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QH“y) Designation:; E 1172 — 87 (Reapproved 2001)

Standard Practice for
Describing and Specifying a Wavelength-Dispersive X-Ray
Spectrometer

This standard is issued under the fixed designation E 1172; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 4. Significance and Use

1.1 This practice describes the components of a wavelength- 4.1 This practice describes the essential components of a
dispersive X-ray spectrometer that are basic to its operatiowavelength-dispersive X-ray spectrometer. This description is
and to the quality of its performance. It is not the intent of thispresented so that the user or potential user may gain a cursory
practice to specify component tolerances or performancenderstanding of the structure of an X-ray spectrometer sys-
criteria, as these are unique for each instrument. The documetgm. It also provides a means for comparing and evaluating
does, however, attempt to identify which of these are criticadifferent systems as well as understanding the capabilities and
and thus which should be specified. limitations of each instrument.

1.2 This standard does not purport to address all of the o )
safety concerns, if any, associated with its use. It is the>- Description of Equipment
responsibility of the user of this standard to establish appro- 5.1 Types of SpectrometersX-ray spectrometers can be
priate safety and health practices and determine the applicaclassified as sequential, simultaneous, or a combination of
bility of regulatory limitations prior to useSpecific safety these two (hybrid).
hazard statements are given in 5.3.1.2 and 5.3.2.4, and in5.1.1 Sequential SpectrometersThe sequential spectrom-
Section 7. eter disperses and detects secondary X rays by means of an

1.3 There are several books and publications from thedjustable monochromator called a goniometer. In flat-crystal
National Institute of Standards and Technoldaynd the U.S. instruments, secondary X rays are emitted from the specimen
Government Printing Officé* which deal with the subject of and nonparallel X rays are eliminated by means of a Soller slit

X-ray safety. Refer also to Practice E 416 (collimator). The parallel beam of X rays strikes a flat
analyzing crystal which disperses the X rays according to their
2. Referenced Documents wavelengths. The dispersed X rays are then measured by
2.1 ASTM Standards: suitable detectors. Adjusting the goniometer varies the angle
E 135 Terminology Relating to Analytical Chemistry for between the specimen, crystal, and detector, permitting the
Metals, Ores, and Related Materfals measurement of different wavelengths and therefore different
E 416 Practice for Planning and Safe Operation of a Specelements. Sequential instruments containing curved-crystal
trochemical Laboratofy optics are less common. This design substitutes curved for flat
E 876 Practice for Use of Statistics in the Evaluation ofcrystals and entrance and exit slits for collimators.
Spectrometric Dafa 5.1.2 Simultaneous SpectrometerSimultaneous spec-
, trometers use separate monochromators to measure each ele-
3. Terminology ment. These instruments are for the most part of fixed
3.1 For terminology relating to X-ray spectrometry, refer to configuration, although some simultaneous instruments have a
Terminology E 135. scanning channel with limited function. A typical monochro-

mator consists of an entrance slit, a curved (focusing) analyz-
1 This practice is under the jurisdiction of ASTM Committee EO1 on Analytical Ing crystal, an exit slit, and a smtaple detec’For. SecondarY_X
Chemistry for Metals, Ores and Related Materials and is the direct responsibility ofays pass through the entrance slit and strike the analyzing
Sutécommt'ttij?t‘Ef’l-Zo on ';Ujf'dam;gtal'g';;acgcif- e Octoper 1957 crystal, which diffracts the wavelength of interest and focuses
urrent edition approve une y . Publishe ctober . : : f P
2NBS Handbook X-Ray Protection HB76, and NBS Handbook 111, Ansi 1t through the exit slit where it is measured by the detector.
N43.2-1971, available from National Institute of Standards and TechnologySOMe simultaneous instruments use flat crystals, but this is less
Gaithersburg, MD 20899. common.

