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Determination of Trace Elemements in Iron and Steels by Graphite
Furnace Atomic Absorption Spectrometry
Takeshi KoBaYASHI, Kunikazu IDE, Haruno OKOCHI,
Kenji ABIKO and Hiroshi KIMURA
Synopsis :

An analytical method has been established for the determination of trace amounts of bismuth, cadmium,
cobalt, copper, indium, manganese, nickel, lead and thallium in iron and steels by graphite furnace AAS.
The iron and steels were dissolved in nitric acid. After the solution (20 ul) was pipetted into a L'vov plat-
form furnace, it was ashed and then atomized by using argon as a purge gas, and atomic absorption of each
analyte was measured. The effect of diverse elements was suppressed by the use of peak area

measurement.
iron matrix solutions.

Synthetic calibration solutions were prepared by adding each analyte standard solution to
For bismuth, cadmium, cobalt, copper, indium, manganese, nickel, lead and thallium,

limit of detection (30 of blank values) were 0.15 ppm, 0.004 ppm, 0.05 ppm, 0.07 ppm, 0.1 ppm, 0.04 ppm,
0.08 ppm, 0.1 ppm and 0.12 ppm, respectively, when one gram of the specimen was used.
Key words : graphite furnace AAS; iron and steels ; determination of Bi, Cd, Co, Cu, In, Mn, Ni, Pb and Tl;

trace analysis.
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Table 1. Operating parameters® of atomic absorption measurement.
Element Bi Cd Co Cu In Mn Ni Pb Tl
HCLY currents (mA) 10 10 15 15 8 10 15 8 10
Wavelength (nm) 223.0 228.8 240.7 324.8 325.6 279.5 232.0 283.3 276.8
Spectral band-width (nm) 0.2 0.7 0.2 0.7 0.7 0.2 0.2 0.7 0.7
Integration time (s) 5 8 10 10 5 7 10 S 5
Drying Temperature : 130°C Ramp time : 20s Hold time : 20s Internal gas : Ar 5 ml/s
Ashing Temperature (°C) 500 300 600 600 500 500 600 500 400
Ramp time (s 20 20 20 20 20 20 20 20 20
Hold time (s) 10 10 10 10 30 10 10 10 10
Interanl gas  (ml/s) Ar, 5 Ar, 5 Ar, 5 Ar, 5 Hj, 5 Ar, 5 Ar, 5 Ar, 5 Ar, 5
Atomizing  Temperature (°C) 2000 900 2 500 2500 2000 2000 2500 1 800 1200
Ramp time (s) 0 0 0 0 0 0 0 0 0
Hold time (s 5 8 10 10 5 6 10 5 5
Interanl gas  (ml/s) Ar, 0 Ar, 0 Ar, 0.5 Ar, 0.5 Ar, 0 Ar, 0 Ar, 0.5 Ar, 0 Ar, 0
Cleaning Temperature : 2 500°C Ramp time : 1s Hold time : 5s Internal gas : Ar 5ml/s

3 Graphite furnace : pyrocoated tube-platform
® HCL : hollow cathode lamp
9 Ashing-2 ; Temperature : 500°C  Ramp time : 1s

Hold time : 14s
HGA-600 B BEAHFIRFLEE « W72, Zh bR
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Cd EH#A® 1mg/ml 12 EHME 2B Cd (Johnson
Matthey Chemicals # %, LLF JMC & B&Ed) 1.000 g
*VEBOEMBEYHOTMASHL, $HE 1% (v/v) 1§
BT 11 & L7 THERBW Img/ml WY )7 A
(TINO3) 1.303g # A KTHEML, 11 & L7 IniE
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EMiEES 1.0g 2 E—%— (300ml) I2iEAHELY,
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FEIWLELBIKERT v 75 FILAT v T~OFimEEH
(5 > 7ER) : 0s i Maximum power mode THIR L,
ZORBHEEIIH 2000°C /s ThH.. 7z, LBFEHE
BRICHW R ORBE R OREIRICFR L VWA,

Internal gas : Ar 5 ml/s

Cd & 0.001 ng/ml, Z MWD ILFE X 0.05 ng/ml & L 7.
Fe iRFEE1Z 10 mg/ml, FHERIZAY 1.5M Ti7- 7.
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Fig. 1. The effect of ashing and atomizing

temperatures on the absorbance of cadmium.
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Fig. 2. The effect of ashing temperatures on the
absorbance of indium in the iron solution.

Table 2. Operating parameters of molecular

absorption measurement.

