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Development of Skill-free Chemical Methods of Analysis for
Iron and Steel Based on FIA System
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Fig.1 Schematic presentation of a single channel FIA system
C:Carrier, S :sample solution, RC : reaction coil, D : detector,
W : waste
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i3
Schematic presentation of the increase in the sample
dispersion (a) and the decrease in the sample concentration
due to dispersion (b) during the sample zone traveling in the
narrow bore tubing
It can be seen that the analyte concentration decreases
from co to ci, C2, and cs, at the traveling time ti, t2, and ts,

respectively, after sample injection, as the dispersion
increases with the increase in traveling time
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Fig.3 FIA system for determination of nitrogen in iron and steel

S : sample injection, RC1 : reaction coil(100-cm long,
1mm i.d.) , RC2 : reaction coil(500-cm long, 0.5mm i.d.) ,
BC : back-pressure coil(200-cm long, 0.5mm i.d.) , D

spectrophotometric detector(732nm) , C1: carrier(water,
0.2mL/min) , C2 : 150¢/L tartaric acid+5M NaOH, 0.2mL/
min) , C3 :NaOCI(0.05% available CI) +0.2M NaOH
solution, 0.4mL/min) , C4 :0.5% 1-naphthol in 35(v/v)
acetone splution, 0.4mL/min)

Sample + NaOH

v Waste

>74 Detector

f
Reagent solution

L
4 Inner Tube(porous PTFE)
Outer Tube(glass)

Carrier

Fig.4 Schematic presentation of the gas diffusion separation of
NHs using porous PTFE membrane tubing
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Table 1 Analytical results for nitrogen in steel samples(CRM) by
the proposed FIA system (g g™
CRM Certified n=1 n=2 X E/(lg
value
JSS 001-3 (2) 2.8 2.4 2.6¢ 0.36
JSS 366-4 9 8.0 9.0 8.50 0.89
JSS 003-3 14 11.3 13.0 12.15 1.51
JSS 003-1 31 29.0 314 30.2 2.13

Table 2 Analytical results for nitrogen in carbon steel samples by
the proposed FIA system(ugg™")

Sample JIS method This method (n=3)
A i1 12.3£0.3
B 16 15.5+0.6
C 55 559%1.5
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Fig.5 Manifold of FIA system for determination of manganese in
iron and steel
C1: Carrier(0.25M phosphoric acid solution) , C2 : carrier
(water) , R1:ammonium peroxidisodium sulfate solution
(5.0%) , R2:0.05% sodium nitrite solution(200-cm loop) ,
SL : sample loop(600-cm long, 0.5mm i.d.) , RC1 : reaction
coil(500-cm long, 0.5mm i.d.) , RC2 : reaction coil(100-cm
long, 0.5cmi.d.) , CC:cooling coil(100-cm long, 0.5mmi.d.) ,
DC : delay coil (300-cm long, 0.5mm i.d.) , TB : temperature
controlled bath(60°C) , D : spectrophotometer(525nm) , V:
double 6-way valve, W : waste, BC : back-pressure coil

Table 3 Analytical results for manganese in CRM and standard
steel samples by the proposed FIA system

Sample Mn found (%) Mn certified (%)
JSS 154-1 1.05°(0.3) 1.04
JSS 154-2 1.18(0.3) 1.15
JSS 156-3 0.10(0.5) 0.10
JSS 061-1 0.48,(0.3) 049
(o] 0.789(0.4) 0.776"
D 0.16,(0.6) 0.160™
E 1.68(1.0) 1.657

JSS standard samples are supplied by the Iron and Steel Institute of Japan.

* The values in the parenthesis show relative standard deviations of 5 to 6 determi-
nations.

** Analytical values determined by ICP-AES.
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Fig.6 Schematic diagram of FIA system for determination of nickel
in steel

C : carrier(eluent : 0.11M tartaric acid solution adjusted to pH
6.0) , R1:0.040% I, solution(0.012M KI) , R2:0.10% DMG
solution(0.1M NaOH) , SL : sample loop(10cm long, 0.5mm
i.d.) , IC : separation column(Hitachi #2611 strongly acidic
cation exchange resin, 7cm long, 4mm i.d.) , RC1 : reaction
coil(1.0m long, 0.5mm i.d.) , RC2 : reaction coil(1.0m long,
0.5mm i.d.) , D : photometric detector(466nm) , W : waste
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Table 4 Analysis of steel samples by the proposed FIA system

Sample B in sample Certified value
JSS 001-4 0.16=£0.01(0.15) 0.2°

JSS 361-1 9.7+0.2(10.0)° 9°

JSS 361-2 18.3+0.3(18.5)° 18°

Steel A 1.23+0.06(1.2)° 1°

Steel B 2.17+0.02(2.1)° 2°

Steel C 3.04+0.07 o

Steel D 6.310.09(6.2)° 6°

Steel E 9.70+0.08 9°

? Parentheses denotes the result of standard additions by the
proposed method.

® Certified value of Japanese Iron and Steel Certified Refer—ence
Materials.

° Reference value by ICP-AES after separation of boron by
distillation technique.

Fig.7

Schematic diagram of FI system for determining trace
cadmium in iron and steel

C : Carrier, SP : syringe pump, HC : holding coil(1.0mm i.d.,
2m long) , MV : multi-position valve, S : sample solution,
R:1.5x1075M TMPyP solution(0.1M THAM/0.3M sodium
tartrate, pH 10.1) , NaCl : 0.1M solution, HCI : 0.3M solution,
IC : anion-exchange column(1.0mm i.d., 40mm long) , TB:
temperature-controlled bath(60°C) , V : valve, FC : Z-shape
flow cell, D : CCD detector, OF : optical fiber, L : light source,
BC : back-pressure coil, PC : personal computer.
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Table 5 Operation sequence for the automated FIA system

Solution Volume/mL Operation
0.3 M HC1 0.2 Aspiration
0.3 M HC1 0.2 Delivery (200 uL/min)
0.3 M HCI 0.1 Aspiration
Sample (0.5 M HCI) Xl Aspiration
0.3 M HCI + Sample (0.5 M HCI) 0.1 +X*' Delivery (150 pL/min)
0.3 M HCI 0.4 Aspiration
0.3 M HCI 0.4 Delivery (150 uL/min)
0.1 M NaCl 0.3 Aspiration
0.1 M NaCl 0.3 Delivery (120 pL/min)
1.5x10° M TMPyP 0.15 Aspiration
1.5x10"° M TMPyP 0.15 Delivery (30 uL/min)

X means the sample volume used for analysis.
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