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[5 7] ABSTRACT 

A capsule-carrying sheet or web such, for example, as 
is used in pressure-sensitive copying systems is pro 
duced by coating a surface of a base sheet or web with 

' an aqueous coating mix which includes a rewettable 
binder material and a protective material. This coatingv 

‘ is dried and then rewetted and a composite coating is 
= formed by applying to the rewetted coating a coating 

' of capsules. The composite coating is then dried. 

11 Claims, No Drawings 

lO/l972 Brown et al. ................ .. ll7/36.4 X ' 
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CAPSULE-CARRYING SHEETS OR WEBS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to capsule-carrying sheets or 

webs and methods of producing such sheets or webs, 
and is particularly but not exclusively concerned with 
capsule-carrying sheets or webs for use in pressure 
sensitive copying systems. 

2. Description of the Prior Art 
The art of encapsulation has in recent years achieved 

considerable commercial importance since encapsula 
tion provides a method of maintaining a reactive mate 
rial in an inert state by providing a non-reactive capsule 
wall between the reactive material and its surround 
ings. Encapsulation also enables the handling proper 
ties of solids to be conferred on liquids and gases. 

It is known to encapsulate, for example, dyes, inks, 
chemical reagents, pharmaceuticals, flavourings, pesti 
cides, herbicides and in fact any material which can be 
dissolved, suspended-or otherwise constituted in or as 
a liquid internal phase enclosed within a capsule wall. 
The capsule serves to maintain the internal phase in its 
liquid, or some other converted form, at least until the 
internal phase is released by rupture, melting, dis 
solving or other removal of the capsule wall, or until 
the internal phase is caused to diffuse out through the 
capsule wall. 
Various methods of encapsulation are well known, 

the most commonly used methods involving either a 
coacervation reaction, a precipitation reaction, or a 
polymerisation reaction. 
A disadvantage of capsules produced by known 

methods is that they are not suf?ciently inherently 
strong to prevent accidental rupture thereof, this being 
a particular disadvantage, in pressure-sensitive copying 
systems where accidental rupture of capsules can result 
in undesirable marking of the copy sheet. 

In order to increase the resistance of a capsule 
carrying sheet or web, for use in a pressure-sensitive 
copying system, against accidental rupture of the cap 
sules, it is known to coat a protective material in the 
form of cellulose ?bres onto the sheet or web with the 
capsules, the protective material subsequently afford 
ing protection for the capsules against accidental rup 
ture while still allowing rupture thereof by localised 
pressure from for example, writing, typing or printing 
on the sheet or web. 

In British Pat. No. l,252,858 there is described an 
other method of affording protection against accidental 
rupture of capsules in a pressuresensitive copying sys 
tem, in which method the previously described cellu 
lose fibres are replaced, at least in part, by a different 
protective material in the form of granules of starch. 
Starch granules said to be suitable include those pro 
duced from wheat, potato,-sago, tapioca, rice and ar 
rowroot. 

It known methods of producing a capsule-carrying 
sheet or web also carrying cellulose fibres as protective 
material for the capsules, the capsules and cellulose 
?bres are coated together onto a base sheet or web in 
admixture with a gelatinised starch solution which is to 
serve as a binder between the capsules and cellulose ? 
bre, and the base sheet or web. The sheet or web pro 
duced thus carries a coating including capsules, a pro 
tective material for protecting the capsules, i.e. the cel 
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lulose ?bres, and a binder for the capsules and the pro 
tective material i.e. the gelatinised starch solution. 
A disadvantage of known methods of producing a 

capsule-carrying sheet or web, in which the capsules 
are coated onto a base sheet or web in admixture with 

a binder material and a protective material, is that the 
binder material tends to form a ?lm over the capsules, 
which ?lm can interfere with the required release of the 
internal phase of the capsules on rupture of the cap 
sules. 
A further disadvantage of such known methods is 

that the binder material gives the single coating mix 
used a relatively high viscosity, and thus the coating 
mix must be coated at a relatively low solids concentra 
tion, the sheet or web thus having a relatively high 
moisture content after coating. 

