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A study on the manufacture of humidity sensors using
layered silicate nanocomposite materials
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Abstract In this study, evaluated the properties of layered silicate-based nanocomposite sensitive film. For the
fabrication of nanocomposite materials, we selected organically modified layered silicate materials, specifically
Cloisite® and Bentone®, which were treated with quaternary ammonium salts. The impedance of the humidity sensors
containing organically modified montmorillonite/hectorite clay decreased with increasing relative humidity(RH%). In the
case of the Cloisite® humidity sensor exhibited slightly better impedance linearity and hysteresis compared to the
Bentone® 38 humidity sensor. Additionally the impedance of the sensor with Bentone® 38 addition was the lowest
when compared to the Cloisite®-modified sensor. Comparing the Cloisite®-modified sensors individually, we observed
different moisture absorption characteristics based on the hydrophilic properties of the organic-treated materials. The
response speed of Cloisite® 93A tended to be slower due to differences in moisture evaporation rates influenced by
the hydrophilic organic components. Based on these results, moisture barriers utilizing organically modified layered
silicate materials may exhibit slightly lower moisture absorption properties compared to conventional polymer-based
moisture barriers. However, their excellent stability, simple processing, and cost-effectiveness make them suitable for
humidity sensor applications.
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(Table 1) Relevant properties of humidity sensors

Parameter Description

Sensitivity The ratif) o'f the cbange in output signal to the
change in input signal

Accuracy Conformity to a standardized reference signal

The time required to reach 63% (or 93%) of
the final (stable) sensor output after stepwise
ramping the humidity

Response time

Change of the sensor output signal with time

Drift . .
at constant input signal
The distribution of sensor outputs after when
Repeatability performing consecutive readings under similar
conditions
Reproducibility The d%strjbution of sensor outputs Y\{hen
measuring the same under different conditions
The difference in output signal when
Hysteresis measured for a up-trace and down-trace of
the input signal
Temperature The variation of the sensor output with
dependence temperature at constant humidity
3. &=
3.1 A 23

$713} A 2]¥ montmorillonite$! Cloisite® (Southern
Clay Products, USA) 15A, 25A, 93A Al T/ HEE
A8 AHE3A ) 156A2] 7% dimethyl, dehydrogenated
tallow, quaternary ammonium (2M2HT), 25A+ dime-
thyl, dehydrogenated tallow, 2-ethylhexyl quaternary

ammonium (2MHTLS), 93A+ methyl, dehydrogen-
ated tallow ammonium (M2HT)®] 45 4EFHe] 2z
7y F3 57l NAAZ AR E AT TGARM 22
71&9 FA AENE gt f7] AEAY
BFgel gaFo] Cloisite® 15A 44.1%, Cloisite® 25A
34.5%, Cloisite® 93A 38.7%, Bentone® 38 32.4%¢<1 #
< gstsrh

4:L o]—

(Table 2) Elemental chemical analysis the Cloisite®

Sample code Carbon(%) Hydrogen(%) | Nitrogen(%)
Cloisite® 15A 31.0 56 4.2
Cloisite® 25A 238 4.3 36
Cloisite® 93A 256 47 35
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— —

Weight(%)
g
Weight(%)

Temperature('C)

Cloisite® 93A

Temperature('C)

Bentone® 38

[Fig. 1] Weight loss of organically modified layered
silicate
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(Table 3) The formulation ratio of raw materials

[unit:  wt(%)]
Components Polymer/
Epoxy X X L.
Sample No. Organically modified layered silicate
QME-15-20 80 20
QME-15-30 70 30 Cloisite® 15A
QME-15-40 60 40
QME-25-20 80 20
QME-25-30 70 30 Cloisite® 25A
QME-25-40 60 40
QME-93-20 80 20
QME-93-30 70 30 Cloisite® 93A
QME-93-40 60 40
QHE-38-20 80 20
QHE-38-30 70 30 Bentone® 33
QHE-38-40 60 40
3.3 4

3.3.1 FTIR/ATR

AuEA 4 AedolE A A, g

3.3.2 X—Ray Diffraction

= B YR F2E RIS sl AMgetE
A ot} S AP AE EAE o83 FEAA
Ee] Azl o] v BHSE FAoR BT
7] #18) XRD £41& A8tk XRD(BRUKER AXS,
D8 Focus, Germany)= oA scanning angle 1.2°~
10°9 902 s om 40kVe] 71443 X-ray source
= CuKa(A=154A), scanning rate™= 1%/min =435} c)

34 | Industry Promotion Research 2024 Jan; 9(1): 31-38

3.3 oLl

Haade] sid nE A74 A 545 B4
ffste] S AellolE =ds 483 FEAME 2
571 WellA 25°C715 30~90RH(%) HA= 7143

1V, 3k 1kHz 273004 lud s WskE S48k

S|~ A~E FA57] $l8te] 30RH(%6) — 40RH
(%) — 50RH(%) — 60RH(%) — TORH(%) — 80RH(%)
— PRH(%)Y 7Fs344d¥ 90RH(%) —80RH(%) —
70RH(%6) — 60RH(%) — 50RH(%6) — 40RH(%) — 30RH
(%0)9] AFIHFoRE Z74313th
4, ZAnt 2 nH

4.1 FTIR/ATR Analysis
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ching vibrations of C-N and C-C, (1361, 1361, 1361),
(1461, 1461, 1461)cm ' CH; bending of gem dimethyl,
(1509, 1509, 1509)em™" W= 1ol <% -NH,, CH,
bending, (2340, 2342, 2341)cm’’, CO, stretching, Ben-
tone® 38 101lecm! Si-O-Si stretching vibration, 1382
cm’' CH; symmetric bending, 1544cm™ stretching vibra-
tion of C-C and C-N, bisphenol A & o] ZA] Ex}4%
T At W aejoh Agd widar|d o
(728 728 728)cm™ CH, asymmetric bending, (2921,
2021, 2920)cm™ CH, asymmetric stretching band® X
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[Fig. 2] FTIR/ATR spectra of Cloisite® 15A humidity
sensor according to total content

4.2 X—Ray Diffraction Measurement
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[Fig. 3] Comparison of X—ray diffraction patterns
between Cloisite® 15A and Cloisite® 15A/epoxy
composite according to process condition
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