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Flectrically non-conductive materials can be analyzed spectrochemic-
ally by means of the Grimm discharge lamp after being ground and
mixed with aconductive material (e.g.copper powder) and pressed into
pellets. 8i, Te, Ca, Al were determined in this way in magnesia-based
refractory materials. The influence of the matriz was found to be
completely suppressed.

INTRODUCTION

The continuing advances in the production of refractory materials bring
requirements for more rapid and economical analytical determination of their
composition.

In the case of magnesia-based refractories accurate and rapid determination
of Si0;, Fe 03, CaO and Al,O3 in raw materials, semi-finished products as
well as the final ones is of utmost significance for the manufacturer.

At present, classical analytical methods [1], [2], [3], atomic absorption
spectroscopy [4], [6] and methods based on X-ray fluorescence [6] and their
combinations are mostly employed for this purpose. Considerable attention is
also paid to emission spectrochemical analysis using conventional sources
of excitation [7].

The economic factors and the investigation of the reliability of the results
obtained were the reasons why the present authors decided to study possible
application of emission spectrochemical analysis using spectra excitation in
the Grimm discharge lamp [8], [9] in the determination of the respective com-
ponents in magnesites, sintered magnesia and magnesia bricks. Information in
literature [10], [11], [12], [13], [14], [15] concerning the high excitation stability
and the practically completely suppressed influence of the matrix served as a
stimulus for experimental evalauation of this type of excitation in spectro-
chemical analysis of magnesia-based refractories.

EXPERIMENTAL

Spectra of electrically non-conductive materials can be excited in the glow
discharge lamp only when the material has been homogenized with an electric-
ally conductive additive and the mixture pelletized. Pulverized electrolytical
copper is usually employed as the conductive additive which is introduced
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in various proportions [13], [14]. The possibility of utilizing pure graphite
powder or a mixture of copper and graphite powder has also been described
[15], [16], [17]. On the basis of preliminary experiments concerned with various
types of conductive additives, the additive-sample ratio in the mixture and
the pelletizing technique, the following conditions were chosen to ensure the
optimum analytical results. The sample was mixed in a 1 :19 ratio with
pulverized electrolytical copper having a grain size up to 40 pm. After
thorough homogenization (manual grinding in an agate mortar being fully
satisfactory) the mixture was pelletized into dia. 20 mm pellets approximately
1.5 mm in thickness under a pressure of 980 MPa. The pellets were smooth
glossy and planparallel. If the difference in thickness at the edges exceeds
0.06 mm spectra of inferior quality are obtained. Before measurement the
pellets were washed with ethyl alcohol and dried in order to remove possible
impurities.

The spectra were obtained by means of the HKG 2 glow discharge lamp fed
by the HVG 4 voltage source (both manufactured by Messrs. RSV Hechendorf
am Pilsensee).

The pellets were fixed in a special water-cooled holder by underpressure.

The experimental conditions are listed in Table I.

Table T
Experimental conditions
Spectrograph: ISP 28 of medium dispersion (USSR)
Slit illumination: direct distance of the lamp from the slit 25 cm
Slit width: 0.025 mm
Photographic mat.: ORWO-WU-2
Argon: 3N'5 (Moravské chem. zdv. n. p. Ostrava)

composition: Ar min. 99.65
02 max. 10 ppm
CHs max. 15 ppm
N: max. 400 ppm
Excitation conditions: I. Discharge tube evacuation 90 s
II. Rising with argon 90 s
ITI. Pre-discharge 180 s
IV. Exposure 240 s

Mode: Pulsed, 1,200 V; 150 mA obtained by adjustment of argon
pressuro
Table 11
The spectral line pairs used
Analytical line Reference line

Wavelength Excitation Wavelength Excitation

[nm] energy [eV] [nm]) energy [eV]
Si I 288.16 5.08 CuI299.74 5.78
Fe I302.06 4.10 Cul299.74 5.78
Ca II 317.93 7.05 Cul319.41 5.52
AlT1396.15 3.14 Cu I 402.27 6.87
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The spectral line blackening was transformed into the logarithm of intensity
with the use of emulsion standard curves constructed by means of a preliminary
curve [18] for the respective wavelength ranges. The Respectra instrument
manufactured by Aristo Hamburg was used for the evaluation.

According to the concentration range to be covered by the analysis, the
most convenient spectral line pairs were selected using copper as the 1ntelna1
reference element. The values of the pairs are listed in Table IT.

