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[57] ABSTRACT

A liquid developer for use in electrophotography, comprising
a copolymerically grafted pigment toner dispersed in a carrier
liquid consisting of a paraffinic or an isoparaffinic hydrocar-
bon having a high-electric resistance and a low-dielectric con-
stant, said toner being prepared by subjecting the particles of
at least two kinds of pigments each having a benzenoid ring to
graft copolymerization with at least three kinds of unsaturated
compounds each being capable of contributing to the stable
regulation of the polarity of said particles of pigments, their
uniform dispersion in the carrier liquid and the satisfactory ad-
hesion of the particles onto the surface of electrophotographic
copying papers thereby chemically uniting said compounds
directly to said particles of pigments.

5 Claims, No Drawings
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LIQUID DEVELOPER FOR USE IN
ELECTROPHOTOGRAPHY
This application is a continuation-in-part of our copending
application, Ser. No. 682,512, filed Nov. 13, 1967.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is concerned with a liquid developer
which is used in the wet development of electrophotographs.

2. Description of the Prior Art

A liquid- developer for use in electrophotography, in
general, is prepared by first kneading a mixture of particles of
a pigment, a resin, a fat, a surface active agent, a stabilizer or
like materials which, individually, are capable of either regu-
lating the polarity of the particles of the pigment, dispersing
the particles uniformly in a solvent or imparting to the parti-
cles the property of adhering to the electrophotographic copy-
ing papers, and then dispersing the kneaded mixture in an or-
ganic solvent. The liquid developer is operative in such'a way,
in practice, that the polarity of the particles of the pigment
contained in the developer is kept under a regulated state, by
being impressed with either a positive or a negative charge.
Therefore, when a copying paper carrying an electrostatic
latent image on one surface thereof is brought into contact
with these particles of pigment contained in the developer, the
pigment particles are electrostatically absorbed onto the op-
positely charged areas of the copying paper, and thus there is
formed a visible copied image on the surface of the copying
paper.

Such a liquid developer for use in electrophotography as
described above is required to possess the following proper-
ties:

1. the particles of pigment must be satisfactorily dispersed
in the carrier liquid,

“2. these particles are impressed distinctly with either a posi-
tive or a negative charge,

3. the particles must have an interfacial potential which is
sufficient for generating electrophoresis, and

4. these properties do not deteriorate during repeated use of
the developer for an extended period of time.

Many of the conventional liquid developers have employed
naturally occurring rosin, asphalt or synthetic alkyd resins as
the agent for dispersing the particles of pigment in the carrier
solution and also for regulating the polarity of these particles.
These conventional liquid developers further used paraffinic
hydrocarbons as the carrier liquid (media for dispersing the
pigment particles). However, when naturally occurring rosin
or asphalt was used as a constituent of a developer, it was im-
possible to manufacture a liquid developer having uniform
developing ability and uniform quality. Also, conventional
liquid developers were of a simple composition, namely, a
kneaded mixture consisting of particles of pigment, a polarity
regulating . agent, a particle dispersing agent and the like
dispersed .in a carrier liquid. Such a liquid developer of the
prior art showed, for some time after it was manufactured, a
satisfactory dispersion of pigment particles and also a distinct
polarity of the particles, because, during this initial period, the
polarity regulating agent as well as other agents were main-
tained in their state of being relatively firmly absorbed onto
the surfaces of the pigment particles. With the passage of time,
however, these agents which had been absorbed onto the sur-
faces of the pigment particles gradually became released
therefrom, causing deterioration of the dispersability of the
particles and the property of effecting a satisfactory polarity
regulation of these particles. For this reason, it was extremely
difficult to preserve, for an extended period of time, as excel-
lent developability of the liquid developer which it possessed
at the time the developer was manufactured.

