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ABSTRACT

The need for accurate surface weather measurerhastdoecome increasingly important. The
quality of the measurements is to a large extemegeed by how well the instruments work in the
periods between the calibrations. Automated weattaions can be situated in remote areas or in
other hard to reach locations. Some areas have laegther measurement networks, each station
equipped with a number of instruments. To mainglmgh quality of measurements, maintenance
tasks including calibration is needed. These opmratare often expensive but a necessity to give
high-quality results. [1]

In outdoor applications humidity sensors are exgot® chemicals other than water vapor.
Vaporized chemicals can diffuse into humidity seasod cause disturbances in the measurements.
Such vapors are present in most environments. kample, NQ, SO, and different organic
solvents are often present in ambient air. Dustigd@s or other solid pollutants on the sensor
surface can be dissolved by dew and be diffusexithre sensor materials. All these chemicals can
cause the sensor to yield false readings. In mallatreas this translates into more maintenance for
the humidity sensors. [2]

A new type of capacitive humidity sensor has beevebtbped to cope with the demand for stable
high accuracy measurements in weather observaticeries of tests were carried out both in pre-
set laboratory conditions and in typical humidignsor applications. The tested humidity sensors
showed significantly lower measurement errors int@dt environments compared to reference
sensors. The tested humidity sensors performedridaith in high chemical concentration tests set
in a laboratory and in long-term field stabilityste. In contrast to the earlier sensor versions
developed to withstand demanding environments etl@provements have been obtained whilst
maintaining a competitive level in the other prdigsr of the sensor such as, high humidity stability

sensitivity and hysteresis.

1. INTRODUCTION

To better meet the needs of humidity measuremeanigeather observation, Vaisala has developed
a new-generation version of its humidity senSotthe Vaisala HUMICAP180R. The sensor is a
thin-film polymer based capacitive sensor as itsdpcessors. In the new sensor, the thin-film
structure has been re-designed with the aim ofaomipg the performance.

The sensor has been tested both in laboratory wonsliand in different applications. The test

conditions in the laboratory tests were delibeyaselvere. They were aimed at finding the tolerance
levels of the sensors and to study the behavidh@fsensors in extreme conditions. Application

tests were set up to verify the implications detifftem the laboratory tests.



2. METHODS

The main purpose of the experiments was to studyp#rformance of the sensors without any
compensation from measurement electronics, heatisigms or such other. These tests which have
been conducted without the measurement instrunagatseferred to as sensor tests as opposed to
tests done with the instruments, here referred gotransmitter tests. In the absence of the
measurement electronics the sensor tests' capaeitaeasurements were done with an LCR-meter.
As an exception, one test was carried out with ¢leesors connected to the measurement
instruments. This test also included humidity measient devices from other manufacturers.

The sensors and devices in the tests were expodditfarent environments. All the samples were
removed from the test medium at certain intervald taken to a testing system at the Vaisala
laboratory for measurement. It was assumed thaetfeets caused by chemical interference or
other drift mechanisms are unaffected by transportaand the delay formed between the
measurement event and the removal of the test sanfiigm the test medium. The test locations
and transporting methods were carefully considéoedliminate or minimize all possible factors

distorting the test results.

2.1. Measurement method

All the relative humidity (RH) measurement pointeres created with a saturated salt solution
system. The measurements were carried out witlsdahee salt system each time. The salt systems
are susceptible to temperature differences withan dystem. In addition, there are other known
sources of uncertainty. [3] In the described expents the major source of error is believed to be
the temperature differences measured between theotamn and the adjacent air. The variations
in the laboratory temperature were believed to Hee decond most significant source of error.
Taking into account these two sources of errohas been estimated that the measurements
uncertainty is +0.3 %RH at 75 %RH (sodium chloride)d +0.4 %RH at 97 %RH (potassium
sulfate).

The dry-point (approximately -70%} was created with a nitrogen atmosphere. An estimation
test showed the measurement uncertainty to be%&HR.

