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Application of Mullite Membrane Ag/AgCl Reference Electrode
Used in High Temperature Chloride Molten Salt
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Abstract: The mullite membrane Ag/AgCl reference electrode employed for the high-
temperature NaCl-KCl molten salt was prepared, and its performance were comprehensively
evaluated. The results show that the initial activation time of mullite membrane Ag/AgCl
reference electrode in 830 "C NaCl-KCl molten salt system is about 2 h. In the range of 780-
880 C, the difference between the actual measured voltage value and the calculated value is
within =3 mV. The linear fitting of potential difference and temperature was studied and the
value of * is 0. 999. The potential can obtain equilibrium within 10 min after polarization at
+10 mA for 10 s. The reference electrode with advantages of good stability, parallelism and
reproducibility can be used to investigate the electrochemical behavior of chloride molten salt
system.
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Fig.1 Experimental setup for performance evaluation

of mullite membrane Ag/AgCl reference electrode
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Fig. 4 Relationship of mullite membrane Ag/AgCl

reference electrode potential with temperature
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membrane Ag/AgCl(2%) reference electrode

2.4 REM

2 LU B I 18] RS 1 Xk F Al 2 e 2B G T
L PEAT AR SR I o A D R A 2 L A Al
NUDRUE 52 56 Jo] 30 A R 7 72 A RS R B /DN R UG
HL R B A SRS E PR AT PO ol o O B 2 T T
FE 1 830 CIf NaCl-KCL £ 1A 2 H AR LR A1

2.0r

1.0F i
0.5 {1

0.0

AE/mV

-0.5F

71.0 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40

t/h

Bl 6 830 CF NaCl-KCI 5 £ v 52 3k £ b fif
Ag/ AgCI(2 %) 5 L v M v A7 25 Bt B 1] 1) 25 1k
Fig. 6 Changes of potential difference with time
for two mullite membrane Ag/AgCl(2%) reference
electrodes in NaCl-KCl molten salt at 830 C

BRI A/ AgCL(206) 2 Lo v A A I ] 5 v A3 11
ARG S5 R TR 6, WnlE 6 R, 76 )
W R 22 BNV AL HR MOB SRR AR E
A HE RE/NT 1 mV L U BB A B 2 bR AR
o R AR P T A S R P R K
2.5 FITH

R TR TR] 25 1 4 A9 2 LU H AR b (R E AN [
S [6) A [ 6 Vi o 0 L B AT R P AT
[ 2 L v B 00 7 30 A9 H Al 2 s A B el e
Yol i 2 U £ 19 2 E R P P2 L E R
1225 19 J5 SORVEFIEATIE o 8 BOAS ) 1t Ui 45 19
10 322 Lo v A% W0 T BE BIL 445 0 2 T R AR R Ao
Ze B RH TR L. MR L AT Ml &S i
WAL 22 /N T 3 mV L A [ $HE U 4 19 2 [
U4 1R R % 9% 5 T AR E T AR

F 1 BERAMWE Ag/AgCL(2%) 2t BB 1 4T 1

Table 1 Parallelism of mullite membrane
Ag/AgCl(2%) reference electrode
ZH R ML 25 /mV Z ik HL 7 25 /mV
14245 2.6X1072 TH M 8% 0. 20
3 f4= 2.8 9% fl 10# 1.2
54 Fll 64 0.70
2.6 ETWE

P WIAR Sk A7 B JBE Ag/AgCL(200) 2 LR
1E 830 C AT HAEME 3 W 4R R THE 7,
P 7 2 2R R A 3 U e A P R AR ] R
Fr 22 A AL BE B/, S B AE 2 mVELA, B
R E B

K 7 830 CTF NaCl-KCl #&Eh
TR A I Ag/ AgCl(2 %) 2 L a1 BHL 1
Fig. 7 Reproducibility of mullite membrane

