
EP 0  490 665 B1 Description Detailed Description of the Invention 5
The present Invention relates to a biaxially oriented polyester film for
magnetic recording media. More spe- cifically, it relates to a biaxially
oriented polyester film for magnetic recording media, which is excellent in
a variety of performances required of films for magnetic recording media,
particularly abrasion resistance and scratch resistance. Biaxially oriented
polyester films typified by a polyethylene terephthalate film are
extensively used for 10  magnetic recording media owing to their excellent
physical and chemical properties. In biaxially oriented polyester films,
their lubricity and abrasion resistance are crucial factors which influ-
ence not only the quality of accomplishment in the manufacturing and
processing step but also their product quality. When the biaxially oriented
polyesterfilm is poorin the above properties, for example, abrasion dust
occurs 15  or the film surface Is scratched due to strong friction between
a coating roll and the film surface during the formation of a magnetic tape
by coating a magnetic layer on a biaxially oriented polyester film.
Further, when such a magnetic tape is used as a VTR or data cartridge,
abrasion dust or scratch also occurs when the tape Is taken into a cassette
at a high speed, which might cause drop-out of recorded data. In the recent
VTR cassette field, a metal guide of which the surface finish is
insufficient or a plastic guide 20  is sometimes used as a guide post
fixedly provided in the cassette with the intention of reducing the manu-
facturing cost. This guide post has a very rough surface. Therefore, in a
conventional method for improvement In lubricity and abrasion resistance,
e.g., a method in which inorganic particles of silicon oxide, titanium
dioxide, calcium carbonate, talc, clay, calcined kaolin, etc., are
incorporated (see Japanese Laid-Open Patent Public- ation No. 5776211979),
or a method in which fine particles containing calcium, lithium or phosphor
are precipi- 26  tated in the polymerization system (see Japanese Patent
Publication No.32914/1977), the resultant magnetic tape provided with no
back coating causes abrasion dust or scratch when the tape Is taken into a
cassette at a high speed, and recorded data Is often dropped out. U.S.
Patent 5,006,589 discloses a polyester film for magnetic recording media
which contains 0.05 to 5 % by weight of inactive inorganic particles (A)
having a Mohs hardness of 6 or above and an average particle 30  size of
0.005 to 1.0 [err] and 0.01 to 2 % by weight of inactive particles (B)
having an average particle size which is greater than that of the particles
(A) and in the range of 0.1 to 3.0 [err], the polyester film having an
intrinsic viscosity in the range of 0.52 to 0.65. As a material for the
above inactive inorganic particles (A), [err] SIC, zeolite, sellalte, TLC
and titanium black are disclosed. Further, it is described that [err] is
particularly preferred, and there are disclosed 36  [err]-and p-type [err].
The above polyester film shows an effect on the guide posts employed for
reducing in the manufacturing cost. However, when a conventional metal
guide having a well-finished surface is used, the effect on improve- ment
Is Insufficient. There is also a method in which inactive particles having
a little greatersize than the above inactive inorganic particles (A) are
used in combination to overcome scratch caused by a metal guide having 40
a well-finished surface. In this method, however, there is observed an
adverse Influence that abrasion dust newly occurs. It is therefore an
object of the present invention to provide a biaxially oriented polyester
film for magnetic recording media. It is another object of the present
invention to provide a biaxially oriented polyester film for magnetic re-
46  cording media, which is excellent in abrasion resistance and scratch
resistance against not only a conventional metal guide having a
well-finished surface but also a recent metal guide having a rough surface
and a recent plastic guide, and which is also excellent in lubricity. The
other objects and advantages of the present invention will be apparent from
the following description. According to the present invention, the above
objects and advantages of the present Invention are ach- 50  ieved by a
biaxially oriented polyester film for magnetic recording media, which
comprises: (A) 0.05 to 1.0 % by weight of 0-aluminum oxide having an
average particle diameter in the range of from 0.02 to 0.3 pm and a
specific surface area in the range of from 50 to 120 m[err]/g, and (B) 0.01
to 1.5 % by weight of inert particles other than [err]-aluminium oxide
having an average particle di- ameter which is In the range of from 0.1 to
1.5 [err] and greater than the average particle diameter of the 55
0-aluminum oxide. 



Fig.1 Is a schematicvlew of an apparatus for measuring a running friction
coefficient of a biaxially oriented polyester film for magnetic recording
media. Fig. 2 Is a projection distribution curve. 2    EP 0 400 665 B1 The
polyester which constitutes the biaxially oriented polyester film of the
present invention Is preferably selected from aromatic polyesters
comprising aromatic dicarboxylic acids as a main acid component and ali-
phatic glycois having 2 to 10 carbon atoms as a main glycol component. As
such a polyester, polyesters which are substantially linear and have film
formability in the melt-molding are advantageous. 5      Examples of the
aromatic dicarboxylic acids are terephthalic acid, naphthalenedicarboxylic
acid, isophthal- ic acid, diphenoxyethanedicarboxylic acid,
diphenyidicarboxylic acid, diphenyietherdicarboxylic acid, diphenyl-
sulfonedicarboxylic acid, dipheylketonedicarboxylic acid,
anthracenedicarboxylic acid, etc. Examples of the aliphatic glycols are
polymethylene glycols having 2 to 10 carbon atoms such as ethylene glycol,
trimethylene glycol, tetramethylene glycol, pentamethylene glycol,
hexamethylene glycol, decamethy- 10  lene glycol, etc. and alicyclic diols
such as cyclohexanedimethanol, etc. As an aromatic polyester, preferred are
those composed mainly of alkylene terephthalate and/or alkylene
naphthalate. For the above aromatic polyesters, not more than 20 mol% of
the total amount of dicarboxylic acid com- ponents may be selected from the
above aromatic dicarboxylic acids other than terephthalic acid and/or 2,6-
15  naphthalenedicarboxylic acid, and also may be selected from aliphatic
dicarboxylic acids such as adipic add and sebacic acid and alicyclic
dicarboxylic acids such as cyclohexane-1 ,4-dicarboxylic acid. Further, not
more than 20 mol% of the total amount of glycol components may be selected
from the above glycols other than ethylene glycol, and also may be selected
from aromatic diols such as hydroquinone, re- sorcin and
2,2-bis(4-hydroxyphenyl)propane; aliphatic dlois having an aromatic ring
such as 1 ,4-dihydroxydi- 20  methylbenzene; and polyalkylene glycols
