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Determination of trace amounts of copper in iron and steel by differential pulse
anodic stripping voltammetry at a glassy carbon electrode
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Differential pulse anodic stripping voltammetry with a rotating glassy carbon-disk elec-
trode in an acidic solution without any separation of the matrix is described for the deter-
mination of copper at the yig g~ level in iron and steel. The interference of iron (III)
was eliminated by reducing it with L( + )-ascorbic acid to iron(II). The calibration curves
were linear over a concentration range of 1.6 X107® to 3.2X107% M of copper with pre-
electrolysis times of 1200 to 5 s and passed through the origin (correlation coefficients >
0.9992). The detection limit (30) was 0.78 ng ml~' for a pre-electrolysis time of 1200 s.
The possible interferences were evaluated. Compared with the present JIS methods, the
developed method has been successfully applied to the determination of 0.5 to 1000 pug .
g™ ! of copper in iron and steel without any troublesome preconcentration steps using
harmful chemicals. The relative standard deviations were approximately 0.9% at the 10
ug g~ 'level. The time required for an analysis was within 50 min.

copper in iron and steel; anodic stripping voltammetry; steel analysis; glassy
carbon electrode.
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¥ DX e BEREL I EME TR 2 B 5 58
BMERES LB TH 5720, HERECTHE - LA
IRERARD bCTwb, KFFETIE, HFRAZ Ty
TR RGBT SN MERO SR EEWLT S
ZEEREHMEL, XPUDEYTERLE VA Y —DF
il AN

APY O EYTELY A M) i, EBEEECEN
WEOBRERELEU-OBOTCHREETH L, A%t
B L CEiAb Lz, < M) vy 2 ALEORET T
BT TENIFRPCEEID L, A& - H{ETDH
L2 EOREERETSH. Gottesfeld Hi%, FP OO
EBBIEZT /) —FA9 ANy ¥V TRLI VX MY —
(ASV) ZISAL, $UD OBITCEICEVETLEZHT
AEI) R, MWHTOIET T ASV 2179 7208
BAFML - XHERESREREZHRB LY, IF
BREBRERECE, BEREROUMICL 2EEWE
DOEmRAL, EHBEOBEIC X 5BV hAOREE
BWORAGZENRZ Y, BIEIPEYENTHS. I
SOMERZWIRT A7:D12, Koster Hidvw {4707
U—t )V BERLTWEA, BHBARTIERIE) BT
BEZHVENRD LY. &, Hofbauerovd BIdRE S
VA ASV ICX BT v FE, i, 8, AXDE
CEBERBMELTVAY. B MY vz 2 L(+)-T R
e rgegk@ ~EinlL, BREICER-2-7ax
J—VEEHLTCENTEROY -2 0&EZ ) 2T
WEPEEBWICTHTIER V. X, IRV
NHIMERAEBICH Y T HEE OB WETH S
KREHNTW S, 2 2 TEWD PIET % B RER
ZUERBEEE L, SRR 2B oMLz T omET
TAREEA % RaE - R R LRk 2 R L 7.

2 % 5

2-1 EBERURE

ASV [ZIEkE BAS oLy har I ANTFIAF
— (100B/W) & [IEET 4 A7 B (RDE-1) % B/,
AT OREIX SpAcm ' TH D, WWITITAEMR,
SHREBICITHE-ESETESR BMNaC) ZfFHHAL, fa
IR A ) 7 b -4% ERF VAT 3 M BIkF MY
LABWOTHEELBLCHEEYT S AREMRLL (25
mm X 22 mm¢) L7z,

TGy —=H =Ry 74 A7 VEHBEM (BAS, No. 11-
2066, FKIEMERK 7mm’) X, WEHEzI vy TF 740
LAy—1F (BALTNVI = AR5 RO 1um) THIE
LCBmA R F L7ztg, AZEL TR L7 2 oBE
—ESGHAA LT X RE OEREN TR TH o
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7z kB, BRER 1 b HOREMEIZFERL 2.
AREITTRTERR E HVz, KIEE L Bk SE
EE (P27 LV-10T) ISk o THE L. BRI
WEE LB RY, ZREFROBEII6MTHS.
PRHEVRLL, TR OO TR F IR 0T A SRR HE R {1000 pg
mli™'(0.1 M HNOs) | % B O#FEEAK CHRFAL L <
AU, s ik, BSRESk (H ARk R 2 2k
FUGEREHIEY)E JSS 0014, SAEAE: 05pugg ) ZiRER
R L CHRL 7.

2-2 TEEIRME

O k9 L7-gkislEg 1 g 2REE 8 ml Tk
#, 50ml AAT7FGAIBLTRTERICLE. 20
B 10ml ZE—F—IC4ML, IML(+)-7TAaLE
Y10 ml LK 60 ml ZANZ 72, 2M KER{EF b
AT pH 25 ICHEE L7, 100ml A 279 AT LA
%, pH25 ICHRELZ-REBTERT THRL CREE
e L., REBEE 4ml 2EHELVICRY, 75 ¥—
=R T4 A7 BREZEE (2000 rpm) & %P
5 —0.7V vs. Ag/AgCl THIE R Al BfF L 72, BIFRT
LFICEEL RO, 10 RHBERRESIVAE—-F
(VUVAEE 100 mV, 7%V AR 50 ms, ¥V AR 200
ms) WX DBEME 50mVs ' OFEET 0.2V vs. Ag/
AgCl ¥ CEEL, BHBEOBEMR-EMMHR (B
DE—IEIhbTERE L.

