
US 20010008164A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0008164 A1 

SANO ct al. (43) Pub. Date: Jul. 19, 2001 

(54) DECOLORIZABLE INK AND PRINTER Related US. Application Data 

(76) IIlVeIlIOrSI KENJI SANO, TOKYO (JP); (63) Continuation-in-part of application No. 08/900,708, 
KATSUYUKI NAITO, TOKYO (JP); ?led on Jul. 25, 1997, noW Pat. No. 5,922,115. 
SATOSHI TAKAYAMA, 
KAWASAKI-5H1 (JP); SAWAKO (30) Foreign Application Priority Data 
FUJIOKA, TOKYO (JP); TETSUO 
OKUYAMA, YOKOHAMA-SHI (JP); Jul. 25, 1996 (JP) ........................................... .. 8-196191 
SHIGERU MACHIDA, Jan. 23, 1998 (JP) ..... .. 10-011653 
KAWASAKI-SHI (JP) 

Publication Classi?cation 
Correspondence Address: 

gggggsgg‘gg MCCLELLAND MAIER 8‘ (51) Int. c1.7 . .... .. 1305c 11/00, B32B 31/00 

FOURTH FLOOR (52) US. Cl. ........................... .. 156/221; 156/524; 118/61 

1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

(57) ABSTRACT 
(*) Notice: This is a publication of a continued pros 

ecution application (CPA) ?led under 37 _ _ _ _ 
CFR 153m) A decoloring apparatus for an image forming material 

comprising means for bringing a solvent into contact With an 
21 A 1_ N0; 09 235 477 image orrning rnateria orrne on a paper s eet an con ( ) pp / , ' f ' ' 1f 9 h d 

taining a color former, a developer and a decoloriZer, and 
1e : an. , means or removing ares1 ua so vent rornt epapers eet. 22 F1 d J 22 1999 f ' 'd l l f h h 

l2 

43 
ll l2 l6 {4 



Patent Application Publication Jul. 19, 2001 Sheet 1 0f 14 US 2001/0008164 A1 

“Q 
12 

CD19, 
0* Q A @w 



Patent Application Publication Jul. 19, 2001 Sheet 2 0f 14 US 2001/0008164 A1 

35 

33 

31 

32/ 
FIG.4A 

[ I 

35 

FIG.5 



Patent Application Publication Jul. 19, 2001 Sheet 3 0f 14 US 2001/0008164 A1 

51 52 

53 

\\ 

\ 50 

6 i 

62 i 

m 
J 



Patent Application Publication Jul. 19, 2001 Sheet 4 0f 14 US 2001/0008164 A1 



Patent Application Publication Jul. 19, 2001 Sheet 5 0f 14 US 2001/0008164 A1 



Patent Application Publication Jul. 19, 2001 Sheet 6 0f 14 US 2001/0008164 A1 

400 
/ 

F|G.9A 

J 200 

\~ 205 

IIIIA’III'II ~2°4 

""204 

\\\\\\\\\\\\\\\\ \\3‘\- 202 

FIG.9B 



Patent Application Publication 

RELECTI ON DENSITY 

I.5 

L3 

H 

0.9 

0.7 

0.5 

0.3 

O.I 

REFRECTION DENSITY 

I.5 ' 

1.3 - 

II 

0.9 

0.7 - 

0.5 - 

0.3 - 

O.I 

-0.I 

Jul. 19, 2001 Sheet 7 0f 14 US 2001/0008164 A1 

—§- PRINTING 

+ DECOLORING 

—*- RE-PRINTING 

0 0.2 0.4 0.6 

POWER [mJ / DOT] 

F I 6. IO 

- —+—PRINTING 

+REVERSIBLE DECOLORING 
+DECOLORING 
--x—RE-PRINTING 

O 0.2 0.4 0.6 
POWER [mJ/DOT 1 

FIG.II 



Patent Application Publication Jul. 19, 2001 Sheet 8 0f 14 US 2001/0008164 A1 

I.5 - 

I3 — 

I.I 

0.9 

0.7 

0.5 

0.3 - 

O.I 

-0.I 

+PRINTING 
+DECOLORING 
-*— PRINTING REFLECTION DENSITY 

0 0.2 0.4 0.6 
POWER [ITIJ/ DOT] 

FIG. I2 

PRINTING 

+ PRINTING REFLECTION DENSITY 
l L l | l 

0 0.I 0.2 0.3 0.4 0.5 
POWER [mJ / DOT] 

