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Studij optimalnih pogojev za analizo kovinskih
materialov z metodo ICP atomske emisijske
spektrometrije

Investigation of Optimal Conditions for Metal
Analysis by ICP Atomic Emission Spectrometry

A. Osojnik*, T. Lavrié*

Studirali smo optimalne pogoje in aparativne para-
metre za analizo nikiljevih zlitin s sekvenéno atomsko
emisijsko spektrometrifo. Razvili smo metodo multiele-
mentne analize za dolo¢anje Ni, Co, Cr, Mo, Ti (60 do
2 %) ter Al, Fe, Mn, Cu in Si (1 do 0.005 %). Studirali smo
spektralne interference za vse prisotne efemente. Izbrali
smo optimalne valovne dolzine, ter dolocili obéutljivost,
mejo zaznavnosti, korekcijske faktorje in reproduktiv-
nost rezultatov. Tocnost rezultatov smo preveriii s certi-
ficiranimi referencnimi materiali nikifevih zlitin podobnih
sestav.

uvoD

Za hitro analizo kovin in zlitin se obi¢ajno najbolj
uporabljata metodi emisijske spektrometrije z vzbuja-
njem z iskro in rentgenska fluroscencna analiza. Alterna-
tivno moZnost za analizo metalurskih vzorcev predstavija
atomska emisijska spektrometrija z induktivno skloplje-
no plazmo (ICP AES). Prednosti metode so predvsem
moznost multielementne analize, dobra obéutljivost, Si-
roko linearno koncentracijsko ocbmocje ter malo kemij-
skih motenj. V literaturi zasledimo Stevilne publikacije o
teoretiénih osnovah, operativnem razvoju, napredku in
aplikacijah ICP AES za analizo kovinskih materia-
loy' 234567 \sak sistem zahteva specifi€en naéin razi-
skovanja in kritiéno ovrednotenje rezultatov za izbiro op-
timalnih parametrov analize in dosego optimalne kombi-
nacije obcutljivosti, stabilnosti ter razmerja signal —
ozadje za dolocen element.

To delo obsega raziskave za izdelavo analizne meto-
de, ki omogoéa dolo¢anje desetih elementov na razlicnih
koncentracijskih nivojih v vzorcih nikljevih zlitin, tipa Ni-
monic.

EKSPERIMENTALNO DELO

Meritve smo izvrsili s sekvenénim vakuumskim emi-
sijskim spektrometrom z ICP izvorom, firme Applied Re-
search Laboratories (ARL), model 3520 OES. Karakteri-
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The optimal conditions and determination parame-
ters for analysis of nickel base alloys by sequential ICP
atomic emission spectrometry were studied. A method
for determination of major Ni, Co, Cr, Mo, Ti (~. 60 to
2 w/w %) and minor components Al, Fe, Mn, Cu Si (~ 1
to 0.05 w/w %) using a single sample preparation tech-
niqe was developed. Actual spectral interferences due
to the influence of any present element were identified
by wavelength scans near analyte wavelengths for Ni,
Co, Cr, Mo, Ti, Al, Fe, Mn, Cu and Si. Optimal spectral
lines, detection limits, sensitivities, additive correction
factors and reproductivity of results were established.
The accuracy of the results was checked with different
certified materials of similar composition.

INTRODUCTION

Routine analysis of metals and their alloys are com-
monly performed by spark emission spectrometry or x-
ray flourescence. Other alternative for analysis of metal-
urgical samples represents inductively coupled plasma
atomic emission spectrometry with its multielement cap-
ability, good sensitivity, wide linear calibration ranges
and freedom from chemical-type interferences. There
are numerous publications on theory, progress and ap-
plication of ICP atomic emission spectrometry for metal
analysis’ 44 %57 Fach system requires specific way of
investigation and critical evaluation of results to get opti-
mal operating parameters giving the best combination of
sensitivity, stability and line to background ratios for ele-
ments concerned.

The present paper reports about a single analytical
method applicable to the determination of ten elements
at major and minor constituent levels in samples of nick-
el base alloys of Nimonic type.

EXPERIMENTAL

Equipment

Applied Research Laboratories (ARL) 3520 OES
vacuum sequential scanning inductively coupled plasma
emission spectrometer was used for all measurements.

The instrument specifications and operating conditions
are given in Table 1.
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stike aparature in eksperimentalni parametri so navedeni

v tabeli 1.

