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Stripping Voltammetry in Steel Analysis

Tatsuhiko TANAKA

Synopsis : There is a strong need in the recent steel industry to urgently develop a simple and sensitive method for the determination of trace elements

in iron and steel without using harmful chemicals in the troublesome preconcentration steps taking a lot of skill and time. Stripping voltam-

metry comprises the preconcentration and the subsequent stripping steps. This is one of the most sensitive methods for the present purpose.

This review describes the theoretical concepts, advantages, operational parameters and practical applications to steel analysis of stripping

voltammetry.
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Fig. 1. Typical anodic stripping voltammogram (curve 1).
Curve 2 is the corresponding polarogram.
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Fig. 2. Typical potentiometric stripping curves.
(a) Potential vs. time, and (b) potential vs. counts.
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Fig. 3. Glass electrochemical cell.
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Fig. 4. Relationship between the deposition potential and
the peak current of 25 ng/ml arsenic(III) by differ-
ential pulse anodic stripping voltammetry at a ro-
tating gold film electrode.?"

Table 1. Effect of foreign elements on the differential
pulse cathodic stripping voltammetric determina-
tion of 100 ng/ml tellurium(IV) at a rotating sil-
ver disk electrode.?2?¥

Perm1551l?le a Electrolytic Non-electrolytic
concentration P ..
(ng/ml) deposition deposition
10000 AI(ID As(V) Cd(11) Co(I1) Ge(IV) Mg(I)
Mn(II) Ni(II) Sb(V) V(V) W(VI) Zr(1V)
5000 Bi(1LI) Cu(Il) Zn(Il)
100 Se(IV)

50 Cu(I)
20 Se(1V)

5 Bi(IID)

1 Zn(11)

? This refers to the maximum concentration of the foreign element which
does not interfere with the determination.
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Fig. 5. Effect of the stirring speed on the peak current of
4 ng/ml sulfide by differential pulse cathodic strip-
ping voltammetry at a rotating silver disk elec-
trode.
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Fig. 6. Progress of electrodeposition of 20ng/ml
selenium(IV).?¥ (a) Peak height vs. deposition
time, and (b) selenium(IV) remaining in electrolyte
solution vs. deposition time.
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Table 2. Relationship between differential pulse cathodic
stripping voltammetric determination ranges of
manganese(Il) at a platinum electrode and deposi-
tion time.

Deposition time Determination range

(O] (ng/g sample)
600 1~ 30
100 10~ 100
50 20~ 200
10 100~1000
1 1000~5000
(Preconcentration) HCI—HNOs

Nedium exchange)

NaOH

(Stripping)
I 50 uA

- —

~04 —06 —08 —10 _o4 =10 —7is

Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)

Fig. 7. Differential pulse cathodic stripping voltammo-
grams for 100ng/ml tellurium(IV) at a rotating
silver disk electrode using a medium-exchange
procedure.??
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Fig. 8. Effect of the sodium hydroxide concentration in the
stripping medium on the differential pulse cathodic
stripping curve for 100 ng/ml sulfide at a rotating
silver disk electrode.?” NaOH concentration: 1,
0.02;2,02;3,2M.
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Fig. 9. Effect of the scan rate on the differential pulse
anodic stripping voltammogram for 50ng/ml
copper(Il) at a rotating glassy carbon electrode.”
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Fig. 10. Calibration curves (peak-area sum vs. sulfide con-
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rotating silver disk electrode.”
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Fig. 11. Cyclic voltammogram for 100 pug/ml
selenium(IV) at a stationar%/ silver disk electrode
at a scan rate of 100 mV/s.2
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Table 3. Determination of trace elements in iron and steel by stripping voltammetry.

