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Study on polarization characteristics of micro-electrode materials

Zhang Feng Yang Wenyang

(College of Computer Science,Xi” an Shiyou University, Xi’ an 710065, China)

Abstract:In order to study the polarization characteristics of silver, platinum, glassy carbon, gold and copper electrodes and determine
the best application scenario of each material electrode, a detailed theoretical analysis, model simulation and flume measurement of
surface micro-electrode types are carried out, and a polarization impedance evaluation method of surface micro-electrode materials is
obtained. The results show that the measurement accuracy of platinum and glassy carbon electrode is the best, the performance of silver
electrode is slightly inferior to that of platinum and glassy carbon electrode, and the gold electrode can only be used above 50 kHz. In
terms of accuracy, sensitivity and reliability, the comprehensive performance of glassy carbon electrodes is the best, followed by silver,
platinum, gold and copper electrodes. Platinum and glassy carbon electrodes are more suitable for impedance spectroscopy applications,
while silver, platinum and glassy carbon electrodes are very suitable for electrical impedance scanning or tomography. Silver, platinum
and glassy carbon electrodes can be selected for lower frequency impedance measurement, while gold, platinum and glassy carbon
electrodes can be selected for higher frequency.
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Fig. 1 Schematic diagram of polarization impedance

measuring device for electrode materials
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Fig.2 Measuring principle of TH2830 LCR meter
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Fig.3 Principle of micro-electrode measurement

R THT L P A N0 9 S5 RO R BT 4 TR €y F
Coyey 73BT ANE 3 TR B A HL XUZ HL AR, Ry, A
Ry, FEAHBL A ST HL B . Ry 2K IRHLBE, Cypp i 2
AT /KA DN 158 ) 1) LS, Ry A2 FEL BB P 1) FLBHL
B B BT T AR N -

R oR} 0, Covni

Z = Ryge + | + w’R? T 2 *
© Ry Cixey 1+ w2R1)'1'1C12,\'1'1
R . wRIZNT2CINT2
I+ szIZ]\'T2C]2]\'T2 / 1+ szIZNTZCIZNTZ
Rk a)RZBL'I.K C,

I+ szﬁLLchKULK o 1+ szELLKciLLK. )

T RS AT B PR HOSUZ RN AT LA fil— 2
T R R RUZ O AT LU €y S5 35 K PR A A T i L
AT LA A~ S A A iy S T F B AT AT Ry, S5 5K
PR, A HL ) BB 3 7T AR R

2
_ 2Ry 20RCyy,
Rt T e o T R
W Ly Gpy, @ LNy Gy,
2

Ryyix - oRy,xCy (5)

22 2 22 2
1 + @ Ry Chuix 1 + @ Ry Chuix

RINTl RBULR RINTZ

! 1
- -

C ) “INT2

“INTI ('BN K

Pl 4 T fok i A D A L

Fig. 4 Equivalence of micro-electrode measurement
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Fig.5 Impedance spectrum of surface micro-electrode

under different brine body resistances
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Fig. 8 Impedance spectra of glassy carbon electrode
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Fig.9 Impedance spectra of gold electrode
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Fig. 10  Impedance spectra of copper electrode
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Fig. 11  Polarization impedance ratio of silver electrode
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Fig. 13 Polarization impedance ratio of glassy carbon
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Fig. 15 Polarization impedance ratio of copper electrode
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3.3 KEBEXRNE

FRENPLA A UG 8T LU AR WA 2 L R K
VAR B S, PR B AR ALA AR BT
IR KR i re 38 SRy 3RS AT S 0 00 a5 o A B A
P Bl =2 4T T ) AN ] P 5 23R A K YR A o
WIEERAE . F TDS&EC EZ-1 48 (1) /K 44 i, S 4 g il
A AR, TR [R) R ARk A 3 T B PR B 1 00 A A
BT A ER K BT 3 43 1D 963 .2 5253 700 .4 267
4 810.6 730.7 475.7 965 .8 830.9 546 F19 752 uS/cm,
R 5 b e AR I BEL BT 38 P AR RS AN ] ek 8
ANTRNT 5 Tl A A R A T IR E X 8 MR
& 50,300 Hz . 1.20.30 .40 .50 F1 100 kHz,

