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near the cathode O o vee i, the ne gative ly charged eloctrons will be acoelersed toward
the angde. U pon striking it, the clectrons give wp their energy at the metallic surface of the
anede . If the electrons have been accelerated tooa high enough velocity by a sufficiently
high voltage between the cathode and anode, energy is eleased as radistion of very
shont wavelength {001 - L0 Ay, called X-radiation or X-rays. X-ray tubes are generally
opcrated at voltage differentials of 4-50kV between the wine filament cathode and the
anndc .

The cathade is normally a ungsten wine Alament. The anode is called the target. The
Keray whe is named for the anede; a copper X-ray tube has a copper anode and a fungsicn
wire cathode, a rhodium tube has a thodium anode and a tungsien wire cathade, a fungsien
tube has a tungsten anosde and a fungsten wine cathade . Mumerous metals have been used
as target matcrials, but common target clememnts are copper, chromium, malyhsde num,
rhedium, gold, silver, palladium, and tungsten. The wavelengths of the X-ray line radi-
ation cmitted by the target depend on the metal used. The voltage between the anmsde
and cathode determines how much cnergy the electrons in the beam acquine, and this in
tum determines the overall intensity of the wide range of X-ray intensitics in the condi-
nuum distribution and the maximum X-ray cnergy {shorcest wavelength), Figune 810
shows how the inensity of the continuum radiation from a tungsten twhe and the shon
wavelength cutolf vary as the applicd voltage to the tube vanecs, Figure .11 displays
the vanation in imensity of one of the charactenstic tungsten lines from a fungsten
Heray tube as the applicd voliage is changed.

In chospsing the clement to be used for the target, it should be remembered that it is
neccssary for the encroy of the X-rays emittod by the source to be greater than that
reguired 1o excite the element being imadiated in an XRF analysis, As a simple nle of
thumb, the target element of the source should have a grester atomic number than the
cleme s being examined in the sample . This ensures that the cnergy of radiation is mone
than sufficient o cause the sample clement to Auonesce. This is ot a requirement in X-ray
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Figure 810 The imensity of the continuum racistion from an Meray twhe amd the shon
wavelength cul-oll vary as the apphed volage vanies. This plod 15 of a lungsten X-ray tube.
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Figure 8.11 The characierstic rahiation man an X-ray tube aka vanes & the applied voltzge
vares. Below 200KV, e miensity of the lungsten L, lne s very low. The intensity ol this charac-
eritic ine increases as the applied volape increases.

absorption or XED, where excitation of the analyie atoms is not necessary, [n many
Feray tube designs, the ansde, or target, gets very hot in use, because it is exposed to a
constant stream of high-cnergy clecirons, with maost of the energy being dissipated as
heat on collizion. This problem is overcome by water<cooling the anode. Maodem X-ray
hes have been designed 1o operate at lower voltages and do not reguine water-coaling
of the anade.

The exit window of the X-ray tube is wsually made of beryllium, which is cssentially
iransparcnt to X-rays. The Be window is thin, generally 0.3 05 mm thick, and is very
fragile. The window may be on the side of the tube, as shown in Fig. 8.9, or in the end
of the tuhe. Side window tuhes are common, but end-window tubcs permit the use of a
thinner beryllium window. This makes end-window tubes good for low cnergy X-ray
cxucitation by improving the low-cnergy output of the whe., A commencial end-window
b is depicted in Fig, 8. 124a) Figure £ [2{k) shows a ¢lose up of the anode and cathode
designs in this tube,

K-ray twhes must provide adeguate imensity over a relative ly wide speciral range for
ARF in order to excite a reasonable number of clements. In some applications, mons-
chromatic or nearly monochromatic X-rays are desined; that is sccomplished by using
filters or a monechromator as described below or by using a sccomndary Huwonescent
spuree, described subscquently. The twhbe output must be stable over shont time periods
fior the highest precision and over long time perods for accuracy without frequent necali-
bration. The X-tay cmission lines from the anode clement must not interfere with the
sample spoctrum. Tube lines can be scattered into the detector and be mistaken for an
dement present in the sample.

