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Moisture adsorption-desorption by silica porous glass wafer with a built-in conductive phase
on the graphite base was investigated. The phenomenon of hysteresis was discovered in the de-
pendence of the resistance of porous glass on changes in ambient temperature. An explanation
of this phenomenon was proposed. The temperature ranges for its minimization were estimated.
The ways of intellectualization of such kind of sensors using microprocessor techniques was
demonstrated. The usage areas of such sensor were specified.
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Ticrepesuc izoTepM 3aJI€KHOCTI OIOPY IMINAPHCTOrO CKJa i3 mposigHoo dasow 3
HAHOYACTUHOK Bixg Bostorocri. A.1./Ienix, I.K./[otiuo

Hocmimxerno abcopOIrio-gecopOIfiio BOJOTH IIJIACTHHOK CHJIIKATHOTO IIIAPHCTOrO0 CKJa 13
BOYIOBAHOIO IIPOBIIHOK (pa3oio Ha rpad)iTOBiﬁ O0CHOBI. BusaBJIeHO saBHUIIE TiCTEepe3ucy 3aIesKHOCTL
OIIOPY IIIAPHCTONO CKJIA IPH 3MiHEeHH1 TeMIIEPATYPHU CePEeIOBHIIA. BaHpOHOHOBaHo MOSICHEeHHST
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IIbOTO SIBUINA 1 BUSBJIEHO TeMnepaTyle MesKl JUIST TOoro MIHIMI3arri. HponeMOHCTpOBaHo
MORJIMBICTD 1HTEJIEKTYaJ1i3al1il CEHCOPIB TAKOTO THUILY IILJISXOM BUKOPUCTAHHS MIKPOIIPOIIECOPHOI
TexHIKH. BusHaueHo cepy BUKOPHUCTAHHS TAKOTO CEHCOPY.

1. Introduction

Traditional capacitive humidity sensors
require the use of complex technological pro-
cesses to form the sensing parts of various
types that intersect, but do not come into con-
tact with each other. This is a condition for the
functionality of the sensor in a wide range of
humidity [1]. The porous silicate glass contains
a system of interpenetrating cavities of various
sizes ranging from 10 to more than 100 nano-
meters [2]. Therefore, due to the very design
of the slot plate, there will always be a system
of slots inside it, the dimensions of which are
suitable specifically for a given humidity range.
However, an ordinary sample of sponge silicate
glass cannot play the role of an active element
of a resistive humidity sensor. Firstly, the sig-
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nificant surface roughness of the correspond-
ing plate does not allow creating ohmic contact
with it even with the help of conductive paste
[3]. Secondly, a plate made of silicate slotted
glass has a very high intrinsic resistance (up to
hundreds of TOm), against the background of
which the influence of environmental humidity
will remain almost unnoticeable.

In this work, the task was to identify and
investigate the possibility of using porous sili-
cate glass as a sensitive element of a humid-
ity sensor in order to improve its metrological
and constructive-technological characteristics.
The dependence of the sensor characteristics
on temperature was studied, which is funda-
mentally important for a humidity sensor of

any type.
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2. Results and discussion

The principle of operation of the resistive
humidity sensor is based on the property of po-
rous or powdery conductive materials to change
their electrical resistance under the influence
of environmental moisture. The active element
of a humidity sensor of this type has a number
of advantages compared to those used in tradi-
tional capacitance sensors due to the availabil-
ity of the material and the simple technology
of creation without the use of expensive and
cumbersome devices. The technology of creat-
ing plates of porous silicate glass of various
types is described in [2, 4]. Samples obtained
using this technology are subjected to addi-
tional processing, namely, saturation of porous
silicate glass with a glucose solution, followed
by low-temperature annealing [5-7]. Glucose is
regenerated to carbon in the form of graphite
and forms a conducting phase in the gaps of the
matrix in the form of an ensemble of nanopar-
ticles thereby reducing the intrinsic resistance
of the plate by almost 2 orders of magnitude.
Using a mask, you can create zones with a high
concentration of graphite [7] at the ends of the
plate to reduce the surface roughness and pro-
vide ohmic contact with the sensing element.
An important advantage of this material is its
ability to work in a fairly wide range of tem-
peratures, from close to room temperature to
negative ones. The latter is due to the fact that
at negative temperatures, humidity is deter-
mined by the number of water molecules subli-
mated into the air. Entering the cavities of the
porous plate from the environment, these mole-
cules form an ensemble of water nanoparticles.
In this state, water molecules do not interact
with each other, therefore, they do not form ice,
which settles on the wick of aspiration hygrom-
eters, rendering them inoperable at subzero
temperatures. Resistance isotherms depend-
ing on ambient humidity for a porous silicate
glass plate are shown in Fig.1. It can be seen
that with increasing humidity, the resistance
of the plate also decreases, since an additional
conducting phase of water molecules is gradu-
ally formed inside it. In addition, the isotherms
practically do not differ from each other under
different operating conditions (which do not
destroy the sample) at experimental tempera-
tures in full accordance with the previously
obtained results [7-8]. This applies, at least,
to the temperature range from -20°C to 30°C.
The specified curves are the result of thermo-
dynamic equilibrium between water particles
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Fig. 1. Electrical resistance isotherms depend-
ing on ambient humidity for porous glasses:1
— change in humidity in the temperature range
from -20°C to 30°C; 2 — decrease in humidity at
a temperature of 40°C; 3 — decrease in humidity
at a temperature of 60°C

