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CEWING COATNG GEF A COPOLYMER OF A 
STYRENE ANDN-BUTYAL METHACRYLATE 

Arthur Katchman and Burton T. MacKenzie, Jr., Schenec 
tady, N.Y., assignors to General Electric Comparay, a 
corporation of New York 

Filed Oct. 30, 1961, Ser. No. 148,462 
7 Claims. (C. 117-21) 

This invention is concerned with compositions of mat 
ter and articles prepared therefrom useful in the record 
ing, storing and reproducing of photographic images, 
technical data, etc. More particularly, the invention re 
lates to a recording medium comprising a base support 
ing member and a thermoplastic layer thereon compris 
ing a solid copolymer of n-butyl methacrylate (herein 
after referred to as “butyl methacrylate”) and a styrene 
(hereinafter so designated) of the formula 

Hi- x 

^^-CH=CH, 

where R is selected from the class consisting of hydro 
gen, methoxy, and methyl radicals and v is a whole num 
er equal to from 0 to 2, the butyl methacrylate compris 

ing from 40 to 65 mol percent of the total molar concen 
tration of the latter and the styrene used to make the 
copolymer. The recording media can be in the form of 
ims, for instance, tapes, sheets, etc., as well as slides, 

disks, etc., which are suitable for recording, storing and 
reproducing photographic images and technical data, en 
ploying the above styrene-n-butyl methacrylate copoly 
ner as the thermoplastic layer in which such images 
and data are recorded, stored and reproduced. 

in the copending applications of William E. Glenn, 
Jr., Serial No. 698,167, filed November 22, 1957, and 
Serial No. 783,584, filed December 29, 1958, both of 
which are assigned to the same assignee as the present 
invention, both now abandoned, are disclosed and claimed 
an electronic method and apparatus for recording, stor 
ing and reproducing photographic images and technical 
data. According to this method, technical data and 
photographic images are first converted electronically into 
coded signals which are further reduced to variations in 
the intensity of a beam of electrons, and the electron 
beam with its negatively charged particles is used to scan 
a special surface so as to introduce onto this surface a 
pattern of negative charges (from the electrons deposited) 
which arrange themselves in accordance with the data 
or image to be recorded. This pattern of electric charges 
on the heat-deformable thermoplastic layer is then con 
verted to a pattern of depressions, ridges, etc., that can 
be observed optically. 

This conversion can be achieved by heating the com 
posite article or recording medium, particularly the sur 
face thereof with, for instance, direct application of heat 
or by heat generated by radio frequency energy acting 
on a conducting layer, whereby the heat causes only 
the top thermoplastic negatively charged layer to fuse or 
melt, and become liquid. When this happens, the nega 
tive charges are attracted to the conducting layer posi 
tioned under but not necessarily in contact with the ther 
moplastic layer, thus deforming the surface of the thermo 
plastic upper layer into various depressions, hills, ridges, 
etc. Thereafter, the heated surface is cooled or allowed 
to cool immediately to set or solidify these hills, ridges, 
and other deformations in the thermoplastic layer. The 
recording medium thus treated can now be read or pro 
jected visually by passing a beam of light through it in 
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cooperation with a special optical system for conversion 
into an image or can be optically converted into the de 
sired information or data in the form of electrical sig 
nals. The image can be viewed directly, projected on 
a screen, transmitted electronically for viewing on a tele 
vision screen elsewhere, or can be simply stored on film. 
An additional description of the method for recording 
in the manner described above can be found in an article 
by William E. Glenn, Jr., in "journal of Applied Physics,” 
EDecember 1959, pages 1870-1873. 

Because the thermoplastic layer is capable of being 
heated to the liquid state (at which time it develops the 
surface deformations by action of the induced electric 
field on a charged portion of the liquid and the pattern 
of ripples thus produced frozen into a permanent record 
by promptly cooling the liquid thermoplastic layer to 
the solid state), it is possible to employ such recording 
material many times by merely subjecting the surface 
layer to the action of heat at a temperature high enough 
to cause fusion of the upper layer to a smooth surface, 
thus "erasing' the information stored in the aforesaid 
thermoplastic layer. In addition to the ability to reuse 
the recording medium, the latter can also be employed 
as a "master copy” for duplication by techniques similar 
to phonograph disk stampings. 
There are several requirements which are necessary 

for a satisfactory recording medium (“recording medium' 
or "recording material' will hereinafter be intended to 
mean the composite structure including the upper thermo 
plastic layer upon which the information is recorded 
and used in the electronic recording previously described, 
the base Supporting layer and the conducting layer if it 
is part of the composite structure). In the first place, 
the recording medium must have optical clarity and must 
be transparent. It is preferably water-white (i.e., water 
clear) or only slightly tinted in thin films. Any trace of 
haze should be avoided in the recording medium because 
it will interfere with the later “reading out” or projection 
of any images which may have been introduced into the 
recording medium. 
The recording medium must also have certain electri 

cal characteristics, particularly it must be a good insulator 
and have high electrical resistivity; usually it is desirable 
that the specific resistivity be greater than about 1011 
ohm-centimeters when in the liquid state at the time it 
is heated to effect formation of any depressions or ridges 
or other deformations in the surface thermoplastic layer. 

