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This invention relates to the identi?cation or tagging of 
materials by non-radioactive techniques. 
The use of radioactive tracers or tags is Well estab 

lished. However, there are many limitations on the use 
of radioactive materials. These limitations include the 
health danger, the necessary monitoring equipment, and 
other problems raised by radiations from the radioactive 
material. 

Accordingly, a principal object of the present invention 
is to identify or tag bulk materials Without the use of 
radioactive materials. 

In accordance with the invention, the foregoing object 
may be achieved by the addition of traces of rare earth 
material to bulk material. Thus, for speci?c example, 
titanium metal may be tagged by the addition of less than 
0.05 percent of yttrium or erbium. Preferably, both 
yttrium and erbium are added to the titanium, and the 
relative percentages of the tracer elements are different 
from the naturally occurring proportions of yttrium and 
erbium. Subsequently, the titanium and its tracer mate 
rials are reacquired and subjected to spectrographic analy 
sis. In this manner the origin of the titanium material 
is ascertained beyond doubt. It is further noted that 
others of the rare earth materials may be used, and that 
they may be used with other bulk materials. 

In accordance with a feature of the invention, traces of 
rare earth materials are added to bulk materials, the bulk 
material. is distributed, and the bulk material or a part of 
the bull; material is later recovered and subjected to spec 
trographic analysis. 

In accordance with a featured article of manufacture, 
a tagged bulk material includes traces of at least two rare 
earths in proportions other than their naturally occurring 
proportions. 

In accordance with additional features of the invention, 
the bulk material may be metallic and the rare earth ma 
terials may have a crystal structure and a melting point 
which are compatible with those of the bulk material to 
facilitate formation of a solid solution of the traces of 
rare earth and the bulk metal. In addition, the rare earth 
metals should have spectrographic lines which do not in 
terfere with spectrographic matrix of the bulk material. 

Other objects, features, and advantages of the inven 
tion will become apparent from a consideration of the 
following detailed description of certain illustrative em 
bodiments and the underlying principles of my invention. 

Before considering detailed examples embodying the 
principles of the invention, it is appropriate to consider 
the rare earths which are used as tracers and some of 
their properties. The rare earth materials include the 
elements of atomic numbers 57 through 71. Speci?cally, 
they include the elements lanthanum, cerium, praseo 
dymium, neodymium, promethium, samarium, europium, 
gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutetium. One of the group, 
promethium, atomic number ‘61, does not occur naturally 
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but is a ?ssion product. Scandium and yttrium, atomic 
numbers 21 and 39, occur together With the rare earths 
in nature and are also group III-A elements. These last 
two elements are therefore generally included in the term 
“rare earths” and are so included in the present speci?ca 
tion and claims. For the purposes of the present inven 
tion, the crystal structure and the melting point of the 
metals and the relative proportions of natural occurrence 
of the rare earths are particularly of interest. Accord 
ingly, the best known values are set forth in the following 
table: 

TABLE I 

Natural 
Occurrence; Approximate 
Parts pcr 
Million 

Crystal Melting 
Structure Atomic Number I’Qoint, 

1, 570 
1, 550 
920 

804 

In the foregoing table, the crystal structure designations 
I-Icp, Cfc, Cbc and Rhom, stand for hexagonal, close 
packed; cubic, faced-centered; cubic, body-centered; and 
rhombohedral; respectively. 
NOW that the background for the invention has been 

set forth, a few speci?c examples will be presented. 

Example I 

In four separate tests, titanium was tagged independ 
ently with yttrium and with erbium, with two different 
percentages for each tag. More speci?cally, 5 milligrams 
and 50 milligrams of yttrium were melted in an arc fur 
nace in an inert atmosphere with 10 gram samples of 
titanium, to form the ?rst two tagged samples; in two ad 
ditional examples, 5 milligrams and 50 milligrams of er 
bium were separately arc melted with 10 gram samples of 
titanium. The four samples of tagged titanium were sub 
sequently subjected to spectrographic analysis. In the 
matrix of the titanium spectrum, the following spectrum 
lines can be used for identi?cation: 

TABLE II 

Yttrium, A. Erbium, A. 