FIG. I3 



Patent Application Publication Jul. 19, 2001 Sheet 9 0f 14 US 2001/0008164 A1 

:50 
H0 {20 430 U 

F1614 



llllllll'lrll 

Sheet 10 0f 14 US 2001/0008164 A1 

IWUO/ .. O2: 3 

Jul. 19, 2001 

m9 AWHUHUHHHHHHHHHHHHHHHHHHHUII. L 

2 WP 

Patent Application Publication 



Patent Application Publication Jul. 19, 2001 Sheet 11 0f 14 US 2001/0008164 Al 

N: 



Patent Application Publication Jul. 19, 2001 Sheet 12 0f 14 US 2001/0008164 A1 

0: 

w: m: 



Patent Application Publication Jul. 19, 2001 Sheet 13 0f 14 US 2001/0008164 A1 

(.3. 9 296 

['6 J 

204 

207 /\/ 

-F I G. 18A 

203 

i 

ll 1 
r‘ I /2os 



Patent Application Publication Jul. 19, 2001 Sheet 14 0f 14 US 2001/0008164 A1 

L 

386 
O 
Q 
Q f3’ 
0 L § 
01% i<l| 22 

o O ..\,i I 3“ O _F ___4 m, 1 1 u_ 

_ O "W 0 i111 

5]“ Jm 1 1 



US 2001/0008164 A1 

DECOLORIZABLE INK AND PRINTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a Continuation-in-Part application of US. 
patent application Ser. No. 08/900,708, ?led Jul. 25, 1997, 
the entire contents of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a decoloring appa 
ratus for a decoloriZable image forming material. 

[0003] In recent years, the amount of various kinds of 
information has signi?cantly increased by spread of office 
automation, and so the level of information output has also 
increased. The information output is represented by display 
output and hard copy output from a printer onto paper 
sheets. The display output, hoWever, requires a large scale 
circuit board in a display unit. This brings about problems of 
portability and cost. Regarding the hard copy output, a large 
quantity of paper as a recording medium is being consumed 
With increase in the information output amount. Therefore, 
the hard copy output is eXpected to be a problem With 
respect to conservation of natural resources. In addition, 
recycling of paper sheets once printed by a printer or a 
copying machine is expensive, since much of a bleaching 
agent and Water are required for the recycling and consump 
tion of electric poWer is enormous. Under such a situation, 
it is considered to decrease consumption of paper substan 
tially by using decoloriZable image forming material to print 
information on a paper sheet, restoring a blank sheet of 
paper by decoloring the formed image, and reusing the paper 
sheet. 

[0004] Heretofore, ink Which can be decolored on heating 
has been proposed in, for eXample, Published Unexamined 
Japanese Patent Application No. 7-81236. The ink includes 
a color former such as a leuco dye, a developer, and a 
organophosphoric compound having a decoloring poWer. 

[0005] When such image forming material is used, hoW 
ever, decoloring can be done insufficiently and, as a result, 
a paper sheet is hard to return to the blank state. For this 
reason, decoloriZable image forming material cannot have 
been put into practical use. 

BRIEF SUMMARY OF THE INVENTION 

[0006] It is, accordingly, an object of the present invention 
to provide a decoloring apparatus Which can easily decolor 
a decoloriZable image forming material and can maintain the 
decolored state stably, thereby making it possible to reuse 
paper sheets. 

[0007] According to an aspect of the present invention, 
there is provided a decoloring apparatus for an image 
forming material comprising means for bringing a solvent 
into contact With an image forming material formed on a 
paper sheet and containing a color former, a developer and 
a decoloriZer, and means for removing a residual solvent 
from the paper sheet. 

[0008] According to another aspect of the present inven 
tion, there is provided a decoloring apparatus of an image 
forming apparatus comprising means for decoloring the 
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image forming material by bringing a solvent containing a 
decoloriZer into contact With the image forming material 
formed on a paper sheet and containing a color former and 
a developer, and means for removing a residual solvent from 
the paper sheet. 

[0009] According to still another aspect of the present 
invention, there is provided a decoloring apparatus of an 
image forming apparatus comprising means for decoloring 
an image forming material by heating the image forming 
material formed on a paper sheet and containing a color 
former, a developer and a decoloriZer to a temperature 
higher than the melting point of the decoloriZer, and means 
for roughening the surface of the image forming material 
remaining on a surface of the paper sheet. 

