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ABSTRACT OF THE DISCLOSURE

The invention contemplates an electric-signal-respch-
sive film and method of making the same, the film having
a continuous resinous body with carbon black particles
dispersed therein. About 20 to 80 percent of the total
resin content of the body is in particulate form, substan-
tially all of the particulate resin being retained as indiviid-
ual resin particles, and substantially all of the individual
resin particles being in the size range of from about 1 to
about 50 microns and surrounded by a cloud of carbon
black particles.

This application is a continuation-in-part of my co-
pending application Ser. No. 502,614, filed Oct. 22, 1965,
now abandoned.

This invention concerns improvements in preparing
electrically conducting or electro-sensitive or -responsive
films, such as coatings or layers, for such products as
recording blanks, e.g. recording sheets, stencils, printing
screens, as well as for unsupported such electrically con-
ducting films and also for films with embedded fibrous
material in the form either of fibers alone or of fibrous
products such as paper, woven materials as cloth, fiber-
glass, or other screen material, and the like.

More particularly, the invention relates, for example,
to providing in an electrical-signal-responsive film having
carbon black particles dispersed throughout its contin-
uous supporting film of the film-forming resin, the ca-
pacity not only for increased precision of definition of
the perforations produced by electrical impulses, impinged
on the film, but also for much higher transmission record-
ing speed.

More specifically, the invention is that of imparting
to such carbon-black-containing electrical-signal-respon-
sive film the properties of its yielding not only enhanced
definition and precision of reproduction but also increased
transmission recording speed, by using in preparing the
final conductive film providing dispersion, from which
to produce said signal responsive film either or both of
the steps (i) of dispersing the individual carbon black
particles in a dispersion medium which provides a multi-
phase resin-complex (later below defined and described
as comprising a film-forming resin dispersed in both dis-
solved and particulate form in a volatile organic solvent)
as a film-providing suspending medium for them, and
(ii) before mixing the carbon black particles into such
dispersion medium, milling them in an initial treating
solution of an adsorbate in a volatile organic solvent for
it to enable having adsorbed on the surfaces of the indi-
vidual carbon black particles a so-called mono-layer (as
further below defined) of an organic adsorbate of the
type as further below exemplified.

Thus, an embodiment of the invention is a two-stage
procedure for preparing the final conductive-film-provid-
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ing suspension, wherein one stage involves making a dis-
persion of such mono-layer-adsorbate-coated carbon black
particles, and the second stage is the preparation of a
multi-phase resin-complex to be admixed with that carbon
black dispersion.

Then also, another embodiment of the invention are
these resulting dispersions, which may be called two-stage
carbon black dispersions, for use in preparing the afore-
said films and particularly those of the high resistance
type and constituting the major thickness of the record-
ing blank, e.g. electro-sensitive stencil, as well as in pre-
paring such coatings applied on a backing which may be
an electrically conducting paper or film, metallic foil or
high electrically conducting coating. This latter coating
is the type which functions only to carry the recording
current to the grounding strip or drum of a facsimile
receiver with as little energy loss as possible.

The method of preparing the final conductive-film-
providing suspension involving use of the mono-layer-
adsorbate-coated carbon black dispersion is referred to
as two-stage because by it the dispersion is prepared in
two essential stages. In its first stage, the carbon black
partciles are milled with a small amount of a solution
of a resin and/or some other suitable adsorbate in a
readily volatile organic solvent for it, wherein the quantity
of resin (and/or other adsorbate) is at least sufficient
to apply a so-called mono-layer of the resin or other
adsorbate over the surfaces of the individual carbon black
particles. The indicated result of such applied mono-layer
is such strong adsorption of the adsorbate resin on the
carbon black particle surfaces that attempts to remove
any significant amount of the so applied resin, as by
solvent extraction, were unsuccessful,

The second of the two stages involves preparing a
suspending or film-forming multi-stage resin-complex
which, when followed by admixing and dispersing these
so called mono-layer resin- (and/or other adsorbate)
coated carbon black particles in it and their mixture is
cast in a layer and then dried, leaves the resulting film
with the physical properties which it needs for the various
operations through which the so-coated end product will
be handled in its later use.

Among the adsorbates, other than the organic solvent
soluble resin, which may be used alone or with any one
or more of them to provide an organic solvent solution
thereof wherein to mill the carbon black to apply over
its particles a mono-layer of adsorbate, are such sub-
stances as plasticizers, e.g. di(2-ethylhexyl)phthalate, or
stabilizers (e.g. organic phosphate) for the resin, or other
organic ingredients to be used along with a film-forming
resin to prepare the film-forming multi-phase resin-
complex, from which to form the film, such as dispersing
agents (e.g. the “Triton X-45” alkyl aryl polyethoxy
alcohol, or fluoro and silico organic surfactants, and any
others) compatible with the ingredients for such film,
and still other substances which may be used as ingredi-
ents in preparing such film, e.g. resin monomers and other
compatible organic substances, any of which is soluble in
the solvent to be used in the mono-layer adsorption step.

Including such other adsorbates, in making the mono-
layer, gives the final conductivity for the film-providing
multi-phase resin-complex characteristics based on their
respective type properties. Thereby the resulting record-
ing blanks can show recording properties which also stem
from the use of these respective types of adsorbates.
For example, different characteristics are required for
a non-strippable recording blank than for a strippable
blank.

The invention embraces also the resulting improved
electric-signal-responsive film, whether as a coating or
layer for a recording blank or as an unsupported film,
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having dispersed in it the impraved carbon black particles
coated with an adsorbed mono-layer of an organic ad-
sorbate which in its free state is soluble in an organic
solvent which is compatible with the organic solvent
vehicle selected for the film-forming multi-phase resin
complex, and from which the film is to be formed.

Thus, a further embodiment of the invention is a re-
cording blank, such as a recording sheet, stencil or
printing screen, which recording blank comprises an im-
proved electric-signal-responsive film having incorporated
in it mono-layer-organic-adsorbate-coated carbon black
particles.

