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[57] ABSTRACT 
A portion of a nonmagnetic body of manganese 
aluminum based alloy is tempered in situ to a state of 
high magnetic coercivity. The magnetically coercive 
portion may be used, e.g., to store magnetically read 
able information or to provide a tailored permanent 
magnetic ?eld for an electrical device. 

8 Claims, 3 Drawing Figures 
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SELECTIVE MAGNETIZATION OF 
MANGANESE-ALUMINUM ALLOYS 

BACKGROUND OF THE INVENTION 
This invention relates to the treatment of a body of 

manganese-aluminum alloy that is initially nonmagnetic 
wherein a selected portion is selectively treated to form 
regions of high intrinsic magnetic coercivity. 

Alloys of aluminum and about 65-75 weight percent 
manganese that are rapidly cooled from a temperature 
above about ll0O° C. to about 400" C. transform to a 
nonmagnetic phase. The microstructure of such non 
magnetic alloys of manganese-alluminum is substan 
tially orthorhombic. Tempering at a suitable tempera 
ture above about 450° C. substantially converts the 
orthorhombic alloys to a different crystal structure that 
is ferromagnetic, and has high coercivity. An alloy 
tempered in this manner has a relatively high magnetic 
saturation of about 7000 Gauss and uniaxial magnetic 
anisotropy. Magnets with energy products as high as 7.0 
megaGauss-Oersteds have been prepared from compo 
sitions of about 70 Weight percent manganese, 30 
weight percent aluminum, and less than 1 weight per 
cent carbon, the carbon acting to stabilize the magnetic 
manganese-aluminum phase. Such magnets are approxi 
mately 40 percent stronger per unit weight than typical 
ferrite magnets. The manganese-aluminum alloys also 
have high mechanical strength compared to magnetic 
aluminum-nickel-cobalt or ferrite alloys, and the raw 
materials are relatively inexpensive. . 
There are applications where it is desirable to magne 

tize only a selected region of a nonmagnetic manganese 
aluminum alloy body. For example, an ordered array of 
dots or lines, readily readable by a conventional elec 
tronic pickup could be used to permanently, invisibly, 
and indelibly mark articles for identi?cation purposes. 
Larger manganese-aluminum bodies, such as arcuate 
pole pieces for cylindrically-shaped DC motors, could 
be selectively magnetized to tailor magnetic ?ux ?elds 
for maximum device performance. Selected micro 
scopic portions of, e.g., of thin layer of a nonmagnetic 
manganese-aluminum alloy, could be selectively mag 
netized to serve as permanent read-only-memory 
(ROM) for a microprocessor or other computer device. 

OBJECTS OF THE INVENTION 

It is an object of this invention to provide an article 
comprising a nonmagnetic alloy based on aluminum and 
about 65-75 weight percent manganese, wherein a se 
lected portion of the alloy is tempered in situ to a mag 
netically coercive state. It is a more particular object to 
provide a manganese-aluminum based alloy that is ini 
tially in a nonmagnetic state but wherein a portion is 
selectively magnetized and has a relatively high mag 
netic coercivity. It is a more speci?c object to provide 
a manganese-aluminum based alloy having a nonmag 
netic orthorhombic microstructure wherein an integral 
heat-tempered portion has hard ferromagnetic charac 
teristics and a substantially different crystal structure. 

