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[ 5 7] ABSTRACT 

Light-sensitivity and anti-fade of color-images formed 
by reaction of a color former and a solid acid sub 
stance can be improved by using a colorless phenothi 
azine compound such as lO-ethylphenothiazine-S 
oxide or 3-methoxy-phenothiazine. The phenothiazine 
compound contained in microcapsules can be useful 
for pressure-sensitive copying paper. ' 

3 Claims, 16 Drawing Figures 
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1 
PRESSURE-SENSITIVE COPYING PAPER 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application 
of U.S. Ser. No. 152.83l.filed on June 14. 1971 now 
abandoned. which claims priority from June 13, 1970, 
based‘ on Japanese Patent Application Ser. No. 
5] 1 16/70. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 

This invention relates to a pressure-sensitive copying 
paper. More particularly, this invention relates to a 
method for preventing discoloration and fading of a 
color formed by a pressure-sensitive copying paper uti 
lizing color reaction of color former and a solid acid 
substance. . 

2. Description of the Prior Art . . 

As has been known from U.S. Pat. Nos. 2,712,507; 
2,730,465; 2,730,457; 3,418,250, etc., a pressure 
sensitive copying paper is produced by utilizing micro 
capsules containing a solution of a substantially color 
less organic compound (hereinafter, referred to as 
“color former”) and a material hereinafter, referred to 
as “developer”) which reacts in contact with the color 
former to form a distinctive color. 

In practice, both of these components are coated on 
the same support,‘ or on different supports. 

Examples of the developer include solid acid sub— 
stances, for example, clay minerals such as acid clay, 
active clay, attapulgite, zeolite or bentonite; organic 
acids such as succinic acid, tannic acid, gallic acid or 
pentachlorophenol; phenol resins such as phenol 
formaldehyde (novolac type); and mixture thereof. As 
the color-former, there can be used malachite green 
lactone which is 3,3-bis-(p-dimethylaminophenyl) 
phthalide, benzoyl leuco methylene blue, crystal violet 
lactone which 3,3-bis(p-dimethylaminophenyl)-6 
dimethylamino‘ phthalide, Rhodamine B 
3-dia1kylamino—7-dialkylamino ?uoranes, 3-methyl 
2,2'-spirobi (benzo [f] chromene), and mixtures 
thereof. ' 

In the present invention, a color-former sheet is pre 
pared by coating microcapsules containing a color 
former on a support, and a developer sheet is prepared 
by coating a developer on a support. By the pressure 
sensitive copying paper, used in the present invention, 
is meant not only a combination of the color-former 
sheet and‘ ‘the developer sheet, but also a combination 
of a color-former and a developer coated together on 
a surface of a support. , 

The light resistance of a color obtained by the color 
reaction between a color-fomier and a developer de 
pends mainly on the structure of the color. But the light 
resistance is affected by the developer. Clays such ‘as 
acid clay are the most widely used developers. The light 
resistance of a color formed by use of such developer 

lactam, 
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varies according to the kind of coupler, but is generally ‘ 
weak except that of benzoyl leuco methylene blue. Ac 
cordingly, when allowed to stand indoors or exposed to 
sunlight, density of the color formed is reduced, and 
the color hue thereof readily changes. This phenome 
non is very detrimental to the pressure-sensitive copy 
ing paper. 
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2 
For example, microcapsule~coated paper (i.e. color 

former sheet) produced in greatest quantities contains 
crystal violet lactone and benzoyl leuco methylene blue 
as couplers. Since crystal violet lactone has very poor 
resistance to light, the resulting color readily disap 
pears on being allowed to stand indoors or on exposure 
to sunlight. Consequently, the color image formed be 
comes light blue formed from benzoyl leuco methylene 
blue, and reduces the commercial value of the copying 
paper produced. In black-forming copying paper and 
green-forming copying , paper, 3.-diben‘zylamin_o-7 
diethylamino ?uorane is used as the coupler. It pro~ 
duces a green or black COIOI'fIIl contact with acid clay 
as the developer, but turns red on being left-to stand in 
doors or exposure to, sunlight. Thus, the black or green 
color formed by black-forming or green-forming pres 
sure-sensitive copying paper turns reddish on. standing 
indoors or exposure to sunlight, and deteriorates its 
commercial value. - 

All conventional pressure-sensitive copying paper 
causes the above defects because a combination of 
two-type color formers has been used; one type is a rap 
id-color former and the other type is a slow-color for 
mer, and no color~former having good properties to all 
conditions has been found. 

