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aystem. [1is for this reason that the detector has two windows as shown in Fig. 8,24, X-may
phatons pass through the propontional counter tothe scintillation counter located behind it,

& illustrated in Fig. .15 and signals are ohiained from both detectors, It should be noted
theat this tandem amangement docs ot pemit inde pendent optimization of koth detectons.,
There ane soquential apectrometer systems available with inde pendent propontieral and
scintillation detectors.

Seintillation Counter.  Photomultiplicr detectors, discussed in Chapter 5, ane very
senaitive 1o visible and UV light, but not to X-rays, to which they are transparent. Ina sisn-
nifeeriont dlerector the X-madiation falls on a compound that abserhs X-rays and emits vizsible
light as & mesult. This phenomenon is called sednfiffanos. A PMT can detect the visible
light scintillations. The scintillating compound or phospher can be an inorganic crystal,
an organic cryatal or an organic compound dizsolved in solvent.

The mest commonly wsed commercial scintillation detector has a thallivm-doped
spdivm iedide crystal, MNal{Tly, as the scintillating material. A single crystal of Mal
containing & small amount of Tl in the crystal lattice is coupled to a PMT, shown in
Fig. £.25. When an X-ray photon cnters the crystal, it causes dhe interaction
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and the ejection of photoe kectrons, as inthe gas-fAlled detector. The gjected photoclectrons
s cxcited electronic states to form in the crystal by promotion of valence hand elec-
trons. When these excited electrons drop back to the ground state, lashes of visible light
fcintillations) aneemitted. The excited state lies about 3 ¢% abaove the ground state, sothe
amnitted light has a wavelengih of 410 nm. The inensity of the emitted light pulse from the
cryatal is proportional tothe number of clectnons excited by the X-ray photon. The number
of clectrons excited is proportional to the cnergy of the X-ray photon; therefone the
scintillation imensity is proporional to the energy of the X-ray.

The scimtillations {visible light photons) from the crystal fall on the cathode of the
FMT, which is made of a photocmissive material such as indivm antimonide, Photocmissive
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Figure 8.25 The Mal{Tly scintillation deteciar. {a) The assembled detector; (h) a schamatic
epreseniation ol the pholomultplier and ik carooiny. [Couresy ol ORTEC (Ametek)
fwww orecanlinecom From kenkins e al, 1981, vsed with permmssion. |
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materials elease electrons when struck by photons. Electrons cjected from the cathodic anc
accelerated to the fArst dynede, generating a larger number of clecirons. The cleciron
multiplication process occurs at cach suwccessive dynode, resuliing in approximate ly iy
clectrons reaching the anode i every clectron that sirikes the cathode. The amplitude
af the cument pulse from the photomultiplicr is proportional to the encrgy of the X-may
photon causing the ionization in the crystal.

To summarnize, the scintillation detector waorks by 1) formation of a photeelectron in
the Mal{Tl) crystal afier an X-ray phaoton hits the cnystal, {2) emission of visible light
phatons from an excited state in the crgstal, {3) production of photoclectrons from the
cathosde in the photomultiplicr, and {4) ¢lectron multiplication. .

The Mal{T1) scintillation detector is most wse ful for shom-wavelength X-rays, <24
(£ 22Ty, 2000t complements the propontional counter. It alao has the potential for cscape
peaks caused by the iodine K line {about 30 keV or 0.374 A). Incoming X -rays with wave-
emgths less than (0374 A will result in cacape peaks about 30 keV lower in energy than
the true cnergy. The major dissdvantage of the Mal{Tl) detoctor is that its resolution is
much worse than that of the proporional counter. This is due to the wider pulse height
distribution that results in the owput pulse because of the multiple steps invalved in
the operation of this detector.

B2.5. Sample Holders

ARF is wsed for the analysis of solid and liguid samples. For guantitative analysis the
surface of the sample must be o Qat as possible, as will be discussed in the applications
scction. Thene are two classcs of sample holders, casscties fior bulk solid samples and cells
fior loose powders, small drillings, and liguids. A typical cassetie for a fat bulk solid such
as a polished metal disk, a pressed powder disk, a glass or polymer flat is shown in
Fig. #.2¢da). The cassctte is a metal cylinder, with a screw top and a circular opening
or apenure, wherne the sample will be cxposed to the X-ray beam. The maximum size
fior a bulk sample is shown., The sample is placed in the cassette. For a system whene
the sample is analyzed face down, the cassetie is placed with the opening down and the
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Figure 8.26 {a) Sample cassefle lor bulk salxl samples (b Pasitiom al a bulk salkl mthe lace-down
comliguraton wicd m many speciromesters. [Couresy of Thermo ARL (www hermod KL com)]
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bulk sample sits in the holder held in position by gravity, as shown in Fig, 8. 206k If the
system reguines the sample face up, the body of the cassette must be filled with an inert
support {often a block of wond) to press the sample surface against the opening. These
msactics ane available with a vanety of apenunes, wsually from # 1o 38 mm in diameter,
o accommodaie samples of different diameters, Other dypes of solid samples, such coat-
ings on a solid substrate can be placed directly in this type of cassette.