Ana~ Method Working Preconcentration step Stripping step Determination Comments Refer—
lyte electrode Supporting electrolyte range (ppm) ence
As ASV Au film HC1 LR 6.7X107'° As(II) separated as AsHa= with KBHa. 31
~2%10" M Bi and Sb also determined.
ASV Nafion/Au— —0.25 V ws. SCE, 2min  —0.25—0.85 V vs. SCE, 250 mV/s LR 4%x107® 32
modified 0.9 M HC1l ~8x107 M
DPASY Au film —0.5 V vs. SCE, 3 min —0.5—0.2 V vs. SCE, 40 mV/s 10~450 As(V) and Fe(Ill) reduced to As(Il) and 21
0.3 M HC1-0.1 M HNO» Fe(II) by KI, and subsequently the
generated I2 reduced by ascorbic acid.
CCSA Au film —0.35 V vs. Ag/AgCl, 100 s 2~12 pA 1~200 As(M) separated by selective extraction. 33
7 M HC1 Simultaneous electrodeposition of Au and
As on GCE.
Bi ASV Au film HC1 LR 2.4X107'° Bi(Ill) separated as BiHs with KBHa. 31
~1.9%X10" M As and Sb also determined.
Cd ASV HMDE —0.8 V vs. SCE, 15min —0.8——0.2 V vs. SCE, 400 mV/min 0. 44 Cd(II) separated on cation exchanger in 34
1 M HC1 the presence of excess EDTA.
DPASV HMDE —1.2V, 2 min —1.2—0 V 2~45 In iron ore. Fe(HI) removed by extraction 35
0.2 M ammonium citrate (pH 2.5) with diethyl ether. Cu, Pb and Zn
determined simultaneously.
Co Square wall jet —0.5 V vs. Ag/AgCl —0.5——1.4 V vs. Ag/AgCl 75 Adsorption of Co(Il)-dimethylglyoxime 36
wave MFE 0.04 M ammonia buffer—0.022 M potassium tartrate (pH 9) LR 6.8X107'° complex. Flow injection analysis. Tartrate
AdCSV ~10"°% M  added in order to complex Fe (). Ni
determined simultaneously.
PSA HMDE 1.20 V vs. SCE dissolved oxygen LR 8.5x107° Adsorption of Co(Il)-dimethylglyoxime 37
NH2-NH.C1 ~3.4%X10° M and immediately reduction to Co(Hg).
Cr DPACSY  GE open cireuit, 5 min 0.3——0.1 V vs. SCE, 50 mV/s 8~500 Non-electrolytic adsorption of Cr(VID) 38
0.3 M HNO2-0.4 M H.S04 0.3 M HNO-—-0.4 M H2S04 complex with diphenylcarbazide (Cr(I)-
—0.5 M H:PO4 diphenylcarbazone) after oxidation to
Cr (VD) by (NHa)2S20s. H:P0Q. added in order
to complex Fe(Il).
Cu ASV HMDE —1.0V vs. SCE, 3 min —0.75——0.2 V vs. SCE H~1000 Triethanolamine added in order to complex 39
