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A Novel FI System for Chemical Analysis of Stainless Steels for Nickel Determination without
Complicated Procedures and a Great Deal of Skill

Takeshi Y AMANE, Yumi TSUCHIYA, Yasuhiro TANAKA and Kyoko FulIMOTO

Synopsis : A novel flow injection (FI) system is presented for the determination of nickel as one of major constituents in stainless steel. The in-line

cation-exchange separation of nickel from matrix iron and chromium utilising tartrate solution as an eluent is directly coupled with photo-

metric detection in a continuous flow system. The photometric detection system developed here exploits the formation of water soluble com-

plex of nickel with dimethylglyoxime in the presence of iodine as oxidizing agent in a NaOH basic media. The FI1 manifold and the optimum

reaction conditions were established in order to achieve the simple and precise determination of nickel. A sample solution prepared by dis-

solving steel sample in aqua regia and diluting to the volume with water can be directly injected into the flow injection system and thus no la-

borius complicated manual operations for pretreatment of sample solution is needed. The present FI system offers many advantages, espe-

cially with respect to simplicity and rapidity, permitting the precise determination of nickel in a wide range of contents % with a short analy-

sis time (<15 min) and a precision less than 1% and without a great deal of skill. The analytical results by the proposed FIA system for four

Japanese Iron and Steel Certified Reference Materials (JSS CRMs) agreed well with the cerified values for nickel.

Key words : FI system; nickel; stainless steel; dimethylglyoxime; photometric detection; in-line separation.
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Fig. 1. Schematic diagram of FI system for nickel deter-
mination.
C: carrier (eluent: 0.11 M tartaric acid solution ad-
justed to pH 6.0), R,: 0.040% 1, solution (0.012 M
KI), R,: 0.10% DMG solution (0.1 M NaOH), SL:
sample loop (0.5 mm i.d., 10 cm long), IC: separa-
tion column (Hitachi #2611 strongly acidic cation-
exchange resin, 4 mm i.d., 7cm long), RC,: reac-
tion coil (0.5mm i.d., 1.0m long), RC,: reaction
coil (0.5mm i.d., 1.0m long), D: photometric de-
tector (466 nm), W: waste.
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Fig. 2. Effect of ammonia concentration in the DMG solu-

tion on the complex formation (relating to the peak
height) of 5.0 ppm Ni with DMG.

R;: 0.030% I, solution (0.012MKI), R,: 0.10%
DMG solution (0.02 M NaOH and ammonia).
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Fig. 3. Reaction curves for complex formation of Ni (5.0
ppm) with DMG containing ammonia in various
concentrations; (A) 0.67M (B) 1.34M (C) 2.68 M
NH;.
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Fig. 4. Fig. 2. Effect of NaOH concentration in the DMG
solution on the complex formation (relating to the
peak height) of 5 ppm Ni with DMG.

R,: 0.040% I, solution (0.018 MKI), R,: 0.10%
DMG solution (0.02~0.3 M NaOH).

05 r
b 7
/-E\ 0.4 _K_f?
c ra (a
[{=]
gasy
-]
(&)
c
302
S
%]
Q R
;
0.0 Il 1 I L ]
0 1 2 3 4 5

Reaction time/min

Fig. 5. Reaction curves for complex formation of Ni (5.0
ppm) with DMG containing 0.1 M NaOH (a) in the
absence and (b) in the presence of 0.11 M tartaric
acid (pH 6.0).
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Fig. 6. Effect of reaction coil length (RC,) on the peak
height with injection of 5.0 ppm Ni solution.
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Fig. 8. Typical signal patterns for nickel (20 ppm) and elu-
tion behaviours of Fe (50 ppm) and Cr (50 ppm)
obtained by the FI system shown in Fig. 1.
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Table 1. Results for the analysis of Japanese Iron and Steel
Cetified Reference Material.

Sample Ni by this method Ni Certified
(%) (%)
JSS652-6 11.18+0.06(0.5)* 11.334+0.04
11.15+0.05(0.5)

JSS653-7 142+0.1(0.8) 13.914+0.02
JSS654-7 20.3+0.1(0.5) 20.33+0.05
20.0+0.2(1.0)

JSS651-12 9.05%0.07(0.8) 9.03

*Parenthesis denotes the relative standard deviation
(n=3~4)
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