SUMMARY OF THE INVENTION 

, Therefore, an object of the invention is to provide a 
pressure-sensitive copying paper capable of forming 
color images of increased light—resistance and Without 
discoloration and fade. 
The inventors have found that the above ‘objects can 

be attained by incorporating a phenothiazine com 
pound soluble in or miscible with an organic solvent for 
the color former into microcapsules. , 
Phenothiazine compound of the invention must give 

useful effects to color former and dye thereof under 
varied atmosphere such as temperature, humidity, sun 
light, etc., so it must not form distinct color when con 
tacted with solid acid substance. If it forms distinct 
color when contacted with solid acid substance, ?nally 
obtained color is different from the color formed by 
only color former because it is a mixed color of both. 
Accordingly, the color-forming phenothiazine com 
‘pound such as 3,7-dimethylamino phenothiazine or 3, 
7 -dimethylamino— l O-benzoylphenothiazine can - not im-. 
prove the properties of color former or dye thereof. 
From the point of the view, phenothiazine compound I 

of the invention is de?ned as a substantially colorless 

contacted with asolid acid substance. 
Preferred phenothiazine compound of the invention 

is represented by the formula, - 
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wherein n is O, l or 2; X, Y and Z each is a group hav 
ing not smaller than —O.5 of Hammett constant (5: 
sigma). 
As well known in the art, an electron-attracting 

group has a positive value of the Hammett constant and 
an electron-donating group has a negative value of 
Hammett constant. In the invention, it is not preferred 
that the substituents, X, Y and Z have Hammett con 
stant of smaller than —O.5 (that is, it is not preferred 
that the value is —0.6, —O.7, - - - - -, —1.0, - - - ). Ham 

mett constant is generally applied to meta or para- sub 
stituent, but the position thereof is not important in the 
invention, so long as the Hammett constant is satis?ed 
with the critical value. 
The preferred substituent, Z is a hydrogen atom; an 

alkyl group; an alkyl substituted with aryl, cyano, hy 
droxy, halogen, amino, alkoxy, alkoxycarbonyl or acyl 
group; an aryl group; an acyl group; an alkoxycarbonyl 
group and a formyl group. ' 

The preferred substituents, X and Y each is a hydro 
gen atom, an alkyl group, a halogen atom, a nitro 
group, an acrylamino group, a hydroxyl group, an alk 
oxy group, an acyloxy group, an alkoxycarbonyl group, 
an alkylsulfonylamino group and an arylsulfonylamino 
group. 

In the above de?nition of X, Y and Z, all alkyl groups 
including an 'alkoxy, acyl, etc. have 1 to 18 carbon 
atoms, preferably 1 to 5 carbon atoms, and all aryl 
groups includes phenyl and naphthyl groups. 
The typical examples of the phenothiazine com 

pounds of the invention are phenothiazine, IO-methyl 
phenothiazine, l0-ethylphenothiazine, lO-octadecyl 
phenothiazine, l0-allyl-phenothiazine, l0-benzyl 
phenothiazine, l0-,B—cyanoethyl—phenothiazine, 10-[3 
hydroxyethyl-phenothiazine, l O-B-chloroethyl 
phenothiazine, lO-B-carboethoxy-phenothiazine, 
lO-acetyl-phenothiazine, lO-benzoyl-phenothiazine, 
lO-anisoyl-phenothiazine, l-hydroxyphenothiazine, l 
methoxy-phenothiazine, 2-hydroxy-phenothiazine, 2 
methoxy-phenothiazine, 3-hydroxy-phenothiazine, 
3-methoxyphenothiazine, 4-methoxy-phenothiazine, 
2-acetoxy-phenothiazine, 2,7-dimethoxy 
phenothiazine, 2-methoxy-7-chlorophenothiazine, l 
chlorophenothiazine, 2-chloro-10-B-cyanoethyl 
phenothiazine, 3 , lO-dimethyl-phenothiazine, l0 
methylphenothiazine-S—oxide, 3-nitrophenothiazine-5 
oxide, 1,2-benzophenothiazine, lO-B 
dimethylaminophenothiazine-S—oxide, 3-methoxy- l0 
acetyl phenothiazine, 3-acetaminophenothiazine, 
2-carboethoxy-phenothiazine, 3-dodecyloxyphenothia 
zine, 2-trifluoromethyl-phenothiazine, 2,8 
diacetylphenothiazine, l0-octadecyl-phenothiazine, 
lO-carboethoxyphenothiazine, IO-(p-nitrobenzenesul 
fonyl )-phenothiazine, l0—phenylacetyl-phenothiazine, 
10-( p-tolyl )-phenothiazine, 10-( l —dimethylamino )-2 
propyl-phenothiazine, l0-benzenesulfonyl-3 ,7-dinitro 
phenothiazine, lO-pyvaloyl-phenothiazine, 3-octyloxy 
phenothiazine, 10-phenoxyacetyl-phenothiazine, 3,7 
dinitrophenothiazine-S—oxide, 10-formyl-l ,3-dinitro 
phenothiazine, phenothiazine-S-dioxide, 10-benzyl 
phenothiazine-S-dioxide, l0-( p-toluenesulfonyl )-5 
dioxide, lO-cyclohexyloxycarbonylmethylphenothia 
zine and 3-(p-toluenesulfonylamino)-phenothiazine. 
These compounds are described in “Chemical Re~ 
views“ 54, Pages 797—833. 
The phenothiazine compound can be incorporated 

