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E/mV =56.795log [%Al] + 1881.7 R =0.9704
0.026 wt% < [%A1]1 <0.984 wt%

Abstract : The control of dissolved aluminum concentration in the hot dip zinc galvanizing bath is greatly important
in producing galvannealed steel sheets. The purpose of present study is to provide basic data for measurement of
the aluminum concentration in site in hot dip zinc bath at the temperature of 460°C~500°C using CaF, solid elec-
trolyte sensor with three kinds of reference electrode. Good workability and stability of the sensor were confirmed
with the Bi+ BiF; reference electrode from the emf measurement. In order to measure the aluminum concentration
in Zn-Al bath, the galvanic cell of fluorine ion was constructed with CaF, solid electrolyte as follows;
(W | Zn-Al, AlF; | CaF, | Bi,BiF; | W(+)
The emf measurement was made at the temperature of 460+ 10°C in the Zn-Al bath. The following correlationship
between aluminum concentration and emf was obtained by the least square regression analysis;
E/mV = 56.795log [%Al] + 1881.7 R =0.9704
0.026 wt% < [%A1]1<0.984 wt%

Key words : Hot dip zinc galvanizing, Aluminum concentration, Solid electrolyte, CaF,, Fluorine potential, Reference elec-
trode, Emf
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Table 1. Purity and particle size of materials used for reference
electrode.

Material Purity/wt% Particle size/mesh
Bi 99.9% 4 ~30 mesh
Zn 99.9% ingot
In 99.99% ingot

BiF; 99.9% -325 mesh
ZnF, ) 99.9% -325 mesh
InF; 99.9% -325 mesh

W lead wire Ar gas
!
/Quartz tube
A
Zirconia cement
F4
Ca.Fi\ s 1 :l_QuartZtube
Ty | ii——Reference electrode
§ '’
ZnF, powder [T ZnF, pellet

Fig. 1. Schematic diagram of fluorine potential sensor.
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Photo 1. Al concentration sensor for Zn galvanizing bath,
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Fig. 2. Experimental apparatus for fluorine potential sensor.
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Table 2. AG°'? for equilibria of metal and fluoride used in the
present study.

Range(T/K) Equilibrium equation AG®/] + mol™
298 ~ 1090 Zn + F, =ZnF, -762,890 + 166.0 T/K
298 ~922 Bi+(3/2)F, =BiF;  -908,750 + 236.7 T/K
208 ~ 1445 In +(3/2)F, =InF; -1,183,260 +237.5 T/K
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Fig. 3. Example of EMF curve of sensor : (AW | Zn, ZnF; |

CaF, | Zn, ZnF; | W(+)
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Fig. 4. Example of EMF curve of sensor : (-)W | Zn, ZnF; | CaF? |
Zn, ZnF; | W(+).

480

EMF, E/mV
N
Bath Temperature/°C

g

360

T T T 7T T T > T " T 7§ 7
0 t 2 3 4 56 6 7 8 9 1 11 12 13 14 15 16

T T T T

Time ,t/h

Fig. 5. Example of EMF curve of sensor : (-\W | Zn, ZnF; | CaF; |
In, InF3 | W(+).
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Fig. 6. Example of EMF curve of sensor : ()W | Zn, ZnF, | CaF, |
Bi, BiF; | W(+). '

Table 3. Summary of sensor workability and stability to measure
fluorine potential in pure Zinc bath.

Reference electrode Workability Stability
Zn+ZnF, VAN A
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Bi+BiF; O O
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Fig. 7. Effect of the stop and start of Ar gas supply on the EMF of
reference electrode : (-YW | Zn, ZnF, | CaF, | Zn, ZnF, | W(+).
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Fig. 8. Variation of the EMF from Al sensor in Zn bath with

Temperature : (-)W | Zn, ZnF, | CaF, | Bi, BiF; | W(+).
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Fig. 9. Temperature dependence of the EMF from Al Sensor in Zn
bath : (YW | Zn, ZnF, | CaF, | Bi, BiF; | W(+).
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Fig. 10. Variation of Al sensor EMF with Al concentration in Zn
bath : (YW | Zn—~Al, AIF; | CaF; | Bi, BiF; | W(+) at 460t 10°C.
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