[0010] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0011] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0012] FIG. 1 is a schematic vieW of a mechanism for 
decoloring the decoloriZable ink of the present invention; 

[0013] FIG. 2 is a perspective vieW of an apparatus for 
decoloring the decoloriZable ink of the present invention; 

[0014] FIG. 3 is a schematic vieW of another mechanism 
for decoloring the decoloriZable ink of the present invention; 

[0015] FIG. 4A is a perspective vieW of an ink-jet printer 
of the present invention, and FIG. 4B is a schematic vieW of 
a decoloring mechanism used in the printer; 

[0016] FIG. 5 is a schematic vieW of another ink-jet 
printer of the present invention; 

[0017] FIG. 6 is a perspective vieW of still another ink-jet 
printer of the present invention; 

[0018] FIG. 7 is a vieW illustrating a structure of still 
another ink-jet printer; 

[0019] FIG. 8 is a vieW illustrating a structure of a copy 
machine of electrophotographic type of the present inven 
tion; 
[0020] FIG. 9A is a sectional vieW of a sheet on Which an 
ink of the present invention is applied, and FIG. 9B is a 
sectional vieW of a sheet on Which a decoloriZer of the 
present invention is applied; 

[0021] FIG. 10 is a graph shoWing a relationship betWeen 
the TPH poWer and the refractive density obtained in 
EXample 7 of the present invention; 

[0022] FIG. 11 is a graph shoWing a relationship betWeen 
the TPH poWer and the re?ection density obtained in 
EXample 8 of the present invention; 
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[0023] FIG. 12 is a graph showing a relationship between 
the TPH power and the re?ection density obtained in 
Example 9 of the present invention; 

[0024] FIG. 13 is a graph shoWing a relationship betWeen 
the TPH poWer and the re?ection density obtained in 
Example 10 of the present invention; 

[0025] FIG. 14 shoWs a heating type image decoloring 
apparatus of the present invention; 

[0026] FIG. 15 shoWs a solvent type image decoloring 
apparatus of the present invention; 

[0027] FIG. 16 shoWs another solvent type image decol 
oring apparatus of the present invention; 

[0028] FIG. 17 shoWs another solvent type image decol 
oring apparatus of the present invention; 

[0029] FIGS. 18A to 18C shoW another solvent type 
image decoloring apparatuses of the present invention; and 

[0030] FIG. 19 shoWs still another solvent type image 
decoloring apparatus of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The present invention Will be described in detail 
beloW. 

[0032] The image forming material of the present inven 
tion uses a color former and a developer in combination With 
a decoloriZer to enable decoloring after it is printed. 

[0033] First, functions of basic components used in the 
image forming material of the present invention Will be 
described. A color former is a precursor compound of a 
coloring matter Which forms colored information such as 
characters and graphics, a developer is a compound Which 
develops a color former by the interaction (primarily, 
exchange of an electron or proton) betWeen the developer 
and the color former, and a decoloriZer is a compound 
having a property that preferentially dissolves one of the 
color former and the developer When they are melted. 

[0034] When the three-component system is in a solidi?ed 
state, it is possible for the system to assume one of the 
folloWing tWo particular states: 

[0035] (1) Acolored state in Which the decoloriZer is 
mixed With the color former and the developer in an 
amount that corresponds to the equilibrium solubil 
ity, and the excessive color former and developer 
over the equilibrium solubility are phase-separated 
from the decoloriZer, With the result that the inter 
action betWeen the color former and the developer is 
increased to develop a color. 

[0036] (2) Adecolored state in Which the decoloriZer 
dissolves a larger amount of the color former and the 
developer than the equilibrium solubility, With the 
result that the interaction betWeen the color former 
and the developer is decreased to lose the color. 

[0037] Changes betWeen colored and decolored states of 
the three-component system are effected in accordance With 
a principle described beloW. It is assumed in the folloWing 
description that, When the above mentioned three-compo 
nent system is melted into a ?uidized condition, the decol 
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oriZer preferentially dissolves the developer. At room tem 
perature, a condition in Which a phase of the color former 
and the developer is separated from a phase of the decol 
oriZer is close to equilibrium. In this condition, the system 
is in a colored state, since the color former and the developer 
interact With each other. When the three-component system 
in the colored state is heated up to the melting point or higher 
to be a ?uidiZed condition, the developer is preferentially 
dissolved into the decoloriZer. As a result, the interaction 
betWeen the developer and the color former is lost, leading 
to decoloring. When the three-component system is forcedly 
solidi?ed by cooling rapidly from the molten state, the 
decoloriZer takes the developer into itself in a large amount 
exceeding the equilibrium solubility. As a result, the system 
is turned amorphous and colorless at room temperature. 
Although the amorphous three-component system is under a 
non-equilibrium state in a relative sense, the amorphous 
system exhibits a suf?ciently long life at temperatures not 
higher than a glass transition point Tg. Therefore, if Tg is not 
loWer than room temperature, the system does not easily 
converted from the amorphous state to the equilibrium state. 

[0038] Next, compounds used as components of the image 
forming material of the present invention are described 
beloW. 

