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Pwo importeent characteristics were investigaled  studying the possibitity
of wse of the vnergy dispersive spectrometer: resolution Wimit of the two near
concentrations and the limit of detectability. The resobution fhmit weas studied
experinentally on serivs of silicete glasses i which the cendcnt of Si0; steeply
changed of 195, The Limit of detectability was studied on serics of identical
glasses with various conteid of ZnO.

RESOLUTION LIMIT

The following parameters of the X-ray spectrometer are significant studying
the resolution lnmt its acentacy, its wluoduulnllt\ short and l()n(r time stability.
The same parameters must have also the elassical wavelength spectrometer. While
using an energy dispersive spectrometer the systematical errors caused by speetra
processing are added further.

Resolution limit was studied for the near concentrations of the SiO; on three
glasses with the following real contents of SiO; in each of them: 77.84 9, SiO,,
78.84 9%, Si0; and 79.84 9, Si0,. Because of the high content of SiO; and thus high
ratio of the pealk of SiK,, no speeial attention was payed to the background substmc-
tion. The Edax analyser modell 711 equipped with diinicomputer and software
Edit Nova was used for the measurement. By means of these programmes it is
possible to substract the background with a simple digital filter and separate the
peaks in the way described in [1], [2]. For the establishment of the intensity after
fitting the Gaussian curve on the peak, the area under curve 1.2 FWHM in width
is determined. The whole area is not used for the insufficient coincidence of the
Gaussian curve with the tails of the peak. This way about 85 %, of the whole area
of the pealk is taken into account. Systematic error caused by separation of the pealks
quickly inereases with the inproper calibration of the spectrometer. Gain of the DC
amplifier is extraordinarily stable, but the position of the zero level changes with
time and with temperature. Even with the stabilized instrument in a dluml,u,cd
lahoratory the shift of about 1—2 ¢V . hour-t takes place. Kach glass of the ahove
mentioned series was twice measured and the measurement of Lhc first glass was
then repeated. i

Measurement was carried out at 15 kV accelerating voltage and at the heam
cwrent of 1.10-2 A, To avoid the alkali-migration the area about 60370 pm was
scanned instead of that of point analysis. TllL measuring interval (so called life time)
was 40 . The intensity of SiK,, lmc was (l(*wmmlul in the three following ways:

1. After backgreund substraction using (‘.m%smn eurve the separation was
provided.
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2. After hackground substraction the content of all channels under the j;eak curve
was determined to calculate the area under the peak curve.

3. Without background substraction the area of the window in width of 220 eV
was established (i.e. 11 channels). The center of this window was always identical
with the maximal value of the peak. FWHM of the SiK, peak is 140 eV.

The experimental results are shown in Fig. 1. Intensities are plotted in counts.
It is apparent that the stability of the measurement and its reproducibility are
satisfactory, differences are about 0.59, rel., with the exception of middle glass
(up to 29%) probably due to its worse homogeneity.
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Fig. 1. Plot of number of counts N against concentration ¢ of SiQz. Life time 40 s. Number labeled
to lines determine method of peal: stripping (sce text).
1 — peals stripping after background substraction (program I -stripping).
2 — Integral of the pealk after background substraction (program Ii M-intensity).
3 — Inteqral of the selected window (11 channels without background substraction.)

The reproducibility of results is satisfactory, although its deterioration due
to imperfect homogeneity of measured glass cannot he excluded. Further follows
from the picture that all three used ways of establishement of intensity are equal
at the proper calibration of the spectrometer.

The zero shift of the energetic scale of the analyseris another problem. At the zero
shift of 10 eV the intensity drop in the two first metheds was about 3 %, in the third
method intensity increased abeut 19, (apparently in the frame of statistical fluctua-
tions of counts).