Ag/AgCl(2%) reference electrode

in NaCl-KCI molten salt at 830 C



322

Bfes Sicter H43%

LSS R A0 Dy B T A kLS i TR T
NaCEFKCLIEER R 2R 1 Ag/AgCl 2 HEHL R, I X
HAEREVEAT VMY . 75 T- B A0 P il #8719 SR A7 B i
Ag/AgCl 2 He R R B IE AL IR ] 29 2 2 his £ 780~
880 °C {5 [l Py 00 A2t 2 6 o 4% v (07 22 (6 5 T A
i ZE0E 3 mV A AL A 22 5l B UL i 208 B
2ot =0.999; U A )5 AT #E 10 min NPRE
iy, SRR & T2 5, A R IR
ML P AT PE A E B L R3S T R R NaCl-KCl
T R R R T A TS .

B30

[1] Mohammad M B, Cadusch P, Brooks G A, et al.
The binary alkali nitrate and chloride phase dia-
grams: NaNO;-KNO,, LiNO;-NaNO,, LiNO;-
KNO; and NaCI-KCI[J]. Metallurgical and Materi-
als Transactions B, 2018, 49(6). 3580-3593.

(2] REERL, MW, BR LR, . NaC-KCECeCly 45 2
R AR A TS L) . o B L4k 1-8[2020-
02-197. http://kns. cnki. net/kems/detail/11. 2365.
TG. 20190530. 0903. 010. html.

[3] Serrano K, Taxil P. Electrochemical reduction of
trivalent uranium ions in molten chlorides[]J]. ]
Appl Electrochem, 1999, 29(4) . 497-503.

[4] Lambertin D, Ched” homme S, Bourges G, et al.
Plutonium chemical properties in NaCl-KCl and
CaCly at 1 073 K[J]. J Nucl Mater, 2005, 341(2-
3): 124-130.

[5] Cusick M J. #I ] Al-Mg & 4 MK 18 #h 28 Th o [
WCER NS LCT /7 [ A2 Rk SCHR % G - A% B A
TR SO b P E % 2y, 20140 342-348.

L6 EARE AW, o B2, 55 i S 48 36 4l

7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

M Ag/AgCl 2 B W oy R [T, BARfL I
2015,35(3) :21-25.

Kasem B K K, Jones S. Platinum as a reference
electrode in electrochemical measurements[ J]. Plat-
inum Metals Review, 2008, 52(2): 100-106.

M A R, S ] TR ESRR RSk A
Wl Ag/AgCl Z b iR MM REAF2E L], %Ak 5
st Ak ,2019,41(5) 1 447-451.

Rahul P, Ananthasivan K, Anthonysamy S, et al.
Development and electrochemistry of a novel Ag/
AgCl reference electrode suitable for mixed chloride-
fluoride melts[J]. Electrochim Acta, 2011, 56(11):
4276-4280.

ST A bR Al AL R R e Rk A0 3 B B
IR/ SEALR S e B 52 [T 1. EHLER Tk, 2015,
47(3): 60-63.

Gao P, Jin X, Wang D, et al. A quartz sealed Ag/
AgCl reference electrode for CaCl, based molten
salts[ J]. J Electroanal Chem, 2005, 579(2): 321-
328.

RS DR AR, A5 AR AL LR IR R R /R
LR 2 Lh AR PE B B 58 [0 ). JE Bk T2l , 2019,
51(5):49-52,96.

Davies K, Li S X. Simplified reference electrode for
electrorefining of spent nuclear fuel in high tempera-
ture molten salt[C]J. Proceedings of Global 2007
Conference on Advanced Nuclear Fuel Cycles and
Systems, Boise, 2007.

gk, SR AV L R T R IRIA R S e R R LT
o [ b 5 B R R, 1990,10(3) :221-227.

HOLL VLIRS T S TR B M 1 1 A 4 K
R P LR [T, 5 f TR, 2004, 24 (5)
76-79.

B IEJ7 ARV R KB SFL ROk O SR B B B M
BHEY F7 2 PERELT ). RERRER 4R . 1989(5) 467-471.





