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Simple, Rapid, and Precise Determination of Manganese in Iron and Steel by Flow-injection Analysis

Takeshi Y amane and Masae Sarro

Synopsis :

In order to improve the simplicity, rapidity, accuracy and precision in the chemical analysis of iron and steel, a flow-injection

analysis (FIA) has been studied for manganese determination with photometric detection. The FIA system consists of a
direct on-line coupling of coloring reaction and absorbance measurement in a continuous flow mode ; manganese is oxidised
by ammonium peroxodisulfate to MnO,~ and the absorbances of the resultant solution are measured before and after the

addition of sodium nitrite.

The FIA manifold and the optimum reaction conditions were established for allowing this

simultaneous measurements of analytical and blank signals by single sample injection with single detector. The analytical
results by the proposed method for four Japanese standards of steel (The Iron and Steel Institute of Japan) agreed well with
the certified values for manganese and showed high precision of relative standard deviations of 0.25-0.509% which are much
smaller than those usually observed in manually operated spectrophotometric methods. An injection rate of 12 sample
solutions/h can be achieved. The most appealing feature of the proposed method is that the analysis is achieved in a
continuous and nearly closed system without complicated manual operations, which can afford simpler and rapid as well «
as accurate and precise determination of manganese.
Key words : flow-injection analysis of iron and steel; spectrophotometry ; manganese determination ; improvement of accuracy and

precision.
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Fig. 1. Schematic diagram of flow-injection system

for (A) determination of manganese in iron
and steel and for (B) studying reaction vari-
ables for manganese detection.
Cl: Carrier (0.75 N phosphoric acid solution), C2:
carrier(water), R1: ammonium peroxodisulfate solution
(5.0%), R2: 0.05% sodium nitrite solution (200-cm loop),
SL : sample loop (600-cm for A and 400-cm for B), RC1:
reaction coil (500-cm), RC2: reaction coil (100-cm), CC:
cooling coil (100-cm), DC:delay coil(300-cm), TB: tem-
perature-controlled bath(80°C), D :spectrophotometer
(525nm), V : double 6-way valve, W: waste, BC: back-
pressure coil.
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Fig. 2. Dependence of the shape of signal response
on the sample loop length for injection of 2.0
ppm manganese sample solution and 0.050%5
sodium nitrite solution.

Sample loop : (A)300-, (B)400-, (C)600-, (D)800-cm
NaNO, loop: 200~cm, S: sample injection
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Fig. 3. Dependence of the shape of signal response
on the sodium nitrite loop length for injec-
tion of 2.0 ppm manganese sample solution
with 600-cm loop.

NaNQ, loop : (A)100- (B)200- (C)300-cm
NaNO; solution : 0.050%, S : sample injection
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Fig. 4. Dependence of the shape of Signal response
on sodium nitrite concentration, (A)0.05%,
(B)0.10%, (C)1.09%, using 200-cm loop.
Sample solution : 3.0 ppm manganese solution with 600cm
loop.
S : sample injection
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Fig. 5. Effect of the concentration of acid mixture
of sulfuric acid, phosphoric acid and nitric
acid on the oxidation of 2.0 ppm manganese
in the presence of 0.020%5 AgNO; and 1000
ppm of iron.

(A)0.22 N H,SO,+ 0.30 N H,PO,+ 0.15 N HNO;,
(B)0.44 N H,SO,+ 0.60 N H,PO,+ 0.30 N HNO,
(C)0.88 N H,S0O,+ 1.2 N H,;PO,+ 060 N HNO,
S : sample injection
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Fig. 6. Effect of ammonium peroxodisulfate con-
centration on the oxidation of 2.0 ppm man-
ganese in the presence of 1000 ppm iron.

AgNO, added as catalyst: (O) 0.01%, ( A) 0.025%
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Fig. 7. Effect of reaction temperature on the oxida-
tion of 2.0 ppm manganese in the presence of
0.020% AgNO; and 1000 ppm iron with 5.09
ammonium peroxodisulfate.
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Fig. 8. Calibration curve for manganese in the pres-
ence of 1000 ppm iron.
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Table 1. Analysis of standard and reference steel

samples.
Sample Mn found (%) Mn certified (%)
JSS 154-1 1.05(0.28)* 1.04
JSS 154-2 1.18(0.25) 1.15
JSS 156-3 0.10(0.50) 0.10
JSS 061-1 0.484(0.33) 0.49
C 0.789(0.04) 0.776**
D 0.164(0.06) 0.160**
E 1.68(0.10) 1.657**
JSS standard samples are supplied by the Iron and Steel Institute
of Japan.

*The values in the parenthesis show relative standard deviations
of 5 to 6 determinations.
** Analytical values determined by ICP-AES.
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