0.3 M triethanolamine 0.3 M triethanolamine Fe (Ill). Medium-exchange procedure.
~0.3 M NaOH
ASV HMDE —0.8 V vs. Ag/AgCl —0.8—0.3 V vs. Ag/AgCl 29~ 1400 Medium—exchange procedure in flow cell. 40
0.2 M HC1 acetate buffer Pb determined simultaneously.
ASV Nafion LR 6.3X10°7 41
modified ~5EX10"' M
DPASV HMDE —0.85 V vs. SCE, 2 min 50 mV/s 313~383 Fe (II) reduced to Fe(Il) by ascorbic acid. 42
1.8 M HC1-80% 2-propanol 2-propanol serves the peak resolution.
Pb, Sb and Sn determined simultaneously.
DPASY HMDE —1.2V, 2 min —1.2—0V 2~45 In iron ore. Fe(Ill) removed by extraction 35
0.2 M ammonium citrate (pH 2.5) with diethyl ether. Cd, Pb and Zn
determined simultaneously.
DPASV rotating —0.7 V vs. Ag/AgCl —0.7—0.2 V vs. Ag/AgCl 0. 5~1000 Fe(Il) reduced to Fe(Il) by ascorbic acid. 28
GCE 5~1200 s 50 mV/s
0.1 M HNO:-0.1 M 1504 (pH 2.5)
PSA rotating —0.6 V, 10 min LR 1.6x107° Substrate Fe acts as oxidizing agent. 43
GCE 0.36~1,56 M HC1-0. 19~0. 79 M HNO=-8~32 ppm Hg*" ~3.9X10% M
Ga AdCSV HMDE (pH 5) LR 1,4X1078 Adsorption of Ga(HI)-morin complex. 44
~1.7X10° M
Mn DPCSV Pt 1.45 V vs. SCE, 1~600 s 1.45—0.65 V vs. SCE, 200 mV/s 2.8~4280 Electrodeposition as MnOz. 26
0.23 M HNO>-0. 18 M HzS04
Mo CSsy SMME open circuit, 5 min 45~2010 Non—electrolytic accumulation as HgzMoOa. 45
0.02 M NaCl0.-HNO- 0.02 M NaC10.-0. 001 M HNO: Medium—exchange procedure.
(pH 2.8~3.0) (pH 2.4~3.0)
AdCSV SMME open circuit, 3 min —0.75——0.95 V vs. Ag/AgCl 46 Non—electrolytic adsorption of Mo (VI)- 46
HNO= (pH 2.6~3.2) 0.001 M HC1 DL 2.1X10* M 8-quinolinol complex. Medium—exchange
procedure.
AdCSV SMME open circuit, 3 min 0——0.95 V vs. Ag/AgCl 12000 Non-electrolytic adsorption of Mo (VI)— 47
HC1-HNO: (pH 2.6~3.2) 0.04 M Br0>"-0.1 M acetate buffer DL 8X107* M 8-quinolinol complex, Medium—exchange
(pH 4) procedure and catalytic effect of BrOs~
used.
AdCSV HMDE —0.1 V vs. SCE, 1 min —0,1——0.6 V vs. SCE, 100 mV/s 0. 16~0, 66% Adsorption of 12-molybdophosphoric acid. 48