By “suspending or film-forming multi-phase resin-com-
plex” is meant a mixture of resin particles in a solution
of a film-forming resin (wherein the carbon black will
be dispersed), whether the resin particles be (i) solid
or (ii) merely swollen and containing imbibed solvent,
said particles having about the same physical properties
(e.g. density, size, electric charge, and surface behavior)
although not necessarily the same chemical composition,
which the resin particles in solution had before being
dissolved. The preparation of such multi-phase resin-com-
plex and the way of noting its presence is described still
further below.

An important embodiment of the invention is the
enhancement of the recording effectiveness of finished elec-
trical signal-responsive films, by providing that the final
conductive-film providing suspension comprise a multi-
phase resin complex whether that final suspension is pre-
pared by using carbon black particles which (i) were
preliminarily separately treated with a solution of an
adsorbate in an organic solvent to give them an adsorbed
monoc-layer, or (ii) were milled without such preliminary
treatment directly in a liquid medium comprising all of
the film-forming resin and all of the solvent needed to
enable forming the multi-phase resin-complex.

In the prior art milling, all of the carbon black is milled
in a solution of a film-forming resin in a volatilizable
solvent for it as a whole at one time, This conveniently
may be called “bulk” or “all-in-one” milling. The elec-
tric-signal-responsive films prepared by using the prior
art bulk or all-in-one milling of the carbon black show
certain undesirable limitations. For example, all too fre-
quently they manifest poor recording with indistinct per-
forations of irregular size even though produced by the
same power input, and also absence of perforations which
should have formed. They also exhibit undue weakness
due to their low tensile strength stemming from excessive
carburization around the perforations. Reproductions
from stencils vary from copy to copy due to poor ink
flow because many perforations remain full of ink.

These shortcomings are overcome by conducting the
bulk or all-in-one milling of the carbon black according
to this invention under conditions that provide for the
dispersion of the original carbon black particles, during

the milling in a film-forming multi-phase resin-complex,

as more fully described further below.

Further improvement is provided in the obtainable final
properties of the desired electrical-signal-responsive films
(for the earlier above mentioned various types of ulti-
mate products) by preparing these films by the two-stage
carbon black coating-dispersion procedure embodiment
of this invention. In that procedure the solvent (used in
the first stage), and any excess resin or other adsorbate
dissolved in that solvent, over that which will be adsorbed
as a mono-layer on the carbon black particles in the first
stage, have to be compatible with the constituents of the
suspending or film-forming multi-phase resin-complex used
in the second stage.

That solvent and dissolved adsorbate also are so pro-
portioned to these latter constituents that when they are
admixed and thus become the finished carbon black film-
providing dispersion, otherwise called the conductive-film-
providing dispersion or suspension, the conductive-film
then remaining after evaporation of the solvent vehicle
contains the planned concentration of carbon black sub-
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stantially uniformly incorporated throughout the dried,
set or fixed film (coating or layer) with adequate ad-
hesion, flexibility and strength.

U.S. Patents 2,555,321, 2,664,043, 2,664,044, and others
show that for the type of recording blanks or stencils re-
sponsive to electrical signals such as telefacsimile, tele-
graph signals, and the like, applied by use of a single
stylus or multiple styli, the preparation of the prior art
all-in-one or dissolved resin carbon black dispersions for
making the electrically conducting coatings or films was
“not limited to any particular method of preparing” (from
Patent 2,664,043, column 6, lines 8-9).

Such prior art recording products having the conduct-
ing coatings as then available perform satisfactorily for
some of the ordinary purposes. However, in addition to
their other limitations, they cannot enable recording at
very high speeds. Moreover, the resolution provided by
their rzcorded electrical signals is unsatisfactory and in-
adequate to enable their use in exacting applications such
as silk screen printing and electrostatic printing.

Thus, the prior art electrically conducting films (lavers
or coatings) lack much that might be desired. For exam-
ple it can be considered that it should be possible to record
transmitted electrical signals at the rate of about 10,000,-
000 (ten million) signals per second. Yet the prior art
product can record such signals with acceptable resolu-
tion only at the rate of about 10,000 (ten thousand) per
second.

One of the sources for this vast restriction and differ-
ence in results stems from the vibration mechanically
induced in the recording stylus by the unevenness of th:
contacted (by it) adjacent surface of the coating on the
recording blank or stencil which during the recording
process is moved past the stylus at a speed of about 50
inches per second.

However, when in the steps preliminary to this inven-
tion an apparently smooth coating surface was provided,
it occurred that only a slight but not measurable improve-
ment could be noted in gaining either better resolution
or higher recording speed. This indicated further that
there were involved other factors which continued to pre-
vent attaining maximum efficiency.

Continuing the study leading to this invention showed
that the carbon black dispersions of the prior art methods
vary widely with milling time, or temperature reached by
the dispersion during milling. Then also, even on obtain-
ing a uniform dispersion, as shown by apparent absencz
of graininess, it occurred that with as little as even a few
minutes of over milling or if the dispersion reached a
temperature much above 80° F., the recording blank or
stencils made with a coating from it gave poor resolution
even at extremely low recording speeds.

Even with using extreme care in the “bulk” or “all-
in one™ milling process of the prior art, the results vary
from batch to batch because of milling conditions that
vary only slightly but as to results significantly with each
miling. Then also, adequate control over the milling of
each batch is practically impossible to attain.

It also occurs that the different types of carbon hlacks
used in making the prior art (i.e. bulk or all-in-one mill-
ing) dispersions could give vastly different results.

For example, some carbon blacks showed rapid changes
in their milling characteristics, which were manifested
when the resulting dispersions were used to make films
for a recording blank or stencil. That is due largely to
the relative ease with which some carbon blacks and
resins form dispersions which are difficult to control pre-
cisely in the prior art bulk or all-in-one milling operation,
whereby available properties of the finished coatings
(layers or films) cannot be reproduced repeatedly.