It is another object of the invention to induce magne 
tism in a selected portion of a nonmagnetic manganese 
aluminum based alloy by selectively heating such por 
tion with focused radiation. It is also an object to create 
magnetically readable information in a nonmagnetic 
manganese-aluminum based alloy in the form of regions 
of high magnetic coercivity. Another object is to write 
magnetically readable information on a nonmagnetic 
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alloy of manganese and aluminum by means of laser or 
other focused radiation. A more speci?c object is to 
write magnetically readable information by a heat 
induced transition from a nonmagnetic crystal structure 
to a magnetic crystal structure in a manganese 
aluminum based alloy. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with a preferred practice of the inven 
tion, an alloy of aluminum and about 65-75 weight 
percent manganese which has been rapidly cooled (ap 
proximately 30“ C./sec) from about 1160“ C. to about 
400° C. is provided. Magnetism cannot be induced in 
such alloy by an applied magnetic ?eld (i.e., it is non 
magnetic), and it has a substantially orthorhombic crys 
tal structure. A workpiece of desired con?guration is 
positioned in a suitable holder. A source of radiation 
capable of transmitting energy to the alloy is focused on 
that portion of the workpiece to be magnetized. A pre 
ferred radiation source is a low-wattage argon laser. 
Radiation exposure is continued until the magnetic tran 
sition temperature of the alloy is reached. The transition 
temperature is the temperature at which the substan 
tially orthorhombic crystal structure is transformed to a 
different, magnetically coercive structure believed to be 
body-centered tetragonal. For the orthorhombic man 
ganese-aluminum system (not containing other elements 
such as carbon or nickel), the transition temperature is 
above about 450° C., but below about 600° C. The 
workpiece is allowed to cool, and is exposed to an exter 
nal magnetic ?eld of suitable strength and polarity to 
induce the desired residual coercivity selectively in the 
heated, transformed portion. 
The surface area and depth of the magnetically coer 

cive portion is a function of the area of the beam spot of 
the focused radiation. For example, a 2 watt laser beam 
focused to a beam spot a few millimeters wide can heat 
the surface portions of a workpiece to temperatures of 
about 1500° C. With such concentrated radiation di 
rected at the surface, heating is rapid enough to mini 
mize the effects of heat transfer to adjacent unradiated 
areas. Thus, the invention provides for sharp de?nition 
between the treated and magnetically coercive portion 
and nonmagnetic untreated portion of a manganese 
aluminum alloy body. This capability makes the inven 
tion particularly suitable for permanently storing great 
quantities of information in magnetically readable form 
in relatively small areas. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Our invention will be better understood in view of 
the following Figures, detailed description, and exam 
ples. In the Figures: 
FIG. 1 is a schematic representation of an apparatus 

for tempering a selected portion of a manganese 
aluminum workpiece by heating it with laser radiation; 
FIG. 2 is a hysteresis curve of magnetization versus 

applied ?eld for laser-tempered manganese-aluminum 
alloy samples; and 
FIG. 3 illustrates an automotive vehicle ignition key 

provided with a manganese-aluminum insert in accor 
dance with the invention. The insert has been coded as 
desired with an array of spaced lines, the lines being 
magnetic while the insert itself is nonmagnetic. 

Alloys of aluminum and 65~75 weight percent man 
ganese, when rapidly cooled from a temperature above 
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about 11000 C. to a temperature below about 400° C., 
form a substantially orthorhombic phase. This phase is 
nonmagnetic. Tempering at a suitable elevated tempera 
ture above 400° C. transforms the orthorhombic phase 
to a ferromagnetic phase which is believed to be body 
centered tetragonal. The transformation temperature 
for Mn-Al alloys without other elements is in the range 
of from about 450°~600° C. Small amounts (generally 
less than one weight percent) of elements such as car 
bon or nickel may be added to manganese-aluminum 
alloys to stabilize the magnetic crystal structure. The 
presence of such elements also tends to elevate the tem 
perature range for magnetic transformation. For exam 
ple, the transformation temperature for a suitable man 
ganese-aluminum alloy with 0.5 weight percent added 
carbon is about 500°-700° C. Other elements which do 
‘not interfere with the thermal transition of the alloys 
from a nonmagnetic to a magnetic state may be incorpo 
rated in amounts of up to about 10% by weight. This 
body centered tetragonal phase of a Mn-Al system gen 
erally has a magnetic saturation of up to 7000 Gauss and 
high uniaxial anisotropy along the crystallographic 
C-axis. It has a coervicity of above about 1000 Oersteds, 
qualifying it as a permanent magnet material. 
A suitable alloy for this invention may be formed by 

casting an ingot of about 65-75 weight percent manga 
nese, 25-35 weight percent aluminum in an induction 
furnace. The cast ingot is preferably annealed at a tem 
perature above about 1100° C. and rapidly quenched to 
below 400° C. The ingot thus produced is nonmagnetic 
with a substantially metastable orthorhombic crystal 
structure. The assay of the alloy ingots from which the 
samples of the following Examples were taken was 
approximately: 70.4 weight percent manganese; 28.9 
weight percent aluminum; 0.5 weight percent carbon; 
and 0.2 weight percent nickel. 
By “tempering” herein is meant the process of heat 

