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ABSTRACT OF THE DISCLOSURE 

The invention relates to a method of producing a stor 
age medium having a heat hardened layer of a magnetic 
metal or alloy. The invention also relates to a method 0f 
providing an aluminum substrate for a magnetic storage 
medium and anodizing the aluminum surface and apply 
ing a metallic layer before the effects of the anodizing 
have disappeared. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a division of -application Ser. No. 
580,823 (now U.S. Letters Patent No. 3,471,272) íiled 
Sept. 20, 1966 and this application is a continuation of ap 
plication Ser. No. 871,088, filed July 22, 1969, now aban 
doned. 

FIELD OF THE INVENTION 

This invention relates to an article having a layer of 
electroless deposition and to methods of producing such 
an article. The invention particularly relates to an article 
heat treated to provide the electroless deposition with a 
hard surface. The invention also relates to an article hav 
ing an aluminum surface at least partially anodized to pre 
pare the surface of the article for an electroless deposition. 
The electroless deposition is particularly adapted to be a 
magnetic material, especially when the electroless deposi 
tion is heat treated to harden the deposition. 

BACKGROUND O-’F THE INVENTION 

Electroless depositions of magnetic materials have been 
produced for some time on storage members such as 
metallic discs and cylinders to provide a storage of in 
formation in magnetic form on the members. The electro 
less depositions may be selected from a group including 
cobalt, nickel, manganese and iron. One advantage of 
such electroless depositions over other types of deposi 
tions such as oxide coatings is that substantially all of the 
material in the electroless deposition provides magnetic 
properties. Another advantage is that the thickness of the 
deposition may be relatively small and may be closely 
regulated so that the packing density of the signals record 
ed on the depositions is increased over that produced by 
oxide coatings. ~ 
Many of the storage members now in use have been 

formed from aluminum as a base member since aluminum 
is light and strong. It has been ditlicult to deposit mag 
netic materials electrolessly in thin ñlms on a metallic 
base member such as aluminum without producing drop 
outs in the depositions. These dropouts often constitute 
small areas Where the electroless deposition has not been 
formed on the base member. The dropouts sometimes re 
sult from the tendency of small areas of foreign material, 
such as chromium or iron, on the aluminum to form alloys 
with the magnetic material electrolessly deposited on the 
storage member so as to affect the magnetic character 
istics of the magnetic material. Dropouts are undesirable 
since they prevent or inhibit information from being 
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recorded in magnetic form at the positions _of vthe drop 
outs. As will be appreciated, even' one bit'of informa 
tion may be crucial for certain types of recorded data such 
as data representing the solution of' a mathematical prob 
lem since such bit of information may provide amaterial 
error in the solution of the problem. » '- ' 
Although it has been diiiicult in the past vto produce 

electroless depositions in thin ñlms on storage members 
such as discs or cylinders without any dropouts and par 
ticular storage members formed from aluminum as av base 
member, such dropouts have not presented problems. One 
reason is that the dropouts are relatively small in size. 
Furthermore, the thickness of the layer of magnetic ma 
terial electrolessly deposited 'on the’ discs or cylinders has 
been relatively great so as to minimize any tendency to 
produce dropouts. However, this relatively great'thick 
ness of the magnetic layer has limited the packing density 
of the magnetic information which can berecorded on the 
magnetic layer and subsequently read from the magnetic 
layer. This has required the information storage members 
to be relatively large, especially when a substantial amount 
of information has has to be recorded on the storage mem 
ber. 
A considerable eifort has been made during the past sev 

eral years to reduce the thickness of the magnetic layer 
electrolessly deposited on the surface of a disc or cylinder 
without producing any dropouts, particularly on storage 
members formed from aluminum as a base member. Such 
efforts have not been successful. This has been particularly 
true since the magnetic material has had to be deposited 
electrolessly over an extended area on the storage member 
without any dropouts. By reducing the thickness of the 
magnetic material on the surface of the disc or cylinder, 
the packing density of the information recorded on the 
disc or cylinder could be increased and the frequency 
range of the signals recorded on the disc or cylinder could 
be correspondingly increased for a particular speed of 
movement of the disc past a transducing head. 
The increase in the packing density of the signals record 