The foregoing difficulties strikingly show that the prepa-
ration of the carbon black dispersions is a problem and
obstacle of utmost importance in the way of approaching
what theoretically should be possibly attainable resolution
and speed.
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It is also found that signals applied to the prior art
stencils to produce about 40,000 perforations per square
inch (i.e. at 20 lines per inch and 200 voltage impulses
per inch) with a voltage of about 300 volts on the stylus,
produced an open area of about 15% to 18% with at
least about 60% tensile strength reduction after perfora-
tion. Such reduction shows considerable electrical and
thermal breakdown damage around the perforated area
of the film. Open area is the ratio of perforated area pro-
duced during a recording to the total area before that
perforation, as measured with a photoelectric photom-
eter.

In addition, with stencils and recording blanks and
similar products embracing electro-responsive coatings
made with the prior art bulk or all-in-one carbon black
dispersions, at increasing and high voltage recording or
breakdown conditions the films show very erratic per-
foration or signal marking. However, corresponding films
made with the two-stage carbon black dispersions accord-
ing to this invention, under the same conditions of break-
down give smooth, uniform response as the recording or
breakdown voltage is increased.

That feature of the invention is evidenced quite sharply
in comparative recording of the test gray scale in stencil
films, with the stylus voltage for recording the black being
adjusted to a high level. On the stencil film with a respon-
sive layer made with a prior art carbon dispersion, the
black portion of the gray scale records only partially (due
to erratic hole formation). However, the gray scale is
recorded precisely, even in its black portion, by the sten-
cil film having the two-stage carbon black dispersion
hereof.

Thus, another and principal feature of the invention
is that it provides carbon black dispersions that enable
preparing such recording blank products as recording
sheets, stencils, printing screens, unsupported electrically
conducting films, and their like, free from the above
noted and other disadvantages provoked by films wherein
the heretofore available (bulk or all-in-one) carbon black
dispersions were used. The resulting thus greatly improved
recording sheets, stencils, printing screens, and conduct-
ing films also are part of this invention. Other features
and advantages of the invention will be apparent from the
detailed description of it below.

The two-stage carbon black dispersions of the invention
enable providing repeatedly excellent recording sheets,
stencils, printing screens, unsupported films, and like re-
cording blanks which in responding to electrical impulses
give resolution which is from at least equal, to signifi-
cantly superior, to those heretofore available, and at
greater recording speeds as high as 100 inches per second
and with recording signals at the rate of about 60,000
per second and with 300 volts across the stylus. Such
improved recording blank products are a valuable part
of this invention.

1t is indicated earlier above as to the first stage of the
two-stage procedure that the mono-layer-providing resin
adsorbate may be replaced by some other adsorbate to
provide the particular mono-layer to be adsorbed on t}_le
carbon black in that first stage. However, as the resin
quite likely may be used more often for that purpose,
the steps in applying the mono-layer conveniently are
described with the use of the resin for that purpose, but
without any intended limitation on the applicable ad-
sorbates.

Thus, the quantity of the selected carbon black to be
used in making a planned batch of the final film-providing
suspension first is milled with an amount of the selected
adsorbate such as the resin and/or other adsorbate dis-
solved in an amount of a suitable solvent for it, at least
equal to, and advantageously in excess of, that quantity
of adsorbate which forms a mono-layer over the surfaces
of all of the carbon black particles. The milling of the
resulting mixture is continued until a smooth dispersion,
that is to say, free of graininess (as determined, for exam-
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ple, by the customary laboratory bar technique), is
formed.

As to what is a mono-layer, from considerable earlier
work on adsorption of elastomers, e.g. butadiene-styrene
(75 to 25 ratio) cold rubber on carbon black, it may be
said in a relatively general vein that a mono-layer. as an
approximate average of the earlier work indications, is
about 140 angstroms thick with a weight ranging from
about 20 to 260 milligrams per gram for a fine thermal
(i.e. FT) carbon black of surface area 17 square meters
per gram (EM, ie. by electron microscope) to a super-
abrasion furnace (i.e. SAF) carbon black of surface area
123 square meters per gram (by EM), respectively.

Thus, it is advisable to use excess resin or oher ad-
sorbate over that needed for a mono-layer because the
exact quantity for such a layer cannot readily he pre-
cisely calculated. It varies with the specific carbon used
and, in general, is in proportion to its surface area, and
can be approximated by determining the adsorption
isotherm for the particular resin or other adsorbate, as
seen in “Interfacial Phenomena” by J. T. Davies and E. K.
Rideal, Academic Press, New York, N.Y. (1963).

In any event, an excess of the resin is an advantage be-
cause it serves to reduce the required time for milling
the carbon black in the resin solution. Thus, an excess
of even 20 or 30 or more times the identical quantity
needed for a mono-layer can be used so long as the excess
is not too extensively higher than such multiples as to
interfere with the desired or required physical properties of
the dried coating (layer or film) to be left on the finished
%ioduct such as recording blank, stencil or unsupported

m.

That the mono-layer of resin cannot be significantly
removed from the carbon black even by solvent extraction
shows that that layer has so modified the carbon black
to give it many advantageous properties. For example,
heating the mono-layer-coated particles suspension to any
temperature below the boiling point of the solvent for
the resin or other adsorbate, and even relatively long miil-
ing during this first stage, no longer has any detrimental
effect.

Also use of excess resin over that needed for a mono-
layer, so long as it is not so great an excess, as is men-
tioned above, as to effect adversely the physical properties
of the film (layer or coating) or the properties of the
finished product made with it, results in shortening the
adsorption time for applying the mono-layer over the
carbon black. That time is relatively short, possiblv in
the range of about an hour or two especially when using
a polymeric resin for the mono-layer. However, to assure
avoiding graininess in the final film-providing suspension.
it is desirable to have an overall combined milling and
adsorption time, say, of about five to about twenty hours.

The initial mono-layer-applying stage also so modifies
the carbon black and, in turn, any finally completed dis-
persions made with such carbon black that the resulting
films thereby then provided in recording blanks such as
recording sheets, stencils, printing screens, etc. or merely
used as unsupported films, manifest greatly enhanced re-
cording characteristics, as indicated shortly above. These
characteristics also appear to be identified with the type
of resin or other adsorbate in the mono-layer on the car-
bon black.

