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Preparation and property study of a new carbon fiber

electrodes for marine electric field detection

Wang Zechen, Lin Jun, Xin Qing, Zang Yue

(School of Electronics and Information, Hangzhou Dianzi University, Hangzhou 310037, China)

Abstract: Aiming at the problem that traditional carbon fiber electric field electrode is subject to the capacitive reactance effect and

cannot response to low frequency signals, in this paper, a new type of carbon fiber marine electric field electrode is prepared using the

modification method of concentrated nitric acid oxidation and silica sol coating. The experiment results show that large number of

nitrogen-oxygen functional groups are introduced to the modified carbon fiber surface, which not only increases the specific surface area

and hydrophilicity of the electrode, but also reduces the effect of the capacitive reactance effect. In terms of electric field response

performance, the modified electrodes can correctly respond to the LF signal with frequency as low as 1mHz. Compared with the results

before modification, the response accuracy and sensitivity are improved greatly, the linearities of the modified electrodes responding to

frequency of 10 mHz and 1 mHz are 3. 3% and 2. 1% , and the sensitivities are 0. 048 2 and 0. 050 3, respectively.

Keywords : carbon fiber electrode; surface modification; silica sol; electrochemical property; electric field response performance
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Fig.1 The test device for electrochemical performance
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Fig.2 The test device for electric field response
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Table 1 The formula of artificial sea water

ZH A% Fite/g
NaCl 24.54
KBr 0.1
KCl 0.7
Na2S04 4.09
CaCl, -2H,0 1.54
MgCl, -6H,0 1.1
SrCl, -6H,0 0.017
NaF 0. 003
H,BO, 0. 003
NaHCO, 0.16
Na, CO, 0.032
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2.1 F35R%0 FTIR i&£E 5
SEM failiz5 5 FTIR /- #ras SRl 3 .4 iR .

5kv X6,000 2 pm 156/JAN/19

(a) XF HE4H SEMA 1 25 5
(a) The SEM test result for the control group

5kv X6,000 2 pm 14/JAN/19

(b) SEU 4 SEMBY U 45 1
(b) The SEM test result for the experiment group

3 SEM failgs
Fig.3 The SEM test results



559 1]

FERL A HT B RRET A P 7 A B i SR RERIE ST 55

100 -

90 -

80

BEEE/%

70 +

60

1 L 1 1 1 1
4000 3500 3000 2500 2000 1500 1000

PH/em !
(a) X FRAHFTIR AR U 45 51
(a) The FTIR test result for the control group
100 |
05 153625
3 180.63 |
90 |- 1631.33
X
< 851
3
g 80 -
780.34
75 +
70
65 - . . 1030.67
4000 3000 2 000 1000
B /em!
(b) SEHRAFTIRK T4 R

(b)The FTIR test result for the experiment group

K4 FTIR k4
Fig.4 The test results for FTIR

M3 (a) (1) SEM 25515 i, R BCPE ik 21 2 3% 11 45
TR T TR S U 4R BT (R BR Y R
F) , [ FTIR &35 - JCRH S W soids = A d I 3R T
el

M Z T ARAEE 3(b) (1 SEM 251 87w, s Mk 45
A2 T LD I TR R R O3, B Bk T R E — R |
BEAF IR 21 1ok 5 W] IRk 27 2 ELAR WA 1S R (£ 0.305 wm)
RRL AR S T — 2L, P X Fh 4
(52 KHS50 5 TEOS 22 [l & A= 4 4 S, fd H AT HL
BTSN TCHLE) K —AE A ik R 2% gl Al 22 v, AT IE
BUA HL-TCHL ) AT I 48 S5 4 . — 7 T, 76 I B 45 1)
I, (IR Hh B AT RS B 2 5 2 A R SR AR R ik £ 4 3R
T 1l SV B AN A 2 S () 245 5, (5 A TR 4R A 3 1l 1Y 1B
WIS 3—E R BB . oy —Jr e 1 ke 4ER
FAVHELRE B2 A R L R THI AR, Ay ik 2T 4 3 T R % 422 fih 3] /K
I At be: I Lo

M FTIR E3EFE vk sl R T 2240 Hh LT AWk
I 7E 3 180. 63 em™' P A4:-OH 45 R34 1 631.33 em™
Ab7EA: C=0 iR ahid, 1 536. 25 em™ ' 4b7=A: N-H [fi 4

AR IR g, 1 030.67 cm™' 4k 77 A2 -Si-O-Si-ff 45 3§ B g,
780.34 em™'fbi= A N-H A5 IR sl o s A B K B
B S A B R 2T A X B A WL BT DT e B 4T
Y R I M R R AR B S U B AL T AT e
2.2 Bikzitse

D) fER L (CV)

V,+AV

1
C = dV 1
s-m-V;[L (D

R (D) AR ATEAR, Hib, ¢ AR, F/gss
HGFRRZAARE T sm W2 T, g5 AV IS E O,
Vi R, A

ke PR S U B CV T A& S B, oK ik Pk 21
YR B L 2O 22,57 F/g, B R AT 4E RO HHL R R
61.85 F/g, ATLLF HY, ROCHERRET 4 (G IRZH) f9 CV i
24 e A 2 T A R U P T, U8 e B o T S T
U2 3 AT B O Pk J2 4 2o R, 8 T b A LA 6 B g W )2
HLUAPER AR 2 R, OB 4T 4 (S2 3 4) 19 CV i
2k L PURAETE , UL e B R T 2 B R A VR, (AR T
TR S 2R, T A v BB 5 S RE T R T L
HLUZ IR A RN