ed on the electroless deposition of such storage members 
as discs and cylinders has created other problems. For ex 
ample, the practice now is to deposit a layer of a hard 
material such a rhodium over the surface of the electroless 
deposition so as to protect the electroless deposition. One 
purpose of depositing the hard material such as rhodium 
has been to insure that the external surface of the storage 
member such as the disc or cylinder will not become re 
moved or damaged as the storage member moves past 
the magnetic transducing head. If the electroless deposi 
tion should become worn or damaged at any position as a 
result of the movement of the storage member past the 
magnetic transducing head, valuable information recorded 
in magnetic form on the head can become lost. 
The deposition of a thin layer of rhodium on the 

external surface of the magnetic material presents certain 
problems. One problem is 'that the rhodium causes the 
magnetic transducing head to be spaced from the mag 
netic deposi-tion so that _the lstrength of the signals re 
corded on the magnetic deposition by the magnetic trans 
ducing head or reproduced from the magnetic deposition 
iby the magnetic transducingI head becomes reduced. 
Another difficulty has been that the humidity in the air 
around the storage member such as the disc or cylinder 
causes gases in the atmosphere such as vinyl gases to 
become polymerized so that a powdery material becomes 
deposited on the surface of the disc. This powdery mate 
rial inhibits any optimum transducing action between 
the transfer of information in magnetic form from the 
head to the disc or from the disc to the head. The pow 
dery material has also tended to damage the head over 
an extended period of time. Because of these diñiculties, 
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Athedir_nagnetic storage memberphas had limitations in itsY 
magnetic properties of recording information and sub 
sequently providing a read-out of this information. 

Thisinvention provides a storage member which over 
comes the diìîiculties discussed above and also provides 
methods ofproducing such a storage member. One feature 
of this inventionA is the elimination of the hard layer such 
as. rhodium by heat treating the electrolessly deposited 
>magnetic material to harden the material. In this way the 
magnetic material can be disposed in contiguous relation 
ship to the magnetic transducing head so that an optimum 
transducing action can be obtained between the transfer 
.of information in magnetic form from the head to the 
magnetic material _or from the magnetic material to the 
head. Furthermore, ̀ the hardening of the magnetic deposi 
tion andthe resultant elimination of the rhodium layer 
prevent any material from being deposited on the external 

Y va low inertia,V so that it can 
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surface of the dis'c through polymerization of gases such l 
kas vinyl gases inthe surrounding atmosphere. 

The hardening of themagnetic deposition is effective 
_regardlessof the material used as the base member of the 
disc. When the disc is made from aluminum, this inven 
tion provides further features to insure that the electroless 
deposi-tion is formed on the aluminum without any drop 
outs to effect the recording of information on the disc 
and the subsequent reproduction of information from 
the disc. As a first step, the aluminum base member is 
anodized for a relatively short period of time in compari 
son to the time required to anodize the member com 
pletely. Before the at least partially anodized base mem 
ber has lost its chemical activity, a thin layer of a metal 
such as copper or nickel is applied to the disc. This me 
tallic layer has properties of adhering to the anodized 
surface. Furthermore, the magnetic material subsequently 
deposited electrolessly on the base member is adhered 
to the anodized surface. By at least partially anodizing 
the aluminum surface and thereafter applying a metallic 
layer to the at least partially anodized surface while the 
surface is still active, the occurrence of dropouts on the 
electrolessly deposited magnetic layer has been substan 
tially eliminated. 
The anodizing process described above also has other 

advantages of some importance. By anodizing the alumi 
num disc and subsequently depositing nickel layers on 
the anodized surface in a manner described subsequently 
in detail, the nickel layers provide a barrier to prevent 
humidity in the air and on the hand of any person han 
dling the disc from attacking the aluminum layer to cor 
rodenthe layer. Withoutvthe nickel layers, the humidity 
tends'to permeate through the other layers to the alumi 
num base material since these other layers are somewhat 
porous. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 
FIG. 1 is a cross-sectional view of a 'storage member 

such as a disc constituting one embodiment of the inven 
tion and also illustrates in schematic form a magnetic 
transducing head disposed in contiguous relationship to 
the disc; 

FIG. 2 is a cross-sectional view of a storage member 
such as a disc constituting a second embodiment of the 
invention; and 