into the solvent for the color former before or after the 
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4 
color former is dissolved in the solvent, and then the 
resulting solution is microencapsulated. The phenothi 
azine compound can be also dissolved in the solvent 
and microencapsulated. Thus obtained microcapsules 
are coated on a support such as a paper, a plastic sheet 
such as ‘polypropylene or polyethylene terephthalate, 
or a resin-coated sheet such as polyethylene-laminated 

paper. Accordingly, a pressure-sensitive copying paper 
of the invention includes an embodiment of a support 
having coated thereon a microcapsule layer, of which 
microcapsules contains‘the phenothiazine compound 
and the color former, and an embodiment of a support 
having coated thereon a microcapsule layer including 
microcapsules which contains the phenothiazine com 
pound and microcapsules which contains the color for 
mer. If necessary, the pressure-sensitive copying paper 
may include an embodiment of combination with the 
above two embodiment. 
Such the microcapsules have about 1 to 500 microns 

and can be easily obtained by the well known methods 
disclosed in US. Pat. No. 2,800,457; 2,800,458; 
3,429,827; 3,577,515; British Pat. No. 867,797; 
989,264; 1,091,076, etc. In the microencapsulation 
methods, the phenothiazine compound and/or the 
color former can be advantageously dissolved in an or 
ganic solvent which is preferably immiscible with wa 
ter. Such the solvent has preferably a boiling point of 
higher than 150°C. As the practical solvent, natural and 
synthetic oils can be used singly or in combination. 
There may be exempli?ed an vegetable oil such as cot 
ton seed oil, bean oil or castor oil, and a synthetic oil 
such as chlorinated biphenyl, chlorinated terphenyl, 
alkylated biphenyl, alkylated terphenyl, chlorinated 
paraf?n, chlorinated naphthalene, alkylated naphtha 
lene, kerosene, paraffin or naphthene oil. 
The color former is a colorless compound capable of 

forming a color dye when contacted with a solid acid 
substance. Therefore, the color former can be de?ned 
as a dye-precursor. The color formers of the invention 
can contain those used in the color formation systems 
based on a reaction between electron-donor and elec 
tron-acceptor. The kind of the color former to be used 
is not critical in this invention and all well-known color 
formers, for example, disclosed in US. Pat. Nos. 
3,501,331; 3,514,310; 3,514,311; 3,540,911; 
3,293,060 can be used. Examples of the color former 
usable in this invention are triarylmethane compounds 
such as 3,3-bis(p-dimethylaminophenyl)-6 
dimethylamino phthalide, i.e., Crystal Violet Lactone 
(which will be abbreviated as “CVL”), 3,3-bis(p 
dimethyl-aminophenyl) phthalide, i.e., malachite green 
lactone, 3-(p-dimethylaminophenyl)-3-( 1,2 
dimethylindol-3-yl )phthalide, 3-( p 
dimethylaminophenyl )-3-( 2-methylindol-3 —yl) phtha 
lide, 3-( p-dimethylaminophenyl )-3-( Z-phenylindol 
3-yl) phthalide, 3,3-bis( 1,2-dimethylindol-3-yl)-5 
dimethylaminophthalide, 3,3-bis( l ,2-dimethylindol~3 
yl)-o-dimethylaminophthalide, 3,3-bis( 9 
ethylcarbazol-3-yl)~5—dimethylaminophthalide, 3,3 
bis( 2-phenylindol-3-yl )-5—dimethylaminophthalide , 
and 3~p-dimethylaminophenyl-3-( 1-methylpyrrol-2 
yl )-6-dimethylamino-phthalide; diphenylmethane com 
pounds such as 4,4'—bis-dimethyl—amino-benzhydrine 
benzyl ether, N-halophenylleuco-Auramine and N 
2,4,5-trichlorophenyl-leuco-Auramine; xanthene com 
pounds such as rhodamine-B-anilinolactam, rhoda 
mine-( p-nitroanilino) lactam, rhodamine~B-( p 
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chloroanilino) lactam, 7-dirnethylamino-2 
methoxyfluoran, 7-diethylamino-2-methoxyf1uoran, 
7-diethyl-amino‘3-methyoxyfluoran, 7-diethylamino~3 
chlorofluoran, 7~diethylamino-3—chloro-2 
methyl?uoran, 7-diethylamino-2,3-dimethylf1uoran, 
7-diethylamino~(3-acetylmethylamino) fluoran, 7 
diethylamino-(3-methylamino) fluoran, 3,7 
diethylaminofluoran, 7-diethylamino-3-(dibenzyl 
amino) fluoran , 7-diethylamino~3 
(methylbenzylamino) ?uoran, 7-diethylamino-3 
(chloroethyl-methylamino) ?uoran and 7~die 
thylamino-3-(diethylamino) fluoran; thiazine com 
pounds such as benzoyl leucomethylene blue, and p 
nitrobenzyl leucomethylene blue; and spiropyran com 
pounds such as 3-methyl-spiro-dinaphthopyran, 
3'ethyl-spiro-dinaphthopyran, 3,3 '-dichloro-spiro 
dinaphthopyran, 3~benzyl-spiro-dinaphthopyran, 3~ 
methyl-naphtho-( 3-methoxybenzo )~spiropyran and 
3~propyl-spiro-dibenzopyran._ 