SUMMARY 

According to this invention a method of producing a 
capsule-carrying sheet or web comprising a base sheet 
or web having on a surface thereof a coating containing 
capsules, protective material for protecting the cap 
sules against accidental rupture, and a binder material 
serving to bind the capsules and protective material to 
the base sheet or web, comprises the steps of: 

a. forming a first coating on a surface of a base sheet 
or web by applying to the surface an aqueous coat 
ing mix including a rewettable binder material and 
a protective material; 

b. drying the ?rst coating; 
c. rewetting the dried ?rst coating; 
d. forming a composite coating by applying a coating 
of capsules to the rewetted ?rst coating; and 

e. drying the composite coating. 
Preferably steps 0 and d are carried out simulta 

neously by applying to the dried first coating an aque 
ous emulsion of capsules. Otherwise, steps 0 and d can 
be carried out consecutively, the capsules being ap 
plied in dry form, for example by spraying. 
The mechanism by which the method of the inven 

tion operates is simple. The binder material applied at 
step a is rewetted at step c and then after drying at step 
e serves to bind the capsules and protective material to 
the base sheet or web. 
Any suitable rewettable binder material can be used, ‘ 

and examples of such binder material are dextrine, pol 
yvinyl alcohol, or a mixture of dextrine and polyvinyl 
alcohol. 
The protective material can be the commonly used 

cellulose ?bres, or otherwise can be a granular poly 
meric material or, preferably, starch granules, as de 
scribed above. 
Preferably the base sheet or web is calendered be 

tween steps b and c of the method of the invention. Cal 
endering considerably reduces the roughness of the 
coated sheet or web produced at step a, but rewetting 
of the coated surface at step 0 causes the coated surface 
to regenerate, but not completely, towards that existing 
prior to calendering. 
The method of the invention, in addition to overcom 

ing the disadvantages of known methods described 
above, has the advantage that the binder material/pro 
tective material coating can easily be applied using a 
size press on the machine on which the base sheet or 
web (‘which will normally be paper) is made. Further, 
a relatively high solids concentration can be used for 
the aqueous dispersion of capsules, if used, and thus 
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drying of th sheet or web after application of the emul 
sion is simpli?ed, and since less water is applied to the 
sheet or web during application of the dispersion ap 
pearance defects such as cockle, ribbing, curl, etc., all 
off which are related to the moisture content of the 
sheet or web, are reduced. 
The aqueous dispersion of capsules, if used, can be 

applied by any means known for applying capsule coat 
ings, for example by means of an air-knife coater. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention will now be described by way of exam 
ple with reference to specific workings thereof on a lab 
oratory scale in relation to pressure-sensitive copying 
systems of the kind in which a colourless, chromogenic 
material of basic reactant chemical properties held in 
solution in an oily solvent in microcapsules is reacted, 
upon rupturing of the microcapsules by applied pres 

4 
below 30°C and 5 g. of unburst arrowroot starch gran 
ules approximately 25 pm in size were then dispersed 
in the solution. 
The suspension thus formed was applied as a surface 

size by means of a Meyer rod to one side of a 49 g/m2 
base paper to give a coating weight of approximately 
1.3 to 2.2 g/m2. The sized base paper was then dried, 
and calendered on a laboratory calender. 
Samples of the base paper, and the sized base paper 

10 before and after calendering were tested, using stan 
dards tests, for thickness and Bendtsen roughness. 
Raw capsule dispersion (i.e. dispersion containing 

only capsules) was then coated onto the coated side of 
samples of the calendered sized base paper using a 
Meyer rod, and the capsule-carrying samples thus pro 
duced were, after drying, tested using standard tests for 
roughness, thickness, frictional smudge intensity, cal 
ender intensity and adhesion. 
The results of the tests were as shown in the following 

Table I: 20 
TABLE I 

Physical or Functional Property Tested Test Method Units Mean Result Range of Results 

Base paper thickness S.I.G. um 65.0 (62.5 to 67.5) 
Base paper roughness Bendtsen ml/min 200 ( 160 to 220) 
Sized base paper thickness before calendering S.I.G. pm 80.0 (75.0 to 82.5) 
Sized base paper roughness before calendering Bendtsen ml/min 1350 ( l 100 to 1650) 
Sized base paper thickness after calendering S.l.G. urn 67.0 (62.5 to 72.5) 
Sized base paper roughness after calendering Bendtsen ml/min 205 ( 130 to 300) 
Sized base paper thickness after coating S.I.G. um 77.5 (75.0 to 77.5) 
with capsules _ 
Sized base paper roughness after coating Bendtsen ml/min 405 (300 to 500) 
with capsules 
Frictional Smudge Intensity obtained from Bausch & Lomb % Re?. 82.6 (76.0 to 88.3) 
capsule-coated samples 
Calender Intensity obtained from capsule- Bausch & Lomb % Refl. 61.6 (52.0 to 69.0) 
coated samples 
Adhesion in capsule-coated samples Visual - 60 — 
Estimated capsule coating weight Substance g/rn2 3.4 2.9 to 4.3 

