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Spectrophotometry of Boron in Steels with Curcumin by Flow Injection Analysis

Kunihiro W ATANABE, Atsushi SHISHIDO and Masayuki ITAGAKI

Synopsis : The determination of boron in steels was investigated by flow injection analysis (FIA) using curcumin, which has been used for the conven-

tional spectrophotometry of boron. The conventional curcumin method requires the evaporation of the sample solution to dryness in the pro-

cedure. Therefore, the curcumin method has been not adapted for FIA. The use of acetic anhydride could alternate the evaporation process in

the conventional method. This enables us to apply curcumin to FIA to remove the coordinated aqueous molecule from boron. The flow sys-

tem was composed with five channels including the concentration column (Amberlite IRA743). The 2X1 07*M curcumin (acetic acid: acetic

anhydride=1: 4 v/v), the mixed acid (sulfuric acid: acetic acid: acetic anhydride=1:6:13) and 0.1 M sodium hydroxide were used to form

boron curcumin complex as the reagent solutions. By using the concentration column, boron was separated from matrix iron (10000 ppm),

and was concentrated to 13-fold in 0.42m/ of 10% sulfuric acid as eluent. The obtained calibration curve was linear over the range of

0-100 ppb in the sample solution. The limit of determination (10s,) was 2 ppb in the sample solution. The analytical results for boron in

standard steel samples (B: 0.001-0.0106%) show good agreement with the certified values.

Key words : boron; flow injection analysis; curcumin; steel; spectrometry.
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1. Flow system.

S: sample solution (0.55m//min), C: Eluent [carri-
er solution 10% sulfuric acid (0.07 m//min)], R1:
reagent solutlon 1 [acetic acid 1 +acetic anhydride
4, 2.0x107°M curcumin (0.30m//min)], R2:
reagent solution 2 [sulfuric acid 1+acetic acid
6-+acetic anhydride 13 (0.20 m//min)], R3: reagent
solution 3 [1.0mol// sodium hydroxide (0.20m//
min)], P: pump, I[: injection valve, IC: ion-ex-
change resin column (IRA743, 0.5ml, length
7 cm), RCI1: reaction coil 1 (0.90mm i.d., length
1.0m), RC2: reaction coil 2 (0.50 mm i.d., length
5.0m), RC3: reaction coil 3 (0.90mm i.d., length
3.0 m), D: detector (spectrophotometer, at 550 nm),
R: recorder, W: waste.
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Fig. 2. Reaction scheme between curcumin and boric acid.
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Fig. 3. Effect of curcumin concentration (reagent solution
1) on absorbance.
¢ B, 1.0ppm, BE: net, A: blank. S: sample
(100 ul), R1: reagent solution 1 [acetic acid
1 +acetic anhydride 4, curcumin (0.30 m//min)],
Other conditions are the same as those shown in
Fig. 1.
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Fig. 4. Effect of anhydrous acetic acid concentration in

reagent solution 1 on absorbance.

¢: B, 1.0ppm Hi: net, A: blank. S: sample
(100 u/), RI1: reagent solution 1 [acetic
acid+acetic anhydride, 2.0X107*M curcumin
(0.30 m//min)], The other conditions are the same
as those shown in Fig. 1.
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Fig. 5. Effect of sulfuric acid concentration in reagent so-
lution 2 on the absorbance.
¢: B, 1.0ppm, BE: net, A: blank. S: sample
(100 ul), R2: reagent solution 2 [sulfuric
acid+acetic anhydride+acetic acid 6 (0.20m//
min)], The other conditions are the same as those
shown in Fig. 1.
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Fig. 6. Effect of acetic acid concentration in reagent solu-
tion 2 on the absorbance.
€: B, 1.0ppm, B: net, A: blank. S: sample
(100 ul), R2: reagent solution 2 ({sulfuric acid
1+acetic acid+acetic anhydride, (0.20m//min)],
Other conditions are the same as those shown in
Fig. 1.
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Fig. 7. Effect of NaOH concentration in reagent solution 3
on the absorbance.
4: B, 1.0ppm B: net, A: blank. S: sample
(100 ul), R3: reagent solution 3 [sodium hydroxide
(0.20 m//min)], Other conditions are the same as
those shown in Fig. 1.

0.6 0.6
R1 R2
04 0.4
) @«
2 2
0.2 0.2 t
0 0.2 0.4 0.6 0 0.2 0.4
flow rate / ml/min flow rate / ml/min
0.6

04t

Abs

0.2

0 0.2 0.4

flow rate / ml/min

0.6

Fig. 8. Effect of flow rate of reagent solution on the ab-

sorbance.