ing a substantially nonmagnetic alloy to a temperature 
such that its crystalline microstructure is transformed to 
a substantially different microstructure that is magneti 
cally coercive. Tempering may be performed by means 
of focused radiation from a laser. While a laser is a 
preferred heating means, other radiation sources such as 
electron beam, molecular beams, etc., may be em 
ployed. Our invention will be better understood in view 
of the following speci?c examples. 

EXAMPLE 1 

Twenty-one (21) roughly wafer-shaped samples 
about 3.5 mm in diameter and 0.1 mm thick were sliced 
from ingots of the above described manganese 
aluminum-carbon-nickel alloy. The alloy had a substan 
tially metastable disordered orthorhombic crystal struc 
ture and was not magnetic. Each wafer had a mass of 
approximately 0.1 gram. Eleven (11) of the samples 
were tempered by means of laser radiation to transform 
the microstructure to a magnetically coercive micro 
structure. The other 10 samples were heated in a con 
ventional oven to accomplish the phase transformation. 
The samples to be radiated by the laser were polished 

on one of the flat faces and attached to a glass support 
tube at the other flat face. A platinum-10% rhodium 
thermocouple was pressed against the back face of each 
sample and connected to a temperature recorder. FIG. 
1 shows a laser-tempering setup. As seen at FIG. 1, 
beam 2 generated by laser 4 is focused through lens 6 
onto Mn-Al-C-Ni Sample 8. Preferably, for heating an 
entire sample disc 8, the laser beam 2 is diffused by lens 
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6 to irradiate substantially all of the sample surface 9. 
The glass rod 10, disc 8 assembly is mounted by means 
of clamp 14 to ring stand 16 on stage 12 adapted to have 
vertical and horizontal translational capabilities, as indi 
cated by the arrows. 

Because the samples were of ?nite thicknesses, the 
temperature measured at the back of the laser-tempered 
samples, heated on one side only, was not the same as or 
a direct measure of the temperature at the radiated 
surface. 
TABLE I sets out data for the laser irradiation of the 

11 samples. The thermocouple temperature is the tem 
perature measured by the sensor at the back of the sam 
ple; the radiation time is the total time the sample was 
exposed to the laser beam; and M is the magnetization of 
the sample, measured in an applied magnetic ?eld of 15 
kiloOersteds in electromagnetic units (emu) per gram. 
The magnetism in Oersteds is calculated by multiplying 
M in emu per gram by the density of the a11oy—here 5.1 
grams per cubic centimeter; and He,- is the intrinsic mag 
netic coercivity of the magnetized samples in kiloOer 
steds at room temperature. 

TABLE I 
Thermo- Radi 

Laser- couple ation 
Tempered Temp. Time M Hu 
Sample (°C.) (min.) (emu/gm) (0e) 

1 270 5.0 1.1 0.0 
2 335 5.0 1.6 1.1 
3 340 5.0 4.0 1.3 
4 395 5.0 3.3 1.2 
S 440 5.0 39.0 1.3 
6 440 5.0 84.8 0.7 
7 485 5.0 62.4 1.2 
8 500 5.0 82.1 0.7 
9 500 20.0 81.4 0.7 
10 520 0.3 81.0 0.9 
11 540 5.0 85.0 1.0 

fin-1.01 

TABLE II presents the same data for 10 like alloy 
samples heated in an oven for the time indicated to 
accomplish the nonmagnetic-to-magnetic phase trans 
formation. 

