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Pressure sensitive copying system.

@ A pressure sensitive copying system having compara-
tively uniform thickness and resistant to smudging, which is
suitable for spot-coated copying sheets such as chit is
obtained by disposing a color forming components layer on
tne layer of a microcapsule protective agent which has been
provided all over the paper sheet, at least one of the compo-
nents being enclosed in microcapsules.
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to the surface of top sheet, the microcaprsules are
ruptured to allcw 2 color-forming reaction tc take place,

forming a color image on the surface of the undersheet.
If a sheet (generally called intermediate sheet) having
on one side a color fcrmer layer and on ancther side a
color developer layer 1is inser?ed between the top sheet
and the undersheet so that the color developer layer

may confront with the color former layer of the tor sheet
and the color former layer with the color developer

iayer of the undersheet, a color image can be formed,

O

n applying a localized pressure to the top-sheet, cn
beth color developer bearing surfaces of the inter-
mediate sheet and the undersheet. Mcre copiss are
obtained bty using more intermediate sheets.

There is aisc a well-known self-ccontained
pressure sensitive copying paper sheet heving on
one side a layer containing a mixture of the aforementicned
three materials participating in causing the color
reaction tc take place. This sheet also develops color
image on application of a lccallzed pressure to said
layer.

The foregoling descriptior pertains toc & typicel
pressure sensitive copying system. Among the three

materials participating in the color forming reaction,

t

che cne which is microencapsulated can bes arny, so long

¢t
I..I

he ¢o

o

s any one of o]

H

¢

former, cclor developer and

[N

clvent

<

wn
¢t

s kept separated from the others by the

microcapsule wall; that is, the meterial tc be encapsulzated
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car be & color former solution or a color developer
sclution or, in some circumstances, a sclvent alone.
The cclicr developer can be microencapsulated as a solu-

tion, whether the colcr former is microencapsulated or

nct. <2 the color former is encapsulated, the ccleor

develcper can be in the form of fine powder. The

scivent can be included in either or both of the micro-
capsules containing the color former and those containing
the coicr developer. The color former and the color

develicper both in the form of fine powder can be used

in cembination with microcapsules containing the

L sheet bearing a lzyer of microencapsulated

»

zclvent can be used In combination with & sheet

£ ver containing both the coler former an

(o]
ct
o)
]

either or both of which meay be micro-
zncapsulated or not. By arranging both sheets so that
voth lzyers may confront with each other, a color

iamge Is formed on the surface bearing the color former
and thz color developer by arplying a localized pressure.
In this case, a plurality cf copies can be obtained by
ccating the other side of a self-contained pressure
sensitive copying sheet with microcapsules enclosing the
ccl Tormer and using the resulting sheet in combina-
zicn with an undershest. It is understandabie that many
cther variations of the ccmbination are possible by
ilizing the color-forming reaction which takes place

upon the application of marking pressure in the presence
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of a solvent to the system comprising a color former and
a colecr developer which are separated from each other
by the wall of microcapsules.

The pressure sensitive copying system described
above has been widely used in -various business forms,
slips, chifs, record paper, computer paper, etc. and
proved to be useful. For this very reason, however,
further improvement in quality has been reguired in
various respects.

Cne of the deésadvantages of the aforementioned
pressure sensitive copying sysftfem utilizing the ruputure
of microcapsules on application of pressure is an
accidental rupture of the microcapsules, leading to
abnermel cclor formation (smudging) during the manufacturse,
printing, and assembling of the copying sheets. The
eliminetion of such a disadvantage has long been
reguired.

To overcome the above difficulty a micro-
capsule protective agent has been used in admixture with
microcapsules in coating the latter on the sheet. Such
agents disclosed in various patents include finely
powdered cellulose (U.S. Patent 2,711,375), starch
particies (Brit. Patent 1,232,347; Japanese Patent
Publication Nos. 1,176

(v

~
-3
o

and 23,204/73), glass beads

-

.S. Patent 2,655,U53), and thermally exrandable poiymer

C

particies (microspheres) (Japanese Patent Application
Laid-open No. 32,013/73). Those protective agents

having & particle size larger than that of microcapsules
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are usable 1if not satisfaotorily, while those havipg a
specific gravity different too gfeatly from that of the
micrccarsules or having g broad particle size dilstribution.
are undesirable, because it is difficult to maintailn
constanc"rin the gquality of the coated sheet owing to an
increased tendency of the microcapsules and the protective
agent tc segregate gradually in the coating compositicn
while being applied to the sheet. On the other hand,

soms types of microspheres and granular polyolefins

have favoratle specific gravities and particle sizes,

but they are insufficient in strength and are markedly
expensive if a product having a narrow particle size