It is common for determining optimum milling con-
ditions in the prior art bulk milling process of dispersing
a particular carbon black in a resin solution, after a cer-
tain milling time to draw periodically separate samples of
the dispersion and to test each for graininess, e.g. by ob-
serving a film formed by the well known bar technique;
and even to test the film for its recording characteristics.

So also when a single adsorbate is, or a plurality of
adsorbates are, to be used in the mono-layer forming
stage, such tests initially also may need to involve prepar-
ing a number of coating films for a stencil or other record-
ing blank from a conductive-film-producing suspension
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made with an initial mono-layer-adsorbate-coated carbon
black dispersion using the particular adsorbate or plurality
of adsorbates, so as to note the resulting respective re-
cording behavior and thus to reach a choice for final
formulation for the desired purpose.

Electrical conductivity is important in such a film (coat-
ing or layer). It can be determined by usually used
measuring means. The distribution of carbon black in
the same film also is of equal importance. This property
has to be determined by following this last noted test
procedure in order to examine and judge the obtained
recording.

It has been found that when a plurality of adsorbates
are used in the middle mono-layer forming stage, only one
appears eventually to form the mono-layer. The substance
or substances not adsorbed, however, will remain in solu-
tion to modify the dispersion in various ways. For in-
stance, if a resin and a high molecular weight dispersing
agent constitute the additives to the solvent used in the

first stage, both may be adsorbed partially in the early o

stage of the adsorption process. However, at equilibrium
the resin probably would form the mono-layer with the
dispersing agent functioning to modify the carbon black
distribution in the dispersion. A resin monomer may not
be adsorbed in the final part of the adsorption step, but
under some conditions, e.g. heat, type of monomer, may
act to form cross-links between mono-layers on the
individual carbon black particles.

In any event, the resin used in the first stage, if different
from the one used in the second stage, and any other ad-
sorbate, when used in excess, must be compatible with
the resin and solvent constituents of the second stage
film-forming multi-phase resin-complex, and that must be
so also as to the solvent used in the first stage.

The production of a recording stencil like that disclosed
in the US. Patent 2,664,043 or a recording support or
blank as shown in U.S. Patent 2,040,142 shows that some
of the properties which the formulation used in the sec-
ond stage of the method has to provide in the final
product, such as a recording stencil or recording film, are
stability in handling, strength to endure printing or dupli-
cating operations, resistance to printing ink vehicle and
to solvents used to clean a stencil or screen for storage
purposes, etc.

The basic or continuity-providing structure of the film
(coating or layer) of this invention can be made from a
multi-phase resin-complex of any of the widely available
number of pliable-film forming resins such as the synthetic
resins and elastomers, for example, vinyl chloride

polymers and copolymers, polyvinyl acetals, the polyvinyl |

resins such as vinyl chloride acetate copolymers, and
vinylidene chloride polymers and copolymers, styrene
polymers and copolymers, polycarbonates, polysulfonates,
high strength elastomers, or mixtures thereof, and the
like.

The continuity-structure-providing multi-phase resin-
complex to be admixed with the first stage, i.e. mono-
layer-adsorbate-coated, carbon black dispersion is pre-
pared, for example, by dispersing any such film-forming
resin in an organic solvent for it and compatible with the
solvent in the carbon black dispersion, and at such a tem-
perature that at least partial solution is obtained with
from about 20% to about 80% of the resin remaining
in a swollen dispersed state, the particle size of these resin
particles, as determined by microscopic examination at
70 times magnification and after removal of the solvent,
ranges from 1 to 50 microns with an optimum range of
from 5 to 10 microns.

Suitable plasticizers, stabilizers, surfactants, fillers, and
the like can be included to modify the final properties of
the finished film to be provided by the overall resin part
of the film-forming multi-phase resin-complex.

Preparation of a multi-phase resin-complex having the
above characteristics can be attained readily by proper
combination of selected solvents, temperature and me-
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chanical treatment. Once the planned multi-phase resin-
complex is obtained, it can remain in stable form for long
periods of time so long as the temperature is held at the
predetermined stability level as observed by microscopic
examination during its preparation.

In general a clear (i.e. as prepared before dispersing
carbon black in it) multi-phase resin-complex can be
prepared by means of ball, roll, or colloid milling, or
high shear impeller mixing, at a temperature such that
only partial solution of the resin used occurs, the balance
of the resin being dispersed in particulate form as either
or both solid or merely swollen particles containing im-
bibed solvent, by the mechanical action of the dispersion
means. Microscopic slides of the clear multi-phase resin-
complex colored with a dye such as Iosol Black (made
by National Aniline Division of Allied Chemical Cor-
poration) can be used to observe the progress of the
forming of the desired multi-phase resin-complex with
resin particles within the content range and of the size
disclosed (see column 7, lines 60-68). The dve colors
the resin particles so that they can be easily seen and
their percentage presence estimated from a suitable area
measuring microscope slide as is already available.

A mixture of resin particles, be they solids or merely
swollen particles containing imbibed solvent, contained
within the above-noted size and content ranges in the
liquid phase having in general the same physical prop-
erties but not necessarily the same chemical composition
as the resin of the liquid phase, is the desired multi-phase
resin-complex.

Then as the third and usually last step in preparing the
conductive-film-providing suspension or finished carbon
black coating dispersion, the initial stage mono-layer-resin-
coated carbon black dispersion is admixed with the con-
tinuity-providing multi-phase resin-complex of stage two,
either by agitation or ball milling for the short time, pos-
sibly only 15 or 20 minutes or so, sufficient to provide a
uniform finished carbon black coating dispersion. This
conductive-film-providing dispersion or suspension can be
used or applied as disclosed in preparing any of the fin-
ished recording or reproducing products of the above-
identified patents.

