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The: present invention relates to magnetic re-
cording sheet material, particularly in the form
of narrow tape for the storage of sighals as miag-
netic impulses.

Magnetic recording sheet material commonly
consists of finely divided magnetic powder dis-
tributed.in a plastic binder and coated on a thin
flexible supporting web. Harly types employed
iron oxide particles dispersed in nitrocellulose
lacquer binder and coated on thin paper. More
recent modifications employ various improved
polymeric binders, preferably with cellulose ace-
tate or other nhon-fibrous fllm supports. The
coated sheet is cut into narrow contintious strips
and wound on reels.

For recording and reproducing sighals, the tape-

is pulled past fixed magnetic heads by means of
constant-speed capstans or similar devices. It
is essential that the maghetizable particles of the
tape codating come into close proximity with the
magnetic heads, since the available magnetic
forces are quite small. Hence the tape is or-
dinarily under considerable ténsion as it passeés
across the magnetic gap, and presses firmly

against the head. With tape constructions hith- -

erto available, these conditions have resulted in
high frictional forces between the tape and the
head; and have given rise to “squeal” and “mod-
ulation noise” in the reproduced signal.
Covering the magnetic heads with friction-
reducing material is impractical, due to the con-
stant wear occurring at such. points and to the
required close dimenisional toleramnces.
tion of the tapeé surface with lubricsiting oils,
waxes, ete., is found to provide only moderate and
temporary relief, and such materials softeri the
usual binder compositions so that they are soon

badly abraded. Even slicht abrasion must be-

avoided, since the magnetic material removed
from the tape has g tendency to. collect at thie
maghnetic head and interfere with proper opera~
tion of the circuit. ;

The. frictional force developed between tape

and magnetic head may be accurately determined

by mesans of a simple testing device in which the
tape is pulled under specified tension past a fixed
head of defined shape and materials, and the pull
is measured on a spring balance,

Such g testing device is constructed and oper-
ated as follows. A cleaned and polished fiat “Mu”
metal strip 14 inch wide and 1 inch long is
cemented or otherwise secured in the bottom of
a Y inch channel cut in & 1-inch wide block of
metal or plastic, the block serving rerely &s a

support for the metal strip and a guide for the-
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tape. The block is anchored. to a table-top or
other surface. The tape sample, of 12 inches or
greater length and 14 ihch width, is fasteéned to
a spring scale and laid in the groove with the
magnetic coated surface contacting the metal
strip. Pressure is applied over the area of the
metal strip by means of a felt pad backed up with
a flat-surface brass bar fitting within the chan-
nel and weighted to 50 grams, the bar being held
i place in the chanrel by a suitable hinge or
strap. The tapé is then drawn through the chan-
nel, between the polished metal friction strip and
the felt-covered weight, by pulling on the spring
scale, and the pull required is recorded. The rate

5 of travel is just sufficietit to provide smooth sus-

tained motion of the tape dcross the strip. Aver-

age readirigs for ten or more tests are taken, the

tests being made at hormal room tempersture.
“Mu’” metal is an alloy of about 75% nickel,

6 209 iron, and smadll amourits of copper, chro-

mium, molybdenum, etc., having high magnetic
permeability. This type of miaterial is widely used
for the laminations of the magnetic heads in
maghneti¢ recordihg devices, lience the results ob-
tained in this test dre directly comparable to
thosé obtained-when the tape is employed ih mag-
netic recording.

It has been observed that magnetic recording
tapes which show & frictionsl pull of miore than
about 30 grams in the above test, and particu-
larly those shiowing a frictional pull of as high
as 50-70 grams, produce squeal and modulation
noise, whereas the tapey of this invention, show-
ing & frictichal pull of less than about 30 grams,
and in many cases of less than about 25 grams,
are completely free of such effects when used
with any of the magnetic recorder devices how
available.

It is therefore an object of the present inven-
tion to provide a magnetic recording tape having
low frictional drag. Another object is to provide
a magnetic recording tape having a high degree
of abrasion resistance. A further object is to
provide .a; magnetic recording tdpe having low
friction and high abrasion resistarnice and re-
taining these properties.over long periods of stor-
age and many-cycles of use. A specific object is
to provide a magnetic recording tape in which
the frictional pull, measured as herein defined, is
less than about 30" grams, and preferably less
than about 25 but-not lower than about 10-15
grams; Other objects will be made apparent as
the description of the invention proceeds.

