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Figure 8.15 A squeniml specirometer with two Bmdem declors, shawing the placement of the
wrllimators in the optical path. (From Jenking et al, 195 1, used wath permoision. )

Collimators are not necded for curved enystal spoctrometers where slits or pinhales
are wsed instead nor ane they needed for energy dispersive spectrometers,

B8.2.3. Filters

One of the problems of using the X-ray tube illustrated in Fig. 89 is that both continwum
and characteristic line radiation is gencrated at cenain operating wvoltages, as scen in
Fig. #.3. For many anmalytical uses, only one type of madistion is desired. Filters of
varnous materials can be used to absorh unwanted radiation but pemmit radiation of the
desired wavelength to pass by placing the filter between the X-ray source and the sample.

A simple example of how a Alier is used is shown in Fig, . 16, The solid line spec-
trum is the output of a Bh tube operated at 20 kY with no Aler between the tube and the
detector. The RhL, Ine at 269 ke is scen, along with a broad continuum of X-ray s from
4t 19 ke, IF the Bh L, line gets scattened into the detector, a5 it can from a crystalline
sample, it can be mistaken for an clement in the sample or may overlap another line,
causing spociral interference. Placing a cellulose Alter over the tube window causcs the
b emeroy Bl chamscteriatic line to e ahandhed: anly the condinanm mdiation eaches
the detector, as shown by the dotted line specimum.

Adtematively, when monechreomatic radiation is desired, a flter is chosen with its
shsorption edge between the K, and the Kg anission lines of the target element. The
filter then absorbs the Kg line and all shoner wavelengths, including much of the conti-
nuwur the light reaching the sample is easentially the B line of the target. Filters ane com-
mnly thin metal foils, wsually pure elements, bt some alloys swch as brass and materials
like celluksse are wsed. Varying the foil thickness of a filter is used to optimize peak-to-
hackground raties. Commaonly wsed fAlers for varous targets ane listed in Table 8.5,
Figure #.17 shows a commercial scqguential X-ray spoctrometer with a series of selactable
beam filicrs locaied between the X-ray tube and the sample. The flicrs are computer-
condrolled and are changed swtomatically according to the analytical program set up in
the instrument softwarne.
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Figure 8.16 The use ol a lilter 1o remeve unwamted rachiation from enfering the spectomester is
dememstrated. A cellulise fliller placed between a Bh Xe-ray wbe and the sample removes the
Eh L, e 2t 269 ke amd allows only the comtimuum racdmtion o excile the sample. [Courtesy
of ThermaNoram {www thermercomi]

B.2.4. WDXRF Spectrometers

Schematics of sequential WEKREF spectrometers are shown in Figs, £ 14, £ 15, and 8,17,
[nthe conigurations shown, the spunce is placed under the sample; the sample is prescnted
surface-down to the X-ray beam. Some instruments have the tube above the sample, with
the sample surface facing uwp. There are advantages and disadvantages to both designs, as
wi shall sce., The sample Auweresces as a result of excitation by the source . The sample Au-
ancscencee is dinected through the primary collimator to the awelveing crveral. Diffraction

Table 8.5 HRlters lor Commenly Availshle X-Ray Tuhes
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Figure 817 The schemstic byoul of a commercial sequential Xoray spectromster, the MapmX,
sowing a semies of selectahle beam lilers cated hetween the X-ray tuhe and the sample. [Courtesy
ol PANMalytical, Inc., The Netherlands (www pamalytical com).]

occurs at the erystal planes according to Bragg's Law and X-rays of differemnt wavelengths
are diffracied at different angles, The difftacted X-rays are passed through another colli-
mator o one or mone detectors. Figure £ 15 depicts two detoctors in tandem, one behind
the gther. The analyzing crystal is mounted on s iumtable that can be rotated through &
degrees {see the amow marked & on the lower left side of the diagram). The detecton(s)
are connected o the crystal tumtable so that when the analyzing crystal mtates by &
degrees, the dewector rotates theow gh 28 de grecs, as shown by the marked arnow, Thene fone
the detector is always in the comect position {at the Brage angle) 1o detect the dispersed
md difftacted Auorescence. This crystal positioning system is called a gonimmeter.
Figure #. 18 shows the tumtable and the concendric circles made by the crystal and the
detectorn. [n most systems, the maximum diffraction angle atainable is 75 &{or [50F 28

In spme systems the motation of the crystal and the detector is mechanically coupled
with gears, Other sysiems have no mechanical coupling but wse computer-comrolled
Acpper motors for the cnvstal and the detector, The mewest systems use optical position
control by optical sensors or optical encoding devices, Optical position control permits
very high angular precision and accuracy and very fast scanning speeds.