[0039] The color former used in the present invention 
includes electron-donating organic substances such as leu 
coauramines, diarylphtalides, polyarylcarbinoles, acylau 
ramines, arylauramines, Rohdamine B lactams, indolines, 
spiropyrans and ?uorans. 

[0040] To be more speci?c, the color former includes 
Crystal Violet lactone (CVL), Malakite Green lactone, 
2-anilino-6-(N-cyclohexyl-N-methylamino)-3-methyl?uo 
ran, 2-anilino-3-methyl-6-(N-methyl-N-propyl-amino)?uo 
ran, 3-[4-(4-phenylaminophenyl)aminophenyl]-amino-6 
methyl-7-chloro?uoran, 2-anilino-6-(N-methyl-N 
isobutylamino)-3-methyl?uoran, 2-anilino-6 
(dibutylamino)-3-methyl?uoran, 3-chloro-6 
(cyclohexylamino)?uoran, 2-chloro-6 
(diethylamino)?uoran, 7-(N,N-diethylamino)-3-(N,N 
diethylamino)?uoran, 3, 6-bis(diethylamino) ?uoran, y-(4‘ 
nitroanilino)lactam, 3-diethylaminobenZo[a]-?uoran, 
3-dietylamino-6- methyl-7-amino?uoran, 3-diethylamino-7 
xylidino- ?uoran, 3-(4-diethylamino-2-ethoxyphenyl)-3 
(1-ethyl-2-methylindole-3-yl)-4-aZaphthalide, 3-(4-diethy 
laminophenyl)-3-(l-ethyl-2-methylindole-3-yl) phthalide, 
3-diethylamino-7-chloroanilino?uoran, 3-diethylamino-7, 
8-benZo?uoran, 3,3-bis(1-n-butyl-2-methylindole-3 
yl)phthalide, 3,6-dimethylethoxy?uoran, 3,6-diethylamino 
6-methoxy-7-amino?uoran, DEPM, ATP, ETAC, 2-(2-chlo 
roanilino)-6-dibutylamino?uoran, Crystal Violet carbinol, 
Malachite Green carbinol, N-(2,3-dichlorophenyl)leucoau 
ramine, N-benZoylauramine, Rhodamine B lactam, N-acety 
lauramine, N-phenylauramine, 2-(phenyliminoethanedily 
dene)-3,3-dimethylindoline, N,3,3 
trimethylindolinobenZospiropyran, 8‘-methoxy-N,3,3 
trimethylindolinobenZospiropyran, 3-diethylamino-6 
methyl-7-chloro?uoran, 3-diethylamino-7-methoxy?uoran, 
3-diethyamino-6-benZyloxy?uoran, 1,2-benZo-6-diethyami 
no?uoran, 3,6-di-p-toluidino-4,5-dimetyl?uoran, phenylhy 
draZide-y-lactam, and 3-amino-5-methyl?uoran. The color 
former compounds exempli?ed above can be used singly or 
in a combination of tWo or more species. If color formers are 



US 2001/0008164 A1 

selected properly, a variety of colored states can be obtained, 
and thus formation of multicolor image can be attained. 

[0041] The developer used in the present invention 
includes acidic compounds, such as phenols, metal pheno 
lates, metal carboxylates, benZophenones, sulfonic acids, 
sulfonates, phosphoric acids, metal phosphates, acidic phos 
phoric esters, acidic phosphoric ester metal salts, phospho 
rus acids, and metal phosphites. The developer compounds 
can be used singly or in a combination of tWo or more 

species. 
[0042] The decoloriZer used in the present invention 
should desirably have a good colorlessness in an amorphous 
state. If the decoloriZer is more colorless and transparent in 
the amorphous state, a paper sheet is turned White closer to 
the original paper sheet When the image forming material on 
the paper sheet is decolored. The decoloriZer shoWs such 
characteristics should preferably have a high molecular 
Weight and a small enthalpy change of melting AH of the 
crystal per Weight and, thus, should be loW in maximum 
crystalliZation velocity (MCV). If the crystal of decoloriZer 
has a small enthalpy change of melting AH, the heat energy 
required for melting the crystal is decreased, Which is 
desirable in regard to energy saving. In order to increase 
solubility of the developer in the decoloriZer, it is desirable 
that the decoloriZer has a high af?nity With the developer. 
Therefore, the decoloriZer should desirably be a compound 
having, for example, an alcoholic hydroxyl group. From a 
vieW point of a storage stability of the three-component 
system in a decolored state, a glass transition point Tg of the 
three-component system should be not loWer than room 
temperature (25° C.), and preferably be not loWer than 50° 
C. In order to satisfy the above condition, the glass transition 
point Tg of the decoloriZer should also be not loWer than 
room temperature (25° C.), and preferably be not loWer than 
50° C. On the other hand, the crystalliZation temperature of 
a decoloriZer is in the range of the glass transition point Tg 
to the melting point Tm of the three-component system. 
Therefore, in order to accelerate decoloring, the glass tran 
sition point Tg of a decoloriZer should preferably be not 
higher than 150° C. 

