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Chemical Analysis of Iron and Steels Using Flow Injection Analysis (FIA) System

Yasutada Suzuki and Takeshi Y AMANE

Synopsis : We present a review on flow injection analysis (FIA) system for the chemical analysis of iron and steel samples. This review begins with ex-

planation of brief history of FIA. Next, precise determination methods for major components are presented. Methods for the determination of

minor to trace components are classified with its methodology for separation of analytes from matrix are discussed, followed by the discus-

sions of standard, non-separation method and the on-line electro-dissolution of samples. Finally, the review concludes with a brief examina-

tion of the near-term areas of research and development in FIA systems.

Key words : flow injection analysis (FIA); matrix separation; sample preparation; element analysis.
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Table 1. Summary of solid extraction methods.
No. Analyte Sample Detection Calibration Detection Relative Thra;lgh- Solid phase Remarks Ref.
curve limit standard put /ht
Deviation

1 Ni Stainless Spectro- 10-25 mg dm*3 0.8% 4 Cation High-precision 4

steel photometry (20 mg dm-3) exchange resin determination

2 B Steel Fluorometry 0-20 yg dm3 0.1 pg dm3 1.6% 6 Sephadex gel Chromotropic 6

(5 pg dms, acid
n=5)

3 B Steel Spectro- 0'10()‘ pug dm3 0.4 pg dm*3 0.9% 2 Amberlite Curcumin 7
photometry (20 ug dm3, IRA743

n=5)

4 Bi Steel Spectro- 5-300 pg dm'3 1 pg dm3 0.8% Anion exchange Bi-I complex 8
photometry (100 pg dm 3, resin

n=5)

5 Zn Steel FAASu 0-6x10°6 6.6x10°8 4.1% 12 Anion exchange Zn(I.I) forms 9

mol dm"3 mol dm-3 (1.0x10°8 resin ZnCly or
mol dm 3, ZnCls2 at > 0.1
n=10) mol dm-3 Cl-

6 B Steel MPT-AESH 1.8 ug dm"# 4.2% 20-45 Cation and Concentration 10

(20 ug dm#) anion exchange factor: 88
resin

7 Si Steel MPT-AES 10.8 pg dm™®  4.2% Cation Desolvation 11

exchange regin

8 Co Steel FAAS 0.15 pg dm®  0.5-1.0% 32 Poly(amino- Selectivity: 12

(1-15 phosphonic Co >> Fe
pg dm3) acid)

9 Pb Iron, FAAS 0.05 ng 1.6% Pb selective 0.20 pg g'! Pb 13

steel (100 pg dm3, resin could be
n=6) (Pb-Spec™™) determined

10 Ni Steel Spectro- 0.25-5.00 77 pg dm'3 2.63% 24 Polyurethan Pyridyl azo 14
Photometry mg dm¥ foam resorcinol

11 Cu, Co Steel, Spectro- 30 pg dm'® Co: 2.0% 36 C18 with First 15

alloy Photometry Cu: 0.9% pyridoxal-4- derivative
(n=11) phenylthio- spectro-
semicarbazone photometry

12 Se Steel Spectro- 8 ug dm? 12 Anion exchange Catalytic 16
photometry method

13 Ag, Au, Nialloy FAAS Ag:0.02-0.7 Ag: 0.33 <3.0% 22-25 Isodiphenyl Ion-exchange 17

Pd, Pt Aul 0.1-0.4 Au: 3.2 thiourea and chelating
Pd: 0.1-0.4 Pd: 4.7 immobilized function
Pt: 0.5-3.5 Pt: 69 silica gel
mg dm# wg dm3
14 Mo Ni-Cr ICP-OES¢ 0.8 ng 2.3-2.5% 8 Anion exchange Fe(III) is not 18
steel, (8 pg Mo g'  (real resin (TEVA) adsorbed on
Stainless in 50 mg sample, n=3) TEVA in 0.05
steel sample) mol dm? H280,

15 As Ni alloy AAS 0-20 pg dm-3 1.3 pg dm-? 3% Cation Hydride 19
(quartz tube exchange resin  generation
atomizer) (SCX) with NaBH,

16 As Ni alloy AAS 0-80 pg dm3 3.9 pg dm3 1.0% 54 Cation Pre-reduction 20
(quartz tube (real exchange resin and hydride

atomizer)

sample, n=6)

(Dowex 50W)

generation

a. flame atomic absorption spectrometry; b. microwave plasma torch optical emission spectrometry; c.

spectrometry.

inductively coupled plasma optical emission
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SIS U 22 S T A2 Se ERERIEL (8%~
by 23R L SWY) | 0.0lmoldm ™ R=Y 7 I U
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BMAEET B L e RETH 572, SeDERICENT,
—HARK L7 AKEL L v & 2000C IS B L 72 & HR RIS
U728, 600°C THIEEL , v ) 7 H ADKKREL KD X
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Table 2. Summary of hydride generation methods.

No. Analyte Sample Detection Calibration Detection Relative Through- Remarks Ref.
curve limit standard put /ht
Deviation
1 Se, Te Low alloy steel GFAAS® 0-2 ng Se: 0.011 <3% (1.4 ng) Ir or Ir/Mg coating on graphite 21
Te: 0.007 surface trap the hydrides
ng effectively
2 As, Sb, Bi Low alloy steel GFAAS As: 0-2 é\li 88}8 2-3% Zr coating on graphite surface 22
Sb: 0-1.5 Bi: 0.027 (1 pg dm3) trap the hydrides
Bi: 0-0.7 ng "
3 Se Ni alloy AFSbv/AAS ?Snfliimﬂ 3.0% SeH: was collected onto a gold 23
collection) (1 pg dm'3, wire (~200°C)
n=14)
4 As, Se Alloy steel, AAS 0-200 é: ié 3-3.5% 60-80 Electrolytic hydride 25
high alloy steel, pug dm-3? pg dm3 generation with KI
low alloy steel
5 Sb, As Unalloyed cupper, AAS it 88? 1.7-4.8% 26,27
low alloy steel pg dm3 (n=10)
6 As, Sb, Low alloy steel AAS é; 851 0.5-0.8 % 100-120 Gas-segmentation 28
Bi, Se, Te sBii: t[))(éﬁ (n=10)
Tsi 0’1
7 As Low alloy steel AAS 0. 3(Zi§ dm ! 1.0% Pre-reduction coil 29
(20 pg dm-?, Temp.: 85°C (with KI)
n=10)
8 Sn Low alloy steel AFS 0-2000 ng 1.3 ng 1.8% 144 L-cystein was used for 30
<m()‘?{15piin ) (100 pg dm'3, pre-reduction and signal
n=10) enhancement
9 As Ni alloy AAS 0.5 pg dm g 5y 60 Without matrix removal and 31
(10 pg dm3, pre-reduction by reducing
n=6) volume of a gas-liquid
separator
10 Sn Low alloy steel AAS Cause of double-peak were 32
impurity in silica atomizer
11 Sn Steel AAS (Ongsnglgc dm 1-3% 99% Ar+1% O carrier gas, 33
0.5 cm?) standard addition method

a. Graphite furnace atomic absorption spectrometry; b. atomic fluorescence spectrometry.
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