Tabela 1: Karakteristike aparature in eksperimentalni pa-

rametri

APARATURA:

Spektrometer

Monohromator:

Uklonska mreZa:
Spektralno obmocje:
Sirina reZe, primarna:
Sirina reze, sekundarna:
RF generator
Frekvenca:

Moé:

Reflektirana moc:

ICP izvor

Gorilec:

Pretok Ar, hladilni:

Pretok Ar, plazma:
Pretok Ar, nosilni:

Visina opazovanja:
Vnasanje raztopine
Razprsilec:

Hitrost sesanja raztopine:

ARL, model 3520 OES
sekvencni, vakuumski
— spektometer, ICP izvor

1 m premera,
Paschen-Runge nastavitev
1080 zarez/mm

170—797 nm

20 um

50 um

27.12 MHz
1200 W
<5W

koncentri¢en, kremencev,
tip Fassel

12 I/min.

0.8 I/min.

0.32 I/min.

15 mm nad tuljavo

steklen, tip Meinhard
2 mi/min.

Table 1: Instrumentation and operating conditions

APPARATUS: ARL, model 3520 OES
Sequential, vacuum
spectrometer, ICP source

Spectrometer

Monochromator: 1 m radius, Paschen-Runge
mounting

Grating: 1080 grooves/mm

Spectral range: 170—797 nm

Slit width, primary: 20 um

Slit width, secondary: 50 um

RF Generator

Frequency: 27,12 MHz

Incident power: 1200 W

Reflected power: <5W

Plasma

Plasma torch: Three concentric quartz
tubes, Fassel type

Argon flow rate, coolant: 12 I/min.

Argon flow rate, plasma: 0,80 I/min.

Argon flow rate, carrier: 0,32 I/min.

Observation height: 15 mm above load coil

Sample introduction

Nebuliser: glass concentric type
(Meinhard)

Solution uptake rate: 2 mi/min.

Analiysis parameters

Flow time: 15s

Integration time: 2s

Analizni parametri
Cas izpiranja: 15s
Cas integracije: 2s

Priprava vzorca

50 mg vzorca (v obliki finih ostruzkov) zatehtamo v
100 ml ¢ado in previdno raztapliamo v 20 ml kislinske
mesanice H,;O : HCl : HNO;=3:2 : 1. Raztopino rahlo
segrevamo, da se vzorec popolnoma raztopi, po potrebi
filtriramo. Raztopino ohladimo na sobno temperaturo,
prelijemo v 500 ml merilno buco in dopolnimo do 500 ml
z deionizirano vodo. Vzporedno pripravimo slep vzorec.

Umerjanje

Umeritvene krivulje smo izdelali s pomoéjo multiele-
mentnih standardnih raztopin in s certificiranimi
referenénimi materiali nikljevih zlitin (BAS, MBH), ki smo
jih raztapljali na enak nacin kot vzorce.

Multielementne standarde raztopine za umerjanje
smo pripravili iz €istih kovin ali soli, ki smo jih raztopili v
kislinski mesanici oziroma v vodi.

REZULTATI IN DISKUSIJA

Prvi korak pri razvoju analizne metode je izbira in
ovrednotenje primernih spektralnih &rt, ki so optimalne
za posamezni element glede na sestavo vzorca in njego-
vo koncentracijsko obmocje. Moznost izbire med veé
emisijskimi &rtami za posamezni element dovoljuje dolo-
¢anje ve¢ elementov v istem vzorcu v razliénih koncen-
tracijskih nivojih pri enakem faktorju razredéenja.

Spektralne interference, ki so posledica vpliva kate-
regakoli prisotnega elementa v vzorcu zaradi prekrivanja
spektralnih ¢ért, smo ugotavijali z opazovanjem profila
spektralnih ¢rt pri ustreznih valovnih dolZinah za elemen-

Sample preparation

500 mg of sample in the form of fine drillings was
weighed into a 100 mi beaker and carefully dissolved in
20ml of 3:2: 1 mixture of H,O : HCL : HNO;. The solu-
tion was heated gently to complete the dissolution, and
filtered where necessary. After cooling to room temper-
ature, the solution was made up to 500 m/ with deio-
nised water in the volumetric flask. An acid blank of the
appropriate concentration was also prepared.

Calibration

Calibration curves were obtained from direct intensi-
ty measurements made on multielement standard solu-
tions or solutions of certified reference materials, suppli-
ed by the BAS (BCS) and MBH (Willan Metals Limited —
Rotherham).

Stock calibration multielement standard solutions
were prepared from pure metals or salts, dissolved in
high purity acid mixture or delonised water, respectively.