FIG. 3 is a cross-sectional view of a storage member 
such as disc constituting a third embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 and 2 illustrate embodiments where aluminum 
constitutes a ba'se member 10 for a storage member gen 
erally indicated at 11. The use of aluminum as a base 
member provides certain advantages since aluminum is 
light and strong. Because 0f its lightweight, aluminum has 
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be quickly accelerated or de 
celerated to control the rate at which information is 
recorded on the storage member 11 and subsequently 
reproduced from the 'storage member. Because of its 
strength, the aluminum base member 10 does not become 
deformed even if it should be subjected to relatively great 
impact forces bya magnetic transducing head 12 as it 
is moved past the head. ' 
When aluminum is used as the base member 10, an at 

least partially anodized layer 14 is initially formed on 
the base member 10. If the exposedjsurfa'ce of the> base 
member 10 were to be completely anodized, the anodiz 
ing operation would normally have to proceed for a rela 
tively long period of time such as approximately two to 
three hours. However, in the method constituting this 
invention, the anodizing operation occurs for a relatively 
short period of time such as a period to approximately 
five minutes. During this period to approximately five 
minutes, theexposed surface of the base member 10 is 
lsubjected to an »anodizing operation in a conventional 
manner.   » 

After the exposed surface of the aluminum base mem 
ber 10 has been at least partially anodized as described 
in the previous paragraph, the anodized surface is rinsed 
in tap water for a relatively short period of time. This 
may be accomplished by allowing the tap water to run 
over the anodized surface for a period to approximately 
two minutes. The period of rinsing the anodized surface 
14 is relatively short and somewhat critical since the 
anodized surface has properties of being chemically acti 
vated and tends to lose this property if rinsed for a rela 
tively long period of time such as ñve to ten minutes. 

’ The rinsed surface 14 is not allowed to dry after the 
rmsing operation since it would tend to lose its properties 
of chemical activity during the drying operation. In view 
of this, a layer 16 of a suitable metal such as copper or 
nickel is applied to the anodized surface while the sur 
face is still wet. When the metal is nickel, it may be ap 
plied by an electroless deposition at ambient temperatures 
in a bath including nickel vsulphate in a range of ap 
proximately 2% to 21/2 % by weight, sodium citrate in ap 
proximately 10% by Weight, sodium potassium tartrate 
in approximately 5% by weight and sodium hypophos 
phite in approximately 1.3% or 1.4% by weight. Am 
monia is also included in the electroless bath to main 
tain the pH at a valve of approximately 9. 
The electroless bath described in the previous paragraph 

is applied to the anodized surface 14 at ambient tempera 
tures for a period of time dependent upon the thickness 
desired for the layer of nickel. The rate of deposition of 
the nickel is approximately 1 microinch/min. Preferably 
the electroless deposition is applied for a period of ap 
proximately fifteen minutes so that the nickel layer 16 
has a thickness of approximately 15 microinches. The 
nickel in the layer 16 preferably has magnetic properties. 

After the nickel layer 16 has been formed on the 
anodized layer 14, the nickel layer is rinsed in tap water 
for a relatively short period of time such as approximately 
thirty seconds. A layer 18 of nonmagnetic nickel is then 
deposited on the layer 16 of magnetic nickel. This layer 
18 is preferably provided with a relatively great thickness 
such as a thickness in the order of 250 to 300 microinches. 
The purpose of producing the nonmagnetic layer 18 of 
nickel is to provide a hard and non-porous layer which 
can be polished to a smooth ñnish. Since the nonmagnetic 
nickel is hard, dense and non-porous, it prevents humidity 
from passing through the external layers to the aluminum 
base member 10 so that the aluminum base member would 
tend to become corroded. Corrosion of the aluminum base 
member is undesirable since it adversely affects the proper 
ties of the layers of different materials on the base mem 
ber. Such corrosion would result from humidity in the air 
and humidity on the hands of people who interchange one 
disc for another in the equipment in which the storage 
member 11 is included. 
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The layer 18 of nonmagnetic nickel is preferably ap 
plied by an electroless bath. This bath preferably includes 
nickel sulphate in approximately 4% by weight, sodium 
acetate in approximately 1.0% or 1.1% by weight, sodium 
citrate in approximately 1.1% by weight, sodium hypo 
phosphite in approximately 2.2% by weight and a suffi 
cient amount of ammonia and sulfuric acid to maintain 
a pH in the range of approximately 4.7 to 5.0. Preferably 
sulfuric acid having a concentration of approximately 
97% is used. The electroless bath is preferably applied in 
a temperature range between approximately 70° and 95° 
C. for a period of time of approximately one hour. 
As Will be seen from the above discussion, the layer 16 

