Determination of Sulfur in flue gas and airborne particle samples by
Inductively Coupled Plasma - Atomic Emission Spectrometry (ICP-AES).

Satoshi Nakamura

A method was described for the determination of sulfur in flue gas and airborne particle samples by ICP-AES.
Spectral interference by diverse elements in the samples was found to be negligible when using an analytical line
at vacuum ultra-violet wavelength. Analytical data by ICP-AES were in good agreement with those (as SO+S) by
lon Chromatography. This result showed that sulfur compounds in flue gas and airborne particle samples exist in
the chemical form mostly as sulfate or sulfur oxide, which is converted comparatively easy to sulfate in water
media. The range of sulfur concentration in pretreated solution of the samples was within the determinable range
(0.1 100mg/L) by ICP-AES. This method was successfully applied to rapid determination of sulfur in flue gas and

airborne particle samples.
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Table 1 Instrumental conditions for the determination of sulfur by ICP-AES
RF generator

Frequency (MHz) 27.12

Oscillator Crystal controlled
Spectrometer

Grating

Focus length (m) 1
Number of arooves / mm 3600

Wavelength range (nm) 175 500

Reciprocal linear dispersion (nm/mm) 0.22

Entrance slit width (u m) 20

Exit slit width (u m) 40

Analvtical line S 182.036nm
RF power (kW) 13
Argon flow rate (L/min)

Plasma 16

Auxiliary 05

Carrier 05
Nitrogen flow rate (L/min)

Monochrometer 20

Light cell 5
Observation height in plasma (mm) 15.0
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Table 2 Instrumental conditions for the determination of sulfate ion by lon Chromatography

Column AS4A (Dionex Co.Ltd.)
Eluent 1.8mM Naz2COs + 1.7mM NaHCOs
Flow rate (mL/min) 147
Suppressor ASRS- (Dionex Co.Ltd.)
Detector Conductivity detector
O
ICP-AES
5mg/L
100
5mg/L

S( )182.036nm

50mg/L

50mg/L 100
Table
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Table 3 Emission response per unit sulfur (50mg/L) for various sulfur compounds

Compounds Emission response*
Ammonium Sulfate, (NH4)2SO4 100
Sodium Sulfate, Na2SO4 105
Potassium Sulfate, K2S04 99
Sodium Sulfite, Na2SO3 98
Sodium Thiosulfate, Na2S203 5H20 104
Potassium Peroxodisulfate, K2S20s8 99
Ammonium Thiocyanate, NH4SCN 102
4-Aminobenzenesulfonic Acid, H-NCesH4S OsH 100

Emission response were given as the percentage based on the emission intensity obtained
with Ammonium Sulfate solution (50mg-S/L).
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Table 4 Recovery test of sulfur in samples by ICP-AES

No. Sulfur (mg/L) Recovery
No addition Found Recovered ()
1 55 108 53 106 (@H)
2 4.2 91 49 98
3 75 126 51 102
4 7.9 133 54 108
5 7.9 12.7 4.8 96 10

12.5u g of sulfur was added to 25mL of each sample.
No.1 and 2 : Flue gas samples, No.3, 4 and 5 : Airborne particle samples.
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Table Determination of sulfur by ICP-AES and lon Chromatography in NIST SRM1648

and airborne particle samples

Sample Water soluble
IC ICP-AES

Acid extracted
ICP-AES

Certified value

NIST SRM1648 49.4 50.2 511
Toyonaka city office 24.4 24.9 25.6
Moriguchi city office 19.6 19.5 20.3

51.3+ 0.5

All results were in mg-S/g unit.

NIST SRM-1648

ICP-AES

4
10
ICP-AES

Fig.

8

N
ol

N
o

=
(8]

=
o

Analytical results by ICP-AES (mg/L)

0 5 10 15 20 25
Analytical results by lon Chromatography (mg/L)

30

35

Fig. 3 Relationship between analytical data of sulfur in airborne particle samples

by lon Chromatography and those by ICP-AES

(ICP-AES)=0.252+0.993(IC), r=0.999
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