R1: flow rate of R1, R2: flow rate of R2, R3: flow
rate of R3. €: B, 1.0ppm, M. net, A: blank. S:
sample (100u/), RIl: reagent solutlon 1 (acetic
acid 1-+acetic anhydride 4, 2.0X107*M curcum-
in), R2: reagent solution 2 (sulfurlc acid 1+acetic
acid 6+acetic anhydride 13), R3: reagent solution
3 (1.0M sodium hydroxide), Other conditions are
the same as those shown in Fig. 1.
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Fig. 9. Effect of length of reaction coil of the flow system
on the absorbance.
RC1: reaction coil 1, RC2: reaction coil 2, RC3:
reaction coil 3. ®: B, 1.0 ppm, B net, A: blank. S:
sample (100u/), R1: reagent solutlon 1 [acetic
acid 1+acetic anhydride 4, 2.0X 1073 M curcumin
(0.30 m//min)], RC1: reaction coil 1 (0.90 mm
i.d.), RC2: reaction coil 2 (0.50 mm i.d.), RC3: re-
action coil 13 (0.90mm 1i.d.). Other conditions are
the same as those shown in Fig. 1.
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Fig. 10. Effect of temperature of reaction coil 2 in water
bath on the absorbance.
¢: B, 1.0ppm, E: net, A: blank. S: sample
(100 u!), R1: reagent solution | [acetic acidl+
acetic anhydride 4, 2.0X107*M curcumin (0.30
m//min)], Other conditions are the same as those
shown in Fig. 1.
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Table I. Tolerance limit of foreign ions on the determina-
tion of boron.

Tolerance limit Foreign ions

2000times As(IID),K@),Na(D),Te(IV), W(VD),Au(I1I),Mo(VI)
100 Ti(ID),Ta(V),Sn(I11),V(V),Co(I1)

15 Ge(IV),Nb(V)

10 Pb(ID),Cr(VD)
7 Cu(ID
4 Se(IV)
3 Mg(II)
2 Fe(IID),Zn(I1),A1(IID),Ca(Il), T1(1)
1 Cd(D),Bi(IID),Ag(D),NdA(IID,Si(IV)

B:60ppb

ZNOZNEETH B NSETITHINE T ARy EE R T
AFNIZEL, BEABETHHEARFALTH3Y, —77,
HEBEEALEE L WAHBE LT, 14 v RHEBigEs
RSHHAINTOE, ZOREZEA A 2 Bitls % # A
LERA A 2 RETEEL, ZO®REA 4 ZZREBHE Tk
DERERE, BHET2L0TH2 Y, Bzt RE+E5
FMNEA N T WA, ZO%BEPO & F SR
HEha&kHicko72, ZORENELDIZIZIRATAI %
FHTAEBIZL2HENH D, ZOHREBRLIZICP-
AESEMH L T\ 52, BIRNTMEETH % ICP-AES T
HoTEHLEEOHE~ MY v o 2AOEIEIT S NT, T
TR & BRI E LT WA, REDOEP DR T RO
#r T3 Yamane 5 (2 & O) Sephadex 7 7 4 % i U IR #E 77 B
D%, HEETRINT A2 HFEIREE AT B2,
Sephadex gel IX1RA743 & IZE L 51K ) v Fux L (LEY
THY, FYERA SV EOREAREBERENOEDEE X
55,

[RATA3IEIN-AF NN A IV EAFL YV DEZIILRY
YVEAKIINMUZEZFEETHD, FoRIEATEELT
BTHELTOWBDTN-AFALTLAI VOSMMiTLI—0
BLBREBR TSI LMESRS,

Z D IRATA3 DEFH AT DORIIZ L FIHDIRREIZ &
D, ARHERDOTERLHRIGFRMIZRL > TL %, Z I TH
ROT=DITNNy FETHEEERE#RET L, 77 410C
IRA743% SOmIFHE L, ThIZ3.0m//minDHEET
1.0ppmDF Y RBWE 10mIFR Lz, 7T L%&BRBLE
WD AT RIZICP-AESORHIRAL FTh - 72, —77,
I8y FIRIC K BIRE FERTIE95% LI E A RAIZIRE & h
BTN gmol, MR RE pHE M IZEBOMR
E—FEL =,

3:9 AA4TMAHTLOERZRSE

IRAT43D 7x o RRFERIIHER S 20T, Ju—-v
AT LIZAT L (R&3.0em, KFE0sm!) ZEAL, 7
DFERAZEERE L 72, BRYNICSE L 5 BilsH4RE
13 1.LOMNaOH BT % i & 0.55m//min T3 AR L 7z, Z
Dk, v REEGORBATRE 107 BRR L IEEHEL

977



$% & 48 Tetsu-to-Hagané Vol. 89 (2003) No. 9

100ppb
A
80ppb
3 60ppb
3 40ppb
=l
«
2 20ppb
2 Oppb
Pp
2 J\
v
’I‘une
12min
<«
Fig. 11. Elution profile.
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Table 2. Analysis of steel samples by the proposed

method.
Certified Measured Relative standard
Sample

value®) value(%) deviation(%)
NBS LOW-AIOY
STEEL364 0.0106 0.0099 2.2
JSS 172-7 0.0010 0.0012 21
JSS 3631 0.0027 0.0029 16
JSS 364-1 0.0045 0.0045 1.0

(n=8)
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