3 REREEE

3.1 EEFGOREIL

e BICIE, —EOREIREIHE ST, Bk
BRPCIERAOBEHNENHBEIIE NS TV —h—Kr %
FRL:E. 793y —d—FUVBEBROFILEIZOVTWA
WARRET LR, 221 IORLAX ) iR BETD
BN-HRESHE SN, SHoBRERo—#F% Fig. 1
(@) ORT. BEMICGEAREROBRBEILETH -
7o M) PEERICEETHERERE -7 R oH
T, E— B3 EMETE Lo 7228 {Fig. 1(b)}, 3
9 BN Al 2 S 1 WEL Do {Fig. 1(0)}.
EZTHORTICOWVWTHE L2 T A, BANIIIZX
L(+)-7 22V E Y BA R TH - 2. RBHEHT O
R IIEL, SOBTA~OWHEIEBHTE .

3:1*1 L(+)-FPAIANECBRBEEOHE HXF
DOFE DD BT, 0.1V s Ag/AgCLAHE L D L(+)-
T AIIVE YEBOBRLRISICERK T 2 BRI L BTy
WD SN, SO — 7 BRI E L BEN -
72, LaL, L(+)-TA2VE VBRIEEAS 01 M LRI
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Fig. 1 Stripping voltammograms for 25 ng ml ™'
copper in the presence of (a) 0 ugml ' iron, (b)
2000 pg ml~ ' iron(Ill), and (c) 2000 pgml '
iron (IT)

Pre-electrolysis at ~ 0.7 V vs. Ag/AgCl for 600 s

BAHLWDE—rHEIFZWA LA (Fig. 2). L(+)-T A
INVECBREICEENGM (REIC K D HlE LR
¥ 20ng g™ ) BEELTC, L(+)-TRAINVE »EEEE
X 0IM & L7

3-1-2 #%(0) OFFHEE L(+H)-7RXarey
TRIREEDS 01 M 0L &0gk() XFERLFOLE—2E
SLOBBRERARLL IS, 2000ugml Tt T TE D
CARFELTHE— s B SICBLRR S N d oz, LA
LENDEICR S &, SRPEEICTM~NBRITENTN D
b oFT Y- B3I L (Fig. 3). 22
T, BROBAHFEEEL 2000 ugml™" & Lo,
3:1-3 pH OFE  BHERO pH MEV &, K
FAFTVOBRTIIGD 2D ICEEGRIETLE. —
¥, pH DB bk, L(+)-TAINY Y BOBILK
SIS L BERDLSL LAY BEBMADIZI~T 7 ML,

0 0.1 0.2 0.3

L(+)~Ascorbic acid concentration/M

Fig. 2 Dependence of peak height of 50 ng ml™'
copper on the L(+)-ascorbic acid concentration in
the absence of iron
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Fig. 3 Dependence of peak height of 50 ng ml ™’
copper on the iron(II) concentration in the pres-
ence of 0.1 M L( * )-ascorbic acid

WAMOY — 7 LBELR B0y 2 75y v FER
DEFRPREL 2D, E—I@BEPWP Lz, €=
3L pH=3 THRARE ko 7225, MEH OB AR
W2ORE pH 1 25 L L7z (Fig. 4).

3-1-4 MIBEEBEMOFE WEMEMLL, &KX
DE—Z7@HEVH/ONT 0.7V vs. Ag/AgCl %EIR L
7z (Fig. 5). ZOBME D S EMTIXHE () NIRRT
TAMBEEASEMENTE S, FAICEMTIEASE
A F ¥ DBEFTCPUSHHFE L CEENEISMET 327208

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

258 BUNSEKI
80
60~

<

2

)

=

=

o

=%
-
0 | I | 1

pH

Fig. 4 Effect of pH on peak height of 50 ng ml™’
copper in the presence of 0.1 M L( * )-ascorbic acid
and 2000 pg ml™ ' iron
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Pre-electrolysis potential /V vs. Ag/AgCl

Fig. 5 Relationship between the pre-electrolysis
potential and the peak height of 50 ng ml~' copper

— 7 EEVRBY LD EbNS,

3-1-5 FIEMBEAOR SHoEA ML Fig. 6
RS, Bonh-ihiers, MEMRERED [1-exp
(— k)Y (¢ BUEMERR, £ B8 K- TEFLT
5T LW hh. HEMEERD M TEEELLE
IRET S L, 600 FTIEH 11% OMPEEL/zZ L1
b, X, 1EEBRE TR — 7 5 S ONERICE
LTWwBDT, WEBOMOEHERIC X - THI B
PEALEEL LT EETH S,

3-1-6 EEREOHE EEHEAENSHOmVs ' T
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Peak height/pA