Measurements 

sure, with a coreactant material, such as attapulgite EXAMPLE II 
clay, acid treated montmorillonite clay, or particles of 

40 an oil-soluble, acidic, phenolic, polymeric material, to 
provide distinctive coloured marks. The microcapsules 
can be carried on one surface of a transfer sheet, 
known as a CB sheet, and the coreactant material car 
ried on one surface of a separate record sheet, known 
as a CF sheet, and the invention will be described in re 
lation to such a system. 
Otherwise, the microcapsules and the co-reactant 

material can be carried together on the same surface of 
a single sheet. 

In working the invention as hereinafter described the 
capsules used were approximately 12 pm in size, and 
had walls of gelatin and gum arabic enclosing an inter 
nal phase comprising the dye substances crystal violet 
lactone and benzoyl leuco methylene blue dissolved in 
a dibenzylbenzenes admixture, and diluted with kero 
sene. However, many different kinds of capsules are 
known which could otherwise be used. 

EXAMPLE 1 

A solution was formed by adding 5 g. of dextrine to 
150 mls. of hot water. The solution was left to cool to 
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A solution was formed by slowly adding 5 g. of El 
vanol 52-22 (Registered Trade Mark) polyvinyl alco 
hol to 150 mls. of cold water and then heating the dis 
persion formed to increase the rate of solution. The so 
lution was left to cool to below 30°C and 5 g. of unburst 
arrowroot starch granules approximately 25 pm in size 
were then dispersed in the solution. 
The suspension thus formed was applied as a surface 

size by means of a Meyer rod to one side of a 49 g/m2 
base paper to give a coating weight of approximately 
1.8 to 2.2 glmz. The sized base paper was then dried, 
and calendered on a laboratory calender. 
The same tests as in Example I were than applied to 

samples of the base paper, and the sized base paper be 
fore and after calendering. 
Raw capsule dispersion was then coated onto the 

coated side of samples of the calendered sized base pa 
per, as in Example I, and the capsule-carrying samples 
thus produced were, after drying, subjected to some of 
the tests detailed in Example I. 
The results of the tests were as shown in the following 

Table II: 

TABLE II 

Physical or Functional Property Tested Method Unit Mean Result Range of Results 

Base paper thickness S.I.G. um 65.0 (62.5 to 67.5) 
Base paper roughness ‘Bendtsen ml/min 200 ( 160 to 220) 
Sized base paper roughness before calendering Bendtsen ml/min 1500 ( 1450 to 1600) 
Sized base paper roughness after calendering Bendtsen ml/min 340 (250 to 400) 
Sized base paper roughness after’ coating Bendtsen ml/min 450 (400 to 650) 
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TAB LE 11 - Continued 

Physical or Functional Property Tested Method Unit Mean Result Range of Results 

Frictional Smudge Intensity obtained from 
capsule-carrying samples Bausch & Lomb % Re?. 92.2 (91.4 to 94.0) 
Calender Intensity obtained from capsule 
carrying samples Bausch & Lomb % Re?. 53.6 (51.2 to 63.0) 
Adhesion in capsule-coated samples Visual — 100 _ 
Estimated capsule coating weight Substance g/m2 4.0 (3.4 to 4.6) 