It-has now beent-found that the addition of cer-
tain high molecular weight - silicones in small
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proportion to the mixture of binder and mag-
netic particles effectively and permanently re-
duces the frictional pull of the corresponding
coated magnetic recording tape and accom-
plishes the various objects enumerated. The ef-
fect is found to be obtained irrespective of the
particular binder composition or support web,
as will be apparent from the following specific
examples.
EXAMPLE 1

Thin cellulose acetate film having a caliper of
0.0014-0.0016 inch and a lengthwise tensile
strength of 15-20 lbs. per inch width with an
elongation of less than 12% at break was select-
ed as the support. It was coated with a uniform
dispersion of two parts of acicular magnetic red

10

iron oxide powder in one part of a binder con- -

sisting essentially of the copolymer of 45 parts
of ethyl acrylate and 55 parts of methyl meth-
acrylate, and dissolved in a mixture of toluene
and acetone, the dispersion containing also 1.3
parts of a high molecular weight polymeric di-
methylsilicone, in this case Dow-Corning “Anti-
Toam A,” a semisolid, translucent plastic silicone
polymer, for each 100 parts of magnetic oxide.
The silicone was only partially soluble in the sol-
vent mixture, but was uniformly dispersed by
prolonged mixing.

Without the added silicone, such a tape had
o frictional pull greatly in excess of 30 grams,
and usually averaging '70-80 grams. The tape
of the example, on the other hand, had a fric-
tional pull of less than 25 grams, the average
being 22 grams. Doubling the amount of sili-
cone still further reduced this figure to 10-20
grams. The effect was permanent, the values
remaining approximately the same even after
prolonged storage and after numerous cycles of
unwind and rewind through a commercial mag-
netic recorder unit.

EXAMPLE 2

A film as used in Example 1 was employed
as the support. The binder consisted of a copoly-
mer of equal parts of n-butyl acrylate and meth-
yl methacrylate. A Dblack acicular magnetic
iron oxide powder was uniformly dispersed in
5 solution of the binder in toluol containing a
small amount of acetone. At the same time, the
polymeric silicone of Example 1 was mixed into

the batch, the amount of silicone being 1.3% of .

the weight of the magnetic oxide. The smooth
dried coating of this dispersion on the acetate
film weighed 6-7 grains per 24 square inches.

The frictional force of the tape of this exam-
ple was found to be between 15 and 30 grams.
With double the amount of silicone, the pull was
more uniform and remained at 15 grams. Fric-
tional forces of 50-65 grams were obtained when
the silicone was omitted; at these values, vibra-
tions were set up in the tape during recording,
which later showed up as squeals and modula-
tion noise on playback. ’

For coatings made on treated paper backings
in place of the cellulose acetate film, it was found
desirable to use the higher ratio of silicone poly-
mer, viz., about 2.6% on the weight of the mag-
netic oxide.

EXAMPLE 3

To make the binder for this example, four

parts of a stabilized copolymer of vinyl chloride
(90 parts) and vinyl acetate (10 parts) were
blended with one part of freshly milled rubbery
copolymer of butadiene (656 parts) and acrylo-
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nitrile (35 parts), in solution in methyl isobutyl
ketone,  Magnetic iron oxide powder, in this
case a material having chunky, non-acicular par-
ticles, was added, together with a small amount
of “Anti-Foam A” silicone polymer, and the mix-
ture was coated on cellulose acetate film, as in
Example 1, to produce a high quality magnetic
recording tape having reduced frictional pull.
Without the silicone polymer, the pull was at
least about 45 grams, and often as high as 65
grams; at 0.609% silicone (based on the oxide
weight), the pull was only 16 grams. At 1.3%
and at 2.6%, values of 11 and of 6-10 grams re-
spectively were obtained.

