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Determination of Arsenic in Steel by Metal Furnace-AAS and Flow Injection Analysis
Based on Method with On-line lodide Trace Extraction System

Akio SAKURAGAWA, Tetsuyuki TANIAI and Atsushi UzZAwA

Synopsis : An automated on-line solvent extraction system has been developed for the determination of arsenic in steels by electrothermal atomic ab-
sorption spectrometry (ET-AAS) or flow injection analysis (FIA) based on the molybdenum blue reaction. It is based on the reaction of
As(Ill) with iodide ion in the concentrated hydrochloric acid medium to produce Asl,, which is extracted into benzene and back-extracted
into water. Because of an easy separation of water phase and benzene phase, a gravitational phase separator column was used in the automat-
ed on-line solvent extraction system. It was not utilized a membrane type phase separator so that the proposed automated on-line solvent ex-
traction system was obtained with long-term stability, low solvent consumption and high reproducibility. Using the proposed automated on-
line solvent extraction system, arsenic contained in the acid decomposed steel sample solution was automatically extracted into the benzene
phase and it was back-extracted into the water phase. Then, the back-extracted water phase was used for the determination of arsenic by ET-
AAS or FIA. When the ET-AAS method used for the determination of arsenic, 800 mg dm > of cobalt solution had to use as the matrix modi-
fier to remove an effect of coexisted substances such as iodide ion. In this method, a determination limit of As is 0.2 ug in the 0.1 g of steel
sample. When the FIA method used for the determination of arsenic, a determination limit of As was 1.0 ug in the 0.1 g of steel sample.

Key words : automated on-line solvent extraction system; electrothermal atomic absorption spectrometry; flow injection analysis; arsenic; gravitational
phase separator; steels.
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Fig. 1. Scheme of the FIA system for the extraction of As. EC,, EC, and EC,; Extraction Column (i.d. 22 mm, length 75 mm, side
graft i.d. 2.0mm, length 20 mm); MC,, MC, and MC,, Mixing Coil (i.d. 0.5 mm, length 4000 mm); P, Double plunger

pump (3.0 cm® min~!X2); V, 3 ways valve.

Table 1. Analytical conditions of W furnace-AAS.

Matrix modifier Sample
Dry Char Cooling injection Dry Char Atomization Cleaning
T t
°'E‘.=E°]’a ure 150 1200 0 0 150 300 2700 2700
Ramp time
fsec) 10 10 0 0 10 10 0 0
Hold time
[sec] 20 10 30 15 40 30 2 1
Option Auto zero Auto zero Measure
Wavelength :193.7 [nm] Background correction : D, lamp
Slit wide : 1.0 nm Injection volume Matrix modifier ;10 m?
. . 3
Lamp current .10 mA Sample solution ;25 mm
LDERDEERITI,
2:3:3 ®)7FeBEBREREE FIAL AT 4I12K5 0
b ROE&RE c P
o . N N RCy
LROEBERIZE) 7F v T - HRIC RS L
FIA Y 2T L %{ERR L f':(Fig. 2)o Mo P RC, BPC
MBI L 0cm' 254 ¥ D x 2 8 — K0 % v ) 7 — Filh o] Waste
Asc P

IZHEA S 85CIZFHEE L 7215154 P T 5.0mmol dm ™ €
TFEVEET VR L 05moldn T RIRIBTR & AT B,
XKiIZ10mmoldm ™3 7 Z AN K VERIEKRE AWML, BEXE
FHickoh, 830mickBI2BAEEI»L LEDEES
Tof, MIGOHMOIZZXEEE LR, REKROEN%
Y3 Z & omEiz &k A 5E0RE #FHIE L 7=,
2-3-4 BHGERh O v BoE EEEE
EBOBEDSHHR A REFEL 721, JISG 1225 125 T

49

As. P, Double

Sample injector (1.0cm
Reaction Coil 1 (1.0cm

Fig. 2. Scheme of the FIA system for the determination of

plunger pump (0.5cm*min™Y); S,

5

O, Oven (85°C); RC,,
RC,, Reaction Coil 2

(1.5cm®); BPC, Back Pressure Coil (i.d. 0.25mm,
length 5000 mm); D, Spectrophotometric detector
(830 nm); I, Integrator; C, Carrier (H,0); Mo, 5.0

mmol dm ™3

ammonium molybdate/0.5 mol dm

-3

H,SO,; Asc, 10 mmol dm™ ascorbic acid.
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Fig. 3. Effect of the concentration of HCI in the sample
solution on absorbance of As. Absolute amount of
As and KI was 1.0 ug and 12.5 mmol, respectively.
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Fig. 4. Effect of the extraction time and mixing coil inner
diameter on absorbance of As. Absolute amounts
of As and KI was 1.0 ug and 12.5 mmol, respec-
tively. Sample solvent was 11 mol dm > HCI.
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Fig. 5. Effect of the concentration of Co in matrix modifier

solution on atomic absorption of As. The sample
was obtained from the system shown in Fig. 1 as an
eluent. The extracted original sample solution was
10cm? of 11 mol dm ™3 HCl solution including with
1.0 ug of As.
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Fig. 6. Calibration curve of As in the W furnace-AAS.
Matrix modifier was 10mm’® of SOQ mgdm™ Co
solution. Sample solution was 25 mm”.
40 |
Table 2. Determination of As in steel samples. _
5
x 30 b
Sample Certified value Present work [#g/8] 8
&
[eglg) AAS Molybdenum blue FIA system 3
-9
20 |
1SS 111-12 17.0 (205> CV > 12.5)
With filtration 15.5 —
Without filtration 16.8 —
1SS 168-7 120 (130>CV>100) 112 101 Lo
1SS 169-7 505 (57.5>CV>430) 568 —
0 | 1
0 0.5 1.0 15
1851717 460 (470 > CV > 440) 455 447 Concentration of H,50, [mol dm?]