In the invention, an amount of color former is easily 
decided by one skilled in the art in relation to an 
amount of solid acid. Therefore, amounts of color for 
mer and solid acid substance are not important in the 
invention. But, an amount of phenothiazine compound 
is rather important. 
The amount of the phenothiazine compound in the 

invention is about 10 to 200%, preferably 20 to 100% 
by weight based on the total amount of the color for 
mer coated on the support. 

On the other hand, the solid acid substance can in 
clude those mentioned before and those disclosed in 
U.S. Pat. Nos. 2,777,780; 3,427,180; 3,455,721; 
3,466,185; 3,516,845; 3,540,914; 3,634,121; 
3,466,256; 3,672,935; 3,682,680; U.S. Ser. Nos. 
184,608 and 192,593, etc. The solid acid substance is 
dissolved or dispersed and coated on such a support as 
mentioned above, if necessary, together with a well 
known binder such as gum arabic, gelatin, ethyl cellu 
lose, styrene-butadiene copolymer, styrene-butadiene 
latex, nitrocellulose, methyl-methacrylatebutadiene la 
tex, etc. 
The solution or dispersion can be coated on the 

afore-mentioned microcapsule layer provided on a sup 
port. Further, it is coated on a support and then the 
aforementioned microcapsules can be coated thereon. 
The microcapsules and the solid acid substance can 

be coated by such the coating method as air knife coat» 
ing method, a blade coating method, a roll coating 
method, and the like, and various printing methods. 
The pressure~sensitive copying paper of the invention 

will be speci?cally illustrated by the following exam 
ples. 

EXAMPLE 1 

Ten parts by weight of acid-treated pigskin gelatin 
and 10 parts of gum arabic were dissolved in 400 parts 
by weight of water at 40°C. With the addition of 0.2 
part by weight of Turkey red oil as an emulsi?er, 40 
parts by weight of a color~former oil was emulsi?ed 
into the aqueous solution. The color-former oil had 
been prepared by dissolving in an oil consisting of 4 
parts by weight of chlorodiphenyl and 1 part by weight 
of kerosene, 2% by weight, based on the oil, of crystal 
violet lactone, and then dissolving 2% by weight, based 
on the oil, of phenothiazine. When the size of the oil 
droplet became about 5 microns on an average, the 
emulsi?cation was stopped. Water at 40°C. was added 
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6 
to adjust the total amount to 900 parts by weight. At 
this time, care was taken not ‘to lower the temperature 
of the liquid below 40°C. Then, a 10% aqueous acetic 
acid solution was added to adjust the pH of the liquid 
to 4.0 to cause coacervation (as disclosed in U.S. Pat. 
No. 2,800,457‘). With continued stirring, the mixture 
was cooled with ice water after a lapse of 20 minutes 
to gel the coacervate ?lm deposited around the oil 
droplets. When the temperature of the liquid reached 
20°C., 7 parts by weight of 37% formaldehyde was 
added. When the temperature became 10°C., a 15% 
aqueous solution of sodium hydroxide was poured to 
adjust the pH to 9. The addition of sodium hydroxide 
was performed with utmost care. Subsequently, the 
mixture was heated for 20 minutes with stirring to raise 
the temperature to 50°C. After lowering the tempera 
ture to 30°C., the resulting capsule dispersion was 
coated on a base paper having; a unit weight of 40 g/m2 
in an amount of 6 g/m2 as solids content, and allowed 
to dry to form a color~former sheet. 