Typically illustrative, but not to be taken as restricting,
examples of the first stage resin solution dispersion of
mono-layer-resin-coated carbon black, are the following
wherein all parts are by weight:

EXAMPLE 1

The following ingredients were milled in a ball mill
for about 10 hours at 70° F.:

Parts
Polystyrene (average molecular weight about
100,000) e 5.0
Methyl ethyl ketone ___ . ____________ 200.0
Channel black, United 5 (of United Carbon Co.)... 13.0
and
Stabilizer 53 (organic phosphate product of Victor
Chemical CO.) oo oo e 0.2

By that time the carbon black particles adsorbed a mono-
layer of polystyrene and the dispersion manifested a
smooth texture free from graininess (as noted by the
customary bar test).

EXAMPLE 2

The following ingredients were processed in the same
way as in Example 1, with the same dispersion texture
results:

Parts
Poly-(methyl methacrylate) resin #2041 (of E. I.
du Pont de Nemours) ____________________. 7.0
Methyl ethyl ketore o .. 200.0
Furnace carbon black Vulcan C (of Cabot Corp.) . 11.0
and
Stabilizer 53 (organic phosphate) —___________. 0.2
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EXAMPLE 3

The following ingredients were processed in the same
way as in Example 1, with the same dispersion texture
results:

Parts
Styrene methyl methacrylate copolymer, Zealin 150
(of Dow Chemical Co.) .. .. 3.0
Methyl ethyl ketone _ . e 200.0
Channel black, United EPC (of United Carbon
C0.) e ——————— 12.0
and
Stabilizer 53 (organic phosphate) —_ < ccocaa- 0.1

EXAMPLE 4

The following ingredients were processed in the same
way as in Example 1, with the same dispersion texture
results:

Parts
Polyvinyl acetate VYAF (of Union Carbide Cor-
poration) - _ e 2.0
Methyl ethyl ketone ____ o eeoa 200.0
Furnace black, Elftex 5 (of Cabot Corporation) _._ 12.0
and
Stabilizer 53 (organic phosphate) - ooocooe-oo 0.1

EXAMPLE 5

The following ingredients were processed in the same
way as in Example 1, with the same dispersion texture
results:

Parts
Vinyl chloride-acetate copolymer VYHH (of
Union Carbide Chemicals C0.) - ____ 5.0
Methyl ethyl ketone ________ o 200.0
Channel black, United 5§ ______________.__ 12.0
and
Stabilizer 53 (organic phosphate) _ e 0.2

Other mono-layer-resin-coated or mono-layer-adsorbate
coated carbon black dispersions can be prepared by re-
placing in part or as a whole the specific resin used in
any of the separate Examples 1 through 5 by some other
suitable resin or elastomer such as those mentioned earlier
above, or at least in part and at times also_as a whole by
some other adsorbate, soluble in the solvent thereof or
other compatible solvent. Such other resin or other adsorb-
ate can be any of those, or any of the types, disclosed
elsewhere herein and should be compatible with the in-
gredients of the film-forming multi-phase resin-complex
and for the properties to be imparted and manifested by
the continuity-providing structure of the finished dried
electrically responsive film (coating or layer).

The (a) generally clear continuity-structure-providing
multi-phrase resin-complex of stage two, and the (b) fin-
ished carbon black coating dispersion or conductive film
providing suspension resulting from admixing the stage
one (i.e. mono-layer-resin-coated) carbon black disper-
sion with clear multi-phase resin-complex of stage two
are illustrated respectively in, but are not to be restricted
to, the following wherein all parts are by weight:

EXAMPLE 6
Stage two clear multi-phase resin-complex

75 parts of vinyl chloride-acetate copolymer VYNS (of
Union Carbide Corp.) were rotated in a ball mill for
about 5 minutes. Then there were added to it the follow-
ing ingredients:

Parts

Dioctyl phthalate (plasticizer) ooc————o_——_____ 15.0
Calcium-2-ethylacetoacetate acetate (stabilizer)

(Union Carbide Corp.) —oocomocceae 1.0

Methyl ethyl ketone oo 560.0

Methyl isobutyl ketone __ . oo 160.0

and
Stabilizer 53 (organic phosphate) oo e_-o.- 20
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Rotation of the ball mill then was continued, and its
contents heated to about 80° F., until a smooth multi-
phase resin-complex with the stabilizer well dispersed in
it was obtained, having approximately 50% of the resin
dissolved with the balance being in the form of swollen
resin particles (which in a dry state measured approxi-
mately from 1 to 50 microns as determined with a micro-
scope at 70 magnification). This multi-phase resin-com-
plex was obtained at the end of approximately 12 hours
of milling. In storing this multi-phase resin-complex it
must be kept at not over 80° F. for stability.

EXAMPLE 7

Clear multi-phase resin-complex of vinylidene
chloride-acrylonitrile copolymer

75 parts of vinylidene chloride-acrylonitrile copolymer,
i.e. “Saran F 120" (of Dow Chemical Co.), were rotated
in a ball mill as in Example 6 to produce a multi-phase
resin-complex as described in it. To the copolymer were

added the following agents and the process continued as
in Example 6:

Parts
Dioctyl phthalate (plasticizer) - . _.___ 20.0
Calcium-2-ethylacetoacetate acetate (stabilizer) - 1.0
Methyl ethyl ketone __ . ________ 560.0
Methyl ethyl butyl ketone . ___.._ 160.0

and

Stabilizer 53 (organic phosphate) ... ___.__ 2.0

EXAMPLE 8

Clear styrene butadiene copolymer multi-phase
resin-complex

75 parts of styrene butadiene copolymer, i.e. “Styron
475" (Dow Chemical Co.), were rotated in a ball mill as
in Example 6 to produce a multi-phase resin-complex as
indicated in it. To this copolymer then were added the
following ingredients:

Parts

Dioctyl phthalate (plasticizer) - o _—c________ 20.0

Calcium-2-ethylacetoacetate acetate (stabilizer) _. 1.0

Methyl ethyl ketone — - e 560.0

Methyl isobutyl ketone - <o 160.0
and

Stabilizer 53 (organic phosphate) _____________ 2.0

and their treatment was carried out as in Example 6 to
provide still another example of the stage two continuity-
structure-providing multi-phase resin-complex.