[0043] As a preferable decoloriZer that satis?es above 
conditions, the folloWing compounds classi?ed in the groups 
(a) to (c) are enumerated. 

[0044] (a) Sterol compounds: Speci?c examples are cho 
lesterol, stigmasterol, pregnenolone, methylandrostenediol, 
estradiol benZoate, epiandrostene, stenolone, [3-sitosterol, 
pregnenolone acetate, [3-chorestanol, 5,16-pregnadiene-3B 
ol-20-one, 5ot-pregnen-3B-ol-20-one, 5-pregnen-3[3,17-diol 
20-one 21-acetate, 5-pregnen-3[3,17 -diol-20-one 17-acetate, 
5-pregnen-3[3, 21-diol-20-one 21-acetate, 5-pregnen-3[3,17 
diol diacetate, rockogenin, thigogenin, esmiragenin, hecko 
genin, diosgenin and their derivatives. These decoloriZers 
can be used singly or in a combination of tWo or more 
species. Particularly preferable decoloriZer Which can give a 
stable decolored state includes methylandrostenediol, 
heckogenin, rockogenin, thigogenin, diosgenin and esmi 
ragenin. 

[0045] When a three-component system containing the 
decoloriZer selected from the above group in an amorphous 
state is heated to a temperature higher than a glass transition 
point, a diffusion velocity of a developer is rapidly increased 
and a motion of phase separation betWeen the developer and 
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the decoloriZer is accelerated in a direction of returning to a 
equilibrium. If the three-component system heated to a 
temperature higher than the crystalliZing temperature and 
loWer than the melting point is then sloWly cooled doWn to 
room temperature, the system reaches to a stable phase 
separated state closer to a equilibrium, at Which the system 
returns to a colored state. Therefore, the three-component 
system including the decoloriZer of the (a) group can repeat 
reversible changes betWeen colored and decolored states. In 
this sense, the decoloriZer classi?ed in the (a) group is 
sometimes referred to, hereinafter, as a “reversible decol 
oriZer”. A reWritable recording medium Which utiliZes such 
reversible changes has been proposed. HoWever, the present 
invention has an object to provide decoloriZable image 
forming material Whose color is removed after printed, and 
therefore the reversibility betWeen colored and decolored 
states is not substantially required in the present invention 
With the exception of some special applications. 

[0046] (b) Cholic acid, lithocholic acid, testosterone, cor 
tisone and their derivatives: Speci?c examples are cholic 
acid, methyl cholate, sodium cholate, lithocholic acid, 
methyl lithocholate, sodium lithocholate, hydroxycholic 
acid, methyl hydroxycholate, hyodeoxycholic acid, methyl 
hyodeoxycholate, testosterone, methyltestosterone, llot-hy 
droxymethyltestosterone, hydrocortisone, cholesterol 
methyl carbonate, and ot-cholestanol. Among them, com 
pounds having tWo or more hydroxyl groups are especially 
preferred. 
[0047] The decoloriZer of the (b) group, compared to that 
of the (a) group, has a stronger af?nity to the developer When 
they are melted, in other Words, has a very high compat 
ibility thereto. In addition, the decoloriZer of the (b) group 
has a higher inclination of being amorphous, and therefore 
a phase separation is hard to occur even after the three 
component system is solidi?ed. In this sense, the decoloriZer 
classi?ed in the (b) group is sometimes referred to as a 
“compatible decoloriZer” hereinafter. For this reason, the 
three-component system including the decoloriZer of the (b) 
group can maintain a stabler decolored state. (c) Non 
aromatic cyclic compounds of a ?ve-membered or larger 
ring having one or more hydroxyl groups: The decoloriZer of 
the (c) group should have a melting point of 50° C. or higher. 
Speci?c examples are alicyclic monohydric alcohols such as 
cyclododecanol; alicyclic dihydric alcohols such as 1,4 
cyclohexandiol, 1,2-cyclohexandiol and 1,2-cyclododecan 
diol; saccharides and their derivatives such as glucose and 
saccharose; alcohols having a ring structure such as 1,2:5, 
6-diisopropylidene-D-mannitol. 
[0048] The decoloriZer of the (c) group functions effec 
tively When it is used together With the decoloriZer of the (a) 
group, although it may be used singly. That is, the decol 
oriZer of the (c) group has a strong af?nity With the decol 
oriZer of the (a) group, and therefore a phase separation is 
hard to occur even after the system is solidi?ed. In this 
sense, the decoloriZer of the (c) group is sometimes referred 
to as a “phase separation inhibiting decoloriZer” or “phase 
separation inhibitor” hereinafter. The system including the 
decoloriZer of the (c) group can also maintain a stabler 
decolored state. 