EXAMPLE 2 

To 40 parts by weight of color-former oil consisting 
of 2% by weight of crystal violet lactone dissolved in an 
oil composed of 4 parts by weight of chlorodiphenyl 
and 1 part by weight of kerosene was added 2% by 
weight, based on the oil, of ll0-ethylphenothiazine-5 
oxide, and these were microencapsulated in the same 
manner as set forth in Example 1. The resulting micro 
capsule dispersion was coated on a base paper having 
a unit weight of 40 g/m2 in an amount of 6 g/mZ, and 
allowed to dry to form a color-former sheet. 

EXAMPLE 3 

To 40 parts by weight of a color-former oil consisting 
of 2% by weight of crystal violet lactone dissolved in an 
oil composed of 4 parts by weight of chlorodiphenyl 
and 1 part by weight of kerosene was added 2% by 
weight, based on the oil, 3-metl‘noxy-phenothiazine, and 
these were microencapsulated in the same manner as 
set forth in Example 1. The resulting microcapsule dis 
persion was coated on a base paper having a unit 
weight of 40 g/mznin an amount of 6 g/m2 as solids con 
tent, and allowed to dry to form a color-former. 

COMPARATIVE EXAMPLE 1 

A color-former oil consisting of 4 parts by weight of 
chlorodiphenyl and 1 part of kerosene and 2% by 
weight of crystal violet lactone was microencapsulated 
in the same manner as set forth in Example 1. The re 
sulting microcapsule dispersion was coated on a based 
paper having a unit weight of 40 g/m2 in an amount of 
6 g/m2 as solids content, and allowed to dry to form a 
color-former sheet. 

COMPARATIVE TEST 1 

Each of the color-former sheet obtained in Examples 
1-3 and Comparative Example 1 was superposed on a 
test developer sheet, and a pressure of 600 Kg/cm2 was 
applied thereto to form a color. The test developer 
sheet was prepared by the following procedure. Eight 
parts of 20% sodium hydroxide and a dispersing agent 
were added to 300 parts of water, and with stirring, 100 
parts by weight of acid clay was gradually added. After 
thorough stirring, the stirring was slowed down, and 20 
parts by weight, calculated as solids content, of a sty 
rene~butadiene latex was added gradually. The result 
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ing coating solution was applied to a base paper having 
a unit weight of 40 g/m2 in an amount of 10 g/m2 as 
solids content, and allowed to dry. 
After allowing the color image to stand for one hour 

in a dark place, the absorption spectrum curve (fresh 5 
density designated by A) at a wavelength in the range 
of 700 to 380 mp. was measured. The absorption spec— 
trum curve of the color-former was also measured after 
irradiation of sunlight for one hour (density designated 
by B) and three hours (density designated by C), re 
spectively. The results obtained are shown in FIG. 1, I 
to IV, in which I refers to the coupler sheet of Example 
I, II refers to the sheet of Example 2, III refers to the 
sheet of Example 3, and IV refers to the sheet of Com 
parative Example 1. The measurement of the absorp 
tion spectrum curves was performed by a Beckman 
spectrophotometer, Type DB. The light resistance of 
crystal violet lactone was determined by the following 
formula, and the results are given in Table 1. 

15 

20 

Density at the absorption maximum 
after sunlight irradiation 

Fresh density at the absorption 
maximum 

Light resistance = X 100 

25 

TABLE 1 

Light resistance value of crystal violet lactone 
at the absorption maximum. 30 

Sheet One-hour sunlight Three-hour sunlight 
irradiation irradiation 

Example 1 78.2% 50.2% 
Example 2 77.3% 45.2% 
Example 3 67.5% 41.0% 
Comparative Ex. I 46.4% 21.6% 35 

These results demonstrate that the light resistance of 
crystal violet lactone increases by the addition of any 
of phenothiazine, lO-ethyl phenothiazine-S-oxide, or 
3-methoxy phenothiazine. 

EXAMPLE 4 

In 40 parts by weight of a color-former oil, consisting 
of 2% by weight of 3-methyl-2,2’—spirobi(benzo [f] 
chromene) dissolved in an oil composed of 4 parts by 
weight of chlorodiphenyl and 1 part by weight of kero 
sene, was dissolved 2% by weight, based on the oil, of 
phenothiazine, and these were microencapsulated in 
the same manner as set forth in Example 1. The result 
ing microcapsule dispersion was coated on a base paper 
having a unit weight of 40 g/m2 in an amount of 6 g/m2 
as solids content, and allowed to dry to form a color 
former sheet. 