in addition, for certain applications, particularly in 
tapes, the recording medium, including the surface 
thermoplastic layer, must be sufficiently flexible and strong 
to enable it to be rolled up around small diameters 
especially when the thermoplastic layer is present in 
thicker than usual sections. These are the usual require 
ments encountered in the case of projection machines, 
for instance, 16-millimeter projection machines which may 
be used to project the image on the screen. 
The thermoplastic layer of the recording medium must 

be stable under moderate electron bombardment from the 
electron high voltage accelerating apparatus. The ther 
moplastic layer preferably has a maximum vapor pressure 
of 10-5 to 10-6 mm. Hg when in the liquid state, that 
is, when it is subjected to the elevated temperatures re 
quired to deform the thermoplastic layer of the record 
ing medium in accordance with the changes thereon. The 
thermoplastic layer must also be stable at elevated tenn 
peratures at which it will be deformed by the heat neces 
sary to "develop” the charge on the thermoplastic layer. 
Of major importance, the thermoplastic layer of the 

recording medium must be capable of having a fairly 
sharp fineiting point in order that the developing of the 
proper image on the thermoplastic layer proceed with a 
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minimum of control difficulties. For a broad spectrum 
of use, the thermoplastic layer should be solid at tem 
peratures of at least 65 C., but should be capable of 
being converted to the liquid or fused state at tempera 
tures of at least about 85 C. depending on the supporting 
backing layer. 

Since the recording medium may comprise at least two 
layers and more often three layers, it is also essential 
that the thermoplastic layer have good adhesion to the 
backing material, whether it is the supporting backing 
or the conducting layer. Since one embodiment of the 
recording medium comprises a three-layer structure com 
posed of the backing material, the upper surface thermo 
plastic layer and an intermediate conducting layer (for 
instance, a thin film of metal, or a metal oxide, or a metal 
salt), it is additionally important that the thermoplastic 
layer have good adhesion to the conducting layer or the 
conducting surface. 
As a further requirement, it is important in those cases 

where the recording medium will be in the form of a 
tape and thus will be rolled upon itself and stored, that 
the thermoplastic layer be substantially free of cold flow 
that will cause any change in the configuration of the 
recorded information on the thermoplastic surface, such 
as any depressions or hills or other deformations on 
the surface of the thermoplastic layer. Since the storage 
might take place under conditions where the temperature 
might rise to as high as 40 C. to 50 C., this cold flow 
must be non-etxistent or very low even at these tempera 
tures. Any significant cold flow may render the tape 
incapable of storage in reel condition, as is the usual 
movie film. As a still further requirement, it is es 
sential that the thermoplastic layer have good resistance 
towards oxygen attack so that it maintains high electrical 
resistivity during processing of the tape. Again, in those 
cases where a tape is involved, and because the tape 
may be rolled up on itself, it is also essential that the 
thermoplastic layer should be non-tacky and should not 
stick to itself or to any other surface with which it 
might come in contact in the rolled-up state. 

Although thermoplastic compositions are described in 
the aforementioned pending applications of William E. 
Glenn, Jr., Serial Nos. 698,167 and 783,584, it has been 
found that these thermoplastic materials do not have a 
sharp enough fusion point to the liquid state of the ther 
moplastic layer; furthermore, there is much to be desired 
in the adhesion of the thermoplastic layer to the conduct 
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ing layer. Additionally, it has been found that the ther- . 
moplastic layer should be more flexible in those instances 
where the recording medium would be wound around 
small diameters such as in the case of spindles and 
sprockets used in projection equipment. As a still further 
area of improvement, the thermoplastic layer should resist 
adhesion to the adjacent back of the base layer when 
the film is in the rolled-up state, for instance, as a reel, 
or a spool, etc. 
A recording medium which employs a thermoplastic 

layer embracing the above-mentioned desirable character 
istics is found described and claimed in the copending 
application of Edith M. Boldebuck, Serial No. 8,587, filed 
February 15, 1960, now U.S. Patent No. 3,063,872, is 
sued Nov. 13, 1962, and assigned to the assignee of the 
present invention. In this Boldebuck application, the 
recording medium contains as the thermoplastic layer, a 
solid heat deformable mixture of ingredients compris 
ing (1) an organopolysiloxane and (2) a thermoplastic, 
solid (i.e., solid at room temperature) aryl polymer Se 
lected from the class consisting of (a) polyarylene 
ethers, (b) a polystyrene, and (c) mixtures of (a) and 
(b). Although these thermoplastic compositions have 
been found to be useful and to possess improved proper 
ties over thermoplastic layers previously employed in the 
above-described recording media, nevertheless certain diffi 
culties have arisen in connection with the use of these 
thermoplastic compositions for the recording medium. 