of magnetic nickel is applied at ambient temperatures 
but the layer 18 of magnetic nickel is applied at tempera~ 
tures above ambient temperatures. One reason for apply 
ing the layer 16 of magnetic nickel before the layer 18 
of nonmagnetic nickel is to insure that the exposed layer 
14 of anodized aluminum is not subjected to temperatures 
above ambient temperatures since the anodized layer 14 
tends to become passivated by relatively high temperatures 
and even tends to become somewhat leached at these high 
temperatures. When the anodized layer 14 becomes pas 
sivated, the nickel layer subsequently deposited on the 
anodized layer does not have as good adherence to the 
anodized layer as the adherence of the layer 16 to the 
anodized layer when the layer 16 is deposited at ambient 
temperatures. Furthermore, the layer 16 of magnetic nick 
el is deposited by an electrodes bath having a pH of 9. With 
a relatively low value of pH (representing an acid) or a 
very high value of pH (representing a strong alkali), alu 
minum surfaces can be chemically attacked. This would 
prevent a uniform deposition of magnetic material from 
being subsequently applied to the storage member so that 
the storage member would not be substantially uniform in 
its magnetic characteristics at different positions. 

After the deposition of the layer 18 of nonmagnetic 
nickel, the storage member is rinsed in tap Water for a 
relatively short period of time such as approximately 
thirty seconds to one minute and is subsequently dried. 
The external surface of the layer 18 is then polished to 
produce a smooth finish and the surface is reactivated. A 
degreaser is then applied to the surface of the layer 18 
to remove any oil residue on the surface from the polish 
ing operation. A suitable degreaser may be obtained from 
Enthone, incorporated of New Haven, Conn., and is desi g 
nated by that company as Emulsion Cleaner 75. This ma 
terial constitutes a hydrocarbon which dissolves grease and 
includes an emulsion so that the hydrocarbon, the grease 
andthe‘emulsion can be removed by rinsing with water. 
The degreaser is applied at room temperature for a suit 
able period of time such as between forty-live seconds and 
ñve minutes. 
The external surface of the layer 18 is then rinsed in 

tap water for a suitable period to approximately two min 
utes but is not subsequently dried. The storage member is 
then subjected to any alkali cleaner which is non-silicated, 
a suitable one constituting a product of Enthone. The 
alkali cleaner is applied for a suitable period of time such 
as sixty seconds at a particular temperature such as ap 
proximately 60° C. The alkali cleaner eliminates from the 
external surface of the layer 18 any film such as a hy 
drocarbon residue. 
The storage member is again rinsed in tap water for a 

suitable pen'od to approximately two minutes but is not 
dried. The storage member is then subjected to a rela 
tively weak acidic bath such as a bath containing ap 
proximately 2% sulfuric acid. The weak solution of sul 
furic acid is applied at ambient temperatures for a rela 
tively short period of time such as thirty seconds. The 
weak concentration of sulfuric acid tends to activate the 
exposed surface of the nickel layer 18. The storage mem 
ber is then rinsed, ñrst with tap water for a suitable period 
such as approximately one minute and then with de 
ionized water for a suitable period such as approximately 
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one minute. Both rinsings occur at ambient temperatures. 
The storage member is not dried after the rinsing opera 
tions. 
A layer 20 of magnetic nickel is thereafter applied as 

by an electroless bath to the activated surface of the layer 
18. The electroless bath may be substantially the same as 
that used to apply the layer 16 of magnetic nickel. The 
bath may be applied for a suitable period of time such as 
approximately five to ten minutes such that the layer 20 
has a thickness in the order of approximately 5 to 10 
microinches. The layer 20 of magnetic nickel is deposited 
on the layer 18 of nonmagnetic nickel to insure that the 
layer of magnetic material subsequently applied to the 
storage member -Will adhere to the nickel and will have a 
uniform thickness. As previously discussed, a uniform 
layer of magnetic material is important to insure that the 
storage member Will have substantially uniform magnetic 
characteristics at each position. 
The storage member 11 is subsequently rinsed in tap 

water and thereafter in de-ionized water for a suitable 
period of time, such as approximately one minute in the 
tap water and approximately one minute in the de-ionized 
water. An electroless plating bath containing suitable mag 
netic materials is then applied to the storage member to 
obtain a deposition of the magnetic material on the sur 
face of the storage member. yAs will be appreciated from 
the prior art, the magnetic materials employed in the bath 
may vary and the percentages of these materials may also 
vary on the basis of the properties desired for the deposi 
tion of magnetic material. This deposition of magnetic 
material is illustrated in FIG. 1 at 22 and may be obtained 
from one or more of the materials in a group consisting 
of cobalt, nickel, iron and manganese. In one particular 
electroless bath, the following materials were used: 

Material: Percentage by weight 
Sodium citrate __________________________ __ l0 

Sodium potassium tartrate _______________ __ 5 

Versene (complexing agent salt) __________ __ 1.6 
Sodium hypophosphite ___________________ __ 1.6 

Manganese sulphate _____________________ __ 1.6 

Cobalt sulphate _________________________ __ 4 

Ammonia hydroxide, suñicient to create a pH 
of approx. 9. 

