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New Device of High Sensitive and Simplified Detection System for Sulfur by Means of Mist-Gas
Phase Chemiluminescent Reaction Associated with Skill-free Technology in Steel Analysis

Naoki OM1, Mikita 1sH11, Yumi KaTo and Masaaki Y AMADA

Synopsis : In relation to a skill-free technology in steel analysis, a new mist-gas phase chemiluminescent detection system for sulfur was devised to be
coupled with a flow injection technique. The proposed system was composed of two manifolds of 8.0 107*M KMnO, and 1.0X 107*M ri-
boflavine phophate at pH 2.5 adjusted with H,SO, and H,S in N, balance and a chemiluminescent detection system. The reaction cell was
made by a spherical glass flask of about 100 mm i.d.. An outlet of the spherical glass was connected with the nebulizer system, which was
constructed by the triplicate tubing system of 0.5 mm i.d. brass, 5mm i.d. pyrex glass having 0.8 mm i.d. at the edge and 4.5cm i.d. vinyl
chloride at the inside in order. The analysis was performed by a 5 sec injection of the chemiluminescent reagents at 10 m//min into the contin-
uous H,S sample flow at 7.5 /min. Sulfur content was indirectly determined in terms of that of H,S. The chemiluminescent reaction scheme
of H,S was supposed to be same as in that of SO,. In the optimized operating condition, the lower detection limit was 0.5 ppm and a calibra-
tion for the determination was linear between 0.5 ppm and 3.0 ppm. A reproducibility of the determination was less than 1% in terms of RSD
at more than 10 repeating runs in 0.5 ppm, 1.0 ppm and 2.0 ppm H,S concentrations. Analytical time required was less than 10s for one
sample. Their analytical figure of merits were usable for the skill-free grade technique in future.

Key words : chemiluminescence; detection system; sulfur; flow injection; skill-free; steel analysis.
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Fig. 1. Chemiluminescent reaction scheme among sulfur
dioxide, riboflavine phosphate and potassium per-
manganate.
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Fig. 2. Chemiluminescent reaction cell and its expanded 5.1 RERERGEOHE

view.
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Fig. 3. Flow diagram of the proposed detection system.
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Fig. 4. Effect of chemiluminescent reagent concentrations
on chemiluminescent intensity.
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Fig. 5. Effect of pH of chemiluminescent reagent solution

on chemiluminescent intensity.

Operatin% conditions: 8.0X107*M KMnO, and

1.0X 107" M riboflavine phosphate at flow rate of 8
m//min and 3 ppm H,S at flow rate of 7.5 //min.
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Fig. 6. Effect of flow rate of chemiluminescent reagents on
chemiluminescent intensity.
Operating conditions: Same as in Fig. 5 except for
the flow rate.
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Fig. 7. Caribration graph for H,S determination.
Operating conditions: Same as in Fig. 5 except for
10 m//min of the chemiluminescent reagent flow
rate.
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Fig. 8. Chemiluminescent profiles obtained in two differ-
ent H,S concentrations.
Operating conditions: 8.0 107*M KMnO, and
1.0X107* M riboflavine phosphate at flow rate of
10 m/min and both H,S of 0.5 ppm and 2.0 ppm at
flow rate of 7.5 //min. S shows sample injection po-
sition.
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Fig. 9. Result of repeating run tests (RSD=2.4%, n=4).
Operatin% conditions: 8.0X107*M KMnO, and
1.0X107*M riboflavine phosphate at flow rate of
10m//min and 0.5ppm H,S at flow rate of 7.5
//min. S shows sample injection position.
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Fig. 10. Comparison of chemiluminescent profiles ob-

tained by different introduction procedure for
chemiluminescent reagents and H,S sample into
the proposed system.

Operating conditions: Same as in Fig. 9 except for
2.0 ppm H,S. S shows sample injection position.
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Fig. 11. Chemiluminescent profiles obtained in three different H,S concentrations.
Operating conditions: Same as in Fig. 9 except for H,S concentrations.

WEITWART, CLEE S KUBEREIEV R S
Moz, DFD, AMEAMREATSZHEIL, CLOMR
ke, AASHEERNK, SO DBRIF L V- 28lE»
5 REL BEHEATIHURAOBEIZLANTER TS
ZENHERL 72,

6. ¥

il

1A -FEEMLERERICEERT 2 2 8T, i
O KOS B E R O 2 7 A hEYET
&7,
KsHERTCLIAELZEAT I 9MFETH S, bk,
RCLAHE, SO E 4 H,S & LTH 23k
EUTRRIICERAHETL 2L A4BAIL T B I LR
RECLRILAFHHL TH50T, il A thds
FD, BEh OB 7 OUE % 21 2 ERIRIEIE i
ThoRHREHAT S, WETRIIHSE L TOHBES T
0.5ppm T, F7=EEHHIZ0.5ppm~3.0ppm TH - 7=, H
BME RIFT, H,SIRE 0.5ppm, 1.0ppm H & UF2.0ppm
T, 10[EIELED#E DB U BRITE O R34 1% T
b otz HATEREEIZ 1B S 720 10BN TH - 7=,

AR H,S % EBEHIZAR Y 2 7 APUCEEA L 72 KBET

107

Ky 27 Lk, SHhORBESFIZBTEZ2ELT7Y) —1{L
DFAERM AL TH Y, EBIAOTEIE & 5%
REPFET S, B, SRR & 2 MEREFTIG EER 30k
BEL L U2 OEMBEAEZZOOTRIFTTH 5,

X [y

1) M.Aimoto, H.Kondo, M.Sato, A.Ono and T.Uemura: & 58 [a] 2y #7{t
R MEE . BASTLFER, BE, (1997), 48.

2) JRuicka and E.H.Hansen ¥, Fifg5/%, SIEHEBER . 7a—4
YUx Y g VO, LSRN, BT, (1983), 1.

3) RS D AR S LRI & TR S — R
. WHT. (1989), 1.

4y FAFRK L MR AR BN AR ST, (1987), 150.

5) M.Ishii and M.Yamada: J Flow Inj. Anal., 11 (1994), 154,

6 ) M.Ishii and M.Yamada: Bunseki, (1994), 452.

7) M.Ishii and Y.Okamura: Oyobutsuri, 64 (1995), 808.

8) M.Ishii, M.Muto and T.Nakamura: Bunseki Kagaku, 44 (1995), 91.

9) M.Ishii and T.Saito: Int. Congr. on Anal. Sci. 2001, ICAS/JSAC,
Tokyo, (2001), 313.

10) $eARME - 25 2 4 -k, FRABEMRE, R, FI,
(1992), 281.

11 FUEHEE @ WA KB RHE 530, (1995), 12.

12) M.Ishii, S.Fujioka and M.Yamada: HA L3558 47 25
TEE, HASMLES, i, (1998), 334,

13) M.Kato, M.Yamada and S.Suzuki: Anal. Chem., 56 (1984), 2529.

14) M.Yamada, T.Nakada and S.Suzuki: Anal. Chim. Acta, 147 (1983),
401.

15) M.Ishii, S.Imai and M.Yamada: CAMP-ISIJ, 12 (1999), 1447.

987