At the shift of 20 eV the intensity drop in the first two cases was 10 %, . The third
method gave results of 1.49, higher then previously.
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The third method is less sensitive to proper calibration. Unfortunately it is possible
to use it only when the analysed peak is not overlapped by the neighboring peak.
At the high content of AlO; in glass, for example, the peaks for Al and Si would
overlap and the third method would give negative results. It is apparent from Fig. 1
that with a properly adjusted spectrometer and at good stability (particularly
constant temperature) the 1Y%, difference in concentration is possible for reliable
resolution. Further we have investigated the possibility to shorten the time of
measurement (life time) to 10 sec. The result is introduced on Fig. 2. It is apparent
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Itig. 2. Plot of number of counts N aguinst concentration ¢ of Si0,. Life time 10 s. (Program I8P -peak
stripping).

that the resolution of the 1Y%, difference in the content of SiO; is still possible in this
case, but owing to much higher statistical fluctuations it is less reliable because
the accuracy of the measurement is not sufficient due to a small nunber of pulses
(cea 15,000).

LIMIT OF DETECTABILITY

When the limit of detectability is studied, both, the highest precision (the lowest
statistical Huctuations) and the highest distance of characteristic X-ray signal from
the background are required. Energyv-dispersive spectrometer gives a very high
background and has poor resolution, so that the peak-to-background ratio is very
low, up to 2 orders compared with the wave-length spectrometer. Therefore the
background substraction from X-ray spectrum becomes very important. EDAX
spectrometer model 711, equipped by the minicomputer uses simple digital frequency
filter, which identifies peaks as arcas exceeding the backround by more than two
standard deviations; these areas are then substracted from the spectrum see [1], [2],
[3], [4]. When this filter is applied to the spectrum, only a background remains and
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after substraction of this background from the original spectrum net peaks are
obtained for further processing. However, this filter cannot distinguish randomly
cumulated pulses (statistical flucluations) so that a number of “strange’ peals,
which do not represent any element, remains in the spectrum. These “strange™ peaks
randomly change their position when digital filtering is applied to the new spectrum.

Peaks representing X-ray lines are distorted after filtering. This phenomenon
causes suppression of the X-rav intensities measured and involves systematic error
in following peak stripping.

Distortion of peaks was tested on caleulated Gaussian peaks of 10,000 pulses
and. 60 pulses of height, respectively, with energy corresponding to ZnKy, line. Total
area of the first peak was 104,132 pulses, spread in 36 channels. After application
of digital filter, the height of this peak decreased to 9,900 pulses and its total area
was 102,278 pulses (difference about minus 29). The total area of the second peak
was 612 pulses, which was spread in 24 channels. After digital filtering its height
was 48 pulses and consisted of only 16 channels. The shape of the peak was visibly
changed. non-Gaussian and non-symmetric. The total area was only 417 pulses,
i.e. for 329 lower. It is evident, that to use a digital filter is more convenient for high
peaks than for low peaks, the slope of which is not so sharp.

The second disadvantage of the bhackground substraction program is, that the
information about suhstracted background is not stored, so that any statistical
treatment of the distance of peaks from background is impossible. It is not possible
to use the program peak-to-hackground ratio for this purpose, hecause this gives
the ratio of the net peak intensity to the total background (in all spectrum). It is
clear, that hoth, peak and hackgronnd areas should be measured in the identical
band of the spectrum (so called window). Tf the width of the window increases
(we suppose that the eentroid of the window isidentical with the centroid of the peak),
the area of the background increases approximatelly Jinearly, but the area of the peak
increases according to the integral of the Gaussian curve, reaching constant value
in the limit (i.e. if the window width is from —w to o). It means that with the
expansion of the window the precision of the measurement increases (as the standard
deviation increases with square root of total number of pulses), but peak-to-back-
ground ratio decreases.

It seems that window width equal 1.2 FWHM, which is used in peak stripping
programs, is too high when small peaks are stripped. Therefore the optimal window
width should he found.