In the electroless bath specified in the previous para 
graph, “Versene” is the tetrasodium salt of ethylenedia 
mine--tetraacetic acid. The hypophosphite salt in the 
electroless b'ath specified in the previous paragraph and 
in the electroless baths used in prior steps described above 
constitutes a reducing agent to reduce the metallic salts 
to a metal for deposition on the layer 20 of nickel. The 
citrate and tartrate salts serve as complexing agents to 
maintain in solution the salts of the magnetic materials 
in the plating bath for reduction by the hypophosphite 
ions. The citrate and tartrate salts also serve as buffers. 
Versene also serves as a complexing agent, and the am 
monia acts to maintain the pH of the solution within par 
ticular limits such as between 8 and 10. The electroless 
bath is applied at a suitable temperature such as a tem 
perature between approximately 70° C. and 80” C. This 
bath is instrumental in depositing the cobalt and man 
ganese constituting the magnetic materials at a particular 
rate such as 2 microinches per minute. The thickness of 
the magnetic layer 22 is dependent in part upon the partic 
ular magnetic properties desired for the storage member 
11 and in part upon the temperature of the bath. Pref 
erably the layer 22 of magnetic material has a thickness 
in the order of 5 to 10 microinches. 

After the application of the magnetic layer 22, the stor 
age member is dried, polished and cleaned With an alkali 
cleaner similar to that described above. The storage mem 
ber is then rinsed and subjected to a bath of a weak solu 
tion of an acid such as sulfuric acid in a manner similar 
to that described above if a rhodium layer is to be subse 
quently deposited on the magnetic layer 22. This bath 
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is applied for a suitable period of time such as approxi 
mately ten seconds to activate the exposed surface of the 
magnetic layer 22. The storage member is subsequently 
rinsed and plated with a layer 24 of an electro-nickel 
(Watts nickel) in a solution containing nickel sulphate in 
a concentration of approximately 30% by weight, nickel 
chloride in a concentration of approximately 4% by 
weight and boric acid in a concentration of approximate 
ly 4% by weight, the remainder of the solution constitut 
ing water. The electro-nickel constitutes a low-stress 
nickel which is able to receive the deposition of rhodium 
which is subsequently applied to the storage member. The 
plating occurs at a suitable temperature such as a tern 
perature of approximately 50° C. for a Suitable period 
of time such as a period between approximately l and 5 
minutes. The deposition of the layer 24 of Watts nickel 
may constitute a novel feature of this invention. 

After the formation of the layer 24 of electro-nickel, 
the storage member is rinsed and subjected once again to 
the weak solution of acid such as one containing approxi 
mately 2% of sulfuric acid. The storage member is again 
rinsed and is thereafter subjected to a deposition as by 
electro-plating of any suitable rhodium solution such as 
one obtained from Engelhardt Industries. This electro 
plating of rhodium occurs at a particular temperature 
such as approximately 45° C. for a suita-ble period of time 
such as a period between approximately one to ñve min 
utes. The storage member 11 is rinsed and dried after the 
formation of the layer 26 of rhodium. 
The layer of rhodium is illustrated at 26 in FIG. l. It 

operates to provide a hard external surface for the stor 
age member to protect the layer 22 of magnetic material 
from Ibeing removed or becoming worn during the move 
ment of the storage member past the transducing head 12. 
As will be appreciated, the transducing head 12 is general 
ly separated by only a few microinches from the storage 
member so that there is a tendency at times for the head 
to contact the storage member and remove or damage the 
layer 22 of magnetic material without the protection of 
the hard layer 26 of rhodium. The rhodium also acts as 
a lubricant for the head 12 so that the relative movement 
between the storage member and the head is facilitated. 
The storage member is rinsed and dried after the forma 
tion of the layer 26 of rhodium. 
The storage member 11 described above has certain 