cv : Certified value

: Not examined

52

Fig. 7. Effect of the concentration of H,SO, in the ammo-
nium molybade solution on absorbance of As.
The sample was 4.0 mg dm™ As solution.
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Fig. 8. FIA signlas of As obtained from the system shown in Fig. 2.
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Fig. 9. Calibration curve of As in the system shown in Fig.
2.
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Table 3. Effect of coexisting ions on the determination of As by FIA system shown in Fig. 2.

Coexisting Source Conc. Recovery of As  Coexisting ~ Source Conc. Recovery of As
ion [mg dm™] (%] ion [mg dm™) [%]
Na* NaCl 1000 97.3 F NH,F 100 103.0
K* KCl 1000 96.3 cr NaCl 1000 103.1
NH,* NH,CI 1000 99.3 Br NaBr 1000 100.8
Ca®* CaCl, * 2H,0 1000 95.0 r K1 1000 101.1
Mg®*  MgCl, * 6H,0 1000 104.5 s0,* Na,S0, 1000 98.6
Fe3* FeCly 10 182.8 NOy’ NaNO; 1000 101.0
1.0 123.8 CO5* Na,CO; 1000 104.7
0.1 100.9 BO,* H;BO; 1000 99.0
A AlCl; * 6H,0 1000 102.4 PO,  Na,HPO, 1 2213
0.1 1103
0.01 104.1
$i0,"  Sodium silicate 1 119.5
(with Na,CO5) 0.1 109.4
0.01 104.7

Addition of 4.0 mg dm™ As
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F A4 N FEEENSGHORETDH 5.

X 79

1) M.Kanke, T.Kumamaru, K.Sakai and Y.Yamamoto: A4nal. Chim.
Acta, 247 (1991), 13.

2) A.R.K.Dapaah and A.Ayame: Anal. Chim. Acta, 360 (1998), 43.

3) M.B.O.Giacomelli, J.B.B.da Silva and A.J.Curtius: Microchim. Acta,
132 (1999), 25.

4) G.LMalofeeva, E.M.Sedykh, L.S.Rozhkova and L.N.Bannykh: J

54

6)
7)
8)
9)
10)
1)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)

25)
26)

Anal. Chem., 54 (1999), 147.

T.Kobayashi, S.Hasegawa and T.Yoshioka:
(1999), 124.

A.Y.Malyshev, V.G.Pimenov, E.A.Zaitseva and A.D.Bulanov: J Anal.
Chem., 55 (2000), 1170.

S.Latva, M.Hurtta, S.Peridniemi and M.Ahlgrén: Arnal. Chim. Acta,
418 (2000), 1 1.

J.Shiowafane, R.G.McLaren, N.Chanmekha and A.Samphao: J. Envi-
ron. Qual., 30 (2001), 1940.

J.Y.Cabon and N.Cabon: Anal. Chim. Acta, 418 (2000), 19.
S.Motomizu, T.Wakimoto and K.Toei: Analyst, 108 (1983), 108.
M.Kanke, T.Kumamaru, K.Sakai and Y.Yamamoto: Anal. Chim.
Acta, 247 (1991), 13.

M.H.Arbab-Zarar and M.Hashemi: Talanta, 52 (2000), 1007.
M.Hosoya and M.Ishikuro: Bunseki Kagaku, 40 (1991), 263.
K.Venkaji, PP Naidu and T.J.PRao: Talanta, 41 (1994), 1281.
T.Narukawa, W.Yoshimura and A.Uzawa: Bull. Chem. Soc. Jpn., 72
(1999), 701.

T.Narukawa, A.Uzawa, W.Yoshimura and T.Okutani: J Anal At
Spectrom., 12 (1997), 781.

S.Motomizu: J. Flow Injection Anal., 5 (1988), 71.

T.Mise: J. Flow Injection Anal., 5 (1988), 87.

L.G.Danielsson and Z.Huazhang: J. Pharm. Biomed. Anal., 7 (1989),
937.

T.Sakai, Y.S.Chung, N.Ohno and S.Motomizu: Anal. Chim. Acta, 276
(1993), 127.

T.Sakai and N.Ohno: J. Flow Injection Anal., 10 (1993), 2.

J.Wang and E.H.Hansen: Anal. Lett., 33 (2000), 2747.

H.Bergamin F, J.X.Medeiros, B.F.Reis and E.A.G.Zagatto: Anal.
Chim. Acta, 101 (1978), 9.

B.Karlberg, PJohansson and S.Thelander: Anal. Chim. Acta., 104
(1979), 21.

A.A.Ensafi and B.Rezaei: Anal. Lett., 31 (1998), 167.

S.C.Nielsen, S.Sturup, H.Splid and E.H.Hansen: Talanta, 49 (1999),
1027.

Tetsu-to-Hagané, 85