40 

45 

55 
EXAMPLE 5 

In 40 parts by weight of a coupler oil consisting of 2% 
by weight of 3-methyl-2,2’-spirobi(benzo [f] chro 
mene) dissolved in an oil composed of 4 parts by 
weight of chlorodiphenyl and 1 part by weight of kero 
sene was dissolved 2% by weight of lO-ethylphenothia 
zine-S-oxide, and these were microencapsulated in the 
same manner as set forth in Example 1. The resulting 
microcapsule dispersion was coated on a base paper 
having a unit weight of 40 g/m2 in an amount of 6 g/m2 
as solids content, and allowed to dry to form a color 
former sheet. 
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EXAMPLE 6 

In 40 parts by weight of a color-former oil consisting 
of 2% by weight of 3-methyl-2,2’-spirobi(benzo [f] 
chromene) dissolved in an oil composed of 4 parts by 
weight of chlorodiphenyl and 1 part by weight of kero 
sene was dissolved 2% by weight, based on the oil, of 
3-methoxy phenothiazine, and these were microencap 
sulated in the same manner as set forth in Example 1. 
The resulting microcapsule dispersion was coated on a 
base paper having a unit weight of 40 g/m2 in an 
amount of 6 g/m2 as solids content, and allowed to dry 
to form a color-former sheet. 

COMPARATIVE EXAMPLE 2 

A coupler oil consisiting of 2% by weight of 
3-methyl-2,2’-spirobi(benzo [f] chromene) dissolved 
in an oil composed of 4 parts by weight of chlorodi 
phenyl and 1 part by weight of kerosene was microen 
capsulated in the same manner as set forth in Example 
1_ , 

The resulting microcapsule dispersion was coated on 
a base paper having a unit weight of 40 g/m2 in an 
amount of 6 g/m2 as solids content, and allowed to dry 
to form a color-former sheet. 

COMPARATIVE TEST 2 

Each of the color-former sheets obtained in Exam 
ples 4-6 and Comparative Example 2 was superposed 
on the test developer sheet described in Comparative 
Test 1, and a color was formed by applying a pressure 
of 600 Kglcmz. The absorption spectrum curve of the 
color-former at a wavelength in the range of 700 to 380 
my. (fresh density designated by A) was measured after 
allowing the color image to stand for one hour in a dark 
place. The absorption spectrum curve of the color 
former was also measured after irradiation of sunlight 
for one hour (density designated by B) and three hours 
(density designated by C) respectively. The results ob 
tained are shown in FIG. 2, I to IV, in which I, to III 
refer respectively to the sheets obtained in Examples 
4-6, and IV, to Comparative Example 2. The light re 
sistance of the color-former was determined in the 
same way as described in Comparative Test 1. The re 
sults are given in Table 2. 

TABLE 2 

Sheet One-hour sunlight Three-hours sunlight 
irradiation irradiation 

Example 4 93.8% 86.8% 
Example 5 87.5% 83.2% 
Example 6 91.5% 83.3% 
Comparative Ex. 2 73.5% 67.2% 

It is seen from the foregoing results that the light re 
sistance of 3~methyl-2,2’-spirobi(benzo [f] chromene) 
is improved and its color change considerably pre 
vented, by the addition of phenothiazine and its deriva 
trves. 

EXAMPLE 7 

In 40 parts by weight of a color-former oil consisting 
of 2% by weight of 3-diethylamino ?uorance-p 
nitroanilinolactam dissolved in an oil consisting of 4 
parts by weight of chlorodiphenyl and 1 part by weight 
of kerosene was dissolved 2% by weight, based on the 
oil, of phenothiazine, and these were microencap 
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sulated in the same manner as set forth in Example I. 

The resulting microcapsule dispersion was coated on a 
base paper having a unit weight of 40 g/m2 in an 
amount of 6 g/m2 as solids content, and allowed to dry 
to form a color-former sheet. 

EXAMPLE 8 

In 40 parts by weight of a color-former oil consisting 
of 2% by weight of 3-diethylamino ?uorance p 
nitroanilide dissolved in an oil composed of 4 parts by 
weight of chlorodiphenyl and 1 part by weight of kero 
sene was dissolved 2% by weight, based on the oil, of 
10-ethylphenothiazine-S-oxide, and these were micro-' 
encapsulated in the same manner as set forth in Exam 

ple l. The resulting microcapsule dispersion was 
coated on a base paper having a unit weight of 40 g/m2 
in an amount of 6 g/m2 as solids content, and allowed 
to dry to form a color-former sheet. 