SUMMARY OF THE INVENTION

It is, therefore, the object of the present invention to pro-
vide a liquid developer for use in electrophotography, which is
free of all of the aforesaid various drawbacks of the liquid
developers of the prior art.
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* We have already worked out and proposed a liquid
developer for use in electrophotography, as disclosed in out
U.S. Pat. application, Ser. No. 682,512, which provides an im-
provement in the liquid developers of the prior art. This liquid
developer was prepared by dispersing, in an organic carrier
liquid, a toner obtained from a graft copolymerization of two
kinds of unsaturated compounds performed on the pigment
particles. More particularly, this liquid developer is prepared
by dispersing, in an organic solvent either directly or together
with a surface active agent, a toner which is made by subject-
ing the particles of one kind of pigment to a graft
copolymerization with two kinds of unsaturated compounds.

The present invention has been discovered as a result of
further research we conducted on the aforesaid. improved
liquid developer.

According to the present invention, there is provided a
novel liquid developer for use in electrophotography, which
has, in particular, an ability to keep a stable polarity for an ex-
tended period of time and also an ability to cause a splendid
adhesion of the pigment particles onto the surface of the copy-
ing paper when the latter is developed, and which further per-
mits the user to freely perform the regulation of the polarity of
the pigment particles contained in the carrier liquid and to
freely. control the color tone of the copied image which is
developed. The liquid develaper is prepared by dispersing in

1. a dispersing medium consisting of either a paraffinic or an
isoparaffinic hydrocarbon having a relatively high electric re-
sistance and a relatively low dielectric constant,

2. a toner consisting of the particles of a multiple-copolymer
which is obtained from a graft copolymerization of at least
three kinds of unsaturated polymeric compounds which are
expressed by the general formula (2) and also by the general
formula (b) as mentioned below and the particles of at least
two kinds of pigments.

GENERAL FORMULAS

wherein: R, is selected from the group consisting of radicals
of the formula —C,H,,,, (an alkyl radical wherein n=1
—3), phenyl radicals, tosyl radicals and hydrogen;

Y is selected from the group consisting of —COOR,,
[wherein R, is selected from the group consisting of radi-
cals expressed by formula —C,H,,,, (wherein 4=n =
20)], —OCOC, H,,+, (wherein 1 = n= 20), and —C,H,,
+1 (an alkyl radical wherein 1 é n=20),

X is selected from the group consisting of

Rin
—~COO(CH3),N
. B

(wherein n=2—4, and Ry, is selected from the group consisting
of hydrogen, alkyl radicals having one to four carbon atoms,
phenyl radicals and tasyl radicals), —OH, —CN, —NH,, —
CON(R}), [wherein Ry is selected from the group consisting
of hydrogen and —C,H;,.+, (an alkyl radical, wherein | = n =

3)]and
-coo@cnmmw)z

[wherein Ry, is selected from the group consisting of
hydrogen and C,Hgy,4, (an alkyl radical, wherein 1 = n = 3)).

In the present invention, there is used a toner consisting of a
so-called graft copolymer which is obtained from the graft
copolymerization of the following materials,

1. at least three kinds of unsaturated compounds which are
expressed by the aforesaid general formulas (a) and (b) and
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2. the particles of at least two kinds of pigments each having
a benzenoid ring and being selected from the group including
Carbon Black (C.I. No. 77266), Aniline Black (C.I. No.
50440), Blue (C.I. No. 42563), Spirit Black (C.I. No. 50415),
Phthalocyanine Dyes (C.I. No. 74250), Violet R (C.I. No.
42535), Red R (C.I. No. 12085), Green B (C.I No. 42000),
Suviane Resin Black, Transfast Yellow (C.I. No. 77492) and
Permanent Red (C.1. No. 12370). By the combined use of two
or more kinds of, for example, black and blackish pigments, it
is possible to produce a toner which is capable of developing a
copied image having a desired color tone ranging from dark
black to light black. - .

The polar radical represented by Xin the aforesaid general
formulas (a) and (b) by which the unsaturated compounds
used in the present invention are expressed works very effec-
tively on the particles of the toner in the liquid developer to
regulate the polarity of the -particles. The polar radical
represented by Y, on the other hand, is selected from those
having an increased affinity toward the particle-dispersing
medium consisting of a paraffinic or an isoparaffinic hydrocar-
bon. Therefore, the object of obtaining uniform dispersion of
the toner in the dispersing medium is attained. These polar
radicals which are represented by X and Y serve to enhance
the adhesion of the toner onto the copying papers used.

