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Determination of Traces of Metals in Steel by lon-exchange Separation and Atomic Spectrometry

Koichi OGUMA, Kouji KaT0, Yoshihiro KURASHIMA, Tatsuya SEKI, Akihiro ONO and Yoichi ISHIBASHI

Synopsis : Novel two methods for determination of trace metals in steel have been developed by combining ion-exchange separation and atomic spec-

trometry. Sample is decomposed with hydrochloric acid and hydrogen peroxide. For the determination of Mo of 0.01 m/m % level. the sam-

ple is loaded as dilute sulfuric acid solution on a column of anion-exchanger TEVA resin. Iron ion passes through the column and Mo ion re-

tained on the column is then recovered by elution with nitric acid. followed by quantification by inductively coupled plasma atomic emission

spectrometry (ICP-AES). For the simultaneous determination of Al. Mn. Ni and Co of 0.001 to 0.1 m/m % level. the sample is loaded as hy-

drochloric acid—oxalic acid-hydrogen peroxide solution on a cation-exchange resin Bio-Rad AG 50W column. Iron ion passes the column as

oxalato-complexes, and Al, Mn, Ni and Co ions retained on the column are eluted with hydrochloric acid to be subjected to the simultaneous

determination by ICP-AES (for metals of 0.01 to 0.1 m/m % level) or “one drop” flame atomic absorption spectrometry (for metals of

0.001 m/m % level) . The analytical results obtained for the steel certified reference materials are in good agreement with certified values and

the precision (R.S.D.=1 to 8%) is satisfactory.

Key words : ion-exchange separation; inductively coupled plasma atomic emission spectrometry; atomic absorption spectrometry; quantitative analysis;

steel; Mo; Al; Mn; Ni; Co.
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Table 1. Operating conditions of the ICP-AES instrument.

Table 2. Operating conditions of the AAS instrument.

Frequency/MHz 27.12
RF power/’kW 1.2
Flow rate of Ar/l/min
Plasma gas 14
Auxiliary gas 1.5
Carrier gas 1.0
Observation height in plasma/mm 15
Integration time Wavelength/nm

Mo 25 sX 5 times Mo 202.00
Fe 25 sX3 times Fe 259.94
Al 25 sX3 times Al 396.15
Mn 25 $X3 times Mn 257.61
Co 25 sX3times Co 228.62

Ni 25 sX3 times Ni 231.60
Y 25 sX3 times Y 371.06
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Tz,

KFFETIE, BV O Z 7 (b KFEBEF WS Z &
L, TZOLUHBIZEHR L - R A A v ciE 712
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ML,

B2 A A ZH0r BEIZIE, TEVARHES OR{E 100~150 um,
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5g® Bio-Rad AG5S0W 2 NIE10 mmD H 5 X H F L1253
B, Ny FEX1N5mmE LA2EDEH N,
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Flow rate/l/min

Acetylene gas 2.5
Auxiliary gas 10
Wavelength/nm

Mg 285.2

Mn 279.5

Fe 248.3

Co 240.7

Ni 232.0
2-2 #E

ICP-AES {213 % JU R [RIRE 53 M7 F B i ICPV-1000 T3 F 4
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B —-0.05M ¥ 2 VR -1.2% @REIL K EF I L 0T 30ml DK
TMER A 7 6 & BRF L 721, 30mD4MERIZX 0 HE




Table 3. Distribution coefficients (K;) on TEVA resin in
nitric acid media.

HNOyM
Metal 0.1 03 05 10 3.0 5.0
Fe(ITI) 25 15 6 0 0 0
(0) 0) 0)
Mo(VI) 178 115 234 141 143 124
(30) (6) 3)

Values in parentheses are K, on Dowex 1-X10 by a batch method??.

Table 4. Distribution coefficients (K;) on TEVA resin in
sulfuric acid media.