in the first place, the Boldebuck thermoplastic layer is 
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4. 
composed of a mechanical mixture of ingredients contain 
ing at least two preformed compositions, namely, the 
organopolysiloxane and the aryl polymer. It is obvious 
that the use of two such materials for a thermoplastic 
composition introduces many control problems in prepar 
ing these compositions and insuring that the properties 
and characteristics of each of the ingredients satisfies 
specifications designed to render the thermoplastic com 
position optimum for use as a thermoplastic layer. 
Furthermore, the compositions used for the thermoplastic 
layer in the Boldebuck recording medium are relatively 
expensive materials and add to the cost of the recording 
medium. In addition it has also been found that the 
thermoplastic composition used in the Boldebuck applica 
tion has reduced flexibility when used in thicker sections 
so that the ability to bend films containing thicker sec 
tions of the Boldebuck compositions over small diameters. 
for instance, over 38 inch to /2 inch diameter mandrels is 
materially reduced. This is an undesirable characteristic 
when it is desired to use projection machines for record 
ing medium tapes in which the sprockets carrying the 
film are extremely small. Finally, the means for making 
each of the polymeric elements comprising the Boldebuck 
thermoplastic layer requires extensive processing and care 
ful control of the process, thus again adding to the cost 
of the ultimate recording medium. 

Unexpectedly, we have discovered that in addition to 
the desired improvements for the thermoplastic layer 
which have been referred to above, we are also able to 
overcome the difficulties which have arisen in connection 
with the use of a thermoplastic recording medium com 
posed of an organopolysiloxane and the aryl polymer, by 
employing as the thermoplastic layer a solid copolymer 
of from 40 to 65 mol percent n-butyl methacrylate and 35 
to 60 mol percent of the styrene. In addition to obviating 
the difficulties recited above, it has also been found that 
improvements are noted in the volume resistivity of the 
thermoplastic layer, and the ability to coat the base mem 
bers either with or without the conducting layer is dis 
cernibly improved over that resulting from trying to coat 
the base member with previously known thermoplastic 
spositions for recording media of the type described 
aOWe 

The discovery that this particular copolymer of specific 
monomers in the specified proportions was useful in 
recording media and possessed improved properties over 
those heretofore described was entirely unexpected and 
in no way could it have been predicted for the reason 
that attempts to use copolymers of styrene and n-butyl 
methacrylate in proportions outside the above ranges re 
Sulted in a thermoplastic layer which had excessive cold 
flow, undesirable tackiness, reduced adhesion of the 
thermoplastic layer to the base layer, or reduced flex 
ibility of the thermoplastic layer. Even when one em 
ployed mixtures of styrene and n-butyl acrylate instead of 
n-butyl methacrylate in the proportions described above, 
for making the copolymer, it was found that the tackiness 
and cold flow increased excessively. The use of longer 
chained alkyl methacrylate such as n-hexyl methacrylate 
copolymerized with styrene or n-lauryl methacrylate co 
polymerized with styrene, within the above molar propor 
tions, again excessively increased the cold flow of the 
thermoplastic layer rendering it useless in recording media 
of the type described above. 

it is accordingly one of the objects of this invention 
to prepare a polymeric composition which can be used as 
a thermoplastic layer for recording, storing and repro 
ducing photographic images, technical data, etc. 
Another object of the invention is to prepare recording 

Tmedia in which the thermoplastic layer of such recording 
media is prepared from a single composition rather than 
a mechanical mixture of compositions. 

It is a still further object of the invention to prepare 
recording media in which the thermoplastic layer thereon 
is sufficiently flexible so as to be capable of being wound 
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around extremely small diameters even when in thick 
sections without cracking or in any way separating from 
the substrate to which it is applied. 
An additional object of the invention is to prepare a 

recording medium in which the thermoplastic layer on 
which information will be recorded and stored will have 
ino undesirable affinity for the base layer with which it 
may come in contact in a rolled up state and will show 
no undesirable cold flow when subjected to the pressures 
which may be encountered in the case of film maintained 
for long periods of time in the rolled up state. 

Other objects of the invention will become more ap 
parent from the discussion which follows. 
Among the styrene compounds which may be employed 

in the practice of the present invention may be mentioned, 
styrene, p-methyl styrene, p-methoxystyrene, 2,4-dimethyl 
styrene, 2,5-dimethyl styrene, etc. 
The thermoplastic composition used as the thermo 

