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Determination of Trace Elements in Acidic Solution of Iron and Steels by Graphite
Furnace Atomic Absorption Spectrometry

Takeshi KOBAYASHI, Shin-ichi HASEGAWA and Takayuki Y OSHIOKA

Synopsis : Graphite furnace atomic absorption spectrometry (GF-AAS) has been applied to the determination of trace amounts of arsenic, bismuth, cad-
mium, lead, thallium and zinc in the acidic solutions of iron and steels. The iron and steels were dissolved in nitric acid. After the solution
(20 pl) was pipette into a L'vov platform furnace, it was ashed (600°C—30s, hydrogen 5ml/s) and then atomized by using argon as a purge
gas and atomic absorption of each analyte was measured. The effect of iron concentration was suppressed by the use of peak area measure-
ment. Synthetic calibration solutions were prepared by addition of standard solution of each analyte to iron or nickel matrix solution. For ar-
senic, bismuth, cadmium, lead, thallium and zinc, the limits of detection (30 of blank values) were 0.05, 0.025, 0.002, 0.017, 0.025 and
0.003 ppm, respectively, when one gram of the specimen was used. The proposed method is able to be applied to other analyte in iron and
steels.

Key words: graphite furnace atomic absorption spectrometry; iron and steels; trace analysis; determination of arsenic; bismuth; cadmium; lead; thallium
and zinc.
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Table 1. Operating parameters.

Massmann HGA

Analyte | Wavelength | Ashing-Ar® | Ashing-1¥ | Ashing-2" | Atomizing
(nm) (°C-s-)) | (°C-s-5)¥ | (°C-s-5)? | (°C-5-5)®

As 193.7 750-10-30 l 600-10-30 | 600-1-19 | 2400-0-4
Bi 223.0 500-10-30 | 1700-0-4
Cd 228.8 500-10-30 950-0-5
Pb 283.3 500-10-30 | 1600-0-4
Ti 276.8 500-10-30 ‘ 1200-0-5
Zn 2139 500-10-30 | | 1200-0-5

Massmann THGA

As 193.7 1300-10-30 | 600-10-30 | 600-1-19 | 2100-0-5
Bi 223.0 600-10-30 | 1600-0-4
Cd 228.8 500-10-30 1000-0-4
Pb 2833 850-10-30 1500-0-4
Tl 276.8 600-10-30 1200-0-4
Zn | 2139 | 500-1030 | | 1200-0-5

Drying: 130°C-20s-20s, Cleaning: 2600°C-1s-4s.
a) Purge gas argon=5ml/s

b) Hydrogen reduction step, H,=5mV/s

¢) Argon exchange step, Ar=SmVs

d) First and second times represent ramp time and hold time, respectively.
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Table 2. Comparison of sensitivities of each analyte be-
tween HGA atomizer and THGA ones.

Sensitivities ¥
Analyte (pg)
HGA THGA
As 19.1 38.0
Bi 19.0 52.0
Cd 0.38 1.1
Pb 10.0 253
Tl 19.5 53.0
Zn 0.40 0.82

a) Concentration giving 1% absorption (0.004 absorbance uint).
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Fig. 1. Effect of iron concentration on the absorbance of
cadmium.
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Fig. 2. Effect of iron concentration on the sensitivities and
relative standard deviation of cadmium.

Table 3. Reciprocal sensitivities and detection limits for the determination of each analyte in iron solution.

Iron Sensitivity ¥ Limits of detection ¥
Analyte Concentration (pg) (mass ppm)
(mg/ml) i Pk-area Pk-height Pk-area Pk-height

As 5 I 20 32 0.095 0.12

40 | 45 50 0.030 0.08
Bi 5 19 25 0.045 0.050
40 25 37 0.008 0.027
Cd 5 0.4 0.4 0.007 0.014
40 0.5 1.2 0.001 0.008
Pb 5 10 12 0.031 0.037
40 12 25 0.004 0.016
Tl 5 21 18 0.028 0.075
40 30 30 0.010 0.035
Zn 5 0.4 0.4 0.006 0.012
40 0.5 0.5 0.001 0.007

a) Concentration giving 1% absorption (0.004 absorbance unit).
b) Concentration giving 3o of blank value.
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Table 4. Sensitivity ratios of each analyte dependence on
a with/without iron matrix in sample solution.