X4 0. The Analvzing Crysral

Asowe have discussed, a erystal is made up of layers of ions, atoms, or malecules arranged
ina well-prdened system, or lattice . If the spacing between the layers of atoms is about the
same a5 the wavelength of the radiation, an impinging beam of X-rays is refected at cach
kver in the crystal {Fig., 8.8 Bragg's Law [Eq. (& 14)] indicates that @ any panicular
angle of incidence &, only X-rays of a panicular wavelength fulfill the requircment of
Aaying in phase and being reinforced, and are therefone diffracted by the coystal. IF an
XK-ray boam consisting of a range of wavelengths falls on the crystal, the diffracted
beams of different wavelengths emerge at different angles, The incident beam is thus
aplit up by the crysal into its component X-ray wavelengths, just as a prism or grating
aplits up white light into a spectrum of its component colors. The principle is illustrated
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Figure 818 Conxomeler byoul lir a sequential XRF speciromster.

in Fig. .19, Figure £ 19 shows schematically that two detectors placed at the proper
kscations could detect the two wavelengths simultancously. Altematively, the detector
ar analyzing crystal could maove, allowing cach wavelength to e detected soquentially.
Baoth types of apectrometers ane oommercially available. Some crystals in common use
for dispersion of X-rays in commercial XEF apectrometers ane listed in Table 8.6

The analyzing crystal is an X-ray monochromator. The crystal separates X -rays of
different wavelengths by diffracting them st different angles. Brage's Law fixes the spec-
iral range of a given crystal. Since the maximum valwe of sin & i 1060, the upper speciral
limit A_,, = 2. The difiraction efhcicncy and the resalution depend on the purity and per-
izction of the crystal lattice. The crystal should be as perfoct o possible, so that the o
spacing for a given plane will be constant in all pans of the crystal. As is clear from
Table #.4, different crystals are necded to measure different clemems. Commerncial
seguential XREF systems have a computer-controlled multiple crystal holder inside the
specirometer, with positions for as many as #- 10 erystals in some instruments. The crys-
tals anc inerchanged but the same goniometor is used 1o sclect the diffraction angle,
mcaning that only onc wavelength can be measurcd at a time with a soquential system.

Ardily Fing
grpital
“-u‘._ﬂ-hh_\_\;l.:ﬁ_\-\-
kg =
““1::-.._2'5
[ hechors
Caires

Figure 8.19% The analyang crystal 2 a memachmomstor.
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Table 8.6 C(rwtals Used lor X-Ray Monochromators

Chapter 8
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“The desygratices hsed for dese synthesc malslivers o commercial maderames frcm difleress msmament
rmnafamerers. A more genr approach s o clossfy dem acconding o geir & spacing.

Aosenious limitation in XEF was the lack of natural crystals with o spacings large
cnough to diffract the low cnergy X-rays from low atomic numhber clements. That limit-
aion has been overcome by the synthesiz of multilayer “peoudecrystals”. These ane
made from akemating layers of materials with high and low optical densitics deposited
an a silicon or guanz Aat. The PX3 maultilayer is made from ByC altemating with Mao,
for example. These enginecred multilayers are stable, commerncially available, and
permit the routine determination of clements as light as Be in samples.

The analyzing cryatal shown schematically in Fig. #.14 has a at surface. Flat crystals
are wsed in scanning (sequential) spoctrometers. Curved erystals, both natural and synthetic
mmeltilayers, ane wsed in simultaneous spectromeiers, ¢lectron microprobes, and for synchno-
iron X-ray speciromery. The advantage tooa curved erystal is that the X-rays ane fiocused and
the collimators replaced by slits, resulting in mwch higher intensitics than with fat crystal
geometry. This makes curved crystals excellent for analysis of very amall samples. The
use of a curved crystal and slits in a simultaneous spoctrometer is illustrated schematically