TDS&EC EZ-1 545 i Ky T, 3% 10 ol vt AR 0 et 2%
Fick M, HAE C S

M

C= N (14)

HRAE A S, C BT T 1, B I  25 Rz T &
SR, R R R R R, S R AR AE 8 IR TR By K IR
H SR 4 SR A AN 6 2~ 9 B, HE— 2B i S 45
SRR SRR AR B T3R5 B 0~ 10 000 wS/em, ) &
L3RR 25 DI T 10% bR (B IR T 3R0R ), 4R
AR 3E FHARLEE M 300 Hz ~20 kHz, 40 F0 3 Bk A 1 3& FH 4
Bt R 1~100 kHz, 4 HEARGE A B R 50~ 100 kHz, il HL
W BRTE 100 kHz 45083 A B KA HL 5% T BB AR 1R 25 AN
1 10% HIFEHR , ToTE AR HE A LS 258 0 ] P BBCAS A 1) 0
AR,
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R2 AEMERESO Hz WBERNELLE x5 EMERE 20 kHz WBEXRNELLE
Table 2 Conductivity measurement ratio Table 5 Conductivity measurement ratio of
of five electrodes at 50 Hz five electrodes at 20 kHz
TDS & T it il etk & ! TDS & T bt il etk & |
963 0.93 1.51 1.72 2.52 0.33 963 0.92 0.93 0.94 1.26 0. 68
2 525 0. 86 1.26 1.26 1.65 0.21 2 525 0.90 0.91 0.90 1.14 0.43
3700 0.83 1.19 1.15 1.19 0.43 3700 0.91 0.93 0.92 1.10 0.48
4267 0.85 1. 14 1. 09 1.13 0.26 4267 0.91 0.92 0.92 1. 08 0.38
4 810 0. 84 1.13 1. 05 1. 02 0.41 4 810 0.91 0.94 0.92 1. 06 0.52
6 730 0. 87 1. 03 0. 96 0. 84 1.13 6 730 0. 89 0.92 0.91 0.93 1.21
7 475 0.91 1. 03 0.93 0.82 1.48 7 475 0.91 0.95 0.94 0. 96 1.26
7 965 0. 96 1. 02 0.92 0. 86 1.64 7 965 0. 96 0.98 0.97 1. 00 1.30
8 830 0.98 0.99 0.90 0.77 1. 65 8 830 0.98 1. 00 0.98 0.87 1.38
9 546 0.97 0.97 0. 87 0.80 1.77 9 546 0.99 1. 01 1. 00 0.94 1.38
9752 1. 02 0.98 0.85 0.82 1. 81 9752 1. 02 1. 04 1. 02 0.95 1.34
F3 HMERTE 300 Hz WESENELLE ®6 HMEIRTE 30 kHz B SRS LE
Table 3 Conductivity measurement ratio Table 6 Conductivity measurement ratio
of five electrodes at 300 Hz of five electrodes at 30 kHz
TDS K T it # etk & | TDS K T i # etk & |
963 0.98 1.16 1.30 2.10 0.42 963 0.92 0.93 0.93 1.17 0.72
2 525 0.92 1. 06 1.10 1.50 0.27 2 525 0.90 0.91 0.90 1. 09 0. 46
3700 0.92 1. 06 1. 06 1. 19 0.54 3700 0.91 0.92 0.92 1. 07 0.49
4267 0.92 1. 03 1.03 1.13 0.28 4267 0.91 0.92 0.91 1. 05 0. 40
4 810 0.91 1. 04 1. 02 1. 07 0. 44 4 810 0.91 0.93 0.92 1. 04 0.54
6 730 0.90 0.99 0. 96 0.90 1.14 6 730 0. 89 0.92 0.91 0.93 1.19
7 475 0.93 1. 00 0.95 0.90 1.46 7 475 0.91 0.95 0.94 0. 96 1.21
7 965 0.98 1.01 0. 96 0.94 1.61 7 965 0. 96 0.98 0.97 1. 00 1.23
8 830 0.99 1.01 0.95 0. 81 1.70 8 830 0.98 1. 00 0.98 0.89 1.30
9 546 1. 00 1. 00 0.94 0.87 1.83 9 546 0.99 1.01 1. 00 0.95 1.31
9752 1. 03 1.03 0.92 0.88 1.82 9752 1. 02 1. 04 1.02 0.97 1.28
x4 EMERELkHz WESENELE RT EMERE I kHz B ERNEILE
Table 4 Conductivity measurement ratio of Table 7 Conductivity measurement ratio of
five electrodes at 1 kHz five electrodes at 40 kHz
TDS JHHE T it # Wewk & il TDS HHE T R # Bt & kil
963 0. 96 1.05 1.10 1. 84 0. 46 963 0.92 0.92 0.92 1. 12 0.75
2 525 0.92 0.99 0.99 1.39 0.29 2 525 0.90 0.90 0.90 1. 05 0.49
3700 0.93 1. 00 0.99 1. 18 0.54 3700 0.91 0.92 0.91 1. 04 0.49
4267 0.92 0.99 0.97 1.13 0.30 4267 0.91 0.92 0.91 1. 03 0.42
4 810 0.92 1. 00 0.97 1. 08 0. 46 4 810 0.91 0.93 0.92 1. 02 0.55
6 730 0.90 0. 96 0.94 0.92 1.13 6 730 0.89 0.92 0.91 0.93 1. 16
7 475 0.92 0.99 0. 95 0.93 1.46 7 475 0.91 0.95 0.94 0. 96 1.18
7 965 0.97 1. 00 0.97 0.97 1. 60 7 965 0. 96 0.97 0.97 0.99 1. 19
8 830 0.99 1.01 0.97 0.83 1.71 8 830 0.98 0.99 0.98 0.90 1.25
9 546 1. 00 1.01 0.97 0.90 1.75 9 546 1. 00 1.01 1. 00 0. 96 1.26
9752 1. 03 1. 04 0.97 0.91 1.74 9752 1. 02 1. 04 1.02 0.98 1.23
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*8 FIMEIRAE S0 kHz HESENSLE

