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TITLE OF THE INVENTION: 

Magnetic Recording Medium 

 

ABSTRACT: 

OBJECTIVE: 

To provide a magnetic recording medium suitable for a magnetic recording system, 

which is loaded with a high-sensitivity head (MR head, GMR head, etc.), said magnetic 

recording medium being a coated type with a thin magnetic layer, which is low in noise, 

thereby making it possible to minimize the diminishment of output, and which has superior 

durability against running motions, with [such durability] also including the [extended] head 

life. 

MEANS FOR RESOLUTION:  

A magnetic recording medium that comprises the following layer(s) on at least one plane of 

a nonmagnetic substrate: 

 

A magnetic layer containing a ferromagnetic powder and a binder; or 

 

A nonmagnetic layer containing a nonmagnetic powder and a binder as well as a 

magnetic layer containing a ferromagnetic powder and a binder in the order given; or 
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A magnetic recording medium that comprises the following layer(s): 

 

The aforementioned magnetic layer, or the aforementioned nonmagnetic layer and 

the aforementioned magnetic layer in the order given, on one surface of a 

nonmagnetic substrate; and 

 

A back-coat layer on the surface of the aforementioned the nonmagnetic substrate 

opposite the surface provided with the aforementioned magnetic layer or the 

aforementioned nonmagnetic layer and the aforementioned magnetic layer; 

wherein: 

 

At least one layer selected from a group consisting of the aforementioned magnetic layer, 

the aforementioned nonmagnetic layer and the aforementioned back-coat layer contains a 

conductive oxide powder. 
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WHAT IS CLAIMED IS: 

 

Claim 1 

A magnetic recording medium comprising the following layer(s) on at least one plane of a 

nonmagnetic substrate: 

 

A magnetic layer containing a ferromagnetic powder and a binder; or  

 

A nonmagnetic layer containing a nonmagnetic powder and a binder as well as a 

magnetic layer containing a ferromagnetic powder and a binder in the order given; or 

 

A magnetic recording medium comprising: 

 

Said magnetic layer, or said nonmagnetic layer and said magnetic layer in the order 

given, on one surface of a nonmagnetic substrate; and 

 

A back-coat layer on the surface of said the nonmagnetic substrate opposite the 

surface provided with said magnetic layer or said nonmagnetic layer and said 

magnetic layer; wherein: 

 

At least one layer selected from a group consisting of said magnetic layer, said nonmagnetic 

layer and said back-coat layer contains a conductive oxide powder. 
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DETAILED DESCRIPTION OF THE INVENTION 

 

[0001] 

TECHNOLOGICAL FIELD OF THE INVENTION 

The present invention pertains to a coated-type magnetic recording medium. Particularly, it 

pertains to a coated-type magnetic recording medium, which can record/reproduce digital 

signals at a high density. More specifically, the present invention pertains to a coated-type of a 

magnetic recording medium comprising a magnetic layer, which if formed by coating, on a 

substrate, a magnetic coating material that contains a ferromagnetic powder and a binder; 

particularly a magnetic recording medium for high-density recording that uses an MR head, etc., 

which is preferable for the use in a system that requires a low-noise medium. 

 

[0002] 

CONVENTIONAL TECHNOLOGY 

For conventional examples of widely used magnetic recording media, such as music 

recording tapes, video tapes, computer tapes, disks and the like, a magnetic layer, which is 

prepared by dispersing a ferromagnetic iron oxide, Co-modified ferromagnetic iron oxide, CrO2, 

ferromagnetic metal powder, hexagonal ferrite, etc., in a binder, is applied to and thus coated to 

a substrate. Among other things, the ferromagnetic metal powder and hexagonal ferrite are 

known to have superior high-density recording characteristics (JP,60-157719,A, 

JP,62-109226,A, JP,3-280215,A, JP,5-12650,A, JP,5-225547,A, etc.). 

[0003]  

In recent years, magnetic recording media have been adapted for higher recording density in 

order to enhance the recording density. Consequently, the recording wavelength has become 

shorter, and furthermore the track width has become narrower. However, if the magnetic layer is 

thick in the case of magnetic recording that employs a short recording wavelength, the problems, 

such as the self-demagnetization loss that occurs during the recording process associated with 

the diminished output as well as the thickness loss during the reproduction process, become 

more significant. As a result, various ways to obtain a coated-type magnetic recording medium 

with an ultrathin layer have been introduced (JP,6-236539,A, JP,4-330623,A, JP,5-274651,A, 

etc.). Hence, it has been known that the durability against running motions deteriorates when an 

attempt is made to secure the surface smoothness (particularly high-band characteristics) while 

reducing the thickness of the magnetic layer. Thus, the objective has conventionally been to 

develop a magnetic recording medium that could maintain the durability against running 

motions while allowing the improvement of electromagnetic conversion characteristics. 

[0004] 
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Meanwhile, magnetic heads that adapt the operating principle of electromagnetic induction 

(induction-type magnetic heads) have been predominantly used in the conventional technology. 

Nevertheless, in order to obtain a greater reproduction output, it is necessary to increase the 

number of coil turns in the reproduction head. However, when the number of coil turns in the 

reproduction head increases, the inductance will increase proportionately. This engenders a 

problem because it causes the resistance in high frequency to increase, thereby resulting in 

lower reproduction output. In order to handle this problem, highly sensitive MR heads and GMR 

heads, which utilize the magnetoresistance effect for the reproduction head, have recently been 

adopted and studied for the purpose of realizing high-density recording and high output so as to 

develop a system that can provide a high S/N [ratio]. Not only is it assumed that MR heads are 

used in HDD, but even magnetic tape systems have been developed with the use of MR heads. 

Known examples of such magnetic recording tapes support the DLT type, 3480 type, 3490 type 

and 3590 type. 

[0005] 

It is known that because the above-mentioned systems that use MR heads can significantly 

reduce the noise attributable to the system (hereinafter referred to as the "system noise"), the 

noise attributable to the medium itself (hereinafter referred to as the "medium noise") governs 

the S/N [ratio] of the system. Accordingly, in order to further improve the S/N [ratio] in system, it 

is important to achieve low medium noise in the magnetic recording medium. In a system that 

uses an MR head, it is also important to further enhance the system's durability against running 

motions in the system in addition to achieving low medium noise 

 

[0006] 

OBJECTIVE TO BE RESOLVED BY THE INVENTION 

However, it has been conventionally believed to be difficult to achieve both the lower 

medium noise in the magnetic recording medium and the durability against running motions in 

the system that uses an MR head. In response, the applicant of the present invention has 

disclosed a method that makes it possible to achieve both low noise in terms of the medium 

noise and durability against running motions in the system that uses an MR head, doing so with 

the magnetic recording medium according to JP,2000-149244,A and JP,2000-149242,A. 

Accordingly, through the comprehensive study subsequently conducted by the inventor of the 

present invention, it was discovered that the magnetic pinholes tend to increase as the 

magnetic layer becomes thinner. Magnetic pinholes act as sources of DC noise and are 

therefore unwanted for magnetic recording, thus suggesting that further improvement is 

required. Also, because the breakdown voltage of the GMR head, etc., is low, it is important to 

keep the electrification voltage of the magnetic recording medium at a low level. In order to 
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realize even lower noise and higher durability against running motions, it is necessary to 

achieve the further smoothening of the magnetic layer surface and the optimization of 

protuberances. 

[0007] 

Meanwhile, there is a problem with the magnetic recording medium that uses a hexagonal 

ferrite magnetic powder because the interparticle interaction is great, which in turn affects the 

noise level of the medium. Hence, with the hexagonal ferrite magnetic powder, the occurrence 

of magnetization inversion in a certain particle may also cause magnetization inversion in the 

particles around the particle concerned, thus causing a chain reaction. Accordingly, when a 

high-density recording medium, which contains a hexagonal ferrite magnetic powder having a 

fine pulverulent-body size, is reproduced with the use of an MR head, there is a problem that a 

sufficient C/N [ratio] in the magnetic recording medium concerned cannot be ensured due to the 

chain-reaction magnetization inversion of the hexagonal ferrite particles. Also, because the 

shape of the hexagonal ferrite magnetic particles is plate-like, the particles are easily stacked on 

top of one another, making it impossible to achieve easy dispersion. Particularly, it tends to be 

more difficult to disperse the particles as the size of the particles becomes finer, thus leading to 

another problem that the time required for dispersion is significantly longer than that of other 

magnetic materials (metallic magnetic materials, etc.), thus indicating inferior aptitude for 

production. 

[0008] 

As such, the present invention was achieved in order to resolve the above-mentioned problems. 

The purpose of the present invention is to provide a magnetic recording medium suitable for a 

magnetic recording system, which is loaded with a high-sensitivity head (MR head, GMR head, 

etc.), said magnetic recording medium being a coated type with a thin magnetic layer, which is 

low in noise, thereby making it possible to minimize the diminishment of output, and which has 

superior durability against running motions, with [such durability] also including the [extended] 

head life. 

 

[0009] 

MEANS FOR RESOLVING THE OBJECTIVES 

The inventor of the present invention arrived at the completion of the present invention 

through a comprehensive study that was conducted for the purpose of developing a coated type 

magnetic recording body, which can reduce the medium noise while maintaining output and 

provides superior durability against running motions even when the thickness of the magnetic 

layer is reduced. Hence, the purpose of the present invention is achieved by the following 

magnetic recording media: 
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A magnetic recording medium that comprises the following layer(s) on at least one plane of 

a nonmagnetic substrate: 

 

A magnetic layer containing a ferromagnetic powder and a binder; or  

 

A nonmagnetic layer containing a nonmagnetic powder and a binder as well as a 

magnetic layer containing a ferromagnetic powder and a binder in the order given; or 

 

A magnetic recording medium that comprises the following layer(s): 

 

The aforementioned magnetic layer, or the aforementioned nonmagnetic layer and 

the aforementioned magnetic layer in the order given, on one surface of a 

nonmagnetic substrate; and 

 

A back-coat layer on the surface of the aforementioned the nonmagnetic substrate 

opposite the surface provided with the aforementioned magnetic layer or the 

aforementioned nonmagnetic layer and the aforementioned magnetic layer, wherein: 

 

At least one layer selected from a group consisting of the aforementioned magnetic layer, 

the aforementioned nonmagnetic layer and the aforementioned back-coat layer contains a 

conductive oxide powder. 

 

[0010] 

Because the present invention uses a conductive oxide powder, it can provide a magnetic 

recording medium, which is low in noise and is capable of inhibiting the diminishment of output 

while providing superior durability against running motions, doing so even when the magnetic 

layer is a thin layer with reduced thickness. 

[0011] 

Also, the preferable modes of the present invention are as follows: 

 

(1) The magnetic recording medium, wherein: 

 

The aforementioned ferromagnetic powder is a hexagonal ferrite magnetic powder 

or ferromagnetic metal powder; and  
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The aforementioned magnetic layer and/or the aforementioned nonmagnetic layer 

will contain a conductive oxide powder with a mean particle diameter of 0.005 μm or 

more but less than 0.050 μm; 

 

(2) The magnetic recording medium, wherein: 

 

The thickness of the aforementioned magnetic layer is 0.01 to 0.5 μm; 

 

The product Br･δ of the residual magnetic-flux density Br and the magnetic-layer 

thickness δ is 5 to 100 mT･μm; and 

 

The magnetic coercive force Hc of the aforementioned magnetic layer is 135 to 440 

kA/m; 

 

(3) The magnetic recording medium, wherein the mean tabular diameter of the 

aforementioned hexagonal ferrite magnetic powder is 10 to 50 nm; 

 

(4) The magnetic recording medium, wherein the mean tabular diameter of the 

aforementioned hexagonal ferrite magnetic powder is 10 to 35 nm; 

 

(5) The magnetic recording medium, wherein: 

 

The mean tabular diameter of the aforementioned hexagonal ferrite magnetic 

powder is 12 to 28 nm; and 

 

The mean tabular ratio is 1.5 to 5; 

 

(6) The magnetic recording medium, wherein the aforementioned ferromagnetic powder is 

a ferromagnetic metal powder with a long-axis length of 0.03 to 0.10 μm; 

 

(7) The magnetic recording medium, wherein the aforementioned ferromagnetic powder is 

a Co-containing ferromagnetic metal powder consisting primarily of Fe, wherein said 

ferromagnetic metal powder contains 8 to 40 at.% of Co relative to Fe as well as at 

least Al and a rare earth element, and has a long-axis length of 0.03 - 0.08 μm as well 

as a saturated magnetization property σs of 75 to 155 A・m2/kg; 
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(8) The magnetic recording medium, wherein the amount of the aforementioned conductive 

oxide powder is 0.05 mass part or more but less than 150 mass parts per 100 mass 

parts of the aforementioned ferromagnetic powder; 

 

(9) The magnetic recording medium, wherein the aforementioned conductive oxide powder 

is selected from a group consisting of tin-oxide-containing indium oxide (ITO) particles, 

antimony-oxide-containing tin oxide (ATO) particles, fluorine-containing tin oxide 

(FTO) particles, zinc oxide (ZO) particles and cadmium-oxide-containing tin oxide 

(CTO) particles; 

 

(10) The magnetic recording medium, wherein the aforementioned nonmagnetic layer 

contains a carbon black; 

 

(11) The aforementioned magnetic recording medium, wherein the aforementioned 

back-coat layer contains a carbon black or the aforementioned conductive oxide 

powder; 

 

(12) The aforementioned magnetic recording medium, said magnetic recording medium 

being a flexible magnetic disk, which has the aforementioned nonmagnetic layer and 

the aforementioned magnetic layer(in the order given) on both surfaces of the 

aforementioned nonmagnetic substrate; 

 

(13) The magnetic recording medium, wherein the average center-plane surface roughness 

of the aforementioned magnetic layer is 0.5 to 4 nm. 

 

 

[0012] 

BEST MODES OF IMPLEMENTING THE INVENTION 

The following is a more detailed explanation of the magnetic recording medium according to 

the present invention: 

 

[Conductive Oxide Powder] 

The magnetic recording medium according to the present invention contains a conductive 

oxide powder in at least one layer selected from a group consisting of the magnetic layer, the 

nonmagnetic layer and the back-coat layer. As a result of devoting himself to comprehensive 

study on conductive oxide powders in order to achieve low noise and improved durability 
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against running motions in the magnetic recording medium, the inventor of the present invention 

discovered that conductive oxide powders are superior to carbon blacks in terms of not only the 

dispersion property and surface smoothness but also in terms of running performance and 

transparency. [The inventor] also discovered that although conductive oxide powders are 

slightly inferior to carbon blacks in terms of conductivity, they can maintain the antistatic effect 

with no indication of electrostatic hazard that may pose problems in practical applications, and 

that conductive oxide powders with high transparency are particularly effective. Even more 

surprisingly, by mixing a conductive oxide with high light transmittance it became possible to 

obtain a magnetic recording medium with superior transparency as well as to successfully 

obtain a magnetic recording medium suitable for optically recording servo signals, etc., in the 

layers below the magnetic layer. The magnetic recording medium according to the present 

invention can minimize the medium noise, particularly the proximity noise that is generated due 

to the effects of poor dispersion of magnetic powder, poor surface smoothness, irregular sliding 

motions, etcetera ("Theory of Noise in Particle-Type Recording Media and Noise-Source 

Distinction and Estimation Method." Magnetics Society of Japan Vol. 21, page 149 (1997)), 

thereby making it possible to increase the packing ratio of the magnetic particles and thus 

enhance the S/N [ratio]. 

[0013] 

The "conductive oxide powder" in the present specification refers to a powder consisting of 

oxide with conductivity. It is a conductive compound that at least contains an oxygen atom or is 

a power containing such [a compound]. The volume-specific electrical resistivity may be used to 

represent the "conductivity" in the conductive oxide powder. In that case, it is preferably 10-5 to 

100 Ωcm in the case of pellets that are formed by molding the powder at the pressure of 1t/cm2, 

but it is more preferably 10-5 to 50 Ωcm or most preferably 10-5 to 10 Ωcm. Insofar as the 

volume-specific electric resistance is within the range of 10-5 to 100 Ωcm, the surface electric 

resistance (Rs) of the medium, which is obtained by adding a conductive oxide powder, can be 

maintained at a level that will not pose a problem in practical applications. Moreover, the lower 

the volume-specific electric resistance of the conductive oxide powder, the more it is preferable. 

Accordingly, said volume-specific electric resistance is preferably at the lowest possible level. 

[0014] 

Specific examples of the above-mentioned conductive oxide powder include a zinc oxide 

system, titanium oxide system, tin oxide system, indium oxide system, etc., the particles of 

which may be used independently. Also, not only the aforementioned independent particles but 

also the conductive oxide powder may contain, as the core material, other particles such as 

titanium oxide, aluminum oxide, boron oxide, barium sulfate, ferrous oxide, oxy iron hydroxide, 

etc. Among other things, in the present invention, highly transparent tin-oxide-containing indium 
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oxide (ITO) particles, antimony-oxide-containing tin oxide (ATO) particles, fluorine-containing tin 

oxide (FTO) particles, zinc oxide (ZO) particles and cadmium-oxide-containing tin oxide (CTO) 

particles are particularly preferable. Not only can these highly transparent particles be added to 

the magnetic layer, but they can also be added to the back-coat layer (which is mentioned in a 

later section) in substitution for carbon black. Particularly, such particles are preferably added to 

the back-coat layer so as to serve as a layer with superior transparency because the recording 

servo signals, etc., can be achieved in the layers below the back-coat layer. 

