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In this paper, switch-type humidity sensors based on PAA (polyacrylic acid) and its
copolymers were examined. The humidity sensing properties of these polymers, such as
hysteresis, response time, water resistivity and long-term stability were investigated. The
factors which influence the humidity sensors’ inflection point were investigated
experimentally as well. The results show that, the inflection point of the humidity sensors
varies with the content of crosslinking agent and the sample composition. In particular,
humidity sensors based on Sample E and B show good property and stability. © 2000
Kluwer Academic Publishers

1. Introduction

Thereis a strong need for reliable and accurate humidity Sample Composition

sensors in applications such as meteorology, agricul-

ture and manufacturing. In some situations, switch- A PAA + 3 mol % PEG 2006- 5 mol %
type humidity sensors are required in which the electri- LiOH

cal resistance—relative humidity curve has an obvious B PAA + 3 mol % PEG 2000
inflection point or switch point. Different inflection C AAC

points are required for control or measurement in low- D AAC + 3 mol % PEG 2000
humidity and medium-humidity ranges, as well asin E AAC + 3 mol % PEG 400

dew point applications [1-5]. We present in this paper
the properties and characteristics of several switch-type
humidity sensors based on polyacrylic acid (PAA) and
its copolymers. The influencing factors, such asthe con- Toluene-2, 4-diisocyanate was used as the crosslink-
tent of the crosslinking agent and the effects of differ-ing agent. The above solutions were coated on the sur-
ent components on the inflection points of the humid-face of an alumina substrate having a pair of comb-
ity sensors, are investigated experimentally. In additionshaped gold electrodes, after that the coated alumina
hysteresis, water resistivity, response time, temperaturgubstrate was placed in oven at°&for 4 h. After-
coefficient and long-term stability of these humidity wards, it was rinsed with ethyl alcohol, and vacuum
sensors are studied as well. These could provide usefalried at 80 C for 24 h. Finally it was placed in vacuum

information for future applications. at 60°C for another 24 h.
2. Experimental 2.3. Measurement
2.1. Synthesis A LCR meter of Ando Electrical Co. Ltd. was used for

Polyacrylic acid and the acrylic acid-acrylamide the measurement of electrical characteristics of the hu-
(70 mol % acrylic acid and 30 mol % acrylamide) co- midity sensors. The electrical resistance of the sample
polymer (AAC) were synthesized by the solution poly- at 1 kHz was measured at selected relative humidities
merization method at 7@ for 8 h with ammonium (RH) using saturated salt solutions at°Zh
persulfate as the initiator. PEG (polyethylene glycol) lonic mobility was evaluated from direct-current
2000 (M, = 2000) and PEG 400M, = 400) are of measurements on the cells with ion-blocking platinum
AR grade. electrodes. DC 2.5 V was first applied to the cells for
60 min in one direction in order to form space charges
at the vicinity of the electrodes. Subsequently, the po-

2.2. Preparation of the humidity larity of the applied voltage was reversed. The time
sensors dependence of the monitored current showed a peak at
Sample compositions were as follows: the time of flight t of ionic carriers from one electrode
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TABLE | The effects of the content of crosslinking agent (Sample E) TABLE |l The hysteresis of the humidity sensors based on
different samples

Content of the crosslinking

agent (mol %) Inflection point (RH) Sample Hysteresis (RH%)
100 No humidity sensitivity A 4
40 Around 85% B 2
30 Around 90% C 3
5 Poor water resistivity D 1
E 0.2

to the other. lonic mobilityw can be estimated as
follows: Fg—

d2
TVt

Q)

u

whered is the sample thickness, and for the simplifi-
cation of the analysisy is assumed to be identical to
the applied voltage [6-8].
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3.1. The effects of the crosslinking agent Relative humidity (%)
The h_umldlty_sensc_)rs based on Sample B and Samp'lggure 1 The relationship between electrical resistance and relative hu-
C exhibit the inflection point around 60-65% RH (rel- migity for Samples A and B.
ative humidity) and 75-80% RH respectively on the
electrical resistance-humidity curve.

The effects of the crosslinking agent on the inflection —
point (switch point) of Sample E (with 3 mol % PEG ===y

107;_ ;l;lg.: _®
400) are shownin Table I. It can be easily seen that, withg ] /K’ E