(polyoxyalkylene glycols) such as polyethylene glycol, polypropylene glycol
and polytetramethylene glycol. The polyesterused in the present Invention
also includes polyesters in which not more than 20 mol%, based on the total
amount of the dicarboxylic acid component and the oxycarboxylic acid
component, of a component derived from an oxycarboxylic acid, e.g., an
aromatic oxyacid such as hydroxybenzoic acid or an aliphatic oxy- 25  acid
such as [err]-hydroxycaproic acid is copolymerized or bonded. Further, the
polyester used in the present Invention includes a polyester in which a
polycarboxylic acid or a polyhydroxy compound having three or
morefunctional groups such as trimellitic acid, pentaerythritol, etc., is
copolymerized in such an amount that the resultant polyester is
substantially linear, e.g., not more than 2 mol% based on the total amount
of acid components. so      As an aromatic polyester in the present
invention, particularly preferred are polyethylene terephthalate,
polyethylene-2,6-naphthalate and a copolymer composed of a dicarboxylic
acid component of which at least 80 mol% is terephthalic acid
and/or2,6-dinaphthalenedicarboxylic acid and a glycol component of which
atleast 80 mol% is ethylene glycol. The above polyesters are known per se,
and can be produced by a known method. 35      The above polyesters
preferably have an inherent viscosity, measured in an o-chlorophenol
solution at 35[err]C, of about 0.4 to about 0.9. The biaxially oriented
polyesterfilm of the present invention is a product containing 0-aluminum
oxide and inert particles having a greater particle diameter than the
[err]-aluminum oxide in any one of the above-described polyesters. 40
The 0-aluminum oxide has an average particle diameter in the range of from
0.02 to 0.3 [err], preferably In. the range of from 0.03 to 0.25 [err].
When the above average particle diameter is smallerthan 0.02 [err], it is
impossible to form fine projections required for scratch resistance and
prevention of occurrence of abrasion dust. On the other hand, when the
average particle diameter is greaterthan 0.3 [err], agglomerates of primary
particles are too large, and abrasion 45  dust is liable to occur. The
0-aluminum oxide has a specific surface area in the range of from 50 to 120
m[err]/g, preferably in the 



range of from 60 to 100 m2/g. When theabovespecificsurface area Is less
than 50 m[err]/g, the scratch resistance is Improved, butabrasion dust is
liable to occur, and further, a metal guide having a well-finished surface
is frequently injured by the 50  resultant film. On the other hand, when
the specific surface area exceeds 120 m[err]/g, the particle diameter is
too small to form sufficient projections, and the scratch resistance is
degraded although the occurrence of abra- sion dust Is decreased. The
0-aluminum oxide further preferably has an entire pore volume in the range
of from 0.5 to 1.0 ml/g. When the entire pore volume is less than 0.5 ml/g,
the degree of particles being porous is too small, the 55  affinity of the
0-aluminum oxide tothe polyesterdecreases, and abrasion dust is liable to
occur. When the entire pore volume exceeds 1.0 ml/g, the particles are
fragile and liable to crumble when the film is stretched for biaxial
orientation, and it Is difficult to form relatively large projections
having an effect on scratch resistance against a metal guide having a
well-finished surface. 3    EP 0 490 665 B1 The content of the
[err]-aluminum oxide in the polyester is 0.05 to 1.0 % by weight,
preferably 0.1 to 0.6 % by weight. When the above content is less than 0.05
% by weight, the effect produced by the fine particles contained decreases.
When the above content exceeds 1.0 % by weight, stacking of particles is
observed, and abrasion 5   dust is liable to occur. The biaxially oriented
polyester film of the present invention further contains inert particles
having larger particle diameters than the 0-aluminum oxide. When the above
inert particles are absent, the friction coefficientof the film
againstvarious guides is high, and not only the film is degraded in
resistance to scratch and occurrence of abrasion dust, but also the
handling 10  of the film at the film production step is difficult. Further,
when the film is used as a base film for magnetic recording media, the film
shows poor running properties. The inert particles can be selected from
inert inorganic particles and inert heat-resistant polymer particles.
Examples of the material for the Inert inorganic particles are silicon
dioxide, titanium oxide, talc, kaolin, calcium carbonate and [err] or
x-aluminum oxide. 15      Examples of the inert heat-resistant polymer
particles are silicone resin particles, crosslinked acryl par- ticles,
crosslinked polystyrene resin particles, fluorine resin particles and
polylmide particles. The above inert particles may be used alone or in
combination of two or more. The inert particles preferably have an average
particle diameter in the range of from 0.2 to 1.2 [err]. The inert
particles are required to have a particle diameter greater than the
[err]-aluminum oxide having an 20  average particle diameter of 0.02 to 0.3
[err]. The content of the Inert particles in the polyester is 0.01 to 1.5 %
by weight, preferably 0.05 to 1.5 % by weight, more preferably 0.05 to 1.0
% by weight The [err]-aluminum oxide and the Inert particles may be
incorporated and dispersed in the polyester by a con- ventional method
known in the field of this art. The biaxially oriented polyester film of
the present invention can be produced, for example, by melt- 25  extruding
a polyester at a temperature ranging from the melting point of the
polyester (Tm:[err] C) to (Tm + 70)[err] C to obtain an unstretched film
having an Inherent viscosity of 0.35 to 0.9 dl/g, stretching monoaxially
(in the width or length direction) the unstretched film at a stretch ratio
of 2.5 to 5.0 at a temperature between (Tg - 10)[err] C and (Tg + 70)[err]
C (Tg stands for the glass transition temperature of the polyester), and
then stretching the resultant film at right angles with the above
stretching direction (e.g., in the width direction when the un- 30
stretched film had been first stretched in the length direction) at a
stretch ratio of 2.5 to 5.0 at a temperature between Tg ([err] C) and (Tg +
70)[err] C. In this case, the stretch ratio in terms of an area is 9 to 22,
preferably 12 to 22. The biaxial stretching may be carried out at the same
time or consecutively. Further, the resultant biaxially oriented polyester
film may be thermally set at a temperature between (Tg + 70)[err] C and
Tm([err] C). For example, it is preferred that the polyethylene
terephthalate film be thermally set at 35   a temperature between 190[err]
C and 230 C. The time for the thermal setting is, for example, 1 to 60
seconds. The biaxially oriented polyester film of the present invention
preferably has, on the film surface, projections of which the size, number
and distribution are suitable for achievement of the objects of the present
invention. 