The limit of detectability of Zn in silicate glass was studied experimentally. Peak
of ZnK,, line is far from other peaks in the spectrum. so that no special peak stripping
wasrequired. Two identical glasses, containing 0.10 9 and 0.15 %, ZnO were prepared.
Accelerating voltage was 20 kV, specimen current 1.10-2A, life time 100 s. Fig. 3
shows part of X-ray spectrum of the glass No 1719. containing 0.109%, Zn0. Fig. 3b
shows the expanded part of the same spectrum. Fig. 3¢ shows the spectrum after
background substraction. Peak ZnK, is marked by a vertical line. It can be seen,
that occasional “strange” peaks can be even higher than proper peaks. Fig. 3d and 3e
show spectrum of glass No 1721, containing 0.15 %, ZnO. Fig. 3f shows the comparison
of original spectrum with this spectrum after background substraction. It is evident
that “strange” peaks are formed by the use of digital filter. In order to find the
optimal width, the window was expanded step by step from 1 channel up to maximal
number of channels. The background was established as a difference of the total
number of pulses in selected window and the number of pulses in the same window
after background substraction. The value 7 —2 [,@73 (where I’ is the number
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of pulses of the peak and 2 |//2B is a doubled standard deviation ¢, B is the number
of pulses of background) was taken as the resolving criterion of the peak to the

background. These values are presented in Tab. I. It can be seen. that if we take

Table [

. . 0.10 9%, Zn0
Specimen No 1719

Number of channels - o { : e

PaB . P B2 Vo P 20 P

1 456 35 421 58 | -2 0.083

3 1312 99 . 1213 98 1 0.031

5 2144 148 1996 126 22 0.074

7 2978 180 27488 150 30 0.064

9 3781 197 3584 169 28 0.055

L1 50 205 4384 187 13 0.047

13 BRE Y 208 51397 203 5 0.040

o . 0.15 9%, Zno
Spocimen No 1721

Number of channels . ) e )
~ P+ B P B 1 2B P s rii
i s ]

1 449 59 390 56 3 0.5l

3 1412 168 1244 100 68 1 L0135

5 2287 254 2033 128 126 0.124

7 3170 315 2855 151 164 0.110

9 L4029 348 3681 172 176 f 0.094

1 L4846 361 4485 190 171 | 0.080

13 L5635 365 5270 205 | 160 0,069

into the account only the height of the peak (1 channel) the peak needs not be statistic-
ally resolved from the background, even the P/B ratio is maximal. On the other
hand, when maximal number of channels is chosen, the possibility to resolve the peak
from the background is also very low. In our case the optimal window width was
9 channels, i.c. 180¢V.

Fig. 4 shows the plot of net peak area against the concentration. Horizontal lines
represent corresponding 20 levels. Full lines represent the case with 9 channels,
dashed lines represent the case with 13 channels (260 ¢V). FWHM on ZnK, peak
was 200 eV. The crosses of the corresponding lines give the limit of the detectability.
When optimal window width is chosen the limit is 0.08 9, ZnO, when conventional
(1.2 FWHM) width is chosen, the limit of detectability is lower, 0.09 %, ZnO.

CONCLUSION

From measurements presented here follows that using energy dispersive X-ray
spectrometer it is possible to distinguish 19, difference at 809, weight content
of siliea in the glass. This value is nearly identical with that established by wave-
length dispersive spectrometer [4].

Neither limit of detectability under optimal conditions (short - wavelength
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LFig. 4. Plot of net peak area (in counts N) against the concentration ¢ of ZnQ. IMull lines (squares)
represent window width 9 channels, dashed lines (crosses) 13 channels.

characteristic radiation in light elements matrix) is not much worse compared
with the value obtained by wavelength dispersive spectrometer [4]. Both values
are of the same order. However, measurement was not interfered by peak convolution
and complicated shape of background.
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MEZE ROZLISENI A CITLIVOST IVRENTGENOV S MIKROANALYZE SKEL
PRI POUZITT ENERGIOVE DISPERZNIHO SPEKTROMETRU

Karel Jurek, Viclav Hulinsky
Ustav anorganiclé chemie GsAV, 11’53:':’ u Prahy
Spoleéna laboratot silildte CSAV a VSCHT', Praha