Other suspending or flexible film-forming multi-phase
resin-complexes can be made by the person of ordinary
skill in this art by making suitable compatible modifica-
tions or additions in any of Examples 6, 7 and 8. or in any
others like them formulated with any of the other resins
disclosed earlier above or shown in the prior art for a
flexible film-forming resin solution for use in preparing
an electrically-responsive film (layer or coating) for the
same kind of end product.

EXAMPLE 9

Conductive-film-providing suspension (from both
Examples 5 and 6)

The fluid mono-layer-resin-coated carbon black disper-
sion of Example 5 then was added to the multi-phase
resin-complex product of the balling mill in Example 6,
and rotation of the ball mill was continued until a uni-
form conductive-film-providing dispersion was obtained,
in about 10 minutes.

Other conductive-film-providing suspensions can be pre-
pared by similarly ball mill admixing (a) the monolayer-
adsorbate-coated carbon black dispersion of any of Ex-
amples 1 through 5 and any of the indicated possible
modifications of any thereof with (b) the clear suspending
or flexible film-forming multi-phase resin-complex of any
of Examples 6 to 8 and any of the indicated possible modi-
fications of any of them.
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FIGURE 1 is a photomicrograph (magnification ap-
proximately 70x ) of the conductive-film-providing sus-
pension of Example 9, wherein the solid or swelled state
resin particles, after drying, measure from about 1 to about
50 microns, It is not known precisely what function the
resin particles of the multi-phase resin-complex, remaining
in the dry applied film, perform during electrical record-
ing. However, this photomicrograph shows the carbon
black collected in an encircling layer or cloud around the
individual resin particles. For the resuiting stencil or
screen to respond precisely to the applied recording volt-
age, this structure is essential.

While a multi-phase resin-complex has been disclosed
herein for use in the two-stage milling operations, its use
also is essential in the procedure wherein the carbon
black particles are to be milled in only one operation in
a liquid medium comprising all of the film-forming resin
and all of the solvent needed to enable forming the multi-
phase resin-complex, if it is desired to produce recording
or reproducing products which will respond with precision
to the voltage breakdown pulses. Therefore, the invention
is not to be restricted to the two stage milling operation in,
so far as use of a multi-phase resin-complex is concerned.
Thus, the invention includes the use of a film-forming
resin also in multi-phase resin-complex form for the pro-
duction of the final conductive film-forming suspensions
or dispersions for the products to be made with a bulk
or all-in-one milling operation.

Preparation of conductive-film-forming suspensions
from film-forming resin converted to multiphase resin-
complex form in bulk milling operation is illustrated by,
but not restricted to, the following examples wherein all
parts are by weight:

EXAMPLE 10

75 parts of vinylite resin VYNW (of Union Carbide
Corp.) were rotated in a ball mill for about 5 minutes.
The following ingredients then were added to it:

Parts
Furnace black, Vulecan C . _________ 11.0
Dioctyl phthalate ... __ 19.0
Paraplex G-15 (Réhm & Haas, linear polyester)
product of sebacic acid and 1,2 propylene
glycol e 6.0
Methyl ethyl ketone ___________ . ____.. 750.0
Methyl isobutyl ketone ________ . _ 160.0
Calcium-2-ethylacetoacetate acetate (stabilizer) .. 1.0
and
Lead phosphate __________________ .. 2.0

Rotation of the ball mill then was continued for about
24 hours, and maintained at a temperature of about 20°
F., when the dispersion obtained was of a smooth texture
free from graininess as noted by a film cast with a labora-
tory bar coater).

EXAMPLE 11

75 parts of Geon resin 101 (B. F. Goodrich Chemical
Co., polyvinyl chloride resin) were rotated in a ball mill
for about 5 minutes. The following ingredients then were

added to it, and the process continued as in Example 10:

Parts
Furnace black Vulcan 3 . _______._. 21.0
Dioctyl phthalate . o 17.0
Paraplex G-25 _ o 50
Methyl ethyl ketone . ___ 750.0
Methy! isobutyl ketone . ____ 150.0
Calcium-2-ethylacetoacetate acetate ... .___.__ 1.0

and

Lead phosphate — e 1.0

By replacing any one or more of the ingredients used
in either of Examples 10 and 11 by a comparable amount
of a corresponding one of any of the other herein indicated
respectively similarly functioning applicable substances
and by similarly proceeding, other similar conductive-film-
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providing suspensions containing a multi-phase resin-
complex of the film-forming resin in the dispersing solvent
for it likewise can be prepared, and relatively simultane-
ously with coating of the carbon black particles with a
morno-layer of the film-forming resin, in a single bulk
ball-milling operation. These various conductive film pro-
viding suspensions thus obtained by such all-in-one single
ball milling operation as in Examples 10 and 11 and the
others obtained by the foregoing substitutions in them
also indicate improved recording characteristics with like-
wise improved reproductions available from them.

Recording supports such as recording blanks, stencils,
printing screens, and the like of the invention are illus-
trated by, but not limited to, the following examples of
stencils embraced by the invention:

EXAMPLE 12

Stencil with an electric responsive layer prepared
from Example 9 dispersion

The finished carbon black containing conductive-film-
providing dispersion of Example 9 was applied in a
manner as described in U.S. Patent 2,664,043 over a first
conducting film formed on a belt or carrier and similar to
that disclosed in Example 4A of that patent, to provide a
combined single or unitary film having a graded resistance.
Such combined unitary film thus made with the finished
carbon black dispersion hereof should have a dry thickness
of about 0.0005 to about 0.002 inch and a surface resis-
tance, determined as there described, of from about 1000
to about 800,000 chms.

If desired, a masking coating such as that of Example
2 of Patent 2,664,043 can be applied over this combined
unitary conducting film. Then the overall thickness of the
masking coating together with said combined unitary coat-
ing beneficially should not exceed 0.006 inch and advan-
tageously should be between about 0.001 and about 0.003
inch.