For this purpose, the projections satisfy the following relationship,
-11.4x + 4<log y  -10.Ox + 5 40       in which x Is a distance ([err]) In
the height direction from a standard level and y is a number of projections
(pieces/mm[err]) counted when the projections are cut at a height of x,
provided that x is in the range of not less than 0.05 [err] and that y is
in the range of not less than 30/mm2. The biaxially oriented polyester film
of the present invention preferably has a running friction coefficient
([err]) of not more than 0.3. 45      The biaxially oriented polyester film
of the present Invention also preferably has a running friction coeffi-
cient increment ([err]) of not more than 0.15. The biaxially oriented
polyester film of the present invention has a thickness, for example, in
the range of from 4 to 100 [err]. Having excellent scratch resistance and
abrasion resistance against any of a metal guide having a well- 50
finished surface, a metal guide having an insufficiently finished surface
and a plastic guide, the biaxially ori- ented polyester film of the present
invention is very useful as a substrate film for magnetic recording media.
According to the present invention, there is therefore provided a magnetic
recording medium comprising the above biaxially oriented polyester film of
the present invention and a magnetic layer formed thereon. Further, a study
of the present inventors has showed that the above objects of the present
invention can 55   be similarly achieved also by the use of mixed (a + y)
aluminum oxide in place of the [err]-aluminum oxide. According to the
present invention, therefore, there is also provided a biaxially oriented
polyester film for magnetic recording media, which comprises: (A)' 0.05 to
1.0 % by weight of mixed (a+ y) aluminum oxide having an average particle
diameter in the 4    EP 0 490 685 B1 range of from 0.02 to 0.3 [err] and a
specific surface area in the range of from 50 to 120 m[err]/g, and (B)'
0.01 to 1.5 % by weight of, Inert particles other than mixed (a + y)
aluminium oxide having an average particle diameterwhich Is In the range of
from 0.1 to 1.5 [err] and greater than the average particle diameter of the
mixed (a+y) aluminum oxide. 5      In the above biaxially oriented
polyester film, the above mixed (a+y) aluminum oxide means aluminum ox- ids
In which each particle includes an a-type crystal form and a y-type crystal
form, and it does not mean a mixture of a-type particles and -type
particles. The mixed (a+y) aluminum oxide preferably has 3 to 30 % by
weight of an a-type crystal form and 70 to 97 % by weight of a y-type
crystal form. More preferably, it has 10 to 25 % by weight of an a-type
crystal form 10  and 75 to 90 % by weight of a y-type crystal form.
Similarly to the above [err]-aluminum oxide, the mixed (a+y) aluminum oxide
has an average particle diameter of 0.02 to 0.3 [err], preferably 0.03 to
0.25 [err], and a specific surface area of 50 to 120 m[err], preferably 60
to 100 m[err]/g. The mixed (a+y) aluminum oxide also preferably has an
entire pore volume in the range of from 0.5 to 1.0 15   Ml/g. It should be
understood that the previous description of the biaxially oriented
polyester film using [err]-alu- minum oxide can be applied to the above
biaxially oriented polyester film directly or by replacing the [err]-alumi-
num oxide with the mixed (a + y aluminum oxide, except for the above
description in regard to the mixed (a+y) aluminum oxide. 20      The
biaxially oriented polyester film using the mixed (a+y) aluminum oxide,
provided by the present inven- tion, is also naturally very useful as a
film for magnetic recording media. Therefore, the present invention also
provides a magnetic recording medium comprising this biaxially oriented
polyester film and a magnetic layer formed thereon. In the production of a
magnetic recording medium, a magnetic recording layer may be formed on the
biax- 25  lally oriented polyester film of the present invention as a
substrate by a method in which, for example, a mag- netic coating
composition is prepared by kneading a magnetic powder such as ferromagnetic
iron oxide (e.g., [err] or Co-containing y-Fe[err]) or a ferromagnetic
metal powder (e.g., pure Fe and an iron alloy such as Fe-Ni or Fe-NI-Co)
with a binder, and coated on the biaxially oriented polyester film
(nonmagnetic support). 