EXAMPLE 9 ' 

In 40 parts by weight of a color-former oi] consisting 
of 2% by weight of 3-diethylamino ?uorane p 
nitroanilinolactam dissolved in an oil composed of 4 
parts by weight of chlorodiphenyl and 1 part by weight 
of kerosene was dissolved 2% by weight, based on the 
oil, of 3-methoxy—phenothiazine, and these were micro 
encapsulated in the same manner as set forth in Exam 

ple l . The resulting microcapsule dispersion was 
coated on a base paper having a unit weight of 40 g/m2 
in an amount of 6 g/m2 as solids content, and allowed 

‘to dry to form a color-former sheet. 

COMPARATIVE EXAMPLE 3 

Forty parts by weight of a color-former oil consisting 
a 2% by weight of 3*diethylamino-?uorane p 
nitroanilinolactam dissolved in an oil composed of 4 
parts by weight of chlorodiphenyl and 1 part by weight 
of kerosene was microencapsulated in the same man 
ner as set forth in Example 1. The resulting microcap 
sule dispersion was coated on a base paper having a 
unit weight of 40 g/m2 in an amount of 6 g/m2 as solids 
content, and alllowed to dry to form a color-former 
sheet. 

COMPARATIVE TEST 3 

Each of the color-former sheets obtained in Exam~ 
ples 7——9 and Comparative Example 3 was superposed 
on the test developer sheet described in Comparative 
Test 1, and a color was formed by applying a pressure 
of 600 Kg/cm2. After allowing the color image to stand 
for one hour in a dark place, the absorption spectrum 
curve (fresh density designated by A) of the coupler at 
a wavelength in the range of 700 to 380 mg. was mea 

sured. The absorption spectrum curve of the coupler 
was also measured after subjecting it to irradiation of 
sunlight for one hour (density designated by B) and 
three hours (density designated by C), respectively. 
The results are shown in FIG. 3, I to IV, in which I to 
III refer to the sheets obtained in Examples 7-9 and IV, 
to the sheet of Comparative Example 3. The light resis 
tance of the color-former was determined in the same 
way as described in Comparative Test 1. The results are 
given in Table 3. 

5 

10 

20 

25 

30 

35 

40 

45 

55 

' 10 

TABLE 3 

Light resistance value of 3~diethylamino ?uorane 
p-nitroanilinolactam at theabsorption maximum 

Sheet One-hour irradia» Three-hour irradiation 
tion of sunlight of sunlight 

Example 7 82.5% 70.9% 
Example 8 90.1% 73.6% 
Example 9 85.2% 76.3% 
Comparative Ex. 3 70.6% 51.5% 

s . . 

It is understood from theiresults obtained that the 
light resistance ' of : 3-diethylamino-?uorane-p 
nitroanilinolactam is also improved by the addition of 
phenothiazine and its derivatives. ‘ ' 

EXAMPLE 10 

In 40 parts by weight of a color-former oil, consisting 
of 2% by weight of 3-dibenzylamino-7 
diethylamino?uorane dissolved in an oil composed of 
4 parts by weight of ' chlorodiphenyl and 1 part by 
weight of kerosene, was dissolved 2% by weight, based 
on the oil, of phenothiazine, and these were microen 
capsulated in the same manner as set forth in Example 
1. The resulting microcapsular solution was coated on 
a base paper having a unit weight of 40 g/m2 in an 
amount of 6 g/m2 as solids content, and allowed to dry 
to form a color-former sheet. 

EXAMPLE 11 

In 40 parts by weight of a color-former oil consisting 
of 2% by weight of 3-dibenzylamino-7 
diethylamino?uorane dissolved in an oil composed of 
4 parts by weight of chlorodiphenyl and 1 part‘ by 
weight of kerosene was dissolved 2% by weight, based 
on the oil, of lO-ethylphenothiazine-S-oxide, and these 
were microencapsulated in [the same manner as set 
forth in Example 1. The resulting microcapsule disper 
sion was coated on a base paper having a unit weight 
of 40 g/m2 in an amount of 6 g/m2, and allowed to dry 
to form a color-former sheet. 

EXAMPLE 12 
In 40 parts by weight of a color-former oil consisting 

of . 5% by weight of , 3-dibenzylamino-7 

diethylamino?uorane dissolved in an oil composed of 
4 parts by weight of chlorodiphenyl and 1 part by 
weight of kerosene was dissolved 2% by weight, based 
on the oil, of 7-methoxy-phenothiazine, and these were 
microencapsulated in the same manner as set forth in 
Example I. The resulting microcapsule dispersion was 
coated on a base paper having a unit weight of 40 g/m2 
in an amount of 6 g/m2 as solids content, and allowed 
to dry to form a color-former sheet. 