plastic layer in our recording medium can be prepared 
by various means. For instance, one can mix together 
from 40 to 65 mol percent n-butyl methacrylate and 35 
to 60 mol percent of the styrene, add from about 0.1 to 2 
percent, by weight, of a polymerization catalyst such as 
any of the organic peroxides or azo compounds (e.g., 
benzoyl peroxide, tertiary butyl perbenzoate, azobisiso 
butyronitrile, etc.), an inorganic peroxide (e.g., hydrogen 
peroxide, sodium percxide, sodium perborate, etc.), and 
thereafter the mixture of ingredients is heated under 
polymerizing conditions, for instance, at temperatures of 
about 50 to 125° C. (either under atmospheric or super 
atmospheric pressures) for times ranging from about 15 
minutes to 3 to 4 hours or more until the desired molec 
ular weight of the copolymer is obtained. Thereafter 
the polymer is advantageously separated, for example, 
by precipitation from any low molecular materials or 
unreacted monomers by treating with an alcohol such 
as methanol. Further isolation of the polymer in the 
usual fashion is designed to give a thermoplastic com 
position which has a number average molecular weight 
within the range of from about 25,000 to 75,000 when 
measured at 25 C. by osmotic means using a benzene 
as the solvent. Under many conditions of use, it is 
desirable that the thermoplastic copolymer have a stick 
temperature of 65-90° C., a fluid temperature (i.e., be 
comes a fluid) of about 105-115 C., and when used on 
a recording tape have sufficient flexibility to be able to 
be wound around a mandrel as Small as % inch in 
diameter without cracking. 
The backing material for the recording medium may 

be either a flexible composition or may be a rigid inflexi 
ble material. Examples of rigid materials which can be 
employed (keeping in mind that optical clarity, heat 
resistance, and radiation resistance are usually the re 
quired properties) are, for instance, glass (in the form 
of plates, slides, disks, etc.); unsaturated polyester resins 
(formed from the reaction of a polyhydric alcohol, such 
as ethylene glycol, diethyl glycol, propylene glycol, di 
propylene glycol, etc., and an alpha-saturated alpha-beta 
dicarboxylic acid or anhydride, for instance, maleic acid, 
maleic anhydride, fumaric acid, citraconic acid, etc.); 
combined with these unsaturated polyesters one may also 
incorporate such copolymerizable cross-linking ingredi 
ents, such as diallyl phthalate, diethylene glycol dimeth 
acrylate, etc. One can also employ metals such as alu 
minum, nickel, chromium, etc., where the metal serves 
both as a conducting layer and as a reflective surface 
which can be read optically by reflection. 

Examples of flexible materials which can advan 
tageously be employed as the backing material are, for 
instance, polyethylene terephthalate (which can be ob 
tained by the transesterification of esters of terephthalic 
acid with divalent alcohols, for example, ethylene glycol 
as shown in U.S. Patent 2,641,592-Hofrichter), such 
polyethylene terephthalate being sold by E. I. du Pont de 
Nemours and Company of Wilmington, Delaware, under 
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6 
the name of Mylar. A more refined grade of polyester 
terephthalic acid tape or film found highly appropriate 
as the basis for recording images (and which contains 
Small intercondensed residues from dihydric alcohols, 
Such as, propylene glycol-1,3 to reduce crystallinity) is 
sold under the name of “Cronar.” 
Another backing material which can be used advan 

tageously because of its good heat resistance, strength, 
inertness and resistance to radiation are polycarbonate 
resins corresponding to the formula 

Y) (R Y). O 

O To -- Y - 2 - - 

L - 
where R1 is hydrogen or a monovalent hydrocarbon 
radical, many examples of which have been given above 
for R (where more than one R1 is used, they may be 
the same or different); R2 is selected from the class con 
sisting of alkylene and alkylidene residues (e.g., methylene, 
ethylene, propylene, propylidene, isoproplyidene, cyclo 
hexylidene, etc.), oxygen, etc.; C is the residue of an 
aromatic nucleus, (e.g., benzene, naphthalene, biphenyl, 
etc. nucleus); Y is a Substituent selected from the group 
consisting of (a) inorganic atoms, (b) inorganic radicals, 
and (c) organic radicals, (a), (b) and (c) being inert 
to and unaffected by the reactants and reaction condi 
tions, e is a whole number equal to from 0 to a maxi 
milm determined by the number of replaceable nuclear 
hydrogens Substituted on the aromatic hydrocarbon 
residue C; t is a whole number equal to from 0 to a 
maximum determined by the number of replaceable 
nuclear hydrogens on R2; and w is a whole number equal 
to from 0 to 1, inclusive. These compositions and direc 
tions for preparing these compositions are disclosed and 
claimed in the copending application of Daniel W. Fox, 
Serial No. 520,166, filed July 5, 1955, and assigned to the 
Same assignee as the present invention. By reference, this 
application is made a part of the disclosures and teach 
ings of the instant application. It will be apparent to 
those skilled in the art that other compositions may be 
employed as backing materials where the softening point 
is sufficiently high so as to allow heating of the thermo 
plastic layer without adversely affecting the base layer. 