[0015] 

As to the mean particle diameter of the above-mentioned conductive oxide powder, it should 

preferably consist of ultrafine particles in view of the dispersion property and the medium's 

surface condition. To be more specific, the mean particle diameter is preferably 0.005 μm or 

more but less than 0.050 μm, but it is more preferably 0.005 to 0.035 μm or most preferably 

0.006 to 0.030 μm. When the mean particle diameter of the conductive oxide powder is within 

the range of 0.005 μm or more but less than 0.050 μm, the dispersion property is good, thereby 

making it possible to smoothen the magnetic layer surface without causing the aggregation of 

the ferromagnetic powder. In order to improve the dispersion property, it is preferable that the 

shape of the conductive oxide powder is substantially granular or spherical. While an acicular 

conductive oxide may be oriented in such a direction as to improve the conductivity of the 

magnetic recording medium, the axial ratio is preferably 10 or less. Also, it is effective to control 

the coefficient of variance of the mean particle diameter within the range of 0 to 30% but 

particularly 25% or less. It is preferable that the BET specific surface area (SBET) is 10 to 120 

m2/g, the tap density is 0.5 g/ml or more and the moisture content is 0.3 to 2.0 mass%. 

[0016] 

In the event the above-mentioned conductive oxide powder is mixed to the magnetic layer, the 

mixing ratio can be determined in connection with the characteristics of the MR head being 

used. The conductive oxide is appropriately mixed in an amount within the range of 0.05 mass 

part or more but less than 150 mass parts per 100 mass parts of the ferromagnetic powder. The 

preferable mixture amount of the conductive oxide powder is 0.1 to 100 mass parts but more 

preferably 0.1 to 50 mass parts per 100 mass parts of the ferromagnetic powder. If the mixture 

amount of the above-mentioned conductive oxide is 0.05 mass part or more, various effects of 

the above-mentioned conductive oxide can be obtained through the addition of conductive 

oxide powder. Also, as to the upper limit of the mixture amount, the higher it is, the more it is 

preferable in light of limiting damage to the heads, such as the MR head. However, the mixture 

amount of the conductive oxide powder shall be 150 mass parts or less in order to reduce the 

DC noise by reducing the presence of magnetic pinholes associated with the reduced layer 

thickness while minimizing the diminishment of output. Also, by increasing the mixture amount 
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of the conductive oxide powder to a relatively high level within the above-mentioned range for 

the mixture amount of the conductive oxide powder, it becomes possible to reduce the amount 

of abradant, which has conventionally been added to the magnetic layer. 

[0017] 

Additionally, in the event the above-mentioned conductive oxide powder is mixed to the 

nonmagnetic layer, the conductive oxide powder may be mixed in an amount of 5 to 100 mass 

parts (but preferably 15 to 50 mass parts or more preferably 20 to 35 mass parts) per 100 mass 

parts of the nonmagnetic powder in order to obtain various effects of the above-mentioned 

conductive oxide. Furthermore, in the event the above-mentioned conductive oxide powder is 

mixed to the back-coat layer, the conductive oxide powder is added in an amount of 30 to 100 

mass parts but preferably 40 to 100 mass parts, or more preferably 50 to 90 mass parts, per 

100 mass parts of binder. 

[0018] 

Moreover, the above-mentioned conductive oxide powder may be dispersed together with the 

binder, lubricant, solvent, etc., in advance so as to subsequently add such a dispersion liquid to 

a separately dispersed magnetic coating material, nonmagnetic coating material or back-coat 

coating material. This way is preferable because not only is the coating liquid for the magnetic 

layer obtained with an improved dispersion property, but it also becomes possible to obtain a 

smoother tape surface and reduce magnetic pinholes. 

[0019] 

As to the manufacture of the conductive oxide powder, it can be manufactured through a 

publicly known, worked or described method. Examples of such a publicly known, worked or 

described method include the chemical preparation method by way of chemical reactions and 

the physical preparation method by way of physical phenomena in a vacuum. More specific 

examples include the spray method, CVD method, vacuum evaporation method, the ARE 

method ( vacuum evaporation method + plasma activation method), spattering method, etc. For 

example, as a method of manufacturing a tin-doped indium oxide powder, an alkali solution 

(ammonia solution which contains ammonium bicarbonate) is added to an aqueous solution 

mixture of indium trichloride (InCl3) and tin dichloride (SnCl2) (superior particle-size distribution 

can be obtained when the alkali solution is added in a short time) so as to thereby obtain a 

coprecipitation product of indium hydroxide and tin hydroxide. After the coprecipitation 

hydroxide thus obtained is sufficiently rinsed with water to remove impurities, it is dried and 

processed through dehydration and sintering in an inert gas atmosphere within the temperature 

range of 300 to 800 degrees C. [The resultant] is pulverized to thereby obtain the tin-doped 

indium oxide powder. In order to obtain good conductivity, the sintering temperature is 

preferably within the range of 500 to 800 degrees C. Also, the Sn content in the tin-doped 
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indium oxide powder is preferably within the range of 0.5 to 30 mass% based on the conversion 

in terms of SnO2. 

 

[0020] 

[Magnetic Layer] 

The magnetic layer in the magnetic recording medium according to the present invention 

primarily contains a ferromagnetic powder and a binder but may additionally contain the 

above-mentioned conductivity oxide powder and other additives, etc., on an as-needed basis. 

The following is an explanation of the magnetic layer in the magnetic recording medium 

according to the present invention, doing so by separately addressing the ferromagnetic powder, 

binder and additives, as well as the characteristics of the magnetic layer. 

 

[0021] 

1. Ferromagnetic Powder 

While the type of the ferromagnetic powder contained in the magnetic layer is not particularly 

limited insofar as it is capable of achieving the purpose of the present invention, it is preferably a 

ferromagnetic metal powder or a hexagonal ferrite magnetic powder  that exhibits superior 

magnetic conversion characteristics. 

 

[0022] 

<Ferromagnetic Metal Powder> 

The ferromagnetic metal powder contained in the magnetic layer may be, for example, a 

Co-containing ferromagnetic metal powder that consists primarily of α-Fe, but preferably it is a 

ferromagnetic metal powder with the Co/Fe [ratio] between 3 and 45 at.%, or more preferably a 

ferromagnetic metal powder with the Co/Fe [ratio] between 8 and 40 at.% or most preferably 

between 15 and 35 at.%. When the Co/Fe [ratio] is within the range between 3 and 45 at.% is 

preferable because not only does it become possible to obtain the magnetic coercive force (Hc) 

and saturated magnetization property (σs), which are required for the magnetic recording 

medium according to the present invention, but it also becomes possible to obtain particles of a 

uniform shape with a small crystallite size and to achieve superior preservation stability. 

[0023] 

The above-mentioned the ferromagnetic metal powder may contain other components in 

addition to Fe and Co. The other components may be selected as appropriate so as to thereby 

obtain the particles with improved characteristics in terms of both the durability against running 

motions and the electromagnetic conversion characteristics. Examples of such components 

include Al; rare earth elements such as Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
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Tm, Yb and Lu; and other elements such as Na, Ca, Ni, Si, S, Ti, V, Cr, Cu, Mo, Rh, Pd, Ag, Sn, 

Sb, Te, Ba, Ta, W, Re, Au, Hg, Pb, Bi, P, Mn, Zn, Sr and B. 

[0024] 

The above-mentioned ferromagnetic metal powder preferably contains at least one or more kind 

of the above-mentioned rare earth elements. Typically, such rare earth elements) are preferably 

at least one or more kinds selected from a group consisting of Y, La, Ce, Nd and Sm, the total 

amount of which is preferably within the range of 1 to 15 at.% but preferably 2 to 12 at.% or 

more preferably 3 to 10 at.% relative to the Fe. 

[0025] 

And, when the above-mentioned ferromagnetic metal powder contains Al, the total amount of 

the rare earth element(s) may typically be within the range of 40 to 250 at.% but preferably 50 to 

200 at.% relative to the Al.Also, the shape of the above-mentioned ferromagnetic metal powder 

may be any of an acicular form, riziform, fusiform, etc., insofar as it satisfies the magnetic 

properties and the pulverulent body size mentioned in a later section. This is provided, however, 

that, in view of smoothing the surface of the magnetic layer, it is preferable to use a fusiform 

powder whose mean long-axis length is extremely short, thereby making it possible to obtain 

homogeneous powder. The fusiform particles are not particularly limited, and it may be 

manufactured through a conventional publicly known, worked or described method, examples 

of which include the following method: 

[0026]  

Ferrous salt (e.g., FeCl2), a cobalt salt (e.g., CoCl2) solution (preferably, pH 5- 8) and an alkali 

carbonate solution (preferably an NaOH, Na2CO3 solution) are caused to react with respect to 

one another, thereby producing an FeCO3 suspension liquid. The suspension liquid thus 

obtained is oxidized as air is infused therein. It is further oxidized at a temperature above normal 

(preferably, 30 to 80 degrees C), thereby forming fusiform geothite. Subsequently, a solution of 

a Co-containing compound (e.g., cobalt sulfate, cobalt chloride, etc.), a compound containing a 

rare earth element (e.g., chloride, nitrate, etc.), an Al-containing compound (e.g., sodium 

aluminate, sodium metaaluminate, etc.) etc., is added and mixed into the suspension liquid 

concerned so as to thereby prepare a fusiform-geothite suspension liquid containing such 

compounds. In this event, the Co-containing compound preferably added before adding the 

compound containing the rare earth element and the compound containing Al. Also, the addition 

of the Co-containing compound, the compound containing rare earth element and the 

Al-containing compound to the aforementioned suspension liquid containing fusiform geothite 

may be performed after removing NaCl, NaOH, etc., doing so by means of water-rinsing / filter 

press, etc. Subsequently, this suspension liquid is subjected to vacuum filtration with an Oliver 

filter, etc., followed by the granulation and the drying process for the reduction. The reduction 
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process may be implemented through use of a stationary reduction furnace or a fluidized-bed 

reduction furnace. The reduction temperature is preferably provided through a stream of 

hydrogen controlled at approximately 300 to 580 degrees C. 

[0027] 

It is preferable to subsequently render gradual oxidation in order to form an oxide layer on the 

powder thus obtained. Examples of the method for gradual oxidation include the following: 

 

A method involving the immersion in an organic solvent followed by a drying process; 

 

A method involving the feeding of an oxygen-containing gas after the immersion in an 

organic solvent to form an oxidized film on the surface followed by a drying process; 

 

A method of forming an oxide film on the surface without use of an organic solvent, but 

through the adjustment of the partial pressures of the gaseous oxygen and the inert gas; 

 

Etc. 

 

However, the gradual oxidation that uses the gaseous-phase reaction is preferable because it 

enables the formation of homogeneous oxide layers. 

[0028] 

Also, the method for manufacturing monodispersed hematite particles and the method for 

manufacturing a ferromagnetic metal powder according to the specification of JP,7-109122,A, 

the application of which has been previously filed by the applicant for this patent application (the 

method of treating monodispersed hematite particles or--as needed--the geothite thereof with 

the above-mentioned Co-containing compound, rare-earth-element-containing compound, Al 

-containing compound, etc., followed by the reduction process) may be used as appropriate in 

order to prepare the above-mentioned fusiform magnetic powder. 

[0029] 

The size, acicular ratio, etc., for the particles of the ferromagnetic metal powder may be 

obtained as follows: In the present specification, the size of various pulverulent substances 

such as the ferromagnetic metal powder as well as the hexagonal ferrite magnetic powder and 

nonmagnetic powder mentioned in a later section (hereinafter referred to as the "pulverulent 

body size") can be obtained by means of high-resolution transmission-type electron microscopic 

photographs. Hence, (1) the pulverulent body size is indicated with the length of the long axis 

constituting the pulverulent body (i.e., the long-axis length) in the case the shape of the 

pulverulent body is acicular, fusiform or columnar; whereas, (2) it is indicated with the maximum 
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major axis of the tabular plane or the bottom surface in the case the shape of the pulverulent 

body is tabular or columnar (provided, however, that the thickness or the height are smaller than 

the maximum major axis of the tabular plane or the bottom surface), and (3) it is indicated with 

the equivalent circle diameter when the shape of the pulverulent body is spherical, polyhedral or 

in an indeterminate form state, etc., and the long axis constituting the pulverulent body cannot 

be specified based on the shape. It should be noted that the equivalent circle diameter herein 

can be obtained through the circular projection technique. 

[0030] 

Also, the mean pulverulent-body size of said pulverulent body is an arithmetical mean of the 

above-mentioned pulverulent body size as obtained through the above-mentioned 

measurement of approximately 300 primary particles. The primary particle refers to an 

independent pulverulent body with no aggregation. Also, the mean acicular ratio of said 

pulverulent body refers to an arithmetical mean of the values of (Long-axis length / Short-axis 

length) of each pulverulent body as obtained by measuring the length of the short axis (i.e., the 

short-axis length) of the pulverulent body through the above-mentioned measurement. Here, 

the short-axis length refers to the length of the short axis constituting the pulverulent body in the 

case of the above-mentioned definition (1) of the pulverulent body size. Similarly, in the case of 

the definition (2), it refers to the thickness or height, respectively. And in the case of the 

definition (3), there is no distinction between the long axis and the short axis, and therefore 

(Long-axis length / Short-axis length) shall be herein assumed as "1" for the sake of simplicity. 

And, when the shape of the pulverulent body is specific, e.g., in the case of the 

above-mentioned definition (1) of the pulverulent body size, the mean pulverulent-body size is 

referred to as the mean long-axis length. And, in the above-mentioned definition (2), the mean 

pulverulent-body size is referred to as the mean tabular diameter, and the arithmetical mean of 

the maximum major axis/thickness or height is referred to as the "mean tabular ratio." 

Meanwhile, in the above-mentioned definition (3), the mean pulverulent-body size is referred to 

as the mean particle diameter. 

[0031] 

The mean long-axis length of the particles of the ferromagnetic metal powder is 0.03 to 0.13 μm 

but preferably 0.03 to 0.10 μm or more preferably 0.03 to 0.08 μm. It is preferable if said mean 

long-axis length is at least 0.03 μm or more because it will prevent the magnetic coercive force 

(Hc) from becoming extremely low and is therefore suitable for the present invention. Also, the 

mean acicular ratio of the ferromagnetic metal powder is typically 2.5 to 10 but preferably 3.0 to 

8.0. The crystallite size is typically 70 to 200Å but preferably 80 to 190Å or more preferably 90 to 

180Å. The BET specific surface area (SBET) is typically 35 to 85 m2/g but preferably 40 to 80 

m2/g or more preferably 45 to 75m2/g. 
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[0032] 

The coefficient of variance for the long-axis length of the above-mentioned ferromagnetic metal 

powder can be obtained by centupling the numerical value (σ/d) as calculated by dividing the 

standard deviation σ of the intralayer the long-axis length by the intralayer mean long-axis 

length d; and the preferable range is typically 0% to 25%. Also, the intralayer monocrystal rate 

of the ferromagnetic metal powder can be obtained by dividing the number of particles, which 

have been generated from a single crystal, by the total number of observed particles followed 

by the multiplication by a hundred; and the preferable range is typically 30% or more. The 

coefficient of variance for the intralayer the long-axis length and the intralayer monocrystal rate 

can be obtained through the same method as the measurement method of the aforementioned 

intralayer mean long-axis length. 

[0033] 

The saturated magnetization property (σs) of the above-mentioned ferromagnetic metal powder 

is typically within the range of 75 to 170 A･m2/kg but preferably 75 to 155 A･m2/kg or more 

preferably 80 to 145 A･m2/kg. As long as the saturated magnetization property (σs) is above 75 

A･m2/kg, the SFD will not dramatically increase, thereby preventing the diminishment of output. 

Also, as long as it is below 170 A･m2/kg, demagnetization change will be minor, thereby 

allowing sufficient dispersion and thus making it possible to improve the surface properties of 

the magnetic layer. As to the above-mentioned saturated magnetization property (σs), the 

higher the value is within the above-mentioned range, the more it becomes possible to increase 

the additive amount of the conductive oxide powder that can be contained within the same layer, 

as referred to hereinafter. This makes it possible to improve the dispersion property and 

smoothen the magnetic layer surface. The detailed description shall be provided in a later 

section of "Conductive Oxide Powder." 

[0034] 

The moisture content of the ferromagnetic metal powder used in the present invention is 

preferably 0.1 to 2.5 mass%. It is preferable to optimize the moisture content of the 

ferromagnetic metal powder according to the type of the binder. It is preferable to optimize the 

pH of the ferromagnetic metal powder through the combination with the binder to be used. The 

range is typically 5 to 12 but preferably 6 to 11. The stearic-acid adsorption amount (scale at the 

basic site on the surface) of the ferromagnetic metal powder is typically 1 to 15 μmol/m2 but 

preferably 3 to 10 μmol/m2 or more preferably 5 to 9 μmol/m2. 

