R 920

#% & $H Tetsuto-Hagané Vol. 89 (2003) No. 9

T70Fa—T7BREEFIATSFIAICEKS
SiAch 7 o FEORENRETE

oA - KR WL - s B

i3y

Spectrophotometric Determination of Antimony in Steels by Flow Injection Analysis
Using a Teflon Tube Concentration Method

Kunihiro WATANABE, Takashi Osawa and Masayuki ITAGAKI

Synepsis : Flow injection analysis of antimony in steels using a Teflon (PTFE) tube concentration method was investigated. Antimony reacted with chlo-

ride ions in hydrochloric acid solution to form a complex ion SbCl; . The hexachloroantimony complex anion was adsorbed on the Teflon
tube inner surface as ion pair, which was formed with Co(IlI) complex of 2-(5-chloro-2-pyridilylazo)-5-diethylaminophenol (Co-5-Cl-
PADAP). The concentrated ion pair was eluted with 99% methanol, and then the absorbance of the eluate was measured at 560 nm. Excess
reagent was adsorbed on the Teflon tube the same as the ion pair, so that reagent blank values were increased with excess reagent. Therefore,
the conditions for the removal of excess reagent were examined. As a result, an 8% methanol solution was selected as a rinsing solution, and
the removal was carried out for 3 min. The apparatus used in this flow system has four channels. One of them was a 99% methanol eluent.
Others were a sample solution containing antimony, hydrochloric acid and sodium nitrite at 1.5 m//min, a 3X10~° M Co-5-CI-PADPAP solu-
tion at 0.2 m//min, and an 8% methanol at 1.3 m//min. The calibration curve was constructed under optimum conditions by the proposed flow
system. A linear relationship between the absorbance and antimony concentration was obtained over the range 0 to 50 ppb. The limits of de-
tection and determination for antimony were 0.3 and 0.9 ppb, respectively. The determination results for antimony in steel certified reference
materials showed good agreements with the certified values. The relative standard deviation for 20 ppb Sb was 0.9% (n=6). The iron as ma-

trix did not interfere with the determination of Sb up to a million-fold to antimony amount.

Key words: flow injection analysis; Teflon tube concentration; antimony; steel; 2-(5-chloro-2-pyridilyazo)5-diethylaminophenol.
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Fig. 1. Flow system for antimony determination.
A: eluent (99% methanol), B: sample (Sb(III)+
HCI+NaCl+NaNQ,), C: Co-5-CI-PADAP solu-
tion, D: 8% methanol, P: pump, L: PTFE tube
(10m), I: injector, W: waste, UV: detector (560
nm), R: recorder.
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Fig. 2. Structural formulas of color reagents.
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Fig. 3. lon pair species adsorbed on the Teflon inner sur-
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Fig. 4. Selection of color reagent for determination of
Sh(V).
®: Co-5-CI-PADAP (560nm), A: Rhodamine B
(550nm), ®: Ethyl Violet (595nm), : Brilliant
Green (625nm), —: antimony(Ill) 50§>pb ---
blank, B in Fig. 1: sodium nitrite: 5X107° M, HCl:
3 M, concentration time: 5 min, rinsing time: 3 min.
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Fig. 5. Effect of HCI concentration on absorbance.
¢ antlmony(III) 50 ppb, E: blank, B: sodlum ni-
trite: 5X10°M, C: Co-5-CI-PADAP: 3X107°M,
concentration time: Smin, rinsing time: 3mm
wavelength: 560 nm.
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Fig. 6. Effect of chloride ion concentration on absorbance.
®: antimony(IIl) 50 ppb, @: blank, B: sodium ni-
trite: 5X107° M, hydrogen ion: 1M, C: Co-5-Cl-
PADAP: 3X107°M, concentration time: 5min,
rinsing time: 3 min, wavelength: 560 nm.
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Fig. 7. Effect of hydrogen ion concentration on repro-

ducibility.

