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Simple and Rapid Determination of Trace Manganese in Steel by
Differential Pulse Cathodic Stripping Voltammetry

Takashi Isurvama and Tatsuhiko Tanaka

Synopsis

acidic sample solution without separating iron matrix.

: Manganese at the ug/g level in steel is determined by differential pulse cathodic stripping voltammetry in a strongly

The method is based on the accumulation and subsequent

stripping of hydrated manganese (IV) oxide on a platinum disk electrode. Optimum experimental conditions include the
use of a 2 ml aliquot of the 0.23 M nitric—0.18 M sulfuric acid mixture electrolyte containing 2 mg of a sample, and
pre-electrolysis at +1.45 V wus. SCE followed by a negative-going scan at a rate of 200 mV/s to +0.65 V vs. SCE.
The peak height of manganese decreased with increasing the amount of iron (Ill) in the electrolyte and increased
linearly with pre-electrolysis time until the electrode surface became saturated. The determination range could broaden
by using manganese-free acids and longer pre-electrolysis times ; thus the calibration graphs were linear between 1.8X%
1078 and 1X10~* M of manganese (II), within 600 s pre-electrolysis, and passed through the origin. Possible interfer-

ences are evaluated.

The determination of 2.8 to 4280 xg/g of manganese in steels was achieved with relative standard deviations of less
than 6% (z=10) within 15 min. The detection limit is 0.3 xg/g for a pre-electrolysis time of 600 s. The proposed
method is more suitable than the commonly used JIS methods (G 1213 and G 1257) for the determination of trace
manganese in steel from the viewpoints of simplicity, less experimental skill, rapidity and high sensitivity as well as

excellent precision.
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Fig. 1. Glass electrolysis cell.
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Fig. 2. Stripping curves of 100ng/ml of manganese
in 1094 acid mixture electrolyte. Pre-elec-
trolysis : +1.45 V vs. SCE, 100 s. Scan rate:
200mV/s.
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Fig. 3. Effect of amount of iron(Ill) on peak height
of manganese. Other conditions as in Fig. 2.
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Fig. 4. Effect of acid mixture concentration (pH)
on peak height of manganese in the presence
of 2 mg of iron(Ill). Other conditions as in

Fig. 2.
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Fig. 5. Relationship between pre-electrolysis poten-
tial and peak height of manganese in the
presence of 2 mg of iron(Ill). Other condi-
tions as in Fig. 2.
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Fig. 6. Progress of accumulation of manganese in
the presence of 2mg of iron(Ill). Other
conditions as in Fig. 2.

ER) P> T B 2 EERLTCE b5 (V) D
EREBETPBAT S I TE—2 53 LHIEMIFM L L b1
AR B L, F9600R 2 ICRFNZE L2, EREBHIE X
bR IR < > 7 v BERIIERD TA L L, #0.3ng
Thoize LU, RNEOBREIRIEEIEH, EORIER
REfC 6 BHBR e € — 2RI S le, Teds, RIERRR T4
C10RMEEE L T 2 b BTEMRELL(+1.45V vs. SCE)
BEInd NIz 2 2 DT, EMELRIEMEFIIL 2 L F s
10RPRIMA 72 L 72 %,

TR DFFRANES 2 AT T100RPRIATEM L 7o & & ik, &
En»LD= o OERIIERT S L» L, HjEfEEE
B 23008000 FAs LICHA, =2 H o D — 2933 6 Ll
(1.5ngMn/mlD) i L 7Rk flBE b O~ o B2k 5
b, #19Ing/mlic 7 B, > T, B~ 4 DERICIIH
EOE B ZMEH L UL 6 2w,
3-2+4 FEEHEEFEOLE

= HDCSVTIE b - iX 6 EE GEM B Z L) »°
HoeohTx b, ME SV RAFEEZFIH LIRS D T4
OO MERPHEBLIZE 2 A, BiRIETIREY— 251K
hHEEBIZFER /L&ﬂy?ﬁ7‘7/l‘ff’a%ﬂ? ER
BRATFRET H - 12,

Fig. 7 3 EHEHEEOE M MB~OHELRLIZLDTH 5,
AETEEP200mV /s T, L B3 BENv 227500
Nd3PEilcAZ Y, BondE—2oEma b Red ko1,
e>T, EERELPEL THEERBEY LWWs 2 25T
% 29%, 200mV/sLLETR Y —2ZE» IR, Sv 2275
CNEROMS b RS {RBELUTHo 2, AFRTE, &
%) BRED L 0200mV/sDEREE % H 12, EFERE 220

2 56200mV/s3 THT I C o T ¥ — 275 S 2R 8
L7 (Fig.8), k¥, BHF LIcE{b~ 4 (V)X 1 RID#E
HTwecEd Lz,

3-2-5 MuER

6 NI EaBSENT, 2mgD ek 1FE S ¥ T100RERTE
RLTHENIRER(C—2E 3= FUViBE I, <
A 10~100ng/mIDEEHH TR %@ 2 BT H v (Fig.

go

46

Scan rate (mV/s)

500
200
100

50

20

2cm
—

1 | i
+1.2 +1.0 +0.8 +0.65

Potential (V vs. SCE)

+1.45

Fig. 7. Effect of scan rate on stripping curve.
Other conditions as in Fig.2 and 6.
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Fig. 8. Effect of scan rate on peak height of manga-
nese. Other conditions as in Figs.2 and 6.
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Fig. 9. Calibration graphs of manganese. Other

conditions as in Fig. 2.

Table 1. Relationship between determination
ranges and pre-electrolysis times.

Pre-electrolysis Determination range
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600 1~ 30
100 10~ 100
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10 100~1000
1 1000~5000
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Fig. 10. Dependence of peak height of manganese
on the oxalic acid concentration. Other
conditions as in Fig. 2.
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Table 2. Determination of manganese in steel.

D A method B method
eposition
Sample time (9)

Mninsamplet RSDP  Mninsample® RSDP

(ug/g) (%)  (ug/g) (%)

(J()sgogggy;)z 600 28 48 2.9 5.9
s 100 103 4.0 10.3 43
({)50803(1)}%; 100 90.2 15 90.8 2.2
oy 1 4280 17 4150 3.1

2Average of 10 determinations.
PRelative standard deviation.
‘Certified value.

Bundesanstalt fiir Materialpriifung.
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Fig. 11. Comparison of the proposed method .and
the JIS methods (G 1213 and G 1257).
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