
he mineral monazite takes us 
to a part of the periodic table 
seldom explored. As a rare
earth/thorium phosphate, (Ce,

La, Nd, Th, Y) PO4, it is a primary ore of
several of the rare earth metals.

The rare earth elements have many
important industrial applications (1, 2).
They may be added to specialty steels
and superalloys to improve mechanical
properties. Alloys of these elements, es-
pecially neodymium, produce strong
permanent magnets. They are useful as
catalysts in the petroleum field, ammo-
nia synthesis, and many other catalytic
applications. The rare earth elements are
used to color optical glass and produce
the color for televisions and CRTs — a
europium–yttrium compound for red, a
terbium–fluoride–zinc–sulfide for
green, and a cerium–strontium–
sulfide for blue. In electronic devices
these elements are used to convert en-
ergy from one form to another. For ex-
ample, they are added to synthetic gar-
net crystals to produce yttrium–
aluminum–garnets (YAG) for laser ap-
plications and gadolinium–iron–
garnets (GIG) with microwave applica-
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tions. In medicine, cerium oxalate is
used against both seasickness and
morning sickness, and neodymium
compounds are used to treat
thrombosis.

Monazite is also an important source
of thorium, and it is radioactive when
this element is present. Uranium may
also be present in trace amounts. There-
fore, in addition to its industrial impor-
tance, this mineral is of interest in
geochronology studies using U–Th–Pb
dating (3). Geochronology is the dating
of rocks and sediments, generally using
the radioactive decay of the constituent
elements present in the sample. As the
half-lives and decay schemes of the ra-
dioisotopes are known, it is possible to
calculate the age of the sample.

There are actually three different
kinds of monazite:
● monazite (Ce) — (Ce, La, Nd, Th, Y)

PO4
● monazite (La) — (La, Ce, Nd) PO4
● monazite (Nd) — (Nd, La, Ce) PO4.

The first form is the most common.
These forms can easily be distinguished
by x-ray spectroscopy. The technique is
quick, requiring little sample prepara-
tion for qualitative analysis. In addition,
it is easily distinguished from other rare
earth element ores: The presence of
neodymium and thorium, in particular,
differentiate the sample from bastnasite
(Ce, La, Y) CO3F, and the cerium,
lanthanum, and neodymium differenti-
ate it from xenotime, an yttrium
phosphate.

Experimental
Recently a sample of monazite from the
Far East arrived at the NITON applica-
tions laboratory in Billerica, Massachu-
setts. Our laboratory was asked to deter-
mine which of the three forms of
monazite this sample was, a question
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prompted by financial considerations
(see Table I).

Figure 1 shows an x-ray energy spec-
trum of the sample that was generated
using the NITON model XLi 512 hand-
held x-ray fluorescence spectrometer,
which uses Am-241 radioisotope excita-
tion. Handheld x-ray fluorescence in-
struments can be powerful tools for
mineral identification in the field or in
the laboratory. For this application, we
are using the instrument for qualitative
analysis because we simply want to de-
termine the elements present in the
sample without the actual weight per-
centage composition. However, such
spectrometers can also produce quanti-
tative results, yielding elemental com-
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position (weight percent) of ores and
minerals (5–7).

In x-ray fluorescence spectrometry, a
source of x-rays ejects electrons from
the inner shells of the atoms of the
sample. When an outer shell electron
“drops down” to fill the void created in
the inner shell, an x-ray characteristic
of that atom is emitted. This process is
called fluorescence (Figure 2).

All elements emit x-rays at their own
characteristic energies. These x-rays are
called “K lines” if they result from an
electron filling the innermost or K shell,
and “L lines” if they result from filling
the next electron shell, the L shell.
There are many different x-ray lines
possible (Figure 3).

The energies of the x-rays identify
the elements present in the sample, al-
lowing qualitative analysis (8). Table II
provides the various x-ray energies of
the elements of interest in monazite.

Sometimes the K lines of one ele-
ment overlap the L lines of another. An
example is the L� of lead (Pb L� �

10.55 keV) and the K� of arsenic (As
K� � 10.54 keV). So if we find a peak
at 10.5 keV, how do we know which ele-
ment is responsible? The answer lies in
the different relative intensities of the
different lines in the K and L series. The
K� is approximately six times more in-
tense than the K�. In the L series we
generally see three lines, alpha (�), beta
(�), and gamma (�), with relative in-
tensities on the order of 100, 90, and 10.

An x-ray spectrometer consists of a
source of x-rays to excite the atoms of
the sample, a detector of the character-
istic x-rays given off by the various ele-
ments of the sample, and a readout
system.

Results
Now we’re in a position to identify the
elements present in the spectrum of
Figure 1. Let’s start with the tallest peak
at about 34.8 keV. That could well be
the cerium K�. Do we find the corre-
sponding K� at 39.3 keV? Yes, there is a
peak at this energy at approximately 1⁄6
the intensity.

The next tallest peak is at 13.0 keV.
This corresponds to the thorium L�.
Furthermore, we find peaks at 16.2,
15.7, and 19.1 keV corresponding to the
thorium L�1, L�2, and L� respectively.
Here the L� line has been resolved into
two peaks, L�1 and L�2, whose sum
would be about 110% of the L�. The L�
is about 10% of the L�, so we have the
characteristic relative intensities of the
L series.

Table I. 1998 year-end price per 
kilogram (4).
Yttrium $450
Lanthanum $350
Cerium $350
Neodymium $450

Table II. X-ray energies of elements in monazite (keV).
Atomic

Element number K� K� L� L�1 L�2 L�

Y 39 14.96 16.74
La 57 33.44 37.80 4.65 5.04
Ce 58 34.72 39.26 4.84 5.26
Nd 60 37.36 42.27 5.23 5.72
Th 90 — — 12.97 16.20 15.62 18.98

Figure 2. The x-ray fluorescence process.
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Figure 1. X-ray energy spectrum of monazite.
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Next we have a peak at 33.4 keV,
which would be the lanthanum K�. The
K� peak at 37.8 keV is barely discern-
able on the right flank of the peak at
37.4 keV. This peak is the neodymium
K�. The neodymium K� is visible at
42.3 keV.

Lastly we note the peak at 15.0 keV.
This would be the yttrium K�. The K�
appears as a slight hump on the right
flank of the thorium K�1.

Conclusion
We have clearly identified our sample as
monazite (Ce) due to the presence of
thorium and yttrium. This was the
hoped-for outcome, as it is the more
valuable of the three forms of monazite.

Whether qualitative, as in this exam-
ple, or quantitative, field-portable
x-ray fluorescence instrumentation al-
lows rapid analysis of mineral samples
on-site or in the laboratory.
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Figure 3. Many possible electron transitions lead to many different spectral lines.
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