TABLE II 
Oven- Annealing Oven 

Tempered Temp. Time M H“ 
Sample (°C.) (min.) (emu/ gm) (0e) 

1 440 5.0 1.1 0.0 
2 500 5.0 7.1 1.4 
3 500 20.0 34.6 1.2 
4 500 0.3 1.7 1.2 
5 530 5.0 37.0 1.2 
6 530 20.0 77.7 1.2 
7 550 10.0 78.3 1.2 
8 550 20.0 78.2 1.2 
9 580 5.0 78.1 1.2 

10 580 20.0 78.0 1.1 

Hal .2 

It can be seen from the TABLES that signi?cant 
magnetization, i.e., magnetization greater than about 2.0 
emu per gram, was achieved at a temperature of ap 
proximately 440° C. for the laser-treated samples and at 
about 500° C. for the oven-tempered samples. We be 
lieve that the disparity of the two values is due to the 
temperatures gradient experienced by the laser-tem 
pered samples. The samples tempered in the oven re 
ceived heating equally from all sides, while those tem 
pered by the laser were heated on one side only. 



5. 
The threshold temperature for magnetic coercivity 

was about 340° C. for the l'ase'r—tempered-samples and 
above about 500° ‘C. for the oven-tempered samples. 
Coercivity occurs abruptly at a critical temperature but. 
does not change substantially ‘with higher treating tem 
peratures. We believe" that the difference of approxi 
mately 160° C. between the laser2 coercivity "(Hail 
threshold (approximately 340°' C.)“ and the oven‘ -' c'o'er 
civity threshold (approximately 500° C.) depends to 
some extent on the te'mpering'metl'todéthé‘laser ‘temp‘er 
ing threshold being substantially loweraii‘d‘thus pre 
ferred; ' " ' I " 

FIG.‘ 2 presents hysteresis curves for“ four'of the cor 
respondingly numbered lase'rlt'reat'ed ‘samples of 
TABLE I. The pronounced S-shapé of the curves‘ stems 
from the room temperature coercivity of each sam 
pie-generally about 1 kiloOersted. The curves indicate 
a general increase in permanent magnetization with 
tempering temperature above the threshold (about 340° 
C.). 

EXAMPLE 2 

A ?at slab, about 12 mm in diameter and 0.1 mm 
thick, was cut from an ingot of nonmagnetic Mn-Al-Ni 
C material. The face to be radiated was polished and the 
slab was mounted on a glass rod and positioned on the 
translation stage, generally as shown at FIG. 1. The 
letters “GM” were roughly traced on the face of the 
sample with a 3-watt beam from an Ar+ laser with a 
beam spot diameter of about 30 microns. The laser trace 
speed was manually controlled by adjusting the transla 
tion table. The beam spot was moved as melting of the 
irradiated surface region became evident. The melted 
material was later polished from the surface so that the 
alloy beneath, which had been heated to a temperature 
in the transformation range (above about 500° C., but 
below the melting temperature), was exposed. The sam 
ple was then exposed to a 15 kiloOersted-applied mag 
netic field. Only the magnetically written “GM” trace 
was magnetized, the remainder of the matrix being 
nonmagnetic in nature. Magnetic nickel power was 
sprinkled over the surface of the sample. The portion of 
the sample irradiated by the laser clearly attracted the 
nickel powder in-the “GM” pattern. 

EXAMPLE 3 

Another disc-shaped sample, about 10 mm in diame 
, ter and 0.1 mm thick, was prepared as in above Example 
2. The face to be radiated was polished, mounted on a . 
glass rod, and positioned in an apparatus like that shown 
at FIG. 1. A laser beam spot about 30 microns in diame 
ter was traced along the surface in a series of straight 
strokes at a rate such that some melting was observed at 
the sample surface. The surface was polished to remove 1 
any material heated above the transformation tempera 
ture. The sample was then exposed to a 15 kiloOersted 
applied magnetic ?eld, the stripes written by the laser 
trace being selectively magnetized. Application of mag 
netic nickel powder to the disc surface con?rmed that 
the stripes were magnetic. An electron-micrograph of 
the sample revealed the selectively magnetized region 
as stripes having relatively darker shading than the 
nonmagnetic background. The sample was demagne 
tized and another micrograph was taken. The selec 
tively tempered region could not be distinguished from 
the rest of the matrix. Thus, we believe that the ?eld 
associated with the permanently magnetized’ region 
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perturbs the electron optics of the microscope, making 
these regions appear darker on a micrograph. 
FIG. 3 ‘showsan ignition key 30 for an automotive 

