
LPSC YXIII 1 2 '  

THERMAL ANALYZER FOR PLANETARY SOILS (TAPS) EXPERIMENT, 2: 
WATER SENSORS. James L. Gooding', Judith H. Allton2, Terry B. Byers2, 
Robert P. Dun$, Frank L. Gibbons2, and Daniel B. Pate2. lSN21/Planetary Science Branch, 
NASA/Johnson Space Center, Houston, TX 77058 USA. 2C23/~ckheed Engineering and Sciences Co., 
2400 NASA Road 1, Houston, TX 77058 USA. 

Introduction. The Thermal Analyzer for Planetary Soils (TAPS) is a proposed in situ experiment 
for identifying and measuring the abundances of volatile-bearing minerals and ices on planetary surfaces 
through a combination of calorimetric and evolved-gas sensors [I]. Because water is arguably the most 
important planetary volatile compound from both the geological and exobiological perspectives, TAPS must 
address analyses for water as a major priority. In this context, TAPS expands upon the Planetary Soil Water 
Analyzer (PSWA) [2] proposed by D. M. Anderson and collaborators in the early 1980s for Mars exploration. 

In the baseline TAPS design, water is evolved from planetary samples through programmed heating. 
Therefore, a successful water sensor is required to respond quickly to rapid changes in water vapor abundance 
while displaying specificity for water with minimal interference from other gases. 
Required Sensitivity for Water. The 
sensitivity required of a TAPS water sensor depends 
on the mass and water content of the sample but also 
on the heating and purge rates used in the 
experiment. For a well-crystallized mineral hydrate 
such as gypsum (CaS042H20), water release will 
occur over a limited and predictable temperature 
interval so that the water will appear as a 
concentrated "pulsen into the dry purge gas stream. 
In contrast, a poorly crystallized mineraloid hydrate 
such a palagonite (a product of the hydration of 
basalt glass) may release water in a more continuous 
fashion over a broad temperature interval. 
Therefore, for a given total abundance of water in a 
bulk sample, the abundance of evolved water vapor in 
the purge gas stream will be inversely related to the 

Fig. 1 summarizes the variables that control sensor. 

water-vapor abundance in a TAPS experiment. For a 
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WATER SENSITNITY REQUIREMEM FOR EGA 
c (ppmv) = 1.z4*104 rn x r, (A T)-' rf-' 

Ha0 
rn = mass of solid sample (mg) 
x = weight percent water in sample 

r, = heating rate (K/rnin) 

A T  = temperature interval (K) of water releose 

rf = flow rate (crn3/rnin) of purge gas 

% RH(rel. water. 298 K) = 3.21*10-~ C 

x RH(rel. ice, 273 K) = 1.66*10-~ C 
Ha0 

rn = 10, x = 1, r = 10, rf = 10  

pprnv x RH(water) % RH(ice) 

A~~~~~~ 180 0.6 3 
(slow, condarrt 
rslems, A T  - 7W) 

Pulse 2100 7 34 
( w u m  modal. 

A T - 8 0 )  

TAPS Sample containing 1 W. % water, which would 
be representative of Martian sediment samples at the 
Vikbg Lander sites that contained 1-3 % water 
[3], the expected range of sensible water in the purge- 
gas stream would be on the order of a few hundred to 
a few thousands of parts per million by volume 
(ppmv); the corresponding relative humidities are a 
few percent to a few tens of percent (Fig. 1). 

Candidate water sensors which meet the 
sensitivity requirements are listed in Fig. 2; all are 
specific to water but differ in their dynamic ranges 
and power requirements. Although the PSWA 
utilized a phosphorous pentoxide electrolytic cell, 
more recently developed chilled-piezocrystal and 
capacitive-polymer sensors may offer superior 

tem~erature interval of water release. Figure 1. Estimation of sensitivity requirement for a TAPS water 

CANDIDATE SENSORS FOR SINGLE-FUNCTION WATER EGA 

POW- (w) Cooling Sensitive Range Operatin 
Sensor T Y P ~  Required Required ( P P ~  or X RH) Range (8 
r n ~  10. Yes 50 ppmv - ICOX -40 to +60 

