hydroxides of alkaline
metal s or al kalline earth netals, such as Na, K Ca, Li, My and

Ba; hydroxides of transition nmetals, such as Zn, Ag, Pb and Ni; and
anmoni um hydr oxi de, al kyl anmoni um hy®8exi des, such as pyrim ni um
hydroxide. 10 Particularly preferred exanples nay include NaOH and

KOH. In-the present invention, the above-nentioned _
saponification need not be effected with respect to all the carboxylic

acid group and compenepts. such ;1519 Gglt?aélr; G?te(?:admo%ﬁf@rl ar.c; uflr!]ﬂca‘ﬁ?inzllart of
e 2 Care adtiRRCR RS OIS e pB o g,
an anmount of O - Lval t i.d value 20 f the bjnder
resin. Bel ow 89%12 Sg%l}?\%gﬁlt\éﬁt ,%I}%)ﬁ‘ett%e b“%s?%ﬁ‘or{%"r ivcagtufeor?q stq'fer oo %t be
insufficient t LQvirde iaRsUt Ll ci 'qﬁgl oups us
bei ng i aglogle?o%gaﬁgelciu%gu ffaté‘. %‘r??ratcrv%gs | rﬁgl@e; her e%% eIEE.PSin'p

5 The measurement is performed as follows.

\ 1) Ca. 0.1 - 0.2 g of a sample is accurately
weighed to record its weight at W (g).
2) The sample is placed in a 300 ml-beaker and
150 cc of a toluene/éthanol (4/1) mixture solution is
10 added thereto to dissolve the sample.
3) The solution in the beaker is titrated with a
0.1 mol/liter-KOH alcohol solution by using a
potentiometric titrator (e.g., automatically titrated
by using a potentiometric titrator and an electrically
15 driven burette (e.g., “AT-406" (equipped with Win
workstation) and "ABP-410", respectively, available
from Kyotb Denshi K.XK.).
4) The amount of the KOH solution used for the
titration is denoted by S (ml). A blank test isnm
20 performed in para;lel to determine the amount of the
KOH solution for the blank titration at B (ml).
5) The acid value of the sample is calculated by
the following formula:
Acid value = (S-B) x f x 5.61/W, wherein f
25 denotes a factor of the KOH solution.
.<Molecular weight distribution>

The molecular weight distribution of a binder



On the other hand, in excess of 5 equivalents, the 25 functional group,

such as the carboxylic ester site, can recei ve adverse effects, such
as hydrol ysis and salt formation.

- 64- If the alkalline treatnent in an amount of - 0.02 -
5 equivalents to the acid value is effected t he remai ning cation
concentration may be within the range5éﬁ 5 - 1000 ppm 5 .
The binder resin and the toner conposition cont ai ni ng the binder resin
may preferably have a glass transition tenperature (Tg) of 45 - 75

Stabi |ty of tRETEhE T Rohe? SuireiFhett e Tl foath tingr EfBer avi e
L2u8 1 Sht LA A U el ATMELAAR Y GREThoR )50 [0
fixability i's |pge¥Mentiob &l iEsraphy) using THF (tetrahydrofuran)

as a solvent in the following manner.

5 In the GPC apparatus, a column is stabilized
in a heat chamber at 40 ©C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min., and about 100 pl of
a GPC sample solution is injected. The identification

10 of sample molecular weight and its molecular weight
distribution is performed based on a calibration curve
obtained.by using several monodisperse polystyrene
samples and having a logarithmic scale of molecular
weight versus count number. The standard polystyrene

15 samples for preparation of a calibration curve may be
those having molecular weights in the range of about
102 to 107 available from, e.g., Toso K.K. or Showa
Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may.bé an

20 " RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a combination of several commercially available
polystyrene gel columns. A preferred example thereof
may be a combination of Shqdex KrF-801, 802, 803, 804,

25 805, 806, 807 and 800P; or a combination of TSK gel
G1000H (Hygy), G2000H (Hgy ), G3000H (Hgy,), G4000H (Hgp),
G5000H (Hygyp,), G6000H (HXL)' G7000H (Hgy) and TSK



The binder resin used in the present 15 invention may be produced by

sol ution pol yneri zati on, emul si on pol yneri zation or suspension _
pol ymeri zati on. I'n the emul sion polynerization process, a
nmononer al nost insoluble in water is dispersed as m nute particles in
an aqueous phase with the aid of 20 an enulsifier and is polynerized by
using a water- sol ubl e pol yrmeri zati o®3=itiator. According to this
nmet hod, the control of the reaction tenperature is easy, and the
termnation reaction velocity is small because the pol ynerization

phase (an oil phase of, the 25 i.nyl_ nmon r ssi bly containing a polyner
t her ei n) @&ﬁ5§99£HEQa§§@B§F§F§yﬂﬁﬁ?@qggﬁhﬂaﬁ%'aqueous phase. - As a
result, the polynerizati ity .becones | arge

- 65- and a pol yner \g;\%d;%aé'@%egﬁ'aﬁfomﬁ%zpa%% P Fr AL VI be

prepared easily. Furthen I4 r [ el atively
A 4 gtzl 1@bptlaced) 3F

sinple, the polynerization pr odu Is obtarned Tn Tine particles, and
addi tives left standing for several hours (e.g., 5 - 6 hours).

5 Then, the mixture is sufficiently shaken until a lump
Y of the resinous sample disappears and then further left
standing for more than 12 hours (e.g., 24 hours) at
room temperature. In this instance, a total time of
from the mixing of the sample with THF to the
10 completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
filter having a pore size of 0;2 - 0.5 pm (e.g.,
"Maishoridisk H-25-5", available from Toso K.K.) to
15 recover the filtrate as a GPC sample. 'The sample
concentration is adjusted to provide a resin
concentration within the range of 0.5 - 5 mg/ml.
<THF-insoluble content>
The THF-insoluble content of a binder rééin
20 | as a toner material or a binder resin in a toner
composition is measured in the following manner.
Ca. 0.5 - 1.0 g of a sample is weighed (at W;
g)., placed in a cylindrical filter (e.g., "No. 86R",
available from Toyo Roshi K.K.) and then subjected to
25 extraction with 200 ml of solvent THF in a Soxhlet's
extractor for 10 hours. The solvent is evaporated

from the extract solution to ieave a THF-soluble resin



5 such as a colorant, a charge control agent and others can be bl ended
easily for toner production. Therefore, this nmethod can be

advant ageousl y used for production of a toner binder resin.

In the enul sion polymerization, however, the 10 enulsifier added is
liable to be incorporated as an |npur|ty I n the pol yner produced, and
It IS necessary to effect a post-trefiment such as salt-precipitation
in order to recover the product polyner at a high purity. The

suspensi on polynerlzatlon is nore convenient in this respect

The suspensi on r n.na fer bl be rfo sing at
nost 208 mﬂl 88 gn%'lz gfé?aéFg Ounggﬁyﬁfcuﬁgr9§p? b%ﬁ% 6%eu '
(m xture)

di spersi ng ageﬁgvﬁ§990H8P58 aﬁgl§8Fﬂ§%gg§88ﬁo?gta&ueggar?ﬁgkrn] é%ﬁhlfled
form of -pol yvi gyl calngghahtsangugg as ! fbyHLRBRS BAThEL 23N TRy Preferably

be used in an unt part per parts of the

aqueous medi urfggg 8nRO! ¥¥R Z%hhﬂ“t&@”?@éi‘h%@ BiipofientSyis ably be in the

range of 50 errfC an sel ecte epen I ng on the polynerization
initiator gsedgatdrinified (atOWihegHl.veTRE-IABbIuble content (THF; .. )
s is calculated as follows:
THFjng. (Wt. %) = [W3-(Wp-W3)1/(Wi-W3) x 100.
Alternately, THF-insoluble content (THF1ns )

may also be determined based on the extraction residue
10 (weighted at W4 g) as follows:
THF ;5. = (Wy-W3)/(W;-W3) x 100.

For adjusting the acid value of the binder
reein, it is appropriate to use a carboxyl group-
eontaining monomer, examples of which may include:

15 acrylic acid and a- or B-alkyl derivatives, such as
acrylic acid, ﬁethacrylic acid, a-~ethylacrylic acid,
crotonic acid, cinnamic acid, vinylacetic acid,
isocrotonic acid and angelic acid; and unsaturated
dicarboxylic acids, such as fumaric acid, maleicneeid,

20 | alkenylsuccinic acid, itaconic acid, mesaconic acid,
dimethylmaleic acid, and dimethylfumaric acid,
citraconic acid, and mono-ester derivatives and
anhydrides thereof. Desired polymers may be
synthesized by polymerizing these monomers alone or in

25 mixture for copolymerization with ofher monomers.
Among these, it is particularly preferred to use mono-

ester derivatives of unsaturated dicarboxylic acids



- 66- The binder resin used in the present I nvention

may suitably be produced in the presence of a conbi nation of a

pol yfunctional polynerization initiator and a nonof uncti onal
polymerization 5 initiator, as enunerated herei nbel ow.

Speci fic exanples of the pol yfunctional pol ymeri zation initiator may
I ncl ude: pol yfuncti onal pol yneri zat i-®2- nitiators having at | east two
functional groups having a polynerization-initiating 10 function, such as
per oxi de groups, per nolecul e, i ncl usive, of

1, 1-di-t-butyl peroxy-3, 3, 5-trinethyl - cycl ohexane,

1, 3- bi s- (t - but fPFe CORFTSIAABGY thge FLd e value.
2,5-dinethyl-2,5-(t-butéI%%rox ).hexane,. 2, 5-dinethyl- .

2, 5-di - (t-butyl per oxy) heXer&rFed sramPlss i yuay fnckydes i ne,

b o R oI S Rklding s MO s
g: - E - Eﬂ: ;: Bg: 8%{‘ ?ﬁé?fae%;ﬁ%r TR1AA! fronoethyl! atilitd PHSIREE AL €

5 maleate, monooctyl maleate, monoallyl maleate,

\ monophenyl maleate, monomethyl fumarate, monoethyl
fumarate, monobutyl fumarate and monophenyl fumarate;
and monoesters of alkenyldicarboxylic acids, such as
monobutyl'n-butenylsuccinate, monomethyl n-

10 octenylsuccinate, monoethyl n—butenylmalonafe,
monomethyl n-dodecenylglutarate, and monobutyl n-
butenyladipate.

The above-mentioned carboxyl group-containing
monomer may preferably constitute 0.1 - 20 wt. %,

15 particularly 0.2 - 15 wt. %, of the total monomers
providing the binder resin.

A reason why a monomer in the form of a
dicarboxylic acid monoester is preferred is that an
ester having a lower solubility in aqueous suspeﬁsion

20 | medium and having a high solubility in an organic
solvent or other monomers, in preferred.

In the present invention, the carboxylic acid
group and carboxylic acid ester site can be subjected
to saponification by an alkaline treatment. It is

25 also preferred to convert the carboxylic acid group
and the carboxylic acid ester site into a polar

functional group by reaction with an alkaline cationic



adi pat e, 2,2-bis-(4,4-di-t-buby|perokycyclohexyl)- 20 propane,

2, 2-t-butyl peroxyoctane and vari ous pol yner oxi des; and pol yfuncti onal
pol ymeri zation initiators havi ng both a pol ynerization-initiating
functi onal group, such as peroxide group, and a polynerizable
unsaturation group in one nolecule, such as diallyl- 25

per oxydi car bonate, t-butyl peroxymaleic aebd- t-

but yl peroxyal | yl carbonate, and t-butyl peroxyi so- propyl f umar at e.

-67- Anong these, particularly preferred exanpl es may
I nclude: 1,1-di-t-butyl peroxy-3,3,5-trinethyl - cycl ohexane,

1,1-di-t- butylﬁ@WE?QE?Elohexane di-t- I

but yl eroxyhexahydroter hth e, di-t- ut yl per ox aze ate,

2,221 S(4, 4 di -1 Fyﬁikﬁiwsymﬁmwpmy b panformed By

Dty e o L) MRBRHAORA: By g, e, LTRSS RBEALNY AR ine
preparation of the binder resin. Examples of the
5 alkali may include: hydroxides of alkaline metals or

alkalline earth metals, such as Na, K, Ca, Li, Mg and
Ba; hydroxides of transition metals, such as Zn, Ag,
Pb and Ni; and ammonium hydroxide, alkylammonium
hydroxides, such as pyriminium hydroxide.

10 Particularly preferred examples may include NaOH and
KOH.

In the present invention, the above-mentioned
saponification need not be effected with respect to
all the carboxylic acid group and carboxylic ester

15 site of the copolymer, but a part of the carboxylic
groups can be saponified into a polar functional
group.

The alkali for the saponification may be used
in an amount of 0.02 - 5 equivalents to the acid";élue

20 of the binder resin. Below 0.02 equivalent, the
saponification is liable to be insufficient to provide
insufficient polar functional groups, thus being
liable to cause insufficient crosslinking thereafter.
On the other hand, in excess of 5 equivalents, the

25 functional group, such as the carboxylic ester site,
can receive adverse effects, such as hydrolysis and

salt formation.



10 nonofunctional polynerizati-on initiator, preferably one having a 10

hour-halflife tenperature (a tenperature providing a halflife of 10
hours by deconposition thereof) which is |ower than that of the

pol yfunctional polymerization initiator, so as to 15 provide a toner

bi nder resin satisfying various requirenents in conbination.
Exanpl es of the nonofunctional polynerizaé#on Initiator may i ncl ude:
or gani ¢ peroxi des, such as benzoyl peroxide,

1, 1-di (t-butyl peroxy)-3,3,5- 20 trimethylcycl ohexane,
n-butyl -4, 4-di(t- butylp o) val erate I cu er oxi de,
a, a- bi s(t-butyl peroxy- %ﬁ%|§%%$}5b9?)5§ﬁﬁtﬂ%nttn%u?glS@P @fene and

Pt d
Cvobi si sobutyr SrPErT 15 e Phfeee FRCHLEAR:IOTRMGTTs BECRRay,
monof uncti onal ﬂ@l%&@%%ﬁfﬁéqga%ﬂéﬁ'é&ﬁéentrat%gﬁy@gxcggeglkﬁlhr%hgpnoner

simul taneously wt above-nent1 one Ironal yieri zation
- 68- range of 5 - 1000 ppm.
5 The binder resin and the toner composition

containing the binder resin may preferably have a
glass transition temperature {(Tg) of 45 - 75 °C, more
preferably 50 - 70 ©C, in view of the storage
stability of the toner. If Tg is below 45 °C, the

10 toner is liable to be deteriorated in a high-
temperature environmenf and liable to cause offset at
the time of fixation. 1If Tg is above 75 ©C, the
fixability is liable to be lowered.

The binder resin used in the present

15 invention may be produced by solution polymerization,

emulsion polymerization or suspension polymerization.
In the emulsion polymerization process, a

monomer almost insoluble in water is dispersed as
minute particles in an aqueous phase with the aié'éf

20 -an emulsifier and is polymerized by using a water-
soluble polymerizatiqn initiator. According to this
method, the control of_the reaction temperature is
easy, and the termination reaction velocity is small
because the polymerization phase (an oil phase of the

25 vinyl monomer possibly containing a polymer therein)
constitute a separate phase from the aqueous phase.

As a result, the polymerization velocity becomes large



initiator but may preferably be added after |apse of a pol ymeri zati on
time which exceeds the halflife of the pol yfunctional polynerization
initiator, in order to appropriately retain the initiator efficiency
of the 5 polyfunctional polynerization initiator. The
above-nenti oned polynerization initiators may preferably be used in an
amount of 0.05 - 2 wt. parts per 1086®&+. parts of the nononer.

It is also preferred that the binder resin 10 wused in the present

i nvention may be crosslinked by usi ng a crosslinking nononer as
enuner at ed her ei nbel ow. The crosslinking nononer nmay
principally beaBd a P°H¥ﬂBﬁEPaﬁavgn§ highopolyperpsriden Segrec]Od e
bonds. 15 Specific exanpl es ereof may include: aromatic di vi nyl

conpounds, such®aBTEPI R IE@ﬁ} ¥e afHrther, thenPPAYFRCHFREAON di acryl ate

h hyl I I
i nerylate, 1 SYBROIPCHE SPYBEFVALHcFIFRIE, ThE. POIgReRERIIARL

oLy are. | . BrBattantd’ 8bedi AL fine parlsB1UgXadRd ddq'&ggr jate, and

neopent yl Iacr and conmpoun I ne utlng
nethacrylage 05QEASab0h EB§0§55¥LaEECEEQBQSCbﬂtEBQ agent and others

) can be blended easily for toner production.
Therefore, this method can be advantageously used for
production of a toner binder resin.

In the emulsion polymerization, however, the

10 emulsifier added is liable to be incofporated as an
impurity in the polymer produced, and it is necessary
to effect a post-treatment such_as salt-precipitation
in order to recover the product polymer at a high
purity. The suspension polymerization is more

15 convenient in this respect.

The suspension polymerization may preferably
be performed by using at most 100 wt. parts,
preferably 10 - 90 wt. parts, of a monomer (mixture)
per 100 wt. parts of water or an aqueoué—medlum.. The

20 ' dispersing agent may include polyvinyl alcohol,
partially saponified form of polyvinyl alcohol, and
calcium phosphate, and may preferably be used in an
amount of 0.05 —.1 wt. part per 100 wt.'parts of the
aqueous medium. The polymerization temperature may

25 suitably be in the range of 50 - 95 ©C and selected
depending on the bolymerization initiator used and the

objective_polymer.



above conpounds; diacryl ate conpounds connected with 25 an alkyl chain

I ncl udi ng an et her bond, such as di et hyl ene gl ycol diacrylate,
triethylene glycol di acryl ate, tetraethylene glycol diacrylate,

- 69- pol yet hyl ene gl ycol #400 di acryl ate, polyethyl ene gl ycol
#600 di acryl ate, dipropyl ene glycol diacrylate and conpounds obt ai ned
by substituting nethacryl ate groups-bér the acrylate groups in the
above conpounds; 5 diacryl ate conpounds connected with a chain including
an aromatic group and an ether bond, such as i I

ol yoxyet hyl ene(2) - 2, 2- (4 hydroxyphen S%apro anedi - acryl ate,
Bol%ox§ethylene(4) 2, 2- %b@(&l Fo%?ﬁﬁ@n§l thﬁr@ﬁ&ﬁ&ﬁtacrylate and

comounds obtayiegehon! fey® HTHAY) B8 TELARERY 35S SoWRLBLd U
Lo T Ot OB PN e AR 00
agents, such agnitiator and a monofunctional polymerization

5 initiator, as enumerated hereinbelow.

Specific examples of the polyfunctional
polymerization initiator may include: polyfunctional
polymerization initiators having at least two
functional groups having a polymerization-initiating

10 function, such as peroxide groups, per molecgle,
inclusive of 1,1-di-t-butylperoxy-3,3,5-trimethyl-
cyclohekane, 1,3-bis~(t-butylperoxyisopropyl )benzene,
2,S-dimethyl-z,5—(t—buty1peroxY)hexane, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexine-3, tris(t-butylperoxy)-

15 triazine, 1,1-di-t-butylperoxycyclohexane, 2,2-di-t-
butylperoxybutane, 4,4-di-t-butylperoxyvaleric acid
n-butyl ester, di-t-butylperoxyhexahydroterephthalate,
di-t-butylperoxyazelate, di—t-butylperoxytrimethyl—
adipate, 2,2-bis-(4,4-di-t-butylperoxycyclohexyl3;‘

20 | propane, 2,2-t-butylperoxyoctane and various polymer
oxides; and polyfunctional polymerization initiators
having both a polymerization-initiating functional
group, such as peroxide group, and a polymerizable
unsaturation group in.one molecule, such as diallyl-

25 peroxydicarbonate, t-butylperoxymaleic acid, t-
butylperoxyallylcarbonate, and t-butylperékyiso-

propylfumarate.



15 pentaerythritol triacrylate, trinethylolethane triacryl ate,

trimethyl ol propane triacryl ate, t et ranet hyl propane triacryl ate,

t et r amet hyl ol net hane . tetracrylate, oligoester acrylate, and conpounds
obt ai ned by substituting nethacrylate groups for the 20 acrylate groups
I n the above conpounds; triallyl cyanurate and triallyl trinmellitate.
These crosslinking agents nmay preferably b&7- used in a proportion of
0.0001 - 1 w. part, particularly 0.001 - 0.5 w. parts, per 100 wt.
parts 25 of the other vinyl nonomer conponents. o Anong t he
above- nenti oned crosslinking nmononers, aromatic divinyl conpounds
(particul arly, Among these, particularly preferygd examples

el udi ng. an sl BRRcTE B Lot AP b e e RerSEund, Fog- sEFBRERY LD Used in
a toner resin idyeonedfd! of, {1 N0 SO ASLELLFLLG18RdxERL! - gLl et
butylperoxyhexahydroterephthalate, di-t-
5 butylperoxyazelate, 2,2-bis(4,4-di-t-~-
3 butylperoxycyclohexyl )propane, and t-
butylperoxyallylcarbonate.

These polyfunctional polymerization
initiators may be used in combination with a

10 monofunctional polymerization initiator, preferably
one having a 10 hour-halflife temperature (a
temperature providing a halflife of 10 hours by
decomposition thereof) which is lower than that of the
polyfunctional polymerization initiator, so as to

15 provide a toner binder resin satisfying various
requirements in combination.

Examples of the monofunctional polymerization
initiator may include: organic peroxides, such as
benzoyl peroxide, 1,1-di(t-butylperoxy)-3,3,5- o

20 ' trimethylcyclohexane, n~butyl-4, 4-di(t-butylperoxy)-
valerate, dicﬁmyl peroxide, a,a-bis(t-butylperoxy-
dissopropyl )benzene, t-butylperoxycumene and di-t-
butyl peroxide; and azo and diazo compounds, such as
azobisisobutyronitrile, and diazoaminoazobenzene.

25 The monofunctional_pclymerization initiator
can be added to the monomer simultaneously with the

above-mentioned polyfunctional polymerization



5 <characteristic. - As other polynerization nethods, there are
known bul k pol yneri zati on and sol uti on pol ynerizati on. According to

t he bul k pol ynerization, however, a variety of polyners including a

| ow- nol ecul ar wei ght 10 polymer can be produced by adopting a high

pol ymeri zation tenperature providing an accel erated reaction speed,
the reaction control is liable to be -@8&ficult. In contrast thereto,
according to the sol ution pol ymerization process, such a | ow nol ecul ar
15 wei ght polynmer can be produced under noderate condi tions by
utilizing the radical chain transfer function of the solvent and by
adj usting the INitiRtonebut mayrpraferabdy Hﬁnéﬁ@eéraﬁ§§€tﬂéﬁse of a

t t that th | ut 0, ri zatiqn process is preferred
for formtion o LoperifefLen) bine wnigh aﬁseeeﬁpsnsnpa951ageceﬁt;p@ed in

LQFyﬁ;Pfiét{ﬁﬁ'ék%%ﬁunc*i PheL RS Prfetiptise, fnR¥i5tor, ' 2, Aaee W
anount of the nﬁéﬁﬁﬁéffgééﬂfeﬁggu ?teﬁ t9n1%§a Egeegkg négé d £SYRRr ess t he

adverse effect _ _ nerlza on
Exanpl es 0f5thepéﬁﬁﬁﬂﬁétf&ﬂéi'ﬁHifﬂQriEgtlon initiator.

\ The above-mentioned polymerization initiators
may preferably be used in an amount of 0.05 - 2 wt.
parts per 100 wt. parts of the monomer.

It is also preferred that the binder resin
10 used in the present invention may be crosslinked by
using a crosslinking monomer as enumerated
hereinbelow.
The crosslinking monomer may principally be a
monomer having two or more polymerizable double bonds.
15 Specific examples'thereof may include: aromatic
divinyl compounds, such as divinylbenzene and
divinylnaphthalene; diacrylate compounds connected
with an alkyl chain, such as ethylene glycol
diacrylate, 1,3-butylene glycol diacrylate, 1,4;.“
20 | butanediol diacrylate, 1,5-pentanediol diacrylate,
1, 6-hexanediol diacrylate, and neopentyl glycol
diacrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the
above compounds; diacrylate compounds connected with
25 an alkyl chain including an ether bond, such as
diethylene Qlycol diacrylate, triethylene glycol

diacrylate, tetraethylene glycol diacrylate,



-71- bi nder resin used in the toner according to the pr esent

I nvention may include: styrene; styrene derivatives, such as

o- met hyl styrene, m nethyl styrene, p- met hyl st yrene, p-nmethoxystyrene,

p- phenyl styrene, 5 p-chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,
2, 4-di net hyl styrene, p-n-butylstyrene, p-tert- but yl styrene,

p- n- hexyl styrene, p-n-octylstyrene, 9= nonyl styr ene,

p- n-decyl styrene, and p-n- dodecyl styrene; ethylenically unsaturated

nonool efins, 10 such as ethyl ene, propylene, butylene, and

Vimyls, such adaidR t?mr%?'géa”%i Rt RRcTy (3is giakeetwrTBR or o de.
SPSpYLEZJJ'”‘)aH%g #2993 czraétaé'« a‘#%?e@%%é‘y' il Afsrriate
22:22g£§::£2 |sobd¥§ﬁkﬁ€§¥acry ate <§Hﬁ4¥¥¥ﬁ@€§§3meth?cgzﬂgé%decyl

nethacryl ate, Zupd FOYthe acrylate groups in the above compounds;

5 diacrylate compounds connected with a chain including
3 an aromatic group and an ether boﬁd, such as

polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl )propanedi-
acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by |

10 substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade
name of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as

15 pentaerythritol triacrylate, trimethylolethane
triacrylate, trimethylolpropane triacrylate,
tetramethylpropane triacrylate, tetramethylolmethane
tetracrylate, oligoester acrylate, and compounds
obtained by substituting methacrylate groups for the

20 acrylate groups in the above compounds; triallyl
cyanurate and triallyl trimellitate.

These crosslinking agents may preferably be
used in a proportion of 0.0001 - i wt. part,
particularly 0.001 - 0.5 wt. parts, per 100 wt. parts

25 of the other vinyl monomer components.
Among the above-mentioned crosslinking

monomers, aromatic divinyl compounds (particularly,



nmet hacryl ate, stearyl nethacrylate, phenyl 20 nethacryl ate,

di met hyl am noet hyl net hacryl ate, and di et hyl am noet hyl net hacryl at e;
acryl ates, such as nmet hyl acrylate, ethyl acrylate, n-butyl acrylate,
I sobutyl acrylate, propyl acrylate, n-octyl acrylate, dodecyl
acrylate, 2-ethyl hexyl acrylate, stearyl 25 acrylate, 2-chloroethyl
acrylate, and phenyl acryl ate, vi nyl-#-hers, such as vinyl nethyl

et her, vinyl ethyl et her, and vinyl isobutyl ether; vinyl ketones,
such ' -72- as vinyl nethyl
ket one, vinyl hexyl ketone, and nethyl | sopropenyl ketone; N-vinyl
conmpounds, sucldiydinylbenzengnand, digiecyivte monre | eonpegted| i ndol e,
and N- vinyl pyrrolidone; vinyl naphthal enes; acrylic acid 5

derivatives or Wthh#c G dAT WA A1 ARORSRih HOPUP andc3Y | onitril e,
 Lorr] L unoat USHIEF HORHL TAY SHPRYG BR GRS siibi (HRASEoUEsHanthoned
di basi c aCids'view of fixing characteristic and anti-offset
5 characteristic.
\ As other polymerization methods, there are
known bulk polymerization and solution polymerization.
According to the bulk poljmerization, however, a
variety of polymers including a low-molecular weight
10 polymer can be produced by adopting a high
polymerization temperature providinglan accelerated
reaction speed, the reaction control is liable to be
difficult., In contrast thereto, according to the
solution polymerization process, such a low-molecular
15 weight polymer can be produced under moderate
conditions by utilizing the radical chain transfer
function of the solvent and by adjusting the
polymerization initiator amount or reaction
temperature, so that the solution polymerization
20 process is preferred for formation of a low-molecular
weight component to be contained in the binder resin.
It is also effective to perform the solution
rolymerization under an elevated pressure, so as to
suppress the amount of the polymerization initiator to
25 the minimum and suppress the adverse effect of the
residual polymerization initiator.

Examples of the monomer constituting the



These vinyl nononmers nmay be used singly or in 10 conbination of two or

nore speci es. Anong these, a conbi nation of nononers
provi di ng styrene-based copol yners and styrene- acryl at e- based
copolynmers may be particularly preferred. 15 It is
preferred that the binder resin contains at |east 65 w. % of styrene
pol ymer or styrene copolynmer so as tayexhibit good m xability

with the organic zirconi um conmpound. The bi nder resin used in

the present 20 invention may be in the formof a mxture of a high-

nmol ecul ar wei ght pol yner conponent and a | ow nol ecul ar

wei ght pol yner

conponent obt ai bkddéhr negiinvasedusn the poneesaespordiegutiovehef: a sol ution
bl end process wherein a hi gh-nol ecul ar wei ght polyner and a | ow 25
nmol ecul ar wei ghpresenyheinpentiiondmagpanalvfig: astyrene ;blskyadene n sol ution,
foll owed by renoval of the solvent; a dr¥ bl end process wherein the

Y

hi gh- and derivatives, such as o-methyls

renez73m-methylstyrene,

p-methylstyrene, p-methoxystyrene, p-phenylstyrene,

5 p-chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,

) 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-

butylstyrene, p-n-hexylstyrene, p-n-octylstyrene,

p-n-nonylstyrene, p-n-decylstyrene, and p-n-

dodecylstyrene; ethylenically unsaturated monoolefins,

10 such as ethylene, propylene, butylene, and

isobutylene; unsaturated polyenes, such as butadiene;

halogenated vinyls, such as vinyl chloride, wvinylidene

chloride, vinyl bromide, and vinyl fluoride; wvinyl

esters, such as vinyl acetate, vinyl propionate, and

15 vinyl benzoate; methacrylates, such as methyl

methacrylate, ethyl methacrylate, propyl methacrylate,

n-butyl methacrylate, isobutyl methacrylate, n-octyl

methacrylate, dodecyl methacrylate, 2-ethy1hexy%_“

methacrylate, stearyl methacrylate, phenyl

20 methacrylate, dimethylaminocethyl methacrylate, and

diethylaminoethyl methacrylate; acrylates,

such as

methyl acrylate, ethyl acrylate, n-butyl acrylate,

isobutyl acrylate, propyl acrylate, n-octyl acrylate,

dodecyl acrylate, 2-ethylhexyl acrylate,

stearyl

25 acrylate, 2-chloroethyl acrylate, and phenyl acrylate,

vinyl ethers, such as vinyl methyl ether, vinyl ethyl

ether, and vinyl isobutyl ether; vinyl ketones, such



| ow- nol ecul ar wei ght pol yners -.are nelt-kneaded by means of, e.g., an
extruder; and a two-step pol ymeri zation process wherein a
| ow nol ecul ar wei ght pol ymer prepared, e.g., by solution
polymerization is 5 dissolved in a nononer constituting a high-nolecul ar
wei ght polyner, and the resultant solution is subj ected to suspension
pol yneri zation, foll owed by washi ng wipth water and drying to obtain a
bi nder resin. However, the dry blend process |leaves a 10 problem
regardi ng the uniformdispersion and nut ual solubilities, and the
two-step pol ynerization process makes it difficult to increase the
| ow- ol ecul ar as vingilgmethydp&edone), n vinyds hexfylt e tung)- raxidmsthyl
wei ght conponent while it is advantageous in providing 15 a uniform
di spersion. Féscrsopenyd kadomesp N-vinylolopmpourds osystoas N-provi ding a
difficulty that, in the_presence of a | ow nolecul ar wei ght pol ymer
conponent, it VINFIPFIrEIQle.t FVInFleRrdee@is Ny vHinydindole npand Mar .
wei ght conponent, and_an_unnecessary | Qw 2%@ nol ecul ar_wei ght conponent is
by- produced. V1P¥, c?@FEPﬂd Pth3&5M FaPREhRlene s AL §S afid
suitable i th I nt _invention. Further, .ilf Js. . preferred to use a
IomﬁnDIecugar a&%aﬁ%ﬁaoﬁ§hé% he%%acfﬁllc ac1é der1vat1&és, suéh as
) acrylonitrile, methacrylonitrile, and acrylamide; the
esters of the above-mentioned a, B~-unsaturated acids
and the diesters of the above-mentioned dibasic acids.
These vinyl monomers may be used singly or in
10 combination of two or more species.
Among these, a combination of monomers
providing styrene-based copolymers and styrene-
acrylate-based copolymers may be particularly
preferred.
15 It is preferred that the binder resin
contains at least 65 wt. % of styrene polymer or
styrene copolymer so as to exhibit good mixability
with the organic zirconium compound.
The binder resin used in the present
20 invention may be in the form of a mixture of a high-
molecular weight polymer component and a low-molecular
weight polymer component obtained through various
processes, inclusive of: a solution blend process
wherein a high-molecular weight polymer and a low-
25 molecular weight polymer produced separately are
blended in solution, followed by removal of the

solvent; a dry blend process wherein the high- and



conponent having a prescribed acid value through 25 solution

pol yneri zati on because of easier setting of the acid value than in the
aqueous system pol ymeri zati on.

-74- It is also preferred to use a polyester resin as
the binder resin. A preferred conposition of such a polyester resinis
descri bed bel ow. Exampl es of _q3di hydric al cohol conponent nay
5 include: diols, such as ethylene glycol, propylene gl ycol ,

1, 3-butanediol, 1,4-butanediol, 2, 3- but anedi ol , di et hyl ene glycol,
triethylene glycol, 1, 5- pent anedi ol , 1, 6- hexanedi ol , neopentyl glycol,
2- et hyl - 1, 3- hexbowthol eclilalr ogeigihtopbdl spéesoard, meli-kbhesadedndlys and
derivatives represented by the following formula (A): [err]

means of, e.g., an extruder; and a two-step
polymerization process wherein a low-molecular weight
polymer prepared, e.g., by solution polymerization is
5 dissolved in a monomer constituting a high-molecular
3 weight polymer, and the resultant solution is
subjected to suspension polymerization, followed by
washing with water and drying to obtain a binder
resiﬁ. However, the dry blend process leaves a

10 problem regarding the uniform dispersion and mutual
solubilities, and the two-step polymerization process
makes it difficult to increase the low—molecular.
weight component in excess of the high-molecular
weight component while it is advantageous in providing

15 a uniform dispersion. Further, the two-step
polymerization process providing a difficulty that, in
the presence of a low-molecular weight polymer
component, it is difficult to form an adequatelg_pigh—
molecular weight component and an unnecessary low-

20 molecular weight component is by-produced.
Accordingly, the solution blend process is most
suitable in the present invention. Further, it is
preferred to use a low-molecular weight polymer
component having a prescribed acid value through

25 solution polymerization because of easier setting of
the acid value than in the aqueous system

polymerization.



15 wherein R denotes an ethyl-ene or propyl ene group,

x and y are

I ndependently O or a positive integer with the provi so that the

average of x+y is in the range of 0O - 10; diols

represented by the

following formula (B): [err] wherein R denotes -CHerr]CHerr]-,

[err] x' and y' are independently O or a posit
the proviso that the average of x'+y' is47mhe
Exanpl es of a dibasic acid may include

- 75- benzenedi car boxyl i c acids, such as phthal
terephthalic acid and isophthalic acid, and their

ive integer 25 with
range of 0 - 10.

ic acid,
anhydri des and | ower

al kyl esters; al kyl di carlifoxdf ialso prefEnred sichvass ariygsteni resinli pic

acid, sebacic

as the binder resin. A preferred composition of such

a polyester resin is described below.