Capacitance values were measured using an HP 4e8Rmeter. A simple linear model was
used to convert the measured capacitance valuBslteeadings. Accordingly the drift of a given
sensor at a selected RH-level was calculated ukaderived equation 1:
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ARH =( j [75%RH — RH, (1)

where,

ARH = drift of the sample sensor in a RH-point

RHx = relative humidity at the measurement point

Cx = capacitance value of the sample at the messnepoint
CO = initial capacitance value of the sample atRH6

C75 = initial capacitance value of the sample a¥FeH

The sensors were always measured at least at fieoetit humidity levels to show changes in the
sensitivity and offset. All the tests included éing versions of the Vaisala HUMICARensors
as reference sensors



3. EXPERIMENTAL

The sensor tests included four different categooietesting: general performance tests, chemical
exposure tests, demanding application tests (wogel)dand outdoor tests. The outdoor tests also
included a transmitter test where different mantufiars' instruments were compared.

In the sensor tests, the performance of the ValsalslICAP®180R sensors was compared to other
HUMICAP® sensors. In the transmitter test a Vaisala hugiti@ansmitter equipped with a
HUMICAP®180R sensor was compared to other manufacturstsiinents. In each test there were
several samples of each test species with the 8&oegf the transmitter tests.

3.1. General performance test

To study the possible adverse effects of the newuctsire and the polymer the sensors were
subjected to a general performance test. The tbtshveral different steps at different humidity
levels. The initial measurement was done at 0 %RH 2 %RH. It was then followed by a
97 %RH step at which the sensors were kept fordifsh The measurement after the 16 hours
exposure determines the drift which is an indicatd the sensors high humidity stability and it is
referred to as creep in this text. The sensors tiere placed into 75 %RH for one hour and 0 %RH
to determine the hysteresis and offset error. Bmsars' sensitivity was determined from the initial
measurement at 0 %RH and 75 %RH.

3.2. Chemical tests

The chemicals for the chemical test were selectedthmosing three chemicals with different
molecule size and functional groups. The selectesimicals were methyl ethyl ketone (MEK),
diethyl ether and isopropyl alcohol. The tests weomducted with three different chemical
concentrations. The chemical concentrations werefu#y selected by studying earlier such
experiments. [2] The tests were run for approximyatee month or until a 3 %RH drift was seen at
75 %RH.

The chemical exposure setup is depicted in Figuiiéh& setup is the same as described in the work
done by Leppéanen, Stormbom and Astrém. [2]
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Figure 100 Chemical exposure setup

The setup includes a small bottle containing thet $seibstance in an evaporation chamber. The
chemical evaporates and mixes with nitrogen gaswtows through the evaporator. The chemical
concentration can be derived from the chemica$s td weight and the nitrogen flow rate.

During the chemical exposure the chemical can géhtesensors' active material and cause adverse
drifting effects. To remove the chemical from thetivee material, a Vaisala-patented method of
heating the sensor can be applied to cleanse tismisand in that way re-attain the original sensor
performance. This treatment of the sensors isneldo as chemical purge.



3.3. Wood dryer

To test the performance of the sensor in a demgrataplication and to evaluate the functionality
of the chemical purge, the sensors were subjectedwtood dryer environment at Timberwise Oy
located in the town of Loimaa, Finland. The tesswarried out for over three years to get reliable
long-term stability data. The temperature condgi@ the dryer varied from -30°C up to almost
+100°C. At the same time humidity varied over th®ole scale. In a typical wood drying process
the temperature is 85°C and the initial humidityeleis nearly 100 %RH. The chemicals that are
evaporated during the process include such adwdrsmicals as formic acid, acetic acid, other
acids, alcohols, ketones, aldehydes, and terp@ihesquantities and the exact chemical pallet vary
depending on the type of wood dried.

3.4. Outdoor test set-up

Humidity measurements outdoors pose a problem glwold periods of the year, such as, late
autumn, winter and early spring when the tempeeatften falls below the dew point, especially in
the early morning. As a consequence, dew sets@sutface of the thin polymeric sensor. When
the dew has evaporated, some water-soluble ingredim air such as sulphur or nitrogen
compositions, which may have diffused inside thesee layers, cause an irreversible drift of the
sensor-signal. [4]

In previous experiments the sensors have beenchaatve the ambient temperature to keep the
dew from settling on the sensors. [5] In the setssts of this study, the sensors were kept unteate
at all times to find the performance of the senseithout the instruments' electronics and
algorithms. To add to the understanding of the sewsors' performance, a transmitter test with
heating and chemical purge was also done. In ésisthe performance was also compared to other
manufacturers' humidity measurement instruments.