.yehic'le, The key may ‘be made of any suitable material. 
Theshank ‘portion 32 is provided with a groove 34 to 
‘guideit into a’ lock bolt (not shown). Key 30 is further 
provided with an insert 36, preferably of a nonmagnetic 
alloy of aluminum'and 65-75 weight percent manga 
nese. .The‘insert 36 has been selectively tempered in 
accordance with ‘the invention to form a permanently 
magnetized portion, shown as lines 38 in FIG. 3. Lines 
38 of row 40 mayrser've as reference lines for row 42. 
Thelines aredetectable by, e. g., a magnetic tape head of 
the type :usedto play'magnetic recording tapes. The 
spacing’an’d number of lines in row 42, compared with 
'r‘e'fere‘rice row 40,"provides ‘a unique code for key 30. 
The ignition lock is released when the key code matches 
the preprogrammed lock code. Just a few lines can 
provide thousands of code combinations. Moreover, the 
key code is invisible to the eye and not susceptible to 
demagnetization during normal use. 
By our invention herein disclosed, we have provided 

the ?rst known and method of magnetizing a selected, 
well-de?ned portion of a nonmagnetic metal matrix for 
many useful purposes. 
While our invention has been described and illus 

trated in terms of speci?c embodiments thereof, it is 
understood that other forms and/ or modi?cations may 
be readily adapted by one skilled in the art. Our inven 
tion therefore is limited oniy by the following claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as 
follows: 

1. A nonmagnetic body formed of a manganese 
aluminum based alloy comprising about 65-75 weight 
percent manganese and carrying magnetically readable 
information in the form of one or more integral regions 
of high magnetic coercivity. 

2. A nonmagnetic body formed of a manganese 
aluminum based alloy comprising about 65-75 weight 
percent manganese and having a substantially ortho 
hombic crystal structure, said body carrying magneti 
cally readable information in the form of one or more 
integral regions of high magnetic coercivity having a 
substantially different crystal microstructure. 

3. An article formed of a manganese-aluminum based 
alloy comprising about 65-75 weight percent manga 
nese and having a ?rst portion that is nonmagnetic and 
a second portion integral therewith having high mag 
netic coercivity. 

4. An article formed of a manganese-aluminum based 
alloy comprising about 65-75 weight percent manga 
nese in a nonmagnetic state having portions thereof 
heated in situ and converted to a state that is magneti 
cally coercive. 

5. A method of forming a body of a manganese 
aluminum based alloy treated to record information in 
magnetically readable form, said method comprising: 

heat-treating said alloy body to place it entirely in a 
nonmagnetic condition; and thereafter 

recording said information on said body in the form 
of one or more predetermined ferromagnetic re 
gions by selectively tempering said body in said 
regions to convert the crystal structure in said 
regionsto a ferromagnetic form. 

6. A method of forming a unitary body of a man 
ganese-aluminum based alloy having a ferromagnetic 
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portion and a nonmagnetic portion, said method com 
prising: ‘ 

providing an alloy body in an entirely nonmagnetic 
condition, and selectively tempering the portion of 
said body to be made ferromagnetic to alter its 
crystal structure. . 

7. A method of forming an integral body of a man’ 
ganese-aluminum based alloy having a portion that is 
nonmagnetic and a portion thereof that is magnetically 
coercive, said method comprising; 

quenching a body of said alloy from a temperature 
above about 1100“ C. to below about 400° C., to 
place said body entirely in a nonmagnetic condi~ 
tion, and thereafter selectively tempering a portion 
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of said body to alter its crystal structure to a mag 
netically coercive form. .~ ~ ' 

8. A method of forming a body of a manganese 
aluminum based alloy that undergoes a heat induced 
phase transformation from a first crystal structure that 
is nonmagnetic to a second crystal structure .that is 
magnetically coercive, the method comprising; 

heat treating said body to place it entirely in said ?rst 
nonmagnetic crystal structure; andthereafter 

recording-information on .said body ‘in the form of one 
or more predetermined ferromagnetic regions by 
selectively tempering said body in said regions to 
convert the crystal structure from said ?rst non 
magnetic structure to said second magnetically 
coercive structure. 
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