[0035] 

When the above-mentioned ferromagnetic metal powder with a high stearic-acid adsorption 

amount is used, it is preferable to modify the surface of the ferromagnetic metal powder with an 

organic matter, which has a greater adsorption capability, in the process of fabricating the 
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magnetic recording medium, because in that way it becomes possible to lower the frictional 

coefficient by a large amount of free fatty acid on the tape surface. Additionally, although the 

ferromagnetic metal powder may contain soluble inorganic ions of Na, Ca, Fe, Ni, Sr, NH4, SO4, 

Cl, NO2, NO3, etc., essentially it is preferable if such ions do not exist. However, the ions will not 

particularly affect the characteristics if the total amount of every ion is approximately 300 ppm or 

less. As described in JP,9-231546,A, it is preferable to use a ferromagnetic metal powder, with 

which the amount of complex formation with benzohydroxamic acid is low, in order to prevent 

the generation of fatty-acid irons and fatty-acid metal salts in the tape. Also, the SFD (Switching 

Field Distribution) of the ferromagnetic metal powder itself is preferably low. Accordingly, it is 

necessary to reduce the distribution of the magnetic coercive force (Hc) of the ferromagnetic 

metal powder. It is preferable for high-density digital magnetic recording when the tape's SFD is 

low because it will leads to a sharp magnetization inversion and a small peak shift. Examples of 

the methods used to reduce the distribution of the magnetic coercive force (Hc) include the 

following: 

 

A method of improving the particle-size distribution of the geothite in the ferromagnetic 

metal powder; 

 

A method of using monodispersed α-Fe2O3; 

 

A method of preventing the interparticle sintering; 

 

Etc. 

 

[0036] 

<Hexagonal Ferrite Magnetic Powder> 

Hexagonal ferrite magnetic powder may be used as the ferromagnetic powder to be 

contained in the magnetic layer of the magnetic recording medium according to the present 

invention. Examples of the hexagonal ferrite magnetic powder include the respective 

substitution products, Co-substituted products, etc., of barium ferrite, strontium ferrite, lead 

ferrite and calcium ferrite. More specific examples include magnetoplumbite-type barium ferrite 

and strontium ferrite, particularly magnetoplumbite-type barium ferrite and strontium ferrite, 

which partially contain a spinel phase, etc. Also, other than the prescribed atoms, the hexagonal 

ferrite magnetic powder may contain atoms such as Al, Si, S, Sc, Ti, V, Cr, Cu, Y, Mo, Rh, Pd, 

Ag, Sn, Sb, Te, Ba, Ta, W, Re, Au, Hg, Pb, Bi, La, Ce, Pr, Nd, P, Co, Mn, Zn, Ni, Sr, B, Ge, Nb, 

etc. Generally, chemical elements such as Co-Ti, Co-Ti-Zr, Co-Nb, Co-Ti-Zn, Co-Zn-Nb, 
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Ni-Ti-Zn, Nb-Zn, Ni-Ti, Zn-Ti and Zn-Ni, may be added to the [hexagonal ferrite magnetic 

powder] used herein. In view of SFD, a pure magnetoplumbite-type ferrite is pre more 

preferable to a complex-type ferrite containing many spinel layers. Examples of the methods 

used to control the magnetic coercive force (Hc) include the following: 

 

A method of controlling the composition, particle diameter and particle thickness; 

 

A method of controlling the thickness of the spinel phase in the hexagonal ferrite; 

 

A method of controlling the amount of substitution elements in the spinel phase; 

 

A method of controlling the place of the spinel phase's substitution site; 

 

Etc. 

 

[0037] 

The hexagonal ferrite magnetic powder used in the present invention is typically a 

hexagonal-tabular pulverulent body. Additionally, the mean tabular diameter of the hexagonal 

ferrite magnetic powder is within the range of 10 to 50 nm but preferably 10 to 35 nm or more 

preferably 12 to 28nm. It is preferable if the mean tabular diameter of the hexagonal ferrite 

magnetic powder is 10 nm or more because appropriate saturated magnetization properties 

(σs) and specific surface area can be obtained, thereby providing good dispersion property. 

Meanwhile, when the mean tabular diameter is 50 nm or less it becomes possible to control the 

noise of the magnetic recording medium to a low level. Also, it is particularly preferably when a 

hexagonal ferrite magnetic powder with a mean tabular diameter of 35 nm or less and the 

conductivity oxide powder mentioned in a later section are combined, because it will make it 

possible to adopt a transparent magnetic layer, thereby making it possible to optically record 

servo signals, etc., in the layer under the magnetic layer. 

[0038] 

The mean thickness of the hexagonal ferrite magnetic powder is typically 2 to 15nm but 

preferably 4 to 10 nm, in particular. Furthermore, the mean tabular ratio is 1.5 to 5 but preferably 

1.5 to 4 or more preferably 2 to 3.8. When the mean tabular ratio is within the range of 1.5 to 5, 

superior productivity and an appropriate particle-size distribution can be obtained, thereby 

making it possible to inhibit the occurrence of stacking and obtain superior orientation. Also, the 

particle-size distribution (indicated by the fluctuation rate: standard deviation/mean value) of the 

mean tabular diameter and the mean thickness is 30% or less but preferably 25% or less. The 
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magnetic anisotropy field (Hk) can be increased through the adjustment of the composition and 

shape (tabular thickness and tabular ratio) of the hexagonal ferrite. A large magnetic anisotropy 

field (Hk) can increase the magnetic anisotropic constant (Ku) and is therefore preferable in 

order to enhance thermal stability of magnetization. 

[0039 

The BET specific surface area (SBET) of the above-mentioned hexagonal ferrite magnetic 

powder is typically 25 to 100m2/g but preferably 40 to 80m2/g. When it is within the range of 25 

m2s/g to 100 m2/g, the noise can be controlled at a low level as well the dispersion is enabled, 

thereby making it possible to smoothen the surface of the magnetic layer. The moisture content 

is preferably 0.3 to 2.5%. It is more preferable to optimize the moisture content of said magnetic 

particles according to the type of the binder. It is preferable to optimize the pH of said magnetic 

particles with the combination with the binder to be used. The range is typically pH 4 to 12 but 

preferably pH 6 to 10. The stearic-acid adsorption amount (scale at the basic site on the 

surface) of the hexagonal ferrite magnetic powder is typically 1 to 15 μmol/m2 but preferably 3 to 

10 μmol/m2 or more preferably 5 to 9 μmol/m2. When a magnetic powder with a high 

stearic-acid adsorption amount is used, it is preferable to fabricate a magnetic recording 

medium, the surface of which has been modified with an organic matter having a high 

adsorption property on the surface, because in that way it becomes possible to increase the 

amount of free fatty acid on the tape surface, thereby lowering the frictional coefficient 

[0040] 

On an as-needed basis, the above-mentioned hexagonal ferrite magnetic powder may be 

surface-treated with Al, Si, P, Zr, Mg or the oxide, hydroxide, etc., thereof. Al2O3/nH2O or 

SiO2/nH2O is preferably used for the surface treatment, and it is preferable to alter the amount 

and ratio according to the binder to be used. The amount of the oxide, etc., is preferably 0.1 to 

10 mass% relative to said hexagonal ferrite magnetic powder because the adsorption of 

lubricant (such as fatty acid) will be 100 mg/m2 or less after the surface treatment. Additionally, 

said magnetic powder may contain soluble inorganic ions of Na, Ca, Fe, Ni, Sr, NH4, SO4, Cl, 

NO2, NO3, etc. Although it is essentially preferable if such ions do not exist, the ions will not 

particularly affect the characteristics if the total amount of each ion is approximately 300 ppm or 

less. Also, the saturated magnetization property (σs) is 35 A･m2/kg or more but preferably 40 A･

m2/kg or more. And, the tap density is preferably 0.5g/ml or more, but more preferably 0.8g/ml 

or more. 

[0041] 

Examples of the method for the preparation of the above-mentioned hexagonal ferrite magnetic 

powder include the glass crystallization method, coprecipitation method, hydrothermal-reaction 

method, etc.; provided, however, that any preparation method may be employed in the present 
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invention insofar as the method allows to obtain fine particles with good particle-size distribution. 

An example of the method for the preparation of fine particles of the hexagonal ferrite magnetic 

powder is illustrated in the following: 

[0042 

The composition except for B2O3 is dissolved in 120℃ citric acid. The starting materials are 

homogeneously mixed while the temperature is maintained at approximately 200 degrees C 

and then processed through hydrolysis at 450 degrees C, followed by the sintering at 600 

degrees C in air for the removal of free carbon. Subsequently, B2O3 is added and sufficiently 

mixed with a powder mixer. [The mixture] is then put in a crucible with an agitator (manufactured 

by Pt-Rh), in which [the mixture] is melted at 1330 degrees C for 2 hours. [The meltage] is jet 

out and fed between the rotating stainless-steel twin cooling rollers, thereby obtaining the 

amorphous body, which is then subjected to a pulverization process. Subsequently, the 

amorphous body is spread into the 2cm thickness within a ceramic container and conveyed into 

an electric furnace that is maintained at 650 degrees C, whereupon it is retained for 2 hours in 

the electric furnace, immediately after which [the amorphous body] is conveyed into an electric 

furnace that is maintained at 850 degrees C, whereupon it is retained for 3 hours in the electric 

furnace. Subsequently, the treated material is loaded into a room-temperature metallic hopper 

and then cooled to thereby obtain the crystal powder. Said crystal powder is pulverized with a 

planetary mill and then immersed in a 2mol/l acetate solution, in which it is retained at 80 

degrees C for 5 hours to thereby remove the glass component and collect micro crystallites 

through filtration. The micro crystallites thus collected are rinsed with a large volume of 

ion-exchanged water and dried at 100 degrees C after the water is drained therefrom. 

The micro crystallites are further processed through a compaction treatment with a muller to 

thereby obtain the ferromagnetic powder. According to the X-ray diffraction analysis, this 

ferromagnetic powder exhibits a magnetoplumbite structure. It should be noted that, as to the 

manufacturing raw materials of the hexagonal ferrite magnetic powder, various compounds can 

be weighed by oxide conversion as follows: 

 

B2O3 4.7 mol; 

BaCO3 10.0 mol; 

Fe2O3 12.5 mol; 

CoCO3 0.625 mol; 

ZnO 0.2 mol; and 

Nb2O5 0.11 mol. 

 

[0043] 
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3. Binder 

A publicly known, worked or described conventional thermoplastic resin, thermosetting resin 

and reactive resin as well as a mixture thereof may be used as the binder used in the magnetic 

layer of the present invention. (It should be noted that the same applies to the nonmagnetic 

layer mentioned in a later section). The thermoplastic resin that may be used herein, for 

example, has the glass transition temperature of -100 to 150 degrees C, the number-average 

molecular weight of 1,000 to 200,000 but preferably 10,000 to 100,000, and the polymerization 

degree of approximately 50 to 1000 or so. Examples of such thermoplastic resins include 

polymers or copolymers that contain vinyl chloride, vinyl acetate, vinyl alcohol, maleic acid, 

acrylic acid, acrylic acid ester, vinylidene chloride, acrylonitrile, methacrylic acid, methacrylate 

ester, styrene, butadiene, ethylene, vinyl butyral, vinyl acetal, vinyl ether, etc., as the constituent 

units; polyurethane resins; various types of rubber-based resins; etc. 

[0044] 

And, examples of thermosetting resins or reactive resins include phenol resin, epoxy resin, 

curable polyurethane resin, urea resin, melamine resin, alkyd resin, acrylic reactive resin, 

formaldehyde resins, silicone resin, epoxy-polyamide resin, a mixture of polyester resin and 

isocyanate prepolymer, a mixture of polyester polyol and polyisocyanate, a mixture of 

polyurethane and polyisocyanate, etc. Details on these resins are described in "Plastic 

Handbook," published by Asakura Publishing Co., Ltd. It is also possible to use a publicly known, 

worked or described electron-ray-curable resin in each layer. These examples and the 

manufacturing methods thereof are described in detail in JP,62-256219,A. 

[0045] 

The above-mentioned resins may be used independently or in combination, but preferably in 

combination of polyurethane resin and at least one type selected from vinyl chloride resin, a 

vinyl-chloride/vinyl-acetate copolymer, a vinyl-chloride/vinyl-acetate/vinyl-alcohol copolymer, a 

vinyl-chloride/vinyl-acetate/maleic-anhydride copolymer or in said combination that is further 

combined with polyisocyanate. 

[0046] 

The structure of polyurethane resin used herein may be any publicly known, worked or 

described system such as polyester polyurethane, polyether polyurethane, polyether polyester 

polyurethane, polycarbonate polyurethane, polyester polycarbonate polyurethane, 

polycaprolactone polyurethane, etc. In regard to all the binders listed herein, in order to obtain 

more superior dispersion property and durability, it is preferable to introduce, into the binder to 

be used, at least one or more polar group(s) selected from -COOM, -SO3M, -OSO3M, -P=O 

(OM) 2 (in these four, "M" represents a hydrogen atom or an alkali metal base), -OH, -NR2, 

-N+R3 (wherein "R" represents a hydrocarbon group), an epoxy group, -SH, -CN, etc., doing so 
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through copolymerization or addition reaction on an as-needed basis. The amount of such a 

polar group is 10-1 to 10-8 mol/g but preferably 10-2 to 10-6 mol/g. 

[0047] 

Specific examples of such binders used in the present invention include: 

 

VAGH, VYHH, VMCH, VAGF, VAGD, VROH, VYES, VYNC, VMCC, XYHL, XYSG, PKHH, 

PKHJ, PKHC and PKFE, manufactured by Union Carbide; 

 

MPR-TA, MPR-TA5, MPR-TAL, MPR-TSN, MPR-TMF, MPR-TS, MPR-TM and MPR- 

TAO, manufactured by Nissin Chemical Industry; 

 

1000W, DX80, DX81, DX82, DX83 and 100FD, manufactured by Denki Kagaku Kogyo; 

 

MR-104, MR-105, MR110, MR100, MR555 and 400X-110A, manufactured by Nippon 

Zeon; 

 

NIPPOLLAN N2301, N2302 and N2304, manufactured by Nippon Polyurethane Industry; 

 

PANDEX T-5105, T-R3080 and T-5201, BURNOCK D-400 and D-210-80, CRISVON 

6109 and 7209, manufactured by Dainippon Ink; 

 

Vylon UR8200, UR8300, UR-8700, RV530 and RV280, manufactured by Toyobo; 

 

DAIFERAMINE 4020, 5020, 5100, 5300, 9020, 9022 and 7020, manufactured by 

Dainichiseika; 

 

MX5004, manufactured by Mitsubishi Chemical; 

 

SANPRENE SP-150, manufactured by Sanyo Chemical; 

 

Saran F310 and F210, manufactured by Asahi Kasei; 

 

Etc. 

 

[0048] 
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The binder used for the magnetic layer of the present invention may be used within the range of 

5 to 50 mass% but preferably within the range of 10 to 30 mass% relative to the total of the 

conductive oxide powder and the ferromagnetic powder. When using a vinyl chloride-based 

resin, it may be used in an amount of 5 to 30 mass%; when a polyurethane resin is used, it may 

be mixed within the range of 2 to 20 mass%; and polyisocyanate is within the range of 2 to 20 

mass%, these being preferably used in combination. However, only polyurethane (or only 

polyurethane and polyisocyanate) may be used, for example, if corrosion of the head is 

observed due to a slight degree of dechlorination. 

[0049 

When polyurethane is used in the present invention, it is preferable if the glass transition 

temperature is -50 to 150 degree C but preferably 0 to 100 degrees C; the post-rupture 

elongation is 100 to 2000%; the rupture stress is 0.49 to 98 MPa (0.05 to 10 kg/mm2); and the 

yield point is 0.49 to 98 MPa (0.05 to 10 kg/mm2). 

[0050] 

It is, of course, possible to change the amount of the binders used for the magnetic layer of the 

present invention, the amount of the vinyl chloride-based resin, polyurethane resin, 

polyisocyanate or other resins accounting the content of the binder, the molecular weight and 

the amount of polar groups in each resin, or the physical properties of previously mentioned 

resins, etc., on an as-needed basis; or rather, these should be optimized. Particularly, when the 

magnetic layer consists of multiple layers, publicly known technologies, etc., associated with 

multilayered magnetic layers may be applied. As one illustration of such a case, for example, 

when a binder is used in a different amount in each layer, the amount of the binder in the 

nonmagnetic layer mentioned in a later section is increased in order to provide flexibility so as to 

achieve a good head-touch to the head. 

[0051] 

Examples of the polyisocyanate that can be used in the present invention include: 

 

Isocyanates, such as tolylene diisocyanate, 4,4'-diphenylmethane diisocyanate, 

hexamethylene diisocyanate, xylylene diisocyanate, naphthylene-1,5-diisocyanate, 

o-toluidine diisocyanate, isophorone diisocyanate, triphenylmethane triisocyanate, etc.; 

 

A resulting product of these isocyanates and polyalcohol; or 

 

Polyisocyanate produced through the condensation of isocyanates; 

 

Etc. 
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Commercially available product names of these isocyanates are as follows:  

 

Coronate L, Coronate HL, Coronate 2030, Coronate 2031, Millionate MR and Millionate 

MTL, manufactured by Nippon Polyurethane Industry;  

 

Takenate D-102 Takenate D-110N, Takenate D-200, and Takenate D-202, manufactured 

by Takeda Pharmaceutical; 

 

Desmodur L, Desmodur IL, Desmodur N and Desmodur HL, manufactured by Sumitomo 

Bayer; 

 

Etc. 