3 Radiation Safety Recommendations for X-Ray Diffraction and Spectrographic i H _
Equipment No. MORP 68-14, 1968, available from U.S. Department of Health, bi 5.1.f3 Hybrid fSpe(jct(ometeF&Hyblr|d zpe(.:tm:neters cqm
Education, and Welfare, Rockville, MD 20850. Ine features found In §equent|a and simultaneous Instru-

4U.S. Government Handbook 98afety Standards for Non-Medical X-Ray and ments. They have both fixed channels and one or more fully
Sealed Gamma-Ray SourceBart 1, General, Superintendent of Documents, functional goniometers.
available from U.S. Government Printing Office, Washington, DC 22025. .
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5.2.1 Temperature StabilizatierA means for stabilizing specified. Voltage repeatability should be specified for a
the temperature of the spectrometer shall be provided. Therogrammable generator, which is frequently used in sequen-
degree of temperature control shall be specified by the manuial systems.
facturer. Temperature stability directly affects instrument sta- 5.3.2.2 The current to the X-ray tube is typically adjustable
bility. within the range of 5 to 100 mA. Current stability and thermal

5.2.2 Optical Path drift should be specified. Current repeatability should be

5.2.2.1 Avacuum path is generally preferred, especially fospecified for programmable generators.
the analysis of light elements (long wavelengths). Instruments 5.3.2.3 Voltage and current recovery times should be speci-
capable of vacuum operation shall have a vacuum gage titeed for programmable generators. The software routines which
indicate vacuum level. An airlock mechanism shall also becontrol the generator must delay measurement until the gen-
provided to pump down the specimen chamber before openingrator recovers from voltage or current changes.
it to the spectrometer. Pump down time shall be specified by 5.3.2.4 Input power requirements should be specified by the
the manufacturer. manufacturer so the proper power can be supplied when the

5.2.2.2 A helium path is recommended when light elementnstrument is installed. Maximum generator power output
analysis is required and the specimen (such as a liquid) woulshould be statedVarning: Safety is a primary concern when
be disturbed by a vacuum. Instruments equipped for heliundealing with high voltage. Safety interlock circuits (7.3) and
operation shall have an airlock for flushing the specimerwarning labels shall protect the user from coming in contact
chamber with helium before introducing the specimen into thevith high voltage. The interlock system shall shut down the
spectrometer. Helium flushing time shall be specified by thegenerator when access to high voltage is attempted. Circuits
manufacturer. The manufacturer shall also provide a means f@hall be provided to protect the X-ray tube from power and
accurately controlling the pressure of the helium within thecurrent overloads.
spectrometer. 5.3.3 Water Cooling RequirementsThe X-ray tube and

5.2.2.3 An air path is an option when the instrument is notsome high voltage generators require cooling by either filtered
equipped for vacuum or helium operation. Light elementtap water or a closed-loop heat exchanger system.
analysis and some lower detection limits are sacrificed when 5.3.3.1 The manufacturer shall specify water flow and
operating with an air optical path. quality requirements.

5.3 Excitation—A specimen is excited by X rays generated 5.3.3.2 To protect components from overheating, an inter-
by an X-ray tube which is powered by a high voltage generatofock circuit that monitors either water coolant flow or tempera-
and is usually cooled by circulating water. The intensity of theture or both shall shut down power to the X-ray tube whenever
various wavelengths of X rays striking the specimen is variedhese requirements are not met.
by changing the power settings to the tube or by inserting filters 5.3 3.3 Water purity is especially critical in cathode-
into the beam path. grounded systems since this requires the coolant to be noncon-

5.3.1 X-Ray Tube-The X-ray tube may be one of two ducting. A closed-loop heat exchanger is necessary to supply
types; end-window or side-window. Depending upon the in-high purity cooling water. A conductivity gage shall monitor
strument, either the anode or the cathode is grounded. Cathodeter coolant purity in these systems and shall shut down
grounding permits the window of the X-ray tube to be thinnerpower to the X-ray tube when coolant purity is below require-
and thus affords more efficient transmittance of the longements.
excitation wavelengths. 5.3.4 Primary Beam Filter—A primary beam filter is com-

5.3.1.1 X-ray tubes are produced with a variety of targetsmonly used in sequential spectrometers to filter out the
The choice of the target material depends upon the wavesharacteristic emissions from the X-ray tube’s target when
lengths that require excitation. X rays from certain materialshese emissions might interfere with the measurement of an
excite the longer wavelengths more efficiently. Other materialsinalyte element. Primary beam filters are also useful for
are better for exciting the shorter wavelengths. Generally théowering the background in the longer wavelength portion of
choice of target material is a compromise. the spectrum. This serves to increase the peak to background

5.3.1.2 X-ray tubes are rated according to maximum poweratio and offers greater detection of those longer wavelength X
maximum current, and typical power settings. These should brays.
specified by the manufacturaiarning: It is important that 5.3.4.1 Primary beam filters are made of several different
the user be protected from exposure to harmful X raysmetals (depending upon the X-ray tube’s target) and come in
Standard warning labels shall warn the user of the possibility ofarious thicknesses. The manufacturer should specify the type,
exposure to X rays. Safety interlock circuits (7.3) shall shutthickness, and location of the primary beam filter.
down power to the X-ray tube whenever protective shieldingis 5.4 Sample Positioning-The process of positioning a
removed. specimen in a spectrometer for analysis involves several