that determine air humidity and an ensemble
of nanoparticles inside the pores. The condi-
tions for such equilibrium are maintained at
different temperatures. This fact is associated
with a simultaneous increase in the number of
water molecules outside the active element of
the sensor and inside the pores with increasing
humidity, regardless of temperature and with
a stable configuration of a particular porous
sample.

With a further increase in ambient temper-
ature to values significantly above room tem-
perature, isotherms depend on the direction of
change in humidity. If the humidity of the en-
vironment increases, the corresponding curve
remains the same as it was at lower tempera-
tures [8], but when the humidity decreases, the
isotherms branch out with the appearance of
the so-called sorption hysteresis. This is due to
the formation of menisci from water particles
in small cracks [9] which got there when the
plate was saturated with moisture. At high
temperatures, a decrease in the humidity of the
environment leads to a very rapid decrease in
the amount of water outside the sample, while
inside the cracks, the release of water mol-
ecules occurs more slowly due to the presence
of the specified menisci. The resulting delay ef-
fect slows down the release of the plate from
moisture, so the same humidity will correspond
to an underestimated value of the plate resis-
tance, which is clearly seen from Fig. 1. It can
be seen that if the specified delay at 40°C is
insignificant, then at 60°C it is already quite
significant, and this effect will be stronger, the
higher is the air temperature. Therefore, when
the humidity decreases, for each temperature
it 1s necessary to construct two corresponding
separate branches of the sorption hysteresis
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of the dependence of resistance on humidity.
In this regard, the use of sensors of this type
to control humidity in tropical climate will re-
quire compensating devices with microproces-
sor technology, which, depending on the direc-
tion of humidity change, would automatically
switch the humidity sensor to the required
hysteresis branch. These devices currently do
not pose a technical problem and are inexpen-
sive. In addition, such devices can also perform
certain service functions, which make sensors
intellectualized and expand the scope of their
application. The specified hysteresis effect does
not significantly affect the operation of the re-
sistive humidity sensor in temperate climate,
since it is observed only at temperatures signif-
icantly higher than room temperature. At the
same time, a significant advantage of sensors
of this type is the ability to work at low temper-
atures, including negative ones, which allows
them to be used, for example, in agriculture to
maintain the necessary conditions in vegetable
storehouses, etc.

3. Conclusions

Porous silicate glass with an embedded con-
ducting phase of an ensemble of carbon graph-
ite nanoparticles is a moisture-sensitive sys-
tem, so it can be used as a sensitive element of
a resistive humidity sensor.

The resistance of this system depends on the
direction of change in the ambient humidity
and the corresponding isotherms have sorption
hysteresis. Moreover, in the case of an increase
in humidity, the isotherms are practically in-
dependent on the ambient temperature (within
temperatures that do not destroy the system);
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while in the case of a decrease in humidity, the
dependence on temperature becomes signifi-
cant. At temperatures not exceeding 30°C, the
hysteresis branches completely coincide, and at
higher temperatures, they branch out.

An important advantage of humidity sensors
of this type is their ability to work at negative
temperatures and the possibility of their intel-
lectualization using microprocessor technology.
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