important advantages. It is light and strong and has a 
substantially uniform deposition of a magnetic material 
in a thin layer without any dropouts. Because of this, the 
storage member can be used to record informationin 
magnetic form at high packing densities without any loss 
in any bit or bits of such information during the record 
ing operation. Since all of the information is recorded 
on the storage member at high packing densities, the size 
of the storage member can be reduced for a particular 
amount of information to be recorded and subsequently 
read or the amount of information recorded on the storage 
member can be increased for a storage member of a par 
ticular size. For example, with a thickness of approximate 
ly l0 microinches for the layer 22 of magnetic material, 
a packing density of approximately 5000 bits per inch has 
been obtained, and signals have been able to be recorded 
at a frequency of approximately 3 megacycles with a 
coercive force of approximately 500 oersteds and a re 
tentively of approximately 10,000 gauss. This is in con 
trast to the prior art wvhere the layer of magnetic mate 
rial has been deposited with a thickness of approximately 
30 microinches so that the packing density has been only 
approximately 2000 bits per inch and signals have been 
able> to be recorded on the magnetic layer with a fre 
quency of only one megacycle at a coercive force of ap 
proxìmately 500 oersteds and a retenti‘n'ty of approximate 
ly ‘9000 gauss. 

FIG. 2 illustrates another embodiment of the inven 
tion. In this embodiment, the layers 16, 18 and 20 of 
nickel are replaced by a single layer 28 of copper. The 
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copper is applied on the anodized layer 14 as by electro 
plating. The copper may be a pyrophosphate copper ob 
tained from M. & T. Chemicals, Inc., of Rahway, NJ. 
This copper is described in Sheet No. P-CU-lO-SVC pub 
lished by M. & T. Chemicals, Inc., in May 1963. The elec 
tro-plating may occur for a suitable period of time such as 
between approximately five and thirty minutes dependent 
upon the thickness of the copper desired. After the appli 
cation of the copper by electro-plating as described above, 
the layer 22 of magnetic material is subsequently applied 
in the manner described above, and the layer 24 of electro 
nickel and the layer 26 of rhodium may thereafter be ap 
plied in the manner described above. 

FIG. 3 illustrates a storage member constituting an 
other feature of the invention. In the embodiment shown 
in FIG. 3, the layer 24 of electro-nickel and the layer 26 
of rhodium are eliminated so that the layer 22 of magnetic 
material becomes exposed. The layer 22 of magnetic mate 
rial is hardened as by heat treating to insure that it will 
not become removed or impaired by contact with the 
head 12 as the storage member is moved past the head. 
By way of illustration, the storage member including the 
layer 22 of magnetic material may be heat treated at a 
suitable temperature such as approximately 650° F. for 
a particular period of time such as approximately five 
hours. The heat treating may occur in a vacuum or in an 
atmosphere of inert gas such as argon to inhibit any 
oxidation of the layer 22 of magnetic material. If any 
oxidation of the layer 22 of magnetic material should oc 
cur, this oxidation can be eliminated by polishing the ex 
posed surface of the layer lightly. 
When the layer 22 of magnetic material becomes heat 

treated, the Rockwell hardness of the magnetic layer be 
comes considerably increased. This increased value of 
Rockwell hardness for the magnetic layer 22 may even 
be greater than the value provided by the rhodium layer 
26. By hardening the layer 22 of magnetic material, the 
layer does not become damaged or impaired or Worn by 
contact or impact with the head 12. Furthermore, the 
magnetic characteristics of the layer 22 of magnetic mate 
rial do not become materially changed by the heat treat 
ing so that the packing density of the information on the 
magnetic material is still quite great and the material 
still has a relatively high value of coercivity and still ha 
a relatively high value of retentivity. A » 
When the storage member is formed by heat treating 

the layer 22 of magnetic material, the storage member 
can still include the layer 28 of copper as shown in FIG. 
2. If desired, a layer of palladium can be deposited on 
the layer of copper in a conventional'manner before the 
layer 22 of magnetic material is deposited. If nickel is 
used, however, in place of copper as the material covering 
the anodized layer 14, the three layers 16, 18 and 20 shown 
in FIG. 1 are still preferably applied. f 
By heat treating the magnetic layer .22. to harden the 

layer, certain important advantages are obtained. One 
advantage results from the disposition of the magnetic 
layer 22 in contiguous relationship to the'head 12 With 
out any nonmagnetic layers such as the rhodium layer 26 
between it and the head. Because of this, signalsof en 
hanced amplitude are recorded on the magnetic layer 22. 
Furthermore, by eliminating the rhodium layer 26,. any 
tendency for a layer of gases polymerized from, the at 
mosphere to accumulate on the exposed surface ofthe 
storage member 11 becomes minimized. ' . -x .A 

