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Flow Injection Analysis (FIA) System as a New Technology for Chemical Analysis of Samples Relating to Iron and Steel Making
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Fig.1 Schematic diagram of FIA system consisting of () pump to pro-
pell the carrier and reagent solutions, 2 an injection port, @ a
micro reactor forming a species to be detected, @ a sensing
and recording port by a flow-through detector and recorder
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Fig.2 FIA recordings obtained for different geometry of reactor tub-
ings having same length; (a) tubing of 0.5 mm i.d. (less dis-
persion) and (b) tubing of 1.0mm i.d. (larger dispersion)
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Fig.3 Schematic presentation of (a) the principle of gas-diffusion
separation of NHs using porous PTFE membrane tubing and
(b) a separation unit designed for in-line gas-diffusion sepa-
ration of NHs in a continous flow system.

Waste
E-— Waste

Fig.4 Block diagram of FIA for determination of nitrogen in iron and
steel.
S: sample injection (1.4ml), RC1: reaction coil (100-cm long, 1
mm i.d.), RC2: reaction coil (500-cm long, 0.5 mm i.d.), BC:
back-pressure coil (200-cm long, 0.5 mm i.d.), D: spectropho-
tometric detector (732 nm) , C1: carrier ( water, 0.2ml/min) ,
C2: 150g/l+ 5M NaOH solution, 0.2ml/min) , C3: NaOCI
(0.05% available Cl) -+ 0.2M NaOH solution, 0.4ml/min), C4:
0.5% 1-naphthol in 35 (v/v) acetone solution, 0.4 ml/min)

Pump
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Table 1 Analytical results for nitrogen in steel samples (CRM) by the
proposed FIA system (xgg~")

CRM Certified n=1 n=2 X E/(lg
value

JSS001-3 (2) 2.8 2.4 2.6¢ 0.36

JSS 366-4 9 8.0 9.0 8.5¢ 0.89

JSS 003-3 14 11.3 13.0 12.15 1.51

JSS 003-1 31 29.0 31.4 30.2 2.13

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

Sample JIS method  This method (n=3)
A 11 12.3+£0.3
B 16 15.5%£0.6
Cc 55 55.9+1.5
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Fig.5 Mnifold of FIA system for determination of manganese in iron
and steel.
C1: Carrier ( 0.25M phosphoric acid solution) , C2: carrier
(water) , R1: ammonium peroxisodisulfate solution (5.0%) ,
R2: 0.05% sodium nitrite solution (200-cm loop), SL: sample
loop (600-cm long, 0.5mmi.d.) , RC1: reaction coil (500-cm
long, 0.5mm i.d.) , RC2: reaction coil ( 100-cm long, 0.5 mm
i.d.), CC: cooling coil (100-cm long, 0.5 mmi.d.), DC: delay
coil ( 300-cm long, 0.5mm i.d.) , TB: temperature-controlled
bath (60°C), D:spectrophotometer (525 nm), 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
(¢ 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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Pump

Fig.6 Schematic diagram of FIA system for determination of trace
boron in iron and steels.
C1, C2: Carrier (0.04M NH4CI-0.16M NHs-0.05M EDTA), R1:
DHN solution (2.0x10-4M, pH 6.1), R2: NaOH solution (1.0M),
S: sample injection valve with a sample loop (500-cm long, 0.5
mm i.d.), EL: elution valve with a loop (300-cm long, 0.5 mm
i.d.), RC1: reaction coil (150-cm long, 0.5 mm i.d.), RC2:
reaction coil (300-cm long, 0.5 mm i.d.), SC: separation col-
umn (Sephadex G-25, 5-cm long, 4 mmi.d.), RB: suppressor
column (Sephadex G-25, 300-cm long, 0.5 mm i.d.), D: fluori-
metric detector, W: waste
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(b) B TR 1 4 P 7= FIA—PD™) | CriY),
BiBl-M), Snss)’ Sb31’34’36), Ag34:36)

(c)ICP-AES, ICP-MS#iti & M7= FIA—B*, TI®,

Table 4 Analysis of steel samples by the proposed FIA method

Sample B in sample Certified value
(ngg™h (hgg™")

JSS 001-4 0.16 +0.01 (0.15)*  0.2°

JSS 361-1 9.7 £0.2 (10.0)* 9b

JSS 362-1 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 3¢

Steel D 6.31 +0.09 (6.2)* 6°

Steel E 9.70 +0.08 9¢

2 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.
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Fig.7 Block diagram of FIA system for determination of Pb. E: eluent
(0.1M ammonium oxalate) ; P1: HPLC pump; P2: peristaltic
pump; V1, V2 and V3: six-way valves; C: Pb-Spec column
(7.5mmi.d., 10 cm) ; S: sample
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