Examples of a dihydric alcohol component may

5 include: diols, such as ethylene glycol, propylene

3 glycol, 1,3-butanediol, 1,4-butanediol, 2,3~

butanediol, diethylene glycol, triethylene glycol,

1,5-pentanediol, 1,6-hexanediol, neopentyl glycol,

2-ethyl-1, 3-hexanediol, hydrogenated bisphenol A,

10 bisphenols and derivatives represented
following formula (A):

CHa

H ORy% o-@-%-@-o —RO¥5H
CHj

by the

(A),

15 wherein R denotes an ethylene or propylene group, x and

y are independently 0 or a positive integer with the

proviso that the average of x+y is in the range of 0 -

10; diols represented by the following
H—£OR" -)x—o-@-o ~R'-Oy5—H
20 :
CH,

wherein R' denotes -CH,CHy-, -CH,-CH-

formula (3):
(B),
CH;

or -CHZ—L-

b

x' and y' are independently 0 or a positive'integer

25 with the proviso that the average of x'+y' is in the

range of 0 - 10.

Examples of'a dibasic acid may include



5 acid and azelaic acid, and t-heir anhydrides and | ower al kyl esters;
al kyl or al kenyl -substituted succinic aci ds, and their anhydri des and
| ower al kyl

fumaric

esters; and unsaturated di carboxylic acids, such as
acid, maleic acid, citraconic acid and itaconic acid,

10 and

t heir anhydrides, and derivatives of these. It is preferred

to use a pol yhydric al cohol

or nore
conponent

‘1, 3, 5-tri hydr oRpbyArddes and lower alkyl, gsteas:orlnldearbamibsx

aci ds may

or/and a7pgel ybasic acid each having three
functional groups also functioning as a crosslinking

in conbination with the above nentioned 15 alcohol and acid.
Exanpl es of such pol yhydric al cohols may I ncl ude: sorbitol,
1, 2, 3, 6- hexanebenzenedicarboxyligorbiitdsne suchnase phthalig acid,
di pentaerythritol, tripentaerithritol, 1,2,4-butanetriol, 1,2,5- 20
pentanetriol, geyeshshalichachgdl pndpasephitbalig. acid, and their
met hyl -1, 2, 4-butanetriol, trinethylolethane, - t ri met hyl ol propane, and

include: trimellitic acid, pyranel| 'Jéi%,a%%%cz’ 4-

benzent ri car boRFl ja5F&P 252 SECGERIENOST Car L% _ _
2,5, 7- naph hgtfeagﬁtgtr Hr:l "ROXNH4E 8Ri%, Ind their annIAI S G PoxYlIC

acid, 1, 2,

i

10

15

20

25

alkyl esters; alkyl or alkenyl-substituted succinic
acids, and their anhydrides and lower alkyl esters;
and unsaturated dicarboxylic acids, such as fumaric
acid, maleic acid, citraconic acid and itaconic acid,
and their anhydrides, and derivatives of these.

It is preferred to use a polyhydric-alcohol
or/and a pblybasic acid each having three or more
functional groups also functioning as a crosslinking
component in combination with the above mentioned
alcohol and acid.

Examples of such polyhydric alcochols may

include: sorbitol, 1,2, 3,6-hexanetetrxol, 1,4-

sorbitane, pentaerythritol, dipentaerythritol,

tripentaerithritol, 1,2,4-butanetriol, 1,2,5~
pentanetriol, glycerol, 2-methylpropanetriol, 2-
methyl-1,2,4-butanetriol, trimethylolethane,
trimethylolpropane, and 1, 3,5-trihydroxybenzene.
Examples of polybasic carboxylic acids may
include: trimellitic acid, pyromellitic acid{ 1,2,4;
benzentricarboxylic acid, 1,2,5-benzentricarboxylic
acid, 2,5,7-naphthalenetricarboxylic acid, 1,2, 4-

naphthalenetricarboxylic acid, 1,2,4-butanetri-

ylic

25



- 76- - carboxylic acid, 1.2,5-hexanetricarboxylic acid,’
1, 2, 5- hexanetricarboxylic acid, 1,3-dicarboxyl-2-

met hyl - 2- net hyl enecar boxypr opane, tetra(nethyl ene- car boxyl ) met hane,
1,2,7,8-octanetetracarboxylic acid, 5 enpole triner acid, and their
anhydri des and | ower al kyl esters; and al so tetracarboxylic acids
represented by the forrmula of: [err] -16-(wherein X is an al kyl ene or

al kenyl ene group having 1 - 30 carbon atonms and capabl e of having one
or nore si de chains of one or nore carbon atons) and anhydri de

and | ower al kyl esters thereof. The pol yester may desirably
conpri se 40 - G8rbasyhit. 8fi@ys el e2 abthed8netEhcavbox¥d ot akddhol conponent
and 60 - 40 nol. % preferably 55 - 45 nol. % of acid conponent. The

pol yfuncti onal 1 ¢dnP anghyigarbegzywlic acid, alpBogérarbexyi~2-- 60 nol. %
of the total methyl-2-methylenecarboxypropane, tetra(methylene-
carboxyl )methane, 1,2,7,8-octanetetracarboxylic acid,
5 empole trimer acid, and their anhydrides and lower
i alkyl esters; and also tetracarboxylic acids
represented by the formula of:

HOOCCH-X-~CHCOOH

HOOCCH, CH,COOH

10 (wherein.x is an alkylene or alkenylene group having 1
- 30 carbon atoms and capable of having one or more
side chains of one or more carbon atoms) and anhydride
and lower alkyl esters thereof.

The polyester may deSirably comprise 40 - 60

15 mol.%, preferably 45 - 55 mol. % of alcohol component
and 60 - 40 mol. %, preferably 55 - 45 mol. % of acid
component. The polyfunctional component may be used
in a proportion of 1 - 60 mol. % of the total
components.

20 Such a polyester may be produced through a
known polycondensation process.

When the toner according to the present
invention is formed as a magnetic toner, the toner
contains a powdery magnetic material, examples of

25 which may include& iron oxide, such as magnetite,
hematite and ferrite; metals, such as iron, cobalt and

nickel, and alloys of these metals with another



conponents. 20 Such a pol yester may be produced through a
known pol ycondensati on process. When the toner according to
t he present invention is formed as a magnetic toner, the toner
contains a powdery magnetic material, exanples of 25 which nay include:
i ron oxide, such as magnetite, - hematite and ferrite; netals, such as
I ron, cobalt and ni ckel, and alloys of7these nmetals with another
-77- el enent, such as alum num copper, |ead, magnesium tin,
zinc, antinony, beryllium bismuch, cadm um cal cium manganese,
selenium titanium tungsten and vanadi um and m xtures of these.
Magnetic parti cilesmerit, sugh mefaiwiinyutpnteppen, nbead) omaghestan,
The magnetic material used in the present i nvention may conprise an
iron oxide, sudiims zinc, mafimone, beghbhiwe, Hismack, ocadmiimi ure of
t hese containing a different (i.e., non-iron) elenent.

calcium, manganese, selenium, titanium, tungsten and

vanadium, and mixtures of these. Magnetic particles

5 may preferably contain a non-iron element.
A The magnetic material used in the present

invention may comprise an iron oxide, such as

magnetite, maghemite, ferrite or a mixture of these

containing a different (i.e., non-iron) element.

10 It is particularly preferred to use a
magnetic iron oxide containing at least one element
selected from lithium, boron, magnesium, aluminum,
silicon, phosphorus, sulfur, germanium, titanium,
zirconium, tin, lead, zinc, calcium, barium, scandium,

15 vanadium, chromium, manganese, cobalt, copper, nickel,
gallium, indium, silver, palladium, gold, platinum,
tungsten, molybdenum, niobium, osmium, strontium,
yttrium, technetium, ruthenium, rhodium, and bismuth.

It is particularly preferred to contain at least one

20 of lithium, beryllium, boron, magnesium, aluminum,
silicon, phosphorus,. germanium, zirconium, tin,
sulfur, calcium, scandium, titanium, vanadium,
chromium, manganese, cobalt, nickel, copper, zinc and
gallium. It is most preferred to use a magnetic iron

25 oxide containing a different element selected from the

group consisting of magnesium, aluminum, silicon,

rhosphorus and zirconium.



10 It is particulardy preferred to use a nmagnetic iron
oxi de containing at |east one el enent sel ected fromlithium boron,
magnesi um al um num silicon, phosphorus, sulfur, germanium titanium
zirconium tin, lead, zinc, calcium barium scandium 15 vanadi um
chromi um nanganese, cobalt, copper, nickel, gal lium indium silver,
pal | adium gold, platinum tungst en,_7gl ybdenum ni obi um osm um
strontium yttrium technetium -ruthenium rhodium and bismth.
It is particularly preferred to contain at least one 20 of [ithium
beryllium boron, magnesium al um num silicon, phosphorus,.
- germanium zirconium tiSmch a didfiflenent edlemeant nsarkk umttodwredim
vanadi um chrom um nanganese, cobalt, nickel, copper, zinc and
gal lium It isindet theefcamsdalt darddce wmigridie d daroroxx%:, oxi de cont ai ni ng
a different el enment selected fromthe group consisting of nagnesium
al um num Si|iégﬁprporatﬁﬁbgﬁh@pugx&ﬁ@ Ahex@qfymn the iron oxide, or
- 78- present as an oxide or a hydroxide thereon on the

5 surface of the iron oxide particles.

i Such a different element may be incorporated
into magnetic iron oxide particles at the time of
separation of the magnetic iron oxide in the co-
presence of the different element under a controlied

10 pH, or alternately may be precipitated on the surface
of the magnetic iron oxide particles by controlling
the pH or adding a salt of the different element and
controlling the pH, respectively after forming the
magnetic iron oxide particles.

15 The magnetic iron oxide particles containing
such a different element exhibits a good affinity with
and very good dispersibility in the binder resin.

Further, the good dispersibility of the magneticn"_
material also improves the dispersibility of the

20 organic zirconium compound used in the present
invention, thus allowing full exhibition of the
effect of the organic zirconium compound. Thus, the
magnetic material functions as a dispersion promoting
medium to promote the dispersion of the organic

25 zirconium compound. Further, the magnetic material

adsorbs water to promote the chargeability—imparting

effect of the organic zirconium compound exhibited in



.

Such a different elenment may be introduced into the crystal lattice of
the iron oxide, I ncorporated as an oxide thereof in the iron oxide, or
present as an oxide or a hydroxide thereon on the 5 surface of the iron
oxi de particl es. Such a different el enent may be incorporated
I nto magnetic iron oxide particles at the tine of separation of the
magnetic iron oxide in the co- presempg. of the different el enent under
a controlled 10 pH, or alternately may be precipitated on the surface

of the magnetic iron oxide particles by controlling the pH or adding a
salt of the different el enent and controlling the pH, respectively
after form ng tdmoperatimgneltlt water axoecybes | cl Bse efifect is The
magneti c iron oxide particles containing such a different el ement

exhi bits a goodfwfther tprofated whemmisedrin goonbinapieosiwithtg in the

bi nder resin. . _Further, the good dispersibility of the magnetic

materi al al so ikARRRsTeHN hpnrgian | 2eddovalwe. 20 organic zirconi um
conmpound used in the present i nvention, thus allowi ng full exhibition

of the effect of tNEDIRRIRLLS (BIRTHRE PRBEHEL T BRY hage a
magnet i c nag er it?rlxiééjznxr?txggp‘gic e aszgégpg{gézg{h?{fgr?f i'Pgus providing the
i resultant toner with a stable chargeability, in
cooperation with a good dispersibility thereof.
Further, while the toner particle size has been
reduced in recent years, the toner thus obtained
10 according to the present invention may be provided
with an enhanced uniformity of chargeabilitj and
reduced toner agglomeratability, thus providing ah
increased image density and improved fog prevention
effect, even at a weight-average particle size of 2.5
15 - 10 pm. The effect is particularly remarkable for a
toner having a weight-average particle size of 2.5 - 6
mm, and a very high—définition image can be produced.
A weight-average particle size of at least 2.5 gg“is
preferred in order to obtain a sufficient image
20 density. On the other hand, as the toner particle
size is reduced, the liberation of the zirconium
compound is more liable to occur. However, as the
toner according to the present invention is excellent
in changing uniformity, the toner is less liable to be
25 affected by sleeve soiling with some isolated
zirconium compound.

The above-mentioned different element may



mediumto pronote the dispersi-on of the organic 25 zirconi um conpound.
Further, the magnetic materi al adsorbs water to pronote the
chargeability-inparting effect of the organic zirconi um conpound
exhibited in -79-

cooperation wth water nolecules. The effect is further pronoted when
used in conbination with a bi nder regig3 having an aci d val ue.

"The magnetic material particles may have a 5 uniformparticle size

di stribution, thus providing the resultant toner with a stable
chargeability, in cooperation wth a good dispersibility thereof.
Further, whil epreferahdy bgr contaigiefe imad.0Ser 10 wir.edudmbead orecent
years, the toner thus obtained 10 according to the present invention nmay
be provided theyigpnaglemeaicda kher sagnetist idem @xdidg .| t)'/l’h?ng

reduced toner aggloneratability, thus_providing an I ncreased i mage
density and i rrﬁ%g‘\F@H of at,og@e%»[r@;ﬁrably &er Octl, evetat % wei ght - aver age

particle size %Br%i%ularly preferably 0.2 - 5 wt. %, most preferably

5 0.3 -4 wt. %. Below 0.05 wt. %, the addition effect
y of the different element is scarce, thus failing to
achieve good dispersibility and uniformity of
chargeability. Above 10 wt. %, the charge liberation
is liable to be excessive to cause insufficient
10 chargeability, thus resulting in a lower image density .
and an increased fog.

It is preferred that the different element is
distributed so that it is richer in the vicinity of
the surface of the magnetic iron oxide particles. For

15 example, it is preferred that 20 - 100 % of the
different element is present at the surface portion tb
be dissolved up to an iron dissolution percentage of
20 %. The percentage is preferably 25 - 100 %, more
preferably 30 - 100 %. By increasing the proportion

20 of the presence at the surface portion, the
dispersibility and electrical diffusion effect of the
different element can be improved.

The magnetic material, preferably magnetic
iron oxide particles containing a different element as

25 described above, may preferably have a number-average
particle size of 0.05 - 1.0 pm, further preferably 0.1

- 0.5 pm. The magnetic material may preferably have a



15 - 10 [err]m The effect is particularly remarkable for a t oner
having a weight-average particle size of 2.5 - 6 [err]m and a very
hi gh-definition image can be produced. A wei ght -average particle size
of at least 2.5 [err]mis preferred in order to obtain a sufficient
Il mage 20 density. On the other hand, as the toner particle ~ sizeis
reduced, the liberation of the zirconium_-gi- conpound is nore liable to
occur. However, as the toner according to the present invention is
excel | ent in changing uniformty, the toner is less |liable to be 25

affected by sleeve soiling with some isolated zbrconiun1conpound.
The above- nent iBABdspe¢itiensuefamenargayof 2 - 40 m“/g, more
- 80- preferably be containeﬂ in 0.05 - 10 wt. % based on t he
iron el enent i PPYRECHRRIEL4 i 20MOLFde. THRemagnetignmaterialnore
preferably be 0.1 - 7 w. % particularly preferably 0.2 - 5 wt. %
most preferab|ypart1cles_may have an arbitrary shape without
particular restriction. As for magnetic properties,
5 the magnetic material may desirably have a saturation
y magnetization of 10 - 200 Amz/g, preferably 70 - 100
Amz/kg, a residual magnetization of 1 - 100 Amz/kg,
preferably 2 - 20 Amz/kg, and a coercive force of 1 -
30 kA/m, preferably 2 - 15 kA/m as measured under a
10 magnetic field of 795.8 kA/m. The magnetic material
may be added in 20 - 200 wt. parts per 100 wt. parts
of the binder resin.
The element quantity in the magnetic iron
oxide may be measured by fluorescent X-ray analysis
15 using a fluorescent X-ray analyzer (e.., "SYSTEM
3080", mfd. by Rigaku Denki Kogyo K.K.) according to
JIS KO119 "General Rules for Fluorescent X-ray
Analysis"). ?urther, the element distribution may be
measured by gradual fractional dissolution of the
20 magnetic iron oxide particles with hjdrochloric acid
or hydrofluoric acid. and measurement of the element
concentration in the solution at each fractional
dissolution relative to the element concentration in
the complete solution, respectively according to ICP
25 (inductively coupled plasma) emission spectroscopy.

The number-average particle size of the

magnetic material may be measured by taking



5 0.3-4w. % Below0.05w. % the addition effect of the

different elenent is scarce, thus failing to achi eve good

di spersibility and uniformty of chargeability. Above 10 wt. % the
charge |iberation is liable to be excessive to cause insufficient 10
chargeability, thus resulting in a |lower inmage density and an

I ncreased fog. It is prefertgglthat the different elenent is
distributed so that it is richer in the vicinity of the surface of the
magnetic iron oxide particles. For 15 exanple, it is preferred that 20 -
100 % of the different elenent is present at the surface portion to
be di ssol ved uphotegraphs of ssoneitpart pelesntbereof througbh & The
percentage is preferably 25 - 100 % nore preferably 30 - 100 % By
i ncreasi ng t he PFApRATSHIPN BleQhromdipEeCRRe sand hpeasuring pbetion, the
dispersibility and electrjcal diffusion effect of the = different

el enent can be B3FiRAR Sizes on the phatpgvaphetP¥ Aufigditizeps epErabl y

magneti c iL.on oxide particles contajnjng a different_ elenent as 25
descri bed above,hW%}e&-‘% TP LS ?ltn{b}é?-'&?%?%é%c matepiaticle size of

8 etoroh ddb e SLALAR 428 Hasea on Paful ndlEalBAMEY' GoFRL®"

\ a vibrating sample-type magnetometer ("VSM-3S-15",
available from Toei Kogyo K.K.) under an external
magnetic filed of 795.8 kA/m. The specific surface
area values are based on values measured by using a

10 specific surface area meter ("Autosorb 1", available

from Yuasa Ionics K.K.) according to the BET multi-
point method.

The toner according to the present invention
may preferably have a weight-average particle size of

15 2.5 - 10 pym, more preferably 2.5 - 6 pm, in case of |
either a magnetic toner or a non-magnetic toner.

The weight-average particle size and particle
size d;stribution of a toner may be measured accprding
to the Coulter counter method, e.g., by using Coulter

20 Multisizer 11 (available from Coulter Electronics
Inc.) together'with an electrolytic solution
comprising a ca. 1 % NaCl agueous solution which may
be prepared by dissolving a reagent-grade sodium
chloride or commercially available ‘as "ISOTON-II"

25 (from Cqunter Scientific Japan). For measurement,
into 10 to 150 ml of the electrolytic solution, 0.1 to

5 ml of a surfactant (preferably an alkyl



- 81- BET specific surface area of 2 - 40 nferr]/g, nore

preferably 4 - 20 n2/g. The nagnetic nateri al particles nmay have an
arbitrary shape w thout particular restriction. As for nagnetic
properties, 5 the magnetic material may desirably have a saturation
magneti zation of 10 - 200 AnR/g, preferably 70 - 100 An2/ kg, a

resi dual magnetization of 1 - 100 An2/kg.-~g3- preferably 2 - 20 AnR/ kg,
and a coercive force of 1 - 30 KAm preferably 2 - 15 kA/m as
measured under a 10 magnetic field of 795.8 KAAm The nmagnetic materi al
may be added in 20 - 200 wt. parts per 100 w. parts of the binder
resin. benzeneﬁhéfehémenc14uaaﬂ¢0yiBnaMMedngﬁuaidiSpemsant oxi de

may be nmeasured by fluorescent X-ray analysis 15 wusing a fluorescent
X-ray anal yzer apd 2 - 20smgvof a sgopde is @dded.Ri Fhleu mawlitatdyyo K K.)
according to JIS K0119 "CGeneral _Rules for Fluorescent X-ray

Anal ysi s"). FuPifeersipe ofctber sgrpde dy: ithe @&F%Oll’tl"rr@é%?m@&lby

tion of_ .the
gradual fractlgnal 5%%%'% to a dlspers1on treatment by an

5 ultrasonic disperser for ca. 1 - 3 min., and then
3 subjected to measurement of particle size distribution

by using the above-mentioned apparatus. equipped with a
100 pm-aperture. The volume and number of toner
particles having- particle sizes of 2.00 mm or larger

10 are measured for respective channels to calculate a
volume-basis distribution and a number-basis
distribution of the toner. From the volume-basis
distribution, a weight-average particle size (Dy) of
the toner is calculated by using a central value as a

15 representative for each channel.

The channels used include 13 channels of 2.00
- 2.52 pym; 2.52 - 3.17 pm; 3.17 - 4.00 pm; 4.00 - 5.04
pm; 5.04 - 6.35 pm; 6.35 - 8.00 pm; 8.00 - 10.08 nm,
10.08 - 12.70 pm; 12.70 - 16.00 pm; 16.00 -~ 20.20 pm;

20 20.20 - 25.40 pm; 25.40 - 32.00 pm: and 32.00 - 40.30
_ -

Examples of the wax used in the present
invention may include: aliphatic hydrocarbon waxes,
such as low-molecular weight polyethylene, low-

25 molecular weightlpolypropylene, polyolefin copolymers,
polyolefin waxes, microcrystalline wax, paraffin wax,

and sasol wax; oxidation products of aliphatic



20 magnetic iron oxide particles with hydrochloric acid or _
hydrof l uoric acid. and neasurenent of the el enent concentration in the
solution at each fractional di ssolution relative to the el enent
concentration in the conpl ete solution, respectively according to |ICP
25 (inductively coupled plasna) em ssion spectroscopy. The
nunber - average particle size of the ~-gagnetic material may be neasured
by taking - 82- phot ogr aphs
of sonme particles thereof through a transm ssion el ectron mcroscope
and neasuring the particle sizes on the photographs by a digitizer,
etc. The h¥grecREbproparesessurht Rs eadidzed melaatdiylehealowaxi bed
herein are based on val ues neasured by using a vibrating sanpl e-type
magnet onet er (PY8FK38OPFiymers ofy $he,BPever o ersdiabisyyrsesk. susitler an
ext er nal magne 795.8 KA/lm The %Pecific surface area

ti.c_filed of
val ues are basBf Sﬁnbéﬂﬁéégn§§§urgarﬁﬁ & W§*y Japan wax, and

"hohoba" wax; animal waxes, such as beeswax, lanolin,
5 and whale wax; mineral waxes, such as ozocerite,

3 ceresine, and petrolatum; waxes consisting principally
of aliphatic acid esters, such as montanate ester wax
and castor wax; and partially or totally deacidified
aliphatic esters, such as deacidified carnauba wax.

10 Further examples of the release agent may include:
saturated linear aliphatic acids, such as palmitic
acid, stearic acid, montanic acid, and long-chain
alkylcarboxylic acid having a further long alkyl
chain; unsatuiated aliphatic acids, such as brassidic

15 acid, eleostearic acid and parinaric acid; saturated
alcohols, such as stearyl alcohol, eicosyl alcohol,
behenyl alcohol, carnaubyl alcohol, ceryl alcohol,
melissyl alcohol, and long-chain alkyl alcochols pgying
a further long alkyl chain; polyhydric alcohols, such

20 | as sorbitol; aliphatic acid amides, such as
1iholeylamide, cleylamide, and laurylamide; saturated
aliphatic acid bisamides, methylene-bisstearylamide,

. ethylene-biscaprylamide, and ethylene-biscaprylamide;
unsaturated aliphatic acid amides, such as ethylene-

25 bisolerylamide, hexamethylene-bisoleylamide, N,N'-
diocleyladipoylamide, and N,N'~dioleylsebacoylamide,

aromatic bisamides, such as m-xylene-bisstearoylamide,



10 specific surface area neter ("Autosorb 1", available from Yuasa
lonics K K ') according to the BET nulti- poi nt et hod.

The toner according to the present invention may preferably have a
wei ght - average particle size of 15 2.5 - 10 pm nore preferably 2.5 - 6
[err]m in case of either a magnetic toner or a non-nmagnetic toner.
The wei ght-average particle size and parti8&3-e size distribution of a
toner may be neasured according to the Coulter counter nethod, e.g.,
by using Coulter 20 Miltisizer Il (available from Coulter Electronics
Inc.) together with an electrolytic solution conprising a ca. 1 % NaCl
aqueous sol uti RGN -Sh ptearylisophdhaled anide s D IRRRLEC ragdent - gr ade
sodi um chl ori de or. .connmercially avail abl e as "ISCWCN—*I" from

Counter Sci ent PR 5 (ggRenaldy, I metallif S4P1 0 ﬁB%gn?éof t he
:: E)C/It rolytic S%la'itéi% SQ:'e]azlane, ca15cin11m ci]cauara uef ,fsgz_clir?g ts{garue; é?btl-ﬁ{dan
magnesium stearate; grafted waxes obtained by grafting
5 aliphatic hydrocarbon waxes with vinyl monomers, such
} as styrene and acrylic acid; partially esterified
products between aliphatic acids and polyhydric
alcohols, such as behenic acid monoglyceride; and
methyl ester compounds having hydroxyl group as

10 obtained by hydrogenating vegetable fat and oil.

A further preferred class of waxes may
include: polyoclefins obtained throﬁgh radical
polymerization of olefins under high pressure;
polyolefins obtained by purifying low-molecular weight

15 by-products from high-molecular weight polyolefin
polymerization; polyolefins obtained by low-pressure
polymerization in the presence of a catalyst, such as
Ziegler catalyst or metallocene catalyst; polyolefins
polymerized under irradiation with radiation rays,

20 electromagnetic wave or light; low-molecular weight
polyolefin formed by. thermal decomposition of high-
molecular weight polyolefin; paraffin wax,
microcrystalline wax, Fischer-Tropsche wax; synthetic
hydrocarbon waxes obtained according to, e.g., the

25 Synthol process, the Hydrocol process, and the Arge
:prdcess; synthetic waxes pbtained from mono-carbon

compounds; hydrocarbon waxes having a functional



benzenesul fonic acid salt) is -added as a di spersant’, and 2 - 20 ng of

a sanple is added. The resultant di spersion of the-sanple in the

el ectrolytic solution is subjected to a dispersion treatnment by an 5

ultrasonic disperser for ca. 1 - 3 mn., and then - subjected to

measur enent of particle size distribution by using the above-nentioned
apparatus equi pped with a 100 [err }@6aperture. The vol unme and nunber

of toner particles having particle sizes of 2.00 [err]mor larger 10

are neasured for respective channels to calculate a vol une- basi s

di stribution and a nunber-basis di stribution of the toner. Fromthe

vol ume- basi s 9TOUR, s ERICH BiSo Ay dx oRilg SIromPe Oxg eaFhoeydl @rgury (D err]) of
the toner is cal.cul ated %y usigp a central value as a 15 representative
for each chann@tX¥tures ol a hydrpcardem,wars apde@ MYANRERTEP: el s of

Cerrlm 5. 04 - ¥aviDo & fppctaonal SEoygyy e moa 4o welkem qraisnd
1098 1270 by oG 1508 LAy 0t kiiddTnod
e T SRR, B ot ST TG,
pol yet hyl ene, lb®Vmaleic anhydride.

It is also p;eferred to use a wax product
having a narrower molecular weight distribution
obtained by fractionating the above waxes according to

10 press sweating, solvent method, re~c¢rystallization,
vécuum distillation, supercritical gas extraction or
melt-crystallization; or a purified product obtained
by removing low-molecular weight solid aliphatic acid,
low-molecular weight solid alcohol, low-molecular

15 weight solid compound and other impurities.

The wax used in the present invention may
preferably have a melting point of 70 - 140 °C, more
preferably 70 - 120 ©C, in order to provide a good
balance between the fixability and anti-offset

20 characteristic of the resultant toner. Below 70 °cC,
the toner is liable to have a lower anti-blocking
property, and above 140 ©C, it becomes difficult to
exhibit the anti-offset property.

In the toner according to the present

25 invention, the wax may be used in an amount of 0.2 -
20 wt. parts, preferably 0.5 - 10 wt. ?arts, (as a

total amount when two or more species are used in



.

25 nol ecul ar wei ght pol ypropyl-ene, pol yol efin copol yners, pol yol efin

-waxes, mcrocrystalline wax, paraffin wax, and sasol wax; oxidation
products of aliphatic - 84-
hydrocarbon waxes, such as oxidized pol yethyl ene wax; bl ock copol yners
of the above; vegetabl e waxes, such as candelilla wax, carnauba wax,
Japan wax, and “hohoba"” wax; ani mal -8gxes, such as beeswax, [anolin,

5 and whal e wax; mneral waxes, such as ozocerite, ceresine, and
petrol at um waxes consisting principally of aliphatic acid esters,
such as nontanate ester wax and castor wax; and partially or totally
deaci dified CcomBEipgkiOnd.epear400swth aardsacidithiediswenmutesimx. 10
Furt her exanples of the rel ease agent may incl ude: - saturated |inear

aliphatic acids, such afPSamgltiag poingciof, asm}desa?ida,elm:@lﬂ;cl aci d,
and | ong-chain al kyl carboxylic acid having a further |aong al ky
chai n; unsaturﬁﬁgﬁrﬁlFBhgtP@agéﬁgs%egﬁéﬁa§§rﬁr sifdmaximum heat-

absorption peak of the wax on a chart of DSC
.5 (differential scanning calorimetry).

3 The DSC measurement for a wax or toner may
preferably be performed by using a high-accuracy
internal heat input compensation-type differential
scanning calorimeter, (such as "DSC 7", available from

10 Perkin-Elmer Corporation).

The measurement may be performed according to -
ASTM D3418-82. A sample is first subjected to one
cycle of heating and cooling for removing a thermal
histroy thereof and then heating at a temperature-

15 raising rate of 10 oC/min. to take a DSC curve.

The organic zirconium compound used in the
present invention may exhibit further excellent effect
when used in combination with two or more specigsnof
different waxes. The waxes exhibit a plasticizing

20 function and a release function in the toner, which
can be exhibited emphatically by'the respective waxes
more effectively than in the case where either one of
the waxes'is used alone. More specifically, the toner
is plasticized by one of the waxes and correspondingly

25 the release effect of another wax can be more -
effectively exhibited. These effects are promoted

when a binder resin having an acid value is used in



15 acid, eleostearic acid and parinaric acid; saturated al cohol s, such
as stearyl alcohol, eicosyl alcohol, behenyl al cohol, carnaubyl

al cohol , ceryl al cohol, mel i ssyl al cohol, and | ong-chai n al kyl

al cohol s havi ng a further long al kyl chain; polyhydric al cohols, such
20 as sorbitol; aliphatic acid am des, such as | i nol eyl am de,

ol eyl am de, and | aurylam de; saturated -gg<aliphatic acid bisam des,

nmet hyl ene- bi sst earyl am de, et hyl ene- bi scapryl am de, and

et hyl ene- bi scapryl am de; unsaturated aliphatic acid am des, such as
et hyl ene- 25 bi sol eryl am de, hexanet hyl ene-bi sol eyl am de, N, N -

di ol eyl adi poy| ssamfsinatiicdbN, N - di ol eyl sebacoyl am de, aromatic

bi sam des, such as m xyl ene- bi sst ear oyl am de,

- 85- and N, N - di iy ithpriungtiens def the phaxes, aeid., in netal
salts (generally called netallic soagg, such as cal ci um st ear at e,

cal ci um | aur at €358 fhexe g faxgg) of simplame FEAMctereat aregraedeiinnaxes

obtai ned b rafti.n 5. al i phati c hydrocarbon waxes. with vi nyl nononers,
such y 9 comb atlon,FQ wax h v{ng a lower melting poigt

5 principally exhibits the plasticizing function and the
i other wax having a higher melting point principally
exhibits the release function. In this case, the
function separation can be effectively accomplished if
the melting point différence is 10 - 100 °C. 1iLess
10 than 10 °C, the function separation effect cannot be
readily exhibited, and in excess of 100 °C, the
promotion of the functions due to mutual interaction
cannot be readily exhibited.
In this case, it is preferred that at least
15 - one of the waxes has a melting point of 70 - 120 ©°cC,
more preferably 70 - 100 ©C, so as to readily develop
the function separation effect.
As for the combination of waxes, a wax
relatively rich in branching structure or polar group
20 such as a functional group or a wax modified with a
modifier component rather different from the principal
component preferentially exhibits the plasticizing
function, and a wax having a rather linear structure,
a non-polar, wax free from functional groups or an
25 unmodified straight wax preferentially exhibits the
release function. Examples of such preferred

combinations may include: a combination of a



as styrene and acrylic acid; partially esterified
al i phatic acids and pol yhydric al cohols, such as b

products between
ehenic acid

nonogl yceri de; and nmet hyl ester conpounds havi ng hydroxyl group as

obt ai ned by hydrogenati ng vegetable fat and oil.
preferred class of waxes may i ncl ude: pol yol efins
radi cal pol yneri zati on of ol efi ns unde~ hi gh press
pol yol ef i ns obt ai ned by purifying | ow nol ecul ar wei ght
from hi gh-nol ecul ar wei ght polyolefin pol yneri zat i

A further
obt ai ned t hrough
ure;

15 by-products
on; polyolefins

10

obt ai ned by | ow pressure pol ynmeri zation in the presence of a catalyst,
such as Zhegpbprlymezl prt copodwmelrl copsdsting princigaldiyefafs
pol ymeri zed under irradiation with radiation rays, 20 electronagnetic wave

or 1ight; |ow BSP¥AEREr 2R8I ghhomopolymeyoPaEf CAPPIYIES PyFincidmaldly

deconposi tion of hi

mol ecul_ar wei ght pol yol efin; paraffin wax,

.gh- :
m crocrystal | i i@ gFlﬁpseﬁePpTP BLiRe r gthylene; @ qrocarbon

waxes obt ai ned _accor di

rocess,.  the Hydroco

] . g. 25 S hol .
process, and tf& Fﬂgtggnt8Sr%cgggyggéﬁﬂHe??én%a%3§&55ﬁﬁqﬁ§}qqcnn
ono- carbory 501 GBTBEYRISa BYALIAALRAR BRI BRLI"Wa,  WiWA e

3 acid wax or ester wax and hydrocarbon wax: a

combination of Fischer-Tropsche wax or polyolefin wax

and paraffin wax or microcrystalline wax;

a

combination of Fischer-Tropsche wax and polyolefin

10 wax; a combination of paraffin wax and

microcrystalline wax; and a combination of carnauba

wax, candelilla wax, rice wax or montan wax, and

hydrocarbon wax.

In any case, the wax composition may

15 preferably have a maximum heat-absorption peak

exhibiting a peaktop temperature in a region of 70 -

120 °C, more preferably 70 - 110 °C, so as to provide

a good balance between the storage stability and

fixability of the resultant toner.

