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Quantitative Analysis by Energy-Dispersive Spectroscopy
This standard is issued under the fixed designation E 1508; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope 3.2.3 Bremsstrahlung-background X rays produced by

1.1 This guide is intended to assist those using energylnelastic scattering (loss of energy) of the primary electron
dispersive spectroscopy (EDS) for quantitative analysis oPeam in the specimen. It covers a range of energies up to the
materials with a scanning electron microscope (SEM) ofnergy of the electron beam. N
electron probe microanalyzer (EPMA). It is not intended to 3.2.4 critical excitation voltage-the minimum voltage re-
substitute for a formal course of instruction, but rather toduired to ionize an atom by ejecting an electron from a specific
provide a guide to the capabilities and limitations of the&l€ctron shell. _ . . .
technique and to its use. For a more detailed treatment of the 3-2.5 dead time—the time during which the system will not
subject, see Goldstein, et%This guide does not cover EDS Process incoming X rays (real time less live time).
with a transmission electron microscope (TEM). ~ 3.2.6 k-ratio—the ratio of background-subtracted X-ray

1.2 This standard does not purport to address all of theinténsity in the unknown specimen to that of the standard.
safety concerns, if any, associated with its use. It is the 3-2.7 live time—the time that the system is available to
responsibility of the user of this standard to establish appro-detect incoming X rays. _
priate safety and health practices and determine the applica- 3.2.8 overvoltage—the ratio of accelerating voltage to the

bility of regulatory limitations prior to use. critical excitation voltage for a particular X-ray line.
3.2.9 shaping time—a measure of the time it takes the
2. Referenced Documents amplifier to integrate the incoming charge; it depends on the
2.1 ASTM Standards3 time constant of the circuitry.
E 3 Methods of Preparation of Metallographic Specimens 3.2.10 spectrum—the energy range of electromagnetic ra-
E7 Termino'ogy Re'ating to Meta”ograpﬁy diation produced by the method and, when graphlcally dis-
E 673 Terminology Relating to Surface Analysis played, is the relationship of X-ray counts detected to X-ray

E 691 Practice for Conducting an Interlaboratory Study to€N€rgy.

Determine the Precision of a Test Method 4. Summary of Practice

3. Terminology 4.1 As high-energy electrons produced with an SEM or
3.1 Definitions—For definitions of terms used in this guide, EPMA interact with the atoms within the top few micrometres
see Terminologies E 7 and E 673. of a specimen surface, X rays are generated with an energy
3.2 Definitions of Terms Specific to This Standard: characteristic of the atom that produced them. The intensity of

3.21 acce|erating V0|tage_the h|gh Vo|tage between the such X rays is proportional to the mass fraction of that element
cathode and the anode in the electron gun of an electron beaifh the specimen. In energy-dispersive spectroscopy, X rays
instrument, such as an SEM or EPMA. from the specimen are detected by a solid-state spectrometer

3.2.2 beam current-the current of the electron beam mea- that converts them to electrical pulses proportional to the
sured with a Faraday cup positioned near the specimen.  characteristic X-ray energies. If the X-ray intensity of each

element is compared to that of a standard of known composi-
tion and suitably corrected for the effects of other elements

* This guide is under the jurisdiction of ASTM Committee E04 on Metallography present, then the mass fraction of each element can be
and is the direct responsibility of Subcommittee E04.11 on X-Ray and EIectrorba|Cu|ated
Metallography. '
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can expect from the technique. The guide applies to EDS witlthe evaporator, is probably thick enough. For the most accurate

a solid-state X-ray detector used on an SEM or EPMA. analysis, standards and unknowns should be coated at the same
5.2 EDS is a suitable technique for routine quantitativetime to assure equal coating thicknesses. Specimens mounted

analysis of elements that atgheavier than or equal to sodium in a nonconducting medium must make electrical contact with

in atomic weight2) present in tenths of a percent or greater bythe microscope stage. This is often accomplished by painting a

weight, and3) occupying a few cubic micrometres, or more, of stripe of carbon or silver paint from the specimen to the

the specimen. Elements of lower atomic nhumber than sodiurapecimen holder.