Light source Deuterium arc lamp

Spectral band-wit! 0.7 nm

Measurement Peak-area

Integration time 3s

Step Temperature (°C) Ramp time (s) Hold time (s)

Dring 130 20 20
Ashing 500 20 10
Atomizing® 2000 0 3
Cleaning 2500 . 1 5

a) Pyrge gas stop

In #75NL, Ini@E% 80 pg/ml ISFHRL 72, 7RI
DI & Table 2 (2R 4T 190~280 nm O i T
To7:. ZOPEE Fig. 3 ZmRLALIZ, 203 B
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Fig. 4. Atomic absorption-time profiles for lead
in iron solution.
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Table 3. Effect of acid on the absorbance of each
analyte in iron solution.
Element Bi Cd Co Cu In Mn Ni Pb TI

HNO3(1.5 M) OO0 OO0 OO0 O0
HN()3 (0. 8M)+HCI (1.2M) | O X O a& x A O A X
HZSO (2M) A0 O O X 0 O OO0
HF( 1M)+HN03(1 M) O
H3P04(0.2 M) O

# Internal gas at ashing step-1 : Hy
O : No interference 2 : 10 to 50% interference
X : Strong interference
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Fig. 5. The effect of iron concentration on the
absorbances (peak-area) of each analyte.
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Fig. 6. The effect of iron concentration on the

absorbances (peak-height) of each analyte.
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L, U=/ ESfETit FeiRIEDHMEIZIZL A LD
TEOWRERET L. IhS0FER»S, BEWN
2 L'vov 799 F 74— 2% W04, €— 7 0fME
THlE % 1T 2 (SREBEREBT O Fe i © iUBHAR £ 0 K
CF DB ENUEET, 7T 7 HOKT 4 ENITRS.
7ok 2 0E, BEBIVENIAIR D Fe i % 1mg/ml & L,
HBEHRO< MY v 7 ARELE 10mg/ml & $5 2 &°
WEETHHZ EAVHBL /-,

WHAMES 25 > LA E LA, Ni MOCr 2%
BIZEHTAH. Tho oMo E LN~ il
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T A EEARIC O ICEOEEER L —E &R L 2%
WERMLZWASRBH LB L. ChS5OHRE
HWE L, Fe A0 LB L 72, #Hix Table 4 12
FT LI — B ST Co DAhiE Ni o8+ %
A, BICCA T ARENKE L, HEMERED
BOEEICH LTEDTHE 525, —F, €— 7K
fETIE TI AN DTETIE Ni 4730 HE%LF L TH T
Wid £5% LINTH - 72, HIZ, Cr OB LR
Cr O, W dIERE 1.2M & fil#E 0.8M O EK% E
L, Ni o4 & MBRICHE L 7. ¥R % Table 5 (2R
4. Cr & Ni &[akic 30 HE%ILAF L6, MEL
726 TEVWThLE— 7 FGS3HEIIERLL. ZOMEN
i Ni OBALETHY, ¥— 7 HEHETIE 6 TR

Table 4 Effect of nickel on the relative absor-
bance® of each analyte in iron solution.

Element measurement Fe (10 mg/ml) Fe-10Ni Fe-30Ni
Bi Peak-area 1.00 1.00 1.02
Peak-height 1.00 1.04 1.09
Cd Peak-area 1.00 1.01 1.02
Peak-height 1.00 1.95 3.02
Co Peak-area 1.00 1.00 1.02
Peak-height 1.00 1.00 0.99
Cu Peak-area 1.00 1.01 0.90
Peak-height 1.00 0.93 0.85 -
In Peak-area 1.00 0.98 0.99
Peak-height 1.00 0.96 0.92
Mn Peak-area 1.00 1.02 1.05
Peak-height 1.00 1.13 1.16
Pb Peak-area 1.00 0.99 0.97
Peak-height 1.00 1.09 1.10
Tl Peak-area 1.00 1.06 1.12
Peak-height 1.00 1.04 1.10

) Absorbance of each analyte in iron solution : 1.00

Table 5. Effect of chromium on the relative
absorbance® of each analyte in iron solution.
Element measurement Fe (10mg/ml)  Fe-10Cr @ Fe-30Cr
Bi Peak-area 1.00 0.98 0.97
Peak-height 1.00 1.07 1.12
Co Peak-area 1.00 1.01 1.02
Peak-height 1.00 1.02 1.06
Cu Peak-area 1.00 1.01 0.98
Peak-height 1.00 0.97 0.95
Mn Peak-area 1.00 1.01 1.05
Peak-height 1.00 1.15 1.20
Ni Peak-area 1.00 1.00 0.99
Peak-height 1.00 0.97 0.93
b Peak-area 1.00 0.99 0.96
Peak-height 1.00 1.12 1.18