COMPARATIVE EXAMPLE 4 

Forty parts by weight of a color-former oil consisting 
of 2% by weight of 3-dibenzylamino-7 
diethylamino?uorane dissolved in an oil composed of 
4 parts by weight of chlorodiphenyl and 1 part by 
weight of kerosene was microencapsulated in the same 
manner as set forth in Example I. The resulting micro 
capsule dispersion was coated on a base paper having 
a unit weight of 40 g/m2 in an amount of 6 g/m2 as solids 
content, and allowed to dry to form a color-former 
sheet. 



3,900,217 
1 1 

COMPARATlVE TEST 4 

Each of the color-former sheets obtained in Exam 
ples 10-12 and Comparative Example 4 was super 
posed on the test developer sheet described in Compar 
ative Test 1, and a color was formed by applying a pres 
sure of 600 Kglcmz. After allowing the color image to 
stand for one hour in a dark place, the absorption spec 
trum curve of the color image as a wavelength in the 
range of 700 to 380 mp. (fresh density designated by A) 
was measured. The absorption spectrum curve of the 
coupler was also measured after subjecting it to irradia 
tion of sunlight for one hour (density designated by B) 
and three hours (density designated by C), respec 
tively. The results are shown in FIG. 4, l to IV in which 
I to lll refer to the coupler sheets obtained in Examples 
10 to 12, and IV to the sheet obtained in Comparative 
Example 4. The light resistance of the coupler at the 
absorption maximum was determined in the same way 
as described in Comparative Test 1. The results are 
given in Table 4. 

TABLE 4 

Light resistance value of 3-dibenzy1amino-7 
_ diethylamino?uorane at the absorption 

maximum M 

Sheet One-hour irradia- Three—hours irradia 
tion of sunlight tion of sunlight 

Example 10 94.8% 86.7% 
Example 1 1 84.3% 760% 
Example 12 85.0% 77.1% 
Comparative 69. 1% 59.9% 
Example 4 

These results indicate that by use of phenothiazines, 
the light resistance of 3-dibenzylamino-7 
diethylamino?uorane is markedly improved. 
The transfer of the absorption maximum M by sun 

light irradiation is given in Table 5 on the basis of the 
absorption spectrum curves shown in FIG. 4. 

TABLE 5 

Transfer of the absorption maximum M of 
3-dibenzylamino-7-diethylamino?uorane by 

the irradiation of sunlight. 

A'After A'After 
Sheet FrcshN one-hour three-hours 

sunlight sunlight 
' irradiation irradiation 

Example 10 610 mp. 590 mp. 550 my. 
Example 1 I 610 mp 580 mp. 560 my. 
Example 12 610 my. 560 mp 545 my 
Comparative 615 mp 545 mp. 505 mp. 
Example 4 
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The results obtained demonstrate that when the phe 

nothiazine is used, the transfer of the absorption maxi 
mum M by sunlight irradiation is slight. 
Similar results are obtainable with respect to other 

phenothiazines. 
What is claimed is: 

l. A pressure-sensitive copying paper comprising a 
support having coated thereon a layer of microcapsules 
containing a substantially. colorless electron donor 001- I 
or-forming compound capable of forming a distinct 
color when contacted with an electron acceptor solid 
acid, said layer containing a colorless phenothiazene 
compound incapable of forming a distinct color when 
contacted with the electron acceptor solid acid, the 
amount of said phenothiazene compound being 10 to 
200% by weight based on the color former, said pheno 
thiazene compound being represented by the formula, 

—N 

(0) 

wherein n is O, l or 2, X, Y and Z each is a hydrogen 
atom, an alkyl group, a halogen atom, a nitro group, an 
acylamino group, a hydroxyl group, an alkoxy group, 
an acyloxy group, an alkoxycarbonyl group, an alkyl 
sulfonylamino group or an arylsulfonylamino group, 
said alkyl group and alkyls attached to the other sub 
stituents having 1 to 8 carbon atoms, and all aryl groups 
being phenyl or naphthyl groups. 

2.,The pressure-sensitive copying paper as claimed in 
claim 1 wherein said phenothiazine compound is con 
tained in the microcapsules containing the color for 
mer. 

3. The pressure-sensitive copying paper as claimed in 
claim 1 wherein said phenothiazine compound is con 
tained in microcapsules other than the microcapsules 
containing the color former. 

* * * * * 