The biaxially oriented polyester film of the present invention is
particularly suitable for use in magnet recording 30   media of high
quality containing a ferromagnetic iron oxide powder. Magnetic recording
media having a polyester film as a substrate have found extensive use, for
example, In video tapes, audio tapes, computertapes and floppy discs. in
such applications, there has been an increasing demand for high density
recording and small sizes, and accordingly, the polyester film as a
substrate has been strongly required to have a flat surface, lubricity,
excellent handlability and a small thickness. 35      The present Invention
will be further detailed by reference to Examples. The physical property
values and characteristics in the present specification Including Examples
were measured or defined as follows. (1) Average particle diameter (DP):
Particles were measured fordiameters with a centrifugal particle size
analyzer (model CP-50 supplied 40       by Shimadzu Corporation), and there
was prepared a cumulative curve of particles of individual diameters and
their amounts calculated on the basis of the resultant centrifugal
sedimentation curve. In the cumu- lative curve, a particle diameter
corresponding to a 50 mass percent was read, and the particle diameter
value read was defined as an average particle diameterof the particles (see
"Particle Size Measuring Tech- nique", pages 242-247, 1975, issued by
Nikkan Kogyo Press). 45     (2) Specific surface area and Entire pore
volume: Particles were measured for a specific surface area and an entire
pore volume according to a BET method with Autosorb-1 supplied by
Quantachrome Corp. (3) Running friction coefficient ([err]) of film: Afilm
was measured fora running friction coefficient as follows, using an
apparatus shown in Fig. 1. 50         In Fig. 1, numeral 1 Indicates an
unwinding reel, numeral 2 Indicates a tension controller, numerals 3, 5, 6,
8, 9 and 11 indicate free rollers, numeral 4 Indicates a tension detector
(inlet), numeral 7 indicates a fixed rod made of stainless steel SUS304
(outer diameter 5 mm[err], surface roughness Ra = 0.02 [err]), nu- meral 10
indicates a tension detector (outlet), numeral 12 is a guide roller, and
numeral 13 indicates a take- up reel. 55          Under an environment
having a temperature of 20[err] C and a humidity of 60 %, a film cut to a
width of 1/2 inch was allowed to run (frictionally) at a rate of 200
cm/minute in a contact with the fixed rod at an angle [err] =
(1521180)[err]radian (152[err]). When a tension T[err] at the inlet was
adjusted to 35 g with the tension controller 2, and after the film ran 90
m, an outlet tension (T2: g) was detected with the outlet tension de- 5
EP 0 490 665 B1 tector, and the running friction coefficient ([err]) was
calculated on the basis of the following equation. [err] = (2.303/[err] (4)
Surface roughness: A film was measured for an Ra (centerline average
roughness) according to JIS B 0601. 5          A chart (film surface
roughness curve) was drawn with a needle-contacting type surface roughness
tester (SURFCOM 3B supplied by Tokyo Seimitsu Co., Ltd.) with a needle
radius of 2 [err] under a load of 0.07 g. A portion having a measured
length L was taken from the film surface roughness curve in the di- rection
of its center line. The center line of this portion taken was assumed to be
X axis and the direction of the longitudinal multiplication, Y axis, and
the roughness curve was expressed as Y = f(x). The value 10     (Ra; [err])
given by the following equation was defined as a surface roughness. [err]
15 In the present invention, the measuring length was set at 1.25 mm, and
the measurement was made on 8 portions having the measuring length. The
three largest measured values were excluded, and Ra was expressed in terms
of an average of the remaining five measured values. (5) Scratch resistance
and abrasion resistance: 20         In the same apparatus as that shown in
Fig. 1 and used for the measurement of the running friction coefficient
[err], a film was allowed to run 200 m at a contact angle of 30[err] at a
rate of 300 m/minute and at an inlet tension of 50 g. After the film was
allowed to run as above, the film was evaluated on abrasion 



dust adhering to the fixed rod 7 and scratch occurred on the film surface.
In the above test, the following fixed rods were used: 25           Method
A: a 6 [err] film guide made of stainless steel SUS 304 and having a
well-finished surface (sur- face roughness Ra = 0.015 [err]). Method B: a 6
[errr] film guide prepared by cylindrically bending a SUS sintered plate
and having a in- sufficiently finished surface (surface roughness Ra = 0.15
[err]) Method C: a 6 [err] film guide formed of a carbon black-containing
polyacetal. 30      <Evaluation on abrasion dust> A No abrasion dust was
found. B: Abrasion dust was slightly found. C: Abrasion dust was clearly
found. D: Abrasion dust heavily adhered. 35      <Evaluation on scratch> A.
No scratch was found. B: 1 to 5 scratches were found. C: 6 to 15 scratches
were found. D: 16 or more scratches were found. 40     (6) Scratch
resistance at a low-rate repetition: In the same apparatus as that shown In
Fig. 1 and used for the measurement of the running friction coefficient
[err], a film was allowed to run on the fixed rod in a running length of 10
m reciprocatively 50 times. After the film was allowed to run as above, the
film was evaluated on scratch resistance. In the above test, the following
fixed rods were used: 45           Method A: a [err] film guide made of SUS
304 and having a well-finished surface (surface roughness Ra = 0.015
[err]). Method B: a 6 [err] film guide prepared by cylindrically bending a
SUS sintered plate and having a In- sufficiently finished surface (surface
roughness Ra = 0.15 [err]) Method C: a 6 [err] film guide formed of a
carbon black-containing polyacetal. 50      <Evaluation on scratch> A. No
scratch was found. B: 1 to 5 scratches were found. C: 6 to 15 scratches
were found. D: 16 or more scratches were found. 55     (7) Running friction
coefficient Increment ([err]) of film: In the same apparatus as that shown
in Fig. 1 and used for the measurement of the running friction coefficient
[err], a film having a length of 10 m was allowed to run at a rate of 2
m/minute repetitively 50 times. The friction coefficient when the film was
allowed to run for the first time was taken as [err], and    EP 0 490 665
B1 the friction coefficient when it was allowed to run for the fiftieth
time was taken as [err]. And the running- friction coefficient increment
[err] was calculated by the following equation. [err] (8) Method of
measurement of projection distribution: 5          Athree-dimensional
(stereoscopic) image of a profile of projections on a film surface was
formed with a three-dimensional roughness tester (SE-30K, supplied by
Kosaka Laboratory Ltd.) under the conditions where the needle diameter was
2 [err]R, the needle pressure was 30 mg, the measurement length was 1 mm,
the sampling pitch was 2 [err], the cutoff was 0.25 mm, the magnification
