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Design and Hydroponic Monitoring of Flexible Electroconductivity Chip
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Abstract; In view of the existing problems in the detection of agricultural conductivity, such as complex
detection methods, large instrument volume and high requirements for internal components, and in order
to improve the detection efficiency and reduce the size of the sensor, a single-walled carbon nanotube
flexible conductivity sensor chip based on ink-jet printing was designed and fabricated. The sensor chip
was modeled and calibrated by AC impedance spectroscopy. The response time, stability, repeatability,
bending and packaging effect of the sensor chip were systematically tested, and the error between the
flexible sensor chip and the commercial EC electrode was determined. The feasibility of applying the
flexible chip to the on-line monitoring of EC of soilless lettuce nutrient solution was verified. The
experimental results showed that the total chip area was about 30 mm x 40 mm , realizing miniaturization of
detection. The conductivity range of modeling and calibration was 25.8 ~ 3 098 wS/cm, and the
measurement impedance range was 160 ~ 15 000 ). There was an obvious power function relationship
between the standard conductivity value and the measured impedance value, and the correlation
coefficient was 0. 99. The absolute error range of the verification test was —99.76 ~115. 62 nS/cm, and
the relative error range was —5.89% ~8.02% (FS). The measurement results of the flexible chip were
in good agreement with the EC standard value. The maximum response time of the flexible EC sensor chip
was 10 s. The stability fluctuation within 12 h was 3. 91 wS/(cm-h), and the absolute error range of five
repeated measurements was — 74 ~ 62 wS/cm. The stability and repeatability were in good agreement
with commercial EC electrodes. Bending in the range of 0° ~90° and PDMS packaging had no effect on

its performance. In the monitoring of EC value of hydroponic lettuce for 10 consecutive days, the
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maximum deviation between the flexible EC sensor chip and the commercial EC sensor was 46 nS/cm.

The flexible chip showed good consistency with the commercial electrode, and its micro flexibility was

more suitable for hydroponic rhizosphere monitoring. The flexible EC sensor chip can monitor the EC

value of soilless culture nutrient solution in real time and accurately, which had a good prospect of

agricultural application.

Key words: soilless culture; conductivity detection; flexible chip; single wall carbon nanotubes
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Tab.1 Cultivation method of hydroponic lettuce
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Tab.2 Comparisons on statistical error analysis and sample i-test of different EC sensors
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Fig.4 Performance detection of flexible EC sensors
PR e A i 7 P (1) ¢ A= FE AR HE VR 1938 S/ em U YT A LA SR R R R AT T S

Wf, A E) 38 s, HHIZEME EC B 8T EC |
e gty g 17 3 R B, M EC R R R EC B
e 1) S X2 e 7 I ) 446 4 70 % L 1

PR R A AR A M X L 45 R A K] 4b TR 3% 4k
12 h Sk 3k 7 o, 2k EC R A A EC s AR
Bl R I AR AR B2 5l , Horb 1938 S/ em A
WO, SR BC S R IR T EC AR 8 45 5 i
SRR K, 4 %F 1R 22 43 il 35 46. 90 .28, 88 wS/cem, £
EVEB SRR 3.91, 2. 41 pS/(em-h) SFEHM
5.0 EC iR R E , R EC B B0 ik 4k
12 h 958 e 20 36 B 7E 2. 68 ~46.91 pS/cm Z i,
X IR 2N T 10% , P B2 A e PE K484 o

BET P AL AR AT S PR METREE S S O E £
S5 v H, S 2R ) 00 A X R 2 X L i A A SR g R
EVERE A5 RN 4o P, Mk EC R B EC
H A 26 i 2% 4 ) R - 74 ~ 62 pnS/em Fll - 53 ~
43 WS/ cm , WA F AR i A PR ASCR B O B

B/
2

M i, 45 SR 4d iR . 40 R e e T
0°.30°,90° B}, H br 2 i L &% 0.94 L &
105, &R AT G, RERILF R K EZK, X
BT R B RE g, M R AR 5 AL ST R 56 b
S B KA XTI 25 /N T 43 S/ em, BUHE AH X 5 5
N 1. 60% 25 4T S B4 5 e v 2
2.3 fERBENARE

XFIC AR R R E R EC S B0 R i AL
9 d WA B, AR EUET ] EC Ak S B SR
EC ISR W s . 45 H 10:00 il EC $cds n &l 5
JiR o EFHEL (@ St SR B il 3 AN ESR
TR JE1 303 1 EC W 1 5 35 B, i 0 21 % pH {H
W0 TF

FRAE LI, PR EC A% 8 WA 36 25 215 IR W
BB LRI 5 1 R AESRRTE KB R E
FRASIRE TR T, Rk S i ) EC A% s 1 5408 43 31)
M 11701209 pS/cm A5 5 1543 1 507 uS/cm, SEHT



392 g BLoB ¥ R 2023 4
2000w cemmimmc e 2oz s m o m oo o oo 10 28.29 puS/cem,
EREGE e H
—A— B IpHIE . - - - pHAE IE 5 76 [ o "
1500 .Jf'g %3 T EC RIS EA EC B RN b
2 — Tab.3 Comparisons on flexible EC sensors and
ﬁa 16007 18 o commercial EC sensor in hydroponic lettuce
| = online monitoring
I8 1400
7 " Ze il e 44 A
< 28 ) " "
1200 (BF0~1K) (H1~8K) (558~9K)
Wi EC fmﬂ%{ﬁ/ms-cm" ) 1152~1209 1507 ~1630 1837 ~1879
1000 Zetk EC MHHE/ (uS-em™') 1120~1170 1543 ~1672 1805 ~1856

ﬁ%ﬁ]ﬁ}i/d

IS EC {8k e 5 % 2 e 2 ik 0 45

Fig.5 On-line EC monitoring of hydroponic lettuce
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