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A precision determination method of iron based on the formation of a stable iron complex
was investigated by flow injection analysis (FIA). Four significant figures on the Fe content (%)
could be obtained as the result of analysis by the present method, which was applied to the deter-
mination of iron in iron ores. Besides high precision, the results of Fe determination in stan-
dard iron-ores samples showed good agreement with certified values. The precision of the pre-
sent method was equal to that of titration as the conventional method. The Fe complex formed
in a line reaction tube with 1,2-dihydroxybenzene-3,5-disulfonic acid (Tiron) was detected by
spectrophotometry at 667 nm. Tiron as the optimum detection reagent was selected based on
the complex stability examined by using a stopped flow-meter, which could measure the
absorbance with 6 significant figures, from among 4 kinds of conventional detective reagents.
The absorbance obtained by UV-Vis spectrophotometry was recorded with 6 significant figures by
Chromatomoniter with a personal computer. The channel flow system was examined concern-
ing 4 kinds of manifold on the precision of the signal peak height and area. As a result, a single
flow system was selected as the optimum manifold. A calibration curve was constructed by mea-
suring the peak height of the absorbance signal. The optimum conditions of iron determma—
tion by the present method were as follows: sample solution (29.4 pl), pH 1.0; Tiron, 8.0 X 10°°
M, pH 5.0; flow rate, 0.5 ml/min; reaction coil length, 10 m; pump, double-plunger pump. A
damper was used between the pump and the sample injector. The iron was determined over
the range of 10 to 300 ppm by measuring a 1 : 1 complex of iron -Tiron. The RSD was 0.07% in
the range of 150 to 300 ppm. The present method could be applied to iron ores containing
above 55% iron. The throughput per hour was 6 for the sample solution.

Keywords : precision determination ; iron ore ; Tiron; single flow system ; flow injection analysis.

MEART 5 AR TFRAEMTIE (ICP-AES) 7% &EDOREIT
HICBWTHSHFE 4T FTCERICHNET A LIEN
BEEETIE—EIZ0A N L0HREAHVMD T E HTHH, BE, 4J7-0OBEEETHHELELTJISE
NTVWE:0, ROEERFENRT 4372 TIERZ HhHY, ThSIFEAAIM) BLEZ7008BA ) 74
HETBHERRKDLNTWAS, L L, BEFEREERHF W, mkrsy @) B s sy v LEEsk,
"R A TR TSR 278-8510 TREREFHMWL Z L THBIGHEERD 3 SOWEETHS . BRI
W 2641 BISOWLEAEhTEY, L{HONI-HFETHD

1 # =

!

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

694 BUNSEKI

Fig. 1 Schematic diagrams of FIA

A: reagent or carrior solution; P: double plunger
pump; I: injector; SL: sample loop (29.4 ul); RC
reaction coil; D: UV-VIS detector; R: recorder; W:
waste
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Fig. 2 Comparison of precision among flow systems

Carrier (A): methanol; Colored compound: Co(III)-
5-CI-PADAPaq. (29.4 nly, 1.1 X 107 M; Wavelength :
560 nm; Total flow rate: 0.5 ml/min; Flow cell
volume: 8 ul. O~®@: Flow systems in Fig. 1; O":
Flow system (D with a damper, n =7
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Fig. 3 Detection curve of Co(IIl)-5-CI-PADAP by flow
system of @ in Fig. 1

(a) sample: Co(III)-5-CI-PADAP, 1.1 X 107*M; sam-
ple volume: 29.4 ul, carrier: methanol; (b) (a) by
expanded scale on vertical axis
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Table 1 Comparison of precision between peak
height and area by flow system (D in Fig. 1

Peak No. Area/mm’ Height of signal peak/mV
1 1141.93 17.9695
2 1143.00 17.9696
3 1141.99 17.9880
4 1142.61 17.9526
5 1141.74 17.9905
6 1138.02 17.9621
7 1140.85 17.9969
RSD, % 0.15 0.09

Wavelength: 560 nm; Sample volume: 29.4 ul; Flow rate:
0.5 ml/min; Sample: Co(III)-5-CI-PADAP solution (1.1 X
107 M)
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Fig. 4 Stability of iron complexes on absorbance

Stopped flow conditions; 1—5-Br-PSAA, iron conc.: 2
ppm; 5-Br-PSAA conc.: 0.16 mM; ascorbic acid conc.:
4 mM; reaction temperature : 30T ; wavelength: 716
nm; reaction pH: 6.0. 2—Ammonium thiocyanate,
iron conc.: 20 ppm; ammonium thiocyanate conc.:
0.5 M; reaction temperature: 30T ; wavelength : 480
nm; reaction pH: 1.7. 3—Tiron, iron conc.: 100
ppm; tiron conc.: 2mM; reaction temperature:
30T ; wavelength: 667 nm; reaction pH: 1.7. 4—
2,2'-Bipyridyl, iron conc.: 20 ppm; 2,2"-bipyridyl
conc.: 0.36 mM ; ascorbic acid conc.: 2.0 X 10 *M;
reaction temperature: 30T ; wavelength: 520 nm;
reaction pH: 2.7
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Fig. 5 Reaction curve between Fe and 2,2"-bipyridyl
in Fig. 4 by expanded scale on absorbance
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Fig. 6 Reaction curve between Fe and 5-Br-PSAA in
Fig. 4 by expanded scale on absorbance
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Fig. 7 Reaction curve between Fe and Tiron in Fig.
4 by expanded scale on absorbance

