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Control of the free aluminum concentration in a hot dip galvanizing bath is of great importance for producing galvannealed
steel sheets. Since aluminum has much greater affinity for oxygen than zinc, the oxygen potential of Zn-Al-O bath may
be determined only by the following equilibrium reaction ;

Al,O4(s)=2Al (in Zn)+30 (in Zn) when the aluminum concentration in the bath is relatively low. Aluminum sensor based
on the emf method using the zirconia solid electrolyte has been deviced by utilizing the above equilibrium relation.

In this paper, emf measurements have been carried out in Zn-Al-O baths having aluminum concentration of 0.02~
0.50mass% under an air atmosphere by using some of the most appropriate combinations of zirconia solid electrolyte and
liquid reference electrode for Zn-O baths.

From the analysis of such emf values at temperatures between 450~500°C , the following relationships between aluminum
concentration and cell emf for two reference electrodes were obtained ;

E/mV=57.19In [All/mass%+506.4, 0.02< [Al]l/mass%=<0.30 (In-In,O; as ref. electrode)
E/mV=68.27In [Al]l/mass%+270.4, 0.05= [Al]/mass%=0.20 (Zn-ZnO as ref. electrode)

The external AC voltage applied on these sensors immediately after immersion into the bath showed to be effective to -
their responsibility and stability. The possibility of the present aluminum sensor has been ascertained experimentally.
hot dip galvanizing ; aluminum sensor ;zirconia solid electrolyte; zirconia sensor ; reference electrode ; dissolved aluminum
dissolved oxygen.
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Fig.1. Construction of zirconia solid electrolyte cell.
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Table 1. Experimental conditions.

Ref. Electrode |Bath Temp.("C)| Al concentration(mass%)

0
0.02
0.05
0.10
0.15
0.20
0.30
0.50

0
0.05
0.10*
0.15*
0.20*

450

In-In,0;

500

0.05
0.10
0.15
0.20

Zn-ZnO 500

*AC voltage applied
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Fig.2. Variation of the aluminum concentration in Zn-
Al-O bath with time.
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Fig.3. Variations of cell emf with aluminum concentra-
tion and time at 450°C (In-In,O; ref. electrode).
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Fig.4. Variations of cell emf with aluminum concentra-
tion and time at 500°C (In-In,O; ref. electrode).
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Fig.7. Example of the emf curve of cell: O in (Zn—
0.lmass%Al) | ZrO,+8mol%Y,0; | Zn-ZnO,
solid line and broken line show with and without
applying AC voltage, respectively.
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Fig.8. Effect of the external AC voltage applied on
zirconia solid electrolyte cell upon the emf curves
of cell: O in ( Zn—0.Imass%Al) | ZrO,+8mol%
Y,O0; | In, In,0;.
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In-In, O, Z: Mtk :

E/mV=57.19In [Al]/mass% +506.4

72720, 0.02= [All/mass%=0.3, (450C).
Zn-Zn0O Z Bk

E/mV=68.27In [Al]/mass% +270.4

56

72720, 0.05= [Al]l/mass%=0.2, (500C),

3)YHRIE LORMBES L LTI, AEE OIS Zn
WOHACL<TEY, BET S $T230min KL EFET
Zt, EHIL5 ~15min O—KFMEEF AT, 2Dk
HBRUCAETT 22 L, BLUOFE—EBREF T TEE
HBEHNOE DS, o/ mV=1F2K t HHME»FH L 2 LIt
EnbH o7z,

4)e rF—DOMHAEREMKROV E DL LT, BIREMRE
DW~DZE R L VICRRERZEML 2. 2 DR,
In-In,0s, Zn-ZnO T HOSRRDLEAIZ b B DO
BIREER R EEYEES NI,

S5)ENINT 2 RXMBEDETE L~ v, EBREHN TR
E I DFE T H - 126 IR NS4 (FRn & 200mV,
R E60Hz) Fizd - T, EENDE 62 ¢/mV<5,
JOESERR <15min TR T 3 12,

6)Iwase 5 »71000C L LD &R TEM L THRI: PolcB
THRPMMBME THEL T, ETEELZRICANICYE
A DU E BROEF D Po,” #HEH L 12,15 6 112 Po, %5,
Nernst DR b O EHIBH A L2 Po,” E—BT At 6, A&
EROBAULREFEEOMEVEHRTEZRE N0 L

Fham L 720

X B

1) WAE, ADEGL kLM, 59 (1973), p.131

2) HWHERE, MHEE, RKEEE, NABE L e e,
4 (1991), p.663

3) MR, kR, FEE MEL 022, 3 (1990), p.1576

4) 21X, R.]J. Fruehan: Met. Trans., 1 (1970) p.3403

5) D. Janke and W. A. Fischer : Arch. Eisenhiittenwes., 46 (1975),
p.297 It ¥

6) TRERFIGL 8% L4W, 62 (1976), p.1265

7) kHFIE, HREEAGL $k LM, 67 (1981), p.1899

8) Filgk, EBEE HATBYF22H, 24 (1985), p.630

9) g, EERE(E HASRBEESWM, 25 (1986), p.528

10) AR 8% &M, 75 (1989), p.379

11) M. Iwase, E. Ichise, M. Takeuchi and T. Yamasaki: Trans.
JIM, 25 (1984), p.43 ’

12) 1. Katayama, A. Iseda, N. Kemori and Z. Kozuka : Trans.
JIM, 23 (1982), p.556

13) R.A.Rapp: Physicochemical Measurements in Metals
Research, Part 2, (1970) Chap. 6C, p.123 [Interscience Pub.
New York]

14) H. Schmalzried : Z. Phys. Chem., 38 (1963), p.87

15) H. Schmalzried : Ber. Bunsenges. Phys. Chem., 66 (1962),
p.572



