Solid Sample Analysis of non-metallic elements (I,P,S) via
Electrothermal Vaporisation by Optical Emission Spectroscor

with Inductively Coupled Plasma

J.Haldler, Wacker Ceramics, Max Schaidhauf Str.25, D-87437 Kempten, Germany

P.R.Perzl, Spectral Systems, Augsburger Stral3e 37, D-82256 Furstenfeldbruck, Germany
G. Zaray, Research Group of Environmental and Macromolecular Chemistry of the Hungarian Academy
of Sciences, P.O.Box 32, H-1518 Budapest, Hungary

ETV: Principle of operation Schematic of the gas-flow of ETV ETV-analysis:
| | example for a typical procedure

Temperature-controlled evaporation of sample in a Principle: graphite tube
graphite crucible positioned in a graphite-tube (gas-flows) and sample s
furnace with Argon atmosphere (up to 3000°C). . N v -
Electronic controlled addition of a small amount of to ICP 4—‘ — 4—‘
reaction-gas (modifier). 2ypash-gas cacton gas sample preparation:
Transport of the aerosol to the ICP-plasma by (modifien crashing, grinding, drying
optimised gas guide with high transport-efficiency. shielding-gas (if necessary)
Integrated microprocessor-control with graphic (roen s
LC_:I_D-dispIay, eleqtror_ﬂc gas-flow-co_ntr_ol and - Graphite-furnace, new design ght 05-5mg |
mixing, synchronisation by electronic interface. stable up to 3000°C, chemical inert e
This allowes the application of individuel time- materials, easy handling and calibration, .
temperature-programs. | maintenance,minimised seals, V\\;\i'fr']glh_ ;d;gneggre;; S Ul tneous Al veis
Automatic boat-temperature control by integrated reduced number of working parts . ] Y

: o o max.6 weights n of al elements, up to 30
online pyrometer from 10°C up to 3000°C. e —— —— spectral lines
Automated s.a_mple-hgndllng by autosampler with Aerosoletube Transitioning  Heating tube with nozzle analysis of the samples ﬁﬁ.,.
up to 50 positions, microbalance. Bypass 3 weights per sample) 1__1 transfer of the results to

\ o . ' 4 : - . ey the evaluation-program
Outletto _\ I : “inle alternative calibration o
ICP-Plasma——z7 e it | using liquid samples

Cerar%ics
Seal Graphite-holders

Examples of application

assessment of calibration-

The results of analysed element-concentrations were calculated basing on the shown calibration functions. The points on these .
functions and control-

common calibration functions (dried liguid standards and solid sample material) show an excellent correlation and thereby prove

the correctness and the convincing features of this method. (s?gr?ldgss)
The investigated materials were:
- Graphite (home standards) © - NIST SRM 1515 Apple Leaves (AL) .
- Ceramic Materials (BN, TiO,, TiB - Milk Powder (MP S ;
( ¢ ) il & documentation of the
S S P results
Example: :
Gas flow and furnace-program for lodine N Graph|te N App|e | eaves
Weight: 1 — 5 mg P I
Furnace-program: step 1: 30s 300°C e Termoae Depend ¢ the Sulohur- 180 T : : : : :
step 2: 25 300°C to 1600°C e e in Gaphiteby means of EIVACPOES ety P P lPoEs Lo In Ceramic Materials in Ashed Milk Powder
. o f— Oy EAVEILE-OES Z’/
step 3: 28s 1600°C ) N 0 aqueous P:-Standard Solution (KI—% (34) - -
. . i » * ntensits ’ it
- . Step_ 4 COQIlng 508 2 120 - Certified Conc. : * niepsitd P 2149 intenpitat | 183.0
Gases: Argon: carrier 120 ml/min 0,159:+0,011% P - -0
: { 100 | Analyzed Conc.: . ? >0 / 20.00 A
by-paSS 380 m|/mlﬂ 15 0,158+0,010% P . d
Freon: 2.3 ml/min —e 80 e - °© | o o
10. 0 w—w . ) & Apfel /O 15,00 e STD
B Alge s smo
,@/ A STD-Isg 300
5 sulfur lines [nm] 40 © STD-Isg / 9 / ; SToS
Echelle-picture of the chip area of interest (I,S,P) ——S 1807 —8— S 180 —4—S 18200 S 1806 20 ~ Trend Py 0 * posom 10,00 ) MPA
between the 189th and 156th order Analytical Lines of ,P,S o E— Concentration abs. [ng] 20 . : ;\?_Zeng ’)/:/ A
_ lodine 0@ ‘ 0 0 B PSSTD? o
| 178.276 (188) 75 e o e 0 500 1000 1500 2000 | ‘C,’ : 5 00 o
179.903 (186) 5 *
183.038 (182) 15 60 —— 700 —— o : |
206.190 (162) 3 intesity LOD via Callbratl_on Curve Method IntensitySUIphur Determlnatl:on in SRM 1‘515 Apple Leavs by . 2}0 Konzentration [ng abs Tend 000 Konzentration [ng abs] Trend
Phosphorus 5 Ag SulphprLine 8—1_82IE Na2S04 60,0 AYUEOUS S-SE;\Ioi-Ia?é)?oliE:tion Na2S64 0 200 400 600 800 1000 0,00 50,00 100,00 150,00 200,00 250,00
177.499 (189) 100 Result: 4,3nlg abs. Sulphur Line S_{ SZVO —
178.287 (188) 110 = 0,4 1glg at 10 mg Mass 50,0 £ Inte nsitat 25 -