 

These may be used in each layer, independently or in combination of two or more by utilizing 

the differences in their curing reactivity. 

 

 

[0052] 

4. Carbon Black 

The magnetic layer in the present invention may contain the aforementioned conductive 

oxide powder in order to improve the dispersion property. However, it may further contain 

carbon black in addition to the aforementioned conductive oxide powder. Example of such 

carbon black include the furnace type for rubber, thermal type for rubber, black for pigment 

applications, conductive carbon black, acetylene black, etc. It is preferable that the specific 

surface area of the carbon black is 5 to 500 m2/g. the DBP oil absorption is 10 to 400 ml/100 g, 

the mean particle diameter is 5 to 300 nm. The pH is 2 to 10, the moisture content is 0.1 to 10 

mass%, and the tap density is 0.1 to 1 g/ml. Specific examples of the carbon black that can be 

used in the present invention include the following: 

 

BLACKPEARLS 2000, 1300, 1000, 900, 905, 800, 700, and VULCAN XC-72, 

manufactured by Cabot;  

 

#80, #60, #55, #50, #35, manufactured by Asahi Carbon; 
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#2400B, #2300, #900, #1000#30, #40 and #10B, manufactured by Mitsubishi Chemical 

Corporation; 

 

CONDUCTEX SC, RAVEN 150, 50, 40, 15 and RAVEN-MT-P, manufactured by 

Colombian Carbon; 

 

Ketjen Black EC, manufactured by Akzo; 

 

Etc. 

 

The carbon black may be surface-treated with a dispersant, etc., or it may be grafted with a 

resin for use, or it may comprise a partially graphitized surface. Additionally, before the carbon 

black is added to the magnetic coating material, it may be dispersed in a binder. These carbon 

blacks can be used independently or in combination. When a carbon black is used, it is 

preferably used in an amount of 0.1 to 30 mass% relative to the amount of magnetic material. 

Carbon black exerts, in the magnetic layer, benefits such as the prevention of static charge, the 

reduction of frictional coefficient, light blocking effect, the improvement of film strength, etc., 

such benefits varying based on the type of carbon black that is used.  

[0053] 

Therefore, it is of course possible to properly distinguish the use of the above-mentioned carbon 

blacks according to the intended purpose, doing so based on the previously stated various 

characteristics such as the particle size, oil absorption, electrical conduction, pH etc., through 

the variation of the type, amount and combination in the magnetic layer, the nonmagnetic layer 

or back-coat layer mentioned in a later section. For the list of carbon blacks that can be used in 

the magnetic layer according to the present invention, "Carbon Black User's Guide" (compiled 

by the Carbon Black Association) serves as a reference, for example. 

 

[0054] 

5. Abradant 

The magnetic layer in the present invention may contain an abradant in order to provide a 

head cleaning effect or to reinforce the coated film. The abradant's mean particle diameter (the 

mean acicular ratio of 1 or approximately 1) is typically 0.01 to 3 μm but preferably 0.05 to 1.0 

μm. And, the mean long-axis length is greater than 0.20 μm but 3 μm or less or preferably 1.0 

μm or less. Also, the Mohs hardness is typically 5 or more. 

[0055] 
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As such an abradant, for example, primarily a publicly known, worked or described material with 

a Mohs hardness of 5 or more, such as α-alumina with a pregelatinization rate of 90% or higher, 

β-alumina, silicon carbide, chromic oxide, cerium oxide, α-ferrous oxide, corundum, silicon 

nitride, silicon carbide, titanium carbide, titanium oxide, silicon dioxide, boron nitride, etc., may 

be used independently or in combination. Also, a composite body of these abradants (wherein 

an abradant is surface-treated by another abradant) may be used. Although these abradants 

may contain compounds or chemical elements other than the primary component, there will be 

no change in the effect if the primary component is 90 mass% or more. 

The narrower the particle-size/granularity distribution of the abradant is, the more it is preferable 

in order to enhance the electromagnetic conversion characteristics. In order to improve 

durability, it is also possible to combine abradants of different particle sizes on an as-needed 

basis, or the same effect can be obtained even with a single abradant by expanding the 

particle-size distribution. Also, it is preferable that the tap density is 0.3 to 1.5g/ml, the moisture 

content is 0.1 to 5 mass%, pH is 3 to 11, and the specific surface area is 10 to 80 m2/g. The 

shape of the abradant used in the present invention may be any of the acicular, spherical and 

cube shape, but preferably a part of the shape constituting an angle. 

[0056 

The specific examples of the abradant include:  

 

AKP-10, AKP-12, AKP-15, AKP-20, AKP-30, AKP-50, AKP-80, AKP-100, AKP-1520, 

AKP-1500, HIT-50, HIT-60A, HIT-60G, HIT-70, HIT-80, HIT-82, HIT-100, Sumicorundum 

AA-03 and AA-04, which are manufactured by Sumitomo Chemical Co., Ltd.;  

 

G5, G7, S-1 and Chromic Oxide K, manufactured by Nippon Chemical Industrial Co., 

Ltd.; 

 

UB40B, manufactured by UYEMURA; 

 

WA8000 and WA10000, which are manufactured by Fujimi Abrasives; 

 

Micron Size Diamonds (grades of 0 to 1/4, 0 to 1/6 and 0 to1/8; by manufacturers such 

as Tomei Diamond, LANDS, DuPont, GE, etc.); 

 

TF100, TF140 and TF180, which are manufactured by Toda Kogyo; 

 

Etc. 
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The total amount of these abradants is added typically within the range of 0 to 20 mass parts but 

preferably 0 to 15 mass parts per 100 mass parts of the ferromagnetic metal powder. Sufficient 

durability is obtained when an abradant is contained. Moreover, the abradant is preferably 

contained in an amount of 20 mass parts or less because it will prevent the deterioration of the 

surface properties and the packing ratio. It should be noted that the above-listed abradants may 

be added to the magnetic coating material after it is pre-processed through a dispersion 

treatment with the aforementioned binder. 

 

[0057 

6. Other Additives 

As appropriate, other additives such as lubricants, antistatic agents, dispersants, auxiliary 

dispersion agents, plasticizers, etc., may be used in the magnetic layer according to the present 

invention. Examples of such additives include: 

 

Molybdenum disulfide, tungsten disulfide, graphite, boron nitride, graphite fluoride, 

silicone oil, polar-group-containing silicone, fatty-acid-modified silicone, 

fluorine-containing silicone, fluorine-containing alcohol, fluorine-containing ester, 

polar-group-containing perfluoropolyether, polyolefin, polyglycol, alkyl phosphate ester 

and the alkali metal salt thereof, alkyl sulfate ester and the alkali metal salt thereof, 

polyphenylether, phenyl phosphonic acid, α-naphthyl phosphate, phenyl phosphate, 

diphenyl phosphoric acid, p-ethylbenzene phosphonic acid, phenyl phosphinic acid, 

aminoquinones, various types of silane coupling agent and titanium coupling agent; 

 

Fluorine-containing ester alkyl sulfate and the alkali metal salt thereof; 

 

Monobasic fatty acid having 10 to 24 carbon atoms (with the unsaturated bonds being 

contained or branched), and the metal salt thereof (Li, Na, K, Cu, etc.); or 

 

Mono-fatty acid ester, di-fatty acid ester or tri-fatty acid ester, which consists of the 

following: 

 

Monohydric, dihydric, trihydric, tetravalent, pentavalent or hexavalent alcohol having 12 

to 22 carbon atoms (with the unsaturated bonds being contained or branched); 
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Alkoxy alcohol having 12 to 22 carbon atoms (with the unsaturated bonds being 

contained or branched); 

 

Monobasic fatty acid having 10 to 24 carbon atoms (which may contain unsaturated 

bonding or may be branched); and 

 

Any one of monohydric, dihydric, trihydric, tetravalent, pentavalent or hexavalent alcohol 

having 2 to 12 carbon atoms (with the unsaturated bonds being contained or branched);  

 

 

Fatty acid ester of monoalkyl ether of an alkylene oxide polymer; 

 

Fatty acid amide having 8 to 22 carbon atoms;  

 

Aliphatic amine having 8 to 22 carbon atoms; 

 

Etc. 

 

[0058 

The specific examples of the fatty acid may include capric acid, caprylic acid, lauric acid, 

myristic acid, palmitic acid, stearic acid, behenic acid, oleic acid, elaidic acid, linolic acid, 

linolenic acid, isostearic acid, etc., for example. The specific examples of the esters may include 

butyl stearate, octyl stearate, amyl stearate, isooctyl stearate, butyl myristate, octyl myristate, 

butoxy ethyl stearate, butoxy diethyl stearate, 2-ethylhexyl stearate, 2-octyldodecyl palmitate, 

2-hexyldodecyl palmitate, isohexadecyl stearate, oleyl oleate, dodecyl stearate, tridecyl 

stearate, erucic acid oleyl, neopentyl glycol didecanoate, ethylene glycol dioleoyl, etc. The 

specific examples of the alcohols may include oleyl alcohol, stearyl alcohol, lauryl alcohol, etc. 

Also, the following surfactant agents may be used: 

 

Nonionic surfactant agents, such as the alkylene oxide system, the glycerin system, the 

glycidol system, an alkyl phenol ethylene oxide adduct, etc., 

 

Cationic surfactant agents, such as cyclic amine, ester amide, quaternary ammonium 

salts, hydantoin derivative, heterocyclic rings, phosphoniums or sulfoniums, etc., 
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Anionic surfactant agents containing acidic groups, such as carboxylic acid, sulfonic acid, 

phosphoric acid, organosulfate group, organophosphate group, etc.,  

 

Ampholytic surfactant agents, such as amino acids, aminosulfonic acids, amino 

alcohol-derived sulfuric acids or ester phosphates, the alkyl betaine type, etc., 

 

Etc. 

 

These surfactant agents are described in details in the "Surfactant Agent User's Guide" 

(published by Sangyo Tosho Publishing Co., Ltd.). These lubricants, antistatic agents, etc., do 

not necessarily have to be 100% pure, but may contain impurities (such as isomers, unreacted 

substances, side reaction products, decomposition products, oxides, etc.) other than the 

primary component. These impurities are preferably 30 mass% or less but more preferably 10 

mass% or less. 

[0059] 

The lubricants and surfactant agents used in the present invention should respectively have 

distinct physical actions. The type and amount as well as the ratio of lubricants used in 

combination to generate a synergistic effect should be defined optimally according to the 

intended purpose. For example, while the possible options include the use of the following 

[additives] in the magnetic layer and the nonmagnetic layer mentioned in a later section, it 

should be understood that [the present invention] is limited to the examples listed herein: 

 

Fatty acids with different melting points are used, respectively, so as to thereby adjust the 

oozing out to the surface; 

 

Esters with different boiling points, melting points or polarities are used, respectively, so 

as to thereby adjust the oozing out to the surface; 

 

The amount of the surfactant agent is adjusted so as to improve the coating stability;  

 

The additive amount of the lubricant is increased in the nonmagnetic layer mentioned in 

a later section so as to improve the lubrication effect; 

 

Etc. 
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In general, the total amount of the lubricant is typically within the range of 0.1 to 50 mass% but 

preferably 2 to 25 mass% relative to the ferromagnetic powder and the conductive oxide 

powder. 

[0060] 

Also, all or a part of the additives used in the present invention may be added during any of the 

processes involving the manufacture of the magnetic coating material. The examples include 

the case of mixing [the additives] with the magnetic material before the kneading process, the 

case of adding [the additives] during the kneading process involving a magnetic material, binder 

and solvent, the case of adding [the additives] during the dispersion process, the case of adding 

[the additives] after dispersion, the case of adding [the additives] immediately before the coating 

application, etc. Also, depending on the intended purpose, such a purpose may be achieved by 

coating and thus applying a part of or all of the additives after the coating application of the 

magnetic layer, or through the simultaneous or sequential coating application. Also, depending 

on the intended purpose, a lubricant may be coated and thus applied to the magnetic layer 

surface after the calendering process or after the slit completion. 

[0061] 

The organic solvent used in the present invention may be any publicly known, worked or 

described organic solvent. For example, the following may be sued at an arbitrary ratio: 

 

Ketones, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, diisobutyl ketone, 

cyclohexanone, isophorone, tetrahydrofuran, etc.; 

 

Alcohols such as methanol, ethanol, propanol, butanol, isobutyl alcohol, isopropyl 

alcohol, methyl cyclohexanol, etc.; 

 

Esters such as methyl acetate, butyl acetate, isobutyl acetate, isopropyl acetate, lactic 

acid ethyl, glycol acetate, etc.; 

 

A glycol ether system, such as glycol dimethyl ether, glycol monoethyl ether, dioxane, 

etc., 

 

Aromatic hydrocarbons, such as benzene, toluene, xylene, cresol, chlorobenzene, etc., 

 

Chlorinated hydrocarbon, such as methylene chloride, ethylene chloride, carbon 

tetrachloride, chloroform, ethylene chlorohydrine, dichlorobenzene, etc., 
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N,N-dimethylformamide, hexane, etc. 

 

[0062] 

These organic solvents do not necessarily have to be 100% pure, but may contain impurities 

(such as isomers, unreacted substances, side-reactants, decomposition products, oxides, 

moisture content, etc.) in addition to the main components. The content of such impurities is 

preferably 30% or less but more preferably 10% or less. For the organic solvents used in the 

present invention, the same type is preferably used for the magnetic layer and the nonmagnetic 

layer. The additive amount may vary. It is essential that a solvent with high surface tension 

(cyclohexanone, dioxane, etc.) is used for the nonmagnetic layer increase the coating stability. 

To be more specific, it is essential that the arithmetic mean value of the upper layer's solvent 

composition is not lower than the arithmetic mean value of the lower layer's solvent composition. 

In order to improve the dispersion property, the polarity is preferably strong to some extent, i.e., 

a solvent with a dielectric constant of 15 or more is preferably contained in 50% or more of the 

solvent composition. Also, the solubility parameter is preferably 8 to 11. 

 

[0063] 

7. Characteristics of the Magnetic Layer 

The magnetic-layer thickness in the magnetic recording medium according to the present 

invention is preferably 0.01 to 0.5 μm but more preferably 0.02 to 0.3 μm or most preferably 

0.02 to 0.2 μm. When the magnetic-layer thickness is 0.01 μm or more, it becomes possible to 

secure the residual flux (Φr) necessary to function as a medium, thereby preventing the output 

from becoming insufficient. It also becomes possible to eliminate the occurrence of uneven 

thickness of the magnetic layer, thereby inhibiting output fluctuation. Meanwhile, it is preferable 

when the magnetic-layer thickness is 0.5 μm or less because the head is prevented from 

saturation due to an increase of the residual flux (Φr) during reproduction in an MR head, etc. 

[0064] 

The residual magnetic-flux density Br of the magnetic layer in the present invention is preferably 

within the range of 50 to 500 mT but more preferably 60 to 480mT or most preferably 80 to 460 

mT. 

If the residual magnetic-flux density is 50 mT or higher, the output will not decrease due to 

insufficient residual flux (Φr) of the medium. Also, when the residual magnetic-flux density is 

500 mT or less, the head is prevented from saturation due to an increase of the residual flux 

(Φr) of the medium during reproduction in an MR head, etc. Accordingly, the product Br･δ of the 

residual magnetic-flux density Br and the magnetic-layer thickness δ is preferably 5 to 100 mT･

μm but more preferably 8 to 80 mT･μm or most preferably 8 to 65 mT･μm. Herein, the 
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above-mentioned product Br･δ of the residual magnetic-flux density Br and the magnetic-layer 

thickness δ indicates the strength of the residual flux (Φr) of the medium. The residual flux (Φr) 

suitable for a magnetic head may be selected according to the saturation magnetic flux density 

(Bs) of the head. 

[0065] 

The magnetic coercive force (Hc) in the magnetic layer depends on the performance of the 

head uses for recording. However, said magnetic coercive force (Hc) is preferably 135 kA/m or 

more in light of the use of a head that uses a material having high saturation magnetic-flux 

density (Bs), such as Fe-Ta-N, as well as for the sake of achieving a high recording density. 

Meanwhile, as to the upper limit of the magnetic coercive force (Hc), [data] can be recorded up 

to the magnetic coercive force (Hc) of 440 kA/m or so when the magnetic layer is thin. 

Accordingly, the magnetic coercive force (Hc) in the magnetic layer containing a ferromagnetic 

powder is preferably within the range of 135 to 440 kA/m but more preferably 150 to 400 kA/m. 