in the vertical direction was 20,000, the magnification in the horizontal
direction was 200, and the scanning line number was 150. 10      A plane
obtained by cutting the above profile with a plane at right angles with the
thickness direction of the film so that the total area of cross sections of
profiled projections was 70 % of a measured area of the film was taken as a
standard level (0 level). The number of projections counted when the
profile was cut, in parallel with the plane at the standard level, with a
plane apart from the plane at the standard level by a distance of x (pm) in
the height direction of the projections was taken as y (pieces/mm2). The
numbers y were read by in- 



15  creasing or decreasing x, and a projection distribution curve was
prepared by plotting the numbers read to draw a graph. Examples I - 10 20
Dimethyl terephthalate and ethylene glycol were polymerized according to a
conventional method in the presence of manganese acetate as an ester
interchange catalyst antimony trioxide as a polymerization cat- alyst,
phosphorous acid as a stabilizer and additives shown in Table 1 as a
lubricant to give polyethylene ter- ephthalate having an Inherent viscosity
of 0.62 (in 0-chlorophenol, at 350 C). The pellets of the above
polyethylene terephthalate were dried at 170[err] C for 3 hours, and then
fed to an 25  extruder through a hopper. The pellets were melted at a
melting temperature of 280 to 300[err] C, and the molten polymer was
extruded onto a rotary cooling drum having a surface finish of about 0.3s
and a surface temper- ature of 20[err] C through a die having a slit of 1
mm in the width to give an unstretched film having a thickness of 200
[err]. The above-obtained unstretched film was preliminarily heated to
75[err] C, and stretched at a stretch ratio so  of 3.6 between a low-speed
roll and a high-speed roil by heating the film with one IR heater having a
surface temperature of 900[err] C and positioned 15 mm above the film. The
stretched film was cooled rapidly, fed to a stenter and stretched at a
stretch ratio of 3.9 in the width direction at 105 C. The resultant
biaxially oriented film was thermally set at a temperature of 205[err] C
for 5 seconds to give a thermally-set biaxially oriented film having a
thickness of 14 [err]. 35      Separately, 100 parts by weight (to be
abbreviated as "part" hereinafter) of y-Fe[err] and the following com-
ponents were kneaded and dispersed in a ball mill for 12 hours. Polyester
polyurethane                           12 parts 40               Vinyl
chloride-vinyl acetate-maleic anhydride copolymer
10 parts a-alumina                                        5 parts Carbon
black                                       1 part 45 Butyl acetate
70 parts Methyl  ethyl ketone                             35 parts
Cyclohexane                                     100 parts 50 After the
dispersion, the following components were added: Fatty acid:  Oleic acid
1 part 55                Fatty acid:  Palmitic acid
1 part Fatty acid ester:  Amyl stearate                  1 part 7    EP 0
490 665 B1 The resultant mixture was further kneaded for 15 to 30 minutes.
Further, 7 parts of a 25 % ethyl acetate solution of a triisocyanate
compound was added, and the resultant mixture was dispersed at a high
velocity under a shear force to prepare a magnetic coating liquid. The
above-obtained magnetic coating liquid was coated on the above 14 [err]
thick polyester film such that 6   the dry coating was 3.5 [err] thick. The
coated polyester film was subjected to an orientation treatment in a direct
current magnetic field, and dried at 100[err] C. The dried coated polyester
film was subjected to a calendering treatment, and slit to a width of 1/2
inch to give a magnetic tape having a thickness of 17.5 [err]. Table I
shows the properties of the magnetic tapes obtained in the above manner in
each Example. 10 Table 1 16                                          Ex.1
Ex.2   Ex.3  Ex.4  Ex.5 Kind                  A1203    A1203   A[err]
A1203  A1203 Specific        [err]    75       85       75      75     75
20                    surface area 



Entire pore    ml/g   0.75    0.82       0.75   0.75   0.75 A  volume 25
Average          [err]    0.20    0.21       0.20   0.20   0.20 particle
diameter Amount added    %      0.3      0.3      0.3    0.3    0.3 30
Inert       Crystal form             form ([err])form  form  form  form
parti- cles        Kind                   [err]  kaolin Average 35
particle         [err]      6      0          6    0.6    0.6 diameter
Amount added    %        0.3      0.3      0.15   0 3    0.2 B 40
Kind                                      S102 Average           [err]
0.6 particle diameter Amount added    %                         0.15 - to
be continued - 50 55    EPO0490665B1 Table 1 (continued) Ex. 1 Ex. 2 Ex. 3
Ex. 4 Ex. 5 Surface roughness Ra                 nm    20    20    19    20
22 Running friction coefficient                  .20  0.20  0.17  0.16
0.25 10      Running friction coefficient               0.10  0.10  0.06
0.04  0.15 increment Projection distribution curve                A     -
B     C     D (Fig. 2) Abrasion             A      A     B     B      B
Method resistance A Scratch              A     A      A     A      A
resistance Scratch                Abrasion              A     A      B
B     B resistance and Method resistance abrasion        B
-                   - resistance             Scratch              A      A
A      A     A 25       at high rate           resistance Abrasion
A      A     B     B      A Method resistance C 30
Scratch               A     A     A      A     A resistance Method Scratch
A      A     A      A     B A      resistance Scratch 35       resistance
Method Scratch               A     A     A      A     A 



at low-rate    B       resistance repetition Method Scratch               A
A     A      B     A C      resistance 40 As is clearly shown in Table 1,
the biaxially oriented polyester film of the present invention not only has
excellent lubricity as a substrate film for magnetic recording media but
also has excellent abrasion resistance 45  and scratch resistance against
all of a metal tape guide having a well-finished surface, a metal tape
guide hav- ing an insufficiently finished surface and a plastic tape guide.
The biaxially oriented polyester film of the pres- ent Invention has
excellent properties as a substrate film for magnetic recording media. 50
Claims 1. A biaxially oriented polyester film for magnetic recording media,
which comprises: (A) 0.05 to 1.0 % by weight of 0-aluminum oxide having an
average particle diameter in the range of from 0.02 to 0.3 [err] and a
specific surface area in the range of from 50 to 120 m[err]/g, and 55
(B) 0.01 to 1.5 % by weight of inert particles other than 0-aluminium oxide
having an average particle diameter which is in the range of from 0.1 to
1.5 [err] and greater than the average particle diameter of the
[err]-aluminum oxide. 9    EP 0 490 665   B1 Table 1 (continued) Ex. 1 Ex.