20 The toner according to the present invention

can contain a colorant comprising any suitable pigment

or dye. For example, suitable examples of the pigment

may include: carbon black, aniline black,

Naphthol

Yellow, Hansa Yellow, Rhodamine Lake, Alizarin Lake,

25 red iron oxide, Phthalocyanine Blue, and

Indanthrene

Blue. Such a pigment may be used in an amount

necessary to provide a required optical.density of



- 86- group, such as hydroxyl group or carboxyl group; m Xt ures

of a hydrocarbon wax and a hydrocarbon wax havi ng a functional group;
and nodi fi ed waxes obt ai ned by grafting the above waxes with a vinyl
nononer, such 5 as styrene, maleic acid ester, acrylate, nethacrylate,

or mal ei ¢ anhydri de. It is also preferred to use a wax

pr oduct havi ng a narrower nol ecul ar-88+ght di stribution obt ai ned
by fractionating the above waxes according to 10 press sweating, solvent
nmet hod, re-crystallization, vacuum distillation, supercritical gas
extraction or melt-crystallization, or a purified product obtained

by removing | ofi#BfedBpae. weight Qolid 4Pi Phat PaTaskdpreferabdw: Qolecul ar
wei ght solid aIchOLt | ow pol ecul ar 15 mei%ht soli d. conpound and .ot her

inpurities. ~ Par¥fe REX LQ8gWEn PREtEr 8fctbe REBRETOFESER -

ferably h | i ' f 70.- 14Q C ferably 70
P72 [ert1C. TREoPmi B8 BReUPas: o5g8%a mev Bhohikds ninesenoRee

fixability andegnt i50hE38 azo dyes, anthraquinone dyes, xanthene
5 dyes and methin dyes, which may be added in 0.1 - 20
3 wt. parts, preferably 0.3 - 10 wt. parts, per 100 wt.
parts of the binder resin.
In the present invention, it is preferred to
externally add inorganic fine powder, e.g., fine
10 powder of inorganic oxides, such as silica, alumina
and titanium oxide; carbon black or fine powdery
fluorinated carbon.
For example, silica powder, alumina powder or
titanium oxide powder may preferably be in such a fine

15 particulate form as to be attached as fine particles
onto the surface of the toner particles. More
specifically, such an‘inorganic fine powder may
preferably have a number-average particle size of 5 -
100 nm, more preferably 5 - 50 nm, and a specifin--

20 surface area of at least 30 mz/g, particularly 60 -
400 mz/g, as base powder, and a specific surface area
of at least 20 mz/g, particularly 40 - 300 mz/g, as
surface-treated powder, respectively as measured by
the BET method according to nitrogen adsorption.

25 Such inorganic fine powder may be added in
0.03 - 5 wt. parts per 100 wt. parts of toner

particles so as to provide an adequate surface



20 characteristic of the resultant toner. Below 70 [err]C t he toner
is |liable to have a | ower anti -bl ocki ng property, and above 140
[err]C, it becones difficult to exhibit the anti-offset property.

In the toner according to the present 25 invention, the wax nay be used in
an amount of 0.2 - 20 wt. parts, preferably 0.5 - 10 wt. parts, (as a
total anmount when two or nore species are-ased in

-87- conbi nation), per 100 wt. parts of the binder resin

The nelting point of a wax described herein refers to a peaktop
tenperature of a maxi num heat - absorption peak of the wax on a chart
of DSC 5 (diffevenigsl r&d&ni ng cal orinetry). The DSC
measurenment for a wax or_toner may . _preferably be perfornmed by using a
hi gh- accur acy i nt erf® iReRIAsuE ingnRardaT RRY Bretpraklehave

scanni ng. cal or |l FroptRiRaty PG Tedb IFY ¢ A6 p A0 LRI H
least 50 %, in terms of methanol wettability. The

5 hydrophobicity-imparting agent (or hydrophobizing

3 agent) may preferably comprise a silicon-containing
surface-treating agent, such as a silane compound
and/or a silicone oil.

For example, it is appropriate to use a

10 silane coupling agent, examples of which may include:
alkylalkoxysilanes, such as dimethyldimethoxysilane,
trimethylethoxysilane and butyltrimethoxysilane;
dimethyldichlorosilane, trimethylchlorosilane,
allyldimethylchlorosilane, hexamethyldisilazane,

15 allylphenyldichlorosi1ane,-benzyldimethylchlorosi1ane,
vinyltriethoxysilane, Y-methacryloxypropyltrimethoxy-
silane, vinyltriacetoxysilane, divinylchlorosilane,
and dimethylchlorosilane.

The toner according to the present invention

20 can also be blended with a carrier to provide a two-
component developer.. The carrier particles may
preferably have a resistiﬁity-of 10% - 1010 ohm.cm by
controlling the surface roughness and the amount of
coating resin.

25 The carrier particles may be coated with a
resin, ekamples of which may include: styrene-acrylate

copolymer, styrene-methacrylate copolymer, acrylate



The neasurenent may be performed according to ASTM D3418-82. A sanple
Is first subjected to one cycle of heating and cooling for removing a
t her nmal histroy thereof and then heating at a tenperature- 15 raising
rate of 10 [err]C/mn. to take a DSC curve. The organic

zi rconi um conpound used in the present invention may exhibit further
excel l ent effect when used i n conbi R@2-on with two or nore species of
di fferent waxes. The waxes exhibit a plasticizing 20 function and a

rel ease function in the toner, which can be exhibited enphatically by
t he respective waxes nore effectively than in the case where either
one of t hEORLFTers ,y Beghacsyd atep corodymemsoalsiliqone tremin, i's
pl asticized by _qne of the waxes and caorrespondingly 25 the release effect
of anot her maxfggﬁrﬁgeﬁﬁPEtalnlngfF€§EPvePPL¥Eﬂ & dPSihedORIMREL s are

ng?DtEd WQQQn? %Eﬂ%%hah%i%ﬂeh%wl¥§d@"f@?f%)”ﬁ&‘ éf%éﬁ¥ggigk
these.
5 The carrier core particles may comprise a
Y magnetic material, examples of which may include: iron
oxides, such as ferrite, iron-excessive ferrite,
magnetite, and Y-iron oxide; metals such as iron
cobalt or nickel, and alloys of these metals.

10 ° Further, the magnetic material may contain an element,
such as iron, cobalt, nickel, aluminum, copper, lead,
magnesium, tin, zinc, antimony, beryllium, bismuth,
calcium, manganese, selenium, titanium, tungsten, or
vanadium.

15 ' To the toner according to the present
invention, it is also possible to add various
additives in order to impart various properties.
Examples of such additives are as follows:

(1) Abrasive: metal oxides (strontium titanate,

20 cerium oxide, aluminum oxide, magnesium oxide,
chromium oxide, etc.), nitrides (silicon nitride,
etc.), carbide (silicon carbide, etc.), metal salts
(calcium sulfate, barium sulfate, calcium carbonate,
eté.), etc.

25 (2) Lubricants: powder of fluorine-containing
resin (polyvinylidene fluoride, polytetrafiuoro-

ethylene, etc.), aliphatic acid metal salts (zinc



conbi nati on. As for the functions of the waxes, e.g., in
case where two waxes of simlar structures are used in conbi nati on, a
wax having a lower nelting point 5 principally exhibits the plasticizing
function and the ot her wax having a higher nelting point principally
exhibits the release function. In this case, the function separation
can be effectively acconplished if t+H3nel ting point difference is 10
- 100 [err]C. Less 10 than 10 [err]C, the function separation effect
cannot be readily exhibited, and in excess of 100 [err]C, the

pronotion of the functions due to nutual interaction cannot be readily
exhi bi t ed. stearate, q3lqim stearate, @torbi #ted that at least 15

f th h | ti int of 70 - 120 [err]C re
oetorably vo - 10010 1oer s GBet e ic Ryl o%al‘vtict%ﬁeo?ﬁwemn
ti ff .. . . . ..t he conbi nation_of .waxes, .a_ wax
Celatively 11 cioRides (tin oxide, A LAl GAAD DAAR"0R alOHER ) Bot

functional groyyide @ amimsh foLhidy ! hedrbon bIR&k 1 £4 f§”§§ﬁ?g%%é§ther

different fromthe princi pal conponent preferenti al S fhe
pl asticizing etcfunction, and a wax having a rather |linear structure,
a non-polar, wax free fromfunctional groups or an

3 These additives may be added in 0.05 - 10 wt.

| parts, preferably 0.1 - 5 wt. parts per 100 wt. parts
of the toner particles. These additives may be added
singly or in combination of two or more species.

10 In the case of a magnetic toner, it is
preferred to use fine powder of two or more species of
inorganic oxides or metal oxides in order to provide
good developing performance in continuous image
formation and stable developing performance after

15 standing. In the case of a non-magnetic mono-
component developer, it.is preferred to use titanium
oxide or alumina in order to provide improved
flowability and image uniformity.

' Toner particles constituting the toner

20 according to the present invention may preferably be
formed through a process wherein the above-mentioned
toner component materials are sufficiently blended by
a blender, such as a ball mill, well kneaded by a hot
kneading machine, such as a hot roller kneader or an

25 extruder, and the kneaded product, after cooling for
solidification, is mechanically pulverized and

classified, to provide toner particles. It is also



25 unnodified straight wax preferentially exhibits the rel ease

function. Exanples of such preferred conbi nati ons may include: a

conbi nati on of a - 89-

honmopol ymer or copol ymer consi sting principally of ethyl ene and a
honopol ymer or copol ynmer principally consi sting of an olefin other
than ethyl ene; a conbi nation of a por98refin and a graft-nodified 5
pol yol ef i n; a conbi nat.i on of al cohol wax, carboxylic acid wax or ester
wax and hydrocar bon wax; conbi nati on of Fischer- Tropsche wax or

pol yol ef i n wax m crocrystalline wax;

conbi nati on of ??§§ﬁ§£eT$8 é mﬁxéaiémﬁBFﬁété Pntoﬁﬁrﬁgf°dgc$éﬁﬁ;natlon
[ | L i,natio
car hauna " ?89%3?1d‘éPg¥§ERME¥3£?r&§e§aﬁ9a§Frﬁ8 Fgﬁ%%aﬁ‘lxﬁﬁdwgt%

hydrocarbon waxmonomer (mixturel caﬂ¥t§@ﬁ€in h%héaélﬁSEBoib ygnygay 15
preferably have a maxi num heat - absorption p

form an emulsion or suspension liquid, followed by
5 polymerization; a microencapsulation for providing so-
3 called microcapsule toner particles wherein prescribed
materials are incorporated into either one or both of
the core material and the shell material; and a spray
drying process wherein constituent materials are
10 dispersed in a binder resin solution, and the
resultant dispersion is spray-dried into toner
particles. . Further, the resultant toner particles may
be further blended sufficiently with additive
particles, as desired by a blender, such as a Henschel
15 mixer, to provide a toner according to the present
invention.
Hereinbelow, some embodiments of the
developing method according to the present invention
using the toner of the present invention with o

20 reference to drawings.

25



exhibiting a peaktop tenperature in a region of 70 -
preferably 70 - 110 [err]C, so as to provide a good bal ance between

the storage stability and fixability of the resultant toner. 20
The toner according to the present invention can contain a col orant
conprising any suitabl e pignent or dye. For exanple, suitable exanples

of the pignent

may i nclude: carbon bi%ek, aniline bl ack, Naphthol

Yel | ow, Hansa Yel |l ow, Rhodam ne Lake, Alizarin Lake, 25 red iron oxide,

120 [err]C, nore

Pht hal ocyani ne Bl ue, and Indanthrene Bl ue. Such a pignent may be used
in an anount necessa rOV|de a required optical density of
-90- fixed i mage, ee'%/ ri q]paﬁ% eﬁ%%?%%%rephlc - 10

W . parts, per

a dye may be ust
dyes, xanthene be%:%ﬁ? n?é}lq)é?tfgzn bdé/aexslng\'wgrghei@é/trbosé 'gleg iHa(g)e - 20

10

15

20

25

formed by a known process) is rotated in a direction
of arrow B. On the other hand, a developing sleeve 14
(as a developer-carrying member) carrying a toner 10
(as a mono-component developer) supplied from a hopper
9 is rotated in a direction of arrow A to convey a
layer of the toner 10 to a developing region D where
the developing sleevé 14 and the photosensitive drum f'
oppose each other. 1In case.where the toner 10 is a
magnetic toner, a magnet 11 is disposed within the
developing sleeve so as to magnetically attract and
hold the magnetic toner 10 on the developing sleeve,
whereby the toner.is subjected to friction with the
developing sleeve 11 to acquire a triboelectric charge
sufficient for developing an electrostatic image on
the photosensitive drum 7.

In order to regulate the layer thickneééuof
the magnetic toner 10, a regulating magnetic blade 8
comprising a ferromagnetic metal is hung down from the
hopper 9 to confront the developing sleéve 14 with a
gap of ca. 200 - 300 pm from the surface of the
developing sleeve 14. Lines of magnetic induction
from a magnetic pole N; of the magnet 11 are
concentrated to the blade 8, whereby a thin layer of

the toner 10 is formed on the developing sleeve 14.

rts th d For,sim | ar purpose,
HreoRamd e °Jrume40¢“ Al FEATELS, O 2 WRSFAqU

none



wt. parts, preferably 0.3 - 10 wt. parts, per 100 wt. parts of the

bi nder resin. In the present invention, it is preferred to
externally add inorganic fine powler, e.g., fine 10 powder of inorganic
oxi des, such as silica, alumna and titani um oxi de; carbon bl ack or
fine powdery fluorinated carbon. For exanple, silica
powder, al um na powder or titani um ofibde powder nmay preferably be in
such a fine 15 particulate formas to be attached as fine particles

onto the surface of the.toner particles. Mire specifically, such an

I nor gani c fineTgomder ma preferably have a nunber-average particle

size of 5 - e bdadm, gnﬁP'Q pl&Pe ise smopnmagReticRiadec 20
surface area of, at.l| east_30 err]/qg, ,particularly 60 - 400 err]/g,
as base pomder,u5%8e5'sfj€cﬁag% Y 5c %grézgner 1%fl%ta RERstagRg ks 11/ g,
parti oul 2!y “Bopg00LEeRL sy pe, W AU HEHE Wil istng
0.03 © 5 wi. pArecheme FRRPREY TSR st o IE HlbeGt A Lo
provi de ansadequate surfrf@g€thin layer thickness of the toner 10
3 formed on the developing sleeve 14 may preferably be
smaller than the minimum gap between the developing
sleeve 14 and the photosensitive drum 1 at the
developing region D. The developing method according
10 to the present invention is particulérly effective in
such a developing apparatus for the scheme wherein an
electrostatic image is developed with such a thin
layer of toner, i.e., a non-contact type developing
apparatus. However, the developing method according
15 to the present invention is also applicable to a
developing apparatus wherein the toner layer thickness
is larger than the minimum gap between the developing
sleeve 14 and the photosensitive drum 7 at the
developing region, i.e., a contact-type developihé
20 apparatus.
Hereinbelow, further description of a non-
contact type developing apparatus will be made.
Referring again to Figure 1, the developing
sleeve 14 is supplied with a developing bias voltage
25 from a power supply 15 so as to cause a jumping of a
‘toner 10 (as a mono-component developer) carried on

the developing sleeve 14. In case where the



-91- coverage rate. The inorganic fine powder may

preferably have a hydrophob|C|ty of at least 30 % nore preferably at

| east 50 % in terns of nethanol wettability. The 5

hydr ophobi city-i nparting agent (or hydrophobi zi ng agent) may
preferably conprise a silicon-containing . surface-treating agent, such
as a silane conpound and/or a silicefg-oil. For exanpl e,
it is appropriate to use a 10 silane coupling agent, exanples of which nay
i ncl ude: al kyl al koxysi | anes, such as di net hyl di met hoxysi | ane,

trimethyl et hoxysi | ane and butyl tri met hoxysi | ane;
di met hyl di chl of®¥elanéng: biagt Vol Eager 8Si RaRE, Voltage' it is
al Iyl di met hyl chl o di si/l azane,

I h
al | y1 pheny! di cm%fgiif?%nahageﬁggf tﬂﬁﬁlé%ﬂwem alﬂsgweaﬂ,ﬁ ts suppied
h t, - si | ane,
x:ggltﬁ:zge?éiéé#ﬁaﬁe @%ﬁ?ﬁ%h %% Oxiﬁ g8 dsgxﬁgﬁﬁyFEhP0r05|lane
The toner accowgeggaoapbsnpasssn&ﬁ@&@@heanbe%aeaan 2baeREsAheaged Wth a

carrier to provi
5 an image region {(where the toner 10 is attached to

3 provide a visual imége region) and a potential of a
background region of an electrostatic image. On the
other hand, in order to increase the density or
gradational characteristic of a developed image, it is

10 also possible to apply an alternating bias voltage to
the developing sleeve 14, thereby forming a vibrating
field of which the voltage polarity alternates with
time at the developing region. In this case, it is
preferred fhat the developing sleeve 4 is supplied

15 with an alternating bias voltage superposed with a DC
voltage component equal to the above-mentioned
difference between the image region potential and the
background region potential.

Further, in the case of so-called normai”-

20 .development scheme wherein a toner is attéched to a
higher potential region of an electrostatic image
having such a higher-potential region and a lower
potential region, a toner charged to a polarity
opposite to that of the electrostatic image is useé.

25 On the other hand, in the case of the reversal.
development scheme wherein a toner is attached to a

lower-potential region of an electrostatic image, a



conponent devel oper. The carri-er particles may preferably have a

resistivity of 10[err] - 10[err] ohm cm by controlling the surface
roughness and the amount of coating resin. 25 The carrier
particles my be coated with a resin, exanples of which may include:
styrene-acryl ate copol yner, styrene-nethacryl ate copol ynmer, acrylate
-92- copol yners, nethacryl ate copoP$mers, silicone resin,
fluorine-containing resin, polyanm de resin, iononer resin,

pol yphenyl ene sulfide resin, and m xtures of these. 5 = The

BT O . PRhi! FRTBNac A B8 ass sBRHEEHRT T B R ©
Lt o BRUBE e300 kel 5 BRe] erlihe B RUBBEE, 10
material may cgpiahRid7 8h@M8NYower-potential refers to potential in
terms of absolute value. In any case, the toner 10 is
5 triboelectrically charged due to friction between the
3 toner 10 and the developing sleeve 14 to a polarity
appropriate for developing an electrostatic image on
the photosensitive drum 7.
In a developing apparatus shown in Figure 2,
10 an elastic plate 17 comprising a material having a
rubber elasticity, such as urethane rubber or silicone
rubber, or a material having a metal elasticity, such
as phosphor bronze or stainless steel, is used as a
member for regulating the layer thickness of toner 10
15 on a developing sleeve 14, and the elastic plate 17 is
pressed against the developing sleeve 14. 1In such a
developing apparatus, a further thin toner layer can
be formed on the developing sleeve 14. The other
‘structure of the developing apparatus shown in Fiéﬁre
20 | 2 is basically identical to that of the apparatus
shown in Figure 1, and identical numerals in Figure 2
represent identical members as in Figure 1.
In the developing apparatus of Figure 2, the
toner is applied by rubbing with the elastic plate 17
25 onto the developing sleeve 14 to form a toner layer
thereon, so that the toner can be provided with a

larger triboelectric charge and thus results in a



such as iron, cobalt, nickel, -alum num copper, |ead, magnesi um tin,

zinc, antinony, beryllium bisnuth, cal cium nmanganese, sel enium
titanium tungsten, or vanadi um 15 : To the toner according
to the present invention, it is also possible to add various
additives in order to inpart various properties. Exanpl es of such
additives are as foll ows: (1) A¥%sive: netal oxides (strontium
titanate, . 20 cerium oxide, alum num oxide, magnesi um oxi de, chrom um
oxide, etc.), nitrides (silicon nitride, -etc.), carbide (silicon
carbide, etc.), nmetal salts (calciumsulfate, bariumsulfate, cal cium

car bonat e, higher )image density. TQ;S tﬂB?i@ﬁn@gvelﬁBﬁBSr of
fluorine-containin resin_(pol yvinylidene fluoride, cg tetrafluoro-

ethyl ene. of ¢ JPPEFEIS 1T UE6% HRX ;¢ RoRTEAgHefic mono:cbmpbnent

- 93- stearate, calciumstearate, etc.), etc.
toner.

The developing sleeve used as a developer-
5 carrying member in the present invention may
3 preferably comprise a cylindrical substrate and a
resinous coating layer coating the substrate surface.
An example of such a structure is illustrated in
Figure 3 which is a partial sectional view of the
10 sleeve. Refefring to Figure 3, a cylindrical
substrate 6 is coated with a resinous coating layer 1
which may comprise a binder résin 4 and optionally an
electroconductive substance 2, a filler 3, a solid
lubricant 5, etc., as desired. In case where the
15 electroconductive substance 2 is contained, the resin
coating layer 1 becomes electroconductive. This is
effective for preventing excessive charge of the
toner. In case where the filler 3 is contained, the
wearing of the resin coating layer 1 may be o
20 suppressed, and the toner charge can be suitably
controlled by the charge-imparting ability of the
filler. Further, in the case where the solid
lubricant 5 is contained, the releasability between
the toner and the sleeve can be improved, thereby
25 preventing melt-sticking of the toner onto the sleeve.
In the case of incorporating an

electroconductive substance in a resin coating layer,



(3) Charge control particles: particles of netal oxi des (tin oxide,

titani um oxi de, zinc oxide, silicon oxi de, al um num oxi de), carbon

bl ack, resin particles, 5 etc. These additives may be added
in 0.05 - 10 wt. parts, preferably 0.1 - 5 w. parts per 100 w. parts
of the toner particles. These additives may be added singly or in
conbi nation of two or nore species. 10 -100- In the case of a magnetic

toner, it is preferred to use fine powder of two or nore species of

i norgani ¢ oxides or netal oxides in order to provide good devel opi ng
erformance in_ _continyous inage formati on and_stabl e devel opi ng
Berfornance af HBe rﬁglnsFSﬁaFﬁg.1aVﬁrtW@Yb8§§f8Fa§1Noﬁ§ﬁhﬁhﬁiQ: nmono-

conponent devel gper, it is . preferred_to us ;i@an'un1 oxi de or alunna
in order to prdY H@eiﬁ§F8§EEV1tY ° IS&aSPF%t Oanahﬂhﬁﬂ% AR ormity.

Toner particle Lt Ut Lig ger.,. 2 acgordi t he .present

i nvention may Fg?g?égﬁg ES mbdg ?grnggmfgpﬁugﬁgagﬁg%bggg e n the

above- nenti oneggyyme Eg??EtEP?E9a§?ftgﬁégggghgggéﬂﬁgpfﬁgyéyﬂéﬁé grded by

a bl ender, such as a m knéadi ng

machi ne, such agbaohal cig! tae kbpadeisoniable2?o BE LXdssidad ¢t he kneaded
product, after cooling for

\ charged, thus resulting in occurrence of blotches or
inferior developing performance.
The.resinous coating iayer may preferably
have a surface roughness-ﬁa in the range of 0.2 - 3.5
10 pm in terms of JIS cennte-line~average roughness. " If
Ra is below 0.2 pm, the toner charge in proximity to
the sleeve is liable to be excessive, so that the
toner is rather firmly held by the sleeve due to an
image force and accordingly a fresh toner portion
15 cannot be charged by the sleeve, thereby lowering the
developing performance. If Ra exceeds 3.5 um, the
toner coating amount on the sleeve is liable to be
excessive, so that the toner cannot be sufficiently
charged but is ununiformly charged, thereby causing a
20 lowering and irregularity of image density.
The resinous coating layer 1 may comprise
materials as follows.
Referring to Figure 3, examples of the
electroconductive substance 2 may include: powder of
25 metals, such as aluminum, copper, nickel and silver;
powder of metal oxides, such as antimony oxide, indium

oxide and tin oxide; and carbon homologues, such as



solidification, is nechanically pulverized and classified, to provide

toner particles. It is also -94-
possi bl e to adopt a polynerization toner production process wherein
prescribed materials are m xed wth a nmonomer (m xture) constituting
the binder resin to forman enul sion or suspension liquid, followed by
5 pol ymerization; a microencapsul ati on fod0groviding so- cal |l ed

m crocapsul e toner particles wherein prescribed materials are

i ncorporated into either one or both of the core material and the

shell material; agd a_s process wherein constituent

materials are bTBI°8i§bgéggchﬁbagL¥hggF P@?iﬁq§&hhﬁqoﬁgﬂﬂﬁf1|u§m°ng
s Lt o SPERRER", LRBBRSINE " ey RS P
additive = B3bbkchdnaBRtdeithednl) s Buildehy el Fodhddsde! 15
, provide a toner accordifng to the preseént
imparts an electroconductivity when incorporated in a
5 polymeric material at a fairly arbitrarily controlled
3 . level ﬁy controlling the addition amount thereof. The
carbon black may preferably have a number-average
particle size of 0.001 - 1.0 um, more preferably 0.01
- 0.8 mm. In excess of 1 pm, it becomes difficult to
10 control the volume resistivity of the resinous coating
layer.

The electroconductive sqbstance may
preferably be added in 0.1 - 300 wt. parts, more
preferably 1 - 100 wt. parts, per 100 wt. parts'of the

15 binder resin constituting the resinous coatingllayer.

The filler 3 may comprise a negative or
positive charge control agent for toners. Examples of
other materials constituting rhe filler 3 may include:
inorganic compounds, such as aluminum, asbestos,néiass

20 | fiber, calcium carbonate, magnesium carbonate, barium
carbonate, barium sulfate, silica and calcium
silicate; phenolic resin, epoxy resin, melamine resin,
silicone resin, polymethyl methacrylate, methacrylate
copolymers such as styrene/n-butylmethacrylate/silane

25 rerpolymer, styrene-butadiene copolymer, poly-.
caprolactone; nitrogen-containing compounds, such as

polycaprolactam, polyvinylpyridine, and polyamide;



I nventi on. ' : Her ei-nbel ow, sone enbodi nents of the
devel opi ng net hod according to the present invention usi ng the toner
of the present invention with 20 reference to draw ngs. 25
- 95- Referring to Figure 1, an el ectrophotographic
phot osensitive drum 7 (as an exanple of an inmage- bearing menber for
bearing an el ectrostatic i mge formedOBy a known process) is rotated
in a direction 5 of arrow B. On the other hand, a devel oping sl eeve 14
(as a devel oper-carrying nenber) carrying a toner 10 ~(as a _
nmono- conponent  devel oper) supplied froma hopper 9 is rotated in a
direction of aPPAREANrEOBSAIEYNg Polymer, such as polyvinylidene
fluoride, polyvinyl chloride, polytetrafluoroethylene,
polytetrachlorofluoroethylene, perfluoroalkoxylated
ethylene, polytetrafluorocalkoxyethylene, fluorinated
5 ethylene-propylene-tetrafluoroethylene copolymer, and
\ trifluorochloroethylene~vinyl chloride copolymer;
polycarbonate, and polyester. Among these, silica and
alumina are preferred because of their hardness and
toner chargeability controlling effect.
10 Such fillers may preferably be used in 0.1 -
500 wt. part, more preferably 1 - 200 wt. parts, per
100 wt. parts of the binder resin.
The solid lubricant 5 may comprise, e.g.,
molybdenum disulfide, boron nitride, graphite,
15 fluorinated graphite, silver-niobium selenide,
calcium chloride~graphite, or talc. Among these,
graphite may preferably be used because it has
electroconductivity in addition to lubricity and may
exhibit a function of reducing a portion of toner
20 having an excessive charge to provide a level of
charge suitable for development.
The solid lubricant may preferably be added
in 0.1 - 300 wt. parts, more preferably 1 - 150 wt.
parts, per 100 wt. parts of the binder resin.
25 The binder resin 4 used for constituting the

resinous coating layer 1 optionally together with such

electroconductive substance 2, filler 3 or/and solid



| ayer of the toner 10 to a developing region D where 10 the devel oping

sl eeve 14 and the photosensitive drum?7 oppose each other. In case
where the toner 10 is a magnetic toner, a magnet 11 is disposed within
t he devel opi ng sl eeve so as to nagnetically attract and hol d t he
magneti c toner 10 on the devel opi ng sleeve 15 whereby the toner is
subjected to friction with the deverl Bﬁng sleeve 11 to acquire a
triboel ectric charge sufficient for devel oping an el ectrostatic i mage
on t he photosensitive drum 7. In order to regulate the

aver thicknessolsc20c BheafREAChLoALORgLal0nsg LOANLALLG TAISE ¢ DI ade

8 conpri sThg a errohagne rom -t 'hopper 9

to confront th§uéﬁV§£08h&?o§%8e¥és%édev%P g resi gaBoﬁkfﬁidéuyé

[err]mfromthe surface I ng sl eeve Llnes 0 nagnetlc
i nduction 25 6iﬁ€§€eﬂaﬁésihc BeigcykﬁbﬁhtefrEBQnﬂaﬁﬁﬁ&o&%

concentrated to the bl ade 8, where hin | ayer of the toner 10 is
formed on-the ﬂesehppsﬂglebﬁeveeéﬂn, fluorine-containing resin,
5 styrene resin or acrylic resin. It is particularly
3 preferred to use a thermosetting or photocurable
resin.
The developing sleeve may be provided with
further preferable performances by surface treatment
10 thereof as by abrasion or polishing for surface
smoothing so as to expose the electroconductive
substance 2, filler 3 or/and solid lubricant 5 to the
sleeve surface at an appropriate level, or/and to
smooth the surface for providing a surface with a
15 uniform unevenhess. This is particularly effective
for suppressing longitudinal streaks appearing in
solid black or halftone images or quickly providing a
sufficient image density at the startup of 1mage
formation, particularly in a high temperature/hlgh
20 humidity environment. The abrasion or polishing
treatment may be performed by using an abrasion or
polishing stripe of felt or abrasive particle-attached
strip for finishing the sleeve surface to a uniform
unevenness, whereby the toner coating amount on the
25 sleeve can be uniformized, thereby allowing only toner
particles subjected to triboelectrification with the

sleeve to be conveyed to the developing region. This



- 96- The bl ade 8 can also conprise a non-nmagnetic bl ade.

Further, in case where the toner 10 is a non-nagneti
8 may be an el.astic blade conprising uret hane r
tip blade, etc. 5
formed on the devel oping sleeve 14 may preferably be

to the present invention is particularly effective

I
ovel oped w1 n EuehaanRl, k8 oe” ¢HEC plegR Rl on. e Ve

C toner,

t he bl ade

ubber, silicone rubber,

The thin layer thickness of the toner 10

smal l er than the
m ni mum gap between the devel opi ng silddre 14 and the phot osensi tive
drum1l at the devel opi ng region D. The devel opi ng net hod according 10
n such a
tic image is

ntact type
devel opi ng pe?RB2mahidss Hovever, the devel opi ng nethod according 15
t he present |nvent|on I's ‘al'so appllcable to a devel opi ng appar at us

wher ei n the toner | ayer plptogkA8ES sur fades Sudicird Ak ddnd 1] MR 92D

to

bet ween t he devel opi ng sl eeve 14 and the photosensitive drum 7 at the
devel opi ng regiceatinge layeCadyaprelfelAanisy elatiifg a Hur@Rar at us.

Her ei nbel ow,

further ‘description of a non- contact type devel opi ng

apparatus i | | roaghndss Ra (according to JIS B060l1) in the range of

i

10

15

20

25

0.2 - 3.5 pm, more preferably 0.3 - 2.5 pm, for the
same reason as described above. |

The cylindrical substrate 6 may preferably
comprise a cylinder of a non-magnetic metal or a .
resin. For example, a non-magnetic cylindrical tube,
such as that of stainless steel, aluminum or copper.
Such a cylindrical tube may be produced through
drawing or extrusion, preferably followed by cutting
or polishing for improving the size accuracy to a
prescribed size accuracy. The cylindrical tube may
preferably have a straight allowance of at most 30 pm,
more preferably at most 20 pm. The tube may be
subjected to sand blasting or abrasion for prov1de a
rough surface with an appropriate degree of surface
unevenness. The blasting may be performed by using
abrasive particles which may be definitely shaped or
indefinitely shaped.

Now, an example of image forming method to
which the developing method according to the present
invention is applicable, will be described with
reférence to Figure 4, which illustrates an image

forming apparatus including a contact charging means



Referring again to Figure 1, the devel oping - sleeve 14 is supplied with
a devel oping bias voltage 25 froma power supply 15 so as to cause a

j unpi ng of a toner 10 (as a nono-conponent devel oper) carried on

t he devel oping sl eeve 14. In case where the

-97- . devel oping bias voltage is a DC voltage, it is ~preferred
that the devel oping sleeve 14 is suppliedl105- wth a devel opi ng bias
voltage which is equal to a voltage given as a difference between a
potential of 5 an inmage region (where the toner 10 is attached to _
provi de a visual inmage region) and a potential of a background regi on

of an el ectros®Bfi 8 FAR§actOhranefer megnmewhiidmd thien deveédoptiad ncrease the
density or radati onal_ characteristic of a devel oped image, it is 10

al so possibl e w6%339|§°sﬂrgﬁpsyﬁache Braseps| dagentdon is @isajevel oping

ol ar  ty al t o AgPLLcRPER %", Phaun; Torming, BESHORy PEURGHAT @ thi o case.

it is corona charging scheme or/and a corona transfer

5 scheme.

\ Referring to Figure 4, a rotating drum-type
photosensitive member 801 comprising a photoconductor
layer 80la and an electroconductive substrate 801b is
rotated at a prescribed peripheral speed (process

10 speed) in a clockwise direction as shown on the
drawing. A charging roller 802 comprising an
electroconductive elastic layer 802a and a core metal
802b is supplied with a bias voltage V2 from a
charging bias voltage supply 803. The charging roller

15 802 is pressed against the photosensitive member 801
and is rotated following the rotation of the
‘photosensitive member 801.

