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Fabrication and Evaluation of Ag/AgCl Reference Electrode
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Reference electrode is an important tool in many electrochemical field. But insufficiency in the performance
of commercial Ag/AgCl reference electrodes have been demonstrated in applying to long-time operating
devices. To improve the performance of Ag/AgCl electrode, we used electrochemical method using controlling
voltage in forming AgCl on Ag. And then heat treatment, polymer coating, and structure change improved
the characteristic and long term stability of reference electrode. This fabricated reference electrode realized
credible measurement in variety electrolytes.
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Fig. 1. Schematic experimental set-up for the deposition of AgCl on

Ag wire and for [-V test.
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Fig. 2. Schematic experimental set-up for the measurement of
fabricated Ag/AgCl reference electrode.
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Fig. 3. (a) Current transient for various voltage applied to Ag (b) Cur-
rent transient for the optimum positive voltages.
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Fig. 4. Current-time curve when negative voltages are applied.
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Table 1. Orthogonal arrays(L9)

Factor Voltage Time Solution Temp. EMF
S1 +0.2V 30s  0.IMHCI 25°C 70
S2 +0.2V 60s 0.IMKCI 40°C 10.5
S3 +0.2V 90s 0.IMKCIL,HCI 55°C 10
S4 +0.3V 30s 0.IMKCI 55°C 17
S5 +0.3V 60s 0.IMKCIL,HCI 25°C 5
S6 +0.3V 90s 0.IMHCI 40°C 5
S7 +0.5V 30s  0.IMKCLHCI 40°C 9
S8 +0.5V 60s 0.IM HCI 55°C 20
S9 +0.5V 90s 0.IMKCI 25°C 4
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Fig. 5. Effects of each factor studied by the experiment design

(a) the range given through EMF measurement vs. commercial
RE (b) the range given through I-V measurement.
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Fig. 6. SEM top views showing AgCl deposits (a) before heat treatment; (b) after heat treatment: 120 °C, 1h. (c) after heat treatment: 220°C, 1h.

(d) after heat treatment: 320°C, 1h.
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Fig. 7. EMF transient after heat treatment.
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Fig. 8. EMF transient after polymer coating.
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Table 2. Junction Flow Rates

Ceramic plug

~5 uM Cl-/hour

Quartz fiber ~50 uM Cl-/hour

~50 mM Cl-/hour

Annular ceramic

~500 mM Cl-/hour
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Fig. 9. Theoretical electrode potential of Ag/AgCl reference electrode
with changes of Cl- activity.
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Fig. 10. EMF transient comparison between J-type and I-type in 3M
KClL.
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Fig. 11. EMF transient of J-type reference electrode and I-type
reference electrode in DI water.

w2k EMF7} 27150 Bt
AgAgCl 71FAZ0] AES i, A A2 ALEHE 2



38

Y.-H.Heo et al.,

Silver .

Glass tube ———=

l

Filling solution

Porous ceramic

947} o] 7] wh o] 7]
S slek S, 29 12

B

18-3te] 7192 B
A A del AR e I8
2}l F33] 4§75t

o

1ﬂ £ 3k, polymerXHE_E
o 2ZH 75}7]‘3]'7‘3"3% B3 At 7Ed =] =

[e]
£ %3] ThpE S0l 9] Aol TFsHES sl
7I-A|. I

2007%1_‘1:_ AR (FH3)e)e] Ad o7 d=ratet
‘?%0} Tﬁgﬂ 2172%) (R01-2006-000-11017-0).

A7 AN EAFG o] A
1)°ﬂ o3l T = AFY T

fF de o

e
rQ
-
=) ™ ﬂllO

o>
O ]:J

J

m}.

21057

;

REFERENCES

1.D.J. G. Ives and G. J. Janz eds., cn Reference Electrodes, The-
ory and Practice, p. 54, Academic Press, New York (1961).

2. H. Suzuki, H. Ozawa, S. Sasaki, and 1. Karube, Sens. Actua-
tors B 53, 140 (1998).

3.J. W. Schultze, M. M. Lohrengel, W. Germany, and D. Ross,
Electrochim. Acta 28, 973 (1983).

4. H. Suzuki, Sens. Actuators B 46, 104 (1998).

5. H. Suzuki, Sens. Actuators B 46, 146 (1998).

6.J. Kirchnerova and A. D. Pelton, Solid state ionics, 93, 165
(1996).