Moz rozligent byla studovina experimen tilnd nasérii t¥i vzorka silikdtovych skel dbsdhujiciéh
77,849, 78,849 a 79,849, SiO2. Mdieni bylo provedeno na clektronovém mikroanalyzditoru
JXA-50 fy JEOL pii pouZiti spektrometru EDAX, model 711. Byly ovéfoviny tFi rozliéné zpu-
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soby odedéitani intenzity rtg. ¢iary Silk, z namdreného spektra, aby bylo mozné zjistit vliv spravné
kalibrace a stability spektrometru na mez rozlieni:

l. Po odetteni pozadi byla provedena separace piku SilNg piizpusobenim Gaussovy kiivky

(program lM-peak stripping).
2. Po odecteni pozadi byla zjistovana plocha piku se¢tenim obsahu viech jeho kandla (program
M- intensity).

3. Byl zjistovan obsah okénka o Sitce |1 kandli bez odeéteni pozadi, pri¢ems stied okénka byl

umistén do maxima piku.

Zavislost zjisténych intenzit na konecentraci je uvedena na obr. 1 a 2. Je videt, Ze rozliseni
jednoprocentniho rozdilu pii uvedenych koneentracich je moznd viemi metodami. Metoda |
jo nejeitlivejsi na spravnou kalibraei, metoda 3 je nejméne citliva. Jsou-li viak piky mald
a piekryvaji se se sousednimi piky, je nutné pouzit metody 1.

Mez citlivosti byla studovana na dvou identickych sklech o obsahu 0,1095 a 0,159, Zn0.
Namoiend spektra jsou uvedena na obr. 3. Byl zjistovin vliv digitdlniho filtru na spektrum
pii odecitani pozadi. Zejména malé piky jsou filtraci znaéne deformoviny a snizeni intenzity
dosahuje az nckolika desitek procent. Dale byl studovian vliv 3itky zvolendého okénka na odstup
piku od pozadi tak, Zc okénko bylo rozsifovino z 1 kandlu az na cclou $itku piku (13 kanala).
Vysledky jsou v tab. L. Optimdlni $itka okénka byla 9 kanaltpro ¢iru Znll,, tj. 180 ¢V. Zdivislost
intenzity ¢ary ZnK, na koncentract Zn0O je uvedena na obr. 4. Z tohoto grafu plyne, Ze mez citli-
vosti je 0,08 % Zn0 pitintervalu spolehlivosti 20. Mez citlivosti pii pouZiti energiove disperzniho
spek trometru, tedy za optimailnich podminek, neni o mnoho horsi nez hodnota ziskand vinove
disperznim (krystalovym) spektrometrem, nebot obt rtg. hodnoty jsou stejného tadu.

Obr. 1. Zdvislost poitu pulsic N na koncentraci ¢ SiOy. (Life time 40 s.) Cislo oznadujics piishusnou

lin réije metodw stripovand piki (viz teat).

1 — stripovdni po odecteni pozadi (program I0M -stripping).

2~ Integral pikit po odectent pozadi (program Ji3-intensity).

3~ Integrdl ,,olénka’™ o vybrané §ifce (11 kandlit) bez odectent pozadi.

Obr. 2. Zavislost poctu pulsit N na koncentrace Si0,. (Life time 10 s) (program LP-peak stripping).
Obr. 3. Speletrum charalkteristick:cho rtg. zafend ze skla obsahwjict pile ZnKy, spektrum zaznamendno
PFC20 LV wrycldovaciho napéti, proud vzorkem 1. 10~ A. (Life time 100 s.)
) Vzorel é. 1719 obsakajici 0,10 %y ZnQ.
b) Toté spelktrum roztas
¢) Speltrum po odectent pozadi. Pil Znl, je oznaéen svislow éarou.
d) Vzorek & 1721 obschujici 0,15 9%, Zn0.
e) Speltrum po odecdterd pozadi. Pil Znky je oznadéen svislow éurouw.
f Porovndni puvodnilo speltra se speltrem po odeéteni pozadi.
Obr. 4. Zdavislost velilkosti plochy pod pikem (v poétu pulsic N) na koncentraci ¢ ZnQ. Plnd Cdra
(Ctvereély) zndzoriuje §ifkw okénla 9 kandli, prerufovand édra (kFizky) reprezentuje Fifleu
olcénka 13 kandli.
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HPEAEdL HALEHNTIHOUNALKE B UYYBCTBHTEIILHOCTH
B PEHTIEHOBCROM MURPOANAJHIE CTEROJ
HPH IPUMENTENHIT 9N EPPHETO-AHCIHTEPCHOITHOLO
CHERTPOMETPA