178.768 (187) 60 40 A Certified Conc.: y‘ 70 A Jod (KlOS) STD-H20 +1000ng H2S04

185.891 (180) 40 400 | 0,18% S |
Analyzed Conc.: A A Isg /‘/ 20 /
185949 (189) 65 ¥ 0,182% S . o el 0 ¢1.1782 = 11782 411799 © | 1830
203.349 (165) 10 200 el re 1782 *1.1762 414799 © | 2
213.618 (157) 90 . A kg | 50 / i R™=0,99%
Trend |
214.914 (156) 50 ren 200 : y
Sulphur 40 e P18
180.731 (185) 220 10 / . pis

10,0 21859 10
182.034 (183) 140 30 s P213
182.624 (183) 50 OL’/ Conzentratign abs.[hg] 1od Conzeniratfon abs. [ng] / Q///Q* o P2149 /
0 100 200 300 400 500 600 700 800 0,0 200,0 400,0 600,0 800,0 1000,0 ° / Q/@ jd;‘/[ Z oSt 5 ) JAY
10 /9/ 4? <& A A o [ |
Tj?ensny Sulphur Determinatt);olrzl_li_{l%gg:ztgHome-Standards %wﬁ NN Z OM é I =I I :I I Io nlg abSI ’ I
Tab. Experimental setup for ETV-ICP-OES: o0 Aqueoussfts”da_fd SO'AUEiSHANaZSO“/‘( "o 10 20 3 40 50 60 70 80 0 20 40 60 80 100 120 140 160 180 200 220 240
ICP-Spectrometer IRIS-AP Thermo Jarrell Ash SHIPRUFLING =-182 .
S Cove g S gunvesin o S S 200 Ve Conclusions:
pectral data ocal distance: mm ﬁgiﬁg gggi grr; ﬂi jg% A . .
O T B T IS A As well known, modern ETV-ICP configurations are an excellent and cost-
e detecton Actve strface of CID chip:14,3' 14.3mm (512 x 512 pixle e effective tool for easy, fast and precise direct solid sample multi-element
ICP axially plasma; RF generator: 1150 W at 27,12 Mhz 40 Ivd ¢ Graphitl . - . . - . . .
ETV-uni ETV 4000 P.Perzl; Spectral Systems; : sz @Nalysis 1N a wide area of applications. The field of applications ranges from
Power supply: max power 400 A; end-on stream system; A A Isg ) ) ) ) ) -
e . =« anorganic materials like ceramics and geological samples up to environmental
0 / chrznwabn . (] samples and biological materials like plant materials or animal tissues and foods.

The presented results demonstrate the easy and uncomplicated possibilities of
. . _ calibration via liguid standard solutions compared with reference materials or
Element | Line Material Element concentration . : : : ;
home standards. The calibration with a single material standard only or even
expectet found . . . : et
50+ & 05 + 0 with dried fluid standard solution offers the possibility to analyse elements or
510+ 35 | 620+ 40 materials even If no reference materials are available.
600+50 | 550+80 | The limits of detection for the shown elements are 0.5 — 10 ug abs. and so,
1590+ 110 | 1580+ 100 | dependent to the weight less than 1 ppm. The reproducibility is in all cases

1800 + 100 | 1820 + 50 )
550+ 15 | 248 £ 10 better than 10 % rel.

130:15 | 112x10 | The _ETV-equipment IS further more rationalised by an autosampler with up to 50
182 6 MP 0815 | 112+025 | crucibles and integrated micro-balance.

MP (standard 0.8-1.05 | 0.95+0.25 | On the basis of the presented statistical results the power of a modern ETV-ICP-
addition) OES device should be evident.

Results

183.0 TiB,
179.9
185.891 : BN

185.943 : Apple leafs
213.618 :
214.914 : Graphite Grl
182.0 Graphite Gr2

— | —1NNIWN|ITT|TO|T|T