Comparison of stencil of Example 12 dispersion
and prior art stencil

A stencil of the type shown in FIGURE 8 of Patent
2,664,043 and made as described in it was recorded on
a facsimile machine using 300 volts on the stylus and run
at a speed of 50 inches per second with a line feed of
200 lines per inch. The recorded stencil so produced
had an open area of 15% and showed a 70% reduction
of tensile strength.

Then a similar stencil but prepared as in this Example
12 by using the finished conductive-film-providing dis-
persion of Example 9 above was recorded on the same
facsimile machine described just above with the same
voltage on the stylus and same line feed but at the higher
rate of 100 inches per second. This so produced recorded
stencil showed an open area of 20% but with only a
50% reduction in tensile strength; thereby demonstrating
the marked, significantly enhanced properties of the coat-
ing films prepared by the two-stage method of this inven-
tion, as well as those of the resulting products such as
recording stencils and the like produced with such a coat-
ing or layer.

That the greatly enhanced recording characteristics
provided by this invention to such recording blank prod-
ucts as recording sheets, stencils, unsupported films, and
the like, can be identified with the type of resin adsorbed
as mono-layer on the carbon black and the presence of
a multi-phase resin-complex is shown by the following:

EXAMPLE 13

Stencil with conductive-film-providing suspension
(of Examples 1 and 6 products admixed)

A stencil made as described in Example 12 but by
using a continuity-structure-providing suspension pre-
pared by admixing the mono-layer-resin-coated carbon
black dispersion of Example 1 and the stage two clear
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multi-phase resin-complex of Example 6, was recorded
on a facsimile machine as described in Example 12 at a
recording speed of 100 inches per second. The thus pro-
duced recorded stencil had an open area of 30% with
only a 50% reduction in tensile strength.

The latter stencil with its 30% open area and only
50% tensile strength reduction shows that use of poly-
styrene (100,000 average mol. wt.) as the mono-layer
adsorbate on channel carbon black “United 5”) as in
Example 1, enables producing a stencil which is superior
to the one of Example 12, in the production of which the
vinyl chloride-acetate copolymer VYNS was used as the
(“United 5”) as in Example 5.

The stencils of both of the Examples 12 and 13 were
made with the same stage two clear multi-phase resin-
complex of Example 6. While the stencil of Example 12
is not as good as the stencil of Example 13, it is superior
to the stencil obtained by using a carbon black suspension
prepared by the prior art bulk or all-in-one milling proc-
ess as shown by the comparison given after Example 12,
in which process the resin is used in solution.

Other stencils can be made by replacing the suspensic.i
used in Examples 12 and 13 similarly by any of the other
conductive-ilm providing suspensions prepared according
to the contents of the paragraph immediately following
the single paragraph of Example 9, as well as by those
prepared according to Examples 10 and 11 and the con-
tents of the paragraph immediately following the for-
mulation for Example 11. All of these other different
stencils are included herein as if their preparation was
fully recited herein, to avoid unduly extending this
specification.

So also, other recording blanks such as recording
sheets are made by art disclosed procedures from all of
the hereinabove in any manner described conductive-film-
providing suspensions of this invention; and such record-
ing sheets are thus included herein by reference as if
their preparation was fully recited herein, again to avoid
further extending this disclosure.

Likewise, printing screens are prepared by laying their
foraminous structures of any of the materials suitable
for them, e.g. those initially above-mentioned including
also relatively porous paper such as Yoshina paper, in a
layer of any of the in any wise herein-described conduc-
tive-film-providing suspensions hereof, for example, by
procedures known from the fabric or paper coating arts
respectively, and allowing the solvent content of the sus-
pension to evaporate off.

All such resulting printing screens thereby having their
pores laid in with an electric signal responsive film of
this invention, comprising either (i) the mono-layer-
adsorbate-coated carbon black incorporated within a dry
film of a film-forming resin-complex, or (ii) the all-in-
one carbon black dispersed within a dry film of such
resin as cast from a conductive-film-providing suspension
comprising a multi-phase resin-complex of the resin and
the organic solvent, are thus likewise included herein by
reference as if the details of their preparation were re-
cited in full—thereby avoiding still further extending this
specification.

As noted earlier above, the multi-phase resin-complex
is essential not only in the two-stage, but also in the
single operation bulk, procedure as practiced under this
invention, for preparing the continuity-structure-provid-
ing suspension from which is prepared the electric-
signal-responsive film for the various types of recording
blanks. That is so because the multi-phase resin-complex
contributes the basic improvement in the final electric-
signal-responsive film obtained by either course.

While that aspect of the invention is described as
applicable to both embodiments resulting in the con-
tinuity-structure-providing suspension yielding the final
films, more of the disclosure appears to be directed to
the so-called two-stage embodiment for providing such
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suspension with its mono-layer-adsorbate-coated carbon
black because its use contributes to improvement in
enhanced recording speed and the refinement in the
hole size produced in the resulting recording blanks
such as stencils or silk screens. The two-stage route
also enables using a different resin in each of the stages,
and in addition allows closer control of the formation
of the mono-layer adsorbate as well as of the multi-phase
resin-complex.

As the various applicable film-forming resins currently
appear to be commercially available in particle sizes of
about 50 microns and smaller, the film-forming resin can
be used in that particle size for providing the multi-phase
resin-complex in either the (i) single operation (one-
stage) or (ii) two-stage course for providing the resin-
complex.

In either case, it is possible that the part of the resin
present in particulate form may be provided by separately
adding to the dispersion of the film-forming resin in the
selected organic solvent dispersion vehicle for it particles
of from about 1 to about 50 microns size of a different
resin insoluble or only soluble in part in that solvent
vehicle.

For the two-stage continuity-structure-providing sus-
pension, the film forming resin used in the second stage
may differ from, so long as it is compatibie with, the resin
used in the first stage.

While the invention has been explained by detailed
description of certain specific embodiments of it, it is
undersood that various modifications or substitutions may

. be made in any of them within the scope of the appended

claims which are intended also to cover equivalents of
any of these embodiments.