discriburion is reguired. As described above, there are

stiil & number of problems tc be solved

o

n using the

There is another method for the use cf protec-
tive agents, characterized in that microcapsules and the
protective agent are applied separately to the sheet
instead of applying them in z mixture as described
abcve. Japanese Patent Application Laild-open No.
15,709/77 disclosed a method in which micrccapsules are
coated on the color forming areas and subsequently the
protsctive agent is overlaid. This method has dis-
advantages in that feathering of the impressed image
is apt tc occur and that when the coating composition
containing microcapsules and the compositicn containing

a protective agent are applied by the method of spot

coating by means of printing machine, the coated areas
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are increased in thickness and become more sensible tc

accidental application of pressure, causing difficulzy

b
s

handling the coated sheets.

An object of this invention is to provide a
pressure sensitive copying system suitable for spot-
coated copying sheets such as chifs.

Another otject of this invention is to provide

a pressure sensitive copying system having comparatively

uniform thickness and resistant to abnormal color formation

(smudging).

According to this invention there is provided
a pressure sensitive copying system including paper sheets
and, disposed thereon in selected areas, & stratum cf
pressure sensitive color forming composition comprising
a2 combination of an electron denating color former,
an electron accepting cclor developer, and a solvent, at
least one of the components of said combination being
enclcsed in microcapsules which are protected by a micro-
capsule protective agent, which i1s characterized in

that an underliayer containing the microcapsule proz

(]

2tive
agent is disposed all over the paper sheet which is tc¢
bear said colcr ferming stratum, and a layer ccontaining
at least one c¢f the components ¢f szid combination is
laid over szicd underliayer in the seliected areszs.
The pressure sensitive copying system of
this inventior is manufactured by providing on 2 taper
sheet an underliaver containing a microcaprsule protective

agent so as tc cover entire surface of the paper shee:
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and subsegquently disposing, by coating or

printing, on

}._l.

image formin

m

areas of said underlayer at least one

th

r o

th

[q\]

-
HT sl

M

»

group consisting of an electron donating
ccicr former, an electron accepting color developer and

o

a solvent for both of said coclor former and color deveslgper
i d 5

at least one of the members of said group being micro-
encapsulated.

Thus, in the pressure sensitive corying
system of this invention, an underlayer containing a

microcapsule protective agent is coated all over the

surfaces (including the image forming areas) of the

afcorementioned tor sheet, Intermediate sheet and
undersheet as well as various cther types of copying sheets
andé said underleyer Is overiaid with layers containing

the materiais participating in the ccler fcorming

rsactlion, each zlcne cr in combinations. In & pressurs

system including a pluralicy

o

e}

1

ferming sheets, at least one of the sheets, preferably
the top sheet or the intermediate sheet, can be prepared
according to this invention.

Another feature cof the present invention is

ther the color former or

the cclor deve:

can be included in the base sheet or in the layer ccntain-
ing the microcapsule protective agenv.

When an encapsulated solvent is used, 1T is
possible to coat beth the color former and the color

developer on cne side of an undersheet

sheet and assemble such a sheet together with a top

or an intermediacse
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(@]

ing the cclor former and the color developer. It is
also possible to prepare a self-contained pressure
sensitive copying sheet by coating one side of & paper
sheet with the microencapsulated solvent, a color former
and a cclor developer. In these cases, at least one of
the cclor former and the color developer can be in-

corporated into the sheef which is to be coated with a

=]
S
(@)

rocarsule protective agent or can be ccated together
with & microcapsule proftective agent. In such cases the
time rezuired fcr the image cclor to reach its maximum

density Is slightly prolonged and the maximum density is

encapsuliaced, it is possible to coat a cclor develcper

on one side c¢f an undersheet or an intermediate sheet

and assemble such a sheet together with a top sheet or

an intermediate sheet carrying a layer of the microcapsules
sc that this layer of the microcapsules may confront

with the coating layer of the color develcper. It

(%N
wn

alsc pessible to prepare a self-contained pressure
¥ coating one side of =z

parer sheet with microcapsules and a color developsr.

in these casez, the paper sheet L0 be coatec with a mizro.
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ether with a microcapsule protective agent. In such

the time required for the image ¢Qlor to yeagh its
sximum density is relatively short and the maximum
Further, when a solution of a color developer
is microencapsulated, it is possible to coat a color
one

side of an undersheet or an intermediate

sheet and assemble such & sheet together with a top
sheet or an intermediate sheet carrying the microcapsules

sc that the laver of these Iticrocarsules may confront
wizh the cclor former layver. It is alsc poscible to

prepare &

self-contained pressure sensitive copying

wn
oy
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side of a2 paper cheet with micro-

a microcapsule protesctive

inccorporated with the color fermer or

ct
ry
m
Q
O
'_J
O
3
L)
O
3

mer together with the micro-
carsule protective agent. In such cases the time reguired
fcr the image color to reach its maximum density 1is