Since the silicone polymer is expensive, it
is obviously desirable to use it in minimum
amounts. In exfremely small proportions, how-
ever, uniform distribution of the silicone in the
coating is sometimes difficult to secure, and er-
ratic results are obtained. About 0.5 to 1.6% of
“Anti-Foam A” silicone polymer is generally
effective, while up to about 2.0-2.5% or even-
slightly higher has given good results. Some-
slight variations in these percentages may be -
desirable, e. g. when substituting other gener-
ally equivalent polymeric silicones for the “Anti-
TFoam A,” but in general the amount of sili-
cone should represent approximately 0.5-2.5%
of the weight of the magnetic iron oxide. :

Thin paper, such as thin rope-fiber tissue .
paper - (“flexrope”), preferably previously im- :
pregnated with plasticized vinyl chloride:vinyl -
acetate copolymer, has provided a suitable sup-
port web for the magnetic recording tape of this-
invention in place of the cellulose acetate film.-
The impregnating composition, and the treated
web, may be pigmented or otherwise given an'’
identifying appearance. The impregnated paper
backed strip has somewhat higher frictional pull, :
for a given percentage of silicone; than the film
backed tape, hence requires slightly more of the -
silicone for equivalent results.

The support web, whether fibrous or non-
fibrous, may be given a preliminary adhesive -
priming coat so as to provide improved adhesive
ia.nchorage between the support and the magnetic
ayer. - i o

The magnetic layer will ordinarily contain
about two parts of magnetic iron oxide (or an
equivalent amount of other magnetic powder
material) to about one part of binder.. Larger -
amounts of oxide reduce the effectiveness of the
bond; smaller amounts of oxide provide insuffi- -
cient magnetic force for best retention and re-
production of impressed sighals. Small changes
in these proportions have no significant effect
on the frictional pull of my improved tape
product. : :

Coating of the magnetic mixture may be-
accomplished by means of spreader bars, coat-
ing rolls or knives, intaglio printing, or in any -
other convenient manner. The finished coating
must be thick enough to provide adequate mag-
netic force, and must be smooth and uniform.
Smoothing operations, such as calendering of -
the coated and dried sheet, are sometimes help- -
ful in obtaining improved quality recording and -
reproduction. . - ) . -

With some types of coating operations, mul-
tiple coats are advantageous. In such cases, only -
the outer layer need contain the silicone poly- -
mer. However, it is found that superior results
are obtained by incorporating the silicone within -
the coating composition rather than by applying -
the silicone to the exterior surface of the coated -
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and dried magnetic-layer. This-is: particularly
true with respect to the permanence of the effect
produced. Where multiple-layer coatings are
applied, the total amount of silicone may be
somewhat reduced, but the amount in the outer
layer should be somewhat greater than would be
required where the mixture was to be applied
as a single coating,

The surprising effectivenéss- of the silicone
polymers. in' permanently reduclng the frictional
pull of magnetic recording _tapes is shown by the
values given:in the accompanying table.. TFape A
is similar to that of Example 1, comprising a
polyacrylate binder and -ironn oxide powder
coated. on acetate film, and contains 1.3% of
“Anti-Foami: A silicone; Tape B is cotherwise
identical with tape. A, biit: conitains no: silicohe.
Tape C is prepared from tape B by applying to
the magnetic coating, from dilute solution in
heptane, a thin surface layer of paraffin oil.
Tape D is similar, except that carnauba wax is
substituted for the paraffin oil. The tapes were
tested in their original condition, and also after
holding in storage at 150° P. (aging test) and
after 500 cycles over a hot mandrel (simulated
playback test). The 150° F. temperature corre-
sponds closely to the temperature attained in the
erase head during operation of many commer-
cial magnetic recording machines. Tapes A and
B were aged for 24 hours; tapes C and D, for
only 7 hours.

Frictional pull of magnetic tapes, grams

BN T, A B (o] D
Treatment ... ..._....... sﬂlcone._ untreated .| oil. .| wax.
Original condition._. grams 65 38_..| 45.

150° Aging _...coooons - 65 o -onean| 70--.| 65.

500 cycle playbaclk. .. do_.._ 30.....- over 100___|.____- over 100.

When small amounts of oil or wax were mixed
with the coating composition prior to coating, no
measurable reduction in frictional pull was ob~
tained. Large amounts of these materials sof-
tened the coating and drastically reduced the
effectiveness of the binder.

The tapes were also used for recording and
reproducing music and voice. Tape A unwound
smoothly from the reel, caused no visible wear
of the magnetic heads even on long-confinued
operation, and provided excellent performance
as a magnetic recording medium. Tape B
showed a tendency to stick in the reel, particu~
larly after storage at moderately elevated tem-
peratures. It caused observable wear after pro-
longed operation, and deposited small amounts
of binder and magnetic powder on the magnetic
heads. The high frictional pull over the heads
resulted in squealing and modulation noise.
Tapes C and D were somewhat lower in fric-
tional pull than the untreated tape when first
tested, but as the test continued the pull in-
creased until noticeable squealing was again en-
countered. The coating of tape C was found,
after the aging test, to be softer than that of
tape B. Tape D deposited accumulations of wax
on the magnetic heads.