2, 984. 3 2, 910. 4 
3, 327. 9 3, 231. 0 
3, 601. 7 3, G92. 6 
5, 611.0 3, 896. 3 
3, 950. 4 3, 906. 3 
4, 375. 0 3, 938. 6 

In the foregoing table, the symbol “A.” means angstrom 
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unit, and this is a unit of length corresponding to one 
hundred~millionth of a centimeter, which is used princi 
pally in expressing the length of light waves. 

In addition to the separate use of yttrium and erbium 
to tag titanium, it is also contemplated that they may be 
used together in a ratio which is different from that in 
which the elements occur naturally. Thus, for example, 
with reference to Table I, yttrium has a natural abund 
ance of 28 parts per million and erbium has a natural 
occurrence of about four parts per million. Accord 
insly, a ratio of one part of yttrium to one part of erbium 
would clearly distinguish the titanium bulk material from 
any possible contamination from natural sources. 

Example II 

A chromium, molybdenum steel, United States Bureau 
of Standards Type 72e, was tagged with a similar combi 
nation of one part yttrium and one part holmium. In a 
?rst sample, the two additions together were added in a 
percentage of 0.03 percent by Weight the total material, 
and in a second sample the percentage was 0.3 percent. 
The yttrium and holmium spectrum lines which may be 
used for identi?cation are as follows: 

TABLE III 

Yttrium, A. Holmium, A. 

3, 203v 3 3, 416. 5 
3, 216. 7 3, 456. 0 
3, 242. 3 3, 891.0 
3, 327. 9 4, 053. 9 
3, 600.7 . 
3, 710.3 

Example III 

An aluminum alloy (United States Bureau of Stand 
ards No. 85a, which includes magnesium as a principal 
alloying element), was tagged with a synthetic unnaturally 
occurring neodymium-samarium mixture in the ratio of 
one part neodymium to one part samarium. In two 
separate samples, the tagging additions amounted to 
0.05 and 0.5 percent by weight of the total alloy. The 
following spectrum lines were employed for identi?ca 
tion: 

TABLE IV 

Neodymium, A. Samarium, A. 

3, 951. 2 3, 306. 4 
3, 990. 1 4, 229. 7 
4, 012. 3 4, 256. 4 
4, 247. 4 4, 280. 8 
4, 303. 6 

Example IV 

Ytterbium was used as a non~radioactive tagging addi 
tion to copper in an amount su?icient to produce a con 
centration of 0.01 percent. A homogeneous sample of 
the ytterbium in copper was then analyzed spectrographi 
cally. A number of lines due to the presence of ytterbi 
urn were detected. The following three'representative 
lines can beused very adequately for identi?cation of yt 
terbium in copper: 3289.4 A., 3694.2 A., 398 8.0 A. These 
uniquely identify ytterbium with no interference from 
the copper matrix. 

In Table l the relative natural occurrence of the various 
rare earths in parts per million in the earth’s surface is 
set forth. It is noted, however, that the relative percent 
ages in the principal known concentrated deposits of the 
rare earth metals differ somewhat from the ?gures of 
Table I. These deposits include monazite, bastnasite and 
xenotirne. Rare earths are also obtained as a by-product 
in the process of obtaining uranium, colurnbiurn and tan 
talum from euxenite or other minerals. The rare earth 
elements always occur naturally as mixtures rather than 
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as individual elements, and the relative proportions of the 
elements which are present are normally in rough agree 
ment with the values given in Table I. When two or 
more rare earths are used as a tag, therefore, it is desir 
able to use a ratio of the rare earths which is signi?cantly 
higher or lower than the ratio as derived from Table I. 