Chilled 50* Yes 1 pprnv - 100% -60 to +I00 
pi,,o,sta~ 

capocitke 0.6 NO 30 pprnv - 100% -5 to +60 
pobmer 

A"J"JzE Oxide 0.5 No 0.5-23.000 ppmv - 1 10 to +60 

Phosphwous 0.5 NO 1 - 2000 pprnv o to +50 

~r&$$~ cell 

* includes power for cooling sub-system 

performance. Figure 2. Candidate water sensors for TAPS applications. Data 

TAPS Mark-1 Sensor Testbed. A bench-top 
compiled from published literature. 

system was constructed to include a power-compensated differential scanning calorimeter (DSC) inside a gas- 
tight manifold with entry ports for evolved-gas sensors; this system was designed to facilitate tests of 
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simultaneous calorimetric/water-sensor operation 
(Fig. 3). The system features positions for two 
equivalent water sensors that measure evolved gases 
from the sample and background purge gas, 
respectively. 
Evaluation of Capacitive Water Sensor. 
Capacitive-polymer water sensors operate by 
continuously monitoring the electronic capacitance of 
a thin polymer film which changes with humidity. 
Capacitive sensors offer, in theory, highly desirable 
characteristics for TAPS applications. Accordingly, 
for demonstration testing, we installed commercially 
available capacitive sensors in the TAPS Mark-1 

MARK- 1 SENSOR TESTBED (199 1 configuration) 

Interface, 12-bit ADC 
muniplexsr (+/- 10 V) 

Water sensor 
Raisala HMD ADW) 

comput 

20 K/min heating 

sensor testbed and performed simulated planetary 
sample analyses using synthetic gypsum as the test 

mass (11-13 mg), the DSC heating rate (rh) and gas 

a 
material. For gypsum samples of nearly constant Figure 3. Functional diagram of TAPS Mark-1 sensor testbed with 

signals from sample (Sx, Sy) and reference (Rx, Ry) 
purge rate (rf) were varied to investigate the effect on sensors that measure temperature 0, water-vapor con- 

the water sensor response. All tests used argon as centration (W), and differential calorimetric power (P). 

the purge gas. 
Under typical DSC analytical conditions, the 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

SAMPLE TEMPERATURE (c) 
capacitive water sensor exhibits excellent response to 
gypsum dehydration and rapid return to baseline at 
the conclusion of dehydration (Fig. 4). Even with 
purge rates as low as 10 cm3/min, complete water 
peaks were measurable; only under static (no gas 
flow) conditions were water peaks unacceptably 
asymmetrical and deviant from the baseline. As 
expected, peak characteristics varied with heating and 
purge rates but not outside of acceptable limits. For 
a constant purge rate, peak height increases with 
heating rate; for a constant heating rate, peak width 
decreases with increasing purge rate (Fig. 5). For 
heating rates ( 20 K/min and purge rates 2 40 
cm3/min, the resolution of the water peak is nearly as 
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good as the resolution of the dehydration enthalpy F i p ~ ~ 4 .  Representative test data for synthetic gYPsum acquired 

peak as measured by the DSC. Because complete with the TAPS Mark-1 sensor testbed. 

peaks are measurable under dynamic purge, 
integrated peak areas can be used as indices of total 
water release from the sample. Therefore, the 
capacitive sensor should function as a quantitative 
evolved-gas analyzer for mineralogically bound water. 

For applications to Mars, the capacitive sensor 
might also serve as an atmospheric humidity sensor if 
its operating range could be expanded to lower 
temperatures. TAPS design could include provision 
for opening Sy or Ry (Fig. 3) to the atmosphere after 
conclusion of geologic sample analyses. 
References: [I] Gooding J. L. (1991) Lunar Planet. 
Sci. XXII, Lunar and Planetary Institute, Houston, 
TX, 457-458. [2] Ball Aerospace Systems Division 
(1982) Planetq  Soil Water Analyzer Final Repolr, 
Huntington Beach, CA, 54 p. [3] Anderson D. M. 
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and Tice A. R. (1979) J. Mol. Evol., 14, 33-38. Figure 5. Height vs. full-width at half-maximum for gypsum water 
peaks detected with capacitive water sensor. 