Based on the bias voltage applied to the
charging roller 802, the surface of the photosen;ifive

20 lmember 801 is charged to a prescribed voltage of a
prescribed polarity. Then, the charged photosensitive
member 801 is exposed to image light 804 to form an
electrostatic image thereon, which is then visualized
as a toner image by a developing means 805. The

- 25 developing means 805 includes a developing sleeve
which is supplied with a bias voltage V1 from a

developing bias voltage supply 813.



preferred that the developing-sleeve 4 is supplied 15 wth an alternating

bi as vol tage superposed with a DC vol t age conponent equal to the
above-nenti oned di fference between the image region potential and the
background regi on potenti al. Further, in the case of
so-called normal 20 devel opnment schene wherein a toner is attached to a
hi gher potential region of an el ectrostatil@6i-mage “having such a

hi gher-potential region and a | ower potential region, a toner charged
to a polarity opposite to that of the electrostatic imge is used. 25
On the other hand, in the case of the reversal devel opnent, schene

wherein a toner is attatREdtPBer image| fprmed,pBnthg Phogosensd tiye

electrostatic -08-

toner charged #gﬁggﬁoggFiéﬁ pYeREresFaticpiy 5Fapﬁgerred'é?%%%ﬁbs;atic
Lg?g?sifou;g?éﬁg?égkgﬁ-gegggbfhé mater?R1°8b82hnd0e nOWRHRAL G} i@l
transfer bias voltage supplied from a wvoltage supply
5 807 via a transfer roller 806 (as a contact transfer
\ means for pressing the transfer-receiving material 808
onto the photosensitive member 801) comprising an
electroconductive elastic layer 806a and a core metal
806b. The toner image transferred onto the transfer-
10 receiving material 808 is then fixed onto the
transfer-receiving material 808 under application of
heat and pressure by a heat-pressure fixing means 811
comprising a heating roller 8lla and a pressure roller
' 811b. The surface of the photosensitive member 801 is
15 subjected to cleaning for removal of attached soiling
substance, such as transfer residual toner by a
cleaning device 809 having an elastic cleaning blade
abutted against the phofosensitive member 801 in a
counter direction, and then charge-removed by a o
20 . Ccharge-removing exposure means 810, to be used for a
subsequent cycle of image formation.
| While the charging roller 802 has been
described as a contact charging means in the above
embodiment, the primary charging means can also
25 comprise another contact charging means, such as a
charging blade or a charging brush, or alternatively a .

non-contact corona charging means. However, the



terns of absolute value. In any case, the toner 10 is 5 triboelectrically

charged due to friction between the toner 10 and the devel opi ng sl eeve
14 to a polarity appropriate for devel oping an el ectrostatic inage on
t he photosensitive drum 7. In a devel opi ng apparatus shown in
Figure 2, 10 an elastic plate 17 conprising a material having a

rubber elasticity, such as urethane rubbeto®d+ silicone rubber, or a
material having a netal elasticity, such as phosphor bronze or
stainless steel, is used as a menber for regulating the |ayer

t hi ckness of toner 10 15 on a devel oping sleeve 14, and the elastic plate
17 is pr 2oRERGE FRRTIIRG mwngeg'#ebw@bla tencause &he

devel opi ng apparatus a further thin toner |ayer can be formed on the
devel opi ng s| (RRLTL1GH, Oh papne. structure of the devel opi ng appar at us
shown in Figure 20 2

shown in Figure 1, and #%@ aé%g?|%%%%d§£ fﬁ %F 6%2%§19£rt§5éa pagﬁtus
entt o T ed TR el pranstor magea, b 1 ER CoRRIRS T Y 2115
R L AL
thus results isi@de or a transfer belt, or alternatively a non-
contact corona transfér means. The contact transfer
means is less liable to cause the occurrence of ozone.
Hereinbelow, the present invention will be
10 described more specifically with reference to
Examples, to which the present invention should not be
however construed to be limited.
Table 1 below shows some examples of resins,
Table 2 shows some waxes and Table 3 shows magnetic
15> materials, respectively used in Examples described
hereinafter.
| Regarding Table 1, styrene-based resins
(Binder resins A-G) were prepared by solution
polymerization, and polyester resin (Binder resi;.ﬁ)
20 | was prepared by dehydro-polycondensation.
Regarding Table 3, Magnetic materials (i) -
(v) were prepared as magnetite particles by adding
salts of prescribed elements to be internally
copresent, followed by pﬁ control, more specifically
25 by adding é silicate salt for Magnetic material (i), a
silicate salt and an aluminum salt for Magnetic

material (ii), a phosphate salt for Magnetic material



- 99- higher i mge density. This type of devel opi ng apparatus is

used for a non-magneti c nono- conponent toner. The
devel opi ng sl eeve used as a developer- 5 carrying nenber in the present
i nvention may preferably conprise a cylindrical substrate and a
resi nous coating |layer coating the substrate surface. An exanpl e of
such a structure is illustrated in Hif#-e 3 which is a partial
sectional view of the 10 sleeve. Referring to Figure 3, a cylindrical
substrate 6 is coated with a resinous coating | ayer 1 whi ch may
conprise a blnder re5|n 4 and optionall el ectroconducti ve
substance 2, a PPPIeraSm@QQ9§HW$ salt | |M§9ﬂe@;ceaa¢erb@1d@gv}eda I n

case where the .15 gptro onducti ye substance 2 is contained, the resin
coating |ayer f! Bﬁbéﬁ& &Mﬁ&ﬂﬁ W magnetite partkglRsive for

preventing excasshyC M y0ed¥idilh of a LN cadd SO Whgrsythe filler 3
i s contal ned,
for Magnetic material (v), a phosphate salt to form
5 nuclei of magnetite particles followed by addition of
a silicate salt and pH control for Magnetic material
(vi):; no particular salt for Magnetic material (viii),
and, after forming magnetic material (viii) as nuclei,

adding a zirconium salt followed by pH control to

10 precipitate zirconia for Magnetic material (vii).

15

20

25



wearing of the resin coating |layer
charge can be suitably

t he fill

sl eeve.

- 100-

resistivity of at nost 10[err]
ohmcm In case where the

| ayer exceeds
charged, thus
devel opi ng pe
preferably

10

15

20

25

er. Fur

1 may be
controlled by the charge-inparting ability of

20 suppressed, and the toner

ther, in the case where the solid
contained, the releasability between

In the case of

t he toner

I NnGQrg®¥ ati ng an
el ectroconductive substance in a resin coating |ayer,
the resin coating |ayer

| ubricant 5 is

may preferably exhibit a

ohmcm nore _
vol uneTabdej bt | Binderotesins resi n coating

and the sleeve can be
| mproved, thereby 25 preventing nelt-sticking of the toner onto the

vol unme
preferably at nost 10[err]

5 10[err] ohmcm the toner is liable to be excessively
resulting in occurrence of blotches or inferior
Bipdeg | dfonomer composition The reki no REOPBEYISSg | ayer may
restn Molecular weight THF-

Monomers wt.parts®| Acid f---=-=mm=-=-m-rioe——- linsoluble
{mol.%) value Mw Main |Sub- |content
peak |peak (wt.%)
A |styrene 79.5 0.1 | 229000 [ 19200 {278000 0
n-butyl acrylate 20.0
divinylbenzene 0.5
B |styrene 79.0 1.7 | 207000 | 16800 | 245000 lO
.n—butyl acrylate 80;0
mono-n-butylmaleate 0.5
divinylbenzene 0.5
C |styrene 78.5 3.8 | 186000 | 14700 | 267000 0
n—butyllacrylate 20.0
mono-n-butylmaleate 1.0
divinylbenzene 0.5
D [styrene 75.5 13.2} 165000 13100"”235000 0
n-butyl acrylate 20.0 |
mono-n-butylmaleate 4.0
divinylbenzene 0.5
E |styrene 69.5 31.8] 144000| 11000 | 286000 0
n-butyl acrylate 20.0
mono-n-butylmaleate| 10.0
divinylbenzene 0.5




have a surface roughness Ra in the range of 0.2 - 3.5 10 [err]min terns

of JI'S cennte-Iline-average roughness. |If Ra is below 0.2 pm the
toner charge in proximty to the sleeve is liable to be excessive, so
that the toner is rather firmy held by the sl eeve due to an
i mge force and accordingly a fresh toner portion 15 cannot be charged by
the sl eeve, thereby | owering the deMdl®pi ng performance. |If Ra exceeds
3.5 pm the toner coating anount on the sleeve is liable to be
excessive, so that the toner cannot be sufficiently charged but is
ununi formy cparged thereby causing a| 20 | and iqregularity of
i mage density, The r ) ayeL—L4ngL£@anLse
material s as flol | ows Re [ e exanpl es: of t he
el ect roconduct]i ve suEE’f’E%‘?Ee 2 may incl V\égTeFngS ?ﬁ}% £ s O
al um num copper, n ut nd s#lver 0 0powder of| met al OX|de§, such as
anti nony oxide, ind ﬁ agaand ﬁ N~ oxijde; and car bon honpl ogues,
such as methacrylic acid 7.0 -1491-
5 divinylbenzene 0.5
‘ ¢ | styrene 77.5 | 62.5 |129000 | 7100 | 254000 0
n-butyl acrylate 20.0
acrylic acid 8.0
divinylbenzene 0.5
10
H | terephthalic anhydridﬁ (30) 12.8 | 576000 | 7500 - 0
trimellitic acid (5)
dodecenylsuccinic acid (15)
propoxy-bisphenol A (50)
15 .
%*]1: Mol. % indication in parentheses is used only for monomers
_for Binder resin H.
20

25



carbon fiber, carbon black and graphite powder. Anong t hese, carbon

bl ack is particularly excellent in el ectroconductivity and is suitably
used because it inparts an el ectroconductivity when incorporated in a
5 polyneric material at a fairly arbitrarily controlled | evel by
controlling the addition anount thereof. The carbon bl ack may
preferably have a nunber-average _jijjparticle size of 0.001 - 1.0 pm nore
preferably 0.01 - 0.8 [err]m In excess of 1 pm it becones difficult
to 10 control the volune resistivity of the resinous coating | ayer.
The el ectroconductive substance may preferably be added in 0.1 - 300
Wwt. parts, nore preferably 1Tabl@) 2x Wapaes s, per 100 wt. parts of the
15 binder resin constituting the resinous coating |ayer. The
filler 3 may conprise a negative or positive charge control agent for
toners. Exanp|es of other materials constituting thg filler 3 may
i ncl ude: Wa& gahi c coMad@rdsal such as al umi num asbd¥edsing| ass 20
fiber, calciufm carbopate, nmagnesi um carbonate, barium pointy n§0e
bariunlsulfat}r—s+++%a-°Pd ea-e+uh steat-e—phenel-He—+esi-n——epoxy
resin he _r.esim, |.i cone re5|n pol ymet hyl mgt hac Iate
nethacrylé?e ?a) polyefiylene wa 58
{b) polyethylene wax : 130
(c) polypropylene wax 135
(da) styrene-modified polypropylene wax 115
(e) maleic anhydride-modified poly- 125
pPropylene wax
10 :
(£) paraffin wax 75
{(g) Fischer-Tropsche wax 80
(h) Fischer-Tropsche wax 105
(1) Higher alcohol wax 95
(3) Carnauba wax 85
15 . :
20

25



copol ynmers such as styrene/n-butyl nethacryl ate/ silane 25
st yrene-but adi ene copol yner, poly- capr ol act one;

ter pol ymer,
ni trogen-cont ai ni ng

conmpounds, such as pol ycapr ol actam pol yvi nyl pyridi ne, and pol yam de;
-102- hal ogen-cont ai ni ng pol ynmer, such as pol yvinylidene
fluoride, polyvinyl chloride, polytetrafluoroethylene,

pol yt et rachl or of | uor oet hyl ene, perf l_yps 0al koxyl at ed
pol yt etraf | uor oal koxyet hyl ene, fluorinated 5

et hyl ene- propyl ene-tetrafl uoroet hyl ene copol yner, and
trifluorochl oroethyl ene-vinyl chloride copol ymner; pol ycar bonat e, and
pol yester. Anobng these, silTablerg: Magmétit datéeiaLseferred because of
t heir hardness and toner chargeability controlling effect. 10

Such fillers may preferably be used in 0.1 - 500 wt. part, nore
preferably 1 - 200 wt. parts, per 100 wt. parts of the binder resin.
The solid |ubHcant 5 nay conprise, e g

et hyl ene,

Magnetic - Different element D1*2
material
5 (nm)
\ species:content Superficial *
\ (wt. %) percentage
(i) 8i 2.0 Si 31% 0.19
(ii) Si 0.5/A1 0.5 Si 18%/Al1 95% 0.21
10 (iii) P 0.5 P 22% 0.18
(iv) Mg 1.5 Mg 27% 0.23
(v) Zn 1.0/8i 1.5 Si 37%/Zn 56% 0.20
(vi) P 0.2/8i 1.0 Si 33%/P 17% 0.19
(vii) Zr 1.0 Zr 100% 0.21
(viii) - - .
15 0.22
*1: A proportion of different element detected up
to 20 % dissolution of iron.
*2: Dl = Number-average particle size.
20

25




nol ybdenum di sul fi de, boron ni-tride, graphite, 15 fluorinated graphite,

si |l ver-ni obi um sel eni de, cal cium chl ori de-graphite, or talc. Anmong

t hese, graphite may preferably be used because it has

el ectroconductivity in addition to lubricity and may exhibit a
function of reducing a portion of toner 20 having an excessive charge to
provide a | evel of charge suitalllid-f or devel opnent. The
solid lubricant nay preferably be added in 0.1 - 300 wt. parts, nore
preferably 1 - 150 wt. parts, per 100 wt. parts of the binder resin.
25 The binder resin 4 used for constituting the resi nous
coating | ayer BX3BR1@pL| |y together with such el ect roconducti ve

substance 2, fillegr. 3_or/and_ solid
-103- Iubri%bﬂ?eﬁ,rﬁﬁﬁﬁdnas desired, may conpr 99 ¥t.parks such

ol Joar bonat o 1 os| FORER I DeRemEELERERRE ST frayne B0 N7V O

fluorine-containi ng §&8818: zirconium compound (38) 2 "

5 Wax (a) (m.p. 90 °¢) 2 "

\ Waxz (b) (m.p. = 135 ) 4 "

The above ingredients were preliminarily
blended by a Heﬁschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 130 ©c.

10 During the melt-knéading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a

15 pulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a magnetic toner
having a weight-average particle size (D4) of_7.5 am. -
To 100 wt. parts of the magnetic toner, 1.0 wt. b;ft

20 of hydrophobic silica fine powder hydrophobized with
20 wt. % based on starting silica fine powder of
hexamethyldisilazane and having a methanol-wettability
of 65 % and a BET specific surface area of 260 mz/g
and 3.0 wt. parts of strontium titanate fine powder

25 were externally blended to prepare Magnetic toner
No. 1. Magnetic toner No. 1 exhibited D4 = 7.5 pm.

Other properties of Magnetic toner No. 1 are shown in



5 styrene resin or acrylic resin. It is particularly preferred to use

a thernosetting or photocurable resin. The devel opi ng

sl eeve may be provided with further preferabl e performances by surface
treatment 10 thereof as by abrasion. or polishing for surface _

snoot hing so as to expose the el ectroconductive substance 2, filler 3
or/and solid lubricant 5 to the ~-kl4eeve surface at an appropriate

| evel, or/and to snooth the surface for providing a surface with a 15
uni form unevenness. This is particularly effective for suppressing

| ongi t udi nal streaks appearing in solid black or halftone inages or

qui ckly providFﬁ&¥§ 5. sufficient inmage density at thﬁ stgrtup of i nmage

. : , . . 20 i t
envi Tonment | The. abr asi A e Yo+ 1 ey ?m“ uwab””‘@'r R94%9 Rd by
usi ng an abr asi - lLi_shi St r.i of felt or rasive,
part?cle-attacﬁ%@ﬁgrelaggyP%vﬁﬁaa%ﬁﬁ:ﬁ%%ﬁ}ﬁﬂ%?é%qgﬁﬁ?qﬁﬁf%ﬁﬁ?*%ga.Eniform
unevenness, wh C ' AR \ fan be
uni form zed, tﬁ%?&éytegﬁa})’\%%% ao(ral‘?’yo?’%ner Lyym(a;eﬁr%ﬁlcﬁ gé @u‘gffae%q ed to _
triboel ectrs figald. obyMdadhddK. K. ) aFt0Y Tenddi iR EBME b dfiag ey e! opi ng

region. This
\ developing sleeve prepared by coating a sleeve

substrate with a resinous coating layer (phenolic
resin:graphite = 3:1 by weight) first for continuous
copying on 50,000 sheets in an environment of

10 temperature of 23 °C and humidity of 5 $RH and then
for continuous gopying on 50,000 sheets in an |
environment of 30 °C/80 %RH, i.e., on totally 100,000
sheets. The test was performed while removing the
cleaning web for the fixing roller. The toner on the

15 developing sleeve was provided With a negative
triboelectric charge.

As a result, it was possible to obtain high-
definition images having a high image density and free
from fog in both envi:onments. The_results are ;ﬁﬁwn

20 in Table 6 and 7.

Separately, a similar continuous copying test
was performed on 25,000 sheets in a normal
temperature/normal humidity environment. The results
are shown in Table 8.

25 The image density was measured by using a
Macbeth densitometer (available from Macbeth Co.)

equipped with an SPI filter for measurement of a



-104- is assumed to be .the mechanismfor the inproved
per f or mances. After the surface-snoothing treatment, the
coating layer nay preferably retain a surface 5 roughness Ra (according to
JI'S B0601) in the range of 0.2 - 3.5 pm nore preferably 0.3 - 2.5 pm
for the sane reason as described above. The cylindrica
substrate 6 may preferably conpriige a cylinder of a non-nmagnetic neta
or a 10 resin. For exanple, a non-magnetic cylindrical tube, ~such as
t hat of stainless steel, alum numor copper. Such a cylindrical tube
may be produced through drawi ng or extrusion, preferably followed by
cutting orepdecthongdénsitppwdthngespecti te acairanyl&m iamadd of
prescribed size accuracy. The cylindrical tube may -preferably have a
strai ght allowan8® §n diameter30 [err]m nore preferably at nmost 20
pm The tube may be subj ected to sand bl asting or abrasion for provide
a The fog was determined by measuring a worst
(maximum) reflection density Ds of a white background
5 region after image formation and an average reflection
\ density Dr of a transfer-receiving material (white
plain paper) to calculate Ds-Dr as a fog value. A
smaller value represents a better fog suppression
effect.
10 The image quality was evaluated by copying
dot images of 20 gradation levels having image
proportions of 5 - 100 $ at increments of 5 % each to
evaluate the number of reproducible gradation levels.
A larger number of reproducible gradation levels
15 represents a higher definition copying performance.
The soiling of the fixing member was
evaluated according to the following standard:
A: No soiling on the fixing member.
_ B: Slight soiling on the fixing member.
20 C: Soiling on the fixing member was observed but
no adverse effect was observed on the images.
D: The fixing member was soiled, and offset was
observed in the resultant images.
After the 50,000 sheets of continuous image
25 formation in the high temperature/high humidity (30

Oc/80 ¥RH) environment, the copying apparatus was left

standing in the environment for three days, and then



rough surface with an appropri.ate degree of surface 20 unevenness. The
bl asting may be perforned by using abrasi ve particles which nay be
definitely shaped or i ndefinitely shaped. Now, an
exanpl e of inmage formng nethod to whi ch the devel opi ng nethod
according to the present 25 invention is applicable, wll be described
W th reference to Figure 4, whighgi!l |l ustrates an i nage form ng
apparatus including a contact chargi ng neans

- 105- and a contact transfer means while the devel opi ng met hod
according to the present invention is also applicable to an i mage
form ng nmet hodSome| images awere fevmedaagaingtogmeshune theadmagecor ona
transfer 5 schene, Referring to Figure 4, a rotating
drumtype demdtb¥Eensi ti ve nember 801 conprising a photoconduct or

| ayer 80l1la and an el ectyoconductive substrate 801b is. _rotated at a
prescribed peripheral shRetb@pFerbiruous image formation in the

normal temperature/low humidity (23 ©C/5 %RH)
5 environment, the resultant images were evaluated with
i respect to the presence or absence of image defects
due to soiling of the wire according to the following
standard.
A: No image defects.
10 B: Some defect observed in a halftone image.
C: Some defect observed in a solid image.
D: Defects were observed even in ordinary image.
Examples 2 - 14
Magnetic toners Nos. 2 - 14 were prepared
15 accofding to prescriptions shown in Table 4 otherwise
in a similar manner as in Example 1 and evaluated in
the same manner as in Example 1. The properties of
the respective magnetic toners are shown in Table 5,
and the evaluation results are shown in Tables 6“;-8.
20 Comparative Examples 1 - 4
Magnetic toners Nos. 15 - 18 were prepared in
the same manner as in Example 1 except for using the
following Organic zinc compound (172), Organic iron
compound (173), Organic aluminum compound (174) and
25 Organic chromium compound (175), respectively,  in
place of Organic zirconiﬁm compound (38), and then

evaluated in the same manner as in Example 1. The



10 speed) in a clockw se direction as shown on the . drawi ng. A

charging roller 802 conprising an el ectroconductive elastic | ayer 802a
and a core netal 802b is supplied with a bias voltage V2 froma
charging bias voltage supply 803. The charging roller 15 802 is pressed
agai nst the photosensitive nenber 801 and is rotated follow ng the
rotation of the phot osensi ti ve fAkkiber 801. Based on the
bi as voltage applied to the charging roller 802, the surface of the
phot osensitive 20 nenber 801 is charged to a prescribed voltage of a
prescribed polarity. Then, the charged photosensitive _menber 801 is
exposed to i m@EQ¥ HPtgens dndopFoRerties g heygaaractige t her eon,

which is then visuali.ze as_a toner . by a devel opi ng_ neans 805.
The 25 devel Sﬁgr’i‘ge‘ﬁ%é:a%@@ﬁ iSF& E&’é’?"ald’e%w%g‘l bR and thech s
supplied with 3idaeidd 3e8ul'es W90 Inown APYALRILG R 39, vol tage supply

In the following formulae (172) - (175),

5 coordinating water molecules are omitted from showing.

' tBu C-0~_ /Qj@\ ot
. 7 _
\@0/ n\o_.fl; tBu | (172)
L tBu Y /
10 e
4 o ' N\ -
T .
tBu C—-0 0
>r - _IOI0 |
o— \o—‘c’: NtBu| (173)
0
\ . 7/
15
( ) tBu Y -
S .
q O—I(I: tBu (174)
20 \ tBu 0] y

25



The toner image forned on the photosehsitive
el ectrostatically transferred onto a

under the acti

suppl y
for pressing t

phot osensitive nmenber 801) conpri singligr
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transfer- 10
transfer-recei
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5 807 via a transfer roller 806 (as a contact transfer

menber 801 is
transfer-receiving material 808
transfer bias voltage supplied froma voltage
means

on of a

808 onto the

el ectroconductive el astic
806b. The toner imge transferred onto the
receiving material 808 is then fixed onto the
Xing material 808 under application of N heat and pressure

sure fixing neans 811 onpr|5|ng a eating roller 81lla
roller NO,811lb. The s e of the phqtosensitive nenber
bj ected to cl ing for rv

g 4

he transfer-receiving materi al

al of attached soiling
h as transfe 'Nuaml by a clleani ng devi ce 809

tic cleaggﬁ ai tlhe photosensitive
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t he charging rcIIer 802 has been
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10

15

20

25

Comparative Examples 5 - 8

Magnetic toners Nos. 19 - 22 were prepared in
the same manner as in Example 8 except for using the
above Organic zinc compound (172), Organic iron
compound (173), Organic aluminum compound (174) and
Organic chromium compound (175), respectively, in
place of Organic zirconium compound (88), and then
evaluated in the same manner as in Example 1. The
prescriptions and properties of the respective
magnetic toners are shown in Tables 4 and 5, andnfhe

evaluation results are shown in Tables 6 - 8.



enbodi nent, the primary chargi-ng neans can also 25 conprise another

contact chargi ng neans, such as a chargi ng bl ade or a chargi ng brush,
or alternatively a non-cont act corona chargi ng nmeans. However, the
-107- contact charging neans is less liable to cause the
generati on of ozone. Further, while the transfer roller 806
has been described, the transfer 17deans can al so conprise 5 another
contact transfer nmeans, such as a transfer bl ade or a transfer belt,
or alternatively a non- contact corona transfer neans. The cont act
transfer means is less |liable to cause the occurrence of ozone.
Her ei nbel ow, the present inventjfieWd | TQﬁ‘er 1Pesd8ptiddaed nore specifically
with reference to Exanpl es, to which the preséent 1 nvention should not
be however construed to be |linmted. Table 1 bel ow shows
sonme exanpl es |of res|Msgnetic| Odgawie metaDPWBinaEE WHXMEgnaldec TRDI Gjax SNOWS
magneti c toner compound resin material
Nos. (wt.parts) (wt.parts) |(wt.parts) | (wt.parts)
5 Ex. 1 1 38(2) D(100) i(90) a(2)/c(4)
i Ex. 2 2 63(2) | C(100) 1i(90) a(3)/b(3)
Ex. 3 3 83(2) B(100) iii(90) d(4)/h(2)
Ex..g 4 116(2) E(100) iv(90) e(3)/g(3)
Ex. 5 5 130(2) F(100) v(90) £(4)/h(2)
10 Ex. 6 6 46(2) G(100) vi(90) c(3)/3(3)
Ex. 7 7 77(2) D(100) vii(90) h(2)/i(4)
Ex. 8 8 88(2) A(100) i(90) b(3)/c(3)
Ex. 9 9 124(2) D(100) viii(90)| b(2)/£(4)
Ex.10 | 10 154(2) D(100) 1i(90) | c(86)
15 Ex.11 11 162(2) E(100) v(90) £(3)/h(5)
Ex.12 12 144(2) E(100) v(90) £(3)/h(5)
Ex.13 13 167(2) E(100) v(90) £(3)/h(5)
Ex.14 | 14 133(2) E(100) v(90) £(3)/h(5)
Comp. ST I
20 Ex, 1 15 172(2) . D(100) i(90) a(2)/c(4)
"2 16 173(2) D(100) i(90) a(2)/c(4)
"3 17 174(2) D(100) . i(90) a(2)/c(4)
g 18 175(2) D(100) 1(90) a(2)/c(4)
"5 19 172(2) A(100) i(90) b(3)/c(3)
- "6 20 173(2) A(100) i(90) - b(3)/c(3)
"7 21 174(2) - A(100) i(90) b(3)/c(3)
"8 22 175(2) A(100) i(90) b(3)/c(3)




15- material s,

_ respectively used in Exanpl es descri bed
Regardi ng Table 1, styrene-based resins
prepared by sol ution
H 20 was prepared by dehydro-pol ycondensati on.
Table 3, Magnetic materials (i)
particles by adding
copresent,

pol ymeri zati on,

foll owed by pH control

silicate salt for
alum numsalt for
Magnetic nmateri al

(iii),

a magnesium salt for

f orm nucl ei
salt and pH contro

form

Toner properties

Table 5:

Magnetic materi al

Magneti c

( Bi nder
and pol yester

herei nafter.
resins A-G were

resin (Binder resin

Regar di ng

(v) were prepared as magnetite
salts of prgggribed elenents to be internally
nore specifically 25 by adding a
silicate salt and an

(i),

mat eri al

of magnetite particles

for

a

(i),

Magnetic nmateri al

a phosphate salt for

(iv),

Magnetic material (v),

a

- 108-

zinc salt to
foll owed by addition of a silicate
a phosphate salt to

']
z ~~
5 2%
-
1 g8 2 -« L) @ ® e n ~ o ™ o
oo & ~ - ™ - 0 ~ ™~ ~
m 5 o
B+ (3]
=
~ [
v 8-e
Oe ™ p o ~ -« - ot d v = < 10
m-'L « o o - ) ~ o = ™ ~ )
a =] - -t -t
0~
a o
o on ™ ~ o « @ o o - © ™ ~
ol — o0 ~ ™~ © o o -] [¥-] © @
3 v
o
e
- o o o o o ' t o o o o
H o a o o o o o o ©
+ -9 =] o o o o o o o
@ £ o o o o = ~ =S o
ha : o~ @ -« © @ n ~ ™
© a — ~ ~ 0 o~ ™ o -
= ™ ™~ o~ - ™~ ~
L 0
Fe]
i o4
- o o o o o o o =3 o =] o
g g & o o =] © =] =] & © o o
= - 2 © ~ 0 ~ © o 1n ~ o ~
| ~ e -] ) © © o~ @ o~ ~
z = — — ot -t — par - -
~
3 o o o =) o o o o o o
b o o o o o = b= =] o o
i = o o o o o o o b= =y
2 « ~ o ~ © « ™ © i ™
S = ~ 0 © ~ — — - har ™~ ~
= - ™ port - o~ - -t
~
o
~ ]
- g o v ) -« o - © - o~ ~
- . . . . . Ll -
U £ - ~ - 0 - ™ - o — -
< g’ - o~ ™ - - -t
S .
L
- ) — O
2 i . B Lo S L
~ [ o~ r~ o~ o~ t~ t~ [ o~ =~
Q
for
o .
e s
£ 2 . - ~ ™ -« 0 v ~ © o o
M O O
= P o=
- o~ ™ -« 0 © ~ © o e
- - . . L] L] . . . L]
L3 " » ] ] L] ] t] " o
(4] m £ = = = 1 (4] (&) i1

...cONnt.



to

a silicate
15

no particular salt
after form ng nagnetic nmateri al

(vi);
(vii).

and,
adding a zirconiumsalt followed by pH contro

-121-

Magnetic materi al

Magnetic nmateri al

(Viii),

for

of magnetite particles followed by addition of
25

Magnetic materi al
10 precipitate zirconia for

salt and pH contro
20

f or

(viii) as nuclei,

5 nucl ei
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-109-

Tabl e 1: Bi nder resins

Bi nder Monomer conposition ' Properties resin
Mol ecul ar wei ght THF- Mononer s wt. parts* Acid
i nsol ubl e (rmol . % val ue Mv Mai n
Sub- content 5 :
peak peak (W . % A -131yrene 79.5 0.1
229000 19200 278000 0 n-butyl acrylate 20.0
di vi nyl benzene 0.5 10 B styrene 79.0
1.7 207000 16800 245000 0 n- but yl %Frylate 80.0
mono- n- but yl mal eat eTable)65 Evaluation resudigiiryINFehHeh23 ~C/5 %RHD. 5
C styrene /8. 5 3 8 186000 14700 67000 0 15
n-butyl acryl ate Magpepic Image K8%0- n- Bral pdtodling? p Image
di vi nyl benzeng tongrsNo. | denmsityy  styrenguality 75| gefect
13.2 165000 33106-+235600- 0—26 A—butyHaeryate
20.0 Ex. 1PN~ 7-butylymgleatel 0. 4-8.6 | 17-19 2 A
5 Ex. 2 2 1.42-1.45] 0.3-0.7 17-19 A B
3 Ex. 3 3 1.40-1.46| 0.4-0.6 17-19 A B
Ex. 4 4 1.38-1.41} 0.5-0.8 17-18 A A
Ex. 5 5 1.37-1.42} 0.5-0.7 17-18 A A
Ex. 6 6 1.35-1.39| 0.6-0.8 17-19 A A
10 Ex. 7 7 1.40-1.45| 0.4-0.8 17-19 A B
Ex. 8 8 1.33-1.34| 0.6-0.9 16-18 B B
Ex. 9 9 1.36-1.39| 0.4-0.8 16-18 A A
Ex.10 10 1.36-1.38| 0.5-0.8 | 17-18 B A
Ex.11 11 1.42-1.45| 0.3-0.5 17-19 A A
15 Ex.12 12 1.42-1.44| 0.4-0.5 17-19 A A
Ex.13 13 1.38-1.41| 0.5-0.7 17-18 A A
Ex.14 14 1.37-1.40 O'S-O'GJ 17-18 A A
Comp.
Ex. 1 15 1.32-1.34) 0.5-1.0 15-17 A - C
"2 16 1.30-1.33| 0.4-1.1 15-17 A C
20
"3 17 1.33-1.35]| 0.5-1.2 16-17 A C
" g 18 1.34-1.35| 0.4-1.0| 16-17 B c
" 5 19 1.30-1.32| 0.7-1.2 15-17 B D
"6 20 1.31-1.33| 0.8-1.5 15-17 B D
"7 21 1.30-1.34} 0.6-1.3 15-18 B D
25 '
r 8 22 1.31-1.33| 0.8~1.2 15-18 C D

%#: Soiling of

fixing member



di vi nyl benzene 0.5 . E styrene ' 69.5

31.8 144000 11000 286000 | 0 25 n-butyl acrylate
20.0 nono- n- but yl mal eat e 10.0
di vi nyl benzene 0.5
-110- F styrene 72.5 44.8 133000 9200
228000 0 n- but yli2gcryl ate 20.0
met hacrylic acid 7.0 5 di vi nyl benzene 0.5
G styrene 77.5 62.5 129000 7100 254000 0
n-butyl acrylate 20.0 acrylic acid : 8.0
di vi nyl benzene, Table (#:5 E@aluation in HiI'/HHt ¢Beptatedl BBHANhydri de (30)
12.8 576000 7500 trinellitic acid
(5) Magnetic Image Fog Image Soiling Image
toner No. density quality density
after-
standing
5 Ex. 1 1 1.40-1.41 |0.2-0.4 17-18 A 1.35
5 Ex. 2 2 1.40-1.42 10.3-0.5 17-18 A 1.36
Ex. 3 3 1.40-1.41 {0.2-0.6 17-18 A 1.35
Ex. 4 4 1.36-1.40 [0.4-0.7 17 A 1.30
Ex. 5 5 1.37-1.40 }]0.3-0.6 17 A 1.31
10 Ex. 6 6 1.34-1.38 | 0.6-0.8 17-18 A 1.28
' Ex. 7 7 1.40-1.42 |0.3-0.7 | 17-18 A 1.35
Ex. 8 8 1.32-1.34 10.7-0.9| 16 B 1.24
Ex. 9 9 1.35-1.38 (0.5-0.7 16-17 A 1.28
Ex.10 10 1.36-1.39 | 0.3-0.5| 17 B 1.27
15 |Ex.11| 11 |1.41-1.42 | 0.2-0.3| .17-18 A 1.36
Ex.12 12 1.40-1.42 1 0.3-0.4} "17-18 A 1.34
| Ex.13 13 1.38-1.39 | 0.4-0.6| 17 A 1.28
Ex.14| 14 1.37-1.39 [ 0.5-0.6| 17 A 1.28
__________________ U [PV PRSI S gt
Comp.
1Ex. 1 15 1.28-1.38] 0.2~1.2 15-16 A 1.14
20
"2 16 1.29-1.32} 0.3-1.4 15-16 A 1.12
"3 17 1.27-1.34| 0.5-1.6( 15 A 1.15
" 4 18 1,29-1.33} 0.4-1.4 15 B 1.11
"5 29 1.28-1.33| 0.5-1.5 15-16 B 1.06
25 "6 20 1.27-1.32} 0.6-1.6 15-16 B 1.03
"7 21 1.28-1.33| 0.5-1.7 15-16 B 1.07
"8 22 1.29-1.32] 0.6-1.5 15-16 C 1.05

#: BSoiling of fixing member
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(50)
Mel ting

A

nononer s

“propoxy- bi sphenol

25

Mat eri al
-124-

(15)
% indication in parentheses is used only for
20
Wax

resin H

Mol .

dodecenyl succi ni ¢ aci
Bi nder

*1:

f or

Tabl e 2: Waxes
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5 (a) pol yet-hyl ene wax . 90 (b)

pol yet hyl ene wax 130 (c) pol ypr opyl ene wax
135 (d) styrene-nodi fi ed pol ypropyl ene wax 115 (e)
mal ei ¢ anhydri de-nodi fied poly- 125 propyl ene wax 10
(f) paraf fin wax 75 (9)
Fi scher - Tropsche wax -1280 (h) Fi scher - Tropsche wax
105 (1) Hi gher al cohol wax 95 (1)
Car nauba wax 85 15 20 25
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-112- Tabl.e 3: Magnetic materials Magneti c

D fferent el enent Di*[err] material

([err]m 5 speci es :content Superficial * _

wt. 9 per cent age (1) Si 2.0 Si 31%
0.19 (i) Si 0.5/A1 0.5 Si 18% Al 95% 0.21 (i)
P 0.5 P 22% 0.18 1026- (iv) - M 1.5

My 27% 0.23 (v) Zn 1.0/Si 1.5 Si 37% Zn 56%
0. 20 (vi) PO0.2/Si 1.0 Si 33%P 17% 0.19 (vii)
Zr 1.0 Zr 100% 0.21 (viii)

0.22 15 *1: ATpeofbrabbe temperatnest rehgrefCClestowad imp to
20 % di ssol ution of iron. ~ *2: D1 = Nunber-average particle size.
20 Table 8 for Examples 1 - 14 and Comparative Examples 1

- 8 was measured in the following manner.
The fixing device of a commercially available
5 copying machine ("NP-6085", mfd. by Canon K.K.) also
i used in the above Exémples was taken out of the main
body and remodeled so as to be able to arbitrarily set
the fixing temperature and provide a process speed of
500 mm/sec, thereby providing an external fixing
10 device. By using the external fixing device, yet-
unfixed toner images on plain paper of 80 g/m2 were
subjected to evaluation of the fixability. By setting
the fixing temperatures in the range of 150 - 200 °C
at increments of 5 ©C each, fixed images at the
15 respective temperatures were rubbed for 5 reciproca-
tions with a lens cleaning paper under a load of 4.9
kPa to determine the lowest fixing temperature giving
an image density lowering after rubbing of at most_lO
% as a fixing initiation temperature. A lower fixing
20 .initiation temperature indicates a better fixability.
On the other hand, an external fixing device
having a set process speed of 100 mm/sec was used to
fix yet-unfixed images on plain paper of 60 g/mz,
thereby evaluating the anfi-offset characteristic.
25 For the evaluation, the fixing temperatures were set
by increments of 5 °C each in a temperature range of

190 - 240 ©C, and the offset behavior was observed to



25 . -113- Example 1

Bi nder resin D 100 wt. parts Col orant (Magnetic
material (i)) 90 " Organi ¢ zirconi um conpound (38) 2
"5 Wax (a) (mp. =90 [err]C 2 " _ Wax (b)
(mp. =135 [err] O _ 4 " The above ingredients
were prelimnarily bl ended by a Hgpgchel m xer and then nelt-kneaded

t hrough a twi n-screw kneadi ng extruder set at 130 [err]C. 10 During the
mel t - kneadi ng, the viscosity of the kneaded m xture was gradual |y

I ncreased, whereby the formation of fresh crosslinkage was confirned.