[0066] 

The average center-plane surface roughness (Ra) of the magnetic layer is 0.5 to 4 nm but 

preferably 0.8 to 3.5 Nm or more preferably 1 to 3 nm. When the Ra value is within the range of 

0.5 to 4 nm, the surface is smooth and there is no running error, and therefore [the magnetic 

layer] becomes more suitable for high-density recording. This Ra value is obtained by 

measuring the magnetic layer surface based on the planar dimension of approximately 184 μm 

x 242 μm, doing so through the MIRAU method with the use of the optical interferometric 

three-dimensional roughness meter "HD-2000," manufactured by WYKO (Arizona, USA). The 

objective lens is set at the magnification of x50 and the intermediate lens is set at the 

magnification of x 0.5 for the inclination correction and cylindrical correction. In addition to the 

Ra value, it is also important (with respect to the surface properties) to reduce the height and 

the quantity of the surface protrusions. 

[0067] 

For the magnetic layer surface, it is preferable that the maximum height Rmax is 0.5 μm or less, 

the ten-point mean roughness Rz is 0.3 μm or less, the center plane height Rp is 0.3 μm or less, 

the center-plane root depth Rv is 0.3 μm or less, the center-plane area ratio Sr is 20 to 80% or 

less, and the mean wave length λa is 5 to 300 μm or less. For the surface protrusions of the 

magnetic layer, It is preferable that the protrusions can be arbitrarily set at the size of 0.01 μm to 

1 μm within the range of 0 to 2000 pieces in order to thereby optimize the electromagnetic 

conversion characteristics and frictional coefficient. Such a [setting] can be readily controlled by 

controlling the surface properties by means of the substrate's filler by regulating the inorganic 

particles dispersed in the magnetic layer surface or doing so through the particle diameter and 

amount of the pulverulent body that can be added to the magnetic layer, through the roll surface 
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shape during the calendering treatment, etc. Curls are preferably maintained within the range of 

±3 mm. 

 

[0068] 

[Nonmagnetic Layer] 

The magnetic recording medium according to the present invention may have a 

nonmagnetic layer (lower layer) in addition to the magnetic layer (upper layer). The 

nonmagnetic layer may contain a nonmagnetic powder and a binder, as well as a conductive 

oxide powder and (on an as-needed basis) additives in the same manner as the case of the 

aforementioned magnetic layer. 

 

[0069] 

1. Nonmagnetic Powder 

The nonmagnetic powder used for the nonmagnetic layer may be selected as appropriate 

from the group of inorganic compounds consisting of, for example, metallic oxide, metallic 

carbonate, metal nitride, metallic carbide, etc. Examples of such inorganic compounds include 

α-alumina with a pregelatinization rate of 90% or higher, β-alumina, γ-alumina, θ-alumina, 

silicon carbide, chromic oxide, cerium oxide, α-Fe2O3, oxy iron hydroxide (geothite, etc.), silicon 

nitride, TiO2, silicon dioxide, tin oxide, magnesium oxide, zirconium dioxide, zinc oxide, barium 

sulfate, etc. These inorganic compounds may be used independently or in combination. 

Particularly, in terms of the easy availability, cost, small particle-size distribution and abundant 

means for functionalization, good compatibility with the magnetic layer, etc., TiO2, zinc oxide, 

oxy iron hydroxide, ferrous oxide, barium sulfate and conductive tin oxide are preferable, but 

α-Fe2O3 (hematite) and oxy iron hydroxide (geothite), which also exist in the magnetic layer, is 

more preferable. 

[0070] 

The above-mentioned α-Fe2O3 (hematite), when used, is preferably obtained by processing a 

magnetic ferrous oxide or a raw material for use in metals (these having an even particle size) 

through thermal dehydration and further through an annealing treatment to thereby reduce 

porosities, followed by a surface treatment with an Al, Si compound on an as-needed basis. 

Also, when TiO2 is used, TiO2 is light catalytic and thus generates radicals upon contact with 

light, thereby posing a risk of reacting with the binder or lubricant. Accordingly, when TiO2 is 

used as the inorganic compound it is preferable to dissolve 1 to 10% of Al, Fe, etc., in the solid 

state or to treat the surface with Al, Si compound, etc., so as to thereby diminish the catalytic 

activity. 

[0071] 
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While the shape of the nonmagnetic powder may be any of the acicular form, spherical form, 

polyhedral form, tabular form and fusiform, it is preferable to select the fusiform. Also, the 

particle size of the nonmagnetic powder is preferably 0.005 to 0.20 μm but more preferably 

0.005 to 0.15 μm. Additionally, as for the particle size of the nonmagnetic powder, nonmagnetic 

powders having different particle sizes may be combined on an as-needed basis, but the same 

effect is still achieved even with a single nonmagnetic powder by expanding the particle-size 

distribution. 

[0072] 

When the nonmagnetic powder is an acicular metallic oxide, the mean long-axis length of the 

nonmagnetic powder is preferably 0.005 to 0.20 μm but more preferably 0.005 to 0.15 μm or 

most preferably 0.005 to 0.13 μm. The mean acicular ratio (Mean long-axis length / Mean 

short-axis length) is typically 1.0 to 12 but preferably 1.2 to 10. The tap density is typically 0.3 to 

1.5 g/ml but preferably 0.4 to 1.3 g/ml. The moisture content of the nonmagnetic powder is 

typically 0.2 to 5 mass% but preferably 0.3 to 3 mass% or more preferably 0.3 to 1.5 mass%. 

While the pH of the nonmagnetic powder is typically 2 to 12, the pH within the range between 

5.5 and 11 is particularly preferable. 

[0073] 

The specific surface area (SBET) of the nonmagnetic powder is 1 to 120 m2/g but preferably 5 to 

110m2/g or more preferably 10 to 100m2/g. The crystallite size of the nonmagnetic powder is 

preferably 40 to 1000Å but more preferably 40 to 800Å. The oil absorption based on DBP 

(dibutyl phthalate) (i.e., DBP oil absorption) is typically 5 to 100 ml/100 g but preferably 10 to 80 

ml/100 g or more preferably 20 to 60ml/100g. The specific gravity is typically 1.5 to 7 but 

preferably 3 to 6. The stearic-acid adsorption amount of the nonmagnetic powder is typically 1 

to 20 μmol/m2 but preferably 2 to 15 μmol/m2 or more preferably 3 to 8 μmol/m2. When a 

nonmagnetic powder with a high stearic-acid adsorption amount is used, it is preferable to 

fabricate a magnetic recording medium by means of modifying the surface with an organic 

matter having a high adsorption property on the surface, because in that way it becomes 

possible to reduce the frictional coefficient. The surface of these nonmagnetic powders is 

preferably surface-treated with an Al, Mg, Si, Ti, Zr, Sn, Sb, Zn, Y compound. Al2O3, SiO2, TiO2, 

ZrO2, MgO and the hydrous oxides thereof (but more preferably Al2O3, SiO2, ZrO2 and the 

hydrous oxides thereof) exhibit a particularly good dispersion property when present in the 

surface of the nonmagnetic powder. These may be used independently or in combination. Also, 

a coprecipitated surface-treated layer may be used or a method of providing alumina first and 

then providing silica for the superficial layer or vice versa may be employed, doing so according 

to the intended purpose. Also, while the surface-treated layer may be a porous layer according 

to the intended purpose, in general it is preferably a homogeneous and dense layer. 
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[0074] 

Specific examples of the nonmagnetic powder include: 

 

Nanotite, manufactured by Showa Denko; 

 

HIT-100 and HIT-82, manufactured by Sumitomo Chemical; 

 

Alpha-ferrous-oxides DPN-250BX, DPN-245, DPN-270BX, DPN-550BX, DPN-550RX, 

DBN-650RX and DAN-850RX, which are manufactured by Toda Kogyo; 

 

Titanium oxides TTO-51B, TTO-55A, TTO-55B, TTO-55C, TTO-55S, TTO-55D and 

SN-100, which are manufactured by Ishihara Sangyo; 

 

Titanium oxides STT-4D, STT-30D, STT-30, STT-65C and α-ferrous oxide α-40, which 

are manufactured by Titan Kogyo; 

 

Titanium oxides MT-100S, MT-100T and MT-150W, MT-500B, MT-600B, MT-100F and 

MT-500HD, which are manufactured by TAYCA; 

 

FINEX-25, BF-1, BF-10, BF-20 and ST-M, which are manufactured by Sakai Chemical 

Industry; 

 

Ferrous-oxides DEFIC-Y and DEFIC-R, manufactured by Dowa Mining; 

 

AS2BM and TiO2 P25, manufactured by Nippon Aerosil; 

 

The 100A and 500A, manufactured by Ube Industries; and 

 

The calcination products thereof. 

 

[0075] 

The above-mentioned fusiform nonmagnetic powders may be manufactured from various 

inorganic compounds but preferably from oxy iron hydroxide (geothite) or α-Fe2O3 (hematite). 

As to the preparation method, said α-Fe2O3 may be made by manufacturing fusiform geothite 

followed by oxidization, doing so in accordance with the preparation method of fusiform geothite 

described in the above-mentioned section of ferromagnetic metal powder. As for oxy iron 
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hydroxide (geothite), it may be made through the method described in JP,10-53421,A. Also, 

geothite particles may be dehydrated within the temperature range of 200 to 500 degrees C, 

or--on an as-needed basis--further rendering an annealing process through a heat treatment 

within the temperature range of 350 to 800 degrees C so as to thereby obtain fusiform α-Fe2O3. 

The reason why an annealing process is rendered through a heat treatment within the 

above-mentioned temperature range is that the annealing process melts the pole surface side 

of the dehydrated fusiform α-Fe2O3 particles thus obtained and thus closes the porosities that 

are formed on the surface of said particles, thereby making it possible to obtain the smooth 

surface morphology. Furthermore, α-Fe2O3 directly generated through hydrothermal reaction 

can also be used effectively. 

[0076] 

Also, a preferable sintering-prevention effect and dispersion effect are obtained by treating the 

surface of the above-mentioned fusiform geothite particles, which is dehydrated or annealed, 

with a sintering inhibitor containing chemical elements such as P, Si, B, Al, Zr, Sb and rare earth 

elements (including Y), thereby causing the aforementioned chemical elements or the 

compound thereof to adhere the geothite particle surface. 

[0077] 

As to the α-Fe2O3 (hematite) particles used in the nonmagnetic layer of the present invention, 

the above-mentioned fusiform α-Fe2O3 (hematite) particles thus obtained through dehydration 

or annealing is dispersed in a solution to thereby obtaining a suspension liquid. After the 

addition of an Al compound and the adjustment of pH, the aforementioned Al compound is 

applied so as to cover the particle surface of the above-mentioned fusiform α-Fe2O3 (hematite) 

particles, followed by the rendition of filtration, water-rinsing, drying, pulverization and--on an 

as-needed basis--deaeration, compaction treatment {Lit., thick/dense treatment--an obvious 

input error}. Examples of the Al compound used herein include aluminum salts, such as 

aluminum acetate, aluminum sulfate, aluminum chloride, aluminum nitrate, etc., as well as alkali 

aluminates such as sodium aluminate, etc. The Al compound's additive amount in this case is 

typically 0.01 to 50 mass%, by Al conversion, relative to the α-Fe2O3 (hematite) particle powder. 

It is preferable when the Al compound's additive amount is 0.01 mass% or more because it 

becomes possible to sufficiently disperse [the Al compound] in the binder. It is also preferable 

when the Al compound's additive amount is 50 mass% or less because it becomes possible to 

prevent the Al compounds, which float on the particle surface, from interacting with one another. 

[0078] 

Furthermore, The above-mentioned α-Fe2O3 (hematite) particles may be coated, together with 

the Al compound, a Si compound as well as one, two or more types of compounds selected 

from P, Ti, Mn, Ni, Zn, Zr, Sn, Sb and rare earth elements (including Y). The respective additive 
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amounts of such compounds used together with the Al compound are typically within the range 

of 0.01 to 50 mass% relative to α-Fe2O3 (hematite). It is preferable when the additive amount is 

0.01 mass% or more, because it becomes possible to improve the dispersion property. It is also 

preferable when the additive amount is no more than 50 mass% because it becomes possible 

to prevent the compounds, which float in other sections other than the particle surface, from 

interacting with one another. 

[0079] 

The nonmagnetic layer in the present invention may contain carbon black. Carbon black may 

impart publicly known, worked or described effects such as the lower surface resistance (Rs), 

lower light transmission rate and a desirable micro Vickers hardness. Carbon black can also 

impart lubricant-preservation effect within the nonmagnetic layer. Examples of the types of 

carbon black used herein include the furnace type for rubber, thermal type for rubber, black for 

pigment applications, conductive carbon black, acetylene black, etc. For the carbon black in the 

nonmagnetic layer, the following characteristics should be optimized according to the desired 

effect, and better effects may be obtained through the use in combination: 

[0080] 

The specific surface area of the carbon black for the nonmagnetic layer is typically 50 to 500 

m2/g but preferably 70 to 400 m2/g. And, the DBP oil absorption is typically 20 to 400 ml/100 g 

but preferably 30 to 400 ml/100 g. The mean particle diameter of the carbon black is typically 5 

to 80 nm but preferably 10 to 50 nm or more preferably 10 to 40 nm. The carbon black 

preferably has a pH of 2 to 10, a moisture content of 0.1 to 10 mass% and a tap density of 0.1 to 

1 g/ml. 

[0081] 

Specific examples of the carbon black used in the present invention include the following: 

 

BLACKPEARLS 2000, 1300, 1000, 900, 800, 880, 700 and VULCAN XC-72, which are 

manufactured by Cabot;  

 

#3050B, #3150B, #3750B, #3950B, #950, #650B, #970B, #850B, MA-600, MA-230, 

#4000 and #4010, which are manufactured by Mitsubishi Chemical Corporation; 

 

CONDUCTEX SC and RAVEN 8800, 8000, 7000, 5750, 5250, 3500, 2100, 2000, 1800, 

1500, 1255 and 1250, which are manufactured by Colombian Carbon;  

 

Ketjen Black EC, manufactured by Akzo; 
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Etc. 

 

[0082] 

The carbon black may be surface-treated with a dispersant, etc., or it may be grafted with a 

resin for use, or it may comprise a partially graphitized surface. Additionally, before the carbon 

black is added to the coating material it may be dispersed in a binder. These carbon blacks may 

be used within the range not exceeding 50 mass% relative to the above-mentioned inorganic 

nonmagnetic powder but within the range not exceeding 40% of the gross mass of the lower 

layer. These carbon blacks can be used independently or in combination. For the list of carbon 

blacks that can be used in the present invention, "Carbon Black User's Guide" (compiled by the 

Carbon Black Association) serves as a reference, for example. 

[0083] 

In addition to the above-mentioned nonmagnetic powder, the nonmagnetic layer may use the 

same conductive oxide powder and binder as those used in the magnetic layer. Additionally, an 

organic powder may be added according to the intended purpose. Examples include an acrylic 

styrene-based resin powder, benzoguanamine resin powder, melamine-based resin powder 

and phthalocyanine pigment. However, a polyolefin-based resin powder, polyester-based resin 

powder, polyamide-based resin powder, polyimide-based resin powder and polyethylene 

fluoride resin may also be used. For example, the manufacturing methods thereof, which are 

described in JP,62-18564,A and JP,60-255827,A, may be used herein. 

[0084] 

Publicly known technologies associated with magnetic layers may be applied for the amounts, 

types, solvents, dispersion methods of the binders (type and amount), lubricants, dispersants 

and additives used in the nonmagnetic layer. Additionally, an abradant that doubles as a 

reinforcing agent may be added to the nonmagnetic layer. As such an abradant, for example, 

primarily a publicly known, worked or described material with a Mohs hardness of 6 or more 

(such as α-alumina with a pregelatinization rate of 90% or higher, β-alumina, silicon carbide, 

chromic oxide, cerium oxide, α-ferrous oxide, corundum, silicon nitride, silicon carbide, titanium 

carbide, titanium oxide, silicon dioxide, boron nitride, etc.) may be used independently or in 

combination. A composite body formed of the combination of these abradants (in which an 

abradant is surface-treated with another abradant) may also be used. These abradants may 

contain compounds or chemical elements other than the primary component; however, there 

will be no change in the effect if the primary component is 90 mass% or more. The particle size 

of these abradants is preferably 0.01 to 1 μm. Particularly, the narrower the particle-size 

distribution is, the more it is preferable in order to enhance the electromagnetic conversion 

characteristics. Moreover, in order to improve durability it is also possible to combine abradants 
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of different particle sizes on an as-needed basis, but the same effect can be obtained even with 

a single abradant by expanding the particle-size distribution. The tap density is preferably 0.3 to 

1.5 g/cc. The moisture content is preferably 0.1 to 5 mass%. The pH is preferably 2 to 11. The 

specific surface area is preferably 1 to 40 m2/g. The shape of the abradant may be may be any 

of the acicular, spherical and cube shape, but preferably a part of the shape should constitute 

an angle. 