[0049] The decoloriZer of the (c) group, i.e., the phase 
separation inhibitor, can be further classi?ed into tWo types: 

[0050] (c1) A type having a relatively high melting 
point and a relatively high glass transition point and, 
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thus, likely to become amorphous at room tempera 
ture. Typical examples of the decolorizer of the (c1) 
type are saccharides and their derivatives. The decol 
orizer of this type is hereinafter referred to as a 
highly amorphous phase separation inhibitor. 

[0051] (c2) A type having a relatively loW melting 
point and a relatively loW glass transition point and, 
thus, unlikely to become amorphous at room tem 
perature With possiblity to form microcrystals, but 
having high compatibility With the developer under 
a ?uidized state. Typical examples of the decolorizer 
of the (c2) type are alicyclic alcohols. The decol 
orizer of this type is hereinafter referred to as a 
slightly amorphous phase separation inhibitor. 

[0052] Let us describe the behavior of an image forming 
material containing a color former, a developer and a highly 
amorphous phase separation inhibitor When it is heated and 
cooled. If an image forming material Which develops a color 
at room temperature is heated to a temperature higher than 
a melting point of the highly amorphous phase separation 
inhibitor, the developer is dissolved in the highly amorphous 
phase separation inhibitor so as to lose interaction With the 
color former and, thus, to present a decolored state. If the 
image forming material under a molten state is solidi?ed by 
cooling, the highly amorphous phase separation inhibitor 
takes in the developer in an amount exceeding an equilib 
rium solubility so as to be made amorphous and decolored 
at room temperature. In this fashion, the highly amorphous 
phase separation inhibitor functions as a decolorizer even 
When used singly. In addition, since the highly amorphous 
phase separation inhibitor is likely to become amorphous at 
room temperature, the decolored state can be maintained 
over a long period of time. It should be noted, hoWever, that, 
Where the phase separation inhibitor under a ?uidized state 
fails to exhibit a suf?ciently high compatibility With the 
developer at room temperature, a satisfactory difference in 
image density may not be obtained betWeen the developed 
state and the decolored state. 

[0053] Let us describe the behavior of an image forming 
material containing a color former, a developer and a slightly 
amorphous phase separation inhibitor When it is heated and 
cooled. If the image forming material, Which develops a 
color under room temperature, is heated to a temperature 
higher than the melting point of the slightly amorphous 
phase separation inhibitor, a considerably large amount of 
the developer is dissolved in the slightly amorphous phase 
separation inhibitor so as to lose interaction With the color 
former and, thus, to be decolored. HoWever, even if the 
image forming material under a molten state is solidi?ed by 
cooling, the slightly amorphous phase separation inhibitor is 
unlikely to become amorphous. Also, it is possible for the 
inhibitor to be microcrystallized. It folloWs that the image 
forming material is brought back to the original color 
developed state. In this fashion, the slightly amorphous 
phase separation inhibitor does not function as a decolorizer 
When used singly. 

[0054] In the present invention, the highly amorphous 
phase separation inhibitor and the slightly amorphous phase 
separation inhibitor are used in combination as a decolorizer 
so as to utilize the merits of both phase separation inhibitors. 
Let us describe the behavior of an image forming material 
containing a color former, a developer, a highly amorphous 
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phase separation inhibitor and a slightly amorphous phase 
separation inhibitor When it is heated and cooled. At room 
temperature Tr, an image is formed under a state that a 
mixed phase of the color former, developer and slightly 
amorphous separation inhibitor is separated from a phase of 
the highly amorphous phase separation inhibitor. If the 
composition system is heated to a temperature higher than a 
melting point Tm1 of the slightly amorphous phase separa 
tion inhibitor, the developer is dissolved in a ?uidized 
slightly amorphous phase separation inhibitor so as to lose 
interaction With the color former and, thus, to be decolored. 
If the composition system is further heated to a temperature 
higher than a melting point Tm2 of the highly amorphous 
phase separation inhibitor, the developer and the slightly 
amorphous phase separation inhibitor are dissolved in the 
highly amorphous phase separation inhibitor. If the compo 
sition system in the molten state is solidi?ed by cooling, the 
highly amorphous phase separation inhibitor causes the 
slightly amorphous phase separation inhibitor to take in the 
developer in an amount exceeding an equilibrium solubility, 
resulting in decoloration at room temperature. It should be 
noted that the highly amorphous phase separation inhibitor, 
Which is highly amorphous, inhibits the crystallization of the 
slightly amorphous phase separation inhibitor so as to sup 
press the phase separation of the composition system. It 
folloWs that the decolored state of the image forming 
material is maintained With a very high stability. 