2 Ex. 3 Ex. 4 Ex. 5 5 Surface roughness Ra                [err]    20    20
19    20    22 Running friction coefficient              0.20  0.20  0.17
0.16  0.25 10      Running friction coefficient               0.10  0.10
0.06  0.04  0.15 increment Projection distribution curve               A
B     C      D (Fig. 2) 15 Abrasion             A     A      B     B     B
Method resistance A Scratch              A     A     A      A     A
resistance Scratch                Abrasion             A     A      B     B
B resistance and Method resistance abrasion       B resistance
Scratch              A     A      A     A      A 25       at high rate
resistance Abrasion             A     A      B     B     A Method
resistance C 30                              Scratch              A     A
A     A      A resistance Method Scratch              A     A      A     A
B A      resistance Scratch 35       resistance     Method Scratch
A     A      A     A      A at low-rate    B       resistance repetition
- Method Scratch              A      A     A     B      A 



C      resistance '   40
_ - As is dearly shown in Table 1, the biaxially oriented polyester film of
the present invention not only has excellent lubricity as a substrate film
for magnetic recording media but also has excellent abrasion resistance 45
and scratch resistance against all of a metal tape guide having a
well-finished surface, a metal tape guide hav- ing an insufficiently
finished surface and a plastic tape guide. The biaxially oriented polyester
film of the pres- ent invention has excellent properties as a substrate
film for magnetic recording media. 50  Claims 1. A biaxially oriented
polyester film for magnetic recording media, which comprises: (A) 0.05 to
1.0 % by weight of 0-aluminum oxide having an average particle diameter In
the range of from 0.02 to 0.3 [err] and a specific surface area in the
range of from 50 to 120 m2/g, and 55        (B) 0.01 to 1.5 % by weight of
Inert particles other than [err]-aluminium oxide having an average particle
diameter which is in the range of from 0.1 to 1.5 [err] and greater than
the average particle diameter of the [err]-aluminum oxide. 0    C   L M 2.
The biaxially oriented polyester film of Claim 1, wherein the
[err]-aluminum oxide has an average particle diameter in the range of from
0.03 to 0.25 [err]. 3.  The biaxially oriented polyesterfilm of Claim 1,
wherein the [err]-aluminum oxide has a specific surface area 5       In the
range of from 60 to 100 m[err]/g. 4.  The biaxially oriented polyester film
of Claim 1, wherein the [err]-aluminum oxide has an entire pore volume In
the range of from 0.5 to 1.0 ml/g. 10  5.  The biaxially oriented polyester
film of Claim 1, wherein the inert particles are inert inorganic particles
or. inert heat-resistant polymer particles. 6.  The biaxially oriented
polyester film of Claim 5, wherein the inert inorganic particles are formed
of a ma- terial selected from silicon dioxide, titanium oxide, talc,
kaolin, calcium carbonate and [err] 15       or [err]-aluminum oxide. 7.
The biaxially oriented polyester film of Claim 5, wherein the inert
heat-resistant polymer particles are se- lected from the group consisting
of silicone resin particles, crosslinked acryl particles, crosslinked poly-
styrene resin particles, fluorine resin particles and polylmide particles.
20 8.  The biaxially oriented polyester film of Claim 1, wherein the inert
particles have an average particle di- ameter in the range of from 0.2 to
1.2 [err]. 9.  The biaxially oriented polyesterfilm of Claim 1, wherein the
polyester comprises an aromatic dicarboxylic 25      acid as a main acid
component and an aliphatic glycol having 2 to 10 carbon atoms as a main
glycol com- ponent. 10. The biaxially oriented polyester film of Claim 1,
which has a running friction coefficient ([err]) of not more than 0.3. 30
11. The biaxially oriented polyester film of Claim 1, which has a running
friction coeff icient increment ([err]) of not more than 0.15. 12. The
biaxially oriented polyesterfilm of Claim 1,which has projections
satisfying the following relationship, 35
-11.4x + 4 < log y < -10.Ox + 5 in which x is a distance ([err]) In the
height direction from a standard level and y is a number of pro- jections
(pieces/mm[err]) counted when the projections are cut at a height of x,
provided that x is in the range of not less than 0.05 [err] and that y is
in the range of not less than 30/mm[err]. 40 13. The biaxially oriented
polyester film of Claim 1, which has a thickness in the range of from 4 to
100 [err]. 14. Amagnetic recording medium comprising the biaxiallyoriented
polyesterfilm recited in Claim 1 and a mag- netic layer formed thereon. 45
15. A biaxially oriented polyester film for magnetic recording media, which
comprises: (A)' 0.05 to 1.0 % by weight of mixed (a+y) aluminum oxide
having an average particle diameter in the 



range of from 0.02 to 0.3 [err] and a specific surface area in the range of
from 50 to 120 m[err], and (B)' 0.01 to 1.5% by weightof inert particles
otherthan mixed (a +y) aluminium oxide having an average particle diameter
which is In the range of from 0.1 to 1.5 [err] and greater than the average
particle di- 50         ameter of the mixed (a+y) aluminum oxide. 16. The
biaxially oriented polyesterfilm of Claim 15, wherein the mixed (a+y)
aluminum oxide has an average particle diameter in the range of from 0.03
to 0.25 [err]. 55   17. The blaxially oriented polyesterfilm of Claim 15,
wherein the mixed (a+y) aluminum oxide has a specific surface area In the
range of from 60 to 100 m[err]/g, 18. The biaxially oriented polyester film
of Claim 15, wherein the mixed (a+y) aluminum oxide has an entire 10    L
M   S pore volume in the range of from 0.5 to 1.0 mu/g. 19. The biaxially
oriented polyester film of Claim 15, wherein the mixed (a+y) aluminum oxide
is formed of 3 to 30 % by weight of an a-type crystal form and 70 to 97 %
by weight of a y-type crystal form. 5 20. A magnetic recording medium
comprising the biaxially oriented polyester film recited in Claim 15 and a
magnetic layer formed thereon. 10 Patontansprflche 1. Biaxial orientlerter
Polyesterfiim fOr magnetische Aufzekohnungstriger, enthaitend: (A) 0,05 bis
1,0 Gew.-% 0-Aluminiumoxid mit einem durchachnittlichen Teilchendurchmesser
im Be- relch von 0,02 bis 0,3 gm und elner spezifisochen Oberflache im
Berelch von 50 bW 120 m2/g, und 15        (B) 0,01 bis 1,5 Gew.-% Inerte
Partikel anderen Typs als 0-Aluminiumoxid mit einem durchachnittlichen
Tellchendurchmesser, der im Berelch von 0,1 bbs 1,5 pm llegt und gr8sser
let als der durchschnittliche Tellchendurchmesser des 9-Aluminiumoxids. 2.