The silicones have been defined as polymeric
organosiloxanes in which the polymeric chains
are composed of alternate silicon and oxygen
atoms and the side chains, attached to silicon,
are hydrocarbon radicals. Long-chain or high
molecular weight liquid or plastic polymeric
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silicones: such as the pelyhieric dimethyl silicone
of the foregoing specific examples consistinig of
at ledst about ten monomerlc units and in- which:
tHe ' §ide - chains sre predeminantly  methyl
groups, come ‘within this classification and are
found to be generally suitable for the purposes:
of this invention:. Thus; T have obtained good
results with & numper - of such silicohe polyiiers,
and which  are obtainable, at the date of thé
ﬁhng of this apphcatmn utider the demgna,txons
“Dr=200,” * “DC=550," “GHE-81069” and “GE=
81066.” These silicones, which are considered
as beéing fully’ equivalent to the DC “Afiti-Foani
A" fot the purpases of my mventmn may be of
variols moléciilar weights; they ihay ¢ontain”
nuierous - cross-linkages; .and ‘4 rHiinor pPropor=
tion ‘of the methyl grolips may be replaced by
longer hydrocarbon radicals, e. g. ethyl, butyl,
octyl, ete.

The specific dimethylsilicone polymer here
identified as “Anti-Foam A,” as well as the other
equivalent high-polymer silicones, is insoluble,
or at most only partially soluble, in the solvents
customarily used for the application of the mag~
netic coatings of magnetic recording tape, and
in addition appears to be incompatible with the
polymeric binders. Such incompatibility may
account for the lack of softening of the binder
on addition of substantial quantities of the sili-
cone, and also for the non-blocking character-
istics of the tape. It might be expected that such
soft and incompatible material would rapidly be
expelled and exhausted from the magnetic layer
during use of the tape. It might also be expect-
ed that coatings containing such incompatible
additives would not form an effective bond with
the surface of the support web when coated
thereon. Suprisingly, however, the coating is
found to be well bonded and the tape retains its
initially low value of frictional pull and its other
desirable properties even after prolonged stor-
age in roll form and after practically innumer-
able use cycles.

What I claim is as follows:

1. Magnetic recording tape comprising a thin
flexible non-magnetic support and firmly hond-
ed thereto a magnetically susceptible coating
and having g frictional pull as herein defined of
not more than about 30 grams, said coating con-~
sisting mainly of a magnetic powder dispersed in
o thermoplastic resinous polymeric binder and
containing as a permanent friction-reducing
component a high molecular weight liquid poly-
meric dimethylsilicone, said polymeric binder in
the absence of said dimethylsilicone providing a
tape product having a frictional pull substantially
greater than 30 grams and giving rise to squeal
and modulation noise in magnetically reproduced
signals.

2. Magnetic recording tape comprising a thin
flexible non-magnetic support and firmly bond-
ed thereto a magnetically susceptible coating and
having a frictional pull as herein defined of
not more than about 30 grams, said coating con-
sisting mainly of a magnetic iron oxide powder
dispersed in a thermoplastic resinous polymeric
binder and containing, as a permanent friction-
reducing component, about %-21% parts of a
high molecular weight liquid polymeric di~
methylsilicone for each 100 parts of said iron
oxide, and said binder in the absence of said di-
methylsilicone providing a tape product having
a frictional pull substantially greater than 30
grams and giving rise to squeal and modulation
noise in magnetically reproduced signals.
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3. Magnetic recording tape comprising a thin
flexible non-magnetic support and firmly bond-
ed thereto a magnetically susceptible coating
and having a frictional pull as herein defined
of about 10-25 grams, said coating consisting
mainly of a magnetic iron oxide powder dispersed
ing a thermoplastic resinous polymeriec binder and
containing, as a permanent friction-reducing
component, about 1% parts of a high molecular
weight liquid polymeric dimethylsilicone for
each 100 parts of said iron oxide, and said binder
in the absence of said dimethylsilicone provid-
ing a tape product having a frictional pull sub-
stantially greater than 30 grams and giving rise
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