Measurements 

EXAMPLE III 

A ?rst solution was formed by slowly adding 0.5 g. of 
Elvanol 5222 (Registered Trade Mark) polyvinyl alco 
hol to 50 mls. of cold water and then heating the disper 
sion formed to increase the rate’ of solution. 
A second solution was formed by adding 4.5 g. of 

dextrine to 100 mls. of hot water. 
The ?rst and second solutions were then mixed and 

the resulting solution left to cool to below 30°C. 5 g. of 
unburst arrowroot starch granules approximately 25 
um in size were than dispersed in the solution. 
The suspension thus formed was applied as a surface 

size by means of a Meyer rod to one side of a 49 g/m2 
base paper to give a coating weight of approximately 
1.2 to 2.3 g/m2. The sized base paper was then dried 
and calendered on a laboratory calender. The same 
tests an in Example I and 11 were then applied to sam 
ples of the base paper, and the sized base paper before 
and after calendering. 
Raw capsule dispersion was then coated onto the 

coated side of samples of the calendered sized base pa 
per, as in Examples 1 and I1, and the capsule-carrying 
samples thus produced were, after drying, subjected to 
the same tests as the similar samples of Example 11. 
The results of the tests were as shown in the following 

Table 111: 

35 

?ectance of the background around the coloured mark 
are measured with an opacimeter. The “Smudge” value 
of the capsule-carrying sample is then determined from 
the equation:- ‘ 

Coloured mark (smudge) re?ectance 
Background re?ectance x X00 

a value of 100 indicating no smudging at all; the lower 
the value, the more the smudging, that is the poorer the 
protection against accidental rupture of the capsules by 
horizontally-applied pressures. 

Calender Intensity Test 

A capsule-carrying sample and a sta' dard CF sheet 
(as described above) are superposed with their coated 
surfaces in contact and a strip of the two sheets then 
passed between two rollers. After a waiting period the 
reflectance of the coloured mark thus formed on the 
CF sheet and the reflectance of the background around 
the coloured mark are measured with an opacimeter. 
The “Calender Intensity” or “Cl” value of the capsule“ 
carrying sample is then determined from the equation: 

Coloured mark re?ectance I I 

Background re?ectance ‘00 ' 

a value of 100 indicating no visible mark and thus the 
lower the value the more distinct the coloured mark. 

TABLE III 

Physical or Functional Property Tested Method Units Mean Result Range of Results 

base paper thickness S.l.G. p.111 65.0 62.5 to 67.5 
base paper roughness Bendtsen ml/min 200 ( 160 to 220) 
sized base paper roughness before calendering Bendtsen ml/min 1500 ( 1300 to 1650) 
sized base paper roughness after calendering Bendtsen ml/min 290 (230 to 350) 
sized base paper roughness after coating with Bendtsen ml/min 430 (400 to 550) 
capsules (73.4 to 86.5) 
Frictional Smudge Intensity obtained from Bausch & Lomb % Re?. 79.2 
capsule-carrying samples 
Calender Intensity obtained from capsule- Bausch & Lomb % Re?. 48.8 (45.1 to 52.0) 
carrying samples 
Adhesion in capsule-coated samples Visual — 70+ — 
Estimated capsule coating weight Substance g/m2 4.2 (3.9 to 4.5) 

Measurements 

The three most important tests of those mentioned 
above, to which the capsule-carrying sheets or webs 
produced in the'above described Examples 1, II and III 
were subjected are the frictional smudge intensity test, 
the calender intensity test,‘ and the adhesion test and 
these tests will now be brie?y described. 

Frictional Smudge Intensity Test 

A standard CF sheet (as described above) is placed 
with its coated surface in contact with the coated sur 
face of a capsule-carrying sample; a weight is placed on 
the upper uncoated side of the CF sheet, and the CF 
sheet is then moved across the capsule-carrying sam 
ple. After a waiting period the re?ectance of the co 
loured mark thus formed on the CF sheet and the re 

60 

Adhesion Test 

A standard piece of black cloth is laid on the coated 
surface of a capsule-carrying sample; a weight is placed 
on the cloth and the cloth is then dragged across the 
coated surface of the capsule-carrying sample. The pat 
tern thus produced on the cloth is then visually com 
pared with a set of number standards, a value of 60 or 
above indicating acceptable adhesion of the coating on 
the capsule-carrying sample to the base paper. 
Although the method of this invention has been de 

scribed above in relation to only laboratory workings 
thereof, no difficulty is experienced in scaling up the 
described Examples for commercial production of cap 
sule-carrying sheets or webs. 
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I claim: 
1. A method of producing a capsule-carrying sheet or 

web comprising a base sheet or web having on a surface 
thereof a composite coating containing capsules, pro 
tective material for protecting the capsules against ac 
cidental rupture, and a binder material serving to bind 
the capsules and protective material to the base sheet 
or web, comprising the steps of: 