5.3.2 High Voltage Generates~The high voltage generator components; the specimen holder, the specimen changer, and
supplies power to the X-ray tube. Its stability is critical to the the specimen rotation mechanism (spinner). These components
precision of the instrument. contribute collectively to the reproducibility of positioning the

5.3.2.1 The d-c voltage output of the high voltage generatospecimen in the optical path and thus, to instrument precision.
is typically adjustable within the range of 10 to 100 kV. Voltage The design of these components should therefore be regarded
stability, drift with temperature, and voltage ripple should becritically.
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5.4.1 Reproducibility of the distance between the face of therystal establishes a focusing circle that is similar to the
specimen and the window of the X-ray tube is especiallyRowland circle defined by a grating in an optical emission
critical and should be specified by the manufacturer. spectrograph. In an X-ray spectrometer, however, proper fo-

5.4.2 The spinner rotates the specimen while it is beingusing requires that both slits not only be on the focusing circle
exposed to the X-ray beam and thus helps to minimize théut also have identical chordal distances from the slits to the
influence of surface defects and specimen inhomogeneity oerystal. A detector is aimed at the crystal through the exit slit.
analytical results. 5.6.2.1 The manufacturer should specify the size of the

5.4.3 Imperfections in the surface of the specimen have thentrance and exit slit for each monochromator and shall
greatest effect on analytical results in spectrometers with arovide adjustments to peak each monochromator. Depending
shallow angle of irradiation or take-off angle. The manufac-upon the manufacturer, peaking may involve movement of the
turer shall specify these angles. crystal, the exit slit, or both.

5.4.4 Other important specifications include maximum 5.6.3 Apertures—In flat-crystal spectrometers, an aperture
specimen size (thickness and diameter) and the specimésplaced at the point in the optical path where the secondary X
rotation speed (if the instrument is equipped with a spinner).rays exit the specimen. The aperture limits the area of the

5.5 Dispersion—The analyzing crystal is the dispersive specimen seen by the detector. In some instruments, the size of
device in a wavelength-dispersive X-ray spectrometer. Variouthis aperture is fixed, but in most it can be varied, either by
crystals having a variety of interplanar spacings are used tmanual replacement or a mechanical changer. The manufac-
disperse the specimen’s characteristic wavelengths. turer should specify the sizes of any apertures installed in the

5.5.1 Sequential spectrometers may contain several differegpectrometer.
crystals mounted on a crystal changer mechanism. Thus, the5.6.4 Attenuators—When an element is present at a high
analyst is able to select a specific crystal for the wavelengticoncentration, it is sometimes desirable to decrease the inten-
being measured. sity of its emissions to avoid exceeding the detector’s linear

5.5.2 Each monochromator in a simultaneous instrumengounting range. An attenuator, positioned between the speci-
has a separate specified crystal. The selection is made imen and the analyzing crystal, absorbs some of the secondary
accordance with the expected analytical requirements. Th¥ rays and thus lowers the intensity. The manufacturer should
crystal is generally bent and ground to a curve or a logarithmispecify the location (which monochromator) and the attenua-
spiral in order to focus the analytical line through the mono-tion ratio of all attenuators.
chromator’s exit slit. 5.6.5 Masks—Masks must be properly positioned in the

5.5.3 The manufacturer should specify each of the crystalgptical path to prohibit secondary X rays from bypassing the
installed in a particular spectrometer according to compositiongrystal and reaching the detector directly. This is particularly
location (which monochromator or crystal changer position)jmportant at large @ angles.
lattice orientation (when applicable), interplanar spacing, and 5.7 Detection
shape (flat or curved). 5.7.1 GoniometerThe goniometer in a sequential or hy-

5.5.4 The manufacturer shall provide an adjustment fobrid spectrometer is an integral part of its detection system.
rotating the crystal to peak the spectrometer or monochromaadjusting the goniometer varies the angle between the speci-
tor. men, crystal, and detector, thus changing the wavelength seen