In many instances, there is interposed between the ther 
moplastic Surface and the backing, a conducting layer 
which can be subjected to radio frequency energy as a 
means for heating the thermoplastic layer. This conduct 
ing layer acts as the layer which becomes positively 
charged beneath the thermoplastic layer and when the 
thermoplastic layer is heated to cause the thermoplastic 
material to become fluid and deformable, the deposits of 
negative charges on the top of the thermoplastic layer are 
attracted to the positively charged conducting layer, thus 
deforming the thermoplastic surface of the film. Among 
Such conducting layers (which should be thin enough to 
be optically clear if interposed between the base and the 
thermoplastic layer) may be mentioned the various metals, 
for instance, iron, chromium, tin, nickel, etc.; metallic 
Oxides, such as stannic oxide, cuprous oxide, etc.; salts, 

In using the conductin 
layer, it is essential that the layer of metal or metal com 
polind applied to the base layer be no thicker than is 
required to obtain a transparent film thereon. For this 
reason, it has been found that the metal film is advanta 
geously of the order of about 10 to 100 angstroms (A.) 
or 0.001 to 0.01 micron thick, and that it should have a 
resistivity of between 1,000 and 10,000 ohms per square 
centimeter for optimum radio frequency heating if that 
is the method used for developing the deformation pattern. 
The thickness of the thermoplastic layer can vary wide 

iy but advantageously is approximately 4 to 20 microns 
thick. The base layer thickness can also vary widely as 
iong as it has the proper electrical and radiation resistance 
flexibility, strength, heat resistance, etc.; this base layer 
can be from a few microns in thickness to as much as 50 
to 400 microns or more in thickness. 
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The conducting layer is advantageously applied to the 
backing by the well-known method of volatilizing the 
metal or metal compound in a vacuum at elevated tem 
peratures and passing the backing in proximity to the 
vapors of the metal or metal compound so as to deposit 
an even, thin, optically clear, adherent film of the metal 
or metal compound on the backing and preferably while 
the entire assembly is still under vacuum. One method 
for applying a metal salt conducting layer to the backing, 
e.g., polyethylene terephthalate, is found in U.S. Patent 
2,756, 165-Lyon. Thereafter, a solution of the thermo 
plastic composition is applied to the surface of the con 
ducting layer, and the solvent evaporated to deposit a thin 
film of the thermoplastic composition on the conducting 
layer. 
The particular solvents employed for the thermoplastic 

composition may be varied widely. Included among such 
solvents are aromatic hydrocarbon solvents, e.g., toluene, 
xylene, benzene, etc. Solids weight concentrations of 
from 10 to 30 percent of the thermoplastic composition 
in the solvent are advantageously used. 

In the accompanying drawing, the single figure shows a 
tape recording medium composed of an upper thermo 
plastic layer comprising a copolymer of a styrene and 
n-butyl methacrylate within the molar proportions recited 
above, a base member 2 supporting the thermoplastic 
layer, and an intermediate conducting layer 3. 
The following examples are given by way of illustra 

tion and not by way of limitation, as to how the present 
invention may be practiced. All parts are by weight un 
less otherwise noted. 
The "liquid temperature” of the thermoplastic composi 

tions described below was determined by placing on a 
melting point block a sample of chromium-coated poly 
ethylene terephthalate film (Cronar film), on which a film 
of the thermoplastic composition had been deposited and 
the solvent evaporated. The thermoplastic surface was 
scratched with a needle as the temperature was gradually 
raised, and the temperature at which the thermoplastic 
copolymer flowed in innmediately to obliterate the scratch 
was recorded as the "liquid temperature.” 
The intrinsic viscosities described below were obtained 

at 25 C. by using benzene as the solvent. The number 
average molecular weight was determined by osmotic 
pressure using benzene as the solvent. Finally, the "stick 
temperature' of the copolymer was determined by heating 
the tape with the copolymer composition on the surface 
and bringing the polyethylene terephthalate backing into 
contact with the heated copolymer surface and determining 
the temperature at which the copolymer stuck or caught 
on to the applied backing. 
The actual writing on the thermoplastic surface (which 

was about 7-12 microns thick) was carried out as follows. 
An electron gun was mounted in an evacuated apparatus 
(described in the Glenn applications) containing an infra 
red heater. The optically clear tape was passed over the 
heater and while the thermoplastic layer was in the molten 
condition (as a result of heating the tape to a temperature 
of about 90-100° C.), it was exposed to the electron 
beam. The electron beam was controlled to sweep back 
and forth in a linear path as the tape was passed under the 
beam. While the beam was operated at a current of 1 
microamp with a 6 kV. accelerating potential drop from 
filament to ground plane (i.e., the conducting layer) 
about 60 of a second was required to inscribe information 
in an area of about 0.225 inch by 0.155 inch) for a single 
image by 262/2 sweeps of the electron beam. The ther 
moplastic layer was then allowed to cool (while still in 
vacuum) to set or freeze the deformations in the surface 
of the thermoplastic layer. 

EXAMPLE 1. 