can be analyzed with either ultra-thin-window or windowless

spectrometers, generally with less precision than is possible f@. Spectrum Collection

heavier elements. Trace elements, defined as <E.@af, be 8.1 Calibration—The analyzer shall be calibrated on two

analyzed but with .Iower precision compared with analyses 05(-ray peaks or other methods implemented by the equipment
elements present in greater concentration. manufacturer in software to set the amplifier gain and offset.
6. Test Specimens Often alu_minum and copper are used, and sometimes both the
and L lines of copper are used. The two elements need not
e in the same specimen. A spectrum from pure aluminum
uld be collected followed by pure copper in the same
spectrum. Software is usually available to calibrate the EDS
%ystem, and one should consult the system manual for the
etails of operation. To ensure reproducible results, calibration
ahould be checked periodically.
8.2 Operating Parameters
8.2.1 The accelerating voltage of the SEM must be chosen
o provide an adequate overvoltage to excite the X-ray lines of
terest. An overvoltage that is too low will not sufficiently
excite X rays; one that is too high yields low spatial resolution
7. Specimen Preparation and causes absorption as X rays escape from deep within the
épecimen. An overvoltage of at least 1.5 times the critical
@_xcitation potential of the highest energy X-ray line analyzed is

graphic techniques. Guidelines are given in Methods E 3. Théecommen(jed. When analyzing hard and soft X rays in the
specimen must be flat in the region to be analyzed. Thig@Me Specimen, anal_yses attwo voltaggs may_be necessary. For
requirement does not preclude scratches; however aH;]aterlals such as minerals and ceramics, which contain light
scratches in the immediate vicinity of the analyzed region mus Ien(;ents (that 1S, Og low atom|ctn|umbetr),_ 1.5 kv |3.usually a
be insignificant with respect to the X-ray volume. The operatod°° bcomgl)romlste. g(; Tan%/omi\? s con alnlrég rrr\]e_ |umg omic
must also be aware of the possibility of spurious X rays fromnlurn ert e(;:nen S'f hi ho tomi IS a bgoo c ollace. elzavyd
parts of the chamber, polishing compound elements, or fron cMENtS ( 0se of higher atomic num er) may be analyze
adjacent phases or a combination thereof. Note that thest'"9 L or M lines, a_nd so higher voltages are not necessary.
requirements for surface preparation preclude the quantitativ e actual acceleratmg voltage of the electron beam does not
analysis of casual samples, such as unpolished surfaces igways correspond with the voltage selected on the instrument.

fracture surfaces. Although data can be generated on thegecan be determined by expanding the vertical §cale of'the EDS
casual surfaces, the results would be of significantly lowepPECUm and observing the energy above which continuum X

precision with unpredictable variations. rays do ml)t OCCU“ | | i h
7.2 Unetched or lightly etched specimens are preferred. If 8-2-2 Almost all elements can be analyzed using character-

they are etched, the operator must make sure that the comp{gtic X-ray lines in the range of 0-10 keV. This range contains

sition in the region to be analyzed has not been altered and tht/iNes of the first transition series (scandium-zinc (Sc-Zn)), L
the region to be analyzed is flat. lines of the second transition series plus the lanthanides, and M

7.3 Nonconducting specimens should be coated with (Jines of the third transition series plus the actinides. Accord-

conductive material to prevent charging. Lowering the accelin9lY; most operators choose a 0-10 keV display at higher
erating voltage may reduce or eliminate the effect of chargingj'Splay_ resolution rather than a 0-20 keV display at lower
in some samples, but applying a conductive coating is still th esolution. Tables of X_-ray energies can be four_1d in various
most common method. Evaporated carbon is usually the mo&§Xts, such as Gold_steln, et?a_jr Johnson and \_Nh'fé'

suitable coating material. Heavy metals such as gold that are 8-2-3 X-ray spatial resolution degrades with overvoltage,

often used for SEM imaging are less suitable because thel?,ecause as the electrons penetrate deeper into the ;pec_imen, X
heavily absorb X rays; if the coating is thick enough, X-rayfays are generated from a larger volume. An approximation of

lines from those metals will be seen in the spectrum. If one is
analyzing carbon in the specimen, then aluminum makes a
gOOd coating. The coafings are usua"y app“ed n thICknesse.S 4 Johnson, G. G., Jr., and White, E. ;Ray Emission Wavelengths and KeV
of several tens of nanometres. Carbon that appears to be tan Ebles for Nondiffractive Analysi6STM Data Series DS 46, ASTM, Philadelphia,

color on the specimen surface, or on a piece of filter paper ing7o.

6.1 Suitable specimens are those that are normally stab
under an electron beam and vacuum and are homogeneog
throughout the volume of X-ray production. If the specimen is
inhomogeneous at the micrometre level, then a truly quantit
tive analysis is not possible, and a bulk technique such as X-r
fluorescence should be used.

6.2 The concentration of each element to be analyze
should equal or exceed about 0.1 wt %. Lower limits of
detection are possible with longer counting times, but th
precision of trace element analysis is poorer than when th
element is present at the percent level.