[0085] 

The specific examples include the following: 

 

AKP-10, AKP-15, AKP-20, AKP-30, AKP-50, HIT-20, HIT-30, HIT-50, HIT-60A, HIT-60G, 

HIT-70, HIT-80, HIT-82 and HIT-100, as well as Sumicorundum AA-03, AA-04 and AA-06, 

which are manufactured by Sumitomo Chemical; 

 

ERC-DBM, HP-DBM and HPS-DBM, which are manufactured by Reynolds;  

 

WA10000, manufactured by Fujimi Abrasives; 

 

UB20, manufactured by UYEMURA; 

 

G-5, Chromex U2 and Chromex U1, which are manufactured by Nippon Chemical 

Industrial; 

 

TF100 and TF140 by Toda Kogyo; 

 

Beta Random Ultra Fine by IBIDEN;  

 

B-3 by Showa Mining; 

 

Etc. 

 

The addition to the nonmagnetic layer makes it possible to control the surface shape of the 

magnetic layer and control the protrusion state of the inorganic particles in the magnetic layer 

surface. It should be understood that the particle diameter and amount of abradants to be 

added to the nonmagnetic layer should be set at their optimum values. 

 

[0086] 
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[Back Coat Layer] 

The magnetic recording medium according to the present invention may have a back-coat 

layer on a plane of the nonmagnetic substrate opposite the plane, on which the magnetic layer 

or the nonmagnetic layer and the magnetic layer will be provided. The back-coat layer primarily 

contains a carbon black or a conductive oxide powder. The same conductive oxide powder as 

that is used in the above-mentioned the magnetic layer or the nonmagnetic layer may be used 

as the conductive oxide powder contained in the back-coat layer. Also, in the back-coat layer it 

is preferable to use two types of the carbon black with different mean grain sizes. In this case, it 

is preferable to use a fine-powder carbon black with a mean grain size of 10 to 30 nm but 

preferably 10 to 20 nm, and a coarse-powder carbon black with a mean grain size of 150 to 300 

nm but preferably 230 to 300 nm. 

[0087] 

Generally, the surface electric resistance of the back-coat layer can be lowered through the 

addition of the above-mentioned fine-particle carbon black. Additionally, the fine-powder carbon 

black generally has a superior liquid-lubricant retention force and can therefore contribute to the 

reduction of frictional coefficient when used in combination with a lubricant. Meanwhile, a 

coarse-powder carbon black with a particle size of 150 to 300 nm functions as a solid lubricant. 

It also forms minute projections on the surface of the back-coat layer, thereby reducing the 

contact surface area and contributing to the reduction of frictional coefficient. However, the 

coarse-powder carbon black has a disadvantage in that it can readily drops out from the 

back-coat layer in a harsh running system due to the tape's sliding motion, thus leading to the 

increased error ratio. As for the conductive oxide powder, it is effective to use the 

aforementioned conductive oxide powder, which is highly transparent (which has high light 

transmittance).  

[0088] 

Specific examples of the commercially available fine-powder carbon black products include: 

 

RAVEN2000B (mean particle diameter of 18 nm) and RAVEN1500B (mean particle 

diameter of 17 nm) (which are manufactured by Colombia Carbon); 

 

BP800 (mean particle diameter of 17 nm) (which is manufactured by Cabot Corp.); 

 

PRINTEX90 (mean particle diameter of 14 nm), PRINTEX95 (mean particle diameter of 

15 nm), PRINTEX85 (mean particle diameter of 16 nm) and PRINTEX75 (mean particle 

diameter of 17 nm) (which are manufactured by Degussa AG); 
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#3950 (mean particle diameter of 16 nm) (which are manufactured by Mitsubishi 

Chemical Corporation); 

 

Etc. 

 

And, specific examples of the commercially available coarse-powder carbon black products 

include Thermal Black (mean particle diameter of 270 nm) (which is manufactured by Cancarb) 

and RAVENMTP (mean particle diameter of 275 nm) (which is manufactured by Colombia 

Carbon). 

[0089] 

When two types with different mean grain sizes are used in the back-coat layer, the content ratio 

(mass ratio) of the 10-30nm fine-powder carbon black and the 150-300nm coarse-powder 

carbon black is preferable within the range of Fine-powder carbon black : Coarse-powder 

carbon black = 99:1 to 75:25 but more preferably 98:2 to 85:15. The content of carbon black in 

the back-coat layer (the total amount when using two types) or the conductive oxide powder is 

typically within the range of 30 to 80 mass parts but preferably within the range of 45 to 65 mass 

parts per 100 mass parts of binder. 

[0091] 

Through the addition of a hard inorganic powder with a Mohs hardness of 5 to 9, the strength of 

the back-coat layer is reinforced, thereby improving the durability against running motions. 

When such an inorganic powder is used in combination with carbon black, the amount of 

deterioration is reduced even after repeated sliding motions, and thus a strong back-coat layer 

is obtained. Moreover, through such an addition of an inorganic powder, an appropriate 

abrasive force is imparted, thereby reducing the adhesion of shavings onto the tape guide pole, 

etc.  

[0092] 

The hard inorganic powder preferably has a mean particle diameter within the range of 5 to 250 

nm but more preferably 5 to 230nm. 

[0093] 

Examples of the hard inorganic powder with a Mohs hardness of 5 to 9 include α-ferrous oxide, 

α-alumina and chromic oxide (Cr2O3). These powders may be used independently or in 

combination. And, among the examples, α-ferrous oxide or α-alumina is preferable. The content 

of the hard inorganic powder is typically 0.2 to 30 mass parts but preferably 0.3 to 20 mass parts 

per 100 mass parts of carbon black. 

[0094] 
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Preferably, the back-coat layer may either contain an inorganic powder having a specific mean 

particle diameter and a Mohs hardness of 5 to 9, and the aforementioned two types of carbon 

black with different mean particle diameters or primarily contain the aforementioned highly 

transparent conductive oxide powder, which may be selected as appropriate according to the 

intended usage. 

[0095] 

The back-coat layer may further contain a lubricant. The lubricant may be selected, as 

appropriate, from the above-listed lubricants mentioned as the examples that can be used for 

the magnetic layer. In the back-coat layer, the lubricant is typically added in an amount within 

the range of 0.5 to 5 mass parts per 100 mass parts of binder. 

 

[0096] 

[Nonmagnetic Substrate] 

The nonmagnetic substrate used in the present invention may be a publicly known, worked 

or described film of polyesters (such as polyethylene terephthalate and polyethylene 

naphthalate), polyolefins, cellulose triacetate, polycarbonate, polyamide (e.g., an aromatic 

polyamide such as aramid), polyimide, polyamide-imide, polysulfone, poly benzoxazole, etc. It 

is preferable to use a high-strength substrate such as polyethylene naphthalate and aramid. 

Also, on an as-needed basis, a laminated-type substrate, such as the one disclosed in 

JP,3-224127,A, may be used in order to obtain a surface roughness, which is different from the 

magnetic layer side (or from the opposite surface in case the magnetic layer is not provided). 

Such a nonmagnetic substrate may be pre-treated through a corona discharge treatment, 

plasma treatment, adhesion-facilitating treatment, heat treatment, dust removal treatment, etc. 

It is also possible to apply an aluminum or glass substrate as the nonmagnetic substrate of the 

present invention. 

[0097] 

The average center-plane surface roughness (Ra) (which is obtained based on the 

measurement of the surface of the nonmagnetic substrate through the MIRAU method with the 

use of WYKO's optical interferometric three-dimensional roughness meter "HD-2000") is 

typically 8.0 nm or less but preferably 4.0 nm or less or more preferably 2.0 nm or less. It is 

preferable that such a nonmagnetic substrate not only has a low average center-plane surface 

roughness, but is also characterized by the absence of large and coarse protrusions with sizes 

of 0.5 μm or more. Also, the roughness profile of the surface is freely controlled by means of the 

size and amount of the filler, which is added to the substrate on an as-needed basis. Examples 

of such a filler include the oxides and carbonates of Ca, Si, Ti, etc., as well as an organic fine 

powder of the acrylic system, etc. The maximum height SRmax of the nonmagnetic substrate is 
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1 μm or less. The ten-point mean roughness SRz is preferably 0.5 μm or less. The center plane 

height SRp is preferably 0.5 μm or less. The center-plane root depth SRv is preferably 0.5 μm 

or less. The center-plane area ratio SSr is preferably 10 to 90%. The mean wave length Sλa is 

preferably 5 - 300 μm or less. The surface-protrusion distribution of such a substrate may be 

controlled arbitrarily, doing so by means of the filler, in order to obtain the desired 

electromagnetic conversion characteristics and durability. Those with sizes of 0.01 to 1 μm may 

be respectively controlled within the range of 0 to 2000 pieces per 0.1 mm2. 

[0098] 

The F-5 value of the nonmagnetic substrate used in the present invention is preferably 0.049 to 

0. 49GPa (5-50 kg/mm2). And, the thermoshrinkage rate of the substrate when subjected to the 

temperature of 100 degrees C for 30 minutes is preferably 3% or less but more preferably 1.5% 

or less, and the thermoshrinkage rate when subjected to the temperature of 80 degrees C for 30 

minutes is preferably 1% or less but more preferably 0.5% or less. The breaking strength is 

preferably 0.049 to 0. 98 GPa (5-100 kg/mm2). The elastic modulus is preferably 0.98 to 19.6 

GPa (100-2000 kg/mm2). Thermal expansion coefficient is 10-4 to 108/degree C, but preferably 

10-5 to 10-6/degree C. The humidity expansion coefficient is 10-4/RH% or less but preferably is 

10-5/RH% or less. These thermal properties, dimensional characteristics and mechanical 

strength property are preferably subequal in every in-plane direction of the substrate with a 

difference of no more than 10%. 

 

[0099] 

[Laminar Structure] 

If the magnetic recording medium according to the present invention is a magnetic tape, it 

may take the form of a laminar structure that comprises a magnetic layer or a nonmagnetic layer 

and a magnetic layer in the order given, on one side of the nonmagnetic substrate. And, on an 

as-needed basis, it may take the form of a laminar structure that comprises a back-coat layer on 

the plane opposite the surface provided with a magnetic layer or a nonmagnetic layer and a 

magnetic layer. Meanwhile, when it is a magnetic disk, it may take the form of a laminar 

structure, which either comprises a magnetic layer or a nonmagnetic layer and a magnetic layer 

in the order given, on both sides of the nonmagnetic substrate. 

[0100] 

The magnetic recording medium according to the present invention fundamentally consists of a 

magnetic layer or a double layer of the nonmagnetic layer and the magnetic layer. However, the 

magnetic layer may be formed of multiple layers to the extent of satisfying the requirements for 

the present invention, and the nonmagnetic layer may be formed of multiple layers in the same 
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way. Furthermore, it is also feasible to provide any given layers having various functions on an 

as-needed basis. 

[0101] 

As to the thickness configuration of the magnetic recording medium according to the present 

invention, the nonmagnetic substrate is typically 2.5 to 100 μm. However, in the case of a 

magnetic tape it is preferably 2.5 to 10 μm but more preferably 3.0 to 8 μm in order to increase 

volume density. Also, in the case of a magnetic disk it is preferably 20 to 100 μm but more 

preferably 25 to 80 μm. 

[0102] 

An undercoating layer for the improvement of the adhesion property may be provided between 

the nonmagnetic substrate and the nonmagnetic layer when the magnetic recording medium 

has multilayer of the magnetic layer and the nonmagnetic layer or between the nonmagnetic 

substrate and the magnetic layer when the magnetic recording medium has a single layer 

consisting of a magnetic layer. The thickness of the undercoating layer is typically 0.01 to 0.5 

μm but preferably 0.02 to 0.5 μm. 

[0103] 

Also, in the case of a magnetic tape, a back-coat layer may be provided on the surface opposite 

the surface, which is provided with the magnetic layer on the nonmagnetic substrate, in order to 

further achieve effects such as the prevention of static charge and curl correction. The thickness 

of such a back-coat layer is typically 0.1 to 4 μm but preferably 0.3 to 2.0 μm. 

[0104] 

The thickness of the magnetic layer in the present invention is optimized according to the 

amount of saturated magnetization of the head to be used, the head gap length and the 

bandwidth of recording signals. The magnetic layer may also consists of two separate layers 

having different magnetic properties so as to apply publicly known, worked or described 

structures for a multilayered magnetic layer. And, the thickness of the nonmagnetic layer in the 

present invention is typically 0.2 to 5.0 μm but preferably 0.3 to 3.0 μm or more preferably 0.5 to 

2.5 μm. 

[0105 

It should be noted that the nonmagnetic layer of the present invention exerts its effects insofar 

as it is substantially nonmagnetic. For example, even when it contains a small amount of a 

magnetic material as an impurity or as a deliberate attempt, it demonstrates the effects of the 

present invention, and therefore such a constituent element should be understood as being 

substantially identical to that of the present invention. The phrase "substantially nonmagnetic" 

implies that the residual magnetic-flux density (Br) of the nonmagnetic layer is 50 mT or less, or 

the magnetic coercive force (Hc) is approximately 40% or less of the magnetic layer, but 
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preferably the case where the residual magnetic-flux density and the magnetic coercive force 

are zero. 

 

[0106] 

[Manufacturing Method] 

In the present invention, the method to provide the nonmagnetic layer and the magnetic 

layer on the substrate in the order given is not particularly limited, but it is preferable to employ 

the wet-on-wet technique. The process of manufacturing the magnetic coating material for the 

magnetic recording medium according to the present invention comprises at least a kneading 

step, a dispersion step and a mixing step (which is provided before/after the foregoing two steps 

on an as-needed basis). Each individual step may be divided into two or more stages. All the 

starting materials used in the present invention (such as a ferromagnetic powder, nonmagnetic 

powder, binder, carbon black, abradant, antistatic agent, lubricant, solvent, etc.) may be added 

either in the beginning or the middle of any step. Additionally, each individual starting material 

may be added, in divided amounts, in two or more steps. For example, the amount of 

polyurethane may be divided and thus added separately during the kneading step, the 

dispersion step and the mixing step (which is provided for the viscosity control after the 

dispersion). Publicly known, worked or described conventional manufacturing technologies may 

be used as part of the process to achieve the purpose of the present invention. In the kneading 

step, it is preferable to use [a tool with] high kneading capacity, such as an open kneader, 

continuous kneader, pressurized kneader, extruder, etc. When a kneader is used, the entire 

[binder] or a portion of the binder (but preferably 30 mass% or more of the entire binder) [(]and 

within the range of 15 to 500 parts per 100 parts of the ferromagnetic powder[)] is processed 

through a kneading treatment with either the ferromagnetic powder or the nonmagnetic powder. 

The details of such a kneading treatment is described in JP,1-106338,A and JP,1-79274,A. 

Additionally, glass beads can be used for the dispersion of the magnetic-layer coating liquid and 

the nonmagnetic-layer coating liquid. Specifically, zirconia beads, titania beads and steel beads 

are preferable because they are high-density dispersion media. These dispersion media are 

used with the optimized particle diameter and packing factor. Any publicly known, worked or 

described dispersion machine can used as the disperser. A ferromagnetic powder, abradant and 

carbon black each having different dispersion speeds may be separately dispersed and mixed 

in advance, and may be micro-dispersed further on an as-needed basis so as to prepare a 

coating liquid. 

[0107] 

In the present invention, it is preferable to use the following wet-on-wet techniques when 

coating a magnetic recording medium of a multilayer structure: 
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(1) A method of coating the nonmagnetic layer (lower layer) first through use of a gravure 

coating, roll coating, blade coating, extrusion coating applicator, etc., which is 

commonly used to apply magnetic coating materials for coating, and then coating the 

magnetic layer (upper layer) while the nonmagnetic layer is still wet, doing so through 

use of an extrusion coating applicator of the supporting-member pressurization type 

disclosed in JP,1-46186,B, JP,60-238179,A and JP,2-265672,A; 

 

(2) A method of coating the upper and lower layers in a practically simultaneous fashion, 

doing so with a single coating head that internally comprises two coating-liquid 

passage slits as disclosed in JP,63-88080,A, JP,2-17971,A and JP,2-265672,A; and 

 

(3) A method of coating the upper and lower layers in a practically simultaneous fashion, 

doing so through use of an extrusion coating applicator with a backup roll as 

disclosed in JP,2-174965,A. 

 

[0108] 

In addition, in order to prevent the diminishment of the electromagnetic conversion 

characteristics of the magnetic recording medium due to the aggregation of magnetic particles, 

etc., it is preferable to impart a shear to the coating liquid within the coating head, doing so 

through such methods disclosed in JP,62-95174,A and JP,1-236968,A. Furthermore, the 

viscosity of the coating liquid must satisfy the numerical value range that is disclosed in 

JP,3-8471,A. It should be understood that the constituent elements of the present invention may 

be implemented through the use of a sequential multilayer coating technique, whereby a 

nonmagnetic layer (lower layer) is coated and dried first, after which a magnetic layer is 

provided on the nonmagnetic layer. The use of a sequential multilayer coating technique will not 

cause the loss of the effect of the present invention. However, it is preferable to use the 

aforementioned simultaneous multilayer coating in order to reduce the coating defect and to 

improve the quality, for example, [by resolving] the problem of dropout. 

[0109] 

The surface formation treatment for the magnetic layer formed on the nonmagnetic substrate is 

preferably carried out with a calender. The rollers used in the calendering treatment are 

heat-resistant plastic rollers ([made] of epoxy, polyimide, polyamide, polyimide amide, etc.) or 

metallic rollers. However, particularly when the magnetic layers are provided on both sides, it is 

preferable to render the treatment between metal rollers. The treatment temperature is 

preferably 50 degrees C or more or more preferably 100 degrees C or more. The linear 
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pressure force is preferably 200 kg/cm or more but more preferably 300 kg/cm or more. 

