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Determination of Copper in Steels by Inductively Coupled Plasma Atomic Emission Spectrometry
with Gas-phase Sample Introduction Technique

Akihiro MATSUMOTO, Toshitsugu KOBATA and Tuketoshi NAKAHARA

Synopsis : Copper in steels was determined by inductively coupled plasma atomic emission spectrometry with gas-phase sample introduction in a reac-

tion medium of citric acid. The gaseous copper species, as yet unidentified, was phase-separated in a gas-liquid separator and directed via a

stream of argon carrier gas to an inductively coupled plasma for atomic emission spectrometry. Under the optimized experimental conditions,

the best attainable detection limit at Cul 324.754 nm line was 1.5 ng/m/ with a linear dynamic range of 10 to 500 ng/m/ in concentrations.

The presence of several diverse elements was found to cause more or less a depressing interference by the proposed technique. When copper

in steels was determined, a large amount of iron in the solution caused a severe depressing interference. Of the extraction solvents examined,

diethyl ether was found to be the most preferable to separate iron from copper in the sample solution. The proposed method was applied to

the determination of low concentrations of copper in steels. The results obtained by this method were in good agreement with the certified

values.

Key words: inductively coupled plasma atomic emission spectrometry; gas-phase sample introduction method; copper; citric acid; diethyl ether; steels.
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Fig. 1. Schematic diagram of ICP-AES with gas-phase sample introduction system. A: acid solution, B: NaBH, solution, C: sam-
ple solution, D,, D,: peristaltic pump, E: mixing joint, F: reaction coil, G: thermostatized water bath, H: a combined nebu-
lizer chamber and gas—liquid separator, I: waste, J: argon gas, K: gas controller, L: plasma torch, M: plasma.

Table 1. Optimizedioperating conditions for the determination of copper by ICP-AES with solution nebulization and gas-phase

sample introduction.

Solution Gas-phase sample introduction
nebulization HCl Citric acid

Plasma

High-frequency power (kW) 0.8 0.8 0.8

Plasma gas flow rate (I/min) 1.0 14 1.0

Carrier gas flow rate (1/min) 1.0 11 1.1

Observation height (mm) 17.0 15.0 15.0
Gas-phase sample introduction

NaBH, concentration (%) 1.2 15

NaOH concentration (%) 1.0 10

Sample acidity (M) 3.0 0.8

Sample solution flow rate (ml/min) 7.0 7.0

NaBH, solution flow rate (ml/min) 25 25

Reaction coil temperature (°C) 15.0 0.0

1.25 1.00

Reaction coil length (m)
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Table 2. Emission characteristics of major lines of copper
by ICP-AES with gas-phase sample introduction.

Reaction medium

Hydrochloric acid Citric acid
Wavelength (nm)  L* I/Ib* BEC? L* I/Ib* BEC?!
Cul 224.700 035 519 0.03 021 288 0.10
Cul 324.754 1.00 113 0.05 100 819 0.03
Cul 327.396 050  6.89 0.07 050 497 0.6

% Relative to Inand In/Ib of Cu I324.754 nm as 1.00 with solutions of 1.0 Mg Cu/ml.
1 Background equivalent concentration (Mg Cu/mi).
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Fig. 2. Effect of NaBH, concentration on I/, for copper
by the use of HCI (@) and citric acid (O) with gas-
phase sample introduction.
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Fig. 3. Effect of concentration on I /I, for copper by the
use of HCI (@) and citric acid (O) with gas-phase
sample introduction.

3-1-3 BOEE

BICAIDRE L & 612, BOBE & SO R 2iE4
BHRIZKE L BEE 2529, HEEE 7 LV BOBE
ETNRTH05~3.0L01~1.0MOFE THRET L, S@E1t
ZiTo72. ZORR%EFig 31T T. ZOKRED, B
LI VBOBREBE 2 TN TRD [LHRKE -7
30208ME L7 (I, EFMRIZ30E 08MTRAL Ko 7-
ZLEMERL ),

3-1-4 {ERAFEDES

HiZE S OFEEME, BAH (F e Pakoigs by
UL) WRBEEUE (B30 T UB) 4%
- RAL, SO EELRIEIA LA TREX ¥
7zo RIBA4 ) (Fig. 1HOF) 31EEAR (Fig. 1HDG)
FIZRL TR 37012, ZOEMICE DD BRI 2E
ERMFICRELHELS 25, HEAEOEE %
0~20°COFB TR L, BEL 2T -7, 2OER%
Fig. 41513, ZORRLY, EEB L0 T Vs
L EDOREKERE S ZhZFNIJBBKRE % 57215
BEU0CELZ (L,EAMKRIZISE 0°CTRAL K572
L EMERAL),