7.1 Specimens for quantitative EDS analysis should b
prepared in accordance with standard metallographic or petr
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the diameter of this tear-drop-shaped excitation volume, ref
ferred to as the X-ray range, can be obtained using the
following equatior?

R = 0.064E,"% — E.**/p @)

Si(Li) Polepiece I

Where . Vertical

R = the range in um, Distance

E, = the accelerating voltage in kV, e

E. = the critical excitation potential in keV, and G- Working Distance

the density in g/crh

More accurate interaction volumes can be computed by
Monte Carlo computer methods to generate random electron e
trajectories, but Eq 1 provides a reasonable estimate for mos Aotorence Plane | W
purposes.

8.2.4 The beam can be placed in the spot mode to form &
probe to analyze the minimum volume, or it can be scanned
over a homogeneous region to lower the electron dose at ary
one point. Defocusing the beam or scanning it over an area of FIG- 1 Schematic Diagram of Electron Microscope System
varying composition does not provide an average composition,
because the correction factors applied to the intensity ratio argnere:

©

Tit Angle
of Sample

~

9

themselves a function of composition. Q = solid angle in steradians,

8.2.5 The currentin the electron beam determines the flux ofA = active area of the detector crystal; for example, 30
X rays that are generated. It does not affect spatial resolution mn?, and
for X-ray analysis in the same way it detracts from electron! = sample-to-detector distance, mm.

image resolution. Typically it is adjusted to keep the dead time The larger the active area of the detector, the more counts
in the EDS system below 40 %. Dead times of 20 to 30 %Will be collected, but at the expense of spectral resolution.
produce good Spectra, whereas dead times above 40 % can |éﬂ@$t detectors have a movable slide and can be brought closer
to spectra containing artifacts, such as those discussed in 8.31@.the sample if a higher count rate at a given beam current is
Maximum throughput, that is, the most X rays/real time, isheeded. The take-off angle is c_ieflned as the angle between the
achieved at about 40 % dead time. Higher count rates can B@irface of the sample and a line to the X-ray detector. If the
achieved by lowering the shaping time on the system amplifie?amme is not tilted, the take-off angle is defined as follows:
from about 10 ps, but spectral resolution will be lost. For § = arctan(W — V)/S 3)
guantitative analysis, a shaping time of about 10 ps or greater
is used. The beam current must remain stable throughout th he
analysis, because the counts collected are cﬂrectly proportion - working distance,
to the beam current. Thus, a 1 % upward drift in beam curren = vertical distance, and
will pr.odu'ce a 1 % increase in all the reported mass fract|on.s,s = spectrometer distance.
res_ultmg in a reported total >100 %. For qua_mtltatlve analysis Working distance is measured in the microscope; its accu-
using standards, the beam currgnt (not specimen current) mUr%Icy depends on the method used to measure it and the
be the same for both the specimen and the standards or 08gecimen position. Vertical distance is the distance from the
must be normalized to the other. bottom of the pole piece of the final lens to the centerline of the

8.2.6 The geometric configuration of the sample and deteadetector; it usually can be measured within the microscope
tor, shown schematically in Fig. 1, also affects the analysis. Thevith a ruler. Spectrometer distance is the horizontal distance
number of X-ray photons that reach the detector is a functiofrom the spectrometer to the beam; it is measured using the
of the solid angle and take-off angle, including the effect ofscale provided by the manufacturer on the spectrometer slide.
specimen and detector tilt. The count rate incident on an X-ra)All distances must be in the same units. The take-off angle
detector is directly proportional to the size of the solid angleshould be as high as possible to minimize absorption of X rays
defined as follows for a detector normal to the line of sight towithin the specimen and maximize the accuracy of quantitative
the specimen: analysis. If the specimen is tilted such that the beam is not
perpendicular to the specimen surface, an effective take-off
angle is used. There are several expressions in use by com-
mercial manufacturers to calculate this, and all produce similar
results if the tilt angle is not extreme. When analysis is

5 Andersen, C. A., and Hasler, M. X;Ray Optics and Microanalysis, 4th Intl. performEd on a tilted specimen, the azimuthal angle between
Cong. on X-Ray Optics and Microanalystdermann, Paris, 1966, p. 310. the line from the analysis point to the EDS detector and the line

re:
= take-off angle,

Q= Ar? 2
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perpendicular to the stage tilt axis must be known. If standardaccount absorption edges. Some software also allows the
are used, they must be collected under the identical geometricaperator to fit his own background.