Into a pressure reactor were placed 2 parts azobisiso 
butyronitrile, 61 parts toluene, 49.1 parts n-butyl meth 
acrylate and 15.65 parts styrene. The reaction vessel 

0 

15 

20 

30 

40 

45 

50 

55 

s 

5 

70 

75 

8 
was closed and polymerized with shaking at 75 C. for 
3 hours. At the end of this time there was obtained 
34 grams of a copolymer having an intrinsic viscosity in 
benzene at 25° C. of 0.12 di./g. A 25% solution of this 
polymer was applied directly to about a 0.001 micron 
thick chromium-coated surface deposited on a 30 mm. 
wide by 0.004 inch thick optically clear optical grade 
polyethylene terephthalate tape sold as Cronar by E. I. 
du Pont de Nemours and Company (methods for prepar 
ing such film may be found disclosed in such patents as 
U.S. 2,678,285 and 2,698,241). After removal of the 
solvent by first air drying and then by heating for 10 to 
15 minutes at about 140-150° C., it was found that the 
copolymer layer was about 8-9 microns thick. 

Testing of the above coated optically clear recording 
medium for adhesion and flexibility of the thermoplastic 
layer to the metal conducting layer revealed that bending 
of the film around a mandrel % inch in diameter caused 
no separation of the thermoplastic layer from the chro 
mium coating nor was there any cracking of the thermo 
plastic layer. The thermoplastic layer had a stick tem 
perature of about 100-105 C. The recording medium 
of Example 1, when written upon in the manner described 
above and in the Glenn applications, and when projected, 
gave clear, well-defined images. 

EXAMPLE 2 

In this example, a mixture of ingredients comprising 
1.5 parts azobisisobutyronitrile, 62.2 parts benzene, about 
0.4 part n-dodecylmercaptan, 42.6 parts n-butyl meth 
acrylate, and 21.5 parts styrene were placed in a pressure 
vessel and heated with shaking at 75 C. for 3 hours. 
There was thus obtained 36.8 parts of a copolymer having 
an intrinsic viscosity in benzene at 25 C. of 0.13 di./g. 
A 25% benzene solution of this material was coated on 
a chromium-coated Cronar film similarly as was done 
in Example 1 to a thickness of 5.0–7.5 microns. This 
polymer coating again exhibited good adhesion and flexi 
bility to the chromium coating and was quite flexible as 
was evidenced by the fact that it could be bent around 
a % inch mandrel without separation of the chromium 
substrate or cracking of the thermoplastic film. The 
thermoplastic surface had a fluid temperature of about 
105-110° C. When the recording medium of the thermo 
plastic layer was written on in accordance with the 
description in the aforementioned Glenn applications, and 
projected as described in Example 1, a clear, well-defined 
image was shown. The thermoplastic layer and the films 
made therewith were optically clear and had the desired 
electrical resistivity, toughness and flexibility, as well as 
adherence to the base polyester layer. This tape could 
be rolled up on itself and even at temperatures as high as 
50 C., there was no perceptible flow which in any way 
affected the information recorded by means of the defor 
mations on the surface of the thermoplastic layer nor was 
any sticking observed between the thermoplastic surface 
and the polyethylene terephthalate backing in the rolled 
up state. 

EXAMPLE 3 

Following the general procedures described in Examples 
1 and 2 for making the copolymer, styrene and n-butyl 
methacrylate were copolymerized in varying proportions 
and the copolymer in each instance isolated, dissolved in 
a benzene Solvent and applied to the metallic side of a 
chromium-coated substrate of polyethylene terephthalate. 
After removal of the solvent from the thermoplastic coat 
ing, each tape thus obtained was heated and subjected 
to electron beam writing similarly as was done in the 
preceding examples; thereafter, the developed tape was 
placed in an optical system similar to that described in the 
Glenn applications. In each instance, the pictures pro 
jected by means of this optical system were clear. Fur 
thermore, each of the tapes thus obtained was flexible and 
the thermoplastic coating on the recording media re 
mained intact and adherent to the chromium substrate 
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and showed no evidence of cracking even when the tape 
was bent around mandrels of from 4 to /2 inch thick. 
The following Table I shows the proportions of styrene 
and butyl methacrylate as well as the stick temperatures 
and the fluid temperatures of the copolymers obtained. 

Table I 

Parts 
Test No. Parts Moles n-Butyl Moles Stick Fluid 

Styrene Methac- Temp., Temp., 
rylate o C. o C. 

63 0.6 142 ... O 65 105-10 
36 ... 3 272 .9 65-70 105-115 

20.75 0.2 42.75 0.3 60 104 
26 0.25 06, 5 0.75 64 110 
52 0.5 72 0.5 80 125 

4.7 0.4 a 51.5 0.6 90 120 
85.5 0.82 b 105 0.82 47 85 

a Methyl acrylate-on flexibility test, cracked on 1' mandrel. 
bn-Butyl acrylate-showed low cold flow temperature and was tacky. 