According to the present invention, it is mandatory that the
toner contain both types of the compounds which are ex-
pressed by the aforesaid general formulas (a) and (b) and that
at least three kinds of these compounds be copolymerically
grafted onto the particles of the pigments. However, a toner
which is prepared by graft copolymerization of these two types
of compounds in which the proportion of the amount of the
compound type (a) to the amount of the compound type (b) is
such that 3 moles of the total compounds expressed by the
general formula (a) is used with not more than 1 mole of the
total compounds expressed by the general formula (b), ex-
hibits a superior particle dispersion in the dispersing medium,
a superior polarity-holding and a good adhesion of the parti-
cles onto the copying papers used. Also, the desirable range of
proportions of the amount of the unsaturated compounds to
the amount of the pigments to which the compounds are to be
united is from 0.5 to 5 parts by weight of the compounds to 1
part by weight of the pigments. By altering the combination
pattern of the particles of the pigments and the unsaturated
compounds, it is possible to obtain toners having polarities
which are regulated to be either positive or negative as
desired.

As has been described, according to the present invention,
there is provided a liquid developer in which

1. a toner, which is prepared by having the particles of at
least two kinds of pigments — which have been so arranged to
produce a desired color tone of the copied image — graft-
copolymerized directly, by a chemical procedure, with unsatu-
rated compounds which are capable of contributing to the sta-
ble regulation of the polarity of the particles of the pigments,
the uniform dispersion of the particles and the good adhesion
of the particles onto the copying papers, is dispersed in

. 2. a carrier liquid consisting of a paraffinic or an isoparaf-
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finic hydrocarbon. Therefore, even after repeated use of this
liquid developer for an extended period of time, there occurs
no. detachment, from the surfaces of the particles of the pig-
ments, of the copolymer contributing to the stable polarity
regulation and the uniform dispersion of the particles of the
pigments. As a result, the liquid developer of the present in-
vention preserves a good and satisfactory developing ability
for a long time. Besides, when a development is performed by
the use of the liquid developer of the present invention, not
only is there obtained a very clear copied image, but also there
is provnded an advantage that the fading of the color of the
copied image is negligibly small — in other words, there is ob-
tained a copied image which undergoes no changes due to the
passage of time — owing to the fact that the toner has a
satisfactory adherency and also that the toner is of a structure
such that the particles of the pigments are individually
wrapped by the aforesaid polymer. It is to be noted also that,
since the liquid developer of the present invention uses no
naturally occurring rosin or asphalt at all, it has a stable-
uniform quality and developing ability.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
EXAMPLE 1

Eighteen moles of lauryl methacrylate, 2 moles of hydrox-
yethyl methacrylate, 3 moles of methacrylic acid and 0.005
mole of azobisisobutylonitrile (a polymerization initiator)
were dissolved in 6 moles of toluene. Into this mixture were
added Carbon Black (a product sold under the trade name of
Mitsubishi No. 44, manufactured by Mitsubishi Chemical In-
dustries Ltd.) in an amount of one-third of the total amount by
weight of the aforesaid unsaturated compounds and also Spirit
Black in an amount of one-tenth cf the total amount by weight
of said unsaturated compounds. The resulting mixture was al-
lowed to react at 80° C. for 10 hours, and as a result a graft-
copolymerized toner was obtained. The toner thus obtained
was added to an isoparaffinic hydrocarbon (ISOPAR-H, a
product of ESSO Standard Oil, Inc.) and the mixture was
kneaded in a ball mill for 3 hours. Then, 1 gram of the
kneaded mixture was dispersed in 500 cc. of ISOPAR-H, and
as a result, a liquid developer for use in electrophotography
having a toner with a polarity regulated to be positive was ob-
tained.