RESULTS AND DISCUSSION

The first step of investigation was the selection and
evaluation of the wavelengths that are the most suitable
for each element in a particular matrix. The flexibility of
utilizing many emission lines for each element allows to
analyse different elements in a sample at various con-
centration levels with a single dilution factor. Spectral in-
terferences deue to the influence of any present ele-
ment in the sample were identified by wavelength scans
near analyte wavelengths (+ 0.2 nm) for Ni, Co, Cr, Mo,
Ti, Al, Fe, Mn, Cu and Si. The wavelengths for particular
element were selected from the available lists of ICP at-
omic emission lines by Boumans® considering their sen-
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te Ni, Co, Cr, Mo, Ti, Al, Fe, Mn, Cu in Si v obmocju
+0.2 nm od maksimuma izbrane spektralne ¢rte. Valo-
vne dolZzine za posamezni element smo izbrali z liste
moznih ICP AES spektrainih ért po Boumansu®, uposte-
vajo¢ njihovo obcutljivost, ¢im manjse interference ter
nizko in konstantno ozadje.

Rezultati teh poskusov so pokazali, da korekcija
ozadja ni potrebna. Kot je prikazano na sliki 1 in 2, smo
ugotovili le spektralno interferenco kobalta na
238.204 nm Fe crti in molibdena na 251.611 nm Si &rti,
kar povzro¢a napako pri dolo¢anju Zeleza oziroma silici-
ja. Majhen peak, ki ga opazimo na obeh Si spektrainih
értah v prisotnosti titana (slika 2), pripisujemo kontami-
naciji Ti standarda s silicijem, ki je nastala pri pripravi
standardne raztopine z raztapljanjem titana v kislinski
mesanici HF-HNO;.

Izvrsili smo korekcijo za Zelezo in silicij glede na mo-
tece elemente. Na sliki 3 prikazujemo primerjalne rezul-
tate dolo€anja silicija v razli€nih standardninh vzorcih ni-
kljevih zlitin s korekcijo motecega elementa (Mo) in brez
nje.

Na osnovi rezultatov preliminarnih poskusov smo za
vsak element izbrali optimalne spektralne &rte, ¢as izpi-
ranja, ¢as integracije, pretok argona in druge parametre,
ki so prikazani v tabelah 2 in 1. Izdelali smo umeritvene
krivulje s pomocjo multielementnih standardnih raztopin
in certificiranih referenénih materialov, pri ¢emer smo v
obeh primerih dobili skoraj identiéne signale.

V tabeli 2 so zbrani podatki za valovne dolZine upo-
rabljenih spektralnih ¢rt, ob&utljivost, mejo zaznavnosti,
relativni standardni odmik, koncentracijsko obmoéje in
korekcijske faktorje. Meja zaznavnosti je definirana kot
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Slika 1
Spektraina Interferenca kobalta na Fe 238.204 nm liniji

Fig. 1.
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Slika 2
Spektralna interferenca molibdena na Si 251,611 nm liniji
Fig. 2

Spectral interference of molibdenum on Si 251.611 nm line

sitivities, freedom of interferences and a constant, low
background structure.

Graphic spectral scans had shown that no back-
ground correction was necessary. As indicated in Fig. 1
and 2 only the presence of cobalt at 238.204 nm Fe line
and presence of molibdenum at 251.611 nm Si line could
introduce an error in iron and silicon determination, re-
spectively. The small peak of Ti standard observed on
the both Si lines (Figure 2) was due to the contamina-
tion of Ti standard with silicon at preparation of this
standard solution by dissolution of titanium with
HF-HNO, acid mixture.

The correction for Fe and Si considering the men-
tioned interfering elements was made. Comparison re-
sults of Si determination in different certified reference
materials with and without correction of interfering ele-
ment (Mo) are presented in Fig. 3.

On basis of results obtained by preliminary study
optimal spectral lines, flush time, integration time, argon
carrier flow rate and other parameters were selected for
each element (Table 2, Table 1).

Calibration curves and regression on the basis of
multielement standard solutions and certified reference
materials were made. Signals of mostly identical relative
intensities were obtained for multielement standard so-
lutions and solutions of certified reference materials.

Spectral lines used, sensitivities, detection limits, rel-
ative standad deviations, concentration ranges and cor-
rection factors for investigated elements are summer-
ized in Table 2. Detection limit is defined as twice the
standard deviation of the fluctuation of the blank signal
divided by the slope of the linear calibration curve®. It
was calculated from the data of 10 successive intensity
measurements of the blank value.

The accuracy of the method was checked with differ-
ent reference materials of similar composition. Composi-
tion results of ICP and certified values for two BCS
standards are given in Tabele 3. The presented standard
deviations were obtained with frequent successive mea-
surement of the same sample. The results generally indi-
cated good agreement within reported standard devia-
tions for all elements, except for nickel and copper. The
worst reproducibility and accuracy of results was
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Slika 3
Primerjaini rezultati za silicij z in brez korekcije moteéega ele-
menta (Mo)

Fig. 3
Comparison resulits of Si determination with and without cor-
rection of interfering element (Mo)
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Tabela 2: Optimalni pogoji in ugotovljen| parametri za analizo nikljevih zlitin
Table 2: Optimal conditions and established data for ICP analysis of nickel alloys