EXAMPLE 4 
In this example styrene and n-butyl methacrylate were 

copolymerized in proportions outside the range called for 
above and the copolymers thus obtained were applied to 
a chromium-coated polyethylene terephthalate film and 
the properties of the thermoplastic layer determined. The 
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following Table II shows the molar concentrations of the 
styrene and n-butyl methacrylate as well as the properties 
of the thermoplastic layer deposited therefrom: 

Table II 

Mole 
Mole Percent 

Test No. Percent n-Butyl Comments on Thermoplastic Layer 
Styrene Methac 

rylate 

10-------- 20 80 Cold flow. Tacky. - - - - 
li--- 70 30 Poor adhesion and poor flexibility 

crackson 34' mandrel bend. 12-------- 80 20 Poor adhesion and poor flexibility 
cracks on 1' mandrel bend. 

EXAMPLE 5 
In this example 50 mole percent styrene was copolym 

erized with 50 mole percent n-hexyl methacrylate and in 
another instance 85 mole percent styrene was copolymer 
ized with 15 mole percent in-lauryl methacrylate in the 
same manner as described in Examples 1 and 2. In each 
instance the copolymers thus obtained were applied to a 
chromium-coated tape in which the backing was the above 
mentioned polyethylene terephthalate. The thermoplastic 
layers on the two tapes were tested and it was found that 
both thermoplastic layers exhibited excessive cold flows 
well below 50° C. which rendered such thermoplastic 
compositions undesirable for recording media of the type 
described in the present application. 

EXAMPLE 6 

Into a pressure vessel were placed 49.8 parts (0.35 mol) 
n-butyl methacrylate, 20 parts (0.15 mol) 2,5-dimethyl 
styrene, 60 parts toluene, and 2 parts azobisisobutyroni 

2. The reaction vessel was closed and subjected to 
polymerization conditions at 75° C. for 3 hours with 
stirring. The polymer thus obtained was precipitated 
with methanol and thereafter vacuum-dried to yield 37 
parts of the copolymer. Again this copolymer was de 
posited as a thin film about 7.5 microns thick on a 
chromium-coated polyethylene terephthalate film. Eval 
llation of this film showed that the thermoplastic layer 
had a stick temperature of 75° C. and a fluid tempera 
ture of about 120 C. The tape could be bent around a 
/2 inch mandrel without any cracking or separation of 
the therinosplastic layer from the chromium surface. 
When this tape was subjected to heating and writing 
under an electron beam similarly as was done in the pre 
ceding examples, there was obtained a recording medium 
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which could be projected on a screen to give clear 
images. 

EXAMPLE 7 
In this example, on a weight basis, 90 percent of a di 

phenyl silicone, and 10 percent of a dimethyl phenylene 
ether polymer having recurring units of the formula 

CE 

+C- L CE3 
(these ingredients being prepared in accordance with 
the directions described in the aforementioned Boldeduck 
application) were intimately mixed together in a toluene 
solvent. A sample of this solution in about a 25 weight 
percent concentration was applied to a chromium-coated 
polyethylene terephthalate film to a thickness of about 8 
to 10 microns, and the coating dried. Attempts to bend 
this film around a % to 1 inch diameter mandrel re 
sulted in cracking of the film. As the thickness of the 
thermoplastic layer (composed of the two ingredients) in 
creased, and the diameters of mandrels around which the 
tape could be bent without cracking or other evidence 
of deterioration were greatly increased. 

It will of course be apparent to those skilled in the art 
that in place of the styrene and 2,5-dimethylstyrene used 
in the previous examples, one can employ other styrenes, 
many examples of which have been given above, without 
departing from the scope of the invention. In addition, 
the proportions of the ingredients can be varied within 
fairly wide limits consistent with the maximum and 
minimum ranges recited above. 

It will also be apparent that where there is substitution 
on the nucleus of the styrene compound used for copo 
lymerization with the butyl methacrylate, the substitu 
tion can be in any positions, for instance, ortho, meta 
or para; where there is more than one substitution, the 
substitutions can be in the vicinal or avicinal positions. 
The sole precaution to be observed in such instances is 
that the position of the substituent on the benzene ring 
is not such that it will adversely affect the polymerization 
of the monomers undergoing copolymerization nor does 
it also adversely affect attainment of the desired molecu 
lar weight which is required for obtaining the optimum 
properties of the thermoplastic coating when deposited on 
the Substrate or on the metal or otherwise coated sub 
Strate. 

Various modifying agents which do not adversely affect 
the properties required for the thermoplastic recording 
medium can be employed as, for instance, various plasti 
cizers to raise or lower the liquid melting point of the 
thermoplastic layer, etc. In place of the polyethylene ter 
ephthalate other backings can be employed as, for in 
stance, the polycarbonate resins heretofore recited. 
The thermoplastic compositions and tapes made there 

with can be employed in various applications and are 
particularly useful for recording of computer informa 
tion. In addition, they can be used in the movie film 
industry whereby these tapes can be used to record the 
action being filmed and the image can be processed im 
mediately after the action has been recorded on the film 
and by Suitable optical apparatus transferred and pro 
jected to determine whether the action which was taken 
with the film is acceptable and satisfactory for final 
showing. 