100 mol % of the crosslinking agent, the copolymer 8 |
exhibits no humidity sensing property. As the content § "
of the crosslinking agent decreases, the inflection point£ c/.
of the copolymerincreases. But, when the content of theg 10°
crosslinking agent is under 5 mol %, the copolymer’sg '\\z'
water resistivity is so poor that, after being immersed 1}
in water for only a few minutes, the copolymer swells
significantly and the humidity sensor is damaged. 103 . . s s s
These experimental phenomena can be explained a o 2 o % . % 1%
follows: With relatively higher content of crosslinking Relative humidty (%)
agent, most of the hydrophilic groups on the copolymelrigure 2 Electrical resistance versus relative humidity for Samples C,
participate in the crosslinking reaction, so the samplé and E.
is less humidity sensitive. As the crosslinking agent
content decreases, more hydrophilic groups are left on
the polymer, so the sample is more humidity sensitive. Fig. 2 shows that, the inflection point of Sample C
When the content of crosslinking agent is too low (less(acrylic acid-acrylamide copolymer) occurs around 75—
than 5 mol %), then the water resistivity of the samplegoos, RH. With the addition of 3 mol % of PEG 2000
is so poor that the sample is easily destroyed in Wat&(‘)%-namely Sample D), the sample’s inflection point shifts
Hence, all samples in the experiment used 30 mol % ofp the right at around 85% RH. With the addition of
the crosslinking agent, unless otherwise specified. 0.5 mol % of PEG 400 (Sample E), the sample’s inflec-
tion point shifts to around 90% RH.
As shown in the above figures, in all samples the
3.2. The effects of the copolymer impedance decreases as the relative humidity becomes
composition higher, namely in the absorption process. However, it
Figs 1 and 2 showthe relationship between the electricas found that, when the impedance is measured from
resistance of the samples and humidity. Generally, thligh humidity to low humidity, namely in a desorption
impedance decreases with increasing relative humidityprocess, slight hysteresis is found. The hysteresis of the
which is similar to previous studies [9—14]. As shown in humidity sensors based on these samples is shown in
Fig. 1, Sample B displays an inflection point around 60-Table Il. It is found that, the hysteresis of the humidity
65% RH. With the addition of 5 mol % LiOH, namely sensor based on Sample A is the largest, at about 4 RH,
Sample A, the inflection point shifts to the left at aroundwhereas the humidity sensor based on Sample E has the
50-55% RH. smallest hysteresis. This is probably because, Sample E
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TABLE Il The response time of the humidity sensors

TABLE |V Long term stability

Response time (s)

Sensor output shift (% RH)

Sample Absorption Desorption Sample 40C, 1000 h Room temperature, 3 months
A 39 120 A +15 +8
B 35 30 B +7 +4
C 30 5 C +10 45
D 120 35 D +5 +2
E 25 5 E +4 +1
has quite good absorption and desorption capabilities ~ '*° J—
as for Sample A, since it contains*Liand Li" has i‘gz‘,z.: —f=
relatively small radius, hence once it absorbs water,> '
desorption won't occur easily. 5
The 90% response time (which is defined as the 3 "¢
required time for the sensor output to reach 90% of theg
difference between initial and final humidity value) of § 10°¢
the humidity sensors is shown in Table IlI. For the case™ 97RH%
of water absorption, resistance was measured at 979 "“§§ = t=F=t=3=f——f——3——¢
RH as a function of time immediately after the sample ?
was conditioned at 25C and 12% RH for 25 min. For 10 - 00 P 200 250
the case of water desorption, a similar measurementwa Time (h)

carried out, butat 12% RHimmediately after the sample

was conditioned at 252 and 97% RH for 25 min. It can Figure 3 Electrical resistance versus time at different humidities: (—
be seen that, except for Sample A, the response time f ;n;;k;:) Sample E; (-4—, —¥—) Sample C; (~4—, —+—)
the desorption process of all the samples is shorter than '

that for the absorption process. While the response time

for desorption of the humidity sensor based on Sampl?1 . . ,
A (PAA with LIOH) is much longer than that for ab- umidity sensing property of Sample E doesn't change

sorption, this is probably because; Liadius is rela- at all, this sample displays excellent water resistivity,

tively small, once it absorbs water, desorption doesn'Vhile the humidity sensing property of Samples A and

occur easily. This experimental phenomenon also coin® Show some changes.

cides with the result obtained in the above-mentioned Thg Igng-lterm Stﬁb'“ty of the hgmldlty sdensors was
hysteresis experiment. tested by placing these sensors in an indoor environ-

For the above crosslinked copolymers, the im ed_ment for over 3 months at room temperature_oraT(ZlO
ance decreased a little as the r?]egsurement terr?perf r 1000 h at97% RH. The results are shownin Table IV.

i ility was exhibited, in particular, the sensor
ture increased. The temperature dependence of the se ood stability , ,
sors was 0.5% RHC and was reversible. This effect drift of Sample E was(,) small at;l RH %f_tl?r 10%0 hr?f
of temperature on the copolymer can be considered t§*POSUre to 40C, 97% RH. This stability under hot

be due to an increase in the activity of the ionic groupsand humid conditions is essential for a wide variety of

of the copolymer as the temperature increased. It Wagpplications. The humidity sensors’ long-term stability

also confirmed that these sensors can be used at teff-decreasing order s as follows: Sample Sample D
peratures up to 15@. Above 150C, the impedance > Sample B> Sample C> Sample A.
increased irreversibly.

For all five samples, we used the polarity reversal
method [6-8], and tested the time dependence of th. Conclusions
monitored current after the application of a constantlhe humidity sensing properties of PAA and its copoly-
DC voltage for an appropriate time and the reversal ofmers, such as the hysteresis, response time, water
the applied voltage polarity. It was found that, at higherresistivity, inflection and long-term stability were in-
humidity (92% or 97% RH), one obvious current peakvestigated experimentally. The results show that, the
was observed, while at lower humidity (12% RH), the inflection point of the humidity sensors varies with the
current peak became ambiguous. Hence, it is considcontent of the crosslinking agent; and with the adding
ered that, at higher humidity, ionic conductivity exerts of Li*, the inflection point of the polymer shifts to the
more influence upon the electrical characteristics of théeft. The humidity sensor based on Sample E shows
copolymer. While at lower humidity, electronic conduc- the best hysteresis, response time, water resistivity and
tivity (tunneling effect) gradually becomes significant. long-term stability.

3.3. Water resistivity and long-term stability = Acknowledgement
The humidity sensors’ water resistivity is shown in The authors would like to thank the financial sup-
Fig. 3. After being immersed in water for up to 4 h, the ports of the Key Scientific & Technological Program
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