Excessive binder remaining on the surface is removed with a diamond wheel after the 

calendering treatment, and surplus binder on the surface layer is removed with a sapphire blade 

or abrasive tape after the slitting step. Such a treatment prevents the excessive binder from 

flowing out after the repeated runs, thereby causing the elevation of frictional coefficient or the 

clogging of the head. 

[0110] 

When the magnetic recording medium according to the present invention is in the condition 

whereby the temperature is within the range of -10 to 40 degrees C and the humidity within the 

range of 0 to 95%, the coefficient of friction against the head is typically of 0.5 or less but 

preferably 0.3 or less; the surface specific resistance is preferably 104 to 1012 Ω/sq on the 

magnetic surface; and the electrified potential is preferably within the range of -500V to +500V. 

The elastic modulus of the magnetic layer at the 0.5% elongation is preferably 0.98 to 19.6 GPa 

(100 to 2000 kg/mm2) in every in-plane direction. The breaking strength is preferably 0.098 to 0. 

686 GPa (10 to 70 kg/Mm2). The elastic modulus of the magnetic recording medium in every 

in-plane direction is preferably 0.98 to 14.7 GPa (100 to 1500 kg/mm2), and the residual 

elongation is preferably 0.5% or less. And, the thermal shrinkage rate at any temperature of 100 

degrees C or less is preferably 1% or less but more preferably 0.5% or less or most preferably 

0.1% or less. The glass transition temperature of the magnetic layer (the maximum point of the 

loss elastic modulus as measured on the basis of dynamic viscoelasticity measurement at 110 

Hz) is preferably 50 to 120 degrees C. And, the glass transition temperature of the nonmagnetic 

layer is preferably 0 to 100 degrees C. The loss elastic modulus is preferably within the range of 

1x103 to 8x104N/cm2 (1x108 to 8x109 dyne/cm2); and the loss tangent is preferably 0.2 or less. 

When the loss tangent is too great, it will be likely to cause the failure of adhesion. Preferably, 

these thermal properties and mechanical characteristics are substantially equal within a 

difference of 10% in every in-plane direction of the medium. The residual solvent contained in 

the magnetic layer is preferably 100 mg/m2 or less or more preferably 10 mg/m2 or less. The 

porosity ratio comprised in coated layers is preferably 30% v/vs or less, but even more 

preferably 20% v/vs or less, in both the lower layer and the magnetic layer. The porosity ratio is 

preferably lower in order to achieve high output; however, in some cases it may be better to 

maintain a certain value according to the intended purpose. 

[0111] 

It should be readily inferred that, in the magnetic recording medium according to the present 

invention, these physical properties may be differed between the nonmagnetic layer and the 

magnetic layer according to the intended purpose. For example, the elastic modulus of the 

lower layer may be reduced below that of the magnetic layer at the same time as the elastic 
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modulus of the magnetic layer is increased to improve the durability against running motions, 

thereby improving the contact between the magnetic recording medium and the head, and the 

like. 

[0112] 

The following is an explanation of specific working examples of the present invention. In 

addition, it should be understood that the components, rates, operation, sequences, etc., that 

are illustrated herein may be subject to change without departing from the spirit and scope of 

the present invention and therefore should not limited to the following working examples. Also, 

the use of "part(s)" in the working examples represents "mass part(s)" unless otherwise 

specified. 

 

[0113] 

Magnetic coating material (for the upper layer-1) 

Ferromagnetic metal powder:        100 parts 

[Composition: Co/Fe =30.5 at.% 

Al/Fe= 9.8 at.% 

Y/Fe = 8.6 at.% 

Aurface oxide film thickness of 28Å, moisture content of1.0 mass%,  

eluted iron of 3.5 ppm/g 

Hc: 190.2 kA/m, SBET: 52 m2/g, 

σs: 135 A･m2/kg, 

Mean long-axis length: 0.060 μm 

Coefficient of variance of long-axis length (hereinafter simply  

referred to as the "coefficient of variance"): 19%, 

Monocrystal rate: 35%, crystallite size: 120Å, mean acicular ratio: 6.4 

Water-soluble Na: 2.0 ppm, water-soluble Ca: 5.0ppm] 

Vinyl chloride polymer MR110 (manufactured by Nippon Zeon)   12 parts 

Polyurethane resin UR8200 (manufactured by Toyobo)      5 parts 

Conductive oxide powder (listed in the tables 1 and 2)      0 to 90 parts 

α-alumina HIT60A (manufactured by Sumitomo Chemical)   5 parts 

Carbon black [mean particle size: 30 nm] (listed in Table 2)   0 to 5 parts 

Phenyl phosphonic acid          3 parts 

Butyl stearate           2 parts 

Stearic acid           0.5 part 

Methyl ethyl ketone          180 parts 

Cyclohexanone           180 parts 
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[0114] 

Magnetic coating material (for the upper layer-2) 

Hexagonal ferrite magnetic powder         100 parts 

[Mean tabular diameter: 22.4 nm 

Mean plate thickness: 6.8 nm 

Specific surface area: 67.8 nm, 

Magnetic coercive force Hc : 233.2 kA/m 

Saturated-magnetization-property σs: 51.2 A･m2/kg] 

Bonding-agent resin 

Vinyl chloride copolymer         12 parts 

[which contains 1x10-4 eq/g of -SO3K group;  

polymerization degree = 300] 

Polyester polyurethane resin         4 parts 

[Neopentyl glycol / caprolactone polyol / MDI = 0.9 / 2.6 / 1,  

containing 1x10-4 eq/g of -SO3Na group] 

Conductive oxide powder (listed in the tables 1 and 2)       0 to 5 parts 

Phenyl phosphonic acid          3 parts 

α-alumina [mean particle size: 0.15 μm]        2 parts 

Carbon black [mean particle size: 30 μm] (listed in Table 2)      0 to 5 parts 

Butyl stearate           2 parts 

Stearic acid           2 parts 

Methyl ethyl ketone          125 parts 

Cyclohexanone           125 parts 

 

[0115] 

Magnetic coating material (for the upper layer-3) 

Hexagonal ferrite magnetic powder         100 parts 

[Man tabular diameter: 22.4 nm 

Mean plate thickness: 6.8 nm 

Specific surface area: 67.8 nm 

Magnetic coercive force Hc : 233.2kA/m 

Saturated-magnetization-property σs: 51.2 A･m2/kg] 

Bonding-agent resin 

Vinyl chloride copolymer         15 parts 

[which contains 1x10-4 eq/g of -SO3K group;  
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polymerization degree = 300] 

Polyester polyurethane resin       6 parts 

[Neopentyl glycol / caprolactone polyol / MDI = 0.9 / 2.6 / 1,  

containing 1x10-4 eq/g of -SO3Na group] 

Conductive oxide powder (listed in the tables 1 and 2)    0 to 5 parts 

Phenyl phosphonic acid       3 parts 

α-alumina (mean particle size: 0.15 μm)     2 parts 

Carbon black (mean particle size: 30 nm) (liseted in Table 2)     0 to 5 parts 

Butyl stearate        10 parts 

Butoxy ethyl stearate          5 parts 

Isohexadecyl stearate          2 parts 

Stearic acid         3 parts 

Methyl ethyl ketone        125 parts 

Cyclohexanone        125 parts 

 

[0116] 

Nonmagnetic coating material (for the lower layer -1) 

Inorganic the nonmagnetic powder         80 parts 

  [Hematite with mean long-axis length of 0.12 μm]  

α-alumina HIT55 (manufactured by Sumitomo Chemical)     5 parts 

[Separately dispersed product of HIT55 / MR110 / MEK  

= 5 parts / 1 part / 4 parts]      (alumina conversion) 

Carbon black           20 parts 

CONDUCTEX SC-U (manufactured by Colombian Carbon) 

Vinyl chloride polymer MR110 (manufactured by Nippon Zeon)   12 parts 

Polyurethane resin UR8200 (manufactured by Toyobo)   5 parts 

Phenyl phosphonic acid           3 parts 

Butyl stearate          2 parts 

Stearic acid          0.5 part 

Methyl ethyl ketone/cyclohexanone (7/3 mixture solvent)      300 parts 

 

[0117] 

Nonmagnetic coating material (for the lower layer -2) 

Acicular hematite           80 parts 

[BET specific surface area: 55 m2/g, 

Mean long-axis length: 0.10 μm 
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Mean acicular ratio: 7 

pH: 8.8 

Aluminum treatment: 1 mass% as Al2O3] 

Carbon black        20 parts 

[Mean particle size:17nm, 

DBP oil absorption: 80 ml/100 g, 

BET surface area: 240 m2/g 

pH:7.5] 

Bonding-agent resin 

Vinyl chloride copolymer         12 parts 

[which contains 1x10-4 eq/g of -SO3K group;  

polymerization degree = 300] 

Polyester polyurethane resin       5 parts 

[Neopentyl glycol / caprolactone polyol / MDI = 0.9 / 2.6 / 1,  

containing 1x10-4 eq/g of -SO3Na group] 

Phenyl phosphonic acid       3 parts 

Butyl stearate        3 parts 

Stearic acid         3 parts 

Methyl ethyl ketone and cyclohexanone 1:1 mixture solvent      280 parts 

 

[0118] 

Nonmagnetic coating material (for the lower layer -3) 

Acicular hematite           80 parts 

[BET specific surface area: 55 m2/g, 

Mean long-axis length: 0.10 μm 

Mean acicular ratio: 7 

pH: 8.8 

Aluminum treatment: 1 mass% as Al2O3] 

Carbon black            20 parts 

[Mean particle size: 17nm, 

DBP oil absorption: 80 ml/100 g, 

BET surface area: 240 m2/g 

pH:7.5] 

Bonding-agent resin 

Vinyl chloride copolymer       15 parts 

[which contains 1x10-4 eq/g of -SO3K group;  
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polymerization degree = 300] 

Polyester polyurethane resin 5 parts 

[Neopentyl glycol / caprolactone polyol / MDI = 0.9 / 2.6 / 1,  

containing 1x10-4 eq/g of -SO3Na group] 

Phenyl phosphonic acid       3 parts 

α-alumina [mean particle size: 0.15 μm]     2 parts 

Carbon black [mean particle size: 30 nm]     5 parts 

Butyl stearate        10 parts 

Butoxy ethyl stearate        5 parts 

Isohexadecyl stearate       2 parts 

Stearic acid         3 parts 

Methyl ethyl ketone and cyclohexanone 1:1 mixture solvent   280 parts 

 

[0119] 

Back-coat layer coating material 

Fine-particle carbon black powder         100 parts 

[BP-800 manufactured by Cabot Corp., mean particle size: 17nm] 

Coarse-particle carbon black powder        3 parts 

[Thermal Black manufactured by Cancarb, mean particle size: 270 nm] 

α-alumina(hard inorganic powder) 

HIT55             0.5 part 

[Separately dispersed product of HIT55 / MR110 / MEK  

= 5 parts / 1 part / 4 parts]       (alumina conversion) 

Nitrocellulose resin          108 parts 

Polyurethane resin          15 parts 

Polyisocyanate            40 parts 

Polyester resin          5 parts 

Dispersants: Oleic acid copper         4 parts 

Copper phthalocyanine        4 parts 

Barium sulfate         5 parts 

Methyl ethyl ketone         2200 parts 

Butyl acetate           300 parts 

Toluene            600 parts 

 

 

[0120] 
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TABLE 1 

 

No. Mean particle 
diameter (μm) 

Coefficient of 
variance (%) 

Specific 
surface area 

(m2/g) 

Powder 
resistance 

(Ωcm) 

Composition 

1 0.02 24 66 1.8 Sb-doped SnO2 
(ATO) 

2 0.03 20 45 0.50 Sn-doped In2O3 

(ITO) 
3 0.03 29 55 0.65 Sn-doped InN2O3 

(ITO) 

 

[0121] 

For each of the above-mentioned magnetic-layer coating material (for the upper layer-1) and 

the nonmagnetic layer coating material (for the lower layer-1), the pigment, vinyl chloride 

polymer, phenyl phosphonic acid and the respective solvents at 50% of the prescribed amount 

were kneaded, with a kneader, to the mixture of which polyurethane resin and the remaining 

components were added. [The mixture] was then dispersed with a sand mill, thereby forming 

the dispersion liquids for the magnetic layer (dispersion time = 2 hours) and for the nonmagnetic 

layer (dispersion time = 3 hours). Polyisocyanate 5 parts and then cyclohexanones 30 parts 

were added to each of the dispersion liquids thus obtained. Subsequent to the finishing 

dispersion, [the mixture] was filtered with the use of a filter with a mean pore size of 1 μm so as 

to thereby prepare the coating liquids for the formation of the nonmagnetic layer and for the 

formation of the nonmagnetic layer, respectively. Additionally, each component used to form a 

back-coat layer was kneaded and thus mixed together with a continuous kneader, after which 

[the mixture] was dispersed with a sand mill. The dispersion liquid thus obtained was filtered 

with the use of a filter with a mean pore size of 1 μm so as to thereby prepare the coating liquid 

for the formation of the back-coat layer. 

[0122 

For each of the above-mentioned magnetic-layer coating material (for the upper layers-2 and 3) 

and the nonmagnetic layer coating material (for the lower layers-2 and 3), the pigment, vinyl 

chloride polymer, phenyl phosphonic acid and the respective solvents at 50% of the prescribed 

amount were kneaded, with a kneader, to the mixture of which polyurethane resin and the 

remaining components were added. [The mixture] was then dispersed with a sand mill, thereby 

forming the dispersion liquids for the magnetic layer (dispersion time = 4 to 10 hours) and for the 

nonmagnetic layer (dispersion time = 3 hours). Polyisocyanate 5 parts and then 

cyclohexanones 30 parts were added to each of the dispersion liquids thus obtained. 

Subsequent to the finishing dispersion, [the mixture] was filtered with the use of a filter with a 
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mean pore size of 1 μm so as to thereby prepare the coating liquids for the formation of the 

nonmagnetic layer and for the formation of the nonmagnetic layer, respectively. 

 

[0123] 

(Fabrication of Tapes; Working Examples 1 through 8, and Comparative Examples 1 

through 4) 

[The coating liquid for the formation of the nonmagnetic layer thus obtained (for the lower 

layer-1 or 2) and the coating liquid for the formation of the magnetic layer (for the upper layer-1 

or 2)] were applied to an aramid substrate (trade name: Mictron), which is 4.4 μm in thickness 

and has the average center-plane surface roughness of 2 nm, doing so by means of 

simultaneous multilayer coating, whereby: 

 

The coating liquid for the formation of the nonmagnetic layer thus obtained (for the lower 

layer-1 or 2) was applied so that the dried thickness of the lower layer will be 1.7 μm; and 

 

Immediately after that, the coating liquid for the formation of the magnetic layer (for the 

upper layer-1 or 2) was applied on the [coating liquid for the formation of the 

nonmagnetic layer thus obtained (for the lower layer-1 or 2)] in such a way that the dried 

thickness would be 0.0.8 to 0.2 μm.  

 

In this state, while both layers were still in the damp state, [the work in process] was oriented in 

the longitudinal direction as it was conveyed through an orientation device. With regard to the 

orientation magnets used herein, [the work in process] was conveyed through rare-earth 

magnets (surface magnetic flux of 500 mT) and then through solenoid magnets (magnetic flux 

density of 500 mT), after which it was dried to the extent that there would be no reversal of the 

orientation within the solenoid. And, after the magnetic layer was dried further, the coating liquid 

for the formation of the back-coat layer (the back-coat layer coating material) was applied to and 

dried on the plane of the substrate opposite the magnetic surface side in such a way that the 

dried thickness of the back layer will be 0.5 μm. And then, [the work in process] was rolled up. 