Biaxial orientlerter Polyesterfilm nach Anspruch 1, bei dem das
0-Aluminiumoxid einen durchschnittlichen 20      Teilchendurchmesser Im
Bereich von 0,03 bis 0,25 pm hat. 3.  Biaxial orientierter Polyesterfilm
nach Anspruch 1, bei dem das 0-Aluminiumoxid eine speziflache Ober- flache
Im Berelch von 60 bis 120 m2/g hat. 25  AL  Biaxial orientlerter
Podyesterfilm nach Anspruch 1, bea dem das 9-Aluminiumoxid sin
Gesamtporenvoiu- men Im Bereich von 0,5 bis 1,0 m1ug hat. 5.  Biaxial
orientierter Polyesterfilm nach Anspruch 1, bei dem die Inerten Partikel
inerte anorganische Par- tikel oder Inertb hitzebestindige Polymerpartikel
sind. 30 6. Biaxial orlentierter Polyesterfilm nach Anspruch 5, bei dem die
Inerten anorganischen Partikel aus elnem. Material bestehand aus
Sllilcumdloxid, Titanoxid, Talk, Kaolin, Caldcumcarbonat oder a-, ., -,
1i-, p-, X- oder X- Aluminiumoxid gebildet sind. 35  7.  Biaxial
orientierter Polyesterfilm nach Anspruch 5, bei dem die inertn
hitzebestandigen Polymerpartikel ausgewahit sind aus der Gruppe bestehend
aus Siliciumharzpartikeln, vernetzten Acryipartikeln, ver- netzten
Polystyrolharzpartikeln, Fluorharzpartikeln und Polylmidpartikeln. B.
Biaxial orentlerter Polyestarfilm nach Anspruch 1, bel dem die Inerten
Partikel elnen durchschnittlichen i-~--- 40     Teilchendurchmesser im
Berelch von 0,2 bhi 1,2 pm haben. 9.  Biaxial orlentierter Polyesterfilm
nach Anspruch 1, beh dem der Polyesterelne aromatlsche Dicarbonsaure als
eine Hauptsaurekomponentb und emn aliphatisches Glykol mit 2 bib 10
Kohlenstoffatomen al elne Hauptglykolkomponente aufwelst. 45 10. Biaxial
orientlerter Polyestarfilm nach Anspruch 1, der einen
Laufreibungskoeffizient (pk) von nicht mehr als 0,3 hat. 11. Biaxial
orientierter Polyesterfilm nach Anspruch 1, der ein
Laufrelbungs-koeffizientinkrement (Apk) von 50      nicht mehr als 0,15
hat. 12. Biaxial orientlertbr Polyesterfilm nach Anspruch 1, der
Vorsprfinge hat, die der foigenden Beziehung ge- nflgen 



-11,4x + 4log y' -10,Ox + 5 55            worin x elnen Abstand (pm) in der
Hohenrichtung von elnem Standardlevel und y aine Zahl von Vorsprfingen
(Anzahllmm2), berechnet, wenn die Vorsprfnge bel einer Hohe von x
abgeschniten sind, bedeuten, mit der Malgabe, dal x im Bereich von nicht
weniger als 0,05 pm und daB y im Bereich von nicht weniger 11    -      L
M S * als 30mm2 Iegan. 13. Biaxial orientierter Polyesterfilm nach Anspruch
1 der eine Dicke Im Bereich von 4 bb 100 ipm hat 6 14.
MagnetscherAufzelchnungstrager derden biaxial orientierten Polyesterfilm
gemAR3Anspruch 1 und ene darauf aufgebrachtb magnetische Schibht aufwebst.
15. Biaxial orientierter Polyesterfilm fOr magnetische Aufzelchnungstrager,
weicher aufwelst: (A)' 0,05 bis 1,0 Gew.-% (a + y)-Aluminiumoxidgemisch mit
einem durchechnittlichen Teilchendurch- 10        messer im Bereich von
0.02 bis 0,3 Aun und elner spezifischen Oberflache Im Bereich von 50 bis
120 m2/g, und (B)' 0,01 bis 1,5 Gew.-% Inerte Partikel anderen Type als (a
+ +)Aiuminlumoxidgemisch mit elnem durchschnittlichen Teilchendurchmesser,
der Im Bereich von 0,1 bis 1,5 pim llegt und gr6Bfer als der
durchechnittliche Teilchondurchmesser des (a + y)-Aluminiumoxidgemisches
iLt. 15 16 Blaxial orientlerter Polyesatrfllm nach Anspruch 15, bei dem des
(a + y)-Aluminlumoxldgemisch einen durchschnittlichen Tellchendurchmesser
im Bereich von 0,03 bbs 0,25 im hat. 17. Blaxial orientlerter Polyesterfilm
nach Anspruch 15, be! dem das (a + y)-Aluminiumoxidgemisch ine ape- 20
zlflache Oberfilche Im Bereich von 80 bis 100 m2Ig hat. 18. Biaxial
orlentlerter Polyesterfilm nach Anspruch 15, bel dam das (a +
y)-Aluminiumoxldgemisch eln Ge- samtporenvolumen Im Bereich von 0,5 bis 1,0
ml/g hat. 25  19. Biaxial orlentierter Polyesterfilm nach Anspruch 15, be!