The t hus-kneadadtprmine! avhl gheeteons@FfsRIty temperature as a
measure of anti-offset characteristic. A higher
highest non-offset temperéture represents a better
anti-offset characteristic.

5 The above evaluations were both performed in
i an environment of normal temperature/normal humidity
(23'°C/60 %RH). A fixable temperature range was
defined between the fixing initiation temperature and
the highest non-offset temperature. A broader fixable
10 temperature range represents a better fixing
performance of a toner. In the evaluation test
described above, the measurement conditions (i.e.,
paper species and process speeds) were made different
between the measurement of the fixing initiation
15 temperature and the highest non-offset temperature.
This is a severer evaluation condition, so that a
broader fixable temperature can be obtained unde;w
actual fixing conditions where the toner and higpg;
limits of the fixable temperature range are measured
20 under identical fixing conditions (paper and process
speed).
Example 15
Binder resin C 100 wt.parts
Colorant (Magnetic material (i)) 100 "
25 Organic zircoﬁium compound (39) 2 "

Wax (b) (m.p. 130 ©¢) 2 "

Wax (d) (m.p. 115 ©¢) 4 "



crushed by a cutter m |l and finely pulverized by a 15 pulverizer using a

jet air stream followed by classification by a nulti-division

cl assifier utilizing the Coanda effect to forma nagnetic toner

havi ng a wei ght-average particle size (D4) of 7.5 pm To 100 wt. parts
of the magnetic toner, 1.0 wt. part 20 of hydrophobic silica fine powder
hydr ophobi zed with 20 wt. % basedjgp.starting silica fine powder of
hexanet hyl di si | azane and havi ng a nmet hanol -wettability of 65 %and a
BET specific surface area of 260 n2/g and 3.0 wt. parts of strontium

titanate fine powder 25 were externally blended to prepare Magnetic toner
No. 1. Magnetic toner NFhelabokiebiingtelddents wad®d prelinf¥defiips operties of

Magnetic toner No. 1 are shown in _ -114-
Tabl e 5. blended byhgn¥enschedemiler hndasherimedttekrnaderi ng a
commercially avail abl e electrophoto%raphic copyi ng machi ne having a
corona char gi n§h¥exgh @' mipogSrew kneading extruder set at 130 °c.

During the melt-kneading, the viscosity of the kneaded
5 mixture was gradually increased, whereby the formation
i of fresh crosslinkage was confirmed.
The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
10 classification by a multi-division classifier
utilizing the Coanda effect to form a magnetic toner
having a weight-average particle size (D4) of 6.5 pm.
To 100 wt. parts of the magnetic toner, 1.2 wt. parts
of hydrophobic silica fine powder hydrophobized with
15 10 wt. % of hexamethyldisilazane and 10 wt. % of
dimethylsilicone to have a methanol-wettability of 80
% and a BET specific surface area of 120 mz/g was
externally blended to prepare Magnetic toner No."23.
Magnetic toner No. 23 exhibited D4 = 6.5 pm. Other
20 pProperties of Magnetic toner No. 23 are shown in Table
10.
Magnetic toner No. 23 was evaluated by using
a commercially available laser beam printer of a
contact charging scheme using a charging roller ("LBP-
25 430", mfd. by Canon K.K.) for continuous printing on
4,000 sheets, respectively, in an environment of 23

Oc/5 %RH and in an environment of 30 °C/80 $RH. The



5 nfd. by Canon K K') after renodeling for equipping a devel opi ng

sl eeve prepared by coating a sl eeve substrate with a resinous coating
| ayer (phenolic resin:graphite = 3:1 by weight) first for continuous
copying on 50,000 sheets in an environnent of 10 tenperature of 23 [err]C
and humdity of 5 %RH and then for continuous copying on 50,000 sheets
in an environnent of 30 [err]C/80128%H, i.e., on totally 100, 000
sheets. The test was perforned while renoving the cl eaning web for the
fixing roller. The toner on the 15 developing sleeve was provided with a
negative triboelectric charge. As a result, it was
possi bl e to obtaprgrhpghthe devedpping 63 eevegeashadavydediwith rmge density
and free fromfog in both environnents. The results are shown 20 in
Table 6 and 7.negative triboegegiriCerchargesi nifisare d@Yltuoust otg®8/i ng t est

was performed on 25 000 sheets in a nornal . _ tenperature/ normal humdity
envi r onnent . Tﬁ@sﬁéggﬁt§° °%ta&Peh§ﬁBWﬁqfﬁn?§BPQ-SmaQE§ having a The i mage

Vacbet h o) iShCipRYseReRRafvaAngot IR e dPS R B et of &
5 environments. The evaluation results are shown in
\ Tables 11 and 12. Further, a similar continuous

printing test on 4000 sheets was performed in a normal
temperature/normal humidity environment. The results
are shown in Table 13.

10 The image quality was evaluated by printing
100 discrete dots each in a size of vertically ca. 80
pm and laterally ca. 70 pym arranged in 10 (rows) x 10
(columns) with a spacing between adjacent dots of
vertically ca. 80 pym and laterally ca. 70 pm and by

15 counting the number of dots securely reproduced with
an areal reproduction percentage of at least 60 %.
‘The 100 discrete dots were printed at three points on
an A4-size sheet along a longitudinal cenfer line,
i.e., proximity to near end and far end and a ﬁid

20 point along the center line. The image quality was
evaluated by number of reproduced dots per 100 dots on
an average of the three points. A larger number
indicates a higher image quality.

After the 4000 sheets of continuous image

25 formation in the environment of 30 O°c/80 %RH, the

printer was left standing in the environment for 3

days, and then images were formed to measure the image



-115- reflection density with respect to a circular imge of 5
mmin dianeter. The fog was determ ned by neasuring a worst
(maxi mun) reflection density Ds of a white background 5 region after inmage
formati on and an average reflection density Dr of a transfer-receiving
material (white pl ain paper) to calculate Ds-Dr as a fog value. A
smal | er value represents a better fog -9@gppression effect. 10

The image quality was eval uated by copying dot inmages of 20 gradation
| evel s havi ng i mage proportions of 5 - 100 % at increments of 5 % each
to eval uate the nunber of reproducible gradation |evels. A | arger
nunber of reprd@nsitiye gradation levels 15 represents a higher definition
copyi ng perfornance. The soiling of the fixing nenber was
eval uated according to th#e ths |coRtiguaus @rinting test im theo soiling on

t he fixing menber. .
9 environment of 23 ©C/5 %RH, the presence or absence of

reverse side soiling (soiling on a side of paper
5 opposite to the image forming side) due to toner
i scattering was evaluated according to the following
standard:
A: No reverse side soiling.
B: Reverse side soiling was rare and slight but
10 observed.
C: Slight reverse side.soiling was observed on
some sheets.
C: Remarkable reverse side soiling was observed
on some sheets.
15 Examples 16 - 25
Magnetic toners Nos. 24 - 33 were prepared
according to prescriptions shown in Table 9 otherwise
in a similar manner as in Example 15 and evaluated in
the same manner as in Example 15. The properties of
20 the respective magnetic toners are shown in Table 10,
and the evaluation results are shown in Tables 11 -

13.

Comparative Examples 9 ~ 12

Magnetic toners Nos. 34 - 37 wére prepared in
25 the same manner as in Example 15 except for using the
above-described Organic zinc compound (172), Organic

iron compound (173), Organic aluminum compound (174)



B: Slight soiling on the fixing nmenber. 20 C Soiling on the

fixing nmenber was observed but no adverse effect was observed on the

I mages. D The fixing menber was soiled, and of fset was

observed in the resultant inages. After the 50,000 sheets of
continuous inmage 25 formation in the high tenperature/high humdity (30

[err] T80 %=H) environnent, the copying3apparatus was | eft st andi
the environment for three days, and then _
-116- sone i mages were formed again to nmeasure the inmage

ng in

density. In the continuous image formation in the nor mal
t enper at ur e/ | o@NISuArgiani q ZhomdnieC/conpR/NG J 16H5/) + oresprctivelyesiht ant

i mges were evaluated with respect to the presence or absence of
def ects d®d acs &Fi Onggndic @i agniam qomraung t 3 he and | themg

, A, No i e defects.
standard evaluated in @% same manner as in Example 15. The

prescriptions and properties of the respective
5 magnetic toners are shown in Tables 9 and 10, and the
3 evaluation results are shown in Tables 11 - 13.
Comparative Examples 13 - 16
Magnetic toners Nos. 38 - 41 were prepared in
the same manner as in Example 22 except for using the
10 above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174)
and Organic chromium compound (175), respectively, in
place of Organic zirconium compound (51), and then
evaluated in the same manner as in Example 15. The
15 prescriptions and properties of the respective
magnetic toners are shown in Tables 9 and 10, and the
evaluation results are shown in Tables 11 - 13.
Comparative Examglés 17 - 20
Magnetic toners Nos. 42 - 45 were prepared in
20 the same manner as in Examplé 23 except for using the
above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174)
and Organic chromium compound (175), respectively, in
place of Organic zirconium compound (74), and then
25 evaluated in the same manner as in Example 15.  The
pPrescriptions and properties of the respective

magnetic toners are shown in Tables 9 and 10} and the

I mage



10 B:

2 -

ot herw se

the sanme manner as in Exanple 1. The-iB82perti es of

Sone defect observed in a halftone inage.
def ect observed in a solid inmage.
in ordinary inage.

14 were prepared

Exanples 2 -

in asimlar

14

D: Def ects were observed even

Magneti c toners Nos.
15 according to prescriptions shown in Table 4

C.

manner as in Exanple 1 and evaluated in

magneti c toners are shown in Table 5,

shown in Tables 6 -
Magneti c toners Nos. .
Exanpl e 1 excepplpatigy ggsppss are showswiimy TaRe# ctLincl2onpound (172),
Organi ¢ al um num conpound (174) and 25
pl ace of Organic

as in

Organic iron

Exanple 1. The

10

15

20

25

and the evaluation results are

t he

8. 20 Conparative Exanples 1 - 4

15 -

conmpound (173),
Organi ¢ chrom um conpound (175),
zi rconi um conpound (38),

respectively,

18 were prepared in

in

t he same

respective

manner

and thslle o. 1RHEL YRREEI Gl Sae manner
Magnetic [Organic metal|l Binder Magnetic Wax
toner compound resin material
Nos. {(wt.parts) (wt.parts) |[(wt.parts) |[(wt.parts)

Ex.15 23 39(2) C(100) i(100) b(2)/d(4)

Ex.16 24 64(2) B(100) ii(100) g(4)/h(2)

Ex.17 25 89(2) D(100) iii(100) | h(2)/j(4)

Ex.18 26 49(2) E(100) iv(100) b(2)/i(4)

Ex.19 27 98(2) F(100) v(100) c(3)/£(3)

Ex.20 | 28 121(2) H(100) vi(100) | a(3)/4(3)

Ex.21 29 141(2) C(100) vii(100) e(3)/£(3)

Ex.22 30 51(2) C(100) viii(100) | c(6)

Ex.23 | 31 74(2) A(100) 1(100) c(6)

Ex.24 | 30 57(2) A('100) viii(100) | b(2)/d(4)

Ex.25 33 100(2) A(100) viii(100) | b(6)

Comp.

Ex. 9 34 172(2) C(100) 1(100) b(2)/4(4)
" 10 35 173(}) C(100) 1(100) b(2)/d(4)
" 11 36 174(2) C(100) i(100) b(2)/d(4)
" 12 37 175(2) C(100) i(100) b(2)/4(4)
" 13 38 172(2) C(100) viii(100)} | c(6)

" 14 39 173(2) C(100) viii(100) | c(6)
" 15 40 174(2) C(100) viii(100) | c(6)
" 16 41 175(2) C(100) viii(100)| c(6)

as in




prescriptions and properties of the respective - nagnetic toners are

shown in Tables 4 and 5, and the evaluation results are shown in Tabl es
6 - 8. In the following formulae (172) - (175), 5 coordinating
wat er nol ecul es are omtted fromshowng. [err] 15
-133-
r 17 42 172(2) A(100) i(100) c(6)
" 18 43 173(2) A(100) i(100) c{6)
" 19 44 174(2) A(100) i(100) c(6)
* 20 45 175(2) A(100) i(100) c(6)
5
3
10
15
20

25
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eval uated in the same manner as in Exanple 1. The prescriptions and

properties of the respective magnetic toners are shown in Tables 4 and
5, and the 20 evaluation results are shown in Tables 6 - 8. 25
-119- Tabl e 4: Toner prescriptions
Magnetic Organic netal Bi nder Magneti c Wax
t oner conmpound resin ~-13s0qateri al Nos.
(wt . parts) (wt.parts) (w.parts) (wt.parts) 5 Ex. 1 1
38(2) D(100) i (90) a(2)/c(4) Ex. 2 2
63(2) C(100) 11 (90) a(3)/b(3) Ex. 3 3
83(2) B(100) iii(90) d(4)/h(2) Ex. 4 4
116( 2) E(100) i v(90) e(3)/g(3)
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5 130(2) - F(100) v(90) f(4)7h(2) 10

Ex. 5
Ex. 6 6 46( 2) G( 100) vi (90) c(3)/j(3)
Ex. 7 7 77(2) D( 100) vii (90) (2)/i(4)
Ex. 8 8 88(2) A( 100) i (90) b(3)/c(3)
Ex. 9 9 124(2) D( 100) viii(90) (2)11(4)
Ex. 10 10 154( 2) (1360) i i (90) c(6) 15
Ex. 11 11 162( 2) E( 100) v( 90) f(3)/h(5)
Ex. 12 12 144( 2) E(100) v(90) f(3)/h(5)
Ex. 13 13 167(2) E( 100) v(90) f(3)/ h(5)
Ex. 14 14 Tablg3lly Evaluathg;gggylts in NW(Q@)(ZB C/5f3®HY h(5)
Corrp — 15 17?1\) I'Y1DD) 149{)
a(2)/c(4) 20 Magnstic }gImage qu(z) Image” pf figd}ing” | Bapkgo)
a(2)/c(4) "t°§er No.7| demsity j74(2) ~|aualiypo) iSe9HiIng
a(2)/c(4) 4 13 75{2) B166) -(-90)
a(2)/c(4) "5 19 ) 1 2%g§ ) Qél)O) 1 i (90)
NEITPeRS Ex.15 |, 223 0| 1.42-1.45 [§565d.9 | 96-1 100) A . (80)
b(3)/c(3) 25 " D1 4. 1§g§ 100 L.(90)
HETINE $5 |Ex.16 |, 821 - }.41-1.44 | 9267 4| 96- 1%?100) h i(bo)
b(3)/c(3) Ex.17 25 1.40-1.43 | 0.5-0.8 | 97-100 A B
Ex.18 26 1.41-1.44 |0.6-0.9 | 96-100 A A
Ex.19 27 1.42-1.45 |0.6-0.8 | 97-100 A B
Ex.20 28 1.39-1.42 [0.7-1.2 | 93-98 A A
10 |Ex.21 29 1.38-1.41 [0.8-1.1 | 92-98 A A
' Ex.22 30 1.37-1.39 |1.0-1.2 | 92-94 B A
Ex.23 31 1.35-1.37 | 1.2-1.4 | 91-94 c B
Ex.24 32 1.35-1.36 |1.3-1.4 | 89-93 B A
Ex.25 33 1.33-1.34 |1.5-1.7 | 88-94 c B
15 Comp.
Ex.10 35 1.29-1.34 [1.5-1.9 | 87-91 B c
" 11 36 1.29-1.33 |1.6-1.9 | 86-92 B c
" 12 37 1.30-1.34 | 1.8-2.0| 89-93 c c
" 13 38 1.25-1.32 |1.4-2.4 | 84-89 c - c
" 14 39 1.26-1.33 | 1.5-2.5| 85-88 c c
20
" 15 40 1.27-1.34 |1.3-2.5| 85-87 C c
" 16 . 41 1.28-1.32 |1.5-2.4 | 84-89 c c
" 17 42 1.28-1.31 [1.4-2.0 | 86-89 D D
" 18 43 1.29-1.32 [ 1.7-2.1| 87-90 D D
i
"19 i 44 1.29-1.33 [ 1.6-2.0| B88-91 D D
25 ; |
" 20 45 1.31-1.32 | 1.6-2.0 | 86-90 D D
}

*: Soiling of fixing member



-120-

10

15

20

25

[err]

-137-

[err]

Table 12: Evaluation results in NT/LH (23 °C/5 %RH)
Magnetic Image Fog Image Soiling* | Image
toner No. density quality density

after-
standing

Ex.15 23 1.40-1.44 |1 0.4-0.8 | 94-100 A 1.37

Ex.16 24 1.41-1.43 | 0.4-0.8 | 94-100 A 1.38

Ex.17 25 1.40-1.42 [ 0.5-0.7 | 93-100 A 1.37

Ex.18 26 1.40-1.42 1 0.6-0.7 | 94-100 A 1.38

Ex.19 27 1.41-1.43 {0.4-0.8 | 95-100 A 1.38

Ex.20 28 1.37-1.40 | 0.7-1.0 | 91-98 A 1.34

Ex.21 29 1.36-1.40 | 0.8-0.9 | 90-98 A 1.32

Ex.22 30 1.34-1.37|1.0-1.1 | 91-94 B 1.30

Ex.23 31 1.33-1.35 ) 1.2-1.2 | 90-94 C o 1.27

Ex.24 32 1.32-1.35| 1.0-1.4 | 89-92 B 1.25

Ex.25 33 1.30-1.32 1.5-1.6 | 88-92 C 1.23

Comp.

Ex. 9 34 1.28-1.31} 1.8-2.0 87-90 B - 1.18
" 10 35 1.29-1.32| 1.5-2.2 | 86-91 B 1.19
" 11 36 1.28-1.33( 1.6-2.1 | 87-90 B 1.17
" 12 37 1.27-1.31 1.7-2.1 | 87-90 c 1.16
" 13 38 1.26-1.29| 1.5-2.2 | 86-89 c 1.14
" 14 39 1.28-1.28( 1.6-2.3 | 87-89 o 1.10
" 15 40 1.27-1.29} 1.7-2.3| 85-88 c 1.13
" 16 41 1.28-1.30] 1.5-2.2 86-89 . C 1.11
" 17 42 1.26-1.29( 1.7-2.0 85-89 D 1.09




-122- Tabl e 6: Evaluation results in NT/LH (23 [err]C5 %RH)
Magneti c | mage Fog | mage Soi l'i ng* | mage
t oner No. density ~ quality def ect Ex. 1
1 1.41-1.44 0.4-0.6 17-19 A A 5 Ex. 2 2
1.42-1.45 0.3-0.7 17-19 A B Ex. 3 - 3
1.40-1.46 0.4-0.6 17-19 A -138- B Ex. 4 4
1.38-1.41 0.5-0.8 17-18 A A Ex. 5 5
1.37-1.42 0.5-0.7 17-18 A A Ex. 6 b
1.35-1.39 0.p6-0.8 17-19 ) A A 10 Ex. |7 i/
1.40-1.45 0.4-0.8 |17439 1.2771.29 | 1.8-1 | 86-9Gx. D g 1.05
1.33-1.34 0.6-0. 16-18 B Ex. {9 0
1.36-1.39 0. -o.§9 164%8 1.27p1.30 | 1.9-2.0 | 87-90 ¢ jo D 1p 1.08
1.36-1.38 0.p-0. 17-18 A Ex. 11 n
1.42-1.45 0. -og" 4% 1-29¢£3° 1.8-2.4 1187-90p g2 D 1p 1.07
1.42-1.44 0.4=0-5—"1719 A B33 13
1.38-1.41 0.5-0.44 oit{n 8°f A Ex. 14 14
1.37-1.4050.5-0.6 Hagbe eixing ‘%mber A
i

10

15

20

25



C "2
"3 17 1.
4 18 1. 34-
19 1.30-1. 32
1.31-1.33 0.8-1.5
1.30-1.34 0.6-1.3
1.31-1.33 0.8-1.2

fixing nmenber
Tabl e 7: Eval uation

15

in HI/HH (30 [err] T 80 %RH)

| mage Fog | mage Soi li ng | mge
density quality density
after-
st andi ng 5 Ex. 1 1 1.40-1.41 0.2-0.4
1.35 Ex. 2 2 1.40-1.42 0.3-0.5 17-
1.36 —3 3 1 -40-1-41 0.2966 217-
[~}
1. 35 EX. £ o~4 @ 1m363. 4@ 024-0g7 | 817
n.mu -l -t o~ ~ .
1.30 oo S° 1 1 N ) 1
¥ g8 8 o o = o 0 b
N - o N < < < < < m
1 = # — - ~ v - -
n
g o4
R
<9234 < @ 4 < 4
cw in ¥
N o
b+
(=]
> wo ¢
+ o9 %
o p O 4 © © o o o o
— « 0 o o o o o o
s | < .
(=)
o |9
Py g 3 o o (=) © @ ~
= & -t -3 o o o o o
CE I - - -
=] )
0 ugdl
) 232 e n o5 e =
% o :mm =] o o (-] =] o
N 0
f -
= ©
S 3 « w e &8 9
; -El o o o o o -
) -
p b
] u e o o~ o~ o
S bol 088 -« -« ~ b < ]
! R - -
]
a @
© © -
>
24} [ : Py
o o~ o~
(;; 5 S -l -t -l
-l
= 3
9 »
B [ ] ™ s 0O e~ 0
gg‘ ~ o~ ™~ ™~ ~N
g 0 O
= P =
i O r~ -] (-] [=]
-4 -t Lol - o4 [}
¢ ” % * %
e g_ 4] “ (2] A

.~ 1.32-1.34 0.5-1.0 15-17 A

16 1.30-1.33 0.4-1.1 15-17 A C 20
33-1.35 0.5-1.2 16- 17 A C "
1.35 0.4-1.0 16- 17 B C "5
0.7-1.2 15-17 B D "6 20

15-17 B -139- D "7 21

15-18 B D 25 "8 22

15-18 C D *.  Soiling of.
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Magneti c
t oner No.
17-18 A
18 A
18 A
A



1.37-1. 40
1.34-1.38
1.40-1.42
1.32-1.34 0.
1.35-1.38
1.36-1.39 O
1.41-1.42
1.40-1.42
1.38-1.39

1.37-1.39 0.5-0.6 17
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..cont.

Table 13 (cont.)

15 1.28-1.38
2 16 1.29-1.32
17 1.27-1.34
18 1.29-1.33
29 1.28-1.33
20 _27-1 32
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The fixable tenperature range-([err]C) shown in Table 8 for Exanples 1

- 14 and Conparative Exanples 1 - 8 was neasured in the follow ng
manner . The fixing device of a cormercially avail able 5
copyi ng machi ne ("NP-6085", nfd. by Canon K K.) also used in the above
Exanpl es was taken out of the main body and renodel ed so as to be able
to arbitrarily set the fixing tenrpéRature and provide a process speed
of 500 mi sec, thereby providing an external fixing 10 device. By
using the external fixing device, yet- unfi xed toner inmages on plain
paper of ‘80 g/nferr] were ___subjected to evaluationof the fixability.
By setting the fixrhg £&¥pRLg: frEPerAtyRe range df GsEhowmdT err] C

at increnents qf [err].C each, fixed_inages at. the 15 respective

t enper at ur es MgPBEFUEBe%OFO xémPEE?piécé-g% an@ndém?%ﬁ%ﬁ+%$|E§i93ﬂ%%wnng
paper under a Load.,af 4 9 kRa.to terni.ne .the | owest fixing

t enperat ure gi\bing28 wgsaﬁeFﬁgﬁgddéﬁng§ ?S%QPWH g&ﬂﬁﬁnﬁﬁﬂﬂﬂng of at nost

10 % f . . . . i t ] .f' I
as a fixing |&h§:ggkggg;aggﬁea B??Qagqqﬁ%%éléfTJ“évé%labl%h the

initiation tenperature indi _ ter :
other hands anlaéteatr tﬁébmf bﬁ]ﬁﬁe@e‘("@%?-_uo"h?‘\ﬁf'aﬂ dyS VaryrPGES8, Speed of
o}

100 mm sec was use I X yet-unfixed i mages on plain paper of 60
g/nferr], bhebehgeavahuahengbobe &Xamplielss Glast ke JutSIdiC the
main body and remodeled so as to be able to
arbitrarily set the fixing temperature and provide a
process speed of 50 mm/sec, thereby providing an
10 external fixing device. By using the external fixing
device, yet-unfixed toner images on plain paper of 80
g/m2 were subjected to evaluation of the fixability.
By setting the fixing temperatures in the range of 120
- 200 °C at increments of 5 °C each, fixed images at
15 the respective temperatures were rubbed for 5
reciprocations with a lens cleaning paper under a load
of 4.9 kPa to determine the lowest fixing temperature
giving a image density lowering after rubbing of at
most 10 % as a fixing initiation temperature. A lower
20 fixing initiation temperature indicates a better
fixability.

.On the other hand, the offset behavior was
observed to determine a highest non-offset temperature
as a measure of anti-offset characteristic. A higher

25 highest non-offset temperature represents a better

anti-offset characteristic.

The above evaluations were both performed in



25 For the evaluation, the firxing tenperatures were set by increnents

of 5 [err]C each in a tenperature range of 190 - 240 [err]C, and the
of fset behavi or was observed to o -127-
determ ne a highest non-offset tenperature as a measure of anti-offset
characteristic. A higher hi ghest non-offset tenperature represents a
better anti-offset characteristicl43s The above eval uati ons
were both performed in an environnent of normal tenperature/ normnal

hum dity (23 [err](760 %RH) A fixable tenperature range was

defined between the fixin %latlon tenperature 2 t he hi ghest

non- of f set teﬁﬂ%r%?ﬁ}ﬁpn%\ ROFPRL sFemPeraturpéRaruad PHWQQlFQbresents

oot Er L0 O/ AT ERATEICE ELaylanphaphPablfeHIEAR L5

descri bed abov hé" measur nen con

process speed aeffﬁﬁgnggewgéﬁf€ﬂ§”£1ﬁl?ﬁefﬁi¥§ %Bgetgﬁggsetnﬁgt of. the

fixing initiation tenperature an non-o at ure.
the highest non-offset temperature. A broader fixable

5 temperature range represents a better fixing

performance of a toner.

Example 26
Binder resin H 100 wt.parts
Colorant (copper phthalocyanine) 4 "

10 Organic zirconium compound (40) 2 "
| The above ingredients were preliminarily

blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 °cC.
During the melt-kneading, the viscosity of the kneaded

15 mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely

crushed by a cuttér mill and finely pulverized by a
pulverizer using a jet air stream, followed by o

20 classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
cyan toner having a weight-average particle size (D4)
of 8.5 nmm. To 100 wt. parts of the cyan toner, 1.5
wt. parts of hydrophobic titania fine powder formed by

25 hydrophobizing 100 wt. parts of anatase-form titania
fine powder prepared by the suffuric acid process with

10 wt. parts of isobutyltrimethoxysilane and 10 wt.



This is a severer evaluation condition, so that a br oader fi xabl e

t enperature can be obtai ned under actual fixing conditions where the

t oner and hi gher limts of the fixable tenperature range are neasured
20 under identical fixing conditions (paper and process speed).
Exampl e 15 Bi nder resin C 100 wt. parts

Col orant (Magnetic material (i)) 106144-" 25 Organi ¢ zirconi um
conmpound ( 39) 2 " Wax (b) (mp. = 130 [err] O

2 Wax (d) (mp. = 115 [err] O 4 _

-128- . The above ingredients were prelimnarily bl ended

by a Henschel RP¥ES 2fddimekhydsiligenge@nd hawimgagmethagal-screw

kneadi ng extruder .set _at 13 rr]C. " During the nelt-kneadi ng, the
viscosity of | HEtEARIASEY ng%;%t Gr 8nfa@ BBIdsReC fice Sufare arax9f t he

formation 75 m2/g was externally blended to prepére Cyan toner
No. 1. Cyan toner No. 1 exhibited D4 = 8.5 pm. Other
5 properties of Cyan toner No. 1 are shown in Table 14.
3 Cyan toner No. 1 was evaluated according to
the following test.
<Image evaluation tests>
A commercially available color printef of a
10 contact charging scheme using a charging roller ("LBP-
2030", mfd. by Canon K.K.) was remodelled in the
follbwing manner ahd subjected to continuous printing
on 3000 sheets in an environment of 15 °C/10 %RH and
an environment of 30 °C/80 %RH, respectively, to
15 evalauate the reéultant images with respect to image
density and fog. The toner on the developing sleeve
was provided with a negative triboelectric charge.
The toner was subjected to a continuous printing test
on 3000 sheets also in a normal temperature/normal
20 - humidity environment.
A developing sleeve was prepared by polishing
an aluminum cylinder of 16 mm in outer diameter and
0.8 mm in thickness to a deviation.from straightness
of at most 10 pym and a surface roughness (Rz) of at
25 most 4 pm. The sleeve was set vertically and the
upper and lower ends thereof were masked in a width of

3 mm each. While the vertically set sleeve was



of fresh crosslinkage was confirned. The thus-kneaded product
was cool ed, coarsely crushed by a cutter mlIl and finely pul verized by
a pul verizer using a jet air stream followed by 10 classification by
a multi-division classifier utilizing the Coanda effect to forma
magneti c toner havi ng a wei ght-average particle size (D4) of 6.5
[err]m To 100 wt. parts of the medpretic toner, 1.2 w. parts of
hydr ophobi c silica fine powder hydrophobized with 15 10 wt. % of
hexanet hyl di si | azane and 10 wt. % of di met hyl silicone to have ? _

met hanol - mettablllt of 80 % and a BET specific surface area_of 120
mMerr]/g was I° aEéée?ﬁa?I?oﬁﬁﬁﬂﬂﬁdﬁﬁ%ﬁ$re%agélﬂﬁgﬁE?WErﬁﬁhgg k&S 23.
Magneti c toner 23 exh bite

0 t f
Magnet i ¢ toneﬂ”Rb ?%t%r%‘s%QﬁﬁPfﬁFTﬁﬁ?%n pre*&ﬁs°r' 5w parzks, 5ﬁ2t?c
o P or NoaruR HEEE, s W Dares Br COIPELENSLRY RYELLARES L3oe"

beam printer o I ng s ene" using a c I'ng rol

(007, 22,050 elobstnt ke 200 e AL gl 00
envi ronmens ofaEbhél § [wdS0aftiedhénto the outer surface of the
\ sleeve through a spray gun moved downwardly at a
constant speed. The coated sleeve was heated at 160
O¢c for 20 min. in a'drying oven for drying and curing
to form an electroconductive resin coating on the

10 sleeve. The coating was then rubbed with a flat strip
for.polishing under a load of 4 kgf to form a coated
sleeve with a uniform thickness of electroconductive
resin layer.

The electroconductive layer had a thickness

15 of 10 ym and a surface roughness (Ra) of 0.87 pm as an
average at 6 points and exhibited a pencil hardness of
2H. The sleeve was provided with a flange at. each end
to form a developing sleeve.

The image density was measured by usingné-

20 .Macbeth reflection densitometer (available from
Macbeth Co.). The fog was measured as a difference in
reflection density on an average between a white
background portion of a transfer paper after printing
and the transfer paper before printing as measured by

25 a reflection densitometer ("Reflectometer Model TC-
6DS", available from Tokyo Denshoku K.K.). A smaller

value represents a better fog-suppression effect.



-129- toner on the devel oping sl eeve was provided with a

negative triboelectric charge. As a result, it was possible to obtain
hi gh-definition i mages having a hi gh i mage density and free fromfog
in both 5 environnments. The evaluation results are shown in Tabl es 11
and 12. Further, a simlar continuous printing test on 4000 sheets
was perfornmed in a normal t enper at46-e/ normal hum dity environment. The
results are shown in Table 13. 10 The image quality was
eval uated by printing 100 discrete dots each in a size of vertically
ca. 80 pmand laterally ca. 70 pmarranged in 10 (rows) x 10

(colums) with a spaC|n§h%e%$@@% %H?gbﬁﬁtwﬁﬁtgvéiuated +8r tegas| pica. 80 pm
and laterally ca, 70 pm and by counting the nunber of dots securely
reproduced wi tfOt repgﬂdﬁ?ég} +E§rbﬂu€t?bﬂlg€Fc@ﬁPﬁﬁé 8F in Ez38Pleo o

The 100 discretg dots were printed at three poi nts on an Ad-size sheet
along a longitudfnal center Iline, .e., proximty to near end and far

end and a md 20 Poi Nl gl oG 8066 REkb Be cLIELHIELS Ty Y RS
5 formation in the environment of 30 ©C/80 %RH, the
\ printer was left standing in the environment for 3
days, and then some images were formed to measure the
image density.
The reverse side soiling (back soiling) was
10 observed as a measure of toner scattering similarly as
in Example 15 according to the followihg standard:

A: No reverse side soiling.

B: Reverse side soiling was rare and slight but
observed.
15 C: Slight reverse side soiling was observed on

some sheets.
C: Remarkable reverse side soiling was observed
on some sheets.
During the continuous image formation i£-£he
20 environment of 23 Oc/5 %RH, whether or not the
halftone image portion was accompanied with image
density irregularities was evaluated according to the
following standard.
A: No irregularity.
25 B: Image density irregularity was rare and
slight but observed.

C: Slight image density irregularity in halftone



eval uated by nunber of reproduced dots per 100 dots on an average of
the three points. A | arger nunber I ndi cates a higher inmage quality.
After the 4000 sheets of continuous image 25 formation in the environment
of 30 [err]C/80 9%RH, the printer was |left standing in the environnent
for 3 days, and then inmages were forned to neasure the inmge
- 130- density. | Ap14he continuous printing test in the
environnment of 23 [err]C5 %H, the presence or absence of reverse
side soiling (soiling on a side of paper 5 opposite to the image form ng
side) due to toner scattering was eval uated according to the foll ow ng
st andar d: imageg\ was Npbseyvedconi gemeosheags- B: Rever se side
soiling was rare and slight but 10 ' observed.
D: Image density irregularity was observed over
a wide area when occurred.
The evaluation results are shown in Tables 15
5 - 17.
3 - Comparative Examples 21 - 23
Cyan toners Nos. 2 - 4 were prepared in the
same manner as in Example 26 éxcept for using the
above-described Organic zinc compound (172) and
10 Organic iron compound (173), Organic aluminum compound
(174), respectively, in place of Organic zirconium
compound (40), and then evaluated in the same manner
as in Example 26. The properties of the respective
cyan toners are shown in Table 14, and the evaluation
15 results are shown.in Tables 15 - 17.
Incidentally, Organic chromium compound (175)

showed a dense violet color and was not suitable as a

charge control agent for a cyan toner.

20

25



C Slight reverse side soili-ng was observed on sonme sheets.

