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Infrared Absorption Analyzer
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Synopsis :

As cultural or archeological iron and steel samples are valuable, those samples have to be analyzed with small amount, less than 0.5g. In

order to determine carbon and sulfur in small amounts of iron and steel using a tubular furnace-combustion infrared absorption analyzer, the

analytical method was investigated. The JSS certified standards were used as the iron and steel samples for an analysis, and these sample

weight were used within the range of 0.05~0.5 g. Also, a combustion improver was used tin or tin added to tungsten and measurement results

were calibrated with only one kinds of JSS standards. The concentration (0.001~5%) for carbon was determined with a combustion improver

of tin and a calibration sample of JSS057-6 (C: 0.52%). The concentration (<0.001%) for carbon was determined with a combustion
improver of tin and a calibration sample of JSS1203-2 (C: 0.0096%). The concentration (0.0001~0.4%) for sulfur was determined with a
combustion improver of tin added tungsten and a calibration samples of JSS242-10 (S: 0.03%). As the results, the concentrations of carbon

and sulfur were obtained with good accuracy. But when determining trace carbon, the influence of the contamination on tungsten surface was

occurred. It is necessary to determine trace carbon using only tin as the combustion improver.

Key words: tubular furnace-combustion infrared absorption analyzer; combustion improver; carbon; sulfur.
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Table 1. Experimental conditions of a carbon—sulfur ana-
lyzer.

Measuring time
Carbon Sulfur
60s 70s 3s

Heater temperature

1450°C

Waiting time
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Table 2. JSS standard samples used.

Certified values (%)

No. Samples Carbon Sulfur
1 JSS057-6 0.52 0.0057
2 JSS242-10 — 0.030
3 JSS030-7 0.196 0.0076
4 JSS102-6 473 0.0177
5 JSS174-7 0.042 —
6 JSS243-4 — 0.346
7 JSS1201-2 0.00043 —_—
8 JSS1202-2 0.0039 —
9 JSS1203-2 0.0096 —
10 JSS1204-3 0.0172
11 JSS001-5 0.00021 0.00014
12 JSS003-4 0.0006 0.00015
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Fig. 1. The relationship between the ratio of measured value
to certified value for carbon and sample weight with
Sn (a) or with Sn+W (b) (n=3). ®: JSS057-6, (1:
JSS174-7, O: JSS030-7, X: JSS102-6.
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Fig. 2. The relationship between the ratio of measured
value to certified value for sulfur and sample
weight with Sn (a) or with Sn+W (b) (n=3). <:
JSS057-6, ®: JSS242-10, A: JSS030-7, [I: JSS243-
4, O: JSS102-6.
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Fig. 3. The influence of the concentration of calibration
samples on the ratio of measured value to certified
value for carbon (n=35). Calibration sample H:
JSS057-6 (0.52%), (1: JSS1203-2 (0.0096%).
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Fig. 4. The influence of the combustion improver (Sn or
Sn+W) on the ratio of measured value to certified
value for carbon (n=5). Calibratioin sample:
J§S1203-2. Combustion improver B: Sn, [J: Sn+W.
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Table 3. Analytical results for sulfur in JSS001-5 and
JSS003-4.

Sulfur concentration (ppm)

Sample Measured values -
with Sn with SmiW Ceritified values
JSS001-5 1.7+=1.0(59%) 1.20.1 (8%) 1.4
JSS003-4  1.5+0.7 (47%) 2.520.1 (4%) 1.5

():Relative standard deviation
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Table 4. Analytical results for carbon and sulfur in pure iron (J-1 and J-2).

Concentration (ppm)

Laboratory J—1 J—2
Carbon Suifur Carbon Sulfur
Our lab. n=5  6.24%0.75 (12%) 1.83=%+0.50 (27%) 30.2+04 (1%) 23.1£0.3 (1%)
JFE n=12 6.92%0.67 (10%) 1.33=%0.72 (54%) 30.240.5 (2%) 21.4+0.9 (4%

Tohoku Univ. n=6  5.38=+0.22 (4%)

1.2740.15 (12%)

31.5+0.2 (1%) 26.2+0.4 (2%)

():Relative standard deviation
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