[0055] Cyclic sugar alcohols can be used in the present 
invention as a suitable highly amorphous phase separation 
inhibitor. The speci?c compounds of the cyclic sugar alco 
hols used in the present invention include, for example, 
D-glucose, D-mannose, D-galactose, D-fructose, L-sorbose, 
L-rhamnose, L-fucose, D-ribodesose, ot-D-glucose pentaac 
etate, acetoglucose, diacetone-D-glucose, D-glucuronic 
acid, D-galacturonic acid, D-glucosamie, D-fructosamine, 
D-isosaccharic acid, vitamin C, erutorubic acid, trehalose, 
saccharose, maltose, cellobiose, gentiobiose, lactose, meli 
biose, raf?nose, gentianose, melizitose, stachyose, methyl 
ot-glucopyranoside, salicin, amygdalin, and euxanthic acid. 
These compounds can be used singly or in the form of a 
mixture of at least tWo compounds. 

[0056] The slightly amorphous phase separation inhibitor 
adapted for use in the present invention includes, for 
example, non-aromatic cyclic compounds other than cyclic 
sugar alcohols, said non-aromatic cyclic compounds having 
a ?ve-membered or larger ring and having a hydroxyl group, 
and derivatives of cyclic sugar alcohols, the typical 
examples being terpene alcohols. To be more speci?c, the 
slightly amorphous phase separation inhibitor used in the 
present invention includes, for example, alicyclic monohy 
dric alcohols such as cyclododecanol, hexahydrosalicylic 
acid, menthol, isomenthol, neomenthol, neoisomenthol, car 
bomenthol, ot-carbomenthol, piperithol, ot-terpineol, [3-ter 
pineol, y-terpineol, 1-p-menthene-4-ol, isopulegol, dihydro 
carveol and carveol; alicyclic polyhydric alcohols such as 
1,4-cyclohexanediol, 1,2-cyclohexanediol, phloroglucitol, 
quercitol, inositol, 1,2-cyclododecane diol, quinic acid, 1,4 
terpene, 1,8-terpene, pinol hydrate, and betulin; polycyclic 
alcohol derivatives such as borneol, isoborneol, adaman 
tanol, fenchol, camphor, and isosorbide; and derivatives of 
cyclic sugar alcohols such as 1,2:5,6-diisopropylidene-D 
mannitol. Further, it is possible to use materials of a molecu 
lar structure having a large steric hindrance, Which is 
obtained by the reaction betWeen the cyclic alcohols exem 



US 2001/0008164 A1 

pli?ed above and another compound having a cyclic 
molecular structure. In the case of using the particular 
material, it is possible to improve the temperature stability 
of the image forming material under a decolored state. For 
example, the ester betWeen isosorbide and cyclohexane 
dicarboxylic acid can be used as a suitable material of the 
slightly amorphous phase separation inhibitor. The com 
pounds exempli?ed above can be used singly or in the form 
of a mixture of at least tWo compounds. 

[0057] In terms of the effects given to the environment, it 
is desirable for the image forming material of the present 
invention to contain as a decoloriZer biodegradable sterol 
compounds, cyclic sugar alcohols or derivatives thereof, 
Which are extracted from animals, plants or fungi. 

[0058] The biodegradable sterols extracted from animals, 
plants or fungi include, for example, various animal sterins, 
plant sterins, and fungi sterins. To be more speci?c, the 
animal sterins used in the present invention include, for 
example, cholesterol, lanosterol, agnosterol, cholestanol, 
coprostanol, ostreasterol, actiniasterol, spongosterol, and 
clionasterol. The bile acid used in the present invention 
includes, for example, cholanoic acid, cholic acid, hyode 
oxycholic acid, and lithocholic acid. The plant sterins used 
in the present invention include, for example, stegmasterol, 
ot-sitosterol, [3-sitosterol, y-sitosterol, brassicasterol, and 
vitamin D. Further, the fungi sterins used in the present 
invention include, for example, ergosterol. These sterol 
compounds can be used singly or in the form of a mixture 
of at least tWo compounds. It is also possible to use, for 
example, lanolin alcohol Which is originally a mixture. 