3-1-5 RIBAA LD
TEIRAFEDRE L [FRIZ, RIBI4 LOE X $ E0ER
MALFEERBRIDKE LB EBLE 239, KIBIA LD
RE&50~150cmDEHE TR L, BEtEF-7. 20
MR%EFig. 5IRT. ZORBLD, HBBLV T VB
AW EORERIETIA N EE ZRZNL/LHRA L
o7 1258 KT 100em & L7 (1, & FREIZ 125 & 100 cm
TRAEE>7-ZE5HERL ),
3.2 RIERE

SRR A R A T Table 1ISRT & 5 2 B@&HT
TRLNZAORERIY, HES X0V T VEBAHERL -
B A2 Z 12 50~1000 35 & O 10~500 ng/m! D F [ Tl

317



B 318

8 & 4B Tetsuto-Hagané Vol. 89 (2003) No. 2

100

80

60 |

Il

40

20}

1I0 1'5 2b

Temperature (°C)

0 5 25

Fig. 4. Effect of temperature of thermostatized reaction
coil on I/I, for copper (0.1 yig/ml) by the use of
HCI (®) and citric acid (O) with gas-phase sample

introduction.

50

40 |

30 | /\'/\‘
=

20 |

10-0/0_/0\0_—0

0
40

60 80 100 120 140
Reaction coil length(cm)

160

Fig. S. Effect of length of reaction coil on [,/I, for copper
with gas-phase sample introduction (O: Citric acid,
0.05 fig Cu/ml, @: HCI, 0.5 ug Cu/ml)
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Table 3. Effect of diverse elements or ions on copper sig-
nal at Cul 324.754nm by the use of citric acid
with gas-phase sample introduction.

Species Added as * Relative intensity ¥
Be BeSO. - 4H:0 89.4
Bi Bi (NOs). 815
Ca CaCO» 78.9
Co Metal in HCI a47.1
Cr(VI) KzCrz07 56.8
Cs CsCl 68.1
Fe (I1) FeClz - 4H:0 69.8
Fe (Il FeCls - 6H:0 58.4
Ga GaO: 88.6
Ge GeO: 84.9
La La(NOs)s 84.3
Mg MgO 88.6
Pd PdCl: 58.8
Pt Metal in aqua regia 81.2
Rb RbCl 58.8
Sn Metal in HCI 82.3
Sr Sr(NOa)2 725
Y Y203 72.8
Zn Metal in HCI 79.1
Zr ZKNO3)2 + 2H:0 83.3
CIOs NaClOs 71.8
HCOs" NaHCOs 81.2
- Ki 72.9
10s” KIOs 78.1
NO:" NaNO: 76.5
SCN- NaSCN 71.8
SOs2" Na:S0: 84.3
SO«2- Na-SO. 70.3

* Diverse element added at level of 100-fold ratio of Cu.
t Relative to 100 for the emission intensity of Cu (0.05 u g/ mi)
alone.
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Fig. 6. Effect of Fe concentration on 1 /1, by temperature

of reaction coil (@: 0°C, O: 15°C) for copper (0.1
Hg/ml) with gas-phase sample introduction in a re-
action medium of citric acid.
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Table 4. Separation of iron from copper by solvent extrac-

tion.
After extraction*
Solvent Element Aqueous phase(%) Organic phase(%)
MIBK Fe 0.06 (2.8 ug/ml) 99.94
Cu 100 (0.1 wg/mi) 0
Diethyi ether Fe 0.42 (21 g /ml) 99.58
Cu 100 (0.1 wg/mi) 0

* Original aqueous phase : Solution containing of 5000 g Fe/ml, 0.1 1g Cu/ml and 6M HCI.

Table 5. Determination of copper in steels by gas-phase
sample introduction.

Copper (19/g)

Sample* Certified value Present workt
JSS 003-4 18 221
EURONORM 097-1 20 23 x1
NIST 361 420 407 £12

* JSS : Pure iron series issued by The Japan Iron and Steel Federation.
EURONORM : High purity iron issued by European Committee for lron and Steel
Standardization.
NIST : AISI 4340 Steel issued by National Institute of Standards and Technology
t The mean x standard deviation (n = 3).
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