Iapea 10per, Baas Uy ey

Henvumym. neopearnunecrodd xustwwe YCALL, Poceoc nod H pazoit
Y ) !/
O6was aabopamopus cuaukamos YCAH w XTH, Hpaea

Heeae;oBasin  9RCHCPIMONTAILHLIM  HYTEM  HPEJACALI IZCHTHRIRAINE HA cepiit Tpex
00pasiloB CIKHIRATHLIX CTERO.1, cojep:ranix 77,84 %, 78,84 9% 11 79,84 9%, SiO,. Mamepernust
NPOBOJUIL ¢ HOMOILIO 9.ICKFPOHIOro Murpoanaumaropa JXA-50 @upmu JEOL ¢ upu-
MmenenueM cuerrpoMerpa EDAX] yoqeas 711 OueBlBaiiich TP PAS/IMMHBIC CHOCOOBI OT-
CUCTA MHTCHCHBHOCTH PCHTICHOBCRUX JuHuil SiKg 18 13MEpeHHLIX CHCKTPOB ¢ HCIABIO YCTa-
HOBHTBH BJNsIHIE NPaBILIBUON RasmOpargnt 1t ¢TaluAbHOCTH CIICKTPOMCTPA Ha HPELCHbl
HACHTHPHUKAILIIL:

1. mociie orcuera fona npoBOULLN cenapalo mura SiKy npuciocodlicHiies KpHBOK
Paycea (uporpamma IEM -— pear stripping);

2. nocye oTcueTa (POHA YCTAHOB/IMBAIL IIOBEPXHOCTH HIKA CYMMHPOBAHIEM BCCX €0
rapanos (nmporpamva KM — mmrencuBmocTi);
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3. VOTAanmBadl  COACPHIQIHC  OROIRA ]ll”])l!]l()ﬁ 11 kananon Oe3 orcuera (IJ()]IE\,

NPBNEM HCHTD OKOHIRA HOMCIAIL B MARCHMYM KA. :

SABHCHMOCTL VETAHOBICHHLIX JHTCHCHBHOCTCH 0T RONNCHTPAINIT HPHBOTC Ha pic. 1
1t 2. Biino, wro ientnGuRaiio o} HONPONeTHOrO PasIHuns npH NPUBOIIMBIX ROTICHTPA-
N MOZKHO TIPOBO;UITEL ¢ THOMODLIO BeeX MeTo,108, Alerojl 1. orasniBaete st nandosce uyBeTnii-
TEJALILIM  OTHOCHTCILIO  NPABHALHON - KasnOpaiuin,  MCTo;l 3. HAUMCHCC UYBCTBITCICH,
O;HARO ee/Bt TR HeGOALINIC W HCPCRPLIBAIOTC ¢ COCCUTIMIL ITHRAMIL, TO TPHXONTe
HPIMCIATL MeTOU 1).