[0059] On the other hand, it is not desirable to use toxic 
materials such as digilanide, digoxigenin, digitoxin, digi 
toxigenin, bufotalin, bufotoxin, strophanthin, strophanthidin 
and scillaren. 

[0060] Preferable mixing ratio of the color former, the 
developer and the decoloriZer in the image forming material 
of the present invention is as folloWs. It is desirable to use 
the developer in an amount of 0.1 to 10 parts by Weight, 
preferably 1 to 2 parts by Weight, relative to 1 part by Weight 
of the color former. If the amount of the developer is smaller 
than 0.1 parts by Weight, coloring of the image forming 
material by the interaction betWeen the color former and the 
developer becomes insuf?cient. If the amount of the devel 
oper exceeds 10 parts by Weight, it becomes dif?cult to 
decrease suf?ciently the interaction betWeen these com 
pounds. It is desirable to use the decoloriZer in an amount of 
1 to 200 parts by Weight, preferably 10 to 100 parts by 
Weight, relative to 1 part by Weight of the color former. If the 
amount of the decoloriZer is smaller than 1 part by Weight, 
changes betWeen the colored and decolored states cannot 
occur easily. If the amount of decoloriZer exceeds 200 parts 
by Weight, coloring of the image forming material becomes 
insuf?cient. 

[0061] The image forming materiel of the present inven 
tion can be used various form. For example, it can be used 
as ink for thermal printer; ink for an ink-jet printer; a toner 
for plain paper copier (PPC) and laser beam printer, etc.; 
printing ink for screen printing and typographic printing; ink 
for Writing implements such as ball-point pens and fountain 
pens. The ink for thermal printer comprises a color former, 
a developer, a decoloriZer and Wax, and is applied to a plastic 
sheet. The ink for an ink-jet printer comprises a color former, 
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a developer and a decoloriZer, Which are dispersed in a 
solvent. The toner is prepared by pulveriZing a composition 
containing a color former, a developer, a decoloriZer and a 
binder. In this case, typical binders are polystyrene, styrene 
acrylate copolymer, polyester and epoxy resin. The image 
forming material of the present invention can be printed onto 
various types of paper sheet. The medium for forming an 
image is not restricted to a paper sheet. The image forming 
material can be printed onto, for example, a sheet for a 
overhead projector, etc. 

[0062] The image forming material of the present inven 
tion can be applied to uses in Which decoloring is simply 
required Without reusing paper sheets. For example, the 
image forming material is applicable to processing post 
cards in post of?ces, Wherein the addresses handWritten on 
post cards are read With an image reader to obtain bar code 
corresponding to the reading in a post of?ce, bars are then 
printed on the post cards With the image forming material of 
the present invention, the post cards are classi?ed With a 
machine according to the bar code, the classi?ed post cards 
are sent to another post of?ces, the post cards are sorted in 
order of postal delivery in each post of?ce, and then the bars 
are decolored by heating. In such a manner, post cards can 
be delivered Without any trace of the processing in the post 
of?ces. In a manner similar to this, the decoloriZable image 
forming material of the present invention can generally be 
used for physical distribution. In this purpose, substances 
other than paper may be printed. 

[0063] For decoloration of the color developed image 
forming material, used are a method of decoloring by 
heating and melting the image forming material and a 
method of decoloring by bringing the image forming mate 
rial into contact With a solvent. 

[0064] In the method of decoloring by heating, the decol 
oration is performed according to the principle as described 
above. A heating means for decoloring the image forming 
material may have any form. More speci?cally, a thermal 
printer head (TPH), a thermal bar, a hot stamp and a heat 
roller can be used. Alternatively, heating may performed by 
a infrared lamp or hot air. 

[0065] In the method of decoloring by a solvent, the 
decoloration is performed according to the folloWing prin 
ciple. When the image forming material in a color developed 
state is brought into contact With a solvent, the developer is 
mixed With a slightly amorphous phase separation inhibitor, 
and further these components are mixed With a highly 
amorphous phase separation inhibitor. The developer loses 
interaction With the color former and, thus, the image 
forming material is decolored. When the solvent is removed, 
the highly amorphous phase separation inhibitor causes the 
slightly amorphous phase separation inhibitor to take in the 
developer in an amount exceeding an equilibrium solubility, 
so that the decolored state of the image forming material is 
?xed. This decolored state is very stable at room tempera 
ture. 

[0066] If the image is decolored by using a solvent, quality 
of the paper sheet after decoloration is improved. The reason 
is as folloWs. That is, When the image forming material is 
decolored by contact With a solvent and then the solvent 
Which has been contained in the binder is evaporated, the 
binder is made porus. Since light is scattered on the surface 
of the porus binder, re?ection on the binder is diminished. In 


