conditions as the unknowns. 9.1.2 The other step that must be accomplished before an
8.3 Spectral Artifacts intensity ratio can be measured is peak deconvolution. EDS
8.3.1 There are a number of artifacts possible with EDS, andetectors do not resolve all peaks. For example, the, V6
these are discussed by Fiori, ePaflost of them are related to L_, and Pb M, lines are all within about 50 eV of each other
detector electronics and are rarely seen in a properly functiorand therefore are severely overlapped. Even though one cannot
ing system. However, two artifacts that are commonly seen argee the individual components of a peak envelope in a
pulse pileup peaks and silicon escape peaks. Pileup peakpectrum, there are computer methods of deconvolution. Two
occur when several X-ray photons reach the detector at th@iethods in common use af® the method of overlap factors
same time, and the pulse processing electronics erroneousind 2) the method of multiple least squares. Both methods
record the sum of their energies rather than each one individuyork well, and they are usually combined with one of the
ally. Lowering the beam current to lower the count rate usuallypackground subtraction methods in the manufacturer’s soft-
eliminates the problem. Alternatively, the amplifier shapingware. One should consult the manufacturer’s instructions for
time can be decreased; this action will allow pulses to be&heir use.
processed faster, but at the expense of degraded spectralg 1 3 Although in most cases these computer methods
resolution. o handle spectra well, the operator should be aware of conditions
' 8.3.2 Asilicon escape peak occurs when an ionized atom Ghat are difficult. For example, trace element analysis is
silicon in the detector generates an X ray. If that X ray escapegensitive to background subtraction because the computer is
from the detector, its energy that would ordinarily have beengoking for a small peak above the continuum. Accordingly the
measured is lost. The resultis a peak at 1.74 keV (Jil€low  gpectrum must be collected long enough to provide enough
the proper peak. This artifact is greatest at about 2 keV, near th§aistics to discern small peaks. In like manner, deconvolution
P K, or Zr L, peaks. The artifact cannot occur at energiesoytines work well in most cases, but not when the overlapped
beloyv_the abs_orptlon edge of the Si K line, _and it becomesines arise from elements present in widely different concen-
negligible at higher energies such as the Cylike. trations. For example, if one element constitutes 90 % of the
9. Quantification specimen and t_he che_r element 10 % precision vyill b_e greatly
. . degraded. In this situation use of a different analytical line may
9.1 Background Subtraction and Peak Deconvolution  he™ hossible, or if not, a technique with higher spectral
9.1.1 Before the proportionality between X-ray intensity regojytion such as wavelength dispersive spectrometry is
and elemental concentration can be calculated, several stepgjicated.
are required to obtain the intensity ratio (k-ratio) between
unknown and standard. Or, if the standardless technique 'S?t
used, then a pure net intensity is required. A spectrum of X rayg

generated by electrons interacting with the specimen Contal?pectra. The unknowns and standards must have been collected

g backg{roEPd COSZ'SUHQ oftrc]:or;]t'mrl:um X rayst, f(f)ft(;:r:hcalle 1) under the same geometrical configurati@h,at the same
. remsstra ur:g(.j X Zezrving_ N tlr? -ene:gy cu ot Od te an'accelerating voltage) at the same count rate per current unit,
inuum, as noted in ©.2.1, gives Ineé most accurate determin ind4) with the same processing algorithm.

tion of the beam voltage, and this is the value that should be 915 E tandard| Vs . back d sub
used for quantitative analysis. If the voltage measured in this ~ ven standardiess analysis requires background sub-
manner is much lower than the voltage setting, it may be a faction and peak deconvolution, but Fhe Intensity 1s calcqlated
indication that the specimen is charging. The background in thOM Pure intensity curves and the ratio of peak integrals in the
spectrum is not linear and simple interpolation is madequatelimknown spectrum. Standardless analyses always totgl_ 100 %,
Two approaches to this problem commonly used in commercidl’ S0Me other V?"“e specified b_y the analyst. In ”‘?rmf’?‘"z'”g the
systems are background modeling and digital filtering Th(_}otal concentrations to 100 %, important information is lost. A
background models are based on known physics plus a suitafg!® mass total, as in a’_‘a'ys's against .standards, prm_ndes
correction for the real world. This method lets the user pas formation about the quality of the analys.|s_. It calls attention
judgment on the quality of the model by comparing the mode 0 pirol?lerr;s SUChﬂ?S eIemen;s not sgeu{;:ed gor anil\ysus or
with the actual spectrum. The digital filter method treats thearlalys's 0 Tlorioo ;n c;]ne Ig a}se unber e dear_r:h Ea yt_ses
background as a low frequency component of the spectrum arF8 aling exactly o Should always be viewed with Skepti-

mathematically sets it to zero. This method is not based on an sm, whethe_r they be stand.ardless or normalized standards
model and, therefore, is more general. It is also useful for th nalyses. Whichever method is used, all elements present must

light element region of the spectrum where the models wer e specifi_ed even if some need not be analyzed. This is because
never intended to be used: however it does not take intd COTTection is necessary to account for the effect of other
’ ' elements (the matrix) present in the specimen.
9.2 Matrix Corrections