a. forming a ?rst coating on a surface of a base sheet 
or web by applying to the surface an aqueous coat 
ing mix consisting essentially of a rewettable binder 
material and a protective material; 

b. drying the ?rst coating; ‘ 
c. rewetting the dried ?rst coating; 
d. forming a composite coating by applying a coating 
consisting essentially of capsules to the rewetted 
first coating; and 

e. drying the composite coating. 
2. A method as claimed in claim 1, in which steps (c) 

and (d) are carried out simultaneously by applying to 
the dried ?rst coating an aqueous dispersion of cap 
sules. 

3. A method as claimed in claim 1, in which the cap 
sules are applied in dry form. 

4. A method as claimed in claim 1, in which the 
binder material is selected from the group consisting of 
dextrine, polyvinyl alcohol, or a mixture of dextrine 
and polyvinyl alcohol. 

5. A method as claimed in claim 1, in which the pro 
tective material is selected from the group consisting of 
cellulose ?bres, granular polymeric material, or starch 
granules. 

6. A method as claimed in claim 4, in which the pro 
tective material is selected from the group consisting of 
cellulose ?bres, granular polymeric material, or starch 
granules. 

7. A method as claimed in claim 1, in which the base 
sheet or web is calendered between steps (b) and (c). 

8. A method according to claim 2, in which the base 
sheet or web is a 49 g/m2 paper, the aqueous coating 
mix applied thereto consists of a suspension formed by 
preparing a solution of 5g of dextrine in 150 mls of hot 
water, cooling the solution to below 30°C, dispersing in 
the cooled solution 5g of unburst arrowrrot starch 
granules having a size of approximately 25 um and the 
suspension is applied to the paper to provide thereon 
a coating weight of approximately 1.3 to 2.2 glmz. 

9. A method according to claim 2, in which the base 
sheet or web is a 49 g/m2 paper, the aqueous coating 
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8 
mix applied thereto consists of a suspension formed by 
slowly adding 5g of polyvinyl alcohol to 150 mls of cold 
water, accelerating the rate of solution by heating the 
dispersion so formed, cooling the solution to below 
30°C, dispersing in the cooled solution 5g of unburst 
arrowroot starch granules having a size of approxi 
mately 25 um, and the suspension is applied to the 
paper to provide thereon a coating weight of approxi 
mately 1.8 to 2.2 g/mz. 

10. A method according to claim 2, in which the base 
sheet or web is a 49 g/m2 paper, the aqueous coating 
mix applied thereto consists of a suspension formed by 
preparing a ?rst solution by slowly adding 0.5g of poly 
vinyl alcohol to 50 mls of cold water, accelerating the 
rate of solution by heating the dispersion so formed, 
preparing a second solution by adding 4.5g of dextrine 
to 100 mls of hot water, mixing the ?rst and second so 
lutions, cooling the resulting solution to below 30°C, 
dispersing in the cooled solution 5g of unburst arrow— 
root starch granules having a size of approximately 25 
pm, and the suspension is applied to the paper to pro 
vide thereon a coating weight of approximately 1.2 to 
2.3 g/m2. 

11. A method of producing a capsule-carrying sheet 
or web comprising a base sheet or web having on a sur 
face thereof a composite coating containing (a) a 
binder material, (b) protective material, and (0) cap 
sules, said protective material protecting said capsules 
against accidental rupture, and said binder material 
serving to bind said capsules and said protective mate 
rial to said base sheet or web, which method consists 
essentially of the steps of: 

a. forming a ?rst coating on a surface of a base sheet 
or web by applying to the surface an aqueous coat 
ing mix consisting essentially of (a) said binder ma 
terial, said binder material being rewettable and se‘ 
lected from the group consisting of dextrin, polyvi 
nyl alcohol, and a mixture of dextrin and polyvinyl 
alcohol, and (b) said protective material, said pro 
tective material being selected from the group con 
sisting of cellulose fibers, granular polymeric mate 
rial and starch granules; 

b. drying said ?rst coating; 
0. rewetting said dried ?rst coating; 
d. forming a composite coating by applying a coating 

consisting essentially of said capsules to said rewet 
ted ?rst coating; and 

e. drying said composite coating. 
* * * * * 
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