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Electrically non-conductive materials can be analyzed spectrochemic
ally by means oj the Grimm discharge lamp ajter being ground and 
mixed with a conditctive material ( e.g. copper powder) and pressed into 
pellets. Si, Fe, Ca, Al were determined in this way in magnesia-based 
rejractory materials. The influence oj the matrix was jound to be 
completely s�tppressed. 

INTRODUCTION 

The continuing aclvances in the procluction of refractory materials bring 
requirements for more rapid ancl economical a.nalytical determination of their 
composition. 

In the case of magnesia-barnd refractories accurate and rapid determination 
of SiO2, Fe2O3, CaO ancl Al2O3 in raw materials, semi-finished products as 
well as the final o nes is of utmost significance for the manufa,cturer _ 

At present, classical analytical methods [l], [2], [3], atomic absorption 
spectroscopy [4], [5] and methods based on X-ray fluorescence [6] and their 
combinations are mostly employed for this purpose. Considerable attention is 
also paicl to emission spectrochemical analysis using conventional sources 
of excitation [7]. 

The economic factors and the investigation of the reliability of the results 
obtainecl were the reasons why the present authors clecided to study possible 
application of emission spectrochemical analysis using spectra excitation in 
the Grimm clischarge lamp [8), [9] in the determination of the respective com
ponents in magnesites, sinterecl 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-basecl refractories. 

EXPERilVIENTAL 

Specka of electrically non-conductive materials can be e:x:cited in the glow 
discharge lamp only when the material has been homogenized with an electric
ally conductive aclditive ancl the mixture pelletized. Pulverized electro1ytical 
copper is usually employed as the concluctive 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-sa:mple 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 µm. 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 thiclmess under a pressure of 980 lVIPa. 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 lVIessrs. RSV Hechendorf 
am Pilsensee). 

The pellets were fix:ed in a special water-éooled holder by un<lerpressure. 
The experimental conditions are listecl in Tahle I. 

Spectrograph: 
Slit illumination: 
Slit width: 
Photographic mat.: 
Argon: 

Excitation conditions: 

Mode: 

Table I 

Experimental conditions 
ISP 28 of medium dispersion (USSR) 
direct distance of the lamp from the slit 25 cm 
0.025 mm 
ORWO-WU-2 
3N·5 (Moravské chem. záv. n. p. Ostrava) 
composition: Ar min. 99.65 
• 02 max. 10 ppm 

CH4 max. 15 ppm 
N2 max. 400 ppm 

I. Discharge tube evacuation 90 s
II. Rising with argon 90 s

III. Pre-discharge 180 s
IV. Exposure 240 s
Pulsed, 1,200 V; 150 mA obtained by adjustment of argon
pressure

Table II 

The spectral line pairs used 
Analytica� line Reference line 

·wavelength

I
Excitation 

I
Wavelength Excitation 

[nm] energy [eV] [nm] energy [eV] 

Si I 288.16 5.08 Cu I 299.74 5.78 

Fe I 302.06 4.10 Cu I 299.74 5.78 

Ca II 317.93 7.05 Cu I 319.41 5.52 

Al I 396.15 3.14 Cu I 402.27 6.87 
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The spectral line blackening was transformed into the logarithm of íntensity 
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 
inost convenient spectral line pairs were selected using copper as the internal 
reference element. The values of the pairs are listed in Tahle II. 

RESULTS 

Natura.I 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 Si 02, CaO and Fe203 
to pure lVIgO obtained by calcinating lVIg(OH)z, and by homogenizing the 
mixture thoroughly. The compositions of the individua! calibration standards 
are listed in Tables III and IV. 

'J!able. lII 

Composition of the natural standards [%] 

Si02 I CaO I AhOJ I FeQ3 

I. 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. o.si 2.55 0.41 7.50 
5. 1.59 2.65 0.62 7.35 
6. 3.55 1.75 0,97 3,55 

1, 2, 3 M:agnesite, 4, 5, 6 Magnesia. 

Table IV 

Composition of the synthetic standards [%] 

I Si02 CaO I Alz03 I Fe203 

I. 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 l!).O 4.0 o 

9. 7.0 7.0 o 2.0 
10. IO.O 4.0 o 6.0 
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The analytical standard curves were constructed in the �Y/log c 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 
litera ture 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 Kutná 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 % Ber 

Si02 0.1-10 0.044 

Fe20J 0.5-12 0.045 

CaO 0.1-10 0.045 

AJ,03 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 resltlts 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 VI. 

In spíte of the fact that the distribution of the results cannot be fully clescrib
ed by normal distribution, the results of regression analysis offer the best 
picture of the accuracy of the methocl. 
_ The values of the orthogonal regression coefficient chara.cterizing 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 indepenclent 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 

I 

r a 
I 

n 

SiO2 1.052 0.985 0.018 22 

Fe2O3 1.028 0.989 0.050 20 

CaO 0.982 0.997 0.022 21 

AhOJ 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 ex:plained 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 correlas 

tion with the results of chemical analysis. 