® Fiori, C. E., Newbury, D. E., and Myklebust, R. L., “Artifacts Observed in 9.2.1 The k-ratio of an element is a starting estimate of that
Energy Dispersive X-ray Spectrometry in Electron Beam Instruments—A Caution-, ) P ;
ary Guide,"NIST Special Publication 604, Proceedings of the Workshop on En(—)rgy(:"lement S concentratlon. There are, however, effects of atomic
Dispersive SpectrometriNational Institute of Standards and Technology, Gaithers- number, absorptlon, and fluorescence between the unknowns

burg, Maryland, 1981. and the standards. The atomic number or “Z” factor corrects for

9.1.4 Once the background is subtracted and the peaks are
ripped of interferences, one can calculate their ratio to those
f similarly background-subtracted, deconvoluted standard
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differences in the number of X rays generated. The absorptiohl. Standards

or “A” factor corrects for differences in the number of X rays 111 Suitable standards for EDS microanalysis must)oe
that escape the sample to be detected. The fluorescence or “fomogeneous at the micrometre lev&),of known composi-
factor corrects for non-electron generated X rays, that is, thosgon as analyzed by an independent method,3jredable under
fluoresced by other X rays. If the unknown and standard wergéhe electron beam. For the highest accuracy, standards should
identical, each of these factors would equal one. There arpe as similar as possible to the unknowns to minimize matrix
many such “ZAF” computer programs available, each oneeffects. However, most matrix correction programs are suffi-
using a set of fundamental parameters thought to give the besiently accurate to permit the use of pure element standards.
results. The differences in the results each produces are usuaevertheless, metals do not make good standards for nonmet-
much less than the precision of the analysis. als, and vice versa.

9.2.2 There are also many computer programs using the* 11.2 Standards may be obtained from microscopy suppliers,
phi-rho-z” method. These approach the problem of matrixthe Nathnal Inst_|tute for Standards and Technology, or from
correction using more fundamental physics and sometimeQther microscopists. However, one of the best sources of
combine the effects of Z and A into one, but they too require jtap_darQS similar to the materials analyzed is one’s own
set of fundamental parameters optimized to each progra ‘?‘C'I'ty’ if they are checked for homogeneity.

Many phi-rho-z programs claim greater accuracy because thegg{ ll(f’ jltandards can aITO be used to Ch?ﬁk the plfrformar_mﬁ of
account for absorption better than the older ZAF programs: andardiess programs. In many cases, the resulls are simifar,
. .~and the standardless method may be used for convenience.
Consequently, one would expect the most improvement using
a phi-rho-z method in light element analysis. However, in the _
absence of light elements, it is unlikely that the accuracy of ABLE 1 Standardized
most EDS analyses is limited by the matrix correction. :
Accelerating voltage 20 kv

9.3 Reporting Results Acquisition time 200 s

9.3.1 The analytical conditions are normally reported with 2" ::;g time o
the elemental concentrations determined by EDS. These cor
ditions include the accelerating voltage, take-off angle and tilt,
and the analytical line (KLM) used. The report should alsoq5 precision and Bias
specify whether standards or standardless methods were used

what matrix corrections were applied, and whether any el- 12.1 In_terlaborat.ory Test Progra}m—An m;erlaboratory
. . study using two different metallurgical specimens was con-
emental concentrations were calculated by difference or b

stoichiometry. Additional items that may be reported include&umed to determine the precision of energy-dispersive spec-

. oscopy (EDS). Both specimens were analyzed by various
what standards were used, if any, t_he bea”_" current, a_nd the %etal producers, EDS system manufacturers, and one univer-
A, and F factors. It would also be informative to mention the

; : sity. A total of nine laboratories participated in the study. Each
type of window on the EDS detector, if other than a conven-¢'ihe specimens was analyzed with a lithium-drifted silicon
tional beryllium window. Concentrations are normally reportedyatector using a set of standardized operating parameters after
to a tenth of a percent; although many computer programgy, injtial round-robin wherein parameters were selected by
report more significant figures, they are rarely warranted.  each participant. Both sets of data are reported, and the
standardized operating parameters are listed in Table 1.
10. Light Element Analysis 12.1.1 The specimens selected for the round-robin were
10.1 Light elements can be analyzed with an ultra-thinlYPe 308 stainless steel and 'NCON?E"“OV MA 6000. To

window detector that provides better efficiency for the soft x €nSure homogeneity, the Type 308 stainless steel specimens

rays that light elements generate. Windowless detectors a%fere homogenized at 1975°F (1079°C) for one hour followed