0. 005 M NaH=P0.—0.01 M H=PO« (pH 2.40)

Tartaric acid acts as complexing agent

for Fe(I).

7 .
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Table 3. (continued)

Ana- Method Working Preconcentration step Stripping step Determination Comments Refer-
lyte electrode Supporting electrolyte range (ppm) ence
Ni Square wall jet —0.5 V vs. Ag/AgCl —0.5——1.4 V vs. Ag/AgCl 40 Adsorption of Ni(II)-dimethylglyoxime 36
wave MFE 0.04 M ammonia buffer—0.022 M potassium tartrate (pH 9) LR 7.6x107'° complex. Flow injection analysis. Tartrate
AdCSV ~10"°* M added in order to complex Fe(I). Co
determined simultaneously.
Pb ASV HMDE —~0.8 V vs. Ag/AgCl —0.8—0.3 V vs. Ag/AgCl 53~2100 Medium—exchange procedure in flow cell. 40
0.2 M HC1 acetate buffer Cu determined simultaneously.
DPASV HMDE —0.85 V vs, SCE, 2 min 50 mV/s 2~66 Fe() reduced to Fe(Il) by ascorbic acid. 42
1.8 M HC1-80% 2-propanol 2-propanol serves the peak resolution.
Cu, Sb and Sn determined simultaneously.
DPASY HMDE —1.2V, 2 min —1.2—=0V 2~45 In iron ore. Fe(Hl) removed by extraction 35
0.2 M ammonium citrate (pH 2.5) with diethyl ether, Cd, Cu and Zn
determined simultaneously.
Csv —0.6 V vs. Ag/AgCl LR 4.8X107'° Electrodeposition as PbSe. 49
Se (IV)-KHS04-K2S04 buffer (pH t.91) ~1.4X10" M
S DPCSV rotating —0.4 V vs. SCE, 5 min —0.4——1.5V vs. SCE, 100 mV/s 60~200 Reducing distillation of S04® to S27. 50
Ag 0.2 M NaOH The sum of the heights of three stripping
peaks measured.
DPCSV rotating —0.4 V vs. SCE, 30 min —0.4——1.5V vs. SCE, 50 mV/s 60~200 Reducing distillation of 50427 to S2. 27
Ag 0.2 M NaOH 2 M NaOH Single peak obtained by using medium—
exchange procedure,
DPCSV HMDE —0.3V vs. SCE, 5 min —0.3—>—1.2V vs SCE, 50 mV/s 4.2 Reducing distillation of $04%7 to S°. 27
0.2 M NaOH LR 3.1X10%
~3.1X10" M
Sb ASV MFE 0.3 M HCl-ethanol DL 4.1X107'° M 51
ASV Au film HC1 LR 4. 1X107'° Sb(Il) separated as SbH: with KBH.. 31
~1.6X10" M As and Bi also determined.
DPASV HMDE —0.85 V vs. SCE, 2 min 50 mV/s 14~100 Fe(Il) reduced to Fe(Il) by ascorbic acid. 42
1.8 M HC1-80% 2-propanol 2-propanol serves the peak resolution.
Cu, Pb and Sn determined simultaneously.
DPASV rotating —0.5V vs. SCE, 5 min —0.5—0.1V vs, SCE, 40 mV/s 22~52 Sb(V) and Fe(Ill) reduced to Sb(IM) and 52
Au film 0.1 M HNOs:—0.1 M H2S04 Fe(II) by KI, and subsequently the
generated 12 reduced by ascorbic acid.
AdCSV SMDE —0.26 V vs. SCE, 2 min —0.25——0.9 V vs. SCE, 100 mV/s 13~32 Adsorption of Sb(HI)-morin complex. 53
0.04 M chloroacetic acid-0.01 M NaOH (pH 2. 30) 1. 5th-order derivative linear—sweep AdCSV.
Se DPCSV rotating —0.5V vs. SCE, 30 min —0.5——1.2 V vs. SCE, 50 mV/s 10~2480 Medium—exchange procedure. Sodium oxalate 30
Ag 0.06 M HC1-0.07 M HNOs (pH 2.5) 2 M NaOH added in order to complex Fe(IN).
DPCSV rotating —0.5V vs. SCE, 30 min —0.5—~—1.2V vs. SCE, 50 mV/s 10~2470 Medium-exchange procedure. NaBr added to 54
Ag 0.06 M HC1-0.07 M HNO= 2 M NaOH eliminate interferences from Fe(Il[) and
~2 MNaBr (pH 2.5) Cu(1l).
Sn ASV MFE —1.1V vs. SCE, 3 min —1.1——0.4V vs. SCE, 125 mV/s 50~77 Distillation as SnBra. Hg plated in situ 55
1 M HC1-0.1 mM Hg(NOa) 2 on GE.
ASV HMDE HC1-HNOs LR 8.4x107* 56
~8.4X107 M
DPASV HMDE —0.85 V vs. SCE, 2 min 50 mV/s 33~267 Fe(H) reduced to Fe(Il) by ascorbic acid. 42
1.8 M HC1-80% 2-propanol 2-propanol serves the peak resolution.
Cu, Pb and Sb determined simultaneously.
AdASY paraffin- 0.4 V vs. Ag/AgCl, 10 min 0.4—1.4 V vs Ag/AgCl, 105 mV/s 3.7~34 Adsorption of Sn(IV)-phenylfluocrone 57
impregnated 0.01~0.02 M H2504 complex after extraction with toluene as
GE the iodide or distillation as SnBra.
Te ASV GE —0.45 V vs. Ag/AgCl, 2 min 13.7 mV/s 150 58
1 M HC1 LR 1077~10"° M
DPCSY rotating open circuit, 30 min —0.45——1.5 V vs. Ag/AgCl, 50 mV/s 10~300 Non-electrolytic accumulation as AgaTe. 23
Ag 0.18 M HC1-0.21 M HNOs 2 M NaOH Medium—exchange procedure. Fe(I) and the