CONCLUSION 

Spectrochemical analysis of magnesia-based refractorjes 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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POUŽITIE TLEJIVEJ VÝBOJKY NA SPEKTROCHEMICKÚ 
ANALÝZU ŽIARUVZDORNÝCH MATER IÁLOV-

NA BÁZE MgO 

Klára Serátorová, Eduard Plško*) 

Výskwnný ústav hutníckej keramiky, Bratislava 

Geologický ústav Prírodoveckej fakulty, Bratislava*) 

Nevodivé, práškové vzorky možno analyzovať spektrochemicky za použitiaGrimmo
vej výbojky ako budiaceho zdroja po homogenizácii s vodivou prísadou a lisovaní zmesi 
na tabletky. V predkladanej práci sa ako vodivá prísada použila prášková elektro
lytická maď. Na kalibráciu sa používali prírodné aj syntetické štandardy. V súhlase 
s doteraz publikovanými údajmi sa experimentálne potvrdilo, že vplyv matrix je 
prakticky úplne potlačený. Analyzovali sa magnezity a magnézia použitím jednej 
kalibračnej krivky. Vypočítali sa relatívne štandardné odchýlky. Na zistenie správnosti 
stanovených výsledkov sa tieto zrovnávali s výsledkami chemickej analýzy. Vzťahy 
medzi výsledkami chemických metód a metódy spektrochemickej sa hodnotili pomocou 
dvojrozmernej regresnej analýzy, kedže oboje výsledky sú zaťažené určitými chybami. 
Vypočítali sa ortogonálne regresné koeficienty (w), korelačné koeficienty (r) pre zá
vislosti výsledkov analýzy chemickej od výsledkov spektrochemických, ako aj rozdiel 
ich stredných hodnot (a) (Tab . VI). 

rr p H M E I -IE IHIE T JI E IO w: E i1 JI A M rr bl � JI H 
CfIEHTPOXHMltP-IECHOfO AHAJIH3A orHE-YilOPOB 

MAfHE3lITOB 

Hnapa CepaTopona, 8Ayapµ; Ummw 

Jí ay•1rio-uccAeBoeameabc1.w'í uricmumym oe1-1,eynopoeoe, B pamuc.11,aea 
I'eoaoetť•tec1,ul'í uricmumym gjah,yabmema ecmecmeeHHbtX riay,., B pamuc.�aea 

HerrpoBO/.\IIMb!0, rropoIIIHOBbl0 o6pa3[\f,I MO)l{HO IIO).(BepraTb CIICHTpOXHMHqecI<OMY a11amrny 
C np11MCHCHHCM JiaMIIb! fpnMMa B rrn•JeCTllC IICT011Hl11{3 noa6ymA0Hllll IlOCJIC ťOMOrCHll330:lllI 
C npOBO/.\HMOH A06anrwň: li qiopMOBallUll B Ta6JICTIOI. B npCAJiaraeMOň: pa6oTe B r<aqeCTBC 
npOBOJ.\HMOií no6amrn rrpIIMCHHJ!l1 nopOIIIIWBYIO SJICI,TJ)OJIIITilqecHyIO MC/.\b. �Jl.fl I<aJin6pomrn 
IlOJib30B3JIIICb ]{al{ npnpO/.\Ilb!MH, T3l( li CHIITCTHqecm-1Mn CT3H/.W))T3Mll. Buno /.\OHa3aHO, 
B IIOJIHOM cornacmr C /.\O CIIX rrop orry6.TJl!IWBaIIIJbIMil /.\3IIIIb!Mll, qTo BJIH.fIIIHC M3T))IlU: rrparnrr
'ICCHH BIIOJ1Il0 HCHJIIO'I3CTC.fl. Anaml3y IIOABCpraJIU M3ťll03IITLI 11 OJ:(OiHTCIIIIYIO MarH03IlIO C II))H· 
MCH0HHCM 0/.\HOH IrnJin6paa:nonnoi-i HJ)HBOH. Pacc•UITb!B3JIH OTHOCHTCJibHb!C CT3H/.\3PTHb!0 OT
IrnOHCIIJlll. �Jlll TOťO, 'IT06bl nponep11Tb rrpaBIIJibHOCTb IIOJlyqennr,rx p03YJibT3TOB, cono
CT3BJ1.f1Jlli !IX C peayJibT31'3Mll XHMWICCHOro aHamrna. 0THOIII0Hllll Memny pe3yJibT3TUMII 
X.HMll'JCCHHX MCTOJIOB H CIICI{Tpox11�mqec1mM MCTO/.\OM o6pa6aTb!B3JIH C IIOMOII\bIO ABYX
pa3M0pHoro perpeCCHOťO aIIaJIII3a, HOl'OMY'ITO o6a BII)la peayJibT3TOB CO/.\CpmaT OIIPCJ.\0llCHHbl0 
rrorpernIIOCTII. Bunn pac,mTaHbI opToronanbHbIC perpeccm,re rw,HpcJ>m�nenTbI (w), rrnaqiqm
Il,HCHTLI l{Oppenm(llll (r) AJI.fl 33BIICHMOCTCH pe3yllbT3TOB xmmqec1wro 3H3J1H3a OT peaynb
TaTOB CIICHTpOXIIMH'!CCHHX aHamrnon; HJ)OMC Toro 6b!J10 pac•mTaHO pa3JlH'lHC HX cpC/.\HIIX 
Bemiq111-1 (a) (Ta6J1. VI). 
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