-y

relatively

9]

hort.
As &

variation of the above modes of embodying

=
\.L-e

o]

resent invention, use may be made c¢f a cclor former
scluzion and & cclor developer solution, both being

microencarsulated. The twe xinds of micpeocapsules are
coared as a mixture or in two consecutive layers on an
undersheset or on

one side of an intermecdiate sheet

having a precoating layer of the color developer or

having no such a precoating layer, and the resultfing
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ccated sheets are assemtled sc that the coating layers
mey cornfront with each cther., A self-contained pressure

3

sensitive sheet may alsc be prepared by coating both

3

B3

cinds of microcapsulss zs a mizture or in two consecutive

-

iayers. Many other comiinatiocns cf the component

€,

materials are possible without departing from the spirit
and scope of this invention, provided that the base
sheet carries a continucus undercozting layer of a
microcapsule protective agent.

The reasons for the comparatively uniform

<

thickness of the copying sheet prepared according teo

ot

his invention by spot-cocating an image forming stratum
cn selected areas of an underccating of az microcapsule
prcteciive agent seem tc te g reduced difference 1
ge forming areas and the
ge non-forning areazs as well as the penetration of
micrccapsules into voids between the particles of
microcapsule protective zgent.

The color former for use in the copying system
of this invention can be any compound capable of forming

ccler by reacting with & suitable coicr developer.

Exempels of suitable cecicr Zormers include triarylmethane
cocmpounds such as 3,3-tis{p~-dimethyvlaminophenyl)-f-
dimethylaminorhthaliide y(generally called crystal violet

-~ w 3 32 - K 3 7 Y REE -
iactone), 3,3-bis(p-dimethyliaminophenyllpnthalide,

- - 32 i“ . N SN - 7 - -~ I . Ry - - IO
i-{r dimethylaminophenyl -3-{1,2-dimethylindci-3-y1}~

(WY}
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3-yl)-5-dimethylaminorhthali

2
[}

, etec.; dimethylimeth
compcunds such as L,4'-bisdimethylaminotenzhydrin benz-
ether, N-halcphenylleucoauramine, etc.; Xxanthens ccrmocun
such as rhodamine B anilinolactam, 3-dimetnylanino-

- wveay¥ Gt

methoxyflucrane, 3-diethylamino-7-chlicrofluorare, 3-
iiethylamino-€,8-dimethylfluorane, 3-dimethylamino-7-
methylamincfluorane, 3-7-diethylaninofluorane, 3-d4i-
ethylaninc-7-dibenzylaminofluvorane, 3-diethylaminc-
chloroethylmethylamirnofluorane, etc.; thiacine ccmpoun

such as benzcylleucomethylere blilue, p-nitrobenczylleucc-

methylene blue, etc.; and spiro compounds such as 3~

tvimn e
yIzne,

2 Q‘-di C' 7orr\,s ﬁ}nr\c'.-'vs:w'r-‘.-'rlnn-.--na = 3_DV1/\F\1_-1 srirsherce

353 icnl CcspircclngarnTncyraneg, PIrOTYLSTITCCeEnZl—

ryrans T Theses c¢cclcr formers are used ezagcrh aicns

Y e ST TULUC . 4 =T o N 4 * adaiT Pl - = . Cvae. CQl'waaT

The color developers capable of forming cclcr
upon reacting with a color former includes incrganic
acidic substances such as acid'clay, activated aci
clay, attapulgite, kaclin, aluminum silicate; phenclic
substances such as verious alkyl-substituted phenols
L b"-{1l-mecthylethylidenelbischencl, phencol-zldehryds

ccndensation products, etc.; aromatic carboxylic

ic carbexylic acids such as copper, .ead, magnesium,
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chleoride, polymethyl methacrylate and tetraflucroeth
hexafluoroethylene copclymers; and incrganic rcizles
such as powdered aluminum, powdered zinc, atomized

copper-lead alloy, atormized tronze, pcocwdered titaniuam,
white carbon, calcium carbonate, calcium tungstate and
zinc sulfide. Those materials which can be used &as

protective agents have & larger particle size than that

Vad

of microcapsules. Preferred are those particles which
are spherical in shape and cclorless.
The microcapsule protective agentis are

admixed with proper amounts of suitable btinders and, if

necessary, other additives and apprliied to a base parcer
sheet by a suitable methecd. 32lade cocating and air knifs

for other rsasons. Other known coating m=thods such &s
tar ccating, rod coating, rolier coating, fountain
coating, gravure coating, spray coating, dip cocating
and extrusion coating can alsc be used.