As will be seen, there are two different features of this 
invention. One involves the anodizing of aluminum on a 
controlled basis to provide for an adherence of successive 
layers of material to the base member. The other involves 
the heat treatment of the layer of magnetic material to 
harden this layer so that additional layers of hard mate 
rials such as rhodium can be eliminated. It 'will be ap 
preciated that the use of one of these features isnot re 
lated to the use of the other feature althoughstorage 
members should preferably incorporate both of these fea 
tures. 
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Although this application has been disclosed and illus 

trated with reference to particular applications, the prin 
ciples involved are susceptible of numerous otherrappli 
cations which will be apparent to persons skilled in the 
art. The invention is, therefore, to be limited only as in 
dicated by the scope of the appended claims. v » 
What is claimed is: 
1. In a method of producing an electroless deposition 

of a metallic material with magnetic properties on an 
aluminum surface, the steps consisting essentially of 

anodizing the aluminum surface to obtainy an at least 

partially anodized aluminum surface, .v _ rinsing the at least partially anodized aluminum sur 

face, v ’ . 

applying a metallic coating to the at least partially 
anodized aluminum surface at ambient temperature 
before the effect of the anodizing has disappeared, 

rinsing the resulting metallic coating, « 
applying a layer of metallic material with magnetic 

properties by electroless deposition to the metallic 
coating, and - 

heat-treating the layer of metallic material. 
2. A method as in claim 1 wherein heat treating of 

the metallic material is accomplished in an inert gas at 
an elevated temperature. 

3. A method as in claim 1 wherein the layer of metallic 
material is polished after being heat treated. 

4. In the method set forth in claim 1, the further step 
of applying a palladium coating to the metallic coating 
prior to the application of the layer of metallic material 
with magnetic properties. l , 

5. A method as in claim 1 wherein the metallic ma 
terial is a material selected from the group consisting of 
cobalt, nickel, iron and manganese. ï 

6. A method as in claim 1 wherein the rinsing of the 
at least partially anodized aluminum surface is accom 
plished in approximately two minutes. 

7. In a method of producing an electroless deposition 
of a metallic material with magnetic properties on an 
aluminum surface, the steps consisting essentially of 

anodizing the aluminum surface to obtain an at least 
partially anodized aluminum surface, 

. rinsing the at least partially anodized aluminum sur 
face, ‘ 

applying a metallic coating to the at least partially 
anodized aluminum surface at ambient temperature 
before the effect of the anodizing has disappeared, 

rinsing the resulting metallic coating, 
applying a layer of metallic material with magnetic 

properties by electroless deposition to the metallic 
coating, 

drying the layer of metallic material, 
polishing the layer of metallic material, 
treating the layer of metallic material with a weak 

acidic solution, 
rinsing the weak acidic solution from the layer of 

metallic material, 
plating the layer of metallic material with a layer of 

electro nickel, 
rinsing the layer of electro nickel, 
washing the layer of electro nickel with a weak acidic 

solution, 
rinsing the layer of electro nickel to remove the weak 

acidic solution, 
electroplating a layer of rhodium onto the layer of 

electro nickel, 
rinsing the layer of rhodium, and 
drying the layer of rhodium. 
8. A method as in claim 7 wherein the metallic coat 

ing is a coating of copper which is applied to the at least 
partially anodized aluminum surface by electroplating. 

9. In a method of producing an electroless deposition 
of a metallic material with magnetic properties on an 
aluminum surface, the steps consisting essentially of 
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10 
anodizing _the aluminum surface to obtain an atleast 

partially anodized aluminum surface, p ` 
rinsing the at least partially anodized aluminum sur 

g lface, . ... . » applyinga first. layer of >magnetic nickel by electroless 

deposition assametallic coating to the at least par 
tially anodized aluminum surface >at ambient tem 
pe'rature before the effect of the anodizing has dis 
appeared, v . ' 

rinsing the first layer of magnetic nickel, 
applying a layer of nonmagnetic nickel by electroless 