The outdoor tests were carried out at two locati@se group of test samples were placed in the
Vaisala outdoor test field located in Vantaa, FidlaThe other set was placed into a roadside
weather station in Helsinki, Finland near a motgnjaction were the amount of traffic reaches a
maximum of 1500 vehicles per hour.

The roadside test was carried out for nearly twaryeThe simultaneously started sensor test at
Vaisala ran for nearly four years. The other outdsmmsor test was started later with three differen
manufacturing batches to evaluate the conformitthefperformance. This test was continued for a
little over one year. The transmitter test wheféedent manufacturers' devices were compared was
carried out for a little over one year.

4. RESULTS

All the following test results shown include seVvetast samples of each test species. The
measurement results represent the average valube ¢ést species, if not otherwise stated. The
results show the values at least at two differemiklity levels to show changes in sensitivity amd i
offset. For consistency, all the results showria text include the measurement results at 0 %RH
and 75 %RH humidity levels.

The results show that the new Vaisala HUMICABOR sensor has less drift than the reference
sensors in all of the experiments. The general dilynperformance of the sensor is essentially the
same as the current version of the HUMICARnNsor. The chemical purge increases the sensors'
resistance to chemical interference and therefiocegases the long-term stability.



4.1. General performance test

The general performance test shows that the behaiviitbe new Vaisala HUMICAP®180R sensor
is similar to the HUMICAP® sensor. The new struetand polymer have no adverse affects on the
sensors general behavior. The results from thergeperformance test are shown in Table 1.

Table 10 General performance test

‘ Sample sensors Reference sensors

average ‘ 30 average ‘ 30
Creep (%RH) 0.3 0.1 0.2 0.2
Hysteresis (%RH) 1.2 0.1 1.0 0.2
Offset (%RH) 0.0 0.0 -0.1 0.0

where,

30 = 3Standard deviation

The creep and offset values in both the refereanea@s and the new sensors show little or no drift.
The hysteresis values are approximately 1 %RH &bh Isensors. In addition, a similar sensitivity
and base capacitance level were reached with fioudiiy.

4.2. Chemical tests

The new Vaisala HUMICAPL80R sensors showed significantly less drift in ciilemical tests

compared to the reference sensors. From the teleadicals diethyl ether gives a clear example of
this. The graphs in Figure 2 show the average dfifthe sensors exposed to three different
concentration levels of diethyl ether. The concamin levels were 1000 ppm, 10000 ppm and

28000 ppm.
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Figure 20 Sensor drift in diethyl ether at 0 %RH (left) ahift at 75 %RH (right). Solid lines: HUMICARL80R
sensors, dotted lines: HUMICAReference sensors.

A higher chemical concentration causes more drix ®RH and 75 %RH measurement points. The
references show a much more severe drift. For ebeaatd 000 ppm diethyl ether concentration the
drift at 75 %RH after 28 days is negligible for tH&MICAP®180R sensors while the reference
sensors show nearly an 8 %RH drift.

In the beginning of the chemical exposure, thetgpgally a phase where the sensors' readings are
unaffected by the chemical and there is little ordnift. As more time passes the sensors exhibit a
downward drift. The angle of the drift and the gahwhich this occurs depends on the level of the
concentration. This pattern was seen with the nessala HUMICAP180R sensors in all the
tested chemicals when the chemical concentratiahigh enough.



The new Vaisala HUMICAPL8OR sensors were highly resistant to isopropyblast vapor
compared to the reference sensors. Drift was sabnio saturated isopropyl alcohol vapor, see
Figure 3. The measurement result here is usedrnwulgtrate the principle of the chemical purge
feature, which is applicable when the sensor isieoted to an instrument.
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Figure 30 Chemical purge after 35 days of exposure to sesdrigopropyl alcohol vapor. Drift at 0 %RH (leftyift
at 75 %RH (right)

A heating step simulating a chemical purge was drtbee end of the test after 35 days exposure to
isopropyl alcohol vapor. The Vaisala HUMICREBOR sensors showed significant signs of
recovery. The drift was reduced from over a 3 %Rif tb a drift of less than 1 %RH.