Subsequently, a seven-stage calender comprising metallic rollers was used to render a 

calendering treatment for [the work in process] at the temperature of 90 degrees C and the 

linear pressure of 2940 N/cm so as to obtain a web-form magnetic recording medium. The 

[web-form magnetic recording medium] was slit into 3.8-mm wide and 8-mm wide [pieces] so as 

to thereby measure the samples' magnetic properties, surface roughness, electromagnetic 

conversion characteristics, durability and DC magnetization disturbance. The conditions are 

shown in Table 2, and the evaluation results are shown in the tables 3 and 4. 
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[0124] 

TABLE 2 
Number Conditions of magnetic layer (upper layer) Conditions of 

nonmagnetic layer 
(lower layer) 

Conductive oxide 
powder 

Carbon 
black 

Type of 
magnetic 
coating 
material 

Dispersion 
time (hour) 

Upper 
layer 

thickness 
(μm) 

Nonmagnetic 
coating material 

No. Additive 
amount 
(part) 

Additive 
amount 
(part) 

Working Example 1 1 5 0 For upper 
layer-1 

2 0.12 For lower layer-1 

Working Example 2 2 15 0 For upper 
layer-1 

2 0.12 For lower layer-1 

Working Example 3 2 15 0 For upper 
layer-1 

2 0.08 For lower layer-1 

Working Example 4 2 1 0 For upper 
layer-1 

2 0.08 For lower layer-1 

Working Example 5 2 90 0 For upper 
layer-1 

2 0.16 For lower layer-1 

Working Example 6 2 5 0 For upper 
layer-2 

4 0.20 For lower layer-2 

Working Example 7 2 5 0 For upper 
layer-2 

10 0.20 For lower layer-2 

Working Example 8 3 5 0 For upper 
layer-2 

10 0.20 For lower layer-2 

Working Example 9 2 0.5 0 For upper 
layer-3 

10 0.10 For lower layer-3 

Working Example 10 2 5 0 For upper 
layer-3 

10 0.15 For lower layer-3 

Comparative Example 1 -- 0 0 For upper 
layer-1 

2 0.08 For lower layer-1 

Comparative Example 2 -- 0 5 For upper 
layer-1 

2 0.12 For lower layer-1 

Comparative Example 3 -- 0 0 For upper 
layer-2 

10 0.20 For lower layer-2 

Comparative Example 4 -- 0 5 For upper 
layer-2 

10 0.20 For lower layer-2 

Comparative Example 5 -- 0 5 For upper 
layer-3 

10 0.15 For lower layer-3 

Comparative Example 6 -- 0 0 For upper 
layer-3 

10 0.10 For lower layer-3 

 

 

[0125] 

TABLE 3 

Number Hc 
(kA/m) 

Magnetic 
layer 

thickness 
δ (μm) B

r･
δ 

(m
T
･
μ

m
) 

DC 
magnetiza-

tion 
disturbance

relative 
value 

Surface 
roughness 

(Ra)  
(nm) 

Output 
(dB) 

C/N 
(dB) 

Durability 

Number 
of 

passes 

Head 
fouling 

Working 
Example 1 

205.2 0.12 43.9 100 2.1 0.0 0.0 2000 ○ 
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Working 
Example 2 

207.5 0.12 41.0 102 2.4 -0.3 -0.1 2000 ○ 

Working 
Example 3 

207.0 0.08 29.2 105 2.0 -0.5 -0.1 2000 ○ 

Working 
Example 4 

200.4 0.08 34.5 100 1.8 -0.2 0.1 2000 ○ 

Working 
Example 5 

208.9 0.16 37.4 97 2.6 -0.6 0.3 2000 ○ 

Working 
Example 12 

208.5 0.16 37.6 90 2.4 -0.4 0.6 2000 ○ 

Comparative 
Example 1 

198.7 0.08 36.2 115 2.2 -0.7 -1.5 200 X 

Comparative 
Example 2 

207.7 0.12 36.8 110 3.5 -4.2 -10.4 2000 △ 

Comparative 
Example 7 

207.9 0.12 36.8 111 3.6 -4.1 -10.3 2000 △ 

 

 

[0126] 

TABLE 4 

Number Hc 
(kA/m) 

Magnetic 
layer 

thickness 
δ (μm) B

r･
δ 

(m
T
･
μ

m
) 

DC 
magnetiza-

tion 
disturbance

relative 
value 

Surface 
roughness 

(Ra)  
(nm) 

Output 
(dB) 

C/N 
(dB) 

Durability 

Number 
of 

passes 

Head 
fouling 

Working 
Example 6 

237.2 0.20 18.8 100 2.0 0.0 0.0 2000 ○ 

Working 
Example 7 

237.5 0.20 19.4 95 1.8 0.4 0.8 2000 ○ 

Working 
Example 8 

237 0.20 18.9 98 2.0 0.2 0.3 2000 ○ 

Working 
Example 11 

237.4 0.20 18.8 102 2.1 0.0 -0.1 2000 ○ 

Comparative 
Example 3 

235.1 0.20 20.5 119 2.3 -0.4 -1.1 1500 X 

Comparative 
Example 4 

241.9 0.20 14.1 115 3.2 -4.0 -9.5 2000 ○ 

 

 

 

[0127] 

(Fabrication of Flexible Disks; Working Examples 9 and 10, Comparative Examples 5 and 

6) 

The coating liquid for the formation of the nonmagnetic layer (for the lower layer-3) thus 

obtained was applied to a polyethylene terephthalate substrate with the thickness of 68 μm in 

such a way that the dried thickness would be 1.5 μm. Immediately after that, while the coated 

layer constituting the nonmagnetic lower layer is still in the damp state, the coating liquid for the 
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formation of the magnetic layer (for the upper layer-3) was applied by means of the 

simultaneous multilayer wet coating application, doing so by altering the thickness of the 

magnetic layer through the use of different coating volumes for the magnetic layer. While both 

layers were still in the damp state, [the work in process] was subjected to an orientation in the 

longitudinal direction as it conveyed through homopolar-opposing rare-earth magnets with the 

center magnetic-field strength of 398 kA/m. Subsequently, [the work in process] was subjected 

to a random orientation treatment as it was conveyed through an AC magnetic field generator 

having two magnetic-field strengths of 24 kA/m with the frequency of 50 Hz and 12 kA/m with 

the frequency of 50 Hz, thereby successfully obtaining an orientation ratio of 98% or more. [The 

layers] were coated, oriented and dried on the other side of the substrate surface in the same 

way, followed by a calendering treatment at the temperature of 90 degrees C and the linear 

pressure of 2940 N/cm with a seven-stage calender. Subsequently, [the work in process] was 

punched into a 3.7-inch [shape] and was subjected to a thermal treatment (for 24 hours at 70 

degrees C) so as to thereby accelerate the curing treatment of the coated layers, followed by a 

varnishing treatment with an abrasive tape and a post-treatment of shaving off the surface 

protrusions. [The work in process] was inserted into a 3.7-inch cartridge (ZIP Disk cartridge, 

manufactured by IOMEGA, U.S.A.) comprising a liner that is installed on the inner side, followed 

by the addition of prescribed mechanical components, thus obtaining a 3.7-inch floppy 

(registered trademark) disk. A vibrating sample magnetometer was used to measure the 

magnetic properties of the samples. Measurements of the surface roughness and 

electromagnetic conversion characteristics were further obtained. The conditions are shown in 

Table 2, and the evaluation results are shown in Table 5. 

 

[0128] 

TABLE 5 

Number Hc 
(kA/m) 

Magnetic 
layer 

thickness 
δ(μm) 

Br･δ 
(mT･μm)

DC 
magnetization 
disturbance 

relative value 

Surface 
roughness 

(Ra)  
(nm) 

Output 
(dB) 

Error rate 
X10-5 

Working Example 9 235.9 0.10 11.4 100 2.4 0.0 0.015 
Working Example 10 237.0 0.15 16.1 96 2.5 0.5 0.015 

Comparative Example 5 237.8 0.05 15.3 110 3.5 -1.8 1.800 
Comparative Example 6 235.0 0.10 11.8 115 2.5 -0.5 Occurrence of 

shavings during the 
measurement 

 

 

[0129] 

(Working Example 11) 
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The tape samples were fabricated through the same method used for the working example 6, 

except that a conductive oxide powder (ITO particulate powder with a mean particle diameter of 

20 nm) was used in place of the fine-powder carbon black powder used in the back-coat layer 

coating material of the working example 6. On the back-coat layer side, a brown layer was 

observed in the lower layer, thereby affirming that the light transmission rate of the back-coat 

layer was high. The evaluation results are shown in Table 4. 

 

[0130] 

(Working Example 12) 

The tape samples were fabricated through the same method used for the working example 5, 

except that the dispersion liquid according to the working example 5 was prepared without the 

conductive oxide powder for the magnetic coating material but separately dispersed conductive 

oxide-powder dispersoids were instead added to the dispersion liquid when polyisocyanate was 

added thereto, doing so in the same amount as that was expressed as the conductive oxide 

powder. The above-mentioned conductive oxide-powder dispersoids were separately dispersed 

through the use of a conductive oxide powder, the equivalent amount of vinyl chloride polymer 

(by MR110) and a solvent (methyl ethyl ketone : cyclohexanone = 1:1). The evaluation results 

are shown in Table 3. 

 

[0131] 

(Comparative Example 7) 

The tape samples were fabricated through the same method used for the working example 2, 

except that a conductive oxide powder (ITO particulate powder with a mean particle diameter of 

20 nm) was used in place of the fine-powder carbon black powder used for the back-coat layer 

coating material in the comparative example 2. On the back-coat layer side, a brown layer was 

observed in the lower layer, thereby affirming that the light transmission rate of the back-coat 

layer is high. The evaluation results are shown in Table 3. 

 

 

[0132] 

<Evaluation of the Tapes> 

 

(1) Magnetic Property 

A vibrating sample magnetometer (manufactured by Toei Industry) was used to measure 

[the property] in parallel to the direction of the orientation, doing so with the external magnetic 

field of 796 kA/m. 
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(2) Electromagnetic Conversion Characteristics 

An MIG head (head gap = 0.2μm, track width = 17 μm, saturation magnetic-flux density = 

1.5T, and azimuth angle = 20 degrees) and an MR head for use in reproduction (SAL bias, MR 

element = Fe-Ni, track width = 6 μm, gap length = 0.2 μm, and azimuth angle = 20 degrees) 

were loaded into an 8-mm tape deck for data recording application. The relative velocity of the 

tape and the head was set at 10.2 m/second and the optimum recording current was 

determined based on the input-output characteristic of 1/2Tb (λ = 0.5 μm) so as to thereby use 

this electric current to record signals with the MIG head and reproduce them with the MR head. 

The C/N was defined as [the range] from the peak of the reproduction carrier up to the 

demagnetization noise, and the resolution bandwidth of the spectrum analyzer was set at 100 

kHz. The electromagnetic conversion characteristics and the DC magnetization disturbance are 

expressed as the characteristics corresponding to the tape, according to the working example 

1. 

 

(3) Average Center-Plane Surface Roughness (Ra) 

For this measurement, the optical interferometric three-dimensional roughness meter 

"HD-2000," manufactured by WYKO (Arizona, USA) was used to measure the magnetic layer 

surface based on the planar dimension of approximately 184 μm x 242 μm, doing so through 

the MIRAU method. The objective lens was set at the magnification of x50 and the intermediate 

lens was set at the magnification of x 0.5 for the inclination correction and cylindrical correction. 

The present system is a contactless surface-roughness gauge that measures on the basis of 

optical interferometry. 

 

(4) Durability 

After a given signal was recorded through the use of a DDS drive, [the tape samples] were 

subjected to minute-long 2000-pass runs at 25 degrees C and 10%RH while the reproduced 

signal was being monitored, and then they were stopped at the point when the initial 

reproduction output dropped by 3 dB. For the sample after the 2000-pass run, the fouling 

around the head was inspected, the result of which was evaluated as ○ when there was no 

observable fouling,  when slight fouling was observed and X when there was noticeable 

fouling. 

 

(5) DC Magnetization Disturbance 

The relative magnetization disturbance due to MFM was obtained through the following 

method: The tapes used as the samples were magnetized with DC magnetic field at 796 kA/m 
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through VSM. It was conducted through the use of Nanoscope III, manufactured by the U.S. 

Digital Instruments. And, a CoCr Probe MESP, manufactured by Nano Sensors, was used for 

the probe. The frequency modulation (FM) was employed for the data detection system, thereby 

capturing the 5x5μm range with the lift height of 40nm, doing so at 256x256-pixel data points. 

The scan speed was set at 1 Hz. The MFM image thus obtained shows the strength of the 

relative magnetic intensity at each point, which was then processed through calculation with the 

computation method of Ra, which would be used for the analysis of surface roughness. And, the 

value thus obtained was compared and indicated in the relative value. When the value was 

lower, it indicated that the magnetization disturbance was smaller. 

 

(6) Thickness of the Magnetic Layer 

The magnetic recording medium was cut across the longitudinal direction with a diamond 

cutter into a thickness of approximately 0.1 μm. [The cut piece] was observed with a 

transmission-type electron microscope at the magnification ratio of x50,000, the image of which 

was then captured as a photograph. The print size of the photo used herein was A4 (overall 

magnification of x200,000). Subsequently, turning the focus onto the size and shape difference 

of the powder composition components used for each of the magnetic layer and the 

nonmagnetic layer, the interface was visually determined and bordered in black, and the 

magnetic layer surface was likewise bordered in black. Subsequently, the distance between the 

bordered lines was measured with an image analysis device (KS4000, manufactured by Carl 

Zeiss). The measurements were obtained at data points that were defined across the 

21cm-length range of the test sample photo. The simple mean of the arithmetic addition of the 

measurement values thus obtained was divide by the magnification ratio, the result of which 

was used as the thickness of the magnetic layer. The electromagnetic conversion 

characteristics and the DC magnetization disturbance are expressed as the characteristics 

corresponding to the working examples 1 and 6. 

 

[0133] 

<Evaluation of the Flexible Disks> 

The output was measured with the linear recording density of 144 kbpi and the track density 

of 144 tpi. The linear recording density refers to the number of bits of the signal recorded per 

inch in the recording direction. The track density refers to the number of tracks per inch. And, 

the surface recording density was obtained by multiplying the aforementioned linear recording 

density by the track density. The error rate of the disks was measured by recording signals with 

the aforementioned linear recording density on the disks, doing so through the use of the (2, 7) 

RLL modulation method. In addition, the samples' magnetic properties, surface roughness and 
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DC magnetization disturbance were measured under the same conditions as those used for the 

evaluation of the tapes. The electromagnetic conversion characteristics and the DC 

magnetization disturbance are expressed as the characteristics corresponding to the working 

example 9. 

[0134] 

For the magnetic tapes, which use a ferromagnetic metal powder as the ferromagnetic powder, 

such as when a magnetic tape containing a conductive oxide powder in the magnetic layer 

(Working Example 1) and a magnetic tape containing carbon black (Comparative Example 2) 

are compared under the same condition, the comparison reveals that the magnetic recording 

tape containing a conductive oxide powder is superior in all the aspects of surface roughness, 

output loss, C/N [ratio] and durability. This indicated that the magnetic tapes containing a 

conductive oxide powder (the working examples 1 through 5) had superior surface smoothness, 

lower noise (thereby inhibiting the diminishment of output more) and higher C/N [ratio] than 

those of the magnetic tape containing carbon black (Comparative Example 2). It was also 

revealed that the magnetic tape containing a conductive oxide powder can clear the number of 

passes up to 2000 and that it produces little fouling, thus indicating superior repeating durability. 

Additionally, it was revealed that the magnetic tape containing a conductive oxide powder or 

carbon black in the magnetic layer (the working examples 1 through 5) exhibits durability far 

superior to that of the magnetic tape containing neither a conductive oxide powder nor carbon 

black (Comparative Example 1). 

[0135] 

For the magnetic tapes, which use a hexagonal crystal barium ferrite as the ferromagnetic 

powder, for example, when the magnetic tape containing a conductive oxide powder (Working 

Example 7) and the magnetic tape containing carbon black (Comparative Example 4) are 

compared under the same condition, the comparison reveals that both indicate the same level 

of durability, but those containing a conductive oxide powder are superior in terms of the surface 

roughness, output loss and C/N [ratio]. This indicated that the magnetic tapes containing a 

conductive oxide powder (the working examples 6 through 8) had superior surface smoothness, 

lower noise (thereby inhibiting the diminishment of output more) and higher C/N [ratio] than the 

magnetic tape containing carbon black (Comparative Example 4). 

[0136] 

The evaluation of the magnetic disks (flexible disks) also indicated results similar to those of the 

above-mentioned magnetic recording tapes. The results indicates that the ones containing a 

conductive oxide powder (working examples 9 and 10) are superior the one containing carbon 

black (Comparative Example 5) in any of the surface roughness, output and error rate. It was 

also revealed that the magnetic disks containing conductive oxide powder or carbon black in the 
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magnetic layer (the working examples 9 and 10) exhibit durability far superior to that of the 

magnetic disk containing neither a conductive oxide powder nor carbon black (Comparative 

Example 6). 

[0137] 

It is evident that, within the scope of the present invention, the lower the coefficient of variance 

the conductive oxide powder mixed in the magnetic layer is, the greater the effect is. It was also 

affirmed that the addition of a conductive oxide powder to the magnetic layer makes it possible 

to shorten the dispersion treatment time, thereby indicating superior aptitude for production. 

[The evaluation results] further indicated that it was also effective when the conductive oxide 

powder was separately dispersed in advance (Working Example 12). Additionally, it was 

indicated that the addition of a conductive oxide powder to the back-coat layer in place of a 

carbon black enhances the back-coat layer's light transmittance, thus increasing the 

transparency (Working Example 11). 

 

[0138] 

EFFECT OF THE INVENTION 

According to the magnetic recording medium of the present invention, it becomes possible 

to provide a magnetic recording medium that has superior surface smoothness of the magnetic 

layer, lower noise (which helps limit the diminishment of output) and superior electromagnetic 

conversion characteristics with high C/N [ratio] while providing a good balance of durability 

against running motions. Moreover, because the dispersion property of ferromagnetic powder is 

also good it becomes possible to achieve the dispersion-time reduction, thereby making it 

possible to provide an industrially and economically advantageous magnetic recording medium. 
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Executed on:  

3/15/17                                                  Signed:   ______________________ 
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