In addition to the relative abundance, Table I shows 
the crystal structure and the melting point of each of the 
rare earth metals. To facilitate the tagging of individual 
metals, it is desirable that the melting points of the rare 
earth materials be compatible with that of the bulk metal 
or other material which is being employed. Further 
more, to minimize interference with the mechanical or 
other properties of the bulk material, the rare earth mate 
rial may be chosen to have the same crystal structure as 
the bulk material which is being tagged. Thus, with ref 
erence to one of the examples set forth above, yttrium, 
erbium and titanium all have a close packed hexagonal 
crystal structure. With the very small percentages such 
as about .05 percent which are employed, however, the 
presence of the tagging material will generally produce 

‘ little adverse eilect, even if it has a different crystal struc 
ture. 
With regard to the percentages of rare earth materials 

which should be used, it is generally desirable to use 
traces of about 1.0 to .001 percent by weight of the rare 
earth materials, with the range of about 0.5 to .01 percent 
being preferred. In some cases as little as .0001 percent 
may be used where the trace materials have prominent 
spectrum lines in the matrix being examined. In addi 
tion, in cases where the bulk material may subsequently 
be physically dispersed in some manner, percentages, of 
the rare earths may initially be as high as 5 to 10 percent. 
This latter case might involve the preparation of a master 
alloy to be used in the preparation of other alloys, for 
example. I i 

It is recognized that rare earth materials have been 
used as additives heretofore, to improve the properties of 
metals and for other reasons. In the present case, how 
ever, the rare earths are to be used as tags to identify bulk 
materials. Thus, for example, a producer of steel, alumi 
num or of alloy metals may Wish to tag his metals. Then, 
at some later date, upon the occurrence of a failure of a 
fabricated metal part, the producer may readily determine 
whether or not the metal was originally produced by him. 
This is veri?ed by spectrographic analysis of a small 
sample of the metal part, to check for the original rare 
earth tags. 

It is further noted that rare earth materials may be 
added in the pure form to bulk materials. Under these 
circumstances, it may be desirable to prevent oxidation 
of the rare earths by heating in a vacuum or in an inert 
atmosphere, or otherwise. Alternatively, the rare earth 
tags may be added as compounds such as the oxides. 
This might be appropriate, for example, in the tagging of 
glass, which is largely silicon oxide. 

It is to be understood that the above described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. ' 
What is claimed is: 
l. The method of identifying bulk material which com 

prises selecting at least two rare earth materials each 
having spectrographic lines which do not interfere with 
the spectrographic matrix of the bulk material and each 
having a melting point compatible with the melting point 
of said bulk material, adding a trace amount of only said 
selected rare earth materials to the bulk material, the 
relative proportions of the selected rare earth materials 
added being signi?cantly different from the proportions 
in which they occur in naturally occurring deposits and 
melting the mixture, solidifying the molten material 
thereby forming a solid solution, distributing the solidi?ed 
material, recovering a portion of the distributed material 
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and subjecting the recovered material to spectrographic 
analysis to determine the particular rare earth materials 
and the amount of each present therein. 

2. A process as recited in claim 1, wherein the bulk 
material has a crystalline structure and two rare earth 
metals are added, each of which has a crystal structure 
of the same general type as that of the bulk material. 

3. A process as recited in claim 1, wherein all of the 
materials are metals and two rare earth metals in the ratio 
of 1:1 are added to the bulk metal. 

4. A process as recited in claim 3, wherein the bulk 
metal is titanium and the rare earth metals are yttrium 
and erbium in the ratio of 1:1. 

5. A process as recited in claim 3, wherein the bulk 
material is steel and the rare earth metals are yttrium and 
holmium in the ratio of 1:1. 15 
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6. A process as recited in claim 3, wherein the bulk 

metal is an aluminum magnesium alloy and the rare earth 
metals are neodymium and samarium in the ratio of 1:1. 
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