C Remar kabl e reverse side soiling was observed on sone sheets. 15
Exanpl es 16 - 25 Magnetic toners Nos. 24 - 33 were prepared
according to prescriptions shown in Table 9 otherw se inasimlar
manner as in Exanple 15 and eval uated in t he sanme manner as in Exanple
15. The properties of 20 the respecijpg nmagnetic toners are shown in
Tabl e 10, and the evaluation results are shown in Tables 11 - 13.
Conparative Exanples 9 - 12 Magnetic toners Nos. 34 - 37 were

prepared in 25 the sanme manner as in Exanple 15 except for using the
above-descri bed O ganic zinc conpshledl{:l7Zyan @ogéenipropertiesr on conpound
(173), Organic al unm num conpound (174)

-131- and (rqganic chrom ym conpound (175), respectively, in
Cyan D4 Acid Molecular weight distribution | THF-
toner insoluble
No. (pm) |(mgKOH/g)} | Mw Main | Sub-peak glo5 content
5 peak (%) (wt.%)
\ Ex.26 1 8.5 11.7 86400 7600 - 95 4
Comp.
Ex.21 2 8.4 12.1 58200 | 7400 - 96 0
Comp. “
Ex.22 3 8.6 12.0 57900} 7500 - 96 0
10 Comp.
. Ex.23 4 8.5 11.6 98500] 7600 - 1 95 6
15
20

25



pl ace of Organic zirconi um conpound (-39), and then eval uated in the
sanme manner as in Exanple 15. The prescriptions and properties of the
respective 5 magnetic toners are shown in Tables 9 and 10, and the
eval uation results are shown in Tables 11 - 13. Conpar ati ve Exanpl es
13 - 16 Magnetic toners Nos. 38 - 41 were prepared in
the sane manner as in Exanple 22 excepggfor using the 10 above-descri bed
Organi ¢ zinc compound (172), Organic iron conpound (173), Organic
al um num conpound (174) and Organi ¢ chrom um conpound (175),
respectively, in pl ace of Organic zirconium conpound (51), and then
eval uated in the sameTalknds:asEvaluitdopl msb3tsTiw 1519CHL0%RHE | pti ons and
properties of the respective magneti c toners are shown in Tables 9 and
10, and the . evagluation results are shown in Tahles 11 - 13
Conmparative anpleg 17 - 20 Magnetijc toners| Nos. 42 - 45
wer e preparegtin 2Q Ewen SoRerani®ageas in Beanpl ¢ RIExceptHglditopei ng
d Organfe- zi nc conpFdt¥17p), O gani®lity | (iFregedpoiti

(173), O ganije—alwrum-corpouhd—{1+4- ahd L
(175), respecftlLyv ] in pl agce..of gany i r¢ory ofrpounqd (74), jand
then 25 valugfggyin t he!t sane ngﬁﬁgﬁ'gg iﬂLé;inﬁleQ¥gﬂb$h= i

\ Comp. ‘
Ex.21 2 1.60-1.61 | 0.9-1.8| 90-98 D

he

above-descri b

Comnp.
Ex.22 3 1.58-1.62 0.9-1.7 91-97 c -

Comp.
Ex.23 4 1.60-1.64 0.8-1.6 94-99 B

10

Table 16: Evaluation results in 30 °C/80 %RH

15 Cyan Image Fog Imége Back Image
toner density quality soiling| density
No. ' after
standing
Ex.26 1 1.57-1.62 0.5-1.5 91-100 A - 1.52
Comp.
- Ex.21 2 1.55-1.59 0.7-2.1 88-98 C 1.41
20
Comp.
Ex.22 3 1.54-1.58 0.6-2.2 87-98 D 1.40
Comp.
Ex.23 4 1.56-1.60 0.8-1.7 89-99 B 1.46

25



prescriptions and properties .of the respective magnetic toners-are
shown in Tables 9 and 10, and the

-132- eval uation results are shown in Tables 11 - 13.
Tabl e 9: Toner prescriptions 5 Magnetic Organic neta
Bi nder Magneti c Wax t oner conmpound
resin mat eri al Nosi50- (wt. parts) (wt . parts)
(wt.parts) (w.parts) Ex. 15 23 39(2) C(100)
i (100) b(2)/d(4) Ex. 16 24 64(2) B(100)
ii(100) g(4)/ h(2) Ex. 17 25 89(2) D(100)
iii(100) h(2)/j(4) 10 Ex. 18 26 49(2) E(100)
i v(100) b(2) /i(4) Ex. 19 27 98(2) F(100)
v(100) c(3)/f(3) Ex. 20 28 121(2) H( 100)
vi (100) a(3)/d(3) Ex. 21 29 141(2) C(100)
vii (100) e(3)/f(3) Ex. 22 30 51(2) C(100)
viii(100) c(6) 15 Ex. 23 31 74(2) A(100)
i (100) c(6)
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Ex. 9
" 10
"1l
12
" 13
14

40
175(2)
-133-
c(6)
c(6)
c(6)
c(6)

30
33
34
35
36
37
38
39

5

10

15

20

25

57(2) . A(100) viii(100) b(2)/d(4)
100( 2) A(100) viii(100) Db(6) 20
172(2) C(100) i (100) b(2)/d(4)
173(2) C(100) i (100) b(2)/d(4)
174(2) C(100) I (100) b(2)/d(4)
175(2) C(16Aap1- I (100) b(2)/d(4)
172(2) C(100) viii(100) c(6) 25 "
173(2) C(100) viii(100) c(6) " 15
174(2) C( 100) viii(100) c(6) " 16 41
C(100) Thevﬁpg@QGQ)tqﬂggpature range (°C) shown in

Table 11.77 $§r4%:xamp1e 2@7%@@“&1&%%&931% 21+ 158;00)

23 Bda raffes 21, 25 a%%;‘(g(@z)for Examppi%s?%g - 29 :Eiggg
and Comparative Examples 24 - 34 was measured in the
following manner.

The fixing device-of a commercially available
copying machine ("CLC-800", mfd. by Canon K.K.) also
used in the above Examples was taken out of the main
body and remodeled so as to be able to arbitrarily set
the fixing temperature and provide a process speed of
100 mm/sec, thereby providing an external fixing
device. By using the external fixing device, yet-
unfixed toner images on plain paper of 80 g/m2 were
subjected to evaluation of the fixability. By setting
the fixing temperatures in the range of 120 - 200 °c
at increments of 5 °C each, fixed images at the
respective temperatures were rubbed for 5
reciprocations with a lens cleaning paper under a load
of 4.9 kPa to determine the lowest fixing tempefééﬁre
giving a image density lowering after rubbing of at
most 10 % as a fixing initiation temperature. A lower
fixing initiation temperature indicates a better
fixability.

On the other hand, the offset behavior was
observed to determine a highest non-offset temperature
as a measure of anti-offset characteristic. A higher

highest non-offset temperature represents a better
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anti-offset characteristic.

The above evaluations were both performed in
an environment of normal temperature/normal humidity
(23 ©°C/60 $RH). A fixable temperature range was |
defined between the fixing initiation temperature and
the highest non-offset temperature. A broader fixable
temperature range represents a better fixing

performance of a toner.

Example 27
Binder resin H : 100 wt.parts
Colorant (dimethylquinacridone) 5 "
Organic zirconium compound (65) 2 "

The above ingredients were preliminarily
blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 ©cC.
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus;kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
magenta toner having a weight-average particle size
(D4) of 8.5 pm. To 100 wt. parts of the magenta
toner, 1.5 wt. pafts of hydrophobic alumina fine

powder formed by hydrophobizing 100 wt. parts of ¥-
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form alumina fine powder prepared by the thermal
decomposition process with 10 wt. parts of n-
butyltrimethoxysilane and 5 wt. parts of
dimethylsilicone and having a methanol-wettability of
70 % and a BET specific surface area of 82 mz/g was
externally blended to prepare Magenta toner No. 1.
Magenta toner No. 1 exhibited D4 = 8.5 nm. Other
properties of Magenta toner No. 1 are shown in Table
18.

Magenta toner No. 1 exhibited a negative
triboelectric chargeability and was evaluated in a
similar manner as in Exampie 26. The results are
shown in Tables 19 - 21.

Comparative Examples 24 - 26

Magenta toners Nos. 2 - 4 were prepared in
the same manner as in Example 27 except for using the
abd;é-described Organic zinc compound (172), Organic
iron compound (173) and Organic aluminum compound
(174), respectively, in place of Organic zirconi;ﬁ.
compound (65), and then evaluated in the same manner
as in Example 27. The properties of the respective
magenta toners are shown in Table 18, and the
evaluation results are shown in Tables 19 - 21.

Organic chromium compound (175) showed a
dense violet color and was-not suitable as a charge

control agent for a magenta toner.
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Tabl e 11; Evaluation results in NI/LH (23 C5 %RH)

Magneti c | mage Fog | mage Soi l'i ng* Back
t oner No. density qual ity soi ling
Ex. 15 23 1.42-1.45 0.5-0.9 96-100 A A 5
Ex. 16 24 1.41-1.44 0.6-0.8 96-100 A B
Ex. 17 25 1.40-1.43 0.5-0.815497-100 A B
Ex. 18 26 1.41-1.44 0.6-0.9 96-100 A A
Ex. 19 27 1.42-1.45 0.6-0.8 97-100 A B
Ex. 20 28 1.39-1.42 0.7-1.2 93-98 A ) A 10
Ex. 21 29 1.38-1.41 0.%ble)l8: glagppta toner properties A
Ex. 22 30 1.37-1.39 1.0-1.2 92-94 B A
Ex. 23 31 1.35-1.37 1.2.1.4 91.94 C- B
. 1f 35-1. 14 3-1.4 89:- Al
B 25 as | i Wsetalive sApid | Hglerpler weight distrivution) T
Conp. Bl 10 r 1 ) 45— #-94 5__31nsolub1e
C 13 360" (i‘.‘“%*g‘-‘“%. oy B o[ M4, pb-eak é%%lz ) C
"12 ¥ 1.30-1.34 1.8-2.0 B9- 93 C R
13 38 1251 32 AR A 341389 T C B
14 39 Ex1226-1.83 [lg.3-P. 31.6851884400 | 7700C - 520 3 "
15 40 1.27-1.34 [1.3-p.5 85{87 g C "
16 41 Compl8-1.32 [L.5-p. 4 84189 G C
Ex.24 2 8.4 12.0 57800 | 7500 - 96 0
Comp.
Ex.25 3 8.5 12.1 56500 | 7400 - 95 0
10 Comp.
Ex.26 4 8.6 11.8 89600 7500 - 96 5
15
20

25



" 17 . 42 1.28-1.31 1.4-2.0 86-89 D D "
18 43 1.29-1.32 1.7-2.1 87-90 D D "
19 44 1.29-1.33 1.6-2.0 88-91 D D 25
" 20 45 1.31-1.32 1.6-2.0 86-90 D D
*:  Soiling of fixing nenber
-137- - Tabl e 12: Eval uggson results in NT/LH (23 [err]C5
YRH) Magneti c | mage Fog | mage Soi | i ng*
| mage ) toner No. density quality
density
after- 5 Table 19: Evaluation results in 15 °C/10%RH
st andi ng Ex. 15 23 1.40-1.44 0.4-0.8 94-100 A
1.37 16 24 1.41-1.43 0.4-0.8 94- 100 A
1.38 Ek. 17 25 1.40-1.42] 0.5-0.7  93-10( A
1.37 Ex. 18 Maggpta 1.1m3ge. 42 | 0Feg0. 7 | Impge;po| Halftone A
1.38 10 Ex.19 | tonepfo. | dengity 43 0. 4-0.|gmalddygoirregularity
1.38 Ex—20 28 1.37-1-40 10 7-1-01-91-98 A
1.34 5 |Ex.27 1 1.65-1.69 | 0.8-1.3 | 96-100 A
\ Comp.

Ex.24 2 1.58-1.62 0.7-2.3 92-96 D -

Comp.

Ex.25 3 1.56-1.60 0.9-2.2 91-97 D -

Comp.

Ex.26 4 1.60-1.64 | 0.9-1.9| 94-99 C

10

Table 20: -Evaluation results in 30 °C/80 %RH

15 Magenta| - Image Fog Inage Back Image
toner density quality soiling | density
Na. after
' standing
Ex.27| 1 1.59-1.61 | 0.4-1.6 | 92-100 A | 1.55
Comp.
Ex.24 2 1.50-1.57 0.5-2.1 87-98 B 1.38
20 :
Comp.
Ex.25 3 1.51-1.55 0.6-2.4 88-97 c 1.39
Comp.
Ex.26 4 1.54-1.57 0.5-1.9 89-99 B 1.42

25
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29 1.36-1.40.- 0.8-0.9 90- 98 A 1.32
30 1.34-1.37 1.0-1.1 91-94 B 1.30
31 1.33-1.35 1.2-1.2 90-94 C 1.27 15
32 1.32-1.35 1.0-1.4 89-92 B 1.25
33 1.30-1.32 1.5-1.6 88-92 C 1.23
Ex. 9 34 1.28:-15@1 1.8-2.0 87-90 B
10 35 1.29-1.32 1.5-2.2 86-91 B
11 36 1.28-1.33 1.6-2.1 87-90 B
"12 37 1.27-1.31 1.7-2.1 87-90 C
Paidd L 38 1.26-1.29 1.5-2.2 86- 89 C
" 14 39 1.28-1.28 1.6-2.3 87-89 C
" 15 40 1.27-1.29 1.7-2.3 85- 88 C
" 16 41 01.28-1.30 1.5-2.2 86- 89 C
17 42 1.26-1.29 1.7-2.0 85- 89 D
-138- "18 43
9 1.8-2.1 86- 90 D 1.05 " 19 44
0 1.9-2.0 87-90 D 1.08 " 20 45
0 1.8-2.1 87-90 D . 1.07
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Example 28
Binder resin H 100 wt.parts
Colorant (disazo pigment
(C.I. Pigment Yellow 17)) 3 "
Organic zirconium compound (93) 2 u
The above ingredients were preliminarily
blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 ©cC.
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.
The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
vyellow toner having a weight-average particle size

(D4) of 8.5 ym. To 100 wt. parts of the yellow toner,

1.0 wt. part of hydrophobic alumina fine powder formed

by hydrophobizing 100 wt. parts of &§-form alumina
fine powder prepared by the flame decomposition
process with 10 wt. parts of n-butyltrimethoxysilane
and 5 wt. parts of dimethylsilicone and having a
methanol-wettability of 75 $ and a BET specific
surface area of 75 m2/g was externally blended to
prepare Yellow toner No. 1. Yellow toner No. 1

exhibited D4 = 8.5 pm. Other properties of Yellow
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toner No. 1 are shown in Table 22.

Yellow toner No. 1 exhibited a negative
triboelectric chargeability and was evaluated in a
similar manner as in Example 26. The results are
shown in Tables 23 - 25.

Comparative Examples 27 - 29

Yellow toners Nos. 2 - 4 were prepared in the
same manner as in Example 28 except for using the
above-described Organic zinc compound (172), Organic
iron compound (173) and Organic aluminum compound
(174), respectively, in place of Orgénic zirconium
compound (93), and then evaluated ih the same manner
as in Example 28. The properties of the respective
yellow toners are shown in Table 22, and the
evaluation results are shown in Tables 23 - 25.

Organic chromium compound (175) showed a
dense violet color and was not suitable as a charge

control agent for a yellow toner.
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fixable tenperature range (C) shown in
and Conparative Exanpl es 9 -

The fixing device of a cormercially available 5

Tabl e 13 for

The

Exanpl es 15 -
20 was neasured in the foll owi ng manner.
| aser beam printer

25

("LBP-430", nfd. by Canon K K.) al so used in the above Exanpl es was
t aken out of the -159-
Table 22: Yellow toner properties
Yellow| D4 Acid Molecular weight distribution | THF-
toner insoluble
No. (pm) |(mgKOH/g)| Mw Main | Sub-~peak _s_lO5 content
5 peak (%) {wt.%)
3 Ex.28 1 8.5 11.7 76200 { 7600 - 95 4
Comp.
Ex.27 | - 2 8.5 11.9 54600 | 7700 - 96 0
Comp. '
Ex.28 3 8.6 12.2 56700 7700 - 95 0
10 Comp.
. Ex.29 4 8.5 11.6 72600 7600 - 95 7
15
20

25




mai n body and renodel ed so as-to be able to arbitrarily set the fixing
tenperature and provi de a process speed of 50 m sec, thereby
providing an 10 external fixing device. By using the external fixing

devi ce, yet-unfixed toner inages on plain paper of 80 g/nerr] were
subjected to evaluation of the fixability. By setting the fixing
tenperatures in the range of 120 -160200 [err]C at increnents of 5
[err] C each, fixed inmages at 15 the respective tenperatures were rubbed
for 5 reciprocations with a | ens cl eaning paper under a | oad of
4.9 kPa to determne the | owest fixing tenperature gi ving a i mge
density |owering aftefablmPi3ig Brakmation reawits1dnod RS I0RRENG initiation
tenperature. A lower 20 fixing initiation tenperature indicates a better

fixability. : Or—-t-he—ot-her hand,—the offset hehavior was
observed to deternin%Ya ﬂ%ghes non- of f $et_t enpefature as a neasurle of
anti-of fset char acteritgxlie A ?‘?ﬁ.’er 25 Hiqhest ﬁﬁﬁ%ffseﬁalg?% at ur e
represents a better | 2*antli - 67 Y characteri sf fgality | irregularitge
above eval uations wefre both [perforned i
5
Ex.28 1 1.64-1.68 | 0.9-1.2 | 95-100 A
1
Comp. '
Ex.27 2 1.58-1.62 | 1.1-2.1| 93-98 D
Comp. . g
Ex.28 3 1.55-1.60 | 1.2-2.2] 92-97 D
Comp.
10 Ex.29 4 1.59-1.66 | 1.0-1.8| 92-99 C
Table 24: Evaluation results in 30 °C/80 $RH
15
Yellow Image Fog Image Back Image
toner density quality soiling| density
No. . after
standing
Ex.28 1 1.58-1.64 0.6-1.7 90-100 A “1--1.52
SR Comp.
20 Ex.27 2 1.54-1.58 0.5-2.3 87-98 B 1.37
Comp. o
Ex.28 3 1.52-1.59 0.7-2.1 88-97 B 1.36
Coﬁp.
Ex.29 4 1.55-1.59 | 1.9-2.0 | 88-99 B 1.41

25



- 143- an environnent of normal tenperature/normal humdity (23
[err]C/60 %=H). A fixable tenperature range was defi ned between the
fixing initiation tenperature and t he hi ghest non-offset tenperature.
A broader fixable 5 tenperature range represents a better fixing
performance of a toner. Exanpl e 26 Bi nder resin H

100 wt.parts Col or ant (copperslpht hal ocyani ne) 4 10

Organi ¢ zirconi um conpound (40) The above ingredients
were prelimnarily bl ended by a Henschel m xer and then nelt-kneaded
through a tw n-screw kneadi ng extruder set at 100 [err]C During the
nel t - kneadi ng, the viscosity of the kneaded 15 m xture was gradually

i ncreased, whereby the formation of fresh crosslinkage was confirned.
The thus-kneaded product was cool ed, coarsely crushed by a cutter mll
and finely pulverized by a pul verizer using a jet air stream foll owed
by 20 «classification by a nulti-division classifier utilizing the
Coanda effect to forma non-magnetic
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cyan toner having a wei ght-average particle size (D4) of 8.5 [err]m

To 100 wt. parts of the cyan toner, 1.5 wt. parts of hydrophobic
titania fine powder formed by 25 hydrophobizing 100 wt. parts of
anatase-formtitania fi ne powder prepared by the suffuric acid process
W th 10 wt. parts of isobutyltrinethoxysilane and 10 wt.

- 144- parts of dimethylsiliconel®m having a methanol -

wettability of 65 % and a BET specific surface area of 75 merr] /g
was externally blended to prepare Cyan toner No. 1. Cyan toner No. 1

exhi bi ted EM-:EQEE {gr£§n1 O her 5 properties of Cyan toner No. 1 are

shown i n Tabl Cyan toner No. 1 was eval uated according
to the fol |l ow S . <l mage evaluation te > L A
comercially avaiﬁ% eégo%%?l%rlnter of a 10 contactiéﬁaW§rﬁar§5hene usi ng

ahcharging roller ¢ol&Fant (cafBdl p1gEfy by Canon K K') was renodelled in
t he

Organic zirconium compound (57) 2 "
5 The above ingredients were preliminarily
3 blended by a Henschel mixer and then melt-kneaded

through a twin-screw kneading extruder set at 100 °C._
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation

10 of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely

crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
classification by a multi-division classifier

15 utilizing the Coanda effect to form a non-magnetic
black toner having a weight-average particle size (D4)
of 8.5 pm. To 100 wt. parts of the black toner, 1.5
wt. parts of hydrophobic titania fine powder formed by
hydrophobizing 100 wt. parts of rutile-form tita;£$

20 fine powder prepared through the sulfuric acid process
with 10 wt. parts of isobutyltrimethoxysilane and 10
wt. parts of dimethylsilicone and having a methanol-
wettability of 70 % and a BET specific surface area of
59 mz/g was externally blended to prepare Black toner

25 No. 1. Biack toner No. 1 exhibited D4 = 8.5 pm.

Other properties of Black toner No. 1 are shown in

Table 26.



foll owi ng manner and subj ected-to continuous printing on 3000 sheets
in an environnment of 15 [err]C/ 10 %H and an environnent of 30

[err] T80 %RH, respectively, to 15 evaluate the resultant imges with
respect to i mge density and fog. The toner on the devel opi ng sl eeve
was provided with a negative triboelectric charge. The toner was
subjected to a continuous printing testl63- on 3000 sheets also in a
normal tenperature/normal 20 humidity environnent. A

devel opi ng sl eeve was prepared by polishing an al um num cyl i nder of 16
mmin outer dianmeter an |nth| e:'J{igcoadewatlonfrom

0.8
strai ght ness of at ﬁ@ﬁﬁﬁHHQnaﬂuf ] (FZ) of at

25 nost 4 [erg t ticall and per and
| ower ends therle':r{;b \Ae%g:t?as \égxavl\%sea%%'ldtvﬁ? o' wals ‘%%%%d Wﬂ e the
vertically set c5haaug ‘ﬁﬁﬁm&r in E:x(amé)m:)rI 8 g beeS resuli\:& are 145

rotated at a constant spee a palnt parts of
phenol i c resin gm0 rabl el .2 Par tyyg of

5 Comparative Examples 30 - 34

\ Black toners Nos. 2 - 6 were prepared in the
same manner as in Example 29 except for using the
above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174),

10 Organic chromium compound (175) and anlorganic silicon
compound (176) show below, respectively, in place of
Organic zirconium compound (57), and then evaluated in
the same manner as in Example 29. The properties of
the respective black toners are shown in Table 26, and

15 the evaluation results are shown in Tables 27 - 29.

. . N .
tBu (176)
20 0\ | /o
+
/ (¢) tBu

ol

e L . '. . )




parts of «crystalline graphite,

carbon bl ack, 45 wt.
nmet hanol and 284 w. parts
outer surface of the

of

i sopr opyl

in a drying oven for drying and curing

resin coating on the

strip

10

sl eeve.
for polishing under a load of 4 kgf to.forma coated

41 w. par

ts of

5 al cohol) was applied onto the
sl eeve through a spray gun noved downwardly at a
constant speed. The coated sl eeve was heated at 160

[err]C for

20 m n.

to forman el ectroconducti ve
Theigpati ng was then rubbed with a flat

with a uniformthi ckness of el ectroconductive

The el ectroconductive | ayer

had a thi ckness

15

r

esin |ayer.

sl eeve

of 10 pm and a surface
roughness (Ra) of 0.87 [err]m asTable 26: Bleckhdgmnar wropeities and exhi bited

a pencil hardness of 2H. The sl eeve was provided with a flange at each
end to fopm-a—devel oping sleeve The image density was
measured by usfing a| 20 Mcheth| reflectjon densitonmeter (availablg from
Macbeth Co.). [The f gg\’\%%k {Agea%'hr a dioleeniarcweight distribption: O?HF-k
density on an javer age e i § : grouhgd—porti-on—ofsat¥ER yhde
paper after prjinting ik angm?%h “‘?‘r@%g? b M0 apéMapRt | SEPTReak: i 10 a4 content
measur ed bF 25 a rleflectifon depsitoneter ("R PR8&t dneter Madel®)Tg- (WE. %)
6DS", avai | ablfefromTokyoDerrst X - aHet
L Ex.29 1 8.5 11.8 68400 | 7500 - 95 4
Comp.
Ex.30 2 8.5 12.0 57400 | 7400 - 95 0
Comp. )
Ex.31 3 8.4 12.0 59800 | 7400 - 96 0
10 Comp.
. Ex.32 4 8.6 11.6 71300{ 7500 - 96 -7
Comp. e
Ex.33 3 8.4 12.1 57400 7600 - 95 0
Comp.
Ex.34 4 8.5 12.2 58500 7600 - 95 0
15
20

25




val ue represents a better fog-suppression effect.

- 146- The inmage quality was evaluated in terns of dot
reproducibility in a simlar manner as in Exanple 15.
After the 3000 sheets of continuous inage 5 formation in the environnment
of 30 [err]C/ 80 %H, the printer was left standing in the environnent
for 3 days, and then sone i magedsdere formed to neasure the | mage
density. The reverse side soiling (back soiling) was 10
observed as a neasure of toner scattering simlarly as in Exanple 15
according to the follow ng standard: A No, rever se si de soiling.
B: Reverse side soilRPhe d¥ds E&?@aéﬁensﬁijﬂttsbaﬂ 15 °C/39$BHved. 15
C. Slight reverse side soiling was observed on sonme sheets.
Black Image Fog Image Halftone
toner density quality | irregularity
No.
5
Ex.29 1 1.62-1.68 | 0.7-1.4 | 96-100 A
V femememcce e e e e e ]
Conp.
Ex.30 2 1.59-1.62 | 0.8-2.3 | 93-98 C
" 31 3 1.58-1.60 | 0.9-2.4 | 92-97 C
" 32 4 1.60-1.62 | 0.8-1.9 | 94-99 B
10 * 33 5 1.59-1.63 | 1.1-1.8 | 93-99 B
" 34 6 1.57-1.59 1.0-1.6 91-97 D

Table 28: Evaluation results in 30 °C/80 %RH

15
Black Image Fog Image Back Image
toner density quality soiling| density
No. after
_ §tanding
"Ex.29 1 1.59-1.63 0.6-1.7 91~-100 A 1.51
20 e e e e e e
Comp.
Ex.30 2 1.55-1.59 0.7-2.1 86-98 D 1.28
' 31 3 1.54-1.58 0.8-2.2 87-87 D 1.27
" 32 4 1.55-1.60 0.7-1.9 88-99 C 1.32
"33 5 1.56~1.61 0.8-2.0 90-97 B 1.33
25 " .34 6 1.45-1.46 1.2-2.2 88-95 D - 1.25




C. Remar kabl e reverse side soiling was observed on sone sheets.
During the continuous image formation in the 20 environnment of 23

[err]C5 %H, whether or not the hal ft one i mage portion was
acconpani ed with inmage density irregularities was eval uated accordi ng
to the foll owi ng standard. A No irregularity. 25 B
I mage density irregularity was rare antb6- slight but observed

C. Slight image density irregularity in halftone

-147- | mages was observed on sonme sheets. D | mage
density irregularity was observed over a w de area when occurred.
The evaluation results are shown in Tables 15 5 - 17.

Conpar ati ve Exanples 21 - 23 Cyan toners Nos. 2 - 4 were

prepared in the
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same manner as in Exanple 26 except for using the above-descri bed
Organi ¢ zinc conmpound (172) and 10 Organic iron conpound (173), O ganic —
al um num conpound (174), respectively, in place of—ffgaﬁfﬁ”

zi rconi um conpound (40), and then evaluated in the sane MBnner o iaced
as in Exanple 26. The properties of the respective Eyaﬁwt ep
shown in Table 14, and the eval uati on-16T5 results are shown | \ \
17. I ncidental ly, Organic chroniun1conpound

showed a dense violet color and was not suitable as a charge contr ol
agent for a cyan toner 20 25

-148- WHAT IS CLAIMED IS: )

10

15

20

25

1. A toner having a negative triboelectric
chargeability, comprising at least a binder resin, a
colorant and an organic metal compound,

wherein the organic metal compound is an
organlc zirconium compound comprising a coordination
or/and a bondlng of zirconium and an aromatic compound
as a ligand or/and an acid source selected from the
group consisting of aromatic diols, aromatic
hydroxycarboxylic acids, aromatic monocarboxylic

acids, and aromatic polycarboxylic acids.

2. The toner according to Claim 1, wherein said
organic zirconium compound is a zirconium complex
comprising a coordination with an aromatic diol, an
aromatic hydroxycarboxylic acid or an aromatic

carboxylic acid.

3. The toner according to Claim 1, wherein said
organic zirconium compound is a zirconium complex
salt comprising a coordination with an aromatic diol,
an aromatic hydrokycarboxylic acid or an aromatic

carboxylic acid.

4. The toner according to Claim 1, wherein said
organic zirconium compound is a zirconium salt

comprising an ionic bonding with an aromatic carbolic

Hll\ll\ ) \\l\l \l \Il\



Tabl e 14: Cyan toner properties Cyan - D4 T AcidT—

Mol ecul ar wei ght distribution THF- t oner Th1s SheetHasBeen eplaced
i nsol ubl e No. (pm (nmgKOH g) Mw

<10[ err] cont ent ""
(% (Wt . % Ex. 26 1 8.5 11.7 8640

- 95 4 Conp. Ex1 68t 2 . 12. 1

58200 7400 - 96 0 Conp. Ex. 22

8.6 12.0 57900 7500 - 96 0 10 Cbnp.

Ex. 23 4 *é 11.6 . 98500 7600 - 95 6

15 o0 @cid, an aromatic hydroxycarboxylic acid or an

aromatic carboxylic acid.

5. The toner according to Claim 1, wherein said
5 organic zirconium compound comprises a structure
3 represented by the following formula (1):
_X | (2n-4)© ®
Ax Zre(L) (2n-4)C1¥ or
Ny m 20 (1)
n (n-2)C2
10 wherein Ar denotes an aromatic residual group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
alkoxycarbonyl, anYloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or
15 carbamoyl; X and Y independently denotes O or -CO-0O-:
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; Cl denotes a monovalent
cation of hydrogen ion, monovalent metal ion, ammonium
ion or alkylammonium ion; C2 denotes a divalent ;Afion
20 of a metal ion; n is 2, 3 or 4; m is 0, 2 or 4; a
number (n) of ligands (of aromatic carboxylic acids
and diols) can be identical to or different from each
other, and a number (m > 0) of neutral ligands can be
identical to or different from each other in each
25' complex or complex salt of a formula; with the proviso
that each complex or complex salt of a formula can

also be a mixture of complex compounds having mutually
I

e

Hll\ll\ I A



o5 . -149- Tabl e

15: Evaluation results in 15 ¢ 10%:H Cyan toner | mage
Fog | mage Hal f t one No. densi ty Thig Sheet Has Been Replaced
quality irregularity 5 Ex. 26 1 1.62-1. 66
95-100 A Conp. Ex. 21 2 1.60-1.61
90-98 D. Conp. Ex. 22-169- 3 1.58-1.62 . !
91-97 C Conp. Ex. 23 4 . 1.60-1.64 0.8-1.6
94-99 B 10 Tabl e 16: Evaluation results in 30 y

9 . el an | mage Fo -1 mage Back
{ﬁ;gLCYSO o dlff%ﬁﬁﬂﬁﬂn °%@mé¥ﬂy or a ££Xtur§uﬁﬁi§éhpl%%i$¢ﬂbs density
No.

having mutually different counteréqéég Cl or/and C2.

6. The toner according to Claim 1, wherein said
5 organic zirconium compound comprises a structure

represented by the following formula (2):

o X ALYy |(20-4)°
r Zxr
Ny \\(A)k

n (n+k/2-2)C22®

(2n+k-4)C1® or -

(2)

10 wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
alkoxycarbonyl, aryloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, c&ano, amino, amide, or

15 carbamoyl; X and Y independently denotes 9O or -CO—OQ;
L denotes a neutral ligand of water, alcochol, ammonia,
alkylamine or pyridine; A denotes an anion of halogen,
hydroxyl, carboxylate, carbonate, nitrate, sulfate,
cyano or thiocyano, a plurality of A can-be ideﬁfgcal

20 or different when k 2 2; Cl denotes a monovalent
cation of hydrogen ion, monovalent metal ion, ammonium
ion or alkylammonium ion; C2 denotes a divalent cation
of a metal ion; nis 1, 2, 3 or 4; mis 0, 1, 2, 3 or
4; kK is 1, 2, 3, 4, S'Qr 6; number (when n 2 2) of

25 ligands (of aromatic carboxylic acids and diols) can
be identical to or different from each'other, and a

number (when m > 2) of neutral ligands can be

‘R O




standi ng Ex. 26 1 - 1.57-1.62 0.5-1.5 9+160—" A
1.52 Conp. Ex. 21 2 1.55-1.59 0.

- 2. 98

1.41 20 Conp. Ex. 22 3 1.54-1.58 Gih S et eplaced
D 1. 40 Conp. .33 4 1ee 160 l | ‘Hﬂ 99
B 1. 46 25 _ _%gg_

identical to or different from each other in each

complex or complex salt of a formula; with the proviso

that each complex or complex salt of a formula can

also be a mixture of complex compounds having mutually
5 different n or/and m, or a mixture of complex salts

3 having mutually different counter ions Cl 6r/and c2.

7. The toner according to Claim 1, wherein said
organic zirconium compound comprises a structure

10 represented by the following formula (3), (4) or (5):

o) (2n-4)9
(R)l—@i Zre (Hy0) (2n-4)c1® (3)
O/mn

(2n-4)©

(R)l—-@( ?z:e—(nzmm (2n-4)Cc1® (4)
15

1(2n-4)©

((R)l—@ jEZr«_(HZO)m (2n-4)c1® (5)
c-o

\

]

20 | wherein R denotes a substituent of hydrogen, alkyl,
aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to

25 form an alicyclic, aromatic or heterocyclic ring
capable of having 1. - 8 similar R substituent(s); a

plurality of R can be identical or different: Cl

A O



-151- The fixable tenperature range (C) shown in Table

17 for Exanple 26 and Conparative Exanples 21 - 23 and Tabtes 21, 25
and 29 for Exanples 27 - 29 and Conparative Exanples 24 - 34 was Taced
measured in the 5 follow ng manner. The fi ‘ggleeiem m"
commercially avail abl e copyi ng machi ne ("CLC- 800", )
al so used in the above Exanpl es wa®ltaken out of the

and renodel ed so as to be able to arbitrarily set 10 the

tenperature and provide a process speed of 100 mm sec, thereby

provi di ng an eéter al fixin devi ce. % using the external fixing
a

devi ce, yet- 9eno ﬁ?i?eﬂ°?8ﬁ€?ePﬁaﬁé§18ﬁ B Pﬁdﬁaﬁéploﬁhyﬁkﬂqﬁeﬁr] wer e
subj ected to evaly t'%ﬁ@g 6‘}1‘?‘??% éi‘gggg{'lépp]?éms'ettllggqnﬁg t he I;I;Iq)% n]g
tenperatures in r = P RGR
[em)]Ceach fix d e§ aj he . pective ,tenpera ur es re. rubbed
AR O I e L i

for 5 reci procations’with a I’ens Cl eanin
ligands can be identical or different in each complex

5 or complex salt of a formula; with the proviso that
each complex or complex salt of a formula can be_a
mixture of complex compounds having mutually different
n or/and m, or a mixture of complex salts having
mutually different counter ions Cl.