The analysis of liguids, lopse powders, or small pieces equires a different holder,
The cells fior these types of samples ane multipan plastic holders, shown in Fig, #.2Ta)
and requine squares or circles of thin polymer flm to hold the sample in the cell. The
by of the cell is a cylinder open on both cnds, One end of the cylinder is covened
with the plastic ilm {or even clear plastic adhesive tape) and the Glm or tape is clamped
into place by a plastic ring. The cell is placed with the Alm down and the sample of
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Figure 8.27 Cells for liquid samples, lose powders and chips. {a) Two types ol disposatile poly-
diylene sample cups lor guids and loose amples, conasting ol a cup and smg-ning 0 hald the
pelymeer lilm cover. The celk with palymer lilm m place are shown 3 the op ol the phatopraph.
The chamocmbled cup amed nng meces are ahown sl the boBloam ol the phatograph, [Councay ol
SPEX Certiprep, Inc. Metuchen, N (www spescipaoomi] (b L and other kose samples in
wells such as thase shown in the phofa, and then msered mio a sample Gasetle of the bype shown
m Fig. 8.26(a) lor a lace-down conliguration spectrometer. As shown, dust sampled on impact
lilters or thin layer samples may be mxefed directly mio the sample cassefle. [Courlesy al
Theermwo ARL (www thermoARL com))
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liquid, pewder, or filings is added . The Alm surface should be completely cov ened, as umni-
fiormly as pessible. A plastic disk that just f@s into the cell is inserod and pressed against the
sample 0 ohiain as fat a surface a5 possible and a top cap is screwed or pressed on. For
liguid samples, a vended top is wsed to avoeid pressure build-up from heating of the
sample by the X-ray beam. This assembled cell may be wsed “as 8™ or may be insened
inte a standard cassetie, as shown in Fig, 82Wh) in a face-down conbiguration. As you
can imagine, if the thin polymer Alm breaks, samples of loose powder, chips, or liguid
will apill into the interior of the speciromeier, contaminating the analyzing crystal and the
rest of the system and possibly breaking the Be window of the X-ray whe, if the tube is
below the sample. [t is for this eason that liguid samples cells are vented and that a
vacuwm is not used. This is the main dissdvantage of the faee-down configuration: for any -
thing other than bulk samples, thene is a risk of contaminating the instowment if the film cov-
cring the sample mptunes. Figune 827 shows that inthe face-down configuration, a liguid
naturally assumes a Aat surface. Imagine wheat the liguid sample would look like face-up. An
air bubble will form at the Glm surface iT a scaled cell is wsed and ot Alled completely, A
bubble may form at the surface by heating of the sample inothe X-ray beam if the cellis Alled
compleie y. [ this eccurs, the intensity of X-ray Aworescence from the sample will drop dra-
nmutically and the pessibilitg of film rupiune as the pressure inothe cell buikls increases dra-
nmtically. So, if liquid samples must be analyzed, the face-down configuration gives better
quantitative nesults, even at the risk of contaminating the specirometer.

The sample casscite is moved imo position, cither manuwally or with the auwtomatic
sample changer. In position, the sample is spun, generally at about 30 mpm, to homaogenize
the surface presented to the X-ray heam.

Bslymer Alms wsed to cover the cell opening must be low inirace clement impuritics,
strong cnowgh 1o hald the sample without breaking, thermally stable, and chemically inen.
They cerainly must mot ke soluble inany liguid samples to be analyzed. Films of pol yester
{M}'Iaft]. polyimide {K.'apﬂnn't]. polycarbonate, polypropylene, and  Auonopolymer
{Te Aon™ ) are commanly wsed, with film thickness ranging about 3-8 pm. Films of differ-
ot composition and thickness transmit X-rays o varying degrees (Fig. 8.28), and the film
chosen must iransmit the wavelengiths for the clements to be measured in the sample.
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Figure 8.28 The X-ray tramsmizsion charsceristics ol some thin palymer lilms usesl a5 sample
halder covers lor ligquad, oose powder, and smailar samples. [Couresy ol 5PEX Centiprep, Inc.
Metuchen, NI {www spexcspoom). |
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B2.6. Simultanecus WDXRF Spectrometers

Acimultancous WOXEF system uses multiple chanme ls, with cach channel kaving its own
crystal fdetector combination optimized for a specific element or background measure-
ment. Instruments with as many as 40 fived crystal fdetector channels or as few as two
are available, These systems are designed for specific applications, such as the analysis
aof steel in a production facility where hundreds of samples must be analyzed for the
same suite of clements every day. They have the advantage of being very fast companed
with a sequential system, but are ot Aexible.

Most simultancous systems have the X-ray tube above the sample, with the
sample facing up, As discussed carlier, this makes the analysiz of liguids difficult or
imprssible. Several instrument manufacturers offer combination systems with a simul-
tancous ot of channels as well as a sequential monschromator. These systems affer the
specd necded for routine analysis and the Aexibility needed for nonroutine analysis, but
e CHpensive.

8.2.7. EDXRF Spectrometers

In EDXREF spectrometny, there is no physical separation of the Auercscence radiation from
the sample. There is no dispersing device prior to the detectorn, as scen in Fig. 829, All of
the phastons of all cnergics amive at the detector simultane ously. The semiconductor detec-
wor used in EDXREF is a propontional detcctor with very high intrinsic energy resolution. In
this system, the dewector resolves the spectum. The signal pulses are collected, inte grated
and displayed by a multichannel analyzer {MCA) As Fig, 829 shows, a primary beam
fiker is often used to improve the signal-o-noise ratio for given energy egions, As
with WEERF systems, most EDXEF systems have a senies of seloctable filiers, Typical
filters wsed in EDXRF and their ranges of wse ane listed in Table 8.7

Figure 8.3 A schematic energy dipersive XRF syslem with an X-ray tube source. There is
e chaperizon device bolween the sample and the detector. Photans ol all onergien are collecte:d
Aamulaneously. (From Elhs, wied with permassion.)