dem des (a + +)-Aiuminiumoxidgemisch aus 3 bis 30 Gew.-% elner
a-Typ-Krlstallform und 70 bis 97 Gew.-% einer y-Typ-Krisatllform gebildet
let 20. Magnetischer Aufzeichnungstriger, der den biaxial orientlerten
Polyesterfilm gemaM Anspruch 15 und eine darauf aufgebrachtb magnetische
Schicht aufwealst. 90 Revendlcatlons 1. Film polyester a orientation
bi-axiale pour milleux d'enregistrement magn6tique, compronant 35
(A) 0,05 A 1,0% en poids d'oxyde d'aluminium 9 ayant un diametre moyen de
particule compris entre 0,02 et 0,3 lAm et une airs de surface sp6cifique
comprise entre 50 et 120 m2Ig, et (B) 0,01 A 1,5% en poids de particules
inertes autres quo loxyde d'aluminium 0 ayant un diambtre moyen de
particule situ6 entre 0,1 et 1,5 Am, et superieur au dlametre moyen de
particule de l'oxyde d'aluminium 0. 40 2.  Film polyester a orientation
bi-axiale solon la revendlcation 1, dans lequel l'oxyde d'aluminium 0
poss~de un diametre moyen de particule compris entre 0,03 et 0,25 Am. 3.
Film polyester A orientation bi-axiale solon la revendlcatlon 1, dans
lequel l'oxyde d'aluminium 0 poss~de 45      une aire de surface sp6cifique
comprise entre 60 et 100 m2/g. 4.  Film polyester A orientation bi-axiale
solon la revendication 1, dans lequel l'oxyde d'aluminlum 9 possede un
volume total de pores compris entre 0,5 et 1,0 ml/g. 50  5.  Film polyester
A orientation bi-axiale solon la revendication 1, dans lequel les
particules Inertes sont des particules Inorganiques inertes ou des
particules de polymere inerte r6sistant A la chaleur. 6.  Film polyestera
orientation bi-axiale salon la revendicatlon 5, dans loquel les particules
inorganiques iner- tes sont formees d'une substance cholsie parml l dioxyde
de silicium, 'oxyde de titans, le talc, le kaolin, 55      le carbonate de
calcium et l'oxyde d'aluminium a, .  Y,  p, IC Ou Z. 7.  Film polyester A
orientation bi-axialo slon ia revendication 5, dans lequel lee particules
de polymere Iner- to r6sistant a la chaleur, sont choisles parmi Is group.
constltu6 par des particules de r6sine de silicone, 



12    C    L   14  S des particules acryliques reticulees, des particulos
de r6sine de polystyrene r6tbcul6, des particules de resines fluor6es at
des particules de polyimide. 8.  Film polyester A orientatbon bi-axiale
solon la revendication 1, dans lequol les particules Inertos ont un 5
diametre moyen de partloule compris entre 0,2 et 1,2 gm. 9.  Film polyester
A orientation bi-axiale selon la revendlcation 1, dans lequel le polyester
comprend un acide dicarboxylique aromatique comme composant acids principal
et un glycol aliphatique ayant de 2 A 10 ato- mes de carbone comme
composant glycol principal. 10 10. Film polyester A orientation bi-axiale
salon la revendicatbon 1, poss6dant un coefficient de frottement de
roulement (pk) non superieur A 0,3. 11. Film polyestbra orientation
bi-axiale solon la revendicatlon 1, poss6dantun accrolssement de
coefficient 15      de frottement de roulement (Alak) non sup6rieur A 0.
15. 12. Film polyester A orientation bi-axiale solon la revendicatbon 1,
ayant des protuberances satisfaisant A la relation sulvanto, -11,4x + 4
logy  -10,Ox + 5 20            dane laquelle x est une distance (ttm) salon
la direction verticale a partir d'un niveau de refirence et y est un nombre
de protuberances (616mente/mm2) compt6 lorsque les protub6rances sont
coup6es A une hauteur de x, A condition quo x ne soit pas Inferieur A 0,05
pm ot quo y ne solt pas Inferieur A 30/mm2. 25  13. Film polyester A
orientation bi-axiale salon la revendication 1, posse6dant une 6paisseur
comprise entre 4 et 100 pm. 14. Milieu d'enregistrement magn6tique
compronant le film polyester A orientation bi-axiale enonc6 dans la
revendication 1 et une couche magn6tique formee sur celul-ci. 30 15. Film
polyester A orientation bi-axiale pour milieux d'enregistroment magn6tique,
qui oomprend: (A)' 0,05 A 1,0% en poids d'oxyde d aluminium m6lange (awy)
ayant un diametre moyen de particule compris entre 0,02 et 0,3 lam et une
aire de surface sp6ciflque comprise entre 50 et 120 m2/g, et (B)' 0,01 A
1,5% en polds de particules Inertes autres quo l'oxyde d'aluminium m6iang6
(wly) ayant 35        un diametre moyan de particule compris entre 0,1 et
1.5 Pm, et sup6rieur au diametre moyen de par- ticule de loxyde d'aluminium
melang6 (a+y). 16 Film polyester a orientaton bi-axiale solon la
revendication 15, dans loquel l'oxyde d'aluminium melang6 (any) possede un
diambtre moyen de particule compris entre 0,03 et 0,25 Pm. 17. Film
polyester A orientation bi-axialo salon la revendication 15, dans Isquel
loxyde d'aluminium m6lang6 (a+y) possade une airs de surface sp6ciflquo
comprise entre 60 et 100 m2Ig. 18. Film polyester A orientation bi-axiale
selon la revendication 15, dans loquel lioxyde d'aluminium m61ang6 45
(a4y) possede un volume global de pores compris entre 0.5 et 1,0 mUg. 19.
Film polyester a orientation bi-axiale salon la revendication 15, dane
lequel l oxyde d'aluminium m61ang6 (a+y) estform6 de 3 A 30% en polds d'une
form. cristalline de type a et de 70 A 97% en poids d'une forme cristalline
de type y. 50 20. Milieu d'enregistrement magn6tique comprenant Is film
polyester A orientation bi-axiale 6nonce dans la revendication 15 et une
couche magn6tique form6e eur celul-cl. 55 13    