10

8. The toner according to Claim 1, wherein the .
organic zirconium compound comprises a structure

represented by the following formula (6), (7) or (8):

o (H,0) . [(2n+k-4)©
(R)l_@ j>zr/ o (2n+k-4)C1®  (6)
15 o’ N(a),

0 (2n+k-4)°
c- « (H0)
((R)l—@ ze”  20W (2n+k-4)c1®.. (7
07 /n  TN(A)
20
(2n+k-4)©
c-0 (H,0)
(R)l—@: zc” 2 W (2n+k-4)c1®  (g)
C-0Tn  TN(A)y

25 wherein R denotes a substituent of hydrogen, alkyl,
aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,

hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl

A A

-



of 4.9 kPa to determne the lowest fixing tenperature 20 giving a inmage-
density lowering after rubbing of at most 10 % as @ fixing initiation
tenmperature. A | ower fixing initiation tenperature mghheaﬂe@eanlbﬂetaﬁ r

fixability. On the other hand, the offset b
observed to determ ne a highest non-offset tenperature
anti-offset characteristic. A higher —172-highest non-off erature

represents a better -152-

anti-offset characteristic. The above eval uations were both
performed in an environnent of normal tenperature/nornmal humdity

(23 [err] C/ 60 A¥YL, A£3rhexvle t@ﬂp&%ur@?%@lgeamo or garbamdybet @een the
fixing initiatiagn te erature and hest non-offset tenperature.
A broader fixafPrality Jhenil % ﬂar@% $e‘b?’gs%%t%u5u%%%¥e}1¥¥§¢n§°

performance of f%rm éh allcycllc, aromatic or heterocyclic ring

capable of having 1 - 8 similar R substituent(s);

5 plurality of R can be identical or different; A

i denotes an anion of halogen, hydroxyl, carboxylate,

carbonate,'nitrate, sulfate, cyano or thiocyano, a
plurality of A can be identical or different; C1
denotes a monovélent éation of hydrogen, alkaline

10 metal, ammonium or alkylammonium; 1 is an integer of 1
-8 nis 1, 2, 3 or 4; mis 0, 2 or 4; k is 1, 2, 3,
4, 5 or 6; a number (when n > 2) of ligands can be
identical or different in each complex or complex salt
of a formula; with the proviso that each complex or

15 complex salt of a formula can be a mixture of complex
compounds having mutually different n or/and m, or a
mixture of compléx salts having mutually different

counter ions Cl or/and anions A.

20 9. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure
represented by the following formula (32) or (33):

(Ar-co0”) Ar%®(4-n)a,© or (2-n/2)8,2°  (32)
(Ar-co0~),Ar*®(0) (2-n)a,® | (33),

25 wherein Ai denotes an aromatic residue group capable

of having a substituent of alkyl, aryl, aralkyl,

cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,

\\Il\ll\ \\\\\\ ] \\l\l I \II\



Example 27 10 Bi nder resin H 100 Wt parts—
Col orant (di nmet hyl qui nacri done) 5 Organi c Z|rcon|un1conpound (65)
2 The above ingredients were prelimnarily Tmsﬂbﬁ

Henschel m xer and then nelt-kneaded 15 through a tw n-sc |
extruder set at 100 [err]C During the nelt-kneading, t

t he kneaded m xture was gradual | y178er eased, wher eby the ornatlon

of fresh crosslinkage was confirned. The t hus-kneaded product
was cool ed, coarsely 20 <crushed by a cutter mll and finely pul verized by

a pulverlzer using a jet air stream followed b cl assification
by a nul ti-di vPR§¥IR*H-asdiorgicarbonyly |y IQFAGRF ¥¥ect to forma

non- nagneti c nt oner haV|n a wei ght - average tlcle size 25
(D4) of 8.5 pmcaTRFRHd &#l it e st ARLEC RO G & e~ par ts

of hydr ophobic aI na .fi omde for dro b|2|n 100 wt.
partg ofp[err] %amoyl 1 denoé) monorn¥Lé%/£H&5 R 9

halogen, hydroxyl, nitrate or carboxylate; A5 denotes
5 a divalent anion, such as sulfate, hydrogenphosphate
\ or carhonate: and n is 1, 2, 3 or 4 with the proviso
that in case of n 2 2 for éach metal salt, a plurality
(n) of aromatic carboxylates and aromatic
hydroxycarboxylatés as acid ions may be identical or
10 different, and that each metal salt of a formula can
be a mixture of different salts having different

numbers of n.

10. The toner according to Claim 1, wherein the
15 organic zirconium compound comprises a structure

represented by the following formula (34) or (35):

Co0~
(R)1—© 2r%® (4-n)a;© or (2-n/2)2,2°  (34)
| ) o
20 ~ goo~
(R)r@/‘ zr*® (0)(2-n)a,° (35),
n

wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, arfl, aralkyl,

25 cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,

carboxyl, halogen, nitro, cyano, amino, amido or
-

\\\\\\\\ \\\\\\ L



formalum na fine powder prepared by the thermnal _deeeﬁpes%rfdﬁ“§FGE€Ss
wth 10 wt. parts of n- butyl tri met hoxysilane and 5 wt. parts of

di met hyl silicone and having a nethanol -wettability of FhigSheet

specific surface area of 82 nR2/g was externally blen m
Magenta toner No. 1. Magenta toner No. 1 exhibited her
properties of Magenta toner No. 1 are-thown in Table

Magenta toner No. 1 exhibited a negative triboelectric chargeability
and was evaluated in a simlar manner as in Exanple 26. The results
are shown in Tables 19 - 21. Conpar ative Exanples 24 - 26 15
Magent a t oner sCaBRamoyl; sAyedenpiepareBopavalent; ppisaneinkadogess in
Exanpl e 27 exce t for_using the above- descrlbed Organi ¢ zi nc conpound
(172), Organich r°x¥}onnégﬁﬁ56n8r(§?§?°§ﬁaaéﬁgaﬁﬂc 2PQ %Fﬁuﬁrconpound

174), f d (65 d
ghen)evgfzgfgé a¥ﬁﬁ*2§ﬁégﬁgﬂﬁe? gagec &hc%géunbg ??agfﬂgpgpopért?esagf
the respectiveg ?fbonQ@Qenéﬁdtﬁn?% arsg, §30892f wI%B'%h%Spr%QqS % hat

eval uation restlts aré S§hown i'n res
5 in case of n > 2 for each metal salt, a plurality (n)

3 of acid ions, i.e., aromatic carboxylates and aromatic
hydroxycarboxylates may be identical or different; and
that each metal salt of a formula can be a mixture of

different salts having different numbers of n.

10
l1. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure
represented by the following formula (36) or (37):
Co0™ 4 5
(R)I{ZZﬂ: ’ Zr +(4—n)A1' or (2-n/2)A5“" (36)
15 . ~OH _
n
CO0™ 4
(R)I@O zr** (0)(2-n)A;"~ (37),
H
' n

wherein Ar denotes an aromatic residue group capgﬁie
20 of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,
carboxyl, halogen, nitro, cyano, amino, amido or
carbamoyl; A, denotes a monovalent anion of halogen,
25 hydroxyl, nitrate or carboxylate; A5 denotes a
divalent anion of sulfate, hydrogenphosphate or

carbonate; and n is 1, 2, 3 or 4 with the proviso that

AR R A 1



Organi ¢ chrom um conpound (175) showed a 25 dense vialet color and was

not suitable as a charge control agent for a nagenta toner.

- 154- Tabl e 18: Magenta tone&mpg@ggﬁ$h§3Rbl
Magenta D4  Acid Mol ecul ar wei ght distribution THF

t oner i nsol u JHM""’”"',I

No. ([err]m (nmgKOH g) Mwv Mai4175-Sub- peak [err] ent
peak (% (M.9% 5 Ex. 27 1 11. 6

84400 7700 95 3 - Conp. Ex 24

12.0 57800 . 7500 96 0 Ex 25 3

8 5 12.1 incaase pfpat 2 2 for eaajy metal @1110 a Pbapality (njx. 26

4 8.6 113% aromé%%g)cé;(ﬁiylateS'and é¥%mat1c °

hydroxycarboxylates as acid ions, may be identical or
different, and that each metal salt of a formula can
5 be a mixture of different salts having different

3 numbers of n.

12. The toner according to Claim 1, comprising

toner particles containing therein the binder resin,
10 the colorant and the organic zirconium compound in an
amount of 0.1 - 10 wt. parts per 100 wt. parts of the

binder resin.

13. The toner according to Claim 12, wherein the
15 orgahic zirconium compound is contained in 0.5 - 5 wt.

parts per 100 wt. parts of the binder resin.

14. The toner according to Claim 1, comprising

toner particles comprising at least the binder resin

20 and the colorant, and the organic zirconium compound
externally added to the toner particles in an amount

of 0.01 - 5 wt. parts per 100 wt. parts of the binder

resin.

25 15. The toner according to Claim 1, wherein the

binder resin has an acid value of 1 - 100 mgKOH/g.

* c L M S *



15 20 25 . ' - 155-
Tabl e 19: Evaluation results in 15 [err] T 109%:H Magent a

| rage Fog | mage Hal ft one i [a3gd3een Replaced
density quality irregularity 5 EX. ' H" l,
1.65-1.69 0.8-1.3 96- 100 A Conp. 2

1.58-1.62 0.7-2.3 92- 96 P176-

16. The toner according to Claim 1, wherein the
binder resin has a carboxyl group or an acid anhydride

group.

5 17. The toner according to Claim 1, wherein the

3 colorant comprises a magnetic iron oxide.

18. The toner according to Claim 17, wherein said
magnetic iron oxide comprises magnetic iron oxide
10 particles containing 0.05 - 10 wt. % based on iron

element of a different element other than iron.

19. The toner according to Claim 1, further

containing a wax.

15
20. The toner according to Claim 19, wherein the
wax comprises wax A and wax B having mutually
different melting poihts.
20 21. The toner according toc Claim 20, wherein the

wax A and the wax B have a melting point difference of

10 - 100 °C from each other.

22. The toner according to Claim 19, wherein the
25 wax comprises wax C and wax D comprising mutually

different compositions.

L



207

Conp. Ex. 25 3 . 1.56-1.60 0.9-2.2 __91-97
Conp. Ex. 26 4 : 1.60-1.64 0.9-1.9 94-99 C 10
Table 20: Evaluation results in 30 [err]C/ 80 %H 15This Sheet Has Bee

| mage Fog | mage Back | mage Il |I||Hm I|
density quality soiling density

after -177-

st andi ng Ex. 27 1 1.59-1.61 0.4-1.6 92-100

1.55 Conp. Ex. 24 2 1.50-1.57 0.5-2.1 87- 98

B 1.38 20 Ex. 25 3 1.51-1.5.5 0.6-2.4
88-97 C 23. 'Ihgggoner accogApng to Clagm 22, wherein thes4-1.57
0.5-1.9 89 9%ax C and %he wax Dlaﬁgo havezautually different

melting points.

5 24, The toner according to Claim 23, wherein the
3 wax C and the wax D have a melting point difference of

10 - 100 ©C from each other.

25. The toner according to Claim 1, wherein the
10 toner has a weight-average particle size of 2.5 - 10

pm.

26. The toner according to Claim 1, wherein the
toner has a weight-average particle size of 2.5 - 6

15 pm.

27. The toner according to Claim 18, wherein the
different element is an element selected from the
group consisting of lithium, boron, magnesium,

20 .aluminum, silicon, phosphorus, sulfur, germanium,
titanium, zirconium, tin, lead, zinc, calcium, barium,
scandium, vanadium, chromium, manganese, cobalt,
copper, nickel, gallium, indium, silver, palladium,
gold, platinum, tungsten, molybdenum, niobium, osmium,

25 strontium, yttrium, technetium, ruthenium, rhodium,

and bismuth.

—_—
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- 156- [err] . _=157——"

Exanpl e 28 Bi nder resin H —1T00 w.parts

Col orant (disazo pignent (C. 1. Pignent Yellow geﬂkﬁgamkqﬁﬂéd 5
Organi ¢ zirconi um conpound (93) 2 |ents
were prelimnarily bl ended by a Henschel m xer and ed

t hrough a tw n-screw kneadi ng extruder-138t at 100 [err] Cl |ng t he

nmel t - kneadi ng, the viscosity of the kneaded 10 m xture was gradually
i ncreased, whereby the formation

28. The toner according to Claim 18, wherein the
different element i an element selected from the group
consisting of: lithium, beryllium, boron, magnesium,
aluminum, silicon,_phosphorus, germanium, zirconium,

5 tin, sulfur, calcium, scandium, titanium, wvanadium,
\ chromium, manganese, cobalt, nickel, copper, zinc and

gallium.

29. The toner according to Claim 18, wherein the
10 different element is an element selected from the
group consisting of: magnesium, aluminum, silicon,

phosphorus and zirconium.

30.' The toner according to Claim 1, wherein the
15 binder resin contains a tetrahydrofuran (THF)-

insoluble content.

31. The toner according to Claim 30, wheréin the
THF-insoluble is contained in 1 - 70 wt. % of the

20 binder resin.

32. The toner according to Claim 30, wherein the
THF-insoluble content is contained in 5 - 60 wt. % of
the binder resin.

25
33. The toner according to Claim 31, wherein the

binder resin has an acid value of 1 - 100 mgKOH/g.

I||||I|| |||I|l III|| ||I|I || I



of fresh crosslinkage was confirned. The thus-kneaded product
was cool ed, coarsely - crushed by a cutter mll| and finely putverized by
a pul verizer using a jet air stream followed by 15 classification
by a nulti-division classifier utilizing the Coanggs gfeétafat BdepRépbaced a

non- magneti c yel | ow toner having a wei ght -average

(D4) of 8.5 pm To 100 w. parts of tdwegyoyell ow toner, jmm!ymkm t of
hydr ophobi ¢ al um na fine powder forned 20 by hydrophobi . parts
of [err]-formalum na fine powder prepared by the flanme deconposition
process with 10 w. parts of n-butyltrinmethoxysilane and 5 wt. parts
of di et hyl sili cordt.andbieaiionem accordimndiadtm|Clpimadl | i vheveinstheand a
BET specific 25 surface area of 75 n2/g was externally blended to

prepare Yel | oRimsias n@sin haganmpeighetalee af 1 - ZQnngRPB49p4 = 8.5 pm
O her properties of Yellow - 158-

35. The toner according to Claim 31, wherein the

5 binder resin has an acid value of 1 - 50 mgKOH/g.

36. The toner éccording to Claim 31, wherein the

binder resin has an acid value of 2 - 40 mgKOH/g.

10 37. The toner according to Claim 1, wherein the
binder resin comprises a styrene-acryl copolymer resin
and contains a THF-soluble content having a molecular
weight distribution on gel permeation chrsﬁétography
(GPC) ghrdmatogram showing at least one peak in a

15 molecular weight region of 3000 - 50,000 and at least

one peak in a molecular weight region of at least 10°.

38. The toner according to Claim 37, wherein the
binder resin has a main peak in a molecular weight

20 region of 5000 - 30,000.

39. The toner according to Claim 37, wherein the
binder resin has a main peak in a molecular weight
region of 5000.4 20,000.

25
40. The toner according to Claim 31, wherein the

binder resin comprises a styrene-acryl copolymer resin

L



toner No. 1 are shown in Table 22. Yel |l ow toner No. 1
exhi bited a negative triboelectric chargeability and was evaluated in
a similar manner as in Exanple 26. The results are nﬁs&bam[ie&lﬂ'@bhéas

23 - 25. Conpar ati ve Exanples 27 - 29
2 - 4 were prepared in the sanme manner as in Exanple
using the above-descri bed O gani elgd-nc conpound (172),

i ron conpound (173) and Organic al um num conpound (174) respectlvely,
in place of Organic zirconium conmpound (93), and then evaluated in the
same nmanner as in Exanple 28. The properties of the respective

yel  ow toners ard gqnﬁnlna FaPiE-solubhg cantent hayingag sgleeydiars are
shown in Tables 23 - Organi ¢ chrom um conpound (175)
showed a H%hggtvﬂbFEfléﬁFanaﬂE dal HSFm§GtESBI€h£§méteﬁiﬁ§€Y

nt r ol n el | ow toner 0
control agent EEPC? Zhromatogram show%ng at least one peak in a

molecular weight region of 3000 - 50,000 and at least

5 one peak in a molecular weight region of at least 105.

41, The toner according to Claim 40, wherein the
binder resin has a main peak in a molecular weight

region of 5000 - 30,000.

10
42. The toner according to Claim 40, wherein the
binder resin has a main peak in a molecular weight
region of 5000 - 20,000.
15 43. The toner according to Claim 1, wherein the

binder resin comprises a polyester resin and contains
a THF-soluble content having a molecular weight
distribution on gel permeation chromatography (GPC)
chromatogram showing at least one peak in a moléé&lar

20 weight region of 3000 - 50,000

44, The‘toner according to Claim 1, wherein the
binder resin has a glass transition point (Tg) of 45 -
75 ©c.
25
45. The toner according to Claim 1, wherein the

binder resin has a glass transition point (Tg) of 50 -

||II\||| 0 AR lIIl
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Tabl e 22: Yell ow toner properties Yellow D4 Aci d

Mol ecul ar wei ght distribution  THF- toner
i nsol ubl e No. ([err]m (mgKOH g) Mv— Mai n 4
Sub-peak [err]10[err] content ThisSheetHasBeenReplace
peak (% (Wt . % -1g1- Ex. 28 1 ‘\2\“\
76200 7600 _ 95 4 Conp. \

8.5 11.9 54600 7700 _ 96 0 np.

Ex. 28 3 8.6 12.2 . . 56700 7700 _ 95 0
10 Conp. 70 ©Ex. 29 4 8.5 11.6 72600 7600 _
95 7 15

46. The toner according to Claim 19, wherein the

wax has a melting point of 70 - 140 °cC.

\ 47. The toner according to Claim 19, wherein the

wax has a melting point of 70 - 120 °cC.

48. The toner according to Claim 19, wherein the
10 wax is contained in 0.2 - 20 wt. parts per 100 wt.

parts of the binder resin.

49. The toner according to Claim 19, wherein the
wax is contained in 0.5 - 10 wt. parts per 100 wt.

15 parts of the binder resin.

50. The toner according to Claim 21, wherein at

least one of the waxes A and B has a melting point of

70 - 120 ©c.
20 | |
51. The toner according to Claim 21, wherein at
least one of the waxes A and B has a melting point of
70 - 100 °c.
25 52. The toner according to Claim 19, wherein the

toner exhibits a maximum heat-absorption peak in a

temperature region of 70 - 120 °C on its DSC heat-

A



20 25 | -160-

Tabl e 23: Evaluation results in 15 ¢ 10%:H Yel | ow | mage
Fog | mage Fblftone t oner density

quality irregularit No. 5 Ex.28 -1
1.64-1.68 0.9-1.2 95-100 A Conp. Ex. 27 2”““*‘—
1.58-1.62 1.1-2.1 93-98 Dig2- ~  Conp. TEK&%&fh

1.55-1.60 1.2-2.2

o o0 am HHIIIHMIIIIIHIHHI

absorption curve.

53. The toner according to Claim 19, wherein the
toner exhibits a maximum heat-absorption peak in a
5 temperature region of 70 - 110 ©C on its DSC heat-

Y absorption curve.

54. The toner according to Claim 17, wherein the
magnetic iron oxide is contained in 20 - 200 wt. parts

10 per 100 wt. parts of the binder resin.

55. The toner according to Claim 1, wherein the
colorant is a non-magnetic colorant and is contained

in 0.1 - 20 wt. parts per 100 wt. parts of the binder

15 resin.:

56. A method for developing an electrostatic
image, comprising the steps of:
forming a layer of a mono-component developer
20 comprising a toner having a negative triboelectric
charge in a regulated thickness on a developer-
carrying member by a developer thickness-regulation
means, and
developing én electrostatic image on an
25 electrostatic image;bearing member disposed opposite
to the developer-carrying member with the mono-

component developer carried on the developer-carrying

A



10 Ex. 29 4 1.59-1. 66 1.0-1.8 92-99 C

Tabl e 24: Evaluation results in 30 ¢80 %H 15 — - Yell ow

| mage Fog | mage Back | mage toner—~ ———
density qual ity soiling density

af t or This SheetHas Been Replaceq
st andi ng Ex.28 1 1.58-1884 0.6-1.7  90- MMM’”

1.52 Conp. 20 Ex. 27 2 1.54-1.58 0.5-2. l”l

B 1. 37 Conp. Ex. 28 3 1.52-1.59 0.7-2.

88- 97 B 1.36 Conp. Ex. 29 4 1.55-1.59
1.9-2.0 88-9member; B 1.41 25

wherein the toner comprises at least a binder
:esin, a colorant and an organic metal compound, and
the organic metal compound is an organic zirconium
5 compound comprising a coordination or/and a bonding of
3 zirconium and an aromatic compound as a ligand or/and
an acid source selected from the group consisting of
aromatic diols, aromatic hydroxyca:boxylic acids,
aromatic monocarboxylic acids, and aromatic

10 polycarboxylic acids.

57. The method according to Claim 56, wherein the
developer-carrying member comprises a substrate, and a
resin layer containing an electroconductive substance

15- formed on the substrate.

58. The method according to Claim 56, wherein the
mono-component developer comprises a magnetic toner

having a magnetic triboelectric charge.

20
59. The method according to Claim 56, wherein the
mono-component developer comprises a non-magnetic
toner having a negative triboelectric charge.
25 60. The method according to Claim 56, wherein the

toner is a toner according to any one of Claims 2 -

56. | I

AR ) |||\\ \\l\l \\ \ll\



[err] . . -162- Exanpl e 29

Bi nder resin H o 100 wt. parts Col orant (carbon
bl ack) 4 Organi ¢ zirconi um conpound (57) 2 5
The above ingredients were prelimnarily bl ended by a Henschel m xer
and then nelt-kneaded t hrough a tw n-screw kneadi ng extruder set at
100 [err]C During the nelt-kneadipg. the viscosity of the kneaded

ABSTRACT OF THE DISCLOSURE
A toner having a negative triboelectric
chargeability and suitable for developing positively
or negatively charged images is composed of at least a
5 binder resin, a colorant and an organic metal
\ compound. The organic metal compound is an organic
zirconium compound comprising a coordination or/and a
bonding of zirconium and an aromatic compound as a
ligand or/and anlacid source selected from the group
10 consisting of aromatic diols, aromatic
hydroxycarboxylic acids, aromatic monocarboxylic

acids, and aromatic polycarboxylic acids.

15

20

This Sheet Has Been Replaced
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m xture was gradual |y increased, whereby the formation 10 of fresh

crossl i nkage was confirned. The t hus-kneaded product was

cool ed, coarsely crushed by a cutter mll and finely pulverized by a
pul verizer using a jet air stream followed by classification by a

mul ti-division classifier 15 wutilizing the Coanda effect to forma

non- magneti c bl ack toner having a wei ght-average particle size (D4)

of 8.5 pm To 100 wt. parts of the black toner, 1.5 wt. parts of

hydr ophobi c titania fine powder forned by hydr ophobi zi ng 100 wt. parts

of rutile-formtitania 20 fine pagder preparedthrohthe sul furic acid
process wth 10 wt. parts of i obut yl t {Qmet hoxysi " ane and 10 Wt .
parts of dinmethylsilicone and havi a net hanol - ‘ ttability of 70 %
and a BET specific surface GERA AT Ll s _-.-,‘_ external ly bl ended
to prepare Bl ack toner 25 Bl-ack -t ones -No: - 1-;gxhibited D4 = 8.5

pm Ot her properties o . N, Qﬁgf&;‘:l\lq;;_-_l;.fd_r',e-fs_h Q in Tabl e 26.
s I _|-'.:': SN
A
)
777
This Sheet Has Been Replaced
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-163- Bl ack toner No. 1 exhibited a negative

triboelectric chargeability and was evaluated in a simlar manner as
in Exanpl e 26. The results are shown in Tables 27 - 28. 5 Conparative
Exanpl es 30 - 34 Bl ack toners Nos. 2 - 6 were prepared in the
same manner as in Exanple 29 except for using the above-descri bed
Organi ¢ zinc conmpound (172), Organic I ron conpound (173), Organic

al um num conmpound (174), 10 Organic chrom um conpound (175) and an organic
silicon conmpound (176) show bel ow, respectively, in place of

Organi ¢ zirconi um conpound (57), and then evaluated in t he sanme manner
as in Exanple 29. The properties of the respective black toners are
shown in Table 26, and 15 the evaluation results are shown in Tables 27 -
29. [err] . - 164-
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Tabl e 26: Bl ack toner properties , Bl ack D4 Aci d-

Mol ecul ar wei ght distribution THF- t oner
i nsol ubl e No. (pm (mgKOH g) Mw Mai n Sub- peak
[err]10[err] cont ent
peak (% (Wm. % Ex. 29 1 8.5 11.8
68400 7500 . 95 4 _ Conp. Ex. 30 2
8.5 12.0 57400 7400 _ 95 0 Conp.
Ex. 31 3 8.4 20 00 7400 - 96 0
10 Conp. E{. 32 4 8. 11.6 71300 7500 -
96 I Gony. Ex. 33 3 8.4 12.1 57400
7600 - 95 - 0 np. Ex. 34 4 8.5
12. 2 58500 4600 - 0 15 20
2]
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25. 0 - - -165- . Table 27:

Evaluation results in 15 C/ 10%RH o ¢ Bl ack | mage Fog
| mage Hal ft one t oner density ' qual ity
irregularity No. 5 Ex. 29 1 1.62-1.68 0.7-1.4
96- 100 A Conp. Ex. 30 2 1.59-1.62 0.8-2.3

93-98 C " 31 3 1-84-1.60 0.9-2.4 92-97 C
32 4 1.60-1.62 0.8-1. 94-99 B 10 33 5
1.59-1.63 1. 1-TONER HAVAING NEGATwRIC CHARGEABILETY 1. 59
1.0-1.6  91-97 D AND DEVELOPING METHOD)| uation results in 30
[err] T/ 80

YRH
AE%TRACT OF THE DISCLOSURE

A toner having a negative triboelectric
chargeability and suitable for developing positively
or negatively charged images is composed of at least a
5. binder resin, a colorant and an organic metal
compound. The organic metal compound is aﬁ organic
Zirconium compound comprising a coordinétion or/and a
bonding of zirconium and an aromatic compound as a.
ligand or/and an.acid source selected from the group
10 . consisting of aromatic diols, aromatic
hydroxycarboxylic acids, aromatic monocarboxylic

acids, and aromatic polycarboxylic acids.

No figure suggested
15
REPLACEMENT BifkT
19 FEB 199‘;“r
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Bl ack

| mage Fog | mage Back | mage

density quality soi li*"ng density
after ;
Ex. 29 1 1.59-1.63 0.6-1.7 91-100 A
Ex. 30 2 1.55-1.59 0.7-2.1 86-9. D
3 1.54-1.58 0.8-2.2 87-87 B 1. 27
1.55-1.60 0.7-1.9 88-99 C 1.32
1.56-1.61 0.8-2.0 90- 97 B 1.33 25
1.45-1. 46 1.2-2.2 88- 95 '§ 1.25
[err] \ [o

.

N 5

N

t oner
No. _
- standi ng
Conp.
31
4

1.51 20
1.28
" 32
5

6

- 166-

33
34

REPLACEMENT SHEET
{

19 FEB 1999




-167- VHAT IS CLAIMED IS: .~ 1. A toner having a negative
triboelectric chargeability, conpriging at |east a bi nder resin, which
has an acid value of 1 - 100 ngKOH g a col orant and an or gani ¢ net al
conmpound, 5- wherein the organic netal - conmpound is an organic zirconium
conpound conprising a coordination oj/and a bonding of zirconiumand an
aromatic conpound as a ligand or/and—an acid source selected fromthe
group consi sting of aromatic diols, aromatic hydroxycarboxylic acids,
aromat i ¢ nonocar boxylic acids, and aromatic pol ycarboxylic acids. 10
2. The toner according to Caim1l, wherein said organi c zirconi um
conpound is a zirconiumconplex 15 conprising a coordination with an
aromatic diol, an aromati ¢ hydroxycarboxylic acid or an aromatic

car boxylic acid. 3. The toner according to Caim1l, wherein
said 20 organic zirconiumconpound is a zirconium conpl ex salt
conprising a coordination with an aromatic diol, an aromatic

hydr oxycar boxylic acid or an aromatic car boxylic acid.

FIG. 3




25 4. The toner according to Clafn11, wherein said organic

zirconiumconpound is a zirconiumsalt * conprising an ionic bonding
with an aromati ¢ carbolic ' - 168-
acid, an aromatic hydroxycarboxylic acid or an aromati c carboxylic
aci d. 5. The toner accordingzto Aaim1l, wherein said 5
organi ¢ zirconi um conmpound conpr.ises a structure represented by the
following formula (1): [err] 10 wherein Ar denotes an aromatic
resi dual group capable of having a substituent of alkyl, aryl,

aral kyl , cycl oal kyl, al kenyl, al koxy, aryl oxy, hydroxyl,
al koxycar bonyl, aryl plereettenide—as acyl oxy,

v,L-813

Va}l—807

FIG. 4

aos{aosa
806b
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car"boxyl, hal ogen, nitro, cyano, am no, amide, or 15 anpyl; X and Y

Jd ndependently denotes Oor -COO; | L denotes a ne tRwLA'CEMEﬁﬁ éﬁEETﬁ
wat er, al cohol, anmoni a, al kyl am ne or pyridine; [Clrderetes-.a '
nmonoval ents, .. . cation of hydrogen ion, nonoval ent net anmoni u

ion or al kyl ammeni'um’ion; C2 d¥hotes a dival ent cation ijon;
nis 2, 36r 4, mis 0, 2 or 4; a n er (n) of I tifc
car boxylic acids and diols) can be Tdentical to ach
ot her, and a nunber (m> 0) of neutral |igands can be tofor

different fromeach other in each 25 conplex or conplex salt of a
formul a; w th g Pt of AioPAGR HPAP Xi PEn&0FP! 8% 88bhalica

formul a can al so be a mxture of conplex conpounds having mutual l'y
- 169- difdier et drdnid il HpdBxPedidd iy Bi Of ag0dPbexasal t's

having nutual ly different counter ions Cl or/and C2.
aromatic polycarboxylic acid,
(ii) zirconium complex salts each comprising
5 a metal élement of zirconium and a ligand of an
aromatic diol, an aromatic hydroxycarboxylic acid or
an aromatic polycarboxylic acid, and

(iii) salts of zirconium with aromatic

carboxylic acids inclusive of aromatic monocarboxylic

10 acids, aromatic hjdroxycarboxylic acids and aromatic
polycarboxylic aéids.

It is preferred to use & zirconium complex or
ziréonium complex galt_including 1l - 4.units of
aromatic diol, aromatic hydroxfcarboxylic acid or

15 aromatic polyﬁarboxylic acid so as to form a chelate.
It is also possible to use a zirconium complex or
complex salt including 1 - 6 units of coordinaging
carboxy anions of aromatic diol, aromatic
hydroxycarboxylic acid or aromatic polycarboxylic

20 acid. In the case of an organic zirconium salt, it is
preferred to use a salt having 1 - 4 units, more
preferably 1 - 3 units, of aromatic carboxyl acid,
aromatic hydroxycarboxylic acid or aromatic
polycarboxylic acid. It is also possible to use a

25 mixture of complexes or complex salts having differént
number of chelates or/and different species of

ligands. The zirconium salt can also be a mixture of

qgo S\~ T
2\3 leo



6. The toner according to Claiml1, wherein said 5 -org O Wik
.conpound conprises a structure . represented by the f)Ih Jéﬁgffﬁiﬂﬂlg
(2): [err] 10 wherein Ar denotes an aromatic resiflug group capablg
of having a substituent.of alkyl, aryl, aralkyl, cyel palkyMAR 2608y
al koxy, aryl oxy, hydroxyl, " al koxycar bonyl , aryl oxycar bonyl, acyl,
acyl oxy, car boxyl , halogen nitro, cyanoy._ am no, amyde;or 15
carbanoyl; X and Y |ndependently denotes O or -CO O ; L denotes a
neutral |igand of water, alcohol, anmoni a, al kyI ani ne or pyridine; A
denotes an ani on of hal ogen, hydr oxyl , carboxyl ate, carbonate,

nitrate, sulfatetoner i&yal@amlle Y XA, a AHIIR} i fyrddubeedty ben a
identical 20 or different when k [err] 2; Cl denotes a nonoval ent

cation of hydrog@éaliftonerdnaye elde i alngufificremyliywneharged on or

al kyl ammoni um i on; C2 denotes a dival ent cation of a netal ion; nis
1, 2, 3 or 4, mipamicles2, Thirs diffifguiky can #,s3,bel, ré&duced; byuther
(when n[err] 2) of 25 ligands (of aromatic carboxylic acids and diols)
can be i dentHoE&T P69&I4$4969Qﬂﬁ g RsRRth Rwitiemd a nunber
(when n1[err] 2) of neutr% ands, can be

Now, the o ganic z1rcon1um compounds inclusive of

zirconium complex, complex salts and salt withﬁ
aromatic diol, aromatic hydroxycarboxylic écid and
aromatic polycarboxylic acid will be described more
specifically.