The results from the methyl ethyl ketone were simib the other two chemicals tested. After a
seven-day exposure to methyl ethyl ketone, the ocsenBegan to show signs of drift with a
correlation to the chemical concentration. Thetdnfs less severe than that of the reference
sensors. After drifting the sensors showed signeajdvery after a chemical purge.

4.3. Wood dryer tests

To test the chemical purge in a true humidity seregaplication, six samples of the Vaisala

HUMICAP®180R sensors were placed into a wood dryer chariiberchemical purge feature was

simulated by a heating cycle done before the measemt. This treatment was done to three
different sensors while the other three sensor® Wedt without it. Figure 4 shows the drift of the

HUMICAP®180R sensors at nine checkpoints during the woger dest.
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Figure 40 Wood dryer test. Drift at 0 %RH (left) and 75 %Ritjht) after 1200 days of exposure. Solid lines:
HUMICAP®180R sensors with a chemical purge, dolileels: HUMICAP 180R without chemical purge

The Vaisala HUMICAP180R sensors with the chemical purge showed lé&satall points of the
experiment compared to the sensors without theifeat



4.4. Outdoor tests

The first outdoor test carried out at the Vaisait field included three Vaisala HUMICAPSOR
sensors and three HUMICAR80 sensors as references. Figure 5 shows theofirifach sensor
type at a given time. All HUMICAPL80R sensors show less than a 1 %RH drift fromirttial
measurements during the 1400-day experiment. litiaddthe deviation between the individual

sensors was small.
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Figure 500 Outdoor test, Vaisala test field. Three sensovsatien from initial measurement at 0 %RH (leftdan
75 %RH (right) after 1400 days of exposure. Dotieels: individual sensors, solid lines: averagesgal

The second outdoor test results in Figure 6 shavdiift of ten individual sensors from three
different manufacturing batches. The stability heédia of the sensors was similar to the first
outdoor test. The variation from one batch to aaotas also small.
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Figure 60J Ten pieces of HUMICAPL80R sensors from three manufacturing batchest &iri %RH (left) and drift
at 75 %RH (right) after 420 days of exposure

The sensors placed into the roadside weather stsiiow a similar stability behavior as in the other
outdoor tests. The measurement results are shotigume 7.
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Figure 70 Outdoor test, roadside weather station. Drift &&RH (left) and 75 %RH (right) after 659 days opesure

In the outdoor transmitter test, the Vaisala HUMRPAS0R sensor was placed into the Vaisala
HUMICAP® Humidity and Temperature Transmitter HMT337 andnpared to three different
manufacturers' instruments (see Figure 8). The HBITBistrument was configured to perform a
chemical purge once a day. The test in the Vaisaloor test field was carried out for
approximately 400 days. The HMT337 transmitter pgead with the HUMICAP180R shows less
drift than the comparison devices. The chemicafjedunction exhibits a similar behavior as in the
wood dryer test.
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Figure 80 Transmitter outdoor test. Drift at 0 %RH (left)dans %RH (right) of HMT337 with HUMICAP180R
sensor and three other manufacturer's instruméetsagpproximately 400 days of exposure.

5. DISCUSSION AND CONCLUSIONS

The new Vaisala HUMICAPL8OR sensor was tested and compared against refesemsors in
four test categories: general humidity tests, clbahmexposure tests, demanding application tests,
outdoor tests. The tests show that the general dipnperformance of the HUMICARL80R is at

the same good level as that of the current HUMIE ABnsor. However, the HUMICARSOR has
significantly less drift in all the chemical testsmpared to reference sensors.

The new structure and the polymer make the sengtiyhresistant to chemical interference.
Similar results to those seen in Figure 2 and 3atse observed for other chemicals. Using this
information and setting the purge parameters aauglyd the sensor can be used even in harsh
chemical conditions.

In both the wood dryer test and the outdoor tehs,Vaisala HUMICAP180R sensors showed
excellent long-term stability behavior. In the cond tests HUMICAP180R sensors drifted less
than 1 %RH during the 1400 days of the experiment.



The sensors perform well even without a heatingesysTherefore, the good long-term stability of
the sensors can also be put to use in applicatuiese heating or chemical purge are not possible.
In less severe conditions, the improved resistancehemical interference can, for example, be
used to extend the calibration interval.
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