" AT o A o,
Eloment  doltina (vm) obeutijvosti  ppmy - ZAZAVNOSt  popg  Obmote % tod
Element  Wavelength Attenuator- Sensitivity S»  DLRI/™)  pgp g Ange A eed Koskoient
P k Deilection (w/w %)
(nm) position (ral.’cfm’pmrs)-for Limit D, (ug/emi) Ir:,eedoﬁng Coefficient
ment
Ni 221,647 125 9.0 0,006 0.59 58 —62
Co 228616 127 171 0,006 073 14—17
Cr 205,552 127 438 0.007 078 9—13
Mo 202,030 127 30 0,013 0.86 3-6
Ti 307 864 120 1015 0,014 0,80 2—5
Al 309,278 120 381 0,037 0.60 026
Fe 238,204 120 135 0,008 10 02—-08 Co -0.0008
Si 251616 127 213 0,011 21 02—-05 Mo —0,0139
Mn -0,0065
Mn 294,920 127 3258 0,002 1.1 01-04
Cu 327 396 127 2980 0,002 25 0,01-005
Tabela 3: ICP in cetificirane vrednosti — primerjalni rezultati v %
Table 3: ICP and certified values comparison results (all results in w/w %)
BCS 310/1 BCS 387
Element ICP Atest ICP Atest
Ni 58,2+0,52 58,6 (585—58.7) 4144038 419 (418—420)
Co 16,80+ 0,11 17,0 (16,88—17.2) 0,23+0,002 0,21(0,21-0,23)
Cr 1944014 19,45 (19,37—19.52) 12,44 +002 12,46 (12,40—12,52)
Mo 0,035 40,002 nd. 580+005 5,83 (5,75—5,85)
Ti 241001 243 (239—-247) 2920016 2,95 (2.88—3.04)
1,055+ 0,003 1,06 (1,02—1,09) 0,27 £0,002 0,24 (0.22—0.25)
Fe 0,27 +0,003 0.25 (0,24—-0,27) 3572+025 36,0 (35.8—36.1)
Mn 0,35+0,004 0.35 (0,34—0,37) 0.085+0,0004 0,08 (0,080—0.085)
Cu 0,04 +0.001 n.d. 0.045 + 0,0003 0,032 (0,029-0,033)
Si 0,47 +0,01 0,46 (044—047) 0,30+0,005 0,28 (0,26—0,30)

dvakratni standardni odmik slepe vrednosti, deljen z na-
klonom umeritvene krivulje®. Meja zaznavnosti je izradu-
nana na osnovi podatkov desetkratne zaporedno izmer-
jene intenzitete slepe vrednosti.

Toénost metode smo preverili na razliénih standardih
nikljevih zlitin podobnih sestav. Primerjavo rezultatov
ICP analize dveh BCS standardov nikljevih zlitin z atesti
prikazujemo v tabeli 3. V tabeli naveden standardni od-
mik se nanasa na veckratno zaporedno merjenje istega
vzorca. Rezultati v glavnem dobro sovpadajo v mejah
navedenega standardnega odmika za vse elemente, ra-

achieved for Ni, where the signals of lowest stability
were observed. High Cu results were probably caused
by high blank value.

The main problem for precise and accurate determi-
nation by ICP emission spectrometry, especially for ma-
jor elements, is maintaining the constant nebulization ef-
ficiency and other aparative conditions, wich requires
frequent standardisation of calibration curves in short
time intervals.
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zen za nikelj in baker. Najslabso ponovljivost in toénost
rezultatov smo dobili za nikelj, kjer opazamo najslabso
stabilnost izmerjenih intenzitet. Previsoki rezultati za ba-
ker so verjetno posledica sorazmerno visoke slepe vred-
nosti.

Glavni problem za natanéno in toéno doloéanje z ICP
AES, predvsem elementov v visjem koncentracijskem
obmodju, je vzdrzevanje konstantnih pogojev razprieva-
nja in drugih aparativnih parametrov, kar zahteva vec-
kratno standardizacijo umeritvenih krivulj v kratkih ¢a-
sovnih intervalih.

ZAKLJUCKI

Na osnovi nasih opomb, praktiénih izkudenj in do-
bljenih rezultatov lahko zaklju¢imo, da je prediagana me-
toda ICP atomske emisijske spektrometrije primerna in
perspektivna tehnika za hitro multielementarno analizo
vecéine elementov v preiskovanih nikljevih zlitinah.

CONCLUSIONS

Considering our remarks, practical experiences and
results obtained, we can conclude that recommended
method by ICP atomic emission spectrometry is an use-
ful, suitable perspective technique for rapid multiele-
ment determination for most of major and minor ele-
ments in investigated nickel base alloys.
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