10 : . Preferred examples of the zirconium complex
or complex salts may include those represented by
formulae (1) and (2) below:

_X (2n-4)° ®

Ar.\\ Zr <« (L) (2n-4)CY
Y _ (1)
15 n - or
(n-2)c2%®

wherein Ar denotes an aromatic residual group cgpable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,

20 alkoxycarbonyl, aryloxyéarbonyl. acyl, acyloxy,

carboxyl, halogen, nitro, cyano, amino, amide, or
carbamoyl; X and Y independently denotes O or -CO-O-:
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; Cl denotes a monovalent

25 cation, such as hydrogen.ion, monovalent metal ion,
ammonium ion or alkylammonium ion; C2 denotes a

divalent cation, such as a metal ion; n is 2, 3 or 4;



identical to or different fromeach other in each c
.salt of a fornula; with the proviso t hat each conpl
of a fornmula can al so be a m xture of conpl ex conpounds havi ng
mutually 5 different n or/and m or a m xture of conpl
having nutual ly different counter ions Cl or/and C2.
toner according to Caiml, wherein said _14Qrganic Zi
conprises a structure 10 represented by the follow ng
(5): [err]

coni um conpoun

w{(4) g

mis 0, 2 or 4; a number (n) of ligands (such as
aromatic carboxylic acids and diols) can be identical
to or different from each other, and a number (m > 0)
of neutral ligands can be identical to or different
5 from éach other in each complex or complex salt of a
formula. Further, each complex or complex salt of a
formula cah.also be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
10 Cl or/and C2. In order to improve the dispersibidity
in binder resin and charge control ability of a
‘complex or complex salt, it is_preferredlthat the
'éromatic residue gréup (AT) compriseé benzene ring,
naphthalene ring, anthracené ring or phenanthrene
15 ring; the optional substituent is alkyl, carboxyl or -
hydroxyl; L is water; and Cl ﬁs hydrogen sodium,
potassium, ammonium or alkyl ammonium.
Ar <X Zr<(L)m M@(2n+k—4)C1@
4 (A)g (2)
20 n or
(n+k/2-2)c2%®
wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
25 alkoxycarbonyl, aryloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or

carbamoyl; X and Y independently denotes QO or -C0O-0-;



20 wherein R denotes a substituent of hydrogen, al kyl ,; REPLAGHEMANT gHpRTKY

cycl oal kyl, al kenyl, al koxy, aryl oxy, hydr oxyl , adyl oy -

al koxycar bonyl , aryl oxycarbonyl, acyl, carboxyl, halogfﬁuwgét ' %nino
or carbanmoyl, a plurality (when 1 [err] 2) of Rcanib Iioﬁﬂlignhed
to 25 forman alicyclic, aromatic or heterocyclic rirg capabl e of

having 1 - 8 simlar R substituent(s); a _54_ plurality of R can be
identical or different; Cl

REPLACEMENT SHEET - ' -171- denotes a
nonoval ent cation of hydrogen, alkaline metal , ammoni um or

al kyl ammoni um 1 i 1A 4gf, .1 8; i 28 or 4; (B3 0, 2 or
4; a nunber (n) of%A&nddal=; : belidan /% g-' erent in each
complex 5 or conplfexCO tindr KAuRAA{Wi th the proviso that33) each
conplex or conplex salt of a fornula can be a m xture of conpl ex

conpounds havi ng nut ual | ynditheepbpre formpl®e Jfd Imanst (B3 xtAF e of

conpl ex salts havin% . .
denotes an aromatic residue group capable of having a

5 substituent of alkyl, aryl, aralkyl, cycloalkyl,
alkenyl, aikoxy; arvloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; A;
denotes a monovalent anion such as halogen, hydroxyl,

10 nitrate or carboxylate; A9 denotes a divalent anion,
such as sulfate, hydrogenphésphate or carbonate; and n
is 1, 2, 3 or 4. In case of n 3 2 for e;ch metal
sait; a plurality (n) of acid ions,‘i.é., aromatic
carboxylates and aromatic hydfoxycarboxylates may be

15 identical or different. Furthér, each metal salt of a
formula can be a mixture of different salts having
different numbers of n. In order to impfove thg
dispersibility in binder resin and chargeability of
the zirconium salt, it is preferred that the aromatic

20 residue group (Ar) comprises benzene ring, naphthalene
ring, anthracene ripg, or phenanthrene ring; the
optional substituent is alkyl, carboxyl, hydroxyl or
acyloxy. |

Further, preferred sub-classes of the
25 zirconium salt may be represented by the following

formulae (34) and (35):



rrutaually different counter ions Cl. 10 8. The toner according to
Claim1l, wherein the organi ¢ zirconi um conpound cQnpLises..a-Siuet-Hr e

represented by the following formula (6), (7) or (8): | emEHLACEMENT SHEET

25 wherein R denotes a.substituent of hydrogen, alkyl,| p——aryl -aralky,
al kenyl, al koxy, aryl oxy,- hydr oxyl , agy

al koxycar bonyl, aryl oxycarbonyl,

cycl oal kyl ,

10

15

20

25

0%y MAR 2000 |
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WHAT IS CLAIMED IS:

1. A toner having a negative triboelectric chargeability, comprising at least a

binder resin. which has an acid value of 1 — 100 mgKOH/g’a colorant and an

organic metal compound,

wherein the organic metal: compound is an organic zirconium compound
comprising a coordination or/and a bonding of zirconium and an aromatic
compound as a ligand or/and an acid source selected from the group consisting
of aromatic diols, aromatic hydroxycarboxylic acids, aromatic monocarboxylic

acids, and aromatic polycarboxylic acids.

2. The toner according to Claim 1., wherein said
organic zirconium compound is é. zirconium complex
comprising a _éoordination with an aromatic diol, an
aromatic hydroxycarboxylic acid or an aromatic

carboxylic acid.

3. The toner according to Claim 1, wherein said
organic zirconium compound is a zirconium complex
salt comprising a coordination with an aromatic diol,
an aromatic hydroxycarboxylic acid or an aromatic

carboxylic acid.

4. The toner according to Claim 1, wherein said
organic zirconium compound is a zirconium salt

comprising an ionic bonding with an aromatic carbolic

<
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-172- acyl, carboxyl, halogen, nitro, anino or ¢aRbEYhyv@ cuepr
:plurality (when 1 [err] 2) of R can be mutually Iinked tr—~MM fornla%
alicyclic, aromatic or heterocyclic ring capabl e f Vi n

simlar R substituent(s); a 5 plurality of R can be d=nt ¢ AR)IZOOO
different; A denotes an ani on of hal ogen, hydroxy , Lcarboxyl at e,
carbonate, nitrate, sulfate, cyano or thH%%yano ' plurality of A cjan
be identical or different; Cl denot €s "a nDnovaIenP—eaL#gn_oL_h¥dngen,
al kaline 10 netal, ammonium or al kylamonium 1 is an integer of 1 -
8 nis 1l 2, 3or 4 mis O, 2or 4, kis 1, 2, 3, 4, 5 or 6; a
number (when n [earcf:]d aaxﬁaf&@ﬂ?@ ﬁf@r@z@ycarboiﬁfﬁ'&é‘idoérdéﬁf erent in
each conpl ex or conplex sal fformula;” with the proviso that each
conplex or 15 C@f@ﬁ@(léaéérmxﬁli@ré&ﬂ@, can be a m xture of conpl ex

conpounds having mutually different n or/and m or a m xt ure of
conplex salts having nutually different counter ions Cl or/and anions
A 20 9. The toner according to Claim1, wherein the

organi ¢ zirconi um confpoundfhemeisesaccerding ute Claim }epwhesaindssydt he
followng formula (32) or (33):
5 organic zirconium compound comprises a structure
represented by the following formula (1):
_X (2n-4)© ®
r Zre (L) (2n-4)C1l¥ or
Ny 26 (1)
n (n-2)C2
10 wherein Ar denotes an aromatic residual group capable
of having a substituent of alkyl, aryl, aralkyl,
'Cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,

alkoxycarbonyl, aryloxycarbonyl, acyl, acyloxy,

carboxyl, halogen, nitro, cyano, amino, amide, or

15 carbamoyl; X and Y independently denotes O or -CO-0-;
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; Cl denotes a monovaleqﬁ
cation of hyd;ogen ion, monovalent metal ion, ammonium
ion or alkylammonium ion; C2 denotes a divalent cation

20 of a metal ion; n is 2, 3 or 4; m is O, 2 or 4; a
number (n) of ligands (of aromatic carboxylic aéids
and diqls) can be identical to or different from each
other, and a number {(m > 0) of neutral ligands can be
identical to or different from each other in each

25 complex or complex salt of a formula; with the proviso
that each complex or complex salt of a formula can

also be a mixture of complex compounds having mutually

* [ L M S *



(Ar-coderr])[err]Zr[err(4-n)Alerr] or (2-n/2)Alerr] (32—
(Ar-COJerr])[err]zZr[err](O(2-n)Alerr] REPLABB‘)’””?EHFET
wherein Ar denotes an aromatic residue group capable "”‘Uf“haV|ng”
~substituent of alkyl, aryl, aralkyl, cycl oal kyl , | a X
aryl oxy, hydroxyl, - nyhARahha t
acyl oxy, al koxycar bonyl aryloxycarbonyl,_qggL, car

nitro, cyano, am no, am do or carbanmoyl’; Alerr] denotes a nonovaleq
ani on of hal ogen, hydroxyl, nitrate or carboxyl at es—Aferrt—denotes— 5

a di val ent ani on,

such as sul fate,

hydr ogenphosphat e or carbonat e;

nis 1, 2, 3 or 4 WilfrdMAtOOYrHAnd m, dla il 086@ &£ ediYdx Zsd DEs each

nmet al salt

a plurality

(n) ‘of aromatic carboxyl ates and aromatic

hydr oxycar boxyl at ehaa& Mg inth u19 yaM ffe ddifntdaalterr ickks @i fderemd ,cand

t hat each netal
havi ng different

10

15

20

25

salt of a fornula.

alkoxycarbonyi,

can
nunbers of n.

6. The toner according to Claim 1, wherein said
organic zirconium compound comprises a structure
represented by the following formula (2):

/(L)m ;2n+k-—4[@ @
Zr (2n+k-4)CI1¥ or

~
(A)
n k (n+k/2-2)C22®

//,X
Ar
\\\Y (2)

wherein Ar denotes.  an aromatic residue group capable

of having a substituent of alkyl, aryl, aralkyl,

cycloalkyl, alkenyl, alkoxy, arvloxy, hydroxyl,

aryloxycarbonyl, acyl, acyloxy,

carboxyl, halogen, nitro, cyano, amino, amide, or

carbamoyl; X and Y independently denotes O or -CO-0-;

L denotes a neutral ligand of water, alcohol, ammonia,

alkylamine or pyridine; A denotes an anion of.halogen,

hydroxyl, carbonate,

carboxylate, sulfate,

nitrate,

cyano or thiocyano, a plurality of A can be identical

or different when k 2 2; Cl denotes a monovalent

cation of hydrogen ion, monovalent metal ion, ammonium

ion or alkylammonium ion; C2 denotes a divalent cation

of a metal ion; nis 1, 2, 3 or 4; m is 0, 1, 2, 3 or

4; kis 1, 2, 3, 4, 5 or 6; number (when n > 2) of

ligands (of aromatic carboxylic acids and diols) can
be identical to or different from each other, and a

number (when m > 2) of neutral ligands can be

\\\\\\l\ AL VR

and .

be a m xture of different salts



T CZr1CcofttHnh

10. The toner according to Caim1, wherein the 15 ong

alll
.conmpound conprises a structure represented by the f BEP ENGNT oPMRHTa
(34) or (35): [err] wherein Ar denotes Jaj aronat’i c resiidye
group capabl e of .having a substituent of alkyl, adgylf, I 25
cycl oal kyl, al kenyl, al koxy; aryl oxy, hydroxyl, aqyl ox%?a}hkd 2000
al koxycar bonyl , aryloxycarbonyl acyl, _170- carboxyl, halegefs—ni-tro, -
cyano, am no, am do or ] -174-
carbanmoyl; Alerr] denotes a nonoval ent anion of hal ogen, Ayaroxyt;
nitrate or carboxylate; A2 denotes a di val ent anion of sulfate,

hydr ogenphosphatideatical to or different from each other in each
complex or complex salt of a formula; with the proviso
that each complex or complex salt of a formula can
also be a mixture of complex compounds having mutually
5 diffefent n or/and m, or a mixture of complex salts

having mutually different counter ions Cl or/and C2.

- 7. The toner according to Claim 1, wherein said
organic zirconium compound comprises a structure

10 represented by the following formula (3), (4) or <(5):

l(2n-4)Q
(R)l—-@i Zr e (H50) g (2n—4)c1@ (3)
O/m

- 1(2n-4)°
co |
(R)l—@: ?Zre—(HZO)m (2n-4)c1®  (4)
15 .
K T(2n-4)®
((R)l—@( 3[{\Zr«_mzmm (2n-4)c1® (5)
c—o
\ /

20 wherein R denotes a substituent of hydrogen, alkyl,
aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to

25 form an alicyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a

plurality of R can be identical or different; Cl1

Hllllll IHIH IIIH Hl!l H IIII



carbonate; and nis 1, 2, 3 or 4 wth the proviso that
Jerr] 2 for each netal salt, a plurality (n) of
aromati c carboxyl ates.- and aromatic hydr oxycar boxyl _
identical or different; and that each netal salt lof a2ﬁonnn4zmgar a
m xture of dlfferent salts having different nunbgr
11. The toner according to Claim1l, whesein the rg
conmpound conprises a structure represented by thd_fol] owi ng formul g
(36) or (37): [err] wherein Ar denotes an aromatic residue
group capable 20 of having a substituent of alkyl, aryl, aralkyl,
cycloal kyl, al genptesabkmsyovalghexyatipdr eXyhydrogemCcyimaline

al koxycar bonyl , aryl oxycarbonyl, acyl, car boxyl, hal ogen, nitro,
cyano, am no, metdd,oammoniumavirambilylammentijmiedoties am normgEet dni on of
hal ogen, 25 hydroxyl, nitrate or carboxylate; A2 denotes a di val ent

ani on of sul fate8:hpdisgnpRoophétemois O, Zcgrbdiate nudhem () L 2, 3 or
4 with the proviso that
ligands can be identical or different 'in each complex
5 or complex salt of a formula; with the proviso that
each complex or complex salt of a formula can be_a
mixture of complex compounds having mutually different
n or/and m, or a mixture of complex salts having
mutually different counter ions Cl.
10
8. The toner accordin§ to Claim 1, wherein the

organic zirconium compound comprises a structure

réprésented by the following formula (6), (7) or (8):
”

' 0 (H50). |(2n+k-4)©

<R)1—@: i/\zr/ e (2n+k-4)C1®  (6)
15 Om \(A)k

\
i (2n+k-4)°

C- « (H50)
((R)l—-@: gE 2% m (2n+k-4)c1®  (7)
\(A)k :
(2n+k-4)e

]

c-0 (1,0) '
(R)l—@E zr” 20 (2n+k-4)c1®  (8)

E-o n(A) -

25 wherein R denotes a substituent of hydrogen, alkyl,

20

aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,

hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl

— e ———
I
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-75-

in case of n [err] 2 for each netal salt,
.of aromatic carboxylates and aronmatic hydr oxycar k f@k%éé&ydgi %‘t
ions, nmay be identical or different, and that eadh [metal salt of?a
“formul a can

nunbers of n.

5 be a mxture of different salts havirg |[dipfemMaRt2000 |
12.  The toner according to{Cjaim1, conprising

toner particles containing therein the binder resin, 1C““fhemcoloranf and
t he organi c zirconium conpound in an -172- anpunt of .1 - 10 wt. parts iper
100 wt. parts of the bi nder resin. 13. The toner
according to Caim12, wherein the 15 organic zirconium conpound is

contained in %c@lﬂ %Syﬁoxyl, H%T&é%d?”hf%¥%ﬁ“amfﬁgtér°éa££§h$§fge£ resin

10

15

20

25

plurality (when 1 > 2) of R can be mutually linked to
form an aliéyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a
plurality of R éan be identical or different; A
denotes an anion of halogen, hydroxyl; carboxylate,
carbonate, nitrate, sulfate, cyano or thiocyano, a
plurality of A can be identical or different; Cl
denotes a monovalent cation of hydrogen, alkaline
metal, ammonium or alkylammcnium; 1 is an integer of 1
-8 nisl, 2, 3 or 4; mis 0, 2 or 4; k is 1, 2, 3,
4, 5 or 6; a number (when n > 2):of ligands can be
idéntical or different in each complex.or complex salt.
of a2 formula; with the proviso that each complex or
complex salt.of a formula can be a mixture of complex
compounds having mutually different n or/and m, or a
mixture of complex salts having mutually different

counter ions Cl or/and anions A.

9. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure
represented by the following formula (32) or (33):

(ar-c007) Zr*®(4-n)4,9 or (2-n/2)8,20 (32)
(Ar-co0™ ), zr*®(0) (2-n)a,©

(33),
wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,

cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,

* c L M S *




14. The toner according to Caim1l, conprising tgn

conprising at least the binder resin 20 and the CO|Cr75EB§§Eﬁﬁ¢h§EEFT
~organi c zirconi um conpound externally added to the jtoner particlesi{in
an anount of 0.01 - 5 w. parts per 100 wt. partd qf 2H1HeMAR 2080
resin. 25 ' : - 176- 15,
The toner according to Caim1l, wherein the bi nded résifi nas a

car boxyl group or an acid anhydride group. 5 16. The tone
according to Caim1, wherein the col orant conprises a magnetic iron
oxi de. 17. The toner according to Claim16 wherein said

magnetic iron 0XcHA k@D a1k yREHRINYL || 0y 1os¥learbonyl, acyl,

carboxyl, halogen, nitro) cyano, amino, amido or
carbamoyl; A; denotes a monovalent anion of
halogen, hydroxyl, nitrate or carboxylate; A, denotes

5 a divélent anion, such as sulfate, hydrogenphosphate
or carbonate; and n is 1, 2, 3 or 4 with the proviso
fhat in case of n 2 2 for each metal salt, a plurality
(n) of aromatic carboxylates and aromatic
hydroxycarboxylates as acid ions may be identical or

10 different, and that each metal salt of a formula can
be a mixture of different salts having different

‘numbers of n.

10. The toner according to Claim 1, ‘wherein the
15 organic zirconium compound comprises a structure

represented by the following formula (34) or (35):

elon |
(R)l—@( 2r4® (4-n)2,° or (2-n/2)2,2°  (34)
n
20 COo0™ .
(R)l—@/ 2r® (0)(2-n)a,® (35),
n

wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,

25 cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,

carboxyl, halogen, nitro, cyano, amino, am1do or

\\II\II\ I L



10 articles containing 0.05 - 10 wt. % based on iron e GTERE Qlcr

diffgrent el enent ot her than iron. 18. The tgﬁ@#kgdggidnm D
Claim1, further _
according to Claim 18, wherein the wax conprises wgx |A 2ardMARX2080 |
havi ng nutual |y ,
according to Claim 19. wherein the wax, A and the wgx Bftave a melT1ng
poi nt difference of 10 - 100 [err]C from each ot hery. 21

v stm T

[
containing a wax. 15 19 The toner ]

different melting points. 20 20. The tonen

The toner according to Claim18%wherein the 25 wax conprises wax C and
wax D conprising nutually di fferent conpositions.

-177-

10

15

20

25

carbamoyl; A, denotes a monovalent anion of halogen,
hydroxyl, nitrate or carboxylate; Az denotes a
divalent anion of sulfate, hydrogenphosphate or
carbonate; and n is 1, 2, 3 or 4 with the proviso that
in case of n 2 2 for each metal salt, a plurality (n)
of acid ions, i.e., aromatic carboxylates and aromatic
hydroxycarboxylates may be identical or different: and
that each metal salt of a formula can be a mixture of

different salts having different numbers of n.

11. The toner accordiné to Claim 1, wherein the
organic zirconium compound comprises a structure
fepresented by the following formulé (36) or (37):

coo™ | |

(R)1—©:' zr#*(4-n)a;” or (2-n/2)3,2  (36)

OH
n

Co0™
'(R)l—@: zz4* (0)(2-n)a;~ (37),
OH -

n
wherein Ar denotes an aromatic residue group capable
of having a éubstituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,
carboxyl, halogen, nitro, cyano, amino, amido or
carbamoyl; Ay denotes a monovalent anion of halogen,
hydroxyl, nitrate or carboxylate; A, denotes a
divalent anion of sulfate, hydrogenphosphate or

carbonate; and n is 1, 2, 3 or 4 with the proviso that

O R A



22. The toner according to Caim?2l, wherein the V‘@’REQ.M&L\‘_FSW [
al so have nutually different mel ting points. 5

according to Caim22, wherein the wax C and the vaXx have a | tfi
poi nt difference of 10 - 100 [err]C from each ot hgr. 21MAR 2600 24.
The toner according to Caim1, wherein the 10 toner {hds_a wei ght-avér:
particle size of 2.5 - 10 [err]m -175- 25. |The toner accordif

f]\
J

;
g

jge
g

to Claim1, wherein the t oner has a7me|ght aver age-particle size of

2.5 - 6 15 [err]m : 26. The toner according to Claim1l7,
wherein the different element is an el enent selected fromthe

group consi stingnotakkt Bifum »bor e8r BRgRemetEl s&d t,alauplvEEl ity i(GON,
phosphorus, sul fur, germani um titanium zirconium tin, |ead, zinc,
cal cium bariunmpf aromatiaedcagboxgladesmnandhsaedmatidranganese, cobalt,
copper, nickel, gallium indium silver, palladium gold, platinum
tungst en, nol ybgduoxrysroboxmlatesi as) acid ions, may be identical or
different, and that each metal salt of a formula can
5 be a mixture of different salts having different

numbers of n.

. 12. The toner accordiﬁg to Claim 1, comprising

toner particles containing therein the binder resin,
10 the colorant and the organic zirconium compound fn an
amount of 0.1 - 10 wt. parfs per 100 wt. parts of the

binder resin.

13. The toner according to Claim 12[ wherein the
15 organic zirconium éompound is contained in 0.5 - 5 wt.

parts per 100 wt. parts of the binder resin.

14. The toner according to Claim 1, comprising

toner particles comprising at least the binder resin

20 and the colorant, and the organic zirconium compound
externally added to the toner particles in an amount

of 0.01 - 5 wt. parts per 100 wt. parts of the binder

resin.

25
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25 strontium yttrium technetium ruthenium rhodium and bj smuth.

-178- 27. The toner according to Caim 17, |\WRePEAIFMENG SHEET
different element i an elenent selected fromthe group| p~—e6nsist+ngof:
l'ithium beryllium boron, magnesium al um num sijl ifcopn, phosphor as,
germani um zirconium 5 tin, sulfur, calcium scandijury #itt dﬁﬂﬂ i
vanadi um chrom um nanganese, cobalt, nickel, copgpdr._zinc and ;

gal I ium 28. The toner acEé?@Tng to Claim17, wherein the 10
different elenent is an el enent selected fromthe —gf-OL-c.oNsL-sting
of : magnesium alum num silicon, phosphorus and zirconi um

29. The toner accdsdi ngnko¢Ghal in the. 15, bipder .resin contains
a tetrahydrofuran (THF)- 60 ton8rabeotBThE' o' BEaih 1, Puiles U

binder resin has a carboxyl group or an acid anhydride
group.
5 16. The toner according to Claim 1, wherein the

colorant comprises a magnetic iron oxide.

17, The toner according to Claim "yg.wherein said
magnetic iron oxide comprises magnetic iron oxide
10 particles containing 0.05 - 10 wt. % based on iron

element of a different element other than iron.

18. The toner according to Claim 1, further

containing a wax.

15
19.  The toner according to Claim 18, wherein the
wax comprises wax A and wax B having mutually
different melting points.
20 20, The toner according to Claim 19, wherein the

wax A and the wax B have a melting point difference of

10 - 100 °C from each other.

21. The toner according to Claim 18, wherein the
25 wax comprises wax C and wax D comprising mutually

different compositions.

S ——
R
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i nsol ubl e content. 30. The toner “accor di ng toe-Claim?29 r

t he THF-insoluble is contained in 1 - 70 wt. % of |t REPLAZ®MENDI Qe
resin. 31. The toner according to Claim 29, rwherein the
THF-i nsol ubl e content is contained in 5 - 60 w. % of éh?‘tkin er :
resin. 25 = : -179- - TMA 0 The
toner according to Caim 30, wherein the bi nder re$i b has _an acid ;
value of 1 - 70 ngKOH g. 33. " 17e toner accoLding to C ai m 30,
wherein the 5 bi nder resin has an acid value of 1 - 50-rgkeH-g-

34. The toner according to Claim 30, wherein the
22, The toner according to Claim 21, wherein the

wax C and the wax D also have mutually different

melting points.

5 Zé; The toner according to Claim ‘gg wherein the
wax C and the wax D have a melting point difference of

10 - 100 °C from each other.

24. The toner according to Claim 1, wherein the
10 toner has a weight-average particle size of 2.5 - 10

pm.

25. The tomer according to Claim 1, wherein the
toner has a weight-average particle size of 2.5 - 6

15 pm.

26. The toner according to Claim 17, wherein the
different element is an element selected from the
group consisting of lithium, boron, magnesium,

20 aluminum, silicon, phosphorus, sulfur, germanium,
titanium, zirconium, tin, lead, =zinc, calcium, barium,
scandium, vanadium, chromium, manganese, cobalt,
copper, nickel, gallium, indium, silver, palladium,
gold, platinum, tungsten, molybdenum, niobium, osmium,

25 strontium, yttrium, technetium, ruthenium, rhodium,

and bismuth.

A



bi nder resin has an acid value of 2 - 40 ngKOH g. 1

35~ Tb,e..-t.oner’

.according to Claim1, wherein the bi nder resin cofpRERISECERNT SHEET
styrene-acryl copolymner resin and contains a THF- ' ‘cont ent-
havi ng a nol ecul ar wei ght distribution on gel per ti .

chr omat ogr aphy (GPC) chromat ogr am showi ng at | eas{ ng)gm @ﬂﬂﬂa +1p
nol ecul ar wei ght regi on of 3000 - 50,000 and at | east peak.i a
nol.ecul ar wei ght region of at Ieast'ﬂdﬁérr]. ' 36. The toner
according to Cl aim 35, wherein the bi nder resin ' th a
nol ecul ar wei ght 20 region of 5000 - 30, 000. 37. The toner
according to O apm 35,p dit biddefa{RSIN h@te Re BRI PrPeAK in a
nol ecul ar wei ght™ ﬁrlggm on of OOO%dln%O &000 @ 25~ e {rlg The toner
accordi ng to 3sidpedft Wit thein elemdhPURE1486E0 £6RM tRESgPoup

styrene-acryl copolyner resin

10

15

20
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consisting of: lithium, beryllium, boron, magnesium,
aluminum, silicon, phosphorus, germanium, zirconium,
tin, sulfur, calcium, scandium, titanium, vanadium,

chromium, manganese, cobalt, nickel, copper, zinc and

gallium.
28. The toner according to Claim 17, wherein the

different element is an element selected from the
group consisting of: magnesium, aluminum, silicon,
phosphorus and zirconium.

32; . The toner according to Claim 1, wherein the
binder resin contains a tetrahydrofuran (THF)-

in$oluble content.

30. The toner according to Claim 29, wherein the
THF-insoluble is contained in 1 - 70 wt. % of the
binder resin.

3l. The toner according to Claim 29, wherein the
THF-insoluble content is contained in 5 - 60 wt. % of

the binder resin.

NI R



- 180- and contains a THF-sol ubl e content having a nol ecul ar

.wei ght distribution on gel pernmeation chromatography

chromat ogram s
3000 - 50, 000
| east 10[err]
bi nder resin h

30, 000. 10
bi nder resin h
20, 000. 15

bi nder resin c
cont ent havi ng
chronatography
nmol ecul ar

10

15

20

25

: ' 39. The toner according to @ qi R?qgﬁpn the
as a main peak in a nolecul ar wei ght reglon 0 00

how ng at | east one peak in a WD|eCL|§Eb¥&§E§hNTr%%ﬁE;n of

and at least 5 one peak in a nol ecul an Blght region @f at

40. The toner acéd?di ng to O ai m|38—wnherei-nthe-
as a nain peak in a nol ecul ar wei ght 1 region of 5000-
The toner according to Claim1, ‘wherein the

e R R SR
0V p§EREL, resint HagahodLan gg%o%fat 1 1637 npélsoﬁ@k 'na

region i

33. The toner according to Claim 30, wherein the

binder resin has an acid value of 1 - 50 mgKOH/g.

34.  The toner according to Claim 30, wherein the
binder resin has an acid value of 2 - 40 mgKOH/g.

§§? The toner according to Claim 1, wherein -the
binder resin comprises a styrene-acryl copolymer resin
and contains a THF-soluble content hav1ng a molecular
welght distribution on gel permeatlon chromatography
{GPC) chromatogram showing at least one peak in a
moleculaf weight region of 3000 - 50,000 and at least

one peak in a molecular weight region of at least 105.

36; The toner according to Claim 35, wherein the
binder resin has a main peak in a molecular weight

region of 5000 - 30,000.

37. The toner according to Claim 35, wherein the
binder resin has a main peak in a molecular weight

region of 5000 - 20,000.

38. The toner according to Claim 30, wherein the

- e
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42." The toner according to Claim1, wherein the hinder resin has a

glass transition point (Tg) of 45 - 75 [err]C 2% REPLACEMENTASHEEThé
toner according to Claim1, wherein the bi nder rgsiffi—has-a—gta 3
transition point (Tg) of 50 - 1 181-
70 [err]C. 44. The toner according to d ai :.8,2 AHMAR 2600 he
wax has a nelting point of 70 - 140 [err]C. 5 45. .. The toner.,
according to Claim 18, wherein the -180wax has a nel i ng point of 70 -
120 [err] C 46. The toner according to J ai‘m-t8—wnheretn—t-he-
10 wax is contained in 0.2 - 20 wt. parts per 100 w. parts of the

bi nder resin.
and contains a THF-soluble content having a molecular

weight distribution on gel permeation chromatography
(GPC) chromatogram showing at least one peak in a
molecular weight region of 3000 - 50,000 and at least

5 one peak in a molecular weight region of at least 10°.

32:  The tomer according to Claim 38, wherein the
binder resin has a main peak in a molecular weight

region of 5000 - 30,000.

10
40. The toner according to Claim 38, wherein the
bindef resin has a main peak in a:molecu;ar weight
region of 5000 - 20,000.
15 4l. The toner according to Claim 1, wherein the

biﬁder resin comprises a polyester resin and contains
a THF-soluble content having a molecular weight
distribution on gel permeation chromatography (GPC)
chromatogram showing at least one peak in a molecular
20 weight region of 3000 - 50,000
i% The toner according to Claim 1, wherein the
binder resin has a glass transition point (Tg) of 45 -
75 ©cC.
25
43.

—_ The toner according to Claim 1, wherein the

binder resin has a glass transition p01nt (Tg) of SO -

L



47. The toner according to Claim18, wherein the wax i's con
0.5 - 10 mt. parts per 100 wt. 15 parts of the binder {rT

48. The toner according to C aim 20, wherein at e
waxes A and B has a nelting point of 70 - 120 [ern]
49. The toner according to Caim20, wherein at
waxes A and B has a nelting point of 70 - 100 [err
The toner according to Cl aim 18. wherei-ngthe t oner
heat - absorpti on peak in a tenperature regi on of 70\-
its DSC heat - -182-
absorption curve.

70 Oc.

44. The toner according to Claim _1_§ wherein the

wax has a melting point of 70 - 140 °c.

45. The toner according to Claim 18, wherein the

wax has a melting point of 70 - 120 ©c.

46 The toner according to Claim 18, wherein the
10 wax is contained in 0.2 - 20 wt. parts per 100 wt.

parts of the binder resin.

A7 The toner according to Claim 18, wherein the
wax is contained in 0.5 - 10 wt. parts per 100 wt.
15 parts of the binder resin.
.‘.‘i The toner according to Claim & wherein at-

least one of the waxes A and B has a melting point of

70 - 120 °c.
20 . |
4. The toner according to Claim 20, wherein at
least one of the waxes A and B has a melting point of
70 - 100 °c.
25 50. The toner according to Claim 18, wherein the

toner exhibits a maximum heat-absorption peak in a

temperature region of 70 - 120 °C on its DSC heat—/

AN N A \\I\



51." The toner according to Claim 18, wherein the ‘toner exhibits a
Jmaxi mum heat - absorption peak in a 5 tenperature regio - r1C
on its DSC heat - . absorption curve. 52. TTﬁgﬁﬁEhg &gg%gié g

-—

to Claim16 wherein the magnetic iron oxide is cofit@ined in 20 - bop
w. parts 10 per 100 w. parts of the binder resin. 2 1 MAR zmn'The
toner according to aiml1, wherein the colorant i$ & non-nmagnetic
colorant and is contai ned in 0.1 --18@-wt. parts pef . Tpartsbf
the binder 15 resin. 54. A nethod for developing an

el ectrostatic | mage, conprising the steps of: formng a

| ayer of a nono-conponent devel oper 20 conprising a toner having a
negative tri boeld®anrtion cyrge in a regul ated thickness on a devel oper-
carrying nmenber by a devel oper thickness-regul ation nmeans, and

devel oping an electrostatic image on an 25 electrostatic inage-bearing

menber di sposed OppﬂglteThe toner according to Claim 18, wherein the

toner exhibits a maximum heat-absorption peak in a
5 temperature region of 70 - 110 ©C on its DSC heat-

absorption curve.

- 52 The toner according to Claim léz wherein the

magnetic iron oxide is contained in 20 - 200 wt. parts

10 per 100 wt. parts of the binder resin.
33. The toner according to Claim 1, wherein the

coldrant is a hon—magnetic colorant and is contained
in 0.1 - 20 wt. parts per 100 wt. parts of the binder

15 resin:

4. A method for developing an electrostatic
image, comprising the steps of:
forming a layer of a mono-component developer
20 comprising a toner having a negative triboelectric
charge in a regulated thickness on a developer-
carrying member by a developer thickness-regulation
means, and
developing en electrostatic image on an
25 electrostatic image-bearing member disposed opposite
to the developer—cerrying member with the mono-

component developer carried on the developer carrylng

e
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" to the devel oper-carrying nmenber with the nono- conponent devel oper

carried on the devel oper-carrying _ . CEME! HEE
-183-. menber ; wherein the toner conprlﬁggfaﬁyfégsf'LT

bi nder resin which has an acid val ue of 1 - 100 ng KOH g a col orant
and an organi c netal conpound, and the or gani ¢ netlal dbaﬂ@ﬁﬁ an
organi ¢ zirconi um conpound conprising a %l83-coordinatiqnjor/and _a bonding
of zirconium and an aronmatic conpound as a | i gand jor/and an acid
source selected fromthe group consisting of aromatic digls .aramatic
hydr oxycar boxylic acids, aromatic nonocarboxylic acids, and aromatic
pol ycar boxyl i c aci%ﬁ?bef’ 10 55. The nethod according to

Cl aim 54, wherein the devel oper-carrying menber conprises a

substrate, and a wherein the WBV&WF%?‘HF%&&W%Y essiny athaginhasraniasid value
substance’ 15 T ogrred o e WBR! Bian gnd o crpni e HIECIRL IO e
according to d ai no-Conponent —devaroper EBARRT ses

a magnetic toner organic metal compound is an orgamc zirconium compound comprising a

5 coordination or/and a bonding of zirconium and an aromatic compound as a
ligand or/and an acid source selected from the group consisting of aromatic
diols, aromatic hydroxycarboxylic acids, aromatic monocarboxylic acids, and

aromatic polycarboxylic acids.

10

22 The method according to -Claim 354, wherein the
developer-car'rying member comprises a substrate, and a
resin layer containing an electroconductive substance

15 formed on the substrate.
56. . , R
= The method according to Claim _5_§J wherein the
mono-componen_t developer comprises a'mag'netic toner

having a pegative triboelectric charge.

20
3% The method according to Claim $§4, wherein the
mono-component developer comprises a non-magnetic
toner having a negative triboelectric charge.
25 58.

= The method according to Claim 34, wherein the

toner is a toner according to any one of Claims?2—53.
ettt
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havi"ng a negative triboelectric charge. 20 57. The net hod

according to Claimb54. wherein the nono- conponent Yo} 7S @S
a non-nagnetic toner having a negative triboelectrig%é @ﬁ@jﬁ'gﬁgﬂs
58. The nethod according to Caimb54, wherein the toner is a 1
toner according to any one of C ai ns2-53. 2 1 MAR 2000

- 184- 59. The toner according to Claim1, wherejn the binder resiin
has an acid value of 1-70 ngKOH g. 60pg4 . The toner jctordrng to C ai n
1, wherein the binder resin has an acid value of 1-50 ngKM/ q. 61

The toner according to Claim1, wherein the binder resin has an acid val ue
of 2-40 ngKOH g.
59. ‘The toner according to Claim 1, wherein the
binder resin has an acid value of 1-70 mgKOR/g. '

Jﬂh. The toner according to Claim 1, wherein the
binder resin has an acid value of 1-50 mgKOH/g.

61. The toner according to Claim 1, wherein the
binder resin has an acid value of 2-40 mgKOH/g.

——
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TONER HAVING NEGATIVE TRIBOELECTRIC CHARGEABILITY

AND DEVELOPING METHOD
ABSTRACT OF THE DISCLOSURE

A toner having a negative triboelectric

chargeability and suitable for developing positively

or negatively charged images is composed of at least a

binder resin, a colorant and an organic metal

compound. ‘The organic metal compound is an organic

zirconium compound comprising a coordination or/and a

bonding of zirconium and an aromatic compound as a

ligand or/and an acid source selected from the group

consisting of aromatic diols, aromatic

hydroxycarboxylic acids, aromatic monocarboxylic

acids, and aromatic polfcarboxylic acids.

No figure suggested