Operating Parameters for Second Round-
Robin Test Program

proach the theoretical highest efficiency of the detectin y a water quench. This produced a 100 % austenitic structure.

crystal, but in the open position contaminants in the sampl rtlrlsmTa::\erlar:dV:\?sk ?hgsi:] ?ns : rzutmewanallyss rfor r']rtorg; ¢
chamber are free to condense on the cold crystal. Additionall;éeczlusue it’saK Iineco(\e/érla? setheaCrga ites\;veas isotarzouﬁrgzeto » U
in the windowless mode any light, such as from cathodolumis P i3 d

. . . be reported, although some participants did. The alloy MA
hescence, can be picked up by the crystal and will contribute t8000 specimen was selected because of its inherent homoge-
the overall noise of the system. Quantitative light elemen

vsis is | ise than that of heavi | s b tneity and because it presented several analytical problems. The
analysis 15 1ess precise than that ol heavier elements, beca fFoy contained both high and low atomic number elements
the count rate of soft X rays is lower. The minimum detect-

ST . g necessitating the use of K, L, and M lines. There was also a
ability limit of light elements is also degraded because of theygyere overlap between the M lines of tantalum and tungsten.

lower peak-to-background ratios found with soft X rays. If thehe presence of eight elements also added to the difficulty in
stoichiometry of compounds containing light elements isgnalyzing this material. The compositions of both alloys, as

knOWn, then calculation by StOiChiometl’y is the most aCCUrat%ietermined by wet chemical ana'ysisy are given in Table 2.
method. For example in silicates, analyzing silicon and multi-

plying by the gravimetric factor for Si©(2.14) is more —
accurate than analyzing oxygen directly. 7INCONEL is a registered trademark of Inco Alloys International.
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TABLE 2 Wet Chemical Analysis of Samples of Commercial Type 308 Stainless Steel and INCONEL Alloy MA 6000 Used in ASTM

Round Robin
Sample i _ Chemical Composition—Wt % i
Tantalum Tungsten  Chromium Titanium Aluminum Molybdenum Nickel Iron Manganese Y,05
Commercial Type 308 — — 19.62 — — — 9.50 69.0 1.30 —
Stainless Steel
INCONEL Alloy MA 191 3.91 14.76 2.26 4.0 191 68.12 1.00 — 0.97

6000

TABLE 4 Precision Statistics of an Interlaboratory Study for
12.1.2 Individual specimens of both materials were sent to Quantitative Analysis by Energy Dispersive Spectroscopy

each of the nine participants, all of whom reported the Quantitative EDS Analysis of MA 6000 with No Set Parameters
specimens to be homogeneous. Each participant was requestedeiements X Sr SR r R
to analyze five random areas in each specimen using a standard!ron 0.96 0.09 0.12 0.24 0.32
beryllium window EDS detector and their own operating 2maum 189 026 037 0.72 1.04
y : a p 9 Titanium 2.36 0.26 0.26 0.72 0.72
parameters. The nominal composition of each specimen was wmolybdenum 2.43 0.16 0.86 0.45 2.41
also included for reference. A second round-robin test program, Tungsten 3.67 0.30 0.67 0.84 1.87
which required the use of a standard accelerating voltage, Armnum 249 02 131 063 3o
q . \erating 9€, Chromium 15.33 0.33 0.49 0.92 1.38
detector dead time, take-off angle, and acquisition time, was nNickel 67.78 1.66 2.43 4.64 6.81

also initiated. It was requested that analyses by both standards  Quantitative EDS Analysis of Type MA 6000 with Set Parameters
and standardless methods be reported. Elements X Sr SR r R
i Iron 1.04 0.05 0.10 0.14 0.29
12.2 Precision . Tantalum 1.81 0.17 0.47 0.49 1.33
12.2.1 _The results from_ the round—robm test program were  vglybdenum 202 0.07 0.12 0.20 0.34
analyzed in accordance with Practice E 691 to develop repeat- Titanium 2.31 0.16 0.20 0.46 0.56
ability and reproducibility standard deviations (see Table 3and Junoen se 0 P o e
Table 4). The inh(_arent p_repision of the EDS_ method iS  chromium 15.07 0.33 0.46 0.91 1.30
controlled by counting statistics. Clearly, for a given overall  Nickel - 68.97 051 125 143 351
Counting time, the relative precision associated with major Standardless Quantitative EDS Analysis of MA 6000 with Set Parameters
elements is greater than for minor or trace elements, insofar as Elements x Sr SR r R
th ilv f ts i . k P ti Iron 0.99 0.08 0.12 0.22 0.32
ere are necessarily fewer counts in minor peaks. Practice \ongenum 196 011 0.53 0.31 149
E 691 is used to analyze the round-robin data for consistency Tantalum 1.98 0.15 1.19 0.42 3.34
and calculates intralaboratory repeatability and interlaboratory Titanium 2.30 0.15 0.18 0.43 051
ducibility statistics. The 95 % repeatability and reproduc- o 2" Sag o 1% 048 32
reproducibliity statistcs. o rep ity produc- - auminum 4.56 0.22 2.33 0.63 6.53
ibility, r and R, are defined by E 691 as 2.8 times the standard chromium 15.31 0.23 0.56 0.64 1.55
deviations, Sr and SR, respectively. When these standard Nicke! 64.29 043 3.06 121 8.56