' deposition to the first layer ofpmagnetic'nickel, 
rinsing the layer of nonmagnetic nickel, ‘ ' 
treating the nonmagnetic nickel layer with a weak 

‘ acidic solution, ' f 

rinsing the nonmagnetic 'nickel layer to vremove the 
weak acidic solution, ‘ ' ‘ f ’ 

aplying a second magnetic-nickel layer by electroless 
' deposition onto'the nonmagnetic nickel layer, 
rinsing the second magnetic nickel layer, 
applying a layer of metallic material with magnetic 

 " properties by electroless deposition to the second mag 
netic nickel layer, and v 

heat-treating the layer of metallic material. 
10. A method as in claim 9 wherein the nonmagnetic 

nickel layer is applied to the first magnetic nickel layer 
by electroless deposition at a temperature of between 
about 70° C. and about 95° C. to obtain a layer of non 
magnetic nickel Ibetween about 250 and about 300 mi 
croinches thick. 

11. A method as in claim 9 wherein the second mag 
netic nickel layer and the layer of metallic material each 
have a thickness of between about 5 and about 10 mi 
croinches. 

12. In a method of producing an electroless deposition 
of a metallic material with magnetic properties on an alu 
minum surface, the steps of 

anodizing the aluminum surface to obtain at least par» 
tially anodized aluminum surface, 

rinsing the at least partially anodized aluminum sur 
face, 

applying a coating of copper to the at least partially 
anodized aluminum surface by electroplating at am 
bient temperature before the effect of the anodizing 
has disappeared, 

rinsing the resulting copper coating, 
applying a layer of metallic matenial with magnetic 

properties by electroless deposition to the copper 
coating, 

treating the layer of metallic material with a weak 
acidic solution, 

rinsing the weak acidic solution from the layer of 
metallic material, 

plating the layer of metallic material with a layer of 
electro nickel, 

rinsing the layer of electro nickel, 
washing the layer of electro nickel with the weak acidic 

solution, 
rinsing the layer of electro nickel to remove the weak 

acidic solution, 
electroplating a layer of rhodium onto the layer of 

electro nickel, 
rinsing the layer of rhodium, and 
drying the layer of rhodium. 
13. In a method of producing an electroless deposition 

of metallic material with magnetic properties on an alu 
minum surface, the steps of 

anodizing the aluminum surface to obtain an at least 
partially anodized aluminum surface, 

rinsing the at least partially anodized aluminum sur- 
face, 

applying a first layer of magnetic nickel by eletroless 
deposition as the metallic coating onto the at least 
partially anodized aluminum surface at ambient 
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" temperature before :the eiîe'ct of ̀ Vanodizin'g‘has dis 

appeared, 
rinsing the ñrstflayerïof magnetic’ nickel, . 
applying a layer of nonmagnetic nickel by electroless 

properties by electroless deposition onto the second 
:magnetic nickel' layer, v 

rinsing the layer of metallic material, 
>treating .the- layer of metallic material with a Weak 

^ deposition to the iirst’layer of magnetic nickel, 5 acidic solution, 
"rinsing the layer of nonmagnetic nickel, ’f _ _ rinsing the weak acidic solution from the layer of metal 

f »treating the 'nonmagnetic nickel layer ̀ with a weak 1i? material, ~ ' ‘ 
’ . acidìc‘ Solution, ' «  ‘ ~ " plating the'layer of.metal1ic material with a layer of 

rinsing the nonmagnetic nickel layer to remove the _ electro mckel: _` v 
~ ~ > l _ » » 10 rinsing the layer of electro nickel, 

Weak acidic solution, Y *I h. h 1 Y f l . k 1 .h k .d. 
applying a second magnetic nickel layer by electroless Wassollâlëoîl e' ayer o e ecm’ me e Wlt a Wea acl ‘c 

. d‘î'posmon onto »the norimafgnetlc mcke-l layer’ rinsing the layer of electro nickel to remove the weak 
rinsing the second magnetic nickel layer, acidic solution 
applymg _a layer of metalhc mëtfa'nal W‘th maignetlc I5 f >electroplating a layer of rhodium onto the layer of elec 

properties by electroless deposition onto the second Ami) nickel,À ` 
magnetic nickel layer, and _ .v . rinsing the layer of rhodium, and 

>drying the layerof metallic material at an elevated tem- drying the layer of rhodium 
perature and in an inert gas toobtain a hardened v¿ 
layer of metallic material.  , 20  ., References Cited 
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