5.6 Beam Moderating Devices by the detector. The spectrometer therefore can be set to

5.6.1 Soller Slits—Soller slits are provided for systems measure the intensity at a specific wavelength.
containing flat crystals. They are composed of a series of 5.7.1.1 Itis critical that the angle indicated by the goniom-
closely-spaced, thin, parallel plates or tubes. When a Soller sliéter readout be an accurate and reproducible indication of the
is placed in the path of a beam of X rays, only those X rays thaactual @ angle. The manufacturer should specify the reading
are parallel to the plates or tubes will pass through the slitaccuracy, reproducibility, and scanning range of the goniom-
Therefore, the X rays that exit the slit are parallel. eter. Scanning speed should also be indicated for motor-driven

5.6.1.1 Soller slits may be present in several locations. Agoniometers.
primary Soller slit is always present in the optical path between 5.7.2 Detectors—A variety of detectors is commonly used
the specimen and the analyzing crystal. Auxiliary slits may bén wavelength-dispersive X-ray spectrometry. These include
installed at the detector windows between the detector and th@eiger-Miiller counters, gas-filled and gas-flow proportional
analyzing crystal. counters, and scintillation counters. The detectors are powered

5.6.1.2 It is common for a sequential spectrometer to havéy a high voltage power supply, capable of supplying different
both coarse and fine primary Soller slits, installed and mountedoltages to each detector.
in a changer mechanism. Better resolution is achieved with a 5.7.2.1 A single detector is required for each monochroma-
fine slit, but at the expense of a loss of intensity. tor in a simultaneous instrument. Sequential instruments,

5.6.1.3 The manufacturer should specify the location anchowever, generally have several detectors in order to detect
plate spacing of all Soller slits installed in a particular both long and short wavelengths. It is common for a gas-flow
instrument. A means shall be provided for adjusting (peakingproportional and scintillation counter to be mounted in tandem
each slit. on the detector arm of the sequential spectrometer. Another

5.6.2 Entrance and Exit Slits-Both entrance and exit slits arrangement is to mount several detectors on a detector
are required in a curved-crystal spectrometer. The curvedhanger mechanism.
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5.7.2.2 Gas is generally supplied to gas-flow proportionabnd converts the intensity data to concentrations using algo-
counters from a cylinder fitted with a pressure regulator. Theithms stored in computer memory.
spectrometer should have a mechanism for controlling the flow 5.8.4.3 Software design is a major criterion to consider
and stabilizing the pressure of the detector gas as this is criticathen evaluating an instrument. The data gathering routine
to counting stability. Instruments having more than one gasshould be closely studied as this directly affects the quality of
flow proportional counter require either multiple delivery the data. Software should be fully documented.
systems or a manifold to feed all of the detectors. 5.8.4.4 Algorithms for converting intensity to concentration
5.7.2.3 A detector's wavelength sensitivity and countingmay be either fundamental or empirical and should be specified
linearity are limited. The manufacturer should specify theand documented by the manufacturer.
wavelength range that can be detected by each detector and thes.8.4.5 The maximum number of standards and corrections
maximum intensity it can accept before its response becomeébat the software can accept should be specified. The manu-
nonlinear. Detectors should be specified according to theifacturer should specify the maximum number of characters for
type, location within the spectrometer, and, for gas-filledsample identification and formatting for output.
detectors, detector gas and window thickness. 5.8.4.6 Manufacturers should provide other software rou-
5.8 Signal Processing and Display tines that are helpful to the analyst. These may include plotting,
5.8.1 Amplification—The detector’s signal is usually mag- S¢anning, instru_ment diagnostics, etc. These ancillary routines
nified by a preamplifier and a series of amplifiers before beinghould be specified and documented.
processed further. Most instruments locate the preamplifier eg Performance Criteria

the detector, which makes the instrument less susceptible to ) ] )
electronic noise. 6.1 Detector Linearity—The manufacturer shall specify the

5.8.1.1 Each detector has its own preamplifier. It is commorﬂm")(ir‘nurn intensity which each detector can accept while

in sequential instruments, however, to direct the output currerfpr@intaining a linear respt?n?e. ity fi | |
of all of the preamplifiers into a single amplifier. Therefore, if 6.1.1 To test a detector's linearity, first select a pure element

two detectors feed current to a single amplifier simultaneouslgPECIMen having an atomic number two to five less than the
atomic number of the X-ray tube’s target. Measure that element

and pulse height discrimination is desired at a later stage, th A - .
height of the pulses from the two preamplifiers must pedl @ constant voltage while increasing the current stepwise.
Prepare a plot of intensity versus current. The plot should

adjusted approximately equally. X X I . :
158 1.2 girr)nultaneouys ir?stru?’/nents have separate preampli“-f_latten” at the higher intensities. Extrapolate a straight line
e ?om the lower, linear portion of the plot upward. The point at

ers for each monochromator. In some instruments, theSéh'ch the plot appears to depart from the straiaht line indicates
preamplifiers feed current to separate amplifiers while i P PP P Ight in€ indi

others, the current signal from each preamplifier is collected o € intensity at which the detection system’s response becomes