Microcapsules are admixed with necessary

amounts of suitable binders and applied to a base paper

sheet having the preccating of micrccarsule protective
agents. Although blade ccating and air xnife coating are
Tregusntliy used similarly To the coating of micro-

- 4 > - ~ 9 ~ -2 —~ ol -— 2

as tar coating, rod ccating, rcller ccating, Sfcuntain
ccating, gravure ccati.g, ffSi co3ting, dip coating and
avr gl AAar2gm A + m~nloved Crmmn= mpdpmringe <o 2
CXIITUEION \,Oa-_nb lan ce e.u_u-ov . [ 20NV :.r.g.xu.,'..nc ~S a.sc

rossivle by suitable coating or printing metnods.

"BAD ORIGINAL @
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superposed cocn a commercial pressure

(containing a p-prhenylphencl resinj

marking pressure was appllied to the

of a ball-pointed pen to ottain an impression

was found to be sharp and cle

A

~

with capsule-cocated side upward cn

table. A commercial

the coated side downward on the "top

2

metal weight, 10 cm™ in bottom aresz,

"undersheet". After the "top sheet"

=

the table,

(=4

the "undersheet" carrying

sensitive undersheez
and a dowrnward
tor sheet by mezans
imags whic
flat surface of a

"undersheet" was

0015133

"top sheet" prepared as above was placed

superrosed with
sheet". A& 300 g
was placec on the
had been

fixed on

the welght was

meved hcrizontally for & distance of 50 ecm and the
side ¢f the "undersheet'" was examinecd for the density
cclcr image by means of a color ¢ifference meter
(surrlied bty Nippon Denshoku Kogyc Co.) and was fcund
be 75.5. {Note: The scale on the meter covered fron
0 tc 10C. A smaller figure means a higher color densi

(the same

| -

applies hereinafter)

Comparative Example 2

This experiment was carried ou

ot

y comparison, the effectiveness of the microcapsule
protective agent used In Experimsnt 1

A "top sheet" was preparsd in the szms manns
as In Example 1, excsert that the wheat starch was nce
used. In the same manner as in Exampls 1, the color

density of the image formed by the weight was determined

e
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microcapsule protective agent to the microcapsule
dispersion, there was obtained a color image with more

improved neatness and decreased staining.

Comparative Example 2

This experiment was carreid out to demon-
strate by comparison with the results obtained in Exampile
2 that the undercoating of &z microcapsule protective
agent has advantageous effect on the profile of paper
sheets locally coated wifth microcapsuies.

A mixture was precrared by mixing tcgether
L) parts of the capsule rowder prepared as in Example 2,
12 parts of wheat starch, and L8 parts of ethancl solu-
tion containing 12% bty weight of ethylcellulcse.
The mixture was coated by means of a rubber printing

plate on the right half porzion of the sene

3
m
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sheet as used in Example 2. Twenty sheets cocated in
the same manner were superposed one over another s¢ tha:
the coated portioﬁ of each sheet may be in the same
relative position. The total thickness c¢f the unccated
portions was 1.183 mm, while that ¢f the microcapsule-
bearing portions was 1.27% mm, as measured by means ol a
micrometer, indicating that the profile of a paper sheex

is improved when the microcapsules were spot-princ
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the undercoating of a micrccapsule prots

3wy o
ive agen

Comparative Examplie 3

This experiment was carried cut tc compare the
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1 Example 3
This Example relates to & self-contained
pressure sensitive copying sheet having an underzrzas

of & mixture of a coloer

\J

protective agents.
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A mixture
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hydroxide, 4C parts of w

of sclids) of a dispersi
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Further, the

in Example

Tin

indiczat
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cclor

developer and micrcc

crepared from 10 parts cof aluninunm

b

heat starch, 1C p

arte

on c¢f p-phenylr

hyde condensatiorn ]

x

iuticon of polyvinyl

and 50 parts of water.
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cy a coating rod
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former or the electron accerpting ccior developer which

is not enclosed by microcarsules and is

41
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s
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ispecs=ed un

the layer containing microcapsules of ether the =
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m
«
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%
ol

ot

3

accepting color developer or the electron dornating colc
former.

5. A pressure sensitive copying system acccer igg
to claim 1, wherein the electron donating color former
or the electron accepting color developer which is ncs
enclosed by microcarsules is contained in the paper shset
over which microcapsule-protective agent-containing agsn

layer is disposed.
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