®: antimonngI) 50 ppb, E: blank, B: sodium ni-
trite: 5X107°M, chloride ion: 4M, C: Co-5-ClI-
PADAP: 3X107°M, concentration time: 5min,
rinsing time: 3 min, wavelength: 560 nm.
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Fig. 8. Effect of Co-5-CI-PADAP concentration on ab-
sorbance.
®: antimony(l1l) 50 ppb, B: blank, B: sodium ni-
trite: 5X107° M, chloride ion: 4 M, hydrogen ion:
1 M, concentration time: 5 min, rinsing time: 3 min,
wavelength: 560 nm.
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Fig. 9. Effect of sodium nitrite concentration on ab-
sorbance.
@®: antimony(I11) 50 ppb, M: blank, B: chloride ion:
4 M, hsydrogen ion: 1M, C, Co-5-CI-PADAP:
3X107° M, concentration time: 5 min, rinsing time:
3 min, wavelength: 560 nm.
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Fig. 10. Effect of rinsing time on abosrbance.
®: antimony(IlI) SOp?b, B: blank, A: net, B:
sodium nitrite: 5X107° M, chloride ion: 4 M, hy-
drogen ion: 1 M, C: Co-5-CI-PADAP: 3X107° M,
D: flow rate; 1.3 ml/min, rinsing solution: 8%
methanol  concentration: 5min, wavelength:
560 nm.
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Fig. 11. Effect of concentration time on absorbance.
@: antimony(III) 10 ppb, B: blank, B: sodium ni-
trite: 5X107° M, chloride ion: 4 M, h?/drogen ion:
1M, C: Co-5-CI-PADAP: 3X107°M, rinsing
time: 3 min, wavelength: 560 nm.
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Fig. 12. Elution curves.
B: sodium nitrite: 5X107° M, chloride ion: 4M§
hydrogen ion: 1 M, C: Co-5-CI-PADAP: 3X10~
M, rinsing time: 3 min, concentration time: 5 min,
wavelength: 560 nm.
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Table 1. Effect of foreign ions on the determination of an-

timony.

Ions Con. of ion/ppm Recovery/%
Zn(ID) 10 100
A 10 99
Ca(1) 10 100
Cr(VD 10 99
Si(IV) 10 99
Co(ID) 10 100
Sn(ID) 10 100
Cu(II) 10 98
PH(ID) 10 100
Ni(ID) 10 100
Bi(ID 10 99
As(IID 10 102
Mg(ID) 10 100
Mn(ID) 10 103
Mo(VD 10 99

Sb(V) : 50ppb

Table 2. Effect of Fe(Ill) on the determination of antimo-

ny.
Fe(lI/SH(V Xwiw) 100 1000 10000 100000 1000000
Recovery(%) 100+1 100£1 100x2 1012 101+2
Sb(V) : 5ppb  n=6

Table 3. Results of determination of antimony in synthetic

samples.
Added I
Sample ed as Sb(Il) Recovery/%
solution
JSS 501-5(0.4g) 0.4004g 101+1
JSS 001-4(0.4g) 0.400ug 102+2
JSS 061-6(0.4g) 0.400 48 1002
n=6

B AR L 72 (Table 2), Fe(IlI) & 43 Sh(V) EI1ZH L T 1045
FHELTEEE LD 72, LT, S$iflshIck
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2 4 DFHFGEAR O FERR I AR AFAR L2, 20
HIEHER % Table 31278, RFERER S 50RE, M€ B 610l
CHEWT, WIFhEKEE, EESICENHEREEO A
7z
3-13-3  FEERREO SR

EEEOSHEAKL & LTSS 1747 (MBI EEESEAH7
), JSS 172-7 (METEAHTHHMSS), 1SS 173-7 (]
BILREELAMS) O3fBIZOVWTHIEE T -7, %
DGR % Table 4128 Y, IRMHEFR S 57, HIEEIK 6 BT,
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Table 4. Results of determination of antimony in steel

samples.

Sample Certified value  This method S.D.
JSS 174-7(0.03g) 0.0102% 0.0102% 0.0003
JSS 172-7(0.03g) 0.0022% 0.0024% 0.0001
JSS 173-7(0.03g) 0.0051% 0.0050% 0.0001

n=6
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