Table 8 Conductivity measurement ratio of
five electrodes at 50 kHz

TDS M EfH T i 1 Bk 4 il

963 0.92 0.92 0.92 1.08 0.77
2525 0.90 0.90 0.90 1.03 0.51
3 700 0.91 0.92 0.91 1.02 0.50
4267 0.91 0.91 0.91 1.01 0.43
4810 0.91 0.93 0.92 1.01 0.55
6 730 0.89  0.91 0.90 0.92 1.14
7 475 0.91 0.94 0.93 0.95 1.15
7 965 0.96 0.97 0.96 0.99 1.15
8 830 0.98 0.99 0.98 0.91 1.21
9 546 .00 101  0.99 0.9 1.23
9752 .02 1.04 1.02  0.99 1.20

*9 EAFEIRTE 100 kHz HESENELE

Table 9 Conductivity measurement ratio of
five electrodes at 100 kHz

TDS i+ {H T i #H Hemk & k!

963 0.92 092 0.92 101 0.83
2525 0.90  0.90 0.90 0.97 0.59
3700 0.91  0.91 091 0.97 0.55
4267 0.91  0.91 091 0.97 0.50
4810 0.91  0.93  0.92 0.97 0.59
6 730 0.89  0.91 0.91 0.91 1.06
7 475 0.91  0.94 0.94 0.95 1.06
7965 0.96 0.97 0.97  0.98 1.06
8 830 0.98 0.99 0.99 0.94 1.10
9 546 .00 101  1.00  0.98 112
9752 .03 104 1.03  1.01 1.10
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