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Sensitive Determination of Molybdenum in Steel by Flow Injection—On-line lon-exchange
Preconcentration—ICP-Atomic Emission Spectrometry

Tatsuya SEKI1, Koichi OGUMA and Yoichi ISHIBASHI

Synopsis : A sensitive method for the determination of molybdenum in steel has been developed by flow injection—online ion-exchange preconcentra-

tion—ICP-AES. Sample is decomposed with a mixed acid by a microwave-assisted digestion. Excess acids are removed by evaporation and

the residue is taken up in 0.05 M sulfuric acid and an 50 ul aliquot of the sample solution is injected into the flow injection analysis system.

Molybdenum in the sample solution is adsorbed on a TEVA resin column and then eluted with 7M nitric acid. The effluent containing

molybdenum is introduced directly into a ultrasonic nebulizer of ICP-AES. The valves and pumps in the flow system are operated automati-

cally by a personal computer. The analytical results obtained for molybdenum at a 0.01 m/m% level in the steel certified reference materials

are in good agreement with certified values and the precision (R.S.D.=2.3-2.5%) is satisfactory. The detection limit estimated as 3¢ of the

background noise is 0.8 ng molybdenum, which corresponds to 8 ug Mo/g when 50 mg of steel sample is analyzed.

Key words : flow injection analysis; ion-exchange separation; ICP-AES; quantitative analysis; molybdenum; steel.
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Fig. 1. Block diagram of FIA system for determination of Mo. E: eluent (7 M nitric acid); C&W: conditioning and washing solu-
tion (0.05 M sulfuric acid); P1 and P2: Shiseido 3001 type HPLC pump; V1 and V2: Shiseido 3011 type six-way valves.
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Table 1. Operating conditions of the ICP-AES.

[CP-AES Seiko Instruments SPS7800
Rl power 1. 2kw
Nebulizer gas flow 0.4 L/min
Plasma gas flow 10.0 L/min
Auxiliary gas flow 1.0 L/min
Observation height 10 nm
Wavelength (Mo) 202.03 nm

Ultrasonic nebulizer CETAC U-5000AT

Sample flow rate ml / min
Ultrasonic nebulizer heating temp. 140C
Ultrasonic nebulizer cooling temp. 3C
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Table 2. Operating programs of the sample decomposition.

Step Time (min) Power (W) Temp. (C)
1 5 250 100
2 5 400 100
3 10 650 100
4 20 250 100

Evaporation of residual acids

Step Time (min) Power (W) Temp. (C

1 40 200 100

Table 3. Operating time program for determination of

molybdenum.
0.0
Valve 1 Position A
Valve 2 Position A
Pump 1 ON
Pump 1 Flow 500
0.1
Auto Sampler Start
WAIT START
3.0
Pump 2 ON
Pump 2 Flow 2000
3.5
Valve 1 Position B
Valve 2 Position B
6.0
Valve 1 Position A
Valve 2 Position A
6.2
Pump OFF
6.2
Pump 1 OFF
Pump 2 OFF

*The waiting time for injection (aboul 90 s, assigned for conditioning)
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Fig. 2. Flow injection signals for molybdenum(VI).
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Table 4. Determination of molybdenum in steel certified
reference materials.
(n/n %, n=3)
Sample Found Certified
I$S 503-6* 0.0018£0.0003 0.013
ISS 650-10" 0.0221£0.0005 0.021

¥t: Nickel chromium steel SNC236; #2: Stainless steel SUS 430.
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