E RESULTS

Natural standard samples and materials of reliably defined composition
determined by repeated analyses were used as calibration standards. The
natural standards were based on magnesite or magnesia. The synthetic stand-
ards were prepared by adding the respective amounts of SiO,, CaO and Fe.O;
to pure MgO obtained by calcinating Mg(OH),, and by homogenizing the
mixture thoroughly. The compositions of the individual calibration standards
are listed in Tables ITT and IV.

Table 111

Composition of the natural standards [ %]

510, CaO AlLO3 FeOs
1. 0.593 0.581 0.414 2.434
2. 1.64 3.56 0.21 4.22
3. 1.41 0.84 0.48 3.72
4. 0.81 2.55 0.41 7.50
5. 1.59 2.65 0.62 7.35
6. 3.65 1.75 0,97 3,56

1, 2, 3 Magnesite, 4, 5, 6 Magnesia.

Table IV
Composition of the synthetic standards [%]
SlOz CaO Aleg Fe,03

e 0.1 0.2 0.3 0.1

2. 0.1 0.1 0.2 0.2

3. 0.3 0.3 0.5 0.5

4. 0.5 0.5 0.1 0.3

5. 0.7 0.7 1.0 1.0

6. 1.0 1.0 2.0 0.7

7. 2.0 2.0 0.7 4.0

8. 4.0 10.0 4.0 0

9. 7.0 7.0 0 2.0
10. 10.0 4.0 0 6.0
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The analytical standard curves were constructed in the AY [log ¢ coordinates.
The relationships obtained were virtually linear within the given concentration
ranges and the points corresponding to the natural standards, as well as those
based on magnesites, magnesia and the synthetic standards, formed a single
straight line. This indicates that in agreement with the results mentioned in
literature the influence of the matrix does not interfere significantly with
spectra excitation in the glow discharge lamp.

The accuracy of the procedure was determined by estimating the relative
standard deviation based on 15-fold taking of the spectrum of the Kutnd Hora
standard magnesite. The relative standard deviations for the mean value of
two parallel measurements are listed in Table V together with the concentra-
tion range in which the analytical calibration standard curve was constructed.

Table V
The concentration range of the determined elements
and the relative standard deviation

Concentration range in %, Ser
Si0; 0.1—10 0.044
Fe,0;3 0.5—12 0.045
CaO 0.1—10 0.045
AlLO; 0.1—4 0.066

The given concentration ranges cover fully the requirements corresponding
to the basic materials encountered in the magnesite refractory industry. The
determination accuracy depends to a considerable degree on the precision
of the photographic detection technique employed.

The accuracy of the procedure described was verified by comparison of
the results of spectrochemical analyses with the results of chemical analyses
of more than 20 samples, and with the recommended compositions of standard
reference samples.

The correlation between the results of chemical analyses and those of the
spectrochemical method was evaluated by two-dimensional regression analysis
as both groups of results necessarily involve certain errors. Orthogonal regres-
sion coefficients were calculated as well as correlation coefficients for the depend-
ence of the results of chemical analysis on those of spectrochemical analysis,
and as the difference of their mean values. The respective numerical data
for the components are given in Table V1.

In spite of the fact that the distribution of the results cannot be fully describ-
ed by normal distribution, the results of regression analysis offer the best
picture of the accuracy of the method.

~The values of the orthogonal regression coefficient characterizing the course
of the relationship between the spectrochemical results and the chemical ones
are very close to unity. The differences between the two groups of results
are small when compared to the mean content values. This proves a satisfactory
agreement of the independent results of chemical analysis with those of spectro-
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Table VI
Orthogonal regression coefficients, correlation coefficients and the difference of mean values
Element w r a n
Si02 1.052 0.985 0.018 22
Fe 03 1.028 0.989 0.050 20
CaO 0.982 0.997 0.022 21
Al O3 0.848 0.943 0.151 20

n = the number of compared pairs of results.

chemical analysis and thus also a high reliability of the procedure described
above. A deviation has been observed only in the determination of aluminium,
and this can be explained by the unsatisfactory reliability of the standard
chemical methods in the given concentration range. The accuracy of the spetro-
chemical results obtained has also been verified by a highly satisfactory correla-
tion with the results of chemical analysis.