deviations are divided by the mean concentration for each x = cell average
element, the result is a measure of relative precision within and Sr = repeatability standard deviation

SR = reproducibility standard deviation
between laboratories. r = repeatability limit

R = reproducibility limit

TABLE 3 Precision Statistics of an Interlaboratory Study for .
Quantitative Analysis by Energy Dispersive Spectroscopy 12.2.2 In the case of the Type 308 stainless steel, the 95 %

repeatability limit is 7 % of the mean value or better for each

Quantitative EDS Analysis of Type 308 Stainless Steel with No Set Parameters

- r .
Elements X Sr SR r R eIement(- = 0.64/9.43= 0.068 for nickel), and about 2 %
Nickel 9.04 0.21 0.35 0.58 0.98 X
Chromium 20.48 0.27 0.87 0.77 2.43
Iron S Anal 7_0-4ZT 300é6§ o 2;‘4 it é-90P 6.84 is possible for iron present at 70 wt %. The 95 % reproduc-
Quantitative nalysts of Type 308 Stainless Steel with Set Parameters ibility limit ranges from about 14 % to 3 %. Requiring set
Slements oz oo o 004 s parameters had little effect on the repeatability but improved
Chromium 20.31 023 0.47 065 132 the reproducibility for chromium and iron_, but not for nickel._
Iron 69.41 0.38 1.05 1.06 2.95 Standardless methods were about equivalent to those using
Standardless Quantitative EDS Analysis of Type 308 Stainless Steel with Set standards for this Specimen The results obtained from this
Parameters . L . . . .
— — S - - specimen represent a typical metallurgical microanalysis with
ements X r r .. .
Nickel 0.23 0.22 0.29 0.60 0.82 no unusual problems. As such, the precision obtained should be
Chromium 20.25 0.15 0.48 0.41 1.34 representative of the technique. The interlaboratory reproduc-
Iron 69.60 0.21 0.78 0.60 2.18 ibility under standard conditions averaged 8.4 %, and the
X = cell average standardless method averaged 6.2 % relative to the mean.
g}r:{:_repeatgbiljg/llftantdazjd dde\c/'iatilor; 12.2.3 In the case of alloy MA 6000, the 95 % repeatability
T repeatabilty It values improve with increasing concentration with the excep-
R = reproducibility limit tion of tantalum and tungsten. Those two elements are present
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at the level of a few percent and their lines are overlapped. Theesolution. The 200s count specified for the round-robin was
occurrence of these two conditions together resulted in considatended to represent typical operating conditions, not the best
erably lower precision than for the other elements. The 95 %achievable precision.

reproducibility limit varied greatly when the parameters were 12.3 Bias

not specified, but improved with set parameters. It may be that 12 3.1 I the wet chemical analysis of each specimen (Table
differences in background subtraction, peak deconvolution) is taken as an accepted reference value, the difference
method, matrix correction, and possibly geometric configurapetween it and the concentration measured by EDS can be
tion caused this. It was not possible to specify all of thesgjetermined. These values are given in Table 5. The EDS values
conditions because some are inherent to the system used. gare the average of five measurements in each of nine labora-
12.2.4 The standardless method produced intralaboratoyries, To the extent that this number of replicate analyses
repeatability results similar to the standards methods bujyverages out the effects of precision, the remaining error may
considerably less interlaboratory reproducibility, owing to thepe attributed to bias. For the Type 308 stainless steel, the
different standardless routines in use by different manufacturayerage error was 0.7 % of the amount present—a value close
ers. Although results of the standardless analyses were rathghough to zero to be insignificant. For the alloy MA 6000, the
good on the Type 308 stainless steel, they may be considerably,erage was 3.12 %. There are many potential sources of bias,
inferior on other types of specimens. On the MA6000 alloy, theyt the effect of each is hard to predict. Some sources of bias
reproducibility among laboratories was much less than that ofnat are under operator control are as follows.
the standards technique (R in Table 4). And even though the 15 31 1 Geometric Configuratioa-This must be known
average errors compared with the reference composition (Table, 4 reproducible among standards and unknown specimens.
o) are not great, they are probably the result of positive an 12.3.1.2 Standards—The composition of these must be

negative errors among laboratories canceling each other. The €own accurately, and they must be homogeneous at the

errors arise from the different ways various systems generaig. . o e level

the pure element intensities, rather than from differences in .
P 12.3.1.3Electron Beam Currert-This must be stable