2 Absorbance of each analyte in iron solution : 1.00

FhbtTHEAS a7, IROHOEREL»S, B
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EHEHIC X DMIEEE—KYICE—~ > BGREE L
L CRERCRERLTVWS., ¥—< > BG #IEE

— 188 —



HERERFIROGE I X S sk i T

FEOER 1921

Table 6. Reciprocal sensitivities and detection
limit for the determination® of each analyte in iron

solution used in two background correction
methods.
Zeeman effect (AC magnet) Continuum source
Element Sensitivities” Detection limit® Sensitivities”
(pg) (ug/g) (pg

Bi 25 0.15 17

Cd 0.4 0.004 0.38

Co 8 0.05 6

Cu 9 0.07 5

In 14 0.1 12

Mn 3 0.04 2

Ni 10 0.08 9

Pb 13 0.1 10

Ti 10 0.12 7

3 Calculated for N=20 and 20 pl injections
b Concentration giving 1% absorption (0.0044 absorbance unit)
) Concentration giving 3¢ of blank value

THOREY— v PRECLDEERIONS O
Y—<7 > BGWHIEEV IZBWVWTSH Bi, Cu® Tl %
BEHEEOIBEAKEV, LaL, EHERICIAHIERETIE
Bi, Cd, Cu, In ® Ni % T Fe O#EHRLIGOK 455
FARZ P VORILE 7ZEBHARY P VEITERNT S
WERESEL, MEROFAADHEZ R TEORME
BdhhH., LIz - TRED L) CHEBEREEE AED
WA, WRE< MY v 2 A BV BG BEAET .
TabbBEENHI KD, EEL BGHEITTTZAHK
Ht—~<> BGHIEENRETHD LHML 7.

4. KEFHEAANORH

4-1 PMRFE
A EAVEDES 1.00g £ L, 300ml DE—%—

YHVC, 2EOKEHEE 10 ml 02 TEMCE Tz
SRS A, B ETECSBL, GHIE% 100ml O 2 2

75 A2 LAR, KCERETHERT S, HEHRE
W EHMES: 2.00g #HHEE 20 ml 2V TSI @
L, %WHI% 250ml O X 275 232 LAR, KTE
HETHRT 5.
THHLL, BERRE AR, O EORERE %
BYRERY ISR L TR T %, @l id Table 1 ISR L 72
LTIV, RERISHNTRIBEELHL TS,
4-2 DIFER

EEREArHY, BERETOEERRE Table 7
2R ¥. ECRM 097-1 TRFERMEE R —HrHoh
7=. 73, ECRM 097-1 @ Co, Cu, Mn KO Ni i& 5
AL 23w % v /o, EiZ, ECRM 097-1
FHWTSRMEITLTEREL TROALFERLHELR
7 ARBEOGHREE I, HEERZE (RSD) &£ LT Cu
(& 2.3%, Pbid 4.1% THOWETELHRTH - 7.

COEW 25ml % 100ml O X X7 F-

Table 7. Determination of each analyte in high
purity iron.

" ECRM 097-1 A B?
Element | . iified  This method This method  This method
value (ppm) (ppm) (ppm) (ppm)
Bi <5b 0.2 <0.15 <0.15
Cd — 0.01 0.02 0.01
Co 36 35 0.7 0.4
Cu 20 20 2 0.2
In — <0.1 <0.1 <0.1
Mn 64 62 0.8 0.2
Ni 25 24 0.4 0.1
Pb <5h 0.2 0.2 0.1
Tl — <0.12 <0.12 <0.12
2 RRRy 1400

Y Approximate values

T, ERKEHOMILEDOR RS 2 HEHOEME S
(A,B) #E& L, fMILEZHL,MIILL.

5 # B
BERIAIE IR OEE % $k8h @ Bi, Cd, Co, Cu, In,

Mn, Ni, Pb RO Tl OE&I#EH L7z, 208, &
BB TOM L, OBty RN+ Ay T
ﬂi‘f%i%/ﬁ\, BRI Lvov 77 v b 74— A%
DA —EmE T TORFL & Bt % ¥ — 7 FifiE T
WETHETT M) v 7 RBERIALTEIC L BT
TG A 2 AT E, F—ERA O L ILESHAIT 2
A
RFEZEDBEBRRE L 30 DA, @AV &E
1g T Bi:0.15ppm, Cd:0.004 ppm, Co :0.05 ppm,
Cu:0.07ppm, In:0.1 ppm, Mn:0.04 ppm, Ni:0.08
ppm, Pb:0.1ppm, TI:0.12ppm TH Y, 1L THHE
LHMBERETHA.
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