Additional directions for using recording media of the 
type described in the instant application can be found in 
the copending application of William E. Glenn, Jr., Serial 
No. 8,842, filed February 5, 1960, and assigned to the 
Sanne assignee as the present invention. 

Instead of heating the tape in the irradiation apparatus 
as was done in the preceding examples, the electron re 
corded information can be "developed" by outside heat 
treatment. One method comprises applying a current or 
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blast of hot air to the surface of the charged thermoplas 
tic layer where the temperature of the air is sufficiently 
high to effect liquefication of the thermoplastic layer to 
the desired degree of flowability to cause the deforma 
tion on the surface thereof; another method comprises us 
ing radio frequency heating to arrive at the proper ten 
perature for causing deformation of the surface of the 
thermoplastic layer; and finally, particularly when a tape 
is employed, the tape is passed over a heated drum main 
tained at the proper temperature wherein the surface of 
the base member furthest from the thermoplastic layer 
is in direct contact with the heated drum so that heat dif 
fuses upward through the tape to the thermoplastic layer 
to cause the above-mentioned fusion and flowability of 
the latter. 
The polyethylene terephthalate tape employed in the 

preceding examples and the methods for manufacturing 
this particular tape are more particularly disclosed in 
U.S. Patents 2,465,319-Whinfield et al., issued March 22, 
1949, and 2,779,684-Alles, issued January 29, 1957. 
The latter Patent 2,779,684 recites in greater detail the 
processing of polyethylene terephthalate film employed in 
the manufacture of the aforesaid Cronar. 
What we claim as new and desired to secure by Letters 

Patent of the United States is: 
1. A recording film comprising a flexible base support 

ing member selected from the class consisting of (a) re 
flective, heat-resistant metal supporting members and (b) 
heat-resistant, transparent members and a thermoplastic 
layer comprising a solid copolymer of from 40 to 65 mol 
percent n-butyl methacrylate and from 35 to 60 mol per 
cent of a styrene having the formula 

Fis 

where R is a member selected from the class consisting 
of hydrogen, methyl and methoxy, and x is a whole num 
ber equal to from 0 to 2. 

2. An optically clear recording film comprising (a) 
a flexible transparent base supporting member, (b) a ther 
moplastic layer comprising a solid copolymer of from 40 
to 65 mol percent n-butyl methacrylate and from 35 to 
60 mol percent of a styrene having the formula 

R 

where R is a member selected from the class consisting 
of hydrogen, methyl and methoxy, and x is a whole num 
ber equal to from 0 to 2 and (c) an intermediate trans 
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parent conducting layer in contact with both the base 
member and thermoplastic layer. 

3. An optically clear recording film comprising a flex 
ible transparent supporting base member, a thermoplas 
tic layer comprising a copolymer of from 40 to 65 mol 
percent n-butyl methacrylate and from 35 to 60 mol per 
cent styrene, and an intermediate transparent conducting 
layer in contact with the base member and the thermo 
plastic layer. 

4. An optically clear recording film comprising a flex 
ible transparent supporting base member, a thermoplastic 
layer comprising a copolymer from 40 to 65 mol percent 
n-butyl methacrylate and from 35 to 60 mol percent 2,5- 
dimethyl styrene, and an intermediate transparent con 
ducting layer in contact with the base member and the 
thermoplastic layer. 

5. An optically clear recording film comprising (1) a 
transparent flexible polyethylene terephthalate supporting 
base member, (2) an outer thermoplastic layer compris 
ing a copolymer of from 40 to 65 mol percent n-butyl 
methacrylate and from 35 to 60 mol percent styrene, and 
(3) an intermediate transparent conducting layer com 
prising chromium. 

6. An optically clear recording film comprising (1) a 
transparent flexible polyethylene terephthalate supporting 
base member, (2) an outer thermoplastic layer compris 
ing a copolymer from 40 to 65 mol percent n-butyl meth 
acrylate and from 35 to 60 mol percent 2,5-dimethyl sty 
rene, and (3) an intermediate transparent conducting lay 
er comprising chromium. 

7. An optically clear recording film comprising (a) 
a transparent flexible polycarbonate resin base supporting 
member, (b) a thermoplastic layer comprising a solid co 
polymer of from 40 to 65 mol percent n-butyl methacry 
late and from 35 to 60 mol percent of a styrene having 
the formula 

ZN C=CH2 
Rx 

NY 
II:- 

where R is a member selected from the class consisting of 
hydrogen, methyl and methoxy, and x is a whole number 
equal to from 0 to 2 and (c) an intermediate conducting 
layer in contact with both the base member and thermo 
plastic layer. 
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