ZAF or phi-rho-z matrix corrections. Accordingly, before h h dard collecti d unk vsi
routinely using a standardless method for quantitative analysi%, roughout standard collection and unknown analysis or cor-
rected for instability through continuous monitoring with an

it is important to validate the method for a particular class of.

materials by comparing it against analysis with standards offt€grating picoammeter or beam current monitoring before

against a completely different quantitative technique, such a@nd after analysis '.f the drnft IS Imgar. ]

X-ray fluorescence or wet chemical analysis if the specimen is 12.3.1.4 Conductive Coating-This must be thick enough to

homogeneous. If the results are comparable, the standardlg&€Vent changing of the specimen, yet thin enough so as not to

method may be used for specimens of composition similar t@Psorb X rays significantly. It should also be of similar

those on which it was validated. composition and thickness between the standards and the
12.2.5 Precision can usually be improved by acquiring moréinknowns.

counts in the spectrum if that is possible. Longer counting 12.3.2 Some sources of bias often not under operator

times and increased beam current produce more counts. Thegentrol are as follows.

are practical limits, however, such as beam drift or carbon 12.3.2.1Method of Background Subtraction and Peak

contamination increasing on the specimen and causing the totBleconvolutior—These must use appropriate constants such as

counts to be nonlinear with time. Decreasing the amplifier timedetector efficiency for the specific detector being used, back-

constant also increases count rate, but at the expense gfound fitting regions, filter width, and others.

TABLE 5 Comparison Between EDS and Reference Wet Chemical Analysis

Wet Chemistry No Set Parameters (% error) Set Parameters (% error) Standardless (% error)
Type 308 Stainless Steel
Nickel 9.50 9.04 (-4.84) 9.43 (-0.78) 9.23 (-2.84)
Chromium 19.62 20.48 (4.39) 20.31 (3.51) 20.25 (3.23)
Iron 69.00 70.48 (2.14) 69.41 (0.59) 69.60 (0.88)
Average error 0.56 % 1.11 % 0.42 %
Alloy MA 6000
Iron 1.00 0.96 (-4.24) 1.04 (3.67) 0.99 (-1.43)
Tantalum 191 1.88 (-1.30) 1.81 (-5.08) 1.96 (2.62)
Titanium 2.26 2.36 (4.30) 2.02 (-10.55) 1.98 (-12.18)
Molybdenum 1.91 2.43 (27.31) 2.31 (20.82) 2.30 (20.19)
Tungsten 3.91 3.67 (-6.02) 3.82 (-2.27) 3.48 (-11.11)
Aluminum 4.00 4.49 (12.16) 4.78 (19.38) 4.56 (13.91)
Chromium 14.76 15.33 (3.87) 15.07 (2.09) 15.31 (3.71)
Nickel 68.12 67.78 (-0.49) 68.97 (1.24) 64.28 (-5.63)
Average error 4.45 % 3.66 % 1.26 %
Average Error for Type 308 0.70 %
Average Error for MA 6000 3.12%
Overall Average Error 1.91%
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12.3.2.2 Matrix Correction—This program is dependent on elements, precision is significantly degraded and more X-ray
the accuracy of many constants such as mass absorpti@ounts must be collected. Most sources of bias are either
coefficients, mean ionization potentials, fluorescent yields, anthsignificant or under operator control, and the overall accu-
others. racy of the technique is better thah4 % relative to the

12.3.2.3 Standardless ProgramsThese are dependent on reference composition.
the accuracy of the intensity curves built into them as well as
the sources of bias listed above. 13. Keywords

12.4 Overall, when elements are present in major accounts, 13.1 EDS; elemental analysis; energy-dispersive spectros-
an intralaboratory repeatability of 6 % or better and an intercopy; light element; matrix correction; microanalysis; phi-
laboratory reproducibility of 14 % or better are possible. Withrho-z; quantitative analysis; spectrum; standardless analysis;
trace elements, and especially with peak overlaps among trastandards; X ray; X-ray microanalysis; ZAF
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