What is claimed is:

1. The method of preparing the electric-signal-respon-
sive film for a recording blank, which method comprises

(a) preparing a continuity-structure-providing suspen-

sion comprising carbon black particles dispersed in
a film-forming multi-phase resin-complex compris-
ing as its essential constituents a continuity-structure-
providing film-forming resin effective for said signal-
responsive film and a volatile organic solvent wherein
the resin content of said complex is only partially
dissolved thereby to provide in said muiti-phase
resin-complex from about 20 to about 80 percent
of its resin content in particulate form as at least
one member of the class consisting of (i) solid par-
ticles and (ii) individual particles swelled with im-
bibed solvent, said individual particles in the dry
state free of solvent being from about 1 to about 50
microns in size; and

(b) applying a layer of said suspension over a surface

whereon the desired signal-responsive film is to be
formed, and allowing the volatile solvent content of
said layer to evaporate off.

2. The method of preparing a film, as claimed in claim
1, wherein the surfaces of the individual carbon black
particles dispersed in said resin-complex are coated with
a mono-layer of a volatile organic solvent-soluble organic
adsorbate which is (i) compatible with the film-forming
capacity of said film-forming resin of the multi-phase
resin-complex, and (ii) applied over said carbon black
particles surfaces from a solution of said adsorbate in a
volatile organic solvent which is compatible with the sol-
vent of the liquid phase of said resin-complex.

3. The method of preparing an electric-signal-respon-
sive film, as claimed in claim 2, wherein said continuity-
structure-providing suspension is prepared by (i) sepa-
rately preparing a mono-layer adsorbate-coated carbon
black dispersion to provide the carbon black constituent
of said film, (ii) also separately preparing a multi-phase
resin-complex comprising as its essential constituents a
continuity-structure-providing film-forming resin effective
for said signal-responsive film dispersed in a volatile or-
ganic solvent wherein said resin is only partially dissolved;
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and (iii) admixing said carbon black dispersion and said
resin-complex in both relative proportions to one another
and for a time sufficient to provide said continuity-
structure-providing suspension; the preparation of said
adsorbate-coated carbon black comprising grinding start-
ing carbon black particles into a solution of an organic-
solvent-soluble adsorbate in a volatile organic solvent for
it and compatible with the solvent wherein said film-
forming resin is dispersed, and until said particles are
substantially completely dispersed and their surfaces
become coated with a mono-layer of said adsorbate.

4. The method of preparing a film as claimed in claim
3, wherein the mono-layer-adsorbate is at least one vola-
tile organic-solvent-soluble film-forming resin.

5. The method of preparing an electric-signal-respon-
sive film, as claimed in claim 1, wherein the preparation
of said continuity-structure-providing suspension com-
prises agitating a quantity of a continuity-structure-
providing film-forming resin and a quantity of carbon
black particles suitable for use for said film, in said vola-
tile organic solvent, continuing the agitation until (a) said

carbon particles become coated with a mono-layer of said .,

resin and said muiti-phase resin-complex forms and (b)
the mono-layer-resin-coated carbon black particles are
substantialy completely dispersed in said resin-complex
suspension produced by said agitation.

6. An electric-signal-responsive film which has a con-
tinuous resinous film body and carbon black particles
dispersed within said film body wherein about 20 10 about
80 percent of the total resin content is in particulate
form, which film body, Lwhich,J when examined under
magnification and in a thickness of it low enough for
examination at a suitable enlargement such as a magni-
fication at 70 times, substantially all the particulate resin
being retained as individual resin particles, shows sub-
stantially all the individual resin particles in size range of
from about 1 to about 50 microns surrounded by a cloud
of carbon black particles.

7. An electric-signal-responsive film as claimed in
claim 6, wherein the size range for substantially all of
said individual resin particles is from 5 to 10 microns.

8. A film as claimed in claim 6, wherein said film body
comprises more than one continuity-structure-providing
film-forming resin.

9. A film as claimed in claim 6, wherein said resin
comprises a vinyl polymer or vinyl copolymer or mix-
tures thereof. _

10. A film as claimed in claim 9, wherein said polymer
is a methacrylate or copolymer or mixtures thereof.

11. A film as claimed in claim 9, wherein said polymer
is a styrene polymer or copolymer or mixtures thereof.

12. A recording blank comprising an electrical-signal-
responsive film as claimed in claim 6.

13. A stencil comprising an clectrical-signal-respopsive
film as claimed in claim 6,
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14. A printing screen, comprising a printing screen the
pores of whose foraminous structure are laid in with an
electric-signal-responsive film as claimed in claim 6.

15. The method of producing a conductive-film-provid-
ing suspension containing continuity-structure-providing
film-forming resin, which method comprises:

(A) producing a mono-layer-adsorbate-coated carbon

black dispersion prepared as hercinbelow described;

(B) preparing a multi-phase resin-complex having (a})

a liquid phase which is a solution of the continuity-
structure-providing film-forming resin and is to serve
for forming the desired film and said resin being
effective for said film, in a volatile organic solvent
for said resin and compatible with the liquid phase
of said carbon black dispersion, and (b) a solid phase
of film-forming resin provided by having in said
resin-complex resin content which is only partiaily
dissolved in said solvent of its liquid phase thercby
to provide in said resin-complex from about 20 to
about 80 percent of its resin content in particulate
form as at least one member of the class consisting
of (i) solid particles and (ii) individual particles
swelled with imbibed solvent, said individual parti-
cles in the dry state free of solvent being from about
1 to about 50 microns in size; the preparation of said
adsorbate-coated carbon black comprising grinding
starting carbon black particles into a solution of an
organic-solvent-soluble adsorbate in a volatile or-
ganic solvent for it and compatible with said solvent
for said film-forming resin, and until said carbon
particles are substantially completely dispersed and
their surfaces become coated with a mono-layer of
said adsorbate; and

(C) admixing said carbon black dispersion and said

resin-complex.

16. The method as claimed in claim 1§, wherein said
adsorbate comprises at least one volatile organic-solvent-
soluble film-forming resin.
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