Separately, an electrophotographic copying paper which
had been impressed with a negative charge by corona
discharge was exposed to light through a positive original laid
thereon to form an electrostatic latent image (meaning that
the areas of the photoconductive layer of the copying paper
corresponding to the original image were impressed with a
negative charge). This copying paper carrying a latent image
was immersed in the liquid developer of the present invention
obtained: according to the procedure described above, with
the result that a very clear positive copy of the image was ob-
tained. Also, the same liquid developer was used repeatedly
over an extended period of time, but no deterioration of the
developing ability was noted.

TABLE 1
Density
Initial  of copied
density imags
Compoundsused ingraft  of copled at the end
Develaper Pigment used  copolymerization image* of 1 month*
Present invention... Carbon black, Lauryl methacrylate,
splrit black. hydroxyethyl methac-
rylate, acrylic acid. 1,63 1,60
Control:
) Carbon black. .. Lauryl methacrylate,
hydroxyethyl methac-
rylate. . 1.10 0.90
@ do..o.o.... Lauryl methacrylate,
acrylic acid. 0.94 0.78
@® L (/T Lauryl methacrylate,
lauric acid. 1.10 0.80

" Note,~~The columns marked * represent the density of the copied image obtained from the
comparison with the Wedge and the standard samples. ]



3,639,244

5

In order to make a comparison of the changes of the copied |
images due to the passage of time, three kinds of control liquid
developers were prepared by dispersing, in ISOPAR-H, a-
toner obtained from the graft copolymerization of Carbon

Black with two kinds of unsaturated compounds selected from
those expressed by the general formulas (a) and (b), and the
development of exposed copying papers was performed by the
use of these control liquid developers. The fading of color of
the copied images which were thus formed on the copying
papers was studied, with the following results as given in table
1.

As will be understood clearly from table 1, the copied image
obtained by the use of the liquid developer of the present in-
vention has a markedly increased initial density of the image
and the image showed a negligible fading of the color at the
end of storage for a long time.

EXAMPLE 2

Eighteen moles of octyl methacrylate, 1 mole of
dimethylaminoethyl methacrylate, 3 moles of hydroxyethyl
methacrylate and 0.005 mole of azobisisobutylonitrile were
dissolved in 6.5 moles of toluene. Into this mixture were added
Carbon Black (Condatex SC, a product of Columbia Carbon
Black Company of U.S.A.) in an amount of one-third of the
total amount by weight of the aforesaid unsaturated com-
pounds and also Aniline Black in an amount of one-fifth of the
total amount by weight of the unsaturated compounds. The
resulting mixture was subjected to a reaction at 90° C. for 12
hours, and thus a toner resulting from the graft copolymeriza-
tion was obtained. The toner thus prepared was then added to
an equal amount of ISOPAR-H and the mixture was kneaded
in a ball mill for 3 hours. Thereafter, 1 gram of the kneaded
mixture was dispersed in 500 cc. of ISOPAR-H. As a result, a
liquid developer for use in electrophotography containing the
toner with its polarity being regulated to be positive was ob-
tained. An exposed copying paper was developed by the use of
this liquid developer in a manner similar to that described in
example 1. It was found that this liquid developer had a
developing ability which was as much superior as that of the
example 1.

EXAMPLE 3

Eighteen moles of lauryl methacrylate, 2 moles of
dimethylaminoethyl methacrylate, 1 mole of acrylonitrile and
0.004 mole of azobisisobutylonitrile were dissolved in 6.0
moles of toluene. Into this mixture were added Carbon Black
(Mogul A, a product of Cabot, Company of U.S.A.) in an
amount of one-third of the total amount by weight of the
aforesaid unsaturated compounds and also Dry Alkali Blue in
an amount of one-tenth of the total amount by weight of said
unsaturated compounds. The resulting mixture was allowed to
react at 80° C. for 12 hours, and thus a copolymerically
grafted toner was obtained. The toner thus prepared was
added to an equal amount of ISOPAR-H, and the mixture was
kneaded in a ball mill for 3 hours. then, 1 gram of this kneaded
mixture was dispersed in 500 cc. of ISOPAR-H, and thus a
liquid developer containing a toner with its polarity having
been regulated to be negative was obtained.