CONCLUSION

Spectrochemical analysis of magnesia-based refractories by means of the
Grimm glow discharge lamp is described. The pulverized samples were homo-
genized with copper powder and pressed into pellets. The relative standard
deviations of the determination results were calculated. The results obtained
were evaluated by means of the regression analysis.
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POUZITIE TLEJIVEJ VYBOJKY NA SPEKTROCHEMICKU
ANALYZU ZIARUVZDORNYCH MATERIALOV —
NA BAZE MgO

Kléra Serdtorovd, Eduard Plsko*)

Vyskuwmny itstav hutnickej keramiky, Bratislava
Geologicky ustav Prirodoveckej fakulty, Bratislava*)

Nevodivé, praskové vzorky mozno analyzovat spektrochemicky za pouZitia Grimmo-
vej vybojky ako budiaceho zdroja po homogenizdcii s vodivou prisadou a lisovani zmesi
na tabletky. V predkladanej prédci sa ako vodivd prisada pouzila praskové elektro-
lytickd med. Na kalibrdciu sa pouzivali prirodné a] syntetické Standardy. V suhlase
s doteraz publikovanymi ddajmi sa experimentdlne potvrdilo, Ze vplyv matrix je
prakticky uplne potladeny. Analyzovali sa magnezity a magnézie pouZitim jednej
kalibraénej krivky. Vypotitali sa relativne $tandardné odchylky. Na zistenie spravnosti
stanovenych vysledkov sa tieto zrovnavali s vysledkami chemickej analyzy. Vztahy
medzi vysledkami chemickych metéd a metédy spektrochemickej sa hodnotili pomocou
dvojrozmernej regresnej analyzy, kedZze oboje vysledky su zatazené urditymi chybami.
Vypotitali sa ortogondlne regresné koeficienty (w), korelaéné koeficienty (r) pre zé-
vislosti vysledkov analyzy chemickej od vysledkov spektrochemickych, ako aj rozdiel
ich strednych hodnét (a) (Tab. VI).

OPHMEHENHUE TIEIOUWEIL JIAMITLI JI5I
CIIEKTPOXMUMHYECKOTO AHAJHN3A OTHEVIIOPOB —
MATHE3HMTOB

Knapa Ceparoposna, 9ayap; llmnxo

Hayuro-uccaedocamenvcruii uncmumym oeneynoposoe, B pamucaaca
Teonozuneckuii uncmumym (iaxyavmema ecmecmeennvix nayr, B pamucaasa

Henpososineie, IOpomKoBLIe 00pa3itbl MOKHO IIOABEPraTh CIEKTPOXIMIIICCKOMY alHaIusy
¢ IPHMEHEHIIEeM JIaMIIBl I'DIIMMa B KauecTBC IICTOMHIIKA BO3OYKACHISI IOCIe TOMOreHII3a il
C IPOBOJUIMOIT ;}06:1131{01”1 i1 opmoBamist B Tabuerni. B mpemyaraemoii padore B KauecTBe
O POBOJIIMOIT JI0OaBKII IPIMEHLII IOPOIIKOBYIO JIEKTPOJIITIINECKYIO Me/b. st KainopoBKi
10JIb30BAJNICH KaK NPHPOJHBIMII, Talk 1I CHHTETIYECKHIMII cTaH;[apraMil. Buimo moxasaHo,
B II0JIHOM COIJIACHII ¢ JIO CHX JIOP 011y (;1KOBaHHBIMII JAHHLIMII, UTO BJIISIHIIE MATPII] OPaKTH-
YecKII BIOJIIE IICKIII0oYaeTcest. AHAJII3Y HO/BEPTaJIs MATHE3ITH 1f O/{07KTEeHHYIO MarHeauIo ¢ I1pi-
MeHEeHIIeM O/{HOIf KasdpanionHoii KpiBoif. PaccuiITeIBail OTHOCHTEILHLIE CTAHAPTHLIC OT-
xyoHenns1. Il Toro, uro6bl OPOBEpPHTH IPABILNIBHOCTH MOJIYYEHIEIX DPE3yJILTAaTOB, CONO-
CTABJSIIHI IIX ¢ pe3yJIbTaTaMIil XIIMIlYecKoro aHaiusa. OTHOIIGHIT MeMy pe3yIbTaTaMIl
XMMIIMECKIIX METOJIOB II CIIEKTPOXMMHYECKIM MeTojoM oOpadaThiBajul ¢ IIOMOINbIO JABYX-
Pa3MEPHOro PerpeccHOro aHaJl3a, HOTOMYUTO 00a BIjIa PE3yJIbTaTOB COJiePKaT olpeeIeHHbIe
HOrpemuocTil. BLII pacylTaHEl OPTOrOHAJLHLIC perpeccHnie Kou(uiuieHTH (w), Koaddm-
INIEHTHI KOPPEJIAIUNI (r) A5 3aBUCHMOCTCII Pe3ysbTaTOB XIMIIYECKOro aHaJlI3a OT Pe3y:db-
TATOB CHEKTPOXNMIMMECKIIX aHAJI30B; KPOME TOT0 OBIIO DaculTaHO pa3JlIuie IIX CPeZHHX
Bemnuun (a) (TaG:a. VI).
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