Sensitivity ratio
Analyte (With/without Fe matrix)
Cd 0.85
Zn 0.90
Tl 0.81
Bi 1.60
Pb 1.45
As 1.38
Fe : 10mg/ml
T T T T T
0.4 h
| Zn(Ar)
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Fig. 3. Effect of iron concentration on the absorbances of
each analyte.
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Fig. 4. Extraction curve of oxygen in iron.

7zo 1, IKILAKFEH 2 TTFA IS Fe R IZBIR R < —
EDWNHEER L7, ZOBRKE LT, FRTORIER
Z8WT, MERRS KU ISR L 8k & R U, BRI
B EZI3BIICE > TCORREL, ZDCOH Rz
Lo TPODRFES #FHIIFIcER X2 -eD L&
BL7, ZORKMBHD 7%, FelBROIKLR T %D T
T b7 r—LERHL, BESHEEEHOTEEOM
MR A2 KD 2, 75 9 b 7+ — 2T AH IS
2500°C-8sZEHE & %, FelBMRATEA L TR, 600°C T
JORRIIKIL®:, 75 v b7 —AEEH L, BB IZARE
PEA 2 R — AR - L OB H T - 12,
K% Fig. 4158 T, BEOMUNITTIZ 1200°C (52 5 4 %
D, 1400°CTIRIEMET L7z, ZhbDERLE Fig 3TRL
ToIRACLIF D/ S =D F 227N TV AR L -8E . BEO
FelRIENEMT 2 E PoOWMKENMEF L R4+ by
TERET L, PoOFETLIREIZ1600°CTH D, HEEAL
BHZCOMRELAEZLEDNFRTH S LHBHL -, £7-,
Zn 2OV TIRIFEFLIEE X 12000C TH b |, EHA{LEEREPY
TIEEALCODRENKRT 5F, FeiltfIciek4 2%
BOHEMREDONE» > HERE —B L7, D EORER
2O RERERHADIEERKIZ L) v 2 2L LTFReA
PBETHDZLHHEENE 572, LhL, BMEROE
BEEMICITSICE, K0EMEDO Y v 2 2500EL
BB, FellEbE7 ) v ATEORI 51T 7,
VP2 LTORETLRIIMEIZET S, X612,
EMEMAAF LR T ORGP Fl ORISR HASD
YIMEEY 2 H 3% Mn, Co, Ni, Cuts K OPdAEBAF, B~
FY Y ZTLEDOREIZ10mg/mlE L, HHICEIZPL T
fTof, WIEIEFe~v b)) v 20FE&RMEE L, k(LK
DIN=DHAZTALTV BEROKEEHNTT -7, BE
% Table SIZ/RT, IKILERIZ/S— D H 2 LTT LT Y %
FW238E8, Fev b v 7 212 L TOWThOTE S K
HED—HMBHEhkh o7, i, KL/ $— 2 % 2
ICARFEEHTSEFe~v b ) v o 2125 L, Cob LUONI

127 I




B 128

4 & 4R Vol. 85 (1999) No. 2

Table 5. Effect of diverse elements on the relative ab-
sorbance of lead.

Diverse Relative absorbance

elements

Ar ashing H, ashing
|

Without matrix l 1.00 1.00
Fe 1.18 1.42
Mn l 1.05 1.10
Co 1.38 1.40
Ni ‘ 1.43 1.43
Cu 1.40 1.38
0.08 0.07

Pd {

Table 6. Determination of oxygen in the matrix residues.

\ Oxygen found (mass %)

Matrix Purge: Ar H,

300 C° 600 C° 900 C° 1200 C° 600 C°
Fe - 23 223 15.6 23
Pd 12.5 1.4 0.6 0.6 0.6
Ni - 32 1.1 0.4 1.4
Co -l e 1.4 1.0 24
Cu - 10 1.1 0.5 1.2
Mn - 24 24.2 16.9 23.8

Fe: 1500 C° — 0.5 mass%
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