Separately, an electrophotographic copying paper im-
pressed with a negative charge by corona discharge was ex-
posed to light through a negative original which was laid
thereon. This exposed copying paper was immersed in the
liquid developer obtained according to the manner described
above, with the result that a very clear negative black copied
image bearing slight bluish color was obtained. After repeated
use of this liquid developer over a extended period of time,
there was noted no appreciable change in the developing abili-
ty of this developer. Furthermore, a color fading test, as has
been described in connection with the product of the present
invention in example 1, was conducted on the copied images
obtained by the use of the liquid developer of this instant ex-
ample, and the result was that the changes in the density of the
image were negligible.

6

What we claim is:

1. A liquid developer for electrophotography, comprising a
toner made by graft-polymerizing a reaction mixture compris-
ing

s 1. two pigment materials, each pigment material selected
from the group consisting of Carbon Black (C.I. No.
77266), Aniline Black (C.I. No. 50440), Alkaline Blue
(C.I. No. 42563), Spirit Black (C.I. No. 50415), Phthalo-
cyanine Dyes (C.I. No. 74250), Violet R (C.I. No.

42535), Red R (C.I. No. 12085), Green B (C.I. No.
42000), Transfast Yellow (C.I. No. 77492) (and Pe(r)-

manent Red (C.I. No. 12370) and

2. three unsaturated compounds of the following two for-
mulas (a) and (b), including at least one of each type of
compound,

10

15
Ri R

br=b

S

20 (@)

wherein: R, is selected from the group consisting of radi-

cals of the formula —C,H,,,, (an alkyl radical wherein

r=1-3), phenyl radicals, tosyl radicals and hydrogen;

Y is selected from the group consisting of —COQC,Hy,

+1 {wherein 4= n = 20), —OCOC,H,,., (wherein 1 =<

n=20), —C,Hzp4y (Wherein 1 = n = 20);

and a compound containing a polar radical X, said compound
being of the formula:

25

Ry
30 CH:=+

X

RO
35 wherein: X is selected from the group consisting of

Rz
—CO0O(CH3):N

Rin
(wherein n=2—4, and Ry, is selected from the group consisting
of hydrogen, alkyl radicals having one to four carbon atoms,
phenyl radicals and tosyl radicals), —OH, —CN, —NH,, —
CON(Ry),, where Ry is selected from the group consisting of
hydrogen and —C,H,,., (an alkyl radical, wherein 1 =n =

3),and
—COo O@CHeN(RIv)n'

40

45

50 wherein R,y is selected from the group consisting of

hydrogen and C,Hyy1 (an alkyl radical, wherein 1 = n = 3),
said toner being dispersed in carrier liquid having a high elec-
tric resistance and a low dielectric constant, said carrier liquid
being selected from the group consisting of paraffinic
hydrocarbons and isoparaffinic hydrocarbons.

2. The liquid developer of claim 1 wherein the ratio of (b)
to (a) is such that the total weight in moles of (b) is not in ex-
cess of 1 relative to a total of 3 moles of (a).

3. The liquid developer of claim 1 in which the ratio of total
unsaturated compound to total pigment is 0.5-5 to 1.

4. A liquid developer according to claim 1, wherein said
toner is a graft copolymer obtained from a graft copolymeriza-
tion of said unsaturated compounds expressed by the general
formulas (a) and (b) with said pigments, in which the ratio of
the total weight in moles of the unsaturated compounds ex-
pressed by the general formula (b) is not in excess of 1 relative
to a total of 3 moles of the unsaturated compounds expressed
by the general formula (a).

5. A liquid developer according to claim 1, wherein said
toner is a graft copolymer which is prepared by a graft
capolymerization of a total of from 0.5 to 5.0 parts by weight
of said unsaturated compounds expressed by the general for-
mulas (a) and (b) performed with a total of 1 part by weight of

said pigments.
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