--0.000 1
0.001 0}
0.000 5}- ~
- 1700002
< 0.000 0F £
= s
& -0.000 5} 4-0.0003 &
® %
% -0.001 0 &
0,001 5} 1-0.000 4 §
= ®
-0.002 0} \
% 1-0.0005
-0.002 5}

0 01 02 03 04 05 06
BV
SIS RN R i E2

Fig.5 Cyclic volt-ampere (CV) characteristic curve
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Table 2 The response signals of carbon fiber electrode under the excitation electric field signals with frequency of 1 Hz

and different amplitudes

B EE PN TS Mo
mV Wi 17 W {1/ mV A/ mv W/ mV R/ % W 3 (. / mV A/ mV ¥/ mV W/ %
500 28.8 28.726 7 0.073 3 0.28 18.8 18. 62 0.18 1.03
450 25.7 25.836 7 0.136 7 0.52 16.8 16. 62 0.18 1.03
400 23.0 22.946 7 0.053 3 0.20 14.9 14.62 0.28 1.61
350 19.9 20. 056 7 0.156 7 0. 60 12.6 12.62 0.02 0.11
300 17.2 17.166 7 0.033 3 0.13 10.4 10. 62 0.22 1.26
250 14.4 14.276 7 0.123 3 0.47 8.1 8.62 0.52 2.99
200 11.3 11.386 7 0.086 7 0.33 6.0 6.62 0.62 3.56
150 8.4 8.496 7 0.096 7 0.37 4.3 4.62 0.32 1.84
100 5.7 5.606 7 0.093 3 0.36 2.8 2.62 0.18 1.03
50 2.7 2.716 7 0.016 7 0. 06 1.4 0.62 0.78 4.48
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Table 3 The response signals of carbon fiber electrode under the excitation electric field signals with frequency of

0.1 Hz and different amplitudes

bR AR/ ARtk Mo
mV Wi 137 W {1/ mV A /mv %/ mV WA/ % W 37 W {8/ m V A /mv %/ mV WA/ Y%
500 28.5 28.503 3 0.003 3 0.01 22.17 22.386 7 0.313 3 1.47
450 25.9 25.638 3 0.261 7 1.03 20.3 19.976 7 0.3233 1.52
400 22.6 22.773 3 0.173 3 0. 68 17.4 17.566 7 0. 166 7 0.78
350 20. 1 19.908 3 0.1917 0.76 14.9 15.156 7 0.256 7 1.21
300 17.0 17.043 3 0.043 3 0.17 12.6 12.746 7 0. 146 7 0. 69
250 14.0 14.178 3 0.178 3 0.70 10.0 10.336 7 0.336 7 1.58
200 11.0 11.313 3 0.3133 1.24 7.7 7.926 7 0.226 7 1. 06
150 8.5 8.448 3 0.051 7 0.20 5.2 5.516 7 0.316 7 1.49
100 5.3 5.583 3 0.283 3 1.12 3.1 3.106 7 0. 006 7 0.03
50 3.2 2.718 3 0.4817 1.90 1.4 0.696 7 0.703 3 3.30

R4 HRFERRAEASREIRER 0. 01 Hz SRREIFE S T MM
Table 4 The response signals of carbon fiber electrode under the excitation electric field signals with frequency of
0. 01 Hz and different amplitudes

G F etk et
mV W 3 i/ mV hA/mv B/ mV BRE/% WRLIEE/mV A /mV B2/ mV WE/%
500 31.2 28.290 2.910 11.41 23.4 23.363 3 0.036 7 0.17
450 28.2 25.325 2.875 11.27 21.1 20. 848 3 0.2517 1.13
400 25.0 22.360 2. 640 10.35 18.5 18.333 3 0.166 7 0.75
350 22.6 19. 395 3.205 12.57 15.5 15.818 3 0.318 3 1.43
300 18.8 16. 430 2.370 9.29 13.3 13.303 3 0. 003 3 0.01
250 16.3 13. 465 2.835 1111 10.6 10. 788 3 0.188 3 0.89
200 12.3 10. 500 1. 800 7.06 8.4 8.273 3 0.126 7 0.57
150 10. 1 7.535 2.565 10. 06 5.3 5.758 3 0.458 3 2.06
100 6.5 4.570 1.930 7.57 3.2 3.243 3 0.043 3 0.20
50 5.7 1. 605 4.095 16. 06 1.2 0.728 3 0.471 7 2.13
R e P P R SR A0 1 e S, B JR] — 32 e R 1) x5 HIREIFMEEKNREEMLEE
IRy AR MR E B, BUZI R i e L& B Table 5 The sensitivity and linearity of the electrode
ﬁjr?{/gjgi@[ BE L EERINEE 5 TR electric field response
RN TELAMERETT I, AR AR B 26 1R R Rl NG ES Zid) U
R A T e 1 T v e e R 1 2 R i 2 AR Y T Kok 0. 60 0.057 8
AT, AR B 90 5 248 14 B8 A% 35 Al 1 35 40 00, 7 L et 4.48 0.040 0
0.01 Hz S LAF , ePE M b iy 2t B 25 U TR el il 1) -~ 190 0.057 3
LNERE 5 78 R BURE 5 T A 2 P A R T v i 1 R 0.1 Hz o 330 0.048 2
BB TR A AT AE R ot B AR b i Dy — oy 0,059 3
2. 6% ,EAI‘@EM&E’JL}HFEW%I 25.75% , PR AR Y T 0.01 Hz
ot 2.13 0.050 3
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(b) The linear fitting of carbon fiber electrode response voltage
at the electric field signal frequency of 0.1 Hz,
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(c) The linear fitting of carbon fiber electrode response voltage
at the electric field signal frequency of 0.01Hz,
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Fig.8 The linear fitting of carbon fiber electrode response

voltage under the electric field signals with different frequencies
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