[Tpe;iesnl uyBETBUTCALHOCTI HECA OB HA JABYX ILTCHTHYCC RUX CTeRAAX, cOCPKAIIX
0,10 9% n 0,15 % ZnO. Hasmepennple clewTpn npipo;piTe st Ha piic. 3. Y eraas B Bisuie
JIFITILHONO PUABTPA Ha cHCKTD 1pi oTeyere gona. Hyenno nedospiuie okl gueayTpaied
BSHAUNTEALIO JACPOPMUPYIOTCS 11 HOIZRCINIC IITTCHCUBIOCTI JIOCTHEACT TCCROABRIX JICCATOR
HPONEHTOR. Jlajiee PacesMaTpuBail BB IHUPHITLL H0{00PAaTHOT0 OROIMKA HA PaceTosme
HIKA OT QOIA Tak, YTO OROUIKO pacinupstr ¢ 1 Raltada ;1o Beeil impnnss mka (13 radaaon).
Peavanrarnr npupo;pires B tada. o B Bigie onmiMasinioil mmpinn oROIMRA . OKa3hBATI0Ch
9 wamazton et annn ZnKe ooco 180 a8, Basnenmoctn nnremennuoctn auiny ZnK, or
KOMHCHTpaIu ZnO upnpojuirest ga puc. 4. M3 rpaduia cae;(yer, uTo Hpejesabl Uy BETBHTE -
noctn coeTaniasnor 0,08 % ZnO npu nurepnase wleAmoctn 26, Hpeiean nyvBerBireaLnoetn
HPH HPHMEHCIHIL AHCPTHCBO-ANCHCPCNOT0 CHERTPOMETPA NP ONTHMUILIINX  YCIOBIAX 11C
FOPAZL0 XVIKE, YeM B UTUNNA, NOAYUCHHAN ¢ HOMOIILIO BOJOBO-HCICPCHORHOTO (KpHeTas -
INCCROTO) CHCRTPOMETPA, TARK KAk 00C PCHTICIOBCRIIC BCANTIILI TOIO #e HOpsLIRA.

Puc. 1. Basucusocmun koavvecmea nyaveos N om soryenmpayuw ¢ SiOa. (Life time 40 ¢).
Hoatep, oGoananaiougudi coomeememeyiowyio Ao, 0npedeasem atemod cmpunosaius

nuroc (cae. mexem): 1 -— empunocanue nocae omewema iona (npozpasaa LI -
stripping), £ - wnmezpaa nwxos nocae omexema gona (npozpaststa M — wunmen-
cugrocmu), 8 —— wmezpan ,,ox0wna’’ nodoopannoii wupuni (11 ranazoe) 6es om-

cuema fona.

Puc. 2. Bacucustocmy roawneemea nyavcos N om nonyenmpayuw SiQOz. (Life time 10 ¢).npo-
epastaca ISP — pear stripping.

Puc. 3. Cnexmp xaparmepucinusiecrozo peiumzenosekozo UsAYNeHus Ud Cnerad, codepicaneso
nun ZnKe, cnewmp zavemuan npu 20 kB yeropumeanioeo nanpaxcenus, mok o6 paz-
woae 1.10-° A, (Life time 100 c.): a) obpazey = 1719, codeprucawguwii 0,10 % 710,
6) mom e cnexmp pacuupelnii, ¢) cnekmp nocae omesema gona. ITux ZnKy
0003HAMCIL HCPES GCPINUEALLIQYI0 AUNIO, 2) 00 pasey == 1711, codepaucawpuii@,15 % 7n0,
d) cnexmp nocae omewema ora. Ik 00031anen wepes cepmura biyio AUHWIO. €) Cpag-
HEHUC NEPEOHANAILHOZO NUKA CO CRCKMPOS NOCAC OMCUCING (fona.

Pue. 4. Basucusocmyv passepa noceprrocnie nod nuxost (¢ woaunecmee nyavcoe N) om kon-
yermpagwe ¢ Zn0. Cnaowasn aurus  (keadpamunu)  npedemacagsem  wupuny
orowra 9 kana0s, wmpuxoeas aunus (kpecmiasi) wupuny orowra 13 kanaios.
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X-ray spectrum of glass showing peak: Zin¥y, taken at 20 kV, specimen
(Life time 100 s).

a) Specimen No 1719 containing 0,109y 7Zn0O. b) PThe same spectrum, expanded.

¢) Spectrwan after background substraction. ZnlIs,,
tine is marked by « vertical tne.
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IY Comparison of the original spectrum. with the spectrum after buclkground substraction.

Silikaty ¢. 1, 1932