H,SO,/M
Metal 005 01 03 05 10 30 50
Fe(I1) 0 0 0 0 0 0 22
©.1) (0.9)
Mo(VI) 5150 35 126 66 72 57 86
(527" (671) (232)

Values in parentheses are K, on Bio-Rad AG1-X8 by a batch method™.
“'Value obtained in 0.06 M sulfuric acid.
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REE L7z %2ml O IMIBERBARS L, ZO100u %~ A
SUERy P TF7OO— MIFEATS “1E 2
DHEIE L 7.

3. BREEBE

3-1
3-1-1

BT 4 ZBmPOFA
SIFBATERIZH T B TEVARIIENDEBA v D
W 26 )

TEVA R AE X, BB A KR T Te(VID), Pu(IV), Np(IV),
ThIV)IZ 5 U, BB 8 ¥ & T I3 Te(VID), Pu(IV), Np(1V),
UVDIZR U TEVEBEIRMEA TR T, ZThaFH L TR
MREFOT 7 F /4 FOEREE', KB, L3R
B KO HEHERED S 00 P TcOREIZFIH I AT 3,
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Fig. 1. Elution behavior of Mo(VI). Sample: 20ml of
0.05M sulfuric acid solution containing Mo(VI)
100 pg+Fe(I1l) [SOmg (A); 5mg (H); 1 mg (®)].
Column: 1 g TEVA resin (10 mm i.d.X38 mm).
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5giZ# L, 5mg® Fe(IlD)A* & 100 ug D Mo(VH)D 5} B % 3
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Fig. 2. Elution behavior of Fe(IIl) () and Mo(VI) (H).
Sample: 20 ml of 0.05 M sulfuric acid solution con-
taining Mo(VI) 100 ug+Fe(Ill) 5mg. Column: 5¢g
TEVA resin (14 mm i.d. X 115 mm).

Table 5. Determination of Mo in steel certified reference
materials (m/m %, n=4)

Sample Found Certified
JSS 503-6 0.0123+0.0010 0.013
(Nickel Chromium Steel SNC236)
JSS 650-10 0.0199+0.0003 0.021

(Stainless Steel SUS 430)
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BilE» 6 BGICABBINTE 2 DL RIS S, 5T,
Wl - 2 VR BRALKE R A 4 i, SEECR
DI L)y 2 A THBHEERE, Al Mn, Ni, Co, Znk & %
B A A v 2ZBtlE H 7 LISl T ADICEL T3 EE L
5h3d,
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Fig. 3. Elution behavior of Fe(Ill). Sample: 100ml of
0.5M hydrochloric acid-0.05M oxalic acid—1.5%
hydrogen peroxide containing 10 mg Fe(III). Wash-
ing solution: 0.5 M hydrochloric acid—0.05M oxal-
ic acid—1.5% hydrogen peroxide. Column: 5 g Bio-
Rad AG 50W-X8 (10 mm i.d. X95 mm).

Recovery , %

Effluent volume / ml

Fig. 4. Elution behavior of Mg(II), AI(III), Mn(II), Ni(Il)
and Co(Il). Sample: 100 ml of 0.5M hydrochloric
acid—0.05M oxalic acid-1.5% hydrogen peroxide
containing metal ions 100 ug each. Eluent: 4 M hy-
drochloric acid. For washing solution and column,
see Fig. 3.
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Table 6. Determination of Al, Mn, Ni and Co in iron and steel certified reference materials (m/m %, n=4).

Sample Al Mn Ni Co

JSS 650-107* 0.45+0.001 0.40%0.003 0.022+0.0001
(0.44) 0.39) (0.024)

JSS 174-5% 0.046+0.0024 0.410.001 0.020+0.001

(0.038) (0.40) (0.021)

JSS 0034+ 0.0035+0.0001 0.0029+0.00002
(0.0038) (0.0029)

BCS/SS-CRM 0.014+0.001 0.20+0.006 0.083%0.002 0.080+0.002

No. 486/19* 0.21) (0.08)

Values in parentheses are certified values. aGainless Steel SUS 430, Minor Element Series B, “Pure Iron Series, Y9High Speed Tool Steel. *ICP-AES used;

**one-drop’ FAAS used.
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