Table 2 Precision of Fe analysis with each reagent by

FIA
RSD, % (n = 10)
Ammonium thiocyanate 0.91
2,2-bipyridyl 0.17
5-Br-PSAA 0.16
Tiron 0.07

5-Br-PSAA (1.2 mM); iron conc.: 2 ppm; ascorbic acid conc.:
4 mM; reaction temperature: 30C ; wavelength: 716 nm;
reaction pH: 6.0. Ammonium thiocyanate (0.5 M); iron
conc.: 20 ppm; reaction temperature: 30T ; wavelength:
480 nm; reaction pH: 1.7. Tiron (2 mM); iron conc.: 100
ppm; reaction temperature: 30T ; wavelength: 668 nm;
reaction pH: 1.7. 2,2"-Bipyridyl (1 mM); iron conc.: 50
ppm; ascorbic acid conc.: 0.2 mM; reaction temperature :
30T ; wavelength: 520 nm; reagent pH: 4.0. FIA condi-
tions—Flow rate: 0.5 ml/min; Folw cell volume: 8 ul;
Sample volume: 29.4 pl; Flow system: U in Fig. 1; Carrier:
reagent solution
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Fig. 8 Effect of pH of reagent on absorbance
Fe'*: 200 ppm; Tiron: 4 X 107°M; wavelength: 667

nm; reaction coil length: 10 m; flow rate: 0.8
ml/min ; sample loop volume: 29.4 ul; n =7
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Fig. 9 Effect of tiron concentration on Absorbance

Fe’" : 300 ppm; wavelength: 667 nm; reaction coil-
length: 10 m; flow rate: 0.7 ml/min; sample loop vol-
ume: 294 ul;n="7
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Table 3 Effect of diverse ions on recovery
Ion Conc. of ion/ppm Recovery, %

Ca(I) 40 100.4
SiOs* 20 100.3
Na(l) 20 100.3
Al(IIT) 20 100.1
Mg(II) 20 100.1
Ti(IV) 20 100.3
VOs;~ 20 100.7
Pb(1I) 5 100.4
PO, 5 99.9
Ni(II) 5 100.3
Zn (1) 5 100.3
Cr(VI) 5 100.5
Co(II) 5 100.5
Mo (VI) 5 100.1
Bi(1II) 5 99.9
Sh(I1I) 5 99.8
Cu(I) 5 100.2

Fe(III) : 300 ppm
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ABEW: 294, pH1.0, ¥4 O ViER: BE
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Table 4 Comparison of calibration curves between ICP-AES and proposed method

Range of conc./ppm R’ RSD, % Frequency (samples/h)
ICP-AES (Batch method) 0~20 0.9979 0.55 40
Proposed method (FIA) 0~300 0.9999 0.07 6

RSD(%): Average measurement results of Fe in the range of 150 to 300 ppm (Proposed method), Fe in the range of 5.0 to 10.0 ppm

(ICP-AES)

Table 5 Results of analysis for iron ore in standard
reference materials

Certified value, % Proposed method,

% (n=17)
JSS 8014 66.18 £ 0.072 66.34 £ 0.11
JSS 820-2 57.00 = 0.153 56.87 + 0.06
JSS 812-3 59.95 = 0.074 60.08 £ 0.08
JSS 851-4 56.16 = 0.037 56.19 £ 0.10
JSS 850-4 65.67 * 0.073 65.68 £ 0.11

Proposed method: RSD (reproducibility- within- laboratory)

801-4 (A ¥ NAREHL), ]SS 8202 (1 — 7)) /N—188kEL),
JSS 812-8 (FEILREEREL), ]SS 851-4 (BEALSL), JSS 850-4
(vvatrxlby ) THY, ZOFH#HERE Table 512
Y. Table 5 & D HEDME TIL JSS 820-2 LA iE & &
ZhTPIIRE LD o728, EROGIAEEL 3T 72D
ANBFTHD I EDPLVPT, REIIHERNEICKE 2

LEZLND.

MHET 7 7 ) —FO=FRBMERICEER LS 2 Wz
72&, F-RARPRETH - BB AEERBEHREIRMEL TV
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L ROBMER O IRICIISRR T OMEEZERHET 4T ULOBETROLND Z AL, HEk
BEDERIZIIADLOICHEETIH2ToTER, LAL, BEEICLA0WERRELEL, i
GHEPRKDOEN TS, 22T, HBEMWBEEOSVWRERMIEONE 7O —A VY x 7 ¥ a VEEITX B8
OHoOSEENRTF 4T ORBETHNT A2 HEZRABLE. BE7I -V AF2 L LT—lBE®RINL,
REBBRTHETIEY 83— L ) MR #REZE (RSD) 0.068% % #ER L7, T/, L2
DIELDEICIZRERTE2RITL2010, REEAREORE 6 T -0MNEHEELXL DA My 7T
O—FERFIHLE. SRICED, REREEE SN TSRO EUSLE SR, SR LTEGRE
WA rpEEI N RERE, pH, RIS 34 VRISOL&MGLHE L, Sk AEERIIARELZE
LR, —HBoBRBTIIHCEOBECBIERIBEON. 2L L TRBERIIETELLON
BT AT OBEEETI2HEBESITEL L CTE .
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