-2 M NaBr

generated Br: reduced by ascorbic acid.
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Table 3. (continued)

Ana— Method Working Preconcentration step

Stripping step Determination Comments Refer—
lyte electrode Supporting electrolyte range (ppm) ence
W AdASV GE —0.5 V vs. Ag/AgCl DL Adsorption of low-soluble compound of W(VI) 59

1~2 M H2S04 1.5X107" M with ¢ —caprolactam and SCN™.
DPAdASV  GE —0.5 V vs. Ag/AgCl —0.4——0.05 V vs. Ag/AgCl 270 Adsorption as insoluble ternary complex 60
3 min 20 mV/s LR 1. 1X107° WYO(SCN) 5 (antipyrine or
1 M H2504 ~5.4X10" M 4-(dimethylamino)antipyrine) s.
Fe(lll) reduced to Fe(Il) by ascorbic acid.
AdCSV HMDE open circuit DL Non—electrolytic adsorption of W(VI)-— 61
(pH 2) 0.05 M H2804-0.3 M C10:~ LIX107% M catechol complex. Medium-exchange
procedure.
Zn DPASY HMDE —1.2V, 2 min —1.2—-0 V 2~45 In iron ore. Fe(Il) removed by extraction 35

0.2 M ammonium citrate (pH 2.5)

with diethyl ether. Cd, Cu and Pb

determined simultaneously.

AdASV: adsorptive anodic stripping voltammetry.
CCSA: constant—current stripping analysis.
EDTA: ethylenediaminetetraacetate.
MFE: mercury film electrode. PSA: potentiometric stripping analysis.

SMDE: static mercury drop electrode.

-
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Fig. 12. Calibration curve of selenium(IV) in the absence
(O) and presence (@) of iron (III) by differential
pulse cathodic stripping voltammetry at a rotating
silver disk electrode.’®

35 uA
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Fig. 13. Differential pulse anodic stripping voltammo-
grams for 25 ng/ml copper(II) at a rotating glassy
carbon electrode in the presence of 1: 0 pg/ml
iron, 2: 2000 pg/ml iron(IIl), and 3: 2000 pg/ml
iron(IT).%®

AdCSV: adsorptive cathodic stripping voltammetry.
CSV: cathodic stripping voltammetry. DL:
GCE: glassy carbon electrode. GE:

ASV: anodic stripping voltammetry.
detection limit. DP-:differential pulse.
graphite electrode. HMDE: hanging mercury drop electrode. LR: linear range.

SCE: saturated calomel electrode. SMME: stationary mercury microelectrode.

Table 4. Microscale differential pulse cathodic stripping
voltammetric determination of sulfur in steel at a
rotating silver disk electrode.’®

Sample taken S determined S in sample

Sample (mg) (ng) (Hg/e)
JSS 241-9 0.99 207 209
(0.0197 mass%)* 1.14 223 196
1.04 207 199
1.27 258 203
0.60 116 193
Average 200 ug/g

Standard deviation 6.2 ug/g

4 Certified value.

§ample taken

Decomposition

k—Nal04 l“(NHA‘)zSan

L Oxidation l

HClO4fumes
HCI } .
i Xcess
Filtration B Absorptiometry NaaCiOn
1 ~— NaNO z
T Atomic absorption - P
Ccsv I Absorptiometry ermanganate
[, spectrometry ~ back titration
< JIS method>
0.0001~0.5 mass % 0.003~2.0 mass % <20 mass % =0.1 mass %

(15~25 min)

Fig. 14. Comparison of the differential pulse cathodic
stripping voltammetric method and the JIS meth-
ods (G 1213-1981 and G 1257-1994) for man-
ganese determination.”®
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