Pre-electrolysis time/h

Fig. 6 Progress of electrodeposition of 50 ng ml '
copper

THMT 2L LDICRFLE - BIREE -7 HEDH
MAH SN/, 100mVs ' TRE—Z7BRIZH N,
Wy 775y FEAROBEEIIREL 25720 HHET
Holz (Fig. 7). TTTREDEEDOR Y 50mVs™!
e Lz, B, BELAHIT 1 HokETEL
B L7,

3.2 RER

BONTRBEEBT T, 8 VBRI
LT 600 HOMBEBR TR LIRER (E-7&S
HEEE) &, $H 10~100 ngml ' OHPATHE M Z WL HE
Wy, BE (MEHROME) I8 1.4 pA (ngCu
ml™"), 50 ngml ' TOMMEERZE (RSD) 1k 2.6%
(n=4) THhHolz. TOBREMRIZ 2000 ug ml™' D% I
TR L22RERE B L Tnizln, ZF B
ERITIIERE & F B IR TR L 7o B 45
HT&5%. MERKHEZEZSZLICXD (1200~55),
OSBRI (1.6x107°~3.2x107° M) THE %8
LHEBORERSE SR, &iF 05~1000ugg ' @
SERICHEATRETH 5.

3.3 HETEOHE
CRETROEBIIE 2000 pgml ' & T 50 ng
ml™' OEE TRz, AIUTID, Co(D, Cr(VD), Ga
(1), Ge(Iv), (I, Mn(ID, Mo(VD), Nb(V),
Ta(V), Ti(Iv), Vv(V), W(VD, Zn(ID), Zr(IV),
PO, SO 13100 85, Cd(D), Ni(ID X 10 %, Au
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Fig. 7 Effect of the scan rate on the stripping
voltammogram of 50 ng ml™' copper

Pre-electrolysis at — 0.7 V vs. Ag/AgCl for 600 s

(I, pPb(ID) & 3 £, As(ID), Bi(ID, Sb(I), Sn
(I, Iv), Br, G, I' ZEBICHEELTOYELL
ofe. Ag(l) 2B ngml ' PLEOFEHEEMOL -2 %
K& L7z SeV) & Te(V) & 025 ngml™' FFFEL
7220 THEOE — 713/ S { o 7258, RrERiN
EBRROBBMPICEEND RO TEOREHOR
ICHARTIEFFICA R  HEE 2 W,

E¢,Eﬁ,Em,%%,¢ﬁuGc%m%ﬁwéthvmié%%¢%§%®%§ 259

Table 1 Determination of copper in iron and steel

Sample” Pre-electrolysis Cu in sample” RSD,
(Certified value) time/s puggt %
JSS 0014 1200 0.55 12
(0.5pgg )

JSS 001-1 600 10.7 10.93
(0.0011 mass%o) '
JSS 003-4 600 17.8 0.89
(18ugg™)

JSS 0572 60 141 0.94
(0.014 mass%) v

JSS 501-5 5 989 - 0.58

(0.100 mass%)

a) The Iron and Steel Institute of Japan standard
steel samples.
b) Average of five determinations.

3.4 SKEREB O

b FEEH O H ARSI & Sk FEAEAR Y B O SR 0 B =
WR% Table 1 ITRT. BohEEMIZEMEL IE
FICE—FL, BELRIFTH- 2. EHRIEOZRHER
EDY -7 FHED 30 »HROMMRAIE, 1200 #
B ORI EMT 0.78 ngCuml™ Tho7z. &b, HEM
BERTAS 600 A B DA CI3 22l BRI T & e o 7.
SFTERREIE 30~50 5 CTdh - 72, SRR 2 EERT
SMERE, BEERO AL A U ORI A Bk L7 sURHA TR
THFAEOERVEL N,
RFRO—BEIUREREVNRBEGYE GREES
09650897) ICk o ThEhAZ L2 NRRL#HELETS.
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= g

BB 2 BOE, S M)y 7 AR SHETICHEN ZERECETE 58 - LT /S —F 1
YIZAM)EYTELY YA M —=FRARBLZ SAD 2 MBI T 57201 L(+H)-TAaAVE
YRR TSN L 7R - BRERIA A S 43I L 72 4 ml OFBHEIE (pH25) %, —0.7V vs. Ag/AgCl THIE
BLCHANE S 7Y — D — R F 4 A7 BB ECHBEE2%, 50mVs™ ' OMET 0.2V vs.
Ag/AgCl T CEMEZER L ORE/SVABERIREEREL, E—r B3 oHBEZRD L. BUEMFRH
REZLHIEIZEY (1200~55), EVEIREME (1.6X107°~3.2x107°M) THE R %l 2 EHROMR
BHAE LN (R >0.9992) . ERMEIIZM P 0.56~1000 pgg ' T, 10pgg ' LIV DD
0.9% BEOHNEEFECTERTE . OWHERMIX 50 FBLUATH -7z, REIZBATOHRM JIS
SHHFEICENR, BERELZHOT, EELMLHERAELZLELCTICME, S BRERE COMER
BT T ENTELFEND .
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