; - . linear.
separate capacitors and then read sequentially through a sind|8" - . .
ampplifier P q y 9 é] 6.2 Precision—The precision of an X-ray spectrometer is a

. function of several variables. These include power stability,
5',8'1'3 T.h.e manufacturer shoyld descr'lbe thg Spec.tromélectronic noise, detector gas stability, counting statistics, and
eter's amplification scheme. Typical amplifier gain settings

should also be specified. the reproducibility of the optical alignment. The mechanical

5 8.2 Pulse Heiaht Discrimination-A | | nature of the optical alignment task for sequential spectrom-
8.2 Pulse Height Discrimination-As voltage pulSes pass gierg tends to make them less precise than their simultaneous
from the amplifier through the pulse height discriminator

. . T ’counterparts.
pulses W'th a voltagg b.EIOW a prescribed lower limit or above 6.2.1 To test the precision of an X-ray spectrometer, select a
a prescribed upper limit are filtered out and only those puls

- e§pecimen containing an element with a concentration of at least
_between the tvyo I|m|t_s are ?‘"O.Wed .to pass _for further Proc€ssinno times its detection limit and make 10 consecutive 20 s
ing. Pulse height discrimination is effective for removing measurements. Measurement conditions should be set to en-

electronic noise and interferences which are approximately Alre at least 1000 000 total counts per measurement. The
the same @ angle but of a different spectrum order. Sequentlalsample cup should be removed and reinserted and all mechani-

instruments generally have a single pulse height discriminatog, getings (that is, crystal, collimator, filter, attenuator, aper-

while simultaneous instruments have a separate one for eatﬁr}re, and goniometer setting) changed between measurements.

channel. o o _ The relative standard deviation of the instrument tested in this
5.8.3 Other Circuitry—Other circuits may include those for way should be in the range of 0.1 to 0.3 %.

pulse shaping and automatic dead-time correction. Automatic g 3 petection Limit—The detection limit in X-ray spec-
dead-time correction extends the linear range of the detectorﬁometry is a function of the sensitivity (the slope of the
5.8.4 Display—Display may be analog or digital, or both. analytical curve) and the precision of the background. To
5.8.4.1 Analog display may be in the form of a chartdetermine the detection limit, refer to 6.2 of Practice E 876.
recorder (for qualitative purposes), an analog ratemeter, or a
tracing on a computer display terminal. 7. Safety Features
5.8.4.2 Digital display may be provided by a digital rateme- 7.1 “X Rays On” Lamp—The manufacturer shall provide a
ter or a computer. Typically the computer is interfaced andamp that will indicate that the X-ray tube is energized. It shall
dedicated to the spectrometer. The computer controls thiee of a “fail-safe” design in which the power to the X-ray tube
operations of data gathering, calculates the analytical curvesyill be shut down if the lamp fails to operate.
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7.2 Optical Alignment of the SpectrometeA means shall the event of a power failure. A power outage shall deactivate
be provided for safely aligning the spectrometer. The manuthe power switch to the X rays so that the switch must be reset
facturer shall provide detailed instructions to the user in ordemanually. A power failure shall also deactivate a solenoid valve
that this procedure may be carried out without harmfulto seal the spectrometer chamber so that pump fluid is not
exposure to X rays. pulled into the chamber. The pressure within the spectrometer

7.3 Interlock System-A safety interlock system (see 5.3.1.2 chamber will then be allowed to increase gradually to atmo-
and 5.3.2.4) shall be provided to protect the user from harmf%pheric pressure, thus protecting the proportional detector
exposure to X rays or high voltage. It shall shut down power tQyindows from rupture. Return of power shall reactivate the

the X-ray tube or to high voltage components if unauthorizedyyjenoid valve and reinitiate pump down of the spectrometer.
access is attempted.

7.4 Collant Interlock—See .
7.5 Emergency Shutdown SystetAn emergency shut-
down system shall be provided to protect the spectrometer in 8.1 spectroscopy; X-ray emission; X-ray spectrometer
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