A2 2 Reconmdary XRF Sowrces

[F it is nocessany to prevent the continuum cmission from an X-ray tube from falling on a
samphe, a standard tube can be used to excite another pure metal target. The resulting XEF
froma the sccondary target is used as the source of X-ray excitation forthe sample. Suchan
cxample is shown in Fig. #.13. A standard tungsten X-ray tube is used to produce the cmis-

sion apectmum on the lefi, with the tungsten characternistic lines superimposed on the con-
tinuum radiation. The radiation from this tube is used to sirike a secondary pure copper

target. The resulting emission from the copper is the copper XEF spectmum on the right.
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Flgure 812 (a) Schenatic ol the 40 kW ceramic end window .."{vng,' tuhe, called the Super Sham
Tube™ (b} Chise up ol the window end ol the Super Sharp Tube™, showing the circular cathade
desipn ol this wbe, [Couresy of PANalvtical, Inc., The Netherbmds fwwaw pamalytical com) |

This source emits very litile or no continuum radiation but docs emit guite strongly at the
copper B and L lines. OF course, the metal used in the target of the first source must have a
higher stomic number than copper to generate Awonescence. The Cu lines then can be uwsed
as an excitation source, although the inensity of the secondary source is much less than
that of a Cu X-ray tubc. However, when monochromatic or nearly monochromatic madi-
ation is requined, the loss of inensity is more than offset by the low background from
the secondary spurce.

213 Radieiselope sources

K-radiation is a product of radicactive decay of conain isstopes. The term gamma ray is
aften used for an X-may esulting from such a docay process. Alpha and beta docay and
cleciron capture processcs can result in the release of gamma rays, Table 8.4 lists some
comman radioisotopes used as XRF sources,

The advantages of radicisstope sources ane that they arc small, mgged, portable, and
do ot require a power supply. They ane ideal for obtaining XEBF specira from bulky
samples that do ot At iney conventional spectrometers {and cannot have picces cul
fromn thom), such as aircraft cngine s, ship hulls, ant objects, and the like. The disadvantage
s that the imensity of these sources is weak comparcd with that of an X-ray tuhc,
the source cannat be optimized by changing voltage as can be done with an X-ray fubse,



552 Chapter &

o TumgElen Line K,
Emlzalan
E z Copper H-ray
i ¥ FHiBrescence
3 E Emissian
~ Contmuwem
Fmission
Kp
S R E—
ilawelengis (A Wavelengin (#)

(L] ib]

Figure 8.13 @) The primary X-ray emision Irom a tungsten target. () The secomlary emission
o @ copper largel. Mote the remaoyval of the comimuum raciaton and the nearly monochromatic
crilput Irom the secmcdary targel, (From Parions, wed with permassion.)

and the intensity of the source drops off with time, depending on the half-life of the
isptope. In addition, the source cannat be turned off. This requires care on the pan of
the analyat o aveid exposune 1o the cver-present ionizing radiation.

B.2.2. Collimators

The X-rays emitted by the anade ane radially directed. As a result, they form a he misphe e
with the target at the center. In WDXRF spectroscopy or XED structural determination,
the momnochromator's analyzing crystal or the crystalline substance undergoing  stnuc-
ture determination requires a nearly paralle]l beam of radiation to function propery.
Aonarrow, nearly paralle]l beam of X-rays can be made by wsing two sets of closely
packed metal plates separated by a small gap, This amangement abaorhs all the radiation
cxucept the namew beam that passes betwoen the gap. Decreasing the distance between the
Mates or increasing the todal lenoth of the gap decreases the divergence of the beam of
Heraya (e, it collimates, or renders them parallel) The wse of a collimator increases
the wavelength resalution of a monochromator's analyzing crystal, cuts down on stray
Heray emission, and redwces background. Commercial instruments use multiple tube or
multiple slit collimator amrangements, often both hefore the analyzing crgstal {the
primary collimator) and before the detector {the secondary collimator). The collimator
positions in a sequential WOXRF specirometer ane shown schematically in Fig. #.14. In
many wavelength dispersive instrumends, two detectors ane used in tandem, and a third
auxiliary collimator may be reguired. Such an amangement is shown in Fig. #.15,
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Table 8.4 (haracterstics ol Radiosotope Sources lor XRF Spectrometry
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Sewwreer Table from Jenkies et al L wsed with penmisaon.
“Radicactive mEsam fas B adsorbed on ponradicaceve metal fool, sech s aaosem fodl
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Figure 8.14 Schematic ol the aptical path in a wavelengih-ispersive sequential spectrometer,
showing the positaones ol the collimstors. |[Couresy ol PANalytical, Inc,, The Netherlands (www.

el y tical com))



