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1. AIM

This technical note sets out the process and methodology employed to evaluate two
desiccants used in the Bureau and four proposed as replacements desiccants. The
evaluation comprised an examination of both the RH achieved with fresh desiccant
and the base RH achieved after saturation and regeneration.

2. BACKGROUND

Before an radio-sonde is launched its sensors are verified by the observer. The
humidity sensor is verified at low RH using a desiccant within a closed box. The
sensor is exposed to the desiccant for a number of minutes at which time the RH is
assumed to be zero. If the reading from the radio-sonde exceeds 7% RH or falls below
—7% then the radio-sonde is not used. Alternatively it may be suspected that the
desiccant may be saturated at which point fresh desiccant is substituted or the
desiccant recharged.

The desiccants currently in use within the Bureau contain cobalt chloride which is
toxic and a known carcinogen. This work sets out to explore safer aternative
desiccants, which will perform as well, or better, than those currently in use.

3. TEST PROCEDURE

The desiccants chosen for study were the Merck 0.3 and 0.4nm orange molecular
sieves, an orange silicagel and a silica gel traded under the name “Envirogel”. For
comparison two cobalt chloride containing mixtures currently in Bureau use, a blue
silicagel and the blue 0.4nm Merck molecular sieve were aso studied. The desiccants
studied are listed in Table 1.

These experiments were performed at room temperature (~23°C) within the RIC. The
working reference for humidity was a General Eastern Dew Point Hygrometer s/n
2260298 calibrated in April 2001.This was used to verify a Vailsala HMP45D
humidity probe s/n V0720022 over the range of humidity 0.5 to 40% RH (Figure 1).
All tests were performed by placing the desiccant into a Pyrex flask, the mouth of
which was then completely sealed by the humidity probe. The flask was then inverted
ensuring that desiccant completely surrounded the humidity sensor as shown in Figure
2. Data from the probe was logged using a Datataker DT800 which applied a
conversion formula to convert probe output voltage to % RH.
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Figure 1. Plot of Probe RH versus Reference RH for Vaisala HMP45D s/n V0720022.

The difference in reading between the reference RH and the probe near zero RH is
shown in Table 1. It can be seen from Figure 1 and Table 1 that the probe has an
approximately linear response at low RH with a small offset error.

Table 1. Data for the humidity probe at low RH

Trial Reference RH Probe RH Correction
% % % RH
Initial 1 0.75 111 -0.36
2 1.05 1.28 -0.23
Find 1 0.37 0.78 -0.41
2 0.66 1.13 -0.44

These results indicate that the sensitivity of the humidity probe (HMP45D s/n
V(0720022) did not drift during these experiments by more than approximately 0.5%
RH.




Figure 2. Image of humidity probe inserted into closed flask containing silica gel
(orange).

4. RESULTS

Each of the desiccants was tested as per Figure 2 and the data logged. A time series of
data was required in order to determine appropriate equilibration times for the
desiccant and sensor.
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Figure 3. Typical Time versus RH plots for desiccants under study.

From Figure 3 it can be seen that the mgjority of the desiccants produced stable RH
less than 3 % after 5 minutes (see adso Table 2 column 2 for the final RH).
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Table 2. Base RH Achieved by Various Desiccants

Desiccant Base % RH Colour Change Base% RH | Hazardous
(new) After
(After 15 Regeneration
min) (After 15 min)
Merck 0.4nm 0.7 Blue — grey/white N/A Yes
Molecular
Sieve (blue)
Blue Silica Gel 5.7 Blue- Pink 29 Yes
Orange Silica 0.7 Orange — Clear 0.8 No
Gel
Merck 0.4nm 0.5 Orange - Clear 11 No
Molecular
Sieve
Merck 0.3nm 0.7 Orange — Clear 0.5 No
molecular
Seve
Envirogel 15 Orange - Green 0.6 No

The desiccants were then saturated in nornrcondensing humidity (" 50% RH) before
being regenerated as per manufacturer’ s instructions. The base RH was again
measured and appears in Table 2 column 4.

5. DESSICANT INDICATION

The range of desiccants was exposed to 50% RH at room temperature (23°C) for an
extended period in order to record the colour changes associated with saturation of the
media. The results appear in Figures 4 through 6.

Figure 4. Images of desiccants exposed for; zero and 1 hour respectively.




Figure 5. Images of desiccants exposed for; 2 and 3 hours respectively.

Figure 6. Images of desiccants exposed for 24 hours.

It can be seen in the above images that the strongest colour and contrast indicator is
the Envirogel whilst the weakest is the orange silica gel. The indicators in the
molecular sieves make up only a small percentage of the total beads and it is therefore
difficult to see changes in the images for these desiccants.

The most important observation to be made of the above images is that the colour
change (as perceived by the human eye) is greatest for the single beads and least at the
centre of the pile. This has important implications for field use during which the
desiccants would be visually assessed in bulk, which will tend to underestimate the
degree of saturation.

6. DISCUSSION
The desiccants were assessed on the following criteria;
1. Minimum RH reached
2 Strength of indication
3. Ability to regenerate
4 Safety/toxicity

These results indicate that within experimental error all of the molecular sieves are
suitable as desiccants for radio-sonde work, as is the orange silica gel. The orange
silicagel appears to be a good replacement for the more expensive molecular sieves
however the granule size is quite large. The granule size of the silica gel impacts on



its ability to fully fill the radio-sonde jig and its proximity to the humidity sensor.
Also its water content change indication is weak.

The Envirogel reaches a sufficiently low base RH but like the orange silica gel the
granule size is large and the time taken to reach base RH is considerable when
compared to the other desiccants (see Figure 3). Due to its strong colour indication it
is considered the best desiccant for storage applications. The higher base RH
measured initially for this desiccant when compared to the regenerated material may
imply that the gel had suffered some exposure to atmosphere prior to testing. A
similar conclusion can be drawn for the blue silica gel.

Since all of the desiccants tested regenerated (implying and they can be reused), the
initial cost of the desiccant is not considered to be a significant parameter.

7. CONCLUSIONS

Both Merck orange molecular sieves are suitable as radio-sonde desiccants however
their strength of indication of water content change is poor.

Due to its faster desiccating action it is recommended that the Merck 0.3nm orange
molecular sieve be chosen over the 0.4nm sieve in verifying radio-sonde RH sensors.

The equilibration time for the sensor and desiccant is estimated to be approximately
10 to 15 minutes (<1% RH) although the RH will be below 2% RH within 5 minutes.

Further studies need to be undertaken to establish the base RH of the various
desiccants versus time when placed in the radio-sonde rig. This information is
required to enable staff to be advised of suitable replacement schedules. This report
shows that the desiccants may be out of specification before any obvious colour
change occurs.

Envirogel is suitable as a desiccant for general use but not as a calibrating desiccant
for radiosondes.



